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Semiconductor Research Publication Output and 
International Collaboration

Figure DISC-C. Semiconductor-related S&E articles, by selected region, country, or economy and rest of world: 2002–23

Basic research and applied research on semiconductors help power an important critical and emerging field in S&E (White 
House 2025), and international collaborations in this field can allow cutting-edge research to draw on the expertise of 
researchers from an array of backgrounds. This sidebar uses a data set of semiconductors research to present analysis on 
the yearly output of publications in semiconductor research and an international research network of collaboration on 
semiconductor research between authors from different countries.* These analyses build on information presented in R&D 
on semiconductors (see the section U.S. Business R&D), the Indicators 2026 report “Translation to Impact: U.S. and Global 
Science, Technology, and Innovation Output” (NSB forthcoming), and work on other critical and emerging fields, such as 
artificial intelligence (AI) (Boothby and Schneider 2024; NSB 2023: Artificial Intelligence Publication Output and International 
Collaboration) and COVID-19 (NSB 2021c: Coronavirus Publication Output and International Collaboration).

The worldwide output of publications on semiconductor research has increased by 228% over the past 20 years, from 27,963 
articles in 2002 to 91,631 articles in 2023 (Table SDISC-77). The six countries whose authors published the most 
semiconductor research publications between 2002 and 2023 (China, the United States, Japan, India, Germany, and South 
Korea) together produced about 69% of semiconductor publications in 2023 (Figure DISC-C; Table SDISC-73). Publications by 
authors from China account for 42% of the world’s semiconductor publication output in 2023, with 38,209 fractionally 
counted articles. Semiconductor research publications by authors from India (9,813 articles, 11%) and from the United States 
(5,857 articles, 6%) comprise the next-largest shares of semiconductor articles in 2023.

https://ncses.nsf.gov/pubs/nsb202333/sidebar/artificial-intelligence-publication-output-and-international-collaboration
https://ncses.nsf.gov/pubs/nsb20214/sidebar/coronavirus-publication-output-and-international-collaboration
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Note(s):
Semiconductor article counts refer to publications algorithmically fingerprinted under "semiconductors" from conference proceedings and peer-reviewed journals 
in S&E fields in Scopus. Articles are classified by their year of publication and are assigned to a country on the basis of the institutional address(es) of the 
author(s) listed in the article. Articles are credited on a fractional-count basis (i.e., for articles produced by authors from different regions, countries, or economies, 
each region, country, or economy receives fractional credit on the basis of the proportion of its participating authors). Data by all regions, countries, and economies 
are available in Table SDISC-76.

Source(s):
National Center for Science and Engineering Statistics; Science-Metrix; Elsevier, Scopus abstract and citation database, accessed February 2025.
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The output of semiconductor publications by Chinese authors increased by 1,720% between 2002 (2,099 articles) and 2023 
(38,209 articles) and has exceeded the output of U.S. authors since 2011. The output of semiconductor publications by 
authors from India also rapidly increased by 1,665%, from 556 articles in 2002, and surpassed the semiconductor research 
publication output of U.S. authors in 2020. The output of semiconductor research articles by U.S. authors grew gradually 
(31%) from 6,467 articles in 2002 to a maximum of 8,460 articles in 2018, before decreasing 31% to 5,857 articles in 2023. 
See SDISC-76 for the output of semiconductor articles for additional countries.

The international research network on semiconductors helps illustrate collaborative relationships between authors from 
respective countries from 2002 to 2023 (Figure DISC-D). The top-producing countries all are central to the international 
network, and of the top 20 country pairs with the most prolific collaborative relationship between their authors, each pair 
included at least one of the top 6 countries, and in 9 pairs, both were in the top 6. The top-producing pairs were the United 
States and China (25,530 coauthored publications as a whole count), the United States and South Korea (9,605), and the 
United States and Germany (9,477). In 2023, 51% of semiconductor publications by U.S. authors were international 
collaborations, while 17% from China were international collaborations (Table SDISC-77); these shares in semiconductor 
research are higher than the U.S. shares of internationally collaborative publications and commensurate with China’s (Figure 
DISC-29).
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Figure DISC-D. Semiconductors collaboration network, by selected region, country, or economy pairs: 2002–23

Note(s):
This network diagram shows the number of coauthored articles by all pairs of regions, countries, or economies within the top 60 producers of semiconductor- 
related research based on whole counting for those pairs that cowrote 400 articles or more. Semiconductor article counts refer to publications algorithmically 
fingerprinted under "semiconductors" from conference proceedings and peer-reviewed journals in S&E fields in Scopus. Articles are classified by their year of 
publication and are assigned to a region, country, or economy on the basis of the institutional address(es) of the author(s) listed in the article. Links are only shown 
in a single direction, dictated by alphabetical order. Tied pairs are listed alphabetically. The size of the nodes is proportional to the total number of semiconductor- 
related articles written by each region, country, or economy. The width of the links between nodes is proportional to the quantity of articles that both regions, 
countries, or economies have coauthored. Positioning of nodes is defined using the Kamada-Kawai algorithm. For the list of regions, countries, and economies and 
their respective geographic regions in this figure, see Table SDISC-73.

Source(s):
National Center for Science and Engineering Statistics; Science-Metrix; Elsevier, Scopus abstract and citation database, accessed February 2025.
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The research network is tightly distributed around the top producers similarly to past network diagrams of research 
publications in COVID-19 and AI (NSB 2021c: Coronavirus Publication Output and International Collaboration; NSB 2023: 
Artificial Intelligence Publication Output and International Collaboration). The tight center cluster in the network may indicate 
that research collaborations on semiconductors are more extensive between researchers from already central countries than 
with researchers from countries with lower semiconductor publication counts and those outside the center cluster. 
Simultaneously, the network shows some regional collaboration patterns with continental clustering, such as the top 
producers from Asia being tightly distributed with other more peripheral collaborators like Indonesia, Thailand, and Vietnam 
on that same side of the network. Similar patterns were present for Europe and the Middle East and some African countries, 
and a similar distribution was present for AI in past analyses (NSB 2023: Artificial Intelligence Publication Output and 
International Collaboration).

* A data set of semiconductors publications was generated using Elsevier’s existing Omniscience taxonomy, which 
fingerprints the entire Scopus database under an array of concepts. Of these concepts, 89 included the term 
“semiconductors.” This approach helps ensure that a wide range of semiconductor research is included but prevents a too- 
extensive of a list of publications in which semiconductors may play a more removed role or appear as a minor application.

https://ncses.nsf.gov/pubs/nsb20214/sidebar/coronavirus-publication-output-and-international-collaboration
https://ncses.nsf.gov/pubs/nsb202333/sidebar/artificial-intelligence-publication-output-and-international-collaboration
https://ncses.nsf.gov/pubs/nsb202333/sidebar/artificial-intelligence-publication-output-and-international-collaboration
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