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Editor’s Note

As it did last year, the level of participation in this year’s Proceedings exceeds
85% of all the papers presented at the 1992 Ultrasonics Symposium.

Additional copies of the Proceedings may be obtained by contacting the |IEEE
Service Center, 445 Hoes Lane, Piscataway, NJ 08854. Order catalog number
92CH3118-7.

B. R. McAvoy

Proceedings Editor

Westinghouse Science and Technology Center
1310 Beulah Road

Pittsburgh, PA 15235

December 14, 1992



BIBLIOTHEQUE DU CERIST

Exhibitor’s Sponsors 1992

Crystal Technology

P.R. Hoffman Materials
Valpey Fisher Corp.
RITEC, Inc.

Staveley Sensors, Inc.
PPM Photomask

Sawyer Research Products

UFFC Society

SYMPOSIUM ORGANIZING COMMITTEE

General Chairman
Fred S. Hickernell

Technical Program Chairman

Gary K. Montress
Finance
Susan C. Schneider

Publicity
Vijay Nair

Local Arrangements
Hal Tharp

Guest Program
Thresa Hickernell

Short Courses
Janpu Hou

Proceedings Editor

Bruce R. McAvoy

Conference Management
Lawrence R. Whicker

Motorola, Inc.,

Government Electronics Group

Raytheon Company,
Research Division

Marquette University, Milwaukee

Motorola, Inc., PCRL

University of Arizona, Tucson

Allied-Signal, Inc.

Westinghouse Electric Corporation,
Science & Technology Center

LRW Associates



BIBLIOTHEQUE DU CERIST

Symposium Technical Program Committee

GROUP 1: Medical Ultrasonics & Transducers

Mark E. Schafer Sonic Technologies, Inc.
Vice Chairman

Paul J. Benkeser Georgia Institute of
Technology

Gary H. Brandenburger Mallinckrodt Medical, Inc.

Charles A. Cain University of Michigan,
Ann Arbor

L. Eric Cross The Pennsylvania State
University

Helmut Ermert Ruhr University, Germany

Katherine W. Ferrara California State University,
Sacramento

James F. Greenleaf Mayo Clinic

Masao Ide Musashi Institute of
Technology, Japan

John R. Klepper Institute of Applied
Physiology & Medicine,
Seattle

John D. Larson Hewlett-Packard Laboratories

Reinhard Lerch University of Linz, Austria

James G. Miller Washington University,
St Louis

Vernon L. Newhouse Drexel University,
Philadelphia

William D. O’Brien, Jr. University of Hifinois, Urbana

Kevin J. Parker University of Rochester

Helen F. Routh Advanced Technology
Laboratories

K. Kirk Shung The Pennsylvania State
University

Wallace A. Smith Office of Naval Research

Roger H. Tancrell Raytheon Company,

Research Division

GROUP 2: NDE & Sensors

Gerald V. Blessing National Institute of Standards
Vice Chairman & Technology

Richard L. Baer Hewlett-Packard Laboratories

Narendra K. Batra Naval Research Laboratory

Eric S. Furgason Purdue University

Larry W. Kessler Sonoscan, inc.

Doron Kishoni NASA — Langley Research
Center

Eric I. Madaras NASA — Langley Research
Center

M. Edward Motamedi Rockwell International

Science Center
Emmanuel P. Papadakis fowa State University, Ames

Gerard J. Quentin Universite Paris

Jafar Saniie Hinois Institute of Technology

Jeffrey 5. Schoenwaid Rockweill International
Science Center

Anthony N. Sinclair University of Toronto

Bernhard R. Tittmann The Pennsylvania State
University

Jiromaru Tsujino Kanagawa University, Japan

H. Kumar Wickramasinghe /IBM Thomas J. Watson
Research Center

Celia E. Yeack-Scranton {BM Research Division,
Almaden

Donald E. Yuhas Aliied-Signal, Inc.

