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Giant Magnetostrictive Materials

Just about everything you ever wanted
to know about magnetostriction iscovered
in a new book by Goran Engdahl entitled
Handbook of Giant Magnetostrictive Ma-
terials. Thebook isafairly thorough treat-
ment of giant magnetostrictive materials,
from basic theory and physics to applica
tions. The book contains six chapters and
four appendices.

Thefirst chapter isentitled “ Physics of
Giant Magnetostriction.” It coversawide
range of topicsfrom the physical origins of
giant magnetostriction to manufacturing pro-
cesses. Stopsalong theway include metal-
lurgy and microstructure, crystallography,
atomic and magnetic force microscopy im-
ages, designing materials, crystalline rare
earth aloys, applications, and, of course,
TERFENOL-D, among other materials.
This chapter includes 85 figures, 50 equa-
tions, and 13 tables, all of which serve as
excellent illustrative guidesto understand-
ing the subject.

The second chapter isdevoted to mod-
eling giant magnetostrictivematerias. Lin-
ear models, finite element modeling, and
nonlinear modeling are discussed in detail .
Explanationsand illustrations of stressand
strain, coupling, equivalent circuits, reso-
nance, wave propagation, eddy currents,
hysteresis, among others, areincluded. As
isexpected, alarge number of equationsare
necessary to explain the topics adequately,
and over 230 equations are used through-
out the chapter, accompanied by 38 figures.

Chapter 3 covers magnetostrictive de-
sign and contains discussionsof magnetic,
electrical, mechanical, el ectromechanical,

andthermal design. Alsoincluded arephysi-
cal data of TERFENOL-D, magnetic and
mechanical operation ranges, 38 figures, and
54 equations.

Two methods of actuator characteriza-
tion using magnetostrictivematerid sare pre-
sented in Chapter 4. The two methods are
time domain methods and frequency domain
methods. The discussion is accompanied
by 14 figures, 23 equations, and one table.
Deviceapplicationsare covered in Chapter
5, with emphases on sound and vibration
sources, vibrationa control, direct and indi-
rect motional control, and materialsprocess-
ing. Thefinal chapter discussesthe materi-
as, fabrication, and application of giant
magnetostrictivethin films.

Four appendices round out the book,
with further explanations of eddy currents,
impedance, and el ectromechanical coupling,
and also apartial market inventory of ma-
terial manufacturers and suppliers, system
suppliers, consultants, and sources of de-
sign software.

Overall, this book is an excellent re-
source for those who work with magneto-
strictionin materialsand applications. The
target audienceis mechanical or electrica
engineers using magnetostrictive materials
in a construction project, but anyone with
interest will find lots of useful and interest-
ing information embedded inthe pages. The
386-page, hardbound book, ISBN 0-12-
238640-X, is available from Academic
Press, a Harcourt Science and Technol ogy
Company, 525 B Street, Suite 1900, San
Diego, CA 92101-4495, USA,

Www.apnet.com. A
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New Owner for Treibacher

The parent company of Treibacher
Auermet, Treibacher Industrie AG changed
its owner: 100 % of Treibacher Industrie
AG shares were purchased by the August
von Finck group, afamily owned industry
holding based in Munich, Germany for over
100 million USS.

The new owner announced that he will
continue the successful policies of
Treibacher.

Consequently, Treibacher Auermet, the
Rare Earth company, is continuing its
gradual expansion. Its capacity now stands
at 8000 tons per year of rare earths prod-
ucts, both chemicalsand aloys.

For more information, contact: Dr.
Alexander Bouvier, Managing Director,
Treibacher Auermet Produktionsges.m.b.H.,
Auer von Welsbachstralle 1, 933 Treibach,
Austria, Tel: 0043 4262 505-570
Fax: 0043 4262 2898 e-mail:
alexander.bouvier @treibacher.at, internet:
www.rareearths.at or www.treibacher-
auermet.com. A
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Endohedral Fullerenes

Fullerenesare unique carbon structures,
with soccer ball-like cages formed by the
carbon atoms that have ample room inside
to hold one or more other atoms or ions,
including rare earth ions. A recent
review article entitled “Endohedral
metallofullerenes,” by H. Shinohara, was
publishedin Rep. Prog. Phys. 63 843 —892
(2000), and providesthorough treatment of
these materials.

