COMPUTING’S ECONOMICS

The Economics of
Chip War: China’s

Struggle to Develop
the Semiconductor

Industry

Nir Kshetri**, University of North Carolina at Greensboro

This article highlights the U.S. government’s
measures to slow the development of the
Chinese semiconductor industry and China’s
technological capabilities and institutional
conditions, to fight back toward China’s effort to
achieve self-reliance in this industry.

EDITOR NIR KSHETRI

University of North Carolina at Greensboro;

nbkshetr@uncg.edu

power by 2049, the 100th anniver-
sary of the People’s Republic of Chi-
na's founding.! Semiconductors
have also been a target industry
under the state-led industrial pol-
icy “Made in China 2025" initiative
launched in 2015 by the Chinese gov-
ernment. This initiative aimed to
increase the country’s chip produc-
tion from less than 10% of demand
at the time to 40% in 2020 and 70%
in 2025.2

However, China has been no-
where close to this goal yet. In 2022,
China imported about 90% of its
requirements in the chip industry.3
China'ssemiconductor consumption
accounts for more than three-quar-

hina has set ambitious goals to increase its do-  ters of the global total. It produces only about 15% of

mestic semiconductor production. These goals global semiconductor output.# China annually spends

are a part of a grander political vision: that the more than US$400 billion in importing chips.>

country will become a dominant technology The Chinese semiconductor industry has not been able
to catch up with its global competitors, such as Taiwan,
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South Korea, and the United States. Some argue that Chi-
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foreign counterparts.# Others suggest
thatthelagcouldbeaslongasadecade
or two.!

Starting October 2022, a series of
control measures have been taken by
the U.S. government, which are in-
tended to block Chinese chip makers’
access to key resources.® These mea-
sures are aimed at limiting China’s
capability to design and manufac-
ture advanced chips, as well as chip
manufacturing equipment, domesti-
cally by blocking the country’s access
to United States-made chip design

permission. Export controls have also
been introduced to include some semi-
conductor production items.* More-
over, U.S. companies cannot engage
in transactions with Chinese firms
for some end-uses of certain types of
integrated circuits or chips. Compa-
nies, such as Taiwan Semiconductor
Manufacturing Co. Ltd. (TSMC), are
prohibited from producing sophisti-
cated microchips in China.? U.S. citi-
zens and green-card holders are also
banned from working on certain chip
technology for Chinese entities.* The

Starting October 2022, a series of control
measures have been taken by the U.S.
government, which are intended to block Chinese
chip makers’ access to key resources.

software, semiconductor manufac-
turing equipment, as well as United
States-built components.” In some
cases, particular Chinese companies
are blacklisted.® The exact impacts
of these measures upon the Chinese
semiconductor industry are not fully
known yet.

In this article, we offer a detailed
description of the U.S. government’s
measures to slow down the develop-
ment of the Chinese semiconductor
industry. It also critically looks into
China’s technological capabilities and
the institutional context to counter the
U.S. government'’s control measures.

RECENT UNITED STATES
CONTROL MEASURES

Recently, the United States has been
taking a series of control measures
that are directed toward slowing down
China’s efforts to develop the high-end
semiconductors required for artifi-
cial intelligence (AI) and supercom-
puting. In October 2022, new rules
were announced that require U.S.
companies, such as Nvidia and AMD,
to stop supplying Chinese chipmak-
ers with equipment that can produce
advanced chips unless they obtain
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Commerce Department’s Bureau of In-
dustry and Security argued that China
could use these chips to “produce ad-
vanced military systems,” although
the chips can also be used for civilian
purposes.? Chinese firms cannot ac-
cess advanced chips from non-Chinese
factories that rely on U.S. technology
to manufacture their products.8

Further control measures were im-
plemented in December 2022. The U.S.
Commerce Department’s Bureau of
Industry and Security added Chinese
memory chipmaker Yangtze Mem-
ory Technologies Corp. (YMTC) and 21
other major companies in the AI chip
sector to a trade blacklist, known as
the Entity List. The measure blocked
these companies’ ability to purchase
semiconductors and production tools
made anywhere in the world using U.S.
technology.l0

In January 2023, after many years
of lobbying from the United States,
Japan, and The Netherlands agreed
to tighten export restrictions of chip
manufacturing equipment to Chinese
companies.l! By teaming up with and
getting the support of these two coun-
tries, the United States hopes to effec-
tively lock China out of key technology

and equipment that are needed to
build advanced chip-producing
foundries (fabs). More than 90% of the
global semiconductor manufacturing
equipment market is controlled by
the United States, The Netherlands,
and Japan.>

Especially, the Dutch government'’s
decision toimpose new export controls
on microchips manufacturing equip-
ment to China is likely to have a det-
rimental effect on the Chinese semi-
conductor industry. This is because
the Dutch developer and manufac-
turer of photolithography machines,
Advanced Semiconductor Materials
Lithography (ASML), dominates the
global market for lithography, which
involves using light to create certain
patterns on silicon wafers.12 In 2021,
China was ASML’s third largest mar-
ket, after Taiwan and South Korea.
ASML's sales revenue in China that
year was 2.1 billion euros, which repre-
sented about 16% of global sales.!3

