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Abstract: The semiconductor industry is a pivotal hub in the global information sector, in which
superpowers compete for technological dominance. As a strategic, leading, and foundational sector,
it is vital for advancing China’s manufacturing ambitions through new waves of transformation
and upgrades. Therefore, of particular concern is the crisis surrounding China’s semiconductor
supply chain insecurity and the intensifying U.S. sanctions on China’s high-tech companies. As
such, in this study, we utilize data from China’s semiconductor enterprises, investments, and related
statistics from 2002 to 2020; industrial agglomeration indicators; and a social network analysis to
examine the spatiotemporal pattern, industrial agglomeration, and investment networks of six key
value chain segments: wafer materials, packaging materials, semiconductor equipment, integrated
circuit (IC) design, manufacturing, and testing/packaging. The research focuses on how these sectors
can contribute to sustainable growth and economic responsibility within China’s semiconductor
industry. Accordingly, the core questions explored were as follows: what are the provincial-level
spatial production dynamics and evolutionary characteristics within China’s semiconductor industry,
and how do the inter-provincial investment patterns manifest? The findings reveal the following:
(1) The findings reveal a strong concentration of firms in the Eastern Coastal region, particularly in
Jiangsu, Shanghai, Zhejiang, and Guangdong. Additionally, IC design exhibits the highest clustering,
and other segments such as wafer materials, manufacturing, and packaging/testing are relatively
concentrated, whereas equipment distribution is more dispersed. (2) The industry expanded steadily
from 2002 to 2013, with a rapid expansion from 2014 to 2020, particularly in Guangdong. (3) Invest-
ment patterns are characterized by local and regional focus, strongly influenced by geographical
proximity. This study aims to reveal the geographic concentration patterns of China’s semiconductor
industry and to explore its investment networks. The findings are intended to provide theoretical
support for optimizing sustainable industrial layouts, promoting sustainable industrial practices,
and guiding policy formulation. Furthermore, in the broader context of de-globalization, this study
offers insights and recommendations for strengthening industrial autonomy and sustainability in
response to external challenges, thereby contributing to the sustainable development of a more robust
domestic semiconductor supply chain. These insights are particularly significant in safeguarding
China’s technological independence and future economic stability amid global tensions. Furthermore,
by integrating sustainability into its semiconductor industry, China can create a more resilient, self-
sufficient, and environmentally responsible industrial sector, capable of meeting both domestic and
global demands. As China continues to expand its semiconductor industry, incorporating sustainable
development principles will be essential for long-term success. The sustainable practices not only
ensures compliance with environmental regulations but also enhances industrial competitiveness,
promotes green techniques and contributes to broader societal goals. This aligns with China’s broader
ambitions for sustainable development and positions the country as a key player in the global green
technology revolution.
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1. Introduction

China’s economy has shifted from high-speed growth to high-quality development,
evolving from a large manufacturing base to a manufacturing powerhouse [1,2]. During
this transformation, the domestic semiconductor industry has received significant attention
from state and local authorities. It is recognized as a strategic, foundational and leading
industry that is critical for upgrading China’s manufacturing capabilities [3–5]. This focus
is reflected in various policy initiatives and substantial investments, including placing IC
at a priority position in the “Made in China 2025 (MIC 2025)” [6,7]. Moreover, government
initiatives, such as the 2014 “National IC Industry Development Promotion Outline”,
aim to elevate the semiconductor industry to a global level by 2030 [8]. The creation of
the “National IC Fund” and regional IC funds shows China’s commitment to fostering
self-innovation and strengthening semiconductor self-reliance [9,10].

Despite recent progress, China’s semiconductor industry still faces significant chal-
lenges. These include being stuck in low value-added segments of the global value chain
(GVC) and a persistent gap between high demand and limited domestic supply [11,12].
Figure 1 illustrates this supply–demand mismatch. Figure 1a shows that especially before
2016, most of China’s semiconductor revenue came from lower-value activities like assem-
bly, packaging, and testing. In contrast, there was limited progress in higher-value areas
such as IC design and manufacturing. This suggests that despite efforts to develop a strong
semiconductor ecosystem, China’s role remains focused on less advanced stages of produc-
tion. However, since 2016, the revenue from IC design has grown rapidly, surpassing that of
packaging and testing. Nevertheless, a growing gap persists in the design and fabrication
segments [7,13]. This is especially true in wafer fabrication, where China’s capabilities still
lag behind global leaders [14–16]. Subsequently, Figure 1b highlights the growing disparity
between China’s semiconductor imports and exports from 2002 to 2020. The data shows
that import volumes and values have consistently exceeded those of exports, reflecting
China’s serious dependence on foreign sources for semiconductors. This mismatch has
become more pronounced since 2013, peaking in 2020. This underscores the urgent need
for China to strengthen its domestic production capabilities [17]. Table 1 illustrates that
China’s nationalization rate for key semiconductor components remains low. This shortfall
is exacerbated by reliance on imports for critical components, with domestic production
meeting only about 10% of demand. These challenges are particularly concerning given
that China is the largest global consumer of semiconductors [15,18–20].

More severely, the ongoing China–U.S. tensions since 2018 have intensified the global
semiconductor supply chain crisis, and impacted China’s semiconductor sector. The tech-
nological conflict and trade war have disrupted China’s semiconductor ecosystem in the
global value chain (GVC) [21]. The U.S. has imposed stricter export polices on advanced
chip technologies and intended to undermine China’s international competitiveness and
hinder knowledge sharing [4]. This has led to two major consequences: first, a weak-
ening high-end semiconductor supply chain, leaving China vulnerable to supply chain
disruptions [22], and second, escalating U.S. sanctions on Chinese technological companies
like Huawei, destabilizing China’s global business environment [23–26]. To address these
issues, the Chinese government has prioritized achieving semiconductor self-sufficiency
as a major strategic goal in the “MIC 2025” plan and launched a dual-cycle economic
strategy, aiming to reduce import dependence and foster greater autonomy in this critical
sector [27,28].
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Figure 1. Foreign trade, supply and demand structure, and market size of China’s semi capacity,
2002–2020. Source: data is collected from the literature [2,29–31].

Table 1. Nationalization rate of materials and equipment in the upstream segmentation of China’s
semiconductor industry.

Segmentation Nationalization Rate Segmentation (Continued Left) Nationalization Rate

Materials Lithography <10%
Silicon wafer 10% Etching machine <10%
Photoresist <20% Ion implantation equipment <10%

Electrical specific gas <20% CVD/PVD equipment 10~15%
Polishing liquid in CMP <10% Oxidation diffusion equipment <10%
Polishing pad in CMP <5% Photoresist developing machine <10%

Pure chemicals <30% Wire bonder <10%
Sputtering targets <5% Dicing saw <20%

Equipment Thinning machine <20%
Single crystal furnace <20% Testing and probing machine <20%

Note: (1) in China, silicon wafers of below six inches take up a dominant proportion in the domestic market,
whereas ones of twelve inches mainly depend on imports; (2) photoresist is heavily imported from the Netherlands;
(3) as for the above abbreviations, CMP represents chemical mechanical polishing, and CVD/PVD represent
chemical vapor deposition and physical vapor deposition, respectively. Data source from the literature [2,31].

