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Just last month, China sent astronauts into space to board a new space station. Earlier this year, China
landed a rover on Mars. Chinese state media reported that inside both China’s space station and the
Mars rover were 100% indigenously designed-and-produced semiconductors, signaling China’s
increasingly sophisticated microchip capabilities.

Nevertheless, while China has mastered some chip technologies, its commercial semiconductor industry
is still relatively nascent. Still, the Chinese government is making serious efforts to close the gap,
investing well over $150 billion from 2014 through 2030 in semiconductors. Buoyed by a booming
market and these government investments, China is poised to be increasingly competitive in some
semiconductor market segments.

In order to form a calibrated and appropriate U.S. policy response, it is important to examine China’s
current place in the semiconductor supply chain, what its prospects are, and what aspects of China’s
semiconductor industrial policy may pose challenges. Ultimately, the winning formula for long-term
competition with China is to invest in American semiconductor technology and to strengthen the
resiliency of America’s chip supply chains.

I. China's Important Role in the Global Electronics Supply Chain

China is the world’s largest manufacturing hub, producing 36% of the world’s electronics — including
smartphones, computers, cloud servers, and telecom infrastructure — cementing the country as the
largest node in the global electronics supply chain. In addition, with nearly one-fifth of the world’s
population, China is the second-largest final consumption market — after the U.S. — for electronic devices
embedded with semiconductors.

The driving force behind these dynamics is a highly global semiconductor and ICT supply chain, where
indigenous Chinese and multinational contract electronics manufacturers based in China import
semiconductors that are then assembled into tech products to be re-exported or sold in the domestic
market for final consumption. To underscore this point, in 2020, China imported a whopping $378 billion
in semiconductors; assembled 35% of the world’s electronic devices; accounted for 30% to 70%
(depending on the product) of the global TV, PC, and mobile phone exports; and consumed one-quarter
of all semiconductor-enabled electronics. Access to this massive market is essential to the success of any
globally competitive chip firm today and in the future.

Global Semiconductor Sales by Geographic Area, 2019 (%)
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As a latecomer to the semiconductor sector, the indigenous Chinese chip industry is relatively small,

accounting for only 7.6% of total global semiconductor sales. Chinese chip firms primarily sell discrete

semiconductors, lower-end logic chips, and analog chips to consumer, communications, and industrial
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end markets. Chinese chip firms are notably absent in the market for high-end logic, advanced analog,
and leading-edge memory products. China’s indigenous semiconductor supply chain is even less
developed. It lags significantly in advanced logic foundry production, EDA tools, chip design IP,
semiconductor manufacturing equipment, and semiconductor materials. Chinese foundries currently
focus on more mature nodes, and China’s supply chain capabilities at the equipment and materials level
are presently limited to older technologies.

Global Semiconductor Market Share, by Major Country/Region
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In the highly interconnected and layered global semiconductor supply chain, however, China currently
possesses some notable strengths. It is already a global leader in outsourced assembly, packaging, and
testing (OSAT). China’s leading OSAT players are ranked among the top 10 OSAT companies in the world,
collectively holding 38% of the total OSAT market in 2020. Chinese OSAT firms have also gone global,
with more than 30% of their manufacturing facilities based outside of China.

While China holds only 7.6% of the market for global chip sales, this number is growing fast, and China is
making significant progress thanks to a burgeoning domestic market. Chinese fabless firms and IDM
leaders have made notable progress in mid-tier mobile processors and basebands, embedded CPUs,
network processors, sensors, and power device development. Chinese firms already hold an impressive
16% of the global fabless semiconductor market in 2020, ranking third after the U.S. and Taiwan. China
is also rapidly closing the gap in Al chip design, due partly to fast growing demand from China’s
hyperscale cloud and consumer smart device market and lower barriers to entry in chip design. Chinese
fabless firms are now taping out 7/5nm chip designs for everything from Al to 5G communications.

Chinese Share in the Global Semiconductor Supply Chain by Major Segment
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Source: BCG x SIA: Strengthening the Global Semiconductor Supply Chain in an Uncertain Era
China is also an important front-end wafer manufacturer. With Chinese and foreign foundries and IDMs

setting up fabs to ensure proximity to customer supply-chains, approximately 23% of the global installed
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wafer capacity is currently located in China, of which 30% is owned by multinational firms primarily from
other East Asian nations. While nearly 95% of installed indigenous Chinese capacity are trailing-edge
nodes (>28nm), the relevance of these more mature manufacturing technologies should not be
dismissed as the digital transformation of our economy accelerates demand for both old and new chips.

