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Executive Summary
Semiconductors such as memory chips or processors are a foundational
technology and the backbone of modern society. Not only are they a prerequisite for any endeavors into emerging technologies, such as artificial intelligence, quantum computing or autonomous vehicles. But every industry
relies on access to those chips. As a result, they are at the heart of the intensifying US-China technology rivalry. China is highly dependent on US-origin
semiconductor technologies and the US government uses its export control
regime to curb the technological advancements of several Chinese companies. These export control measures work especially well in this value chain
because of strong interdependencies due to high divisions of labor.
The semiconductor value chain is defined by a few key countries – United
States, Taiwan, South Korea, Japan, Europe and, increasingly, China. No region has the entire production stack in its own territory since companies
often specialize on particular process steps (design, fabrication, assembly)
or technologies (memory chips, processors, etc.) in pursuit of economic efficiency. Ultimately, no region has achieved “strategic autonomy”, “technological sovereignty” or “self-sufficiency” in semiconductors. In fact, this value
chain is characterized by deep interdependencies, high divisions of labor
and close collaboration throughout the entire production process: US fabless companies rely on Taiwanese foundries to manufacture their chips. The
foundries themselves rely on equipment, chemicals and silicon wafers from
the US, Europe and Japan. The semiconductor value chain is thus highly innovative and efficient but not resilient against external shocks.
Such a complex and interdependent value chain creates three challenges for
policy makers: First, how to ensure access to foreign technology providers?
Since any of the above-mentioned countries could disrupt the value chain
through export control measures, foreign and trade policy plays a key role
to ensure continued access to foreign technology providers. Second, how to
build leverage by strengthening domestic companies through strategic industrial policy? Since no region will be able to have the entire production
stack within their own territory, governments should support their domestic semiconductor industry to maintain key positions within the value chain.
Third, how to foster a more resilient value chain? In certain parts, such as
contract chip manufacturing, the value chain is highly concentrated and
needs to be diversified to lower geographical and geopolitical risks.
This paper provides a first analytical basis for policy makers. It gives an overview of the global semiconductor value chain, its interdependencies, market
concentrations and choke points.
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Introduction
Semiconductors, such as memory chips and processors, are the backbone
of modern society. Without these chips, we would not be able to run any
software anywhere. Modern cars rely on hundreds of semiconductors, as do
our energy grid, traffic management systems, hospitals, stock markets and
insurance companies. Semiconductors are a foundational technology1 and
prerequisite for many emerging technologies, such as artificial intelligence
(AI), quantum computing and autonomous vehicles.
The industry’s enormous relevance for all aspects of technology is also reflected by its geopolitical role. Semiconductors are now at the heart of the
intensifying US–China technology rivalry.2 Both countries see semiconductors as a strategic asset.3 China imports the most semiconductors (US$ 301
billion in 2019), more than crude oil (US$ 238 billion in 2019), and is highly dependent on US-origin semiconductor technology.4 The Chinese government’s
goal is to be “self-reliant” in semiconductors as soon as possible. These ambitions have only been strengthened by the U.S. government’s broadening
application of export control measures to curb the technological advancements of various Chinese companies by cutting them off from critical US-origin technology.5 Industrial policy to strategically strengthen the domestic
semiconductor industry plays a key role in the US–China technology rivalry.
The U.S. government proposed legislation in summer 2020 to invest $ 22 billion in its domestic semiconductor industry.6 For the past several decades,
China has invested heavily in its own semiconductor industry, with limited
success.7 Most recently, European policy makers also identified semiconductors as a necessity for digital sovereignty.8
What does self-reliance, digital sovereignty and strategic autonomy in semiconductors mean? To answer that question, a basic understanding of today’s
semiconductor value chain, market dynamics and interdependencies is necessary. To provide policy makers with the necessary context, this paper will
give an overview of the semiconductor value chain.
The first section of this paper discusses different semiconductor technologies, such as memory chips and processors, to identify dependencies and
market concentrations at the technology level. The second section then
explains the semiconductor production process from chip design to fabrication and assembly, including the necessary supplies, and discusses important regions, companies and the existing interdependencies. Based on
that analysis, the paper argues that the semiconductor value chain is defined by strong divisions of labor, deep interdependencies and “choke points”
at many different levels that make it difficult for any country to proclaim
self-reliance or autonomy.
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Overview: Semiconductor Technologies
There are numerous types of semiconductors, and this section does not attempt to provide an exhaustive overview. Instead, the aim is to explain the
most common business models and how they relate to different types of
semiconductors. There are seven broad categories: memory, logic,
micro, analog, optoelectronics, discrete and sensors. (Figure 1) The
first four – memory, logic, micro and analog semiconductors – are
the so-called integrated circuits (ICs), and this paper mainly focuses on these ICs or “chips”. In 2019, semiconductor sales totaled
US$ 412 billion, and 80% of that (US$ 333 billion) were IC sales.
Sensors, optoelectronics (such as LEDs) and discrete semiconductors (single transistors) together made up the remaining 20%.9
The production process for semiconductors, and in particular ICs,
consists of three distinct steps: design, fabrication and assembly
and test. (Figure 2) Whether a company provides all three production steps or focuses solely on a single production step for the sake
of economic efficiency depends on the firm’s business model.

Figure 1

Integrated device manufacturers (IDMs), such as Intel or Samsung,
perform all three steps in-house. Historically, this has been the
dominant business model of the semiconductor industry. But with
the increasing complexity and costs associated with design and
fabrication of leading-edge ICs, many companies now specialize in
single production steps. Companies that only design chips and rely
on contract chip makers for fabrication are called fabless. These
companies lack a fabrication plant. Fabless companies, such as
Qualcomm (US), Nvidia (US) and HiSilicon (China), therefore, closely
collaborate with foundries that manufacture chips in their fabrication plants (fabs). After the IC has been fabricated by the foundry, the chip must be tested, assembled and packaged to protect it
from damage. This last step is done either by the foundry itself or by
outsourced semiconductor assembly and test (OSAT) companies.
Figure 2

A good example of how the different business models work together are processors from Intel and AMD. Intel is an IDM. Therefore, it designs, produces
and assembles its processors (mostly) by itself. In contrast, AMD processors
are designed by AMD (fabless), produced in TSMC’s fabs in Taiwan (foundry)
and then packaged by SPIL (OSAT).10 AMD and Intel produce general-purpose
processors (x86), but their business models, and thus, value chains, differ.
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Roughly speaking, chip design is skill intensive with high research and development costs. Fabless companies typically spend 25% of their revenue on
R&D. Chip fabrication is capital intensive because of expensive facility and
equipment costs. Building a modern fab easily exceeds $ 15 billion. Assembly is labor intensive with lower profit margins. But it is not just that each
production step is governed by varying business dynamics. Different semiconductor technologies are also often produced by companies with certain
business models. The following examples illustrate this relationship among
the business model, certain types of semiconductor technologies and market concentrations.

DRAM: “short-term” memory for computing devices
DRAM chips are needed in all computing devices to temporarily store data
that is being processed. The iPhone 11, for example, has 4GB of DRAM, while
the fastest supercomputer today has 4,866,048GB.11 In addition to traditional information and communication technology, everything from modern vehicles to energy grids and airplanes relies on access to DRAM chips. However,
the DRAM market has consolidated significantly over the past 15 years.

