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Purpose and Methodology 
of the Environmental Scan

This standardization environmental scan serves as a foundational step in 
understanding the current state of standardization for semiconductors and 
microelectronics as critical and emerging technologies (CETs). It is intended to 
identify existing standards, key stakeholders, strategic documents, and emerging 
gaps to inform future activities such as CET-specific workshops, roadmap 
development, and prioritization of standardization efforts. The assessment 
supports ASCET’s broader goal of aligning standardization with national 
competitiveness, economic security, and innovation priorities.

This preliminary assessment draws on a targeted synthesis of publicly available 
standards databases; government and industry strategic documents; and 
stakeholder inputs from government, industry, and academia. The scope was 
intentionally constrained to focus on standards and initiatives with significant 
relevance to U.S. leadership in semiconductors and microelectronics, including 
those developed or influenced by U.S.-based organizations or international bodies 
with U.S. participation. This scan represents a point-in-time assessment and may be 
revisited as priorities and standards evolve.

This assessment goes beyond cataloging existing standards by examining the 
critical pre-standardization ecosystem including the activities that create the 
technical foundation for future standards. These efforts include developing 
interoperable design rules, validating advanced packaging processes, and 
establishing secure supply chain protocols. Work in areas such as chiplet 
integration, heterogeneous packaging, and sustainability metrics often begins as 
collaborative research or pilot programs before formal specifications emerge. By 
analyzing both explicit contributions (e.g., published draft standards, participation 
in standards developing organizations [SDOs]) and implicit enablers like shared 
testbeds, reference architectures, and metrology frameworks, this scan highlights 
how today’s research and development (R&D) initiatives are shaping tomorrow’s 
standards. Understanding these linkages ensures that ASCET and its partners 
can prioritize actions that accelerate interoperability, reliability, and global 
harmonization across the semiconductor lifecycle.
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CET: Semiconductors 
& Microelectronics

Semiconductors are materials that conduct electricity under certain conditions; 
they are essential for modern electronics. Unlike metals, which always conduct, or 
insulators, which block current, semiconductors can switch between these states. 
Their conductivity depends on the energy bandgap, which can be adjusted through 
a process called doping—adding tiny amounts of other elements to change 
electrical behavior.

Semiconductors power nearly every technology we use, from smartphones and 
cars to renewable energy systems and high-speed communications. They are 
critical to economic growth and national security because they enable computing, 
sensing, and power conversion at scale. 

COMMON SEMICONDUCTOR MATERIALS INCLUDE:
	– Silicon (Si): The most widely used material for chips and integrated circuits (ICs) 
thanks to its abundance and mature manufacturing processes.

	– Gallium Arsenide (GaAs): Ideal for high-frequency applications like wireless and 
satellite systems; also used in LEDs and laser diodes.

	– Silicon Carbide (SiC): Handles high temperatures and voltages, making it perfect 
for electric vehicles (EVs) and industrial power electronics.

	– Gallium Nitride (GaN): Known for efficiency and high-frequency performance; 
used in power adapters, 5G base stations, and LED lighting.

	– Germanium (Ge): Offers high electron mobility for specialized uses like infrared 
optics and high-speed electronics.

SEMICONDUCTORS CAN ALSO BE CLASSIFIED BY D OPING:
	– N-type: Extra electrons are added, making electrons the main charge carriers.
	– P-type: Creates “holes” (missing electrons), making holes the main carriers.
	– Intrinsic: Pure, undoped material, rarely used because it conducts poorly.

BY FUNCTION, CHIPS INCLUDE:
	– Logic chips for processing instructions in computers and smartphones.
	– Memory chips for storing data, from dynamic random-access memory (DRAM) to 
flash storage.

	– Analog and mixed-signal chips for sensors and power management.
	– Power semiconductors for controlling electricity in vehicles and energy systems.
	– Optoelectronic devices like LEDs and photodetectors for lighting and fiber 
optics.

Semiconductors also come as discrete components (like transistors and diodes) 
or as ICs, which pack millions or billions of transistors onto a single chip. However, 
as designs become even more complex, the industry is shifting toward a new 
architectural model: chiplets. Instead of forcing all functions onto one giant piece 
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of silicon, this modular approach breaks a chip into smaller, specialized building 
blocks that are “stitched” together in a single package, allowing engineers to mix 
and match different materials and manufacturing nodes. This significantly boosts 
performance while reducing the cost and complexity of high-end processors.

Current State of the CET 
Topic: Semiconductors & 
Microelectronics

Semiconductors and microelectronics are the “backbone” of the digital economy; 
hundreds of billions of chips power consumer devices, industrial systems, and 
government infrastructure worldwide. Industry forecasts project the market will 
surpass $1 trillion by 2030 due to structural demand from artificial intelligence 
(AI) accelerators, high-bandwidth memory (HBM), and advanced interconnects. 
AI infrastructure buildouts are driving major changes in compute, memory, 
networking, and storage; this has led to a major “giga cycle” in chip demand. 
Beyond AI, applications including automotive, telecommunications, and industrial 
automation are using more chips than ever before, leading to greater overall 
demand and raising the strategic importance of a resilient, stable chip supply for 
both commercial and public sectors.1, 2, 3, 4, 5

The United States is still a leader in chip design and overall industry revenue 
despite a drop in its share of global chip manufacturing from 37% in 1990 to about 
10% in 2022. This drop has pushed the country to rebuild domestic production for 
advanced chips and packaging. The CHIPS and Science Act sets aside about $52.7 
billion for incentives, research, and workforce programs, including $39 billion for 
building new factories. These funds come through grants, loans, and tax credits 
to encourage private companies to invest. Since the law passed, companies have 
announced nearly $400 billion in U.S. semiconductor and electronics projects. 
Federal agreements already include more than $30 billion in direct funding and 
$25 billion in loans, with a goal of raising U.S. production of advanced chips to 
about 30% of global supply by 2032. These investments focus on expanding 
capacity for logic, memory, and advanced packaging; however, Asia still dominates 
chip manufacturing and equipment spending, which keeps global supply chains 
exposed to geopolitical and shipping risks.6, 7, 8, 9

AI chips and custom processors are growing fast as big tech companies and 
governments build larger systems and move AI closer to the edge. HBM is a major 
bottleneck; revenue is expected to jump from about $16 billion in 2024 to more 
than $100 billion by 2030 due to the need for faster data transfer in AI workloads. 
Meanwhile, advanced packaging (including chiplets and 3D integration) has shifted 
more value to assembly and testing. Companies are adopting optical and high-
speed interconnects to keep performance high and energy use low. This includes 
co-packaged optics and new network designs for moving data more efficiently in 
large AI systems.10, 11, 12, 13

Workforce and security rules are critical to U.S. leadership in semiconductors. 
Federal funding is tied to training programs to fill jobs in chip manufacturing, 
packaging, and equipment maintenance. Companies that receive funding must 
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follow national security rules, including a 10-year ban on expanding advanced chip 
production in certain foreign countries to protect U.S. interests and supply chain 
security. These public and private investments are expected to greatly increase U.S. 
chip and packaging capacity through the early 2030s. The global market is pushing 
toward $1 trillion by 2030 due to AI growth and increased use of chips in cars, 
telecom, and industry.14, 15, 16, 17

Standards Overview Establishing standards for semiconductors and microelectronics is critical 
because these technologies are used everywhere—from consumer electronics 
to defense systems. Standards help ensure chips are reliable, safe, and can work 
together across different devices and systems. Unlike emerging fields like quantum, 
semiconductor standards are mature in many areas, but new challenges are 
appearing as technology advances.18, 19

Different parts of the semiconductor industry need different standards. For 
example, chip design and testing follow Institute of Electrical and Electronics 
Engineers (IEEE) and Joint Electron Device Engineering Council (JEDEC) 
specifications, while manufacturing processes rely on SEMI and International 
Organization for Standardization (ISO) standards for wafer handling, materials, 
and quality control. Automotive chips must meet functional safety standards like 
ISO 26262; strict rules exist for electrostatic discharge (ESD) and electromagnetic 
compatibility (EMC) to prevent failures. Security standards are also growing in 
importance as chips become central to critical infrastructure.20, 21, 22

Some areas are well covered, but others—such as advanced packaging, chiplets, 
and heterogeneous integration—still lack complete standards. Industry groups and 
government agencies, including the National Institute of Standards and Technology 
(NIST) CHIPS R&D office, are working on new frameworks for supply chain trust, 
traceability, and data interoperability to improve security and transparency. Global 
cooperation is also a priority, with U.S. and EU initiatives focused on aligning 
standards internationally to avoid fragmentation and trade barriers.23, 24, 25, 26

Overall, semiconductor standards are more developed than those for quantum 
technologies, but rapid changes in AI hardware, packaging, and security mean new 
standards will be needed to keep pace with innovation.

STAKEHOLDERS
The stakeholders listed in the following table represent major players in the 
semiconductor and microelectronics ecosystem as well as “ASCET-aligned 
collaborators”—companies that actively engage with ASCET-aligned standards 
groups, workshops, and consortia to advance standards for CETs. These 
organizations influence global supply chains and technical progress across logic, 
memory, packaging, and advanced materials. Their collective impact is evident in 
industry trends: the semiconductor market is projected to reach $1 trillion by 2030, 
driven by surging demand for AI chips and advanced packaging technologies—a 
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trajectory that underscores the strategic importance of these stakeholders in 
shaping future standards and ensuring interoperability.27, 28

Disclaimer: The following table is based on public information 
only. Listed companies may have different roles within biotechnology or 
standardization than described. This table is not exhaustive and may not include 
some major contributors to semiconductor and microelectronic standardization. 

circle-arrow-right
Advanced Micro Devices (AMD) 29, 30, 

31`, 32, 33, 34, 35, 36, 37, 38, 39

Role in CET
In 2025, AMD unveiled a new series of semiconductors for AI-enabled business 
laptops and desktops. This series forms part of AMD’s strategy to expand their 
“AI PC” market share. In 2024, the company’s shares had already increased by 
14%, which demonstrates significant growth in their AI chip sales. AMD reported 
$34.6 billion in total revenue for 2025, a 34% increase from the previous year driven 
largely by chip sales for data center and gaming and client segments.

Role in Standardization of CET
AMD participates in key semiconductor standards bodies such as JEDEC and the 
Responsible Business Alliance (RBA), working with customers and suppliers to 
comply with industry standards including Restriction of Hazardous Substances 
(RoHS) and Registration, Evaluation, Authorization, and Restriction of Chemicals 
(REACH). AMD’s standards engagement supports quality, reliability, and 
sustainability in semiconductor manufacturing aligned with ASCET’s goals.

circle-arrow-right
Applied Materials 40, 41, 42, 43, 44, 45

Role in CET
Applied Materials is a global leader in semiconductor manufacturing equipment; 
they offer essential tools for chip fabrication such as thin film deposition, 
etching, ion implantation, and metrology. Their technologies enhance chip 
power efficiency, thermal management, throughput, and cost-effectiveness. 
Applied Materials has major U.S. facilities including Austin, Texas. They are also 
making strategic investments to expand domestic capacity and are aligned with 
national goals to strengthen semiconductor supply chains and reduce foreign 
dependence.

Role in Standardization of CET
Applied Materials plays an active role in semiconductor standards through 
participation in key consortia like SEMI and the Semiconductor Climate 
Consortium (SCC). They contribute to developing sustainability standards 
addressing greenhouse gas emissions, water use, and chemical management. 
The company also collaborates with NIST and SEMI’s Semiconductor 
Manufacturing Cybersecurity Consortium (SMCC) to advance cybersecurity 
standards for fabrication facilities and equipment. Their engagement extends 
to promoting manufacturing excellence via standards that enhance reliability, 
interoperability, and supply chain transparency, which aligns with ASCET’s mission 
of driving innovation and resilience in CETs.
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circle-arrow-right
Broadcom 46, 47, 48, 49

Role in CET
Broadcom is a leading global semiconductor company specializing in 
infrastructure and connectivity solutions, including chips for 5G, broadband, and 
data centers. In 2023, Broadcom recorded a revenue of $35.8 billion. In 2024, 
Apple announced a multi-year, multibillion-dollar agreement with Broadcom to 
develop Film Bulk Acoustic Resonator (FBAR) filters and other 5G radio frequency 
components. The deal will support more than 1,100 jobs. 50 

Role in Standardization of CET
Broadcom actively participates in semiconductor and communications standards 
development through organizations such as IEEE, PCI-SIG, and the Open 
Compute Project. The company contributes to advancing interoperability and 
performance standards critical to next-generation semiconductor technologies 
and connectivity solutions.

circle-arrow-right
Cadence Design Systems 51, 52, 53

Role in CET
Cadence Design Systems is an American multinational computational software 
and AI company that specializes in electronic design automation (EDA). The 
company provides software, hardware, and intellectual property (IP) required to 
design, test, and manufacture modern microchips, advanced packaging, and 
complete electronic systems. Cadence also offers molecular modeling and 
biosimulation software.

Role in Standardization of CET
Cadence plays a meaningful role as a technical contributor to electronics-specific 
standardization development. Cadence participates in standards committees with 
both Accellera and IEEE. 

circle-arrow-right
Intel 54, 55, 56

Role in CET 
Intel is currently the world’s largest manufacturer of central processing units and 
semiconductors. Intel operates 15 wafer labs across the world. The company 
expects to invest more than $100 billion over the next five years–—with Creating 
Helpful Incentives to Produce Semiconductors (CHIPS) support—–to expand the 
capacity and capabilities of its U.S. fabs. These investments are expected to create 
more than 9,000 new Intel jobs, 19,000 construction jobs, and 58,000 indirect jobs 
with suppliers and supporting industries.

Role in Standardization of CET
Intel plays a significant role in setting global semiconductor standards; they 
participate in 250+ standards and industry groups worldwide. These include 
foundational and emerging technology standards organizations such as IEEE, 
ISO/International Electrotechnical Commission (IEC), Internet Engineering 
Task Force (IETF), USB Implementers Forum (USB-IF), China Communications 
Standards Association (CCSA), European Telecommunications Standards Institute 
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(ETSI), European Committee for Standardization and the European Committee for 
Electrotechnical Standardization (CEN-CENELEC), IEC, and  
the International Telecommunication Union (ITU). Intel’s broad involvement 
supports interoperability and innovation across global supply chains and 
aligns with ASCET’s mission to advance standards for critical and emerging 
technologies.

circle-arrow-right
LAM Research 57, 58, 59, 60, 61, 62, 63

Role in CET
LAM Research is a leading global supplier of wafer fabrication equipment 
and services critical to semiconductor manufacturing. Their product portfolio 
includes advanced etching, deposition, and cleaning technologies that enable 
precise patterning and material processing at the nanoscale. LAM’s tools 
support the production of logic, memory, and advanced packaging chips. The 
company operates significant manufacturing and R&D facilities in the United 
States and globally; their goals align with national efforts to strengthen domestic 
semiconductor supply chains and innovation capacity.

Role in Standardization of CET
LAM Research actively participates in semiconductor standards development 
through engagement with key industry organizations such as SEMI and IEEE. 
They contribute to defining equipment interoperability standards, process control 
protocols, and metrology guidelines that enhance manufacturing consistency 
and quality. LAM is involved in sustainability initiatives within the semiconductor 
industry in support of standards for environmental management, energy efficiency, 
and chemical safety. Their collaboration with federal agencies and industry 
consortia helps advance cybersecurity standards tailored to semiconductor 
fabrication environments, which helps reinforce supply chain security and 
resilience. Through these efforts, LAM Research supports ASCET’s mission to 
promote robust, interoperable, and sustainable standards for CETs.

circle-arrow-right
Micron Technology 64, 65, 66, 67

Role in CET
Micron Technology specializes in memory and storage chips. In 2023, Micron 
recorded revenues of $15.54 billion in 2023, and Micron is one of three companies 
that collectively produce more than 90% of the world’s DRAM chips. The company 
has offices globally and they products are typically used in automobiles, consumer 
electronics, servers, and computers.

Role in Standardization of CET
Micron Technology actively participates in semiconductor and microelectronics 
standardization through their membership in JEDEC and SEMI, including 
standards for memory interfaces, packaging, and manufacturing processes. 
Micron’s involvement supports industry-wide alignment on quality and 
performance standards, particularly for DRAM and NOT AND (NAND) 
technologies.
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circle-arrow-right
NVIDIA 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78

Role in CET
NVIDIA is a leading semiconductor and computing technology company. 
NVIDIA designs and develops integrated circuits, primarily graphics processing 
units (GPUs) and specialized chips used in computing, data centers, AI, and 
autonomous systems. 

As a fabless company, NVIDIA manufactures most of their chips at Taiwan 
Semiconductor Manufacturing Company’s (TSMC) Taiwan-based factories. TSMC 
is one of the few companies currently building plants in the United States. In 2025, 
they announced plans to build a third fab at TSMC Arizona and are expected 
to create 6,000 jobs and play a critical role in the onshoring of semiconductor 
manufacturing. In 2025, NVIDIA set a record by being the first company to reach 
$5 trillion in market valuation, indicating dominance not only in technology and 
semiconductors, but the broader U.S. economy.

Role in Standardization of CET
Beyond hardware innovation, NVIDIA has emerged as a key player in AI ethics and 
policy development, promoting responsible AI through fairness, bias mitigation, 
and transparency. The company supports tools enabling model interpretability 
such as gradient visualizations and debugging capabilities. NVIDIA collaborates 
with public and private organizations, including the U.S. Department of Energy 
(DOE), on ethical AI applications in climate modeling and drug discovery. They also 
contribute to industry benchmarks defining performance and fairness standards 
that help evaluate AI model robustness.

NVIDIA actively collaborates with ASCET-aligned standards groups and leading 
industry SDOs—such as IEEE, ISO/IEC, and various AI and semiconductor 
consortia—in areas including AI interoperability, GPU-accelerated computing, 
digital twin frameworks, and chiplet design standards. Through participation in 
workshops and consortia focused on next-generation microelectronics and CETs, 
NVIDIA supports broader industry alignment consistent with ASCET’s objectives.

circle-arrow-right
Qualcomm 79, 80, 81, 82, 83, 84

Role in CET
Qualcomm is the world’s largest fabless semiconductor company by chip design 
volume. They produce Systems on a Chip (SoCs) SoCs for smartphones, Internet of 
Things (IoT), automotive, networking, and AI-edge applications. Qualcomm drives 
innovation in 5G/6G, Wi-Fi, and AI-native capabilities. They are a significant player 
in powering global connectivity and emerging technology use cases.

Role in Standardization of CET
Qualcomm actively contributes to global standards development in wireless 
communications and semiconductor technologies. They play a key role in the 
3rd Generation Partnership Project (3GPP) (covering 2G Code Division Multiple 
Access [CDMA] through 5G Advanced and early 6G pre-standardization), IEEE 
802.11, Mobile Industry Processor Interface (MIPI), Wi-Fi Alliance, Bluetooth 
Special Interest Group (SIG), Open Radio Access Network (O-RAN) Alliance, 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 11

CET: Semiconductors 
& Microelectronics

Moving Picture Experts Group (MPEG), and others. While Qualcomm no longer 
chairs 3GPP Technical Specification Group (TSG) RAN, they remain a primary 
leader in key working groups such as RAN1. Qualcomm collaborates with ASCET-
aligned standards groups and participates in workshops and consortia focused 
on next-generation microelectronics and CETs, supporting broader industry 
alignment consistent with ASCET’s objectives.

circle-arrow-right
Samsung Electronics 85, 86, 87, 88, 89

Role in CET
Samsung Electronics is a global semiconductor leader with broad capabilities in 
memory (DRAM, NAND), logic chips, foundry services, and advanced packaging. 
They operate some of the world’s most advanced fabrication facilities including a 
massive facility in South Korea (Pyeongtaek campus). Samsung drives innovation 
in next-generation process nodes (2nm and below), heterogeneous integration, 
and AI-optimized chips.

Role in Standardization of CET
Samsung actively participates in international and regional standards 
development organizations such as JEDEC, SEMI, IEEE, and ISO/IEC. They 
contribute to standards for memory interfaces, packaging, reliability testing, 
and advanced process technologies, and are actively involved in collaborative 
initiatives to develop standards for heterogeneous integration, chiplet 
interoperability, and energy-efficient semiconductor manufacturing. They also 
engage in sustainability efforts such as industry-wide frameworks for greenhouse 
gas emissions reduction and resource efficiency. Samsung’s participation in 
standards bodies and consortia supports ASCET’s mission through their focus on 
interoperability, quality, security, and sustainability in semiconductor technologies

circle-arrow-right
Synopsys 90

Role in CET
Synopsys is a leading provider of EDA solutions, Si IP, and system verification and 
validation. The company collaborates with semiconductor and systems companies 
to enhance their R&D capabilities. In 2025, Synopsys significantly expanded their 
capabilities in simulation and analysis through acquiring Ansys.

Role in Standardization of CET
Synopsys actively participates in IEEE standards committees.91 Synopsys 
employees have engaged in international standards development with SDOs 
including IEEE, ISO, IEC, and SAE.92
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circle-arrow-right
Texas Instruments (TI) 93, 94, 95, 96, 97

Role in CET
Texas Instruments is a global semiconductor company that designs, 
manufactures, tests, and sells embedded and analog processing chips. This 
company is developing four 300-milimeter semiconductor wafer fabrication plants 
in Sherman, Texas. The complex is expected to manufacture more than 100 million 
chips daily and support up to 3,000 direct jobs.

Role in Standardization of CET
TI has been involved in automotive ISO/TS 16949 certification since 2004, which 
covers the design and manufacture of ICs for automotive applications. The 
company actively participates in industry standards development committees and 
associations such as IEEE and the Automotive Electronics Council (AEC); they 
are actively advancing semiconductor quality, reliability, and interoperability. TI 
aligns with ASCET’s mission by contributing to standards that support critical and 
emerging technologies in semiconductors and microelectronics.

RELEVANT STANDARDS BODIES
This section identifies the primary SDOs involved in shaping the semiconductor 
standards environment. It highlights their roles, key initiatives, and contributions 
to semiconductor governance, ethics, performance, and interoperability. These 
organizations establish technical foundations for global supply chains by defining 
specifications for materials, devices, packaging, and testing. Their standards work 
focuses on reliability and interoperability, and they are actively addressing priorities 
in sustainability, cybersecurity, and advanced packaging for heterogeneous 
integration.

draw-circle
ASTM International

Role in Semi/Micro Standards
Global standards development for electronics and semiconductor materials: 

98 Develops consensus-based standards that define testing methods, material 
specifications, and quality benchmarks for semiconductor fabrication and 
microelectronics; supports interoperability, reliability, and safety across global 
supply chains

Sets device and packaging reliability standards: 99 Provides test methods for 
wire bond strength, thermal stability of wafers, and metallization integrity; supports 
qualification of advanced packaging technologies like flip-chip and through-silicon 
vias (TSVs)

Sets standards for semiconductor-grade materials and contamination 
control:100 Provides test methods for purity and contamination in gases, 
chemicals, and surfaces used in wafer fabrication; includes standards for oxygen, 
moisture, and hydrocarbon contribution from gas distribution components

Technical Committee (TC) F01 on Electronics:101 Oversees standards 
development for semiconductor devices, bonding wires, contamination control, 
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compound semiconductors, sputter metallization, and printed electronics; scope 
includes test methods, specifications, and guidance for materials and processes 
used in microelectronics manufacturing

Key Initiatives
Additive Manufacturing Center of Excellence (AM CoE):102, 103, 104 Partners with 
industry to create certification pathways for AM in semiconductor equipment 
supply chains

Advancing Standardization for Critical and Emerging Technologies (ASCET) 
CoE:105 Launched in partnership with NIST to accelerate U.S. leadership in 
international standards for CETs, including semiconductors and microelectronics; 
focuses on pre-standardization research, workforce development, and global 
engagement strategies

Enables supply chain traceability and security:106, 107 Introduced a conformity 
assessment framework to enable supply chain traceability and verification using 
emerging technologies including blockchain, AI, and geospatial data; designed to 
strengthen compliance and transparency for critical materials and semiconductor-
related supply chains

Environmental sustainability in semiconductor manufacturing:108, 109 Aligns 
standards with global sustainability goals; focuses on reducing environmental 
impact in electronics and semiconductor supply chains; has initiatives that 
address lifecycle assessment, water efficiency, energy efficiency, and circularity in 
materials management for advanced manufacturing sectors 

Metrology and measurement standards for semiconductor materials:110, 

111 ASTM Committee F01 develops standards for evaluating semiconductor 
substrates, thin films, and contamination control; includes guidance for testing 
resistivity and Hall coefficient in single-crystal semiconductors and contamination 
analysis for wafer fabrication environments

draw-circle
Automotive Electronics Council 
(AEC)

Role in Semi/Micro Standards
Defines global qualification requirements for automotive-grade 
semiconductors:112 Maintains the widely adopted AEC-Q series standards (e.g., 
Q100 for ICs, Q101 for discrete semiconductors, Q102 for optoelectronics, Q200 
for passive components); these standards ensure components can withstand 
extreme temperatures, mechanical stress, electrical loads, etc.

Focus on improving reliability and interoperability:113 AEC standards aim to 
eliminate misunderstandings between manufacturers and purchasers, improve 
product quality, and facilitate interoperability for automotive electronics on a global 
scale
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Industry-led standard body for automotive electronics reliability:114 AEC 
was established by Chrysler, Ford, and General Motors (GM) to create common 
qualification and quality-system standards for electronic components used in harsh 
automotive environments (high heat, vibration, long lifespan, etc.)

Key Initiatives
Copper wire interconnection qualification requirements (AEC-Q006):115, 116 
Specifies minimum reliability testing requirements for semiconductor devices that 
use copper wire bonding instead of traditional gold; ensures robust performance of 
copper-based interconnects under automotive stress conditions including thermal 
cycling and mechanical integrity; mandatory prerequisite for achieving compliance 
with ISO 26262 (i.e., international standard for functional safety of electrical and 
electronic systems in road vehicles)

Discrete semiconductor durability standards (AEC-Q101):117 Defines 
qualification requirements for automotive systems including diodes, transistors, 
and metal-oxide-semiconductor field-effect transistors (MOSFETS); focuses on 
performance under thermal cycling, electrical overstress, and humidity exposure to 
ensure operation in safety-critical environments

Integrated circuit reliability qualification (AEC-Q100):118 Establishes stress-test 
protocols for automotive grade ICs to test their reliability under extreme conditions 
(e.g., thermal, electrical, mechanical), electrostatic discharge (human body model 
/ charge device model [CDM]), latch-up, early life failure rate (ELFR), and high-
temperature operating life for mission-critical semiconductor devices

	– Advanced semiconductor reliability enhancements (AEC-Q100 Revision J):119 
Expands guidance for smaller process nodes (≤14nm), thermal/power cycling, 
and failure analysis to address challenges in EV power electronics and high-
performance computing (HPC) for autonomous vehicles

Multi-chip module reliability guidelines (AEC-Q104):120 Sets qualification criteria 
for complex semiconductor assemblies integrating multiple chiplets; addresses 
package integrity, interconnect reliability, thermal management, electrostatic 
discharge, solder joint durability, mechanical integrity, and other areas for next-
generation automotive electronics

Optoelectronic component qualification framework (AEC-Q102):121 Reliability 
standards for optoelectronic components/devices (e.g., LEDs) in automotive 
lighting/sensing applications; addresses vibration resistance, thermal shock, 
electrical performance, environmental exposure, and mechanical integrity for 
advanced driver-assist systems (ADAS)

Passive component stress-test protocols (AEC-Q200):122 Sets qualification 
methods for resistors, capacitors, inductors, and other related components to 
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withstand high vibration, extreme temperatures, and electrical load variations; 
ensures consistent performance in power electronics including infotainment 
systems

draw-circle
CEN-CENELEC

Role in Semi/Micro Standards
Coordination with international standards:123, 124, 125 CEN-CENELEC aligns 
European and global standards through cooperation with ISO and IEC; new 
standards projects are jointly planned between CEN-CENELEC, ISO, and IEC 
to avoid duplicate work and ensure European needs are met by international 
standards 

Pan-European consensus standards body:126, 127, 128 CEN and CENELEC are 
among three officially recognized European SDOs (alongside ETSI) under EU 
and European Free Trade Association (EFTA) mandates; they develop standards 
through an established consensus process among national standards bodies in 
34 countries 129, 130

Key Initiatives
Chip security & certification standards:131, 132, 133 CEN-CENELEC established 
a “semiconductor devices and trusted chips” technical committee (i.e., CLC/
TC 47X) in response to Europe’s 2022 Standardization Strategy, which highlighted 
the urgent need for “common standards for trusted and secure chips;” CLC/
TC 47X develops EU-wide standards for chip cybersecurity and reliability and is 
actively developing a semiconductor security standards roadmap for Europe’s 
semiconductor supply chain

European Chips Act standardization roadmap:134 Through its support of the 
EU Chips Act (2023), CEN-CENELEC and the European Commission initiated 
a push to identify standards gaps and coordinate the development of critical 
semiconductors standards; CEN-CENELC co-hosted a “Trusted Chips” workshop 
in 2022 to map out needs in chip security and supply chain trust, which led to the 
development of a joint semiconductor standardization roadmap for Europe

Transatlantic standards alignment efforts:135, 136 CEN participates in EU-U.S. 
cooperation on semiconductor standards; CEN works alongside other European 
stakeholders through venues like the EU-U.S. Trade & Technology Council (TTC) 
and coordinates with U.S. counterparts to avoid divergent standards and promote 
international, industry-led standards as the foundation for chip technologies
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draw-circle
Electrostatic Discharge Association 
(EOS/ESDA)

Role in Semi/Micro Standards
ANSI-accredited standards developer for electrostatic control:137, 138, 139 As 
of 2025, EOS/ESDA is the only ANSI-accredited organization that writes and 
publishes standards on electrostatics and electrostatic control; their work includes 
development of 70+ standards, test methods, and technical reports addressing 
electrostatic discharge (ESD) and electrical overstress (EOS) in electronics 
manufacturing environments, semiconductor fabs, assembly lines, testing 
environments, repair environments, and others; EOS/ESDA standards define 
best practices for ESD control programs, device qualification, and compliance 
verification to protect sensitive microelectronic components from damage during 
design, handling, and packaging

Provides global benchmark for integrating ESD control programs:140, 141 
Developed a joint standard with ANSI—ANSI/ESD/S20.20—which serves as 
the global benchmark for developing and implementing ESD control programs 
in semiconductor and electronics manufacturing; outlines administrative 
and technical requirements for grounding, protected areas, packaging, and 
compliance verification to minimize ESD-related failures in ICs, printed circuit 
boards (PCBs), and advanced packaging technologies

Key Initiatives
Compliance verification and auditing tools:142, 143 EOS/ESDA promotes 
American National Standards Institute (ANSI)/ESD S20.20 compliance through 
structured auditing programs and advanced tools like EOS/ESD Audit Kits, which 
allow for verification of surface resistance, grounding integrity and grounding 
system performance, ionization system performance, and detection of harmful 
ESD/EOS events

Facility and personal certification programs:144, 145 EOS/ESDA offers an 
ANSI-based facility certification (i.e., ANSI/ESD S20.20) including professional 
credentials146 for ensuring compliance and expertise in ESD control; the 
EOS/ESDA certification programs help semiconductor fabs and electronics 
manufacturers reduce ESD-related yield loss and improve reliability

Global standards collaboration and education:147, 148 EOS/ESDA partners with 
adjacent organizations (i.e., IEC TC101 and JEDEC) on harmonized standards; 
EOS/ESDA also holds an annual EOS/ESD Symposium and online training 
programs for semiconductor professionals that cover device-level ESD design, 
system-level protection, test methods, packaging principles, compliance auditing, 
and others

Technology roadmap for ESD control: 149, 150 EOS/ESDA publishes an 
annual technology roadmap that projects future ESD sensitivity thresholds for 
semiconductor devices and their impact on ESD control practices; long-term focus 
of the roadmap is through 2030; roadmap addresses trends in device testing, latch-
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up design, and advanced packaging challenges including for 2.5D/3D ICs and 
multi-chip modules

draw-circle
European Telecommunications 
Standards Institute (ETSI)

Role in Semi/Micro Standards
Global alignment of connectivity standards: 151, 152 ETSI participates in the 
3rd Generation Partnership Project (3GPP), which globally comprises SDOs 
responsible for developing cellular mobile system specs; ETSI contributes to 
internationally harmonized standards for mobile communications and contributes 
to globally applicable specs for machine-to-machine and IoT communications

Pan-European consensus standards:153, 154 ETSI is one of three predominant 
European Standards Organizations (with CEN and CENELEC); serves as 
Europe’s primary SDO for telecommunications, broadcasting, and other 
electronic communications networks and services; and operates an open, direct-
membership model with more than 900 organizations from more than 60 countries

Key Initiatives
Developed baseline cybersecurity requirements standard for consumer IoT 
devices:155, 156 ETSI published EN 303 645, which sets baseline cybersecurity 
requirements for consumer IoT devices; the standard promotes security-by-design 
and provides high-level provisions and implementation guidance relevant to 
connected products and the broader device ecosystems in which semiconductor 
components are embedded

Leader in mobile communications standardization:157, 158, 159 ETSI contributes 
to European and global mobile standards including Global System for Mobile 
Communications (GSM), 4G, and 5G systems; ETSI helps coordinate European 
stakeholder contributions to consensus-based specifications for mobile systems; 
ETSI maintains an active role with 3GPP in contributing to future 6G specifications

Open network architectures and edge computing:160, 161 ETSI has developed 
influential work on Network Functions Virtualization (NFV) and Multi-access Edge 
Computing (MEC), which define open, interoperable, cloud- and edge-oriented 
telecom architectures; ETSI’s work on NFV and MEC is relevant to semiconductor 
and microelectronics applications because it shapes technical requirements for 
communications and edge-computing environments in which advanced hardware 
is deployed
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draw-circle
Institute of Electrical and 
Electronics Engineers (IEEE) 
Standards Association (SA)

Role in Semi/Micro Standards
Global standards development for electronics, computing, and semiconductor 
technologies:162 One of the world’s largest technical professional organizations; 
leading developer of international standards for interoperability, safety, and 
performance across electronics and computing systems; developed standards 
for design verification, testing, and security requirements of ICs, microelectronics, 
advanced packaging, etc.; IEEE develops standards that support design 
automation, low-power ICs, advanced test architectures, supply chain security, 
digital manufacturing, etc.:

	– IEEE 1149.x:163 Boundary-scan and test access architectures
	– IEEE 1801:164 Low-power IC design and verification

Industry collaboration for semiconductor and microelectronics 
standardization:165 Actively participates in strategic initiatives like the CHIPS R&D 
Standards Program; collaborates with organizations like ANSI, IPC, and SEMI 
to accelerate standards development for advanced packaging, heterogeneous 
integration, and chiplet-based architectures; their efforts, specifically with 
CHIPS, aim to align standards with rapid innovation cycles in semiconductor 
manufacturing166

Key Initiatives
Boundary-scan and test access architecture standards (IEEE 1149.X 
series):167, 168 Establishes protocols for testing interconnections within ICs and 
complex systems; purpose is to enable efficient fault detection and improve 
reliability in advanced packaging and 3D ICs

Heterogeneous Integration Roadmap (HIR):169 HIR was sponsored by IEEE 
Electronics Packaging Society (EPS), SEMI, and other partners, to provide pre-
competitive pathways for integrating multiple semiconductor technologies (logic, 
memory, photonics, radio frequency [RF]) into advanced packages; addresses 
technical challenges in 2.5D/3D integration, chiplet architectures, thermal 
management, and system co-design

IEEE Circuits and Systems Society Standards Activities (CASS SASAD):170, 171 
The Standards Activities Subdivision (SASD) was established to develop standards 
for emerging semiconductor technologies, such as:

	– Design and Test for Emerging Circuits and Systems (ICSC)
	– Domain-Specific Accelerators (DSASC): Standards for design, evaluation, and 
testing of accelerators for AI, encryption, and multimedia processing

	– Flexible and Wearable Circuits and Systems (FWSC): Standards for design 
and testing of flexible electronics, e-textiles, wearable devices 

	– Hardware Security Standards Committee (HSSC): Standards addressing 
hardware-level security vulnerabilities and mitigation strategies for 
semiconductor devices
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IEEE Industry Connections Program:172 Program incubates new standards and 
collaborative projects for rapidly evolving technologies including semiconductor 
design, packaging, and security; the program provides a platform for industry, 
academia, and government to co-develop guidelines, white papers, technical 
reports, position papers, case studies, roadmaps, proposals for standards, and 
pre-standardization frameworks

IEEE International Roadmap for Devices and Systems (IRDS):173, 174 IRDS is a 
global strategic roadmap that guides the future of microelectronics, spanning 
devices, systems, and integration technologies; the roadmap provides long-term 
forecasts and identifies critical challenges for advanced semiconductor design, 
manufacturing, and packaging; IRDS has been adopted as a reference by major 
programs such as the European Chips Act, Japan’s semiconductor strategy, and 
U.S. CHIPS Act initiatives

Low-power IC design and verification (IEEE 1801):175 Defines methods for 
specifying and verifying power intent in IC designs in support of energy-efficient 
architectures for mobile and high-performance systems

Wearable consumer electronics architecture (IEEE 360):176, 177 Gives an 
overview and technical requirements for wearable devices; focuses on reliability, 
safety, and interoperability guidelines for health, fitness, and infotainment 
applications

draw-circle
International Electrotechnical 
Commission (IEC) 

Role in Semi/Micro Standards
Global standards development for electronic components:178 IEC develops 
international standards that define safety, reliability, and performance 
requirements for electronic/electrical technology; IEC standards cover discrete 
devices, ICs, Micro-Electro-Mechanical Systems (MEMS), fiber optics, and printed 
electronics; IEC standards provide test methods, qualification protocols, and 
performance benchmarks for enabling interoperability and enhancing product 
quality179

Technical leadership through committees on device-level and system-level 
standards:180, 181 IEC organizes its work through TCs on semiconductor devices 
(TC 47), fiber optics (TC 86), and printed electronics (TC 119); defines test 
methods, performance benchmarks, qualification protocols, etc., for components 
and assemblies; and specifications for electrical, mechanical, and environmental 
performance; IEC’s mission is focused on ensuring products meet international 
requirements for reliability and safety182

Key Initiatives
IEC TC 47 Semiconductor devices:183 Develops standards for semiconductor 
devices and ICs; subcommittees address ICs (SC 47A), packaging (SC 47D), 
discrete devices (SC 47E), and MEMS (SC 47F);
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Key standards include:
	– IEC 60749 series:184 Mechanical and climatic test methods
	– IEC 63287-1:185 Reliability qualification guidelines for ICs
	– IEC TC 86 Fiber Optics: Prepares standards for fiber optic systems, modules, 
devices, and components used in communications equipment; scope 
includes terminology, optical and mechanical requirements, calibration and 
measurement methods, environmental testing, etc.

	– IEC 61280 and IEC 61300:186, 187 Defines test procedures for optical 
performance and reliability

IEC TC 119 Printed Electronics:188 Prepares standards for printed electronics; 
covers terminology, materials (conductive inks, substrates, etc.), processes, 
equipment, and quality assessment

IEC 62899 series:189 Test methods for conductive ink, substrate properties; 
printability requirements for flexible and wearable electronics

draw-circle
International Organization for 
Standardization (ISO)

Role in Semi/Micro Standards
Contamination control and cleanroom standards: ISO provides critical 
manufacturing process standards for semiconductors; ISO 14664 serves as the 
global benchmark for cleanroom air cleanliness and is a key factor for yield and 
device reliability in wafer fabrication190

Functional safety in automotive semiconductors: ISO develops standards for 
safety-critical chip design such as ISO 26262, which provides guidelines to ensure 
advanced automotive chips (for ADAS, EV control, etc.) achieve near-zero failure 
rates over a vehicle’s lifespan191

Global consensus standards for microelectronics and semiconductors: ISO 
publishes internationally agreed standards that ensure reliability, quality, and 
interoperability in products and products worldwide; ISO’s global frameworks 
provide common technical foundations that enable cross-border collaboration and 
supply chain cohesion in the semiconductor industry 192

Quality management and supply chain reliability: Major semiconductor 
manufacturers adopt ISO’s standards to drive consistent product quality and 
traceability; ISO 9001 is a foundational certification held by fabricators worldwide 
since the 1990s; International Automotive Task Force (IATF) 16949:2016 is an 
automotive-specific quality framework based on ISO 9001 that chipmakers use for 
meeting safety and reliability requirements for vehicle-grade semiconductors193, 194,
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Key Initiatives
Collaboration on emerging technology standards: Through ISO/IEC JTC 1, 
ISO co-develops cutting-edge IT standards for semiconductors; JTC 1’s 
subcommittees (e.g., on AI and IoT) produce globally unified specifications that 
incorporate software and hardware considerations 195

	– Supply chain security and resilience: ISO introduced standards ,200 to improve 
supply chain security 196, 197

	– ISO 28000:2022 for supply chain security management systems: ISO 
28000:2022 is a globally recognized framework that helps with vulnerability 
identification for protecting the flow of semiconductor materials and products 
against threats like counterfeit components, logistic disruptions, and physical 
tampering

	– ISO/IEC 27001 for information security management: ISO/IEC 27001 helps 
safeguard sensitive design data and intellectual property to ensure trustworthy 
operations across global R&D and manufacturing networks

Sustainability and environmental standards: ISO drives sustainable practices 
in semiconductor manufacturing through globally adopted frameworks like ISO 
14001 and ISO 50001198, 199, 200

	– ISO 14001 for environmental management systems: ISO 14001 is used 
worldwide by chip fabricators, including all TI and NXP manufacturing sites, for 
reducing environmental impact, managing emissions, and ensuring regulatory 
compliance

	– ISO 50001 for energy management: ISO 50001 is used for energy use 
optimization, resource efficiency, and emissions reduction

draw-circle
IPC International, Inc.

