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New Centers Funded by NSF
and WM. Keck Foundation

Material sresearchersat theUniversity of Ne-
braskahavewonaprestigious$5.4milliongrantfromthe
National ScienceFoundation. Thegrant establishesa
Materials Research Science and Engineering Center
(MRSEC) entitled " Quantum and Spin Phenomenain
Nanomagnetic Structures.

TheMRSECisanoutgrowth of theCenter for
Materia sResearchand Analysis, andinvolvesscientists
fromtheDepartmentsof Physicsand Astronomy, Chem-
istry, Mechanica Engineering, andtheSchool of Biologi-
cal Scienceswhoseresearchfocusesonnanomagnetic
structures. Their work in magnetic materials at the
nanoscale— assmall asone-billionth of ameter —has
applicationsinadvanced computing and datastorage
systems, handhel d el ectroni c devices, advanced sen-
sors, and possi blefuturemedical technol ogies.

-
MRSEC Faculty

TheMRSEC grantillustratesthesuccessof Nebraska' s
investmentsinresearch, saidPremPaul, ViceChancel lor
for Researchand Dean of Graduate Studies.

“Our stature in materials research and
nanotechnol ogy isadirect result of NebraskaResearch
Initiativefundinginthepast decade. Now weareseeing
thereturnonthatinvestment,” Paul said.

continued on page 4

From the Director

by David J. Sellmyer

It is indeed a pleasure to report on recent
achievementsof CMRA anditsfaculty. Inthelastyear
there have been severa
extremely positive
deve opments someofwhich
are reported in moredetail
esewhereinthisNewdetter.
Weare especially gratified
about the establishment of
the Materials Research
Science and Engineering
Center by NSF, and the
W.M. Keck Center by the
W.M. Keck Foundationof LosAngeles. Thesearetruly
anindicationof theassemblageof an outstanding group

continued on page 4
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Recent Achievements of Center Researchers

Al-Omari Award
Imad Al-Omari, aformer PhD student in
Physics, UNL, is now a professor inthe Department
of Physics, Collegeof Science, Sultan QaboosUniver-
sity. He wasthe recipient of theprestigious* Abdul
Hameed Shoman AwardforY oungArab Scientists’ in
Physicsforthisyear.

APS Service

David Sellmyer completed histermaschair of
the American Physical Society’s Topical Group on
Magnetism and its Applications.

International Visitors

Prof. lvan'Y akovkin, UkraineNational Acad-
emy of Sciences, and Prof. Neil Boag, University of
Salford, visited CMRA thispast summer for collabo-
rativeresearchwith Prof. Peter Dowben’ sgroup.

NSF-MRI Award

A large group of CMRA researchers led by
Brian Jonesand Minglang Y an wereawarded aNSF
Major Research Instrumentationgrant for anew x-ray
diffractometer . Thecost of theinstrumentis$360,000
and it will befound inthe CMRA X-Ray Materials

Characterization Central Facility.

Rieke Metals wins Entrepreneur Award

The University of Nebraska Foundation has
named RiekeM etal sthethirdwinner of theWalter Scott
entrepreneuria businessaward. Professor Reuben Rieke
of theDepartment of Chemistry hasbeenalong-time
member of CMRA.

Hao Zeng Research

Recent Ph.D. Hao Zeng, now at IBM-
Yorktown, was first author of the Nature paper
“Exchange-coupled nanocomposite magnets by
nanoparticlesdf-assembly.”

Sudent Awards and Honors
CMRA graduate students have recently re-

ceivedthefollowingawards:

Ruihua Cheng (AVS Falicov Award semifinalist,
Nottinghamawardfinalist, NU FolsomDoctoral Prize
Findigt); Takashi Komesu (Nottinghamprizefinalist);
BoXu (Nottinghamprizefinalist, SigmaXi Award);
Cheol-so0 Yang (Best NSTD student paper prize);
Jian Zhou (Outstanding Student Award, Int. Rare
Earth Conference).

