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Message

I am pleased to know that the National Physical Laboratory (CSIR), New
Delhi is organizing an “International Conference on Quantum Effects in Solids of
Today (I-ConQuEST)” during 20" to 23™ December, 2010. Quantum
phenomena based applications are gaining momentum primarily because
quantum mechanics has been enormously successful in explaining the
microscopic phenomena in practically all the branches of Physics and even the
discovery of nanotechnology owes its roots to quantum theory. Our increasing
ability to manipulate matter at very low temperatures and in very small
dimensions continues to open up new areas where we can tailor materials
whose behavior depends crucially on the quirks of quantum mechanics.

I am happy to note that this Conference will assemble researchers from
variety of disciplines related to “quantum phenomena in solids”, thereby
providing a strong synergy to the future research endeavours in this exciting
area, through such a useful event. I hope that all the participants will have an
academically stimulating meeting and I wish the conference all the success.
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Dated : 6" December, 2010 (Kapil Sibal)
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Prof. Samir K. Brahmachari

Director General, CSIR

& Secretary, Government of India
Department of Scientific & Industrial Research

Message

| am immensely pleased to know that the National Physical Laboratory,
a constituent laboratory of the Council of Scientific and Industrial Research
(CSIR), is holding an International Conference on “Quantum Effects in Solids
of Today”, which is scheduled to be held during December 20-23, 2010.

Devices based on quantum effects are now very familiar to all. From
well-known lasers, transistors, electron microscope and magnetic imaging
devices to spintronics-based devices, quantum computing, these devices
have revolutionized the framewark of modern science and technology. It may
not be an exaggeration to suggest that quantum effects will dominate the
course of technology development in the 21% century. This conference
assumes special significance for National Physical Laboratory in view of the
rapidly changing scenaric of standards, which is gradually shifting from
conventional metrology towards quantum metrology, based on several
quantum-related phenomena.

It is heartening to observe that special emphasis in this conference has
been laid on the participation of young researchers. | am sure that this
conference would provide a suitable platform for researchers from India and
abroad to discuss the latest trends in modern quantum related materials and
how these are being harnessed for technological applications.

| warmly welcome all delegates, congratulate the organizers and send

my best wishes for the success of the event. '_ p
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This is booK of abstracts of the International Conference on “Quantum Effects
in Solids of Today” from December 20 to 23 at the National Physical Laboratory,
New Delhi. Quantum effects in solids become visible at low temperatures. In
nanomaterials the electronic confinement and consequent discrete nature of energy
states lead to interesting behaviour. Graphene shows a quantum behaviour which
is unique. Cuprates, pnictides, manganites and topological insulators are exotic
states of matter, and as of now we lack basic understanding of their behaviour.

Interfaces between insulating and non-magnetic perovsKites, exhibit two

dimensional electron gas with superconductivity. There is rich and exciting physics

in new forms of quantum order in intercalcated compounds, ferroelectrics and
multiferroic materials in the neighbourhood of quantum phase transitions. All
these and many more quantumphenomena in a variety of systems are presented here
in the abstracts of papers for the above International Conference at NPL. In this
conference there are about 50 invited talks and about 100 poster presentations.
These deal broadly with areas liKe electron-electron correlations, heavy fermion
systems, transport in mesoscopic systems, fractional quantum Hall effect and
topological insulators. It is also appropriate that when NPL India is organizing
the conference, applications of some of these new developments to quantum
metrology are emphasized.

We thanK all the contributors for their cooperation and for responding to our

request to submit abstract in time. ‘We looK forward to a stimulating conference.

Organizing Committee I-ConQuEST-2010
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KL-1

NEWS FROM QUANTUM EFFECTS IN TWO-DIMENSIONAL SYSTEMS

KLaus v. Kurzing
Max-Planck-Institut fiir Festkérperforschung, Heisenbergstr.1, D-70569 Stuttgart, Germany

25 years after the Nobel Prize in Physics for the quantum Hall effect, the Nobel Prize 2010 for
graphene throw light again on the fascinating physics of two-dimensional electron systems with
interesting quantum phenomena.

The talk will concentrate on modern topics of two-dimensional electron systems in strong
magnetic fields including discussions about applications of the quantum Hall effect in metrology
and new experiments on mono and double layers of two-dimensional systems.
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PL-1

COMPOSITE FERMION THEORY OF FRACTIONAL QUANTUM HALL

EFFECT IN GRAPHENE
J.K. JaN

Pennsylvania State University, USA
Email: jain@phys.psu.edu

Graphene is a realization of a two dimensional electron system that exhibits the fractional
quantum Hall effect (FQHE) under the application of a strong magnetic field. I will present
theoretical studies that demonstrate that composite fermions are formed in graphene as well, but
the spin and valley degeneracies and the linear dispersion of electrons produce interesting new
physics relative to that in the usual two-dimensional GaAs systems. Composite fermion theory
allows detailed predictions about FQHE in graphene in regimes when either or both of the spin and
valley degeneracies are broken. I will discuss the relevance of our theory to recent experiments.
This work has been performed in collaboration with Csabe Toke.



PL-2

STUDIES OF TIME-REVERSAL-SYMMETRY-BREAKING IN
UNCONVENTIONAL SUPERCONDUCTORS

AHARON KAPITULNIK

Stanford University, USA
Email: aharonk@stanford.edu

BCS theory of conventional superconductivity is based on pairing of each electron state with its
exact time reverse, resulting in a coherent condensate of spin singlet pairs, which is insensitive to
non-magnetic scattering (Andserson theorem). Such superconductors are characterized by an order
parameter which breaks U(1)-gauge symmetry leading to the basic properties, such as the Meissner
effect, persistent current and flux quantization. By contrast, unconventional superconductors
exhibit additional broken symmetries, which lead often to distinctive superconducting phases with
unique properties including sensitivity to non-magnetic scattering. Of particular interest to us is
the case of time reversal symmetry breaking (TRSB) which involves magnetism and is predicted to
exhibit some anomalous properties. In this talk we will review our recent studies of TRSB in several
systems including the triplet superconductor Sr,Ru0,, the pseudogap state of high temperature
superconductors, and the inverse proximity effect in superconductor/ferromagnet bilayer structures.
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PL-3

QUANTUM OSCILLATIONS OF SURFACE ELECTRONS IN

TOPOLOGICAL INSULATORS
N.P. Ong

Department of Physics, Princeton University, USA
Email: npo@princeton.edu

Topological insulators (Tls) are predictged to display unusal surface states which traverse the
bulk energy gap. These surface states in Tls are massless Dirac states. Unlike the Dirac states in
graphene, the electrons have only one spin degree of freedom on each surface. Strong spin-orbit
coupling locks the spin perpendicular to the wavevector k (Rashba term), so that states on opposite
surfaces in a crystal have different helicities, Surface probes (ARPES and STM) have been very
successful in investigating these novel states in bismuth based semimetals. By as-grown crystals
can exceed the surface term by factors of 100,00 to a million. Recently, we have obtained crystals
of Bi,Te, that display non-metallic resistivity profiles. The surface states are detected as distinct, if
weak, Shubnikov de Haas (SdH) oscillations in the Hall channel. From the SdH amplitudes, we
deduce sizeable surface mobilites of 10,000 cm?/Vs, with large metallicity factors kf/Nloo_ The Fermi
velocity inferred is in good agreement with ARPES results. A striking weak-field Hall anomaly
provides confirmation of these numbers. I will provide a brief introduction to the topic and
describe the transport evidence as well as recent results on the high field quantization of the Dirac
states.
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PL-4

CORRELATION BETWEEN SPIN FLUCTUATIONS AND PAIRING IN

ELECTRON-DOPED CUPRATES
R. L. GREENE

Department of Physics, CNAM, University of Maryland, USA
Email: rgreene@squid.umd.edu

The origin of the electron pairing in high-T_cuprate superconductors is still unresolved in spite
of over 20 years of research on these materials. Most research has focused on hole-doped cuprates,
which have a “pseudogap” phase of unknown origin in the under doped region of the phase
diagram. In contrast, electron-doped cuprates have a “pseudogap” whose origin is known to come
from antiferromagnetic spin density wave (SDW) fluctuations [1]. Here we report a detailed analysis
of very low temperature transport measurements (30mK < T< 2K) on electron-doped La, Ce CuO,
(0.10 < x < 0.21) films in the normal state (H >Hc2). Most significantly, we find a direct correlation
between the strength of the linear-in-temperature resistivity and the superconducting transition
temperature (7). This strongly suggests that pairing and normal state scattering are both caused
by the same coupling, most likely to SDW fluctuations since no other excitations are known to exist
at low temperatures in the n-doped cuprates. A correlation between T-linear resistivity and T_has
also been found in hole-doped cuprates [2], however, in this case the scattering responsible for the
T linear term is unknown and the measurements have not been done at low enough temperatures to
access the ground state. Since the superconductivity originates in the Cu0Q, planes for both electron-
and hole-doped cuprates, our work suggests that the spin fluctuations must play the dominant role
in the pairing for all (both hole- and electron-doped) cuprate high-T_superconductors!

REFERENCES
1. P. Armitage, P. Fournier, and R. L. Greene, Rev. Mod. Phys. 82, 2421 (2010)
2. For a summary and other references see; L. Taillefer, arXiv: 1003.2972

Collaborators on this work are: K. Jin, N. P. Butch, G. Droulers, K. Kirshenbaum, X. H. Zhang, P.
Bach, and J. Paglione.
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PL-5

PHENOMENOLOGICAL GINZBURG LANDAU LIKE THEORY FOR
HIGH TEMPERATURE SUPERCONDUCTIVITY IN THE CUPRATES

S. Baneraeg,* T.V. RamakrisHnan,? C. Dascupral

Department of Physics, Indian Institute of Science, Bangalore - 560012
2Department of Physics, Banadras Hindu University, Varanasi-221005
Email: vrama@bhu.ac.in

An experimentally inspired theory for cuprate superconductivity, with nearest neighbour spin
singlet (bond) cooper pairs are the basic low energy degrees of freedom, is described here. The
electrons responsible for superconductivity reside primarily on the sites of the square planar Copper
lattice with weak interplanar coupling. We hypothesize a simple functional of Yij = Ym=Dmexp
(ifm) which mimics the well known GL functional for superconductivity. An ‘antiferromagnetic’
nearest neighbour coupling of the form Re (Ym*Yn) where m and n are nearest neighbours in the
bon centre lattice, leads to superconductive long range order below Tc>. The bond pair magnitude
(without long range phase coherence) is sizeable below a crossover temperature obtained by us
from the functional, and identified with pseudogap temperature T*. In a magnetic analogy, the d-
wave symmetry superconducting order translates into the Neel antiferromagnetic LRO found by us.