Despite prior studies on this topic, several gaps in the literature still need to be
filled. 1⃝ The focus on emerging countries/regions has been insufficient. Most studies have
largely concentrated on established semiconductor hubs such as the U.S., East Asia (Taiwan,
Republic of Korea, and Japan), and Western Europe. However, research on the role of
emerging countries and latecomers (i.e., China, Vietnam, Malaysia, and India) to the global
semiconductor landscape is still limited. In particularly, China’s semiconductor industry
has seen remarkable growth recently, with its design sector now ranking the second largest
worldwide. Furthermore, China has become a crucial “world factory” in the assembly and
testing segments. The country has become deeply integrated into the international division
of labor in various niche semiconductor markets, gradually becoming a critical force in
the global semiconductor network [11,32,33]. However, the existing literature has paid
little attention to the geographical production patterns of China’s semiconductor industry.
2⃝ More specific production segments of the semiconductor industry have been under-

explored. Prior studies have primarily focused on semiconductor design, manufacturing,
and packaging/testing processes, lacking exploration into the finer segments across the
entire semiconductor value chain and related production [32]. In particular, studies have
not been fully extended to the upstream and front-end segments of the semiconductor
industry [5]. For instance, the semiconductor materials and equipment segments have not
yet been fully taken into account. Given the above research gaps, the aim of this study
is to explore the geographical distribution and clustering networks of the entire value
chain segments related to China’s semiconductor industry, especially with broad extension
to the front-end segments like semiconductor materials and equipment segments. This
research has the following significance: for one, the industrial layout can be refined and
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high-quality development will be allowed to flourish; for another, amidst the wave of
anti-globalization discourse, it aids in building a relatively independent domestic industrial
chain and supports the globalized operations of local enterprises in China’s still-developing
semiconductor industry. Given the aforementioned practical implications, this study aims
to answer the following questions: how are China’s semiconductor production space and
inter-provincial investment network distributed, and how do they critically reflect the
industrial dynamic characteristic underpinned by the six value segments of semiconductor
production. The study proceeds as follows: First, the related literature and theoretical
contributions are revisited. Next, the empirical section interprets the semiconductor value
chain production process, identifying and generalizing six major value segments as the
basis for empirical analysis. The empirical results are then presented, focusing on the
spatial and dynamic characteristics of semiconductors and the investment network across
the six value segments. Finally, the paper conclusions are provided.

2. Literature Review
2.1. Initial Geographical Pattern of Semiconductor Global Production (1950s–2000s)

The semiconductor industry, which began its commercial production in the U.S. dur-
ing the 1950s, was one of the first sectors to be labeled as a global factory. However,
its global production did not expand significantly until the late 1980s and 1990s [1,34].
During this period, scholars started to explore the geographic distribution and global
transfer of semiconductor production. A J Scott provided key insights into the global
landscape, identifying the U.S. and East Asia as dominant regions, with Europe playing
a secondary but still important role [35–38]. Scott also emphasized the global assembly
operations and offshore transfers of U.S. semiconductor firms [32]. For nearly 20 years,
the U.S. maintained dominance in the global semiconductor map, but Japan eventually
emerged as a key player, particularly in commercial memory chips. Scholars extensively
analyzed the competition between the U.S. and Japan, outlining the Japanese rise in the
global market [39–42]. Later on, the rise of semiconductor industries in Republic of Korea,
Taiwan, and Singapore, driven by the technological catch-up of newly industrialized Asian
economies, also became a significant focus of academic study [43–46]. By the mid-to-late
1990s, the U.S. semiconductor industry experienced a resurgence. It regained its dominance
through Wintelism and the refinement of East Asian production networks, which attracted
considerable scholarly attention [44]. Borrus explored the concept of Wintelism, which
combined leading-edge software ecosystems with microprocessor manufacturing. This
shift moved the focus from previous memory chips to advanced semiconductor equipment
and multi-core processors [45,46]. The restructuring of East Asian production networks
was also essential. It helped the U.S. semiconductor industry redevelop by leveraging
growing Asian technological expertise [1,47,48].

2.2. Restructuring of Spatial Distribution and Agglomeration of Semiconductors (Post-2000s)

Since the 2000s, the global semiconductor industry has undergone significant spatial
redistribution [1,33,49]. Globalization and rapid technological innovation have driven
the industry to shift from a single-region concentration to a more diversified, multipo-
lar structure [50]. This transformation is visible not only in the geographical spread of
semiconductor firms but also in the development and evolution of industrial clusters [32].
Recent studies highlight the increasing complexity of geographic clustering patterns and
investment networks within the semiconductor industry. The core research themes focus
on the following areas:

(1) Spatial distribution and clustering patterns in the semiconductor industry. Since the
21st century, the global semiconductor industry has expanded significantly. East Asia, in
particular, has become a core region for global semiconductor production [1,22,51]. Recent
studies indicate that semiconductor firms are increasingly clustered in specific regions,
with new centers emerging [52,53]. For example, Rajah et al. analyzed data from major
semiconductor-producing countries and found that the clustering effect in East Asia has
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intensified. Research also suggests that the coexistence of upstream and downstream
enterprises in the supply chain and local collaborative effects are crucial factors in deter-
mining firm locations [54,55]. Additionally, studies show that semiconductor clusters are
formed in specific regions with a strong technological foundation and abundant R&D re-
sources [56]. Chou et al. identified the YRD as the key semiconductor clusters in mainland
China [57]. While East Asia plays a critical role in global semiconductor production, the U.S.
and Europe maintain their competitiveness in high-end design and R&D [58,59]. Kenny
noted htat the U.S. remains the world’s most leading center for semiconductor design
and innovation, particularly in IC design [60]. Europe, meanwhile, aims to maintain its
edge in advanced semiconductor technologies, especially in automotive and industrial
electronics, through collaborative international R&D initiatives [59,61]. (2) Investment net-
works and capital flows in the semiconductor industry. Recent literature shows that under
globalization, semiconductor industry investment networks have become more complex
and transnational [62]. Park observed a significant rise in strategic alliances, mergers and
acquisitions among multinational firms, leading to a highly interconnected investment net-
work. Moreover, with the changing global geopolitical landscape, government policies are
playing a growing role in shaping these investment networks [63]. Miller highlighted that
national security and technological competition are increasingly influencing cross-border
investment decisions and layouts in the semiconductor industry [22,64]. Chang et al. found
that in China, government policy interventions and financial support were key drivers of
rapid local industry growth. This support not only attracted substantial foreign investment
but also spurred reinvestment of local capital [65]. Xiong et al. noted that supply chain
disruptions, technological protectionism, and uncertainties in international regulations
pose significant threats to the capital flows of semiconductor sector [66].