After aninteresting historica overview,
which covers important events from the
discovery of fullerenes in 1985, a short
discussion of the endohedral
metallofullerenes follows. Many of the
endohedral metallofullerenesthat have been
reported and isolated userare earth el ements
as the encaged atoms. The primary focus
of this review is on La, Sc, and Y
metallofullerenes.

Themajor sectionsof thearticleinclude
production and extraction, separation and
purification, structures, electronic
properties, vibrational structures, imaging,
magnetic properties, M@C60, and
applications. The discussions are very
interesting and rel atively easy to understand,
and include explanations of how it was
determined that the metal atoms are
endohedral rather than exohedra (outside
the cage structure), thelocation of themetal
atoms inside the carbon cage, multiple
endohedral atoms, and ESR hyperfine
splitting and hyperfine coupling behavior.
Thefiguresand tablesincluded add alot to
the understanding of the article.

Potential applications listed include
MRI, as contrast agents, and radiochemical
medical techniques, as radiotracers. The
review outlines more study and application
research that can be done, including further
investigation of electrical and magnetic
properties, increasing production, and
development of electronic devicesand other
applications. The extensive bibliography,
of about 275 references, would prove useful
for anyoneinterested in exploring thetopic
further. A

Newsletter on the Web

January'01
The 8" Joint Magnetism and Magnetic

Materials(MMM)-I ntermag Conference
San Antonio, Texas, USA

January 8-11, 2001

RIC News XXXV, [2] 4 (2000)

May '01

TheThird I nternational Conferenceon
Hydrogen Treatment of Materials
(HTM-2001)

Donetsk, Ukraine

May 14-17, 2001

RIC News XXXV, [2] 6 (2000)

June’01

The 4" International Conference on
RareEarth Development & Applications
(ICRE-2001)

Beijing, China

June 15-20, 2001

RIC News XXXV, [2] 6 (2000)

July’01
I nternational Conferenceon Dynamical
Processes in excited States of Solids
(DPC'01)

Lyon, France

Conference Calendar

Note: Reach as many potential conference attendees as possible! Send us
your conference announcement and wewill publishit here.

September ‘01
Rare Earths' - 2001

S3o Paulo - SP, Brazil
September 22-26, 2001
Website: http://www.iq.usp.br/geral/

congress.html.
RIC News XX X111, [4] 3(1998)

July ’'02

The 23 Rare Earth Research Confer-
ence

Davis, California, USA

July 13-18, 2002

RIC News XXXV, [2] 4 (2000)

August '02
17th Int. Workshop on Rare-Earth Mag-

netsand their Applications
Newark, Delaware, USA
August 19-22, 2002
*Thisissue

“*This issue” denotes a news story for
thisconferenceisinthisissue

July 1-4, 2001
RIC News XXXV, [3] 3 (2000)

ICRE-2001

For thoseinterested in attending | CRE-
2001inBeijing, China, June15—21, 2001,
there has been some problem with the e-
mail addresslisted in the June 2000 issue of
the RIC News. A new e-mail address that
should work better is csre@china.com.
Anyoneinterested in further information on
the conference can also contact us at
ric@ameslab.gov. A

The RIC Newsisavailable on the Web at http://www.external.ameslab.gov/ric. A

Science in Vietham

A critica shortage of scientific research
literature exists in Vietnam. R. W.
McCallum, the director of the RIC, has of -
fered to use the RIC publications to solicit
donationsof scientificliterature. The short-
ageisso acutethat even old conference pro-
ceedings are welcome. If you will send a
list of books or proceedings you no longer
need, he will try to arrange for the ship-
ment of selected itemstoacentra library in
Hanoi. There are no funds to support this
activity, so he needsto be selectivein what
he sends. Please send your liststo R. W.
McCallum, Ames Laboratory, ISU, 116
Wilhelm Hall, Ames, 1A 50011-3020,
crem_ric@ameslab.gov. A
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22" RERC Proceedings

Volumes 303 and 304 of the Journal of
Alloys and Compounds (2000) contain the
proceedingsfrom the 22nd Rare Earth Re-
search Conference, held July 10—15, 1999,
at ArgonneNational Laboratory in Argonne,
[llinois, USA. The conferencewasattended
by approximately 180 scientists from 24
countries.

