®

Check for
updates

CHIPS

for AMERICA

SUMMARY REPORT

CHIPS R&D Standardization Readiness
Level Workshop
June 4-5, 2024

Authors:
e Mary Bedner, Associate Director, Standards, CHIPS R&D Office
e Jason Kahn, Associate Director, Metrology Standards, CHIPS Metrology Program

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S.DEPARTMENT OF COMMERCE


https://crossmark.crossref.org/dialog/?doi=10.6028/NIST.CHIP.1400-4

a3 for AMERICA

NIST promotes U.S. innovation and industrial competitiveness by advancing measurement science, standards, and
technology in ways that enhance economic security and improve our quality of life. NIST is uniquely positioned

to successfully administer the CHIPS for America program because of the bureau’s strong relationships with U.S.
industries, its deep understanding of the semiconductor ecosystem, and its reputation as fair and trusted.

Visit https://www.chips.gov to learn more.

DISCLAIMER STATEMENT

Certain commercial entities, equipment, or materials may be identified in this document in order to describe an
experimental procedure or concept adequately. Such identification does not imply recommendation or endorsement by
the National Institute of Standards and Technology, the U.S. Department of Commerce, or any part of the United States
Government, nor is it intended to imply that the entities, materials, or equipment are necessarily the best available for the
purpose.

COPYRIGHT

This document is a work of the U.S. Government and is not subject to copyright in the United States (see 17 U.S.C. § 105).
Foreign rights reserved. All tables and figures in this report, unless otherwise noted, were produced by NIST and DOC
employees.

NIST CHIPS 1400-4
https://doi.org/10.6028/NIST.CHIPS.1400-4

CHIPS for America Summary Report: CHIPS R&D Standardization Readiness Level Workshop


https://doi.org/10.6028/NIST.CHIPS.1400-4

:CHIPS

o for AMERICA

TABLE OF CONTENTS

Executive Summary 2
Introduction 3
CHIPS FOI AMIEIICA ottt 3
Background for CHIPS R&D Standards EFfOrts ..o 4
CHIPS R&D Standards Roadmap 6
VIS TOM eSS Re e 6
IVHISSTON ottt 6
OULCOMES w8t 6
CHIPS R&D Workshops: Introduction and Overview 8
Standardization Readiness Framework 10
TEChNOIOEY CONSIAEIATIONS ...ttt een s enaes 10
TECNNOIOEY AQODEION oottt 11
Relationship to TEChNOIOZY MatUTTLY ..o 11
ANAlYSis Of EXISEING STANUAIAS ..eeeeee e 11
Emerging Technology CoNSIAEIatioNS ... 11
Standardization ROGAMADS ...ttt eseassa s anens 11

FOCUS ON SErAtEEIC PriOrTTIES .ot 12

MarKEt CONSIAETATIONS c.o.veieee s 12
AdAreSSING Market NEEUS ...t neneen 12
SOIVING INAUSTIY PrODIEIMIS ... 12
Intellectual Property ConSIAEIatioNS ... ettt 13
ComMMUNITY CONSIAETATIONS ..ot ss e 13
Community and Stakeholder Engagement Methods ... 13
Increasing Collaboration Across the Standards ECOSYSteM ... 13
INternational CollabOratioN ...t 14
Standards Incubators for EMerging TECANOIOZY ... 14
Standards Education and Workforce DevelopmMENT. ...t 14

CHIPS for America Summary Report: CHIPS R&D Standardization Readiness Level Workshop



TABLE OF CONTENTS (continued)

Considerations for a Standardization STrategY ...

Clear Standardization PrOCESS ... e
Timeliness of Standards DeVelOPMENt ... e

Additional Framework RecommMeENdations ...

Standardization Readiness Level Scale

Key Milestones in the Standardization ProCeSS ...
NOTIONAI SCAIE LEVEIS ..o

LearniNg fromM OthEr SCAIES ...

17
17
17
18
20

Summary and Next Steps

VVOIKSNOD SUMMIGIY oottt enaesenseen

NEXE STEDS ettt

Appendix A: Workshop Planning Committee

20
20
22

Appendix B: CHIPS R&D Standardization readiness level Workshop Agenda

Day 1: June 4, 2024 / 9:00AM = 5:00PM ET ..o

Day 2: June 5, 2024 / 9:00AM - T:00PM ET ..o

Appendix C: Workshop Data Collection

23
23
24
25

Endnotes

26

CHIPS for America Summary Report: CHIPS R&D Standardization Readiness Level Workshop



Executive Summary
& Introduction




EXECUTIVE SUMMARY

The CHIPS and Science Act appropriated $50 billion to the Department of Commerce’s CHIPS for America

program to support semiconductor research and development (R&D) and expand semiconductor manufacturing
capacity in the United States. Within CHIPS for America, the National Institute of Standards and Technology’s
(NIST) CHIPS R&D Office (CRDO) has aimed to accelerate the development and commercial deployment of
foundational semiconductor technologies by establishing, connecting, and providing access to domestic research
efforts, tools, resources, workers, and facilities. A key element to achieving these CHIPS R&D goals is to accelerate
the private sector-led development and deployment by industry of effective technical standards.

