2021 IEEE International
Roadmap for Devices and Systems
Outbriefts (IRDS Outbriefs 2021)

Santa Clara, California, USA
30 November 2021

‘@ I E E E IEEE Catalog Number: CFP21BQ8-POD
° ISBN: 978-1-6654-8639-2



Copyright © 2021 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP21BQ8-POD
ISBN (Print-On-Demand): 978-1-6654-8639-2
ISBN (Online): 978-1-6654-8638-5

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

.com

proceedings



2021 IEEE International
Roadmap for Devices and
Systems Outbriefs

IRDS 2021

Table of Contents

WHhat iS th@ IRDS? ... ..o o e e e e e e e e e v
Committee Acknowledgments ... Vi
2021 IRDS Teams' Acknowledgments ... vii

2021 IEEE International Roadmap for Devices and Systems
Outbriefs

EXECULIVE SUMMIAIY ... e 1
Linda Wilson (Roadmap Consultant for IEEE), Hidemi Ishiuchi (Retired),
Paolo Gargini (IEEE-IRDS), Alan Allan (Industry Consultant), Francis
Balestra (CNRS-Grenoble INP-Sinano Institute), Yoshihiro Hayashi (KEIO
University), and Leo Kenny (University of New Mexico, and
PLANETSINGULAR)

ApPlication BENCAMAIKING ..........ooiiiiiiiiiiiiiie e 67
Tom Conte (Georgia Tech)

Systems and ArChiteCIUIES ... .. o e 111
Stephen Dukes (Dreamerse, LLC.) and Kirk Bresniker (Hewlett Packard
Enterprise)

MOFE MOOKE .o 135
Mustafa Badaroglu (Qualcomm)

BeYONA CMOS . 173
Shamik Das (The MITRE Corporation), An Chen (IBM), and Matt Marinella
(Arizona State University)

Cryogenic Electronics and Quantum Information ProCessing .............ooovooeeiiiiiiiiiiiieeiee 303
D. Scott Holmes (Booz Allen Hamilton)

More than Moore White Paper ... ... 397
Mart Graef (Delft University of Technology)

Outside System CONNECLIVITY ... e 445
Michael Garner (Garner Nanotechnology Solutions)

Packaging Integration White Paper ... ... 495
Dev Gupta (APSTL)

FaCtory INTEEIatioN ... o e 523
Supika Mashiro (Tokyo Electron Limited) and James Moyne (University of
Michigan)



LItNO AP Y .o 601
Mark Neisser (Xiamen University Tan Kah Kee Innovation Center), Harry.
J. Levinson (HJL Lithography), Stefan Wurm (ATICE, LLC), David Kyser
(Semiconductor Technology Consultant), Takeo Watanabe (University of
Hyogo), Ken Macwilliams (Multibeam Corporation), Hidemi Ishiuchi
(non-affiliated), Walt Trybula (Trybula Foundation, Inc.), Naoya
Hayashi (DNP), Ted Fedynyshyn (MIT Lincoln Laboratory), Craig Higgins
(KLA), Tsuyoshi Nakamura (TOK), Doug Resnick (Canon Nanotechnologies),
Moshe Preil (Zeiss), Michael Lercel (ASML), Hajime Aoyama (Nikon), and
Erik Hosler (PsiQuantum LLC)

Yield ENNanCem et 613
Daniel Wilcox (Page Southerland Page, USA) and Slava Libman
(FTDSolutions)

MELIOIOBY ... 661

Benjamin Bunday (AMAG Consulting, LLC) and George Orji (NIST)