Role in Semi/Micro Standards
Accredited ANSI standards developer with global reach: 201, 202, 203 Accredited by 
ANSI; recognized internationally; publishes widely used documents that serve as 
benchmarks for workmanship and reliability in electronic assemblies

	– IPC-A-610:204 Standards for acceptability of electronic assemblies
	– IPC-J-STD-001:205, 206, 207 Requirements for soldered electrical and electronic 
assemblies

Expanding scope to advanced packaging and semiconductor ecosystem:208, 

209 IPC broadened their standards development beyond PCBs to include IC 
substrates, system-in-package technologies, and sustainability initiatives; they 
collaborate with industry and government on advanced packaging strategies210 to 
strengthen semiconductor supply chains and support emerging technologies 
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Global standards developer for electronics manufacturing and assembly:211, 

212, 213 Leading standard organization focused on PCBs, electronic assemblies, 
electronics repair, digital data exchange, packaging technologies, etc.; their 
standards define best practices for design, fabrication, assembly, and inspection 
of electronic products; IPC standards center around quality, reliability, and 
consistency, and are widely adopted across aerospace, automotive, medical 
devices, and advanced microelectronics sectors

Key Initiatives
Acceptability and workmanship standards for electronic assemblies 
(IPC-A-610):214, 215 Represents the most widely used standard for defining visual 
acceptance criteria for soldered electronic assemblies; classifies products into 
three categories based on reliability requirements: consumer, industrial, and high-
reliability applications); provides guidance for solder joints, component placement, 
coatings and protection, identification and repair, cleanliness, and others

Advanced packaging and microelectronics roadmap participation (MAPT 
Roadmap):216, 217 Collaborated with Semiconductor Research Corporation 
(SRC) and other stakeholders on the Microelectronics and Advanced Packaging 
Technologies (MAPT) Roadmap, which addresses next-gen packaging, 
heterogeneous integration, and supply chain strategies to support CHIPS Act 
objectives and U.S. semiconductor leadership

Cybersecurity and digital manufacturing standards (IPC-1792 and IPC-
2591 CFX):218, 219, 220 IPC-1792 provides guidelines for cybersecurity risk 
mitigation in electronics manufacturing; IPC-2591 enables machine-to-machine 
communication for smart factories that support Industry 4.0 adoption 

Requirements for soldered electrical and electronic assemblies (IPC-J-
STD-001):221 Establishes materials, methods, and validation criteria for producing 
high-quality soldered interconnections; used for ensuring reliability in harsh 
environments such as aerospace and defense

draw-circle
JEDEC Solid State Technology 
Association

Role in Semi/Micro Standards
Global standard development for microelectronics:222, 223 Serves as a leading 
international standards organization; creates open, consensus-based standards 
for semiconductors, memory devices, microelectronics packaging, power 
management, thermal management, solid-state storage, interfaces, chiplets, and 
several other topic areas; JEDEC standards focus on interoperability, reliability, 
and performance consistency across the global electronics supply chain; JEDEC 
standards are made freely available and are widely adopted by manufacturers

Key Initiatives
Chiplet interoperability and digital model framework (JEP30 + OCP CDXML): 
224, 225, 226 Standardizes digital descriptions for chiplets to enable automated 
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System in Package (SiP) design and cross-vendor compatibility; supports modular 
semiconductor integration and accelerates heterogeneous packaging innovation

Enhanced NAND flash interface protocol (JESD230G):227, 228, 229, 230 Defines 
signaling and command/address protocols for NAND-based storage devices; 
supports high data transfer rates of up to 4.8 GT/s; introduces the “Separate 
Command/Address (SCA)” protocol to improve throughput and reduce latency in 
solid-state storage systems

High-bandwidth 3D memory architecture (HBM4, JESD270-4):231, 232, 233 
Establishes specs for stacked memory modules that deliver ultra-high throughput 
for GPUs, AI accelerators, and HPC systems; HBM4 doubles bandwidth 
compared to HBM3 and adds more channels and improves power efficiency for 
performance-critical environments

Next-generation DRAM interface standards (DDR5 and LPDDR6):234, 235, 236 
Defines electrical and protocol-level requirements for high-speed DRAM used 
in PCs, servers, and mobile devices; DDR5 improves bandwidth and efficiency 
for data-intensive workloads; LPDDR6 achieves high data transfer rates through 
advanced power-saving features

Thermal characterization and reliability qualification standards (JESD51 
and JESD22 series):237, 238 Provides methods for measuring thermal resistance 
and managing heat dissipation in IC packages; includes stress-test protocols for 
reliability under temperature cycling, humidity bias, mechanical shock, etc. 

draw-circle
SAE International

Role in Semi/Micro Standards
Automotive and mobility standards development with semiconductor 
relevance:239, 240 Develops standards for automotive and mobility applications 
through technical committees focused on vehicle electrical and electronic 
systems; cybersecurity, and functional safety; SAE International’s work is 
relevant to automotive electronics supply chains and systems that incorporate 
semiconductor components; SAE’s standards are primarily framed at the vehicle 
system level rather than as semiconductor-specific standards

Key Initiatives
Automotive functional safety guidance aligned with key ISO standard (ISO 
26262):241, 242 SAE’s Functional Safety Committee publishes work such as 
J2980_202310, which presents a method for Automotive Safety Integrity Level 
(ASIL) determination for automotive motion-control electrical and electronic 
systems and is intended to be consistent with ISO 26262 (i.e., the international 
standard for functional safety of road-vehicle electrical and electronic systems); 
SAE’s role is grounded in automotive functional-safety engineering and does not 
explicitly provide semiconductor-specific guidance
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Cybersecurity guidance for cyber-physical vehicle systems:243 SAE 
International published J3061, which provides lifecycle cybersecurity guidance 
for cyber-physical vehicle systems including computer software and hardware 
components; the guidebook establishes foundational cybersecurity principles for 
the automotive vehicle industry

Joint automotive cybersecurity standard development:244 SAE co-developed 
ISO/SAE 21434:2021, which defines cybersecurity engineering requirements 
for road-vehicle electrical and electronic systems, including components and 
interfaces; ISO/SAE 21434:2021 is relevant to automotive systems and supply 
chains that include semiconductor components

Semiconductor device robustness validation for automotive applications:245,  

246 SAE maintains J1879_201402 (Handbook for Robustness Validation of 
Semiconductor Devices in Automotive Applications), which explicitly states 
that semiconductor device qualification is the main scope of the document and 
focuses primarily on integrated circuit subjects for automotive electronics￼￼￼

draw-circle
Semiconductor Equipment and 
Materials International (SEMI)

Role in Semi/Micro Standards
Policy Advocacy: SEMI has government relations programs in the United States, 
Europe, and Asia dedicated to raising awareness around the semiconductor 
equipment and materials industry

Standards Development: SEMI is the leading microelectronics industry 
association and provides the foundation for electronics manufacturing 
innovation. SEMI Standards cover 3D-IC, equipment automation (hardware and 
software), flat-panel displays, facilities, gases, high brightness LED, MEMS / 
Nanoelectromechanical Systems (NEMS), materials, microlithography, packaging, 
photovoltaic, process chemicals, silicon material and process control, and 
traceability. Guidelines are also developed to cover safety-related issues.247 The 
SEMI International Standards Program is a key service offered by SEMI for the 
benefit of the worldwide electronics design and manufacturing industries 

Key Initiatives 
CHIPS Act Workforce Development: SEMI plays a critical role in supporting 
the implementation of the CHIPS act. The SEMI foundation offers guidance to 
companies submitting applications for CHIPS funding. SEMI is recognized as a 
strategic partner by the NIST in the CHIPS Workforce Development Guide248 

Global SEMI Standards Summit: SEMI held its first-ever Global Standards 
Summit, SEMICON, in Japan in 2024. The event covered several critical topics 
such as advanced packaging architectures and materials, cybersecurity, and 
supply chain 249 
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National Network of Microelectronics Education (NNME): A national program 
that aims to build centers around the United States for microelectronics education 
and training250

Semiconductor Climate Consortium (SCC): Established under SEMI, SCC 
focuses on decarbonization and transparency in semiconductor manufacturing251

circle-check
Automotive semiconductor reliability 
and safety

	– AEC Q100
	– ISO 26262-11252, 253

Description
Encompasses standards ensuring that automotive semiconductor components 
meet stringent reliability and safety requirements. ISO 26262-11 offers guidelines 
to integrate semiconductor devices into the automotive functional safety lifecycle 
(defining chip-level ASIL development and verification practices); AEC-Q100 
mandates rigorous stress-test qualification of automotive-grade integrated circuits 
to ensure robust performance and reliability under harsh conditions

circle-check
Chemical purity and equipment 
safety

	– SEMI C1, C10, S2 254, 255, 256, 257, 258, 

259, 260

Description
SEMI C-series standards specify purity levels and testing methods for chemicals 
used in semiconductor manufacturing; SEMI S2 provides safety guidelines for 
manufacturing equipment to protect workers and maintain cleanroom integrity

circle-check
Computer numerical control 
(CNC) process data for additive 
manufacturing (AM)

	– ISO 14649-17 (STEP-NC)261, 262, 263, 264

Description
Defines a standardized data model for CNC machines to communicate process 
plans for AM, enabling consistent and interoperable production workflows across 
different equipment

EXISTING STANDARDS
The table below provides a curated selection of existing standards in 
semiconductors and microelectronics, grouped into broad categories. This list 
is not exhaustive; instead, it highlights representative standards and areas of 
relevance to this scan’s focus. Inclusion is guided by criteria such as relevance 
to critical technology segments, prominence industry practice, and impact on 
U.S. semiconductor leadership. The intent is to orient readers to key parts of the 
standards landscape (e.g., manufacturing processes, device reliability, application-
specific requirements) without cataloging every standard in the field.
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circle-check
Memory module specifications

	– JEDEC JESD79 (DDR), JESD271 
(HBM4) 265, 266, 267, 268, 269, 270

Description
Sets the standards for dynamic random-access memory (DRAM) modules like 
DDR and high-bandwidth memory (HBM4); covers electrical, mechanical, and 
thermal requirements to ensure interoperability and reliable performance across 
manufacturers

circle-check
Printed circuit board (PCB) and 
assembly quality

	– IPC A-610, A-600, J-STD-001, 
IPC‑7711/21271, 272, 273, 274, 275, 276, 277, 278, 

279, 280, 281

Description
Provides guidelines for acceptable quality levels in PCB fabrication and assembly, 
including soldering processes, inspection criteria, rework procedures, and cable/
harness assembly standards to ensure product reliability and manufacturability

circle-check
Semiconductor device design 
and testing

	– IEC 60747 series282, 283, 284

Description
Covers standards for discrete semiconductor devices and ICs, including 
specifications for device performance, reliability, testing methods, and packaging 
to ensure consistent quality and functionality

circle-check
Silicon (Si) wafer dimensions and 
quality

	– SEMI M1285, 286, 287, 288

Description
SEMI M1 defines the critical physical dimensions and quality characteristics for 
polished single-crystal Si wafers used in semiconductor manufacturing, including 
diameter, thickness, flatness, and edge features to ensure compatibility with 
processing equipment

RELEVANT ROADMAPS AND STRATEGY D O CUMENTS
This subsection provides an overview of influential roadmaps, strategic plans, and 
policy frameworks shaping standards for semiconductors and microelectronics. 
These documents outline long-term technology trajectories, identify critical gaps, 
and set priorities for coordinated action across industry, government, and research 
communities. Collectively, they address areas such as advanced packaging, 
heterogeneous integration, sustainability, security, and workforce development; 
they offer insights into how global strategies are driving standards alignment for 
next-generation semiconductor ecosystems.
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location-dot
EOS/ESDA Electrostatic Discharge 
Technology Roadmap 289

EOS/ESD Association, 2025

Focus
The roadmap outlines how ongoing advances in semiconductors and 
microelectronics (e.g., smaller geometries, faster input/output [I/O] speeds, new 
packaging architectures) are making devices more vulnerable to static-related 
damage. The roadmap notes that as vulnerabilities increase, there will be a 
need for updated ESD standards including modernized test methods, revised 
qualification expectations, stronger manufacturing control requirements, clearer 
guidance for complex package types, and improved approaches to evaluating 
system-level behavior. Existing standards must evolve to reflect new packaging 
architectures, faster interfaces, and increasingly delicate materials so that reliability 
can be maintained throughout design, qualification, production, and integration.

Goals
	– Ensure system-level ESD practices evolve beyond legacy assumptions tied to 
component-level ratings

	– Prepare standards bodies for new device categories (advanced packaging, 
photonics, next-generation power devices) that behave differently under ESD 
stress

	– Provide a unified view of expected declines in device ESD tolerance to help 
guide updates to industry standards

	– Strengthen standards for device-level testing, qualification, and process controls 
as technologies scale

Challenges/Barriers:
	– Advanced packaging (e.g., chiplets, 2.5D/3D structures) introduces internal 
connections that current standards do not fully address

	– High-performance devices face tradeoffs between meeting ESD expectations 
and maintaining electrical performance

	– Manufacturing processes require tighter controls as device sensitivity continues 
to decline

	– Smaller geometries and high-speed interfaces leave less room for protection, 
reducing allowable ESD levels

	– System-level ESD failures often differ from device-level behavior, exposing gaps 
in today’s standards

Opportunities/Recommendations: 
	– Develop new standards focused on technologies such as GaN, photonics, and 
highly scaled complementary metal–oxide–semiconductor (CMOS)

	– Expand system-level standards to better capture real-world interactions across 
products, connectors, and assemblies

	– Integrate simulation, modeling, and data-driven tools into ESD design and 
verification best practices

	– Modernize component-level ESD test standards to reflect lower thresholds and 
new packaging designs

	– Strengthen manufacturing standards by clarifying expectations for monitoring, 
grounding, and process capability
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location-dot
Federal Semiconductors & 
Microelectronics Standards Working 
Group (SMSWG) Annual Report/
Priorities 290

NIST, 2024

Focus
The report focuses on coordinating federal agency efforts in semiconductor 
and microelectronics standards development. It calls for voluntary consensus 
standards led by the private sector with federal support and aligns with the U.S. 
Government National Standards Strategy for Critical and Emerging Technology 
(NSSCET). The document addresses the entire semiconductor lifecycle, including 
design, manufacturing, packaging, testing, and supply chain security.

Key Strategy Areas
	– Chiplets: Promoting modular semiconductor designs through chiplets with 
advanced packaging, interoperability, and interconnect standards to improve 
scalability and cost efficiency

	– Digital Twin: Leveraging virtual replicas of manufacturing processes and supply 
chains to optimize production, quality control, and predictive maintenance

	– Metrology and Measurement Science: Developing precise measurement 
techniques and standards critical for advanced packaging, manufacturing 
process control, and material integrity

	– Supply Chain and Security: Ensuring integrity, authenticity, and availability of 
semiconductor components across global supply chains, addressing counterfeit 
detection, secure processors, and holistic security frameworks

Challenges
	– Fragmented standards landscape with no unified body overseeing secure 
processors

	– Insufficient integration of cyber assurance and anti-tamper measures
	– Lack of standardized test articles and verification methods for counterfeit 
detection

	– Limited standards for digital twin interoperability and lifecycle management
	– Need for advanced thermal management and power delivery standards in 
chiplet packaging

Recommendations
Advance metrology standards for thermal management and defect inspection

	– Develop open standards for chiplet packaging and interconnects (e.g., Universal 
Chiplet Interconnect Express [UCIe])

	– Establish unified frameworks for secure processors and supply chain 
transparency

	– Promote comprehensive digital twin standards to enhance manufacturing 
efficiency

	– Support emerging technologies like AI accelerator chips and photonics 
integration 
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location-dot
iNEMI Board Assembly Technology 
Roadmap 291

International Electronics 
Manufacturing Initiative (iNEMI), 2025

Focus
iNEMI’s roadmap examines how increasing miniaturization, densification, and 
the mix of very small and very large components on printed circuit boards are 
reshaping board assembly practices. It addresses the need for updated processes, 
materials, and manufacturing controls to maintain reliability as spacing shrinks, 
thermal demands increase, materials face new regulatory pressures, and system-
level design choices directly impact manufacturability and rework. The roadmap 
also calls for expanding sustainability considerations, greater automation, and the 
need for stronger design-for-assembly and design-for-rework guidance across the 
electronics manufacturing ecosystem.

Goals 
	– Advance automation and process control to improve consistency, reduce 
manual intervention, and meet throughput demands

	– Encourage design practices that anticipate manufacturability, test access, 
rework feasibility, and thermal behavior

	– Improve process capability across printing, reflow, placement, soldering, and 
rework to support increasingly dense, mixed-component boards

	– Strengthen industry alignment on assembly materials requirements, including 
low-voiding, low-temperature, and high-reliability formulations under evolving 
regulatory constraints

	– Challenges/Barriers: 
	– Cleaning, no-clean residues, and conformal-coating interactions raise reliability 
concerns as materials interact with shrinking geometries

	– Larger components introduce warpage, thermal mass, and co-planarity issues 
that complicate mixed-technology assemblies

	– Limited test-point access on dense boards challenges functional and in-circuit 
testing strategies

	– Miniaturization and tighter spacing constrain material performance, printing 
precision, and rework feasibility

	– Press-fit and socket technologies face increased signal-integrity, current-
carrying, and mechanical-loading requirements as system bandwidth and CPU 
demands rise

	– Rework can unintentionally impact nearby components due to local heating, 
insufficient data from component suppliers, or inadequate design-for-rework 
considerations

Opportunities/Recommendations 
	– Advance printing technologies (e.g., high-accuracy stencils, laser-cut 
improvements, automated inspection) to support small apertures and mixed 
assemblies

	– Develop improved assembly materials (e.g., finer solder paste types, low-voiding 
thermal interface materials [TIMs], more robust fluxes) matched to miniaturized 
and high-density layouts

	– Enhance automation across placement, soldering, inspection, and rework 
processes to improve yield and reduce operator-dependent variability
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	– Evolve press-fit and CPU socket designs using improved materials, optimized 
geometries, and better warpage control to meet next-generation system 
demands

	– Integrate manufacturability, rework, and test needs earlier in board and 
component design to reduce downstream failures

	– Modernize reflow oven design for energy efficiency, reduced nitrogen use, 
better flux extraction, and tighter thermal control across mixed-component 
assemblies

location-dot
International Roadmap for Devices 
and Systems (IRDS), 2024 Edition

IEEE, 2024

Focus
IRDS provides a cross-industry, future-looking roadmap that identifies the 
technical, environmental, and manufacturing challenges that require new or 
updated semiconductor standards to enable next-generation semiconductor 
technologies and ensure that fabs remain reliable, scalable, compliant, and 
environmentally sustainable.

Key roadmap documents analyzed include
	– Environmental Sustainability of Semiconductor Facilities (ESSF)292

	– Lithography & Patterning 293

	– Outside System Connectivity (OSC) 294

Challenges/Barriers –  ESSF
	– Brine management remains energy-intensive, costly, and technologically 
immature

	– Cooling tower evaporation remains the single largest water loss in fabs
	– Facility metering and monitoring systems are fragmented and poorly integrated 
for decision-making

	– PFAS detection and removal methods are insufficient for extremely low 
concentration requirements

	– Tool water consumption includes significant non-beneficial use, such as idle 
rinses and constant flows

	– Water recycling back to ultrapure water (UPW) quality is limited by contaminants, 
dissolved solids, and mixed drain streams

Opportunities/Recommendations –  ESSF
	– Circular chemical recovery approaches for acids, solvents, and fluorinated 
byproducts

	– Digital twins for real-time water and energy optimization using IRDS water and 
energy models

	– Heat recovery and electrification of facility systems to lower energy and 
emissions

	– Modernized drain segregation designs enabling higher water recycling and 
reduced cross-contamination

	– Updates to SEMI S23, F98, F61, and F63 to incorporate new key performance 
indicators (KPIs) for water, energy, and chemical use
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Challenges/Barriers –  OSC
	– Data center networks increasingly limited by electrical interconnect reach and 
rising power consumption

	– Fragmented IoT / Internet of Everything (IoE) connectivity protocols with 
inconsistent security models

	– High cost, packaging complexity, and thermal constraints hinder widespread 
optical interconnect deployment

	– Lack of unified interoperability standards for chiplet-level optical and electrical 
I/O

	– RF front-end inefficiency at high frequencies due to high Analog-to-Digital 
Converter (ADC) / Digital-to-Analog Converter (DAC) power and low power-
added efficiency (PAE)

Opportunities –  OSC
	– Advanced packaging approaches to integrate RF components, antennas, and 
photonics

	– AI / machine learning (ML)-based optimization of spectrum, routing, and power 
management across network layers

	– All-optical switching and routing to reduce latency and energy associated with 
optical-electrical conversions

	– Emerging quantum photonic and cryogenic interconnect technologies for future 
systems

	– Si photonics for high-bandwidth, low-latency chiplet and data-center 
interconnects

Challenges/Barriers – Lithography & Patterning:
	– Backside patterning requires new alignment, etch, and cleaning capabilities not 
yet fully established

	– High Numerical Aperture (NA) extreme ultraviolet (EUV) exposure field halving 
requires stitching or tiling solutions that are not yet mature

	– Line-edge roughness becomes more severe with thinning resists and smaller 
features

	– Mask manufacturing, inspection, and repair struggle with curvilinear designs 
and new absorber materials

	– Resist materials face challenges including the need for per- and polyfluoroalkyl 
substance (PFAS)-free alternatives and tradeoffs with metal-oxide resists

	– Stochastic defectivity limits EUV and High-NA scaling due to photon shot noise 
and resist chemistry randomness

Opportunities – Lithography & Patterning:
	– AI/ML-driven prediction and mitigation of stochastic defects and overlay errors
	– Backside metal patterning to improve power delivery and support next-
generation logic scaling

	– Directed self-assembly for pattern rectification and reduced stochastic 
defectivity
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	– High-NA EUV enabling finer resolution and extending optical lithography scaling
	– Hybrid X-ray and e-beam metrology for buried feature and 3D structure 
characterization

	– Nanoimprint lithography for periodic memory layers and specialized patterning 
steps

	– Sustainability improvements including hydrogen recycling and reduced multi-
patterning steps through EUV

location-dot
SEMI Advanced Packaging & 
Heterogeneous Integration Roadmap 
(HIR) 295

IEEE, 2024

Focus
This roadmap serves as a practical guide for the global electronics industry. It 
outlines the expected technology needs and areas where innovation is likely to 
advance over the next 15 years. The roadmap was developed collaboratively 
by IEEE (EPS, EDS, Photonics), SEMI, and American Society of Mechanical 
Engineers (ASME); it establishes a long-term, pre-competitive vision for progress 
in heterogeneous integration and advanced packaging.

The 2024 edition is available only as individual chapters rather than a single 
consolidated document: 

HIR Chapter 17 Test Technology: Electrical & functional testing — Highlights 
the growing need for consistent testing methods and measurement standards so 
that increasingly complex chips can be validated reliably across companies and 
manufacturing lines

HIR Chapter 21 SiP and Module: Package-level design rules & qualification — 
Emphasizes the need for shared design rules, data formats, and manufacturing 
practices that allow different companies’ components to be combined into 
compact modules without compatibility or reliability issues

HIR Chapter 22 Interconnects (2D/3D): Chiplet & die-to-die interfaces, 
interconnect standards — Calls for a common, industry-wide vocabulary and 
a set of agreed-upon metrics for describing how chips connect to one another 
to enable consistent comparison and interoperability across future packaging 
approaches

HIR Chapter 23 Wafer-Level Packaging (WLP): WLP process standards 
— Identifies the need for standardized processes, materials definitions, and 
manufacturing expectations so that wafer-based packaging methods can be 
reliably adopted across suppliers and scaled up 

HIR Chapter 24 Reliability: Reliability qualification standards — Highlights the 
importance of unified reliability guidelines (i.e., for covering materials, testing, data 
use, and system monitoring) so that all parts of increasingly complex electronic 
systems can be evaluated and supported consistently throughout their lifespan 
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Key Gaps (“C#” indicates roadmap chapter)
	– Board-level attach lacks shared requirements: No unified mechanical/
electrical standards for very high pin counts [C22]

	– Inconsistent testing across device types: RF, photonics, high-speed, and 
multi-chip devices need unified test methods [C17]

	– No common language for 2D/3D connections: Industry lacks shared terms 
and metrics to describe chip-to-chip interconnects [C22]

	– No common SiP co-design data formats: Multi-chip modules lack 
standardized design kits and data exchanges. [C21]

	– No shared criteria for ultra-fine pitch bonding: There are no agreed limits for 
alignment, defects, or acceptance at very small pitches [C22][C23]

	– No standard panel sizes or processes: Panel-level packaging uses 
inconsistent dimensions and handling rules that block scaling [C23]

	– No standards for passives embedded in packages: Electrical quality and 
reliability expectations are undefined [C23][C21]

	– Outdated “one-size-fits-all” reliability qualification: Current test suites don’t 
reflect heterogeneous integration realities [C24]

	– Prognostics and health management (PHM) (health monitoring) is not 
standardized: Sensors, telemetry, and aging models vary widely by vendor [C24]
[C17]

	– Thermal modeling/measurement lacks alignment: No shared guidance for 
stacked devices or self-heating effects [C24][C21][C23]

Key Opportunities/Recommendations (“C#” indicates roadmap chapter)
	– Adopt reliability qualification based on physics and data: Tailor stress  
methods using shared responsible practices / AI guidelines instead of fixed  
test suites [C24]

	– Align thermal measurement and model validation practices: Provide shared 
rules for evaluating heat behavior in stacked devices [C24][C21][C23]

	– Create a shared vocabulary for 2D/3D packaging: Define simple, consistent 
terms and metrics for interconnect choices [C22]

	– Define board-level attach requirements for high pin counts: Standardize 
mechanical/electrical expectations for dense interfaces [C22]

	– Develop shared SiP design kits and data formats: Standardize the information 
needed to co-design multi-chip modules [C21][C24]

	– Issue guidelines for passives embedded in packages: Specify electrical and 
reliability criteria for in-package passives [C23][C21]

	– Publish unified test methods across device classes: Provide common 
approaches for RF, photonics, high-speed, memory, and multi-chip testing [C17]

	– Set acceptance criteria for ultra-fine pitch bonding: Establish clear limits for 
alignment, defects, and performance at tiny pitches [C22][C23]

	– Standardize panel-level packaging: Agree on panel sizes, handling rules, and 
process expectations to enable scaling [C23]

	– Standardize PHM building blocks: Define sensors, telemetry, and aging 
models for consistent health monitoring [C24][C17] 
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location-dot
SRC MAPT Microelectronics & 
Advanced Packaging Technologies 
Roadmap 296

Semiconductor Research Corporation 
(SRC), 2023

Focus
The MAPT roadmap provides a comprehensive, industry-wide plan for advancing 
U.S. leadership in microelectronics by integrating progress across devices, 
architectures, packaging, materials, sustainability, security, and workforce 
development. It extends the SRC / Semiconductor Industry Association 
(SIA) “2030 Decadal Plan” by translating the five major seismic shifts in 
semiconductors—smart sensing, memory/storage growth, communication 
bottlenecks, security challenges, and compute-energy limits—into detailed 
research priorities and technology strategies. The document recognizes that 
classical transistor scaling is no longer sufficient and future progress will rely on 
advanced packaging, heterogeneous integration, new compute paradigms, and a 
holistic, sustainability-driven ecosystem.

Goals
	– Create a unified roadmap for heterogeneous integration (HI), 3D packaging, 
chiplet-based architectures, and system-technology co-optimization

	– Achieve 1000× to 1,000,000× improvements in computing energy efficiency over 
~20 years, aligning with DOE’s EES2 effort

	– Build a resilient, secure, and sustainable U.S. microelectronics ecosystem—from 
materials to manufacturing to end-of-life

	– Strengthen national competitiveness by building a skilled, diverse workforce, 
aligned with industry-validated knowledge/skill frameworks

	– Expand advanced packaging capacity to keep system-level innovation 
domestically owned and secure

Challenges/Barriers:
	– Data movement bottlenecks: Memory bandwidth, interconnect energy, and 
latency now dominate system performance limits

	– Materials and manufacturing constraints: Need for new substrates, 
interconnects, TIMs, dielectrics, bonding processes, and reliable 2.5D/3D 
integration flows

	– Security vulnerabilities: New attack surfaces created by chiplets, multi‑die 
integration, MEMS/analog components, supply‑chain complexity, and in‑field 
lifecycle exposures

	– Standards gaps: Lack of common frameworks for chiplet interfaces, 
environmental metrics, 3D metrology, security, and quality across the supply 
chain

	– Sustainability pressures: Rising greenhouse gas (GHG) emissions, water use, 
PFAS reliance, complex chemistries, and high resource intensity of advanced 
nodes 

	– Thermal management: High‑density 3D stacks, chiplet systems, and 
power‑hungry AI workloads require new cooling architectures and materials 

	– Workforce shortages: Large gaps in microelectronics‑specific training, 
Science, Technology, Engineering, and Mathematics (STEM) pipelines, and 
advanced manufacturing talent
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Opportunities/Recommendations
	– Advance next-generation chip packaging: Use new ways of connecting and 
stacking chips so they run faster, use less energy, and are easier to update or 
customize

	– Build sustainability into the whole lifecycle: Reduce water use, emissions, and 
harmful chemicals; improve recycling; and design components that are easier to 
repair, reuse, or safely retire

	– Develop new kinds of computing: Explore approaches beyond traditional 
processors—such as memory-focused designs, specialized accelerators, and 
other energy-saving computing models—to handle growing AI and data needs

	– Grow and modernize the workforce: Expand training, education, and career 
pathways so more people can enter microelectronics, advanced packaging, and 
semiconductor manufacturing

	– Improve security in a multi-chip world: Strengthen trust and protection across 
chiplets, packages, tools, and supply chains so that devices remain reliable and 
secure from design through deployment

location-dot
Summary Report: CHIPS R&D 
Program Standards Summit 297 
 
NIST, 2023

Focus
Summarizes an inaugural Standards Summit (September 2023, led by NIST’s 
CHIPS R&D Office); the Summit convened to accelerate private-sector-led 
semiconductor standards development as part of the CHIPS for America R&D 
program, and aligns with CHIPS Act mandates and the U.S. National Standards 
Strategy for Critical & Emerging Technologies.

Goals
By 2030, aims to strengthen U.S. semiconductor technology leadership, 
fast-track commercialization of innovations, and cultivate a robust domestic 
microelectronics workforce

Strategic Priorities
Identifies five high-priority standards areas for near-term focus: chiplets, data 
interoperability, digital twins, supply chain security & resilience, and advanced 
packaging & heterogeneous integration

Challenges/Barriers
	– Fragmented standards landscape: Large number of overlapping standards 
across many SDOs complicates discovery and coordination

	– Standards pace vs. innovation: Risk of standards being introduced too early 
(constraining innovation) or too late (hindering interoperability)

	– Participation barriers: Small and medium enterprises (SMEs), startups, and 
researchers face cost, time, and process barriers to sustained standards 
engagement

	– Research–standards misalignment: Pre-standards research and metrology are 
not always well-timed to inform standards development
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Opportunities/Recommendations
	– Standards incubators and accelerators: Use new models to mature early 
standards ideas and speed transition into formal SDOs

	– Stronger SDO coordination: Improve collaboration across standards bodies to 
reduce duplication and improve interoperability

	– Standards readiness metrics: Develop readiness-level concepts to guide when 
technologies are suitable for standardization

	– Improved standards navigation tools: Create shared tools to map, search, and 
understand standards and dependencies

location-dot
The Decadal Plan for  
Semiconductors 298

Semiconductor Research 
Corporation, 2021 

Focus
The Decadal Plan outlines a strategic vision for semiconductor research and 
innovation over the next decade, identifying five seismic shifts that will transform 
the industry and Information and Communication Technology (ICT): analog 
electronics, memory and storage, communication, hardware-enabled security, and 
energy-efficient computing.

Goals
	– Address emerging security challenges in highly interconnected systems and AI 
through hardware-enabled ICT security

	– Develop radical new memory and storage technologies to overcome Si supply 
limitations and meet exponential data growth

	– Discover new computing paradigms that offer orders-of-magnitude 
improvements in energy efficiency

	– Drive fundamental breakthroughs in analog hardware to enable smarter sensing 
and reasoning capabilities

	– Innovate communication technologies to handle the imbalance between data 
generation and transmission capacity, including 5G/6G and beyond

Challenges
	– Growing energy demands outpacing global energy production
	– Increasing complexity and heterogeneity in system architectures
	– Need for new materials, devices, and architectures to sustain innovation
	– Physical scaling limits in CMOS and traditional semiconductor technologies
	– Security vulnerabilities introduced by new AI and quantum computing 
technologies

	– Recommendations: 
	– Emphasize co-design of hardware and software, including AI and quantum 
computing integration

	– Foster public-private partnerships to accelerate innovation and 
commercialization

	– Increase federal investment by $3.4 billion annually to support multidisciplinary 
research
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Gaps and Emerging Needs This section identifies areas where semiconductor standards are lacking, 
insufficient, or not yet put in place. These gaps span the entire spectrum of 
semiconductors. Gaps were identified through analysis of government reports, 
industry analysis, existing standards, academic research, and stakeholder inputs. 

AREAS LACKING STANDARDS
Absence of standards for advanced packing reliability and thermal 
management: 299, 300, 301, 302, 303 Heterogeneous integration (HI) and chiplet-based 
designs create complex thermal paths and stress conditions that current single-
die metrics do not address. There is no consensus standard for multi-die thermal 
modeling, test vehicles, or reliability criteria under realistic workloads. Industry 
roadmaps highlight missing elements including die–package–system co-design 
requirements, model exchange formats, standardized thermal verification flows, 
stress/warpage acceptance bands, power and thermal co-sign-off, and lifecycle 
reliability benchmarks. Recent studies show unmitigated 3D stacks can exceed 
140°C, meaning there is a need for uniform test conditions, reporting, and mitigation 
benchmarks to ensure safe adoption.

Inadequate standards for emerging 2D semiconductor materials: 304, 305, 306  The 
rapid adoption of two-dimensional (2D) semiconductor materials, such as graphene 
and transition metal dichalcogenides (TMDs), is exposing major gaps in existing 
standards. Traditional norms designed for bulk Si do not address the unique 
properties, fabrication methods, or integration requirements of atomically thin 
materials. ISO and ASTM have introduced preliminary specifications for graphene 
characterization, but these efforts remain fragmented and fail to cover device-level 
performance metrics, reliability testing, and scalable manufacturing processes. 
Commercialization and interoperability across global fabrication facilities will 
continue to struggle in the absence of comprehensive standards for metrology, 
material purity, defect characterization, and integration protocols.

Inadequate standards for quantum-ready and post-CMOS integration:307, 308, 309, 

310, 311 Quantum and post-CMOS devices (e.g., spin qubits, photonics) are beginning 
to integrate with traditional CMOS processes. However, no industry-wide standards 
exist for thermal, electrical, signal integrity, or packaging compatibility in these 
hybrid systems. Each research group or startup uses proprietary methods for probe 
design, cryogenic control circuits, or optical packaging. Agreed-upon formats and 
interfaces are necessary to reduce the challenges associated with scaling these 
systems reliably and reproducibly. Standardized integration rules and traceable 
workflows would help bridge classical and emerging quantum hardware at scale.

Lack of comprehensive standards for chiplet interoperability across 
multi-chiplet systems: 312, 313, 14  Chiplet-based architectures are reshaping 
semiconductor design and enabling heterogeneous integration and advanced 
packaging. UCIe provides a foundation for physical and die-to-die connectivity, 
but current standards do not address higher-level interoperability for multi-



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 38

CET: Semiconductors 
& Microelectronics

chiplet systems, software integration, or management protocols. UCIe 1.1 and 2.0 
remain focused on single die-to-die links, leaving gaps for complex multi-chiplet 
configurations and cross-vendor compatibility. This lack of comprehensive 
standards limits true plug-and-play functionality and creates fragmentation across 
market segments, where data center applications prioritize high bandwidth while 
consumer markets value cost and reusability. Developing layered standards for 
chiplet interoperability—including management, security, software integration, 
power and thermal management, error handling, and compliance testing—will be 
critical for scaling this design paradigm.

Lack of standards for AI-driven semiconductor design and verification:315, 316, 317, 

318 AI tools are now widely used to speed up chip design and improve efficiency. Yet, 
there are no clear standards for how these AI-generated results should be checked 
and documented. Key areas like data source tracking, reproducibility, transparency 
of AI decisions, and fallback options are not covered by existing verification 
standards. Today, companies rely on their own rules, which makes results 
inconsistent. A common standard could set guidelines for what evidence to keep, 
how to test AI-generated layouts, and how to ensure results can be reproduced 
across different tools.

Lack of standards for security in hardware IP and design tools: 319, 320, 321, 322, 

323, 324 Hardware IP blocks and EDA tools are increasingly exposed to threats 
like malicious IP, supply chain tampering, and side-channel attacks. Although 
standardization consortia (e.g., Accellera) have proposed IP Security Assurance 
(SA-EDI) frameworks, these are not yet widely implemented or formally 
standardized. Companies therefore rely on inconsistent internal policies that 
increase vulnerability for IP integration and verification. A strong standard could 
define verification metadata, secure IP packaging, tamper-resistant annotations, 
and toolchain certification to enhance trust across the semiconductor ecosystem.

Missing standards for secure, trusted, and traceable supply chains:325, 326, 327, 

328, 329 There is no harmonized global framework for end-to-end traceability and 
provenance, and no widely adopted standards for digital certificates, unique 
hardware identifiers such as Physically Unclonable Function (PUF)-based or 
watermarking techniques, component pedigree documentation, or immutable 
device IDs. These tools help prevent counterfeiting, tampering, and gray-market 
infiltration. Chiplets and multi-die systems are on the rise, which further complicates 
vendor trust and supply chain transparency. Formal standards are needed to help 
companies ensure authenticity across third-party fabrication, packaging, test 
houses, and system integrators. Digital certificates are a possible solution but 
require buy-in from governments, manufacturers, and assembly houses. Broad 
industry consensus is required to define authentication protocols, data exchange 
schemas, and verification frameworks that can support national security, regulatory 
compliance, and market assurance. 
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Missing standards for sustainability and environmental impact metrics: 330, 

331, 332, 333, 334, 335   Semiconductor fabs consume vast amounts of water, energy, 
and chemicals. Individual practices exist, but no unified standard defines how 
to measure and report these impacts consistently across facilities. Metrics like 
electricity per wafer, ultrapure water (UPW) usage, carbon emissions, and chemical 
discharge vary by region and company. Without shared benchmarks and reporting 
protocols, it is difficult to compare sustainability performance, set meaningful 
targets, or ensure transparency. A semiconductor-specific standard could require 
uniform KPIs, measurement methods, and third-party verification to support 
environmental goals and stakeholder trust.

GENERAL/CROSS - CUT TING CHALLENGES
Challenges in sourcing raw materials and packaging: Many materials used to 
manufacture semiconductors are available globally; however, some essential raw 
materials such as gallium, germanium, copper, and tungsten are concentrated 
in a few locations around the world. This leaves producers dependent on these 
locations despite some being geopolitically sensitive.336

Elevated labor costs in the United States: A major factor in fab construction costs 
in the United States versus other countries is the cost of labor. In the United States, 
labor costs required for a fab are typically four or five times more expensive on a 
per-hour basis than in Asia. In Europe, labor costs are about two to three times more 
expensive than in Asia.337

Geopolitical tensions and export controls: Geopolitical unrest, conflicts, and 
escalating restrictions on semiconductor technologies and raw materials are 
reshaping semiconductor supply chains and the global competitive landscape 
of the industry. The United States, Japan, Netherlands and other countries 
have implemented export controls to restrict China’s access to advanced 
semiconductors and the materials needed to produce them. This blocks Chinese 
firms from acquiring critical emerging technologies such as high-end chips 
and electronic design automation (EDA) software. Following this, in December 
2024, China banned the export of critical minerals such as gallium, germanium, 
and antimony to the United States.338 Overall, geopolitical unrest may disrupt 
semiconductor supply chains and exacerbate labor and supply shortages. 

Global logistics constraints and infrastructure gaps: Logistical infrastructure is 
critical to the on-time delivery of materials that enable ongoing operations. Of the 
top 20 ports globally, there are only two in the United States and three in Europe. 
Additionally, the total volume handled by the ten largest U.S. ports is only 27% of 
the volume handled by China’s ten largest ports.339 These disparities affect cost 
control measures and extend shipping times for U.S. and European markets, further 
intensifying global supply chain inefficiencies.
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High capital and operating cost structures: The Bipartisan Infrastructure Law, 
the CHIPS Act, the Inflation Reduction Act, and state-specific incentives have 
encouraged rebuilding manufacturing and supply chain operations in the United 
States. Other countries have implemented similar incentives to regionalize 
semiconductor manufacturing. However, up-front capital and long-term operating 
costs for front-end capacity such as advanced logic fabs, materials, packaging, and 
other segments are higher in the United States relative to other regions such as 
China, Southeast Asia, and Taiwan.340 AI has disproportionately driven investment 
and demand toward a few suppliers and distributors, which has boosted pricing 
power and profitability for leading companies.

Increasing material intensity in advanced manufacturing: Leading-edge chips 
and advanced packaging (AP) require increasingly complex manufacturing 
methods and increase the amount of materials needed to produce the final product. 
In the United States and Europe, investments primarily focus on developing more 
advanced manufacturing, rather than semiconductor materials. This may lead the 
United States and Europe to increase their reliance on Asia to provide basic and 
specialty materials.341 

Large-scale investment requirements and uncertain returns: The CHIPS Act, 
as well as tax and trade policies from both the Biden and Trump administrations, 
have helped encourage domestic semiconductor manufacturing. The CHIPS 
Act allocated nearly $53 billion to support the semiconductor market, of which 
$39 billion was specifically designated for chip manufacturing and research. 
Following the CHIPS Act, nearly an additional $450 billion in private investments 
was announced across 28 states to increase domestic manufacturing 
capacity.342 Despite large investments, capital is not always sufficient. Producing 
semiconductors requires timely and effective shipments of many chemicals and 
materials. The U.S. semiconductor industry is expected to almost double in value to 
$140 billion by 2030, leaving serious gaps as there is not enough domestic supply 
of materials to meet that level of demand.343 This leaves investors facing uncertain 
returns on investments, which could hinder future investments and innovation. 

Workforce and talent shortages: The United States faces a significant shortage of 
technicians, computer scientists, and engineers, with a projected shortfall of 67,000 
workers in the semiconductor industry by 2030.344 Workforce shortages stem from 
high attrition and an aging workforce. Companies will need to prioritize seizing 
talent, improve their employee value proposition, and shift skills in their existing 
workforce to stay competitive. 

GAPS REQUIRING PRE- STANDARDIZATION R&D
Advancing metrology for complex 3D structures: 345, 346, 347, 348,349, 350, 351 

Through-silicon vias (TSVs), nanosheets, and multi-die packages are complex 3D 
structures that are extremely difficult to measure using current metrology tools. 
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Non-destructive defect detection, buried interface characterization, and hybrid 
metrology integration remain unresolved gaps. Other gaps include chemical 
mapping at nanometer scale and in-line metrology for emerging memory 
devices. Addressing these needs would enable new standards for 3D structure 
measurement, calibration protocols for hybrid metrology systems, and updates to 
reliability test standards for advanced packaging technologies.

Detecting and controlling emerging contaminants in wastewater:352, 353, 354, 355, 

356, 357 Semiconductor wastewater streams often contain PFAS, triarylsulfonium 
(TPS) salts, diaryliodonium compounds, azoles, and other trace organics that 
current analytical methods cannot reliably detect or remove. Corrosive and fouling 
conditions cause issues for monitoring. Point-of-use recycling technologies remain 
immature. Addressing these barriers would support new metrology standards for 
contaminant detection, interlaboratory test methods for PFAS removal, and updates 
to process water quality standards to ensure compliance and operational safety.

Developing energy-efficient and low-impact brine management solutions: 
358, 359, 360, 361, 362, 363 Brine streams with high salinity and chemical complexity are 
a major problem for sustainable disposal and treatment. Existing technologies 
are energy-intensive, carbon-heavy, and often incompatible with emerging 
regulatory requirements. Solutions would enable new or revised standards for brine 
concentration and segregation methods, performance benchmarks for low-carbon 
treatment technologies, and revisions to facility discharge guidelines. Additional 
opportunities include defining best practices for preconcentration, alternative 
evaporation methods, and integrated brine recovery systems.

Enabling data interoperability and digital twin use integration in semiconductor 
manufacturing:364, 365, 366 Semiconductor manufacturing and supply chain data 
remain fragmented across tools and organizations that lack common standards for 
data exchange. This hinders the deployment of integrated digital twin simulations 
across different facilities. Addressing this gap would enable new standards for data 
interoperability and digital twin integration.

Ensuring reliability and interoperability in chiplet and heterogeneous 
integration: 367, 368, 369, 370, 371, 372, 373 Multi-die packaging introduces challenges in 
thermal, mechanical, and corrosion reliability, as well as interoperability across 
vendors. Adoption is hindered by the lack of standardized testing and validation 
protocols for both die-to-die connections and overall system performance. Industry 
needs standardized approaches for electrical, thermal, and mechanical validation, 
and interoperability frameworks for chiplet ecosystems. Solutions would support 
new standards for chiplet interoperability and stress testing protocols, and they 
could also lead to revisions to JEDEC and IEC reliability standards to reflect 
emerging architectures.
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Improving energy-efficiency and thermal management across advanced 
fabs:374, 375, 376, 377, 378, 379 Energy consumption and heat generation in advanced fabs 
are rising sharply as device complexity grows. Current heat recovery systems are 
limited, and there are currently no standardized “green tool” design principles. 
Fabrication facilities need innovations in two-phase cooling, immersion cooling, 
heat pipes, and diamond-based thermal interfaces to manage extreme power 
densities. Progress here could lead to new standards for energy recovery systems 
and thermal performance metrics for process tools. Closing these gaps could also 
enable revisions to industry-wide facility energy efficiency guidelines.

Managing water and chemical sustainability:380, 381, 382, 383, 384 Facility-wide water 
recycling and ultrapure water (UPW) reuse remain difficult to implement because 
they require precise segregation, advanced treatment, and purity assurance 
to avoid yield loss. Beyond water, fabs must also address chemical lifecycle 
management for acids, solvents, and slurries, reduce hazardous waste streams, 
and minimize emissions of high global warming potential gases. Tackling these 
issues would enable new standards for water reuse validation and chemical 
recovery processes. It would also enable revisions to environmental performance 
guidelines and facility-level sustainability metrics.

Metrology for high-precision, no-contact and inline measurements385: 
Metrology tools must evolve to keep up with smaller, faster, and more 3D 
semiconductor devices, while not damaging them. The industry needs accurate 
measurements at very small scales, such as nanometers and below. Modern chip 
sizes in nanometers leave almost no room for error, and small amounts of variance 
can significantly impact performance and yield of chips. 

Strengthening supply chain traceability and security: 386, 387, 388 Globalized 
semiconductor supply chains face persistent risks related to provenance, 
authenticity, and counterfeit detection. Current traceability mechanisms lack 
consistency and scalability across vendors and regions. Addressing these issues 
would enable new standards for digital identifiers, blockchain-based traceability 
frameworks, and secure serialization practices. Additional opportunities include 
harmonizing certification processes and defining assurance protocols for multi-
vendor chiplet assemblies. Revisions would also be necessary for existing supply 
chain security and cybersecurity standards.
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Ongoing and Emerging 
Standardization Efforts

This section highlights current initiatives and working groups that are actively 
developing or piloting semiconductor standards, and includes efforts by standards 
bodies, industry consortia, and public-private partnerships that are shaping the 
future of semiconductor governance, safety, and interoperability. The section also 
includes pre-standardization activities and draft standards that signal emerging 
areas of focus.

ACTIVE WORKING GROUPS
Automotive Electronics Council (AEC): 389, 390 The AEC sets qualification 
standards for electronic components used in harsh automotive environments. AEC 
was established by major automakers. They publish widely adopted specifications 
including AEC-Q100 for ICs and AEC-Q101 for discrete semiconductors; these 
documents define stress test qualification requirements, including electrostatic 
discharge (ESD) tests, latch-up tests, and endurance evaluations for non-volatile 
memory. Their standards are critical for automotive-grade chips used in advanced 
driver-assistance systems (ADAS), powertrain control, and infotainment.

Electrostatic Discharge Association (ESDA): 391, 392, 393 The ESDA is the 
only ANSI-accredited organization dedicated to developing standards for 
electrostatic discharge (ESD) control and electrical overstress (EOS) in electronics 
manufacturing environments. Their website claims they have published more than 
70 documents including standards, test methods, and technical reports, which 
offer guidance for creating robust ESD control programs. ESDA’s flagship standard, 
ANSI/ESD S20.20, defines requirements for establishing and maintaining ESD-safe 
environments, covering personnel grounding, workstation design, and compliance 
verification. ESDA also updates companion documents such as ESD TR53 and 
ESD TR20.20 to reflect evolving best practices. These standards are critical for 
preventing costly component failures 394 and ensuring reliability in sectors like 
semiconductors, aerospace, and defense.

The European Semiconductor Industry Association (ESIA): 395, 396 ESIA 
represents the European semiconductor industry, advocating for a sustainable 
business environment and enhancing the global competitiveness of the industry. 
Established in 1997, ESIA helps shape the agenda of the World Semiconductor 
Council (WSC) with international counterparts from China, Japan, Korea, and the 
United States. ESIA activities include a large range of issues across the regulatory 
framework, such as industrial competitiveness, R&D, environmental and safety 
compliance, protections for IP, and anti-counterfeiting. ESIA has 22 members 
including Bosch, Infineon, Intel, Micron, and Texas Instruments (TI).

IEC Technical Committee TC 47 (Semiconductors): 397, 398, 399 IEC TC 47 is 
the primary international committee responsible for developing standards for 
semiconductor devices and related technologies; its scope covers discrete 
semiconductors, integrated circuits (ICs), sensors, display devices, and 
microelectromechanical systems (MEMS). The committee addresses critical 
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areas such as wafer-level reliability, package outlines, environmental testing, and 
device-specific test methods. TC 47 operates through multiple subcommittees, 
including SC 47A (ICs), SC 47D (Semiconductor Device Packaging), and SC 47F 
(MEMS), each managing specialized working groups on topics like heterogeneous 
ICs, power devices, and wide bandgap (WBG) technologies. IEC standards ensure 
interoperability, quality, and environmentally sound practices across global 
semiconductor supply chains.

IEEE Standards Association: 400 IEEE is a global standards development 
organization that contributes to semiconductor-related standards through 
multiple technical committees (TCs) and working groups. Their efforts span 
areas like IC reliability, hardware security, and emerging architectures. Active 
projects include standards for domain-specific accelerators, flexible and wearable 
electronics, and secure hardware frameworks. IEEE’s work complements formal 
standards development by ISO/IEC and SEMI, ensuring alignment across global 
semiconductor ecosystems.