CHIPS R&D has developed a comprehensive standards roadmap that aligns with the needs of private sector
semiconductor standards efforts, the requirements of CHIPS legislation, and the provisions of the U.S.
Government National Standards Strategy for Critical and Emerging Technology®. The CHIPS R&D standards
roadmap is centered on a vision for a vibrant microelectronics standards ecosystem that is smarter, faster, and
more inclusive and agile in enabling innovation.

CHIPS R&D has undertaken a series of events to solicit the global semiconductor industry’s perspectives on,

and input into, aligning the government effort with the industry’s standards needs. The first of these CHIPS

R&D standards activities was a Standards Summit event held in September 2023, in Washington, D.C., which
brought together private sector thought leaders to identify strategic standards priorities and recommendations
for the semiconductor sector?. One recommendation that emerged from the Summit was to explore the concept

of standards readiness level metrics. The concept of standards readiness level was described as analogous to
existing metrics such as technology readiness levels (TRLs)?, which help assess a technology's maturity from basic
research to commercial adoption. Participants suggested a community-driven effort to establish consensus on
standards readiness metrics that would facilitate strategic planning and road mapping and help align pre-standards
research with standards development. Additional components of a standards readiness level framework could
include metrics to help assess if emerging technologies are ready for standardization. As a result of this community
recommendation, CHIPS R&D held a Standardization Readiness Level Workshop (from here, ‘workshop’). This
workshop brought together technical experts within the standards community to consider perspectives on metrics
for standardization readiness that could inform the semiconductor industry’s standards strategies and activities.

The workshop discussions focused on exploring the development of two new tools: a standardization readiness
framework and a standards readiness level scale (StRL). These tools could be used to guide standardization efforts
in general and in the semiconductor industry. A standardization readiness framework would provide a structured
approach to help the industry develop a standardization strategy for a specific technology area. The StRL scale
would accompany the framework and provide a common language for guiding standardization efforts from pre-
standards research to adoption, simplifying the understanding and communication of the standards process and
lifecycle.

During the workshop, NIST presented an outline for a draft framework based on prior efforts for quantum
technology. The framework considered the broad elements of technology, market, and community and how these
elements converge to help determine a strategy for a new standards activity. Using this draft framework outline as
areference, workshop participants engaged in breakout session discussions exploring whether such a framework
could be adapted for semiconductor industry standards activities. The participants agreed with the baseline
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established by the draft framework. However, they recommended expanding the framework to include other
considerations such as:

e Addressing special factors for critical and emerging technologies in the semiconductor industry;
e Focusing on strategic priorities aligned with technology and standardization roadmaps;

e Ensuring standards efforts address industry problems and needs;

e Incorporating best practices for community-building;

e Promoting industry-wide collaboration, such as using incubators for pre-standardization collaboration;
and

o Highlighting the benefits of standardization efforts.

Additionally, the framework's alignment with current industry standards initiation practices highlights
opportunities to leverage existing frameworks for future collaborative development across the standards
ecosystem.

During the workshop, NIST also introduced a draft nine-point StRL scale that has a similar layout to existing
readiness assessment scales such as the technology readiness level (TRL) scale. The concept of an StRL scale

is to provide a common language for tracking standardization efforts with levels ranging from pre-standards
research to adoption. There was a broad consensus that a simple-to-use StRL scale would be a valuable tool for the
semiconductor industry.

The workshop underscored the importance of both tools—the standardization readiness framework and StRL
scale—in helping to foster timely and focused standards development that aligns with technological advancements
and industry needs. Additionally, these tools could be used to train future standards professionals and to help
progress innovative standards concepts from early research to development stages and beyond.

INTRODUCTION

CHIPS FOR AMERICA

The CHIPS and Science Act* appropriated $50 billion to the Department of Commerce’'s CHIPS for America
program, both to support semiconductor R&D and to expand semiconductor manufacturing capacity in the
United States. This includes $39 billion for the Department of Commerce (the Department) to expand domestic
semiconductor manufacturing capacity through the incentives program and $11 billion to advance U.S. leadership
in semiconductor R&D. These investments, across both the R&D and incentives programs, seek to strengthen U.S.
competitiveness, support domestic manufacturing and innovation, and create good jobs across the country.