Figure 3

In 2005, the DRAM market had a volume of $ 25 billion, and the
eight largest DRAM vendors had a combined market share of 97%.12
In 2019, the DRAM market had a volume of $ 62.5 billion, and the
three leading DRAM vendors had a combined market share of 95%:
Samsung and SK Hynix in South Korea (KR) and Micron in the United States (US). (Figure 3) Because DRAM is a commodity with fluctuating prices and high capital investments for fabs, this oligopoly
is not surprising. The DRAM market has seen several mergers and
acquisitions over the past 15 years.13 DRAM technology nodes (the
production line in a fab) have very short lifetimes, and profitability requires maintaining pace with the technology leader Samsung.
Therefore, all DRAM vendors operate as IDMs. Already before the
market consolidated substantially, there were several price-fixing and anti-monopoly investigations of DRAM vendors in the US, Europe and China.14
China is trying to enter this highly concentrated market and reduce its reliance on foreign memory chips. The Fujian Jinhua Integrated Circuit Company
(JHICC) was established in China in 2016. However, the U.S. Department of
Commerce banned exports to JHICC in 2018, and the U.S. Department of Justice filed indictments against the Chinese DRAM vendor alleging corporate
espionage and intellectual property (IP) theft from Micron.15 The indictments
pretty much curbed JHICC’s technological advancements. ChangXin Memory

7

Jan-Peter Kleinhans & Dr. Nurzat Baisakova
October 2020
The Semiconductor Value Chain

Technologies (CXMT) is the other Chinese DRAM vendor. In contrast to JHICC,
CXMT avoided U.S. patents and based its DRAM technology on patents
from Qimonda, a former German DRAM manufacturer that went bankrupt in
2009.16 Although CXMT cannot yet compete with the “big three” internationally due to a technology gap of several generations, the company still serves
China’s long-term goal of increased self-reliance in semiconductors.17

NAND: “long-term” memory for computing devices
NAND flash memory chips are the “long-term” memory for most of
today’s computing devices – the modern version of hard disk drives.
In 2019, the NAND market had a volume of $ 46 billion and was less
concentrated than the DRAM market. The NAND market is essentially under the control of six vendors: Samsung and SK Hynix in
South Korea, KIOXIA in Japan (WDC uses KIOXIA fabs) and Micron
and Intel in the United States. (Figure 4) Similar to DRAM, NAND is
a commodity where production volume and economies of scale are
key. This is why DRAM vendors and NAND vendors typically operate
as IDMs: The vendors take care of design, fabrication and assembly
in-house. China is also trying to enter the NAND market. Yangtze
Memory Technologies (YMTC) was founded in 2016. The Chinese
company is producing NAND chips, and some analysts estimate
that YMTC might reach 8% market share in 2021.18
Figure 4

Analog ICs: the connection to the physical world
Digital ICs (dark grey in Figure 1) operate only with 0s and 1s, but analog ICs
interact with the physical world by generating or transforming signals, from
electricity to radio waves or light. Without analog ICs, it would be impossible
to charge a battery, drive an electric motor, make phone calls (access radio
waves) or listen to Spotify. Thus, most devices that need electricity also depend on analog ICs. For performance gains, digital ICs depend on constantly
improving production processes to fit more transistors on a square millimeter of silicon.19 In contrast, analog IC vendors do not depend on shrinking
production processes (nodes). These vendors are under much less pressure
to invest in expensive cutting-edge manufacturing equipment than digital
IC companies. Analog IC vendors depend on domain expertise because their
products are designed for specific tasks in specific markets and various
physical domains. Producing an analog chip that drives the motor of an electric vehicle requires very different domain knowledge compared to designing
a digital-analog converter, which is necessary to listen to music on a smartphone or computer.
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Both dynamics, the importance of domain expertise and the lack
of pressure to invest in cutting-edge fabs, are why the analog IC
market is far less concentrated than the memory chip or processor
market. The 10 leading analog IC suppliers had a combined market share of only 62% in 2019.20 The leading analog IC vendors are
US American, European and Japanese IDMs. (Figure 5) Several of
these IDMs follow a “fab-lite” business model. An IDM might rely
on external foundries for the fabrication of certain chips, but not
all. NXP, one of the leading European IDMs, just announced that
TSMC in Taiwan, the largest foundry in the world, would manufacture NXP’s new automotive platform.21 STMicroelectronics (ST), another European analog IC supplier that follows a fab-lite business
model, expects to outsource 30% of their chip fabrication to external foundries.22

Figure 5

Automotive Semiconductors: the importance of domain expertise

Figure 6

A great example of the importance of domain expertise is automotive ICs. This category encompasses digital and analog ICs, which
are sold to the automotive industry. The requirements of this industry are very different from those for consumer electronics. The automotive industry requires operational specifications over a wide
range of temperatures and other environmental conditions. In addition, the automotive industry does not like change. An automotive
IC supplier (all are IDMs, often following a fab-lite approach) that is
specified for an automotive application must be prepared to make
these chips for up to 30 years without changes in their manufacturing processes.23 European IDMs, such as Infineon, NXP, STMicroelectronics (ST) and Bosch, play a dominant role in the automotive
industry (Figure 6) due to their strong domain expertise based on
close connections to European car manufacturers and vertical integration. Among the leading automotive IC suppliers are European, Japanese and U.S. American companies.

Processor Architectures
Another semiconductor technology worth looking into are general-purpose
processors – often called central processing units (CPUs) or application processing units (APUs). Processors fall under the “micro” category in Figure 1,
and they are the “brain” of any computing device. But before developing a
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processor, engineers must decide which instruction set architecture (ISA)
the processor is based on. The ISA defines the inner workings, the most basic instructions, of the processor. Interestingly, the most widely used ISAs
are owned by only a few companies.
x86 in laptops, desktops and servers
If you read this paper on your laptop or desktop PC, you are almost certainly
relying on a x86-based CPU that was built by either Intel or AMD in the United States. Only Intel, AMD and VIA Technologies (Taiwan) hold the patents to
produce and further develop x86-based processors. Microsoft Windows was
designed for x86-based processors, and Microsoft and Intel have relied on
each other’s success since the 1980s.24 As software is compatible with only
a certain processor architecture, x86 competitors must persuade software
developers to invest significant resources to develop software for another
architecture. This, essentially, creates strong vendor lock-in. As almost every
personal computer is based on x86 processors, and the architecture is under
full control of two U.S. companies, it is not surprising that China is looking for
“homegrown” alternatives. Zhaoxin is a joint venture between Shanghai Municipal Government and VIA Technologies in Taiwan, the only company apart
from Intel and AMD that holds x86 licenses.25 The Zhaoxin CPUs are several
years behind modern x86 processors from AMD and Intel26 but play a key
role in China’s “3-5-2 program” (replacing all foreign PCs and software used
by the government by 2023).27 In 2020, HP started selling PCs with Zhaoxin
CPUs in China.28
ARM for the mobile world
While x86 is the dominant architecture for personal computers and servers, ARM-based processors power smartphones, tablets and the Internet of
Things (IoT). The ARM instruction set architecture was developed and then
licensed by ARM Limited in the United Kingdom (UK) which was bought by
Japanese SoftBank in 2016. Intel (IDM) and AMD (fabless) develop and sell
CPUs, but ARM Limited develops “blueprints” (IP) that other chip designers,
such as Apple, Huawei and Samsung, use to develop and sell their own processors based on ARM’s IP. This also means that both mobile operating systems (Google’s Android and Apple’s iOS) are built for ARM-based processors.
The mobile world depends on access to ARM’s IP. As ARM is based in the UK
(but has R&D in the US) and is owned by SoftBank in Japan, ARM came to the
assessment that most of their IP is UK origin, and not US origin. Thus, Huawei still had access to (most of) ARM’s IP even after the U.S. export ban.29
This might change in the future if Nvidia (a US-based fabless company) is allowed30 to buy ARM from SoftBank.31 Last, the ARM instruction set has been
hugely successful and goes beyond the mobile realm. Apple announced in
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2020 that the company would develop ARM-based CPUs for its laptops and
workstations.32 In addition, the currently fastest super-computer, Fugaku in
Japan, is based on ARM.33 With ARM Holding’s growing importance for the
industry, this strategic asset might soon be under U.S. control.
“AI chips” are ASICs
Chips that are specifically designed to work on machine learning models are
so-called “AI chips”, a type of application-specific integrated circuit (ASIC).34
Many modern system-on-a-chip (SoC) – processor cores, memory and interfaces (mobile, Wifi, etc.) all in a single chip – in smartphones have integrated “AI accelerators”. These are small parts of a chip that are used only
for machine learning tasks, such as facial recognition.35 As machine learning
is a new field, there is no dominant architecture yet for these types of chips.
Currently, more than 100 companies design AI chips or accelerators.36 The
architectures of these AI chips differ substantially and are often optimized
for specific machine learning platforms.37
Looking at various semiconductor technologies, the interdependencies between different regions become obvious. Today’s ICT systems depend on
DRAM from South Korea, NAND from Japan, analog chips from the United
States and IP from Europe. No region has access to all important types of
semiconductors within its own borders. Collaboration and close cooperation, combined with competitive pressure to innovate, led to today’s globally
distributed, highly efficient and innovative semiconductor value chain. The
necessary specialization and high division of labor also led to consolidated
markets, oligopolies and even monopolies. This means that for several types
of semiconductors there are only a few, sometimes just one, supplier. Losing
access to these suppliers, due to natural disasters, pandemics or restrictive trade policies, quickly disrupts the value chain.38 In addition, untangling
these interdependent value chains comes at significant costs, and a loss of
innovation and efficiency. One example is China’s effort to become self-sufficient by building fabs for memory chips (DRAM, NAND) and developing their
own x86 processor.
Although regions rely on each other for different types of semiconductor
technologies, these interdependencies are even stronger when the value
chain that produces integrated circuits is analyzed. This analysis is the focus
of the next section.
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Overview: Semiconductor Value Chain

Figure 7

Each step in the semiconductor production process – design, fabrication and assembly – relies on specific inputs from suppliers. This
section provides an overview of this semiconductor value chain
by identifying important suppliers, market concentrations, dominant regions and interdependencies. Figure 7 provides a schematic overview of the semiconductor value chain: Chip designers (in
IDMs or fabless companies) rely on design software and intellectual property (IP blocks). The fabrication process (either by IDMs
or foundries) depends on manufacturing equipment, chemicals
and silicon wafers to produce chips. The assembly phase (either
by IDMs or OSAT) requires equipment and chemicals. This section
illustrates that the semiconductor value chain is defined by high
divisions of labor, highly concentrated niche markets and pressure
to constantly innovate and invest. No country currently has the entire production stack in its own territory. Instead, the semiconductor value chain relies on collaboration and trade between the United States,
Taiwan, South Korea, Japan, Europe and China. Thus, the semiconductor value chain is highly innovative and efficient but not resilient.