IPC (Association Connecting Electronics Industries): 401, 402 IPC develops 
standards for printed circuit boards (PCBs) and electronic assemblies, which 
are critical for semiconductor packaging and integration. Their widely adopted 
standards include IPC-7351 (land pattern design) and IPC/JEDEC J-STD-033 
(component handling and storage). Broadly, IPC’s work supports reliability and 
interoperability across electronic systems that incorporate semiconductor 
components.

ISO/IEC JTC 1 and related semiconductor-focused subcommittees:403, 404 

ISO/IEC JTC 1 is a joint technical committee focused on information technology 
standards, but its work intersects with semiconductor technologies through 
subcommittees on interconnection, security, and emerging technologies. For 
example, SC 25 develops standards for interconnection of IT equipment, which 
influences semiconductor interface requirements, while SC 27 addresses 
cybersecurity and privacy—critical for secure chip design. JTC 1 also manages 
working groups on cloud computing, IoT, and AI, all of which depend on 
semiconductor innovations. Although JTC 1 does not create device-level standards, 
its frameworks for interoperability and data exchange complement semiconductor 
standards from IEC and JEDEC, ensuring consistency across global ICT 
ecosystems.

Japan Electronics and Information Technology Industries Association 
(JEITA):405, 406, 407 JEITA is a leading Japanese trade association that develops 
standards for electronics and IT industries. Its standards framework aligns with JIS 
Z 8301408 (i.e., the “rules for the layout and drafting of Japanese Industrial Standards 
[JIS]) and covers areas such as electromagnetic compatibility (EMC), connector 
interfaces, and reliability testing for semiconductor devices. JEITA standards 
are reviewed every five years to ensure relevance, with outcomes ranging from 
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revisions to abolishment or confirmation. Recent initiatives include working groups 
on semiconductor EMC performance equivalence for stabilizing supply chains and 
improving productivity. They also play a role in harmonizing Japanese standards 
with international frameworks to support global interoperability.

Joint Electron Device Engineering Council (JEDEC) Solid State Technology 
Association: 409, 410, 411 JEDEC is a globally recognized SDO for microelectronics and 
focuses on memory interfaces, packaging, and reliability testing. Active committees 
include JC-11 (Mechanical Standardization), JC-14 (Quality & Reliability), JC-42 
(Solid-State Memories), and JC-70 (Wide Bandgap Power Semiconductors). 
Current projects address next-generation DRAM (HBM4), LPDDR6, and advanced 
packaging standards for heterogeneous integration. JEDEC standards are widely 
adopted across the semiconductor supply chain to ensure interoperability and 
performance consistency.

National Electronics Manufacturing Initiative (NEMI): 412, 413, 414 NEMI—which 
now operates as iNEMI—is an industry-led consortium that focuses on advancing 
electronics manufacturing through collaborative roadmaps and standards 
development. NEMI’s technology roadmaps identify gaps and guide investment 
in areas such as advanced packaging, factory integration, and sustainable 
electronics. Their NEMI projects have addressed interoperability challenges, 
including the “Plug and Play Factory” initiative, which developed infrastructure for 
integrating new assembly equipment into production lines. Today, iNEMI continues 
to influence global supply chain standards and best practices through technical 
working groups on topics like flexible hybrid electronics, MEMS, and smart 
manufacturing.

NIST Semiconductors and Microelectronics Standards Working Group 
(SMSWG):415, 416, 417, 418 NIST chairs the interagency working group, SMSWG, under 
the U.S. National Standards Strategy for Critical and Emerging Technologies. 
This group focuses on advanced packaging, HI, chiplet interoperability, and 
sustainability metrics. NIST collaborates with ISO/IEC, IEEE, SEMI, and JEDEC to 
align U.S. priorities with international standards development and accelerate pre-
standardization research.

SEMI International Standards Program:419, 420, 421SEMI coordinates one of the 
largest semiconductor standards programs globally, with more than 200 active task 
forces and committees. These groups develop standards for wafer specifications 
(e.g., SEMI M1, M76), equipment communication protocols (SEMI E6, E30), 
and advanced packaging technologies. SEMI standards are essential for fab 
interoperability and supply chain consistency, supporting manufacturing efficiency 
and global competitiveness.

The Semiconductor Industry Association in the United States (SIA): 422, 423, 424 
SIA is the leading trade association representing the computer chip industry; it 
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aims to provide leadership for U.S. chip manufacturing on critical issues of trade, 
technology, environmental protection, and worker safety and health to maintain 
U.S. leadership in technology. The SIA actively lobbies the U.S. Congress and the 
Executive Branch, advocating for policies—such as the CHIPS and Science Act—
that strengthen domestic manufacturing and fund critical semiconductor research 
and development.

World Semiconductor Council (WSC):425, 426, 427 The WSC is a global forum 
comprising semiconductor associations from six major regions: the United States, 
EU, Japan, Korea, China, and Chinese Taipei. WSC does not publish technical 
standards but does coordinate industry positions on standards-related issues, trade 
policy, and environmental health and safety initiatives. Recent WSC joint statements 
emphasize harmonization of standards, IP protection, and sustainability practices.

ACTIVE STANDARDS INITIATIVES
This section highlights significant ongoing initiatives that actively drive or 
accelerate standards development in semiconductors and microelectronics. 
These efforts include major government-funded programs, multi-stakeholder 
consortia, public–private partnerships, and other collaborative projects. They 
provide practical resources ranging from R&D funding and testbed infrastructure to 
demonstration projects and new coordination mechanisms, and act as catalysts for 
standardization progress in areas like manufacturing, design, supply chain security, 
and more. Active standards initiatives comprise strategic policy imperatives and 
formal standards development including notable government-backed programs 
(such as CHIPS for America R&D investments, the EU Chips Act’s capacity-building 
efforts, etc.) and industry-driven consortia and projects that are collectively shaping 
the global standards landscape.

Creating Helpful Incentives to Produce Semiconductors (CHIPS) for America 
R&D Standards Program:428, 429, 430, 431 NIST administers the CHIPS for America 
program, which invests $11 billion to strengthen U.S. leadership in semiconductor 
research and development. A key component is accelerating standards for 
advanced packaging, chiplet interoperability, cybersecurity, and metrology. NIST 
has emphasized the need for standards to keep pace with rapid innovation and 
to ensure interoperability across global supply chains. In September 2023, NIST 
convened the CHIPS R&D Standards Summit, which brought together different 
stakeholder groups including standards organizations to identify priorities and 
create an innovation-focused roadmap for semiconductor standards. The Summit 
emphasized linking standards to research, enabling agile development processes, 
prioritizing standards development for chiplets, data interoperability, digital twins, 
supply chain security and resilience, advanced packaging and HI, and building a 
diverse workforce capable of driving standards adoption.

European Chips Act / “Chips for Europe” Initiative:432, 433, 434 The European 
Chips Act was introduced in September 2023 along with the “Chips for Europe” 
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Initiative to boost EU sovereignty in semiconductor technologies. This initiative 
funds advanced pilot lines for sub-2nm process development, HI, and quantum 
chip research, and establishes a pan-European design platform and a network 
of competence centers to support standards harmonization and interoperability. 
The Initiative bridges research and industrial deployment with the goal of doubling 
Europe’s global semiconductor market share to 20% by 2030.

OCP Compute/Chiplets Project/Open Chiplet Economy: 435, 436, 437 The Open 
Compute Project (OCP) is advancing an open vendor-neutral ecosystem (known as 
an “Open Chiplet Economy”) for chiplet-based design and manufacturing. It builds 
on principles of modularity by enabling disaggregated Si components (chiplets) 
to be integrated into advanced 2D and 3D system-in-package (SiP) architectures. 
The initiative addresses both technical and business challenges by standardizing 
interfaces, design workflows, and collateral needed for multi-vendor interoperability. 
Recent contributions include the Foundation Chiplet System Architecture (FCSA), 
which defines a baseline framework for breaking down monolithic SoCs into 
smaller, reusable chiplets with standardized interfaces. This framework makes 
it feasible to integrate components from multiple vendors. Additionally, Bunch 
of Wires (BoW) 2.0 introduces enhancements for high-bandwidth, low-latency 
interconnects optimized for memory-intensive workloads such as AI and HPC, 
addressing scalability and power efficiency challenges in chiplet ecosystems. The 
OCP website explains that these efforts aim to reduce fragmentation, promote 
open specifications, and accelerate adoption of chiplet architectures across the 
semiconductor industry.

SEMI & Semiconductor Climate Consortium (SCC) Sustainability Standards 
Initiative:438, 439, 440 The SCC, which was launched under SEMI, focuses on 
harmonization of sustainability standards for the semiconductor industry. Its 
Sustainability Standards Initiative is developing industry-wide frameworks to 
standardize GHG accounting and reporting across the semiconductor value chain. 
Current efforts include publishing guidelines for “Scope 3 emissions” to ensure 
consistency in data collection, boundary setting, and calculation methods. The 
standards intend to create uniformity in emissions reporting, improve transparency, 
and enable comparability across suppliers and manufacturers. To support global 
decarbonization goals and position the semiconductor industry to meet emerging 
regulatory requirements, the initiative introduces clear methodologies for 
evaluating/measuring lifecycle emissions and renewable energy adoption.

DRAF T STANDARDS
Several draft standards are currently under development to address emerging 
needs in semiconductor and microelectronics manufacturing. These draft 
standards focus on areas including smart manufacturing data governance, 
equipment cybersecurity, wafer specifications, and device reliability. The table 
below summarizes key draft standards currently in progress across major standards 
bodies.
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Standards Body Draft Standard Focus Area Descriptive Title of Standard

IEC / DIN 
(CENELEC)

EN IEC 63287-3 441, 442 Device Reliability Reliability Qualification Plans for Power 
Semiconductor Modules – Part 3

IEEE IEEE P1450.1/D2 443 Semiconductor Test Interface Extensions to Standard Test Interface 
Language (STIL) for Semiconductor 
Design

IEEE IEEE P3405 444, 445 Chiplet Interconnect Test and Repair Standard for Chiplet Interconnect Test 
and Repair

SEMI SEMI MDD (e.g., 
Doc 6938C) 446, 447

Smart Manufacturing / AI Data Guide for Equipment Edge Data 
Governance

SEMI SEMI S2 Revisions 
(e.g., S2-0825) 448, 449

Environmental, Health, and Safety (EHS) 
Interlocks

Environmental, Health & Safety 
Guideline Revisions (safety interlock 
systems)

SEMI SEMI 4624A450 Wafer Quality Specification for 450 mm Polished 
Silicon Wafers

SEMI SEMI 6506 451, 452 Equipment Cybersecurity Cybersecurity Requirements for Fab 
Equipment

NATIONAL AND INTERNATIONAL STRATEGIES
This section provides an overview of national and international strategies that 
influence semiconductor and microelectronics standardization. These strategies 
outline policy frameworks, investment priorities, and collaborative initiatives that 
shape technology development, supply chain resilience, and standards alignment 
across global ecosystems.

globe
United States 
CHIPS and Science Act of 2022:453, 454, 455 The CHIPS and Science Act is 
a landmark U.S. initiative aimed at revitalizing domestic semiconductor 
manufacturing, research, and workforce development; it authorizes $52.7 billion 
for semiconductor-related programs, including $39 billion for manufacturing 
incentives and $11 billion for R&D through the Department of Commerce’s 
CHIPS Program Office and CHIPS R&D Office. Key components include the 
establishment of the National Semiconductor Technology Center (NSTC), the 
Microelectronics Commons, and funding for advanced packaging, HI, and 
secure hardware architectures. The Act also supports standards development by 
promoting voluntary consensus-based approaches and aligning U.S. priorities with 
international standards bodies such as ISO/IEC and IEEE.
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Executive Order 14017 – America’s Supply Chain: Signed in 2021, this executive 
order launched a government-wide initiative to strengthen U.S. supply chain 
resilience in response to COVID-19 disruptions and rising geopolitical risks. 
It identified semiconductors as one of four priority sectors and directed the 
Department of Commerce—alongside agencies including the Departments of 
Defense and Energy—to conduct a 100-day review and subsequent deep-dive 
assessments of semiconductor supply chains. These reviews identified key 
vulnerabilities, including geographic concentration in advanced manufacturing and 
gaps in domestic capabilities, and helped inform subsequent policies such as the 
CHIPS and Science Act and related microelectronics initiatives.456

National Strategy on Microelectronics Research:457 The NSTC Subcommittee on 
Microelectronics Leadership released the National Strategy on Microelectronics 
Research in 2024, which provides a framework for advancing U.S. leadership in 
semiconductor R&D under the CHIPS and Science Act. The strategy identifies 
four core goals: 1) fuel discoveries for next-generation microelectronics, 2) expand 
and train the domestic workforce, 3) accelerate lab-to-fab infrastructure and 
technology transition, and 4) strengthen supply chain security through coordinated 
federal investments. The strategy focuses on pre-standardization research in areas 
such as advanced packaging, HI, and secure hardware architectures; promotes 
collaboration among federal agencies, industry, academia, and international 
partners; and calls for leveraging user facilities and public-private consortia to 
ensure rapid commercialization and standards alignment.458, 459

globe
China
International partnerships:460, 461, 462 China’s partnerships increasingly center on 
AI-driven semiconductor technologies. Despite U.S. export controls, Chinese firms 
like Huawei and Alibaba are advancing AI chip design and large-scale models; they 
are supported by state-led R&D and Big Fund III investments in 3D integration and 
advanced packaging.

Manufacturing Leadership and Infrastructure
	– China is the world’s largest electronics manufacturing hub, producing 36% of 
global electronics and accounting for 42% of global semiconductor equipment 
spending in 2024, the highest worldwide.463, 464 China’s semiconductor ecosystem 
is organized under a “3+2” regional model, with Beijing, Shanghai, and Shenzhen 
serving as logic chip hubs anchored by firms like Semiconductor Manufacturing 
International Corporation (SMIC), Huahong, and Huawei, while Wuhan and Hefei 
specialize in memory production through leaders such as Yangtze Memory 
Technologies Corp. (YMTC) and ChangXin Memory Technologies (CXMT).465, 466, 

467
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	– China is advancing in semiconductor manufacturing by improving capabilities 
in advanced nodes and mature processes while strengthening its domestic 
equipment sector in areas such as etching, deposition, photolithography, ion 
implantation, chemical-mechanical polishing (CMP), wafer testing, and wafer 
cleaning. Regional industrial clusters integrate fabrication facilities, universities 
and vocational training centers, electronic design automation (EDA) design 
houses, R&D centers, and suppliers to accelerate technology transfer and 
achieve economies of scale.468, 469, 470, 471, 472

Roles in standards development:473, 474, 475, 476, 477 China has evolved from a 
standards adopter to a global leader; they currently hold leadership positions in ISO 
and IEC TCs and have contributed to over 180 international standards since 2015. 
The Standardization Administration of China (SAC) represents China in ISO and IEC 
and coordinates international cooperation; it oversees 92 TCs and 780 secretariats.

	– During the 2025 Qingdao Forum on International Standardization, ISO and IEC 
leaders highlighted China’s role as the top country in ISO participation; Chinese 
experts were reportedly involved in 99% of TCs, leading 10% of them. China 
has published 2,484 foreign-language editions of national standards, spanning 
sectors from robotics to AI.

Self-reliance national strategy and funding: 
China’s Semiconductor Strategy within Five-Year Plan Framework:478, 479, 480 

China’s semiconductor strategy is embedded in its 14th Five-Year Plan (2021–2025) 
and related industrial policies. The strategy’s goal is to achieve technological self-
reliance and global competitiveness through five key priorities: 1) advancing logic 
process nodes toward 7nm and 5nm production, 2) scaling memory technologies 
including NAND, DRAM, and HBM, 3) breakthroughs in lithography and packaging, 
4) localization of core equipment, materials, and subsystems, and 5) development 
of domestic EDA tools to enable a self-reliant design ecosystem. The plan also 
calls for strengthening industrial clusters in Beijing, Shanghai, and Shenzhen, 
and expanding capacity for memory hubs in Wuhan and Hefei. China’s approach 
integrates standards development into its broader innovation agenda. The action 
plans described in the strategy seek to accelerate standardization for ICs and 
advanced computing chips. The upcoming 15th Five-Year Plan (2026–2030) will 
prioritize breakthroughs in 7nm/5nm logic nodes, memory scaling (including HBM), 
lithography, and localization of core equipment and EDA tools.

Investments: 481, 482, 483, 484 China’s National Integrated Circuit Industry Investment 
Fund (“Big Fund III”), valued at 344 billion yuan (~$47.5 billion USD), is channeling 
resources into advanced packaging and 3D integration technologies to bypass U.S. 
export restrictions and accelerate AI chip development. China has totaled about 
686.6 billion yuan (~95.7 billion) in stake-backed investment funds since 2014 to 
expand domestic fabrication capacity and secure supply chains.
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Semiconductors as top industrial priority: 485, 486, 487 China has designated 
semiconductor chip development as a top industrial priority of its broader 
technological self-reliance agenda. The government launched the Made in China 
2025 initiative to reduce foreign dependency and set targets for domestic chip 
production—40% by 2020 and 70% by 2025. 

Subsidy strategy: 488, 489 China recently (2025) introduced a “precision-driven” 
subsidy strategy that, instead of providing blanket incentives, shifts to targeted 
funding for critical gaps such as high-end lithography, advanced packaging, EDA 
software, semiconductor manufacturing equipment, inspection and metrology 
systems, and specialized semiconductor materials. This approach centers on 
performance audits and collaboration between public institutions and private 
enterprises to ensure measurable technological progress.

Workforce development:490, 491, 492 China’s workforce strategy aims to build a 
domestic talent pipeline for semiconductor R&D and manufacturing. It calls for 
partnerships with global universities and promotes STEM education to close skill 
gaps.

	– Rapid fab expansion has created acute talent shortages in lithography, wafer 
processing, and advanced packaging. Universities and vocational schools are 
expanding microelectronics programs, but supply lags demand. SEMI and the 
Ministry of Industry and Information Technology (MIIT) have launched workforce 
development forums to address these gaps through industry-academic 
collaboration. 

globe
European Union
Innovation ecosystem and infrastructure
Chips for Europe Initiative and Chips Joint Undertaking (Chips JU): 493, 494 Under 
the European Chips Act, the Chips for Europe Initiative establishes advanced 
pilot lines, a pan-European design platform, and a network of competence 
centers to accelerate the transition from R&D to manufacturing. These efforts are 
implemented through the Chips JU: a large-scale public-private partnership that 
manages multi-billion-euro investments and integrates standards harmonization 
into Europe’s semiconductor innovation ecosystem.

Competence Centers Network: 495 The EU’s competence centers network 
provides access to design tools, prototyping facilities, and guidance on emerging 
standards, particularly supporting SMEs and startups. These centers contribute to 
pre-standardization research in areas such as advanced packaging, HI, and secure 
hardware architectures.
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Standards development role
European Chips Act (EU): 496, 497, 498 The European Chips Act (2023) aims to double 
Europe’s global semiconductor market share to 20% by 2030 and strengthen 
technological sovereignty. There are three pillars: 1) the Chips for Europe Initiative 
to fund pilot lines for advanced nodes and packaging, 2) a framework to incentivize 
public-private investments in fabs and R&D, and 3) a coordination mechanism 
through the European Semiconductor Board for crisis response and standards 
alignment. The Act emphasizes interoperability and resilience, and supports 
standardization for advanced packaging, secure hardware architectures, photonics 
and optoelectronics, wide-bandgap (WBG) semiconductors (like SiC and GaN), HI, 
and secure supply chains.

European Semiconductor Industry Association (ESIA): ESIA is Europe’s 
principal industry association for semiconductors; it represents the region’s 
leading chipmakers and suppliers and advocates for a competitive, sustainable 
semiconductor ecosystem in Europe. ESIA engages with EU policymakers on 
regulatory frameworks (e.g., R&D incentives, IP protection, anti-counterfeiting) to 
strengthen industry growth and supply chain resilience. ESIA also plays a global 
coordination role in setting the European agenda within the World Semiconductor 
Council (WSC), working with international counterparts (from the United States, 
Japan, China, Korea, etc.) to harmonize standards and best practices worldwide.

Global standards alignment: 499 The EU engages in international standardization to 
align European standards with global frameworks, reduce duplication, and promote 
interoperability. The EU also employes formal cooperation mechanisms (such 
as the Vienna agreement between CEN and ISO, and the Frankfurt Agreement 
between CENELEC and IEC) to enable coordination between European standards 
and international standards developed through SDOs like ISO and IEC.

Strategic coordination of standards:500, 501, 502 The EU acts as a strategic policy 
and coordination hub for semiconductor and microelectronics standardization 
and aligns the work of European standards development organizations with EU 
objectives such as digital sovereignty, supply chain resilience, and technological 
competitiveness. The EU supports harmonized approaches through coordination 
with CEN, CENELEC, and ETSI that promote interoperability and consistency 
across the European market.
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India
Innovation ecosystem and infrastructure 503, 504, 505

Emerging regional clusters: India is rapidly establishing several semiconductor 
clusters that aim to replicate global models like Silicon Valley and U.S. 
manufacturing hubs that essentially promote integrated ecosystems that span from 
R&D to production.

Value chain development: India is simultaneously scaling wafer fabs, chip 
packaging and testing facilities, and design centers, thereby creating an integrated 
ecosystem that reduces reliance on imports, supports domestic innovation, and 
attracts global players to establish advanced manufacturing capabilities within 
India.

International partnerships 506, 507

Tata–Intel strategic alliance: In December 2025, Tata Electronics signed a 
Memorandum of Understanding (MOU) with Intel to support chip and packaging 
manufacturing in India, reinforcing the domestic supply chain and integrating global 
chipmakers into India’s fast-growing ecosystem.

U.S.–India supply chain collaboration: Under the U.S. Department of State’s 
International Technology Security and Innovation (ITSI) Fund (CHIPS Act), India 
Semiconductor Mission (ISM) partners to evaluate and strengthen workforce, 
regulatory, and infrastructure capabilities—laying the groundwork for future joint 
programs.

National strategy and funding
Fabrication and design incentives: 508, 509 The Semicon effort provides up to 50% 
financial support for establishing Silicon CMOS fabs, display plants, compound 
semiconductor fabs, and Outsourced Semiconductor Assembly and Test (OSAT) 
/ Assembly, Testing, Marking, and Packaging (ATMP) 510 units. Semicon also 
comprises the Design Linked Incentive (DLI) Scheme, which provides 50% 
reimbursements for startup design costs for SMEs.

India Semiconductor Mission (ISM): 511, 512, 513 India launched its $10 billion 
initiative ISM to build a full-stack semiconductor ecosystem, including fabs, ATMP 
units, and DLIs. The next phase of the roadmap, ISM 2.0, was announced in 2025, 
and described a goal of making India a “product nation.” It calls for shifting from 
fabs to advanced packaging, chip design, and R&D. India’s strategy includes 
partnerships with global firms and participation in international standards bodies to 
ensure interoperability and trusted supply chains.
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Semicon India Programme: 514, 515 India launched its semiconductor strategy in 
2021 with a ₹76,000 crore (or roughly ~$10 billion USD, based on the exchange 
rate at that time) investment package.The Semicon program established the ISM 
as the implementing agency with the goal of enabling end-to-end capabilities in 
chip and display manufacturing through capital support and global technology 
collaborations.

Role in standards development
Active national standards participation: 516, 517, 518 India’s Bureau of Indian 
Standards serves as the national standards body and represents India in global 
forums such as ISO, IEC, Pacific Area Standards Congress (PASC), and the South 
Asian Regional Standards Organization (SARSO). BIS contributes to over 400 
ISO TCs and holds secretariat roles in multiple working groups. BIS provides 
overarching governance for industrial and ICT standards and works alongside 
the Telecommunication Engineering Centre (TEC)—the technical arm of the 
Department of Telecommunications—which focuses on telecom and ICT 
standards. Both BIS and TEC coordinate to harmonize India’s standards with global 
norms in support of the microelectronics and semiconductors industry sector.

Coordination with IEEE standards:519, 520, 521, 522, 523 TEC collaborates closely with 
IEEE through a formal cooperation program that allows for India to adopt and 
adapt IEEE standards for national use. Senior TEC officials participate in IEEE-SA 
Standards Board activities and Government Engagement Program workshops; 
BIS provides overarching policy alignment for these adoptions. BIS and TEC also 
co-host IEEE-industry events (e.g., ITC India) to strengthen India’s role in global 
standards development.

Workforce and talent
Expanding talent pipeline: 524, 525 India’s semiconductor sector is creating 
significant demand; estimates suggest there are ~220,000 current professionals 
with projected shortfalls of 320,000–350,000 skilled roles by 2026 in areas spanning 
Very Large-Scale Integration (VLSI) design, fabrication, packaging, and testing. 
To meet rising budgets and production targets, the country aims to train 500,000 
additional specialists annually, including engineers, technicians, and quality 
experts.

Specialized VLSI capabilities:526, 527, 528, 529 VLSI involves embedding millions-to-
billions of transistors on a single chip—this is applicable to modern ICs such as 
AI accelerators, IoT sensors, and mobile processors. India has 250,000–300,000 
VLSI engineers that represent ~20% of the global IC design workforce. VLSI growth 
stems from Indian Institutes of Technology (IIT)-certified curricula and industry-
driven programs (e.g., C2S), strengthening mid-to-senior leadership in VLSI roles 
through 2030.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 55

CET: Semiconductors 
& Microelectronics

Training initiatives:530, 531, 532, 533, 534, 535 India’s Chips to Startup (C2S) program 
aims to develop 85,000 engineers in VLSI and embedded systems across more 
than 100 institutions. The initiative leverages IIT-based Centers of Excellence 
and the C-DAC’s ChipIN facility to provide state-of-the-art EDA tools up to 5 nm 
node access, and includes public–private partnerships—such as Micron–IIT 
Delhi for AI-driven semiconductor modelling and Tata Electronics–Tokyo Electron 
Limited (TEL) / ASMPT collaborations—for hands-on chip design and fabrication 
R&D. IIT Centers of Excellence play a pivotal role by providing advanced design 
infrastructure and research capabilities; they enable hands-on experience with 
cutting-edge semiconductor tools and help to foster collaboration between 
academia and industry. India’s training initiatives enhance practical skills in SoC 
design, EDA tool usage, and prototype tape-outs, and prepare mid-to-senior 
technical leadership roles through 2030.

globe
Japan
Innovation ecosystem and infrastructure: 536, 537, 538, 539, 540, 541 Japan’s 
semiconductor ecosystem comprises world-class materials suppliers, advanced 
equipment manufacturers, strategic design capabilities, dedicated workforce 
development programs, and newly established R&D hubs. Several Japanese 
companies dominate global markets for photolithography tools, Si wafers, 
semiconductor cleaning equipment, high-purity wet chemicals, CMP slurries and 
pads, and photoresists—all of which are critical inputs for advanced logic and 
memory chips. Japan has invested heavily in advanced packaging, HI, chiplet-
based architectures, and optical SoC designs. Several new fabrication facilities 
and research facilities have received funding through priorities identified through 
Japan’s Semiconductor Revitalization Strategy; they serve as testbeds for reliability 
benchmarking and packaging standards. Japan’s infrastructure investments aim to 
position Japan as a global leader in semiconductor manufacturing while shaping 
standards for interoperability and sustainable production practices.

International partnerships: 542 Japan’s semiconductor strategy relies on global 
partnerships that deliver tangible benefits, including joint development of 2 nm 
process technologies, advanced packaging standards, and supply chain risk 
monitoring systems. Collaborations with the United States, EU, and leading 
research hubs like IBM and Imec accelerate Japan’s roadmap for chiplet integration, 
photonics-electronics convergence, and reliability benchmarking.

Japan–EU Digital Partnership Council: 543, 544 The Japan-EU partnership fosters 
cooperation on semiconductor R&D, sustainability standards, and workforce 
training. The agreement also supports harmonization of standards for advanced 
packaging and energy-efficient manufacturing practices.
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Japan’s Semiconductor and Digital Industry Strategy (METI): 545, 546 Japan’s 
“METI” strategy emphasizes three pillars: 1) strengthening domestic production 
capacity for IoT and industrial semiconductors, 2) establishing next-generation 
technologies such as 2 nm logic devices and advanced memory through Japan–
U.S. collaboration, and 3) investing in future technologies like photonics-electronics 
convergence and optical chiplets. The strategy also prioritizes advanced 
packaging and chiplet integration, alongside stable access to critical materials and 
manufacturing equipment; promotes regional industry–academia consortia and 
global R&D cooperation; and aligns with Japan’s broader economic security goals 
and includes significant public-private investment incentives, such as subsidies for 
advanced fabs operated by TSMC and Rapidus.

Rapidus partnerships:547, 548, 549, 550 Japanese semiconductor manufacturer, 
Rapidus, has formed two major collaborations to accelerate Japan’s semiconductor 
roadmap. With IBM, they develop 2 nm process technology and chiplet packaging 
that leverages IBM’s Albany NanoTech Complex for advanced R&D and technology 
transfer. Separately, Rapidus joined IMEC’s Core Partner Program, which provided 
them with access to global research infrastructure for photonics-electronics 
integration, advanced packaging standards, and reliability benchmarking.

U.S.–Japan Commercial and Industrial Partnership (JUCIP): 551, 552, 553 The 
JUCIP focuses on joint development of advanced semiconductor technologies, 
including 2 nm process nodes, advanced packaging, and secure supply chains. The 
partnership also promotes alignment on standards and workforce development, 
and addresses cybersecurity frameworks for semiconductor manufacturing 
environments.

Standards development role: 554, 555, 556, 557, 558, 559 Japan is an active participant in 
ISO/IEC JTC 1 for ICT and semiconductor-related standards. They also collaborate 
with IEEE and SEMI on semiconductor-specific standards including advanced 
packaging, chiplet integration, heterogeneous SoC architectures, Si photonics 
and co-packaged optics, thermal management and reliability benchmarking, 
energy-efficient interconnects, and cybersecurity guidelines for semiconductor 
manufacturing environments.

Japan Electronics and Information Technology Industries Association 
(JEITA):560, 561, 562, 563 Japan’s leading industry association, JEITA, coordinates 
domestic electronics and IT standards in alignment with Japanese Industrial 
Standards (JIS) (e.g., JIS Z 8301 formatting rules). JEITA’s standards cover 
semiconductor-related areas like electromagnetic compatibility (EMC), connector 
interfaces, and reliability testing. These standards are reviewed on a ~5-year 
cycle to ensure they stay relevant (with updates, confirmations, or retirements as 
needed). Recent JEITA initiatives include working groups on semiconductor EMC 
performance equivalence to stabilize supply chains and boost productivity. JEITA 
also actively works to harmonize Japan’s standards internationally.
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	– Japan uses industry alliances and programs such as the Leading-Edge 
Semiconductor Technology Center (LSTC) to build a coordinated framework 
for next-generation semiconductor development that integrates research, 
manufacturing, and standards-setting. LSTC’s mandate includes advancing 2 nm 
process technologies, developing chiplet-based architectures, and establishing 
reference designs and reliability benchmarks for advanced packaging. Japan’s 
industry partnership reportedly focuses on sustainability standards, energy-
efficient interconnects, and cybersecurity guidelines for semiconductor 
fabrication facilities.

Strategic framework and funding: 564, 565, 566, 567 Japan’s Semiconductor 
Revitalization Strategy (2024) sets three pillars: 1) secure manufacturing 
infrastructure, 2) establish next-generation technologies, and 3) advance R&D for 
future innovations such as advanced logic and memory semiconductors. The plan 
targets mass production of 2 nm logic chips by 2027 and is supported by the LSTC. 
Japan has made unprecedented investments in R&D and chip production: ~$7B 
allocated for next-generation chip R&D and ~$4B for advanced chip production. 
These are part of a broader ¥10 trillion (~$64B USD) pledge through 2030.

globe
Netherlands
International collaboration: 568, 569, 570, 571 The Netherlands is a founding member 
of the European Semicon Coalition with connects with other EU countries 
to coordinate semiconductor strategy under the EU Chips Act. The Coalition 
maintains a collective fund of €43 billion to support R&D, capacity building, and 
supply-chain resilience. 

	– The Netherlands also established bilateral cooperation through the Netherlands–
New York State partnership, which promotes semiconductor R&D, student 
exchanges through the Eindhoven Semiconductor Summer School, and 
sustainable manufacturing innovations.

	– The Netherlands is also expanding global engagement through Photonics 
and ICT collaboration with Taiwan in which Dutch companies and Taiwanese 
collaborate across design, packaging, module integration, and manufacturing

Semiconductor infrastructure and innovation ecosystem:572, 573, 574 The 
Netherlands’ semiconductor ecosystem encompasses world-leading equipment 
(ASML), front-end technologies (ASM International N.V.), packaging equipment 
(BESI), and design/manufacturing capabilities (NXP, Nexperia). The ecosystem 
is heavily concentrated in Brainport Eindhoven with support from over 300 deep-
tech firms and a workforce exceeding 60,000 individuals. R&D hubs provide 
critical infrastructure for pilot production and standard setting in chiplet and 
heterogeneous integration.
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Standards development role:575, 576, 577, 578   The Netherlands drives standards 
in extreme ultraviolet (EUV) and deep ultraviolet (DUV) lithography, atomic layer 
deposition (ALD) tools, metrology for inspection, hybrid packaging systems, 
and cleanroom process controls; its key industry leaders include ASML, ASM 
International N.V. (not to be confused with the U.S.-based professional society), and 
BESI. 

	– Two Dutch organizations serve as national hubs for semiconductor R&D 
and standards alignment: TNO and the ChipNL Competence Centre. These 
organizations have an explicit approach to pre-standardization through their 
coordination of multi-stakeholder projects involving industry, academia, 
and government to develop standards for chiplet architectures, HI, photonic 
packaging, energy-efficient interconnects, and sustainable production 
processes. 642, 643, 644, 645 Institutes co-develop photonic transceivers and packaging 
methods.

Strategic priorities and funding 579, 580, 581, 582

Project Beethoven: The Netherlands made a €2.51B investment in Project 
Beethoven: a strategy for the Brainport Eindhoven region designed to strengthen 
the semiconductor ecosystem through housing, infrastructure, business climate 
improvements, and significant resources dedicated to talent development. 

Export-control regulations: The Dutch government implemented export-control 
regulations on advanced semiconductor manufacturing tools including EUV/
DUV lithography, ALD, epitaxy, and inspection equipment. These regulations aim 
to protect national security and maintain technological leadership by preventing 
sensitive technologies from being used in ways that could undermine global supply 
chain integrity.

Workforce development
ChipNL Competence Centre: 583, 584 The ChipNL Competence Centre is a €12 
million effort that connects SMEs and startups with pilot lines and seeks to build 
expertise in integrated photonics, HI, and chip packaging. Its activities are tied 
to pre-standardization work through the development of shared design rules 
and packaging guidelines, which feed into European semiconductor standards 
frameworks.

University programs (e.g. University of Twente): 585, 586 Several Dutch universities 
have launched specialized semiconductor degree programs covering device 
fabrication, packaging, and sustainable microelectronics to build a future pipeline 
of highly qualified engineers.
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South Korea
International partnerships and workforce development:587, 588, 589, 590, 591, 592, 593, 594 
South Korea participates in the Chip 4 Alliance with the United States, Japan, and 
Taiwan to secure semiconductor supply chains and reduce reliance on China. The 
government also signed an MOU with ARM (i.e., British chip giant) to establish an 
“ARM School” that will train 1,400 semiconductor design specialists, addressing 
talent gaps in fabless and system-chip sectors. This partnership complements 
South Korea’s broader workforce development strategy to cultivate 150,000 
semiconductor professionals by 2031 through graduate programs, industry-
academic partnerships, and global training tracks. Its partnership with TSMC, 
OpenAI, and other key companies reflects a strategic pivot toward AI-driven chip 
technologies.595

	– The ARM School initiative (2026–2030) will support master’s and doctoral 
programs, industry internships, and joint research projects at leading universities. 
South Korea currently has joint R&D programs with institutions like Korea 
Advanced Institute of Science & Technology (KAIST) and Tokyo University 
to accelerate innovation in semiconductors and lithography. KAIST operates 
advanced semiconductor programs and collaborates with Samsung and SK hynix 
through initiatives that provide full scholarships and guaranteed employment for 
graduates; joint research centers focus on next-generation memory and AI chip 
technologies. Samsung Electronics has also partnered with seven universities to 
offer integrated semiconductor courses combining undergraduate and graduate 
studies, internships, and guaranteed job placement. In addition, the Ministry 
of Science and ICT runs overseas training programs for AI semiconductor 
specialists at top universities such as Carnegie Mellon, University of Toronto, and 
Oxford, sending 120 graduate students annually for advanced coursework and 
research. 

Manufacturing Leadership and Infrastructure: 596, 597, 598 South Korea accounts 
for more than 60% of the global memory semiconductor market (including 
DRAM and NAND flash). Samsung Electronics and SK hynix are major industry 
leaders; Samsung’s Pyeongtaek Campus is recognized as the world’s largest 
semiconductor facility; SK hynix leads in HBM for AI applications. Samsung also 
announced a $310 billion investment plan over a 5-year period to build new fabs 
for AI chips and memory, create an AI data center with 50,000+ NVIDIA GPUs, and 
generate 60K+ high-tech jobs. SK hynix is expanding its Yongin Semiconductor 
Cluster; the Center is backed by Korea’s National Growth Fund and prioritizes AI 
semiconductor and deep-tech manufacturing capacity.
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National strategy and semiconductor investments
K-Semiconductor Strategy & K-Chips Act: 599, 600, 601 South Korea’s 
K-Semiconductor Strategy is reinforced by the country’s K-Chips Act and seeks 
to establish the world’s largest semiconductor cluster and secure “super-gap” 
technologies by 2030. The plan includes tax incentives, infrastructure support, and 
deregulation aligned with global standards. A key component is the Semiconductor 
Future Technology Roadmap: a 10-year blueprint to guide R&D priorities and 
standards development. The strategy also emphasizes bilateral cooperation with 
ANSI and NIST to harmonize standards globally.

National Semiconductor Strategy 2030: 602 South Korea launched its National 
Semiconductor Strategy 2030 in 2024 to expand domestic chip production and 
research. The strategy pledged 620 trillion (~$450 billion USD) in combined public 
and private investments. The strategy designates semiconductors as a “national 
security sector” that provides tax incentives, infrastructure supports, and research 
grants to accelerate innovation in advanced logic, high-bandwidth memory, power 
management ICs, next-generation power semiconductors, neutral processing units 
(NPUs), and AI chips.

Semiconductor Ecosystem Support Package: 603 In addition to its National 
Semiconductor Strategy, South Korea also announced a Semiconductor Ecosystem 
Support Package worth 26 trillion (~$17.7 billion USD), which provides financial and 
infrastructure support for advanced semiconductors.

Semiconductor Future Technology Roadmap:604 South Korea’s roadmap 
outlines a 10-year plan to support the development and commercialization of 45 
core technologies. The roadmap concentrates on building national capabilities 
across 45 core technologies grouped into three domains: new memory and 
next-generation devices; original semiconductor design technologies for AI, 6G, 
power, and automotive applications; and advanced process technologies for ultra-
micronization and heterogeneous packaging. It promotes collaboration among 
industry, academia, and government through a dedicated public-private group 
and aligns domestic R&D with international standards efforts, referencing IEEE’s 
IRDS roadmap. This strategic framework aims to position Korea as a global leader 
in semiconductor innovation while ensuring interoperability and supply chain 
resilience.

Standards development role: 605, 606, 607 The Korean Agency for Technology and 
Standards (KATS) plans to develop 39 new international semiconductor standards 
by 2031; at least 15 of these standards are targeted for completion by 2027. 
The standards cover wafer bonding reliability and power semiconductor wafer 
dicing precision. KATS collaborates with IEC, SEMI, and JEDEC and has signed 
MOUs with ANSI and NIST to strengthen bilateral cooperation. KATS harmonizes 
Korean Industrial Standards (KS) with ISO and IEC norms and promotes a market-
driven, bottom-up approach through Co-operating Organizations for Standards 
Development (COSDs).
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Taiwan
Infrastructure and talent concentration: 608, 609, 610 Taiwan is home to Hsinchu 
Science Park—a globally recognized hub that hosts over 600 companies and 
160,000 employees. The park integrates R&D, manufacturing, and academic 
collaboration, and is supported by leading universities and research institutes.611 
Taiwan is also addressing talent shortages through initiatives such as the Deep 
Cultivation Park Project and international semiconductor programs, which 
link students to internships and careers at companies like TSMC and United 
Microelectronics Corporation (UMC).

Innovation ecosystem and technology leadership: 612, 613, 614, 615 Taiwan is the 
world’s top producer of advanced chips used in smartphones, data centers, and 
AI systems. Its companies are highly proficient at making extremely small and 
powerful chips for modern computing. They are supported by a dense network of 
science parks, research institutes, and universities that work closely with industry to 
develop new manufacturing techniques and packaging technologies.

International partnerships: 616, 617, 618, 619, 620 Taiwan’s semiconductor industry has 
deep partnerships with major economies to secure supply chains and expand 
global capacity. TSMC has invested heavily in overseas fabs, including multi-billion-
dollar facilities in Arizona (U.S.), Kumamoto (Japan), and Dresden (Germany), which 
are supported by their host governments. Taiwan’s overseas facilities are meant 
to diversify production, reduce geopolitical risk, and reinforce its role as a trusted 
technology partner. Taiwan also seeks closer economic and technology ties with 
the EU. They engage in multilateral forums such as the Government/Authorities 
Meeting on Semiconductors (GAMS) and the World Semiconductor Council (WSC) 
to promote standards harmonization and policy coordination with the United States, 
EU, and Japan.

Role in standards and security: 621, 622, 623 Taiwan is highly active in global 
semiconductor standards development through SEMI, JEDEC, and its domestic 
association, Taiwan Semiconductor Industry Association (TSIA). TSIA coordinates 
Taiwan’s participation in international standards-setting activities; this includes 
the World Semiconductor Council (WSC), JEDEC, and SEMI events. Taiwan also 
promotes cybersecurity standards for semiconductor equipment, such as SEMI 
E187, which sets specifications for fab equipment security.

Strategic industrial model and policy: 624, 625, 626, 627, 628  Taiwan built its leadership by 
focusing on a specialized business model: contract chip manufacturing for global 
customers. The approach was pioneered by TSMC, and it allowed companies 
worldwide to design chips while relying on Taiwan for production. Taiwan has 
spent decades investing and planning through the Industrial Technology Research 
Institute (ITRI), which created a strong foundation for today’s ecosystem.
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Taiwan Semiconductor Strategic Policy 2025: 629, 630   Taiwan’s 2025 
Semiconductor Policy focuses on securing technological sovereignty and 
reinforcing its leadership in advanced chip manufacturing. It focuses on distributed 
manufacturing hubs, dual-use chip facilities, mandatory cybersecurity certification 
at the design level, sustained R&D investment incentives for cutting-edge process 
nodes, and programs for attracting and retaining top international semiconductor 
talent. The strategy promotes international standards harmonization through the 
Silicon Defense Pact, which seeks to enable mutual recognition of chip quality and 
security standards with allies such as the United States, Japan, and EU.

INDUSTRY CONSORTIA OR PUBLIC -PRIVATE PARTNERSHIPS
Compute Express Link (CXL) Consortium: 631, 632, 633, 634, 635, 636, 637, 638

	– CXL Consortium is an open industry group formed in 2019 by major tech 
companies to standardize high-speed, cache-coherent CPU-to-device and CPU-
to-memory interconnects. CXL builds on PCIe (PCI Express) and adds protocols 
for low-latency memory sharing between CPUs and accelerators.

	– The timeline of CXL specification releases is: CXL 1.0 in March 2019; 1.1 (June 
2019); 2.0 (November 2020); 3.0 (August 2022); 3.2 (December 2024), and now 4.0 
(November 2025). The latest spec increases bandwidth, supports bundled ports, 
adds memory Reliability, Availability, and Serviceability (RAS) enhancements, and 
enables full backward compatibility.

	– CXL absorbed another consortium in 2022—Gen-Z—with the purpose of 
developing a single specification to advance interconnect technology and 
eliminate the risk of duplicated efforts going forward.

	– The consortium offers compliance testing programs and hosts technical demos 
and educational sessions, including live demonstrations of CXL 4.0 and memory 
pooling at Supercomputing 2025 (SC’25).

	– CXL addresses key data-center bottlenecks by enabling coherent memory 
pooling and resource sharing, accelerating AI/ML workloads, cloud services, and 
HPC applications through reduced latency and enhanced throughput.