Within CHIPS for America, the National Institute of Standards and Technology’s (NIST) CHIPS R&D Office
(CRDO) has aimed to accelerate the development and commercial deployment of foundational semiconductor
technologies by establishing, connecting, and providing access to domestic research efforts, tools, resources,
workers, and facilities. A key element to achieving these CHIPS R&D goals is to accelerate the private sector-led
development and deployment by industry of effective technical standards.
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BACKGROUND FOR CHIPS R&D STANDARDS EFFORTS

CHIPS R&D has developed a comprehensive standards roadmap in response to calls from the private sector for
semiconductor standards efforts, the requirements of CHIPS legislation, and the provisions of the United States
Government National Standards Strategy for Critical and Emerging Technologies (USG NSS CET)?, as summarized
below:

o Standards were identified by private sector stakeholders as a core competency for CHIPS R&D. Both the
need for standards and ensuring that standards align across different stakeholders were highlighted in
many of the responses to NIST’s request for information to guide the design of CHIPS programs®.

e The CHIPS Act provision (15 USC §4656 (e)) copied below, specifies that private-sector-led technical
standards for the semiconductor industry should be an integral part of the CHIPS R&D strategy:

“The Director of the National Institute of Standards and Technology shall carry out a microelectronics
research program to enable advances and breakthroughs in measurement science, standards, material
characterization, instrumentation, testing, and manufacturing capabilities that will accelerate the underlying
research and development for metrology of next generation microelectronics and ensure the competitiveness
and leadership of the United States within this sector” (emphasis added).

e The CHIPS and Science Act (42 USC §18951(a)) specifies guiding principles for standards, which include:

(1) Openness, transparency, due process, balance of interests, appeals, and consensus in the development of
international standards are critical;

(2) Voluntary consensus standards, developed through an industry-led process, serve as the cornerstone of
the United States standardization system and have become the basis of a sound national economy and the
key to global market access;

(3) Strengthening the unique United States public-private partnerships approach to standards development is
critical to United States economic competitiveness; and

(4) The United States Government should ensure cooperation and coordination across Federal agencies to
partner with and support private sector stakeholders to continue to shape international dialogues in regard to
standards development for emerging technologies.

e The United States Government National Standards Strategy for Critical and Emerging Technologies (USG
NSS CET) has four major objectives for CETs, including semiconductors and microelectronics: investment,
participation, workforce, and integrity and inclusivity.
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CHIPS R&D STANDARDS ROADMAP

VISION
The vision of the CHIPS R&D Standards Roadmap is for:

A vibrant microelectronics standards ecosystem that is smarter, faster, and more inclusive and agile in enabling
innovation.

This vision provides a framework for working with the semiconductor standards sector to enhance strategic

focus, match the pace of standards development to the pace of innovation in the semiconductor sector, expand

opportunities for participation in standards activities, and respond effectively to the needs of industry.

MISSION

The mission of the CHIPS R&D standards effort comprises six elements as follows:

Support private sector leadership;

Focus on strategic priorities;

Open and accelerate the standards innovation pipeline;
Support education, awareness, and workforce development;
Align government efforts; and

Partner with allies.

OUTCOMES

Implementation of the CHIPS R&D Standards Roadmap is intended to achieve the following outcomes:

Standards at the speed of innovation

A standards-enabled global market

Standards as innovation platforms

Inclusive standards leadership

Education for career opportunities in standards development

Adiverse standards-capable workforce

In pursuing these outcomes, the CHIPS R&D standards effort is intended to:

Enhance U.S. economic security through standards that support innovation, collaboration, and a vibrant
domestic landscape of small, medium, and large corporations;

Support national security through standards that underpin a domestic semiconductor industry that is
resilient, reliable, secure, and a global leader in semiconductor technologies; and

Enable future innovation through standards that provide for interoperability, set out powerful
measurement capabilities, and establish effective testing and assurance methods that spur adoption of
new technologies.
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CHIPS R&D WORKSHOPS: INTRODUCTION AND
OVERVIEW

The purpose of the CHIPS R&D Standardization Readiness Level Workshop? (from here, ‘workshop’) was to
convene thought leaders across the semiconductor industry to discuss and validate the concept of standardization
readiness and assess if there is community interest in pursuing the development of two tools:

e Astandardization readiness framework that considers the readiness of technology, market, and
community to inform a standardization strategy; and

o Astandards readiness level scale (StRL), analogous to manufacturing readiness level (MRL) and
technology readiness level (TRL)® scales, that provides a common language for tracking a standard across
its lifecycle from concept to adoption.

A standardization readiness framework would provide a structured approach to help the industry develop a
standardization strategy for a specific technology area. The StRL scale would accompany the framework and
provide a common language for guiding standardization efforts from pre-standards research to adoption,
simplifying the understanding and communication of the standards process and lifecycle. The workshop aimed
to explore whether a framework, with an accompanying StRL scale tailored for use in semiconductor standards
development, could help determine whether research outcomes should be integrated into voluntary industry
standards activities.

The workshop was planned by an organizing committee comprising leaders from standards setting organizations
(SSOs), industry, and government representatives (see Appendix A). The workshop was a one-and-a-half-day
virtual event. The agenda, found in Appendix B, featured keynote and panel sessions with speakers from across
the semiconductor sector. The invited keynote speakers and panelists provided insights in each of the topic

areas to stimulate conversations in the subsequent breakout sessions. During the moderated breakout sessions,
the workshop participants reflected on the speaker insights and discussed a framework and scale tailored for
application to semiconductor-related technology. The approach used to capture input from participants to inform
this report is described in Appendix C.

