
Ferroelectricity Newsletter
A quarterly update on what’s happening in the field of ferroelectricity

Volume 2, Number 4 Fall 1994

Volume 2, Number 4
Fall 1994

Ferroelectricity Newsletter

The Ferroelectricity Newsletter is
published quarterly by the Naval
Postgraduate School, Space Systems
Academic Group, Monterey, Califor-
nia, with the support of the  Ad-
vanced Research Projects Agency
(ARPA) and the Office of Naval
Research (ONR).

Prof. Rudolf Panholzer
Editor-in-Chief
Dr. Hannah Liebmann
Managing Editor

Please direct inquiries to
Hannah Liebmann
500 Glenwood Circle, Suite 238
Monterey, CA 93940-4724
Phone (408) 649-5899
Fax (408) 655-3734

© 1994 NPS Space Systems Acad. Group

INTERNATIONAL REPRESENTATION KEEPS GROWING

The centennial of the observation of the first dielectric anomaly with
temperature in Rochelle Salt is drawing to a close.  During this year, a lot of
activity took place in the ferroelectrics community both on stage, that is in
conferences, symposia, and workshops, and behind the scenes, in laborato-
ries all around the globe.

This accelerated progress in research and application is reflected in the
scope of the Ferroelectricity Newsletter.  As you recall, the Summer issue
had double the number of pages, mainly due to the comprehensive report on
ferroelectric research activities in Japan and the large number of papers
presented at the ISAF 94.

During its second year of publication, the Ferroelectricity Newsletter
became a truly international tool of communication.  In addition to Profes-
sor L. Eric Cross's second installment of his historical overview (see pages
2 to 7), this issue brings you the list of papers presented at the Sixth Inter-
national Seminar on Ferroelastic Physics in Voronezh, Russia,  (see
pages 2 to 8), provided by Professor Stanislav A. Gridnev of the Depart-
ment of Solid State Physics at Voronezh State Technical University.

Professor Jonas Grigas of the Physics Department at Vilnius Univer-
sity in Lithuania contributed an article on the history and present status of
Microwave Dielectric Spectroscopy of Ferroelectrics (see pages 8 to 10).

Since this issue marks the end of the second year of publication, we
have provided the Index of Volume 2, Numbers 1- 4 for easy reference on
page 11.

The Winter 1995 issue will feature an article on the developments and
markets of Piezoelectric Actuators/Ultrasonic Motors, in addition to
conference reports on Electroceramics IV in Aachen and the 55th Au-
tumn Meeting of the Japan Society of Applied Physics.

This internationally expanding news coverage would not have been
possible without the help of many scientists and engineers who took out
time from their busy schedules to write articles and reports.  Thanks go to
each of our contributors.  As always, we invite every one of you to join us
in our effort to make the Ferroelectricity Newsletter an even better vehicle
of information exchange.

Rudolf Panholzer
Editor-in-Chief
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ISFP-6  PAPERS
The Sixth International Seminar

on Ferroelastic Physics, organized by
the Voronezh State Technical Univer-
sity, was held in Voronezh, Russia,
from 12 to 15 September 1994.

The aim of this seminar was to
provide a forum for the presentation of
the most recent developments in the
field of ferroelastic physics.

Sessions
• Phase Transitions
• Lattice Dynamics and Soft Modes
• Domain Boundaries and Other
   Imperfections
• Acoustic and Ferroelastic Properties
• Spectroscopy
• Ferroelasticity and Superconductivity
• Modulated Phases
• Disordered Systems
• Applications
• Miscellanea

Plenary Lectures
Thermodynamic Properties and Phase
Transitions in Haloid Perovskite-like
Ferroelastics

I.N. Flerov and M.N. Gorev

Geometrical Transitions During
Polarization Reveral and Phase
Transformation in Ferroelastics

V.Ya. Shur

Controlled Acousto-Electronic Phase
Shifting Devices Based on Using of
GMO Single Crystal Substrates

A.N. Alexeyev

Fast Proton Diffusion and
Ferroelasticity

A.I. Baranov

Nucleation in Improper Ferroelastics in
the Vicinity of Elastic Defects:
Universal Properties and Concrete
Examples

A.A. Bulbich

Symmetry Aspects of the Ferroic Phase
Transitions.  Primary and Secondary
Ferroics

E.F. Dudnik and V.M. Duda

HISTORY

FERROELECTRICITY:  The Middle Years

L. Eric Cross
Evan Pugh Professor of Electrical Engineering

The Pennsylvania State University
Materials Research Laboratory

University Park, PA 16802-4800

From the early years at Leeds University and the Electrical Research
Association in Leatherhead, it was certainly a first order phase change
coming to Penn State.  I traveled over first on the Queen Elizabeth, bringing
all the ferroelectric samples prepared over time in Leeds and Leatherhead.  In
spite of United Kingdom customs clearance the dock yard police in Manhat-
tan were not thrilled by crates full of little bottles of white crystalline pow-
ders, and it was well into the small hours of the morning before I got to a
hotel downtown.  New York certainly appeared a rather cold and hostile
place.  The train to Lewistown was, however, a warm and friendly experi-
ence with many passengers listening to the World Series on transistor radios.
I marveled how almost anyone could tell me the value of each player almost
to the nearest dime and all were a little miffed that I had absolutely no idea
what any cricket player made!

