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Semiconductors (or computer chips)! have long been recognized for their role in productivity and
output growth (Jorgeson 2001) and as a contributor to national and economic security since early in
their technological development (CRS 2016; Kuan and West 2023). Semiconductor materials and
devices are considered a general-purpose technology that enable advances in downstream
technologies, processes, and products (Bresnahan and Trajtenberg 1995; OECD 2023), such as artificial
intelligence (Al), guantum computing, electric vehicles, autonomous systems, robotics, advanced
manufacturing, and defense and aerospace technologies (CRS 2023a; CRS 2023b; NSTC 2024).
Recently, the CHIPS and Science Act of 2022 (Public Law 117-167)2 appropriated $52.7 billion to
strengthen the U.S. semiconductor industry along various stages of its supply chain, including $13.7
billion for research and development (R&D) and related technology and workforce programs (15 USC

§4656 Advanced Microelectronics R&D; CRS 2023a; NIST 2023a).3

Semiconductor production occurs along global supply chains comprised of R&D and chip design (including electronic
design automation); front-end manufacturing (wafer fabrication); and assembly, testing, and packing stages. These
stages are followed by distribution and downstream uses (image A) (CRS 2023b; Khan, Mann, and Peterson 2021; OECD
2023).4 Worldwide, semiconductor production is highly concentrated, with four producing economies accounting for 81%
of semiconductor global value-added output in 2022. China accounted for almost a third (32%), followed by Taiwan (19%),
the United States (18%), and South Korea (12%) (NSB 2024a).° Supply chains for domestic and global semiconductor
production are part of a larger semiconductor R&D and innovation ecosystem that includes governments and academic
institutions (BCG and SIA 2021; DARPA 2023; NIST 2023b; NSF 2024; OECD 2019; SIA 2022).
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Adapted from Khan SM, Mann A, Peterson D. 2021. The Semiconductor Supply Chain: Assessing National Competitiveness. Center for Security
and Emerging Technology, Washington DC. Available at https://doi.org/10.51593/20190016.

This InfoBrief covers domestic® business R&D activities (performance and funding, geography, technology focus,
employment, and labor costs statistics) in the early stages of the semiconductor supply chain by two industries:
semiconductor and other electronic component manufacturing (North American Industry Classification System [NAICS]
3344) (henceforth, semiconductor manufacturing) and semiconductor machinery manufacturing (NAICS 333242). This
InfoBrief also presents separate capital expenditures for assets used in R&D (such as equipment and capitalized
software) by these two industries. These statistics are from the Business Enterprise Research and Development (BERD)
Survey, developed and cosponsored by the National Center for Science and Engineering Statistics (NCSES) within the U.S.
National Science Foundation (NSF) and by the Census Bureau. See Data Sources, Scope, and Limitations section for
detailed industry definitions and other information.

R&D Performance and Funding Sources

Between 2020 and 2021, U.S. R&D performance by the semiconductor manufacturing industry increased 9.8% in current
U.S. dollars to $47.4 billion. This was after a 22.8% increase between 2019 and 2020 (table 1) (see also NSB 2024b). R&D
by the semiconductor machinery manufacturing industry reached $5.3 billion in 2021, up 11.2% from 2020, compared with
an increase of 7.8% between 2019 and 2020 (table 1). In 2021, the share of semiconductor manufacturing R&D within
overall U.S. computer manufacturing R&D was 47%, whereas the share of semiconductor machinery R&D in overall
machinery R&D was 30%.7 This R&D was conducted by an estimated 660 R&D-performing companies classified in the
semiconductor manufacturing industry8 and 60 R&D-performing companies in the semiconductor machinery
manufacturing industry.®



National Center for Science and Engineering Statistics | NSF 25-304 3

Table 1
U.S. R&D performed, by semiconductor manufacturing and other selected industries: 2017-21

(Millions of dollars)