Ten symposia were held on a variety
of topics, inwhich atotal of 83 paperswere
presented and published in these volumes.
Three poster sessions supplemented the
symposia, but are not publishedin thesevol-
umes. The symposiatopics were environ-
mental chemistry, materials science, coor-
dination chemistry, applied spectroscopy,
medicinal chemistry and imaging, physics,
spectroscopy and non-linear optical prop-
erties, solid state chemistry, solid state el ec-
trolytes, and x-ray and neutron scattering.
The papersarearranged in sectionsby topic.
The collection of papers as a whole gives
an interesting perspective into the area of
research in rare earths, from theoretical
work to applications.

One highlight of this publication is a
write-up on the recipient of the ninth Frank
H. Spedding Award. The recipient of this
meeting'saward wasM. Brian Maple, apro-
fessor at University of California, San Di-
ego. Hisbiography and afeature paper re-
viewingthenovel electronic statesinavari-
ety of f-electron materials are included at
the beginning of these volumes.

TheJournal of Alloysand Compounds
volumes 303—304 isavailablefrom Elsevier
Science. For ordering information, contact
your hearest regional salesoffice, which can
befound at http://www.elsevier.nl. Orders
may also be made by contacting Elsevier
Science in the United States at P. O. Box
945, New York, NY 10159-0945, USA, Tdl:
1 (212) 633 3730 (or toll free in North
America: 1-888-4ES-INFO (1-888-437-
4636)), Fax: 1 (212) 633 3680, e-mail:
usinfo@el sevier.com, or in The Netherlands
a P. O. Box 211, 1000 AE Amsterdam,
The Netherlands, Tel: 31 20 4853757, Fax:
31204853432, e-mail: nlinfo-f @elsevier.nl.
A

Biochemistry of Scandium and Yttrium, Part 2

The second volume of Chaim T. Horovitz' stwo-part series, Biochemistry of Scandium
and Yttrium, has recently been published. Part 2: Biochemistry and Applications is a
compilation of fascinating research on the role scandium and yttrium play in biological
processes and how their characteristics can be used in avariety of medical, industrial, and
technological applications.

There are four chapters (numbered 7 through 10) in this volume, covering awide
range of biochemical topics. Chapter 7 includesabrief introduction and a discussion of
how membranes, cells, organelles, antibodies, tissues, and organsinteract with scandium
and yttrium.

Chapter 8 dealswith the biochemistry and physiology of scandium and yttrium. The
firgt haf of the chapter addressesbiochemistry inincreasingly complex organisms, beginning
with a short discussion on cytology and morphology, and moving from there to
microorganisms, to plants, to mollusks and arthropods, to fish and birds, to mammals,
andfinally to humans. The second half of the chapter includesdiscussionson theroles of
scandium and yttrium in nutrition and diet, enzymes and metabolism, membranes and
transport, physiological processes, disease, pathol ogy, genetics, immunol ogy, essentiality,
and acomparison to other elements.

Toxicology, carcinogenicity, and pharmacol ogy are coveredin Chapter 9. Discussions
are grouped by organism type, chronic vs. acute effects, organ affected, and the type of
effect (including pathologic, genetic, immunological, pharmacological, toxic, and
carcinogenic effects). Hazard, occupational, and environmental effectsare also presented.
Thefinal chapter addressestechniquesthat use scandium and yttrium and includeslists of

specific applications.

The wide scope of the book, along with its extensive bibliographical information,
makes it an excellent resource for those interested in how scandium and yttrium affect
living systems. The 303-page, hardbound book is available from Kluwer Academic
Publishers, Order Department P.O. Box 358, Accord Station, Hingham, MA 02018-
0358 USA Tel: (781) 871-6600, Fax: (781) 681-9045, e-mail: kluwer@wkap.com, for
US$139.50. Itispublished as Vol. 13B of the series Biochemistry of the Elements, ISBN
0-306-45657-5. For moreinformation, visit http://www.wkap.nl/. A

High Tech Materials Website

High Tech Materias, formerly TradeTech L.L.C.'s rare earth and specialty metals
division, was purchased earlier thisyear by Rich Vito. They are announcing their new
website and the resumption of the publication of Elements, amonthly newsdl etter devoted
torare earths, specialty metals, and applied technology, now available only in electronic
version. Their websiteishttp://www.RareEarthsM arketPlace.com. Elementsissent via
e-mail to subscribers, and is also available through a password-protected section of the
High Tech Materialswebsite.

