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-------- ¢ On the liquid structure and its relation to the formation of amorphous structures

| felt much honored to receive the invitation from Prof.
Inoue to spend two month at the Advanced Research
Center of Metallic Glasses as a visiting professor. | had
been at Tohoku University before for three month and
know that thisisaplace for very good research, one of the
best in the world.

The group in IMR has been very successful over the
years in processing bulk amorphous alloys. | myself has
as apart of my work worked on amorphous metal but my
main work has been in the field of casting and
solidification. However since my early days of research
work | have been interested in the field of processing
amorphous alloys. Through the invitation | got the
possibility to study thisfield in amore carefully way.

During my visit at IMR | get the opportunity to make
experimental studies aswell as atheoretical analysis. The
theoretical part of the work was concentrated to the
formation of clustersin aliquid metal used for processing
of bulk amorphous aloys. The formation of clusters was
analyzed by normal thermodynamic relations. A densely
packed model of clusters inside the liquid was first
constructed based on the atomic size. It was concluded
that at a large negative heat of mixing the clusters was
built by one atom in the center of the cluster and the other
one surrounding the first one. A thermodynamic cluster
model was the developed. The model is based on the
association model first proposed by Wagner. By the
cluster model the fraction of clustersinside the liquid was
calculated in relation to the number of free atoms (not
bounded into clusters). The model was applied to Al-Y,
Zr-Cu and Fe-Si-B alloys. It was shown that the fraction
of free atoms had a minimum at compositions close to the
composition for high amorphization ability. The model
derived will in the future be extended into alloys with a
more complex composition.

Beside the theoretical work an experimental part was
performed together with Dr Yokoyama. The structure in
arc melted cups solidified in water cooled crucibles was
analyzed. A specia interesting structure of the ZrCu
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phase was observed.
It had solidified
diffusion lessand was
supersaturated  with
Al. It had got through
a martensitic

transformation during

cooling. The phase
boundary between this feature less structure and the
amorphous phase was also analyzed. This phase boundary
was bent into several curved lines after each other. It was
suggested that this was a result of stresses caused by the
shrinkage of the phase during cooling.

A series of experiments in Fe-Si-B-Nb-Zr base alloys
was performed by Dr Shen. Those alloys are to be
investigated further. The experimental results will be
compared with the theoretical analysis of clusters inside
the liquid. The cluster model will also be applied during
the investigation of some melt spun Al-base aloys. The
ribbons are partly crystalline. A specia attention will be
taking to analyze the interphase structure between the
crystals and the amorphous phase. Thiswork is performed
in collaboration with Prof. Louzguine.

The IMR is a special place for research. | am very
pleased to have had the opportunity to work here and met a
large number of expertsin afield of largeinterest for me. |
look forward to continue my work in this area and aso
continue the collaboration with the researchers at IMR.



sescrececccccccccccceceod Simulation and Design of Half-metallic Ferromagnets

Itisindeed agreat honor and privilege for me to be associated
as a Visiting Professor in the Institute for Materials Research,
one of the World's leading institute in the area of Materials
Science. | had earlier visited this institute in 2005 for 2 months
under the JSPS invitation fellowship programme, and had
in-depth interaction with the group of Prof. Yoshiyuki Kawazoe
in the broad field of magnetism in nanostructured materials.
During the last visit | had initiated collaborative programmes
with this group, which resulted in some novel ideas as well as
publications. So when | received this invitation from IMR this
year, | accepted it with great hope and enthusiasm. | would like
to express my gratitude to Prof. Inoue for this kind invitation to
the Advanced Research Center of Metallic Glasses, with which |
am formally associated during this 3-month long visit
(July-September 2006).