The coefficients of the functional are inspired by experiment. We make predictions for Tc (x) as
a function of hole doping x, for the superfluid density rs (x,T), the specific heat (without and with
a magnetic field) and the vortex structure, and compare our results successfully with experiments.
We also generalize the theory to include coupling to electrons (hopping on the same square lattice
and forming Cooper pairs), calculate the single particle spectral function as affected by inevitable
low energy Cooper pair (phase) fluctuations, and compare our results with recent high resolution
ARPES results on Fermi arcs, filling of the antinodal pseudogap, ‘bending” of Dk below Tc etc.
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PL-6

ELECTRIC FIELD TUNING OF THE LaAlO,/SrTi0O, INTERFACE GROUNDSTATE

CavicLia!, N. Revren?, S. GaricLio!, C. CancetLiert?, S. THier?, G. Hammert?, D. Jaccarp?, M. Gasay?,
T. ScHNEIDER®, J. MANNHART?, J.-M. TRiscone!”

IDPMC, University of Geneva, 24 quai E.-Ansermet, 1211 Geneva 4, Switzerland.

2 Experimental Physics VI, Center for Electronic Correlations and Magnetism, Institute of Physics,
University of Augsburg, D-86135 Augsburg, Germany.

3 Laboratoire de Physique des Solides, Bat 510, Université d'Orsay, 91405 Orsay, Cedex, France.

“Physik Institut, University of Zurich, Winterthurerstrasse 190, 8057 Zurich, Switzerland.
Email: Jean-Marc.Triscone@unige.ch

At interfaces between complex oxides, electronic systems with unusual properties can be
generated [1,2]. A striking example is the interface between LaAlO3 and SrTi03, two good insulating
perovskites, which was found in 2004 to be conducting with a high mobility [3]. The ground state
of this system is a superconducting condensate, with a critical temperature of about 200 mK [4].
The characteristics observed in the normal and superconducting states are consistent with a two-
dimensional electronic system. Field effect experiments revealed the sensitivity of the normal and
superconducting states to the carrier density. In particular, the electric field allows the tuning of
the critical temperature between 200 mK and 0 K and thus the on-off switching of superconductivity.
The system phase diagram reveals a superconducting pocket with an underdoped and an overdoped
regime [5]. Magnetoconductance measurements allow a superconductor-insulator and a
superconductor-metal phase transition in the underdoped and overdoped regimes respectively to be
identified. A large, interfacially generated, tunable spin-orbit coupling and a remarkable correlation
between the spin-orbit coupling strength and the system phase diagram are other hallmarks of this
fascinating system [6].

REFERENCES
See for instance, “Enter the oxides”, J. Heber, Nature 459, 28 (2009).
J. Mannhart and D. Schlom, Science 327, 1607 (2010).
Ohtomo, H. Y. Hwang, Nature 427, 423 (2004).

N. Reyren, S. Thiel, A. D. Caviglia, L. Fitting Kourkoutis, G. Hammerl, C. Richter, C. W. Schneider, T. Kopp, A.-S.
Ruetschi, D. Jaccard, M. Gabay, D. A. Muller, J.-M. Triscone and J. Mannhart, Science 317, 1196 (2007).

5. Caviglia, S. Gariglio, N. Reyren, D. Jaccard, T. Schneider, M. Gabay, S. Thiel, G. Hammerl, J. Mannhart, and J.-M.
Triscone, Nature 456, 624 (2008).

6. A.D. Caviglia, M. Gabay, S. Gariglio, N. Reyren, C. Cancellieri, and J.-M. , Physical Review 104, 126803 (2010).
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RAMAN SCATTERING AND ULTRAFAST PUMP-PROBE STUDY OF

IRON PNICTIDE SUPERCONDUCTORS
A.K. Soop

Department of Physics, Indian Institute of Science, Bangalore
Email: asood@physics.iisc.ernet.in

The talk will cover our recent Raman studies of iron pnictide superconductors as a function of
temperature. We will also present differential reflectivity pump-probe experiments carried out using
40fs laser pulses on parent and doped 122 iron pnictide single crystals. In FeSe_,,, a phonon mode
near 100 cm™ exhibits a sharp increase by ~5% in the frequency below a temperature T, (~100 K)
attributed to strong spin-phonon coupling and onset of short-range antiferromagnetic order. In
addition, two high frequency modes are observed at 1350 cm™ and 1600 cm™, attributed to
electronic Raman scattering from (x*-y?) to xz/yz d-orbitals of Fe [1]. In CeFeAsO ,F, ., we find
evidence for strong coupling between the phonons and crystal field excitations [2]. Below the
superconducting transition temperature, the phonon mode near 280 cm™ shows softening, signaling
its coupling with the superconducting gap. In Ca(Fe,,Co,.) ,As, also, the phonon mode near 260
cm™ shows coupling with the superconducting gap [3]. First-principles density-functional-theory-
based calculations have also been done to determine the effects of the strength of on-site electron
correlation, magnetic ordering, and spin-phonon coupling [4].

I thank all my coauthors mentioned in the references below for their valuable contributions to
the ongoing collaboration.
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ELECTRICAL QUANTUM METROLOGY: IT'S FUNDAMENTAL

FRANZ JOSEF AHLERS

Electrical Quantum Metrology, Physikalisch-Technische Bundesanstyalt,
Bundesallee 100, 38116 Braunschweig, Germany.
Email: Franz-Josef.Ahlers@ptb.de

Electrical Metrology means, at its heart, quantum metrology: the traceability of the units of
voltage and resistance to Planck’s constant h and elementary charge e realized by the Josephson
and quantum Hall effects has (r) evolutionized the field during the last 20 years. Electrical units
due to their extremely good reproducibility are even likely candidates to replace the artifact based
definition of the kilogram by one based on Planck”s constant. Having reached maturity for the DC
quantitites Volt and Q, modern quantum standards find more and more application also in the AC
regime, while at the same time progress in materials technology or new discoveries still is opening
perspectives for improvement of their basic building blocks, the quantum devices. In my talk I will
review the current state of the art in electrical quantum metrology, and I will take a loot at some of
the developments expected for the future.

18



IL-2

GRAPHENE: SETTING NEW STANDARDS
ALEXANDER TzaLEncHUK?, T.J.B.M. JaNssEN®, SAMUEL Lara-Avita?, ALexer KaLAaBoukHov?,
SARA PaoLILLO?3, MIKAEL SyVAJARVI4, Rositza Yakimova®, OLGa Kazakoval,
Sercey KopyLov®, VLADIMIR FAL'k0®, SERGEY KUBATKIN?

INational Physical Laboratory, TW11 OLW Teddington, UK,
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$-412 96 Goteborg, Sweden,

3Department of Physics, Politecnico di Milano, 20133 Milano, Italy,
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We report progress in development of a quantum Hall effect (QHE) resistance standard based on
large area monolayer graphene on silicon carbide [1,2]. Epitaxial graphene devices demonstrate
extraordinary robustness of the h/2e2 plateau, accurately quantized to at least a part in a billion
over a broad range of magnetic field, temperature and measurement current. This robustness, which
we attribute to the pinning of v=2 filling factor provided by charge transfer between the SiC surface
and graphene layer, makes epitaxial graphene ideally suited for quantum resistance metrology. We
believe that the new results on graphene will help expand the horizon of quantum metrology and
advance the understanding of both graphene and QHE.

REFERENCES
1. A Tzalenchuk et al., Nature Nanotechnology 5, 186 (2010).
2. TJBM Janssen et al., arXiv:1009. 3450
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ANDREEV REFLECTION SPECTROSCOPY ON EPITAXIAL THIN FILMS OF
SUPERCONDUCTING Ba(Fe,,,Co, ,,),AS,

VENKAT CHANDRASEKHAR
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Department of Physics and Astronomy, Northwestern University, USA
Email: v-chandrasekhar@northwestern.edu

The normal state properties of the ferropnictide superconductors might hold the key to
understanding high temperature superconductors that are not understood within the context of the
BCS formalism. We have performed point-contact Andreev reflection spectroscopy on extremely
high quality epitaxial thin films of Ba(Fe,,Co, .),As,, below and above the superconducting transition
temperature (T ). The Andreev reflection signal shows an unusual temperature dependence that
remains up to 1.3T . Andreev reflection in the normal state of a superconductor can be understood
in the model of phase-incoherent pairs that was proposed in the context of the pseudogap in the
cuprates. Within this model, if the stiffness of the phase of the order parameter is low, T_can be
significantly lower than the temperature where pair formation takes place and phase-incoherent
superconducting pairs participate in normal state Andreev reflection. However, according to this
model, phase fluctuations can be important only for materials with low superfluid density. It is
known that the superfluid density in the ferropnicties is high and comparable to the conventional
elemental superconductors. Therefore, our observations suggest that the importance of phase
fluctuations in the unconventional superconductors with high superfluid density should be
reconsidered.
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THEORY OF HIGH TC SUPERCONDUCTIVITY

G. BAskaraN

The Institute of Mathematical Sciences, Chennial-600 113
Email: baskaran@imsc.res.in

Any theory that attempts to explain high Tc superconducity in cuprates faces a plethora of
experimental results that have been accumulated in the last 24 years. Instead of constraining the
theories, many new experiments seem to lend support to different mechanisms and theories. It is
a confusing situation, somewhat related to ‘cherry picking. I will focuss on some well known
phenomena, i) 41meV neutron resonance, ii) stripes seen in STM, iii) small Fermi pockets seen in
quantum oscillations and iv) ‘kink” in APRWS, and argue that when correctly interpreted they help
one to fix the theory some what uniquely and lend a strong support to the resonating valence bond
mechanism of high temperature superconductivity as the right theory.
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TRANSPORT PROPERTIES OF TWO-DIMENSIONAL ELECTRON GAS AT THE MOTT-
INSULATOR/BAND-INSULATOR LaTi0,/SrTiO, INTERFACE

J. Lesueur?, J. Biscaras?, N. Berceal!, A. KusHwana?, T. Worr?, A. Rastoci?, R.C. BupHani®3
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?Condensed Matter - Low Dimensional Systems Laboratory,
Department of Physics,Indian Institute of Technology Kanpur, Kanpur 208016, India and
3National Physical Laboratory, New Delhi - 110012, India.
Email: jerome.lesueur@espci.fr

Transition metal oxides display a great variety of quantum electronic behaviors where correlations
often play an important role. The achievement of high quality epitaxial interfaces involving such
materials gives a unique opportunity to engineer artificial materials where new electronic orders
take place. It has been shown recently that a two-dimensional electron gas could form at the
interface of two insulators such as LaAlO, and SrTi0, [1], or LaTi0, (a Mott insulator) and SrTiO, [2].