GROUP 3: Physical Acoustics

Arthur Ballato U.S. Army Research
Vice Chairman Laboratory, Ft. Monmouth
John D. Adam Westinghouse Eleclric

Corporation, Science &
Technology Center

Mack A. Breazeale National Center for Physical
Acoustics, University of
Mississippi

Jan Brown

Gerald W. Farnell McGiil University, Montreal

Brage Golding Michigan State University

David L. Hecht Xerox Palo Alto Research
Center

John N. Lee Naval Research Laboratory

Moises Levy University of Wisconsin,
Milwaukee

Bruce R. McAvoy Westinghouse Electric

Corporation, Science &
Technology Center
Robert A. Moore Westinghouse Electric
Corporation, Electronics
Systems Group

John M. Owens Auburn University
Dennis R. Pape Photonic Systems Incorporated
Harry L. Salvo, Jr. Westinghouse Electric

Corporation, Electronic
Systems Group

Susan C. Schneider Marquette University,
Milwaukes

Bikash K. Sinha Schiumberger-Doll Research
Center

Jan G. Smits Boston University

Joseph Trivisonho John Carrofl University,
Cleveland

Chen 8. Tsai University of California, Irvine

John R. Vig U.S. Army Research
Laboratory, Ft. Monmouth

Yook-Kong Yong Rutgers University

GROUP 4: Surface Acoustic Waves (SAWs)

Gary K. Montress Raytheon Company,

Vice Chairman Research Division

Eric L. Adler McGill University, Montreal

Tim L. Bagwell Hewlett-Packard Company,
MTD

Larry J. Castelli Crystal Technology, Inc.

Curt A. Flory Hewlelt-Packard {aboratories

Edward M. Garber TRW, Electronics &
Technology Division

Thomas W. Grudkowski United Technologies
Research Center

Fred 5. Hickernell Motorola, Inc., Government
Electronics Group

Brent Horine SAWTEK, Inc.

Janpu Hou Allied-Signal, Inc.

Shen Jen Hartmann Research, Inc.

Donald C. Malocha University of Central Florida,
Orlando

Carl M. Panasik Texas Instruments, Inc.

David Penunuri Motorola, Inc., Government
Electronics Group

Bob R. Potter RF Monolithics, Inc.

Clemens C.W. Ruppel Siemens AG

Adrian Venema Delft University of Technology,
The Netherlands

Peter V. Wright RF Monolithics, Inc.

Kazuhiko Yamanouchi Tohoku University, Japan



1992 IEEE Ultrasonics Symposium ¢ Condensed Program

MONDAY, OCT. 19

Registration 6:00 p.m. — 9:00 p.m.

TUESDAY, OCT. 20

8:00 a.m. - 12:00 noon
1:00 pm. - 500 p.m,
6:00 p.m. - 10:00 p.m.
8:00 a.m. - 12:00 noon
1:00 p.m. - 5:00 p.m.

6:00 p.m. - 10:00 p.m.

Registration 7:30 am. - 1:30 p.m, 5:30 p.m. - 8:00 p.m.

Short Courses:

Course 1: Piezoeiactric Materials for Ultrasonic Transducers: Piezocomposites and Beyond (Plaza Meeting Room)
Course 2 Basic Ultrasound Principles and Their Connection to Medical Ultrasound (Plaze Maeting Room)

Coursae 3: Medical Imaging (Plaze Mesting Room)

Course 4. Bulk Wave Resonators and Transducers (Forum Meating Room)

Course 5 High Stability SAW Oscillaters: Design and Performance (Forum Meeting Room}

Course 6: Fundamentals of ilirasonic Sensors (Forum Meeting Room)

WEDNESDAY, OCT. 21
B:00 a.m. — 10:00 a.m.
10:00 a.m. - 10:30 a.m.

10:30 a.m. - 12:00 noon

Registration 7:30 a.m. - 5:00 p.m.
Plenary Session — Located in Leo Rich Theater in Tucson Convention Center
Rafreshments — Exhibits Area

EMPIRE EAST
A Therapautic Ultrasound

STARLIGHT ROQM

B Acoustic Microscopy |-
Fechniques

FORUM MEETING ROOM
€ Geophysical Acoustics

EMPIRE WEST

D Analysis & Compensation of
SAW Filters

12:00 noon - 1:30 p.m.

Lunch

1:30 pm. - 3:00 pm.