Two gaps still exist in the existing research: (1) Previous research primarily focused on
specific leading regions such as the U.S. and Western Europe, with relatively little analyses
of emerging markets and other potential semiconductor clusters. Although some studies
have highlighted the importance of studies in East Asia, their focus has mainly been on
Japan, Korea, Taiwan, and Singapore. Less attention has been paid to other emerging
regions, like China. China has been deeply integrated into the international division of
labor in various niche semiconductor markets, gradually becoming a critical force in the
global semiconductor network. However, the existing literature has paid little attention
to the geographical production patterns of China’s semiconductor industry. (2) Lack of
focus on dynamic evolution. Many studies tend to analyze the spatial distribution of
semiconductor industry from a static perspective, overlooking the dynamic evolution of
semiconductor clustering in response to changes in the global economy. The geographical
distribution and long-term impacts of these dynamic changes of semiconductors require
further investigation. (3) Classifications of the value chain segments of the semiconductor
industry have been insufficient. Current studies pay close attention to semiconductor
design, fabrication, and assembly but rarely extend to the whole semiconductor production
chain, especially to front-end segments such as the semiconductor materials and equipment
segment. By contrast, this study makes the following theoretical contributions to the
existing literature and highlights clear innovative objectives: Firstly, in this study, we
mainly focus on typical emerging regions like China to pay the necessary attention to this
previous latecomer but current player. Secondly, this study employs dynamic analysis
methods to explore the evolution of semiconductor distribution and investment networks.
In this study, we aim to classify the value chain segments of the semiconductor industry
in more detail by including more front-side segments like semiconductor materials and
equipment. Then, we attempt to bridge the gap in the literature by conducting more specific
research and analyses on this distinct industry.
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3. Empirical Setting, Data and Methods
3.1. Production Process of Semiconductor Industry and Empirical Classification Basis

This section provides the empirical classification and the basic analysis unit of the
semiconductor industry used throughout the paper. It begins with a brief overview of
semiconductor production. Six key value segments are subsequently identified as follows:
wafer manufacturing materials, packaging materials, semiconductor equipment, IC design,
semiconductor manufacturing, and packaging/testing. These segments are used to analyze
geographic and investment patterns of China’s semiconductor industry.

The semiconductor production process, as depicted in Figure 2, involves several
discrete steps, primarily based on the mainstream “Fabless + Foundry + OSAT” model (in
this model, Fabless companies focus on design without manufacturing, Foundries handle
semiconductor fabrication using standardized wafer technology, and OSAT companies
specialize in IC packaging and testing, forming a closely integrated industrial chain).
Specifically, the upstream semiconductor industry chain includes equipment and special
material suppliers, which are further divided into wafer fabrication and packaging/testing
processes. The entire semiconductor manufacturing process is technically interdependent
with IC design and manufacturing as front-end techniques and packaging and testing as
back-end processes. IC design, the first stage of production, involves creating detailed and
complex IC layouts. Semiconductor fabrication follows, where stenciled circuit diagrams
are transferred onto wafers by foundries. Wafer fabrication involves interconnected steps
like diffusion, oxidation, lithography, etching, deposition, and passivation in traditional
fabs. The processed wafer is then tested for imperfections, where each chip undergoes
detailed probing. The wafers are then sent for final inspection, assembly, packaging, and
testing. Then, they are scribed and broken into individual chips. After slicing and testing,
the chips are mounted on a substrate, wired, encapsulated if necessary, and finally shipped
to customers.
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After outlining the semiconductor production process (see Table 2), it is categorized
into six broad value segments, each with multiple subcategories. Wafer manufacturing
materials include front-end components like silicon crystals, photoresists, and high-purity
chemicals. Packaging materials involve back-end items such as lead frames, polyimide, and
packaging substrates. Semiconductor equipment is split into complex front-end fabrication
equipment (e.g., lithography and etching machines) and simpler back-end packaging
equipment (e.g., dicing and wire bonding machines). The IC design segment involves
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layout design and supporting IP/EDA tools. Wafer manufacturing covers processes like
diffusion and etching, while packaging and testing involve techniques like flip-chip and
3D stacked packaging.

Table 2. Segment classification and component composition in the semiconductor industry.

First-Level
Classification

Second-Level
Classification

Third-Level
Classification Components and Parts

Wafer materials Front-end materials

Silicon wafer monocrystalline silicon; multicrystal silicon;
amorphous silicon

Sputtering target pure substance metal target; compound metal target;
cermet compound target

Chemical mechanical
polishing, CMP

metal film of CMP; silicon oxide film of CMP; silicon
film of CMP

Photoresist photoinitiator; resin; soluble material agent; active
diluent

Specialty gas epitaxial gas; dopant gas; chemical vapor deposition;
ion implantation; etching gas

Photomask chrome board; dry plate; relief board; liquid
relief board

Pure chemicals general wet electronic chemicals; functional
wet chemicals

Packaging materials Back-end materials Packaging and testing
materials

metallic lead frame; IC lower carrier; membrane
sealing material; tin ball; gold bonding wire;

polyimide; sealed package substrate; electroplating
solution; superfine wires

Semi equipment

Wafer fabrication
equipment (front-end)

Lithography EUV; ArF lm; ArF Dry; KrF; i-line

Etching machine dielectric etching; silicon etching; metal etching

Thin film deposition
equipment

chemical vapor deposition (CVD); physical vapor
deposition (PVD); atomic layer deposition (LAD)

Wafer cleaning
machine

silicon slice cleaning; tanked multiple slice cleaning;
tanked single slice cleaning; automatic

tanked cleaning

Other equipment
resist remover; photoresist developing machine; CMP
machine; ion implantation apparatus; heat-treatment

machine; measure equipment

Packaging equipment
(back-end) Mechanical equipment

sticking film machine; thinning machine; wafer
mounting machine; dicing saw; chip placer; injection
molding machine; wire bonder; IC trim/form machine

Testing equipment
(back-end)

Wafer probing and
final testing

testing machine; probe; sorting machine; automatic
optic inspection, AOI

Semi design Layout design of IC EDA/IP logic design; circuit design; computer aided design;
graphic design; mask fabrication

Semi manufacturing Wafer fabrication Wafer manufacturing
techniques

oxidation diffusion; film deposition; lithography;
etching; ion implanting; chemical mechanical

polishing; metallizing

Packaging and
testing Back-end technique Advanced packaging

and testing techniques
flip-chip; 3D package; WLP (fan-in and fan-out);

through silicon via (TSV); system in a package (SiP)

Source: Classification of semiconductor segments refer to this literature [2,32].