Il. Chinese Semiconductor Industrial Policy

While the Chinese government has long Share of National IC Fund Phase | & Il Investment by Segment
had an industrial policy to support its
nascent chip industry, these efforts
accelerated in 2014, as China released its
National IC Promotion Guidelines, which
laid out ambitious targets for industry Y
revenue, production capacity, and Eqpt./Mater.

technological advances. A year later, China 27 \
published the now-controversial Made in
China 2025 Plan, which sets aspirational
goals for China to achieve 70% self- 5.8

sufficiency in semiconductors by 2025. Sub-fund
Central to China’s semiconductor industrial 168
policy is the National Integrated Circuits
Industry Development Investment Fund
(known as the “Big Fund”), established in 2014 with $21 billion in state-backed financing. The Big Fund
was renewed in 2019 for a second round of state financing that exceeded $35 billion. To date, China’s
National IC Fund has invested $39 billion, of which 69.7% has been for front-end manufacturing with the
goal to increase China’s share of global semiconductor production. In addition, China has announced
more than 15 local government IC funds for a total of $25 billion in dedicated to funding Chinese
semiconductor companies. Combined with the National Fund, this amounts to $73 billion which is
unmatched in any other country. However, this does not account for government grants, equity
investments, and low-interest loans which exceeds $50 billion alone.

EDA/Others

Source: SIA Research

The role of the Chinese Equity (USD Billion) and Percentage by Ownership

government in supporting its pry.

own semiconductor industry 0.43

cannot be overstated. A 2019

study by the OECD found 33.9

China’s four state-backed

seml.conductor companies 25 4% 44.9% 283%
received a total of $4.85 billion 45
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China’s financial institutions 08| s v
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accounting for 98% of below- Fabless IDM Foundry OSAT
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21 companies identified in the
report’. In addition, across the
sector, 43% of registered capital (totaling $51 billion) in the Chinese semiconductor industry is directly
or indirectly owned or controlled by the Chinese state, indicating the significant influence the
government has over the direction of its industry. Other Chinese government incentives tailored to
support its domestic semiconductor sector include grants, reduced utility rates, favorable loans,
significant tax breaks, and free or discounted land. These incentives provide a significant cost advantage
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for firms in China, sometimes insulating them from market competition. In fact, a 2020 report by the
Boston Consulting Group found the cost of building and operating a fab in China is 37% lower than doing
soin the U.S.
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China-Based Fabs More Cost Competitive Due to Government Support
Estimated 10-year Total Cost of Ownership (TCO") of reference fabs by location (US indexed to 100)
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With increasing geopolitical tensions, China’s efforts to build an indigenous supply chain gained
renewed urgency over the last few years, backed at the highest political levels in Beijing.

In China’s newly released 14th Five-Year Plan, semiconductors were explicitly identified as a strategic
technology priority, requiring a whole-of-society effort to “achieve technological self-reliance.” In
August 2020, China further expanded its semiconductor preferential tax policies, which include up to a
10-year corporate tax exemption for semiconductor manufacturers, which could be valued at over $20
billion.

Domestic Chinese technology
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Source: SIA Research, Winsoul Capital

total of $25.6 billion during their IPOs.
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Ill. Progress and Challenges

So far, the bulk of Chinese government subsidies have China Share of Worldwide

been for fab construction. Thanks to this support, Semiconductor Fabrication Capacities
Chinese firms have announced over 110 new fab projects

with a total committed investment of $196 billion since

2014. But the actual amount invested is significantly

lower and there have been some notable failures. Among

the projects, 40 fabs have been built and are now

operating, an additional 38 new production lines are

currently under construction, and 14 projects have been

suspended. As a result, the Chinese semiconductor

industry is expected to spend $12.3 billion and $15.3 19
- . . o 18% z

billion on CAPEX in 2021 and 2022 respectively, -

accounting for 15% of the global total, and is projected to 19 125 130

nearly double its installed wafer capacity over the next
10 years to reach approximately 19% of worldwide
installed chip capacity.

mChina = ROW
Source: VLSI for SIA

Chinese chip producers are focusing on making a breakthrough in memory and mature node logic
foundries to gain an edge in the global market. Since 2016, the Chinese government has invested at
least $16 billion into state-owned memory fabs to develop China’s domestic 3D-NAND Flash and DRAM
industry, and the efforts have begun to yield some success. In addition, leading Chinese foundries and
several foundry start-ups have accelerated their pace of building trailing-edge fabs. According to VLSI,
China’s memory and foundry capacity is expected to grow at a CAGR of 14.7% over the next 10 years.

Supported by the Chinese government’s ICT procurement and import substitution programs, Chinese
fabless firms engaging in other higher-end chip developments will also increase innovation, improve
technical capability, and expand product offerings as the Chinese government supports them with
indigenous ICT procurement and import substitution programs. China’s top CPU designers, for example,
all announced plans to develop GPUs targeting the government server and PC market in 2020.