Dr. Buessem and the crew at Linden Labs were prima-
rily responsible for solving many of the complex
problems in DC degradation of titanate dielectrics,
improving the reliability of high K capacitors by
orders of magnitude, making the next generation of
multilayer capacitors possible.

When I arrived in the Ceramics Department at Penn State, Professor
Brindley was away in Japan, one of his favorite haunts, and Dr. Wilhelm
Buessem was assigned to look after me.  Before coming to the USA Dr.
Buessem had been Director of Dielectrics Research at Siemens.  He was an
outstanding physicist with a deep understanding of all things polycrystal.  If I
have any claim to being a ceramist, that understanding came through
Buessem.  He and the crew at Linden Labs were primarily responsible for
solving many of the complex of problems in DC degradation of titanate
dielectrics, improving the reliability of high K capacitors by orders of
magnitude, making the next generation of multilayer capacitors possible.
Buessem was also a senior consultant at Sprague Electric Company and our
first shared graduate assistant, Dr. A.K. Goswami, was a Sprague fellow.

The problem we tackled was the origin of the very high dielectric
permittivity in the fine grain size pure barium titanate C40 dielectric being
produced commercially by Sprague.  The clue we needed came from some
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FERROELECTRICITY: The Middle Years   --  continued from page 2

HISTORY

fine electron microscope work by Guderen Hutchins of Sprague, showing a
very low incidence of 90˚ ferroelastic:ferroelectric domain walls in the finer
grains.  This lead us to consider the internal stress system which must be
engendered by local constraints on the ferroelectric tetragonal distortion.
Applying the stress model using Devonshire Theory we were able to show
that the tensile component could produce a major enhancement of ε11(1) and
a reduction of the c/a ratio in the ceramic.(2)  Later the magnitude of the
internal stress which was predicted from purely dielectric data was confirmed
by fracture mechanics studies at NRL and NBS.(3)

My own first endeavors were for the US Atomic Energy Commission
and involved fundamental studies of dielectric relaxation in alkali silicate
glasses and in zeolites.  For the zeolite work there was always a problem with
electrodes, so we built a noncontact dielectric measuring system which
rotated an electric field around a cylindrically symmetric sample.  The phase
lag between polarization and field produced a torque from which then δ
could be deduced.(4)  The method is a direct analog of a magnetic system,
but unfortunately the ratio µo/εo makes the electrical torques very small.  To
measure these minute torques, we constructed an exceedingly sensitive
torsion balance from special glass fibers.  The equipment was known as the
rotating Fred after Dr. Fred Groner who constructed it.  Fortunately Fred had
a girlfriend, now his wife, with the most gorgeous long straight hair, ideal for
the secondary sample suspension.  It was very gratifying to get Fred gradu-
ated before the girlfriend went bald!

The early 1960s were a tremendously exciting time for people in ferro-
electrics with the Anderson/Cochran soft mode theory breaking onto the
scene.  The timing was just perfect as the spectroscopic probes, needed for
verification, Raman spectroscopy, and inelastic neutron scattering were also
just coming of age.  For myself, however, the most fascinating advances
concerned the general evolutions of the basic symmetry arguments which
could be applied to all ferroics epitomized in the works of Shulvalov and
Aizu.

The chance to break back seriously into ferroelectrics came with new
support from Wright Patterson Laboratory through Dr. S.E. Cummins on the
bismuth titanate, heralding a most enjoyable eight year stint on the bismuth
oxide layer structure ferroelectrics.

Early in the 1960s I was lucky to be involved with the founding of the

The early '60s were a tremendously exciting time for
people in ferroelectrics with the Anderson/Cochran
soft mode theory breaking onto the scene.

Prognos of Layering Perovskite-like
Crystals

B.V. Beznosikov and K.S.
Aleksandrov

Domain Dynamics and Typical Features
of Low- and Infralow Frequency
Dielectric Spectra of Ferroelastics-
Ferroelectrics and Their Analysis in
Terms of Irreversible Thermodynamics

N.M. Galiyarov

Domain Structures in Oxides and
Compounds byTransformations Similar
toFerroelastic Transformation

C. Boulesteix

Ferroelastic Phase Transitions in
YBa2Cu3O7-d and Their Effect on
S+iD State of Bose-Condensate

Yu.M. Gufan

Acoustic Axes of Ferroelastic Crystals
B.M. Darinsky

Splitting of Improper Ferroelastic
Transition by Electric Field in
[(C2H5)4N]2CuCl4 Crystal

D.G. Sannikov

Macroscopical Dynamical Theory of
Domain and Interphase Boundaries in
Ferroelectrics:  Main Equations and
Applications

V.N. Nechaev and A.M. Roschupkin

Ferroelastic Modulated Phase in
Crystals

P. Saint-Gregoire

Anomalous Twin Structure and Inter-
twined Boundaries in Ferroics

I.M. Shmyt’ko

Kinetic Process of Para-Ferroelastic
Transition in KSc(MoO4)2

M.B. Zapart

Neutron Diffraction Study of
Rb4LiH10(SO4)4 and K4LiH4(SO4)4
Crystals

A.M. Balagurov , B.N. Savenko and
B. Mroz
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Materials Research Laboratory under Rustum Roy’s directorship.  Whilst the
deans were sleeping, E.F. Osborne, the then Vice President for Research
gave the lab the privilege to make tenured appointments and it was succeed-
ing like “gang busters.”  Joining us at that time from MIT was Dr. Robert E.
Newnham, starting for me more than thirty years of joint research and half a
lifetime of strong personal friendship.