3.2. Data Sources

The data sources consist of two parts. First, our primary was derived from China’s
total of 1491 semiconductor companies in the six value chain segments, further consisting
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of 418 wafer material companies, 196 packaging material companies, 113 equipment com-
panies, 114 Fabless companies, 375 Foundry companies, and 275 packaging and testing
companies, respectively. The data mainly came from China Integrated Circuit Yearbook
and some semi market research reports published in the PriceWaterHouseCoopers (pwc)
and IC insights. This study focuses on 2020 to capture the latest developments with max-
imized data accessibility. The data was processed at the provincial/municipal level to
measure the geographical spatial distribution of China’s six segments of semiconductors.
In addition to the primary data, some statistics on China’s semiconductors (2002–2020) as
an important supplement to strengthen the elaboration were utilized. The quantitative data
was extracted from various secondary sources, including IC insight, Gartner Dataquest,
China Electronics Industrial Yearbook, China’s Electronics Industry, China’s Integrated
Circuit Yearbook, Semiconductor Industry Association (SIA), and China Statistical Year-
book On Science and Technology [29–31,68–71]. The data periods were selected based on
the following considerations: 1⃝ Accessibility of data. The availability of data in many
Chinese semiconductor-related statistical yearbooks begins in 2002 and extends until 2020.
This is the longest data span we can access, up until the time we conducted this study.

2⃝ Suitability of data. The data from 2002 to 2020 is comprehensive enough to capture the
long-term semiconductor development trends. This is due to significant developments in
the Chinese semiconductor industry during this time-frame, such as representative policy
changes, technological advancements, or major investments in the industry. Specifically,
starting in 2000, the Chinese government introduced several incentive policies for the
development of Chinese semiconductors, especially Several Policies to Encourage the
Development of Software Industry and Integrated Circuit Industry, collectively known
as “Document No. 18” [8]. These initiatives spurred a period of rapid growth in China’s
semiconductor industry, often referred to in the industry as the “Golden Period” from 2000
to 2020 [72]. Additionally, post-2018 changes, including the global semiconductor shortage
and geopolitical tensions, such as the U.S.–China trade rivalry, significantly impacted
supply chains and technological progress of China’s semiconductor industry. This helps
contextualize the findings within the broader ongoing trends. Therefore, it is very typical
research period.

3.3. Hypothesis and Methodology

At first, we propose the following:

Hypothesis (H1). China’s semiconductor industry exhibits a spatially clustered distribution overall.

Hypothesis (H2). Knowledge- and capital-intensive segments of the semiconductor industry
are geographically concentrated in specific regions due to the availability of specialized resources,
infrastructure, and technological capabilities.

Hypothesis (H3). Labor- and resource-intensive segments of the semiconductor industry are more
geographically dispersed in more cost-effective regions with a higher demand for low-cost labor and
raw materials.

Four key analytical approaches were selected to assess the hypothesis. The methodol-
ogy of the study involves statistical analysis (including three agglomeration indexes) and
social network analysis. Together, these two approaches offer a comprehensive analytical
framework that examines both market dynamics and geographic factors, evaluating the
distribution, concentration, and investment patterns in China’s semiconductor industry.

3.3.1. Locational Gini Index (L_Gi)

L_Gi is commonly used in measuring income or market equality [73,74]. The L_Gi was
chosen because it is a widely recognized measure of inequality, which is crucial for under-
standing the distribution of market share or resources within the semiconductor industry.
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The metric helps to understand whether market power and resources are concentrated
among a few Chinese semiconductor companies or more evenly distributed, indicating
potential vulnerabilities. Its value ranges from 0 to 1. If the value reaches 0, it means that
the regional distribution pattern of the industry is completely equal; conversely, if the
value reaches 1, it signals that all the production activities of the industry are considerably
concentrated in the area. Then, the calculation formula of L_Gi is as follows:

Gi =
1

2N2µ∑j ∑k

∣∣∣∣ xij

xi
− xik

xi

∣∣∣∣ (1)

Xi represents the national gross output value of a value segment i of semiconductor
industry; xij and xik represent the output value of a semiconductor value segment i in j
province/municipality or k province/municipality, respectively; µ means the average pro-
portion of the value segment i of the semiconductor industry in each province/municipality,
where µ is equal to 1/N, and N represents the sum of province/municipality distributed in
the value segment i of semiconductors.

3.3.2. Regional Geographic Concentration (CRn)

CRn is widely used in measuring the degree of industrial concentration within specific
geographic regions [75]. It reflects the ratio to which a certain industry index of the top n
provinces/municipalities with the largest industrial share accounts for share proportion of
the same industry nationwide. CRn was chosen to evaluate the spatial distribution of the
semiconductor industry across different regions [76]. It helps identify whether the industry
is overly concentrated in specific regions. Notably, it offers a spatial perspective on the
development of semiconductors, complementing the market-based insights provided by
the L_Gi and HHI indexes. The formula for CRn is as follows:

CRn =
n

∑
i=1

Xi/
N

∑
i=1

Xi (2)

Xi represents the ratio that the share of an industry index takes up that in the same
national industry; n and N represent the sum of the top n provinces/cities with the largest
industrial share and the total number of provinces/municipalities nationwide, respec-
tively. The number of semiconductor companies based on six value segments in each
province/municipality were seized as a metric dimension in this work for calculating the
CRn under the conditions of n = 1, 4, and 8 (first province/municipality, top four, and top
eight provinces/municipalities, respectively).

3.3.3. Herfindahl–Hirschman Index (HHI)

The HHI is an internationally accepted comprehensive index reflecting the effect of
industrial or market agglomeration [77,78]. The HHI was selected for this study as it is
a standard tool for measuring market concentration, which helps to assess the level of
competition within a particular industry. In the context of China’s semiconductor industry,
it reveals how much the semiconductor is dominated by a few companies, especially in
critical segments like wafer fabrication and equipment [79]. It allows the study to identify
the extent to which the domestic semiconductor market is monopolized or competitive, im-
pacting innovation and market resilience. A higher HHI value signifies greater geographic
concentration of the industry, whereas a lower value reflects a more scattered industrial
distribution. The formula for HHI is as follows:

HHI =
n

∑
j=1

S2
ij, Sij =

xij

T
× 100% (3)

Sij represents the percentage of the number of companies in a semiconductor value
segment i in j province/municipality accounting for nationwide enterprises in the same



Sustainability 2024, 16, 8617 10 of 22

semiconductor value segment i; correspondingly, xij represents the number of companies
of semiconductor value segment i in j province/municipality, while T represents the sum
of companies of semiconductor value chain i in China.