Chip Design
Designing a leading-edge processor or SoC is expensive: In 2016, designing
a chip for 10nm nodes cost around $ 170 million; in 2020, designing one for
5nm nodes costs more than $ 540 million.39 Yet an increasing number of companies are designing their own chips. In addition to the
traditional fabless companies, many new players have entered the
market: Alibaba, Alphabet (Google), Amazon, Facebook and Tesla
are all designing their own chips. One reason is the need for application-specific chips (ASIC) that do one task very well, such as AI
accelerators for training or inference. The general-purpose processor simply does not scale enough anymore for these applications.40
The United States is, by far, the leader in chip design. (Figure 8) Taiwan is another important region with companies such as MediaTek,
Novatek and Realtek. Just behind Taiwan are Chinese fabless companies with a market share of 15% in 2019, placing China significantly ahead of Europe, South Korea and Japan.41 If Huawei’s chip
design subsidiary HiSilicon were a publicly traded fabless company,
it would be among the top five globally.42
Figure 8
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Fabless companies must work very closely together with contract foundries,
such as TSMC in Taiwan or Samsung in South Korea, because a chip design
has to fit a particular production process within a fab. Additionally, as chip
design for cutting-edge SoCs is so expensive, much of the activity is focused
on consumer electronics, such as smartphones, to achieve economies of
scale. U.S. fabless company Qualcomm relies on Samsung’s foundry business to produce Qualcomm’s latest mobile SoC. The order volume is almost
$ 1 billion.43

Software: Electronic Design Automation
Although fabless companies are on the rise, especially in China, and countless companies are developing special-purpose chips,44 they all depend on
access to design software. The market for these electronic design automation (EDA) tools is highly concentrated and dominated by three US-based
companies: Cadence Design Systems, Synopsys and Mentor. The last was
acquired by Siemens in 2017 but is still based in the United States. Leading-edge chip design depends on these software tools. Synopsys states that
its EDA software is used for almost every design from 12nm nodes and below.45 EDA vendors also have the highest R&D margins in the entire semiconductor value chain – spending more than 35% of their revenue on R&D.46
Even more than fabless companies, EDA vendors have very close relationships with fabs (run either by foundries or IDMs) and equipment manufacturers. The vendors help fabs and equipment manufacturers research new
process nodes and continuously improve them.47 Thus, EDA vendors need to
keep pace with the industry’s extremely short innovation cycles, based on
deep knowledge of the fabrication process and close ties to fabs and equipment manufacturers. This explains why over the years the EDA market has
seen a significant number of acquisitions. Since 2010, Synopsys alone has
acquired more than 46 companies or technologies.48
These dynamics have led to a highly concentrated market, where an entire
industry depends on access to three vendors in one country. In such an environment, export bans can be highly disruptive. Since 2019, the U.S. government has put in place three export control measures against Huawei to curb
Huawei’s (HiSilicon’s) chip design capabilities.49 One of these bans focused
on cutting off HiSilicon’s access to US-origin EDA software, making it almost
impossible for the fabless company to design modern ICs.
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Intellectual Property (IP)
IP plays an important role throughout the semiconductor production process but especially during chip design. Apart from EDA vendors, several
companies develop and then license semiconductor IP. One is the previously
mentioned ARM Holdings. These IP blocks can be entire processor cores or
smaller IP blocks for “standard” functionality, such as USB or networking interfaces, to name just a few. Semiconductor IP is one of the areas in which
China is struggling.50 The reason a Chinese state-owned investment company acquired Imagination Technologies, a UK-based IP provider for graphic
cores, was at least in part to secure access to Imagination Technologies’ IP.51
Another example is ARM China, a company that is 49% owned by ARM Holdings in the UK and 51% by Chinese investors. The long-term goal is that ARM
China develops IP for the Chinese market.52
Last, it is important to understand the close relationship between chip design and fabs. Fabless companies, EDA vendors and IP providers all work
closely together with foundries to match a design to a particular process
node in a fab.53 Very early during development, fabless companies must decide on which process node from which fab they want to build their chip. For
example, switching a chip design from Samsung’s 7nm node to TSMC’s 7nm
node means almost a complete redesign and thus, years of work for cutting-edge chips.

Fabrication
The finished chip design is then sent to the wafer fabrication plant (fab) for
production. The fab is owned by either an IDM or a foundry and uses manufacturing equipment and chemicals to fabricate a chip design on a silicon
wafer. Over the past two decades, this process became increasingly complex
and expensive.54 It is increasingly complex because of Moore’s Law: the observation that the number of transistors in an IC doubles roughly every two
years. A self-fulfilling prophecy the semiconductor industry followed for the
past 50 years. The smaller the transistor, the more can be squeezed on a single chip, making the chip more complex and powerful. A rough measure for
the technological advancement of a fab is the minimum feature size of transistors the fab’s production nodes can produce, measured in nanometers
(nm): A 7nm fab can produce smaller transistors and thus, denser chips than
a 28nm fab.55 Today, cutting-edge chips consist of tens of billions of transistors. Because of this race to fabricate smaller transistors for more powerful chips, the manufacturing equipment required becomes increasingly
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expensive and makes up most of the costs of modern fabs.56 TSMC estimated that its next 3nm fab would cost around $ 19.5 billion.57 However, the fab
business is not just capital intensive. Operating a fab successfully requires
deep knowledge of the complex process. Wafer fabrication involves hundreds of process steps spread over dozens of different types of equipment.
Even IDMs and foundries with a lot of experience regularly struggle when
introducing new process nodes.58

Figure 9

Because wafer fabrication is highly capital intensive and depends
on deep process knowledge, it is not surprising that today the
foundry market is concentrated in a few players worldwide. (Figure 9) TSMC in Taiwan is by far the leading foundry with a market
share of more than 50%.59 In 2019, Samsung in South Korea was
the second largest foundry by revenue, and the company announced it would invest $ 116 billion in its foundry business until
2030.60 Interestingly, Samsung is also the only IDM with a substantial foundry business. Together, TSMC and Samsung are the only
foundries with 7nm nodes (and smaller), which are necessary to
fabricate cutting-edge chips. Intel is also introducing 7nm fabs,
but as an IDM, the company is not offering its fabs for contract chip making.61 GlobalFoundries, headquartered in the United States but owned by an
investment company owned by the government of Abu Dhabi, is no longer
competing in the “More Moore race” and stopped developing a 7nm node in
2018.62 SMIC, the largest foundry in China, started producing chips on 14nm
nodes in 2019 (more than 4 years after TSMC), but 90% of SMIC’s revenue in
2019 is based on mature nodes of 40–250nm.63 In contrast, 70% of TSMC’s
revenue in 2Q20 came from 28nm to 7nm nodes.64 How far SMIC will be able
to upgrade its current process nodes to 7nm and smaller largely depends on
the U.S. government’s decision whether to put SMIC on its black list as a part
of the U.S. export control regime.65 If that happens, SMIC will lose access to
critical US-origin semiconductor manufacturing equipment, as analyzed in
the next section.
Looking at the overall wafer capacity of foundries and IDMs, Samsung, TSMC, Micron, SK Hynix and Kioxia fabricate the most wafers
per month. (Figure 10) It is not surprising that the leading memory chip (DRAM and NAND) manufacturers also fabricate the most
wafers per month. Memory chips are a high-volume business that
depends on economies of scale. As of December 2019, Samsung
(South Korea) produced almost 3 million wafers per month. That
TSMC (Taiwan) fabricated almost as many wafers per month as
Samsung (TSMC makes logic chips, not memory) illustrates how
dominant TSMC’s foundry business is. In 2019, these five compa-

Figure 10
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nies had 53% of the worldwide wafer capacity, while 10 years ago, in 2009,
the five leading companies had only 36% of the world’s wafer capacity.66 This
is another indicator how much the market has consolidated over the past 10
years.