The workshop brought together over 170 participants representing a range of stakeholders from the
semiconductor industry, including industry consortia and alliances; academia; government entities; and standards-
setting organizations (SSOs). This demographic from all critical sectors of the semiconductor ecosystem ensured

a comprehensive discussion on the development of a standardization readiness framework and StRL scale. The
design of the workshop focused on five topic areas, all working toward the overall goal of gathering perspectives
on standardization readiness considerations that help to inform a standardization strategy and how these could be
translated to a scale. The key discussion topics included:

e Technology Considerations

e Market Considerations

e Community Considerations

e Standardization Readiness Strategy
e Standards Readiness Level Scale

A summary of the key takeaways from these discussions are provided in the following sections.
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STANDARDIZATION READINESS FRAMEWORK

The workshop explored whether a structured, yet flexible standardization readiness framework can be developed
for use across the semiconductor standards ecosystem, including by industry leaders, regulatory bodies, and
standardization organizations. One of the main goals of a potential framework is to facilitate the timely and
appropriate development of standards that align with industry needs and technological evolution. To set the
stage for the discussions, panelists were presented with an example notional NIST framework’, excerpted below,
covering the following considerations:

e Technology Considerations: Including technology maturity, TRLs, system context, adjacent and
competing technologies, metrology maturity, and existing standards.

e Market Considerations: Including products, supply chain, use cases, market awareness, policy
considerations, infrastructure, and intellectual property (IP).

e Community Considerations: Including potential users, stakeholder interest, societal factors,

sustainability and environment, and broad-based benefits.

Within this framework, the development of a standardization strategy is crucial in providing a structured plan to
implement standards development systematically and effectively. As part of developing a standardization strategy,
participants were encouraged to consider factors such as:

e what specific aspects of the technology need standardization,

e thetype of deliverables the strategy should inform (e.g., international standards, technical specifications,
white papers, etc.), and

e the optimal timing for pursuing standardization to be aligned with the pace of technological innovation.
Together, a framework would help users assess technology readiness, market conditions, community acceptance,
and other factors to inform a strategy to transition pre-standards research into standards activities. The following
sections describe key themes from the workshop discussions related to each of these major considerations.

TECHNOLOGY CONSIDERATIONS

Technology considerations evaluate various factors impacting the state of technological innovations for
standardization activities. These considerations help determine whether standardization will support scalability,
enhance interoperability, and foster a stable transition from research to commercialization for technological
innovations.

During the workshop, participants discussed key technology considerations crucial for deciding when to initiate
standards development. Key themes discussed by participants included:

e Technology Adoption

e Relationship to Technology Maturity

e Analysis of Existing Standards

e Emerging Technology Considerations

e Standardization Roadmaps

e Focus on Strategic Priorities

CHIPS for America Summary Report: CHIPS R&D Standardization Readiness Level Workshop 10
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Technology Adoption

Participants emphasized that understanding the state of technology adoption in the marketplace is critical for
developing and effectively implementing standards to support and validate technological advancements. The
transition of technologies through stages from pre-standards research to commercialization is vital, requiring an
understanding of user needs and addressing vulnerabilities that could impact this progression. Scalability, market
demand, and the availability of infrastructure and skilled workers must also be evaluated to ensure successful
adoption. Lastly, aligning technology with market trends and swiftly responding to the pace of technological
change helps to capitalize on market demand and maintain competitiveness.

Relationship to Technology Maturity

Understanding the maturity of the technology is an important consideration for determining its readiness for
standardization efforts. A key step in this process is assessing technology maturity using tools like the existing
Technology Readiness Level Scale (TRL) scale®. Participants agreed that TRL provides an effective metric for
evaluating technology readiness and maturity and should be part of the standardization strategy. Workshop
participants also suggested supplementing TRL with additional metrics for a more comprehensive assessment. For
example, for technologies that are part of an overall system, participants emphasized applying additional metrics
outside of TRL, such as Systems Readiness Level (SRL), to help determine their readiness for standardization
activities. Participants also stressed the importance of maintaining global consensus on TRL definitions and
metrics for consistency in standardization readiness assessments.

Analysis of Existing Standards

Participants emphasized that a systematic analysis of existing standards in the technology area is crucial for
creating an effective standardization strategy. Participants stressed the need to evaluate current standards
activities to identify where standards already exist that can be leveraged or adapted for an emerging need and

to identify gaps where standards are needed. Building from existing standards that are already implemented by
industry, where applicable, can help reduce duplicate standards efforts and ensure a standard is driven by a market
need.