Industry and NAICS code 2017 2018 2019 2020 2021
All industries, 21-33, 42-81 396,979 443,633 491,434 538,870 602,499
Manufacturing industries, 31-33 255,602 274,315 284,673 309,021 | 326,060
Machinery, 333 13,341 14,770 15182 16,243 17,730
Semiconductor machinery, 333242 3,737 4,166 4,459 4,809 5,349
Computer and electronic products, 334 78,003 83,948 85,571 99,523 101,063
Semiconductor and other electronic components, 3344 30,373 30,232-43,377 35178 43,184 47,396
Nonmanufacturing industries, 21-23, 42-81 141,377 169,318 | 206,761 229,849 276,439

NAICS = North American Industry Classification System.

Note(s):

Data are for companies with 10 or more domestic employees. Excludes data for federally funded research and development centers. Detail may not
add to total because of rounding. Industry classification is based on the dominant business code for domestic R&D performance, where available.
For companies that did not report business codes, the classification used for sampling was assigned. Statistics are representative of companies
located in the United States that performed or funded $50,000 or more of R&D. For survey years 2014-19, industry classification was based on the
2012 NAICS. For survey years beginning in 2020, classification was based on the 2017 NAICS. Most statistics for years prior to 2020 have been
revised since original publication. Revised statistics include adjustments based on information obtained after the original statistics were prepared.
An estimate range may be displayed in place of a single estimate to avoid disclosing operations of individual companies.

Source(s):
National Center for Science and Engineering Statistics and Census Bureau, Business Enterprise Research and Development Survey.

The vast majority of domestic R&D performed by these two industries was funded by the performing company: 96% for
semiconductor manufacturing, and 97% for semiconductor machinery manufacturing, compared with 88% for total
manufacturing. The largest external funding source for both semiconductor-related industries was companies located
outside the United States (4% and 3%, respectively), similar to the 5% share for total manufacturing (table 2).

Table 2
U.S. business R&D performance, by source of funds and selected industry: 2021
(Millions of dollars)

Paid for by others

Companies All
Industry and NAICS code All R&D? Paid for by the company | Total | Federal Domestic Foreign | others
All industries, 21-33, 42-81 602,499 527,804 | 74,695 23,582 26,587 i 23,256 1,270
Manufacturing industries, 31-33 326,060 287,666 38,394 16,374 6,601 14,855 564
Machinery, 333 17,730 16,726 | 1,003 503 211 278 11
Semiconductor machinery, 333242 5,349 5182 167 14 8 146 0
Computer and electronic products, 334 101,063 94,211 6,852 2,828 1,650 2,290 84
Semiconductor and other electronic components,
3344 47,396 45,516 1,880 81 75 1,714 10
Nonmanufacturing industries, 21-23, 42-81 276,439 240,138 36,300 i 7,207 19,986 i| 8400 i| 707 i

i = more than 50% of the estimate or its components are a combination of imputation and reweighting to account for nonresponse.

NAICS = 2017 North American Industry Classification System.

a8 All R&D is the cost of R&D paid for and performed by the respondent company and paid for by others outside of the company and performed by
the respondent company.

Note(s):

Data are for companies with 10 or more domestic employees. Detail may not add to total because of rounding. Industry classification was based on
the dominant business code for domestic R&D performance, where available. For companies that did not report business codes, the classification
used for sampling was assigned. Excludes data for federally funded research and development centers.
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Source(s):
National Center for Science and Engineering Statistics and Census Bureau, Business Enterprise Research and Development Survey, 2021.

Geography of Semiconductor R&D

Of the $47.4 billion in U.S. R&D performance by the semiconductor manufacturing industry in 2021, $45.5 billion was
company-funded R&D. Of that company-funded amount, $23.0 billion (51%) was performed in California (table 3).10 By
comparison, the share of total manufacturing company-funded R&D performed in California was 32% in 2021. The large
share of California in semiconductor manufacturing R&D is consistent with the historical role of semiconductor patenting
associated with Silicon Valley's Santa Clara, CA county (Robbins and Cosby 2023). Companies located in the next five
states—Oregon, Arizona, Texas, Idaho, and Massachusetts—conducted a combined share of 38% of company-funded
semiconductor manufacturing R&D (Moris and Rhodes 2024).