Figure 11

In summary, cutting-edge wafer fabrication is an increasingly concentrated market. Short- to mid-term, Samsung in South Korea
and TSMC in Taiwan will continue to be the only contract foundries capable of producing cutting-edge chips smaller than 7nm.
Even if new players could invest upwards of $ 15 billion to build a
leading-edge fab, operating such a fab successfully requires highly
specialized process knowledge, close cooperation with a variety of
suppliers and the commitment of fabless companies to base their
chip designs on this specific process node. Thus, it is highly unlikely that the foundry landscape will change significantly over the
next 5 to 10 years. This also means that Taiwan and South Korea
will continue to be critically important regions for chip production.
(Figure 11) Although China might soon have a higher monthly wafer capacity
than Japan, most of this comes from foreign companies such as TSMC, SK
Hynix and Micron operating trailing-edge fabs (few generations behind the
cutting-edge) in China.67 Last, although Europe’s wafer capacity is dwindling,
the question is whether the United States will be able to re-shore wafer fabrication to the US with the recently proposed CHIPS for America Act.68

Equipment
Fabs rely on a variety of different semiconductor manufacturing equipment
(SME) from many different vendors. Because SME vendors often specialize
in particular steps of the fabrication process, fabs have to combine equipment from several different vendors for a process node. Different types of
equipment are needed to fabricate the integrated circuits on a silicon wafer: “Deposition is about putting the material on the wafer,
lithography is about deciding where you want to leave the material or where you want to take it away, and etching is about removing the material that you don’t want.”69 The largest SME vendors
are Applied Materials (AMAT), Lam Research (LAM) and KLA in the
United States, ASML in Europe and Tokyo Electron (TEL) in Japan.
(Figure 12) Even the largest companies with the broadest range of
equipment focus on specific areas. KLA is very strong in metrology
equipment for quality control,70 while Applied Materials has a dominant position in plasma etching.71 Dutch ASML does not compete
Figure 12
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with any of the other large vendors as it produces photolithography equipment, necessary to transfer a circuit pattern onto a silicon wafer. Nikon and
Canon in Japan are ASML’s competitors, but the Dutch company has a monopoly on the latest generation of this equipment: extreme ultraviolet (EUV)
lithography.72 EUV equipment is essential to produce chips smaller than 7nm
but highly complex to configure and maintain properly. For that reason, ASML
just recently opened a training center for “EUV engineers” right next to TSMC
in Taiwan.73
SME vendors themselves rely, perhaps more than any other supplier throughout the semiconductor value chain, on a broad network of highly specialized suppliers. ASML has 5,000 suppliers74 across Europe, United States and
Asia. However, for certain components, especially regarding EUV lithography
equipment, there is often only one supplier in the world.75 This creates an
efficient and highly innovative value chain, but at the same time, one that is
easily disrupted by trade measures such as export bans or a pandemic.76 As
fabs depend on equipment from U.S. SME vendors, such as Applied Materials, the U.S. government forbid fabs to use US-origin manufacturing equipment to produce any chips for Huawei.77 The U.S. government identified
manufacturing equipment and EDA software (see the previous section) as
choke points in the semiconductor value chain due to the dominant position
of U.S. companies. Exploiting those choke points through export bans can be
highly disruptive for fabs and chip design companies.

Figure 13

Another important aspect is the concentration of cutting-edge fabs.
Currently, only Samsung in South Korea, TSMC in Taiwan and Intel
in the United States are building cutting-edge fabs and buying the
necessary fab equipment. The customer base for fab equipment is
small and highly depends on trade relations with Taiwan, South Korea and increasingly, China. Roughly 57% of Tokyo Electron’s sales
in 2019 were in China, South Korea and Taiwan.78 South Korea and
Taiwan made up almost 64% of ASML’s sales in 2019.79 TSMC was
responsible for 14% of Applied Materials’ sales in 2019.80 Thus, as
South Korea and Taiwan are the most important regions for semiconductor fabs, they are also home to the most important customers of equipment vendors. (Figure 13) In summary, the United
States, Japan, and Europe are the leading regions for semiconductor manufacturing equipment, but they rely on leading-edge fabs in Taiwan,
South Korea and increasingly, China to buy and utilize that equipment. This
example illustrates how interdependent the semiconductor value chain is.
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Chemicals
Semiconductor manufacturing relies on many different types of chemicals
and gases for the different process steps, such as patterning, deposition,
etching, polishing and cleaning. These chemicals and gases are most often supplied by large companies that also supply other industries. Very few
companies supply only the electronics industry. The competition is fierce,
which is why the market has experienced several mergers and acquisitions
and is mostly dominated by Japanese companies, such as Shin-Etsu, Sumitomo Chemicals and Mitsui Chemicals. (Figure 14) European companies such
as BASF, Linde and Merck KGaA are also important chemicals suppliers. The
total market for electronics chemicals is around $ 40 billion.81 A key performance indicator for semiconductor chemicals is their purity, with impurity
requirements of 1 part per billion (ppb) or below.82
Like other suppliers, such as SME vendors and EDA software providers,
chemicals suppliers work closely together with fabs and equipment manufacturers. For example, TSMC asked Taiwan Specialty Chemicals Corp. to
set up facilities in the United States, to support TSMC in their plan to build a
5nm fab in Arizona.83

Figure 14

As Japan is a major supplier of semiconductor chemicals, and South Korean fabs rely on an uninterrupted supply, the Japanese government exploited
that dependency by introducing export restrictions on such products to Korea in July 2019. All chemicals that fell under export control measures represented the most important inputs for the Korean semiconductor industry.
“The targeting of specialized materials between two countries with highly integrated supply chains have been interpreted by the industry as a signal of
a willingness to expose supply chain vulnerabilities for what industry representatives view to be unrelated bilateral political disputes.”84 Not surprisingly,
South Korea’s industry responded by investing in domestic capacity for key
semiconductor chemicals and gases.8

Wafers
Wafers are a key supply for fabs, and they are produced in several different
sizes and types. Silicon wafers are the most common and most important,
but there are also gallium arsenide (GaAs), gallium nitride (GaN) and silicon
carbide (SiC) wafers for certain applications. Today, 300mm silicon wafers
are the standard for advanced chips, such as processors, SoC and memory.
The silicon wafer market, across all diameters, is highly concentrated. Al-

18

Jan-Peter Kleinhans & Dr. Nurzat Baisakova
October 2020
The Semiconductor Value Chain

though there were more than 20 silicon wafer suppliers in the 1990,
30 years later 5 companies control 90% of the market.86 Shin-Etsu and Sumco in Japan lead the market, followed by GlobalWafers
(Taiwan), Siltronic (Europe) and SK Siltron (South Korea). (Figure
15) Highly pure and planar silicon wafers are of critical importance
to fabs but account for 5–10% of the overall operational costs
(300mm).87 Thus, wafers are a critical supply but have limited costs.
Both circumstances make it unlikely that the silicon wafer supplier
market will see significant changes in the near future.

Figure 15

In summary, for the semiconductor manufacturing process fabs
rely on equipment, chemicals and (silicon) wafers to fabricate integrated circuits. While cutting-edge fabs are mainly located in Taiwan and
South Korea, the necessary equipment, chemicals and wafers come from
the US, the EU and Japan. The fabrication process relies on close collaboration between the different suppliers, the fab and chip designers. Over the
years, all supplier markets (EDA, equipment, chemicals, wafers) consolidated, sometimes to the point that there is only one supplier for a particular
technology, such as EUV scanners. This created a highly efficient and innovative semiconductor manufacturing value chain, but it relied heavily on free
trade and close collaboration between the key countries. It also has become
obvious that none of the countries can be considered “self-reliant” or “strategically autonomous” in the fabrication process.