We present low temperature transport and magneto-transport measurements on LaTi0,/SrTi0,
hetero-structures, whose properties can be modulated by field effect using a metallic gate on the
back of the substrate. The corresponding phase diagram has been investigated, and superconductivity
evidenced for the first time in this system which involves a Mott insulator [3]. We will discuss the
role of the confinement potential and the SrTi0, band structure on the phase diagram, and show the
specific role of the spin-orbit coupling measured by localization corrections to the
magnetoconductivity. Finally, the superconducting to insulator transition will be analyzed.

REFERENCES
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QUANTIFYING SPIN HALL EFFECTS IN METALS
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IMaterials Science Division, Argonne National Laboratory, Argonne, IL 60439, U.S.A.
2 San Jose Research Center, Hitachi Global Storage Technologies, San Jose, CA 95135, U.S.A.
3 Center for Nanoscale Materials, Argonne National Laboratory, Argonne, IL 60439, U.S.A.
“ Kavli Institute of NanoScience, Delft University of Technology, 2628 CJ Delft, The Netherlands
5 Institute for Ceramics and Glass, Spanish Council for Scientific Research, 28049 Madrid, Spain
Email: Hoffmann@anl.gov

Spin Hall effects intermix spin and charge currents even in nonmagnetic materials and, therefore,
offer the possibility to generate and detect spin currents without the need for using ferromagnetic
materials. In order to gain insight into the underlying physical mechanism and to identify
technologically relevant materials, it is important to quantify the spin Hall angle y, which is a direct
measure of the charge-to-spin (and vice versa) conversion efficiency. Towards this end we utilized
non-local transport measurements with double Hall bars fabricated from gold and copper [1]. In
principle, this geometry permits the study of spin currents both generated and detected via spin
Hall effects. We observe an unusual non-local resistivity that changes sign as a function of
temperature. However, this result is quantitatively similar in gold and copper, indicating that the
non-local signals are not due to spin transport. In fact, the whole temperature dependence of the
non-local resistivity can be explained by combining diffusive and quasi-ballistic charge transport
leading to an upper limit of y < 0.027 for gold at room temperature.

Furthermore, we developed an approach based on spin pumping, which enables us to quantify
even small spin Hall angles with high accuracy. Spin pumping utilizes microwave excitation of a
ferromagnetic layer adjacent to a normal metal to generate a homogeneous dc spin current over a
macroscopic area. In this geometry voltage from spin Hall effects scale with the device dimension.
We integrated ferromagnet/normal metal bilayers into a co-planar waveguide and determined the
spin Hall angle for a variety of non-magnetic materials (Pt, Pd, Au, and Mo) at room temperature
[2,3]. In addition, using a similar approach we found that a Mg0 tunnel-barrier suppresses spin
pumping at the ferromagnet/normal metal interface [4].

This work was supported by the U.S. Department of Energy, Office of Science, Basic Energy
Sciences, under contract No. DE-AC02-06CH11357 and WU-IST through project MACALO (no. 257159).
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NEW COLLECTIVE MODES IN FRACTIONAL QUANTUM HALL EFFECT :
MODE SPLITTING, HIGH ENERGY ROTONS, AND SPIN ROTONS

SubHANSU S. MANDAL

Indian Association for the Cultivation of Science, Jadavpur, Kolkata 700 032, India
Email: tpsm@iacs.res.in

In analogy to Feynman'’s theory of roton in superfluid 4He, the theory of collective excitations
based on the single mode approximation in fractional quantum Hall state 1/3 predicts a roton
minimum and a gap at long wavelength. These predictions are verified in inelastic light scattering
experiments. In this theory, the excited state is the density wave modulation over the Laughlin
ground state. The collective behaviour of electrons in fractional quantum Hall effect results in the
creation of so-called composite fermions, quasi-particles formed by electrons attached to an even
number of quantized vortices, each having one unit of flux quantum hc/e. This leads to formation
of E levels-effective kinetic energy levels resembling Landau levels for such quasi-particles. In the
ground state of filling factor 1/3, A = 0 level is fully filled by the composite fermions. The
composite fermion (CF) theory predicts collective mode which has good resemblance with that of
SMA. The collective mode corresponds to an excitation of CF from A = 0 level to A = 1 level at
filling factor v = 1/3. Moreover, the CF theory allows excitations into higher A levels. It is not,however,
a priori clear whether these excitations will provide any new mode at all. In this talk, I will present
our extensive numerical calculation upto 200 particles to show the splitting of collective mode as
we decrease wavelength and appearance of roton minima at high energy collective modes. These
predictions are successfully verified in inelastic light scattering experiments. The evidence of formation
of quasi-particle levels up to high energies demonstrates the robustness of topological order in the
fractional quantum Hall effect. Apart from these neutral spinless modes, the spin modes are also
possible when a CF is excited into another empty A level with reversed spin. In this talk, I will
present how the CF theory predicts roton minima in collective spin modes in several fractional
quantum Hall states. These spin rotons are also observed in inelastic light scattering experiments.
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A NEW GENERATION OF MODELING HIGHLY RESOLVED SPECTROSCOPIES:
CUPRATES, PNICTIDES AND TOPOLOGICAL INSULATORS

ARUN BANSIL

Physics Department, Northeastern University, Boston, Massachusetts
Email: bansil@lepton.neu.edu

We stand at the threshold of a new ‘golden age” of spectroscopic studies of materials for
unraveling how charge, spin, orbital and lattice degrees of freedom interact to produce emergent
phenomena and exotic states of matter. In this connection, the need for realistic modeling of
various highly resolved spectroscopies is becoming of critical importance in providing discriminating
tests of competing theoretical models and as a rational basis for future experimentation. In this
talk, I will discuss how as we move to model spectroscopic data from a qualitative to a quantitative
level, surprising new insights into the nature of electronic states and correlation effects are obtained
in high-temperature cuprate superconductors and other complex materials.[1-7] Illustrative examples
in cuprates include: (i) Asymmetry of the scanning tunneling (STM) spectrum between positive and
negative bias voltages and the extent to which it comes about within the conventional picture; (ii)
Origin of the ‘high-energy kink’ or the ‘waterfall effect” in the photoemission spectrum (ARPES) and
the interplay therein between effects of the matrix element and the presence of strong coupling of
the quasiparticles to electronic excitations; and (iii) The nature of the dichroic signal in photoemission
and its relationship to the time-reversal symmetry breaking in the cuprates. I will also comment on
our recent work on the manganites and topological insulators.
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COMPOSITE FERMIONS WITH A VALLEY DEGREE OF FREEDOM

MEepINT PADMANABHAN, TAYFUN GOKMEN AND MANSOUR SHAYEGAN

Department of Electrical Engineering, Princeton University, USA
Email: pmedini@gmail.com

This talk explores the Physics of the fractional quantum Hall (FQH) effect in two dimensional
electron systems confined to AIAs quantum wells. In addition to spin, these electrons also possess
a valley degree of freedom which raises the exciting possibility of transfer of this characteristic to
the composite fermions (CFs). We experimentally tune the valley occupation in our system via the
application of strain.

We find that the CFs formed around the Landau leel filling factors of v=3/1 and %2 are fully spin
polarized but possess a valley degree of freedom of their own. The response of the various FQH
states to stain is captured by a CL Landau level fan diagram drawn for a single spin, two valley
system [1]. A comparison of the valley polarization enegies of CGs around v=3/1 and % reveal a
particle hole symmetry breaking in our system [2]. We also present evidence for anisotropy of the
CF Fermi contour.

We also report the observation of persistent FQH states at v=1/3 and 5/3 at zero strain when
the two valleys are degenerate [3]. In the CF picture these FQH states are analogous to the integer
quantum Hall sate at v=1, which is known to form a quantum Hall ferromagnet in the limit of zero
valley splitting. We compare the energy gaps measured at v =1/3 and 5/3 to the theory developed
for single valley, two spin systems and find that the gaps and their rates of rise with strain are much
smaller than predicted.

26



IL-10

OXIDE NANOELECTRONICS ON DEMAND

JEREMY LEvY

Department of Physics and Astronomy
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Electronic confinement at nanoscale dimensions remains a central means of science and
technology. I will describe a method for producing extreme nanoscale electronic confinement at
the interface between two normally insulating oxides, LaAlO, and SrTi0,. Using a conductive
atomic-force-microscope probe, we can create nanoscale conducting islands, wires, tunnel junctions,
diodes, transistors and photoreceivers with spatial dimensions comparable to the diameter of a
single-wall carbon nanotube (~2nm). These structures are created in ambient conditions at room
temperature, and can be erased and rewritten repeatedly. This new, on-demand nanoelectronics
platform has the potential for widespread scientific and technological exploitation. This work is
supported by ARO AFOSR, DARPA, NSF and the Fine Foundation.
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EVALUATION OF TWO LEVEL SYSTEMS IN
SUPERCONDUCTING RESONATORS USING POWER AND TEMPERATURE
DEPENDENCE OF LOSS AND FREQUENCY

David P. Pappas

National Institute of Standards and Technology, Boulder, Co USA
Email: David.Pappas@NIST.gov

High quality factor, i.e low, resonators are important for quantum information storage and
addressing [1,2]. In this work we study the resonance frequency and loss in superconducting
coplanar waveguide resonators as a function of power and temperature [3-4]. We find that there is
increased loss at low power and low temperature [5]. The increased loss is attributed to the
existence of two level system (TLS) at the surfaces, interfaces, and in the bulk of insulators
deposited on the structures [6]. We show that both the power dependence of the loss and the
temperature dependence of the resonant frequency can be used to find the zero temperature TLS
contribution to the loss[7]. The frequency data at high power is shown to agree well with the low
power TLS loss results. This allows for a relatively fast measurement of the TLS loss. As an example,
we measured the properties of amorphous AlO, deposited on the resonators and find a TLS loss
tangent of 1x103. For a more dramatic example, we have been able to prepare extremely low loss
resonators using TiN. Thin films of TiN were sputter-deposited onto Si substrates. At high power,
internal quality factors (Q,) higher than 107 were measured for TiN with predominantly a (200)-TiN
orientation. Elliposometry and Auger measurements indicate that the (200)-TiN growth on the bare
Si substrates is stabilized with the formation of the thin, ~2nm, layer of SiN during the pre-
deposition procedure. In the single photon regime, Qs of exceeded 8x10°. These results are very
promising for applications in quantum computing, where it is critical to have long lifetimes, i.e
high Q, at low power.
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NANOPLATFORMS FOR PHOTONICS AND MEDICINE

SRINIVAS SRIDHAR
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Email: s.sridhar@neu.edu

Nanotechnology has profound impact in photonics and nanomedicine. I discuss recent
developments in nanotechnologies utilized in medicine, imaging and communications. At Northeastern
University we have established a multi-disciplinary research and education program that utilizes
nanotechnology to address key problems in medicine. Some of the principal research projects are to
develop the science and technology of multi-functional nanoparticles (gold, iron-gold, polymeric,
micelles, nanoassemblies) for probing cellular processes and for targeted delivery for cancer, infectious
and cardiovascular diseases; metallic nanoparticles for embryonic stem cell tracking; magnetic
nanoparticles for targeted delivery and MRI contrast enhancement, and nanotemplates for assembly
and controlled release of drugs.