A number of high-end chips are
made using extreme ultraviolet (EUV)
and deep ultraviolet (DUV) lithogra-
phy machines. In 2020, ASML had 88%
share in the DUV market.* ASML is
the only company in the world to make
EUV lithography machines. ASML
sells such machines to semiconduc-
tor manufacturers at US$S200 million
a piece,!> which are used to make the
most advanced chips (for example,
3, 5, and 7 nm). These smallest nodes
are used to develop Al systems,
smartphones, cloud data centers, and
self-driving cars. They are also used in
some military applications.1®

Initially, Dutch export controls to
China only affected EUV machines.
ASMLhas not exported EUV machines
to China since 2019.1> There are cur-
rently no EUV systems in China.l5

The January 2023 agreement also
targets older DUV machines that are
used to make less advanced and larger
processnodes, suchasthoseusedinau-
tomobiles, industrial equipment, and
home appliances. These include 14-nm
chips, 18-nm dynamic random-access
memory chips used to make low-cost
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and high-capacity computer memory,
and NAND flash chips.1®

In February 2023, the U.S. Depart-
ment of Commerce called for applica-
tions for funds from the CHIPS and Sci-
ence Act passed by Congress in 2022.17
The CHIPS and Science Act has allocated
aUS$39 billion federal fund, which aims
to bolster the development of the U.S.
semiconductor industry. Chipmakers
receiving money are prohibited to use
the fund for projects outside the United
States. They cannot build or signifi-
cantly expand semiconductor manu-
facturing facilities in the “foreign enti-
ties of concern” for a decade.!® Funded
companies are also prohibited from con-
ducting joint research or licensing tech-
nology from such entities. If a company
violates these rules, the federal govern-
ment can ask the company to return the
money provided under the CHIPS and
Science Act (Table1).19

EFFECTS ON THE CHINESE

SEMICONDUCTOR INDUSTRY
There are contradictory views regard-
ing the long-term effects of the U.S.

control measures on the Chinese semi-
conductor industry. One view is that
more extensive bans on advanced chip
exports to China could accelerate the
timeline for indigenous Chinese firms
to develop a domestic chip design eco-
system, and local semiconductor sup-
ply chains in the long run.?! In support
of this view, some have argued that

effects, since Chinese companies were
attracted to U.S. firms, such as Nvidia
and AMD. The new U.S. export con-
trols can help break this vicious circle.
Revenues that flowed to U.S. compa-
nies will now go to Chinese chip com-
panies, which can help them enjoy the
economies of scale and develop their
competitive advantage.”

By teaming up with and getting the support of
these two countries, the United States hopes to
effectively lock China out of key technology and

equipment that are needed to build advanced

chip-producing foundries (fabs).

the main reason why China’s domes-
tic AI chip design companies failed to
gain market share in China is because
they could not compete with U.S.
chip manufacturers, such as Nvidia
and AMD. Chinese chip makers got
into the vicious circle because of the
lack of enough customers to benefit
from economies of scale and network

The opposite argument is that the
U.S. government’s control measures
will slow down the development of the
Chinese chip industry by forcing com-
panies using U.S. technology to cut off
support for China’s chip factories and
designers,?2 due to challenges, such
as poorly defined and implemented
strategic plans in the chip industry,

TABLE 1. Recent U.S. control measures to slow down the development of China’s semiconductor industry.

7 October 2022

15 December 2022

27 January 2023

28 February 2023

New rules announced that prohibit U.S. companies
to: 1) supply Chinese chipmakers with equipment
that can produce advanced chips; 2) engage in
transactions with Chinese firms for some end-uses
of certain types of chips; 3) produce sophisticated
microchipsin China.

U.S. citizens and green-card holders are banned from
working on certain chip technology for Chinese
entities.

YMTC and 21 other Chinese companies added to the
Entity List.!0

Japan and The Netherlands agreed to tighten export
restrictions of chip manufacturing equipment to
Chinese companies.!

Chipmakers receiving money under the CHIPS and
Science Actre aprohibited: 1) to use the funds for
projects outside the United States; 2) build or expand
semiconductor manufacturing facilities in the
“foreign entities of concern” for a decade; 3) conduct
jointresearch orlicensing technology from such
entities.

The rules focusonlimiting the development and
production of advanced node semiconductors,
semiconductor production equipment of any
type, advanced computing capabilities, and
supercomputers in China.?°

The measure blocked these companies’ access
to semiconductors and tools made using U.S.
technology.

Itis expected to take many months for Japan and The
Netherlands to “finalize legal arrangements.”!

Violators s can be asked to return the money.
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corruption, and lack of human capital.
Chinese technology firms are not in
a strong position to develop chip-re-
lated advanced innovations on their
own.! China-made chips are thus un-
suitable to substitute for equipment
lost from U.S. suppliers, such as KLA

The PLA mostly relies on older and
less-sophisticated chips.2> The sales
of U.S. technology for military appli-
cations have been banned for a long
time.2 However, the PLA was reported
to rely on a number of intermediate
and shell companies to purchase

The CHIPS and Science Act has allocated
a US$39 billion federal fund, which aims to
bolster the development of the U.S.
semiconductor industry.

Corp., Applied Materials, and Lam Re-
search.# Chinese chip manufacturers
thus would face difficulty in catching
up with their counterparts.