Thefollowing CMRA-&ffiliated studentshave
earnedtheir PhDsduringthepast twoyears. Mengjun
Bai (Physics, S. Ducharme), RuihuaCheng (Physics,
P. Dowben), Sangjun Cho (Elect. Eng., P. Snyder),
Takashi Komesu (Physics, P. Dowben), Zhongyuan
Liu(Physics, S. Adenwalla), PaocloRoss (Chemistry,
G. Harbison), Ali O. Sezer (Collegeof Engineering, J.
I.Brand), Richard Thomas(Physics, D. Sdlmyer), Bo
Xu (Physics, P. Dowben),Hao Zeng (Physics, D.
Sellmyer),Jian Zhou (Physics, D. Sdllmyer).

Corey Bungay (Elect. Eng., John
Woollam), TarasGorishnyy (Mech. Eng., S. Rohde),
Timothy Reece (Physics, S. Ducharme), Denise
Schultze (Mech. Eng., S. Rohde) and XuesongZhang
(Eng. Mech., J. Yang) have earned M.S. degrees.
L aetitia Bernard (Physics, P. Dowben) has earned
her B.Sdegree.

Interfaces, the Newsletter of the Center for Materials Research and Analysis, is published periodically.
Information, announcementsand research updatesshould besent to:
InterfacesNewd etter
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Tiny Neutron Detector Developed

Reprinted with permission from Scarlet (8/22/02), written by Monica Norby

A highly sensitive, hand-held neutron detection
devicedeveloped by UNL researcherscould be used
for locating hidden nuclear materid s, monitoringnuclear
wegpons storageand other nationa security applications.

The detector, built around a boron-carbide
semiconductor diode smaller than adime, can detect

fairlyinexpensive and there are manufacturers herein
Nebraskawiththe technology to produce thesedetec-
torsright now,” Dowben said.

Devel opment of thedetector wasfundedlargely
through the Nebraska Research Initiative, a state-
funded competitive grantsprogram.

“This is a

G -

The neutron detector research team members are,
from left, Peter Dowben, Shireen Adenwalla, Andrew
Harken, Jennifer Brand and Brian Robertson.

neutrons emitted by the materials that fuel nuclear
Weapons.

“Thisisaleagpfrogtechnology inneutron detec-
tion,” said Peter Dowben, UNL physicistwhowasthe
firsttofabricateaboron carbidesemi-conductor. Using
Dowben’ sboron carbidesemiconductors, theresearch
teambuilt a detector aboutthe sizeof alegoblock that
ismuch more efficient, lighter andtougher thanexisting
detectors.

“Thisdeviceisvery small, it can be powered
with small batteries or even solar cells, and it can
withstand corrosion and extremely hightemperatures,”
said BrianRobertson, whois associate professor inthe
Department of Mechanical Engineering.

Fivepatents areheld by UNL or arepending
onthedeviceitself andontheprocesses for producing
the semi-conductors. Theteam is continuing torefine
the device, focusing onimproving itsefficiency and
reliability, andisexploringcommerciaizationwitha
Lincoln-based engineering company.

“The materials used to make the device are
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story of
how the
state’s in-
vestmentin
research
canleadto
technology
that ben-
efits Ne-
braskans
andthena-
tion,” said
Prem Paul,
UNL Vice

The neutron detector, which is
about the size of a dime.

Chancellor for Research.

The detector has applications beyond national
security, said physicist Shireen Adenwalla. NASA
wantsalow-mass, thin devicelikethisfor their comet
landers, which measurethe hydrogen content of com-
ets. It alsohasusesin experimental medical radiation
treatments for cancer and for “ scattering” experiments
performed in basic neutron research.

Theresearch team, all affiliated with UNL’s
Center for MaterialsResearchand Analysis, includes
Robertson, Adenwalla, Dowben, Harken and chemical
engineer Jennifer Brand.