Emerging Technology Considerations

Participants agreed that the framework should include special considerations for emerging technologies. For
example, emerging technologies often need to stabilize and require an assessment of the right time’ to initiate
standardization efforts. Another consideration is the state of the broader industry and marketplace for which the
emerging technology would play a role. Established sectors often have standards in place before technology is
developed and commercialized, whereas in emerging industries technology commercialization is often prioritized
over standards development. The potential scalability, longevity, and broad market acceptance are also key factors
to consider for standards supporting emerging technologies.

Standardization Roadmaps

Participants noted that creating a standardization roadmap that complements industry’s technical roadmaps (e.g.,
the International Roadmap for Devices and Systems®, Microelectronics and Advanced Packaging Technologies
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Roadmap?, etc.) is critical. The community must align on the needs and requirements before standards supporting
atechnology can be defined and adopted. The participants noted that successful adoption and use of a standard is
the most important metric of success.

Focus on Strategic Priorities

Aligning standardization efforts with the semiconductor industry’s strategic technical priorities is critical for
efficient resource allocation and long-term innovation. One option for identifying strategic priorities is through
developing standardization roadmaps aligned with technology roadmaps, as just described above. This alignment
also enhances stakeholder buy-in by demonstrating the technical and economic impact of standards.

MARKET CONSIDERATIONS

Market considerations evaluate various factors influencing the feasibility and impact of establishing industry-wide
standards. This includes assessing the business case for standardization, the diversity and maturity of existing
markets, the presence of competitive landscapes, consumer confidence, and supply chain robustness. These
factors help determine whether standardization will facilitate equitable market access, stimulate innovation, and
support sustainable competition and growth in the semiconductor industry.

During the workshop, participants were asked what market considerations they believed would be important in
helping to decide when to initiate standards development. Key themes discussed by participants included:

e Addressing Market Needs
e Aligning Standards to Industry Needs

e Intellectual Property (IP) Considerations

Addressing Market Needs

Participants emphasized that having a clear market demand provides a strong business case for investing in or
initiating the development of a standard. A strong and robust market (or the potential of an emerging market) can
help ensure a return on investment (ROI) for standards development activities and increase adoption following
implementation. Participants noted the market’s size, maturity, and competitive landscape are helpful indicators
of astandard's market relevance and proposed identifying use cases to help articulate the standard’s feasibility.
Another priority was reducing the time it takes to develop and adopt standards to minimize fragmentation and
ensure the standard’s relevance.

Solving Industry Problems

Participants stressed the importance of developing standards that solve specific industry problems for a standard
to be "marketable," rather than standards driven by individual companies seeking to promote their own interests.
One example participants cited was the evolution of the 300 millimeter (mm) wafer standards. Standards efforts
transitioned from traditional, smaller wafer sizes to standards for 300mm wafers in fabrication facilities (fabs).
This was due to industry identifying the ‘problem’ of evolving lab technologies and the need for 300mm wafer fab
standards to ensure compatibility and interoperability among equipment and processes. Participants noted that
describing the problem statement early could facilitate developing standards that enhance interoperability, reduce
costs, increase collaboration, and promote innovation.

CHIPS for America Summary Report: CHIPS R&D Standardization Readiness Level Workshop 12



Intellectual Property Considerations

Participants highlighted the challenge of balancing the protection of IP with the need for open and accessible
standards. A robust standardization strategy and framework could provide a pathway to create standards that
do not necessitate patents while establishing guidelines that protect innovation and still allow the use of some IP.
Participants expressed concern that patented technologies could become barriers to effective standardization,
particularly in terms of cost to comply with the standard.

COMMUNITY CONSIDERATIONS

Community considerations evaluate various factors involving actively engaging stakeholders from various
sectors—such as manufacturers, suppliers, researchers, and regulatory bodies—to ensure that standards are
developed collaboratively. This approach emphasizes consensus building, transparency in decision-making
processes, and adaptability to accommodate perspectives and needs from across the semiconductor community.
By involving all relevant parties, these strategies aim to create standards that are widely adopted, effective, and
capable of supporting innovation and industry growth.

During the workshop, participants were asked what community aspects they thought were important when
deciding to initiate standards development. Key themes discussed by participants included:

e Community and Stakeholder Engagement Methods

e Standards Education and Workforce Development

e Increasing Collaboration Across the Standards Ecosystem
e International Collaboration

e Standards Education and Workforce Development

Community and Stakeholder Engagement Methods

Participants emphasized the importance of using various methods, such as conferences and surveys, to engage
stakeholders from academia, industry, government, and nonprofits, ensuring balanced representation in standards
development. Lowering barriers, like cost and time, by hosting virtual events or offering more education, can
enhance community involvement. Early stakeholder engagement and securing buy-in are critical for successful
standard adoption. Open-source tools and platforms were highlighted as key to fostering collaboration, reducing
entry barriers for smaller organizations, and encouraging a range of contributions. This approach helps build trust,
accelerates innovation, and leads to more widely accepted standards.