The following example could help
illustrate the effect of the U.S. export
control measures on the Chinese semi-
conductor industry. In October 2020,
China’s Semiconductor Manufactur-
ing International Corporation (SMIC)
was reported to develop a 7-nm pro-
cess.! This is regarded as a watershed
moment in chip manufacturing in
China.23 However, by that time, TSMC
had already manufactured more than
1 billion 7-nm chips.24 The unavail-
ability of EUV technology meant that
SMIC needed to use DUV technology,
which added a high degree of com-
plexity in the chip-design process.
Consequently, SMIC’s 7-nm chip man-
ufactured by using DUV was estimated
to cost about 10 times as high as a chip
manufactured at TSMC'’s 7-nm node.23
By preventing or limiting China’s ac-
cess to high-end chips, the U.S. control
measures are thuslikely to have an un-
favorable impact on the development
and deployment of next-generation
technology, such as Al and supercom-
puting in the country.”

On the other hand, while a main
goal of the U.S. export control mea-
sures is to prevent China's use of chips
in advanced military applications,’
some argue that the U.S. export con-
trols are likely to have little effect on
the People’s Liberation Army (PLA).
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advanced Al chips that were designed
by U.S. firms and manufactured in Tai-
wan and South Korea.26

CHINA’S TECHNOLOGICAL
CAPABILITIES AND
THE INSTITUTIONAL
CONDUCIVENESS TO
SUPPORT THE
DEVELOPMENT OF THE
LOCAL CHIP INDUSTRY
In the report of the 20th National Con-
gress of the Chinese Communist Party
(CCP), which was held from 16 to 22
October 2022, that is, after the October
2022 announcement of the U.S. semi-
conductor export controls, the CCP has
expressed a determination to “realize
high-level technology self-strength
and self-independence.”?’ In Decem-
ber 2022, China announced a sup-
port package of more than 1 trillion
yuan (USS143 billion) over a 5-year
period to develop its semiconductor
industry. A significant part of the
funding will be used to purchase do-
mestic semiconductor equipment for
fabs. Chinese companies will receive
a subsidy of up to 20% on the cost of
equipment and receive tax breaks for
investing in assembly, packaging,
and R&D of chips.28 A key question,
however, is whether China has tech-
nological capabilities and supportive
institutional conditions to achieve
such goals.

In general, China has demonstrated
a poor track record in developing

emerging technologies. The Chinese
government'’s direct intervention to
develop domestic technological ca-
pacities have failed in the past. A no-
table example is the attempt to make
lithography equipment for chipmak-
ing. The research in lithography
started in 2006. Instead of industrial
engineers, academics examined and
verified homegrown lithography. The
equipment was theoretically usable
but could not be used in the fabs by any
chip manufacturer.2?

As another example, consider the
secretive national semiconductor in-
dustry fund, popularly known as the
Big Fund. The Big Fund was founded
in 2014, which involves distributing
funds to chipmakers. The sharehold-
ers of this public-private investment
program include the finance ministry,
China Development Bank, China To-
bacco, and China Mobile. The Big Fund
raised US$47 billion by 2022.30

Despite some successes, such as
helping the growth of some estab-
lished semiconductor firms (for ex-
ample, YMTC and SMIC), the Big Fund
was plagued by rampant corruption.
The former head of the Ministry of In-
dustry and Information Technology,
the Big Fund'’s chairman, and several
senior executives were reported to
be engaged in corruption. In 2020,
a USS$20 billion government-backed
startup in Wuhan collapsed without
producing a single wafer.3! Financial
incentives, such as those provided by
the Big Fund, have mostly attracted
the wrong types of firms. In the first
10 months of 2022, more than 58,000
new integrated circuit-related firms
were registered. Over 13,000 of these
firms moved from their previous oper-
ations in unrelated sectors. This prac-
tice is known as zhuanchan in Chinese.
The spokesperson of the National De-
velopment and Reform Commission,
which is a macroeconomic manage-
ment agency under the State Council,
commented that most firms in the in-
dustry had no experience in semicon-
ductors and lack technical know-how
and talent.32
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hina has struggled for the past

many years to develop its chip

industry. High-profile govern-
ment initiatives to develop the domes-
tic semiconductor industry, such as
the Big Fund, have failed to produce
much impact on the Chinese semi-
conductor industry. As we illustrated
above, the damages caused by unethi-
cal behavior, such as corruption, have
been a big impediment to the develop-
ment of the Chinese semiconductor
industry. The achievement level of
China's semiconductor industry is no-
where close to the levels of global com-
petitors, such as Taiwan, South Korea,
and the United States.

TheU.S. government's recent control
measures are likely to give a further
setback to the Chinese semiconduc-
tor industry. The U.S. government
has also provided financial incentives
for chipmakers under the CHIPS and
Science Act to not expand capacity
in China for a decade. Overall, the
current China-United States chip war
presents a further roadblock to the ad-
vancement of China's domestic semi-
conductor industry.