Table 3
Domestic R&D paid for and performed by the company, distributed by selected industry and state: 2021

(Millions of dollars and percent)

Selected industry and location Millions of U.S. dollars Shares (%)
Total manufacturing (NAICS 31-33)

United States 287,666 100
California 92,329 32
Massachusetts 25,634 9
Michigan 17,986 6
New Jersey 14,456 5
Texas 13,615 5
lllinois 11,105 4
All other states 112,541 39

Semiconductors (NAICS 3344)

United States 45,516 100
California 23,020 51
Oregon 6,776 15
Arizona 3,795 8
Texas 3,546 8
Idaho 1,582
Massachusetts 1,551 3
All other states 5,246 12

Semiconductor machinery (NAICS 333242)

United States 5182 100
California 3,377 65
Oregon 578 11
Texas 469 9
Massachusetts 392 8
New York 98 2
Arizona 75 1
All other states 193 4

NAICS = 2017 North American Industry Classification System.

Note(s):

Percentages are for the top six states across industries. Detail may not add to total because of rounding. Industry classification is based on the
dominant business code for domestic R&D performance, where available. Statistics are representative of companies located in the United States
that performed or funded $50,000 or more of R&D

Source(s):
National Center for Science and Engineering Statistics and Census Bureau, Business Enterprise Research and Development Survey, 2021.
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R&D performed by the U.S. semiconductor machinery manufacturing industry was more concentrated, with 65%
performed in California, with the next three states—Oregon, Texas, and Massachusetts—accounting for another 28% (table
3). For related state-level value-added production by computer manufacturing and other knowledge- and technology-
intensive (KTI) industries, see “Geography of Domestic KTl Production” in Science and Engineering Indicators 2024 (NSB
2024a).

Type of R&D and Technology Focus

R&D comprises basic research, applied research, and experimental development.1" In 2021, experimental development
accounted for the largest share of domestic R&D performance by both the semiconductor manufacturing and
semiconductor machinery manufacturing sectors (90% and 75%, respectively), consistent with the large share of
experimental development in U.S. business R&D (Britt 2023).72 R&D can also be classified by the technology applications
being pursued. Nanotechnology accounted for 9% of total manufacturing R&D performed in 2021 (table 4). However,
within semiconductor manufacturing and semiconductor machinery manufacturing R&D, nanotechnology accounted for
50% and 43%, respectively. Nanotechnology R&D in the semiconductor and related microelectronics industry supports the
development of technical standards, materials, and fabrication processes targeted at smaller and densely integrated
components for semiconductor devices (NIST 2023b; NSTC 2024). Software products and embedded software and Al
applications represented the next-largest technology focus areas for both semiconductor industries’ R&D performance,

based on 2021 BERD statistics (table 4).13

Table 4
U.S. business R&D performed, by selected industry and technology focus: 2021
(Millions of dollars)
Technology focus of domestic R&D
Software products

and embedded Artificial

Industry Domestic R&D software Biotechnology Nanotechnology intelligence

All industries, 21-33, 42-81 602,499 257,030 i 102,513 32,718 i 28875 i

Manufacturing industries, 31-33 326,060 50,012 85,389 27,805 il 10,716 i
Machinery, 333 17,730 2,392 114 i 2,318 834
Semiconductor machinery, 333242 5,349 768 54 2,279 581

Computer and electronic products, 334 101,063 32,906 2,344 i 23,907 i 6,874 i

Semiconductor and other electronic components, 3344 47,396 9,270 i 41 23,549 i 4115 i

Nonmanufacturing industries, 21-23, 42-81 276,439 207,017 i 17123 i 4913 i 18159 i

i = more than 50% of the estimate is a combination of imputation and reweighting to account for nonresponse.
NAICS = 2017 North American Industry Classification System.

