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A Message from Dr, Laurie Locascio
Director of NIST and Undersecretary of Commerce

The US CHIPS R&D program looks forward to explore
opportunities to cooperate with allied and partner nations

on semiconductor technology innovation. We see value where 
Interest in technology roadmaps and grand challenges might align.
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The Script
n 1957: Act 1

n 1987: Act 2

n 1997: Act 3

n 2020: Act 4
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Economics

SecurityTechnology
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n Economic Success
• Obtain the maximum return with the smallest 

possible investment (e.g., most Companies)

n Technology Leadership
• Master the most advanced technology no matter 

how much it costs (i.e., first man on the Moon)

n Security Requirements
• Keep the most advanced technology completely 

exclusive (i.e., many governments)

Electronics Industry Drivers
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These requirements are completely inconsistent with each other
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Nothing is New
But

Never is the Same
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First Act
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October 3, 1957October 3, 1957
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First Shocker
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Defense Advanced Research Projects Agency
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USG Silicon
Valley
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Second Act
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August 12, 1981

IBM selected Intel and Microsoft for PC
(August 1980-August 1981)
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Second Shocker
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US-Japan Semiconductor Actual Market Share
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Japan

US
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Semiconductor Equipment Market 
Share
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Sematech Objectives
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Correct Problem Statement 
1. US and Japanese companies had at the time the 

same technology capabilities
2. Japanese equipment was superior in quality, 

accuracy and reliability to US equipment
3. Manufacturing methods of Japanese companies 

were superior to US
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Scaling Continues beyond Imagination

Production 1989 1991 1993 1995 1997 1999

Generation 1.00 0.80 0.50 0.35 0.25 0.18

Gate Length 1.00 0.80 0.50 0.35 0.20 0.13

SRAM Cell 220 111 44 21 10.6 5.6

Power Supply 5.0 5.0 3.3 2.5 1.8 1.5

# Metal 2 3 4 4 5 6

New generation every 2 years 

R
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Revised Sematech Mission
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Semiconductor Equipment Market 
Share
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New Sematech
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Japan

US

Asia

Europe

Semiconductor Market Share
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Third Act
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Third Shocker
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Gate Dielectric Scaling
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You Are Here!

Silicon substrate

1.2nm  SiO2

Gate

From My Files
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ITRS 1.0

1998

Japan KoreaEurope Taiwan USA

International Technology Roadmap for Semiconductors
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The Ideal MOS Transistor

From My Files

Fully Surrounding
Metal Electrode

High-K
Gate Insulator

Fully Enclosed,
Depleted
Semiconductor

Low Resistance
Source/Drain

DrainSource
Metal Gate Insulator

Band Engineered
Semiconductor
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Research
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Fourth Act
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1965-2011: From Planar Transistor to FinFET
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http://irds.ieee.org/

IRDS
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3D Power Scaling
2015->2025-2040

MEMORY LOGIC
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Samsung, IEDM 2021
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3D Power Scaling
2015->2025-2040

MEMORY LOGIC
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Gate All Around (GAA) by nanosheets technology in 2025
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Fourth Shocker

47



P.Gargini2023 NTRS202 48

January 2020
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Semiconductor Manufacturing Investments
in US
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19%
13% 12%

300mm HK/MG FinFETM&A
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Technology

Organization

Workforce
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Prototyping
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Lesson from Act 1

Lesson from Act 1

Proposal



P.Gargini2023 NTRS202 64

Lesson from Act 2

Lesson from Act 3

Lesson from Act 3

Proposal
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Actual
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Actual
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Actual
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2021 IRDS Proposal
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Beyond CMOS
Actual
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http://irds.ieee.org/

IRDS
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IRDS Plans
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ELECTRONICS
INDUSTRY 
DRIVERS

2023 IRDS VISION
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Multidimensional Challenges

Research

Pilot

Development Manufacturing
HVMS
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Multidimensional Bridges

Research

Pilot

Development Manufacturing
HVMS
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IRDS Exceeded 1,000,000 Pageviews!
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https://irds.ieee.org/editions/2023