REFERENCES

1. B.Jing, F. Lucenti, G. Sciorati, W.
Luo, and]J. Yang, “Taiwan holds
all the chips in US-China tech
showdown,” East Asia Forum, Dec.
2022. Accessed: Mar. 15, 2023.
[Online]. Available: https://www.
eastasiaforum.org/2022/12/03/
taiwan-holds-all-the-chips-i
n-us-china-tech-showdown/

2. “Madein China’ chip drive falls far
short of 70% self-sufficiency,” Nikkei
Asia, Oct. 2021. Accessed: Mar. 15,
2023. [Online]. Available: https://
kr-asia.com/made-in-china
-chip-drive-falls-far-short-of-70
-self-sufficiency

3. D.Masciand C. McDaniel, “Hun-
dreds of billions of dollars later,
China’s semiconductor industry
is still an also-ran,” Discourse,
Oct. 2022. Accessed: Mar. 15,
2023. [Online]. Available: https://
www.discoursemagazine.

com/economics/2022/10/07/
hundreds-of-billions-of-dollars
-later-chinas-semiconductor
-industry-is-still-an-also-ran/

. V.Harrison and M. Farrer, “What do

US curbs on selling microchips to
China mean for the global economy?”
Guardian, Oct. 2022. Accessed: Mar.
15,2023. [Online]. Available: https://
www.theguardian.com/world/2022/
oct/19/what-do-us-curbs-on-sellin
g-microchips-to-china-mean
-for-the-global-economy

. P.Scharre, “Decoupling wastes U.S.

leverage on China keeping Chi-
nese firms dependent on Western
chipsisabetter strategy,” Foreign
Policy, Jan. 2023. Accessed: Mar. 15,
2023. [Online]. Available: https://
foreignpolicy.com/2023/01/13/
china-decoupling-chips-america/

. S.Mellor, “China’s chip shortage is so

bad a woman was just caught smug-
gling semiconductors inside a fake
baby bump,” Fortune, Dec. 2022. Ac-
cessed: Mar. 15,2023. [Online]. Avail-
able: https://fortune.com/2022/12/
02/china-chip-shortage
-woman-caught-smuggling
-semiconductors-inside-fake-ba-
by-bump/

. G.C. Allen, “Choking off China’s

access to the future of AI,” Center
for Strategic and International
Studies, Washington, DC, USA,
Oct. 2022. [Online]. Available:
https://www.csis.org/analysis/
choking-chinas-access-future-ai

. M. Schuman, “Why Biden's block

on chipsto Chinaisabigdeal,”
Atlantic, Oct. 2022. Accessed:
Mar. 15, 2023. [Online]. Available:
https://www.theatlantic.com/
international/archive/2022/10/
biden-export-control-microchips
-china/671848/

. B.Harris, “How Biden's microchip

ban is curbing China’s Al weapons
efforts,” Defense, Jan. 2023. Accessed:
Mar. 15, 2023. [Online]. Available:
https://www.defensenews.com/
global/asia-pacific/2023/01/12/
how-bidens-microchip-ban-is-curbing
-chinas-ai-weapons-efforts/

10. A. Alper, “Biden blacklists China's
YMTC, crackdowns on Al chip
sector,” Reuters, Dec. 2022. Accessed:
Mar. 15,2023. [Online]. Available:
https://www.reuters.com/technol-
ogy/biden-blacklist-chinas
-ymtc-crackdown-ai-chip-sector
-2022-12-15/#:~:text=WASHINGTON
%2C%20Dec%2015%20(Reuters),
crackdown%200n%20China’s%20
chip%20industry

11. ]. Porter, “Japan and the Neth-
erlands join US with tough chip
controls on China,” Verge, Jan.

2023. Accessed: Mar. 15, 2023.
[Online]. Available: https://www.
theverge.com/2023/1/28/23574032/
japan-netherlands-chips
-semiconductors-china-export
-controls

12. N.Patel, “Inside the global battle
over chip manufacturing,” Verge,
Jan. 2023. Accessed: Mar. 15, 2023.
[Online]. Available: https://
www.theverge.com/23578430/
chip-war-chris-miller-asml-intel
-apple-samsung-us-china-decoder

13. “ASML shares fall on report US wants
torestrict sales to China,” Reuters,
Jul. 2022. Accessed: Mar. 15, 2023.
[Online]. Available: https://www.
reuters.com/technology/
asml-shares-fall-report-us-wants
-restrict-sales-china-2022-07-05/

14. “Company: ASML holding NV.” SMEF.
Accessed: Mar. 15, 2023. [Online].
Available: https://smf.business.
uconn.edu/wp-content/uploads/
sites/818/2022/01/ASML-One
-Pager-.pdf

15. A.Kharpal, “A globally critical chip
firmis driving a wedge between the
U.S. and Netherlands over China
tech policy,” CNBC, Dec. 2022.
Accessed: Mar. 15,2023. [Online].
Available: https://www.cnbc.
com/2022/12/05/us-ramps-up
-pressure-on-netherlands-to-fall
-in-line-with-china-chip-policy.html

