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Background 
In the aftermath of the Covid-19 pandemic, the semiconductor industry has undergone two 
major shifts. The first is a policy shift driven by increasing geopolitical competition and a focus 
on supply chain resiliency. The second is a technology shift driven by the emergence of Artificial 
Intelligence as the largest demand driver for the industry. 
 
Both of these shifts are also beginning to re-shape the global R&D landscape. Nations have 
launched ambitious programs to reshore manufacturing and upskill their workforces. Across the 
US, EU, South Korea, and Japan these programs have allocated billions of dollars to both 
manufacturing and R&D. Additionally, the private race to create large-scale AI systems has 
fueled capacity expansions and new technology approaches (e.g. advanced packaging, 
backside power delivery, high-bandwidth memory). 
 
At the same time, emerging workloads are driving demand for wide-bandgap power electronics 
and more performant photonic integrated circuits. These emerging platforms receive far less 
attention but are potentially critical areas of investment for clean energy, electric vehicles, and 
datacenter scale-out. 
 
This report will provide an overview of the global semiconductor R&D landscape taking into 
account the ongoing impact of the two epochal shifts highlighted above. The report will focus on 
activities in the US, EU, and east Asian allies  It will also provide selected data-driven deep 
dives on specific technologies to highlight capabilities that can be expanded in future work. 

 



Study Aims and Approach 
The request is for this presentation to address the below three items:  
 

●​ Mapping of the areas where academia, industry, U.S. government programs, foreign 
governments, and other major R&D institutions are making, or are planning to make, 
semiconductor R&D investments. 

●​ Identify the areas for additional investment that would have the greatest potential to 
further USG mission, recognizing that advancements in some technology areas may 
require broad collaboration that can be effectuated by USG. 

●​ To the extent feasible within the timeframe and resources available, the study could 
include neutral assessment of potential future scientific and industrial trajectories in 
semiconductors; the potential military, economic, and social implications of those 
trajectories, and the opportunities and bottlenecks to realizing those futures. 

 
Given the expedited study timeframe, the primary focus of the work will be on the first two 
bullets above. However, it is expected that this work will also begin to elucidate information 
about potential future trajectory that is relevant to the funding agency. 
 
This study will combine two primary approaches. First a qualitative survey of published research 
program goals and agendas. This survey will primarily focus on publications from public agency 
and consortia groups given that firms do not highlight their research agendas due to competitive 
concerns. 
 
The second is a quantitative review of publishing and patenting behavior in semiconductors. By 
definition this will be backwards looking but will indicate trends in research. We will combine 
high-level overviews with deep-dives on specific emerging technologies that are known to be 
relevant to future product roadmaps (e.g. advanced packaging, high-bandwidth memory, 
backside power delivery, etc.) to show how these technologies mature from scientific research 
to commercial products. 
 
Qualitative survey of major R&D research programs in semiconductors across US, EU, 
South Korea, Japan, and Taiwan 

●​ Focus is on understanding how research focus has evolved over time (e.g. what areas 
were hot 5 years ago, what areas are programs focusing on now, where were needs 
identified previously and how are current research programs addressing or not 
addressing) 

●​ Explore the differences in structure of R&D research programs from different global 
regions which would include the organizations/institutions/agencies either channeling 
funding, or interacting with industry - and their objectives. (besides the differences in 
focus areas, what are the different ways funding is getting channeled?)  

●​ Particular focus on where there is overlap between stated research goals and where 
there is not (e.g. are all USG agencies funding the same things? Do their funding 
programs align with the White House Microelectronics Research Strategy? 



Quantitative review of semiconductor R&D trends 
●​ Publication mapping by semiconductor R&D sub-area grouped by country and institution 

type over the years 
●​ Explore potential links between funding agency focus areas and performance  
●​ Specific focus on industry R&D themes - what are leading firms publishing in research 

journals and conferences (e.g. explosion in advanced packaging + silicon photonics), 
how does this tie to their patenting efforts?  