Bob and I have unusually interwoven backgrounds, both being students
of George Brindley, I as an undergraduate, he doing his PhD with George at
Penn State.  We both had strong connections with Helen Megaw as Bob took
his second PhD with her in Cambridge, where I was a regular visitor from the
E.R.A.  Our joint work on bismuth titanate sorted out the unusual monoclinic
symmetry, the crystal structure, and the fascinating switchable optical
properties.(5)  A product of this era who sorted out the optical properties of
Bi4Ti3O12 and gave the proper complete phenomenology was Dr. Robert C.
Pohanka.  Bob,  who was probably my most reliable student, is now a senior
fiducial anchor point in ONR, around whom reorganizations swirl and eddy.
Tempered by Washington’s inconstant “winds of change,” he is now one
most valuable stable asset of whom the DoD can be justifiably proud.

In the 1960s timeframe there were a number of active ferroelectric
centers in the USA.  I remember visiting with Bob Miller and Betty Wood at
Murray Hill to discuss switching and optical properties, Isai Lefkowitz at
Picatinny Arsenal with strong concerns on radiation effects in ferroelectrics
and George Taylor at RCA on the transpolarizer.  We early established
relations with Erie Technological, a then major fabricator of ceramic capaci-
tors who were a power in State College and also with Jaffe, Cooke, and Jaffe
at Clevite,  at that time the world center for piezoceramics.  I remember with
joy the stimulating discussions with Hans Jaffe in the Clevite Labs on
antiferroelectric:ferroelectric switching(6) and the horror of driving through

FERROELECTRICITY: The Middle Years   -- continued from page 3

 A product of this era who sorted out the optical proper-
ties of Bi4Ti3O12 and gave the proper complete phenom-
enology was Dr. Robert C. Pohanka.

street after street of the worst slums I had ever seen to get to the factory; it
was particularly appalling as just over the tracks were the big estates and
beautifully manicured lawns of Cleveland’s upper crust.

Over the early years the MRL was always short of equipment.  We made
use of government surplus, corporate gifts and every possible legal mecha-
nism.  Each year I would take the troops up to the IEEE Instrument Show in
New York to drool over new equipment, wheel and deal with salesmen and
generally wear out shoe leather.  Then in partial reward go out and have a
slap-up dinner.

One memorable occasion I remember taking this pack of wolves (grad
students) to the Cattleman Restaurant which was in the basement of the Old

-- continued on page 5

Contributed Papers
 Temperature Gradients and Mechanical
Stress Influence on Phase Transitions in
Pure and Mixed Ferroelastics

N.N. Bolshakova and V.M. Rudyak

Neutron Diffraction Study of
Rb3H(SeO4)2

A.I. Baranov, L.A. Shuvalov, A.I.
Beskrovnyi, and I.G. Shelkova

Phase Transformation in PZT-Based
Solid Solutions Under the Influence of
High-Temperature Annealing

Ya.B. Bogosova and G.M.
Konstantinov

Formation of Domain Structure at
Ferroelastic Phase Transition Depend-
ing on the Cooling Rate

B.M. Darinsky and A.P. Lazarev

Influence of Dopant on Structural
Characteristics of CsDy(MoO4)2

S.D. El’Chaninova

Ferroelastic Phase Transitions in
Elpasolites Rb2Kb3+F6 and
Cs2NaB3+Cl6

I.N. Flerov, M.V. Gorev, A. Tressaud,
and J. Grannec

Magnetoelastic Structural Phase
Transition in CsEr(MoO4)2

E.N. Khats’ko, M.I. Kobets, Y.I.
Kut’ko and Y.A. Pashohenko

Heterophase Fluctuations and Field-
Induced Transitions in BaTiO3

A.G. Khotchenkov

On the Ferroelastic Phase Transitions in
the (TEA)2MCl4 Crystalline
Family

A. Mahoui, J. Lapasset, J. Moret, P.
Saint-Gregoire, and D. Sannikov

Electric Properties of Pb3(PO4)2
Crystals

G.K. Sokolyansky, I.V. Konovalova,
E.F. Dudnik

-- continued on page 5
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On Mechanisms of theAntiferro-
distorsive High-Temperature Phase
Transitions in LGO, K2SO4 and
Related Crystals

V.I. Trogashev, L.T. Latush, and L.A.
Burmistrova

X-Ray Investigations of Ferroelastic
Phase Transitions in Mixed Crystals
Hg2(ClxBr1-x)2

M.E. Boiko and Yu. F. Markov

Structural Instability in b-K2SO4 Type
Crystals. EPR Investigation

Y.N. Efimov and G.V. Mamin

The Influence of Soft Modes on
Martensitic Transformations in
K1xRbxAlF4

M.P. Ivlyev and V.P. Sakhnenko

Lattice Dynamics and Ferroelastic
Phase Transitions in Mixed
Hg2(Br1-xIx)2 Crystals

A.A. Kaplyanskii, Yu. F. Markov, A.
Sh. Turaev, and K. Knorr

The Raman Scattering Efficiency and
the Soft Mode Behavior inFerroelastic
KFe(MoO4)2

V.N. Moiseenko, Y. YuSkosar and
T.V. Stolpova

The Peculiarities of Ferroelastic
Domain Structures in Pb1-xCaxTiO3
Single Crystals

V.Z. Borodin, E.I. Eknadiosiants,
A.N. Pinskaya, Y.Y. Eremkin and V.G.
Smotrakov

To Some Regularities of Domain Wall
Motion in Switching Processes of
Gadolinium Molibdate

L.I. Dontzova and N.M. Galiyarova

The Role of Lattice Disorder in Radia-
tion Stability of Ferroelastic and
Ferroelectric Crystals of α-LiIO3 and
KTiOPO4

A.D. Golowey, S.M. Ryabkin, and
Yu.N. Safonov

ISFP-6 PAPERS
cont.