Assembly
After the manufacturing process in the fab, the silicon wafer contains many
small integrated circuits (die) that must be cut out, tested and packaged to
protect them from damage. These process steps are called the “back-end,”
while all previous steps at the fab are called the “front-end”. Wafer fabrication (front end) is highly capital intensive, but assembly and test is labor
intensive with typically lower profit margins.88 Companies specializing in
the back-end of the semiconductor production process are so-called Outsourced Semiconductor Assembly & Test (OSAT) companies. The OSAT market grew from $ 17 billion in 2009 to more than $ 30 billion in 2019.89 Just
like fabs, OSAT companies rely on equipment suppliers and chemicals but
on a much smaller scale: A new manufacturing line cost $ 100 to $ 200 million in 2018.90 Similar to other areas within the semiconductor value chain,
the OSAT market consolidated significantly, and the 20 largest OSAT companies held 92% of the market in 2019, up from 70% in 2009. (Figure 16)
Taiwanese OSAT companies such as ASE Group (26% in 2019) have 53% of
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the global back-end market. Amkor Technologies (13%) is the only large OSAT
company from the United States. Interestingly, since 2009 the market share
of Chinese companies, such as JCET, grew significantly to higher than 19%.
OSAT companies from other countries such as Singapore and Malaysia lost
market share over the past 10 years. Overall, the OSAT market is certainly
one of the lesser concentrated markets throughout the semiconductor value chain. It is also the only other market, next to chip design (fabless), in
which Chinese companies have been able to gain significant market share.
Of course, there is still a technology gap but much smaller than in wafer fabrication, EDA software and manufacturing equipment.91 As an example, Huawei collaborates closely with JCET, the leading Chinese OSAT company, to
improve JCET’s processes in response to the U.S. export ban against Huawei
in 2019.92 However, whether JCET, even with significant public investment,
will be able to provide leading-edge packaging to Huawei short- to mid-term
is remains to be seen. Last, a general trend of the industry is that fabs also
provide advanced (wafer-level) packaging.93 For example, leading-edge mobile SoCs from Qualcomm and others are often packaged directly at the fab
and not at an OSAT company, further increasing the importance of foundries
within the semiconductor value chain.

Figure 16
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Findings and outlook
The previous two sections about the various chip technologies and the value chain itself showed that different countries (regions) hold key positions
within the semiconductor industry. This high division of labor allows continuous specialization94 which is the reason, together with significant R&D margins, the semiconductor industry was able to keep pace with Moore’s Law,
although fulfilling Moore’s Law costs 18 times more resources today than
in 1970.95 Following is a brief overview of the various countries and their position within the value chain based on the analysis in the previous sections.

Figure 17

Figure 18

Figure 19

United States
U.S. companies hold dominant positions across the entire semiconductor
value chain. (Figure 17) The huge share of U.S. IDMs comes from companies
such as Intel (the largest semiconductor company by revenue), Texas Instruments and ADI (analog semiconductors) and Micron (memory chips). (Figure
18) The US also has a strong position in fabless companies focused on chip
design. (Figure 19) Last, looking at specific production steps and suppliers,
U.S. companies have a quasi-monopoly in EDA software and thus, also important IP vendors. Some of the largest equipment vendors (Applied Materials, KLA, Lam Research) are based in the US. U.S. companies such as Amkor
Technologies are also active in assembly and test but not as dominant as
other regions.
South Korea
South Korea is another important player in the semiconductor value chain.
South Korean IDMs (Figure 18) such as Samsung and SK Hynix dominate the
memory chip market (DRAM and NAND). Samsung alone is strong in many different areas, memory chips and chip design (mobile processors), and has the
second largest foundry business, for example. Together with Taiwan, South
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Korea has the highest production capabilities (wafer capacity) which also
means it is one of the most important regions for equipment sales. Interestingly, South Korea has no equipment vendors, few chemicals (LG Chem) and
wafers (SK Siltron) suppliers and no substantial fabless industry. (Figure 19)
Europe
Looking at overall volume, European companies play a minor role in most of
the semiconductor value chain. (Figure 17) They are strong in sensors, discrete semiconductors and especially, automotive ICs due to existing domain
expertise that allows vertical integration. European semiconductor companies such as Bosch, Infineon, NXP and STMicroelectronics are IDMs, often
following a fab-lite approach. (Figure 18) Which means they also rely on foreign foundries such as TSMC, GlobalFoundries and Samsung. Apart from production, European companies play important roles as suppliers: ASML, ASM
International, Aixtron (equipment); BASF, Linde, Merck KGaA (chemicals); and
Siltronic (wafers). However, overall, Europe has fallen behind severely in wafer fabrication (high-volume, cutting-edge fabs) and chip design. (Figure 19)
Taiwan
With companies such as Mediatek and Novatek, Taiwan has a strong presence in the fabless industry. (Figure 19) Even though Taiwan does not have
many IDMs, simply because of TSMC’s foundry business, the importance of
Taiwan for the semiconductor value chain cannot be overestimated. Almost
the entire fabless industry for cutting-edge chips, globally, relies on TSMC –
it is potentially the most critical single point of failure in the entire semiconductor value chain. Taiwan has also the highest wafer fabrication capacity
and together with South Korea, is currently the most important market for
equipment vendors. Due to companies such as ASE Group, Taiwan also dominates the back-end market (OSAT).
Japan
Japan’s position in the semiconductor value chain is comparable to that of
Europe. Japanese companies are dominant suppliers for fabs: They hold
more than 50% of the silicon wafer market, they are critical for the supply of
chemicals and gases, and they play an important role as equipment vendors
(e.g., Tokyo Electron). With the IDM KIOXIA, Japan is also present in the NAND
memory market. (Figure 18) Like Europe, Japanese companies play only a
minor role in chip design. (Figure 19)
China
Overall, China has a relatively small presence in the semiconductor value
chain. The two areas in which Chinese companies gained significantly over
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the past 10 years are chip design (Figure 19) and assembly. Chinese companies are trying to enter different supplier markets, such as silicon wafers,
manufacturing equipment (AMEC, Naura, SMEE) and chemicals, with limited success.96 As Chinese companies depend highly on foreign semiconductor suppliers, Beijing’s push for “self-reliance” in semiconductors is understandable, and China will certainly play an increasingly important role not
just as an importer of chips97 but also as a producer. Additionally, China is
increasingly important for wafer fabrication and is expected to spend more
on manufacturing equipment in 2020 than Taiwan or South Korea.98

Conclusion
The previous sections analyzed different semiconductor technologies and
their global value chain to identify dominant actors and regions, understand
interdependencies and assess the resilience of this value chain. What is
clear is that no country, including the United States, comes even close to
being “self-reliant” or autonomous in the production of semiconductors. In
pursuit of economic efficiency and under pressure to innovate, the semiconductor industry relies on high divisions of labor with companies focusing on
particular technologies or production steps. These dynamics created a value chain that is riddled with several “choke points,” a technology or process
step for which there are only one or two suppliers in the world. Through export bans, governments are now exploiting these choke points to deny foreign companies access to certain technologies: The U.S. government identified EDA software as an effective choke point, as all major EDA vendors are
US-based, and used export restrictions to block Huawei from accessing this
critical technology. The Japanese government realized that their domestic
chemicals suppliers play a critical role in the value chain of South Korean
fabs and exploited this choke point as well.99 It remains to be seen if these
are singular incidences or part of a broader trend toward “weaponized interdependence”. 100
Looking at these long-term interdependencies within the semiconductor value chain, future government policies should address three different,
but related, dimensions. First, how to ensure and secure access to foreign
technology providers through trade and foreign policy. Second, how to build
leverage by strengthening domestic companies through strategic industrial
policy. Third, how to foster and support a more resilient supply chain.
These dimensions will be discussed in future publications as part of SNV’s
work on Technology and Geopolitics.