Note(s):

Data are for companies with 10 or more domestic employees. Detail may not add to total because of rounding. Industry classification is based on
the dominant business code for domestic R&D performance, where available. For companies that did not report business codes, the classification
used for sampling was assigned. Companies could report R&D in one, more than one, or no application area.

Source(s):
National Center for Science and Engineering Statistics and Census Bureau, Business Enterprise Research and Development Survey, 2021.

Labor Costs in Semiconductor R&D

Labor costs comprise three major categories: salaries, wages, and fringe benefits; stock-based compensation; and
temporary staffing costs. R&D labor costs accounted for 66% of U.S. private sector R&D performance ($31.1 billion of
$47.4 billion) for semiconductor manufacturing and 58% ($3.1 billion of $5.3 billion) for semiconductor machinery
manufacturing in 2021 (table 5). These shares are similar to the 63% of U.S. private sector performance for total
manufacturing. In 2021, the largest component of U.S. private sector R&D labor costs in both semiconductor
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manufacturing and semiconductor machinery manufacturing was salaries, wages, and fringe benefits at 81% and 89%,
respectively, similar to the 84% share in total manufacturing. Notably, the semiconductor manufacturing industry reported
one of the highest percentages of labor costs from stock-based compensation among manufacturing industries at 16%,
compared with 9% for total manufacturing.

Table 5
Domestic R&D paid for by the company and others and performed by the company, by type of cost, and selected industry: 2021
(Millions of dollars)

Labor costs

Total labor | Salaries, wages, and fringe Stock-based Temporary All other
Industry Total costs benefits compensation staffing costs
All industries, 21-33, 42-81 602,499 418,036 329,637 61,476 26,923 184,463
Manufacturing industries, 31—
33 326,060 204,380 171,569 18,953 13,858 121,680
Machinery, 333 17,730 11,412 10,264 364 784 6,318
Semiconductor machinery,
333242 5,349 3,076 2,742 278 56 2,273
Computer and electronic
products, 334 101,063 69,450 57,021 10,716 1,713 31,613
Semiconductor and other
electronic components,
3344 47,396 31,117 25,270 5017 830 16,279
Nonmanufacturing industries,
21-23,42-81 276,439 213,655 158,068 42,523 13,064 62,784

NAICS = 2017 North American Industry Classification System.

Note(s):

Data are for companies with 10 or more domestic employees. Detail may not add to total because of rounding. Industry classification is based on
the dominant business code for domestic R&D performance, where available. For companies that did not report business codes, the classification
used for sampling was assigned. Statistics are representative of companies located in the United States that performed or funded $50,000 or more
of R&D.

Source(s):
National Center for Science and Engineering Statistics and Census Bureau, Business Enterprise Research and Development Survey, 2021.

Semiconductor R&D Intensities Based on Sales and Employment

The U.S. semiconductor manufacturing and semiconductor machinery industries had two of the highest R&D-to-sales
ratios, or intensities, in 2021 at 20% and 18%, respectively (table 6). This R&D intensity refers to the industries’ domestic
R&D performance as a percentage of net sales. Among all manufacturing industries, this intensity was 5%.

Table 6

Sales, R&D, R&D-to-sales ratio, employment, and R&D-to-employment ratio for companies that performed or funded business R&D in
the United States, by selected industry: 2021
(Millions of dollars, percent R&D intensity, and thousands of employees)

Domestic

employmentd
(headcounts in

Domestic net sales? All R&DP R&D-to-sales IS ) R&D-to-employment
Industry and NAICS code (Smillions) (Smillions) ratio® (%) Total = R&D® ratiof (%)
All industries, 21-33, 42-81 13,097,756 602,499 4.6 23,654 2132 9.0