Taft Hotel.  This ass of a waiter greeted the group by saying that if they could
eat the full steak dinner they could have another one free and then another.
These were massive slices of dead steer hanging off all sides of a huge dinner
plate (I could manage about a quarter) but some of these characters had three
before they finished.  I had never ceased to marvel at the appetite of the good
old American farm boy!  I only hope the poor waiter didn’t get fired.

The group were regular attendees at the American Ceramic Society
Meetings, and the APS, but the first chance to meet with the international
community in ferroelectrics and join faces to the names whose articles I had
read so frequently came with the 1st International Meeting on Ferroelectrics
in Prague in May of 1966.  This was an excellent meeting under the guidance
of Dr. Jan Fousek, and set the pattern for the ensuing highly successful
international series.

For myself the meeting was enlivened by the fact that we had had a
Czech professor, Vasec Prosser, visiting with us in State College and he
charged his graduate student (now his wife) Ivana to look after me.  She had
a friend in Chedoc, the intourist organization and these two gorgeous girls
plucked me off the bus at the airport, very good for the morale!  Prague is a

FERROELECTRICITY: The Middle Years   -- continued from page 4

HISTORY

 In 1968 the Electrochemical Society had a section on
ferroelectrics and Charlie Pulvari began what later turned
into the International Symposia on Applications of Ferro-
electrics (ISAF) at Catholic University.

lovely city, but in some ways perhaps a little sad.  Being at a crossroads in
Europe a glance at the marvelous mixture of architectural styles shows the
waves of invaders who have crossed from East to West and vice-versa over
the centuries.  At the time of the meeting, the Soviet grip was loosening just a
little and there was an air of optimism unfortunately to change drastically a
few years later.  Now the city is occupied by western tourists and “carpet
baggers” and so the process continues.  After the meeting at the time one did
not have to dash back to write another proposal, and I was able to visit at the
Academy Laboratory and with Jan and Anna Fousek in their home, to plot a
later visit for them to the USA.

Soon after Prague, the specialized meetings on ferroelectrics began in the
USA.  In 1968 the Electrochemical Society had a section on ferroelectrics
and Charlie Pulvari began what later turned into the International Symposia
on Applications of Ferroelectrics (ISAF) at Catholic University.  With the
Fouseks joining our group for a two-year visit in 1967, we enjoyed a new
surge of productivity.  Applying what we now call the Fousek-Janovec
criteria for ferroelastic:  ferroelectric walls to the very complex domain
structure in Bi4Ti3O12, low temperature studies on SrTiO3, and perhaps the
most important work, the measurement of the truly anomalous dielectric
response in gadolinium molybate by Anna Fouskova.(7)  The very first
indication of what later was shown to be the whole new family of improper
ferroelectrics, systems where the dielectric polarization was not the primary
order parameter.

-- continued on page 6
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FERROELECTRICITY: The Middle Years  -- continued from page 5

HISTORY

Unfortunately with the invasion of Czechoslovakia by the Soviets, Jan
and Anna just had to go back to be with their families, however, we did have
the compensation of having Antonin Glanc from the Academy in Prague, Mr.
Tandel, join us in State College.  He and I were able to take the trip to Japan
in 1989 for the second IMF in Kyoto.  People in Japan are always exquisite
hosts, and they even arranged a minor earthquake to shake the Keikan at
Kyoto during the meeting.  Three incidents stick in my mind regarding the
meeting.  You may know that at each IMF the international committee of
IUPAP gets together over a sumptuous dinner to decide the location of the
next IMF which is then announced at the final session by the then hosts.  Our
Japanese friends who are polite to a fault were very pleased to announce that
the next IMF would be in Edinburgh in ENGLAND.  I saw Cochran who is
also a true gentleman rock back on his heels, swallow hard, then walked up
to the stage.  Being a dedicated Scot, he had to announce a correction:  the
next meeting would be in Edinburgh, SCOTLAND in 1973!

In the second, Cummins and I had the privilege of visiting Hitachi
Central Research Labs to talk with Kumada and Aizu.  It was a fascinating
meeting, the Hitachi group had us aside just to prepare us that their top group
theoretician was a little unusual and might go into his private world at any
time during our conversations, but all went well and we had most valuable
discussions.  At that time it was quite a formal exercise to exit or enter a
room in Japan, and what reassured me that Aizu was indeed unusual was
when, thinking deeply he walked out in front of both visitors and his own
laboratory director!  This truly was a valuable physicist!  Following the
meeting I also visited Ginzo Kobayashi at Waseda to look at his elegant
optical studies and we drove out to his house.  The next day I was to leave
for Hawaii and Glanc from the old Haneda Airport in downtown.  We
decided however to take a quick trip to Nara and had a truly wonderful day
among the temples and hot springs; but were a little late back so I missed my
flight and Antonin, but not to worry,  he had the good sense to go ahead and I
caught up with him on the Island.