For moreinformation, contact Rich Vito, High Tech Materidss, 1049 PonderosaCircle,
Longmont, CO 80501-3931, USA, Tel: 303-772-0678, Fax: 562-750-0613, e-mail:
richvito@RareEarthsM arketPlace.com. A

Rare-Earth Magnets Conference

The 17" Int. Workshop on Rare-Earth Magnets and their Applications will be held
August 19—22, 2002, in Newark, Delaware, USA. The contact person for thisconference
is George C. Hadjipanayis, University of Delaware, Newark, DE, USA, Tel: 302-831-
2736, Fax: 302-831-1637. So far we have not received any further information, but will
publish any information wereceiveinthefuture. A
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Mag netic Ferroelectrics The discussion includes density of states,
The topic of multiferroic presentin the same phase, providesahis- band structures, tight-binding parameters

magnetoelectricsis addressed in an article
by NicolaA. Hill in J. Phys. Chem. B 104
6694-6709 (2000). The article, entitled
“Why Are There so Few Magnetic Ferro-
electrics,” isan excellent discussion of the
problem.

Thefirst part of the article, or thefirst
four major sections, provides an introduc-
tion to the subject and a discussion of the
considerations in explaining the presence,
or lack thereof, of magnetoelectric
multiferroism. The explanations of ferro-
magnetism and ferroelectricity are very
good; they arewell written and easy to un-
derstand. The section on multiferroism,
which existswhen 2 or 3 of ferroel ectricity,
ferromagnetism, and ferroelasticity are

tory and discussion of the requirementsfor
magnetoel ectric multiferroism. Consider-
ationsin helping to explain the presence of
magnetoel ectric multiferroisminclude sym-
metry, electrical properties, and chemistry.
The interaction between these three areas
iswhat finally determinesthe magnetoel ec-
tric multiferroic state, and the necessary in-
teractioniscomplex and finely balanced.

The second part of the article, or the
fifth major section, consists of a detailed
discussion of theroles symmetry, electrical
properties, and chemistry play in producing
magnetoel ectric multiferroismin BiMnO,,
LaMnQO,, and YMnQ,, all of which behave
dightly different chemically, and al of which
evidence magnetoel ectric multiferroism.

Magnetocaloric Materials

A review of magnetocaloric materials
was published earlier this year in Annual
Review of Materials Science 30 387 — 429
(2000). The review article, entitled
“Magnetocaloric Materials,” written by K.
A. Gschneidner, Jr. and V. K. Pecharsky,
offersan overview of thescientific principles
of the magnetocaloric effect (MCE) and a
compilation of many of thematerialsaready
known to exhibit the M CE.

After a brief introduction to magnetic
refrigeration, athermodynamic discussion
of the MCE is presented, including discus-
sionsonwheat congtitutes conventional MCE
behavior and what is anomal ous behavior.
This section covers the way to determine
and characterizethe MCE. Anomalousbe-
havior can result from two closely spaced
magnetic transitions or by the presenceof a
low-lying crystal electricfieldlevel.

M easurement of the M CE isdiscussed
next. Measurements can be made either
directly orindirectly. Direct measurements
measure the adiabatic temperature change
asamagnetic fieldisapplied and removed.
These measurements are usually time con-
suming, and finely detailed temperaturein-
formationisdifficult toobtain. Error analy-
sisismoredifficult with direct techniques,
but accuracy is often claimed to be from 5
to 10%, although actual data show amuch

wider variation. The accuracy of direct
measurements is very dependent on the
quality of the equipment used in the mea
surement. Indirect measurements involve
calculation of the M CE from magneti zation
or heat capacity measurements, using the
magnetic entropy change and the adiabatic
temperature change calculations. The er-
rors in measurements using magnetization
areusualy inthe 20to 30% range. Thisis
much improved at |ow temperaturesfor the
heat capacity measurements, but can be as
high for near room temperature measure-
ments. The special problem of first order
phase transitions is also addressed in this
section, and considerations for each mea-
surement method are mentioned.

The last half or so of the article is de-
voted to materials that exhibit the MCE.
The major groups of materials mentioned
arelanthanide-based materids, 3d transition
metal-based materid's, and mixed |anthanide-
3d transition metal materials. Summaries
for the M CE of many materialswithin these
classes are mentioned.

This article serves as agood introduc-
tion to the topic of magnetocal oric materi-
as. Theextensivebibliography would well
serve anyone looking for more detailed in-
formation onthetopic. A

and fitting, Eigenvectors and Eigenvalues
for the dynamic phonon matrix, and struc-
ture.