Nanoscale optical elements offer the potential of entirely new modalities of imaging with sub-
wavelength resolution utilizing the phenomenon of negative refraction. We have developed new
types of superlenses and ultra-short focal microlenses using nanolithographic techniques in InP/
InGaAsP semiconductor heterostructures at near infrared frequencies. These devices and the
accompanying concepts offer the prospect of major developments in imaging and optoelectronics.

Supported by the National Science Foundation and Air Force Research Laboratories.

29



IL-13

ELECTRONIC AND TRANSPORT PROPERTIES OF NANO-GRAPHENE SYSTEMS
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!International Center for Materials Nanoarchitoctonics(MANA), National Institute for Materials
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The successive fabrication of graphene devices [1] has initiated intensive and diverse research
on carbon related systems. The honeycomb crystal structure of single layer graphene consists of two
nonequivalent sublattices and results in a unique band structure for the itinerant p-electrons near
the Fermi energy which behave as massless Dirac fermion. In graphene, the presence of edges can
have strong implications for the spectrum of the p-electrons. In graphene nanoribbons with zigzag
edges, localized states appear at the edge with energies close to the Fermi level.[2] In contrast,
edge states are absent for ribbons with armchair edges. Recent experiments have succeeded to
synthesize graphene nanoribbons using lithography techniques[3] and chemical techniques.[4]

In my talk, we focus on edge and geometry effects of the electronic properties of graphene
nanoribbons.

1) 1Inzigzag nanoribbons, for disorder without inter-valley scattering a single perfectly conducting
channel emerges associated with such a chiral mode due to edge states, i.e. the absence of the
localization.[5]

2) In armchair nanoribbons, the single-channel transport subjected to long-ranged impurities is
nearly perfectly conducting, where the backward scattering matrix elements in the lowest order
vanish as a manifestation of internal phase structures of the wavefunction.[6] This phase
structure can be related to the existence of Berry phase.[7]

3) Nano-graphene junctions are shown to have the zero-conductance anti-resonances associated
with the edge states. The relation between the condition of the resonances and geometry is
discussed.[8]

4) Finally, we will discuss the effect of edge chemical modification on magnetic properties of
nanographene systems.[9]
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ELECTROMECHANICALLY PERTURBING THE QUANTUM HALL STATE USING
SUSPENDED GRAPHENE RESONATORS

MANDAR DESHMUKH
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Email: deshmukh@tifr.res.in

Using suspended graphene resonators we try to answer the following question- how does the
quantum Hall state get perturbed when the Hall bar vibrates with an amplitude - 5nm. Resistance
changes measured in the quantum Hall state at the electromechanical resonance can result from
scattering and also due to modulation of the energy landscape. Experimentally measured, only at
the electro mechanical resonance of the suspended grapheme the changes in two probe resistance
are measurable and correlate with the quantum Hall features.
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QUANTUM EFFECTS ON NOISE IN GRAPHENE

ARINDAM GHOSH
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As an ideal two-dimensional semiconductor graphene has generated great interest in both
concepts of fundamental physics and device applications. Graphene is a promising material as the
active component in flexible ultra-fast electronics, offering advantages in the form of high carrier
mobility, robustness, and miniaturization. The physics of graphene is a bridge between quantum
field theory and condensed matter physics due to the special quality of the graphene quasiparticles
behaving as massless two dimensional Dirac fermions. Several new phenomena such as the half-
integer quantum hall effect, Klein tunneling etc. are manifestations of the uniqueness of graphene’s
quantum mechanical behaviour. In this talk I shall highlight a phenomenon where the quantum
nature of grapheme, as well as its unique band structure play crucial role. Specifically, it will be
shown that the low-frequency conductivity fluctuation, or 1/f noise, is sensitive to the ability of
graphene to screen external potential fluctuations, which depends on the band structure of graphene
in general. From experiments with a wide variety of devices from graphene we have established that
the low-frequency 1/f noise can distinguish between the linear and parabolic bands, and hence can
be used to separate single layer graphene from the multilayered ones. Apart from being crucial to
designing electronic devices from graphene, the results can also be important to characterize
graphene nanoribbons, where quantum confinement effects play key role. Results from our experiments
on graphene nanoribbons will also be presented.
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PHASE-FLUCTUATION DRIVEN PSEUDOGAP STATE IN A DISORDERED
S-WAVE SUPERCONDUCTOR: NbN

PrATAP RAYCHAUDHURI

Tata Institute of Fundamental Research, Mumbai, India.
Email: prataparya@gmail.com

Understanding the role of interaction and disorder is at the heart of understanding of collective
behavior of many-body quantum systems, such as High temperature superconductors, quantum
Hall effect and superfluid He. In superconductors, where the order parameter is described by a
complex order parameter with an amplitude and phase, the presence of strong disorder poses an
intriguing question: Is the destruction of the superconducting state always associated with the
vanishing or the amplitude or could strong phase fluctuations destroy the superconducting state
even when the amplitude of the superconducting pairing remains finite? The latter, if true, would
give rise to novel electronic states with finite superconducting pairing amplitude (and hence finite
density of Cooper pairs) but no global superconductivity.

In this talk I will describe our attempts to answer this question, by extracting all the key
parameters of the superconducting state, on a set of NbN thin films with controlled amount of
disorder. The disorder in these films are tuned from moderately clean limit to the Anderson metal-
insulator transition. Using a combination of low temperature scanning tunneling spectroscopy,
penetration depth, and magnetotransport measurements I will show that close to the Anderson
limit, strong phase fluctuations give rise to pseudogaped state, similar to high temperature cuprates.
Finally, I will show signatures that unambiguously identify phase fluctuations as a dominant mechanism
for the destruction of superconductivity in strongly disordered s-wave superconductors.
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ATOMIC PHYSICS AND QUANTUM OPTICS USING CIRCUITS: A BRIEF OVERVIEW
OF SUPERCONDUCTING QUBITS

Franco Nort

Advanced Science Institute, RIKEN, Saitama, Japan, Physics Department,
University of Michigan, Ann Arbor, MI, USA
Email: fnori@riken.jp

Superconducting (SC) circuits can behave like atoms making transitions between a few energy
levels. Such circuits can test quantum mechanics at macroscopic scales can be used to conduct
atomic-physics experiments on a silicon chip. This presentation overviews a few of our theoretical
studies on SC circuits and quantum information processing (QIP) including: SC qubits for photon
generation and for lasing; 2-1 photon coexistence; cooling qubits and their environment; using SC
qubits to probe nearby defects; hybrid circuits involving both charge and flux qubits; quantum
tomography in SC circuits; preparation of macroscopic quantum superposition states of a cavity
field via coupling to a SC qubit; generation of nonclassical photon states using a SC qubit in a
microcavity; and controllable couplings among qubits. These controllable couplings between qubits
can be achieved either directly or indirectly [for instance, with or without coupler circuits; as well
as with or without ‘data buses’ like resonators (e.g. electromagnetic fields in cavities, LC circuits, or
transmission line resonators)].
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PHASE COEXISTENCE AND MAGNETIC FRUSTRATION IN CORRELATED OXIDES

HART SRIKKANTH

Physics Department, University of South Florida, Tampa, FL (USA)
Email: sharihar@usf.edu

Magnetism in several classes of complex oxides is strongly influenced by electron correlation
effects leading to intrinsic phase separation Geometric frustration, valence fluctuations, internal
strain and low dimensionality are all known to lead to rich cooperative phenomena that result in
multiple magnetic transitions and glass-like magnetic ground states. In this talk, we will focus on
two materials - single crystals of LuFe,0, and single crystals and nanostructures of mixed phase
manganite (La,Pr,Ca)Mn0,. We will demonstrate that relatively unconventional experimental methods
of RF transverse susceptibility (TS) and magnetocaloric effect (MCE) as being powerful probes of
magnetic transitions in strongly correlated oxides. The LuFe,0, system is an interesting example of
a multiferric material in which the ferroelectricity is purely driven by electron correlations rather
than the conventional dipole mechanism. Out studies for the first time reveal the presence of a
complex magnetic phase diagram with two distinct cluster glass phases at intermediate temperatures
followed by kinetic arrest at low temperature. The origin of giant coercivity and other anomalous
magnetic properties will be discussed. In LPCMO, we will highlight the subtle balance between
coexistence of ferromagnetic metal (FMM), charge ordered insulator (COI) phases that are highly
sensitive to strain and dimensionality. New insights into the mechanism of field driven and temperature
driven conversion of the COI and FMM phase, and how this process is affected by low dimensionality
in nanostructructed oxides, will be discussed.

This research is in collaboration with David Mandrus (Oak Ridge National Lab) and Sang-Wook
Cheong (Rutgers University).

*Work at USF supported by the US Department of Energy and Army Research Office.
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CO-EXISTENCE OF MOBILE AND LOCALIZED CHARGE CARRIERS IN
COLOSSAL MAGNETORESISTIVE MANGANITES

ANJAN GuPTA

Indian Institute of Technology, Kanpur
Email: anjankg@iitk.ac.in

The coupling of charge, lattice and spin degrees of freedom in CMR manganites gives rise to a
number of phases and some very intriguing physics. The electrons in manganites get trapped into
local lattice distortions due to the Jan-Teller electron-lattice coupling giving rise to small polarons.
The polaronic signatures are seen in the activated nature of the bulk transport and also as a
suppression of spectral weight near the Fermi energy in different spectroscopic measurements.
With the onset of ferromagnetic ordering with cooling the polaron mobility is enhanced due to the
Zener double exchange, which leads to the well known CMR behavior. In the tunneling spectra of a
number of epitaxial CMR manganite thin films we find a pseudogap which becomes more pronounced
with cooling, in the metallic phase. While the density of states (DOS) at Fermi energy is found to
increase with cooling, which is consistent with the bulk insulator-metal transition but inconsistent
with the pseudogap enhancement. Similarly in charge-ordered manganite films we find a more
robust gap but with some states near the Fermi energy. We discuss these findings in terms of two
types of coexisting carriers in manganites.
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BORN EFFECTIVE CHARGES, SPONTANEOUS POLARIZATION AND
OPTICAL PROPERTIES OF BISMUTH TITANATE FROM
FIRST-PRINCIPLES

R. Prasap

Department of Physics, Indian Institute of Technology, Kanpur
Email: rprasad@iitk.ac.in

Bismuth titanate (Bi,Ti,0,, or, BiT), a ferroelectric perovskite oxide, has received tremendous
attention, especially in thin film form, due to its promise in nonvolatile ferroelectric random access
memory applications. BiT has a reasonably large spontaneous polarization (P ), a high Curie temperature
(948 K), low processing temperature (< 700°C) in thin film form, lead (Pb) free nature, fatigue
resistance with lanthanide doping on Pt electrodes and low permittivity. These attributes make this
material suitable for various applications e.g. memories, piezoelectric devices and electro optic
devices.

