
SECTION TITLE

110	 C O M P U T E R   P U B L I S H E D  B Y  T H E  I E E E  C O M P U T E R  S O C I E T Y � 0 0 1 8 - 9 1 6 2 / 2 3 © 2 0 2 3 I E E E
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The world faces a semiconductor shortage.1 This 
shortage was estimated to cost the U.S. economy 
$240 billion in 2021.2 In 2021, chip shortages 
forced automobile companies to cut scheduled 

production of vehicles by 11.3 million units.3 The short-
age of semiconductors seems to have recently eased due 
to worldwide gross domestic product declines, but it still 
remains a concern. An estimate has suggested that auto-
mobile companies cut scheduled vehicle production by  
3.8 million units in 2022.3

Semiconductor production activities are highly geo-
graphically concentrated. One hundred percent of the world’s 
highly advanced logic semiconductor (smaller than 10 nm) 
manufacturing capacity is in Taiwan and South Korea.4 This 

makes global chip supply chains vul-
nerable to events such as natural di-
sasters and geopolitical instability.5 
Unsurprisingly, governments in major 
economies have shown an interest in 
building less geographically concen-
trated semiconductor supply chains. 
These governments have also realized 

that public support is required to address this challenge.6

Here we highlight the effects of semiconductor short-
ages in the world’s three largest economies: China, Japan, 
and the United States (see Table 1). We also focus on how 
the governments in these countries are responding. This 
article is the result of surveying much existing literature.

CHINA
Just like other major economies, China started facing a 
shortage of semiconductor chips when the COVID-19 pan-
demic started disrupting global supply chains. (Note that 
there exists a huge gray market for chips in China, which 
consist of many intermediaries. Second-hand or out-of-date 
chips may be sold at as much as 500 times the original cost.7)

The shortage worsened after the United States imposed 
export-control measures, which started in October 2022, 
to cut off China from advanced semiconductor chips and 
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chip-making equipment.8 The new 
rules require U.S. companies such 
as Nvidia and AMD to stop supplying 
Chinese chipmakers with equipment 
that can produce advanced chips unless 
they obtain permission. Export controls 
have also been introduced to include 
some semiconductor production items.9 
Moreover, U.S. companies cannot en-
gage in transactions with Chinese firms 
for some end uses of certain types of inte-
grated circuits or chips. Companies such 
as Taiwan Semiconductor Manufactur-
ing Company Limited (TSMC) are pro-
hibited from producing sophisticated 
microchips in China.10 U.S. citizens and 
green card holders are also banned from 
working on certain chip technology for 
Chinese entities.9 The U.S. Department 
of Commerce’s Bureau of Industry and 
Security argued that China could use 
these chips to “produce advanced mil-
itary systems,” although the chips can 
also be used for civilian purposes.10

Although China is the world’s larg-
est car producer and global leader in 
electric vehicles, the country relies 
on Europe, the United States, and Tai-
wan for almost all the advanced chips 
needed. A zero-COVID-19 lockdown 
further worsened the situation.11

POLICY RESPONSE AND 
POSSIBLE OUTCOMES
China is fighting back. In December 2022, 
the news media reported China’s plan to 
provide a support package of more than 1 
trillion yuan (US$143 billion) over a five-
year period to develop its semiconductor 
industry. A significant part of the fund-
ing will go to the purchase of domestic 
semiconductor equipment for chip-pro-
ducing foundries (fabs). Chinese compa-
nies will receive a subsidy of up to 20% 
on the cost of equipment and receive tax 
breaks for investing in assembly, packag-
ing, and R&D of chips.12

JAPAN
Japanese companies had dominated 
the global semiconductor market in 
the 1980s.13 However, this dominance 
started to diminish in the late 1980s 
when semiconductor designers moved 
toward outsourced manufacturing. In 
the fabless model, which involves out-
sourcing fabrication of the chips, a com-
pany designs and sells the hardware 
and semiconductor chips but relies on 
chip-making factories known as found-
ries to manufacture the chips. TSMC 
has been credited for pioneering the 
“foundry and fabless” model.1

In the past 15 years, Japanese compa-
nies have not made investments to ben-
efit from the semiconductor production 
process’s evolution.5 To meet the de-
mands of its electronic device makers, 
Japan has relied heavily on chips im-
ported from South Korea and Taiwan.13

