
Materials Issues for
Tunable RF and

Microwave Devices

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41323-8 - Materials Issues for Tunable RF and Microwave Devices
Edited by Quanxi Jia, Felix A. Miranda, Daniel E. Oates and Xiaoxing Xi
Frontmatter
More information

http://www.cambridge.org/9781107413238
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41323-8 - Materials Issues for Tunable RF and Microwave Devices
Edited by Quanxi Jia, Felix A. Miranda, Daniel E. Oates and Xiaoxing Xi
Frontmatter
More information

http://www.cambridge.org/9781107413238
http://www.cambridge.org
http://www.cambridge.org


MATERIALS RESEARCH SOCIETY
SYMPOSIUM PROCEEDINGS VOLUME 603

Materials Issues for
Tunable RF and

Microwave Devices

Symposium held November 30-December 2, 1999, Boston, Massachusetts, U.S.A.

EDITORS:

Quanxi Jia
Los Alamos National Laboratory

Los Alamos, New Mexico, U.S.A.

Felix A, Miranda
NASA Glenn Research Center

Cleveland, Ohio, U.S.A.

Daniel E. Oates
Lincoln Laboratory

Massachusetts Institute of Technology
Lexington, Massachusetts, U.S.A.

Xiaoxing Xi
The Pennsylvania State University

University Park, Pennsylvania, U.S.A.

Materials Research Society
Warrendale, Pennsylvania

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41323-8 - Materials Issues for Tunable RF and Microwave Devices
Edited by Quanxi Jia, Felix A. Miranda, Daniel E. Oates and Xiaoxing Xi
Frontmatter
More information

http://www.cambridge.org/9781107413238
http://www.cambridge.org
http://www.cambridge.org


cambridge university press 
Cambridge, New York, Melbourne, Madrid, Cape Town, 
Singapore, São Paulo, Delhi, Mexico City

Cambridge University Press
32 Avenue of the Americas, New York ny 10013-2473, USA 

Published in the United States of America by Cambridge University Press, New York 

www.cambridge.org
Information on this title: www.cambridge.org/9781107413238

Materials Research Society
506 Keystone Drive, Warrendale, pa 15086
http://www.mrs.org 

© Materials Research Society 2000 

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements, 
no reproduction of any part may take place without the written  
permission of Cambridge University Press.

This publication has been registered with Copyright Clearance Center, Inc.
For further information please contact the Copyright Clearance Center,
Salem, Massachusetts.

First published 2000 
First paperback edition 2013

Single article reprints from this publication are available through
University Microfilms Inc., 300 North Zeeb Road, Ann Arbor, mi 48106

CODEN: MRSPDH

isbn 978-1-107-41323-8 Paperback

Cambridge University Press has no responsibility for the persistence or
accuracy of URLs for external or third-party internet websites referred to in
this publication, and does not guarantee that any content on such websites is,
or will remain, accurate or appropriate.

This work was supported in part by the Office of Naval Research under Grant Number 
ONR: N00014-99-1-1047. The United States Government has a royalty-free license 
throughout the world in all copyrightable material contained herein.

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41323-8 - Materials Issues for Tunable RF and Microwave Devices
Edited by Quanxi Jia, Felix A. Miranda, Daniel E. Oates and Xiaoxing Xi
Frontmatter
More information

http://www.cambridge.org/9781107413238
http://www.cambridge.org
http://www.cambridge.org


CONTENTS

Preface xi

Materials Research Society Symposium Proceedings xii

FREQUENCY AGILE MA TERIALS
FOR ELECTRONICS

* Analysis and Optimization of Thin-Film Ferroelectric
Phase Shifters 3

R.R. Romanofsky, F.W. Van Keuls, J.D. Warner, C.H. Mueller,
S.A. Alterovitz, F.A. Miranda, and A.H. Qureshi

*30 GHz Electronically Steerable Antennas Using BaxSr!_xTiO3-Based
Room-Temperature Phase Shifters 15