16. K.Park, “How are global chipmakers
preparing for the US-China chip war?”
TechCrunch, Feb. 2023. Accessed:

Mar. 15,2023. [Online]. Available:
https://techcrunch.com/2023/02/24/

JUNE 2023 105


https://www.eastasiaforum.org/2022/12/03/taiwan-holds-all-the-chips-in-us-china-tech-showdown/
https://www.eastasiaforum.org/2022/12/03/taiwan-holds-all-the-chips-in-us-china-tech-showdown/
https://www.eastasiaforum.org/2022/12/03/taiwan-holds-all-the-chips-in-us-china-tech-showdown/
https://www.eastasiaforum.org/2022/12/03/taiwan-holds-all-the-chips-in-us-china-tech-showdown/
https://kr-asia.com/made-in-china-chip-drive-falls-far-short-of-70-self-sufficiency
https://kr-asia.com/made-in-china-chip-drive-falls-far-short-of-70-self-sufficiency
https://kr-asia.com/made-in-china-chip-drive-falls-far-short-of-70-self-sufficiency
https://kr-asia.com/made-in-china-chip-drive-falls-far-short-of-70-self-sufficiency
https://www.discoursemagazine.com/economics/2022/10/07/hundreds-of-billions-of-dollars-later-chinas-semiconductor-industry-is-still-an-also-ran/
https://www.discoursemagazine.com/economics/2022/10/07/hundreds-of-billions-of-dollars-later-chinas-semiconductor-industry-is-still-an-also-ran/
https://www.discoursemagazine.com/economics/2022/10/07/hundreds-of-billions-of-dollars-later-chinas-semiconductor-industry-is-still-an-also-ran/
https://www.discoursemagazine.com/economics/2022/10/07/hundreds-of-billions-of-dollars-later-chinas-semiconductor-industry-is-still-an-also-ran/
https://www.discoursemagazine.com/economics/2022/10/07/hundreds-of-billions-of-dollars-later-chinas-semiconductor-industry-is-still-an-also-ran/
https://www.discoursemagazine.com/economics/2022/10/07/hundreds-of-billions-of-dollars-later-chinas-semiconductor-industry-is-still-an-also-ran/
https://www.theguardian.com/world/2022/oct/19/what-do-us-curbs-on-selling-microchips-to-china-mean-for-the-global-economy
https://www.theguardian.com/world/2022/oct/19/what-do-us-curbs-on-selling-microchips-to-china-mean-for-the-global-economy
https://www.theguardian.com/world/2022/oct/19/what-do-us-curbs-on-selling-microchips-to-china-mean-for-the-global-economy
https://www.theguardian.com/world/2022/oct/19/what-do-us-curbs-on-selling-microchips-to-china-mean-for-the-global-economy
https://www.theguardian.com/world/2022/oct/19/what-do-us-curbs-on-selling-microchips-to-china-mean-for-the-global-economy
https://foreignpolicy.com/2023/01/13/china-decoupling-chips-america/
https://foreignpolicy.com/2023/01/13/china-decoupling-chips-america/
https://foreignpolicy.com/2023/01/13/china-decoupling-chips-america/
https://fortune.com/2022/12/02/china-chip-shortage-woman-caught-smuggling-semiconductors-inside-fake-baby-bump/
https://fortune.com/2022/12/02/china-chip-shortage-woman-caught-smuggling-semiconductors-inside-fake-baby-bump/
https://fortune.com/2022/12/02/china-chip-shortage-woman-caught-smuggling-semiconductors-inside-fake-baby-bump/
https://fortune.com/2022/12/02/china-chip-shortage-woman-caught-smuggling-semiconductors-inside-fake-baby-bump/
https://fortune.com/2022/12/02/china-chip-shortage-woman-caught-smuggling-semiconductors-inside-fake-baby-bump/
https://www.csis.org/analysis/choking-chinas-access-future-ai
https://www.csis.org/analysis/choking-chinas-access-future-ai
https://www.theatlantic.com/international/archive/2022/10/biden-export-control-microchips-china/671848/
https://www.theatlantic.com/international/archive/2022/10/biden-export-control-microchips-china/671848/
https://www.theatlantic.com/international/archive/2022/10/biden-export-control-microchips-china/671848/
https://www.theatlantic.com/international/archive/2022/10/biden-export-control-microchips-china/671848/
https://www.defensenews.com/global/asia-pacific/2023/01/12/how-bidens-microchip-ban-is-curbing-chinas-ai-weapons-efforts/
https://www.defensenews.com/global/asia-pacific/2023/01/12/how-bidens-microchip-ban-is-curbing-chinas-ai-weapons-efforts/
https://www.defensenews.com/global/asia-pacific/2023/01/12/how-bidens-microchip-ban-is-curbing-chinas-ai-weapons-efforts/
https://www.defensenews.com/global/asia-pacific/2023/01/12/how-bidens-microchip-ban-is-curbing-chinas-ai-weapons-efforts/
https://www.reuters.com/technology/biden-blacklist-chinas-ymtc-crackdown-ai-chip-sector-2022-12-15/#:~:text=WASHINGTON%2C%20Dec%2015%20Reuters),crackdown%20on%20China’s%20chip%20industry
https://www.reuters.com/technology/biden-blacklist-chinas-ymtc-crackdown-ai-chip-sector-2022-12-15/#:~:text=WASHINGTON%2C%20Dec%2015%20Reuters),crackdown%20on%20China’s%20chip%20industry
https://www.reuters.com/technology/biden-blacklist-chinas-ymtc-crackdown-ai-chip-sector-2022-12-15/#:~:text=WASHINGTON%2C%20Dec%2015%20Reuters),crackdown%20on%20China’s%20chip%20industry
https://www.reuters.com/technology/biden-blacklist-chinas-ymtc-crackdown-ai-chip-sector-2022-12-15/#:~:text=WASHINGTON%2C%20Dec%2015%20Reuters),crackdown%20on%20China’s%20chip%20industry
https://www.reuters.com/technology/biden-blacklist-chinas-ymtc-crackdown-ai-chip-sector-2022-12-15/#:~:text=WASHINGTON%2C%20Dec%2015%20Reuters),crackdown%20on%20China’s%20chip%20industry
https://www.reuters.com/technology/biden-blacklist-chinas-ymtc-crackdown-ai-chip-sector-2022-12-15/#:~:text=WASHINGTON%2C%20Dec%2015%20Reuters),crackdown%20on%20China’s%20chip%20industry
https://www.reuters.com/technology/biden-blacklist-chinas-ymtc-crackdown-ai-chip-sector-2022-12-15/#:~:text=WASHINGTON%2C%20Dec%2015%20Reuters),crackdown%20on%20China’s%20chip%20industry
https://www.theverge.com/2023/1/28/23574032/japan-netherlands-chips-semiconductors-china-export-controls
https://www.theverge.com/2023/1/28/23574032/japan-netherlands-chips-semiconductors-china-export-controls
https://www.theverge.com/2023/1/28/23574032/japan-netherlands-chips-semiconductors-china-export-controls
https://www.theverge.com/2023/1/28/23574032/japan-netherlands-chips-semiconductors-china-export-controls
https://www.theverge.com/2023/1/28/23574032/japan-netherlands-chips-semiconductors-china-export-controls
https://www.theverge.com/23578430/chip-war-chris-miller-asml-intel-apple-samsung-us-china-decoder
https://www.theverge.com/23578430/chip-war-chris-miller-asml-intel-apple-samsung-us-china-decoder
https://www.theverge.com/23578430/chip-war-chris-miller-asml-intel-apple-samsung-us-china-decoder
https://www.theverge.com/23578430/chip-war-chris-miller-asml-intel-apple-samsung-us-china-decoder
https://www.reuters.com/technology/asml-shares-fall-report-us-wants-restrict-sales-china-2022-07-05/
https://www.reuters.com/technology/asml-shares-fall-report-us-wants-restrict-sales-china-2022-07-05/
https://www.reuters.com/technology/asml-shares-fall-report-us-wants-restrict-sales-china-2022-07-05/
https://www.reuters.com/technology/asml-shares-fall-report-us-wants-restrict-sales-china-2022-07-05/
https://smf.business.uconn.edu/wp-content/uploads/sites/818/2022/01/ASML-One-Pager-.pdf
https://smf.business.uconn.edu/wp-content/uploads/sites/818/2022/01/ASML-One-Pager-.pdf
https://smf.business.uconn.edu/wp-content/uploads/sites/818/2022/01/ASML-One-Pager-.pdf
https://smf.business.uconn.edu/wp-content/uploads/sites/818/2022/01/ASML-One-Pager-.pdf
https://www.cnbc.com/2022/12/05/us-ramps-up-pressure-on-netherlands-to-fall-in-line-with-china-chip-policy.html
https://www.cnbc.com/2022/12/05/us-ramps-up-pressure-on-netherlands-to-fall-in-line-with-china-chip-policy.html
https://www.cnbc.com/2022/12/05/us-ramps-up-pressure-on-netherlands-to-fall-in-line-with-china-chip-policy.html
https://www.cnbc.com/2022/12/05/us-ramps-up-pressure-on-netherlands-to-fall-in-line-with-china-chip-policy.html
https://techcrunch.com/2023/02/24/how-are-global-chipmakers-preparing-for-the-us-china-chip-war/