Manufacturing industries, 31-33 6,550,600 326,060 5.0 10,334 1,015 9.8



National Center for Science and Engineering Statistics | NSF 25-304 7

Table 6

Sales, R&D, R&D-to-sales ratio, employment, and R&D-to-employment ratio for companies that performed or funded business R&D in
the United States, by selected industry: 2021

(Millions of dollars, percent R&D intensity, and thousands of employees)

Domestic
employmentd
(headcounts in

Domestic net sales? All R&DP R&D-to-sales e e 1) R&D-to-employment
Industry and NAICS code (Smillions) (Smillions) ratio® (%) Total = R&D® ratiof (%)
Machinery, 333 427,096 17,730 4.2 932 100 10.7
Semiconductor machinery,
333242 29,820 5,349 17.9 40 14 35.0
Computer and electronic
products, 334 778,262 101,063 13.0 1,058 256 24.2
Semiconductor and other
electronic components, 3344 232,353 47,396 20.4 270 93 34.4
Nonmanufacturing industries,
21-23,42-81 6,547,157 276,439 42| 13320 1,117 8.4

NAICS = North American Industry Classification System.

8 Net sales are for goods sold or services rendered by R&D-performing or R&D-funding companies located in the United States to customers outside
of the company, including the U.S. federal government, foreign customers, and the company's foreign subsidiaries. Included are revenues from a
company's foreign operations and subsidiaries and from discontinued operations. If a respondent company is owned by a foreign parent company,
sales to the parent company and to affiliates not owned by the respondent company are included. Excluded are intracompany transfers, returns,
allowances, freight charges, and excise, sales, and other revenue-based taxes.

b All R&D is the cost of R&D paid for and performed by the respondent company and paid for by others outside of the company and performed by
the respondent company.

C R&D-to-sales ratio is the cost of domestic R&D paid for by the respondent company and others outside of the company and performed by the
company divided by domestic net sales of companies that performed or funded R&D.

d Data recorded on 12 March represent employment figures for the year.
€ Headcounts of researchers, R&D managers, technicians, clerical staff, and others assigned to R&D groups.

f R&D-to-employment ratio is the headcount of R&D employees (researchers and R&D managers, technicians or equivalent staff, and other
supporting staff) divided by the total number of employees.

Note(s):

Data are for companies with 10 or more domestic employees. Detail may not add to total because of rounding. Industry classification was based on
the dominant business code for domestic R&D performance, where available. For companies that did not report business codes, the classification
used for sampling was assigned.

Source(s):
National Center for Science and Engineering Statistics and Census Bureau, Business Enterprise Research and Development Survey, 2021.

R&D employment and R&D employment intensity measures provide vital information on the human resources that directly
contribute to R&D activities (OECD 2015). R&D employment intensity is calculated as the headcount of R&D employees
(researchers and R&D managers, technicians or equivalent staff, and other supporting staff) as a percentage of total
employees. The two semiconductor-related industries covered in this report have among the highest R&D employment
intensities within U.S. manufacturing (table 7). In 2021, semiconductor manufacturing and semiconductor machinery
manufacturing had R&D employment intensities of 34% and 35%, respectively. These were well above the R&D
employment intensities reported by U.S. companies in 2021 for total manufacturing (10%) and all industries (9%).
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Table 7

Domestic employment, R&D employment by sex and work activity, R&D researchers by level of education, and full-time equivalent
researcher employment for companies that performed or funded U.S. business R&D, by selected industry: 2021

(Thousands of employees)

R&D employment

ResearchersP Other Full-time equivalentd
Domestic With | Techniciansand | supporting
Industry and NAICS code employment? | Total Male Female Total PhD equivalent staff staffC Total | Researchers?
All industries, 21-33, 42—
81 23,654 2,132 1,536 596 1,426 130 501 205 1,941 1,311
Manufacturing
industries, 31-33 10,334 1,015 744 270 680 78 215 120 923 622
Machinery, 333 932 100 86 14 65 4 26 9 86 57
Semiconductor
machinery, 333242 40 14 12 2 8 2 6 * 141 i 8 i

Computer and

electronic products,

334 1,058 256 199 57 207 18 28 21 247 194
Semiconductor and
other electronic

components, 3344 270 93 69 24 80 9 10 4 88 76
Nonmanufacturing
industries, 21-23, 42-81 13,320 1,117 791 326 747 52 i 286 841,017 689

* = amount < 500 employees; i = more than 50% of the estimate is a combination of imputation and reweighting to account for nonresponse.