Antonin was a handsome fellow with a roving eye for the ladies and a
quick shutter finger.  The film show we had on return was truly outstanding
and at each new picture of another scantily clad island girl with a wide smile
Antonin would say, “Telephoto lens, Mrs. Cross not to worry!”

Shortly after our return, the group had the first traumatic experience with
our truly crazy way of funding research in the USA.  Some stratospheric Air
Force general decided that Wright Patterson should stop immediately funding
all 6:1 (fundamental) material studies and right in the middle of a three-year
contract our money stopped dead.  It is a nasty feeling being left high and dry
on the beach with graduate students to feed and clothe.  Fortunately industry
friends rallied around and with help from the Pennsylvania Science and
Engineering Foundation (PSEF) and a small contract from the Navy we were
able to get over the hump.  The new contracts took us much more into the
practical areas of material design for specific applications, like for example,
high voltage capacitor dielectrics and this practical sort of emphasis has been
a continuous underpinning for most MRL ferroelectric activities.

ISAF2, the next international ‘shindig’ in Yorktown Heights research
center of IBM was perhaps most noteworthy for the appearance of the

-- continued on page 7

Dynamics of Ferroelastic Processes in
BaTiO3 Under Local Loading

A.A. Grekov, S.O. Kramarov, and
V.V. Borodina

Superelastic Deformations of
Ferroelastic Crystals with Regular
Domain or Heterophase Structures

G.G. Krainyuk and A.I. Otko

Anelastic and Elastic Anomalies Near
the Domain Freezing Temperature of
Rb2ZnCl4

S.A. Gridnev, V.V. Gorbatenko and
B.N. Prasolov

Role of Viscosity Phenomena in
Switching Processes of Pure and Mixed
Ferroelastics

V.M. Rudyak

Elastic Properties and Effect of
Thermoresonance Treatment of the Li
Metaniobate Ceramics

L.A. Reznitchenko, V.A. Chernyshkov,
A.N. Klevtsov, A.V. Turik, and G.I.
Khasabova

Band Electron Structure and Optical
Spectra of K2SO4 Crystals

I.V. Kityk and B.Y. Andriyevsky

Piezooptical Constants of LiKSO4
Crystals

V.J. Stadnyk, M.O. Romanjuk and R
R..S. rezvin

Growth, Phase Transitions and Optical
Properties of Cu6P(S1-xSex)5Br
Ferroelastic Crystals

I.P. Studenyak, D. Sh. Kovach, V.V.
Panko and E.T. Kovach

EPR of the Phase Transitions in the
Provskite and Elpasolite Type Single
Crystals

A.E. Usachev and Yu.V. Yablokov

Electrophysical Properties of High-Tc
Superconductive YBaCuO in an
External Electric Field

P.P. Konorov, A.M. Yafyasov and
V.B. Bogevolnov
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FERROELECTRICITY: The Middle Years  -- continued from page 6

HISTORY

transparent PLZT ceramics and the excellent papers by Haertling and Land.

Our PSEF program brought me a new part-time graduate student who
was employed at Erie, David Payne.  Over a four-year period David and I
designed and fabricated a new BaTiO3:NaNbO3 diphasic capacitor dielectric
which outperformed earlier Erie formulations and actually proved to us the
value of Curie Weiss analysis and the merits of the old brick wall model for
grain boundary phase modified dielectrics.

A surprise turning point for Bob Newnham and myself, which later
catalyzed our change of emphasis onto piezoelectrics, was a small contract
from World Research, paid for by the pedal racetrack owners of Tokyo to
explore possible nonlead containing substitutes for PZT.  I gather that the
environment concern of the owners was not completely altruistic as the new
governor was threatening to kill on track belting which was the life blood of
the “sport.”  However, this did rub both of us against the massive amount of
work which had been done on PZTs and prepared us to formulate new ideas.

I am pleased to say that we had to report to World Research that we saw

no viable alternative to lead-based compounds and some fifteen years later
that is still the case.

However, our dive into piezoelectric and electrostrictors must wait for
the next installment.
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ISAF2, the next international ‘shindig’ in Yorktown Heights
research center of IBM was perhaps most noteworthy for the
appearance of the transparent PLZT ceramics and the excel-
lent papers by Haertling and Land.

FERROELECTRICS COMPUTERIZED INDEX
Gordon and Breach Publishers has compiled approximately
5300 entries from Ferroelectrics, Ferroelectrics Letters, and
Integrated Ferroelectrics on diskette.

 Contact: Matt Giarratano, Fax (201) 643-7676

Anomalous Frequency Dispersion of
Dielectric Permittivity of HTSC in the
Frequency Range (108-109)s-1

D.N. Kourov and A.S. Scherbakov

The Barrier to Penetration of
Abrikosov’s Vortices in Y-Ba-Cu-O
Superconductor

I.M. Shushlebin and I.G. Evlanov

Crystal Size Dependence of the
Stability of a Modulated Structure in the
Ferroelastic g-KCoPO4

M. Lujan and H. Schmid

The Possibility of an Incommensurate
Phase with Double Modulation in One
Direction

R.F. Mamin

The Peculiarities of Piezooptic Coeffi-
cient Behavior in the Incommensurate
Phases of the A2BX4 Group Crystals

S. Sveleba, V. Kapustianik, M. Bublyk
and I. Polovinko

Incommensurate State Occurance
Kinetics in the Vicinity of Second
Order Phase Transition