Robertson presented a scientificpaper onthe
device ata meetinginJuly of thelnternational Society
for Optical Engineering, generatingintenseinterestand
invitationsfromU.S. national | aboratoriesand European
laboratoriesto present results and participate inre-
searchprograms.

“Thisissomething peoplehavebeen trying to
do for more than 38 years and haven’'t been able to
accomplish,” Robertsonsaid. “Wehaveinventedthis
deviceanditworksvery, very well.”
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Centers Funded by NSFand
W.M.Keck Foundation, continued

continued from page 1

In addition, a new center dedicated to the
study of mesospinstructureswas funded by theW.M.
Keck Foundation. The W.M. Keck Center for
M esospinand Quantum|Information Systemsconducts
frontier research on mesospinstructures. Thecenter
involves nine faculty, one postdoctoral research
associate and eight graduate students from the
departments of Physics and Astronomy, and
Chemistry.

The research occurs at the intersection of
condensed matter physics, chemistry and materials
science. Mesospin structures are extremely small,
ranginginsizefromsingleatomic spinsto high-spin
mol ecul esto nanoscal e magnetic dotsand clusters.
These structures have great potential for future
technological applicationsin informationprocessing
andstorage.

The W.M. Keck Foundation is one of the
nation’ slargest philanthropicorganizations, with assets
totaling morethan $1.5billion. Established in 1954
by the late William Myron Keck, founder of the
Superior Oil Co., thefoundation’ sgrant making is
focused primarily onthe areasof medical research,
scienceand engineering. TheW.M. Keck Foundation
seeksto enrichresearchandteachingthrough support
forequipment, facilities, fellowships and basicresearch
projectsat thefrontiersof scienceand engineering.

W.M. Keck Faculty

From the Director,
continued

continued from page 1

of faculty here.

We aregrateful totheUniversityadministration
for strong support of our activities in materials and
nanoscience. Theuniversity establishedabout adozen
academicenhancement programscalled* Programsof
Excellence(PoE),” including oursonNanoscal e Sci-
ence and Technology (NST). NST, which isadmin-
istered by CMRA, will permitthehire of 11 newfaculty
over 5years in the departments of Physics (4),
Chemistry (2),Mechanical Engineering(2), Electrical
Engineering(2),and Chemica Engineering(1). Already
hired are Professors Yongfeng Lu (E.E.), Shireen
Adenwala(Physics), ChristianBinek (Physics),andLin
Wu(M.E.). Thetotd investmentis$4.2millionincluding
contributionsfromtheCollegesof Artsand Sciences,
and Engineeringand Technol ogy, aswell asthedepart-
ments, CMRA, andViceChancellorfor Research. The
Nano PoE also supportsa“ M aterial sand Nanoscience
Seminar Series,” setupfundingfor new hires,and some
administrativesupport costs. Thestrongadministrative
support fortheNano PoE surely will help buildfocused
researchstrengthinour fieldfor many yearstocome.

CMRA faculty arestrongininterdisciplinary
research collaborations. Oneexampleistheongoing
ONR supported program: “Magnetoel ectronic Struc-
turesand Devices.” Thislargecollaborationincludes
about 22 faculty, 5 departments, and two dozengradu-
atestudentsand postdocs. Another new developmentis
agrant soontobefunded by theDoD onboroncarbide
semiconducting devicesthat constituteanew, miniatur-
ized classof neutrondetectors.