COMPUTING’S ECONOMICS

17.

18.

19.

20.

21

22.

106

how-are-global-chipmakers
-preparing-for-the-us-china-chip-war/
D. Sevastopulo, “Chipmakers receiv-
ing US federal funds barred from
expanding in China for 10 years,”
Financial Times, Feb. 2023. Accessed:
Mar. 15,2023. [Online].

Available: https://www.ft.com/
content/9f4f9684-088c-45eb-b6bf
-962061bfea7b

“U.S. CHIPS Act fund bars chipmak-
ers from China expansion for

10 years,” Nikkei Asia, Feb. 2023.
Accessed: Mar. 15, 2023. [Online].
Available: https://asia.
nikkei.com/Politics/International
-relations/US-China-tensions/U.S.
-CHIPS-Act-fund-bars-chipmakers
-from-China-expansion-for-10-years
“Biden administration moves

to stop China and Russia from

using US chips funding,” SCMP,

Mar. 2023.Accessed: Mar. 15,

2023. [Online]. Available: https://
www.scmp.com/news/world/
united-states-canada/article/3214362/
biden-administration-move
s-stop-china-and-russia-using-us-chips-
funding

C.P. Bown and K. Wolf, “National
security, semiconductors, and the
US move to cut off China,” Peterson
Institute for International Econom-
ics, Washington, DC, USA, Nov. 2022.
[Online]. Available: https://www.
piie.com/blogs/realtime-economics/
national-security-semiconductors
-and-us-move-cut-china

M. Sheehan, “Biden’s unprecedented
semiconductor bet,” Carnegie Endow-
ment for International Peace, Wash-
ington, DC, USA, Oct. 2022. [Online].
Available: https://carnegieendowment.
org/2022/10/27/biden-s-unprecedented
-semiconductor-bet-pub-88270

“US aims to hobble China’s chip
industry with sweeping new rules,”
Al Jazeera, Oct. 2022. Accessed: Mar.
15,2023. [Online]. Available: https://

COMPUTER

23.

24.

25.

26.

27.