NAICS = North American Industry Classification System.

8 Data recorded on 12 March represent employment figures for the year.

b Researchers includes R&D scientists and engineers and their managers.

C Other supporting staff includes clerical staff and others assigned to R&D groups.

9 The number of persons employed who were assigned full time to R&D, plus a prorated number of employees who worked on R&D only part of the
time.

Note(s):

Data are for companies with 10 or more domestic employees. Detail may not add to total because of rounding. Industry classification was based on
the dominant business code for domestic R&D performance, where available. For companies that did not report business codes, the classification
used for sampling was assigned. Excludes data for federally funded research and development centers.

Source(s):

National Center for Science and Engineering Statistics and Census Bureau, Business Enterprise Research and Development Survey, 2021.

Employment Type and Demographics in Semiconductor R&D

Across all U.S. manufacturing industries, 67% of R&D employees were classified as researchers, 21% as technicians or
equivalent staff, and 12% as supporting staff in 2021 (table 7 and figure 1).1° For the semiconductor manufacturing
industry, the share of researchers was higher at 86% of R&D employees, and lower for the semiconductor machinery
industry (57%).
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Figure 1

R&D employment for companies that performed or funded U.S. business R&D, by selected manufacturing and semiconductor
industry: 2021
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Note(s):

Data are for companies with 10 or more domestic employees. Detail may not add to total due to rounding. Positive amounts that round to zero are
not displayed. Industry classification was based on the dominant business code for domestic R&D performance, where available. For companies
that did not report business codes, the classification used for sampling was assigned. Excludes data for federally funded research and development
centers. "Other supporting staff" includes clerical staff and others assigned to R&D groups.

Source(s):
National Center for Science and Engineering Statistics and Census Bureau, Business Enterprise Research and Development Survey, 2021.

In 2021, the share of researchers with PhDs was 25% for semiconductor machinery manufacturing, compared with 11% in
both semiconductor manufacturing and overall manufacturing (table 7 and figure 1). Lastly, the share of female R&D

employment in semiconductor machinery manufacturing was 14% in 2021, consistent with the share in overall machinery
manufacturing but lower than the 26% share in semiconductor manufacturing and 27% in total manufacturing (table 7).16

Capital Expenditures for Semiconductor R&D

U.S. semiconductor manufacturing companies invested $5.0 billion in assets such as buildings, equipment, and software
to support their domestic R&D activities in 2021, whereas semiconductor machinery companies invested $314 million.
These capital expenditures are separate from the R&D expenditures described elsewhere in this report.’/

Assets used for R&D operations include land acquisitions, buildings and land improvement, machinery and equipment,
capitalized software, and other assets (which includes other intellectual property).18 The largest share of expenditures, by
far, for the U.S. semiconductor-related industries featured here was for machinery and equipment (64% for semiconductor
manufacturing and 87% for semiconductor machinery manufacturing) (figure 2). The corresponding share for all
industries and for total manufacturing was 37% and 53%, respectively.
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Figure 2
Business capital expenditures in support of domestic R&D, by type and selected industry: 2021
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Note(s):

Data are for companies with 10 or more domestic employees. Industry classification is based on the dominant business code for domestic R&D
performance, where available. For companies that did not report business codes, the classification used for sampling was assigned. Statistics are
representative of companies located in the United States that performed or funded $50,000 or more of R&D.