	– The consortium has approximately 200 member companies or more and 
has quickly become a “de facto standard” for next-generation data center 
architectures; CXL has been described as an “Industry Open Standard” that 
is “revolutionizing” and is the “Key to Next-Gen Server Architecture” for data 
centers.

arrow-down-left-and-arrow-up-right-to-center
Defense Advanced Research Projects Agency (DARPA) Joint University 
Microelectronics Program 2.0 (JUMP 2.0): 639, 640, 641, 642JUMP 2.0 is a public–
private research program launched in 2023 by DARPA and Semiconductor 
Research Corporation (SRC) to drive long-range innovations in microelectronics 
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through university-led research centers. JUMP 2.0 builds on decades of DARPA–
SRC collaboration and focuses on foundational advances for information and 
communication technologies (ICT) with an 8–12-year horizon. JUMP 2.0 is one of 
the key, long-term research efforts within DARPA’s overarching, multi-billion-dollar 
program: the Electronics Resurgence Initiative (ERI). DARPA’s JUMP 2.0 provides 
support to seven university-led centers whose research areas partly include AI 
system architectures, intelligent sensing, distributed compute fabrics, advanced 
packaging, and memory/storage technologies. Through SRC, the JUMP 2.0 
program also funds undergraduate research experiences to broaden participation 
in semiconductor R&D. The Department of the Navy states that the JUMP 2.0 
public-private research program is intended to strengthen U.S. leadership in 
microelectronics and ensure a pipeline of talent and IP for defense and commercial 
sectors.

arrow-down-left-and-arrow-up-right-to-center
European Semicon Coalition: 643, 644, 645 The European Semicon Coalition 
is a strategic alliance of EU member states formed to strengthen Europe’s 
semiconductor ecosystem through coordinated investments, research, and 
standards development. The coalition manages a collective fund of approximately 
€43 billion to support advanced pilot lines, HI, quantum chip research, and a pan-
European design platform. It fosters collaboration among industry, academia, and 
governments to accelerate innovation, ensure interoperability, and build supply 
chain resilience. The coalition also promotes sustainability initiatives and workforce 
development programs to address talent shortages.

arrow-down-left-and-arrow-up-right-to-center
Interuniversity Microelectronics Centre (IMEC): 646, 647, 648, 649, 650 IMEC is an 
independent, non-profit nanoelectronics and digital tech R&D center in Belgium; 
globally, it has 6,500+ researchers and is known as the “chip lab of the world.” IMEC 
collaborates with 600+ industry partners, 200+ universities, and governments to 
drive next-generation semiconductor technologies. IMEC operates a state-of-the-
art 300 mm CMOS pilot line and cleanroom infrastructure to support research in 
materials, patterning, devices, packaging, photonics, sensing, and system scaling. 
It serves as a global R&D hub accelerating semiconductor innovation—from nano 
to system scales—through collaborative, vendor-neutral research, which helps to 
reduce duplication and speed up commercialization. IMEC offers open process 
design kits (PDKs) for advanced semiconductor nodes, enabling academic and 
industry partners to design and validate chips using IMEC’s leading-edge process 
technologies without proprietary restrictions. This access is key for collaborative 
innovation and accelerated pre-commercial research. IMEC engages in public-
funded projects under EU and national programs (e.g. EU Chips Act NanoIC line) 
and has signed strategic partnerships (e.g., with ASML and SCREEN).
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arrow-down-left-and-arrow-up-right-to-center
RISC-V International: 651, 652, 653, 654 RISC-V International is a global non-profit 
organization that manages the open RISC-V instruction set architecture (ISA).655 

Most ISAs are proprietary; RISC-V is royalty-free and enables anyone to design 
processors without licensing fees. RISC-V uses member-driven technical working 
groups to oversee and openly publish specifications for ISAs and ISA extensions 
for features like vector processing and security. The organization comprises 4,500 
member organizations globally, including semiconductor companies, cloud/cloud-
native providers, universities, open-source toolchains, and end-market segments. 
Members include Intel, NVIDIA, Alibaba, Qualcomm, SiFive, and Espressif. RISC-V 
hosts global events such as the RISC-V Summit to share updates, showcase 
implementations, and encourage collaboration across hardware and software 
communities. RISC-V’s open ISA is gaining widespread adoption across sectors 
including AI, automotive, IoT, and edge computing; companies and research groups 
use the open ISA to design processors tailored for diverse applications. The open 
ISA is helping to lower barriers to innovation and reduce reliance on proprietary 
architectures. Analysts say the demand for AI and embedded systems is driving the 
integration of RISC-V cores into an estimated over 60 billion devices by 2027. 

arrow-down-left-and-arrow-up-right-to-center
SEMI Semiconductor Manufacturing Cybersecurity Consortium (SMCC):656, 657, 

658, 659

In September 2024, SEMI launched the SMCC as a public–private partnership 
to adapt the broad requirements of the NIST Cybersecurity Framework 2.0 into a 
set of highly specific and actionable security controls tailored to semiconductor 
manufacturing environments. The SMCC collaborated with NIST’s National 
Cybersecurity Center of Excellence (NCCoE) to release the draft “Community 
Profile” in early 2025 and hosted workshops to gather industry feedback from 
fabrication facilities, equipment vendors, and supply chain participants.

The collaboration created a semiconductor-specific cybersecurity profile defined 
by correlating the NIST Framework’s security functions with the core operational 
objectives of manufacturing (e.g., maximizing yield and tool uptime).  This profile 
leverages SEMI standards, such as SEMI E187, to implement specific controls 
for authenticated access and hardened equipment configurations. This ensures 
supply chain resilience and aligns with national critical-infrastructure security 
requirements.
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arrow-down-left-and-arrow-up-right-to-center
Universal Chiplet Interconnect Express (UCIe) Consortium: 660, 661, 662, 663, 664

The UCIe Consortium is an industry alliance that formed in March 2022; it defined 
a common, shared standard for connecting chip segments (chiplets) (i.e., UCI 1.0). 
This standard enables interoperable multi-die systems across 2D/2.5D and 3D/
hybrid-bonded packages; successive releases (e.g., UCIe 2.0 and UCIe 3.0) expand 
scope to testability, manageability, security, and higher data rates.

UCIe has several working groups: electrical, protocol, form factor & compliance, 
manageability/security, and systems & software. These groups establish standards 
and protocols for conformance, discovery, power/thermal management, error 
reporting, and debug architectures so chiplets from different vendors can be 
reliably mixed and matched. The UCIe 2.0 spec update added 3D stacking support 
optimized for hybrid bonding. Later, the UCIe 3.0 specification doubled bandwidth 
for 2D chiplets and broadened ecosystem adoption through compliance tooling 
and partner development.

According to the AMD Chiplet Ecosystem Whitepaper, UCIe’s contribution to 
standardizing die-to-die interconnects for chiplets across packing options lowers 
integration risk, enables best-of-breed chiplet ecosystems, and shortens time-to-
market for heterogeneous systems. 

UCIe chiplet interconnects are evolving toward 3D interconnects (with shrinking 
bump pitches and hybrid bonding); these changes will address power, bandwidth 
density, and latency, which are considered key bottlenecks for next-generation AI 
and HPC.

Membership at the UCIe is also growing; the membership comprises foundries, 
OSATs, EDA vendors, and system integrators, which may indicate greater industry 
alignment around interoperability and compliance frameworks.

U.S.  FEDERAL ROLES
This subsection summarizes how key U.S. federal agencies, bureaus, and 
offices are driving semiconductor and microelectronics standardization through 
technical leadership, policy frameworks, and strategic investments. It highlights 
the distinct roles of U.S. federal agencies in shaping standards priorities, funding 
pre-standardization research, and coordinating interagency efforts under initiatives 
like the CHIPS and Science Act. These activities ensure interoperability, security, 
and sustainability across the semiconductor lifecycle while reinforcing U.S. 
competitiveness and resilience in global supply chains.
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flag-usa
Bureau of Industry and Security (BIS)

Key Role
Enforces export controls to restrict access to advanced semiconductors and 
manufacturing equipment and safeguard U.S. technological leadership and 
national security 665, 666

Contributions
Administers the Export Administration Regulations (EAR), which govern the 
export, reexport, and transfer of advanced semiconductors and manufacturing 
equipment to protect U.S. national security and foreign policy interests 667, 668

Sets performance-based criteria (e.g., logic chip density, interconnect 
pitch, equipment capabilities) in EAR updates, which influence design and 
manufacturing standards for compliance 669, 670

Provides licensing procedures and due diligence requirements for companies 
exporting chips, equipment, and related technologies to restricted destinations

Maintains lists of organizations (i.e., “Entity List”) subject to trade restrictions 
to prevent unauthorized access to advanced semiconductor technologies, 
supporting global security and compliance standards671

flag-usa
National Aeronautics and Space 
Administration (NASA)

Key Role
Develops and applies semiconductor standards for space systems and avionics

Contributions
Advances semiconductor research for extreme environments (e.g., silicon 
carbide [SiC] electronics capable of operating at 500–650°C); NASA Glenn’s 
work informs design rules and reliability standards for high-temperature 
semiconductors used in aerospace and energy sectors 672, 673

Develops and maintains standards for high-reliability microelectronics 
packaging and interconnects for space applications; publishes roadmaps and 
technical guidelines addressing thermal stress, electromigration, and advanced 
packaging reliability to inform aerospace and semiconductor standards 674

Explores microgravity manufacturing of semiconductors through In Space 
Production Applications (InSPA); NASA studies crystal growth and defect 
reduction in low Earth orbit to establish process guidelines that could influence 
future semiconductor fabrication standards 675, 676

Operates the NASA Electronic Parts and Packaging (NEPP) Program, which 
evaluates advanced semiconductor devices and packaging technologies for 
reliability; NEPP’s work establishes NASA’s internal mandatory standards for 
space-grade electronics;677 the NEPP program also informs external voluntary 
consensus standards through active participation in bodies like JEDEC and 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 67

CET: Semiconductors 
& Microelectronics

flag-usa
National Institute of Standards and 
Technology (NIST)

SAE, and develops qualification guidelines that are often mandated for U.S. 
government-procured aerospace microelectronics 678

Participates in JEDEC and SAE standards committees through the NASA 
Electronic Parts Assurance Group (NEPAG); contributes to defining qualification 
requirements for complex microcircuits (e.g., Class Y ceramic-based non-hermetic 
devices) and packaging integrity test plans 679, 680

Publishes NASA-STD-8739 series for Electrical, Electronic, and 
Electromechanical (EEE) parts assurance, including selection, screening, and 
derating standards; these documents set rigorous criteria for microelectronics 
reliability and influence broader aerospace standards, 681, 682

Key Role
Leads federal agency for semiconductor and microelectronics standards 
development, metrology, and CHIPS Act implementation

Contributions
Administers the CHIPS for America R&D programs, including the NSTC and 
Advanced Packaging Manufacturing Program, which integrate standards 
development into R&D and manufacturing initiatives 683

Chairs the Semiconductors and Microelectronics Standards Working Group 
(SMSWG) under the Interagency Committee on Standards Policy (ICSP), aligning 
federal priorities with the National Standards Strategy for Critical and Emerging 
Technologies 684

	– Coordinates cross-agency identification of semiconductor standards focus 
areas, priority topics, and gaps; NIST’s work with SMSWG has culminated in an 
annual report (NIST IR 8577) that provides strategic recommendations to the 
ICSP on key Federal standards efforts 685, 686

Convenes the semiconductor standards community through summits and 
workshops to develop an ecosystem-wide roadmap to identify standards priorities 
687

Coordinates supply chain security standards through interagency 
agreements, aligns CHIPS investments with dense requirements and trusted 
sourcing criteria to mitigate risks in semiconductor procurement 688, 689

Coordinates U.S. participation in ISO/IEC and IEEE semiconductor standards 
committees 690, 691, 692
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flag-usa
National Science Foundation (NSF)

Develops measurement science and metrology standards for semiconductor 
devices, advanced packaging, and reliability testing; sponsors workshops on 
semiconductor metrology challenges to inform standards priorities 693, 694

Implemented the CHIPS and Science Act, allocating $50 billion for 
semiconductor manufacturing and $11 billion for R&D; includes standards-related 
programs under NIST to strengthen U.S. leadership in metrology, interoperability, 
and secure manufacturing practices 695, 696

Launched CHIPS Metrology Program to advance measurements science and 
metrology standards for next-generation semiconductor manufacturing; supports 
development of reference materials and calibration protocols for high-density 
packaging and chiplet integration 697, 698

Leads development of documentary standards for semiconductor metrology 
and assurance through CHIPS R&D initiatives 699, 700

Promotes international standards engagement through bilateral and 
multilateral forums to harmonize semiconductor standards globally 701, 702

Publishes annual reports identifying strategic standards focus areas (e.g., 
advanced packaging, HI, cybersecurity for microelectronics); identifies gaps 
requiring pre-standardization R&D 703, 704

Key Role
Funds fundamental semiconductor research and workforce development; 
invests in programs that advance secure, interoperable, and energy-efficiency 
semiconductor technologies while supporting education and training initiatives 
to build a skilled workforce in microelectronics manufacturing and design; NSF 
programs emphasize co-design approaches and curriculum development aligned 
with industry standards 705, 706, 707

Contributions
Aligns broader CHIPS Act implementation with research and workforce 
standards, including authorization for NSF programs that codify Technology, 
Innovation & Partnerships (TIP) and designate $200 million specifically for 
semiconductor workforce training and education 708, 709

Backs evidence-based technician and educator training programs, including 
Transformative Approaches to Educating the Semiconductor Workforce (TA-ESW) 
and ETA-ESW (Micron partnership); these efforts formalize learning outcomes and 
lab competencies (e.g., lithography steps, contamination control, measurement 
traceability) that reflect standards in manufacturing settings 710, 711
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Creates public–private pathways to “standards-aware” curricula and 
credentialing—for example, NSF + Intel invested $7.6 million (2024) in six projects 
to modernize technician education and S-STEM scholarships, which helped two- 
and four-year institutions align program outcomes with industry expectations 
for yield, reliability, process control, contamination control, cleanroom operation, 
equipment maintenance, and metrology proficiency 712, 713

Expands fundamental research on secure, interoperable semiconductor 
systems; NSF supports co-design methods (materials/devices /circuits/
architectures) and access to shared fabrication/test facilities that help translate 
research into repeatable, standards-aligned practices for energy efficiency, 
security, and reliability 714, 715

Invests in Future of Semiconductors (FuSe) programs, addressing challenges 
in energy efficiency, performance speed and capacity, process sustainability, 
robustness, cost-effectiveness, interoperability, and secure design—aligned 
with CHIPS Act goals; awarded $45.6 million in 2023 and $42.4 million in 2024 
to advance domain-specific computing, hetero-integration, and beyond-CMOS 
materials; these areas feed into design rules, process sustainability guidelines (for 
materials recyclability and environmental impact), metrology baselines (e.g., for 
novel materials and intrinsic performance limits), and interoperability expectations 
716, 717

Partnered with NIST to create the workforce initiative: the National Network 
for Microelectronics Education (NNME); NNME provided $30 million to produce 
consistent, rigorous curricula, instructional materials, and hands-on modules; 
NNME helps ensure standards literacy in workforce training; outcomes of the 
NNME workforce initiative are aligned with industry norms for cleanroom safety, 
process control, and device characterization718, 719, 720, 721, 722

flag-usa
U.S. Department of Defense (DoD)

Key Role
Secures defense microelectronics through quantifiable assurance frameworks; 
sets procurement requirements and influences standards for hardware assurance, 
supply chain security, and lifecycle risk management 723, 724

Contributions
Adopted quantifiable assurance frameworks to replace the legacy Trusted 
Foundry model; influences standards for hardware assurance, supply chain 
integrity, and lifecycle security for defense microelectronics 725, 726

Defines levels of hardware assurance and lifecycle risk management guidance 
for defense microelectronics, providing criteria that inform acquisition practices 
and industry standards 727, 728
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Establishes supply chain security standards under National Defense 
Authorization Act (NDAA) mandates for trusted microelectronics procurement, 
including requirements for supplier vetting and operational security 729, 730

Funds and manages Microelectronics Commons under the CHIPS Act 
to accelerate secure domestic manufacturing, prototyping, and workforce 
development aligned with defense standards 731, 732

Publishes technical guidance for Field-Programmable Gate Array (FPGA) 
security and hardware assurance to inform standards for defense-grade 
microelectronics 733

flag-usa
U.S. Department of Energy (DOE)

Key Role
Advances semiconductor R&D for energy efficiency and HPC; supports standards 
for sustainable microelectronics 734, 735

Contributions
Advances WBG semiconductor standards through PowerAmerica Institute; 
focus is on high-performance, energy-efficient power electronics for electrification 
and grid integration; DOE also helps develop commercialization guidelines and 
workforce training aligned with manufacturing standards 736, 737

Coordinates national lab R&D for ultra-energy-efficient devices via the EES2 
roadmap and lab calls, targeting more than 10-x improvements in transistor-level 
efficiency and influencing future device-level performance benchmarks 738, 739

Established Microelectronics Science Research Centers (MSRCs) under the 
CHIPS and Science Act to advance fundamental research in energy-efficient and 
extreme-environment semiconductors; the Centers develop early-stage standards 
for materials, device design, and manufacturing science 740, 741, 742

Leads supply chain security and resilience assessments for semiconductors 
under Executive Order 14017, publishing DOE’s Semiconductor Supply Chain 
Deep Dive Assessment with recommendations that influence standards for 
domestic manufacturing and secure sourcing 743, 744

Leads the Energy Efficiency Scaling for Two Decades (EES2) Initiative, which 
includes roadmap development for semiconductor energy efficiency standards745

Participates in the CHIPS-funded SMART USA Institute for digital twin 
technology to standardize advanced semiconductor manufacturing processes 746
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flag-usa
White House Office of Science and 
Technology Policy (OSTP)

Key Role
Coordinates interagency semiconductor standards policy and research strategy; 
chairs the National Science and Technology Council (NSTC) and its Subcommittee 
on Microelectronics Leadership to align federal priorities for microelectronics 
R&D; ensures standards development supports U.S. competitiveness, national 
security, and economic growth 747, 748

Contributions
Coordinates interagency implementation of the National Strategy on 
Microelectronics Research; the strategy embeds standards priorities for 
advanced packaging, heterogeneous integration, and secure supply chains 
into federal R&D plans; OSTP provides strategic guidance through the NSTC 
Subcommittee on Microelectronics Leadership (SML) 749, 750

Integrates semiconductor standards into cross-cutting federal initiatives; this 
includes the National Standards Strategy for Critical and Emerging Technologies; 
OSTP promotes alignment of U.S. positions in international standards bodies to 
strengthen global competitiveness 751, 752

Issues guidance on scientific integrity and reproducibility standards through 
initiatives like the Gold Standard Science directive; reinforces transparency and 
rigor in federally funded semiconductor R&D, which underpins credible standards 
development 753, 754

Operates the National Semiconductor Technology Center (NSTC) 
Subcommittee on Microelectronics Leadership (SML) to coordinate U.S. federal 
efforts in microelectronics research, development, and supply chain security; 
convenes interagency working groups and collaborates with industry consortia to 
align federal investments with standards development, ensuring U.S. leadership in 
global semiconductor ecosystems and alignment with technical standards work 
by NIST, IEEE, SEMI, and ISO/IEC 755, 756, 757, 758

Provides policy leadership for CHIPS Act implementation across agencies 
and sets common priorities for standards development in metrology, advanced 
manufacturing, and supply chain security; works with OMB and technical agencies 
to ensure consistency with national security and economic goals 759, 760
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This section identifies actionable opportunities for advancing semiconductor and 
microelectronics standardization, based on the findings of this environmental scan. 
The recommendations draw from observed gaps, emerging needs, and stakeholder 
priorities identified throughout the report, including insights from government 
strategies, industry roadmaps, and academic research. These opportunities are 
intended to guide future planning, support strategic engagement, and reinforce 
ASTM’s role in shaping effective standards that promote interoperability, reliability, 
and innovation across the semiconductor ecosystem.

Advance standards for chiplet interoperability: 761, 762, 763, 764, 765, 766 Chiplet-based 
architectures are reshaping semiconductor design, but standards remain narrowly 
focused on physical interconnects like UCIe. Industry requires frameworks that 
extend beyond the physical layer (PHY) to include system-level protocols for 
lifecycle management, security, and DFx (testability, manageability, debug) to help 
improve interoperability across vendors. Without these standards, integration risk 
and design complexity will continue to slow adoption of heterogeneous packaging. 
Initiatives such as JEDEC’s JEP30 and the Open Compute Project’s chiplet design 
kits offer early guidance, but they lack formal compliance and certification pathways 
as needed for global scale-up.

Advance standards for power materials (SiC and GaN) device testing, 
reliability, and interoperability:767, 768, 769, 770 WBG semiconductors such as silicon 
carbide (SiC) and gallium nitride (GaN) enable higher voltage, temperature, and 
efficiency performance for EVs, power electronics, and RF systems. JEDEC’s JC-70 
committees have introduced baseline standards for dynamic testing and reliability 
(e.g., gate charge, switching, reverse recovery); however, gaps remain in accelerated 
lifetime testing, thermal-mechanical stress, and board-level integration. IEC and 
IEEE initiatives call for harmonized qualification criteria and standardized interfaces 
to ensure interoperability across suppliers and system designs. This would help 
reduce design risks, improve supply chain consistency, and accelerate adoption in 
applications like automotive, aerospace, and renewable energy.

Define protocols to validate AI-driven chip design for trust and reproducibility: 
771, 772, 773, 774, 775 AI-driven EDA platforms 776 are enabling dramatic gains in 
productivity, testbench generation, coverage acceleration, and PPA (performance, 
power, area) in chip design. Ensuring consistent and trustworthy adoption across 
the industry requires new standards that specify model performance benchmarks, 
coverage metrics, explainability requirements, human-in-the-loop verification 
checkpoints, and bias/method validation. These standards can be based on 
frameworks like NIST’s AI test, evaluation, validation and verification (TEVV) and 
IEEE’s AI trust assessment specs for rigorous system-level validation; they would 
enable reproducible design results, reduce flow variability EDA tools and fabs, 
and support certification of AI-generated layouts and verification artifacts (i.e., for 
compliance and cross-vendor interoperability).

Opportunities/
Recommendations
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Develop reliability and thermal frameworks for 3D packaging: 777, 778, 779 Advanced 
packaging technologies such as 2.5D and 3D integration introduce reliability 
challenges that traditional standards do not address (e.g., issues like micro-bump 
fatigue, TSV stress, and heat dissipation across stacked dies). These risks are 
particularly critical for AI and HPC systems, where thermal limits can directly 
impact performance and yield. Industry roadmaps emphasize the need for shared 
frameworks covering stress testing, thermal modeling, PHM (prognostics and 
health monitoring) building blocks, board-level attach requirements, SiP design kit 
and data format standardization, and co-design practices. Establishing standards 
for these needs will help manufacturers reduce costly failures and accelerate 
adoption of advanced packaging in mission-critical applications.

Expand security standards to cover fab equipment, digital twins, and cloud-
connected workflows: 780, 781, 782, 783, 784, 785 Traditional IT frameworks are not 
adequate for highly automated fabs with thousands of tools exchanging data 
with predictive maintenance systems and cloud analytics. SEMI’s E187 and E188 
standards already define baseline requirements for equipment cybersecurity 
(i.e., for OS hardening, authentication, malware scanning, and event logging) but 
their adoption is lacking. Standards must address secure data flows, encryption 
for machine-to-cloud connections, and integrity checks for virtual models as 
fabrication facilities deploy digital twin models and AI-driven optimization. NIST’s 
Semiconductor Manufacturing Cybersecurity Profile (IR 8546) complements these 
efforts by adapting the Cybersecurity Framework (CSF) for fab-specific risks, which 
would thereby enable harmonized protocols that protect both physical assets and 
digital ecosystems.

Harmonize metrics for energy, water, emissions, and material reuse across 
fab equipment and product life cycles:786, 787, 788, 789, 790, 791, 792, 793, 794, 795, 796, 797, 798, 799 

SEMI S23 provides repeatable methods to measure equipment energy and utilities, 
which are key inputs for fab-level product carbon footprint (PCF) baselines. SCC’s 
value-chain analysis calls for harmonized methodologies and transparent data for 
Scope 1–3 emissions; The U.S. Environmental Protection Agency (EPA) Sustainable 
Materials Management (SMM) and EU’s Circular Economy/Digital Product 
Passport frameworks push life-cycle reporting and standardized product data 
fields. Water usage remains a critical lever: fabs face rising ultrapure water (UPW) 
demand and evaporative losses. NIST and SEMI roadmaps indicate efficiency 
metrics (e.g., gallons per wafer, reuse ratios) are a near-term standards priority to 
link shop-floor measurements with interoperable lifecycle analysis artifacts.

Strengthen supply chain traceability and provenance: 800, 801, 802 Semiconductor 
supply chains are increasingly vulnerable to risks such as counterfeiting, tampering, 
and unauthorized component substitution. Standards for digital chip passports and 
secure serialization can provide end-to-end visibility and help ensure components 
are authentic and traceable from wafer fabrication through final assembly. 
Emerging approaches—such as blockchain-enabled traceability and hardware 
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roots of trust—align with secure-by-design mandates in the CHIPS Act and EU 
Chips Act. These standards will strengthen global supply chain integrity, support 
export control verification, and build confidence in multi-vendor ecosystems.

Use shared testbeds to align standards and reduce regional fragmentation:803, 

804, 805, 806, 807, 808, 809 Several major standards bodies increasingly recognize the value 
of collaborative “sandbox” environments where draft specifications can be tested 
before formal adoption. These pre-standardization testbeds often leverage digital 
twin models and allow stakeholders to validate interoperability, performance 
metrics, and security protocols under real-world conditions. This approach 
supports “co-opetition” across regions and helps reconcile differences between 
frameworks like the U.S. CHIPS Act and EU Chips Act, accelerating consensus and 
reducing costly duplication in semiconductor manufacturing standards.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 75

1.	 IBS Electronics. “Semiconductor Market to Top $1 Trillion by 2030 on AI Demand.” IBS 
Electronics. Accessed June 8, 2026. https://www.ibselectronics.com/resources/news/
semiconductor-market-to-top-$1-trillion-by-2030-on-ai-demand/.

2.	 James, Luke. “Semiconductor Industry Enters Unprecedented ‘Giga Cycle’, Says Report - Scale 
of Artificial Intelligence Is Rewriting Compute, Memory, Networking, and Storage Economics All 
at Once.” Tom’s Hardware, December 9, 2025. https://www.tomshardware.com/tech-industry/
semiconductors/semiconductor-industry-enters-giga-cycle-as-ai-infrastructure-spending-
reshapes-demand. 

3.	 Astute Group. “PWC Forecasts Semiconductor Market to Pass $1TN by 2030 as AI and 
Automotive Demand Accelerate.” Astute Group. Accessed June 8, 2026. https://www.
astutegroup.com/news/industrial/pwc-forecasts-semiconductor-market-to-pass-1tn-by-2030-
as-ai-and-automotive-demand-accelerate/.

4.	 “Our Economic and National Security Depend on Microelectronics No Longer Made in 
America.” Lexington Institute, March 19, 2024. https://lexingtoninstitute.org/our-economic-and-
national-security-depend-on-microelectronics-no-longer-made-in-america. 

5.	 Semiconductor Industry Association. State of the U.S. Semiconductor Industry 2025. 
Washington, DC: Semiconductor Industry Association, 2025. https://www.semiconductors.org/
wp-content/uploads/2025/07/SIA-State-of-the-Industry-Report-2025.pdf 

6.	 Semiconductor Industry Association. State of the U.S. Semiconductor Industry 2025. 
Washington, DC: Semiconductor Industry Association, 2025. https://www.semiconductors.org/
wp-content/uploads/2025/07/SIA-State-of-the-Industry-Report-2025.pdf 

7.	 “The US Commerce $52.7B Chips Act: Funding and Requirements.” LegalClarity, December 11, 
2025. https://legalclarity.org/the-us-commerce-52-7b-chips-act-funding-and-requirements/. 

8.	 “Fact Sheet: Two Years after the Chips and Science Act, Biden-Harris Administration Celebrates 
Historic Achievements in Bringing Semiconductor Supply Chains Home, Creating Jobs, 
Supporting Innovation, and Protecting National Security | The White House.” National Archives 
and Records Administration, August 9, 2024. https://bidenwhitehouse.archives.gov/briefing-
room/statements-releases/2024/08/09/fact-sheet-two-years-after-the-chips-and-science-
act-biden-%e2%81%a0harris-administration-celebrates-historic-achievements-in-bringing-
semiconductor-supply-chains-home-creating-jobs-supporting-inn/. 

9.	 “Tracking Chips and Science Act Awards.” Manufacturing Dive, May 26, 2026. https://
www.manufacturingdive.com/news/chips-and-science-act-tracker-semiconductor-
manufacturing/734039/. 

10.	 Semiconductor Industry Association. State of the U.S. Semiconductor Industry 2025. 
Washington, DC: Semiconductor Industry Association, 2025. https://www.semiconductors.org/
wp-content/uploads/2025/07/SIA-State-of-the-Industry-Report-2025.pdf 

11.	 James, Luke. “Semiconductor Industry Enters Unprecedented ‘Giga Cycle’, Says Report - Scale 
of Artificial Intelligence Is Rewriting Compute, Memory, Networking, and Storage Economics All 
at Once.” Tom’s Hardware, December 9, 2025. https://www.tomshardware.com/tech-industry/
semiconductors/semiconductor-industry-enters-giga-cycle-as-ai-infrastructure-spending-
reshapes-demand. 

12.	 Astute Group. “PWC Forecasts Semiconductor Market to Pass $1TN by 2030 as AI and 
Automotive Demand Accelerate.” Astute Group. Accessed June 8, 2026. https://www.
astutegroup.com/news/industrial/pwc-forecasts-semiconductor-market-to-pass-1tn-by-2030-
as-ai-and-automotive-demand-accelerate/.

13.	 “Semiconductors: Poised for Explosive Growth and a $1 Trillion Future.” IBS Electronics, 
September 15, 2025. https://www.ibselectronics.com/resources/news/semiconductors-poised-
for-explosive-growth-and-a-$1-trillion-future/. 

Endnotes and References 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 76

Endnotes and References 

14.	 Semiconductor Industry Association. State of the U.S. Semiconductor Industry 2025. 
Washington, DC: Semiconductor Industry Association, 2025. https://www.semiconductors.org/
wp-content/uploads/2025/07/SIA-State-of-the-Industry-Report-2025.pdf 

15.	 Fact Sheet: Two Years after the Chips and Science Act, Biden-Harris Administration Celebrates 
Historic Achievements in Bringing Semiconductor Supply Chains Home, Creating Jobs, 
Supporting Innovation, and Protecting National Security | The White House.” National Archives 
and Records Administration, August 9, 2024. https://bidenwhitehouse.archives.gov/briefing-
room/statements-releases/2024/08/09/fact-sheet-two-years-after-the-chips-and-science-
act-biden-%e2%81%a0harris-administration-celebrates-historic-achievements-in-bringing-
semiconductor-supply-chains-home-creating-jobs-supporting-inn/. 

16.	 “Tracking Chips and Science Act Awards.” Manufacturing Dive, May 26, 2026. https://
www.manufacturingdive.com/news/chips-and-science-act-tracker-semiconductor-
manufacturing/734039/. 

17.	 “The US Commerce $52.7B Chips Act: Funding and Requirements.” LegalClarity, December 11, 
2025. https://legalclarity.org/the-us-commerce-52-7b-chips-act-funding-and-requirements/. 

18.	 “Standards.” IEEE Global Semiconductors. Accessed May 28, 2026. https://semiconductors.
ieee.org/standards/. 

19.	 Astute Group. “PWC Forecasts Semiconductor Market to Pass $1TN by 2030 as AI and 
Automotive Demand Accelerate.” Astute Group. Accessed June 8, 2026. https://www.
astutegroup.com/news/industrial/pwc-forecasts-semiconductor-market-to-pass-1tn-by-2030-
as-ai-and-automotive-demand-accelerate/. 

20.	 “Standards.” IEEE Global Semiconductors. Accessed May 28, 2026. https://semiconductors.
ieee.org/standards/. 

21.	  “Industry Standards.” Texas Instruments. Accessed May 28, 2026. https://www.ti.com/support-
quality/certifications-and-standards/industry-standards.html. 

22.	  Obeng, Yaw, Jan Obrzut, and Mary Bedner. “Summary Report: Chips R&D Semiconductor Supply 
Chain Trust and Assurance Data Standards & Digital Twin Data Interoperability Standards 
Workshops.” NIST, June 27, 2025. https://www.nist.gov/publications/summary-report-chips-rd-
semiconductor-supply-chain-trust-and-assurance-data-standards. 

23.	 Astute Group. “PWC Forecasts Semiconductor Market to Pass $1TN by 2030 as AI and 
Automotive Demand Accelerate.” Astute Group. Accessed June 8, 2026. https://www.
astutegroup.com/news/industrial/pwc-forecasts-semiconductor-market-to-pass-1tn-by-2030-
as-ai-and-automotive-demand-accelerate/. 

24.	 Obeng, Yaw, Jan Obrzut, and Mary Bedner. “Summary Report: Chips R&D Semiconductor Supply 
Chain Trust and Assurance Data Standards & Digital Twin Data Interoperability Standards 
Workshops.” NIST, June 27, 2025. https://www.nist.gov/publications/summary-report-chips-rd-
semiconductor-supply-chain-trust-and-assurance-data-standards. 

25.	 National Institute of Standards and Technology (NIST). Semiconductors and Microelectronics 
Standards: Report of the Semiconductors and Microelectronics Working Group. Gaithersburg, 
MD: NIST, December 2023. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=956962.

26.	 Semiconductor Industry Association (SIA) and European Semiconductor Industry Association 
(ESIA). Guiding Principles for EU–U.S. Semiconductor Standardisation Cooperation. 
May 9, 2022. https://www.eusemiconductors.eu/sites/default/files/uploads/20220509_
GuidingPrinciplesforUS-EUSemiStandardisationCooperation.pdf. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 77

Endnotes and References 

27.	 Mariana, Michael. “Who Are the Top U.S. Companies in the Semiconductor Industry?” Z2 Data, 
September 8, 2025. https://www.z2data.com/insights/who-are-the-top-us-companies-in-the-
semiconductor-industry. 

28.	 Burkacky, Ondrej, Julia Dragon, and Nikolaus Lehmann. “The Semiconductor Decade: A 
Trillion-Dollar Industry .” McKinsey, April 1, 2022. https://www.mckinsey.com/industries/
semiconductors/our-insights/the-semiconductor-decade-a-trillion-dollar-industry. 

29.	 “Certifications and Compliance | AMD.” AMD. Accessed May 28, 2026. https://www.amd.com/
en/legal/compliance/certifications-compliance.html. 

30.	 Advanced Micro Devices (AMD). “AMD Unveils Next-Gen AI-Enabled Ryzen and Radeon.” AMD 
Press Releases. January 4, 2025. https://www.amd.com/en/press-releases/2025-01-04-amd-
unveils-next-gen-ai-enabled-ryzen-radeon.

31.	 “AMD Stock Rises on Strong AI Chip Demand.” MarketWatch. Accessed June 8, 2026. https://
www.marketwatch.com/story/amd-stock-rises-on-strong-ai-chip-demand-2024-12-15.

32.	 “AMD Forecasts $4 Billion in AI Chip Sales in 2025.” CNBC. March 15, 2025. https://www.cnbc.
com/2025/03/15/amd-forecasts-4-billion-in-ai-chip-sales-in-2025.html.

33.	 JEDEC Solid State Technology Association (JEDEC). “Member List.” JEDEC. Accessed June 8, 
2026. https://www.jedec.org/about-jedec/member-list.

34.	 Responsible Business Alliance (RBA). “Members.” Responsible Business Alliance. Accessed 
June 8, 2026. https://www.responsiblebusiness.org/members/amd/.

35.	 Advanced Micro Devices (AMD). “Environmental Compliance.” AMD. Accessed June 8, 2026. 
https://www.amd.com/en/corporate-responsibility/environmental-compliance.

36.	 Advanced Micro Devices (AMD). “Available AMD AI PCs.” AMD Blogs. 2025. https://www.amd.
com/en/blogs/2025/available-amd-ai-pcs.html.

37.	 “Semiconductor Packaging News.” Semiconductor Packaging News. Accessed June 8, 2026. 
https://www.semiconductorpackagingnews.com/news/87608.html.

38.	 Advanced Micro Devices, Inc. 2025 Annual Report. Santa Clara, CA: Advanced 
Micro Devices, Inc., 2025. https://ir.amd.com/financial-information/sec-filings/
content/0000002488-26-000018/amd-20251227.htm 

39.	 “Supplier Audit Summary Results.” AMD. Accessed May 28, 2026. https://www.amd.com/en/
corporate/corporate-responsibility/supplier-audit-summary.html. 

40.	 “Semiconductor: We Deliver Material Innovation That Changes the World.” Applied Materials. 
Accessed May 28, 2026. https://www.appliedmaterials.com/us/en/semiconductor.html. 

41.	 Davis, Shannon. “Applied Materials Joins Apple and Texas Instruments in Strengthening U.S. 
Chip Manufacturing.” Semiconductor Digest, August 6, 2025. https://www.semiconductor-
digest.com/applied-materials-joins-apple-and-texas-instruments-in-strengthening-u-s-chip-
manufacturing/. 

42.	 Davis, Shannon. “Applied Materials Receives SBTI Validation of Its Science-Based Scope 1, 2 
and 3 Emissions Reductions Targets.” Semiconductor Digest, December 1, 2023. https://www.
semiconductor-digest.com/applied-materials-receives-sbti-validation-of-its-science-based-
scope-1-2-and-3-emissions-reductions-targets/. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 78

Endnotes and References 

43.	 Seward, Andrew, and Lori Kessler. Standards Based Supplier Cybersecurity Assessments for 
the Semiconductor Industry. SMCC Supply Chain Working Group Update for NIST and MITRE, 
version 3.0. Semiconductor Manufacturing Cybersecurity Consortium (SMCC), May 2025.
https://csrc.nist.gov/csrc/media/Presentations/2025/cybersecurity-assessments-for-the-
semiconductor-in/images-media/WedAM2.3-2025-05%20SMCC%20Supply%20Chain%20
Working%20Group%20Update%20for%20NIST%20and%20MITRE%20v3.0.pdf. 

44.	 Semi. “Semi Cybersecurity Consortium’s NIST Semiconductor Manufacturing Community 
Profile Opens for Public Feedback.” PR Newswire, March 1, 2025. https://www.prnewswire.
com/news-releases/semi-cybersecurity-consortiums-nist-semiconductor-manufacturing-
community-profile-opens-for-public-feedback-302388079.html. 

45.	 “Is Applied Materials (AMAT) Poised to Outperform in the Next-Generation Semiconductor 
Equipment Cycle?” AInvest, October 6, 2025. https://www.ainvest.com/news/applied-materials-
amat-poised-outperform-generation-semiconductor-equipment-cycle-2510/.

46.	 “About Us.” Broadcom Inc. Accessed May 29, 2026. https://www.broadcom.com/company/
about-us.

47.	 Bloomberg News. “Apple Extends Broadcom Pact with Multibillion-Dollar 5G Deal.” 
DataCenterKnowledge, April 22, 2024. https://www.datacenterknowledge.com/deals/apple-
extends-broadcom-pact-with-multibillion-dollar-5g-deal.

48.	 “Broadcom Advances Industry Support for Ethernet for AI Networking at the 2025 OCP Global 
Summit.” Broadcom Inc. Accessed May 29, 2026. https://www.broadcom.com/blog/2025-ocp-
global-summit-broadcom-advances-industry-support-for-ethernet-for-ai-networking.

49.	 Kutcipal, Rick, Sreeni Baglkote. “Broadcom Accelerates PCIe/CXL Roadmap to Enable the 
Open AI Ecosystem.” Broadcom Inc, October 17, 2023. https://www.youtube.com/watch?v=-
rXOYvDtYfc. 

50.	 Ross, Laura. “6 Biggest Semiconductor Manufacturers in the U.S.” Thomas Publishing 
Company, February 12, 2025. https://www.thomasnet.com/insights/biggest-us-semiconductor-
manufacturers/.

51.	 “Cadence Design Systems, Inc.. Factsheet | Cadence.” Cadence Design Systems. Accessed 
June 2, 2026. https://www.cadence.com/en_US/home/resources/factsheets/cadence-design-
systems-inc-fs.html. 

52.	 “About Us.” Cadence. Accessed June 2, 2026. https://www.cadence.com/en_US/home/
company.html. 

53.	 “Standards and Languages.” Cadence. Accessed June 2, 2026. https://www.cadence.com/
en_US/home/alliances/standards-and-languages.html. 

54.	 Intel Corporation. Standards and Intel Business: Informational Brief. February 17, 2018. https://
www.intel.com/content/dam/www/public/us/en/documents/brief/standards-business-brief.
pdf. 

55.	 “ISO/IEC JTC 1/SC 27 - Information Security, Cybersecurity and Privacy Protection.” ISO, May 29, 
2026. https://www.iso.org/committee/45306.html.

56.	 “Entity Members Full Listing.” IEEE Standards Association, November 11, 2025. https://
standards.ieee.org/about/memberorgs/full-member-listing/.

57.	 “Products Overview.” Lam Research. Accessed May 29, 2026. https://www.lamresearch.com/
products/products-overview/.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 79

Endnotes and References 

58.	 “Standards .” SEMI. Accessed May 29, 2026. https://www.semi.org/en/products-services/
standards.

59.	 IEEE Standards Association, May 7, 2026. https://standards.ieee.org/.

60.	 “Chips for America.” NIST. Accessed May 29, 2026. https://www.nist.gov/chips.

61.	 Davis, Shannon. “Semi Consortium to Develop Cybersecurity Strategy and Roadmap for the 
Semiconductor Industry in NIST Framework.” Semiconductor Digest, September 30, 2024. 
https://www.semiconductor-digest.com/semi-consortium-to-develop-cybersecurity-strategy-
and-roadmap-for-the-semiconductor-industry-in-nist-framework/.

62.	 “Lam Research’s Emissions Reduction Goals Approved by the Science Based Targets Initiative.” 
Lam Research’s Emissions Reduction Goals Approved by the Science Based Targets Initiative, 
November 1, 2022. https://www.prnewswire.com/news-releases/lam-researchs-emissions-
reduction-goals-approved-by-the-science-based-targets-initiative-301664098.html.

63.	 “Semi Cybersecurity Consortium’s NIST Semiconductor Manufacturing Community Profile 
Opens for Public Feedback.” Automation.com, March 3, 2025. https://www.automation.com/
article/semi-cybersecurity-consortium-nist-semiconductor.

64.	 “Annual Meeting Materials.” Micron Investor Relations. Accessed June 4, 2026. https://investors.
micron.com/annual-meeting.

65.	 “Products.” Micron Technology Inc. Accessed June 4, 2026. https://www.micron.com/products.

66.	 Kahn, Jason. Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024. NIST Interagency Report 8577. Gaithersburg, MD: National Institute of Standards and 
Technology, May 2025. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=959453. 

67.	 JEDEC Solid State Technology Association (JEDEC). “Micron Technology, Inc.” JEDEC. Accessed 
June 8, 2026. https://www.jedec.org/members/micron-technology-inc.

68.	 Palos, Bernardo. “The Thinking Machine and the Role of Nvidia in Making AI More Ethical and 
Transparent.” The Palos Publishing Company. Accessed June 8, 2026. https://palospublishing.
com/nvidias-key-role-in-ai-ethics-and-policy-development/.

69.	 Kahn, Jason. Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024. NIST Interagency Report 8577. Gaithersburg, MD: National Institute of Standards and 
Technology, May 2025. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=959453. 

70.	 Ross, Laura. “6 Biggest Semiconductor Manufacturers in the U.S.” Thomasnet. February 12, 
2025. https://www.thomasnet.com/insights/biggest-us-semiconductor-manufacturers/.

71.	 Meredith, Sam. “Nvidia Becomes First Company to Reach $5 Trillion Valuation, Fueled by AI 
Boom.” CNBC. October 29, 2025. https://www.cnbc.com/2025/10/29/nvidia-on-track-to-hit-
historic-5-trillion-valuation-amid-ai-rally.html.

72.	 NVIDIA Corporation. “Trustworthy AI for a Better World.” NVIDIA. Accessed June 8, 2026. https://
www.nvidia.com/en-us/ai-trust-center/trustworthy-ai/.

73.	 Mariani, Riccardo. “Using the Power of AI to Make Factories Safer.” NVIDIA Developer Blog. 
January 24, 2024. https://developer.nvidia.com/blog/using-the-power-of-ai-to-make-factories-
safer/.

74.	 NVIDIA Corporation. NVIDIA and Oracle to Build U.S. Department of Energy’s Largest AI 
Supercomputer for Scientific Discovery. October 28, 2025. https://investor.nvidia.com/news/
press-release-details/2025/NVIDIA-and-Oracle-to-Build-US-Department-of-Energys-Largest-AI-
Supercomputer-for-Scientific-Discovery/default.aspx.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 80

Endnotes and References 

75.	 “Nvidia Hits $5 Trillion Valuation. What That Signals for the Market.” TradeAlgo. November 2, 
2025. https://www.tradealgo.com/news/nvidia-hits-5-trillion-valuation-what-that-signals-for-the-
market.

76.	 Meredith, Sam. “Nvidia Becomes First Company to Reach $5 Trillion Valuation, Fueled by AI 
Boom.” CNBC. October 29, 2025. https://www.cnbc.com/2025/10/29/nvidia-becomes-first-
company-to-hit-5-trillion-market-cap.html.

77.	 NVIDIA Corporation. “Investor Relations.” NVIDIA Corporation. Accessed June 8, 2026. https://
investor.nvidia.com/investor-relations/default.aspx.

78.	 NVIDIA Corporation. “Responsible AI Transparency.” NVIDIA Blog. December 10, 2024. https://
blogs.nvidia.com/blog/2024/12/10/responsible-ai-transparency/.

79.	 Svensson, Philip. “Qualcomm: Quality Communication and Semiconductor Innovation.” Quartr. 
September 13, 2024. Updated September 11, 2025. https://quartr.com/insights/company-
research/qualcomm-quality-communication-and-semiconductor-innovation.

80.	 Qualcomm Incorporated. “The Essential Role of Technology Standards.” Qualcomm. Accessed 
June 8, 2026. https://www.qualcomm.com/research/standards.

81.	 Montojo, Juan. “Getting Ready for the Next Era of Wireless Connectivity: Global 6G Technology 
Standardization to Begin Soon.” RCR Wireless News. March 27, 2025. https://www.rcrwireless.
com/20250327/sponsored/qualcomm-6g-standardization.

82.	 Ali, Shujat. “Qualcomm’s Pioneering Role in Shaping Cellular Technology Standards from 2G to 
5G.” LinkedIn. September 22, 2023. https://www.linkedin.com/pulse/qualcomms-pioneering-
role-shaping-cellular-technology-shujat-ali/.

83.	 Qualcomm Incorporated. “Qualcomm at 40: Here’s How We Drove Five of the Biggest Tech 
Revolutions.” OnQ Blog. May 27, 2025. https://www.qualcomm.com/news/onq/2023/
qualcomm-3gpp-standards-leadership.

84.	 Kahn, Jason. Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024. NIST Interagency Report 8577. Gaithersburg, MD: National Institute of Standards and 
Technology, May 2025. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=959453. 

85.	 Samsung Electronics. “Semiconductor.” Samsung Electronics. Accessed June 8, 2026. https://
www.samsung.com/semiconductor/.

86.	 “Korea’s Semiconductor Industry Faces New Challenges Amid Global Competition.” The Korea 
Times. Accessed June 8, 2026. https://www.koreatimes.co.kr/www/tech/2025/10/133_320123.
html.

87.	 SEMI. “Sustainability.” SEMI. Accessed June 8, 2026. https://www.semi.org/en/industry-groups/
sustainability.

88.	 “Standards.” IEEE Global Semiconductors. Accessed May 28, 2026. https://semiconductors.
ieee.org/standards/. 

89.	 International Organization for Standardization (ISO). “ISO/TC 300 – Solid-State Devices.” ISO. 
Accessed June 8, 2026. https://www.iso.org/committee/45020.html.

90.	 “Synopsys - About Us.” Synopsys. Accessed June 2, 2026. https://www.synopsys.com/company.
html. 

91.	 “Synopsys Becomes First EDA Company to Join IEEE-SA as Corporate Member.” Synopsys News 
Releases. Accessed May 27, 2026. https://news.synopsys.com/home?item=122605. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 81

Endnotes and References 

92.	 Synopsys Editorial Staff. “Advancing Standards Development w/ Jyotika Athavale.” Synopsys 
Blog, March 1, 2024. https://www.synopsys.com/blogs/chip-design/ieee-standards-functional-
safety.html. 

