SOL-GEL TECHNOLOGY
FOR
THIN FILMS, FIBERS,
PREFORMS, ELECTRONICS
AND SPECIALTY SHAPES

Edited by
Lisa C. Klein

NOYES PUBLICATIONS



SOL-GEL TECHNOLOGY
FOR
THIN FILMS,
FIBERS, PREFORMS,
ELECTRONICS, AND
SPECIALTY SHAPES

MM%MW

Center f
College fE g ng
Rutgers—The State Un ty fN w Jersey
Piscataway, New Jersey

n p NOYES PUBLICATIONS

Park Ridge, New Jerssy, U.S.A




Copyright © 1988 by Noyes Publications
No part of this book may be reproduced or utilized in
any form or by any means, electronic or mechanical,
including photocopying, recording or by any informa-
tion storage and retrieval system, without permission
in writing from the Publisher.

Library of Congress Catalog Card Number: 87-34780

ISBN: 0-8155-1154-X

Printed in the United States

Published in the United States of America by
Noyes Publications
Mill Road, Park Ridge, New Jersey 07656

10987654321

Library of Congress Cataloging-in-Publication Data

Sol-Gel technology for thin films, fibers, preforms,
electronics, and speciality shapes.

Bibliography: p.

Includes index.

1. Ceramic materials. 2. Glass fibers.
3. Thin films. 4. Colloids. |, Klein, Lisa C.
TP862.S65 1988 666'.15 87-34780
ISBN 0-8155-1154-X



SOL-GEL TECHNOLOGY
FOR THIN FILMS, FIBERS, PREFORMS,
ELECTRONICS, AND SPECIALTY SHAPES



MATERIALS SCIENCE AND PROCESS TECHNOLOGY SERIES

Editors

Rointan F. Bunshah, University of California, Los Angeles (Materials
Science and Technology)

Gary E. McGuire, Microelectronics Center of North Carolina (Elec-
tronic Materials and Processing)

DEPOSITION TECHNOLOGIES FOR FILMS AND COATINGS; Develop-
ments and Applications: by Rointan F. Bunshah et al

CHEMICAL VAPOR DEPOSITION FOR MICROELECTRONICS; Principles,
Technology, and Applications: by Arthur Sherman

SEMICONDUCTOR MATERIALS AND PROCESS TECHNOLOGY HAND-
BOOK; For Very Large Scale Integration (VLSI) and Ultra Large Scale Integration
(ULSI): edited by Gary E. McGuire

SOL-GEL TECHNOLOGY FOR THIN FILMS, FIBERS, PREFORMS, ELEC-
TRONICS, AND SPECIALTY SHAPES: edited by Lisa C. Klein

HYBRID MICROCIRCUIT TECHNOLOGY HANDBOOK; Materials, Proc-
esses, Design, Testing and Production: by James J. Licari and Leonard R.
Enlow

HANDBOOK OF THIN FILM DEPOSITION PROCESSES AND TECH-

NIQUES; Principles, Methods, Equipment and Applications: edited by
Klaus K. Schuegraf

Related Titles

ADHESIVES TECHNOLOGY HANDBOOK: by Arthur H. Landrock
HANDBOOK OF THERMOSET PLASTICS: edited by Sidney H. Goodman

HANDBOOK OF CONTAMINATION CONTROL IN MICROELECTRONICS:
Principles, Applications and Technology: edited by Donald L. Tolliver



To my daughter, Martha Ann Kinsella, who
was born while the book was in progress.

and

To Dennis Ravaine, my scientific collabora-
tor and friend, who passed away suddenly
in 1986.



Preface

This book covers the principles, developments, techniques, and applica-
tions of sol-gel processing. The sol-gel process is not new, however, a few com-
mercial successes in the recent past have revived interest. The commercial
successes are largely in the area of thin films. These films have been developed
for optical, mechanical and electrical applications. About one-third of this book
covers thin films.

The second area where there has been commercial success is fibers. These
fibers whether spun or drawn may be continuous or woven. The applications
realized and projected are refractories, composite reinforcement and thermal
insulation. About one-third of this book covers fibers.

The third area encompasses the special applications such as preforms, micro-
balloons and electronics. Discussion of the chemistry, polymerization, drying
and characterization are all necessary parts of a treatment of sol-gel processing.

The anticipated product of this effort is a book that covers the background
and fundamentals. Also, it evaluates the present technology and projects new
directions short range and long range.

The graduate students at Rutgers University, P. Anderson, H. deLambilly,
T. Gallo, T. Lombardi and J. Ryan, are thanked for their editorial assistance.
Visiting scientists Jean-Yves Chane-Ching and Henry Wautier served as reviewers.

Center for Ceramics Research Lisa C. Klein
Rutgers—The State University of New Jersey

Piscataway, New Jersey

December 1987
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NOTICE

To the best of the Publisher's knowledge
the information contained in this publica-
tion is accurate; however, the Publisher
assumes no liability for errors or any con-
sequences arising from the use of the in-
formation contained herein. Final deter-
mination of the suitability of any informa-
tion, procedure, or product for use con-
templated by any user, and the manner
of that use, is the sole responsibility of the
user.

Mention of trade names or commercial
products does not consititute endorsement
or recommendation for use by the Publisher.

The book is intended for informational
purposes only. The reader is warned that
caution must always be exercised when
dealing with hazardous materials, and expert
advice should be obtained at all times when
implementation is being considered.
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