Source(s):
National Center for Science and Engineering Statistics and Census Bureau, Business Enterprise Research and Development Survey, 2021.

Data Sources, Scope, and Limitations

The sample for the BERD Survey was selected to represent all for-profit, nonfarm companies that were publicly or privately
held, had 10 or more employees in the United States, and performed or funded R&D either domestically or abroad.
Beginning in survey year 2018, companies that performed or funded less than $50,000 of R&D were excluded. The
estimates in this InfoBrief are based on responses from a sample of the population and may differ from actual values
because of sampling variability or other factors. As a result, apparent differences between the estimates for two or more
groups may not be statistically significant. All comparative statements in this InfoBrief have undergone statistical testing
and are significant at the 90% confidence level unless otherwise noted. Because the statistics from the survey are based
on a sample, they are subject to both sampling and nonsampling errors. (For “Technical Notes” and other methodology
information, see https://ncses.nsf.gov/surveys/business-enterprise-research-development/2021#methodology.)
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In this InfoBrief, money amounts are expressed in current U.S. dollars and are not adjusted for inflation. A company is
defined as a business organization located in the United States, either U.S.-owned or a U.S. affiliate of a foreign parent
company, of one or more establishments under common ownership or control. Industry classification is based on the
dominant business code for domestic R&D performance. For companies that did not report business codes, the industry
classification used for sampling was assigned using administrative payroll data. BERD Survey data excludes federally
funded research and development centers. General survey information including survey questionnaires and all available
data can be found at https://ncses.nsf.gov/surveys/business-enterprise-research-development/2021.

BERD Survey statistics for 2020 and 2021 are based on the 2017 North American Industry Classification System (NAICS).
The semiconductor and other electronic component manufacturing industry (NAICS 3344) produces semiconductor
devices such as transistors and integrated circuits. Other electronic components include bare printed circuit boards,
capacitors, resistors, and electronic connectors. The semiconductor machinery manufacturing industry (NAICS 333242)
products include wafer processing and etching equipment, and semiconductor assembly and packaging equipment.’®
Lastly, industries covered in this report may devote some of their R&D expenditures to areas outside of semiconductors
materials, processes, or products. At the same time, other industries not covered here may also engage in
semiconductors and related microelectronics R&D, such as other segments of computer and electronic product
manufacturing (NAICS 334), as well as software publishers (NAICS 5112) and scientific R&D services (NAICS 5417).

NCSES has reviewed this product for unauthorized disclosure of confidential information and approved its release
(NCSES-DRN24-070).
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Notes

1 Chips are small electronic devices consisting of microelectronic circuits etched on wafers (flat substrate) of silicon or
other semiconductor materials and include integrated circuits and discrete chips. They can be classified as logic and
processing chips (e.g., central processing units [CPUs] and graphics processing units [GPUs]); memory chips (e.g.,
dynamic random access memory [DRAM] and flash memory chips); analog chips; and discrete transistors optoelectronics,
and sensors (ASML 2024; BCG and SIA 2021; SIA 2022).

2 CHIPS = Creating Helpful Incentives to Produce Semiconductors.

3 For state-level incentives, see summary table in https://taxfoundation.org/blog/state-semiconductor-incentives/. For
semiconductor policies globally, see Goldberg et al. (2024), OECD (2019), and Thadani and Allen (CSIS) (2023).

4 The simplified supply chain figure abstracts from a complex, globally distributed, semiconductor industry structure that
has been described along two major business models involving outsourcing (contract manufacturing and intellectual
property licensing), international trade, or foreign direct investment (Kuan and West 2023; SIA and Nathan Associates
2016; Thadani and Allen [CSIS] 2023). The “fabless-foundry” model involves R&D or design-only firms (often called fabless
companies), many owned by or located in the United States or Europe (BCG and SIA 2021), with outsourced production to
domestic or foreign contract manufacturers or dedicated fabrication firms (chip foundries or fabs) and specialized chip
testing and packing companies in Mainland China, other Asia, and elsewhere. Other companies follow a model where both
chip design and fabrication are done in house. These companies, known as integrated device manufacturers (IDMs) are
often multinational companies. Lastly, chip and chip-making equipment companies interact with each other and with their
software and materials suppliers in technology alliances, industry consortia, and other forms of collaborative innovation
facilitating international knowledge flows and “learning by doing” in manufacturing processes (Goldberg et al. 2024;
Thadani and Allen [CSIS] 2023).