93.	 “Certifications.” Texas Instruments. Accessed June 2, 2026. https://www.ti.com/support-quality/
certifications-and-standards/certifications.html. 

94.	 “Texas Instruments Plans to Invest More than $60 Billion to Manufacture Billions of Foundational 
Semiconductors in the U.S.” Texas Instruments. Accessed June 2, 2026. https://www.ti.com/
about-ti/newsroom/news-releases/2025/texas-instruments-plans-to-invest-more-than--60-
billion-to-manufacture-billions-of-foundational-semiconductors-in-the-us.html.

95.	  “Industry Standards.” Texas Instruments. Accessed June 2, 2026. https://www.ti.com/support-
quality/certifications-and-standards/industry-standards.html. 

96.	 “Sherman, Texas: 300mm Wafer Fabs.” Texas Instruments. Accessed June 2, 2026. https://www.
ti.com/about-ti/company/ti-at-a-glance/manufacturing/sherman.html.

97.	 “Texas Instruments - Our Company.” Texas Instruments. Accessed June 2, 2026. https://www.
ti.com/about-ti/company/overview.html. 

98.	 “About ASTM Overview | ASTM.” ASTM. Accessed June 4, 2026. https://www.astm.org/about.
https://www.astm.org/about

99.	 ASTM International. ASTM International Technical Committee F01 on Electronics Fact Sheet. 
West Conshohocken, PA: ASTM International, 2016. https://mcsdocs.astm.org/committee-
documents/F01_Fact_Sheet_2016.pdf. https://mcsdocs.astm.org/committee-documents/
F01_Fact_Sheet_2016.pdf

100.	 ASTM International. ASTM International Technical Committee F01 on Electronics Fact Sheet. 
West Conshohocken, PA: ASTM International, 2016. https://mcsdocs.astm.org/committee-
documents/F01_Fact_Sheet_2016.pdf. https://mcsdocs.astm.org/committee-documents/
F01_Fact_Sheet_2016.pdf

101.	 ASTM International. ASTM International Technical Committee F01 on Electronics Fact Sheet. 
West Conshohocken, PA: ASTM International, 2016. https://mcsdocs.astm.org/committee-
documents/F01_Fact_Sheet_2016.pdf. 

102.	 Molitch-Hou, Michael. “ASTM & Additive Center Partner to Raise Quality and Certification in 
Semiconductor Sector.” AM CoE, November 13, 2025. https://amcoe.org/news/astm-additive-
center-partner-to-raise-quality-and-certification-in-semiconductor-sector/.https://amcoe.org/
news/astm-additive-center-partner-to-raise-quality-and-certification-in-semiconductor-sector/

103.	 “ASTM and Additive Center to Certify AM in Semiconductor Industry.” Metal AM, December 1, 
2025. https://www.metal-am.com/astm-and-additive-center-to-certify-am-in-semiconductor-
industry/.https://www.3printr.com/astm-and-additive-center-develop-certification-path-for-am-
in-the-semiconductor-sector-2185026/

104.	 Duran, Paloma. “ASTM and Additive Center Collaborate to Accelerate AM Certification for 
Semiconductor Suppliers.” 3D Printing Industry, November 19, 2025. https://3dprintingindustry.
com/news/astm-and-additive-center-collaborate-to-accelerate-am-certification-for-
semiconductor-suppliers-246543/.https://3dprintingindustry.com/news/astm-and-additive-
center-collaborate-to-accelerate-am-certification-for-semiconductor-suppliers-246543/

105.	 “ASCET - Home.” ASCET, November 25, 2025. https://ascet.com/.https://ascet.com/



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 82

Endnotes and References 

106.	 “ASTM D8558-25 - Standard Guide for Supply Chain Traceability, Authentication, Verification, 
Validation, and Oversight Using Emerging Technologies Including Blockchain.” Standard.
eu. Accessed June 4, 2026. https://www.en-standard.eu/astm-d8558-25-standard-
guide-for-supply-chain-traceability-authentication-verification-validation-and-oversight-
using-emerging-technologies-including-blockchain/.https://www.en-standard.eu/
astm-d8558-25-standard-guide-for-supply-chain-traceability-authentication-verification-
validation-and-oversight-using-emerging-technologies-including-blockchain/

107.	 “Trade Compliance in Global Supply Chains.” ASTM. Accessed June 4, 2026. http://www.astm.
org/news/trade-compliance-in-global-supply-chains.https://www.astm.org/news/trade-
compliance-in-global-supply-chains

108.	 “Emerging Industry Standards at Center of New ASTM Report.” ASTM International, May 2, 2024. 
https://www.astm.org/news/press-releases/emerging-industry-standards-center-new-astm-
report.https://www.astm.org/news/press-releases/emerging-industry-standards-center-new-
astm-report

109.	 Mutreja, Sonia, and Koyel Ghosh. “Environmental Sustainability in Semiconductors 
Manufacturing.” Allied Market Research. Accessed June 4, 2026. https://www.
alliedmarketresearch.com/resource-center/trends-and-outlook/semiconductor-and-
electronics/environmental-sustainability-in-semiconductors-manufacturing.

110.	 “Electronics Standards .” ASTM International. Accessed June 4, 2026. https://store.astm.org/
products-services/standards-and-publications/standards/electronics-standards.html.

111.	 “Electronics Standards .” ASTM International. Accessed June 4, 2026. https://store.astm.
org/products-services/standards-and-publications/standards/electronics-standards.html.
https://www.astm.org/products-services/standards-and-publications/standards/electronics-
standards.html

112.	 “Automotive Electronics Council (AEC).” SemiEngineering. Accessed June 8, 2026. https://
semiengineering.com/entities/automotive-electronics-council-aec/.

113.	 “Automotive Electronics Council (AEC).” SemiEngineering. Accessed June 8, 2026. https://
semiengineering.com/entities/automotive-electronics-council-aec/.

114.	 Automotive Electronics Council (AEC). “Home.” Automotive Electronics Council. Accessed June 
8, 2026. http://www.aecouncil.com/.

115.	 Automotive Electronics Council (AEC). “AEC Documents.” Automotive Electronics Council. 
Accessed June 8, 2026. http://www.aecouncil.com/AECDocuments.html.

116.	 Ansys. “What Is ISO 26262?” Ansys. Accessed June 8, 2026. https://www.ansys.com/simulation-
topics/what-is-iso-26262.

117.	 Automotive Electronics Council (AEC). “AEC Documents.” Automotive Electronics Council. 
Accessed June 8, 2026. http://www.aecouncil.com/AECDocuments.html.

118.	 Automotive Electronics Council (AEC). “AEC Documents.” Automotive Electronics Council. 
Accessed June 8, 2026. http://www.aecouncil.com/AECDocuments.html.

119.	 IST Group. “AEC Q100 Rev.” IST Group. Accessed June 8, 2026. https://www.istgroup.com/en/
tech_20231121-aec-q100-rev/.

120.	 Automotive Electronics Council (AEC). “AEC Documents.” Automotive Electronics Council. 
Accessed June 8, 2026. http://www.aecouncil.com/AECDocuments.html.

121.	 Automotive Electronics Council (AEC). “AEC Documents.” Automotive Electronics Council. 
Accessed June 8, 2026. http://www.aecouncil.com/AECDocuments.html.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 83

Endnotes and References 

122.	 Automotive Electronics Council (AEC). “AEC Documents.” Automotive Electronics Council. 
Accessed June 8, 2026. http://www.aecouncil.com/AECDocuments.html.

123.	 European Committee for Standardization (CEN) and European Committee for Electrotechnical 
Standardization (CENELEC). “CEN and ISO Cooperation.” CEN CENELEC. Accessed June 8, 
2026. https://www.cencenelec.eu/about-cen/cen-and-iso-cooperation/.

124.	 European Committee for Standardization (CEN) and European Committee for Electrotechnical 
Standardization (CENELEC). “CEN and CENELEC Participated to the Transatlantic Trade 
and Technology Council.” CEN CENELEC. Accessed June 8, 2026. https://www.cencenelec.
eu/news-events/news/2022/brief-news/2022-12-06-cen-and-cenelec-participated-to-the-
transatlantic-trade-and-technology-council/.

125.	 International Organization for Standardization (ISO). “Europe.” ISO Policy. Accessed June 8, 
2026. https://policy.iso.org/europe.html.

126.	 European Committee for Standardization (CEN). “About CEN.” CEN CENELEC. Accessed June 8, 
2026. https://www.cencenelec.eu/about-cen/.

127.	 International Organization for Standardization (ISO). “Europe.” ISO Policy. Accessed June 8, 
2026. https://policy.iso.org/europe.html.

128.	 European Union. “Standards in Europe.” Your Europe. Accessed June 8, 2026. https://europa.eu/
youreurope/business/product-requirements/standards/standards-in-europe/index_en.htm.

129.	 European Committee for Standardization (CEN). “About CEN.” CEN CENELEC. Accessed June 8, 
2026. https://www.cencenelec.eu/about-cen/.

130.	 European Union. “Standards in Europe.” Your Europe. Accessed June 8, 2026. https://europa.eu/
youreurope/business/product-requirements/standards/standards-in-europe/index_en.htm.

131.	 German Commission for Electrical, Electronic & Information Technologies (DKE). “EU Standards 
Project for Semiconductors.” DKE. Accessed June 8, 2026. https://www.dke.de/en/areas-of-
work/components-technologies/eu-standards-project-for-semiconductors.

132.	 Rüddenklau, Uwe. Semiconductor Devices and Trusted Chips: CENELEC TC 47X. Infineon 
Technologies AG, 2024. https://www.velektronik.de/wp-content/uploads/2024/06/TdvE2024_
Vortrag_6_Intro_CENELEC_TC_47X_Semiconductor_devices_and_trusted_chips_Uwe_
Rueddenklau__Infineon_Technologies_AG.pdf.

133.	 German Commission for Electrical, Electronic & Information Technologies (DKE). “EU Standards 
Project for Semiconductors.” DKE. Accessed June 8, 2026. https://www.dke.de/en/areas-of-
work/components-technologies/eu-standards-project-for-semiconductors.

134.	 European Committee for Standardization (CEN) and European Committee for Electrotechnical 
Standardization (CENELEC). “Stakeholders Workshop on Trusted Chips.” CEN-CENELEC. 
Accessed June 8, 2026. https://www.cencenelec.eu/news-events/news/2022/brief-
news/2022-12-05-stakeholders-workshop-on-trusted-chips/.

135.	 European Commission and United States Government. Guiding Principles for 
U.S.-EU Semiconductor Standardisation Cooperation. May 9, 2022. https://www.
eusemiconductors.eu/sites/default/files/uploads/20220509_GuidingPrinciplesforUS-
EUSemiStandardisationCooperation.pdf.

136.	 European Committee for Standardization (CEN) and European Committee for Electrotechnical 
Standardization (CENELEC). “CEN and CENELEC Participated to the Transatlantic Trade 
and Technology Council.” CEN-CENELEC. Accessed June 8, 2026. https://www.cencenelec.
eu/news-events/news/2022/brief-news/2022-12-06-cen-and-cenelec-participated-to-the-
transatlantic-trade-and-technology-council/.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 84

Endnotes and References 

137.	 EOS/ESD Association, Inc. (ESDA). “Standards.” ESDA. Accessed June 8, 2026. https://www.
esda.org/standards/.

138.	 Nimonik. “ESDA Standards.” Nimonik. Accessed June 8, 2026. https://nimonik.com/standards/
esda/.

139.	 American National Standards Institute (ANSI). “ESDA Standards.” ANSI Webstore. Accessed 
June 8, 2026. https://webstore.ansi.org/sdo/esda.

140.	 “An Overview of ANSI/ESD S20.20: The Cornerstone of Semiconductor Control Programs.” In 
Compliance Magazine. Accessed June 8, 2026. https://incompliancemag.com/an-overview-of-
ansi-esd-s20-20-the-cornerstone-of-semiconductor-control-programs/.

141.	 EOS/ESD Association, Inc. “An Overview of ANSI/ESD S20.20 – The Cornerstone of 
Semiconductor Control Programs.” EOS/ESD Association, Inc. February 6, 2025. https://www.
esda.org/news/an-overview-of-ansiesd-s20-20/.

142.	 EOS/ESD Association, Inc. “Part 4: Training and Auditing.” EOS/ESD Fundamentals. Accessed 
June 8, 2026. https://www.esda.org/esd-overview/esd-fundamentals/part-4-training-and-
auditing/.

143.	 Desco Industries Inc. EOS/ESD Audit Kit Operation and Maintenance User Guide. https://www.
descoindustries.com/pdf/EOS-ESD-Audit-Kit-User-Guide.pdf.

144.	 EOS/ESD Association, Inc. “Certification Programs.” EOS/ESD Association, Inc. Accessed June 
8, 2026. https://www.esda.org/certification/.

145.	 EOS/ESD Association, Inc. “ESD Program Associate Certification.” Credly. Accessed June 8, 
2026. https://www.credly.com/org/eos-esd-association-inc/badge/esd-program-associate-
certification.

146.	 Credentials include ESD Program Manager, ESD Control Auditor, Circuit Design Engineer, ESD 
Program Associate, AND ESD Process Assessment Engineer (PAE)

147.	 EOS/ESD Association, Inc. “Training & Education.” EOS/ESD Association, Inc. Accessed June 8, 
2026. https://www.esda.org/training-and-education/.

148.	 EOS/ESD Association, Inc. “Course Catalog.” EOS/ESD Association Online Academy. Accessed 
June 8, 2026. https://esda.talentlms.com/catalog.

149.	 Hanes, Tyler. “EOS/ESD Association Releases Technology Roadmap.” Circuits Assembly. 
January 25, 2024. https://circuitsassembly.com/ca/editorial/menu-news/40073-eos-esd-
association-releases-technology-roadmap.html.

150.	 Scholz, Mirko. “The ESD Association Technology Roadmap.” In Compliance Magazine. 
Accessed June 8, 2026. https://incompliancemag.com/the-esd-association-technology-
roadmap/.

151.	 European Telecommunications Standards Institute (ETSI). “About ETSI.” ETSI. Accessed June 8, 
2026. https://www.etsi.org/about.

152.	 oneM2M. “oneM2M Overview.” oneM2M Wiki. Accessed June 8, 2026. https://wiki.onem2m.
org/index.php?title=OneM2M_overview.

153.	 European Telecommunications Standards Institute (ETSI). “About ETSI.” ETSI. Accessed June 8, 
2026. https://www.etsi.org/about.

154.	 International Organization for Standardization (ISO). “Europe.” ISO Policy. Accessed June 8, 
2026. https://policy.iso.org/europe.html.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 85

Endnotes and References 

155.	 European Telecommunications Standards Institute (ETSI). ETSI EN 303 645 V3.1.3: Cyber 
Security for Consumer Internet of Things: Baseline Requirements. September 2024. https://
www.etsi.org/deliver/etsi_en/303600_303699/303645/03.01.03_60/en_303645v030103p.pdf.

156.	 European Telecommunications Standards Institute (ETSI). “ETSI Releases New Guidelines 
to Enhance Cyber-security for Consumer IoT Devices.” ETSI Press Releases. October 31, 
2024. https://www.etsi.org/newsroom/press-releases/2457-etsi-releases-new-guidelines-to-
enhance-cyber-security-for-consumer-iot-devices/.

157.	 European Telecommunications Standards Institute (ETSI). “About ETSI.” ETSI. Accessed June 8, 
2026. https://www.etsi.org/about.

158.	 European Commission. “Rolling Plan for ICT Standardisation: 5G and Beyond.” Interoperable 
Europe Portal. Accessed June 8, 2026. https://interoperable-europe.ec.europa.eu/collection/
rolling-plan-ict-standardisation/5g-and-beyond-rp-2025.

159.	 European Telecommunications Standards Institute (ETSI). “3GPP Commits to Develop 6G 
Specifications.” ETSI News. December 4, 2023. https://www.etsi.org/newsroom/news/2307-
3gpp-commits-to-develop-6g-specifications/.

160.	 European Telecommunications Standards Institute (ETSI). “ISG NFV.” ETSI. Accessed June 8, 
2026. https://www.etsi.org/technical-groups/nfv/.

161.	 European Telecommunications Standards Institute (ETSI). “ISG MEC.” ETSI. Accessed June 8, 
2026. https://www.etsi.org/technical-groups/mec/.

162.	 Institute of Electrical and Electronics Engineers (IEEE). “IEEE Standards.” IEEE. Accessed June 
8, 2026. https://www.ieee.org/ieee-standards.

163.	 Institute of Electrical and Electronics Engineers (IEEE). IEEE Standard for Test Access Port and 
Boundary-Scan Architecture (IEEE Std 1149.1). https://standards.ieee.org/ieee/1149.1/4484/.

164.	 Institute of Electrical and Electronics Engineers (IEEE). IEEE Standard for Design and Verification 
of Low-Power, Integrated Circuits (IEEE Std 1801). https://standards.ieee.org/ieee/1801/4189/.

165.	 Industry Standards and Technology Organization (ISTO). “Setting the Standard: Introducing the 
CHIPS Research and Development Standards Summit.” ISTO. Accessed June 8, 2026. https://
isto.org/press-releases/setting-the-standard-introducing-the-chips-research-and-development-
standards-summit/.

166.	 National Institute of Standards and Technology (NIST). CHIPS R&D Program Standards Summit 
Summary Report (NIST CHIPS 1400-1). https://nvlpubs.nist.gov/nistpubs/CHIPS/NIST.
CHIPS.1400-1.pdf.

167.	 IEEE. “IEEE 1149.1 Standard.” IEEE Store. Accessed June 8, 2026. https://store.accuristech.
com/ieee/subgroups/46427.

168.	 Corelis, Inc. “IEEE-1149.x Related Standards.” Corelis. Accessed June 8, 2026. https://www.
corelis.com/ieee-1149-x-related-standards/.

169.	 IEEE Electronics Packaging Society. “Heterogeneous Integration Roadmap.” Accessed June 8, 
2026. https://eps.ieee.org/technology/heterogeneous-integration-roadmap/. 

170.	 “Standards.” IEEE Global Semiconductors. Accessed May 28, 2026. https://semiconductors.
ieee.org/standards/. 

171.	 Institute of Electrical and Electronics Engineers (IEEE). “Domain-Specific Accelerators 
Standards Committee (DSASC).” IEEE Circuits and Systems Society. Accessed June 8, 2026. 
https://ieee-cas.org/committee/domain-specific-accelerators-standards-committee-dsasc.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 86

Endnotes and References 

172.	 Institute of Electrical and Electronics Engineers (IEEE). “Industry Connections.” IEEE Standards 
Association. Accessed June 8, 2026. https://standards.ieee.org/industry-connections/.

173.	 Institute of Electrical and Electronics Engineers (IEEE). “Editions.” International Roadmap for 
Devices and Systems (IRDS). Accessed June 8, 2026. https://irds.ieee.org/editions/.

174.	 “The IEEE International Roadmap for Devices and Systems (IRDS) Emerges as a Global 
Leader for Chips Acts Visions and Programs.” PR Newswire. December 12, 2023. https://www.
prnewswire.com/news-releases/the-ieee-international-roadmap-for-devices-and-systems-irds-
emerges-as-a-global-leader-for-chips-acts-visions-and-programs-302013203.html.

175.	 Introduction to CENELEC TC 47X Semiconductor Devices and Trusted Chips. Infineon 
Technologies AG. https://picture.iczhiku.com/resource/eetop/wHKeFdrsRweDgNMV.pdf.

176.	 Institute of Electrical and Electronics Engineers (IEEE). IEEE Standard for Wearable Consumer 
Electronic Devices—Overview and Architecture (IEEE Std 360-2022). https://www.normsplash.
com/Samples/IEEE/119481499/IEEE-360-2022-en.pdf.

177.	 Institute of Electrical and Electronics Engineers (IEEE). IEEE Standard for Wearable Consumer 
Electronic Devices—Overview and Architecture (IEEE Std 360-2022). https://ieeexplore.ieee.
org/document/9762855.

178.	 PatSnap. “IEC 62443 Version Control for Safety-Critical Software.” PatSnap Insights. Accessed 
June 8, 2026. https://eureka.patsnap.com/article/what-is-iec-and-why-are-its-standards-
important-in-electronics.

179.	 International Electrotechnical Commission (IEC). “About Standards.” IEC. Accessed June 8, 
2026. https://www.iec.ch/understanding-standards.

180.	 International Electrotechnical Commission (IEC). “About Standards.” IEC. Accessed June 8, 
2026. https://www.iec.ch/understanding-standards.

181.	 PatSnap. “IEC 62443 Version Control for Safety-Critical Software.” PatSnap Insights. Accessed 
June 8, 2026. https://eureka.patsnap.com/article/what-is-iec-and-why-are-its-standards-
important-in-electronics.

182.	 “Standards set minimum requirements in terms of safety, reliability, efficiency and trust. IEC 
International Standards reflect the global consensus and distilled wisdom of many thousand 
technical experts… They provide instructions, guidelines, rules or definitions that are then 
used to design, manufacture, install, test & certify, maintain and repair electrical and electronic 
devices and systems.”  International Electrotechnical Commission (IEC). “About Standards.” IEC. 
Accessed June 8, 2026. https://www.iec.ch/understanding-standards.

183.	 International Electrotechnical Commission (IEC). “TC 47: Semiconductor devices.” IEC. 
Accessed June 8, 2026. https://www.iec.ch/dyn/www/f?p=103:7:213291099968316::::FSP_
ORG_ID:1251.

184.	 International Electrotechnical Commission (IEC). IEC 60061-1. Accessed June 8, 2026. https://
webstore.iec.ch/en/publication/3333.

185.	 International Electrotechnical Commission (IEC). IEC 63287-1:2021 Semiconductor devices - 
Generic semiconductor qualification guidelines - Part 1: Guidelines for IC reliability qualification. 
August 25, 2021. https://webstore.iec.ch/en/publication/66370.

186.	 International Electrotechnical Commission (IEC). IEC 61280-1-3:2021 Fibre optic 
communication subsystem test procedures - Part 1-3: General communication subsystems - 
Measurement of central wavelength, spectral width and additional spectral characteristics. July 
5, 2021. https://webstore.iec.ch/en/publication/67087.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 87

Endnotes and References 

187.	 American National Standards Institute (ANSI). IEC 61300-1 Ed. 5.0 b:2022 Fibre optic 
interconnecting devices and passive components - Basic test and measurement procedures - 
Part 1: General and guidance. Accessed June 8, 2026. https://webstore.ansi.org/standards/iec/
iec61300ed2022. 

188.	 International Electrotechnical Commission (IEC). “TC 47: Semiconductor devices.” IEC. 
Accessed June 8, 2026. https://www.iec.ch/dyn/www/f?p=103:7:213291099968316::::FSP_
ORG_ID,FSP_LANG_ID:8679,25.

189.	 International Electrotechnical Commission (IEC). IEC 62899-202:2023 Printed electronics - Part 
202: Materials - Conductive ink. May 2, 2023. https://webstore.iec.ch/en/publication/67743.

190.	 TSI Incorporated. “Meeting ISO 14644 Standards in Cleanrooms.” TSI. Accessed June 8, 2026. 
https://tsi.com/electronics-manufacturing/learn/meeting-iso-14644-standards.

191.	 Synopsys. “Understanding ISO 26262 for Semiconductors: A Guide for the Automotive Industry.” 
Synopsys. March 30, 2026. https://www.synopsys.com/blogs/chip-design/understanding-iso-
26262-semiconductors.html.

192.	 National Institute of Standards and Technology (NIST). Semiconductors and Microelectronics 
Standards: Report of the Semiconductors and Microelectronics Working Group. Gaithersburg, 
MD: NIST, December 2023. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=956962.

193.	 Texas Instruments (TI). “Certifications and Standards.” Texas Instruments. Accessed June 8, 
2026. https://www.ti.com/quality-reliability/certifications-standards/certifications.html.

194.	 NXP Semiconductors. “Quality Certifications.” NXP. Accessed June 8, 2026. https://www.nxp.
com/products/nxp-product-information/quality/quality-certifications:QUALITY_CERT.

195.	 National Institute of Standards and Technology (NIST). Semiconductors and Microelectronics 
Standards: Report of the Semiconductors and Microelectronics Working Group. Gaithersburg, 
MD: NIST, December 2023. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=956962.

196.	 BSI Group. “ISO 28000 Security Management for the Supply Chain.” BSI Group. Accessed June 8, 
2026. https://www.bsigroup.com/en-GB/products-and-services/standards/iso-28000-security-
management-for-the-supply-chain/.

197.	 NXP Semiconductors. “Security Certification.” NXP. Accessed June 8, 2026. https://www.
nxp.com/products/nxp-product-information/quality/security-certification:SECURITY-
CERTIFICATION.

198.	 Texas Instruments (TI). “Certifications and Standards.” Texas Instruments. Accessed June 8, 
2026. https://www.ti.com/quality-reliability/certifications-standards/certifications.html.

199.	 NXP Semiconductors. “Quality Certifications.” NXP. Accessed June 8, 2026. https://www.nxp.
com/products/nxp-product-information/quality/quality-certifications:QUALITY_CERT.

200.	 Top, Derek. “TSMC Data Center Facility First in Taiwan to Certify ISO 50001.” Trellis. November 
7, 2011 (updated February 16, 2026). https://trellis.net/article/tsmc-data-center-facility-first-
taiwan-certify-iso-50001/.

201.	 Ayodele, Abiola. “IPC Standards: The Definitive Guide for Electronics Engineers and PCB 
Designers.” Wevolver. March 31, 2025. https://www.wevolver.com/article/mastering-ipc-
standards-the-definitive-guide-for-electronics-engineers-and-pcb-designers.

202.	 “IPC-A-610 vs IPC J-STD-001: What is the Difference?” The Electronics Group. September 26, 
2024. https://electronicsgroup.co.uk/ipc-a-610-vs-ipc-j-std-001/.

203.	 Kelechava, Brad. “Acceptability of Electronic Assemblies (IPC A-610J-2024).” ANSI Blog. July 2, 
2024. https://blog.ansi.org/ansi/acceptability-electronic-assemblies-ipc-a-610j-2024/



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 88

Endnotes and References 

204.	 IPC. “IPC Releases ‘J’ Revisions to Two Leading Standards for Electronics Assembly.” Electronics.
org. April 8, 2024. https://www.electronics.org/news-release/ipc-releases-j-revisions-two-
leading-standards-electronics-assembly.

205.	 IPC. “IPC Releases ‘J’ Revisions to Two Leading Standards for Electronics Assembly.” Electronics.
org. April 8, 2024. https://www.electronics.org/news-release/ipc-releases-j-revisions-two-
leading-standards-electronics-assembly.

206.	 “IPC-A-610 vs IPC J-STD-001: What is the Difference?” The Electronics Group. September 26, 
2024. https://electronicsgroup.co.uk/ipc-a-610-vs-ipc-j-std-001/.

207.	 Kelechava, Brad. “Acceptability of Electronic Assemblies (IPC A-610J-2024).” ANSI Blog. July 2, 
2024. https://blog.ansi.org/ansi/acceptability-electronic-assemblies-ipc-a-610j-2024/

208.	 IPC. “New Microelectronics and Advanced Packaging Roadmap Guides U.S. Electronics 
Ecosystem.” Electronics.org. October 19, 2023. https://www.electronics.org/news-release/new-
microelectronics-and-advanced-packaging-roadmap-guides-us-electronics-ecosystem.

209.	 IPC. IPC Year in Review: 2024. https://emails.ipc.org/links/IPC-year-in-review-2024.pdf.

210.	 IPC. “IPC Applauds New U.S. Government Strategy for Advanced Packaging.” Electronics.org. 
Accessed June 8, 2026. https://www.electronics.org/news-release/ipc-applauds-new-us-
government-strategy-advanced-packaging.

211.	 IPC. “IPC Standards.” Electronics.org. Accessed June 8, 2026. https://www.electronics.org/ipc-
standards.

212.	 Ayodele, Abiola. “IPC Standards: The Definitive Guide for Electronics Engineers and PCB 
Designers.” Wevolver. March 31, 2025. https://www.wevolver.com/article/mastering-ipc-
standards-the-definitive-guide-for-electronics-engineers-and-pcb-designers.

213.	 IPC. “IPC Releases ‘J’ Revisions to Two Leading Standards for Electronics Assembly.” Electronics.
org. April 8, 2024. https://www.electronics.org/news-release/ipc-releases-j-revisions-two-
leading-standards-electronics-assembly.

214.	 Ayodele, Abiola. “IPC Standards: The Definitive Guide for Electronics Engineers and PCB 
Designers.” Wevolver. March 31, 2025. https://www.wevolver.com/article/mastering-ipc-
standards-the-definitive-guide-for-electronics-engineers-and-pcb-designers.

215.	 Siemens Digital Industries Software. “How Do IPC Standards Guide the Electronics 
Manufacturing Process?” Siemens Manufacturing. Accessed June 8, 2026. https://siemensmfg.
com/electronics-manufacturing-trends/how-do-ipc-standards-guide-the-electronics-
manufacturing-process/.

216.	 IPC. “New Microelectronics and Advanced Packaging Roadmap Guides U.S. Electronics 
Ecosystem.” Electronics.org. October 19, 2023. https://www.electronics.org/news-release/new-
microelectronics-and-advanced-packaging-roadmap-guides-us-electronics-ecosystem.

217.	 IPC. Towards a Robust Advanced Packaging Ecosystem. Accessed June 8, 2026. https://emails.
ipc.org/links/IPC_TowardsRobustAdvancedPackagingEcosystem.pdf.

218.	 IPC. “IPC Standards.” Electronics.org. Accessed June 8, 2026. https://www.electronics.org/ipc-
standards.

219.	 IPC. “CFX Home Page.” Electronics.org. Accessed June 8, 2026. https://www.electronics.org/
cfx-home-page.

220.	 IPC. “IPC-1792 Standard: Management and Mitigation of Cybersecurity Incidents.” Electronics.
org. Accessed June 8, 2026. https://www.electronics.org/ipc-1792-standard-management-and-
mitigation-cybersecurity-incidents.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 89

Endnotes and References 

221.	 Ayodele, Abiola. “IPC Standards: The Definitive Guide for Electronics Engineers and PCB 
Designers.” Wevolver. March 31, 2025. https://www.wevolver.com/article/mastering-ipc-
standards-the-definitive-guide-for-electronics-engineers-and-pcb-designers.

222.	 “What Is JEDEC and How It Works?” Aticle World. Accessed June 8, 2026. https://aticleworld.
com/what-is-jedec-and-how-it-works/.

223.	 “What Is JEDEC? How It Shapes Memory Semiconductor Standards.” PatSnap. Accessed June 8, 
2026. https://eureka.patsnap.com/article/what-is-jedechow-it-shapes-memory-semiconductor-
standards.

224.	 “Open Compute Project Foundation and JEDEC Announce New Chiplet Design Kits.” 
TechPowerUp. Accessed June 8, 2026. https://www.techpowerup.com/333236/open-compute-
project-foundation-and-jedec-announce-new-chiplet-design-kits.

225.	 Parker, Charles. “Chiplets Diary: JEDEC’s Tie-Up with OCP Bears First Fruit.” EDN. Accessed 
June 8, 2026. https://www.edn.com/chiplets-diary-jedecs-tie-up-with-ocp-bears-first-fruit/.

226.	 JEDEC Solid State Technology Association. “JEDEC Announces New Release of JEP30 Part 
Model Guidelines, Empowering Chiplet Integration.” Business Wire. May 30, 2024. https://www.
businesswire.com/news/home/20240530522436/en/JEDEC-Announces-New-Release-of-
JEP30-Part-Model-Guidelines-Empowering-Chiplet-Integration.

227.	 “JEDEC Announces Enhanced NAND Flash Interface Standard With Increased Speeds and 
Efficiency.” TechPowerUp. Accessed June 8, 2026. https://www.techpowerup.com/328978/
jedec-announces-enhanced-nand-flash-interface-standard-with-increased-speeds-and-
efficiency.

228.	 “JEDEC JESD230G Enhanced NAND Flash Interface Standard With Increased Speeds 
and Efficiency.” StorageNewsletter. November 22, 2024. https://www.storagenewsletter.
com/2024/11/22/jedec-jesd230g-enhanced-nand-flash-interface-standard-with-increased-
speeds-and-efficiency/.

229.	 JEDEC Solid State Technology Association. “JEDEC Announces Enhanced NAND Flash Interface 
Standard With Increased Speeds and Efficiency.” Business Wire. November 18, 2024. https://
www.businesswire.com/news/home/20241118637716/en/JEDEC-Announces-Enhanced-
NAND-Flash-Interface-Standard-With-Increased-Speeds-and-Efficiency.

230.	 Williams, Alun. “JESD230G Published for Improved NAND Flash Interface Speed.” Electronics 
Weekly. November 26, 2024. https://www.electronicsweekly.com/news/products/memory/
jedec-specs-jesd230g-for-improved-nand-flash-interface-speeds-2024-11/.

231.	 JEDEC Solid State Technology Association. “JEDEC® and Industry Leaders Collaborate to 
Release JESD270-4 HBM4 Standard: Advancing Bandwidth, Efficiency, and Capacity for AI and 
HPC.” JEDEC. April 16, 2025. https://www.jedec.org/news/pressreleases/jedec%C2%AE-and-
industry-leaders-collaborate-release-jesd270-4-hbm4-standard-advancing?page=2.

232.	 Khullar, Kunal. “JEDEC Finalizes HBM4 Memory Standard with Major Bandwidth and Efficiency 
Upgrades.” Tom’s Hardware. April 17, 2025. https://www.tomshardware.com/pc-components/
ram/jedec-finalizes-hbm4-memory-standard-with-major-bandwidth-and-efficiency-upgrades.

233.	 Garreffa, Anthony. “JEDEC Releases HBM4 Standard: Ready for Next-Gen AI and HPC Memory 
of the Future.” TweakTown. April 20, 2025. https://www.tweaktown.com/news/104673/jedec-
releases-hbm4-standard-ready-for-next-gen-ai-and-hpc-memory-of-the-future/index.html.

234.	 JEDEC Solid State Technology Association. “JEDEC® Releases New LPDDR6 Standard to 
Enhance Mobile and AI Memory Performance.” JEDEC. Accessed June 8, 2026. https://www.
jedec.org/news/pressreleases/jedec%C2%AE-releases-new-lpddr6-standard-enhance-mobile-
and-ai-memory-performance. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 90

Endnotes and References 

235.	 “DDR5 Memory Specification Released: Setting the Stage for DDR5-6400 and Beyond.” 
Overclock.net. July 14, 2020. https://www.overclock.net/threads/anandtech-ddr5-memory-
specification-released-setting-the-stage-for-ddr5-6400-and-beyond.1751424/.

236.	 JEDEC Solid State Technology Association. “Mobile Memory (LPDDR, Wide I/O, MCP).” JEDEC. 
Accessed June 8, 2026. https://www.jedec.org/category/technology-focus-area/mobile-
memory-lpddr-wide-io-memory-mcp.

237.	 Renesas Electronics Corporation. Thermal Characterization of Packaged Semiconductor 
Devices. https://www.renesas.com/us/en/document/whp/thermal-characterization-packaged-
semiconductor-devices.

238.	 Galloway, Jesse. “JEDEC Thermal Standards: Developing a Common Understanding.” Electronics 
Cooling. November 2019. https://www.electronics-cooling.com/2019/11/jedec-thermal-
standards-developing-a-common-understanding/.

239.	 International Organization for Standardization (ISO). ISO 26262-1:2018 Road Vehicles — 
Functional Safety — Part 1: Vocabulary. https://www.iso.org/standard/70918.html.

240.	 SAE International. “Functional Safety Committee.” SAE International. Accessed June 8, 2026. 
https://standardsworks.sae.org/standards-committees/functional-safety-committee.

241.	 SAE International. “Functional Safety Committee.” SAE International. Accessed June 8, 2026. 
https://standardsworks.sae.org/standards-committees/functional-safety-committee.

242.	 SAE International. J2980_202310: Considerations for ISO 26262 ASIL Hazard Classification. 
October 2023. https://www.sae.org/standards/j2980_202310-considerations-iso-26262-asil-
hazard-classification.

243.	 SAE International. J3061_202112: Cybersecurity Guidebook for Cyber-Physical Vehicle 
Systems. December 2021. https://saemobilus.sae.org/standards/j3061_202112-cybersecurity-
guidebook-cyber-physical-vehicle-systems.

244.	 International Organization for Standardization (ISO). ISO 26262-1:2018 Road Vehicles — 
Functional Safety — Part 1: Vocabulary. https://www.iso.org/standard/70918.html.

245.	 SAE International. J1879_201402: Automotive Reliability Qualification. February 2014. https://
www.sae.org/standards/content/j1879_201402/.

246.	 Zentralverband Elektrotechnik- und Elektronikindustrie (ZVEI). Handbook for Robustness 
Validation of Semiconductor Devices in Automotive Applications (3rd Edition). May 2015. 
https://www.zvei.org/fileadmin/user_upload/Presse_und_Medien/Publikationen/2015/
mai/Handbook_for_Robustness_Validation_of_Semiconductor_Devices_in_Automotive_
Applications__3rd_edition_/Robustness-Validation-Semiconductor-2015.pdf.

247.	 SEMI. “Using SEMI Standards.” SEMI. Accessed June 8, 2026. https://www.semi.org/en/
products-services/standards/using-semi-standards.

248.	 SEMI. “CHIPS Act Workforce Development.” SEMI. Accessed June 8, 2026. https://www.semi.
org/en/workforce-development/chips-act-workforce.

249.	 SEMI. “Charting the Path to Optimized Future Factories.” SEMI. Accessed June 8, 2026. https://
www.semi.org/en/standards-watch-2024-sep/charting-the-path-to-optimized-future-factories.

250.	 SEMI. “SEMICON West CEO Summit Keynotes: Industry Updates and Advancements in 2025.” 
SEMI. Accessed June 8, 2026. https://www.semi.org/en/blogs/semicon-west-ceo-summit-
keynotes-industry-updates-and-advancements-in-2025.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 91

Endnotes and References 

251.	 SEMI. “Semiconductor Climate Consortium Announces Key 2025 Initiatives to Accelerate 
Decarbonization and Promote Transparency in Semiconductor Sustainability.” SEMI. Accessed 
June 8, 2026. https://www.semi.org/en/semi-press-release/semiconductor-climate-consortium-
announces-key-2025-initiatives-to-accelerate-decarbonization-and-promote-transparency-in-
semiconductor-sustainability.

252.	 International Organization for Standardization (ISO). ISO 14644-1:2015 Cleanrooms and 
Associated Controlled Environments — Part 1: Classification of Air Cleanliness by Particle 
Concentration. https://www.iso.org/standard/68388.html.

253.	 Automotive Electronics Council (AEC). AEC-Q100 Rev. J: Failure Mechanism Based Stress Test 
Qualification for Integrated Circuits. http://www.aecouncil.com/Documents/AEC_Q100_Rev_J_
Base_Document.pdf.

254.	 Gartman, W. Richard. SEMI S2, Equipment Safety Guideline and Related Safety Standards 
for the Semiconductor Industry. October 1999. https://oaktrust.library.tamu.edu/bitstream/
handle/1969.1/193899/Gartman,%20Richard.pdf?sequence=1.

255.	 Intertek. “SEMI S2.” Intertek. Accessed June 8, 2026. https://www.intertek.com/semiconductor-
equipment/semi-s2/.

256.	 SEMI. SEMI S2: Environmental, Health, and Safety Guideline for Semiconductor Manufacturing 
Equipment. https://store-us.semi.org/products/s00200-semi-s2-environmental-health-and-
safety-guideline-for-semiconductor-manufacturing-equipment.

257.	 SEMI. SEMI C10: Guide for Determination of Method Detection Limits. https://standards.
globalspec.com/std/1199379/semi-c10.

258.	 SEMI. SEMI C10: Guide for Determination of Method Detection Limits. https://store-us.semi.org/
products/c01000-semi-c10-guide-for-determination-of-method-detection-limits.

259.	 SEMI. SEMI C1: Guide for the Analysis of Liquid Chemicals. https://www.intertekinform.com/en-
gb/standards/semi-c1-2010-1036001_saig_semi_semi_2418100/.

260.	 SEMI. SEMI C1: Guide for the Analysis of Liquid Chemicals. https://store-us.semi.org/products/
c00100-semi-c1-guide-for-the-analysis-of-liquid-chemicals.

261.	 International Organization for Standardization (ISO). ISO 14644-2:2015 Cleanrooms and 
Associated Controlled Environments — Part 2: Monitoring to Provide Evidence of Cleanroom 
Performance Related to Air Cleanliness by Particle Concentration. https://www.iso.org/
standard/72194.html.

262.	 International Organization for Standardization (ISO). ISO 14649-17: Industrial Automation 
Systems and Integration — Physical Device Control — Part 17. https://standards.globalspec.
com/std/13265342/ISO%2014649-17.

263.	 National Institute of Standards and Technology (NIST). [Title not specified in provided source]. 
https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=934758.

264.	 International Organization for Standardization (ISO). ISO 14649-17:2020 Industrial Automation 
Systems and Integration — Physical Device Control — Part 17. https://cdn.standards.iteh.ai/
samples/72194/75a964c196344e4da8e981568fc6460b/ISO-14649-17-2020.pdf.

265.	 JEDEC Solid State Technology Association. JESD79-5B DDR5 SDRAM Standard. https://studylib.
net/doc/27611087/jesd79-5b-v1-2-ddr5-sdram.

266.	 “SDRAM / DDR SDRAM JEDEC Standard (JESD79) Specification.” Electronics Notes. 
Accessed June 8, 2026. https://www.electronics-notes.com/articles/electronic_components/
semiconductor-ic-memory/sdram-synchronous-dram-ddr-jedec-79-standard-specification.php.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 92

Endnotes and References 

267.	 JEDEC Solid State Technology Association. JESD79-4 DDR4 SDRAM Standard. https://
standards.globalspec.com/std/14485233/jesd79-4d.

268.	 JEDEC Solid State Technology Association. JESD271-4: High Bandwidth Memory (HBM4) 
Standard. https://www.intertekinform.com/en-us/standards/jedec-jesd271-4-2025-1406091_
saig_jedec_jedec_3639819/.

269.	 James, Luke. “JEDEC Officially Releases HBM4 Memory Standard.” All About Circuits. April 
28, 2025. https://www.allaboutcircuits.com/news/jedec-officially-releases-hbm4-memory-
standard/.

270.	 Khullar, Kunal. “JEDEC Finalizes HBM4 Memory Standard with Major Bandwidth and Efficiency 
Upgrades.” Tom’s Hardware. April 17, 2025. https://www.tomshardware.com/pc-components/
ram/jedec-finalizes-hbm4-memory-standard-with-major-bandwidth-and-efficiency-upgrades.

271.	 Blackfox. “What Is IPC J-STD-001?” Blackfox Training & Certification. May 5, 2025. https://www.
blackfox.com/what-is-ipc-j-std-001/. 

272.	 Active-PCB Solutions. “IPC-A-610 vs. IPC-J-STD-001: Key Differences and How They Work 
Together.” Active PCB Solutions. Accessed June 5, 2026. https://www.active-pcb.com/ipc-a-610-
and-ipc-j-std-001/. 

273.	 Rowe, Teresa. “An IPC ‘Blockbuster’: IPC-7711/21.” I-Connect007. June 11, 2024. https://
iconnect007.com/article/141093/an-ipc-blockbuster-ipc771121/141090/milaero. 

274.	 He, Sony. “IPC-A-610 PCB Assembly: Guide to Standards, Classes & Acceptance Criteria.” 
PCBTok. December 11, 2025. https://www.pcbtok.com/ipc-a-610-pcb-assembly/. 

275.	 NextPCB. “IPC-A-610 Standard: Ultimate Guide to Electronic Assembly Acceptability.” NextPCB 
Blog. May 2026. https://www.nextpcb.com/blog/ipc-a-610. 

276.	 IPC. IPC-A-600G: Acceptability of Printed Boards. Northbrook, IL: IPC, July 2004. https://www.
ipcb.com/download/IPC-A-600G.pdf. 

277.	 ALLPCB. “Understanding IPC-A-600: Acceptability Criteria for Printed Boards.” ALLPCB Blog. 
May 15, 2025. https://www.allpcb.com/blog/pcb-knowledge/understanding-ipc-a-600.html. 

278.	 IPC. IPC J-STD-001G: Requirements for Soldered Electrical and Electronic Assemblies. October 
2017. https://www.electronics.org/TOC/IPC-J-STD-001G.pdf. 

279.	 Huber, Zbigniew. “J-STD-001 Requirements for Soldered Electrical and Electronic Assemblies.” 
Super Engineer Blog. November 25. 2024. https://www.superengineer.net/blog/ipc-j-std-001. 

280.	 IPC. IPC-7711C/7721C: Rework, Modification and Repair of Electronic Assemblies. January 
2017. https://www.electronics.org/TOC/IPC-TOC-7711-21C.pdf. 

281.	 Rowe, Teresa. “An IPC ‘Blockbuster’: IPC-7711/21.” I-Connect007. June 11, 2024. https://
iconnect007.com/article/141093/an-ipc-blockbuster-ipc771121/141090/milaero. 

282.	 International Electrotechnical Commission. IEC 60747-15:2024 RLV — Semiconductor Devices: 
Discrete Devices — Part 15: Isolated Power Semiconductor Devices. Geneva: IEC, 2024. https://
webstore.iec.ch/en/publication/102658. International Electrotechnical Commission. IEC 
60747-15:2024 RLV — Semiconductor Devices: Discrete Devices — Part 15: Isolated Power 
Semiconductor Devices. Geneva: IEC, 2024. https://webstore.iec.ch/en/publication/102658. 

283.	  ANSI/IEC. “IEC 60747 Semiconductor Devices Series.” ANSI Webstore. Accessed June 2026. 
https://webstore.ansi.org/industry/semiconductors/devices/iec-60747.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 93

Endnotes and References 

284.	 China Gauges. “IEC 60747: Semiconductor Devices — Integrated Circuits.” China Gauges 
Technical Articles. Accessed June 2026. https://www.china-gauges.com/news/new-16-151.
html. 

285.	 SEMI. SEMI M1-0918: Specification for Polished Single Crystal Silicon Wafers. San Jose, CA: 
SEMI, 2018. https://store-us.semi.org/products/m00100-semi-m1-specification-for-polished-
single-crystal-silicon-wafers. 