●​ Highlight specific areas of focus rather than just broad data (e.g. evolution on number of 
patents and number of publications) 

●​ [potential] Venture Capital investment themes: What types of firms are raising 
semiconductor funding from Venture Capitalists (focus on the US)? What does this tell 
us about technology trends and how they’re tied to R&D focus programs 

 
 

 



Databases and capabilities 

Academic publications 
Academic publications are tracked using two primary datasets: Web of Science and OpenAlex. 
We use a curated version of the Web of Science (WoS) publication database, hosted at Indiana 
University, to analyze scientific investment patterns in physical sciences and 
semiconductor-related fields. Our dataset includes internationally indexed journal and review 
articles published between 1960 and 2024 (included), filtered for completeness of institutional 
address and disciplinary classification. The OpenAlex dataset is a comprehensive, open-access 
catalog of scholarly metadata, encompassing over 250 million records on publications, authors, 
institutions, venues, and topics. It is designed as a successor to the Microsoft Academic Graph 
(MAG) and provides structured, interlinked data via a graph-based model and is updated 
monthly. We have access to two processed funding datasets. The first funding dataset 
documents the country-paper link. It was drawn from WoS metadata, which has the most 
comprehensive coverage), and cleaned by removing erroneous or rare entries. We assigned 
funding sources to countries with high accuracy. This data has been used in our preprint (Miao 
et al., 2025, under review in Nature Communications, https://arxiv.org/abs/2308.08630). The 
second dataset links, while not as comprehensive as the first, each funding instance to a 
standardized funding identifier (ROR: Research Organization Registry), allowing analysis based 
on the types of funders.  
 
We also employ a pre-processed dataset of cutting-edge semiconductor publications as well as 
a semi-automated pipeline for producing the dataset. This dataset was originally drawn from 
IRDS post-CMOS roadmap publications. For each technology, we obtained the key publications 
cited in the IRDS report as well as their intellectual sources (references) and derivatives (future 
citations). This dataset captures the publications that led to the key breakthroughs as well as the 
current progresses on each front.  

Patents 
Patents data are obtained from a curated dataset derived from the USPTO patent dataset, 
provided by PatentsView. This covers over 7 million patents published in the U.S. until the end 
of 2025. The dataset provides metadata, content, such as titles and abstracts, and citation 
relationships among patents. 

Interactive visualization platform 
We will deploy interactive visualizations built on our prior work with Helios-Web (heliosweb.io), a 
scalable system for exploring large-scale networks and embeddings, including scientific and 
technological landscapes. The platform will enable real-time, dynamic navigation of 
semiconductor research data across countries, institutions, and technologies by integrating 
publication, patent, and funding records into a unified semantic map. This will be achieved by 
embedding the textual content of publications and patents using transformer-based models 
fine-tuned for the scientific language, such as SPECTER. Users will be able to navigate these 

https://arxiv.org/abs/2308.08630


semantic spaces and apply filters to explore specific institutions, technologies, or time periods. 
The resulting visualizations will reveal how technologies emerge, evolve, and cluster within the 
global R&D landscape. 
 
Our preliminary map, shown in Figure X, was generated using the SPECTER model employing 
data from both the MAG (for training) and WoS (for inference). This embedding captures the full 
spectrum of scientific research, producing a structured landscape where distinct regions 
correspond to different disciplines. In Figure Y, we zoom into a region of this space to examine 
the placement of two post-CMOS technologies: 2D material channel FETs and topological 
insulators. The density gradient indicates the relative prevalence of publications funded by the 
U.S. and China, highlighting geographic differences in research emphasis. 

 
Figure X - Semantic landscape of science based on SPECTER embeddings, projected into two 
dimensions using UMAP. Colors represent NSF-assigned disciplines associated with each 
paper. 
 



 
Figure Y - Distribution of publications related to two post-CMOS technologies, illustrating their 
placement within the scientific landscape and the funding contributions from the U.S. (blue) and 
China (red). 
  