Yu.M. Vysochanskii, A.A. Horvat,
A.A. Molnar and Yu.S. Nakonechnii

Polarization and Repolarization
Processes in the Disordered Materials
Such as PLZT Ceramics with Alloying
Additions

A.I. Burkhanov, Y.N. Nesterov, A.V.
Shil’nikov, and V. Dimza

Superhigh-Tc Superconductivity in
YBa2Cu3O7-d with Mobile Ferroelastic
Boundaries

O.N. Ivanov

Elastic and Anelastic Properties of
YBa2Cu3O7-d-BaTiO3 Composites

S.A. Fadeev and S.A. Kravchenko

Influence of Doping and g-Irradiation
on Mechanical Memory Effect in
PLZT System

A.I. Burkhanov, A.V. Shilnikov, S.Y.
Shishlov, and A. Shternberg



8

Ferroelectricity Newsletter Fall 1994

ISFP-6 PAPERS
cont.

MICROWAVE DIELECTRIC SPECTROSCOPY
OF FERROELECTRICS: History and Present Status

Jonas Grigas
Faculty of Physics, Vilnius University
Sauletekio 9/3, 2054 Vilnius, Lithuania

Electroenic devices are shrinking in space and time.  New radar systems,
broadcasting and television via satellites, multichanel means of communica-
tions at microwave wavelength at present are in great demand and are going
to increase multifold in the near future.  These applications make the search
for new materials more challenging.

Ferroelectrics have become of increasing importance for microwave
techniques.  By microwaves we mean the wavelength measured from 1m to
0.1mm which correspond to the frequency range 0.3 to 3000 GHz.  A num-
ber of active and passive devices can be realized by using ferroelectrics.

The aim of dielectric spectroscopy is to determine the complex
permittivity of various excitations related to polarization.  Dynamic
processes in ferroelectrics proceed in such a way so that the characteristic
frequencies lie in the microwave region.  A soft mode frequency in a number
of displacive ferroelectrics on approaching the Curie temperature point drops
into the microwave range.  The relaxational soft mode frequency in order-
disorder ferroelectrics lies entirely in the microwave range.  Spectra of the
fundamental ferroelectric dispersion and losses give information on the
microscopic dynamic mechanism of phase transitions and show the fre-
quency regions where ferroelectrics are useful for applications.  However,
possibilities of scattering and infrared reflectivity techniques are mostly
limited by the wave number of 10cm-1 or 300 GHz frequency.  Therefore,
there is a need to have reliable methods of microwave dielectric spectroscopy
of ferroelectric materials.

Von Hippel1 made revolutionary contributions in the field of microwave
dielectric measurements.  Various modifications of his technique have been
suggested all over the world.  The direct single-frequency methods were
enriched in recent years with more informative broad-band Frequency-
Domain Dielectric Spectroscopy (FDDS), Time-Domain Spectroscopy
(TDS), and Dispersive Fourier Transform Spectroscopy (DFTS).

The combined development of the theoretical basis for viewing dielectric
behavior as a purely time-domain phenomenon -- rather than Fourier trans-
form of a frequency response -- and computer-controlled time-domain
spectrometers has had a significant influence upon the continuing popularity
of TDS of various materials in the long wavelength range of microwaves2.
TDS, using numerous coaxial sample cell geometries, now operates over 5
decades with an upper limit in the 20 GHz region.  New femtosecond time-
resolved spectroscopy through impulsive stimulated Brillouin and Raman
scattering permits observation in real time of acoustic and optic oscillations.
Thus, direct observation of the frequency and damping of the soft modes and
relaxational modes in ferroelectrics is possible.

FDDS operates from low frequencies to 900 GHz.  Although there is
now complete overlap and coverage of the radio-frequencies to the infrared
band, the experimental methods bases on coaxial, wave guide and free-space
techniques is still divided.  Conventional microwave resonant measure-
ments are not convenient for microwave dielectric spectroscopy in
relation to ferroelectrics, especially in the fundamental dispersion region

RESEARCH

-- continued on page 9

TUTORIAL SESSIONS
AT ISIF 95

Three consecutively run
tutorial sessions are planned for
Sunday, 19 March 1995, from
1:00 - 6:00 p.m. at the ISIF 95
at Colorado Springs, CO:

• Fundamentals of Integrated
   Circuit Processing
• Fundamentals of Ferroelec-
   tric Materials
• Testing Methodologies
Dr. R. Ramesh, organizer of

the tutorial, needs to know the
extent of interest for these
sessions before making final
arrangements.  Please contact
him at Bell Communications
Research, Red Bank, NJ
Phone (908) 758-3126

Fax (908) 758-4372

Interaction of Li Impurities in
Ferroelastic Li:KTaO3

L.F. Chibotyaru, A.O. Solonenko and
Y.A. Shlyapnikov

Anomalous Thermal Hysteresis and
Glass-Like Behaviour of KDP-ADP
Mixed Crystals

S.A. Gridnev, L.N. Korotkov, L.A.
Shuvalov, and R.M. Fedosyuk

An Electric Field Influence on the Fass-
Dipole State in the Solid Solution
Based on PZT

G.M. Konstantinov and Ya.B.
Bogosova

Problem of Order/Disorder in Solid
Solutions on the Base of PZT-Type Sys-
tem

N. Redichkina, M. Kupriyanov, and
Yu. Dudek

Light Scattering in the Proton-Glass
State of Cs5H3(SO4)4H2O Single
Crystal

Yu. Yuzyuk, V. Dmitriev, L. Rabkin, L.
Burmistrova and L.A. Shuvalov
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MICROWAVE DIELECTRIC SPECTROSCOPY --  continued from page 8

when dielectric losses are high.  However, the discrete frequency and narrow-band methods have not had their day.
Engineering applications are usually narrow-band, and discrete frequency measurements are sufficient.