28.

www.aljazeera.com/
economy/2022/10/7/us-aims-to
-hobble-chinas-chip-industry
-with-sweeping-new-rules

M. Ahmad, “The truth about SMIC'’s
7-nm chip fabrication ordeal,” EDN,
Aug. 2022. Accessed: Mar. 15, 2023.
[Online]. Available: https://www.
edn.com/the-truth-about-smics-7-n
m-chip-fabrication-ordeal/

“TSMC has manufactured over1
Billion 7nm chips,” Gizmochina,
Aug. 2020. Accessed: Mar. 15, 2023.
[Online]. Available: https://www.
gizmochina.com/2020/08/21/
tsmc-has-manufactured-over
-1-billion-7nm-chips/

G. Clyde and H. M. Hogan, “Com-
mentary: US won't chip away at
China’s military with semiconduc-
tor sanctions,” Channel News Asia,
Dec. 2022. Accessed: Mar. 15, 2023.
[Online]. Available: https://www.
channelnewsasia.com/
commentary/us-semiconductor
-chips-act-china-export-ban-military
-ai-competition-3138586

R. Fedasiuk, K. Elmgren, and E. Lu,
“Silicon twist: Managing the Chinese
military’'s access to Al chips,” Center
for Security and Emerging Tech-
nology, Washington, DC, USA, Jun.
2022. [Online]. Available: https://
cset.georgetown.edu/publication/
silicon-twist/

Z.Li, “The future of the China-US
chip war Beijing sees no choice but
to have the state take control of its
techindustry amid U.S. pressure,”
Diplomat, Mar. 2023. Accessed:
Mar. 15,2023. [Online]. Available:
https://thediplomat.com/2023/
03/the-future-of-the-china-us
-chip-war/

M. Gooding, “China has a $143bn
semiconductor plan to beat US chip
sanctions,” Tech Monitor, Dec. 2022.
Accessed: Mar. 15,2023. [Online]. Avail-
able: https://techmonitor.ai/technology/

29.

30.

3L

32.

silicon/china-semiconductor
-manufacturing-us

Q. Liu, “China gives chipmakers new
powers to guide industry recov-
ery,” Financial Times, Mar. 2023.
Accessed: Mar. 15, 2023. [Online].
Available: https://www.ft.com/
content/d97ca301-f766-48c0-a542-
eld522c7724e

E. White and Q. Liu, “China’s

big fund corruption probe casts
shadow over chip sector Investment
plummets after Beijing's largesse
laid ground for alleged graft and
wasteful spending,” Financial Times,
Sep. 2022. Accessed: Mar. 15, 2023.
[Online]. Available: https://www.
ft.com/content/8358e81b-f4e7
-4bad-bc08-19a77035elb4

R. Clark, “China to dump $140B chip
funding scheme,” Light Reading,
Jan. 2023. Accessed: Mar. 15, 2023.
[Online]. Available: https://www.
lightreading.com/semiconductors
network-platforms/china-to-dump
-$140b-chip-funding-scheme/d /d-id /782572
E.Ji, “Greatleap nowhere: The
challenges of China's semiconduc-
tor industry,” War Rocks, Feb. 2023.
Accessed: Mar. 15,2023. [Online].
Available: https://warontherocks.
com/2023/02/great-leap-nowhere
-the-challenges-of-chinas
-semiconductor-industry/

NIR KSHETRI is a professor of
management in the Bryan School of
Business and Economics, University
of North Carolina at Greensboro,
Greensboro, NC 27412 USA, and the
“Computing’s Economics” column
editor for Computer. Contact him at
nbkshetr@uncg.edu.