Theabovearesomehighlightsfocusingonlarge
groupswithmultiyear funding. Of course, therearea
largenumber of individual investigator grantsthat form
the basis of our research programs. Itisacertainty,
however, that the Central Facilitiesandinfrastructure
providedby CMRA areessential for thewholematerials
and nanoscienceenterprise.
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Nanocomposite Films for High Density Recording

By Minglang Yan

Inthepast few years, theareal density of mag-
netic recording hasbeen increasingat an annual rateof
about 60%, andrecently, increasingly driven to100%
per year. In order to continue this growth trend, the
development of new mediawith higher thermd stability
isnecessary. NanoscaleL 1, CoPt or CoPt-basedfilms
arevery atractive as extremely highdensity recording
mediabecausetheir large anisotropy energy (Kuisas
highas6x10’erg/cm®) dlowsthermal ly stablemagnetic
granswithsmal size.

Whentherecordingdensity approach 1 Thit/in?,
itisalsovery important to tightly control themedia
nanostructure, es-
pecidly grain size,
grain-size disper-
sion, and chemical
isolationto control
exchangecoupling
in order to keep
the media noise
within an accept-
ablelevel. For per-
pendicular record-
ing media, itisde-
sirablefor theeasy
axisof magnetiza-
tion tobeperpendicular tothefilmplane. Hence, CoPt
or FePt-based films should be (001) textured . Nor-
mally, suchtexturecan beobtained by epitaxal growth
on heated singlecrysta -substrates. For example, MgO
(100) substrateswere used for film depositioninorder
tocreateepitaxially-grown CoPt or FePtgrainsandto
obtain (001) texture. For practical applications,
nonepitaxialy grownCoPtor FePtfilmsaremuchmore
convenientthanthosegrownepitaxially.

Nonepitaxial growth methods were used to
fabricate CoPt or FePt-based nanocompositefilms with
(001) texture. Themethod used ismultilayer deposition
plus subsequent rapid thermal annealing. Filmswere
magnetron sputtered directly on glass or thermally
oxidized S wafer substrates with the multilayer
structure of [Fe(Co)/P/X(=C,SO,,B,0,,Ag...)]..

Dr. Minglang Yan
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The composition of the films was well
controlled by adjusting thethickness ratio of each
layer. Theas-deposited filmswerethen annealed by
suitablethermal treatment process. After annealing, the
continuous layerswerebroken up and nanocomposite
structured filmswereformed. Transmissionelectron
microscope observations confirm (Fig.1) that these
films consistof high anisotropy L1, CoPtor FePtnano-
particles withuni-
form size (~snm)
embedded in the
nonmeagneticmatrix
X(=C,s0,,B,0,,
Ag...) and appear
tobewel | isolated.
Fig.2 shows the
XRD pattern and
hysteresis loop
of FePt:C
nanocom-
posite film
deposited
on a soft
underlay
FeCoNi.
The pre-
ferred crys-
| tal orienta-
tion of L1,
FePt:C
nanocom-
positefilmis
successfully
obtained on
this soft
underlayer by nonepitaxial growth. The magnetic
measurement showsaloopand with coercivity H =8.5
kOe, nucleation fieldH_=5.65kOe, remanenceratio
S=1,andloopslope(atH ) a=3.3. Theseproperties
for FePt:Cnanocomposite films approximately satisfy
theoretical models of thelnformation Storagel ndustry
Consortium for 1 Thit/in?recording.

(a)
ey
Fig.1. TEM images.

(a) FePt:C. Bright-field and
(b) Cross=section image.

FeCoNi (111)

(] 1
FePt ()
[ FePt (M2}

Imansity {Courtsie)

Kizir rotation anglz

=10 L]

Hi{kSe)
Fig.2. XRD pattern (a) and hysteresis
loop (b) of FePt:C nanocomposite film
deposited on the soft underlayer. Loop
measured by polar-kerr effect at room
temperature.
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CMRA Welcomes Yongfeng Lu

Dr. Y ongfengL uisanassociateprofessorinthe
Department of Electrical Engineeringandamember of
theCenterfor Materia sResearchand Andysis(CMRA).
HejoinedtheUniversity of Nebraska-Lincolnin Sep-
tember 2002. Beforethat, he was associate professor
attheNational University of Singapore.