Here, we present the results of our first-principles calculations of the band structure, density of
states, the Born effective charge tensors and optical properties for the ferroelectric (ground state
Bial) and paraelectric (I4/mmm) phases of bismuth titanate. The calculations are done using the
generalized gradient approximation (GGA) as well as the local density approximation (LDA) of the
density functional theory. In contrast to the literature, our calculations on Blal structure using
GGA and LDA vyield smaller indirect band gaps as compared to the direct band gaps, in agreement
with the experimental data. The density of states shows considerable hybridization among Ti 3d, Bi
6p and 0 2p states indicating covalent nature of the bonds leading to the ferroelectric instability.
The Born effective charge tensors of the constituent ions for the ground state (B1a1) and paraelectric
(I4/mmm) structures were calculated using the Berry phase method. This is followed by the calculation
of the spontaneous polarization for the ferroelectric B1al phase using the Born effective charge
tensors of the individual ions. The calculated value for the spontaneous polarization of ferroelectric
bismuth titanate using different Born effective charges was found to be in the range of
55413 pC/cm? in comparison to the reported experimental value of (50+10 pC/cm?) for single
crystals. The origin of ferroelectricity is attributed to the relatively large displacements of those
oxygen ions in the Ti0, octahedra that lie along the g-axis of the bismuth titanate crystal.
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INFLUENCE OF ELECTRONIC STRUCTURE ON FERROIC
PROPERTIES OF S0LIDS
RaruamaLs, CHATTERIEE

Magnetics & Advanced Ceromics Laboratory,
Physics Department, LIT Delli, Houz-Khas, N.Delhi-110016
Email: rmalo@physics.iitd.ac.in

Among the solids of today “multiferroic™ materlals hold a special place. This broad topic

encompasses various categories of materials that show more than one ferroic properties, viz.,
ferroelsatic / ferroelectric / ferromagnetic. Magnetoelactric materiais, ferromagnetic shape memory
alloys ete. fall under this category. In this context, I would discuss two recent results of interest
obtained by our lab that depict the effect of electronic structure of materials on {i) magnetoelectric
coupling and (ii} ferroelsaticity of materials.

(i) Magnetoelectric effect caused by interfacial bonding in Fe-implanted BaTiQ, crystal - we

experimentally demonstrate (see Fig.1) the magnetoelectric effect in a multilayered structure
of Fe-BaTi0,-Fe, with ~ 70 A BaTi0, (BT) sandwiched hetween 2 layers of implarted Fe which
was further treated by swift heavy ian (Ag™) induced fon beam midng/annealing, Due to this
specific experimartal pracedure, condition of storic orbital overlap between the Fe and T
atoms cauld be favored and the Fe-implanted BT aystal shows an ME effect arising from
interfacial bonding at Fa/BT interface, as thearetically proposed by Duan ef alt

(fi) Control of magnetic field induced strain in Ni-Mn-Ga by twin-boundary motion of martensitic

1'
2.

varants -interrelation of magnetic and structural subsystems in these alloys leads to unusual
magnetoelastic and thermoelastic properties observed in them. Magnetic field induced

rearrangement of martensite variants controlled by intervariant twin-boundary motion decides
the amount of magnetic field induced strain {MFIS} in the Ni-Mn-Ga alloys. Through the results
of fundamental & third order ac susceptibility measurements in a Ni_MnGa,, single crystal we
demonstrate’ that the magnetic subsystem in Ni-Mn-Ga i5 unstable at low temperatures not
only for metastable modulated crystal structure, but also for very stable nonmodulated tetragonal
structure, leading to ~6% MFIS in this Heusler alloy single crystal.

REFERENCES
C. G. Duam, S. 5. Jaswal and E. T. Tsymbol, Phys. Rev. Lett. $7, 047201 (2006).
5. K. Srivastava, V. K Srivastava, A. Joshi, P. Kamasa, L K. Varga, V. V. Khovaylo and R. Chatterjes, AppL Phys.
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MAGNONS AND SPINONS IN THE TWO-CHAIN SPIN LADDER :
THEORY AND EXPERIMENTS IN BPCB

B. NormAD

Renmin University, Beijing, China
Email: bruce.normand@gmail.com

While many properties of the two-chain spin ladder were computed theoretically in the 1990s,
experimental studies are catching up only now, because of the organometallic compound
(C_5H_12N)_2CuBr_4 (BPCB). In this quasi-one —-dimensional system of unfrustrated ladder units,
whose energy scales match laboratory magnetic fields, it is possible to investigate quantum disordered,
quantum critical, spin Luttinger-liquid, 3D magnetically ordered and fully saturated phases. This
presentation reviews the range of experiments performed on BPCB, and introduces a complete
bond-operator theory which describes with quantitative accuracy both thermodynamic properties
and dynamical excitations at all fields and temperatures in the gapped regime. The field-tuned
spinon continuum in the gapless regime, seen beautifully in experiment, is described with similar
accuracy at zero temperature using a Bethe-Ansatz method.
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FRACTIONAL SPIN TEXTURES IN THE FRUSTRATED MAGNET SCGO

Kepar S. DaMLE

Department of Condensed Matter Physics,
Tata Institute of Fundamental Research, Mumbai, India
Email: kedar@theory.tifr.res.in

We consider the archetypal frustrated antiferromagnet SrCr,Ga, ,0,, in its well known spin-liquid
state, and demonstrate analytically that a Cr** S=3/2 ion is direct proximity to a pair of vacancies
(in disordered p<1 samples) is cloaked by a spatially extended spin texture that encodes the
correlations of the parent spin-liquid. In the spin-liquid regime, the combined object has a
magnetic response identical to a classical spin of length S/2=3/4, which dominates over the small
intrinsic susceptibility of the pure system. This fractional-spin texture leaves an unmistakable
imprint on the measured” Ga nuclear magnetic resonance (NMR) lineshapes, which we compute

using Monte-Carlo simulation and compare with experimental data.
*Collaborators:ArnabSenand RoderichMoessner

REFERENES
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MACROSCOPIC ENTANGLEMENT NEAR QUANTUM PHASE TRANSITIONS

V. SUBRAHMANYAM

Department of Physics,Indian Institute of Technology, Kanpur 208016, India.
E-mail:vmani@iitk.ac.in

Quantum entanglement between two parts of a system is measured by the von Neumann
entropy of the subsystem. Entanglement between two spatially-distinct blocks of a system does not
have a thermodynamic limit, as the block entropy scales logarithmically with the system size. Thus,
this entanglement cannot describe quantum phase transitions and the associated thermodynamic
singularity.

Here we will discuss a Multi-Species entanglement which is defined for a bipartite system as
the entanglement between different species of particles. It is shown to exist in the thermodynamic
limit of the system size going to infinity.

This macroscopic entanglement, as it can exhibit singular behavior, is capable of tracking
quantum phase transitions. The entanglement between up and down spins has been analytically
calculated for the one-dimensional Ising model in a transverse magnetic field, a prototypical model
of quantum phase transitions and critical phenomena. As the coupling strength is varied, the first
derivative of the entanglement shows a jump discontinuity and the second derivative diverges near
the quantum critical points.
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SCANNING TUNNELING SPECTROSCOPY OF SUPERCONDUCTING

SILICON AND DIAMOND
H. Courrexs®, F. Daniew?, 0. A. Winmws®, T. Koowewsa?, P. Aciarzl, J. Bouses®, D. DEBagse®,
C. Marcowar?, C. Woammann®, E. Bustamner®

Unstitut Néel, CNRS & Université Joseph Fourier, 25 avenue des Martyrs, 38042 Grenoble, France
nstitute for Materials Research, Hasseft Uimiversity, Wetenschapspark 1, B-3590 Diepenbeek, Belgium
nstitut d’Elecironique Fondomentala, CNRS ond Universitd Paris Sud, 91405 Orsay, France
(EA, Institut Nonasciences et Cyogdnie, SPSMS-LATES, 17 rve des Moryrs, 38054 Grenoble, France
Email : Herve.Courtois@grenoble.cars. fr

Heavily doped group IV covalent semiconductors [1] constitute a new family of superconductors
as a low-temperature superconductivity has been recently discovered in boron-doped silicon and in
diamond. The evolution of the critical temperaturs versus boron doping is differant in these two
materials, raising the general question of nature of their superconductivity. As a unigue tool of
investigation, our millikelvin scanning tunpeling microscope (STM) [2] can bring important
contributions to this question.

In my talk, I will review our recent experiments on superconducting doped semiconductors. We
performed the first tunneling spectroscopy of supercanducting heavily boron-doped silicon, which
shows the conventional {BCS) nature of {ts local superconductivity (Fig. 1, [3]). In polycrystalline
boron-doped diamond thin films, our scanning tunneling spectroscopy study demonstrates the
strong comrelation between the local superconductivity strength and the granular structure of the
films (Fig. 2,[4].