WWW.COMPUTER.ORG/COMPUTER


https://techcrunch.com/2023/02/24/how-are-global-chipmakers-preparing-for-the-us-china-chip-war/
https://techcrunch.com/2023/02/24/how-are-global-chipmakers-preparing-for-the-us-china-chip-war/
https://www.ft.com/content/9f4f9684-088c-45eb-b6bf-962061bfea7b
https://www.ft.com/content/9f4f9684-088c-45eb-b6bf-962061bfea7b
https://www.ft.com/content/9f4f9684-088c-45eb-b6bf-962061bfea7b
https://asia.nikkei.com/Politics/International-relations/US-China-tensions/U.S.-CHIPS-Act-fund-bars-chipmakers-from-China-expansion-for-10-years
https://asia.nikkei.com/Politics/International-relations/US-China-tensions/U.S.-CHIPS-Act-fund-bars-chipmakers-from-China-expansion-for-10-years
https://asia.nikkei.com/Politics/International-relations/US-China-tensions/U.S.-CHIPS-Act-fund-bars-chipmakers-from-China-expansion-for-10-years
https://asia.nikkei.com/Politics/International-relations/US-China-tensions/U.S.-CHIPS-Act-fund-bars-chipmakers-from-China-expansion-for-10-years
https://asia.nikkei.com/Politics/International-relations/US-China-tensions/U.S.-CHIPS-Act-fund-bars-chipmakers-from-China-expansion-for-10-years
https://www.scmp.com/news/world/united-states-canada/article/3214362/biden-administration-moves-stop-china-and-russia-using-us-chips-funding
https://www.scmp.com/news/world/united-states-canada/article/3214362/biden-administration-moves-stop-china-and-russia-using-us-chips-funding
https://www.scmp.com/news/world/united-states-canada/article/3214362/biden-administration-moves-stop-china-and-russia-using-us-chips-funding
https://www.scmp.com/news/world/united-states-canada/article/3214362/biden-administration-moves-stop-china-and-russia-using-us-chips-funding
https://www.scmp.com/news/world/united-states-canada/article/3214362/biden-administration-moves-stop-china-and-russia-using-us-chips-funding
https://www.scmp.com/news/world/united-states-canada/article/3214362/biden-administration-moves-stop-china-and-russia-using-us-chips-funding
https://www.piie.com/blogs/realtime-economics/national-security-semiconductors-and-us-move-cut-china
https://www.piie.com/blogs/realtime-economics/national-security-semiconductors-and-us-move-cut-china
https://www.piie.com/blogs/realtime-economics/national-security-semiconductors-and-us-move-cut-china
https://www.piie.com/blogs/realtime-economics/national-security-semiconductors-and-us-move-cut-china
https://carnegieendowment.org/2022/10/27/biden-s-unprecedented-semiconductor-bet-pub-88270
https://carnegieendowment.org/2022/10/27/biden-s-unprecedented-semiconductor-bet-pub-88270
https://carnegieendowment.org/2022/10/27/biden-s-unprecedented-semiconductor-bet-pub-88270
https://www.aljazeera.com/economy/2022/10/7/us-aims-to-hobble-chinas-chip-industry-with-sweeping-new-rules
https://www.aljazeera.com/economy/2022/10/7/us-aims-to-hobble-chinas-chip-industry-with-sweeping-new-rules
https://www.aljazeera.com/economy/2022/10/7/us-aims-to-hobble-chinas-chip-industry-with-sweeping-new-rules
https://www.aljazeera.com/economy/2022/10/7/us-aims-to-hobble-chinas-chip-industry-with-sweeping-new-rules
https://www.aljazeera.com/economy/2022/10/7/us-aims-to-hobble-chinas-chip-industry-with-sweeping-new-rules
https://www.edn.com/the-truth-about-smics-7-nm-chip-fabrication-ordeal/
https://www.edn.com/the-truth-about-smics-7-nm-chip-fabrication-ordeal/
https://www.edn.com/the-truth-about-smics-7-nm-chip-fabrication-ordeal/
https://www.gizmochina.com/2020/08/21/tsmc-has-manufactured-over-1-billion-7nm-chips/
https://www.gizmochina.com/2020/08/21/tsmc-has-manufactured-over-1-billion-7nm-chips/
https://www.gizmochina.com/2020/08/21/tsmc-has-manufactured-over-1-billion-7nm-chips/
https://www.gizmochina.com/2020/08/21/tsmc-has-manufactured-over-1-billion-7nm-chips/
https://www.channelnewsasia.com/commentary/us-semiconductor-chips-act-china-export-ban-military-ai-competition-3138586
https://www.channelnewsasia.com/commentary/us-semiconductor-chips-act-china-export-ban-military-ai-competition-3138586
https://www.channelnewsasia.com/commentary/us-semiconductor-chips-act-china-export-ban-military-ai-competition-3138586
https://www.channelnewsasia.com/commentary/us-semiconductor-chips-act-china-export-ban-military-ai-competition-3138586
https://www.channelnewsasia.com/commentary/us-semiconductor-chips-act-china-export-ban-military-ai-competition-3138586
https://cset.georgetown.edu/publication/silicon-twist/
https://cset.georgetown.edu/publication/silicon-twist/
https://cset.georgetown.edu/publication/silicon-twist/
https://thediplomat.com/2023/03/the-future-of-the-china-us-chip-war/
https://thediplomat.com/2023/03/the-future-of-the-china-us-chip-war/
https://thediplomat.com/2023/03/the-future-of-the-china-us-chip-war/
https://techmonitor.ai/technology/silicon/china-semiconductor-manufacturing-us
https://techmonitor.ai/technology/silicon/china-semiconductor-manufacturing-us
https://techmonitor.ai/technology/silicon/china-semiconductor-manufacturing-us
https://www.ft.com/content/d97ca301-f766-48c0-a542-e1d522c7724e
https://www.ft.com/content/d97ca301-f766-48c0-a542-e1d522c7724e
https://www.ft.com/content/d97ca301-f766-48c0-a542-e1d522c7724e
https://www.ft.com/content/8358e81b-f4e7-4bad-bc08-19a77035e1b4
https://www.ft.com/content/8358e81b-f4e7-4bad-bc08-19a77035e1b4
https://www.ft.com/content/8358e81b-f4e7-4bad-bc08-19a77035e1b4
https://www.lightreading.com/semiconductorsnetwork-platforms/china-to-dump-$140b-chip-funding-scheme/d/d-id/782572
https://www.lightreading.com/semiconductorsnetwork-platforms/china-to-dump-$140b-chip-funding-scheme/d/d-id/782572
https://www.lightreading.com/semiconductorsnetwork-platforms/china-to-dump-$140b-chip-funding-scheme/d/d-id/782572
https://www.lightreading.com/semiconductorsnetwork-platforms/china-to-dump-$140b-chip-funding-scheme/d/d-id/782572
https://warontherocks.com/2023/02/great-leap-nowhere-the-challenges-of-chinas-semiconductor-industry/
https://warontherocks.com/2023/02/great-leap-nowhere-the-challenges-of-chinas-semiconductor-industry/
https://warontherocks.com/2023/02/great-leap-nowhere-the-challenges-of-chinas-semiconductor-industry/
https://warontherocks.com/2023/02/great-leap-nowhere-the-challenges-of-chinas-semiconductor-industry/
mailto:nbkshetr@uncg.edu

	101_56mc06-computingseconomics-3263267