CM. Carlson, T.V. Rivkin, P.A. Parilla, J.D. Perkins, D.S. Ginley,
A.B. Kozyrev, V.N. Oshadchy, A.S. Pavlov, A. Golovkov, M. Sugak,
D. Kalinikos, L.C. Sengupta, L. Chiu, X. Zhang, Y. Zhu, and
S. Sengupta

*Electrodynamic Properties of Single-Crystal and Thin-Film Strontium
Titanate, and Thin-Film Barium Strontium Titanate 27

A.T. Findikoglu, Q.X. Jia, C. Kwon, B.J. Gibbons, K.0. Rasmussen,
Y. Fan, D.W. Reagor, and A.R. Bishop

First Demonstration of a Periodically Loaded Line Phase Shifter Using
BST Capacitors 37

Amit S. Nagra, Troy R. Taylor, Padmini Periaswamy, James Speck,
and Robert A. York

ELECTRIC-FIELD TUNING

*Tunable Dielectric Thin Films for HTS Microwave Applications 45
B.H. Moeckly and Y.M. Zhang

RF-Magnetron Sputtered Strontium Titanate: Structure, Processing
and Property Relationships 57

BJ. Gibbons, Y. Fan, A.T. Findikoglu, D.W. Reagor, and Q.X. Jia

* Invited Paper

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41323-8 - Materials Issues for Tunable RF and Microwave Devices
Edited by Quanxi Jia, Felix A. Miranda, Daniel E. Oates and Xiaoxing Xi
Frontmatter
More information

http://www.cambridge.org/9781107413238
http://www.cambridge.org
http://www.cambridge.org


Bai_xSrxTiO3 Thin Film Sputter-Growth Processes and Electrical
Property Relationships for High Frequency Devices 63

Jaemo Im, O. Auciello, S.K. Streiffer, P.K. Baumann, J.A. Eastman,
D.Y. Kaufman, A.R. Krauss, and Jianxing Li

MAGNETIC-FIELD TUNING

*Ferrites for Tunable RF and Microwave Devices 71
Gerald F. Dionne

* Mate rials Issues in the Application of Ferromagnetic Films in
Tunable High Q VHF/UHF Devices 83

R.M. Walser, A.P. Valanju, and W. Win

In-Plane Uniaxial Magnetic Anisotropy of Cobalt Doped
Epitaxial Films 95

Darren Dale, G. Hu, Vincent Balbarin, and Y. Suzuki

Substituted Barium Hexaferrite Films for Planar Integrated
Phase Shifters 101

S.A. Oliver, S.D. Yoon, I. Kozulin, P. Shi, X. Zuo, and
C. Vittoria

Ferromagnetic Resonance in Single Crystal Bismuth Iron
Garnet Films 107

V. Denysenkov, A. Jalali-Roudsar, N. Adachi, S. Khartsev,
A. Grishin, and T. Okuda

Magnetically Tuned Superconducting Filters 113
D.E. Oates, A.C. Anderson, and G.F. Dionne

Narrow-Linewidth Yttrium Iron Garnet Films for Heterogeneous
Integration 119

M. Levy, R.M. Osgood, Jr., F.J. Rachford, A. Kumar, and
H.Bakhru

Frequency Agile Microwave Applications Using (Ba,Sr)TiO3/Y3FesOi2
Multilayer Grown by Pulsed Laser Deposition 123

WJ. Kim, W. Chang, S.B. Qadri, H.D. Wu, J.M. Pond,
S.W. Kirchoefer, H.S. Newman, D.B. Chrisey, and J.S. Horwitz

* Invited Paper

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41323-8 - Materials Issues for Tunable RF and Microwave Devices
Edited by Quanxi Jia, Felix A. Miranda, Daniel E. Oates and Xiaoxing Xi
Frontmatter
More information

http://www.cambridge.org/9781107413238
http://www.cambridge.org
http://www.cambridge.org


HIGH-FREQUENCY APPLICA TIONS
OF FERROELECTRICS

Properties of Zr-Substituted (Ba,Sr)TiO3 Thin Films for Integrated
Capacitors 131