During this visit, | mainly focused on smulation and design
of half-metallic ferromagnets. The current upsurge of interest in
metal-based as well as semiconductor-based spintronics
materials mainly originates from their application potential in
GMR and TMR based memory devices. Common to all these
devices is the requirement of controlled transfer or injection of
charge/ spin from aferromagnet into a normal metal (in case of
metal-based devices) or into a semiconductor (in case of
semiconductor-based devices). For such spin injection to be
effective, it isimperative to have a material with a high degree
of spin-polarization i.e. a high relative imbalance between
spin-up and spin-down electrons. Half-metallic systems
corresponding to 100% spin-polarization are the most ideal,
athough there are other criteria, such as high Curie temperature
(close to or above room temperature), formation of a good
interface with the semiconductor etc. that need to be addressed
for amaterial to be useful for spintronics device.

In this quest for a suitable spintronics material, the soft
ferromagnet CeMnNi, has been recently discovered which
shows large magnetic moment (~4.95ug/Mn), reasonably high
Curie temperature (~150K)) and high degree of spin polarization
(~66%), as observed by point contact Andreev reflection
(PCAR) spectroscopy. We embarked upon a detailed
first-principles investigation of the cubic and orthorhombic
phases of CeMnNiy, in order to understand their structural and
magnetic stabilities. Ferromagnetic state turns out to be more
stable for both cubic and orthorhombic phases, the latter having
lower total magnetic moment. The moment is mainly localized
on Mn atoms, and their alignment is mediated via the indirect
exchange interaction. Half-metallic nature as proposed
experimentally is elusive for the pure compound which shows
metallic behavior. However, what was startling in our
first-principles LSDA calculation is that the orthorhombic
phase turns out to be energetically favorable as compared to the
cubic phase reported experimentally. In order to resolve the
controversy about the ground state phase stability, we have
carried out detailed investigation on this system incorporating
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the effect of electron-electron
Coulomb correlation as well
as the effect of chemical
disorder in the Mn-Ni
sublattice.  Our LSDA+U
results indicate a reversal of
relative stability as a function
of the U-parameter. Also we

have estimated the transport
spin-polarizations both in the Ballistic and Diffusive limits for
the interesting intermetallic system, and compared with the
PCAR results.

Apart from this, we have carried out for the first time some
detailed studies of local magnetic response of isolated Fe in
dilute PdygsVoes dloy, for different near neighbor
configurations of Fe. This study has been motivated by the
recent experimental investigation using time differential
perturbed angular distribution (TDPAD) technique showing
strong spin-polarization associated with the Pd-4d band
electrons, which gets suppressed on aloying with some
transition metal like V. Our calculations also revea the same
suppression of the giant magnetic moment on alloying, due to
reduction of the induced ferromagnetic polarization of the host
Pd atoms and the development of a negative spin moment on V
atoms. Further works on other alloying elements are in progress.

The present visit is quite fruitful and productive, in the sense
that we succeeded in communicating 2 papers in international
journals and presenting 2 papers in International Conferences
(PASPS-1V and ICM2006). Three more manuscripts are in the
process of being written up. | also got the opportunity to attend
the International Meeting on “Physics and Application of
Spin-related Phenomena in Semiconductors’ (PASPS-1V) held
in Sendai International Centre, during August 15-18, 2006. My
experience of attending the Kinken-Wakate-2006 was unique
and | would like to congratulate Prof. Kawasaki and his
colleagues for the excellent organization in Akiu Onsen resort!.
But the most important achievement is our successful
organization of the ACCMS Working Group Meeting on
Clusters and Nanomaterials during 7-9 September 2006. There
were about 100 participants from 11 countries and a wide range
of topics were discussed. For details vide the web-site
http://www-lab.imr.edu/~accmsgml/

Finally 1 would like to express my sincere thanks and
gratitude to Prof. Kawazoe for all his efforts to create such a
warm and stimulating environment that has made it possible for
me to enjoy life as well as physics during my stay in IMR. This
visit has paved the way to take our collaborative partnership
ventures from a bright present to a brighter future. | look
forward to avibrant growth of the research activitiesin the field
of computational materials science in this group, and would
cherish my continued association with IMR in years to come.