An Appendix includesthe computationd
and measurement techniques used to ana-
lyze the materials discussed. This helped
the flow of the paper. All thetechnical de-
tails are included, but not in the main text
of the article, so the arguments presented
by the author are not interrupted and can
be made more smoothly, while still having
the support present inthe article.

Overall, thisarticleisvery interesting.
Theauthor hopesto spark researchinterest
in this area, and this article could be the
spark that lightsthefire. A

E-Mail Subscription

Subscribers to the RIC News can re-
quest to receivetheir copiesviae-mail. This
representsavastly improved time-of-deliv-
ery over surfaceand air mail. Infact, thee-
mail versionwill beavailable beforethe print
version has even been mailed. It is now
availableinMSWord, .pdf, HTML, or text-
only formats.

To receive the RIC News via e-mail,
please specify which format you would pre-
fer, and send your e-mail addressto: RIC,
112 Wilhelm Hall, Ames Laboratory, | SU,
Ames, |A 50011-3020 USA;
ric@ameslab.gov. A

Industry Notes

ONEW ADDRESS: Stanford Materials
Corporation, 4 Meadowpoint, Aliso Vigjo,
CA 92656 USA, Tel: (949) 362-1746, Fax:
(949) 362-1810, e-mail:
info@stanfordmaterials.com.

OGMM: GanSu Light Industrial Products
producesgiant magnetostrictivematerialsfor
a variety of applications. Contact: Zhu
Xiaochun, 386# Ding Xi Road, Lan Zhou,
China. Tel: 86-931-8616321-8253, Fax: 86-
931-8619024, e-mail: xchunzh@sina.com.
A
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Spin Fluctuations and Superconductivity

Toru Moriyaand Kazuo Ueda have written areview article, “ Spin fluctuations and high temperature superconductivity,” that was
recently published in Advances in Physics 49 [5] 555 — 606 (2000). Theories of spin fluctuations and how they are related to the
characteristics of high-Tc superconductorsreceive good coverageinthisarticle.

The introduction provides basic information on high temperature superconductivity and the difficulties that have been faced in
analyzing spin fluctuations and superconductivity. These difficulties are now being resolved through the development of computers
with higher computing power, which arethus better able to handle the many complex cal culations required for proper analysis.

Separate discussions of spin fluctuation theory and the anomal ous normal state properties of cuprate superconductorsfollow. The
spin fluctuation theory section presents argumentsfor the preference of self-consistent renormalization (SCR) theory over the random
phase approximation (RPA) approach to modeling superconductor behavior. Specific comparisons between phenomenological aspects,
guantum critical behaviors, and microscopic theoretical aspects are made. The anomalous normal state properties discussed are the
nuclear magnetic relaxation rate, electrical resigtivity, the Hall coefficient, spin fluctuation parameters, and optical conductivity.

Next follows the longest section of the paper, on the theory of spin fluctuation-induced superconductivity. Early theories, weak
coupling theory, strong coupling theory, the possibl e interaction between the superconducting and antiferromagnetic phases, afluctua-
tion exchange approximation, vertex corrections, and application of spin fluctuation theory to other systems are discussed.

Thelast major section of the paper isadiscussion on some of the topics addressed earlier and on the pseudo gap phenomenon. The
final conclusion drawnisthat spin fluctuation mechanismsare responsible for anisotropic superconductivity in high Tc cuprate and 2D
organic superconductors, as has also been determined for superconducting heavy electron systems and Sr,RuO,. The only problem
that may be encountered isin accounting for the pseudo-gap phenomena, which may be possible by extending the spin fluctuation

theoriesfurther. A

BaO-Ln203-TiO2 Microwave Dielectric

A review paper coveringthework done
onaBaO-Ln,0.-TiO, solid solution phase
asamicrowave dielectric was published in
International Materials Reviews 43 [5]
205-219 (1998). “Microwave dielectric
solid-solution phasein system BaO-Ln,O,-
TiO, (Ln=lanthanidecation),” by R. Ubic,
I. M. Reaney, and W. E. Lee, presents a
good overview of thework doneinthisarea.

Microwave dielectricsare pervasivein
the communicationsworld weliveintoday.
Microwave communicationsareusedin cell
phones, TV, radio, satellite communications,
and radar for police, airborne fire control,
airport traffic control, and military applica-
tions. Microwave resonators are used to
broadcast and receive information in these
applications. The propertiesof the resona-
tor material determine the effectiveness of
the resonator. Three important properties
are the dielectric constant, the quality fac-
tor, and thetemperature coefficient of reso-
nancefreguency.