Total Registered Capital and Number of Financing In addition, due to the increasing restrictions

Activities of Top 20 Chinese EDA Firms on the import of foreign ICT products and fear
of increased export controls, China is making a
USD million major push to develop indigenous supply chain
700 18 capabilities. This includes accelerating
600 16 investments in EDA design firms,
14 semiconductor manufacturing equipment, and
500 12 materials. In the EDA space alone, more than
400 10 eight startups were founded in the last 24
300 2 months, collectively raising nearly $400 million
200 I 4 in capital. Chinese EDA firms now have
100 I 2 l increasingly robust offerings for legacy chips,
0 0 and domestic Chinese equipment firms are on
2018 2019 2020 2018 2019 2020 track to provide strong capabilities for mature
Source: SIA Research node (40/28nm) production over the next few
years.
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Despite China’s whole-of-government push
for semiconductor localization, the Chinese
semiconductor industry will likely see

mixed success in the highly competitive and - China | Ind.
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advanced below 10nm chips), general purpose high-end logic (i.e., CPU/GPU/FPGA), advanced
manufacturing equipment and materials (i.e., photoresist, photolithography etc.), in addition to EDA
software and IP relevant for cutting-edge logic chips.
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IV. Policy Recommendations

When based on transparent international trade rules and a level playing field, increased competition
makes the global chip industry stronger, more vibrant, and more innovative. Some aspects of China’s
semiconductor industrial policies and practices, however, raise concerns. This includes some of China’s
industrial subsidies (especially below-market equity infusions) that can lead to market distortions, as
well as China’s IP practices and forced technology transfer measures. If left unchecked, state-owned
Chinese firms shielded from market forces, or access to illicitly acquired IP, could pose significant
challenges to the health of the U.S. semiconductor industrial base.

While we should take seriously these challenges, the answer cannot be the wholesale decoupling of our
economies. The semiconductor industry is truly global, and access to global markets is critical for U.S.
firms to sustain high levels of investment in R&D and capital expenditure. In fact, the semiconductor
sector is the most R&D and capital-intensive industry in the world, requiring tremendous scale to
maintain those investments. A recent study found expanded — or even complete — decoupling from
China would lead to an 8 to 18% decrease in American chip firms’ global market share, resulting in
significant cuts to R&D and capital expenditures, as well as up to 124,000 lost U.S. jobs, eventually
leading to the diminution of U.S. global leadership in the industry?. Maintaining access to the Chinese
market for U.S. semiconductor firms for the sale of general-purpose commercial chips is critical to
ensuring U.S. competitiveness.

The right approach to addressing market-distorting Chinese industrial policies is to work closely with our
allies to both compel China to change its ways, as well as to develop new global rules and standards that
improve market access and ensure fair competition. For example, efforts by the WTO to create new
trade rules regarding the most distortive industrial subsidies (e.g. equity infusions), or development of
ways to strengthen penalties for trade secrets theft, would be welcome. Where export controls are
necessary to safeguard the national security interests of the U.S. and its allies, the administration should
work closely with industry and allied partners to ensure such controls are multilateral, narrow, and
targeted to be effective without unduly harming our collective innovative capability. The Biden
administration’s recent announcement of semiconductor-focused dialogues with Japan and South
Korea, as well as the establishment of the Trade and Technology Council with the EU, seem to be
mechanism useful for achieving these goals.

Page 6



SEMICONDUCTOR
S JANY INDUSTRY
SIA WHITEPAPER: TAKING STOCK OF CHINA’S SEMICONDUCTOR INDUSTRY, July 2021 ASSOCIATION

The real, lasting answer to increased semiconductor competition from China is to run faster by investing
in our own technological competitiveness and strengthening the resiliency of our domestic and allied-
partner supply chains. In an important step forward, earlier this month, the U.S. Senate passed the
bipartisan U.S. Innovation and Competition Act, which includes $52 billion in federal investments for
semiconductors. The bipartisan vote of 68-32 was an indication of the broad recognition in Congress
that for the U.S. to compete and win in the game-changing technologies of the future, it must lead the
world in semiconductors. The bill includes funding for a bold semiconductor manufacturing grant
program, a new national semiconductor technology center, and increased R&D funding for agencies
such as DARPA and NIST. Now the U.S. House of Representatives must follow suit and Congress must
send a final bill to President Biden to be signed into law.

Enacting this critical legislation would provide a big boost to America’s economy, national security,
critical infrastructure, and enduring global competitiveness. The semiconductor industry will continue to
work with members of Congress and the administration to get this legislation across the finish line to
help America retain its leadership position in semiconductor technology.

! https://www.oecd-ilibrary.org/docserver/8fe4491d-
en.pdf?expires=1625152557&id=id&accname=guest&checksum=49610A1972219E4835E5870C393B8D54
2 https://www.uschamber.com/sites/default/files/024001_us_china_decoupling_report_fin.pdf
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