These three indexes each provide a distinct and complementary perspective on China’s
semiconductors. Specifically, as for differences, L_Gi Index highlights inequality among
semiconductor participants, CRn examines the spatial distribution of the industry, and HHI
assesses the level of market concentration and competition. With regard to connections,
together, they offer a comprehensive analytical framework that addresses both market
dynamics and geographic factors. When combined, these indexes can offer insights into
which regions navigate the industry and how evenly the benefits of the industry are
distributed. This can be crucial for policymakers or business leaders trying to address
disparities or enhance competitiveness in China’s semiconductor industry.

3.3.4. Social Network Analysis

(1) The network construction process involves creating a directed weighted network
model to analyze the investment patterns in China’s semiconductor industry across differ-
ent provinces/municipalities. The model is defined as follows: Vector Vi represents the
province/municipality where a semiconductor company invests in other semiconductor
companies, expressed as Vi = [vi] (i = 1, 2, . . ., n). Correspondingly, vector Vj represents
the province/municipality where a semiconductor company receives investments from
other semiconductor companies, expressed as Vj = [vj] (j = 1, 2, . . ., n). The weight matrix
W represents the number of investments from Vi to Vj, forming an N × N adjacency matrix
A = [ai, j] (i = 1, 2, . . ., n; j = 1, 2, . . ., n). Finally, the vector equation C = (Vi, Vj, W, A)
represents the provincial/municipal investment network model of China’s semiconduc-
tor companies.

(2) Core–Periphery Analysis (CPA).
CPA (Core–Periphery Analysis) is suitable for analyzing a network structure con-

sisting of interconnected elements, where the central elements are closely connected to
each other while the peripheral elements are sparsely scattered. In this study, we adopt a
continuous core–periphery model to calculate the core degree of each member in the invest-
ment network. Specifically, we predict the coreness based on investment flows between
provinces/municipalities and visualize it to analyze the structure and characteristics of
investment networks in the six value segments. The detailed calculation formula can be set
as follows:

ρ = ∑
i,j

ai,jδi,j, δi,j = cj × cj (4)

ci and cj represent the core degrees of node i and node j, respectively. δij represents
the element in the pattern matrix δ compared to the ideal CPA model; aij represents the
element in the practical adjacency weight matrix A; ρ is the correlation index between A
and δ. Different pattern matrices δ are iteratively, repetitively tested until ρ reaches the
peak, and δ represents the CPA matrix corresponding to the closest approximation to the
ideal model.

4. Geographical Distribution of China’s Semiconductor Industry
4.1. Geospatial Distribution of China’s Semiconductor Industry at Provincial and Municipal Scales

First, the number of semiconductor firms in each province or municipality illustrates
the spatial distribution of the semiconductor industry. Figure 3a shows that wafer manu-
facturing firms are highly concentrated in the urban areas of the YRD, with Jiangsu and
Zhejiang having the most firms, followed by Shanghai. Additionally, secondary cores
have formed in Guangdong, Beijing, and Shaanxi, whereas other regions have smaller
production volumes. Regarding packaging materials, as shown in Figure 3b, firms are
predominantly clustered in the Eastern Coastal areas, with the highest concentration in
Jiangsu, followed by secondary clusters in Guangdong and Zhejiang, and smaller clusters
in Beijing, Shandong, and Fujian. Additionally, there is a low-density distribution in a
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few Mid-Western regions. Figure 3c shows that equipment firms are mainly located in the
Eastern Coastal areas of Jiangsu, Zhejiang, Guangdong, and Liaoning, with discontinuous
clusters, whereas inland provinces have sparse distributions. Figure 3d illustrates that firms
in the IC design segment have the smallest distribution and size owing to the high entry
threshold and focus on R&D as well as innovation by leading companies. The largest firms
are in Guangdong, with smaller clusters in Shanghai, Jiangsu, and Beijing. Figure 3e shows
that wafer manufacturing firms dominate in Guangdong and Jiangsu, with additional
concentrations in Zhejiang and Beijing, whereas other firms are dispersed in Mid-Western
and Northeastern regions. Figure 3f shows that testing and packaging firms are highly
concentrated in Jiangsu, followed by secondary clusters in Shanghai and Guangdong, with
significant production in Anhui and scattered bases in the Middle and Western regions.
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The number of employees in China’s semiconductor firms is used to illustrate spatial
distribution at the provincial/municipal levels (Figure 4). Generally, regions with a large
number of firms also have a correspondingly large number of employees. This is especially
evident in areas involved in wafer manufacturing materials, packaging materials, and
IC design, as shown in Figure 4a,b,d. However, the other three segments show varying
distributions. Guangdong has the most employees, followed by Zhejiang and Beijing in the
equipment segment (Figure 4c). Although Jiangsu has the highest number of equipment
firms, it ranks fourth in number of employees. Figure 4e shows that semiconductor
manufacturing firms and their employees are concentrated in Guangdong and Jiangsu. A
high number of employees are in Shanghai, Anhui, Zhejiang, Hubei, Beijing, and Shandong.
The number of firms in Jiangsu and Guangdong matches the scale of employees in the
testing and packaging segment, as shown in Figure 4f. Conversely, although Gansu and
Shaanxi have few firms, they have a high number of employees. This is likely owing to
major firms, such as Tianshui Alex Hua Tian Polytron Technologies, contributing a large
workforce to these provinces.
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4.2. Agglomeration of China’s Semiconductor Industry