 
The embeddings will also be analyzed along meaningful dimensions, such as comparing 
research and patents from institutions receiving VC investments versus those funded solely by 
public or other sources. These semantic axes can reveal patterns in the knowledge space, 
highlighting technologies that are more likely to attract private investment, as well as identifying 
gaps or untapped areas that may benefit from increased support.  
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Possible journals for tracking publications: 
 
These journals were selected based on their scientific impact, peer recognition, and strong 
alignment with the semiconductor device roadmap (including logic, memory, and materials): 
 
1. Nature Electronics 
Premier interdisciplinary journal focusing on devices, materials, and systems for electronics. 
Frequently publishes state-of-the-art work on spintronics, ferroelectric memory, topological 
materials, and neuromorphic architectures. 
Impact Factor >25 (among the highest in applied physics and materials science). 
 
 
2. IEEE Transactions on Electron Devices (T-ED) 
Flagship IEEE journal for semiconductor devices. Excellent for CMOS extensions and 
commercial feasibility studies of new FETs and memory architectures (e.g., STT-MRAM, 
ReRAM, CBRAM). 
Strong industry-academic mix, often includes reliability and scalability studies. 
 
 
3. Journal of Applied Physics (JAP) 
High-quality journal with strong coverage of materials and device physics, especially for 
magnetoelectric, ferroelectric, and Mott-based devices. 
Frequently cited in the IRDS and beyond-CMOS community. Ideal for foundational science 
informing commercial paths. 
 
 
4. Japanese Journal of Applied Physics (JJAP) 
Actively publishes Beyond-CMOS roadmap articles (including the 2022 roadmap by An Chen). 
Strong focus on Asia-based developments (Japan, Korea) which makes it good for comparative 
tracking. 
 
 
5. Nature Nanotechnology 
Covers breakthroughs in 2D materials, nanoelectromechanical systems, and neuro-inspired 
computing,  all core elements of beyond-CMOS. 
Often publishes commercialization roadmaps or spin-off company analyses (to be confirmed). 
 
Conferences: ECTC, VLSI, Hot Chips 
 
 
 
 
 



DOE Basic Research Needs 
SRC MAPT 
EU SRIP REPORT 
Digital EU 
 

Institution  Report / Strategy Key R&D Focus Areas 

SRC  
Decadal Plan for Semiconductors / MAPT 
Roadmap 

Analog compute, memory fabrics, advanced 
packaging, secure systems, energy efficiency 

IMEC  
20-Year Semiconductor Roadmap / imec 
Highlights 2023 

High-NA EUV, forksheet/CFET devices, 3D 
stacking, sustainable scaling, 2nm+ nodes 

EU 
Commissi
on  

European Chips Report / SRIP Report / 
R&D Policy Brief 

Node shrink, pilot lines, IP, talent, EU-level 
R&D funding mechanisms 

IITP  ICT R&D Strategy (via IITP) 
AI chips, logic/memory leadership, ecosystem 
funding, public-private partnerships 

LSTC / 
METI  LSTC / METI Strategy 

Domestic 2nm R&D, materials, design, 
Rapidus-led pilot line efforts 

ITRI  
TSMC R&D Overview / Ecosystem 
reports 

Advanced logic (2nm), 3D packaging, specialty 
SoCs, new memory, platform R&D 

ASPI  
ASPI Semiconductor Moonshot Report / 
ANFF Overview 

Compound semiconductors, pilot fabs, 
mature-node CMOS, research translation, skill 
pipelines 

OSTP  
National Strategy on Microelectronics 
Research 

Foundational research, infrastructure, 
workforce, R&D-to-manufacturing ecosystem 

DOE  
Basic Research Needs for 
Microelectronics 

Materials R&D, novel architectures, extreme 
environments, edge computing 

NSF  

NSF–NIST Microelectronics Workforce 
MOU / National Chip Design Center 
Proposal 

Education pipeline, chip design tools, design 
centers, workforce inclusion 

DARPA  
Electronics Resurgence Initiative / 
Microsystems Technology Office 

High-risk innovation: photonics, RF, 
energy-efficient logic, heterogeneous 
integration, secure ICs 

 
 

https://science.osti.gov/-/media/bes/pdf/reports/2019/BRN_Microelectronics_rpt.pdf
https://srcmapt.org
https://research-and-innovation.ec.europa.eu/strategy/support-policy-making/support-national-research-and-innovation-policy-making/srip-report_en
https://digital-strategy.ec.europa.eu/en/factpages/european-chips-act-chips-europe-initiative
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