286.	 SEMI (Semiconductor Equipment and Materials International). SEMI Draft Document 4620: 
Revision to SEMI M1–0707, Specifications for Polished Single Crystal Silicon Wafers. Draft dated 
February 6, 2016. https://studylib.net/doc/5892000/4620. 

287.	 Sydor Optics, Inc. SEMI Wafer Flat M1-0302 Specifications. Rochester, NY: Sydor Optics, n.d. 
https://www.sydor.com/wp-content/uploads/SEMI-Wafer-Flat-M1-0302-Specifications.pdf. 

288.	 WaferPro. “Silicon Wafers.” WaferPro. Accessed June 5, 2026. https://waferpro.com/silicon-
wafers/. 

289.	 EOS/ESD Association, Inc. EOS/ESD Association, Inc. Technology Roadmap 2025. Rome, NY: 
ESDA, 2025. https://www.esda.org/assets/Documents/EOS-ESD-Association-Inc.-Technology-
Roadmap-2025-Final.pdf. 

290.	 Kahn, Jason. Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024. NIST Interagency Report 8577. Gaithersburg, MD: National Institute of Standards and 
Technology, May 2025. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=959453. 

291.	 iNEMI. “iNEMI Roadmap: Board Assembly.” iNEMI International Roadmap. Co-chaired by Jasbir 
Bath and Paul Wang. Accessed June 5, 2026. https://roadmap.inemi.org/ir/board-assembly. 

292.	 IEEE International Roadmap for Devices and Systems. 2024 IRDS Chapter: Environment, Safety, 
Health & Sustainability (ESHS)—Environmental Sustainability of the Semiconductor Facilities 
(ESSF). New York: IEEE, 2024. https://irds.ieee.org/images/files/pdf/2024/2024IRDS_ESHS-
ESSF.pdf.

293.	 IEEE International Roadmap for Devices and Systems (IRDS). International Roadmap for Devices 
and Systems: 2024 Edition—Lithography & Patterning. 2024. https://irds.ieee.org/images/files/
pdf/2024/2024IRDS_LITHO.pdf. 

294.	 International Roadmap for Devices and Systems (IRDS): 2024 Edition—Outside System 
Connectivity. IEEE, 2024. https://irds.ieee.org/images/files/pdf/2024/2024IRDS_OSC.pdf. 

295.	 IEEE Electronics Packaging Society. Heterogeneous Integration Roadmap, 2024 Edition. 
Piscataway, NJ: IEEE EPS, 2024. https://eps.ieee.org/technology/heterogeneous-integration-
roadmap/2024-edition/. 

296.	 Semiconductor Research Corporation. MAPT: Microelectronics and Advanced Packaging 
Technologies Roadmap. Semiconductor Research Corporation, 2023. https://srcmapt.org/wp-
content/uploads/2023/10/SRC-MAPT-Roadmap-2023.pdf. 

297.	 National Institute of Standards and Technology (NIST). CHIPS R&D Program Standards Summit 
Summary Report (NIST CHIPS 1400-1). https://nvlpubs.nist.gov/nistpubs/CHIPS/NIST.
CHIPS.1400-1.pdf. 

298.	 Semiconductor Research Corporation and Semiconductor Industry Association. Decadal 
Plan for Semiconductors: Full Report. January 2021. https://www.src.org/about/decadal-plan/
decadal-plan-full-report.pdf. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 94

Endnotes and References 

299.	 IEEE Electronics Packaging Society. “Heterogeneous Integration Roadmap.” IEEE EPS.https://
eps.ieee.org/standards/heterogeneous-integration-roadmap/. 

300.	 IEEE EPS Heterogeneous Integration Roadmap. Chapter 20: Thermal. Piscataway, NJ: IEEE EPS, 
2023. https://eps.ieee.org/wp-content/uploads/2025/11/ch20_thermalfinal.pdf. 

301.	 Haley, Gregory. “Navigating Heat in Advanced Packaging.” Semiconductor Engineering. January 
18, 2024. https://semiengineering.com/navigating-heat-in-advanced-packaging/.

302.	 National Institute of Standards and Technology (NIST). CHIPS R&D: Metrology Gaps 
in the Semiconductor Ecosystem. June 5, 2023. https://www.nist.gov/system/files/
documents/2023/06/05/CHIPS_Metrology-Gaps-in-the-Semi-Ecosystem_0.pdf. 

303.	 SEMI. “Advanced Packaging Summit 2025.” SEMI Korea. Accessed June 5, 2026. https://www.
semi.org/en/connect/events/advanced-packaging-summit-2025.

304.	 PatSnap Eureka. “Standards Challenges in 2D Semiconductor Implementation.” PatSnap 
Eureka. Accessed June 5, 2026. https://eureka.patsnap.com/report-standards-challenges-in-2d-
semiconductor-implementation.

305.	 “International Carbon Standards Task Forces.” Advanced Carbon Council. Accessed June 9, 
2026. https://advancedcarbonscouncil.org/page/Standards. 

306.	 Obeng, Yaw, Umberto Celano, Daniel Schmidt, Carlos Beitia, George Orji, and Albert V. Davydov. 
“Metrology for 2D Materials: A Perspective Review from the International Roadmap for Devices 
and Systems.” Nanoscale Advances 6, no. 9 (2024): 2260–2269. https://pubs.rsc.org/en/content/
articlehtml/2024/na/d3na01148h. 

307.	 Hanif, Nasir. “CMOS Integration in Quantum Processors: Challenges and Innovations.” Digestley. 
May 30, 2025. https://digestley.com/cmos-integration-in-quantum-processors-challenges-and-
innovations/.

308.	 Lang, S. J. K., T. Mayer, J. Weber, C. Dhieb, I. Eisele, W. Lerch, Z. Luo, et al. “Advancing 
Superconducting Qubits: CMOS-Compatible Processing and Room Temperature 
Characterization for Scalable Quantum Computing beyond 2D Architectures.” 
arXiv:2504.18173v6, May 27, 2025. https://arxiv.org/html/2504.18173v6.

309.	 Quantum Computing Report. “Equal1 Validates CMOS-Compatible Silicon Spin Qubit Platform 
Using GlobalFoundries’ 22FDX Process.” Quantum Computing Report. Accessed June 2026. 
https://quantumcomputingreport.com/equal1-validates-cmos-compatible-silicon-spin-qubit-
platform-using-globalfoundries-22fdx-process/.

310.	 Soller, Henning, Niko Mohr, Elisa Becker-Foss, Kamalika Dutta, Martina Gschwendtner, Mena 
Issler, and Ming Xu. “Understanding Quantum Control’s Role in Scaling Quantum Computing.” 
McKinsey Tech Forward, June 14, 2024. https://www.mckinsey.com/capabilities/tech-and-
ai/our-insights/tech-forward/understanding-quantum-controls-role-in-scaling-quantum-
computing. 

311.	 Sebastiano, Fabio. “Fundamentals of Cryo-CMOS Circuits and Systems for Quantum Computing: 
Challenges and Prospects in Interfacing Future Quantum Computers.” IEEE Solid-State Circuits 
Magazine (2025). https://www.researchgate.net/publication/394792770_Fundamentals_of_
Cryo-CMOS_Circuits_and_Systems_for_Quantum_Computing_Challenges_and_prospects_in_
interfacing_future_quantum_computers.

312.	  Bailey, Brian. “Chiplets Still a Challenge with UCIe 2.0.” Semiconductor Engineering. Accessed 
June 2026. https://semiengineering.com/chiplets-still-a-challenge-with-ucie-2-0/.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 95

Endnotes and References 

313.	  UCIe Consortium. “Home.” UCIe Consortium. Accessed June 2026. https://uciexpress.org/.

314.	 “Advanced Packaging & Heterogeneous Integration (APHI) Standards - Mockup” SEMI. 
Accessed June 9, 2026. https://www.semi.org/en/industry-groups/advanced-packaging/
standards.

315.	 Synopsys. “DSO.ai — AI-Driven Design Automation.” Synopsys. Accessed June 2026. https://
www.synopsys.com/dsoai.

316.	 Cadence. “Cerebrus Intelligent Chip Explorer.” Cadence Design Systems. Accessed June 2026. 
https://www.cadence.com/en_US/home/tools/digital-design-signoff/cerebrus.html.

317.	 IEEE Electronic Design Process Symposium (EDPS). Accessed June 2026. https://ieee-edps.
com.

318.	 Accellera Systems Initiative. “Standards Downloads.” Accellera. Accessed June 2026. https://
accellera.org/downloads/standards.

319.	 Electronic Design Automation Consortium (EDA). “IP Security Assurance Standard.” EDA 
Consortium. Accessed June 2026. https://eda.org/downloads/standards/ip-security-assurance.

320.	 Synopsys. “DesignWare Security IP.” Synopsys. Accessed June 2026. https://www.synopsys.
com/designware-ip/security-ip.html.

321.	 Cycuity (formerly Tortuga Logic). “Hardware Security Guide to Industry Standards and 
Regulations.” Semiconductor Engineering. July 3, 2024. https://semiengineering.com/hardware-
security-guide-to-industry-standards-and-regulations/.

322.	 National Institute of Standards and Technology (NIST). “Hardware Security.” NIST Computer 
Security Resource Center. Accessed June 2026. https://csrc.nist.gov/projects/hardware-
security.

323.	 Fist, Tim, Tao Burga, and Vivek Chilukuri. Technology to Secure the AI Chip Supply Chain: A 
Primer. Washington, DC: Center for a New American Security, December 11, 2024. https://www.
cnas.org/publications/reports/technology-to-secure-the-ai-chip-supply-chain-a-primer. 

324.	 Altium. “NIST 800-171: Protecting Sensitive Information in Electronics Manufacturing.” Altium 
Resources. Accessed June 2026. https://resources.altium.com/p/nist-800-171-protecting-
sensitive-information-electronics-manufacturing.

325.	 Meixner, Annie. “New Rules Put the Squeeze on Semiconductor Gray Market.” Semiconductor 
Engineering. November 16, 2025. https://semiengineering.com/new-rules-put-the-squeeze-on-
semiconductor-gray-market/.

326.	 CHIPS for America Summary Report: CHIPS R&D Semiconductor Supply Chain Trust and 
Assurance Data Standards & Digital Twin Data Interoperability Standards Workshops. NIST 
CHIPS 1400-3. Gaithersburg, MD: National Institute of Standards and Technology, 2024. https://
nvlpubs.nist.gov/nistpubs/CHIPS/NIST.CHIPS.1400-3.pdf.

327.	 National Institute of Standards and Technology (NIST). NIST IR 8536 (Second Public Draft): 
Supply Chain Traceability: Manufacturing Meta-Framework. Gaithersburg, MD: NIST, accessed 
June 2026. https://csrc.nist.gov/pubs/ir/8536/2pd.

328.	 Johnson, Hilary. “Solving the Semiconductor Supply Chain Traceability Crisis.” OpenText Blogs. 
September 10, 2025. https://blogs.opentext.com/solving-the-semiconductor-supply-chain-
traceability-crisis/.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 96

Endnotes and References 

329.	 Khan, M.S.M., Xi, C., Varshney, N. et al. Inherent Hardware Identifiers: Advancing IC Traceability 
and Provenance in the Multi-Die Era. J Electron Test 41, 85–107 (2025). https://doi.org/10.1007/
s10836-025-06161-x 

330.	 No, Michelle. “Semiconductor Industry Faces Water, Sustainability Challenges.” Manufacturing 
Dive. August 5, 2025. https://www.manufacturingdive.com/news/semiconductor-chip-
ultrapure-water-sustainability/756469/.

331.	 Tran, Bao. “Semiconductor Manufacturing Energy Consumption: How Green Is the Chip 
Industry? (Latest Stats).” PatentPC. Published March 13, 2026. https://patentpc.com/blog/
semiconductor-manufacturing-energy-consumption-how-green-is-the-chip-industry-latest-
stats.

332.	 Bithell, Thomas. “Water Usage in Semiconductor Manufacturing to Double by 2035.” IDTechEx. 
March 4, 2025. https://www.idtechex.com/en/research-article/water-usage-in-semiconductor-
manufacturing-to-double-by-2035/32746.

333.	 Jones, Chris. “SEMI’s S23 Standard — Save Energy, Save Money, Save the Planet.” 
Semiconductor Digest. June 2022. https://www.semiconductor-digest.com/semis-s23-
standard-save-energy-save-money-save-the-planet/.

334.	 Shah, Umar, Amit Khanal, Mark Duffield, and Isha Dua. “Sustainability Reporting Considerations 
for the Semiconductor Industry.” AWS Industries Blog, November 10, 2022. https://aws.amazon.
com/blogs/industries/sustainability-reporting-considerations-for-the-semiconductor-industry/.

335.	 Getty, Doug. “Semiconductors and Sustainability: The Unspoken Challenges and Opportunities.” 
Rand Technology. February 12, 2025. https://randtech.com/semiconductors-and-sustainability-
the-unspoken-challenges-and-opportunities/.

336.	 Wiseman, Bill, Henry Marcil, and Marc de Jong, with Raphaela Wagner, Taylor Roundtree, 
and Teddy Stopford. “Semiconductors Have a Big Opportunity, but Barriers to Scale Remain.” 
McKinsey & Company, April 2025. https://www.mckinsey.com/industries/semiconductors/our-
insights/semiconductors-have-a-big-opportunity-but-barriers-to-scale-remain.

337.	 Wiseman, Bill, Henry Marcil, and Marc de Jong, with Raphaela Wagner, Taylor Roundtree, 
and Teddy Stopford. “Semiconductors Have a Big Opportunity, but Barriers to Scale Remain.” 
McKinsey & Company, April 2025. https://www.mckinsey.com/industries/semiconductors/our-
insights/semiconductors-have-a-big-opportunity-but-barriers-to-scale-remain. 

338.	 Semiconductor Industry Association. 2024 State of the U.S. Semiconductor Industry. 
Washington, DC: Semiconductor Industry Association, 2024. https://www.semiconductors.org/
wp-content/uploads/2024/09/SIA_State-of-Industry-Report_2024_final_091124.pdf

339.	 Wiseman, Bill, Henry Marcil, and Marc de Jong, with Raphaela Wagner, Taylor Roundtree, 
and Teddy Stopford. “Semiconductors Have a Big Opportunity, but Barriers to Scale Remain.” 
McKinsey & Company, April 2025. https://www.mckinsey.com/industries/semiconductors/our-
insights/semiconductors-have-a-big-opportunity-but-barriers-to-scale-remain. 

340.	 Wiseman, Bill, Henry Marcil, and Marc de Jong, with Raphaela Wagner, Taylor Roundtree, 
and Teddy Stopford. “Semiconductors Have a Big Opportunity, but Barriers to Scale Remain.” 
McKinsey & Company, April 2025. https://www.mckinsey.com/industries/semiconductors/our-
insights/semiconductors-have-a-big-opportunity-but-barriers-to-scale-remain. 

341.	 Wiseman, Bill, Henry Marcil, and Marc de Jong, with Raphaela Wagner, Taylor Roundtree, 
and Teddy Stopford. “Semiconductors Have a Big Opportunity, but Barriers to Scale Remain.” 
McKinsey & Company, April 2025. https://www.mckinsey.com/industries/semiconductors/our-
insights/semiconductors-have-a-big-opportunity-but-barriers-to-scale-remain. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 97

Endnotes and References 

342.	 Semiconductor Industry Association (SIA). The CHIPS Act Has Already Sparked $200 Billion 
in Private Investments for U.S. Semiconductor Production. Washington, DC: SIA, December 
14, 2022. https://www.semiconductors.org/the-chips-act-has-already-sparked-200-billion-in-
private-investments-for-u-s-semiconductor-production/.

343.	 Semiconductor Industry Association (SIA). The CHIPS Act Has Already Sparked $200 Billion 
in Private Investments for U.S. Semiconductor Production. Washington, DC: SIA, December 
14, 2022. https://www.semiconductors.org/the-chips-act-has-already-sparked-200-billion-in-
private-investments-for-u-s-semiconductor-production/.

344.	 Semiconductor Industry Association. 2024 State of the U.S. Semiconductor Industry. 
Washington, DC: Semiconductor Industry Association, 2024. https://www.semiconductors.org/
wp-content/uploads/2024/09/SIA_State-of-Industry-Report_2024_final_091124.pdf

345.	 IEEE International Roadmap for Devices and Systems (IRDS). International Roadmap for Devices 
and Systems: 2024 Edition—Lithography & Patterning. 2024. https://irds.ieee.org/images/files/
pdf/2024/2024IRDS_LITHO.pdf.

346.	 Semiconductor Research Corporation. Microelectronic and Advanced Packaging Technologies 
(MAPT) Roadmap 2023, version 4. Durham, NC: SRC, 2024. https://srcmapt.org/wp-content/
uploads/2024/03/SRC-MAPT-Roadmap-2023-v4.pdf.

347.	 Kahn, Jason. Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024. NIST Interagency Report 8577. Gaithersburg, MD: National Institute of Standards and 
Technology, May 2025. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=959453. 

348.	 iNEMI. INEMI Roadmap. International Electronics Manufacturing Initiative. Accessed June 8, 
2026. https://roadmap.inemi.org/ir/.

349.	 Haley, Gregory. “Closing the Test and Metrology Gap in 3D-IC Packages.” Semiconductor 
Engineering, December 12, 2023. https://semiengineering.com/closing-the-test-and-metrology-
gap-in-3d-ic-packages/.

350.	 NIST. “Nanoscale Device Characterization Division.” NIST. Last modified September 12, 2024. 
https://www.nist.gov/pml/nanoscale-device-characterization-division.

351.	 SMART USA Institute. Metrology for Digital Twins. June 2025. https://www.smartusatwins.org/
wp-content/uploads/2025/07/202506-Metrology-For-Digital-Twins_Project-Listing.pdf. 

352.	 IEEE International Roadmap for Devices and Systems. 2024 IRDS Chapter: Environment, Safety, 
Health & Sustainability (ESHS)—Environmental Sustainability of the Semiconductor Facilities 
(ESSF). New York: IEEE, 2024. https://irds.ieee.org/images/files/pdf/2024/2024IRDS_ESHS-
ESSF.pdf. 

353.	 Semiconductor Research Corporation. Microelectronic and Advanced Packaging Technologies 
(MAPT) Roadmap 2023, version 4. Durham, NC: SRC, 2024. https://srcmapt.org/wp-content/
uploads/2024/03/SRC-MAPT-Roadmap-2023-v4.pdf.

354.	 IEEE International Roadmap for Devices and Systems. 2024 IRDS Chapter: Environment, Safety, 
Health & Sustainability (ESHS)—Environmental Sustainability of the Semiconductor Facilities 
(ESSF). New York: IEEE, 2024. https://irds.ieee.org/images/files/pdf/2024/2024IRDS_ESHS-
ESSF.pdf. 

355.	 Araújo de Castro, Fernando. Current Landscape of Standardisation Efforts in Organic and 
Printed Electronics 2015—A VAMAS Review. NPL Report MAT 73. Teddington: National Physical 
Laboratory / VAMAS TWA36, April 2015. https://www.vamas.org/twa36/documents/2015_
vamas_twa36_standardisation_review_FernandoCastro.pdf.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 98

Endnotes and References 

356.	 Murai, Koh, and Frank Flowers. Background Statement for SEMI Draft Document 5943: Revision 
to SEMI E49.2-1104—Guide for the Qualification of Polymer Assemblies Used for Liquid 
Chemical Systems in Semiconductor Equipment. Milpitas, CA: SEMI, 2017. http://downloads.
semi.org/web/wstdsbal.nsf/0/be3b78ee38363f76882580a8000086f0/$FILE/5943.pdf.

357.	 U.S. Environmental Protection Agency. “PFAS Strategic Roadmap: EPA’s Commitments to Action 
2021–2024.” US EPA. Published October 14, 2021; last modified May 26, 2026. https://www.epa.
gov/pfas/pfas-strategic-roadmap-epas-commitments-action-2021-2024.

358.	 IEEE International Roadmap for Devices and Systems. 2024 IRDS Chapter: Environment, Safety, 
Health & Sustainability (ESHS)—Environmental Sustainability of the Semiconductor Facilities 
(ESSF). New York: IEEE, 2024. https://irds.ieee.org/images/files/pdf/2024/2024IRDS_ESHS-
ESSF.pdf. 

359.	 Semiconductor Research Corporation. Microelectronic and Advanced Packaging Technologies 
(MAPT) Roadmap 2023, version 4. Durham, NC: SRC, 2024. https://srcmapt.org/wp-content/
uploads/2024/03/SRC-MAPT-Roadmap-2023-v4.pdf.

360.	 IEEE International Roadmap for Devices and Systems. 2024 IRDS Chapter: Environment, Safety, 
Health & Sustainability (ESHS)—Environmental Sustainability of the Semiconductor Facilities 
(ESSF). New York: IEEE, 2024. https://irds.ieee.org/images/files/pdf/2024/2024IRDS_ESHS-
ESSF.pdf. 

361.	 IEEE Power Electronics Society. “ITRW Program: International Technology Roadmap for Wide 
Bandgap Power Semiconductors.” IEEE PELS. Last modified July 28, 2025. https://www.ieee-
pels.org/technical-activities/the-international-technology-roadmap-for-wide-bandgap-power-
semiconductors/.

362.	 Namboorimadathil Backer, Sumina, Ines Bouaziz, Nabeela Kallayi, Reny Thankam Thomas, 
Gopika Preethikumar, Mohd Sobri Takriff, Tahar Laoui, and Muataz Ali Atieh. “Review: Brine 
Solution: Current Status, Future Management and Technology Development.” Sustainability 14, 
no. 11 (May 31, 2022): 6752. https://doi.org/10.3390/su14116752.

363.	 National Institute of Standards and Technology (NIST). CHIPS for America Summary Report: 
CHIPS R&D Chiplets Interfaces & Digital Twin Technical Standards Workshops. NIST CHIPS 
1400-2. U.S. Department of Commerce, 2024. https://nvlpubs.nist.gov/nistpubs/CHIPS/NIST.
CHIPS.1400-2.pdf. 

364.	 National Institute of Standards and Technology (NIST). CHIPS R&D Program Standards Summit 
Summary Report (NIST CHIPS 1400-1). https://nvlpubs.nist.gov/nistpubs/CHIPS/NIST.
CHIPS.1400-1.pdf.

365.	 National Institute of Standards and Technology. “CHIPS for America Announces New Proposed 
$285 Million Award for CHIPS Manufacturing USA Institute for Digital Twins, Headquartered 
in North Carolina.” NIST News, November 19, 2024. https://www.nist.gov/news-events/
news/2024/11/chips-america-announces-new-proposed-285-million-award-chips-
manufacturing.

366.	 IEEE International Roadmap for Devices and Systems. IRDS: International Roadmap for Devices 
& Systems. New York: IEEE. Accessed June 8, 2026. https://irds.ieee.org/.

367.	 Semiconductor Research Corporation. Microelectronic and Advanced Packaging Technologies 
(MAPT) Roadmap 2023, version 4. Durham, NC: SRC, 2024. https://srcmapt.org/wp-content/
uploads/2024/03/SRC-MAPT-Roadmap-2023-v4.pdf.

368.	 Kahn, Jason. Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024. NIST Interagency Report 8577. Gaithersburg, MD: National Institute of Standards and 
Technology, May 2025. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=959453. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 99

Endnotes and References 

369.	  iNEMI. INEMI Roadmap. International Electronics Manufacturing Initiative. Accessed June 8, 
2026. https://roadmap.inemi.org/ir/.

370.	 EOS/ESD Association, Inc. EOS/ESD Association, Inc. Technology Roadmap 2025. Rome, NY: 
ESDA, 2025. https://www.esda.org/assets/Documents/EOS-ESD-Association-Inc.-Technology-
Roadmap-2026.pdf. 

371.	 UCIe Consortium. “Specifications.” UCIe Consortium. Accessed June 8, 2026. https://www.
uciexpress.org/specifications. 

372.	 Sperling, Ed. “Mechanical Challenges Rise With Heterogeneous Integration.” Semiconductor 
Engineering, April 3, 2023. https://semiengineering.com/mechanical-challenges-increase-with-
chiplet-integration/. 

373.	 Boning, Duane S. “Modern Trends in Microelectronics Packaging Reliability Testing.” 
Micromachines 15, no. 3 (March 15, 2024): 398. https://www.mdpi.com/2072-666X/15/3/398

374.	 IEEE International Roadmap for Devices and Systems. 2024 IRDS Chapter: Environment, Safety, 
Health & Sustainability (ESHS)—Environmental Sustainability of the Semiconductor Facilities 
(ESSF). New York: IEEE, 2024. https://irds.ieee.org/images/files/pdf/2024/2024IRDS_ESHS-
ESSF.pdf. 

375.	 Semiconductor Research Corporation. Microelectronic and Advanced Packaging Technologies 
(MAPT) Roadmap 2023, version 4. Durham, NC: SRC, 2024. https://srcmapt.org/wp-content/
uploads/2024/03/SRC-MAPT-Roadmap-2023-v4.pdf.

376.	 IEEE International Roadmap for Devices and Systems. 2024 IRDS Chapter: Environment, Safety, 
Health & Sustainability (ESHS)—Environmental Sustainability of the Semiconductor Facilities 
(ESSF). New York: IEEE, 2024. https://irds.ieee.org/images/files/pdf/2024/2024IRDS_ESHS-
ESSF.pdf. 

377.	  Kahn, Jason. Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024. NIST Interagency Report 8577. Gaithersburg, MD: National Institute of Standards and 
Technology, May 2025. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=959453.

378.	 Semiconductor Research Corporation and Semiconductor Industry Association. Decadal 
Plan for Semiconductors: Full Report. January 2021. https://www.src.org/about/decadal-plan/
decadal-plan-full-report.pdf. 

379.	 JEDEC Solid State Technology Association. “JC-15 Thermal Characterization Techniques for 
Semiconductor Packages.” JEDEC. Accessed June 8, 2026. https://www.jedec.org/committees/
jc-15. 

380.	 IEEE International Roadmap for Devices and Systems. 2024 IRDS Chapter: Environment, Safety, 
Health & Sustainability (ESHS)—Environmental Sustainability of the Semiconductor Facilities 
(ESSF). New York: IEEE, 2024. https://irds.ieee.org/images/files/pdf/2024/2024IRDS_ESHS-
ESSF.pdf. 

381.	 IEEE International Roadmap for Devices and Systems. 2024 IRDS Chapter: Environment, Safety, 
Health & Sustainability (ESHS)—Environmental Sustainability of the Semiconductor Facilities 
(ESSF). New York: IEEE, 2024. https://irds.ieee.org/images/files/pdf/2024/2024IRDS_ESHS-
ESSF.pdf. 

382.	 Semiconductor Research Corporation. Microelectronic and Advanced Packaging Technologies 
(MAPT) Roadmap 2023, version 4. Durham, NC: SRC, 2024. https://srcmapt.org/wp-content/
uploads/2024/03/SRC-MAPT-Roadmap-2023-v4.pdf.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 100

Endnotes and References 

383.	 Kahn, Jason. Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024. NIST Interagency Report 8577. Gaithersburg, MD: National Institute of Standards and 
Technology, May 2025. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=959453. 

384.	 National Institute of Standards and Technology (NIST). CHIPS for America Summary Report: 
CHIPS R&D Chiplets Interfaces & Digital Twin Technical Standards Workshops. NIST CHIPS 
1400-2. U.S. Department of Commerce, 2024. https://nvlpubs.nist.gov/nistpubs/CHIPS/NIST.
CHIPS.1400-2.pdf

385.	 National Institute of Standards and Technology. Summary Report: CHIPS R&D Program 
Standards Summit (September 26–27, 2023). U.S. Department of Commerce, 2023.

386.	 Kahn, Jason. Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024. NIST Interagency Report 8577. Gaithersburg, MD: National Institute of Standards and 
Technology, May 2025. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=959453. 

387.	 iNEMI. INEMI Roadmap. International Electronics Manufacturing Initiative. Accessed June 8, 
2026. https://roadmap.inemi.org/ir/.

388.	 EOS/ESD Association, Inc. EOS/ESD Association, Inc. Technology Roadmap 2025. Rome, NY: 
ESDA, 2025. https://www.esda.org/assets/Documents/EOS-ESD-Association-Inc.-Technology-
Roadmap-2026.pdf. 

389.	 Automotive Electronics Council. “AEC Documents.” AEC Component Technical Committee. 
Accessed June 8, 2026. http://www.aecouncil.com/AECDocuments.html. 

390.	 Automotive Electronics Council. “AEC Component Technical Committee.” AEC. Accessed June 
8, 2026. http://www.aecouncil.com/index.html. 

391.	 EOS/ESD Association, Inc. (ESDA). “Standards.” ESDA. Accessed June 8, 2026. https://www.
esda.org/standards/.

392.	 Stadler, Wolfgang, and EOS/ESD Association, Inc. “What’s New in ESD Control Standards?” In 
Compliance Magazine, September 1, 2024. https://incompliancemag.com/whats-new-in-esd-
control-standards/. 

393.	 CE3S (Cumberland Electronics Strategic Supply Solutions). “Understanding the ANSI/ESD 
S20.20-2021 Standard and How It Protects Your Production.” CE3S Blog. May 14, 2025. https://
ce3s.productionsupplystore.com/understanding-the-ansi-esd-s20-20-2021-standard-and-how-
it-protects-your-production/. 

394.	 Estatec. “ESD Compliance Standards: What You Need to Know.” Estatec Blog. Published 
September 19, 2024. https://estatec.us/blogs/news/esd-compliance-standards-what-you-need-
to-know.

395.	 Association of Accredited Public Policy Advocates to the European Union (AALEP). “About the 
European Semiconductor Industry Association (ESIA).” AALEP. Accessed June 8, 2026. https://
aalep.eu/about-european-semiconductor-industry-association-esia. 

396.	 European Semiconductor Industry Association. “Welcome to ESIA.” ESIA / Eusemiconductors. 
Accessed June 8, 2026. https://www.eusemiconductors.eu/esia. 

397.	 International Electrotechnical Commission. “TC 47: Semiconductor Devices.” IEC. Accessed 
June 8, 2026. https://www.iec.ch/dyn/www/f?p=103:7:::::FSP_ORG_ID:1251. 

398.	 International Electrotechnical Commission. “TC 47: Semiconductor Devices – Standards List.” 
IEC. Accessed June 8, 2026. https://standards.iteh.ai/catalog/tc/iec/92c5e1f5-209c-4860-ba43-
74453c103695/tc-47. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 101

Endnotes and References 

399.	 Berns, Werner. IEC TC47 Semiconductor Devices Landscape. Presentation at CEN-CENELEC 
Trusted Chips Workshop, Brussels, December 2, 2022. Texas Instruments / CEN-CENELEC. 
https://www.cencenelec.eu/media/CEN-CENELEC/Events/Events/2022/2022-12-02%20-%20
CHIPS/presentations/werner-berns_ti.pdf. 

400.	 “Standards.” IEEE Global Semiconductors. Accessed May 28, 2026. https://semiconductors.
ieee.org/standards/. 

401.	 IPC/JEDEC. J-STD-033: Handling, Packing, Shipping and Use of Moisture/Reflow Sensitive 
Surface Mount Devices. Bannockburn, IL: IPC; Arlington, VA: JEDEC. https://shop.electronics.
org/ipcjedec-j-std-033/ipcjedec-j-std-033-standard-only. 

402.	 McMillan, John. “IPC-7351 and Other PCB Design Standards.” Siemens Blog, March 27, 2026. 
https://blogs.sw.siemens.com/electronic-systems-design/2019/06/21/ipc-7351-and-other-
pcb-design-standards/.

403.	 International Organization for Standardization (ISO). “ISO/TC 300 – Solid-State Devices.” ISO. 
Accessed June 8, 2026. https://www.iso.org/committee/45020.html.

404.	 Joint Technical Committee 1 (JTC 1). “About JTC 1: Committees.” ISO/IEC JTC 1. Accessed June 8, 
2026. https://jtc1info.org/about/committees/. 

405.	 Japan Electronics and Information Technology Industries Association. “Standards.” JEITA. 
Accessed June 8, 2026. https://www.jeita.or.jp/english/public_standard/. 

406.	 MADPCB. “JEITA: Japan Electronics and Information Technology Industries Association.” 
MADPCB Glossary. Accessed June 8, 2026. https://madpcb.com/glossary/jeita/. 

407.	 Nagoya Institute of Technology. “Professor ICHIKAWA Koji and His Research Group Receive the 
17th Japan Electronics and Information Technology Industries Association (JEITA) Chairman’s 
Award.” NITech News, 2025. https://www.nitech.ac.jp/eng/news/2025/13047.html. 

408.	 Japan Electronics and Information Technology Industries Association (JEITA). “Standard 
Readme.” JEITA. Accessed June 5, 2026. https://www.jeita.or.jp/english/standard/readme.html.

409.	 JEDEC Solid State Technology Association. “Standards & Documents Search.” JEDEC. Accessed 
June 8, 2026. https://www.jedec.org/standards-documents. 

410.	 James, Luke. “JEDEC Officially Releases HBM4 Memory Standard.” All About Circuits. April 
28, 2025. https://www.allaboutcircuits.com/news/jedec-officially-releases-hbm4-memory-
standard/. 

411.	 JEDEC Solid State Technology Association. “JEDEC Wide Bandgap Power Semiconductor 
Committee Publishes a Milestone Document for Reverse Bias Reliability Evaluation Procedures 
for Gallium Nitride Power Conversion Devices.” Business Wire, January 30, 2024. https://
www.businesswire.com/news/home/20240130166718/en/JEDEC-Wide-Bandgap-Power-
Semiconductor-Committee-Publishes-a-Milestone-Document-for-Reverse-Bias-Reliability-
Evaluation-Procedures-for-Gallium-Nitride-Power-Conversion-Devices. 

412.	 iNEMI. “ What Is the INEMI Roadmap? “ International Electronics Manufacturing Initiative. 
Accessed June 8, 2026. https://inemi.org/iNEMI/iNEMI/Technical%20Impact/Roadmap-
Landing.aspx.

413.	  Chandrashekhar, Shekhar. Relaunching the iNEMI Roadmap. Presentation at IPC APEX Expo, 
January 2022. San Jose: iNEMI, 2022. https://thor.inemi.org/webdownload/2022/Roadmap_
Relaunch_APEX2022.pdf.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 102

Endnotes and References 

414.	 National Electronics Manufacturing Initiative / Nokia Bell Labs. “The National Electronics 
Manufacturing Initiative (NEMI) Plug-and-Play Factory Project.” Nokia Bell Labs Publications. 
Accessed June 8, 2026. https://www.nokia.com/bell-labs/publications-and-media/publications/
the-national-electronics-manufacturing-initiative-nemi-plug-and-play-factory-project/. 

415.	 Kahn, Jason. Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024. NIST Interagency Report 8577. Gaithersburg, MD: National Institute of Standards and 
Technology, May 2025. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=959453. 

416.	 Kahn, Jason. “Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024.” NIST, May 21, 2025. https://www.nist.gov/publications/semiconductors-and-
microelectronics-standards-working-group-annual-report-2024.

417.	 U.S. Department of Commerce, National Institute of Standards and Technology. “CHIPS National 
Advanced Packaging Manufacturing Program (NAPMP) Advanced Packaging Research and 
Development.” Federal Register 89, no. 131 (July 9, 2024). https://www.federalregister.gov/
documents/2024/07/09/2024-14980/chips-national-advanced-packaging-manufacturing-
program-napmp-advanced-packaging-research-and. 

418.	 National Institute of Standards and Technology. “Fact Sheet: NIST and the United States 
Government National Standards Strategy for Critical and Emerging Technology.” NIST. Accessed 
June 5, 2026. https://www.nist.gov/standardsgov/fact-sheet-nist-and-united-states-government-
national-standards-strategy-critical-and. 

419.	 UniversityWafer. “What Are Semiconductor Standards?” Accessed June 5, 2026. https://www.
universitywafer.com/semi-standards.html. 

420.	 SEMI. “Standards.” SEMI. Accessed June 5, 2026. https://www.semi.org/en/products-services/
standards. 

421.	 SEMI. “SEMI Standards – Technical Committee Charters.” SEMI. Accessed June 5, 2026. https://
www.semi.org/en/Standards/TechnicalCommitteeCharters.

422.	 Semiconductor Industry Association. “About the SIA.” Semichips.org. Accessed June 5, 2026. 
https://www.semichips.org/about/index.htm.

423.	 Semiconductor Industry Association. “Global Advocacy.” Semichips.org. Accessed June 5, 2026. 
https://www.semi.org/en/global-advocacy.

424.	 Semiconductor Industry Association. The U.S. Semiconductor Industry’s Environment, Health, 
and Safety Practices. Fact sheet, December 9, 2024. https://www.semiconductors.org/wp-
content/uploads/2024/12/SIA_Environment-Health-Safety-Practices_Fact-Sheet-12-9-24.pdf

425.	 World Semiconductor Council. “World Semiconductor Council.” Accessed June 5, 2026. https://
www.semiconductorcouncil.org/.

426.	 European Semiconductor Industry Association. “World Semiconductor Council.” 
Eusemiconductors.eu. Accessed June 5, 2026. https://www.eusemiconductors.eu/esia/about-
esia/world-semiconductor-council. 

427.	 World Semiconductor Council. “Joint Statement of the 29th Meeting of the World Semiconductor 
Council (WSC).” May 22, 2025. https://www.eusemiconductors.eu/sites/default/files/2025WSC-
JointStatement_FINAL.pdf. 

428.	 National Institute of Standards and Technology (NIST). CHIPS R&D Program Standards Summit 
Summary Report (NIST CHIPS 1400-1). https://nvlpubs.nist.gov/nistpubs/CHIPS/NIST.
CHIPS.1400-1.pdf. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 103

Endnotes and References 

429.	 National Institute of Standards and Technology. “CHIPS Manufacturing USA Institute.” NIST. 
Published February 1, 2024. Accessed June 5, 2026. https://www.nist.gov/chips/research-
development-programs/chips-manufacturing-usa-institute. 

430.	 National Institute of Standards and Technology. “Biden-Harris Administration Launches Next 
Phase for Over $5 Billion in CHIPS R&D Investments, Including the National Semiconductor 
Technology Center (NSTC).” NIST. February 9, 2024. https://www.nist.gov/news-events/
news/2024/02/biden-harris-administration-launches-next-phase-over-5-billion-chips-rd. 

431.	 National Institute of Standards and Technology. “Metrology Program.” NIST. Accessed June 5, 
2026. https://www.nist.gov/chips/research-development-programs/metrology-program.

432.	 European Commission. “European Chips Act.” European Commission Digital Strategy. Accessed 
June 3, 2026. https://digital-strategy.ec.europa.eu/en/policies/european-chips-act. 

433.	 European Commission. “European Chips Act: The Chips for Europe Initiative.” European 
Commission Digital Strategy, n.d. https://digital-strategy.ec.europa.eu/en/factpages/european-
chips-act-chips-europe-initiative. 

434.	  European Parliament and Council of the European Union. “Regulation (EU) 2023/1781 of the 
European Parliament and of the Council of 13 September 2023 Establishing a Framework of 
Measures for Strengthening Europe’s Semiconductor Ecosystem and Amending Regulation (EU) 
2021/694 (Chips Act).” Official Journal of the European Union L 229 (September 18, 2023): 1–53. 
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023R1781.

435.	 “Open Chiplet Economy.” The Open Compute Project. Accessed June 2, 2026. https://www.
opencompute.org/projects/open-chiplet-economy.

436.	 Open Compute Project. “The OCP Open Chiplet Economy Marketplace Opens Its Doors.” Open 
Compute Project Blog. October 15, 2024. https://www.opencompute.org/blog/the-ocp-open-
chiplet-economy-marketplace-opens-its-doors. 

437.	 “Open Compute Project Expands Open Chiplet Economy Ecosystem.” The Open Compute 
Project. Accessed June 2, 2026. https://www.opencompute.org/blog/open-compute-project-
expands-open-chiplet-economy-ecosystem.

438.	 SEMI. “About SEMI Sustainability Initiative.” SEMI. Accessed June 5, 2026. https://www.semi.
org/en/industry-groups/sustainability-about. 

439.	 SEMI. “Semiconductor Climate Consortium Announces Key 2025 Initiatives to Accelerate 
Decarbonization and Promote Transparency in Semiconductor Sustainability.” SEMI. Accessed 
June 8, 2026. https://www.semi.org/en/semi-press-release/semiconductor-climate-consortium-
announces-key-2025-initiatives-to-accelerate-decarbonization-and-promote-transparency-in-
semiconductor-sustainability. 

440.	 SEMI. “SEMI SCC Releases Guidance on Calculating Scope 3 Category 11 Emissions for the 
Semiconductor Sector.” SEMI Blog. June 30, 2025. https://www.semi.org/en/blogs/semi-scc-
releases-guidance-on-calculating-scope-3-category-11-emissions-for-the-semiconductor-
sector. 

441.	 Estonian Centre for Standardisation and Accreditation (EVS). “prEN IEC 63287-3:2024: 
Semiconductor Devices – Generic Semiconductor Qualification Guidelines – Part 3: Guidelines 
for Reliability Qualification Plans for Power Semiconductor Module.” EVS. Accessed June 5, 
2026. https://www.evs.ee/en/pren-iec-63287-3-2024. 

442.	 DIN Media. “DIN EN IEC 63287-3 – 2025-04: Semiconductor Devices – Generic Semiconductor 
Qualification Guidelines – Part 3: Guidelines for Reliability Qualification Plans for Power 
Semiconductor Module (IEC 47/2873/CDV:2024).” DIN Media. April 2025. https://www.
dinmedia.de/en/draft-standard/din-en-iec-63287-3/389496124. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 104

Endnotes and References 

443.	 IEEE. “IEEE - P1450/D2 Draft Standard Test Interface Language (STIL) for Digital Test Vector 
Data.” Global Spec, n.d. https://standards.globalspec.com/std/14633939/p1450-d2.

444.	 “P3405 Standard for Chiplet Interconnect Test and Repair.” IEEE Standards Association. 
Accessed June 9, 2026. https://standards.ieee.org/ieee/3405/11398/. 

445.	 E. J. Marinissen, A. Evans, P. -Y. Chuang, M. Keim and A. Chandra, “New Standard-under-
Development for Chiplet Interconnect Test and Repair: IEEE Std P3405,” 2024 IEEE European 
Test Symposium (ETS), The Hague, Netherlands, 2024, pp. 1-10, https://ieeexplore.ieee.org/
document/10567355, 

446.	 SEMI. “E19600 – SEMI E196 – Guide for Equipment Edge Data Governance.” SEMI Store. 
Accessed June 5, 2026. https://store-us.semi.org/products/e19600-semi-e196-guide-for-
equipment-edge-data-governance.

447.	 Trio, Paul. “SEMI Standards Update: New Data Governance Guidelines and Safety Standard 
Revisions Are Underway in Q2 2025.” SEMI, July 21, 2025. https://ieeexplore.ieee.org/
document/10567355.

448.	 Trio, Paul. “SEMI Standards Update: New Data Governance Guidelines and Safety Standard 
Revisions Are Underway in Q2 2025.” SEMI, July 21, 2025. https://ieeexplore.ieee.org/
document/10567355.

449.	 Intertek. “SEMI S2.” Intertek. Accessed June 8, 2026. https://www.intertek.com/semiconductor-
equipment/semi-s2/. 

450.	 Semiconductor Equipment and Materials International. SEMI Draft Document 4624A (rev. 15): 
New Standard—Specification for Developmental 450 mm Diameter Polished Single Crystal 
Silicon Wafers. Draft, February 13, 2016. https://studylib.net/doc/7504348/4624a. 

451.	 Davis, Shannon. “SEMI Honors the Leadership of the Cyber Security Standards Committee.” 
Semiconductor Digest, August 2, 2023. https://www.semiconductor-digest.com/semi-honors-
the-leadership-of-the-cyber-security-standards-committee/.

452.	 Vaidyanathan, Sreya, Arya Thapa, Andrew Trzcinski, and Ariel Higuchi et al. Delivering on the 
Promise of CHIPS and Science: Standard Setting: Process, Politics, and the CHIPS Program. 
Cambridge, MA: Belfer Center for Science and International Affairs, Harvard Kennedy School, 
June 2023.  https://www.cimetrix.com/hubfs/News%20and%20Events/Industry-Pushes-For-
Fab-Tool-Security-Standards.pdf. 

453.	 National Science Foundation (NSF). “CHIPS.” NSF. Accessed June 8, 2026. https://www.nsf.gov/
chips.

454.	 U.S. Department of Commerce, Office of Inspector General. Commerce CHIPS Act Programs: 
Status Report. Report no. OIG-25-021-I, June 2, 2025. https://www.oig.doc.gov/wp-content/
OIGPublications/OIG-25-021-I.pdf. 

455.	 Vaidyanathan, Sreya, Arya Thapa, Andrew Trzcinski, and Ariel Higuchi et al. Delivering on the 
Promise of CHIPS and Science: Standard Setting: Process, Politics, and the CHIPS Program. 
Cambridge, MA: Belfer Center for Science and International Affairs, Harvard Kennedy School, 
June 2023.  https://www.cimetrix.com/hubfs/News%20and%20Events/Industry-Pushes-For-
Fab-Tool-Security-Standards.pdf.

456.	 The White House. Building Resilient Supply Chains, Revitalizing American Manufacturing, and 
Fostering Broad-Based Growth: 100-Day Reviews under Executive Order 14017. June 2021. 
https://bidenwhitehouse.archives.gov/wp-content/uploads/2021/06/100-day-supply-chain-
review-report.pdf 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 105

Endnotes and References 

457.	 National Science and Technology Council, Subcommittee on Microelectronics Leadership. 
National Strategy on Microelectronics Research. March 2024, amended April 2025. 
Washington, DC: Executive Office of the President. https://www.whitehouse.gov/wp-content/
uploads/2025/03/Amended-National-Strategy-on-Microelectronics-Research.pdf.

458.	 National Science and Technology Council, Subcommittee on Microelectronics Leadership. 
National Strategy on Microelectronics Research. March 2024. Washington, DC: Executive 
Office of the President. https://bidenwhitehouse.archives.gov/wp-content/uploads/2024/03/
National-Strategy-on-Microelectronics-Research-March-2024.pdf. 