At first, we investigate aggregated distribution of semiconductor industry using L_Gi,
(Table 3), which shows a appreciably high value upwards of 0.55 in most of the value
segments, indicating that spatial agglomeration gained ascendancy. Distinctive value seg-
ments whose degree of concentration varies significantly have been considered. Evidently,
both IC design and wafer fabrication belong to markedly concentrated sectors, with their
own L_Gi, being just over 0.70. Notably, IC design gains particular attention due to its
overwhelmingly high L_Gi. It is evident that the relatively concentrated phenomena occur
in the segments of wafer manufacturing materials, packaging materials, and packaging
and testing segments, accompanied by L_Gi ranging between 0.55 and 0.70. Comparably,
there appears to be a marginally dispersed distribution whose L_Gi is even lower than
0.50. Such sectoral agglomeration discrepancies as the aforementioned can be further
consolidated by the results from HHI measurement. The HHI value of IC design is the
highest, at 0.18, whereas that of semiconductor equipment is at the lowest level, at 0.11;
the other figures pertaining to this category range from 0.13 to 0.16. In addition to HHI,
the industrial agglomeration needs further verification via CRn as another alternative, as
it can reasonably reflect the nature of industrial monopoly and agglomeration in certain
provinces/municipalities. Concretely, the figures of CR1 (concentration section of ranked-
first province/municipality in each segment) in the six value segments all exceed 20%,
among of which the packaging materials and packaging test are even higher at 28% and
are both dominantly clustered in Jiangsu and Guangdong. There are five value segments
in which the concentration of the top four provinces/municipalities (CR4) exceeds 60%.
Notably, there occurs a substantial peak in IC design overwhelmingly distributed in Guang-
dong, Shanghai, Jiangsu, and Beijing, in which the top four regions account for 81.7% of
the geographic distribution of China’s entire semiconductor design sector. Furthermore,
the CR8 of IC design is at 92.98%. It is reasonable to assume that IC design is the most
agglomerated value segment at the provincial/municipal level compared to the other five
and is characterized by the monopoly of technological giants. By contrast, the CR4 and
CR8 of wafer manufacturing materials are the lower than the figures for the other five
segments, indicating that the segment is more inclined to geographical dispersion, with
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most provinces/municipalities having undertaken division of labor. According to common
features of CR4 in six value segments, the semiconductor industry is generally intensively
centralized in Jiangsu, Shanghai, Guangdong, Zhejiang, Fujian, and Beijing.

Table 3. Spatial agglomeration of China’s six semi segments, 2020.

Sectors The Proportion of CRn (n = 1, n = 4, n = 8)

L_Gi
Agglomeration

Types HHI Top 4 Provinces CR1/% CR4/% CR8/%

Silicon wafer
materials 0.6999 Relatively

agglomerated 0.16
Jiangsu, Zhejiang,

Shanghai,
Guangdong

20.62 58.03 77.46

Packing
materials 0.6296 Relatively

agglomerated 0.13
Jiangsu,

Guangdong,
Zhejiang, Fujian

30.61 68.37 86.73

Semi
equipment 0.4855 Relatively

dispersed 0.11
Zhejiang, Jiangsu,

Guangdong,
Shanghai

20.35 66.37 88.49

Semi design 0.8192 Significantly
agglomerated 0.18

Guangdong,
Shanghai, Jiangsu,

Beijing
25.44 81.70 92.98

Semi manu-
facturing 0.7232 Significantly

agglomerated 0.15
Jiangsu,

Guangdong,
Zhejiang, Shanghai

25.07 69.07 86.40

Packing and
testing 0.6866 Relatively

agglomerated 0.14
Jiangsu,

Guangdong,
Shanghai, Anhui

28.27 68.73 85.82

Notes: Predicated on classification criteria of L_Gi: if L_Gi is over or equal to 0.70, it will indicate significant
agglomeration; if L_Gi is places between 0.55 and 0.7, it will indicate relative agglomeration; if L_Gi is below 0.40,
it will indicate relative dispersion [73,74].

4.3. Evolution of the Semiconductor Industry on the Provincial/Municipal Scale

Data on the number of establishments, deaths, survivals and first-ranked prominent
taxpayers (Class A taxpayer firms in China refers to a firm that has been in business for more
than two years at least with a trustworthy tax credit performance, where tax authorities
have levied tax on the taxpayer for two consecutive years or more. The indicator mirrors
the conditions of productivity, vitality, resilience, resistance against risk environment,
and survival of a firm.) of China’s semiconductor firms from 2002 to 2020 are employed
in this section to trace out evolutionary trends, survival, and growth. First, Figure 5a
shows a steady increase in the number of surviving semiconductor firms. The rise in new
and bankrupt firms also correlates with the survivors, indicating different growth stages.
Initially, from 2002 to 2013, most firms were foreign-owned or joint ventures. From 2014 to
2020, the number of firms surged due to government support and investment, leading to an
expansion in China’s semiconductor industry. Second, from the perspective of first-ranked
prominent firms’, taxpayers should observe firms’ resilience and vitality against the risk
environment. Notably, there were 6498 firms pertaining to first-ranked prominent taxpayers
in Guangdong in 2020, which was the largest and drastically outnumbered the figures for
other regions, approximately three times that of second-ranked Jiangsu (2435 items). This
phenomenon shows that the overall productivity resistances and operating conditions of
firms in Guangdong are the most prominent. A total of 1037 firms in Zhejiang ranked
third, with the figures of the Eastern and Mid-Western regions retaining dispersal ranging
between 93 and 738, with some dramatically low values partly located in the Southern,
Northwest, and Northeast provinces (Figure 5b).
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In response to the spatial distribution of entry dynamics of various semiconductor
firms, the time of establishment of firms in six value segments are collected and subjected
to four broad types of time intervals (Figure 6). (1) The number of currently established
firms in all six segments is negligible from 1950 to 2000 and a majority of them are at
single digits and are distributed at the provincial/municipal level. The firms in Jiangsu,
Shanghai, and Guangdong emerged and formed the initial level. The firms proliferated
unexceptionally from 2000 to 2010; in addition to the intensively soaring number of firms
in Jiangsu, Shanghai, and Guangdong, a considerable number of start-ups are in Beijing
and Zhejiang. From 2011 onwards, the currently established firms continued increasing,
but their growth rates marginally reduced compared to those of 2000 to 2010.
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(2) Demonstration of the firms’ growth dynamics of spatial distribution by segments:
generally, the reactiveness to numbers of IC design or semiconductor equipment firms
are low values, whereas the number of wafer materials or semiconductor manufacturing
firms is the majority. Specifically, as listed in Figure 6a regarding wafer materials, the
YRD, represented by Shanghai, Jiangsu, and Zhejiang, brims with the recently founded
enterprises, with those of Guangdong and Beijing ranking second. The following are the
subgroups of the number of firms: Henan, Shandong, Jiangxi, Hubei, and Hunan. Figure 6b
indicates that Jiangsu has the highest number of packaging materials firms in the country,
with the number of newly founded firms reaching overwhelming dominance throughout
2001–2010. There is a considerable number of newly established firms in Guangdong and
Zhejiang, closely followed by those with a slight decline in the following decade onward.
Regarding semiconductor equipment, the distribution of recently established firms are more
prone to geographic dispersal, forming a multi-core growth pattern dominated by Beijing,
Guangdong, Jiangsu, Liaoning, Shanghai, and Zhejiang (Figure 6c). Data on IC design in
Figure 6d suggests that from 2000 onward, many IC design firms appear in Guangdong,
Beijing, Jiangsu, and Shanghai, especially a proliferation of firms in Beijing and Guangdong
from 2001 to 2010, with a slight decline in the next decade forward. Comparably, the
growth rates of firms in Shanghai and Jiangsu were lower than those of the Beijing and
Guangdong from 2001 to 2010; nonetheless, the figures surge in the subsequent decade.
Figure 6e shows that Jiangsu’s newly founded start-ups dominate at the first rank, with
the largest quantities in the regional dynamics of semiconductor manufacturing, followed
by those of Shanghai, Zhejiang, and Guangdong as multi second-ranked cores, while the
others are scattered in the other provinces/municipalities in a limited scope. As shown
in Figure 6f, regarding the testing and packaging segment, which is generally consistent
with the trend of semiconductor manufacturing, large-scale firms are intensively located
in Jiangsu, Guangdong, Shanghai, and Beijing, whereas the remaining firms are located
geographically in the inland provinces/municipalities.