Free-space methods become convenient in some cases in the short millimeter and submillimeter wave range
when quasi-optical propagation tends to be the norm.  For large aperture samples of plane-parallel form free-space
broad-band microwave methods possess an advantage over guided wave methods because the cross-sectional shape is
not important and the sample can be easily introduced into the beam of the electromagnetic field3.  By incorporating
backward-wave oscillators into the quasi-optical Mach-Zchender configuration, the submillimeter wave
spectrometer has been developed4 which is now one of the most fruitful spectrometers for the dielectric spectros-
copy of ferroelectrics in the 150 to 900 GHz frequency region.  Both transmission and reflection measurements are
possible.

Open resonators5 are the quasi-optical microwave analogs of Fabri-Perot resonators which have been developed
for dielectric measurements of low-losses materials in the millimeter wave region 30 to 200 GHz.  Open resonators
are as sensitive as closed cavities and can be of value when large diameter samples are available.

DFTS can be used from ultraviolet down to millimeter wave range.  Significant contributions to DFTS have come
from NPL, Teddington, UK6, and from MIT, Cambridge, USA7.  DFTS is the direct broad-band method which yields
the full spectral variation of the optical constants of materials from a measurement of either its complex transmission
or reflection coefficient.  It covers a frequency range where the phonon spectra of ferroelectrics usually lie.  In DFTS,
the specimen is placed within one of the two active arms of the interferometer so that the radiation in that arm either
passes through or is reflected from the specimen.  The specimen may be transparent, translucent or opaque.  Both the
specimen attenuation and phase shift information are present in the recorded interferogram and can be calculated from
its complex Fourier transform.  Consequently, both optical constants can be determined.

Computer-controlled spectrometers are now the norm in dielectric spectroscopy.  Computers allow the compu-
tation of electromagnetic fields in entirely new measurement geometries and the use of numerical analyses in
the direct measurement process.  The use of such spectrometers is one of the most fruitful factors in generating
entirely new approaches to microwave dielectric spectroscopy.  The choice of method for the microwave measure-
ments depends on the shape of a sample, value of permittivity and losses, accuracy desired, frequency rage, etc.  The
most important problem now is the rigorous mathematical solution of the microwave interaction with the samples of
various geometries.  For the fundamental ferroelectric dispersion studies the most fruitful is FDDS.

Many authors have examined microwave behavior of a number of ferroelectrics.  However, no complete and
consistent description of the ferroelectric dispersion is available, because of restrictions of their frequency range
or lack of accuracy of their measurements.  The strongly temperature-dependent dielectric dispersion, caused by the
motion of those atoms or groups of atoms responsible for ferroelectricity, is denoted as ferroelectric dispersion.

Achievements in microwave techniques during the last decades and the new approach to microwave dielectric
spectroscopy enable us excitations in solids.  The coaxial technique is the most convenient in the meter and deci-
meter wavelength range.  The specimen usually is placed at the end of the coaxial line between the inner conductor
and the short piston and forms the capacitor.  When the conditions of the quasi stationary electric field distribution in
the capacitor are satisfied, the permittivity and losses can be calculated from the formulas of the static capacitor.
When the permittivity of the sample is high, a  dynamic capacitor, which takes into account in homogeneous distribu-
tion of the electric field in the sample, should be used.  Coaxial dielectric spectrometers, using the dynamical capaci-
tors, can be used up to the millimeter wave range.

In the centimeter and millimeter wave range, the waveguide methods based on the measurements of wave
parameters are used.  The most general case is the plane-parallel dielectric plate filling the cross-section of the
rectangular waveguide.  Dielectric spectra can be obtained from the measured complex amplitude reflection and/or
transmission coefficients.  There are several particular cases (reactive load, infinite sample, resonant transmission or
reflection, ferroelectric films) of this method of determining the complex dielectric permittivity.  Even though
Hewlett-Packard produces excellent materials measurement systems, many researchers have difficulties using these
systems for dielectric measurements of small anisotropic high-dielectric and high-losses crystals.

It is so because a great number of ferroelectric anisotropic single crystals can not be grown of sufficient dimen-
sions to totally fill a cross-section of a waveguide.  Nor are these methods applicable for a number of one-dimensional
needle-shaped crystals which can be grown of almost perfect structure.

-- continued on page 10
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MICROWAVE DIELECTRIC SPECTROSCOPY --  continued from page 9

The rigorous solution for the reflection and transmission coefficients of the TE10-wave for the thin dielectric
cylinder, the cylinder of any radius, the layered cylinder or square post placed in a rectangular waveguide enables us
to perform microwave dielectric spectroscopy of thin ferroelectric rods or needle-shaped single crystals in the centi-
meter and millimeter wave range.  Such a spectrometer, developed at Vilnius University, provides the temperature and
frequency dependences of practically any value of permittivity and losses.

Microwave helicons and magnetoplasma resonance can also be used for the determination of the dielectric
parameters of narrow-gap semiconductive ferroelectrics.