Fig. 11 ) Differgntial conductano dTAV spectrn in hagely Fg- 24 4) Seanning tunneling tapography on baron-doped

boron-doped sllicon at 119; 350; 425; 440; 4560 and 500 polyaystaline diamond flm show!ng faceted granular
miC b) Left axis: local suparconducting gap at threa differant marphology. b) Local differentfal conductaneca maga
positions { %,1%,7%). The dotted Line s a fit to the BCS acquired simultaneously.
model. Right axls: macroscopic superconductive reslstive
bransition,
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SUPERCONDUCTIVITY IN MATERIALS WITHOUT INVERSION SYMMETRY:
SIMPLE VS. CORRELATED SYSTEMS

E. Bauer?, F. KNempINGER!, R.T. Kuan®, G. HitscHer!, H. MicHor!, E. Rovanian?, E.-W. ScHernt?,
K. MitvancHuk®, C. Braas-ScHenner?, D. RertH?, N. Mewnverenko-Koslyuk®, R. Poboroucky?, P. RocL®

Institute of Solid State Physics, Vienna University of Technology, A-1040 Wien, Austria
2Chemische Physik und Materialwissenschaften, Universitit Augsburg, D-86159 Augsburg,Germany
3Institute of Physical Chemistry, University of Vienna, A-1090 Wien, Austria
Email: bauer@ifp.tuwien.ac.at

Superconductors missing a centre of symmetry in the crystal structure are subject to peculiar
band splitting, which is detrimental to certain kinds of Cooper pairing channels. In particular, spin
triplet pairing was claimed to become unlikely under such circumstances. Ternary CePt,Si is the first
representative of heavy fermion superconductors without inversion symmetry (T_=0.75K, T = 2.2
K), however, distinguished by a SC order parameter which is composed of spin-singlet and spin-
triplet components, assuring extraordinarily large upper critical field values.

In the present work, experimental and theoretical findings made on strongly correlated electron
system CePt,Si are discussed and compared with novel Ba, Sr and Mo based superconductors which
miss both, inversion symmetry and strong electron correlations. These preconditions set the stage
for reliable electronic structure calculations, which prove the splitting of electronic bands due to
missing inversion symmetry.

This work was supported by the Austrian FWF P22295
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K,Cr,0.. : AN UNSUAL EXAMPLE OF A CHARGE ORDERED FERROMAGNET

Priva MaHADEVAN,* ABHINAV KuMAR,® DeBrAJ CHOUDHURY,? D.D. SARMA®

"Department of Material Science, S. N. Bose National Centre for Basic Sciences, Kolkata-700098
“Solid State and Structural Chemistry Unit, Indian Institute of Science, Bangalore 560012
Email: sarma.dd@gmail.com

K,Cr,0,,, a recentlyl explored member of the Hollandite series, exhibits many unusual behaviors,
which are still not fully understood. It undergoes a paramagnetic to ferromagnetic transition at
about 180 K. The system has an unusual half metallic ferromagnetic state at higher temperatures
and an intriguing metal-to-insulator transition (MIT) on cooling below ~95 K. This MIT appears to
have only a subtle influence on the magnetization, giving rise to a less common example of a
ferromagnetic insulating ground state. These unusual properties raise many questions concerning

the origin of the magnetism in the insulating and the metallic states of this compound.

Analyzing the electronic and magnetic properties within first principle electronic structure
calculations, we find2 that K acts like a donor. The doped electrons associated with the introduction
of K in the lattice, induces a charge ordered and insulating ground state and interestingly also
introduces a ferromagnetic coupling between the Cr ions. The primary considerations driving the
charge ordering are found to be electrostatic ones with the charge being localized on two Cr atoms
that minimize the electrostatic energy. The structural distortion that accompanies the ordering,
generates a pathway for the electron localized on one site to hop on to the neighboring sites, a
process more favorable in the ferromagnetic case, thus, giving rise to a rare example of a charge-
order driven ferromagnetic insulator.

We thank Profs. A. Chainani, 0. Karis T. Konishi, Y. Ohta, and Y. Ueda for valuable discussions
and for sharing unpublished results.
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QUANTUM CHARGE/SPIN FLUCTUATIONS OF CORRELATED ELECTRONS IN QUASI-
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KazusHr Kanoba
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Mott transition is a metal-insulator transition induced by electron-electron Coulomb interaction
and essentially a phenomenon in the charge degrees of freedom. When the lattice is triangular,
antiferromagnetically interacting spins suffer from geometrical frustration against ordering. So, the
correlated electrons on triangular lattice in the vicinity of Mott transition are in an intriguing
situation where both the charge and spin degrees of freedom possibly exhibit quantum fluctuations.

The family of layered organic conductors, K-(ET),X, whose bandwidth is comparable with the
Coulomb repulsive energy and controllable by pressure, are model systems of interacting electrons
on anisotropic triangular lattice [1]. In this conference, I review our experimental study on K-(ET) X
in the light of the above mentioned issues. First, I present the spin-liquid behavior [2], Mott
transition [3] and superconductivity in K-(ET),Cu,(CN), [4], which is a half-filled band system with
nearly isotropic triangular lattice. Second, I show the magnetic characterization of the pressure-
driven Mott criticality [5] in K-(ET),Cu[N(CN),]Cl, which was previously studied by transport
measurements [6]. Third, I report the anomalous magnetic and transport properties of the model
systems of doped triangular lattices, K-(ET) ,Hg, X, [X=Br, Cl], and discuss the results in terms of
doped-Mott insulator, which is possibly a doped spin liquid [7].

This presentation is based on the work in collaboration with K. Miyagawa, Y. Shimizu,
F. Kagawa, Y. Kurosaki, T. Furukawa, H. Hashiba, H. Oike, H. Kasahara, H. Taniguchi, S. Yamashita,
Y. Nakazawa, M. Maesato and G. Saito.
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DISORDER, MAGNETISM AND TRANSPORT IN THE DOUBLE PEROVSKITES

PINAkT MAJUMDAR

Harish-Chandra Research Institute, Allahabad
Email: pinaki@mri.ernet.in

The double perovskits are well known for highTc ferromagnetic phases. The bulk magnetic state
and transport depends sensitively on preparative conditions due to the presence of antisite disorder.
I will discuss the impact of disorder on the ferromagnetic state and move on to possible
antiferromagtnetic phases in these materials. The antiferro phases seem to survive disorder better
than the ferromagnetic phase, and also exhibit an unusual large positive magnetoresistance.
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MAGNETISM AND SUPERCONDUCTIVITY OF PURE AND DOPED EuFe As,

Anupam?, P.L. Pautose?, H. Jeevan®, C. GemBel® Z. Hossain?
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Superconductivity in iron arsenide compounds is a subject of intense discussion in the scientific
community. First iron-arsenide based high temperature superconductor was discovered in F-substituted
LaOFeAs with a transition temperature at 26 K [1]. Followed by this four more Fe-based series of
compounds were found. Our main interest is in EuFe As, which has a very special place in AFe,As,
(A =Ba, Sr, Ca, Eu) series due to the large magnetic moment of Eu2+ (H=7uB) ions in this
compound and hence is an ideal candidate to investigate the interplay between superconductivity
and magnetism. This compound exhibits Spin density wave (SDW) transition associated with Fe-
moments at 190 K and an antiferromagnetic ordering of Eu2+ ions at 19 K [2]. The SDW transition
can be suppressed or weakened either by applying hydrostatic pressure or by chemical pressure
which induce superconductivity in this system. We found that 50% potassium doping in EuFe As,
leads to the suppression of SDW transition and give rise to superconductivity below 33 K [3, 4].
151Eu Mésshauer spectroscopy provide clear evidence for the coexistence of short range ordering of
the Eu moments with the superconducting state. Superconducting transition temperature decreases
for both under K-doped and over K-doped samples with maximum Tc for 50% K-doped sample and
hence show a dome type T-x phase diagram similar to high Tc cuprates. Ni doping at iron site
destroys the spin density wave and antiferromagnetic transition completely and giving rise to
ferromagnetism below 18 K [5]. Our results on 5 % Ni doped EuFe,As, exhibit ferromagnetic
ordering below 16 K and suppression of SDW transition as confirmed by 57Fe Mdssbauer studies. We
tried to dope antimony at arsenic site which has larger ionic radii and hence could mimic negative
pressure on the lattice. We found that only 5 - 10 % of antimony could go inside the lattice which
has no significant influence on the SDW or Eu ordering.
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SUPERCONDUCTIVITY IN THE Fe,, Te . Se SYSTEM: ELUCIDATION OF
THE ROLE OF EXCESS Fe
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The recent discovery of iron based superconductors has brought alive the possibility of magnetic
spin fluctuation mediated pairing mechanism for superconductivity [1-8]. A common feature observed
in the Fe pnictides or chalcogenides is the gradual emergence of the superconductivity when the
antiferromagnetic order associated with the Fe-X (X=As/Te) layers is weakened by doping. It has
been suggested that in this class of materials the magnetic moments may be soft and depend
sensitively on various physical details, which contrasts with the strongly correlated local behavior
found in cuprates. Fe,Te has a tetragonal anti-Ph0 type structure and forms in the nonstoichiometric
form (0.05 d” y d” 0.22) with the excess iron atoms Fe(2), occupying the octahedral positions
randomly. The Fe(2) directly couples to the four nearest neighbour Fe(1) atoms in the Fe planes and
could effectively introduce frustration in the underlying antiferromagnetic state as Te is gradually
substituted by Se and could lead to a large critical region [9]. It has also been suggested that the
excess Fe bearing a local moment in proximity to the Fe layers could offer an interesting opportunity
for experimental investigation of the interplay between superconductivity and pair breaking magnetic
scattering in the Fe superconductors [10]. A comparative study of the chalcogenide system Fe . Te
Se_and the stoichiometric FeTe, Se is carried out to understand the role of the excess Fe in
modifying the superconducting state. The Fe Te Se (0 d” x d” 0.55) series is found to be
magnetic and its microscopic properties are investigated through Mossbauer spectroscopy. The
detailed magnetic phase diagram of Fe  Te Se reveals the emergence of spin glass state when the
antiferromagnetic state is destabilized by the Se substitution. The isomer shift and quadrupolar
splitting obtained from the Mdssbauer spectroscopy clearly brings out the electronic differences in
these two series. There is a clear indication of well developed local moment on Fe network due to
the presence of Fe(2), while the stoichiometric series FeTe, Se display bulk superconductivity with
no magnetic ordering. Moreover, the Fe moment and the spin density wave state are drastically
affected by the Se substitution and it drives the system to a spin glass state. The magneto transport
studies show that there is a strong modification of the electronic state in the stochiometric
superconducting state vis-a-vis the nonstoichiometric magnetic system.
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RECENT ADVANCES IN OXIDES AND OXIDE INTERFACES

T. VENKATESAN
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In my talk I will give a progress report on several research fronts in the area of oxide and oxide
interfaces being pursued at NanoCore.

The first is the area of diluted magnetic semiconducting oxides where we have seen room
temperature ferromagnetism in Ta doped Ti0,. The ferromagnetism is seen in a variety of measurement
techniques besides SQUID such as SXMCD, OMCD and also spin polarized photoemission. The origin
of the ferromagnetism is shown to arise from cationic defects based on XAS Measurements.

The second area is that of the quasi 2D electron gas seen at the interface of LAO/STO and we
show that under special processing conditions, the presence of electronic phase separation with the
observation of a variety of magnetic and electronic phases co-existing at the interface.