5. Semiconducting Investment Network Pattern of Six Value Segments

In 2020, semiconductor investment networks across six value segments show clear
trends of localization, regionalization, and geographical proximity. Most investments are
concentrated in the YRD and the PRD. For wafer materials, key investment hotspots are
in Beijing, Jiangsu, Shanghai, Zhejiang, and Guangdong. These areas heavily empha-
sized local investments. Shanghai, Jiangsu, and Zhejiang are major centers for outward
investments. In contrast, Guangdong and Shanghai attracted more inward investments,
highlighting their prestige and strategic importance. Firms in Beijing mainly draw external
investments from the Bohai Area. Meanwhile, firms in Zhejiang, Jiangsu, and Shanghai fo-
cus on attracting investments within the YRD and the Central China Triangle. Investments
in Guangdong, Chengdu-Chongqing, and other Midwest provinces are comparatively
limited (Figure 7a). In the packaging materials segment, Beijing, Shanghai, Jiangsu, Zhe-
jiang, and Guangdong are key nodes. Firms in Beijing mainly invested in Guangdong,
Jiangsu, and Shanghai. Firms in Shanghai spread their investments across Jiangsu, Zhe-
jiang, Anhui, and Guangdong. Guangdong stood out as a major recipient of nationwide
external investments. Secondary centers with significant investments were found in Jiangxi,
Shandong, Sichuan, Hebei, Henan, and Anhui (Figure 7b). The equipment investment
network showed Beijing, Zhejiang, Shanghai, and Jiangsu as primary nodes (Figure 7c). In
these areas, local investments in Guangdong, Shanghai, and Zhejiang surpassed external
investments. Shanghai and Zhejiang were the top destinations for investments originating
from Jiangsu. Peripheral nodes, including Hubei, Jiangxi, Inner Mongolia, and Ningxia,
were connected to these central hubs.
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Figure 7d highlighted key trends in IC design investment. Guangdong led the network,
primarily attracting localized and mass investments, particularly from Jiangsu, Shanghai,
and Beijing. Furthermore, Jiangsu formed a strong secondary cluster focused on intrare-
gional investment in the YRD. Emerging investment hotspots included Zhejiang, Sichuan,
Tianjin, Shandong, and Hunan, which benefit from these core areas. In the manufacturing
sector (Figure 7e), Guangdong, Beijing, Jiangsu, and Shanghai stood out as influential nodes.
Investment flows were concentrated in Jiangsu and Guangdong, with localized investments
being the most prominent. Provinces such as Zhejiang, Hunan, Anhui, Shaanxi, Fujian,
Sichuan, and Chongqing are receiving substantial investments from these core nodes. In
the packing and testing, Guangdong, Shanghai, and Jiangsu dominated. Investment was
largely centralized within the firms in the YRD, creating an intraregional cluster. This
cluster is particularly evident among Shanghai, Jiangsu, Zhejiang, and Anhui. Some inland
regions, previously receiving little investment, are now seeing significant interest. Addi-
tionally, bilateral investments were emerging in western provinces like Gansu and Shaanxi
(Figure 7f).

6. Discussions and Conclusions
6.1. Discussion

We recall the empirical results and literature review that further generalized three
issues for discussion. (1) Observation of three agglomeration indexes. First, the analysis
of L_Gi shows that China’s semiconductor design and wafer manufacturing segments,
which are capital- and technology-intensive, are highly concentrated in specific regions.
This indicates their reliance on local technological resources, capital accumulation, and
skilled labor. Conversely, the packaging materials as well as packing and testing segments
show moderate concentration. As these sectors require low-cost labor and raw materials,
they are located in various cost-effective regions. Second, HHI results show significant
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differences in market concentration in different segments of the Chinese semiconductor
industry. The design segment has the highest HHI value, indicating that a few provinces
dominate and create a highly concentrated market structure. The findings are consistent
with the L_Gi analysis, further confirming the regional monopoly in the design segment.
Third, CRn results show that China’s semiconductor industry is primarily concentrated in
the Eastern Coastal provinces/cities, such as Jiangsu, Shanghai, Guangdong, and Zhejiang.
Owing to their geographic advantages, industrial chain support, and policy incentives,
these regions have emerged as the core of China’s semiconductor industry. (2) Challenges
in Chinese wafer fabrication and equipment. This study explores the challenges facing
domestic production in wafer manufacturing and equipment. This study shows that while
China has made some progress in wafer manufacturing materials, particularly in electronic
specialty gases and high-purity chemicals, high-end materials such as photoresist and
sputtering targets remain heavily reliant on imports. Additionally, high-end wafer manu-
facturing equipment, such as lithography machines and etching tools, are monopolized
by foreign companies. This heavy reliance on imports underscores the urgent need for
China to enhance its self-sufficiency in core semiconductor technologies. (3) The gap be-
tween wafer manufacturing capacity and fabless demand in the Chinese semiconductor
industry. Following the previous analysis, this study examines the gap between China’s
wafer manufacturing capacity and demands for domestic Fabless. The study indicates that
owing to insufficient high-end wafer manufacturing capacity in China, major domestic
semiconductor companies rely on the advanced process technology of TSMC. This reliance
limits the rapid development of China’s design companies and integrated device man-
ufacturers and hinders the development of independent production capacity in critical
products such as memory, baseband chips, MEMS, and power devices, etc. Considering
the aforementioned developmental dilemma in the Chinese semiconductor industry, a
knowledge-sharing environment and open self-innovation are essentials.

The following suggestions can be outlined based on the aforementioned discussion
points: first, the results of the aforementioned three agglomeration indices indicate that
the spatial distribution of China’s semiconductor industry highly depends on regional
resource endowments and industrial policies, which determine the degree of agglomeration
and market concentration at different stages. Future industrial policies should focus on
promoting balanced development in the regions and improving the efficient allocation of
resources and technology to strengthen the overall competitiveness of China’s semiconduc-
tor industry. Second, large-scale enterprises should utilize their leadership position and
the spillover effects to establish independent and comprehensive regional supply chains
and enhance the accessibility of their technology for small-scale firms. Chinese industrial
decision-makers should focus more on open-access (OA) communities. Although OA
is not widely recognized in Chinese industrial practices, it is crucial to acknowledge its
vital role as a fundamental component and upstream foundation in the overall industrial
ecosystem. The industrialization of OA contributions and OA software both represent im-
portant aspects of domestic substitution. Second, Chinese semiconductor companies must
re-balance the relation between globalization and self-innovation. Chinese semiconductor
firms have demonstrated proficiency in incremental innovation, and globalization provides
a conducive environment for such endeavors. Enterprises should use globalized resources
to access technologies for self-innovation. Moreover, innovative outcomes can be used
globally, creating a ripple effect using the dividends of self-innovation.