Industries in Japan have suffered. 
In September 2022, Toyota Motor Cor-
poration announced that due to semi-
conductor shortages, it would reduce its 
production to roughly 800,000 vehicles 
worldwide in the following month from 
its original plan of 900,000 vehicles. Like-
wise, Honda Motor Company was forced 
to reduce its car production by up to 40% 
at two of its plants in Japan in October.14

This has had a clear impact on cor-
porate bottom lines. In the second 
quarter (Q2) of 2022, Toyota’s profit fell 
by 18%, compared to 2021 Q2.15 Like-
wise, Honda’s profit in the same period 
fell by 33%.16

POLICY RESPONSE AND 
POSSIBLE OUTCOMES
According to the Ministry of Economy, 
Trade and Industry (METI), Japan’s 
share of the world’s semiconductor 
market was 50% in 1990; that was re-
duced to 10% in 2021.17 Japan hopes 

TABLE 1. Effects of the semiconductor shortage on the world’s three biggest economies and their policy responses.

Current Situation Response 

China • �Chip shortage worsened following U.S export-
control measures

• �A huge gray market for chips
• �A zero-COVID-19 lockdown worsened the situation

• �December 2022: a plan to provide a support package 
of $143 billion over a five-year period

• �Tax breaks for investing in assembly, packaging, 
and R&D of chips

Japan • �Major industries have suffered heavily
• �Auto companies such as Toyota Motor Corporation 

and Honda Motor Company were forced to reduce 
their car production; profits fell significantly 

• �Abandoned its economic nationalism in favor 
of open alliances; current orientation toward 
development of the domestic semiconductor is in 
favor of international integration Cooperation

• �Subsidies for the construction of chip facilities

The United States • �Cost the economy $240 billion in 2021
• �As of the end of 2021, 8 million fewer cars were 

made 

• �CHIPS and Science Act: a $280 billion package to 
develop domestic semiconductor manufacturing, 
including $52 billion in subsidies for research and 
production of semiconductors

• �Some states and cities have provided targeted 
subsidies for specific chip manufacturers
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to recapture at least 20% of the global 
semiconductor market by 2030.5 Japa-
nese policymakers know that drastic 
measures are needed.

Prime Minister Fumio Kishida’s re-
cent engagement with his counterparts 
in the United States and the European 
Union have focused on improving Ja-
pan’s global connections.5 In May 2022, 
the Japanese METI minister visited the 
semiconductor research facility Albany 
NanoTech Complex in Upstate New 
York to discuss cooperation on devel-
oping next-generation semiconductor 
production technologies.18

The Japanese government has real-
ized that semiconductor is an area where 
policy intervention and support, such 
as subsidies, are critical. In June 2022, 
METI announced US$3.5 billion sub-
sidies for the construction of a US$8.6 
billion chip factory in the Kumamoto 
prefecture. The factory is a joint venture 
between TSMC and two Japanese com-
panies: Sony and Denso. The production 
will begin by the end of 2024. The fac-
tory is expected to be the most advanced 
production facility in Japan. Likewise, in 
July 2022, the Japanese government an-
nounced a US$690 million subsidy for 
a joint venture between Japanese com-
pany Kioxia and U.S. firm Western Dig-
ital to upgrade a chip facility in Kansai.5

Japanese policymakers think that 
investments by TSMC and partnerships 
with companies from allied nations 
such as the United States will serve as 
an insurance policy against the uncer-
tainties associated with possible semi-
conductor supply-chain disruptions.5 

The production capacity of these 
companies would satisfy only a frac-
tion of the total chip demand. For in-
stance, the monthly production volume 
for TSMC’s facility is expected to be 
50,000–60,000 silicon wafers a month.5 
Silicon wafers are the materials used in 
the production of semiconductor chips. 
In 2021, Japanese automakers manufac-
tured ~16.46 million vehicles at produc-
tion facilities outside Japan19 and 7.85 
million in Japan.20 A typical car requires 
between 50 and 150 semiconductors,21 
and a modern car may use as many as 

3,000.22 Especially electrified vehicles 
and cars equipped with advanced driv-
er-assistance systems require more 
semiconductors per vehicle.14 

According to the Japan Electronics 
and Information Technology Industries 
Association, the chip sector may also face 
a challenge in securing enough workers 
to innovate and operate the factories. 
To fill the demand for talent required by 
their investments in the next 10 years, 
the country’s eight big producers will 
have to hire approximately 35,000 engi-
neers.23 Universities have started train-
ing hundreds of new engineers to meet 
the industry’s workforce demand.5