23

Jan-Peter Kleinhans & Dr. Nurzat Baisakova
October 2020
The Semiconductor Value Chain

List of Figures
Figure 1: Semiconductor Sales 2019 (data: World Semiconductor Trade Statistics, https://www.wsts.org/
esraCMS/extension/media/f/WST/4622/WSTS_nr-2020_05.pdf)
Figure 2: Production Steps, Business Models
Figure 3: DRAM Market Share (data: quarterly data from TrendForce, https://www.trendforce.com/
presscenter/news/Semiconductors)
Figure 4: NAND Market Share (data: quarterly data from TrendForce, https://www.trendforce.com/
presscenter/news/Semiconductors)
Figure 5: Top10 Analog IC Suppliers 2019 (data: IC Insights, https://www.icinsights.com/news/bulletins/
Texas-Instruments-Maintains-Firm-Grip-As-Worlds-Top-Analog-IC-Supplier/)
Figure 6: Top10 Automotive IC Suppliers 2019 (data: IHS Markit, https://evertiq.com/design/46364)
Figure 7: Production Steps
Figure 8: Top10 Fabless Companies 2019 (data: financial data from annual reports)
Figure 9: Largest Foundries 2019 (data: quarterly data from TrendForce, https://www.trendforce.com/
presscenter/news/Semiconductors)
Figure 10: Wafer Capacity Leaders as of Dec 2019 (data: IC Insights, https://www.icinsights.com/news/
bulletins/Five-Semiconductor-Companies-Hold-53-Of-Global-Wafer-Capacity/)
Figure 11: Wafer Capacity as of Dec 2019 (data: IC Insights, https://www.icinsights.com/news/bulletins/
Taiwan-Edges-South-Korea-As-Largest-Base-For-IC-Wafer-Capacity/)
Figure 12: Top5 SME Companies 2019 (data: financial data from annual reports)
Figure 13: SME Sales past 5yr (data: SEMI Equipment Forecast, https://www.semi.org/en/
news-media-press/semi-press-releases/mid-year-equipment-forecast)
Figure 14: Chemicals Suppliers (data: own research)
Figure 15: Leading Wafer Suppliers 2019 (data: Siltronic, https://www.siltronic.com/fileadmin/investorrelations/Präsentation/2020/20200814_Siltronic_Factbook.pdf)
Figure 16: Top20 OSAT Companies (data: Nigam, M., Abrams, R., Han, K., Wong, K., Tseng, C., Su, J., &
Cheung, C. 2019. Asia Technology Strategy - China: Can it gain tech independence? Credit Suisse)
Figures 17, 18, 19: IC Market Share ’19 (data: IC Insights, https://www.icinsights.com/news/bulletins/
US-IC-Companies-Maintain-Global-Marketshare-Lead/)

Endnotes
1 Mayer Brown. 2020. “US Commerce Department Rulemaking on ‘Foundational Technologies’ to Further
Expand Export Controls and Mandatory CFIUS Declaration Requirements”. https://www.mayerbrown.
com/en/perspectives-events/publications/2020/08/us-commerce-department-rulemaking-on-foundational-technologies-to-further-expand-export-controls-and-mandatory-cfius-declaration-requirements
2 Capri, A. 2020. Semiconductors at the Heart of the US-China Tech War. Hinrich Foundation. https://hinrichfoundation.com/trade-research/global-trade-research/thought-leadership/
semiconductors-at-the-heart-of-the-us-china-tech-war/
3 Ding, J., & Dafoe, A. (2020). The Logic of Strategic Assets: From Oil to Artificial Intelligence. 1–46. http://
arxiv.org/abs/2001.03246
4 Barrett, Eamon. 2020. “China will spend $ 300 billion on semiconductor imports as U.S. squeezes chip
supply”. https://fortune.com/2020/08/27/china-semiconductor-chip-imports-us-ban-huawei/
5 Triolo, Paul & Allison, Kevin. 2020. “The Geopolitics of Semiconductors”. https://www.eurasiagroup.net/
live-post/geopolitics-semiconductors
6 Charboneau, Tyler. 2020. “What the CHIPS for America Act Could Mean for the U.S. Semiconductor Industry”. All About Circuits. https://www.allaboutcircuits.com/news/
what-the-chips-act-for-america-could-mean-for-us-semiconductor-industry/

24

Jan-Peter Kleinhans & Dr. Nurzat Baisakova
October 2020
The Semiconductor Value Chain

7 Ding, Jeffrey & Laskai, Lorand. 2020. “The Sour Past of China Chips”. Translation of a “Boss Dai” article.
https://chinai.substack.com/p/chinai-56-the-sour-past-of-china
8 European Commission. 2020. “Speech by Commissioner Thierry Breton at Hannover Messe Digital
Days”. https://ec.europa.eu/commission/presscorner/detail/en/SPEECH_20_1362
9 de Jong, Edwin. 2020. “Semiconductor winners – European companies with strong positions”. https://www.edisongroup.com/investment-themes/
semiconductor-winners-european-companies-with-strong-positions/
10 Jessie. 2019. „AMD 7 nm chip has a foundry and three OSAT companies including a mainland company“. https://www.elinfor.com/news/
amd-7nm-chip-has-a-foundry-and-three-osat-companies-including-a-mainland-company-p-11001
11 RIKEN Center for Computational Science. 2020. Supercomputer Fugaku - Supercomputer Fugaku,
A64FX 48C 2.2GHZ, Tofu Interconnected D https://www.top500.org/system/179807/
12 Clarke, Peter. 2006. DRAM revenues declined 5.0% in 2005, says Gartner. https://www.eetimes.com/
dram-revenues-declined-5-0-in-2005-says-gartner/
13 Siebert, R. 2016. The Impact of Horizontal Mergers on Market Structure: Evidence from the Semiconductor Industry. In CESifo Working Paper. https://www.cesifo.org/DocDL/cesifo1_wp5911.pdf
14 Financial Times. 2018. China alleges ‘massive’ evidence of chipmaker violations. https://www.ft.com/
content/d626833a-ebb5-11e8-89c8-d36339d835c0
15 Shilov, Anton. 2018. U.S. Government Indicts Chinese DRAM Maker JHICC on Industrial Espionage; Bans Exports to Firm. https://www.anandtech.com/show/13537/
us-doc-sides-with-micron-bans-exports-to-chinese-dram-maker
16 Wi-LAN Inc. 2019. WiLAN Subsidiary and CXMT Enter into License and Acquisition Agreements. http://
www.wilan.com/news/news-releases/news-release-details/2019/WiLAN-Subsidiary-and-CXMT-Enter-into-License-and-Acquisition-Agreements/default.aspx
17 Shilov, Anton. 2019. ChangXin Memory Technologies (CXMT) is Ramping Up Chinese DRAM Using
Qimonda IP. https://www.anandtech.com/show/15161/cxmt-ramp-up
18 Gkritsi, Eliza. 2020. A Chinese firm made a memory chip that can compete with Samsung. What’s
next? https://technode.com/2020/04/23/ymtc-memory-chip/
19 WikiChip. Technology Node. https://en.wikichip.org/wiki/technology_node
20 IC Insights. 2020. Texas Instruments Maintains Firm Grip as World’s Top Analog Supplier. https://www.icinsights.com/news/bulletins/
Texas-Instruments-Maintains-Firm-Grip-As-Worlds-Top-Analog-IC-Supplier/
21 NXP Press Release. 2020. NXP Selects TSMC 5 nm Process for Next Generation High Performance Automotive Platform. https://media.nxp.com/news-releases/news-release-details/
nxp-selects-tsmc-5nm-process-next-generation-high-performance
22 STMicroelectronics presentation. 2019. Manufacturing Strategy. https://stmicroelectronicsnv.gcsweb.com/static-files/8d0bbcfb-c179-4ed8-8d21-7f7b423e8ac6
23 Lawrence, A., & Verwey, J. (2019). The Automotive Semiconductor Market: Key Determinants of U.S.
Firm Competitiveness. U.S. International Trade Commission (USITC). https://www.usitc.gov/publications/332/executive_briefings/ebot_amanda_lawrence_john_verwey_the_automotive_semiconductor_market_pdf.pdf
24 Tang, Greg. 2011. Intel and the x86 Architecture: a Legal Perspective. https://jolt.law.harvard.edu/
digest/intel-and-the-x86-architecture-a-legal-perspective
25 Alcorn, Paul. 2020. Zhaoxin KaiXian x86 CPU Tested: The Rise of China’s Chips. https://www.tomshardware.com/features/zhaoxin-kx-u6780a-x86-cpu-tested
26 Hruska, Joel. 2020. Meet the Zhaoxin KX-U6780A: China’s First Homegrown x86 CPU. https://www.
extremetech.com/computing/309187-meet-the-zhaoxin-kx-u6780a-chinas-first-homegrown-x86-cpu
27 Yang, Yuan & Liu Nian. 2019. Beijing orders state offices to replace foreign PCs and software. https://
www.ft.com/content/b55fc6ee-1787-11ea-8d73-6303645ac406
28 cnTechPost. 2020. HP releases desktop PC based on China-made processor. https://cntechpost.
com/2020/04/14/hp-releases-desktop-pc-based-on-china-made-processor/

25

Jan-Peter Kleinhans & Dr. Nurzat Baisakova
October 2020
The Semiconductor Value Chain