G.T. Stauf, P.S. Chen, W. Paw, J.F. Roeder, T. Ayguavives,
J-P. Maria, and A.I. Kingon

Bismuth Pyrochlore Films for Dielectric Applications 137
Wei Ren, Ryan Thayer, Clive A. Randall, Thomas R. Shrout,
and Susan Trolier-McKinstry

Structural and Dielectric Properties of Pulsed Laser Deposited
Pb[Yb1/2Nbi/2]O3-PbTiO3 Thin Films 143

Veronique Bornand and Susan Trolier-McKinstry

Pulsed Laser Deposited Nao.5Ko.5Nb03 Thin Films 149
Choong-Rae Cho, Alex Grishin, and Byung-Moo Moon

FERROELECTRICS

Effect of the Oxygen Partial Pressure on the Microstructure and
Properties of Barium Strontium Titanate Thin Films Synthesized
by Pulsed Laser Deposition 157

C.G. Fountzoulas, C.W. Hubbard, Eric H. Ngo, J.D. Kleinmeyer,
J.D. Demaree, P.C. Joshi, and M.W. Cole

Microstructure of YBCO and YBCO/SrTiO3/YBCO* PLD Thin Films
on Sapphire for Microwave Applications 163

M. Lorenz, H. Hochmuth, D. Natusch, T. Tharigen, V.L. Svetchnikov,
H.W. Zandbergen, C. Schafer, G. Kastner, and D. Hesse

MOCVD Growth and Characterization of (BaxSri_x)Ti1+yO3+z
Thin Films for High Frequency Devices 169

P.K. Baumann, D.Y. Kaufman, S.K. Streiffer, J. Im, O. Auciello,
R.A. Erck, J. Giumarra, J. Zebrowski, P. Baldo, and A. McCormick

Dielectric Properties of Bai_xSxTiO3 Films Grown on LaAlO3

Substrates 175
Y. Gim, T. Hudson, Y. Fan, A.T. Findikoglu, C. Kwon,
BJ. Gibbons, and Q.X. Jia

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41323-8 - Materials Issues for Tunable RF and Microwave Devices
Edited by Quanxi Jia, Felix A. Miranda, Daniel E. Oates and Xiaoxing Xi
Frontmatter
More information

http://www.cambridge.org/9781107413238
http://www.cambridge.org
http://www.cambridge.org


Microstructural Architecture of (Ba,Sr)TiO3 Thin Films for Tunable
Microwave Applications 181

Wontae Chang, James S. Horwitz, Won-Jeong Kim, Charles M. Gilmore,
Jeffrey M. Pond, Steven W. Kirchoefer, and Douglas B. Chrisey

Role of SrRuC>3 Buffer Layers in Enhancing Dielectric Properties of
Bao.5Sro.5Ti03 Tunable Capacitors 187

S.J. Park, J. Sok, E.H. Lee, and J.S. Lee

MAGNETIC AND OTHERS

Tunable Photonic Crystals 195
A. Figotin, Yu.A. Godin, and I. Vitebsky

Strain Tuned Magnetic Properties of Epitaxial Cobalt Ferrite
Thin Films 201

G. Hu, J.H. Choi, C.B. Eom, and Y. Suzuki

Electronic Structure of Tunable Materials MnAl and MnGa 207
A.N. Chantis, D.O. Demchenko, A.G. Petukhov, and
W.R.L. Lambrecht

Nanocrystalline Thin Films for Tunable High Q UHF/VHF Devices 213
Winston N. Win, Jin-Young Park, and Rodger M. Walser

FUNDAMENTALS

^Mechanisms of Dielectric Loss in Microwave Materials 221
Alexander Tagantsev

*Permittivity and Microstructure of (Ba,Sr)TiO3 Films:
Temperature and Electric Field Response 233