THE UNITED STATES
According to Goldman Sachs, 169 indus-
tries in the United States use semicon-
ductors in their products. And more 
modern products utilize more chips. 
Solving the semiconductor shortage 
is becoming increasingly challeng-
ing due to rapidly rising demands for 
products utilizing chips. For instance, 
in 2021, demand for semiconductors 
was 17% higher than in 2019.25 In 
2022, U.S. semiconductor production 
accounted for 12% of the global total, 
compared to 37% in early 2010s.26

Due to semiconductor scarcity, U.S. 
automakers such as General Motors 
and Ford are selling vehicles with some 
missing convenience features, such 
as heating, ventilation, and air-con-
ditioning chips and heated-seat con-
trols.3 As of the end of 2021, 8 million 
fewer cars were made in the United 
States, which cost automakers approx-
imately US$210 billion in revenue.2

The current shortfall of chips has 
been even more pronounced in “less 
advanced” chips because the world’s 
biggest semiconductor producers have 
focused on “cutting-edge” chips that 
offer higher profit margins.

POLICY RESPONSE AND 
POSSIBLE OUTCOMES
In August 2022, President Joe Biden 
signed the CHIPS and Science Act into 
law. The Act provides a US$280 bil-
lion package to develop U.S. domestic 

semiconductor manufacturing, in-
cluding US$52 billion in government 
subsidies for research and production 
of semiconductors.26

In addition, some states and cities 
have also provided targeted subsidies 
for specific chip manufacturers. For in-
stance, in 2020, the city of Phoenix ap-
proved financial incentives and support 
for TSMC, which included US$200 mil-
lion to develop roads, sewers, and other 
infrastructure and US$500,000 for ad-
ditional sets of traffic lights.27 Likewise, 
the state of Ohio promised to provide 
Intel more than US$2 billion in eco-
nomic development subsidies. This was 
reported to be the largest single-project 
subsidy in the state’s history.28

These subsidies and other forms of 
support have shown some encourag-
ing results. In 2020, TSMC announced 
a plan to spend US$12 billion to build a 
semiconductor plant in Arizona (known 
as Fab 21), which is expected to be com-
pleted in 2024. The facility’s opening 
ceremony was held in December 2022.26

In December 2022, TSMC revealed 
its plan to further increase its invest-
ment in the Arizona fab to US$40 bil-
lion and build a second plant on the 
site. The second phase of Fab 21 will 
produce 3-nm chips. The production is 
expected to begin in 2026.30

The first plant will produce 20,000 
5-nm advanced process wafers per 
month.30 After completion of the 
second plant, TSMC’s capacity is ex-
pected to expand to ~50,000 wafers 
per month.31 TSMC will create 13,000 
high-technology jobs in the area.29 
TSMC also estimated that the two 
plants will generate an annual revenue 
of US$10 billion when they open. In ad-
dition, TSMC customers are expected to 
have annual sales of US$40 billion from 
products using TSMC chips manufac-
tured in Arizona plants.25

TSMC is expected to see significant 
cost increases in its U.S. plants. For 
instance, the Arizona fab’s total cost 
of ownership (TCO) is estimated to 
be more than five times of its TCO in 
Taiwan.32 However, on the plus side, the  
company has or will receive significant 
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subsidies for its Phoenix plant. Roughly 
US$40 billion of the US$52 billion sub-
sidies in the CHIPS and Science Act is 
allocated to provide incentives for chip 
manufacturers such as Intel, Samsung, 
and TSMC. Likewise, as mentioned, 
Phoenix has provided TSMC with sig-
nificant financial incentives.

Similarly, in November 2021, Sam-
sung announced a plan to build a US$17 
billion semiconductor factory in Tay-
lor, Texas.33 In January 2023, the com-
pany’s CEO reported that the facility’s 
construction was progressing and that 
production will start by the end of the 
year. The company’s plan has been to 
produce 3-nm chips in the beginning 
and move to 2-nm chips in 2025.35 And 
in February 2021, Intel announced a 
plan to spend US$20 billion to build 
chip factories in Ohio. The plant is 
scheduled to open in 2025 and employ 
at least 3,000 people.2

The semiconductor shortage has 
presented significant costs to 
national economies. One import-

ant lesson from Taiwan and South Korea 
is that government support played a key 
role in the growth of their semiconduc-
tor industries. The governments of the 
world’s three biggest economies are 
realizing that some form of public sup-
port is probably needed to develop this 
industry locally. 
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