29 Reuters Staff. 2019. Britain’s ARM to continue supplying chip technology to Huawei. https://www.reuters.com/article/us-china-usa-huawei-arm/
britains-arm-to-continue-supplying-chip-technology-to-huawei-idUSKBN1X40YU
30 Gallagher, Dan. 2020. Nvidia Arms Up for Trouble. https://www.wsj.com/articles/
nvidia-arms-up-for-trouble-11600074010?mod=e2tw
31 Bruck, Michael. 2020. How an Nvidia/ARM deal could create the dominant ecosystem for the next
computer era. https://semiwiki.com/ip/290482-how-an-nvidia-arm-deal-could-create-the-dominantecosystem-for-the-next-computer-era/
32 Gurman, Mark. 2020. Apple, ARM and Intel. https://stratechery.com/2020/apple-arm-and-intel/
33 RIKEN Center for Computational Science. Outline of the Development of the Supercomputer Fugaku.
https://www.r-ccs.riken.jp/en/fugaku/project/outline
34 Lorenz, Philippe & Saslow, Kate. 2019. “Demystifying AI & AI Companies”. https://www.stiftung-nv.de/
sites/default/files/demystifying_ai_and_ai_companies.pdf
35 Frumusanu, Andrei. 2020. Apple Announces 5 nm A14 SoC – Meagre Upgrades, or Just Less Power Hungry? https://www.anandtech.com/show/16088/
apple-announces-5nm-a14-soc-meagre-upgrades-or-less-power-hungry
36 GitHub. AI Chip (ICs and IPs). https://github.com/basicmi/AI-Chip
37 Ernst, Dieter. 2020. “Competing in Artificial Intelligence Chips: China’s Challenge amid Technology
War”. https://www.cigionline.org/sites/default/files/documents/Competing%20in%20Artifical%20Intelligence%20Chips%20-%20Dieter%20Ernst_web.pdf
38 Nellis, Stephen. 2019. U.S. chipmakers quietly lobby to ease Huawei ban. https://de.reuters.com/
article/huawei-tech-usa-lobbying-idUKL2N23615Z
39 Hruska, Joel. 2018. As Chip Design Costs Skyrocket, 3 nm Process Node is in Geopardy. https://www.
extremetech.com/computing/272096-3nm-process-node
40 Thompson, B. N. C., & Spanuth, S. (2019). The Decline of Computers as a General Purpose Technology.
MIT Initiative on the Digital Economy Research Brief, 1, 1–6. http://ide.mit.edu/sites/default/files/publications/SSRN-id3287769.pdf
41 IC Insights. 2020. U.S. IC Companies Maintain Global Marketshare Lead. https://www.icinsights.com/
news/bulletins/US-IC-Companies-Maintain-Global-Marketshare-Lead/
42 Lin, Luna. 2019. Huawei’s HiSilicon may soon topple MediaTek to become Asia’s leading chip designer.
https://kr-asia.com/huaweis-hisilicon-may-soon-topple-mediatek-to-become-asias-leading-chip-designer
43 Herh, Michael. 2020. Samsung Electronics to Produce Qualcomm’s Snapdragon 875 APs. http://www.
businesskorea.co.kr/news/articleView.html?idxno=51730
44 GitHub. AI Chips (ICs and IPs). https://github.com/basicmi/AI-Chip
45 Synopsys presentation. 2019. Synopsys 2019 New York Investor Day. https://www.synopsys.com/
company/investor-relations/new-york-investor-day-2019.html
46 Based on financial data from Synopsys and Cadence
47 Dillinger, Tom. 2020. Highlights of the TSMC Technology Symposium – Part 3. https://semiwiki.com/
semiconductor-manufacturers/tsmc/290593-highlights-of-the-tsmc-technology-symposium-part-3/
48 Synopsys. Strategic Acquisitions. https://www.synopsys.com/company/acquisitions.html
49 Ting-Fang, Cheng & Li, Lauly. 2019. Huawei loses access to vital chip design updates from Synopsys. https://asia.nikkei.com/Spotlight/Huawei-crackdown/
Huawei-loses-access-to-vital-chip-design-updates-from-Synopsys
50 Liu, Luffy. 2019. “Countdown: How Close is China to 40% Chip Self-Sufficiency?”. https://www.eetimes.com/countdown-how-close-is-china-to-40-chip-self-sufficiency/
51 TechNode Staff. 2020. Imagination Technologies: What’s at stake in the fight over control. https://
technode.com/2020/04/15/imagination-technologies-whats-at-stake-in-board-fight/
52 Randall, Stewart. 2020. Silicon: Why China might block Nvidia-ARM deal. https://technode.
com/2020/09/18/silicon-why-china-might-block-nvidia-arm-deal/

26

Jan-Peter Kleinhans & Dr. Nurzat Baisakova
October 2020
The Semiconductor Value Chain

53 Dillinger, Tom. 2020. Highlights of the TSMC Technology Symposium – Part 3. https://semiwiki.com/
semiconductor-manufacturers/tsmc/290593-highlights-of-the-tsmc-technology-symposium-part-3/
54 Lapedus, Mark. 2017. Battling Fab Cycle Times. https://semiengineering.com/
battling-fab-cycle-times/
55 https://www.extremetech.com/computing/296154-how-are-process-nodes-defined
56 Jones, Scotten W. Technology and Cost Trends at Advanced Nodes. https://www.icknowledge.com/
news/Technology%20and%20Cost%20Trends%20at%20Advanced%20Nodes%20-%20Revised.pdf
57 Morgan, Scott. 2018. TSMC cleared to build new factory in southern Taiwan. https://www.taiwannews.
com.tw/en/news/3600724
58 Shilov, Anton. 2020. Intel’s 10 nm Node: Past, Present and Future. https://www.eetimes.com/
intels-10nm-node-past-present-and-future/
59 Hamblen, Matt. 2020. Foundries see wafer, chip demand on rise. https://www.fierceelectronics.com/
electronics/foundries-see-wafer-chip-demand-rise
60 Kim, Sohee. 2019. Behind Samsung’s $ 116 Billion Bid for Chip Supremacy. https://www.bloomberg.
com/news/articles/2019-12-23/behind-samsung-s-116-billion-bid-for-chip-supremacy
61 Ojo, Bolaji. 2020. Intel is a Potentially Great Foundry. https://www.eetimes.com/
intel-is-a-potentially-great-foundry/
62 Lapedus, Mark. 2018. GF Puts 7 nm on Hold. https://semiengineering.com/gf-puts-7nm-on-hold/
63 Shilov, Anton. 2020. SMIC: Advanced Process Technologies and Gov’t Funding. https://www.eetimes.
com/smic-advanced-process-technologies-and-govt-funding/
64 TSMC report. 2020. https://sec.report/Document/0001564590-20-032443/
65 Strumpf, Dan. 2020. U.S. Weighs Export Controls on China’s Top Chip Maker. https://www.wsj.com/
articles/u-s-weighs-export-controls-on-chinas-top-chip-maker-11599324489
66 IC Insights. 2020. Five Semiconductor Companies Hold 53% of Global Wafer Capacity. https://www.
icinsights.com/news/bulletins/Five-Semiconductor-Companies-Hold-53-Of-Global-Wafer-Capacity/
67 Lapedus, Mark. 2019. “China’s Foundry Biz Takes Big Leap Forward”. https://semiengineering.com/
chinas-foundry-biz-takes-big-leap/
68 116th Congress. 2019-2020. H.R. 7178 – CHIPS for America Act. https://www.congress.gov/
bill/116th-congress/house-bill/7178?s=1&r=5
69 Tremblay, Jean-Francois. 2010. “Chemistry Matters To Chip Makers”. https://cen.acs.org/articles/88/
i28/Chemistry-Matters-Chip-Makers.html
70 Castellano, Robert. 2018. KLA-Tencor and Metrology/Inspection Competitors to Outperform Overall
Equipment Market in 2018. https://seekingalpha.com/article/4228320-kla-tencor-and-metrology-inspection-competitors-to-outperform-overall-equipment-market-in
71 Liu, Luffy. 2020. Chip Equipment Becomes Trade War’s Latest Battlefield. https://www.eetimes.com/
chip-equipment-becomes-trade-wars-latest-battlefield/
72 The Economist. 2020. How ASML became chipmaking’s biggest monopoly. https://www.economist.
com/business/2020/02/29/how-asml-became-chipmakings-biggest-monopoly
73 ASML Press Release. 2020. ASML unveils EUV Technology Training Center in Taiwan. https://www.
asml.com/en/news/press-releases/2020/asml-unveils-euv-technology-training-center-in-taiwan
74 ASML annual report. 2019. https://www.asml.com/-/media/asml/files/investors/financial-results/a-results/2019/2019-integrated-report-based-on-us-gaap.pdf
75 Thoss, Andreas. 2019. EUV lithography revisited. https://www.laserfocusworld.com/blogs/
article/14039015/how-does-the-laser-technology-in-euv-lithography-work
76 Eun-jin, Kim. 2020. COVID-19 Disrupts Samsung’s Plan to Mass Produce EUV-based 5 nm Semiconductors. http://www.businesskorea.co.kr/news/articleView.html?idxno=44087
77 Kleinhans, Jan-Peter. 2020. TSMC prepares for US-China chips decoupling. https://technode.
com/2020/05/27/tsmc-prepares-for-us-china-chips-decoupling/
78 Tokyo Electron annual report 2020. https://www.tel.com/ir/library/ar/cms-file/ar2020_all.pdf
79 ASML annual report 2019. https://www.asml.com/-/media/asml/files/investors/financial-results/a-results/2019/2019-integrated-report-based-on-us-gaap.pdf