Dr. Lu ob-
tainedhis B.Eng.de-
gree in 1984 from
TsnghuaUniversty,
Beijing, China. He
received hisM.Eng.
and Ph.D. degrees
from OsakaUniver-
sity, Japan in 1988
and 1991, respec-
tively. Hehasanex-
tensive research
background in the
areasof laser-based
micro-scale and
nano-scalematerial processingand characterization.
Dr. Luhaspublished over 150 peer-reviewedjournal
papersandover 160 presentationsininternational con-
ferencesincluding morethan 30 plenary andinvited
talks.

Dr.Lu hasservedasconferencechair, session
chair, program committeemember and advisory com-
mitteemember for morethan 30 conferences.

Dr. Lu hasreceived anumber of national and
international awards, including National Technol ogy
Award(Singapore, 1998), Asean Engineering Achieve-
ment Award (A sean Engineering Association, 1999),
and Laser International Award (Germany, 2000). Asa
researchgroupleader, hisresearchwasfocused onlaser
removal of nanoparti clesfromsolidsurfaces(commonly
knownaslaser cleaning) and nanoscal e patterning by
| aser-assi sted scanning probemi croscopy and optical
resonanceinmicroparticles. Hewasoneof thepioneers
to theoretically propose amodel toexplainthe behav-
iors of nanoparticles on solid surfaces under laser
irradiation, and experimental ly obtained thesub-wave
length nanostructuresusinglaser-induced optical reso-
nanceinnanospheres.

Dr. Yongfeng Lu, behind him
istheBurleighscanning probe
miCcroscope system.

“Our work encompasses a few important
topicsincludinglaser writing of sub-wavel engthstruc-
tures, applicationsof laser removal of nanoparticles,
behaviorsof nanoparticlesunder |aser irradiation, theo-
retical modeling, influence of laser wavelength, and
particleremova with assstance of thinliquid films,” Dr.
Lusaid.“Wehavea sobeenworking cooperatively with
companiesinUSA, Japanand Singapore, anddevelop-
ing commercia productsfor laser etching, laser cleaning,
laser deflash, laser cuttingand | aser surfacetexturing.”

“ After joiningUNL, my research effortsfocus
on nanoscal elaser material processingand character-
ization such aslaser-assisted nanoimprinting, laser-
assi sted scanning tunneling microscopy, nanoparticle
formationandthinfilmdeposition, and fabrication of
nanoscaleoptical and electrical devices,” Dr.Lusaid.
Oneof hiscurrent researchinterestsishowtofabricate
three-dimensional photonicbandgap crystal sby com-
bining laser nanoimprinting and self-assembly of
nanoparticles. Todate, hehas received afew research
grants fromtheNational ScienceFoundation, Depart-
ment of Defenseandindustry with a total amount of
morethan $400,000.

“Mylong-termgoal istouselasersasbasictools
to bridgenanoscal escience, nanotechnol ogy and com-
mercidization,” Dr.Lusad.

Dr. Lu hasestablished anew Laser-Assisted
Nano-Engineering Laboratory (LANEL). Thelabis
equipped with a Lambda Physik Compex 205 KrF
excimer laser, aBurleigh scanning probemicroscope
system consisting of atomic force microscope and
scanning tunneling microscope, and aCoherent Innova
306argonionlaser. A pul sed-laser depositionsystem
and alaser-assisted chemical deposition systemare
alsobeing built.

From Fall 2003, Dr. Lu offers anew course,
I ntroductionto Nanotechnol ogy, which coversthesci-
entificareasrel atedto nanoscal escienceand engineer-
ing.