After the introductory section that in-
cludes the previous information, a history
of the devel opment of microwave materials
ispresented, from the medieval use of lode-
stonesin navigation to barium titanatesfirst
developed around 1886, to neodymium ti-

tanatesaround 1970, to barium neodymium
titanates that currently receive much re-
search attention. Thissectionasoincludes
phase diagrams and summaries of com-
poundswith crystallographic and dielectric
informationinthe BaO-Ln,O,-TiO, system.

Sections on the composition and crys-
tal structure of the solid solution phasefol-
low. Thesolid solutionin the BaO-Ln,O.-
TiO, system is Ba,, Ln,, Ti .O,,. The
crystal structure is a combination of TiO
perovskite-like octahedraarranged similarly
to a tetragonal tungsten bronze pattern.
Different lanthanides result in dlightly dif-
ferent structures for this phase. The dis-
cussions on crystal structurein thisarticle
are detailed, and include information for
severa lanthanides.

Thefinal three sectionsinclude discus-
sionson thetolerancefactor’seffect on the
temperature coefficient and the effect of
dopants, additives, and processing param-
eterson the electrical propertiesof thema:
terial. Theamount of information contained
in this article is vast, and is supported by
113 references. It is agood review of an
interesting subject, and would be an excel-
lent starting point for anyone considering
researchinthisarea. A

Correction:

The authors of “Finite-temperature
properties of doped antiferromagnets’
(reviewed in RIC News XXXV [3] 7 (2000)
areJ. Jaklic and P. Prelovsek. A

Consultant’s Corner

To appear in our Consultant’s Cor-
ner, any individual, company, or group
must be involved in are earth or rare-
earth-related consulting activities. Just
send usthe appropriateinformation: con-
tact name, company name, mailing ad-
dress, Tel/Fax number(s), e-mail, web
address, and areas of expertise.

We would like to update our infor-
mation as much as possible, so if you
have submitted your information in the
past but have something that has
changed, if you are new to rare-earth
consulting, or if it hasbeen awhilesince
you have had any of your information
published in the RIC News, please re-
submit your information: Tel: (515) 294-
2272, Fax: (515) 294-3709, e-mail:
ric@ameslab.gov. A
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Characterization of Ferroelectrics
Research Group Highlight

Characterization of the structural and dielectric properties of
ferroelectric ceramics is the subject of several publications
authored or co-authored by R. N. P. Choudhary, and which are
or soon will be included in the RIC Database. Choudhary has
worked primarily with compounds of the ABO,-type in recent
years, with doping, often by rare earths, on either the A or B
Sites.

The value of these materialsisin their applications. They
are used in transducers, computer memory and displays, light
valves, el ectro-optical modulators, oscillators, sensors, hydrophone
devices, and pyroelectric detectors. Choudhary is one of the
peopl e searching for new compositionsthat could servein device
applications.

The primary focus of Choudhary’s work is the preparation
of single-phase samples and subsequent structural and electrical
evaluation of those samples. The methods Choudhary employs
in sample preparation are thoroughly described in each publica-
tion. Methods used include solid-state reaction and sol-gel pro-
cesses. Detailsareincluded asto the constituent material ssources,
process chemical sources, mixing methods, and heat treatments.

Characterization details are also included, such as the spe-
cific measurement instrument used and the analysis method em-
ployed. Structural information often includes acomparison be-
tween calculated and observed XRD peak positions along with
the associated Miller indices, cell parameters, crystal structure,
density, particle size, and SEM images showing the microstruc-
ture of the material.

Didectric properties often included are diel ectric constant as
afunction of temperature or frequency, dielectric loss tangents,
the temperature of the maximum dielectric constant, the Curie
temperature, activation energy, conductivity or resistivity,
diffusivity, and a discussion of the diffuse nature of the elec-
tronic phasetransition. Explanations of how the composition of
the material affect these propertiesare also included.