5 See also Thadani and Allen (CSIS) (2023).
6 For foreign R&D in information and communication technology (ICT)-related industries, see Moris (2021).

7 Semiconductor manufacturing R&D accounted for 8% of the $602.5 billion in total U.S. business R&D performance in
2021 (table 1), whereas semiconductor machinery R&D accounted for another 1%.

8 Separately, 181 companies with 1-9 domestic employees classified in the semiconductor and other electronic
components manufacturing industry (NAICS 3344) performed $71.2 million of R&D in the United States in 2021, based on
the Annual Business Survey (ABS). (Data for the semiconductor machinery manufacturing industry are included in ABS
totals but are not separately available.) These companies will not be covered in this report. For additional information on
the ABS, see https://ncses.nsf.gov/surveys/annual-business-survey/2022.

9 Overall, there was an estimated 31,490 U.S. R&D performing companies with 10 or more domestic employees in 2021.
See 2021 BERD Survey: table 4 at https://ncses.nsf.gov/surveys/business-enterprise-research-development/2021#data.
See also technical table A-2 at https://ncses.nsf.gov/surveys/business-enterprise-research-development/
2021#technical-tables. The BERD Survey is designed primarily to produce valid estimates of money amounts related to
the performance and funding of R&D. Because this is the survey’'s focus, estimation of meaningful company counts is
difficult. For additional methodology information see “Company Counts” at https://ncses.nsf.gov/surveys/business-
enterprise-research-development/2021#methodology.
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10 For information on the BERD methodology for allocating R&D performance by state, see “R&D, by Core-Based
Statistical Area or State” at https://ncses.nsf.gov/surveys/business-enterprise-research-development/
2021#methodology.

11 See Moris and Pece (2022) for definitions and related information on type of R&D.

12 See 2021 BERD Survey: table 12 in https://ncses.nsf.gov/surveys/business-enterprise-research-development/
20214#data.

13 For related information, see “U.S. Business R&D in Selected Critical and Emerging Technologies” in Science and
Engineering Indicators 2024 (NSB 2024b).

14 All other costs include materials and supplies; depreciation and amortization on R&D property, plant, equipment, and
intangible assets; royalties and licensing fees; expensed equipment (not capitalized); and non-R&D services.

15 Table 7 also shows the subset of headcount employment that was estimated to be full-time equivalent (FTE). FTE R&D
employees are workers devoted full time to R&D, plus a prorated number of employees who worked on R&D only part of
the time.

16 For related information on female R&D employment and S&E degrees awarded to women, see Anderson and
Shackelford (2023).

17 Capital expenditures for R&D are a subset of total capital expenditures. Companies that perform or fund R&D
classified in the semiconductor industry reported an estimated $32.0 billion of total domestic capital expenditures, based
on 2021 BERD Survey statistics. Thus, $5.0 billion of capital expenditures for domestic R&D noted above accounted for
16% of these assets. The corresponding share for semiconductor machinery manufacturing companies was also 16% in
2021: $1.9 billion in total domestic capital expenditures of which $314 million was devoted to R&D. See Moris and
Shackelford (2023) for an overview and more information on domestic R&D capital expenditures.

18 Other intellectual property products include purchased patents, long-term licenses, or other intangible assets that are
used in R&D operations, and which have a useful life of more than 1 year.

19 For more details on the composition of these NAICS industries, see https://www.census.gov/naics/.
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