cessscsentiiititiiisittiicsnciccsencicccsseecd Tan weeks at IMR

It has been a pleasure to visit IMR, the Mecca of materials
Science Research, Bulk Glassy (BMG)I and amorphous
materials, in particular. It isatruly international dynamic place
for development of concepts, Science and Technology. Meeting
constant influx of new visitors from al over the world, quick
one or two symposiums, not to speak of interactionswith alarge
number of enthusiastic hard working younger researchers is a
rare opportunity. My visit has been for 10 weeks by now before
| return to Sweden. During this period three manuscripts have
been submitted to Physical Review Letters, Applied Physics
Letters, and Physical Review, and afew more will be completed
in the next few weeks. Mostly, the work has been carried out in
Prof. Inoue’s laboratories with his researchers.

The work carried out has been in two main areas:

1) Magnetic manifestations of the consequence of
distribution of short range order in Bulk Glassy Nd-rich
NdFeAl aloy, and.

2) Nanoscale microstructural studies of doped dilute room
temperature ferromagnetic semiconductors

A brief description of the above follows:

1) Quantum Resonant Tunneling in a Bulk Metallic
M agnet. —submitted to PRL 2006.

While structurally a BMG like NdgFesAlyg is totaly
glassy it is reasonable to expect that at a nanoscale there
would be a distribution of Nd —ich and Fe-rich short range
ordered (SRO) elemental regions in the material. Such a
SRO, deciphered using partial distribution functions from
high resolution XRD investigations do not tell us directly
anything about the functional property of the material. Nd,
and Fe are intrinsically magnetic elements, and so the
magnetic property measurements would show the
conseguence of Nd-Nd, Nd-Fe, and Nd-Fe-Nd exchange
interactions. We observe a magnetization staircase
behavior in the supercooled bulk glassy metallic Ndgy Fesg
Al (at.%) hard magnet. The hysteresis loops at 1.26 K
show highly reproducible and reversible magnetization
steps evenly spaced in the magnetizing field, forming a
regular pattern. Even though such characteristics of a loop
have been of considerable interest in oriented single
crystals of high spin molecules this is the first time such
features are reported in a glassy metallic system. In a
scenario of coexisting Fe-rich, and Nd-rich short range
orderings, the phenomenon is attributed to the flip of Fe-Nd
moments triggered by the rupture of interfacial Nd-Nd
exchange bonds by the magnetizing field. This arises by
field-tuned resonant tunnelling, through the large
anisotropy energy barrier, of the

quantum state |JZ1L ‘]22>m of a pair of exchange coupled

Nd-Nd spinsinto a state |J;1 J;2>m+1 of higher

2)
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magnetization. One consequence
of such distribution of Local SRO
is that the same material can be a
hard magnet at room temperature
with an intrinsic coercivity as high
as 4 to 5 kilo Oersteds, and also a
much softer predominantly
antiferromagnetic  material  at
temperatures below 100K. It is
thus possible to tailor the intrinsic
magnetic propertiesin the ‘ascast’ BMG in anear net shape
application.

The above study shows that while the general features
bulk glassy materials can be investigated by computer
modeling, and structure factor studies, it is the
manifestations of the local electronic structure, as well as
spins which determine the functional properties of these
materials with potential new applications in the field of
electronics, magnetic and biocompatible systems. In this
context, studies of thin films of BMG based metallic
materials and investigations of the controllable spin
reorientation and magnetic ordering by Dr. Sharmain Prof.
Inoue’s group promise amajor break through in developing
new functional materials for novel applications.
Considerable interest in tailoring such multicomponent
BMG materials will probably be the next generation of
activitiesin thisfield.