27

Jan-Peter Kleinhans & Dr. Nurzat Baisakova
October 2020
The Semiconductor Value Chain

80 Applied Materials annual report 2019. https://www.sec.gov/Archives/edgar/
data/6951/000000695119000046/amat-20191027.htm
81 MarketWatch. 2020. “Semiconductor Materials Market Size”. https://www.marketwatch.
com/press-release/semiconductor-materials-market-size-share-global-development-and-forecast-top-companies-industry-current-trends-application-growth-factors-to-2026-research-report-2020-09-15
82 Stookman, P. 2018. Creating a semiconductor and the gases that make it happen. Gasworld, February,
52–53. https://www.linde-gas.com/en/images/Gasworld%20-%20Creating%20a%20Semiconductor%20FEB18_tcm17-477345.pdf
83 CAN Staff. 2020. TSMC invites chemical supplier to US for support. https://www.taipeitimes.com/
News/biz/archives/2020/06/24/2003738739
84 Goodman, S., VerWey, J., & Kim, D. (2019). The South Korea-Japan Trade Dispute in Context: Semiconductor Manufacturing, Chemicals, and Concentrated Supply Chains. SSRN Electronic Journal. https://
doi.org/10.2139/ssrn.3470271
85 Kamiya, Takeshi. 2020. S. Korea turns tables on Japan to skirt export curbs for chips. http://www.
asahi.com/ajw/articles/13072992
86 Lapedus, Mark. 2019. Mixed Outlook for Silicon Wafer Biz. https://semiengineering.com/
mixed-outlook-for-silicon-wafer-biz/
87 Nigam, M., Abrams, R., Han, K., Wong, K., Tseng, C., Su, J., & Cheung, C. (2019). “Asia Technology Strategy - China: Can it gain tech independence?” Credit Suisse.
88 Alexander, Michael. 2019. How OSAT companies can improve their profitability in a low-margin environment. https://www.rolandberger.com/nl/Point-of-View/Between-a-rock-and-a-hard-place-OSATcompanies-need-a-new-playbook.html
89 Nigam, M., Abrams, R., Han, K., Wong, K., Tseng, C., Su, J., & Cheung, C. 2019. “Asia Technology Strategy - China: Can it gain tech independence?” Credit Suisse.
90 Lapedus, Mark. 2018. „Packaging Challenges for 2018”. https://semiengineering.com/
packaging-challenges-for-2018/
91 Lapedus, Mark. 2020. „China Speeds Up Advanced Chip Development”. https://semiengineering.com/
china-speeds-up-advanced-chip-development/
92 Ting-Fang, Cheng & Li, Lauly. 2020. Huawei bid to move production to China faces supplier resistance. https://asia.nikkei.com/Spotlight/Huawei-crackdown/
Huawei-bid-to-move-production-to-China-faces-supplier-resistance
93 Alexander, Michael. 2019. How OSAT companies can improve their profitability in a low-margin environment. https://www.rolandberger.com/nl/Point-of-View/Between-a-rock-and-a-hard-place-OSATcompanies-need-a-new-playbook.html
94 Rhines, Wally. 2019. Chapter 6 – Specialization in the Semiconductor Industry. https://semiwiki.com/
wally-rhines/274203-section-ii-chapter-6-specialization-in-the-semiconductor-industry/
95 Bloom, N., Jones, C. I., Reenen, J. Van, & Webb, M. (2019). Are Ideas Getting Harder to Find? https://
web.stanford.edu/~chadj/IdeaPF.pdf
96 Van Hezewijk, Bart. 2020. “China’s Position in the Global Semiconductor Value Chain”. https://semiwiki.com/china/285941-chinas-position-in-the-global-semiconductor-value-chain/
97 Bloomberg. 2019. “China Stockpiles U.S. Chips as ‘Silicon Curtain’ Descends”. https://www.bloomberg.com/news/articles/2019-12-03/china-stockpiles-foreign-tech-as-silicon-curtain-descends
98 SEMI. 2020. “Chip Manufacturing Equipment Spending To Hit Record High $ 70 Billion In 2021
After Strong 2020, Semi Reports”. https://www.semi.org/en/news-media-press/semi-press-releases/
mid-year-equipment-forecast
99 Goodman, S., VerWey, J., & Kim, D. 2019. The South Korea-Japan Trade Dispute in Context: Semiconductor Manufacturing, Chemicals, and Concentrated Supply Chains. https://doi.org/10.2139/
ssrn.3470271
100 Farrell, Henry & Newman Abraham L. 2019. Weaponized Interdependence: How Global Economic Networks Shape State Coercion. https://www.belfercenter.org/publication/
weaponized-interdependence-how-global-economic-networks-shape-state-coercion

28

Jan-Peter Kleinhans & Dr. Nurzat Baisakova
October 2020
The Semiconductor Value Chain

About The Stiftung Neue Verantwortung
The Stiftung Neue Verantwortung (SNV) is an independent, non-profit think
tank working at the intersection of technology and society. The core method
of SNV is collaborative policy development, involving experts from government, tech companies, civil society and academia to test and develop analyses with the aim of generating ideas on how governments can positively
shape the technological transformation. To guarantee the independence of
its work, the organization has adopted a concept of mixed funding sources
that include foundations, public funds and corporate donations.

About the Authors
Jan-Peter Kleinhans is director of the "Technology and Geopolitics" project.
Currently his work focuses on the intersection of global semiconductor supply chains and geopolitics. Previously Jan-Peter worked on 5G security and
presented his work at the German parliament's committee on foreign affairs
and the NATO parliamentary assembly. After joining SNV in 2014 Jan-Peter
analyzed why the market failed to produce reasonably trustworthy consumer IoT devices. He explored if and how standardization, certification and
market surveillance can create economic incentives for IoT manufacturers
to produce secure and trustworthy IoT devices. He is Fellow of the Transatlantic Digital Debates 2016 and studied communication sciences in Uppsala,
Sweden and business informatics in Darmstadt.
Jan-Peter Kleinhans
jkleinhans@stiftung-nv.de
Nurzat Baisakova is senior project manager of the "Technology and Geopolitics" project. Nurzat had previously worked with Fintech startups on blockchain, cryptocurrencies and digital assets. Among other things, she was
head of the Financial Research Department of the Investment Bank in Berlin, which deals with Bitcoin. Nurzat studied International Relations in Bishkek and Political Economy in Frankfurt am Main. She received a scholarship
from the Volkswagen Foundation to conduct research at the Leibniz Institute
in Halle. In her dissertation, which she completed in the field of economics,
she examined the geopolitics of supply chains and food security in the CIS
countries.
Dr. Nurzat Baisakova
nbaisakova@stiftung-nv.de

29

Jan-Peter Kleinhans & Dr. Nurzat Baisakova
October 2020
The Semiconductor Value Chain

Imprint
Stiftung Neue Verantwortung e. V.
Beisheim Center
Berliner Freiheit 2
10785 Berlin
T: +49 (0) 30 81 45 03 78 80
F: +49 (0) 30 81 45 03 78 97
www.stiftung-nv.de
info@stiftung-nv.de
Design:
Make Studio
www.make-studio.net
Layout:
Jan Klöthe

This paper is published under CreativeCommons License (CC BY-SA). This
allows for copying, publishing, citing and translating the contents of the paper, as long as the Stiftung Neue Verantwortung is named and all resulting
publications are also published under the license “CC BY-SA”. Please refer to
http://creativecommons.org/licenses/by-sa/4.0/ for further information on
the license and its terms and conditions.

30