Some of the specific compositions studied in Choudhary’s

papersinclude:
Pb(Li 0.25N do.zswo.s)os’ .
Pb0.9(_L al—z/SK z) 0.1(Z rO.SSTI 0.47) 0.975
Pb(L I o.2sGdo.25W0.5)03'
Pb(Li o.258mo.25M 00.5) Os’ .
[ I:)bO.92+(z/l—z) L a0.0S] 1-2[ ZrO.S?,_TI O.47+(z/1—z):| 0.98(1—2)03’
PbO.Q(_L a1-z/3N az) O.l(ZrO.SSTI 0.47) 0.97503’
Pb(L l O.ZSEUO.ZSM 00.5) OS’
and Ba,RTi_ Nb,O,, (R = rare earth element)

among many others. Some of the recent publications by
Choudhary can be found in Materials Chemistry and Physics
58 204-211(1999), Journal of Materials Science Letters 18 345-
348 (1999), Materials Letters 39 318-323 (1999), Indian Jour-
nal of Pure & Applied Physics 37 476-481 (1999), and Materi-
als Science and Engineering B60 31-39 (1999). A

News from Japan

Our thanks to Kensuke Shimomura for supplying the content and
translations for this section.

The Nikkei Sangyo Shinbun, September 28, 2000: Hino Motors
Ltd. hasdevel oped afuel-efficient hybrid diesel truck, in coopera
tionwith ToyotaMoator Corp. Thehybrid engine usesHino'sdiesel
engine and Toyota's hybrid system and catal ytic converter for die-
sel engines. The NiMH battery used is the same asin the Toyota
Prius. The hybrid system worksto optimize drive and power gen-
eration for locomotion and also incorporates an energy recovery
system. The company plansto have it on the market by the end of
2003.

The Japan Times, September 29, 2000: Toyota Motor Corp. is
adding toitshybrid vehiclelineup with the hybrid Estimaminivan,
whichwill beavailablein Japan sometime next spring. Other mod-
és planned include mini, luxury, and medium-class vehicles and
trucks. The Prius sedan has been availablein Japan since Decem-
ber 1997.

The Japan Times, October 4, 2000: The U. S. Environmental Pro-
tection Agency ranked the HondaInsight asthe most fuel-efficient
automobile among 2001 models marketed inthe United States. The
Toyota Prius was ranked second. Both vehicles use the hybrid
gasoline-electric engine. The Hondalnsight averages about 61 mpg
and the Toyota Prius gets about 52 mpg, both numbers arefor city
driving.

The Nihon Keizai Shinbun, October 5, 2000: Sanyo Electric Co.
has agreed to buy out Toshiba Battery Co.’s NiMH battery plantin
Takasaki, Gunma Prefecture, by the end of March 2001. Thiswill
make Sanyo thelargest world producer of NiMH batteries, withan
estimated 60% market share. Toshibawill stop producing NiMH
batteriesand will focusinstead on lithium-ion batteries.

The Nikkan Jidosha Shinbun, October 19, 2000: Honda Motor
Co. will market a new version of the Honda Insight beginning in
mid-2001. The new version of theInsight will have acontinuously
variable automatic transmission instead of the manual transmission
currently in place. It is expected the new model will reach gas
efficiencies of about 50 mpg for city driving.

The Japan Times, October 22, 2000: General Motors Corp. has
achieveditsmileage goal, of 80 mpg, initsPrecept prototype. The
engine and motor design differs from most hybrid vehicles cur-
rently on the market, as it uses a three-cylinder diesel engine and
two electric motors. one that powers the front wheels, and another
attached to the diesel enginethat acts asanother electric motor and
agenerator. It will not be on the market soon, however, asitisstill
much more expensive to mass-produce than regular vehicles.

The Nikkei Weekly, November 13, 2000: Mitsubishi and
DaimlerChrydler areteaming up to develop small, lightweight fuel-
cell vehicle mass production within four or five years. Fuel cells
produce el ectricity by combining hydrogen and oxygen and are seen
astheultimatein clean alternativesto internal combustion engines.
Someindustry analystspredict fuel cellswill power 25% of vehicles
by 2020. a



December 2000

RIC News Page 7

Rare-earth doped polymer
waveguides

Contributed by Albert Polman

Polymer-based optical waveguide am-
plifiersoffer alow-cost aternativefor inor-
ganic waveguide amplifiers. Duetothefact
that their refractive index isamost similar
to that of standard optical fibers, they can
beeasily coupled with existing fibersat low
coupling losses. Doping the polymer with
rare-earthionsthat canyield optical gainis
not straightforward, as the rare-earth salts
are poorly solublein the polymer matrix.