The third area of interest is the novel concept of ‘Nonlinear Insulators” where the defect states
in the band gap of oxide insulators provide a way for multiple conductivity states to exist based on
the bias currents and voltages. We demonstrate these ideas in resistive switching devices and argue
that a large number of oxide insulators (with predominant ionic bonding) fall under the class of
“nonlinear insulators” and are not ideal insulators.
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ORBIT INTERACTION AND PHASE COHERENT EFFECTS
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Tel-Aviv University, Tel Aviv 69978, Israel .
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The conducting interface formed between LaAlO, and SrTi0,, which are both non-magnetic and
insulating perovskites, unexpectedly exhibits: two dimensional electron gas (2DEG) properties,
superconductivity, and possibly magnetic properties. Electric field-induced metal-insulator transition
was reported for a layer of LaAlO, which is thicker than three lattice unit cells. However, the origin
of the charge carriers and the thickness of the conducting layer are still under debate.

By applying gate voltage we varied the charge carrier density and the properties of the 2DEG. At
low temperatures, the superconducting ground state and T_can be tuned. The magnetoresistance
and Hall Effect are studied for various devices and configurations.

The spin-orbit coupling energy is evaluated as a function of gate voltage. Our results suggest
that this interaction plays a dominant role at this interface and may be useful for future oxide based
devices, controlling the orbital motion of electrons by acting on their spins.

Using a mesoscopic size device we were able to extract the phase coherence length, L. Its
temperature dependence suggests that the phase-loss processes are governed by electron-electron
interactions.

Finally, Shubniklov-de Haas oscillations at high fields measured along with the Hall resistivity.
We fit the data assuming multiple carrier contributions. The comparison between the mobile carrier
density inferred from the Hall data and the oscillation frequency suggests multiple valley and spin
degeneracy. The small amplitude of the oscillations is discussed within this multiple-band scenario.
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INTERLAY OF QUANTUM CRITICALITY AND GEOMETRIC
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CoNb,0, is a remarkable material. It consists of Ising chains that are coupled in a frustrated
anisotropic triangular lattice in the basal plane perpendicular to the chain direction. Applying a
strong transverse Qeld tunes the chains through a quantum phase transition into a paramagnetic
phase. The interplay between two interesting features of correlated quantum physics, quantum
criticality and geometric frustration, produces a rich phase diagram which reflects the fundamental
underlying quantum many-body physics.
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BOND-OPERATOR FORMALISM FOR SPIN-S DIMERIZED
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BRIJESH KuMmAR
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The bond operator formalism for spin %= dimmer problems is generalized to the case of arbitrary
spin-S. A low energy mean-field theoretic framework, restricted to triplet excitations (also including
quintets in some cases), is developed for studying the dimerized singlet phases. It is applid to
some model problems and some real materials. An interesting result from this approach for a
system of coupled dimmers interacting via exchange interactions is that under strong frustration
the quantum mechanical dimmer phase can survive even in the so called classical limit S—<. That
is S being infinite is not necessarily classical. In another application, the tripplon dispersion is
calculated for Bi,Fe,0, which is a spin -5/2 Heisenberg problem on dual Shastry-Sutherland lattice.
More problems are being investigated using this approach.
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INTERFERENCE DEVICES FOR INVESTIGATING QUANTUM EFFECTS AT
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THOMAS SCHURIG
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Email: thomas. schurig@ptb.de

The investigation of quantum effects at low and ultra-low temperatures often requires a very
sensitive measurement of weak magnetic fields, small electric currents or voltages. Since its first
application more than 30 years ago, Superconducting Quantum Interference Devices (SQUIDs) have
been proven as very attractive tools for detecting physical quantities which can be converted to
magnetic flux with a very low noise level. Apart from the biomedical applications which are dominated
by large multi-channel systems in combination with more or less heavily magnetically shielded
rooms, SQUID setups for material research at very low temperatures require very sophisticated
sensors tailored to the particular experiment. It is, for example, not straightforward to utilize a
sensor operating in liquid helium at 4 K for an experiment installed in a millikelvin-refrigerator.
Especially, the novel cryogen-free millikelvin refrigerators employing pulse-tube pre-cooling require
robust SQUID sensor systems including careful SQUID wiring and filtering. We are developing and
manufacturing ultra-sensitive SQUID sensors for various applications at low or high frequencies.

SQUID arrays for the fast read-out of superconducting radiation detectors, e.g. super-conducting
single photon detectors, have been made available. With our two-stage SQUID current sensors for
experiments where a high energy resolution is required, as e.g. in NMR experiments, a coupled
energy resolution of 40 h at 4 K and 4 h below 300 mK can be obtained (h is Planck’s constant).
Integrated micro-coil input coils can be used as local probes for quantum matter and systems in the
micro or nano scale. Nevertheless, contrary to the predicted decrease of flux-noise spectral density
with decreasing temperature, we observe an increase of the low-frequency flux noise even in the kHz
range when operating our devices at mK temperatures. This behaviour, which is generally observed,
is currently under investigation.

The thermal noise limited SQUID sensitivity can be reduced by shrinking the SQUID dimensions,
resulting in lower SQUID inductance and capacitance. Whereas micro-sized SQUIDs and SQUID
susceptometers can be designed and manufactured employing conventional Nb/AlOx/Nb junctions,
for real nanoSQUIDs another junction technology has to be developed. Even so the readout of those
nanoSQUIDs is complicated. Above-mentioned SQUID current sensors can be utilized for this purpose.
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SPIN AND CHARGE SYSTEMS

SIDDHARTH S SAXENA
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This talk will focus on experimental search and discovery of novel forms of quantum order in
metallic and insulating magnets, intercalated compounds, ferroelectric systems and multi-ferroic
materials. Particularly discussed will be the pressure-induced superconductivity and critical phenomena
in the vicinity of quantum phase transitions.

Materials tuned to the neighbourhood of a zero temperature phase transition often show the
emergence of novel quantum phenomena. Much of the effort to study these new emergent effects,
like the breakdown of the conventional Fermi-liquid theory in metals has been focused in narrow
band electronic systems. But Spin or Charge ordered phases in insulating systems can also be tuned
to absolute zero using hydrostatic pressure. Close to such a zero temperature phase transition,
physical quantities like resistivity, magnetisation and dielectrics constant change into radically
unconventional forms due to the fluctuations experienced in this region giving rise to new kinds
ordered states including superconductivity in the metallic systems.
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AsHVIN VISHWANATH
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I discuss the prospects for realizing topological insulators in correlated systems, particularly in
5d based transition metal oxides. In addition to topological band insulators, other interesting
phases such as magnetic topological insulators, with a large ‘theta” parameter may be realized. In
the pyrochlore iridates, we predict a novel topological phase with magnetical order and a semi-
metallic Dirac spectrum in the bulk. Here, surface states in the form of Fermi arcs appear that
cannot be realized in any two dimensional band structure.
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KONODO EFFECT AND RKKY INTERACTIONS IN THE KITAEV MODEL

VIKRAM TRIPATHI
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Email: vtripathi@theory.tifr.res.in

We study the effect of coupling magnetic impurities to the spin %2 Kitaev model in its gapless
spin liquid phase. We show that a spin-S impurity coupled to the Kitaev model is associated with an
unusual Kondo effect with an intermediate coupling unstable fixed point $K_ {c}\sim J/S$ separating
topologically distinct sectors of the Kitaev model. We also show that the massless spinons in the
spin liquid mediate a nondipolar interaction noted in various 2D impurity problems with a
pseudogapped density of state of the spin bath.

Furthermore, this long-range interaction is possible only if the impurities (a) couple to more
than one neighboring spin on the host lattice and (b) the impurity spin $S/nel %..$.
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QUANTUM HALL STATES IN NON-ROTATING OPTICAL LATTICES
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We analyse the physics of cold atoms in honeycomb optical lattices with spin dependent
hopping and onsite repulsion. We note the spin dependent hopping terms are not time-reversal
invariant. For a region in space of hopping parameters, the four bands do not overlap and carry non
zero Chern numbers. Consequently, the non-interacting system has a quantized anomalous Hall
conductivity at % and 34 filling. We have investigated the effects of the interactions using the
Variational cluster perturbation theory (VCPT) and conclude that the quantum Hall state exists in
finite region of the interaction and hopping parameter space. The chiral edge states may provide an
experimental signature of these states.
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SUPERFLUID INSULATOR TRANSITION FOR ULTRACOLD BOSONS IN
A SYNTHETIC MAGNETIC FIELD
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In this talk, I am going to discuss the physics of the superfluid-insulator (S) transition of
ultracold neutral bosonic atoms in a square 2D optical lattice and in the presence of a synthetic
magnetic field created using Raman coupling of suitably tuned lasers with these bosons. We provide
analytical expressions for a Y momentum distribution in the Mott phase and b) collective modes in
the superfluid phase of the bosons near the quantum critical point. We also construct an effective
field Landau-Ginzburg theory for the SI transition and show that it necessarily involves g bosonic
fields for a flux of 2\pi/q through the placquette of the lattice. The analysis of this action is shown
to lead to a q periodic condensate density in the SF phase.
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ROW FORMATION IN WEAKLY CONFINED QUANTUM WIRES
K.J. THoMAS

Cavendish Laboratory, University of Cambridge, UK

When Coulomb repulsion between electrons is sufficiently strong to overcome the confinement
potential of a one-dimensional quantum wire, the electrons adjust their positions to minimize
energy by forming a zigzag lattice. Both quantum and classical calculations suggest that the zigzag
will divide as the electron density increases or confinement weakens further, leading to the formation
of two and then of progressively more rows of electrons, until the system approaches a regular two-
dimensional lattice. I shall present experimental results on the formation of double rows in a weakly
confined quantum wire[1].
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Topological insulators in bilk solids are a new phase of matter, which exhibit quantum-Hall like
behavior even in the absence of an applied magnetic field and unlike the quantum Hall liquids can
be turned into superconductors [1]. In this talk, I will briefly review the basic theory and experimental
discovery of topoligcal insulators in bulk solids (3D) and related superconductors. I will then
discuss spin-resolved phase-sensitive experimental results that demonstrate all the fundamental
properties of topological insulators such as spin-momentum helical locking, non-trivial quantum
Berrys phases, absence of spin backscattering or no U-turn, dissipationless spin flow, protection by
time-reversal symmetry and the existence of room temperature topological order. I will also report
the exotic roles of superconductivity and spin-order in doped topological insulators, electrodynamics
and their potential applications.