459.	 National Science Foundation. “Statement from Director Sethuraman Panchanathan on the 
Release of the National …” National Science Foundation. March 15, 2024. https://www.nsf.gov/
news/statement-director-sethuraman-panchanathan-release-national 

460.	 Ainvest. “China Strategic Power: Subsidies, AI Chips, Investing Stage, Semiconductor Reliance.” 
Ainvest, November 4, 2025. https://www.ainvest.com/news/china-strategic-power-subsidies-ai-
chips-investing-stage-semiconductor-reliance-2511/ 

461.	 Booth, Harry. “Despite US Chip Bans, China’s AI Is Advancing Fast.” TIME, January 8, 2025. 
https://time.com/7204164/china-ai-advances-chips/. 

462.	 Chan, Kyle, and Ray Wang. “Leashing Chinese AI Needs Smart Chip Controls.” RAND Corporation 
/ Foreign Policy, August 7, 2025. https://www.rand.org/pubs/commentary/2025/08/leashing-
chinese-ai-needs-smart-chip-controls.html.

463.	 Semiconductor Industry Association. Taking Stock of China’s Semiconductor Industry. White 
paper. July 2021. https://www.semiconductors.org/wp-content/uploads/2021/07/Taking-Stock-
of-China%E2%80%99s-Semiconductor-Industry_final.pdf. 

464.	 DBS Group Research. China Semiconductor: Crisis Breeds Opportunity. Singapore: DBS Bank, 
June 2, 2025. https://www.dbs.com/content/article/pdf/AIO/062025/250602_insights_China_
semiconductor_crisis_breeds_opportunity.pdf. 

465.	 Thadani, Akhil, and Gregory C. Allen. “Mapping the Semiconductor Supply Chain: The Critical 
Role of the Indo-Pacific Region.” Center for Strategic and International Studies, May 30, 2023. 
https://www.csis.org/analysis/mapping-semiconductor-supply-chain-critical-role-indo-pacific-
region.

466.	 Zhao, Merle, Taguhi Yeghoyan, and Pierre Cambou. “China’s Next Move: The Five-Year Plan That 
Could Reshape Semiconductors.” Yole Group, December 1, 2025. https://www.yolegroup.com/
strategy-insights/chinas-next-move-the-five-year-plan-that-could-reshape-semiconductors/.

467.	 McKinsey & Company. “Semiconductors: Our Insights.” Accessed June 5, 2026. https://www.
mckinsey.com/industries/semiconductors/our-insights. 

468.	 DBS Group Research. China Semiconductor: Crisis Breeds Opportunity. Singapore: DBS Bank, 
June 2, 2025. https://www.dbs.com/content/article/pdf/AIO/062025/250602_insights_China_
semiconductor_crisis_breeds_opportunity.pdf.

469.	 Feldgoise, Jacob, and Hanna Dohmen. “Inside Beijing’s Chipmaking Offensive.” Center 
for Security and Emerging Technology, Georgetown University, July 14, 2025. https://cset.
georgetown.edu/article/inside-beijings-chipmaking-offensive/.

470.	 TrendForce. “China’s Semiconductor Equipment Industry Booming, Self-Sufficiency to Reach 
50% by 2025?” TrendForce, February 14, 2025. https://www.trendforce.com/news/2025/02/14/
news-chinas-semiconductor-equipment-industry-booming-self-sufficiency-to-reach-50-
by-2025/.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 106

Endnotes and References 

471.	 Hai, Jiawei Steven. “What’s Happening in China’s Semiconductor Industry?” Economics 
Observatory, University of Bristol, May 28, 2025. https://www.economicsobservatory.com/
whats-happening-in-chinas-semiconductor-industry.

472.	 Triolo, Paul. “The Future of China’s Semiconductor Industry.” American Affairs 5, no. 1 
(Spring 2021): 90–113. https://americanaffairsjournal.org/2021/02/the-future-of-chinas-
semiconductor-industry/.

473.	 Gong, John Jiong, and Vanessa Yanhua Zhang. China’s Evolution in International Standardization: 
From Follower to Global Leader. Background paper to World Development Report 2025: 
Standards and Development. Compass Lexecon, June 2025. https://thedocs.worldbank.org/
en/doc/db36d90a4a2d670b8e22960a4b59dc91-0050062025/original/China-s-Evolution-in-
International-Standardization.pdf. 

474.	 International Organization for Standardization (ISO). “ISO Member: China.” Accessed June 5, 
2026. https://www.iso.org/member/1635.html.

475.	 Clingendael Institute. “China’s Rise as a Standards Power: The Basis of Long-Term Dominance.” 
Clingendael Report, July 2025. https://www.clingendael.org/pub/2025/standardisation-
with-chinese-characteristics/3-chinas-rise-as-a-standards-power-the-basis-of-long-term-
dominance/.

476.	 Reddy, Rahul Karan. “Shaping Next-Generation Technology.” ORCA Asia, June 13, 2025. https://
orcasia.org/article/1215/shaping-next-generation-technology.

477.	 Yu, Cheng. “Standards Power.” China Daily, July 12, 2025. https://www.chinadaily.com.
cn/a/202507/12/WS6871abc7a31000e9a573b9c6.html.

478.	 Zhao, Merle, Taguhi Yeghoyan, and Pierre Cambou. “China’s Next Move: The Five-Year Plan That 
Could Reshape Semiconductors.” Yole Group, December 1, 2025. https://www.yolegroup.com/
strategy-insights/chinas-next-move-the-five-year-plan-that-could-reshape-semiconductors/.

479.	 Xiang, Ting. “China’s 14th Five-Year Plan 2021–2025: Spotlight on Semiconductors.” Global 
Policy Watch, April 26, 2021. https://www.globalpolicywatch.com/2021/04/chinas-14th-five-
year-plan-2021-2025-spotlight-on-semiconductors/.

480.	 Standardization Administration of China (SAC). “ Two-year Action Plan for Implementing 
the Outline Released.” SAC, April 24, 2024. https://www.sac.gov.cn/Events/art/2024/art_
b058aaec746f4b958531410b551bfbdf.html.

481.	 Ainvest. “China Strategic Power: Subsidies, AI Chips, Investing Stage, Semiconductor Reliance.” 
Ainvest, November 4, 2025. https://www.ainvest.com/news/china-strategic-power-subsidies-ai-
chips-investing-stage-semiconductor-reliance-2511/.

482.	 UC Irvine Global and Comparative Policy Studies. “China’s Evolving Semiconductor Strategy.” 
UCIGCC, n.d. https://ucigcc.org/blog/chinas-evolving-semiconductor-strategy/

483.	 Lim, Lionel. “China Is ‘doubling down’ on Local Chip Development with a New $47.5 Billion 
Fund.” Fortune, May 28, 2024. https://fortune.com/asia/2024/05/28/more-confident-china-
doubling-down-big-fund-iii-semiconductors-development-us-controls/.

484.	 Ezell, Stephen. How Innovative Is China in Semiconductors? Washington, DC: 
Information Technology and Innovation Foundation, August 19, 2024. https://itif.org/
publications/2024/08/19/china-s-semiconductor-strategy-produces-uneven-results-new-
report-finds/.

485.	 Ong, Kenneth. “China’s Defiant Chip Strategy.” Foreign Policy Research Institute (FPRI), June 
28,2024. https://www.fpri.org/article/2024/06/chinas-defiant-chip-strategy/.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 107

Endnotes and References 

486.	 Zhao, Merle, Taguhi Yeghoyan, and Pierre Cambou. “China’s Next Move: The Five-Year Plan That 
Could Reshape Semiconductors.” Yole Group, December 1, 2025. https://www.yolegroup.com/
strategy-insights/chinas-next-move-the-five-year-plan-that-could-reshape-semiconductors/.

487.	 Stoldt, Oliver. “China’s 15th Five-Year Plan.” Premium Speakers, December 7, 2025. https://
premium-speakers.com/en/magazin/chinas-15th-five-year-plan/.

488.	 ChinaCrunch. “China’s New Semiconductor Subsidy Strategy.” ChinaCrunch, November 7, 2025. 
https://chinacrunch.com/chinas-new-semiconductor-subsidy-strategy/.

489.	 Valerio, Pablo. “China Invests Billions to Close Critical Chokepoints.” EE Times, July 7, 2025. 
https://www.eetimes.com/china-invests-billions-to-close-critical-chokepoints/.

490.	 ChinaCrunch. “Talent Shortages in Semiconductor Production.” ChinaCrunch, October 15, 2025. 
https://chinacrunch.com/talent-shortages-in-semiconductor-production/.

491.	 SEMICON China. “ SEMI Workforce CXO Talent Forum.” SEMICON China, 2025. https://www.
semiconchina.org/en/2051.

492.	 Reuters. “China Tackles Chip Talent Shortage with New Courses, Higher Pay.” Economic Times, 
March 29, 2023. https://telecom.economictimes.indiatimes.com/news/devices/china-tackles-
chip-talent-shortage-with-new-courses-higher-pay/99075695.

493.	 European Commission. “European Chips Act: The Chips for Europe Initiative.” European 
Commission Digital Strategy, n.d. https://digital-strategy.ec.europa.eu/en/factpages/european-
chips-act-chips-europe-initiative. 

494.	 “Home- Chips Ju.” Chips Ju. Accessed June 5, 2026. https://www.chips-ju.europa.eu/.

495.	 https://pact-for-skills.ec.europa.eu/stakeholders-and-business/funding-opportunities/
competence-centers_en

496.	 European Commission. “European Chips Act.” European Commission Digital Strategy. Accessed 
June 3, 2026. https://digital-strategy.ec.europa.eu/en/policies/european-chips-act.

497.	 Frazzoli, Roberto. “A Brief Overview of the EU Chips Act.” Embedded, August 4, 2025. https://
www.embedded.com/a-brief-overview-of-the-eu-chips-act/.

498.	 McNichol, Jillian. “The EU’s Semiconductor Strategy: Chips Act 2.0, Investments, and More.” 
3D InCites, December 3, 2025. https://www.3dincites.com/2025/12/the-eus-semiconductor-
strategy-chips-act-2-0-investments-and-more/.

499.	 CEN-CENELEC. “ISO and IEC.” CEN. Accessed June 5, 2026. https://www.cencenelec.eu/
european-standardization/international-cooperation/iso-and-iec/.

500.	 CEN-CENELEC. “European Standards.” CEN-CENELEC, n.d. https://www.cencenelec.eu/
european-standardization/european-standards/.

501.	 European Commission. “European Chips Act.” European Commission Digital Strategy. Accessed 
June 3, 2026. https://digital-strategy.ec.europa.eu/en/policies/european-chips-act. 

502.	 European Commission. “International Standardisation Activities.” Single Market Economy, 
n.d. https://single-market-economy.ec.europa.eu/single-market/goods/european-standards/
standardisation-policy/international-activities_en.

503.	 Salvc, Priyanka. “India Is Betting $18 Billion to Build a Chip Powerhouse—Here’s What It Means.” 
CNBC, September 22, 2025. https://www.cnbc.com/2025/09/23/india-is-betting-18-billion-to-
build-a-chip-powerhouse-heres-what-it-means.html. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 108

Endnotes and References 

504.	 Shivakumar, Sujai, and Shruti Sharma. “Semiconductor Clusters: Making India’s Push for Global 
Competitiveness.” Center for Strategic and International Studies, September 23, 2025. https://
www.csis.org/analysis/semiconductor-clusters-making-indias-push-global-competitiveness. 

505.	 Semiconductor Industry Association (SIA) and APCO Worldwide. India Semiconductor 
Sector: Increasing India’s Role within the Global Semiconductor Value Chain. 2022. https://
apcoworldwide.com/wp-content/uploads/2023/02/White-Paper-Indias-Semicon-Sector.pdf. 

506.	 Mukherjee, Vasudha. “US Partners with India Semiconductor Mission to Expand Global 
Ecosystem.” Business Standard, September 9, 2024. https://www.business-standard.
com/india-news/us-partners-with-india-semiconductor-mission-to-expand-global-
ecosystem-124090900707_1.html. 

507.	 Butts, Dylan. “Tata Electronics Deal, Intel Building India Chip Supply Chain: Semiconductor 
Mission.” CNBC, December 9, 2025. https://www.cnbc.com/2025/12/09/tata-electronics-deal-
intel-building-india-chip-supply-chain-semiconductor-mission.html. 

508.	 India Semiconductor Mission. “Semiconductor Fab.” ISM, Government of India, n.d. https://ism.
gov.in/semiconductor-fab.

509.	 India Semiconductor Mission. “Design Linked Incentive.” ISM, Government of India, n.d. https://
ism.gov.in/design-linked-incentive.

510.	 Assembly, Testing, Marking, and Packaging (ATMP) or Outsourced Semiconductor Assembly 
and Testing (OSAT)

511.	 India Semiconductor Mission. Home page. ISM, Government of India, n.d. https://ism.gov.in/.

512.	 MoneyControl. “ISM 2.0 to Deepen India’s Chip Ecosystem, Shift Focus from Fabs to Full-Stack 
Semiconductor Capability: MEITY’s Sushil Pal.” MoneyControl, n.d. https://www.moneycontrol.
com/technology/ism-2-0-to-deepen-india-s-chip-ecosystem-shift-focus-from-fabs-to-full-stack-
semiconductor-capability-meity-s-sushil-pal-article-13707296.html.

513.	 Sharma, Dinesh Chand. Semiconductor Industry in India: Policy Initiatives and Standardization. 
Seconded European Standardization Expert in India (SESEI), n.d. https://sesei.eu/wp-content/
uploads/2025/10/Semicoductor_India.pdf. 

514.	 Press Information Bureau, Government of India. “SemiconIndia Programme.” PIB, 2022. https://
www.pib.gov.in/PressReleasePage.aspx?PRID=1781723&reg=3&lang=2.

515.	 India Semiconductor Mission. “About SemiconIndia.” ISM, Government of India, n.d. https://ism.
gov.in/about-semiconindia.

516.	 Bureau of Indian Standards. “International Cooperation.” Bureau of Indian Standards. Accessed 
June 5, 2026. https://www.bis.gov.in/standards/international-cooperation/.

517.	 Bureau of Indian Standards. “SARSO.” Bureau of Indian Standards. Accessed June 5, 2026. 
https://www.bis.gov.in/standards/sarso/.

518.	 Telecommunications Engineering Centre, Government of India. “Standardization.” 
Telecommunications Engineering Centre. Accessed June 5, 2026. https://tec.gov.in/
standardization-sd.

519.	 Ministry of Electronics and Information Technology, Government of India. “Scheme for 
Promotion of Manufacturing of Electronic Components and Semiconductors (SPECS).” MeitY. 
Accessed June 5, 2026. https://www.meity.gov.in/offerings/schemes-and-services/details/
scheme-for-promotion-of-manufacturing-of-electronic-components-and-semiconductors-
specs-AMxIDOtQWa.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 109

Endnotes and References 

520.	 Telecommunications Engineering Centre, Government of India. “Standardization.” 
Telecommunications Engineering Centre. Accessed June 5, 2026. https://tec.gov.in/
standardization-sd.

521.	 IEEE Standards Association. “Strengthening Telecom Standardization Activities in India.” 
IEEE SA Industry Connections. Accessed June 5, 2026. https://standards.ieee.org/industry-
connections/activities/strenghtening-telecom-standardization-activities-in-india/.

522.	 EEE Standards Association. “About the IEEE SA Standards Board.” IEEE SA. Accessed June 5, 
2026. https://standards.ieee.org/about/sasb/.

523.	 EEPower. “IEEE-SA and Bureau of Indian Standards Pen MOU.” EEPower News. Accessed June 
5, 2026. https://eepower.com/news/ieee-sa-and-bureau-of-indian-standards-pen-mou/.

524.	 HRGenix. “The Future of India’s Semiconductor Talent Landscape: 2025–2030.” LinkedIn Pulse. 
Accessed June 5, 2026. https://www.linkedin.com/pulse/future-indias-semiconductor-talent-
landscape-20252030-hrgenix-tvdcc/. 

525.	 The Hindu BusinessLine. “Chip Talent Crunch Looms: India’s Semicon Workforce May Fall 
Short Despite Rapid Growth.” The Hindu BusinessLine, September 14, 2025. https://www.
thehindubusinessline.com/info-tech/chip-talent-crunch-looms-indias-semicon-workforce-may-
fall-short-despite-rapid-growth/article70049690.ece.

526.	 The White House. “Joint Fact Sheet: The United States and India Continue to Chart an Ambitious 
Course for the Initiative on Critical and Emerging Technology.” White House Archives. June 17, 
2024. https://bidenwhitehouse.archives.gov/briefing-room/statements-releases/2024/06/17/
joint-fact-sheet-the-united-states-and-india-continue-to-chart-an-ambitious-course-for-the-
initiative-on-critical-and-emerging-technology/. 

527.	 Poojary, Thimmaya. “From IT to Chips: India’s Quest to Become a Global Hub for Semiconductor 
Talent.” YourStory. September 16, 2025. https://yourstory.com/2025/09/from-it-to-chips-india-
global-hub-semiconductor-talent. 

528.	  Press Information Bureau, Government of India. “Government of India Spurs Chip 
Manufacturing with Fiscal Support, Global MoUs and Talent Development Initiatives.” 
Ministry of Electronics & IT. April 2, 2025. https://www.pib.gov.in/PressReleasePage.
aspx?PRID=2117925&reg=3&lang=2.

529.	 HRGenix. “The Future of India’s Semiconductor Talent Landscape: 2025–2030.” LinkedIn Pulse. 
Accessed June 5, 2026. https://www.linkedin.com/pulse/future-indias-semiconductor-talent-
landscape-20252030-hrgenix-tvdcc/. 

530.	 Press Information Bureau, Government of India. “Government of India Spurs Chip 
Manufacturing with Fiscal Support, Global MoUs and Talent Development Initiatives.” 
Ministry of Electronics & IT. April 2, 2025. https://www.pib.gov.in/PressReleasePage.
aspx?PRID=2117925&reg=3&lang=2.

531.	 National Institute of Electronics and Information Technology (NIELIT). “Chips to Start-up (C2S) 
Programme.” NIELIT, Government of India. Accessed June 5, 2026. https://www.nielit.gov.in/
content/chips-start-c2s-programme. 

532.	 National Institute of Electronics and Information Technology (NIELIT). “Chips to Start-up (C2S) 
Programme.” NIELIT, Government of India. Accessed June 5, 2026. https://www.nielit.gov.in/
content/chips-start-c2s-programme. 

533.	 Government Economic Times / IIT Delhi Press. “IIT Delhi, Micron Technology Collaborate to 
Propel Research in Semiconductor Industry.” The Economic Times (Government). April 15, 
2025. https://government.economictimes.indiatimes.com/news/education/iit-delhi-micron-
technology-collaborate-to-propel-research-in-semiconductor-industry/120305053.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 110

Endnotes and References 

534.	 Business Today. “India’s Semiconductor Drive: Top IITs, NIT Rourkela, and Saveetha 
Engineering College to Lead Chip Design Push.” Business Today. March 20, 2025. https://www.
businesstoday.in/technology/story/indias-semiconductor-drive-top-iits-nit-rourkela-and-
saveetha-engineering-college-to-lead-chip-design-push-468727-2025-03-20.

535.	 Press Information Bureau, Government of India. “Government of India Is Democratizing Chip 
Designing in India: India’s Semiconductor Moment Has Arrived.” Ministry of Electronics & IT. 
March 20, 2025. https://www.pib.gov.in/PressReleasePage.aspx?PRID=2113411.

536.	 “Japan’s Evolving Role in Semiconductors and Electronics.” The Worldfolio, October 2023.
https://d.newsweek.com/en/file/468031/country-report-japan-october-2023.pdf. 

537.	 ASEAN+3 Macroeconomic Research Office (AMRO). “Japan’s Strategic Comeback in the Global 
Chip Race.” Japan Annual Consultation Report 2024, 76–84. Singapore: AMRO, 2025. https://
amro-asia.org/wp-content/uploads/2025/03/SI5.-Japans-Strategic-Comeback-in-the-Global-
Chip-Race.pdf. 

538.	 Suzuki, Kazuto. “The Japanese Semiconductor Renaissance: Will It Be Successful?” National 
Bureau of Asian Research. March 19, 2025. https://www.nbr.org/publication/the-japanese-
semiconductor-renaissance-will-it-be-successful/. 

539.	 Japan External Trade Organization (JETRO). “Japan’s Sublime Semiconductor Supply Chain.” 
JETRO Japan Insight. December 2024. https://www.jetro.go.jp/en/invest/insights/japan-insight/
japan-sublime-semiconductor.html. 

540.	 Kumar, Varun. “14 Leading Japanese Semiconductor Companies [As of 2026].” RankRed, January 
4, 2026. https://www.rankred.com/japanese-semiconductor-companies/.

541.	 Ministry of Economy, Trade and Industry (METI), Japan. “Outline of Semiconductor Revitalization 
Strategy in Japan.” Tokyo: METI, July 2024. https://www.meti.go.jp/english/policy/0704_001.pdf. 

542.	 Ministry of Economy, Trade and Industry (METI), Japan. “OT Security Guidelines for 
Semiconductor Device Factories Compiled in Japanese and English Versions.” METI Press 
Release. October 24, 2025. https://www.meti.go.jp/english/press/2025/1024_003.html. 

543.	 https://ec.europa.eu/commission/presscorner/api/files/document/print/en/ip_23_3831/
IP_23_3831_EN.pdf

544.	 European Commission and Ministry of Economy, Trade and Industry (METI). “Second Ministerial 
Meeting of the Japan-EU Digital Partnership Council Held.” Joint Press Release with the Digital 
Agency and the Ministry of Internal Affairs and Communications. May 1, 2024. https://www.meti.
go.jp/english/press/2024/0501_001.html.

545.	 Ministry of Economy, Trade and Industry (METI), Japan. “Outline of Semiconductor Revitalization 
Strategy in Japan.” Tokyo: METI, July 2024. https://www.meti.go.jp/english/policy/0704_001.pdf.

546.	 Japan External Trade Organization (JETRO). “Attractive Markets for Manufacturing in Japan.” 
JETRO. Accessed June 5, 2026. https://www.jetro.go.jp/en/invest/attractive_sectors/
manufacturing/attractive_markets.html.

547.	 IBM Newsroom. “IBM and Rapidus Form Strategic Partnership to Build Advanced 
Semiconductor Technology and Ecosystem in Japan.” IBM Newsroom. December 12, 2022. 
https://newsroom.ibm.com/2022-12-12-IBM-and-Rapidus-Form-Strategic-Partnership-to-Build-
Advanced-Semiconductor-Technology-and-Ecosystem-in-Japan.

548.	 Rapidus Corporation. “Rapidus and IBM Expand Collaboration to Chiplet Packaging Technology 
for 2nm-Generation Semiconductors.” Rapidus Corporation News. June 4, 2024. https://www.
rapidus.inc/en/news_topics/news-info/rapidus-and-ibm-expand-collaboration-to-chiplet-
packaging-en/.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 111

Endnotes and References 

549.	 imec. “Rapidus Joins imec’s Core Partner Program.” imec Press Release. April 4, 2023. https://
www.imec-int.com/en/press/rapidus-japans-newly-founded-chip-manufacturer-joins-imecs-
core-partner-program.

550.	 Rapidus Corporation. “Rapidus Chiplet Solutions.” Rapidus Corporation. Accessed June 5, 2026. 
https://www.rapidus.inc/en/news_topics/information/rapidus-chiplet-solutions-en/.

551.	 Ministry of Economy, Trade and Industry (METI), Japan. “Outline of Semiconductor Revitalization 
Strategy in Japan.” Tokyo: METI, July 2024. https://www.meti.go.jp/english/policy/0704_001.pdf.

552.	 Suzuki, Kazuto. “The Japanese Semiconductor Renaissance: Will It Be Successful?” National 
Bureau of Asian Research. March 19, 2025. https://www.nbr.org/publication/the-japanese-
semiconductor-renaissance-will-it-be-successful/.

553.	 The White House. “U.S.–Japan Technology Prosperity Deal.” The White House. October 2025. 
https://www.whitehouse.gov/articles/2025/10/u-s-japan-technology-prosperity-deal/.

554.	 Ministry of Economy, Trade and Industry (METI), Japan. “Outline of Semiconductor Revitalization 
Strategy in Japan.” Tokyo: METI, July 2024. https://www.meti.go.jp/english/policy/0704_001.pdf.

555.	  Stefan Chitoraga. Technology and Market Trends of High-End Performance Packaging – 2.5D & 
3D. Semicon Japan 2023. Yole Group, 2023. https://medias.yolegroup.com/uploads/2023/08/
hepp_semi_japan_2023_yole_chitoraga_compressed.pdf. 

556.	 Sam Salama. Advanced Packaging in the Era of Chiplets: QCIA®: A New Packaging 
Architecture Accelerating the Chiplets Transition. Presented at Chiplet Summit 2024, 
Hyperion Technologies Inc., February 8, 2024. https://chipletsummit.com/proceeding_files/
a0q5f0000044zma/20240208_K-5_Salama.PDF. 

557.	  Semiconductor Engineering. “Advanced Packaging Evolution: Chiplet and Silicon Photonics 
CPO.” Semiconductor Engineering. Accessed June 5, 2026. https://semiengineering.com/
advanced-packaging-evolution-chiplet-and-silicon-photonics-cpo/.

558.	 IEEE Electronics Packaging Society. “Interconnect Technologies for Multi-Chiplet 
Heterogeneous Integration.” Presented at the Heterogeneous Integration Roadmap 
Conference, February 2025. https://eps.ieee.org/images/files/Roadmap/HIR_Conf_Feb_2025/
Interconnect_Technologies_for_Multi-Chiplet_Heterogeneous_Integration.pdf. 

559.	 PatSnap Eureka. “What Role Do Standards Play in Chiplet Integration Adoption?” PatSnap Eureka 
Report. Accessed June 5, 2026. https://eureka.patsnap.com/report-what-role-do-standards-
play-in-chiplet-integration-adoption.

560.	 Japan Electronics and Information Technology Industries Association (JEITA). “JEITA Public 
Standards.” JEITA. Accessed June 5, 2026. https://www.jeita.or.jp/english/public_standard/.

561.	 MadPCB. “JEITA.” MadPCB Glossary. Accessed June 5, 2026. https://madpcb.com/glossary/
jeita/.

562.	 Nagoya Institute of Technology. “ Professor ICHIKAWA Koji and his research group receive the 
17th Japan Electronics and Information Technology Industries Association (JEITA) Chairman’s 
Award.” Nagoya Institute of Technology, July 16, 2025. https://www.nitech.ac.jp/eng/
news/2025/13047.html.

563.	 Japan Electronics and Information Technology Industries Association (JEITA). “Standard 
Readme.” JEITA. Accessed June 5, 2026. https://www.jeita.or.jp/english/standard/readme.html.

564.	 Ministry of Economy, Trade and Industry (METI), Japan. “Outline of Semiconductor Revitalization 
Strategy in Japan.” Tokyo: METI, July 2024. https://www.meti.go.jp/english/policy/0704_001.pdf.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 112

Endnotes and References 

565.	 Shivakumar, Sujai, Charles Wessner, and Thomas Howell. “Japan Seeks to Revitalize Its 
Semiconductor Industry.” Washington, DC: Center for Strategic and International Studies, 
August 25, 2023. https://www.csis.org/analysis/japan-seeks-revitalize-its-semiconductor-
industry.

566.	 Swayne, Matt. “Japan Boosts Semiconductor and Quantum R&D with Trillion Yen Budget.” The 
Quantum Insider. January 16, 2025. https://thequantuminsider.com/2025/01/16/japan-boosts-
semiconductor-quantum-rd-with-trillion-yen-budget/.

567.	 U.S. International Trade Administration. “Japan: Semiconductors.” Country Commercial 
Guides. Accessed June 5, 2026. https://www.trade.gov/country-commercial-guides/japan-
semiconductors.

568.	 Government of the Netherlands. “All EU Countries Join Semicon Coalition to Secure 
Technological Leadership.” Government.nl. September 29, 2025. https://www.government.nl/
latest/news/2025/09/29/all-eu-countries-join-semicon-coalition-to-secure-technological-
leadership.

569.	 Holland High Tech. “Strengthening Cooperation Between the Netherlands and the United States 
in the Semiconductor Industry.” Holland High Tech, January 6, 2025. https://hollandhightech.nl/
en/news-calendar/news/strengthening-cooperation-between-the-netherlands-and-the-united-
states-in-the-semiconductor-industry.

570.	 Photonics.com. “ Netherlands and Taiwan Launch Industry-Spearheaded PICs Partnership.” 
Photonics.com, November 6, 2025. https://www.photonics.com/Articles/Netherlands-and-
Taiwan-Launch/a71626.

571.	 SEMI. “NY Creates and SEMI Sign Memorandum of Understanding to Advance Environmental 
Sustainability.” SEMI Press Release, July 9, 2024. https://www.semi.org/en/semi-press-releases/
ny-creates-and-semi-sign-memorandum-of-understanding-to-advance-environmental-
sustainability.

572.	 The Semiconductor Newsletter. “ Semiconductor Industry in the Netherlands.” The 
Semiconductor Newsletter. Accessed June 5, 2026. https://thesemiconductornewsletter.com/
fast_website/report/report2.html.

573.	 Packnode. “TNO Semiconductor R&D and CITC Integration 2025.” Packnode. 2025. https://www.
packnode.org/en/innovation/tno-semiconductor-rd-citc-integration-2025.

574.	 Chips Joint Undertaking. “Calls for Proposals.” Chips JU, European Commission. Accessed June 
5, 2026. https://www.chips-ju.europa.eu/callsinfo/.

575.	 ASML. “Statement Regarding Export Control Regulations — Dutch Government.” ASML Press 
Release, June 30, 2023. https://www.asml.com/en/news/press-releases/2023/statement-
regarding-export-control-regulations-dutch-government.

576.	 NL Times. “Restrictions on Chip Machine Exports from Dutch Companies ASML and ASMI.” 
NL Times. January 15, 2025. https://www.nltimes.nl/2025/01/15/restrictions-chip-machine-
exportations-dutch-companies-asml-asmi.

577.	 Semiconductor Today. “Chips.nl Competence Centre.” Semiconductor Today. 
December 31, 2024. https://www.semiconductor-today.com/news_items/2024/dec/
chipsnlcompetencecentre-311224.shtml.

578.	 Netherlands Organisation for Applied Scientific Research (TNO). “Semicon and Quantum: TNO.” 
TNO. Accessed June 5, 2026. https://www.tno.nl/en/digital/semicon-quantum/.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 113

Endnotes and References 

579.	 ASML. “Statement Regarding Export Control Regulations — Dutch Government.” ASML Press 
Release. 2023. https://www.asml.com/en/news/press-releases/2023/statement-regarding-
export-control-regulations-dutch-government.

580.	 NL Times. “Restrictions on Chip Machine Exports from Dutch Companies ASML and ASMI.” 
NL Times. January 15, 2025. https://www.nltimes.nl/2025/01/15/restrictions-chip-machine-
exportations-dutch-companies-asml-asmi.

581.	 Semiconductor Today. “Chips.nl Competence Centre.” Semiconductor Today. 
December 31, 2024. https://www.semiconductor-today.com/news_items/2024/dec/
chipsnlcompetencecentre-311224.shtml.

582.	 Government of the Netherlands. “The Netherlands to Invest €2.5 Billion to Strengthen Business 
Climate for Chip Industry in Brainport Eindhoven.” Government.nl. March 28, 2024. https://www.
government.nl/latest/news/2024/03/28/the-netherlands-to-invest-%E2%82%AC2.5-billion-to-
strengthen-business-climate-for-chip-industry-in-brainport-eindhoven.

583.	 Semiconductor Today. “Chips.nl Competence Centre.” Semiconductor Today. 
December 31, 2024. https://www.semiconductor-today.com/news_items/2024/dec/
chipsnlcompetencecentre-311224.shtml.

584.	 Chips Joint Undertaking. “Non-Initiative Activities.” Chips JU, European Commission. Accessed 
June 5, 2026. https://www.chips-ju.europa.eu/noninitiative/.

585.	 University of Twente. “New Semiconductor Programs Launched in Netherlands.” University 
of Twente News. November 2024. https://www.utwente.nl/en/news/2024/11/1024-new-
semiconductor-programs-launched-in-netherlands.

586.	 “UT Plans New Semiconductor Learning Center.” Universiteit Twente. Accessed June 5, 2026. 
https://www.utwente.nl/en/eemcs/ids/news/2026/1/764764/ut-plans-new-semiconductor-
learning-center. 

587.	 Kim, Yongshin. “Chip and Korea’s Choice.” Korea on Point, September 20, 2022. https://
koreaonpoint.org/articles/article_detail.php?idx=132.

588.	 Saleem, Rohali. “Arm to Establish a Semiconductor Design School in South Korea to Train 1,400 
World-Class Chip Design Professionals.” WCCFTech, December 5, 2025. https://wccftech.com/
arm-to-establish-a-semiconductor-design-school-in-south-korea-to-train-1400-world-class-
chip-design-professionals/.

589.	 Donga. “South Korea Semiconductor Talent Initiative.” Donga English. December 6, 2025. 
https://www.donga.com/en/article/all/20251206/5998501/1.

590.	 Korea JoongAng Daily. “Industry Ministry, ARM Sign Deal to Train Over 1,400 Chip Specialists 
in Korea.” Korea JoongAng Daily. December 5, 2025. https://koreajoongangdaily.joins.com/
news/2025-12-05/business/industry/Industry-Ministry-ARM-sign-deal-to-train-over-1400-chip-
specialists-in-Korea/2471046.

591.	 Korea Advanced Institute of Science and Technology (KAIST). “KAIST News: Samsung 
Electronics Partnership.” KAIST, September 5, 2026. https://www.kaist.ac.kr/newsen/html/
news/?mode=V&mng_no=51430&sval=Samsung+Electronics&GotoPage=1.

592.	 Kim, K.M., Yoon, YG., Choi, S. et al. Semiconductor-related research and education at KAIST. Nat 
Rev Electr Eng 2, 592–597 (2025). https://doi.org/10.1038/s44287-025-00204-3 

593.	 Korea Tech Today. “Samsung Electronics to Nurture Semiconductor Talent via Partnership 
with 3 Regional Institutes in Korea.” Korea Tech Today, March 28, 2023. https://koreatechtoday.
com/samsung-electronics-to-nurture-semiconductor-talent-via-partnership-with-3-regional-
institutes-in-korea/.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 114

Endnotes and References 

594.	 Korea.net. “South Korea Semiconductor Human Resources Press Release.” Korea.net, 
April 21, 2025. https://www.korea.net/Government/Briefing-Room/Press-Releases/
view?articleId=7970&type=O&insttCode=A110439.

595.	 SFGate. “OpenAI Announces Partnerships with South Korean Companies.” SFGate. Accessed 
June 5, 2026. https://www.sfgate.com/business/article/openai-announces-partnerships-with-
south-korean-21077342.php.

596.	 Feller, Gordon. “Korea’s Semiconductor Titans Undergo Strategic Transformations.” All About 
Circuits. December 3, 2025. https://www.allaboutcircuits.com/news/koreas-semiconductor-
titans-undergo-strategic-transformations/. 

597.	 Tong-Hyung, Kim. “Samsung Pledges to Make More Investments in South Korea after U.S. Tariff 
Deal.” PBS, November 16, 2025. https://www.pbs.org/newshour/world/samsung-pledges-to-
make-more-investments-in-south-korea-after-u-s-tariff-deal. 

598.	  Kim, Chloe. “Korea National Growth Fund, SK Hynix Semiconductor Cluster Yongin.” Korea Tech 
Desk. December 7, 2025. https://www.koreatechdesk.com/korea-national-growth-fund-sk-
hynix-semiconductor-cluster-yongin.

599.	 Seo, Jung-Hun; Joonki Lee; June Yong Lee; and Hae In Lee. “South Korea Semiconductor 
Investment Insight.” Kim & Chang Legal. Accessed June 5, 2026. https://www.kimchang.com/
en/insights/detail.kc?sch_section=4&idx=27331. 

600.	 ICOS Semiconductors. “South Korea Semiconductor Country Report.” ICOS Semiconductors. 
June 2025. https://icos-semiconductors.eu/wp-content/uploads/2025/06/ICOS-
Semiconductors_SKOREA_final-1.pdf.

601.	 Korea Times. “Korea Aims to Develop 39 International Semiconductor Industry Standards 
by 2021.” Korea Times. November 18, 2024. https://www.koreatimes.co.kr/business/tech-
science/20241118/korea-aims-to-develop-39-international-semiconductor-industry-standards-
by-2021.

602.	 Ministry of Culture, Sports and Tourism, Republic of Korea. “KOCIS Semiconductor News.” 
MCST. Accessed June 5, 2026. https://www.mcst.go.kr/english/policy/kocis/newsView.
jsp?pSeq=28.

603.	 Ministry of Economy and Finance, Republic of Korea. “Government Press Briefing: 
Semiconductor Policy.” MOEF. Accessed June 5, 2026. https://english.moef.go.kr/pc/
selectTbPressCenterDtl.do?boardCd=N0001&seq=5899.

604.	 Ministry of Science and ICT, Republic of Korea. “Semiconductor Standards 
Briefing.” MSIT. Accessed June 5, 2026. https://www.msit.go.kr/eng/bbs/view.
do?sCode=eng&mId=4&bbsSeqNo=42&nttSeqNo=802.

605.	 Korea Times. “Korea Aims to Develop 39 International Semiconductor Industry Standards 
by 2021.” Korea Times. November 18, 2024. https://www.koreatimes.co.kr/business/tech-
science/20241118/korea-aims-to-develop-39-international-semiconductor-industry-standards-
by-2021.

606.	 U.S. International Trade Administration. “South Korea: Standards and Trade.” Country 
Commercial Guides. Accessed June 5, 2026. https://www.trade.gov/country-commercial-
guides/south-korea-standards-trade.

607.	 Dahiya, Rohan. “Korea’s Path to Digital Leadership: How Seoul Can Lead on Standards and 
Standardization.” Carnegie Endowment for International Peace. February 2024. https://
carnegieendowment.org/research/2024/02/koreas-path-to-digital-leadership-how-seoul-can-
lead-on-standards-and-standardization?lang=en.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 115

Endnotes and References 

608.	 Hsinchu Science Park Administration. “Hsinchu Science Park.” Hsinchu Science Park. Accessed 
June 5, 2026. https://www.idipc-hsinchu.org.tw/En/HSP.

609.	 Chung Hua University. “Semiconductor Program.” Chung Hua University. Accessed June 5, 2026. 
https://www.chu.edu.tw/p/406-1000-38511,r1340.php?Lang=en.

610.	 “Taiwan Cultivates Young Overseas Chip Talent with Summer Camps, University Courses.” 
Reuters, August 4, 2025. https://www.reuters.com/world/asia-pacific/taiwan-cultivates-young-
overseas-chip-talent-with-summer-camps-university-2025-08-04/.

611.	 Leading universities include National Tsing Hua University and National Yang Ming Chiao Tung 
University, and research institutes comprise ITRI.

612.	 Encyclopaedia Britannica. “Taiwan Semiconductor Manufacturing Co.” Britannica Money. 
Accessed June 5, 2026. https://www.britannica.com/money/Taiwan-Semiconductor-
Manufacturing-Co.

613.	 Khan, Saif M., Center for Security and Emerging Technology (CSET). “Securing Semiconductor 
Supply Chains.” Georgetown University CSET Policy Brief. January 2021. https://cset.
georgetown.edu/wp-content/uploads/Securing-Semiconductor-Supply-Chains-Policy-Brief.pdf.

614.	 CT Semiconductor. “Hsinchu Science Park: The Cradle of Taiwan’s Semiconductor Industry.” CT 
Semiconductor. Accessed June 5, 2026. https://ctsemiconductor.com/hsinchu-science-park-
the-cradle-of-taiwans-semiconductor-industry/.

615.	 Jones, Lin, Sarah Krilikowski, U.S. International Trade Commission. “Taiwan – The Silicon Island.” 
USITC Executive Briefings on Trade. February 2024. https://www.usitc.gov/publications/332/
executive_briefings/ebot_silicon_island_taiwan_semiconductor.pdf.

616.	 Tran Thi Mong Tuyen. “The Taiwan-Japan Chip Partnership.” Taipei Times, March 9, 2025. https://
www.taipeitimes.com/News/editorials/archives/2025/03/09/2003833105. 

617.	 Wheeler, Kitty. “Why Taiwan Seeks Tech Partnerships Amid Push for EU Deal.” Technology 
Magazine. November 18, 2024. https://technologymagazine.com/articles/why-taiwan-seeks-
tech-partnerships-amid-push-for-eu-deal.

618.	 TSMC. “TSMC Intends to Expand Its Investment in the United States to US$165 Billion to Power 
the Future of AI.” TSMC Newsroom. March 3, 2025. https://pr.tsmc.com/english/news/3210.

619.	 TSMC. “ TSMC Arizona and U.S. Department of Commerce Announce up to US$6.6 Billion in 
Proposed CHIPS Act Direct Funding, the Company Plans Third Leading-Edge Fab in Phoenix.” 
TSMC Newsroom. April 8, 2024. https://pr.tsmc.com/english/news/3122.

620.	 “ Government/Authorities Meeting on Semiconductors (GAMS).” The International Trade 
Administration, MOEA. Accessed June 5, 2026. https://www.trade.gov.tw/english/Pages/Detail.
aspx?nodeID=4638&pid=743766.

621.	 Taiwan Semiconductor Industry Association (TSIA). “About TSIA.” TSIA. Accessed June 5, 2026. 
https://www.tsia.org.tw/EN/PageContent?pageID=46. 

622.	 Ministry of Digital Affairs, Taiwan. “ Semiconductor Equipment Cybersecurity Standards and 
Supply Chain Security are promoted by the Administration for Digital Industries, Ministry of 
Digital Affairs and the Semiconductor Industry.” MODA. Accessed June 5, 2026. https://moda.
gov.tw/en/ADI/news/latest-news/2378.

623.	 SEMI. “Semiconductor Standards.” SEMI. Accessed June 5, 2026. https://www.semi.org/en/
products-services/standards.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 116

Endnotes and References 

624.	 Industrial Technology Research Institute (ITRI). “ The Birth of Taiwan’s Semiconductor Industry.” 
ITRI Today 114. 2023. https://itritoday.itri.org/114/content/en/unit_01-2.html.

625.	 Encyclopaedia Britannica. “Taiwan Semiconductor Manufacturing Co.” Britannica Money. 
Accessed June 5, 2026. https://www.britannica.com/money/Taiwan-Semiconductor-
Manufacturing-Co.

626.	 Chang, Rachel. “ From Chips to Beyond: Taiwan’s Need for Economic Diversification.” Harvard 
Growth Lab. May 15, 2024. https://growthlab.hks.harvard.edu/chips-beyond-taiwans-need-
economic-diversification/.

627.	 Sringam, Sasirada, Institute of Asian Studies, Chulalongkorn University. “Reasons Behind 
Taiwan’s Global Leadership in the Silicon Shield of Semiconductors.” IAS Chula. Accessed June 
5, 2026. http://www.ias.chula.ac.th/en/article/reasons-behind-taiwans-global-leadership-in-the-
silicon-shield-of-semiconductors1/.

628.	 Industrial Technology Research Institute (ITRI). “ITRI Official Website.” ITRI. Accessed June 5, 
2026. https://www.itri.org.tw/english/.

629.	 Jones, Lin, Sarah Krilikowski, U.S. International Trade Commission. “Taiwan – The Silicon Island.” 
USITC Executive Briefings on Trade. February 2024. https://www.usitc.gov/publications/332/
executive_briefings/ebot_silicon_island_taiwan_semiconductor.pdf.

630.	 The Volt Post. “Taiwan Semiconductor Strategic Policy 2025.” The Volt Post. April 2024, 2025. 
https://thevoltpost.com/taiwan-semiconductor-strategic-policy-2025/.

631.	 Lender, Kurt. Compute Express Link™ (CXL™): A Coherent Interface for Ultra High Speed 
Transfers. CXL Consortium, presented at DMTF Virtual APTS, July 21, 2020. https://www.dmtf.
org/sites/default/files/CXL_Overview_Virtual_DMTF_APTS_July_2020.pdf. 

632.	 CXL Consortium. “Compute Express Link Consortium.” CXL Consortium. Accessed June 5, 2026. 
https://computeexpresslink.org/.

633.	 CXL Consortium. “CXL Consortium Announces Compute Express Link 3.2 Specification 
Release.” Business Wire. December 3, 2024. https://www.businesswire.com/news/
home/20241203881716/en/CXL-Consortium-Announces-Compute-Express-Link-3.2-
Specification-Release.

634.	 CXL Consortium. “CXL Consortium Releases the Compute Express Link 4.0 Specification 
Increasing Speed and Bandwidth.” TechPowerUp. November 18, 2025. https://www.
techpowerup.com/343212/cxl-consortium-releases-the-compute-express-link-4-0-
specification-increasing-speed-and-bandwidth.

635.	 CXL Consortium. “CXL Consortium Signs Agreement with Gen-Z Consortium to Accept 
Transfer of Gen-Z Specifications and Assets.” Business Wire. February 10, 2022. https://www.
businesswire.com/news/home/20220210005099/en/CXL-Consortium-Signs-Agreement-with-
Gen-Z-Consortium-to-Accept-Transfer-of-Gen-Z-Specifications-and-Assets.

636.	 Gigabyte. “Revolutionizing the AI Factory: The Rise of CXL Memory Pooling.” Gigabyte Article. 
August 4, 2025. https://www.gigabyte.com/Article/revolutionizing-the-ai-factory-the-rise-of-cxl-
memory-pooling.

637.	 CXL Consortium. “CXL Members.” CXL Consortium. Accessed June 5, 2026. https://
computeexpresslink.org/our-members/.

638.	 Aminext. “What Is CXL? AI Memory Wall Explained.” Aminext Blog. Accessed June 5, 2026. 
https://www.aminext.blog/en/post/what-is-cxl-ai-memory-wall-explained-1.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 117

Endnotes and References 

639.	 https://www.darpa.mil/research/programs/jump DARPA. “Joint University Microelectronics 
Program (JUMP) 2.0.” Defense Advanced Research Projects Agency. Accessed June 5, 2026. 
https://www.darpa.mil/research/programs/jump.

640.	 Semiconductor Research Corporation. “SRC Launches JUMP 2.0 Consortium Aimed at 
Leap-Ahead Microelectronics Revolution.” SRC Press Release. January 3, 2023. https://www.
businesswire.com/news/home/20230103005871/en/SRC-Launches-JUMP-2.0-Consortium-
Aimed-at-Leap-Ahead-Microelectronics-Revolution.https://www.businesswire.com/news/
home/20230103005871/en/SRC-Launches-JUMP-2.0-Consortium-Aimed-at-Leap-Ahead-
Microelectronics-Revolution

641.	 https://www.src.org/program/jump2/inspire/ Semiconductor Research Corporation. “JUMP 2.0 
INSPIRE.” SRC. Accessed June 5, 2026. https://www.src.org/program/jump2/inspire/.