6.2. Conclusions

This study uses data from China’s six major semiconductor value segments to analyse
spatial distributions and investment linkages. The main conclusions are as follows: (1) The
semiconductor value chain is densely located in the Eastern Coastal areas. Jiangsu, Shang-
hai, and Zhejiang lead in materials, equipment, manufacturing, and packing and testing,
whereas packing and testing as well as manufacturing are sparsely located in Mid-Western
regions. The design segment is concentrated in Guangdong, followed by Shanghai and
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Beijing. (2) The number of semiconductor companies in China has maintained steady
growth for 18 years. Moderate expansion was experienced from 2002 to 2013, whereas
considerable expansion was experienced from 2014 to 2020. The overall productivity and
operational status of enterprises in Guangdong are significantly higher than those in other
provinces. (3) Firm investments exhibit regionality and geographical proximity. Local
investments in Jiangsu, Shanghai, and Guangdong surpass external investments. Semicon-
ductor materials investments are mainly concentrated in the YRD and Beijing-Tianjin-Hebei
urban clusters. Equipment and design investments are located in the YRD and Pearl River
Delta (PRD). Manufacturing, packing, and testing investments are exchanged between the
YRD and PRD and extend to the Central and Western provinces. More importantly, the
empirical analysis in this study verifies the aforementioned three hypotheses. First, the
research results confirm the first hypothesis, that China’s semiconductor industry displays
overall spatial clustering, primarily concentrated in a few leading regions with advanced
technology and industrial development, such as the YRD and PRD. Second, this study sup-
ports the second hypothesis, and high concentration of knowledge- and capital-intensive
segments are evident. Semiconductor design is mainly concentrated in specific regions with
stable technological capabilities and innovation potential. These regions typically have
well-developed infrastructure, a highly skilled workforce, and favorable policies, which
foster geographical concentration in these segments. Third, the study confirms the third
hypothesis, showing geographical dispersion of labor- and resource-intensive segments.
This dispersion is owing to the high reliance of these segments on low-cost labor and
resources, leading semiconductor companies to establish production bases in cost-effective
regions. Overall, the findings of this study support the proposed hypotheses and provide
new insights into the spatial layout of China’s semiconductor industry. When formulating
relevant policies and strategies, decision-makers should consider the geographical distribu-
tion features of different segments to optimize resource allocation and promote synergistic
industrial development.

The findings provide valuable insights into the semiconductor industrial develop-
ment while emphasizing the importance of sustainability in global production and supply
chains. It further offers lessons and inspirations for sustainable industrial practices from
the Chinese case study as follows: (1) Sustainable supply chain management. The global
semiconductor supply chain is complex and highly interconnected, making it vulnerable to
geopolitical tensions and environmental challenges. Building a sustainable supply chain in
China involves improving the resilience of local semiconductor production by reducing
dependency on foreign suppliers, fostering local technological innovation, and ensuring
the efficient distribution of resources across the country. Sustainable supply chain man-
agement also entails incorporating environmental, social, and governance (ESG) criteria
into investment and production decisions, aligning with global sustainability standards.
(2) Eco-friendly policies and techniques for sustainable growth. China’s government has
increasingly emphasized the importance of sustainable industrial development through
various policies and initiatives. For the semiconductor sector, this translates into promoting
innovation in green technologies, offering incentives for companies to adopt eco-friendly
practices, and supporting research into new materials and energy-efficient manufactur-
ing techniques. More attention has paid to energy efficiency and green manufacturing
in this sector, such as the use of solar or wind energy to power manufacturing plants,
improving energy efficiency through advanced process technologies, and implementing
waste heat recovery systems. These policies not only aim to enhance the industrial global
competitiveness but also to ensure that growth does not come at the expense of the envi-
ronment. (3) Contribution to global sustainability goals. The development of a sustainable
semiconductor industry in China also contributes to global efforts to mitigate climate
change and achieve sustainable development goals (SDGs). By adopting practices that
reduce emissions, conserve resources, and promote responsible production, China’s semi-
conductor sector can play a pivotal role in meeting global targets for sustainability. This
is particularly relevant as semiconductors are essential for the development of renew-
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able energy technologies, electric vehicles, and smart cities, all of which are integral to a
sustainable future.

The advantages of this study are as follows: (1) Extensive data coverage. This study
uses data from six major segments of China’s semiconductor value chain from 2002 to 2020.
The dataset includes information on enterprises, investments, and related statistics, provid-
ing strong representativeness and timeliness. (2) Detailed classification and quantitative
measurement. This study extends the analysis to upstream segments, including materi-
als and equipment, which have been insufficiently emphasized in previous research that
primarily focuses on semiconductor design, manufacturing, and packaging/testing. This
provides a more comprehensive and quantified understanding of the entire semiconductor
industry chain. (3) Revelation of investment trends. This study reveals the geographical
characteristics of semiconductor enterprise investments, particularly highlighting the su-
perior performance of local investments in major nodes. These findings provide crucial
insights into the underlying drivers of the industry chain. (4) Identification of industrial
clusters. The study identifies Jiangsu, Guangdong, Shanghai, and Zhejiang as major hubs of
the semiconductor industry. Moreover, to extend this study, future research should consider
the following subjects: (1) Dynamic evolution at the urban scale. Future studies could focus
on the long-term and fine-grained evolution of semiconductor clusters and investment
patterns at the urban level, providing deeper insights into how these factors develop over
time and space. (2) Comparative studies in a global context. Comparative studies between
China’s semiconductor industry and those of other typical nations would help clarify their
respective roles and competitiveness in the GVC. This type of research would contribute
to a more comprehensive understanding of the semiconductor industry on a global scale.
(3) Impact of emerging technologies on the semiconductor value chain. With advances in
some relevant technologies such as AI and 5G, future research should explore how these
innovations affect different sections of the semiconductor value chain. Such studies could
provide critical insights into how emerging technologies are reshaping the semiconductor
landscape and driving shifts in industry structure and location. (4) Involvement of urban
communities and complex networks. Future research should incorporate theories and
approaches of urban communities and complex networks to conduct in-depth analysis.
This approach will help uncover the intrinsic logic and future trends in the development of
the semiconductor industry.
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