INFORMATION TO USERS

This manusczript has been reproduced from the microfilm master. UMI films the
text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewnriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality ilustrations and
photographs, print bleedthrough, substandard margins, and improper alignment
can adversely affect reproduction.

in the unlikely event that the author did not send UM! a complete manuscript and
there are missing pages, these will be noted. Also, if unauthorized copyright
material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by sectioning
the original, beginning at the upper left-hand comer and continuing from left to
right in equal sections with small overiaps.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6° x 9" black and white photographic
prints are available for any photographs or illustrations appearing in this copy for
an additional charge. Contact UMI directly to order.

Bell & Howell Information and Leaming
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA

800-521-0800

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



NOTE TO USERS

Duplicate page number(s); text follows.
The manuscript was microfilmed as received.

19, 80, 122, 166, and 167

This reproduction is the best copy available.

UMI

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DEVELOPMENT AND APPLICATION OF HIGH-TEMPERATURE-

APPLICABLE PIEZOELECTRIC FILM SENSORS

Barend R. Jooste

A DISSERTATION

Presented to the Faculty of

the Graduate College at the University of Nebraska

In Partial Fulfillment of Requirements

For the Degree of Doctor of Philosophy

Major: Interdepartemental Area of Engineering (Chemical and Materials Engineering)

Under the Supervision of Professor Hendrik J. Viljoen

Lincoln, Nebraska

December, 1999

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UMI Number: 8952685

Copyright 2000 by
Jooste, Barend Rudolf

All rights reserved.

®

UMI

UMI Microform9952685
Copyright 2000 by Bell & Howell Information and Leaming Company.

All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

Bell & Howell information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DISSERTATION TITLE

EveveropmpaT  ANDY  APPLIGTION oe Jligy - Tempsipiuis —

Do icaRee  PIE2OFCEC TRIC _Fremn SEnsoks

BY

Bf‘ﬁfn& R 1223575

SUPERVISORY COMMITTEE:

gﬁ/@ﬁ APPROVED o . geﬁ;;lji%éﬁ

1}
i
1

Sngnalure
L. Eoigr.ron/
Typed Name
Signature
. Dzom
Typed Natfie ;4

%ﬁﬁ% /}5}571ﬁ J

Signature

D.T/mm

Typed Name

2/13/17
7

Signature

H.

Typed Name

Signature

Typed Name

Signature

Typed Name

GRADUATE COLLEGE
UNIVERSITY OF NEBRASKA

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DEVELOPMENT AND APPLICATION OF HIGH-TEMPERATURE-APPLICABLE

PIEZOELECTRIC FILM SENSORS

Barend Rudolf Jooste, Ph.D.

University of Nebraska, 1999

Adviser: Hendnk J. Viljoen

Piezoelectric transducers are used extensively as acoustic sensors and actuators in
the non-destructive testing (NDT) of engineering structures and materials at room
temperature. There is also a need for acoustic sensors that can operate at high
temperatures, for example the monitoring of acoustic disturbances in gaseous combustion
processes that cause combustion instability in the gas phase and structural vibrations in
combustion apparatus. The sensors could be integrated into a smart control system to
stabilize the combustion process and minimize structural vibrations. Another application

is in an embedded sensor network for NDT of high temperature composite vessels.

Tantalum pentoxide (Ta,0;) was investigated as a possible high temperature

resistant piezoelectric material. Thin films of Ta,O, were deposited by reactive sputtering

with and without substrate heating. Crystalline films were obtained by film deposition at

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



450°C and by annealing films deposited without substrate heating. Crystalline B-Ta,O; is
formed at these conditions with either monoclinic or orthorhombic crystal structure,
which is stable up to 1360 °C and piezoelectric. The piezoelectric response of thermally
crystallized Ta,O, film was investigated qualitatively for different annealing
temperatures. The piezoelectric response for Ta,O; films deposited in the crystallized
form at 450°C were found to have a stronger piezoelectric response than thermally
crystallized Ta,O; films and the piezoelectric constant, d,, , of the film determined, based
on a freely vibrating cantilevered beam technique. The technique could possibly be
extended to measurement of piezoelectric properties of films at elevated temperatures.

“  The constant d,, was determined for Ta,O; film deposited at 450 °C, and for film

subsequently exposed to 700 °C in air.

A spring-node model with simulation results is also presented for stress wave
propagation in isotropic and transversely isotropic materials with or without piezoelectric
properties for intact and flawed material. The model was applied to the impact-echo NDT
technique for thick fiber composite materials where a piezoelectric film sensor is used.

Experimental and theoretical sensor responses are compared.
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