642.	 https://www.doncio.navy.mil/CHIPS/ArticleDetails.aspx?ID=15333 U.S. Department of the 
Navy, Office of the Chief Information Officer. “ DARPA Joins Public-Private Partnership to Address 
Challenges Facing Microelectronics Advancement.” CHIPS. Accessed June 5, 2026. https://
www.doncio.navy.mil/CHIPS/ArticleDetails.aspx?ID=15333.

643.	 European Commission. “European Chips Act.” European Commission Digital Strategy. Accessed 
June 3, 2026. https://digital-strategy.ec.europa.eu/en/policies/european-chips-act. 

644.	 Government of the Netherlands. “European Countries Agree to Strengthen Position in 
Semiconductor Industry.” Government.nl. March 12, 2025. https://www.government.nl/latest/
news/2025/03/12/european-countries-agree-to-strengthen-position-in-semiconductor-
industry.

645.	 Chips Joint Undertaking. “Chips for Europe Initiative.” Chips JU, European Commission. 
Accessed June 5, 2026. https://www.chips-ju.europa.eu/Pilot-lines/.

646.	  imec. “About imec.” imec. Accessed June 5, 2026. https://www.imec-int.com/en/about-us.

647.	  imec. “Semiconductor Technology Applications.” imec. Accessed June 5, 2026. https://www.
imec-int.com/en/applications/semiconductor-technology.

648.	  imec. “imec 2024 Overview.” imec. Accessed June 5, 2026. https://www.imec-int.com/en/
articles/imec-2024-overview.

649.	 Emilio, Maurizio Di Paolo. “ASML and imec Forge Strategic Partnership to Advance 
Semiconductor Research and Sustainable Innovation in Europe.” Power Electronics News. 
March 11, 2025. https://www.powerelectronicsnews.com/asml-and-imec-forge-strategic-
partnership-to-advance-semiconductor-research-and-sustainable-innovation-in-europe/.

650.	 Center for Strategic and International Studies (CSIS). “imec: A World-Leading Cooperative 
Research Center for Microelectronics.” CSIS. Accessed June 5, 2026. https://www.csis.org/
analysis/imec-world-leading-cooperative-research-center-microelectronics.

651.	 Tomsich, Philipp. Embracing Silicon Innovation Through Open Standards. RISC V International, 
2023. https://www.gsaglobal.org/wp-content/uploads/2023/06/D2-S1-1-Philipp-Tomsich-
RISC-V-RISC-V.-eef-23.min_.pdf. 

652.	 RISC-V International. “RISC-V International.” Accessed June 5, 2026. https://riscv.org/.

653.	 RISC-V International. “RISC-V Technical Specifications.” RISC-V International Wiki. Accessed 
June 5, 2026. https://riscv.atlassian.net/wiki/spaces/HOME/pages/16154769/RISC-
V+Technical+Specifications.

654.	 RISC-V International. “RISC-V Members.” RISC-V International. Accessed June 5, 2026. https://
riscv.org/members/.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 118

Endnotes and References 

655.	 An ISA is a foundational element in semiconductors and microelectronics design that defines 
the set of commands a processor can execute. ISAs essentially function as the “language” 
between hardware and software.

656.	 SEMI. “SEMI Cybersecurity Consortium’s NIST Semiconductor Manufacturing Community 
Profile Opens for Public Feedback.” SEMI Press Release. March 2025. https://www.prnewswire.
com/news-releases/semi-cybersecurity-consortiums-nist-semiconductor-manufacturing-
community-profile-opens-for-public-feedback-302388079.html.

657.	 3D InCites. “SEMI Consortium to Develop Cybersecurity Strategy and Roadmap for the 
Semiconductor Industry in NIST Framework.” 3D InCites. September 30, 2024. https://
www.3dincites.com/2024/09/semi-consortium-to-develop-cybersecurity-strategy-and-
roadmap-for-the-semiconductor-industry-in-nist-framework/.

658.	 National Institute of Standards and Technology (NIST). “ NIST Cybersecurity Framework 2.0 
Profile for Semiconductor Manufacturing.” CSRC NIST. February 27, 2025. https://csrc.nist.gov/
News/2025/draft-csf-profile-for-semiconductor-manufacturing.

659.	  National Cybersecurity Center of Excellence (NCCoE), NIST. “Cybersecurity Framework Profile 
for Semiconductor Manufacturing.” NCCoE. Accessed June 5, 2026. https://www.nccoe.nist.
gov/projects/cybersecurity-framework-profile-semiconductor-manufacturing.

660.	 Advanced Micro Devices, Inc. AMD Chiplet Ecosystem. White paper, December 9, 2024. https://
www.amd.com/content/dam/amd/en/documents/solutions/technologies/chiplet-architecture-
white-paper.pdf. 

661.	 UCIe Consortium. “UCIe Express — In the News.” UCIe Consortium. Accessed June 5, 2026. 
https://www.uciexpress.org/in-the-news.

662.	 “UCIe Standards and Chiplets.” Presented at the Chiplet Summit, January 22, 2025. https://
chipletsummit.com/proceeding_files/a0qVV000000Jrmz/20250122_SP-1_Rea.PDF.

663.	 Hilson, Gary. “Chiplet Standard Goes 3D.” EE Times. September 9, 2024. https://www.eetimes.
com/chiplet-standard-goes-3d/.

664.	 Keysight Technologies. “Keysight Expands Chiplet Interconnect Standards Support in Chiplet 
PHY Designer 2025.” Keysight Newsroom. January 21, 2025. https://www.keysight.com/us/en/
about/newsroom/news-releases/2025/0121-pr25-026-keysight-expands-chiplet-interconnect-
standards-support-in-chiplet-phy-designer-2025.html.

665.	 “Semiconductor Manufacturing.” Office of Inspector General, U.S. Department of Commerce, 
July 13, 2024. https://www.oig.doc.gov/semiconductor-manufacturing/. 

666.	 U.S. Government Accountability Office. Export Controls: Commerce Implemented Advanced 
Semiconductor Rules and Took Steps to Address Compliance Challenges. GAO-25-107386. 
Washington, DC: Government Accountability Office, December 2, 2024. https://www.gao.gov/
assets/gao-25-107386.pdf. 

667.	 U.S. Department of Commerce, Bureau of Industry and Security. “Commerce Strengthens 
Restrictions on Advanced Computing Semiconductors and Enhances Foundry Due Diligence 
to Prevent Diversion.” Bureau of Industry and Security, Accessed June 8, 2026. https://www.bis.
gov/press-release/commerce-strengthens-restrictions-advanced-computing-semiconductors-
enhance-foundry-due-diligence-prevent.

668.	 U.S. Government Accountability Office. Semiconductor Supply Chain: Opportunities Exist to 
Strengthen Federal Strategy and Coordination. 2025. https://www.gao.gov/products/gao-25-
107386.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 119

Endnotes and References 

669.	 U.S. Department of Commerce, Bureau of Industry and Security. “Implementation of Additional 
Export Controls: Certain Advanced Computing Items; Supercomputer and Semiconductor End 
Use; Updates and Corrections.” Federal Register, October 17, 2023. https://www.federalregister.
gov/documents/2023/10/17/2023-22783/implementation-of-additional-export-controls-
semiconductor-manufacturing-items-supercomputer.

670.	 Congressional Research Service. Semiconductors and the CHIPS Act: The Global Context. 
https://www.congress.gov/crs-product/R48642.

671.	 U.S. Department of Commerce, Bureau of Industry and Security. “Entity List.” Bureau of Industry 
and Security, Accessed June 8, 2026. https://www.bis.gov/entity-list.

672.	 National Aeronautics and Space Administration. “Silicon Carbide Electronics and Sensors.” 
NASA Glenn Research Center, Accessed June 8, 2026. https://www.nasa.gov/glenn/research/
silicon-carbide-electronics-sensors/.

673.	 National Aeronautics and Space Administration. “Junction Field Effect Transistor Integrated 
Circuit Technical Guide.” NASA Glenn Research Center, Accessed June 8, 2026. https://www.
nasa.gov/glenn/research/silicon-carbide-electronics-sensors/junction-field-effect-transistor-
integrated-circuit-technical-guide/.

674.	 National Aeronautics and Space Administration. SMTA Pan Pacific Conference Paper. https://
nepp.nasa.gov/DocUploads/281FA99A-4D0B-414E-8F2731FCB73ADE2C/smta%20pan%20
pacific%20paper.pdf.

675.	 National Aeronautics and Space Administration (NASA). “The Benefits of Semiconductor 
Manufacturing in Low Earth Orbit (LEO) for Terrestrial Use.” NASA., Accessed June 8, 2026. 
https://www.nasa.gov/general/the-benefits-of-semiconductor-manufacturing-in-low-earth-
orbit-leo-for-terrestrial-use/.

676.	 National Aeronautics and Space Administration (NASA). “Applications Within Reach.” NASA., 
Accessed June 8, 2026. https://www.nasa.gov/missions/station/applications-within-reach/

677.	 E.g., the NASA-STD-8739 series

678.	 National Aeronautics and Space Administration (NASA). “EEE Parts.” NASA Safety and Mission 
Assurance., Accessed June 8, 2026. https://sma.nasa.gov/sma-disciplines/eee-parts.

679.	 Agarwal, Anil. “Military and JEDEC Standards.” NASA Electronic Technology Workshop, 
June 2016. https://nepp.nasa.gov/workshops/etw2016/talks/13mon/20160613-1000-
agarwal-2016%20nasa%20etw_13-16june%202016_mil%20jedec%20standards%209jun2016.
pdf

680.	 Agarwal, Anil. “Microcircuit Standards Development.” NASA NEPP Presentation., 2022. https://
nepp.nasa.gov/docs/tasks/010a-NEPAG-Standards/NEPP-CP-2022-Agarwal-ACCEDE-
Presentation-Microcircuit-Standards-Development-CL22-5546.pdf.

681.	 National Aeronautics and Space Administration (NASA). NASA-STD-8739.11 Presentation. 2024. 
https://ntrs.nasa.gov/api/citations/20240015570/downloads/8739_11%20presentation%20
2024_v2.pdf

682.	 National Aeronautics and Space Administration (NASA). NASA-STD-8739.10: Workmanship 
Standard for Interconnections. https://standards.nasa.gov/standard/NASA/NASA-STD-873910

683.	 U.S. Department of Commerce. “Semiconductor Industry.” Commerce.gov. Accessed June 8, 
2026. https://www.commerce.gov/issues/semiconductor-industry.

684.	 Kahn, Jason. “Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024.” NIST, May 21, 2025. https://www.nist.gov/publications/semiconductors-and-
microelectronics-standards-working-group-annual-report-2024.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 120

Endnotes and References 

685.	 “ICSP Semiconductors and Microelectronics Standards Working Group (SMSWG) Charter.” 
NIST, March 9, 2026. https://www.nist.gov/standardsgov/icsp-semiconductors-and-
microelectronics-standards-working-group-smswg-charter.

686.	 Kahn, Jason. Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024. NIST Interagency Report 8577. Gaithersburg, MD: National Institute of Standards and 
Technology, May 2025. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=959453.

687.	 “Chips R&D Standards Summit.” NIST, January 22, 2025. https://www.nist.gov/news-events/
events/2023/09/chips-rd-standards-summit. 

688.	 “Department of Commerce and Department of Defense Sign Memorandum of Agreement 
to Strengthen U.S. Defense Industrial Base | U.S. Department of Commerce.” U.S. 
Department of Commerce. Accessed June 5, 2026. https://www.commerce.gov/news/press-
releases/2023/07/department-commerce-and-department-defense-sign-memorandum-
agreement.

689.	 U.S. Office of Management and Budget. Strengthening Domestic Supply Chains for American-
Made Semiconductors Through Federal Procurement. Memorandum, December 19, 2024. 
https://bidenwhitehouse.archives.gov/wp-content/uploads/2024/12/Strengthening-Domestic-
Supply-Chains-for-American-Made-Semiconductors-Through-Federal-Procurement.pdf. 

690.	 The White House. “Fact Sheet: Biden-Harris Administration Announces National Standards 
Strategy for Critical and Emerging Technology.” May 4, 2023. https://bidenwhitehouse.archives.
gov/briefing-room/statements-releases/2023/05/04/fact-sheet-biden-harris-administration-
announces-national-standards-strategy-for-critical-and-emerging-technology/. 

691.	 National Institute of Standards and Technology. A Review of U.S. Participation in ISO and IEC. 
NISTIR 8007. Gaithersburg, MD: U.S. Department of Commerce, 2015. https://www.nist.gov/
system/files/nistir_8007-reviewofusparticip_isoiec-2014_0.pdf. 

692.	 National Institute of Standards and Technology. “CHIPS for America.” Accessed June 8, 2026. 
https://www.nist.gov/chips. 

693.	 National Institute of Standards and Technology (NIST). “CHIPS Research and Development 
Programs.” NIST. Accessed June 8, 2026. https://www.nist.gov/chips/research-development-
programs. 

694.	 National Institute of Standards and Technology. “Semiconductor Metrology R&D Workshops.” 
April 2022. https://www.nist.gov/news-events/events/2022/04/semiconductor-metrology-rd-
workshops. 

695.	 Raimondo, Gina M. “Chips on the Table: A One Year Review of the CHIPS and Science Act.” 
Testimony before the House Committee on Science, Space, and Technology, U.S. Department 
of Commerce, September 19, 2023. https://www.commerce.gov/sites/default/files/2024-12/
Raimondo%20Chips%20on%20the%20Table%2C%20A%20one%20year%20review%20of%20
the%20Chips%20and%20Science%20Act%2C%20House%20SST%2C%209.19.2023.pdf. 

696.	 The White House. “Fact Sheet: CHIPS and Science Act Will Lower Costs, Create Jobs, Strengthen 
Supply Chains, and Counter China.” August 9, 2022. https://bidenwhitehouse.archives.gov/
briefing-room/statements-releases/2022/08/09/fact-sheet-chips-and-science-act-will-lower-
costs-create-jobs-strengthen-supply-chains-and-counter-china/. 

697.	 U.S. Department of Commerce, “National Semiconductor Technology Center Consortium 
Signing Fact Sheet,” February 2024, https://www.commerce.gov/sites/default/files/2024-02/
Consortium-Signing-FACTSHEET.pdf. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 121

Endnotes and References 

698.	 National Institute of Standards and Technology (NIST). CHIPS R&D: Metrology Gaps 
in the Semiconductor Ecosystem. June 5, 2023. https://www.nist.gov/system/files/
documents/2023/06/05/CHIPS_Metrology-Gaps-in-the-Semi-Ecosystem_0.pdf.

699.	 National Institute of Standards and Technology (NIST). “CHIPS R&D Semiconductor Supply 
Chain: Trust and Assurance Data Standards.” NIST Events. April 2024. https://www.nist.gov/
news-events/events/2024/04/chips-rd-semiconductor-supply-chain-trust-and-assurance-data-
standards.

700.	 National Institute of Standards and Technology (NIST). “CHIPS Research and Development 
Programs.” NIST. Accessed June 8, 2026. https://www.nist.gov/chips/research-development-
programs.

701.	 U.S. Department of Commerce. “Semiconductor Industry.” Commerce.gov. Accessed June 8, 
2026. https://www.commerce.gov/issues/semiconductor-industry.

702.	 The White House. “Fact Sheet: Implementing the National Standards Strategy for Critical and 
Emerging Technology.” July 26, 2024. https://bidenwhitehouse.archives.gov/briefing-room/
statements-releases/2024/07/26/fact-sheet-implementing-the-national-standards-strategy-for-
critical-and-emerging-technology/.

703.	 National Institute of Standards and Technology (NIST). Semiconductors and Microelectronics 
Standards Report. https://www.nist.gov/publications/semiconductors-and-microelectronics-
standards-report-semiconductors-and.

704.	 National Institute of Standards and Technology (NIST). CHIPS R&D: Metrology Gaps 
in the Semiconductor Ecosystem. June 5, 2023. https://www.nist.gov/system/files/
documents/2023/06/05/CHIPS_Metrology-Gaps-in-the-Semi-Ecosystem_0.pdf.

705.	 National Science Foundation (NSF). “Semiconductors.” NSF Focus Areas. Accessed June 8, 
2026. https://www.nsf.gov/focus-areas/semiconductors.

706.	 National Science Foundation (NSF). “Dear Colleague Letter: Equitable Transformative 
Approaches to Educating the Semiconductor Workforce (NSF 23-118).” NSF. Accessed June 8, 
2026. https://www.nsf.gov/funding/opportunities/dcl-equitable-transformative-approaches-
educating-semiconductor/nsf23-118.

707.	 National Science Foundation (NSF). Fostering Use-Inspired Research and Engineering (FUSE): 
Future Semiconductors. NSF 22-589. https://www.nsf.gov/funding/opportunities/fuse-future-
semiconductors-teaming-co-design-research-capacity/506054/nsf22-589/solicitation.

708.	 National Science Foundation (NSF). “CHIPS.” NSF. Accessed June 8, 2026. https://www.nsf.gov/
chips.

709.	 United States Congress. Public Law 117-167: CHIPS and Science Act of 2022. August 9, 2022. 
https://www.congress.gov/117/plaws/publ167/PLAW-117publ167.pdf.

710.	 National Science Foundation (NSF). “Dear Colleague Letter: Transformative Approaches to 
Educating the Semiconductor Workforce.” NSF. Accessed June 8, 2026. https://www.nsf.gov/
funding/opportunities/dcl-transformative-approaches-educating-semiconductor-workforce.

711.	 National Science Foundation (NSF). “Dear Colleague Letter: Equitable Transformative 
Approaches to Educating the Semiconductor Workforce (NSF 23-118).” NSF. Accessed June 8, 
2026. https://www.nsf.gov/funding/opportunities/dcl-equitable-transformative-approaches-
educating-semiconductor/nsf23-118.

712.	 National Science Foundation (NSF). “NSF Invests $76M in Educational Projects to Build a Skilled 
Semiconductor Workforce.” NSF. Accessed June 8, 2026. https://www.nsf.gov/news/nsf-invests-
76m-educational-projects-build-skilled.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 122

Endnotes and References 

713.	 National Science Foundation (NSF). “Dear Colleague Letter: Enhancing Engineering Technology 
Education in Advanced Semiconductor Manufacturing.” NSF. Accessed June 8, 2026. https://
www.nsf.gov/funding/opportunities/dcl-enhancing-engineering-technology-advanced-
semiconductor.

714.	 National Science Foundation (NSF). “Semiconductors.” NSF Focus Areas. Accessed June 8, 
2026. https://www.nsf.gov/focus-areas/semiconductors.

715.	 National Science Foundation (NSF). “Impacts: Semiconductors.” NSF. Accessed June 8, 2026. 
https://www.nsf.gov/impacts/semiconductors.

716.	 National Science Foundation (NSF). “NSF Awards $42.4M in New Grants to Support the Future 
Semiconductor Workforce.” NSF. Accessed June 8, 2026. https://www.nsf.gov/news/nsf-awards-
42-4m-new-grants-support-future-semiconductors.

717.	 National Science Foundation (NSF). Fostering Use-Inspired Research and Engineering (FUSE): 
Future Semiconductors. NSF 22-589. https://www.nsf.gov/funding/opportunities/fuse-future-
semiconductors-teaming-co-design-research-capacity/506054/nsf22-589/solicitation.

718.	 National Science Foundation (NSF). “Semiconductors.” NSF Focus Areas. Accessed June 8, 
2026. https://www.nsf.gov/focus-areas/semiconductors.

719.	 National Science Foundation (NSF). “NSF and U.S. Department of Commerce Announce $30M 
Funding Opportunity to Support Semiconductor Workforce Development.” NSF. Accessed 
June 8, 2026. https://www.nsf.gov/news/nsf-department-commerce-announce-30m-funding-
opportunity.

720.	 National Science Foundation (NSF). “NSF and U.S. Department of Commerce Announce $30M 
Funding Opportunity to Support Semiconductor Workforce Development.” NSF. Accessed 
June 8, 2026. https://www.nsf.gov/news/nsf-department-commerce-announce-30m-funding-
opportunity.

721.	 MicroNano Education. Semiconductor Workforce Development Convening. November 2023. 
https://micronanoeducation.org/wp-content/uploads/2024/03/NOV_2023_Semiconductor-
Workforce-Development-Convening.pdf.

722.	 National Science Foundation (NSF). “Dear Colleague Letter: Equitable Transformative 
Approaches to Educating the Semiconductor Workforce (NSF 23-118).” NSF. Accessed June 8, 
2026. https://www.nsf.gov/funding/opportunities/dcl-equitable-transformative-approaches-
educating-semiconductor/nsf23-118.

723.	 U.S. Department of Defense. DoD Instruction 5200.44: Protection of Mission Critical Functions 
to Achieve Trusted Systems and Networks (TSN). February 16, 2024. https://www.esd.whs.mil/
Portals/54/Documents/DD/issuances/dodi/520044p.pdf. 

724.	 National Security Agency. DoD Microelectronics: Levels of Assurance Definitions and 
Applications. Cybersecurity Technical Report. July 2022. https://media.defense.gov/2022/
Jul/14/2003034921/-1/-1/0/CTR_DOD_MICROELECTRONICS_LEVELS_OF_ASSURANCE_
DEFINITIONS_AND_APPLICATIONS_20220714.PDF. 

725.	 “DOD Releases Findings from Independent Panel Review of Microelectronics Quantifiable 
Assur.” Air Force, August 9, 2023. https://www.af.mil/News/Article-Display/Article/3488387/
dod-releases-findings-from-independent-panel-review-of-microelectronics-quantif/. https://
www.af.mil/News/Article-Display/Article/3488387/dod-releases-findings-from-independent-
panel-review-of-microelectronics-quantif/



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 123

Endnotes and References 

726.	 U.S. Department of Defense. DoD Instruction 5200.44: Protection of Mission Critical Functions 
to Achieve Trusted Systems and Networks (TSN). February 16, 2024. https://www.esd.whs.mil/
portals/54/documents/dd/issuances/dodi/520044p.pdf. 

727.	 National Security Agency. DoD Microelectronics: Levels of Assurance Definitions and 
Applications. Cybersecurity Technical Report. July 2022. https://media.defense.gov/2022/
Jul/14/2003034921/-1/-1/0/CTR_DOD_MICROELECTRONICS_LEVELS_OF_ASSURANCE_
DEFINITIONS_AND_APPLICATIONS_20220714.PDF. https://media.defense.gov/2022/
Jul/14/2003034921/-1/-1/1/CTR_DOD_MICROELECTRONICS_LEVELS_OF_ASSURANCE_
DEFINITIONS_AND_APPLICATIONS_20220714.PDF

728.	 “DOD Releases Findings from Independent Panel Review of Microelectronics Quantifiable 
Assur.” Air Force, August 9, 2023. https://www.af.mil/News/Article-Display/Article/3488387/
dod-releases-findings-from-independent-panel-review-of-microelectronics-quantif/. https://
www.af.mil/News/Article-Display/Article/3488387/dod-releases-findings-from-independent-
panel-review-of-microelectronics-quantif/

729.	 U.S. Department of Defense, Office of Inspector General. Evaluation of the Department of 
Defense’s Transition From a Trusted Foundry Model to a Quantifiable Assurance Method for 
Procuring Custom Microelectronics. Report No. DODIG-2022-084. Alexandria, VA: Department 
of Defense, May 2, 2022. https://media.defense.gov/2022/May/04/2002989631/-1/-1/1/
DODIG-2022-084_REDACTED.PDF. 

730.	 “Microelectronics.” ANSI. Accessed June 1, 2026. https://www.ansi.org/standards-coordination/
workshops-and-other-coordination-activities/microelectronics.https://www.ansi.org/standards-
coordination/workshops-and-other-coordination-activities/microelectronics

731.	 Vergun, David. “With Industry Help, DOD Strives to Be Leader in Microchip Research, 
Production.” U.S. Department of War, October 29, 2024. https://www.war.gov/News/News-
Stories/Article/Article/3949461/with-industry-help-dod-strives-to-be-leader-in-microchip-
research-production/.https://www.war.gov/News/News-Stories/Article/Article/3949461/with-
industry-help-dod-strives-to-be-leader-in-microchip-research-production/

732.	 “Microelectronics Commons Home.” Microelectronics Commons. Accessed June 1, 2026. 
https://microelectronicscommons.org/. https://microelectronicscommons.org/

733.	 National Security Agency. DoD Microelectronics: Field Programmable Gate Array Security 
Guidance. Cybersecurity Technical Report. January 2025. https://media.defense.gov/2025/
Jan/07/2003625567/-1/-1/0/CTR_FPGA_SECURITY_GUIDANCE.PDF. 

734.	 “DOE Seeks Input to Dramatically Increase Energy Efficiency of Semiconductor Applications.” 
Energy.gov, October 16, 2024. https://www.energy.gov/eere/ammto/articles/doe-seeks-input-
dramatically-increase-energy-efficiency-semiconductor.

735.	 U.S. Department of Energy. Microelectronics at the Department of Energy: Capabilities and 
Opportunities for Driving U.S. Competitiveness. Washington, DC: U.S. Department of Energy, 
May 2022. https://science.osti.gov/-/media/bes/pdf/reports/2022/Microelectronics-at-the-
Department-of-Energy-May-2022.pdf. 

736.	 “U.S. Department of Energy Extends Commitment to Enhanced Semiconductors through 
PowerAmerica Institute Renewal.” Energy.gov, August 16, 2023. https://www.energy.gov/eere/
ammto/articles/us-department-energy-extends-commitment-enhanced-semiconductors-
through-0. https://www.energy.gov/eere/ammto/articles/us-department-energy-extends-
commitment-enhanced-semiconductors-through-0

737.	 PowerAmerica. PowerAmerica Strategic Roadmap for Next Generation Wide Bandgap 
Power Electronics. Version 1.0. Raleigh, NC: PowerAmerica, February 2018. https://
poweramericainstitute.org/wp-content/uploads/2018/02/PowerAmerica_Roadmap_Final-
Public-Version-February-2018.pdf. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 124

Endnotes and References 

738.	 “FY 2023 Microelectronics Lab Call.” Energy.gov. Accessed June 1, 2026. https://www.energy.
gov/eere/ammto/fy-2023-microelectronics-lab-call.https://www.energy.gov/eere/ammto/fy-
2023-microelectronics-lab-call

739.	 Kaarsberg, Tina, J. Atulasimha, J. Baniecki, P. Fischer, S. Pawlowski, S. Misra, A. Bhavnagarwala, 
et al. “Energy Efficiency Scaling for 2 Decades (EES2) Roadmap for Computing.” Proceedings of 
the 2024 IEEE High Performance Extreme Computing Conference (HPEC). IEEE, 2024. https://
doi.org/10.1109/HPEC62836.2024.10938468. https://tsapps.nist.gov/publication/get_pdf.
cfm?pub_id=958813

740.	 “Department of Energy Announces $160 Million for Research to Form Microelectronics 
Science Research Centers.” Energy.gov, May 8, 2024. https://www.energy.gov/science/articles/
department-energy-announces-160-million-research-form-microelectronics-science.https://
www.energy.gov/science/articles/department-energy-announces-160-million-research-form-
microelectronics-science

741.	 “DOE Announces $179M Funding for Microelectronics Science Research Centers.” 
Semiconductor Today, January 6, 2025. https://www.semiconductor-today.com/news_
items/2025/jan/doe-msrcs-060125.shtml.https://www.semiconductor-today.com/news_
items/2025/jan/doe-msrcs-060125.shtml

742.	 “Metrology Program.” NIST, November 4, 2024. https://www.nist.gov/chips/research-
development-programs/metrology-program.

743.	 U.S. Department of Energy. Semiconductor Supply Chain Deep Dive Assessment: U.S. 
Department of Energy Response to Executive Order 14017, “America’s Supply Chains.” 
Washington, DC: U.S. Department of Energy, February 24, 2022. https://www.energy.gov/sites/
default/files/2022-02/Semiconductor%20Supply%20Chain%20Report%20-%20Final.pdf. 

744.	 U.S. Department of Energy. Microelectronics at the Department of Energy: Capabilities and 
Opportunities for Driving U.S. Competitiveness. Washington, DC: U.S. Department of Energy, 
May 2022. https://science.osti.gov/-/media/bes/pdf/reports/2022/Microelectronics-at-the-
Department-of-Energy-May-2022.pdf. https://science.osti.gov/-/media/bes/pdf/reports/2022/
Microelectronics-at-the-Department-of-Energy-May-2022.pdf

745.	  “DOE Seeks Input to Dramatically Increase Energy Efficiency of Semiconductor Applications.” 
Energy.gov, October 16, 2024. https://www.energy.gov/eere/ammto/articles/doe-seeks-input-
dramatically-increase-energy-efficiency-semiconductor.https://www.energy.gov/eere/ammto/
articles/doe-seeks-input-dramatically-increase-energy-efficiency-semiconductor

746.	 “U.S. Department of Energy Announces Involvement in $285 Million Award for New Chips for 
America Semiconductor Manufacturing Institute.” Energy.gov, December 17, 2024. https://www.
energy.gov/articles/us-department-energy-announces-involvement-285-million-award-new-
chips-america.

747.	 National Science and Technology Council, Subcommittee on Microelectronics Leadership. 
National Strategy on Microelectronics Research. March 2024, amended April 2025. 
Washington, DC: Executive Office of the President. https://www.whitehouse.gov/wp-content/
uploads/2025/03/Amended-National-Strategy-on-Microelectronics-Research.pdf.

748.	 Emerging Technology Policy. “Office of Science and Technology Policy.” January 21, 2025. 
https://emergingtechpolicy.org/institutions/executive-branch/office-of-science-and-
technology-policy/. 

749.	 National Science and Technology Council, Subcommittee on Microelectronics Leadership. 
National Strategy on Microelectronics Research. March 2024, amended April 2025. 
Washington, DC: Executive Office of the President. https://www.whitehouse.gov/wp-content/
uploads/2025/03/Amended-National-Strategy-on-Microelectronics-Research.pdf.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 125

Endnotes and References 

750.	 National Science and Technology Council. National Strategy on Microelectronics Research. 
Washington, DC: Executive Office of the President, March 2024. https://www.nitrd.gov/pubs/
National-Strategy-on-Microelectronics-Research-March-2024.pdf. 

751.	 Executive Office of the President. United States Government National Standards Strategy 
for Critical and Emerging Technology. Washington, DC: The White House, May 2023. https://
bidenwhitehouse.archives.gov/wp-content/uploads/2023/05/US-Gov-National-Standards-
Strategy-2023.pdf. 

752.	 Executive Office of the President, Office of Science and Technology Policy. “Office of Science 
and Technology Policy.” Accessed June 8, 2026. https://www.whitehouse.gov/ostp/. 

753.	 The White House. “OSTP Issues Agency Guidance for Gold Standard Science.” June 23, 2025. 
https://www.whitehouse.gov/articles/2025/06/ostp-issues-agency-guidance-for-gold-
standard-science/. 

754.	 Executive Office of the President, Office of Science and Technology Policy. Agency Guidance 
for Implementing Gold Standard Science in the Conduct & Management of Scientific Activities. 
June 23, 2025. https://www.whitehouse.gov/wp-content/uploads/2025/03/OSTP-Guidance-for-
GSS-June-2025.pdf. 

755.	 National Science and Technology Council, Subcommittee on Microelectronics Leadership. 
National Strategy on Microelectronics Research. March 2024, amended April 2025. 
Washington, DC: Executive Office of the President. https://www.whitehouse.gov/wp-content/
uploads/2025/03/Amended-National-Strategy-on-Microelectronics-Research.pdf.

756.	 U.S. National Science and Technology Council, Committee on Homeland and National Security, 
Subcommittee on Microelectronics Leadership, National Strategy on Microelectronics 
Research. March 2024. https://bidenwhitehouse.archives.gov/wp-content/uploads/2024/03/
National-Strategy-on-Microelectronics-Research-March-2024.pdf. 

757.	 Friedersdorf, Lisa E. The Whole-of-Government Efforts to Advance Microelectronics Leadership. 
Presentation at Industrial Advisory Committee Meeting, June 6, 2023. https://www.nist.gov/
system/files/documents/2023/06/07/2.%20CHIPS%20Act%20and%20Microelectronics%20
Strategy.pdf. 

758.	 United States. United States Code. Title 15, § 4656. “Advanced microelectronics 
research and development.” Accessed June 8, 2026. https://uscode.house.gov/view.
xhtml?req=%28title:15%20section:4656%20edition:prelim%29. 

759.	 The White House. Budgetary Impact Analysis for Executive Order Entitled “Implementation 
of the CHIPS Act of 2022. September 2022. https://www.whitehouse.gov/wp-content/
uploads/2022/09/CHIPS-Act-Implementation-EO-BIS.pdf. 

760.	 Vaidyanathan, Sreya, Arya Thapa, Andrew Trzcinski, and Ariel Higuchi. Standard Setting: 
Process, Politics, and the CHIPS Program. Cambridge, MA: Belfer Center for Science and 
International Affairs, Harvard Kennedy School, June 2023. https://www.belfercenter.org/sites/
default/files/2024-10/Standard%20Setting_CHIPS%20Series.pdf. 

761.	 “Open Chiplet Economy.” The Open Compute Project. Accessed June 2, 2026. https://www.
opencompute.org/projects/open-chiplet-economy.

762.	 “Part Model Guidelines for Electronic-Device Packages – XML Requirements.” JEDEC. Accessed 
June 2, 2026. https://www.jedec.org/standards-documents/docs/jep30.

763.	 National Institute of Standards and Technology (NIST). CHIPS for America Summary Report: 
CHIPS R&D Chiplets Interfaces & Digital Twin Technical Standards Workshops. NIST CHIPS 
1400-2. U.S. Department of Commerce, 2024. https://doi.org/10.6028/NIST.CHIPS.1400-2. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 126

Endnotes and References 

764.	 “Open Compute Project Expands Open Chiplet Economy Ecosystem.” The Open Compute 
Project. Accessed June 2, 2026. https://www.opencompute.org/blog/open-compute-project-
expands-open-chiplet-economy-ecosystem.

765.	 “2.0 Spec Download.” UCIe Consortium. Accessed June 2, 2026. https://www.uciexpress.org/2-
0-spec-download. 

766.	 Bailey, Brian. “Chiplets Still a Challenge with UCIE 2.0.” Semiconductor Engineering, July 17, 
2025. https://semiengineering.com/chiplets-still-a-challenge-with-ucie-2-0.

767.	 “JC-70 .” JEDEC. Accessed June 2, 2026. https://www.jedec.org/committees/jc-70. 

768.	 “IEC 60077-4:2003.” IEC. Accessed June 2, 2026. https://webstore.iec.ch/en/publication/611. 

769.	 A. Dutta, S. Patwari and A. Mondal, “Recommendation Systems in Education,” 2023 7th 
International Conference on Electronics, Materials Engineering & Nano-Technology 
(IEMENTech), Kolkata, India, 2023, pp. 1-6, doi: 10.1109/IEMENTech60402.2023.10423456. 
https://ieeexplore.ieee.org/document/10423456. 

770.	 National Institute of Standards and Technology (NIST). CHIPS for America Summary Report: 
CHIPS R&D Chiplets Interfaces & Digital Twin Technical Standards Workshops. NIST CHIPS 
1400-2. U.S. Department of Commerce, 2024. https://nvlpubs.nist.gov/nistpubs/CHIPS/NIST.
CHIPS.1400-2.pdf. 

771.	 “AI Test, Evaluation, Validation and Verification (TEVV).” NIST, May 28, 2026. https://www.nist.
gov/ai-test-evaluation-validation-and-verification-tevv. 

772.	 Samainstage. “IEEE Standards Association Announces Joint Specification V1.0 for the 
Assessment of the Trustworthiness of AI Systems.” IEEE Standards Association, February 3, 
2025. https://standards.ieee.org/news/joint-specification-trustworthy-ai-systems/.

773.	 “IEEE 3143 Electric Traction System for Short Primary Maglev Vehicle.” IEEE. Accessed June 2, 
2026. https://sagroups.ieee.org/3143/. 

774.	 “Siemens’ New Questa One Smart Verification Solution.” Siemens Digital Industries Software. 
Accessed June 2, 2026. https://news.siemens.com/en-us/siemens-questa-one/. 

775.	 National Institute of Standards and Technology (NIST). Outline: Proposed Zero Draft for a 
Standard on AI Testing, Evaluation, Verification, and Validation. Draft document, March 2025.  
https://www.nist.gov/system/files/documents/2025/07/15/Outline_%20Proposed%20
Zero%20Draft%20for%20a%20Standard%20on%20AI%20TEVV-for-web.pdf. 

776.	 “DSO.AI: AI-Driven Design Applications: Synopsys AI.” Synopsys AI. Accessed June 2, 2026. 
https://www.synopsys.com/ai/ai-powered-eda/dso-ai.html. 

777.	 IEEE Electronics Packaging Society. “Heterogeneous Integration Roadmap.” Accessed June 8, 
2026. https://eps.ieee.org/technology/heterogeneous-integration-roadmap/. 

778.	 Haley, Gregory. “Navigating Heat in Advanced Packaging.” Semiconductor Engineering, January 
18, 2024. https://semiengineering.com/navigating-heat-in-advanced-packaging/. 

779.	 SEMI. “Advanced Packaging Summit 2025.” Accessed June 8, 2026. https://www.semi.org/en/
connect/events/advanced-packaging-summit-2025. 

780.	 PEER Group. “Cybersecurity SEMI Standards.” Accessed June 8, 2026. https://www.peergroup.
com/resources/semi-standards/cybersecurity/. 



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 127

Endnotes and References 

781.	 Claroty. “Understanding SEMI E187 & E188 Compliance for the Semiconductor Industry.” 
October 11, 2024. https://claroty.com/blog/understanding-semi-e187-e188-compliance-for-
the-semiconductor-industry. 

782.	 National Institute of Standards and Technology (NIST). NIST IR 8546 (Initial Public Draft): 
Cybersecurity Framework Version 2.0 Semiconductor Manufacturing Profile. 2024. https://www.
nccoe.nist.gov/publications/csf-profile/nist-ir-8546-ipd-cybersecurity-framework-version-20-
semiconductor. 

783.	 SMART USA Institute. SMART USA Solicitation Background V5. June 2025. https://www.
smartusatwins.org/wp-content/uploads/2025/06/SMART-USA-Solicitation-Background-V5.pdf. 

784.	 Lynn, Jennifer, Wilko Baks, Daniel Pletea, Rajesh Potturi, Jared Buckley, R. Craft, Albert Fuchigami, 
et al. “Cybersecurity Framework Version 2.0 Semiconductor Manufacturing Profile.” CSRC, 
February 27, 2025. https://csrc.nist.gov/pubs/ir/8546/ipd.

785.	 “Fortifying the Future: How Semi E187 and E188 Standards Elevate Cybersecurity in the 
Semiconductor Industry.” TXOne Networks, May 7, 2024. https://www.txone.com/blog/how-
semi-e187-and-e188-standards-elevate-cybersecurity-in-semiconductor-industry/.

786.	 “SEMI S23 - Guide for Conservation of Energy, Utilities and Materials Used by Semiconductor 
Manufacturing Equipment.” SEMI. Accessed June 4, 2026. https://store-us.semi.org/
products/s02300-semi-s23-guide-for-conservation-of-energy-utilities-and-materials-used-by-
semiconductor-manufacturing-equipment. 

787.	 “ISO/IEC 42001:2023.” ISO, December 18, 2023. https://www.iso.org/standard/81230.html.

788.	 “Sustainable Materials Management.” EPA. Accessed June 4, 2026. https://www.epa.gov/smm.

789.	 “Ecodesign for Sustainable Products Regulation.” Environment - European Commission. 
Accessed June 4, 2026. https://commission.europa.eu/energy-climate-change-environment/
standards-tools-and-labels/products-labelling-rules-and-requirements/ecodesign-sustainable-
products-regulation_en.

790.	 Chris Jones. “SEMI’s S23 Standard – Save Energy, Save Money, Save the Planet.” Semiconductor 
Digest, June 2022. https://www.edwardsvacuum.com/content/dam/brands/edwards-vacuum/
edwards-website-assets/knowledge-and-insights/innovation-hub/documents/Save-Energy-
Save-Money-Save-the-Planet.pdf. 

791.	 “Circular Economy.” Environment - European Commission. Accessed June 4, 2026. https://
environment.ec.europa.eu/topics/circular-economy_en.

792.	 SEMI, Semiconductor Climate Consortium, and Boston Consulting Group. Transparency, 
Ambition, and Collaboration: Advancing the Climate Agenda of the Semiconductor Value 
Chain. September 19, 2023, https://discover.semi.org/rs/320-QBB-055/images/Transparency-
Ambition-and-Collaboration-BCG-SEMI-SCC-20230919.pdf. 

793.	 SEMI. SEMI Semiconductor Climate Consortium and BCG Issue First Insider Report of 
Semiconductor Value Chain’s Carbon Emissions, September 20, 2023. https://www.prnewswire.
com/news-releases/semi-semiconductor-climate-consortium-and-bcg-issue-first-insider-
report-of-semiconductor-value-chains-carbon-emissions-301932859.html.

794.	 GS1. EU Digital Product Passport Update, April 2025. https://www.gs1.org/docs/public-policy/
gs1_eu_digital_product_passport_update.pdf. 

795.	 “Semiconductor Manufacturing and Big Tech’s Water Challenge.” World Economic Forum. 
Accessed June 4, 2026. https://www.weforum.org/stories/2024/07/the-water-challenge-for-
semiconductor-manufacturing-and-big-tech-what-needs-to-be-done/.



CET ENVIRONMENTAL SCAN: SEMICONDUCTORS & MICROELECTRONICS 128

Endnotes and References 

796.	 Bithell, Thomas. “Water Usage in Semiconductor Manufacturing to Double by 2035 | Idtechex 
Research Article.” IDTechEx, March 4, 2025. https://www.idtechex.com/en/research-article/
water-usage-in-semiconductor-manufacturing-to-double-by-2035/32746.

797.	 Kahn, Jason. “Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024.” NIST, May 21, 2025. https://www.nist.gov/publications/semiconductors-and-
microelectronics-standards-working-group-annual-report-2024.

798.	 Coppa, Brian, Amit Srivastava, and Mark da Silva. Accelerating Sustainability with SEMI Smart 
Manufacturing: A Roadmap for Device Makers. Milpitas, CA: SEMI, November 2024. https://
discover.semi.org/accelerating-sustainability-with-semi-smart-manufacturing-whitepaper-
registration.html. 

799.	 Singer, Pete, and Shannon Davis. “SEMI’s S23 Standard – Save Energy, Save Money, Save the 
Planet.” Semiconductor Digest, July 1, 2022. https://www.semiconductor-digest.com/semis-
s23-standard-save-energy-save-money-save-the-planet. 

800.	 CHIPS for America Summary Report: CHIPS R&D Semiconductor Supply Chain Trust and 
Assurance Data Standards & Digital Twin Data Interoperability Standards Workshops. NIST 
CHIPS 1400-3. Gaithersburg, MD: National Institute of Standards and Technology, 2024. https://
nvlpubs.nist.gov/nistpubs/CHIPS/NIST.CHIPS.1400-3.pdf. 

801.	 “European Chips Act.” European Commission - Shaping Europe’s digital future. Accessed June 3, 
2026. https://digital-strategy.ec.europa.eu/en/policies/european-chips-act.

802.	 Johnson, Hilary. “Solving the Semiconductor Supply Chain Traceability Crisis.” OpenText Blogs, 
September 10, 2025. https://blogs.opentext.com/solving-the-semiconductor-supply-chain-
traceability-crisis/. 

803.	 “TC 47 Semiconductor Devices.” IEC. Accessed June 3, 2026. https://www.iec.ch/dyn/www/
f?p=103:7. 

804.	 Institute of Electrical and Electronics Engineers (IEEE). “Industry Connections.” IEEE Standards 
Association. Accessed June 8, 2026. https://standards.ieee.org/industry-connections/.

805.	 “National Semiconductor Technology Center.” NIST, November 4, 2024. https://www.nist.gov/
node/1861186. 

806.	 “European Chips Act.” European Commission - Shaping Europe’s digital future. Accessed June 3, 
2026. https://digital-strategy.ec.europa.eu/en/policies/european-chips-act. 

807.	 Kahn, Jason. Semiconductors and Microelectronics Standards Working Group Annual Report 
for 2024. NIST Interagency Report 8577. Gaithersburg, MD: National Institute of Standards and 
Technology, May 2025. https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=959453. 

808.	 Shivakumar, Sujai, Charles Wessner, and Thomas Howell. “A World of Chips Acts: The Future of 
U.S.-EU Semiconductor Collaboration.” CSIS, August 20, 2024. https://www.csis.org/analysis/
world-chips-acts-future-us-eu-semiconductor-collaboration. 

809.	 Silva, Mark da, Nishita Rao, and Karim Somani. “Integrating Digital Twins in Semiconductor 
Operations – Insights from SEMI Workshop.” SEMI, February 20, 2024. https://www.semi.org/
en/blogs/technology-and-trends/digital-twins-in-semiconductor-operations-insights-from-
semi-workshop. 



ASCET CENTER OF EXCELLENCE

1120 2OTH STREET NW 
SUITE 390 
WASHINGTON, DC 120036 
USA

Email 	 ascet@astm.org

ASCET.COM

linkedin.com/company/ascet-center-of-excellence

https://ascet.com/

	Purpose and Methodology of the Environmental Scan
	CET: Semiconductors & Microelectronics
	Current State of the CET Topic: Semiconductors & Microelectronics
	Standards Overview
	Stakeholders
	Relevant Standards Bodies
	Existing Standards
	Relevant Roadmaps and Strategy Documents

	Gaps and Emerging Needs
	Areas Lacking Standards
	General/Cross-Cutting Challenges 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389
	Gaps Requiring Pre-Standardization R&D 399, 400, 401, 402, 403, 404, 405, 406

	Ongoing and Emerging Standardization Efforts
	Active Working Groups
	Active Standards Initiatives
	Draft Standards
	National and International Strategies
	Industry consortia or public-private partnerships 698, 699, 700, 701, 702, 703, 704, 705, 706, 707, 708, 709, 710, 711, 712, 713
	U.S. Federal Roles

	Opportunities/Recommendations

	Endnotes and References 