Increasing Collaboration Across the Standards Ecosystem

Participants recommended increasing broad collaboration across the semiconductor ecosystem to ensure
standards efforts meet market needs and reduce siloed or duplicative standards efforts. Collaboration across
entities was seen as key, especially to give small and medium-sized companies a voice in standard creation along
with standards implementers. Participants proposed establishing formal partnerships and communication
channels among stakeholders, including industry, academia, and regulatory bodies, and by organizing regular
collaborative workshops and conferences to align goals and share insights. Additionally, creating unified platforms
for standardization efforts and incentivizing joint initiatives can further enhance cooperative engagement. By
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encouraging open dialogue and shared objectives, the semiconductor industry can create cohesive standards that
reflect market diversity, streamline processes, and enhance its ability to address emerging challenges.

International Collaboration

Participants emphasized the importance of a comprehensive, globally relevant standardization approach,

including working with allies and collecting input from multiple stakeholders. Participants recommended that
standardization strategies should encourage international collaboration, which would promote the development of
interoperable, non-competing standards. Such global cooperation would make the standardization process more
strategic, efficient, and cost-effective for the industry.

Standards Incubators for Emerging Technology

Standards incubators bring together the community to develop and nurture standards ideas for emerging
technology areas. Additionally, standards incubators could provide supportive environments with mentoring,
training, and convening resources to facilitate standards development?. Participants highlighted the use of
standards incubators as a best practice for semiconductor standards. Participants also noted the opportunity
for the community to develop more pre-competitive incubators for emerging technologies, as the options are
currently limited.

Standards Education and Workforce Development

Standards education and workforce development are crucial for ensuring a skilled workforce capable of
understanding, creating, and implementing standards. Participants highlighted the need for collaboration between
companies and educational institutions to support ongoing investment in standards education. Proposed methods
for encouraging participation and continued education in standards development included providing educational
incentives and credits, delivering ongoing professional training, and celebrating and rewarding contributions to
standards development.

CONSIDERATIONS FOR A STANDARDIZATION STRATEGY

A standardization strategy outlines the approach for developing and implementing standards supporting specific
technologies, ensuring they meet industry needs and align with broader market and community considerations. It
should be informed by a framework that considers aspects such as what to standardize, the type of deliverables
required, and the timing for standardization efforts. The strategy should also consider the capacity, commitment,
and representation of stakeholders across the technology, market, and community to ensure the successful
development and adoption of the standards.

During the workshop, participants were asked to explore the challenge of developing a standardization strategy
informed by a framework and were tasked with identifying key considerations for a standardization strategy. Key
themes identified by the participants were:

o Clear Standardization Processes

e Timeliness of Standards Development
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Clear Standardization Process

Establishing a standardization strategy requires consistent processes for standardization to minimize costs,
maximize efficiency, and reduce time-to-market. Clear steps, exit criteria, and metrics must guide the progression
from ideation to implementation. Participants emphasized the importance of incorporating testing and security
elements into the standards earlier in the process, which is often overlooked. Defining the scope and limitations of
the standardization effort is essential for creating a plan that addresses when to act (now, near term, or long term),
the form the standard should take (international standards, code, recommendation, etc.), and key considerations
(requirements, consensus, technology maturity, etc.). This structured approach ensures a thorough and efficient
path to standardization.

Timeliness of Standards Development

Participants emphasized the importance of starting standardization efforts early in product development to

align with industry requirements and avoid stifling innovation or causing fragmentation. Clear definitions and
requirements should be established to prioritize what to standardize and to optimize timing. They also emphasized
the importance of evaluating both the urgency of the problem and stakeholder commitment to ensure that the
process remains timely and effective.

ADDITIONAL FRAMEWORK RECOMMENDATIONS

The workshop discussions also led to recommendations regarding additional considerations for a standardization
readiness framework that were outside of the topics just described. Some of those key recommendations included:

e Highlight Benefits of Standardization

Participants emphasized the need for a framework that balances the costs and benefits of standardization
efforts, helping stakeholders assess feasibility and ensure a return on investment (ROI). A thorough cost-
benefit analysis is essential to ensure the financial returns justify the investment.

e Framework Flexibility and Adaptability

Participants stressed the importance of a flexible and adaptable framework for standardization to
accommodate different scenarios, processes, and users. The framework should be easily updated to reflect
ongoing developments and evolving processes. For example, the framework should be adaptable to new
trends such as the use of performance-based standards, which might be better suited to the rapid pace of
innovation than prescriptive standards. Participants also recommended that the framework could include
tools such as questionnaires, flowcharts, and matrices to help determine which technology components to
standardize and in what order.

e Leverage Existing Frameworks

Participants noted that many existing SSOs have procedures for initiating new standards activities. The
proposed standardization readiness framework's alignment with current industry standards initiation
practices highlights opportunities for future collaborative development across the standards ecosystem.
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STANDARDIZATION READINESS LEVEL SCALE

Along with discussing considerations for developing a standardization readiness framework, workshop

participants shared their insights on considerations for creating a standards readiness level (StRL) scale to inform
the standardization process. The proposed StRL scale, like the TRL scale for technology readiness, aims to provide
a common language for tracking the development of standards from initial concept to full adoption. The use of the
scale could also help to justify committing resources for standardization initiatives.