The area of doped room temperature ferromagnetic
semiconductors is a very active one especially in view of
the future potential of spintronics. While considerable
amount of work on doped ZnO based materials are in
progress it is always of interest to look for new and less
complex materials suitable for applications in spintronics.
Inthis context an invited talk was presented at the ACCM S
meeting organized by Prof. Kawazoe at IMR. This talk
highlighted our extensive studies of Room Temperature
Ferromagnetism in semiconductors like ZnO, GaP, GaN
In,03, doped with non-magnetic elements like Cu, V, Ti,
Cr to mention a few among many others. Theoretical
calculations based on the density functional theory (DFT)
suggest that the most stable compounds of Tm (V, Cr and
Ti) doped In,Os are all ferromagnetic at room temperature
and specially inthe case of V doping it givesriseto arather
strong ferromagnetic coupling, and the moment at the V
site for example can be as large 2z The magnetic
interactions are believed to be mediated by the
hybridization between d-states of V and p-bands of oxygen.
In Stockholm we have also fabricated Cu doped ZnO films
into patterned MRAM type structures with the patterned
elements of size ranging from microns to nanometer scale
by using ink-jet printing technology, and e-beam
lithography. We find that the ferromagnetic property is



retained in these elements at al length scales.

At IMR in collaboration with Dr. Dmitri Louzguine we
have studied in depth |ocal microstructure of 10% Fe doped
In,O3 @ new room temperature temperature ferromagnetic
semiconductor with remarkable optical and magnetic
properties. A manuscript entitled “The structural and
magnetic properties of (In.,Fe),0; (0.0 < x < 0.25)
system : prepared by gel combustion method” has now been
submitted to Applied Physics Letters (2006).

The above are just two examples of work that has
resulted in submission of manuscripts in high profile
journals. Due to lack of space | will only mention that
many other studies are in the process of being written up
and will soon be submitted to well known journals.

Visit to IMR has resulted in many interactions with active
researchers like Dr. Takeuchi, Dr. P. Sharma, Dr. Mamoru
Omori, Dr. Yokoyama, Dr. Miracle, Dr. Shen, Dr. Saida, Dr.
Nishiyama, to mention afew. There has been active interaction
with Prof. Takagi, and Dr. Uchimoto in charge of the 21%
Century COE Program of flow dynamics center at the
University. This resulted in an invited talk on “Novel
instrumentation for rapid measurements of nanomagnetic
particles for applications in biotechnology”. Besides IMR,
actual experimental collaboration on a new class of DMS
materialswith two groups at the Synchrotron Center of Tokyois

aready producing excellent results and will be announced in the
nearest future.

My visit to IMR hasresulted not only in scientific interactions
with many new individuals, but aso carries the pleasant
memory of a remarkable happening during my stay. | have
known Prof. Akihisalnouefor at least two decades and hisvisits
to the Royal Ingtitute of Technology have often inspired new
activities. It was indeed a moment of great feeling indeed to
witness the announcement over the internal phone system that
Prof. Inoue will be the next President of Tohoku University.
Bravo! For a materials scientist with a remarkable achievement
the new announcement is something to be proud of and | will
always remember that moment. Interactions with many
individuals at IMR has been an enjoyable experience during my
visit and | sincerely hope they will visit usin Stockholm. | wish
to record my appreciation to Chikasaan and Oikawasaan in
particular whose spontaneous help and support for my eternal
chores and needs at the office is something | will remember alot.
Last but not the least | am most obliged to Prof. Akihisa Inoue
for his continued support and the opportunity to meet many of
his group members that has made my stay most enjoyable.
Besides the famous Tanabata and Jazz festivals, Sendai hasalot
to offer in many ways. The elegance of the placeis something to
remember.

S
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-------- ¢ International Conference on Processing & Manufacturing of Advanced Materials
(THERMEC2006), Vancouver, BC, Canada, July 4 - 8, 2006

THERMEC
3
1300
2003
THERMEC2006 Vairmont Hotel
Vancouver British Colombia
Robson Square
------------------- + International Symposium on Metastable and Nano Materials
(ISMANAM2006), Warszawa, Poland, August 27 - 31, 2006
ISMANAM
2004
Kulik
223
19
2000K/min.

Yavari Fe-Nb-B ISMANAM2006
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