Yu.A. Boikov, T. Claeson, Z. Ivanov, and E. Olsson

Soft-Mode Phonons in SrTiO3 Thin Films Studied by Far-Infrared
Ellipsometry and Raman Scattering 245

A.A. Sirenko, C. Bernhard, A. Golnik, LA. Akimov, A.M. Clark,
J-H. Hao, and X.X. Xi

* Invited Paper

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41323-8 - Materials Issues for Tunable RF and Microwave Devices
Edited by Quanxi Jia, Felix A. Miranda, Daniel E. Oates and Xiaoxing Xi
Frontmatter
More information

http://www.cambridge.org/9781107413238
http://www.cambridge.org
http://www.cambridge.org


MATERIALS CHARACTERIZATION

* Broadband Determination of Microwave Permittivity and Loss in
Tunable Dielectric Thin Film Materials 253

James C. Booth, Leila R. Vale, and Ronald H. Ono

*Microwave Dielectric Tuning and Losses in Epitaxial Lift-Off
Thin Films of Strontium Titanate 265

Charles T. Rogers, Mark J. Dalberth, and John C. Price

*Local Optical Probes of Microwave Dielectric Dispersion in
Ferroelectric Thin Films 277

Charles Hubert, Jeremy Levy, E.J. Cukauskas, Steven W. Kirchoefer,
Jeffrey M. Pond, and William J. DeSisto

Performance of a Ferroelectric Tunable Pre-Select Filter/Low Noise
Amplifier Hybrid Circuit 283

Guru Subramanyam, Felix A. Miranda, Robert R. Romanofsky,
Fred Van Keuls, and Chonglin Chen

Near-Field Imaging of the Microwave Dielectric Properties of
Single-Crystal PbTiO3 and Thin-Film Sri_xBxTiO3 289

Y.G. Wang, M.E. Reeves, W. Chang, J.S. Horwitz, and W. Kim

Author Index 295

Subject Index 297

* Invited Paper

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41323-8 - Materials Issues for Tunable RF and Microwave Devices
Edited by Quanxi Jia, Felix A. Miranda, Daniel E. Oates and Xiaoxing Xi
Frontmatter
More information

http://www.cambridge.org/9781107413238
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41323-8 - Materials Issues for Tunable RF and Microwave Devices
Edited by Quanxi Jia, Felix A. Miranda, Daniel E. Oates and Xiaoxing Xi
Frontmatter
More information

http://www.cambridge.org/9781107413238
http://www.cambridge.org
http://www.cambridge.org


PREFACE

This proceedings contains papers presented at Symposium KK, "Materials Issues for
Tunable RF and Microwave Devices," held November 30-December 2 at the 1999 MRS Fall
Meeting in Boston, Massachusetts. Electric or magnetic tunability of RF and microwave
devices is desirable for a variety of civilian and military applications. In recent years, there
have been tremendous advances in thin-film processing, in particular the metal-oxide thin
films. Consequently, it has been recognized that the integration of nonlinear-dielectric, ferrite,
colossal magnetoresistive (CMR), and superconductor materials could revolutionize tunable
devices by providing new capabilities while significantly reducing size and cost.

Some of the crucial issues facing the tunable RF and microwave device technology concern
the material properties, in particular the loss in thin films of the tunable materials. Extensive
efforts are being devoted to understand the tuning and loss mechanisms, improve thin-film
processing and characterization, develop new materials, and design novel device concepts. The
papers contained in this volume are a reflection of the work currently in progress in this
exciting area. They range from electric-field to magnetic-field tuning, from devices to
materials, and from fundamental understanding to materials characterization. The authors
come from different materials communities: nonlinear dielectric, ferrite, colossal
magnetoresistive (CMR), semiconductors, superconductivity, and device engineering, etc. We
hope that this volume will serve as an up-to-date reference for the researchers inside and
outside the field of tunable RF and microwave devices, and thus contribute to new
breakthroughs in the basic and applied research in this rapidly expanding field.

Quanxi Jia
Felix A. Miranda
Daniel E. Oates
Xiaoxing Xi
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