A notional nine-point StRL scale for informing the standardization process was presented to workshop
participants. The example scale was divided into three broad sections to facilitate a discussion:

e Readiness to Standardize
e Standard Development

e Readiness of the Standard

During the workshop discussions, participants emphasized several key factors to consider when developing an
StRL scale including:

o Key Milestones in the Standardization Process
o Notional Scale Levels

e Learning from Other Scales

KEY MILESTONES IN THE STANDARDIZATION PROCESS

Participants emphasized the need for a clearly defined StRL scale with levels based on key milestones in the
standardization process. The scale should account for the full complexity of standardization, from assessing
readiness for development to implementation. It should include exit criteria, adoption milestones, and readiness
metrics that can be adjusted for future use. Participants emphasized the importance of defining precise metrics to
gauge adoption rates, especially as competition in the standardization landscape grows more intense. Participants
also highlighted the need to clarify the scale points and their application by end users to effectively address each
level in the process of creating a new standard.

NOTIONAL SCALE LEVELS

Participants agreed with the three broad sections of the notional scale that was presented. They expounded that
the early stages of the StRL scale (notional levels one through three) should focus on pre-standardization activities
such as research, problem definition, market influence, and community involvement. These stages should assess
the readiness of technologies and ensure high confidence in the standard's success and should inform a standards
development strategy. The standards development stages (notional levels four through six) should address
metrology, testing, and consensus building, with a focus on interoperability and capturing necessary information.
The final stages (notional levels seven through nine) should ensure the implementation, evaluation, and revision of
the standard, with a focus on increasing adoption and meeting community needs.
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LEARNING FROM OTHER SCALES

There are several readiness level scales currently used across industries, including Integration Readiness Level
(IRL), SRL, MRL, and TRL. TRL was the first scale developed to assess the maturity of technology and remains
widely used. By analogy, StRL focuses on the readiness of a standard, considering technology readiness, market
readiness and community acceptance, among other factors. Some preliminary drafts of the StRL scale aimed to
alignits levels with those of the existing TRL scale. Workshop participants agreed that while TRL and StRL should
be related in terms of their number of levels and appearance, they must remain distinct, with TRL serving as a
potential tool within an overall StRL framework. There was no consensus on how to correlate TRL with StRL.
However, participants emphasized the need for an adaptable StRL framework and scale that accommodates the
unique requirements of different sectors, such as hardware and software.
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SUMMARY AND NEXT STEPS

WORKSHOP SUMMARY

The CHIPS R&D Standardization Readiness Level Workshop brought together over 170 stakeholders and
technical experts to discuss metrics for a standardization readiness framework and standards readiness level scale
tailored for use in the semiconductor industry. To inspire discussion, an existing, notional NIST standardization
readiness framework was presented—with elements of technology, market, and community. Participants agreed
that the notional framework provided a good baseline of considerations that are also applicable to semiconductor
standards development. Additionally, participants recommended that the notional NIST framework should be
expanded to include considerations such as addressing special factors for critical and emerging technologies,
focusing on strategic priorities aligned with standardization roadmaps, ensuring standards address industry
problems and needs, and incorporating best practices for community-building, such as highlighting the role of
incubators in providing opportunities to collaborate on pre-standardization activities. Overall, they agreed that a
consensus framework would help inform standards strategies and should be further developed.

Participants agreed that a simple-to-use standards readiness level scale would be useful for understanding and
communicating the standards process and lifecycle from concept to adoption. Participants recommended that
the StRL scale should be a nine-or ten-point scale to align with the norms of other similar readiness level scales
such as TRL or MRL, with the number of levels dependent on the outcomes of the actual scale development and
deployment. They recognized that the StRL scale would be beneficial for stakeholders to assess readiness at
various stages, including the readiness to standardize, the development of standards, and the readiness of those
standards.

The standardization readiness framework and standards readiness level scale are designed to align standards
development with industry needs, promoting innovation and collaboration within the semiconductor sector.

