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Foreword

Advances in miniaturization technologies have had dramatic impacts on our lives. Radios, com-
puters, and telephones that once occupied large volumes now fit in the palm of a hand. Dozens of sen-
sors are sent on spacecraft to the planets and on instruments into the human body. Electronic brains
are in everything from bombs to washing machines.

This report analyzes various technologies that may be important for future advances in miniatur-
ization. Current research in the United States and other nations is pushing the limits of miniaturization
to the point that structures only hundreds of atoms thick will be commonly manufactured. Researchers
studying atomic and molecular interactions are continuing to push the frontiers, creating knowledge
needed to continue progress in miniaturization. Scientists and engineers are creating microscopic me-
chanical structures and biological sensors that will have novel and diverse applications.

OTA characterizes U.S. research and development in miniaturization technologies as the best in
the world. Despite the growing prowess of foreign research, American researchers continue to innovate
and push the frontiers of miniaturization. The more elusive challenge is to translate success in the labo-
ratory to success in the global marketplace.

OTA gratefully acknowledges the contributions of the workshop participants, contractors, review-
ers, and contributors who provided information, advice, and assistance. OTA, of course, bears sole
responsibility for the contents of this report.

MW/MJ

JOHN H. GiIBBONS
Director

iii



Miniaturization of Electronic and Mechanical Devices Workshop, Feb. 19, 1991

Karl Hess, Chairman
Professor of Electrical Engineering
Beckman Institute -

University of Illinois

Fernand Bedard
Research Physicist
National Security Agency

T.H. Phillip Chang
IBM T.J. Watson Research Center

Harold Craighead

Director

Nationa Nanofabrication Facility
Cornéell University

Eric Drexler

Visiting Scholar

Stanford Computer Science Department
Stanford University

David K. Ferry

Regents Professor

Department of Electrical Engineering
Arizona State University

Kaigham Gabriel
AT&T Bell Labs

Stephen Jacobsen

Director

Center of Engineering Design
University of Utah

Wen Hsiung Ko

Professor of Electrical Engineering
Professor of Biomedical Engineering
Member of the Electronics Design Center
Case Western Reserve University

Carl Kukkonen

Director

Center for Space Microelectronics Technology
Jet Propulsion Laboratory

Richard S. Muller

Department of Electrical Engineering/
Computer Science

University of California at Berkeley

James S. Murday
Superintendent of Chemistry
Naval Research Laboratory

Richard Potember
Johns Hopkins Applied Physics Lab

Arati Prabhakar

Director

Microelectronics Technology Office
DARPA

George Sai-Haasz
Research Staff Member
IBM T.J. Watson Research Center

NOTE: OTA appreciates and is grateful for the valuable assistance and thoughtful critiques provided by the workshop participants. The
workshop participants do not, however, necessarily approve, disapprove, or endorse this report. OTA assumes full responsibility

for the report and the accuracy of its contents.



Miniaturization Technologies Project Staff

John Andelin, Assistant Director, OTA
Science, Information, and Natural Resources Division

James W. Curlin, Program Manager
Telecommunication and Computing Technologies Program

Project Staff

Sunil Paul, Project Director

Contractor Staff

Harold Craighead, Cornell University
Michael Skvarla, Cornell University
Clayton Teague, National Institute of Standards and Technology

Administrative Staff

Liz Emanuel, Office Administrator
Jo Anne Young, Secretary
Karolyn St. Clair, PC Specialist



John Alic

Industry, Technology and
Employment Program

Office of Technology Assessment

Samuel Baldwin
Energy and Materials Program
Office of Technology Assessment

Robert Bate
Texas Instruments

Fernand Bedard
National Security Agency

Robert Birge
Center for Molecular Electronics
Syracuse University

Frederico Capasso
AT&T Bell Labs

Kenneth Davis
Electronics Division
Office of Naval Research

Bob Dennard
IBM

Eric Drexler

Stanford Computer Science
Department

Stanford University

Larry Dworsky
Motorola, Inc.

David K. Ferry
Arizona State University

Kaigham Gabriel
AT&T Bell Labs

Joseph Giachino
Ford Motor Co.

L Va Giddings
U.S. Department of Agriculture

Miniaturization Technologies

Reviewers

Lance Glasser
DARPA

Henry Guckel
University of Wisconsin-
Madison

George Hazelrigg

Electrical and Communications
Systems Division

National Science Foundation

Karl Hess
University of Illinois

Stephen Jacobsen
Center of Engineering Design
University of Utah

Wen Hsiung Ko

Electrical Engineering and
Applied Physics

Case Western Reserve University

Carl Kukkonen

Center for Space Microelectronics
Technology

Jet Propulsion Laboratory

Rolf Landauer
IBM

Ralph Merkle
Xerox Palo Alto Research Center

Lester W. Milbrath
State University of New York
at Buffado

Richard S. Muller

Department of Electrical
Engineering/Computer Science

University of California at Berkeley

James S. Murday
Naval Research Laboratory

Robyn Nishimi
Biological Applications Program
Office of Technology Assessment

Wally Parce
Molecular Devices

Carl Pilcher

Office of Space Science
and Applications

National Aeronautics and
Space Administration

Richard Potember
Johns Hopkins Applied Physics Lab

Arati Prabhakar
DARPA

George Sai-Halasz
IBM T.J. Watson Research Center

Charles Shanley
Motorola, Inc.

Clayton Teague
NIST

William Trimmer
Princeton University

William Troutman
AT&T

Matthew Weinberg
Energy and Materials Program
Office of Technology Assessment

Sheryl Winston
Biological Applications Program
Office of Technology Assessment

Ken D. Wise
The University of Michigan

NOTE: OTA appreciates and is grateful for the valuable assistance and thoughtful critiques provided by the reviewers. The
reviewers do not, however, necessarily approve, disapprove, or endorse this report. OTA assumes full responsibility for the
report and the accuracy of its contents.