A recent study {Ph.D. Thesis of L.H.
Sooff, Utrecht University, The Netherlands,
ISBN 90-393-2537-5} focusesontwo dif-
ferent approaches to dope a polymer
waveguide with rare-earth ions. The first
approach isbased on organic cage-like com-
plexes that encapsulate the rare-earth ion
and are designed to provide enough coordi-
nation sitesto bind therare-earthionand to
shieldit from the surrounding matrix. Opti-
cal properties of Er-doped organic
polydentate cage complexes are described,
showing clear photoluminescence at 1.54
mm with abandwidth of 70 nm, the highest
reported for an erbium-doped material so
far. Theluminescencelifetimeisvery short
(~1 ms) dueto coupling to vibrational over-
tones of O-H and C-H bonds. Due to this
short luminescencelifetime, high pump pow-
ersareneeded for optical gaininawaveguide
amplifier based on these complexes. The
pump power can be reduced if the Er is
excited viaahighly absorbing lissaminesen-
sitizer, which is covaently bonded to the
complex. Thishighly absorbing sensitizer
makes standard butt-end coupling of the
pump light into awaveguide amplifier im-
practical. The pump power can be used
more efficiently by using a novel coupled
waveguide system, which employs gradual
evanescent field coupling between parallel
pump and signal waveguides.

Anadternative approach to makearare-
earth doped polymer wave-guideisby com-
bining the excellent propertiesof SIO, asa
host for therare-earth ion with the easy pro-
cessing of polymers. Using abase-catalyzed
sol-gd synthesis, silicacolloidal sphereswith
adiameter of 340 nm were grown, and the
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[uminescence properties of the spheres, im-
planted with Er up to concentrations of 1.0
at.% were studied. The Er shows a very
long luminescencelifetimeof 17 ms. This
long luminescencelifetimeis partly dueto
thelow local optical density of states(DOS)
inthefreestanding silicacolloids. Calcula-
tionsof theDOS aredescribed for thinfilms
aswell asthe spherical colloids. By com-
paring the cal culation with experimentally
probed decay rates, radiative and non-ra-
diative components in the decay of Er are
determined. Optical gain calculations are
performed for acolloid/polymer waveguide,

and predict anet gain of 8.7 dB at a pump
power of 30 mW, for a 15-cm long
waveguide. Such alength can berolled up
on an area of 16 mm?.

The Ph.D. thesis as well as copies of
separate published articles on thetopic are
available on the website of the FOM-Insti-
tute for Atomic and Molecular Physics,
Kruislaan 407, 1098 SJ, Amsterdam, The
Netherlands;, www.amolf.nl. For more in-
formation contact Prof. A. Polman;
polman@amolf.nl. A
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Luminescence in Sr2CeQas
compounds

R. Sankar and G. V. Subba Rao have
written an article on luminescence that re-
cently appeared in Journal of The Electro-
chemical Society, 147 [7] 2773 — 2779
(2000). The article, “Eu®* Luminescence,
Ce* > Eu®** Energy Transfer, and White-
Red Light Generationin Sr,CeO,,” covers
someinteresting topicsin luminescence.

Sr,CeO, wasdiscovered to exhibit blue
luminescence. Excitation with UV light,
cathode rays, and x-rays all produce lumi-
nescence in this material, and it has been
established as an efficient blue-white phos-
phor material. Sankar and Subba Rao set
out to determine what effect, if any, Eu®
would have on the luminescence character-
istics of Sr,CeO,. This article reports the
synthesis, characterization, and lumines-
cence properties of pure and doped
Sr,CeQ,.

Doping was done for both the Sr- and
Ce- sites. Compounds investigated were
Sr,CeO,, (Sr,La),(Ce,EU)O,,
Sr,(Ce,Eu)O,, and (Sr,Eu),CeO,. The ex-
periments performed for this article con-
firmed Sr,CeO, as a blue phosphor, and
compared its properties to other standard
blue phosphors. (Sr,La),(Ce,Eu)O, was
shown to exhibit luminescencein the blue-
whitetored-whiterange. Sr,(Ce,Eu)O, aso
exhibits luminescence in the blue to red
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range. (Sr,Eu),CeO, and (Sr,La),(Ce,Eu)O,
are each efficient red phosphors under dif-
ferent excitation wavelengths.

The paper dsoincludesadiscussionon
the energy transfer mechanismin Eu-doped

Sr,CeO,. The comparable behavior be-
tween these compounds and Eu-doped
Y, O, that is the standard material shows
that Eu-doped Sr,CeO, may beaviableal-
ternate materialsfor luminescence applica
tions. A
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