NEXT STEPS

The next steps should involve refining the standardization readiness framework and standards readiness level
scale based on the feedback gathered during the workshop. This includes further defining the type of tool the
framework should be and ensuring the framework's and scale’s flexibility to adapt to different standardization
scenarios. It also includes defining the criteria and milestones for each level of the StRL scale. Additionally,
ongoing engagement with stakeholders across the semiconductor ecosystem will be crucial to validate and
implement these tools effectively.
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APPENDIX A: WORKSHOP PLANNING COMMITTEE

CHIPS R&D engaged a planning committee (Workshop Planning Committee) comprised of representatives from
industry, SSOs, and NIST with expertise in the semiconductor and microelectronics industry to design, publicize,
and execute the workshop. Individuals that participated in Workshop Planning Committee activities are listed

below:
Paul Trio SEMI Standards
Alan Weber Cimetrix by PDF Solutions
Clare Allocca NIST, Standards Coordination Office
Barbara Goldstein NIST, Physical Measurement Laboratory
Eric Simmon NIST, Information Technology Laboratory
Mary Bedner NIST, CHIPS R&D Program
Jason Kahn NIST, CHIPS R&D Program
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APPENDIX B: CHIPS R&D STANDARDIZATION
READINESS LEVEL WORKSHOP AGENDA

DAY 1: JUNE 4, 2024 / 9:00AM - 5:00PM ET

Time
9:00 - 9:20 am

9:20 - 9:35am

9:35-10:05 am

10:05 - 10:50 am

10:50 - 11:00 am

11:00 - 12:00 pm

12:00 - 1:00 pm

1:00 - 1:30 pm

1:30 - 2:30 pm

2:30 - 2:45 pm

2:45 - 3:30 pm

3:30 - 4:30 pm

4:30-4:45 pm

Topic
Introduction / CHIPS R&D Standards Overview

CHIPS for America R&D Program

Keynotes -
1. “How Standards Fuel Technology Innovation”

2. “Standardization Readiness and Its Application”

Session 1: Panel - Industry experts discuss technology
considerations for informing a standardization strategy

Break

Breakout Session 1 - Participants discuss technology
considerations for informing a standardization strategy

Lunch Break

Session 2 - “Semiconductor Standardization
Experiences from a Market Perspective”

Breakout Session 2 - Participants discuss market
considerations for informing a standardization strategy

Break

Session 3: Panel - Industry experts discuss community
considerations for informing a standardization strategy

Breakout Session 3 - Participants discuss community
considerations for informing a standardization strategy

Break

Presenter
Jason Kahn (CHIPS R&D)

Marla Dowell (CHIPS R&D
Metrology Program Director)

1. Barbara Goldstein (NIST)
2. Clare Allocca (NIST)

Moderator: Alan Weber (Cimetrix
by PDF Solutions)

1. James Moyne (U. of Michigan)
2. Matt Fuller (Entegris)
3. Albert Fuchigami (PEER Group)

Led by facilitators

Alan Weber (Cimetrix by PDF
Solutions)

Led by facilitators

Moderator: Eric Simmon (NIST)

1. Jory Burson (Joint
Development Foundation)

2. Paul Trio (SEMI)
3. Daniel Gamota (Jabil)

Led by facilitators
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Time Presenter
4:45-5:00pm  Day 1 Summary Led by facilitators
5:00 pm Adjourn

DAY 2: JUNE 5, 2024 / 9:00AM - 1:.00PM ET
Time Topic Presenter
9:00 - 9:05am  Introduction (Review Agenda / Logistics) Jason Kahn (CHIPS R&D)

9:05-9:20am | Keynote - “The Importance of Standards (and Building | Jeff Pettinato (Intel)
Blocks) for Critical and Emerging Technologies”

9:20-9:35am  Day 1 Key Takeaways Speakers from Day 1 sessions

92:35-9:45am  Introduction to Session 4 - “Standardization Dan Burnett (IEEE-ISTO)
Readiness Lessons from the Internet, the Web, and
Ethereum: A Personal Perspective”

9:45-10:10am  Session 4 - Applying standardization readiness 1. Clare Allocca (NIST)
elements to inform a standardization strategy and an 2. Mary Bedner (CHIPS R&D)
StRL scale

3. Barbara Goldstein (NIST)

10:10-11:10am  Breakout Session 4 - Participants discuss the Led by facilitators
standardization readiness level framework based on
technology, market, and community considerations

11:10-11:25am Break

11:25-12:25pm Breakout Session 5 - Participants discuss a Led by facilitators
standardization readiness level scale

12:25-12:40pm | Break

12:40-12:55pm  Workshop Summary Led by facilitators
12:55-1:00pm  Discuss Next Steps Mary Bedner and Jason Kahn
(CHIPS R&D)
1:00 pm End of Workshop - Adjourn
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APPENDIX C: WORKSHOP DATA COLLECTION

During both days of the CHIPS R&D StRL Workshop, moderators, technical facilitators, and note-takers collected
data from panelists and breakout session participants to capture their ideas and inputs on both the session topics
and discussion questions. These ideas and inputs related to defining and outlining an StRL framework and scale,
providing context for their applications, and sharing additional considerations for standardization readiness
activities. Given the length of the workshop, the moderators and technical facilitators used multiple knowledge
capture methods, including session recordings, meeting minutes, virtual meeting platform chat entries, technical
notes, poll responses, and form submissions to ensure all contributions were documented. Reviewing all data
sources allowed the report writers to characterize the discussions that took place over the two days of the event
and identify key thematic topics.
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