“l grewupina small town near Shanghal,
China. Now | amlivingwithmywife(Y anZhu) andtwo
children (Monicaand Leo) inLincoln,” said Dr. Lu,
“WelikeLincoln very much.”
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Themainthemeof Prof. Eckhardt’ sresearch
concernstheroleof collectiveexcitationsonthephysica
behavior and reactivity of matter. Onthemicroscopic
level these excitations are aresult of intermolecular
interactions, interactionsthat are beyond the short-
rangeforcesinvolved informa chemica bonding. Many
differenttechniquesareinvolved instudiesof several
systems. Thelatter areinvariably solidsand fromthis
arisesanatural connec-
tiontoinvestigation of
propertiesof materials.
“Themain thrust of
research at present is
mechanochemistry, the
study of chemical re-
activity driven by me-
chanical energy or
manipulations,” Prof.
Eckhardtsaid.“ Anex-
ampleisdetonation of
explosives by impact. After a millenium of use, the
actual microscopic mechanism that causesdetonation
is not understood andthisisaquestionthatiscurrently
being addressed by my group. A theoretical model for
theinitial step of detonationhasbeen published with
my long-timecollaborator, Prof. Tadeusz L uty of the
Technical University of Wroclaw. This model has
produced amorecomprehensiveview of theinitid fate
of mechanical energy inchemica processesand hasled
to anactive collaboration with Prof. Henk Viljoen of
theUNL Department of Chemica Engineeringwhohas
produced a meso- to macroscopic model of detona-
tionthat complements themicroscopicmodel nicely.”

Thesetwo researchgroups arepursuing amore
comprehensive theory of theinitia phaseof detonation
thatisapplicableonall scales. The experimental com-
ponent of these studies involvethemeasurement of the
el asticpropertiesof crystal's of explosivemateria sby
Brillouinscattering, determination of the optical vibra-
tional modesof these systemsusing Raman scattering
and infra-red spectroscopy, and determination of their
strain Grueneisen parameters through piezomodul ated
Raman scattering spectroscopy, atechniquedevel oped

Prof. Craig J. Eckhardt

Research Spotlight: Craig J. Eckharalt

intheEckhardtlaboratory.

Prof. Eckhardt has twice been an invited
speaker at recent meetings of theAmerican Associa
tion of Pharmaceutical Scientists, because of therel-
evanceof hisresearchtotheprocessing of drugs, e.g.
forming tablets.

A long-standing area of research interest of
Prof. Eckhardt’s group has been in monolayers of
organicfilms. A quite old but important problemis
being able topredict which of the possible230crystals
agivenmateria will form. The gpproachof theEckhardt
groupistoinvestigatetheproblemintwodimensions
whereonly 17 crystal forms arepossible. These studies,
mainly based on isothermmeasurementsandimaging
by atomicforcemicroscopy, haveproduced extensive
and novel results, oneof which, theseparation of two-
dimensiond chira phases, waspublishedinNaturewith
Prof. JamesTakacs of UNL whowas responsible for
producing the moleculethat formed this novel film.
Recently, ProfessorsL uty and Eckhardt have published
an extensive theoretical model, based on solid-state
concepts, that offersadetail ed expl anation of thephase
behavior of smplemonolayer films. Collaborationwith
both Professors Dussault and Takacs in the UNL
Department of Chemistry haslead tothedevel opment
of rather uniquemonolayer filmsthat promiseinteresting
tribological properties. A new method for reliable
measurement of relative friction coefficients of mono-
layer filmshasbeen published.

“ A new researchareaisinvolvedwithdevel op-
inganew classof organicferroel ectricmaterias, both
polymericandcrystalline. Another new areacof research
activity focusesoninclusioncompounds, solidswhere
thereareregular arraysof largevoids, essentially mo-
lecular cages, inwhichother molecul es, guests, canbe
contained,” Prof. Eckhardt said.

“My laboratory is, perhaps, theonly onewhere
such measurements can be routinely measured on very
low symmetry systems,” Prof. Eckhardt added, “A
drawback of suchsystemsislack of robustness, butfor
nanoscal eapplicationsthisislesstroublesomeandthe
potential for use of such moleculesin “fine tuning”
materia spropertiesishigh.”
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