The results of the solved electrodynamical problems and all the methods mentioned above, together with the most
interesting results revealed by the microwave dielectric spectroscopy, are discussed in a book8 which attempts to
survey new approaches to microwave dielectric spectroscopy of ferroelectrics, semiconductors, and superionics in
almost the initial state of intensive development of this spectroscopy.

Microwave dielectric spectroscopy of semiconductors revealed anomalous dielectric properties, soft and
“friable” crystal lattices, and various phase transitions in the family of low-dimensional antimony and bismuth
chalcogenides and halogenides.  It showed that these ionic-covalent semiconductors, containing highly polarizable
chalcogenide or halogenide ions, are favorable for phase transitions and ferroelectricity.  A number of crystals of this
family are either novel ferroelectrics or incipient ones.

The soft mode and phase transition problems of SbSI-type ferroelectrics have been discussed for three
decades to a great extent because the soft mode frequency near the Curie temperature lies beyond the limits of con-
ventional spectroscopical techniques.  Microwave dielectric spectroscopy of primarily displacive semiconductive
SbSI, Sn2P2S6,and other ferroelectrics have shown that in the vicinity of the Curie temperature the frequency of the
soft mode is strongly anharmonic and drops to the microwave region.  The soft mode behavior in these semi-conduc-
tive ferroelectrics shows that displacive-like and order-disorder-like behaviors are in fact regimes dominant at differ-
ent temperatures.  The crossover of these mechanisms occurs on approaching Curie temperature.  It seems that this
feature is rather common in ferroelectrics.

Microwave dielectric spectroscopy revealed also amplitudon and phason excitations in semiconductive ferroelec-
trics (TlGaSe2,TlInS2, etc.) with an incommensurate structure modulation.

The complete dielectric spectra of ferroelectric dispersion in quasi-one-dimensional hydrogen-bonded ferroelec-
trics of the KDP family and in a number of new or less studied other order-disorder ferroelectrics (where one or more
than one subsystem is involved in the ferroelectric dynamics) have been obtained by microwave dielectric spectros-
copy in the frequency range 106 to 1011 Hz.  These studies help to develop the dynamical models of the ferroelectric
phase transitions.

Microwave dielectric spectroscopy of fast ionic conductors give information on the mechanisms of polarization
and ionic transport and allow to fill blanks between local and long range dynamics.

In toto, manifestations of various excitations in ferroelectrics and other solids which lie beyond the limits of
optical and neutron spectroscopy can be successfully studied by means of contemporary microwave dielectric spec-
troscopy.
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2nd Pacific Rim Conference on Ferroelectric Applications, Melbourne, Australia 21-24 Nov 94 No.3, p.22
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ISIF 94 Proceedings to be published in
Integrated Ferroelectrics

The first part of the ISIF 94 Proceedings will be published in Volume 6 of Integrated Ferroelectrics
in December 1994, and not, as stated in the Summer issue of the Ferroelectricity Newsletter, in the
journal Ferroelectrics.  The second part of the ISIF 94 Proceedings will come out in February 1995 in
Volume 7 of Integrated Ferroelectrics.
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CALENDAR OF EVENTS 1994/95

Nov  21-24 • 2nd Pacific Rim Conference on Ferroelectric Applications, Melbourne, Australia (see F. Newsletter Vol. 2,
No.3, p. 22)

  28-Dec 2 • MRS 1994 Fall Meeting, Boston (see F. Newsletter Vol. 2, No. 2, p. 11)

1995

Jan 10 • Deadline for abstracts for the 42nd Spring Meeting of the Japan Society of Applied Physics

Feb 1 • Deadline for EMIF1 abstracts

Mar  20-22 • 7th International Symposium on Integrated Ferroelectrics (ISIF 95), Colorado Springs, CO.  For informa-
tion contact Alona S. Miller, Symposium Coordinator, University of Colorado at Colorado Springs,
PO Box 7150, Colorado Springs, CO 80933-7150.  Phone (719) 593-3488, Fax (719) 594-4257

28-31 • 42nd Spring Meeting of the Japan Society of Applied Physics, Tokai University in the Tokyo area, Japan.
For information contact The Japan Society of Applied Physics, Kudanshita Bldg., 1-12-3 Kudan-kita,
Chiyoda-ku, Tokyo 102, Phone +81 33 238 1044, Fax +81 33-221 6245

Apr  2-7 • 2nd International Conference on Space Charge in DielectricMaterials, Antibes, France. For information
contact SFV, 19, rue du Renard, 75004 Paris, France, Phone +33 142 78 15 82, Fax +33 142 78 63 20

Jun 1 • Deadline for EMIF1 manuscripts

Jul  3-5 • 1st European Meeting on Integrated Ferroelectrics (EMIF1), Nijmegen, The Netherlands.  For information
contact P.K. Larsen (chairman), Philips Research Laboratories, 4-5656 AA Eindhoven, The Nether-
lands, Phone +31 40 74 33 78, Fax +31 40 74 33 65

 4-8 • 8th European Meeting on Ferroelectricity, University of Nijmegen, The Netherlands.  For information
contact Mrs. Rina Vos, Secretariat EMF8, Institute for Theoretical Physics, University of Nijmegen,
Toernooiveld, 6525 ED Nijmegen, The Netherlands

Aug 26-29 • 56th Autumn Meeting of the Japan Society of Applied Physics, Kanazawa Institute of Technology,
Kanazawa City, Japan.  For information contact the Japan Society of Applied Physics, see address
of Spring Meeting above