F Acoustic Microscopy Il G Ultrasonic Motors H SAW Resonators

Applications

E Hyperthermia

3:00 p.m. - 3:30 p.m.

Refreshmenis — Exhibits Area

3:30 p.m. - 5:30 p.m.

Posters (PA-PL): Empire Center and Lobby Area
P

A |Image Processing PG Physical Acoustics |
PB Transducer Materials & Technelogy PH Photoacoustics & Acousto-Oplics
PC Madical Ultrasaund Topics Pl Physical Acoustics Ii
PD NDE & Industrial Ultrasonics PJ SAW Filters
PE Sensors & Sonic Processing PK SAW Resonators & Oscillators and HACT Devices
PF Uitrasenic Signa! Processing PL SAW Materials & Propagation

6:00 p.m. - 8:00 p.m.

Social Gathering (Starfight Room)

THURSDAY, OCT. 22

8:30 a.m. — 10:00 a.m.

Registration 7:30 a.m. - 5:00 p.m.

EMPIRE EAST
1 Clinical imaging

EMPIRE WEST
L Low Loss SAW Filters

STARLIGHT RQOM
J Liguids & Biosensors

FORUM MEETING ROOM
K Microscopic Physical Acoustics

10:00 a.m. - 10:30 a.m.

Refreshments — Exhibits Area

10:30 a.m. - 12:00 noon | M Conirast Agents & Bubbles N Ultrasonic Image Procassing O Magnetostatic Waves & P SAW & Leaky SAW Propagation
Acousto-Optics

12:00 noon - 1:30 p.m. Lunch

1:30 p.m. - 3:00 p.m. G Blood Flow /& Intalligent Processing of Ultra- S Lamb Waves T SAW Resonator Filters

senic Signals

3:00 p.m. - 3:30 p.m.

Reireshments — Exhibits Area

3:30 pm. - 500 p.m.

U Three Dimensional Imaging ¥ SAW Sensors X S5AW Packaging & Filters

lw Bulk Resonators & Yransducers

5:30 p.m. - 10:00 p.m.

Expanence the Okd West — Oid Tucson Studio

FRIDAY, OCT. 23

8:30 a.m. - 10:00 a.m.

Aegistration 7:30 a.m_ - 1:30 p.m
EMPIRE EAST

Y Transducer Materials

EMPIRE WEST
BB SAW System Applications

STARLIGHT ROOM
Z Laser-Based Ultrasonics

FORUM MEETING ROOM

AA Metals, Superconductors, &
Polymers

10:00 a.m. - 10:30 a.m.

Refreshments — Exhibits Area

10:30 a.m. - 12:00 noon

CC Transducers & Arrays |

DD Characterization of Defects EE Acousto-Optic Systems and
Devices

| FF Ultrasonic Properties of Tissues

12:00 noon — 1:30 p.m.

Lunch

1:30 p.m. - 3:00 p.m.

HH Smart Materials and Process
Menitoring & Control

GG Transducers & Arrays Il ‘ 44 Tissue Motion

I Il NDE of Adhesive Bonds

3:00 p.m. - 3:30 p.m.

Refreshments — Exhibits Area

3:00 p.m. — 5:00 p.m.

NN Tissue Characterization
Measurement Methodology

EMPIRE WEST

LL Untrasenic Characterization of
Material Properties

STARLIGHT ROOM

KK Transducers: Diffraction &
Aberration

EMPIRE EAST

MM Thin Film Properties & SAW
Applications

FORUM MEETING ROOM
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1992
Ultrasonics
Symposium
Session
Reference

Sessions

SAW Filters, Devices and MSW

Signal Processing and Sensors

SAW Materials and Lamb Waves

Resonators and Bulk Waves

Acousto-Optics and Photoacoustics

Arrays, Transducers and Geophysical

Acoustic Microscopy

NDE

Motors

Physical Acoustics and Materials

Tissue Characterization and Dosimetry

Medical Imaging

Flow Measurement

Signal Processing

Therapeutics

Pages

1-226

227-368

369-464

465-492

493-522

523-714

715-762

763-886

887-904

905-1038

1039-1100

1101-1168

1169-1190

1191-1230

1231-1286
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