REFERENCE
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REVISITING INSULATOR - METAL TRANSITION IN CORRELATED OXIDES:
FERROMAGNETIC INSULATING STATE OF MANGANITES
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The issue of insulator-metal transition in complex and correlated oxides have been a recurring
theme of the physics of condensed matter physics for a long time. The fact different oxides which
are seemingly different can show rather unifying behaviour when they show insulator metal transition
which can be by correlation, disorder and band width, carrier concentration and other such parameters.

In this study we present investigation of a rather complex system where a ferromagnetic state
co-exist with an insulating state which can be made metallic by agents like pressure. Such a state
exists in Perovskite oxide manganites, generally known for their pressure. Such a state exists in
Perovskite oxide manganites, generally known for their Colossal Magnetoresistance (CMR), at low
hole concentration. This talk is an investigation into the ferromagnetic insulating (FMI) state to
answer fundamental questions about the nature of the insulating state using a number of experimental
investigations on single crystals of lightly hole doped manganites (that include non-linear conductance,
high pressure experiments as well as noise measurements), it has been suggested that the insulating
state is likely an electron glass.
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It is a well recognized fact that the sign of magnetoresistance (MR) is egative at the field-
induced magnetic transitions. In contrast to this traditional belief, in a rare-earth based intermetallic
compound, Th.Si,, crystallizing in Mn,Si, - type hexagonal structure, MR is found to be interestingly
positive, irrespective of whether the transition is first-order or second order (with varying
temperature). We invoke the concept of ‘inverse metamagnetism’ (in which magnetic fluctuations
are introduced beyond the transition-field) to explain this. There are observations attributable to
an unusual magnetic-phase-coexistence phenomenon, in which the transport interestingly is apparently
dominated by high-resistive phase.

Sudden increase in positive MR at the “meta” magnetic transition in Tb,Si, in the entire T-range
below magnetic ordering (<69K), irrespective of whether the transition is first order or second
order.

Mn,Si, - type hexagonal structure
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We report the results of structural and electrical properties of Laos7Sr0.33Mn05 prepared by solid-
state reaction route and sol-gel methods respectively. The structural properties reveal that all the
samples exhibit orthorhombic crystal symmetry. The average crystallite size for the samples prepared
by both routes is found to be in the range of 21-22 nm. The resistivity data shows a metal-insulator
phase transition for both the samples.

The rare earth manganites of the general formula R«AMn0O; (R = La, Nd, etc. and A = Sr, Ca,
etc) have been widely investigated owing to their remarkable electrical and magnetic properties like
metal-insulator transition (MIT), colossal magnetoresistance (CMR) and charge ordering (CO) etc.
The parent compound RMnO03 is an antiferromagnetic (AFM) insulator. When parent compound is
doped with one of the divalent cation such as Sr, Ca or Ba etc, a proportionate number of Mn* ions
with electronic configuration té’ge; are replaced with Mn“ ions having electronic configuration t.gs.
This creates holes in the e band near Fermi energy. This behavior has been interpreted on the basis
of Jahn-Teller (JT) effect [1]. The electrical properties have been examined on the basis of Double-
Exchange (DE) model [2]. The samples of Lao.¢Sr0.33Mn0; have been synthesized by two methods i.e.
solid state (SS) reaction route [3] and sol-gel (SG) methods. The samples were characterized by x-
ray diffraction (XRD) using Cu-Ka radiation of wavelength 1.5406A. The resistivity of samples was
measured by using standard four-probe technique in the temperature range 70-300K in a close cycle
refrigerator.

The XRD patterns of Lao.sSro.33sMn0; samples have been taken at room temperature which show
that all the samples are in single phase with orthorhombic crystal symmetry. The crystallite size
determined from XRD data for both samples is shown in Table (1)

Table (1) Lattice parameters and crystallite size of both samples

Sample a (A) b (A) c (A) Crystallite size (nm)
Lao.675r0.33Mn03(SS) 5.440 5.490 7.740 21.60
Lao.7Sr0.33Mn03(SG) 5.420 5.480 7.740 22.08

Figure (1) shows the temperature dependence of resistivity for La_, Sr,,,MnO, samples. All the
samples show metal-insulator transition (MIT) and the values of metal-insulator transition

temperatures are respectively 136.39 K and 215.20 K.

where p_ arises due to the grain boundary scattering and plays a major role in the conduction
process. On the other hand, p.T. term explains the contribution of electron-electron scattering
process to the resistivity, while the term p.sT.s may be attributed to two-magnon scattering
process in the ferromagnetic region. The typical plots by using eqn. (1) for both samples are shown
in Fig. (2).

In the adiabatic approximation a small polaron hopping theory was proposed according to
which the activated conduction follows the relation:
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where ks Boltzmann constant, A§ is the resistivity coefficient and Ea is the activation energy.

We fitted the high temperature resistivity data using the above relation for La, Sr, , Mn0,. The
typlcal plots for both samples are shown in Fg. 3.
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Phase transition from amorphous to crystalline or vice-versa is the basic principle of writing
and erasing the data in phase change memory devices. Generally chalcogenide materials (Ge.SbyTe.,
and AgInShTe) are used for phase change memary applications. The Ge,SbeTes (65T} alloy is one of
the frequently used materials in phase change recording technology. GST films are of great imterest
because of their high reflectivity contrast between amorphous and crystalline state, high crystallization
speed and cyclability [1]. This alloy exhibits two crystalline states, namely a metastable (NaCl-type)
phase and a stable hexagonal phase [2]. Doping is considered to be one efficient way to tune the
properties of phase change materials. So far, various dopants such as Bi, Sn, O and N have been
studied in literature [5-9]. However, no work has been reported so far on Raman study of Sn doped
G5T thin films.

In present work, we have studied the phase transition phenomenon in Sn doped GST thin films
deposited by f magnetron co-sputtering technique from a composite target of G5T and a Sn target.
The thin films of 5n doped G5T phase change material were deposited on glass substrates for 50
minutz at an Ar pressure of 1.2 x 10-3 torr, The thickness of the film was found to be ~100 nm, The
as-depnsited films wers annealed in Ar amhbient at 250 and 350°C for 1 hour each in a herizantal
furmaca.

Figure 1 shows Raman spectra obtzined from as-deposited as well as annealed samples. A broad
peak is observed in as deposited film around 150 an?, which confirms the amorphous nature of Sn
doped GST films [3]. An additional peak also appeared around 250 cm, which can be atiributed to
the presence of Sn in GST thin films.

iyda . u)

Fig. 1: Raman spectra of as-deposited and annealed tinin films of S5n doped GST
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Raman spectra of GST films annealed at 250°C showed a broad peak at about 150cm™, which
can be splitted in to two peaks. Further annealing of these films at 350°C showed the presence of
two sharp peaks at about 120 and 140 cm™, which confirms that the material has been crystallized
[4].These results were further confirmed by X-ray diffraction (XRD).
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Multiferroic Ga,«Fe«0; (0.8 < x <1.4) or GFO exhibits ferrimagnetism and piezoelectricity *
simultaneously in the same phase. Its ferrimagnetic to paramagnetic transition temperature (T.),
varies between ~ 200 K to 400 K. %3 The transition temperature (T.) depends upon the Fe content
(x) and processing history. * The observed ferrimagnetism at low temperature is attributed to the
site disorder of the cations. ** In the present study, we synthesized GFO (x ~ 1.08-1.10) single
crystals using flux growth method. * Reitveld refinement of room temperature XRD pattern of the
crushed single crystals showed orthorhombic Pc2:n symmetry. Partial occupancies of the cationic
sites obtained using Reitveld refinement were used to calculate the lattice magnetic moment which
was in reasonable agreement with experimental value of bulk magnetic moment of 0.67 y / Fe site.
Temperature dependent magnetization measurement predicted a Tc ~ 300 K which is in accordance
with the previous reports of compositional dependence of magnetic data. >* We also carried out
Raman scattering as a function of temperature from 18 K to 450 K.. We observed 30 Raman active
modes in the frequency range, 100-800 cm™. Temperature evolution of the peak positions of most
of these modes can be adequately described using an anharmonic model suggesting absence of any
lattice anomaly across the phase transitions. This observation was found to be consistent with the
XRD data. However, the temperature dependence of the line width of a number of modes exhibited
a change in slope across the phase transition boundary. In order to understand and quantify this
change in the line width as a function of temperature we calculated the product of electron-phonon
coupling strength and the density of states at the Fermi level using Allen’s formula. > We compared
these results with those obtained using transport measurements. The deviation from anharmonicity
was qualitatively explained as a consequence of a weak magneto-elastic effect in the low temperature
phase.
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The hole doped CMR manganites with general formula Ln R,_MnQ, , where Ln is trivalent rare
earth metal (e.g. La, Nd, Pr, Sm) and R is divalent alkaline metal (e.g. Sr, Ca, Ba), are strongly
correlated electron system where spin, charge, orbital and lattice degrees of freedom play very
important role in their transport and magnetic behavior. Among the variety of doping concentrations
in manganese perovskites Pr Sr. MnO, (PSMO) is of special interest as bulk material shows
ferromagnetic-insulator behavior due to weak DE interaction, whereas in nano regime it shows
metal-insulator transition at low temperature. It also exhibits two magnetic phase transitions. It
was found that grain boundary effects are significant for a wide temperature range as observed for
polycrystalline thin films and bulk materials [1]. The aim of this paper is to report how the
nanometric size affects the electronic-, magneto-transport and magnetic properties of ferromagnetic
insulating Pr_ Sr _MnO, (PSMO) samples. It is also useful to find out the average strain inside the
grains induced by the nano dimension as this may affect the electronic transport and magnetic
properties of the PSMO grains. All the nanometric granular polycrystalline PSMO samples were
synthesized by chemical pyrophoric reaction process [2]. We have calcined the as-prepared powder
at four different temperatures (850, 950, 1050, and 1350°C) to get the series of PSMO sample with

different particle size ranging from nm to mm dimension.

The microstructural, electronic-transport and magnetic properties of all samples have been
thoroughly studied by HRXRD with Rietveld refinement fitting, HRTEM, FESEM, high field and low
temperature CRYOGENICS CFM VTI system and SQUID magnetometer.

Rietveld refinement of HRXRD pattern for Pr ,Sr _MnO,, sintered at different temperatures
confirms that our samples are single phase orthorhombic with Pbnm space group as shown in Fig.1
(a). Using Debye-Scherrer formula (¢ = nA/d_.cosB) the average crystallite sizes of the PSMO
samples are estimated to be ~ 40, 50 and 58 nm for the sintering temperatures of 850°C,
950° C and 1050° C, respectively. FESEM, HRTEM images and selected area diffraction (SAD) pattern
for the PSMO sample (Fig. 1(b), 1(c) and 1(d)) show that samples are granular nanocrystalline and
polycrystalline in nature. The lattice constants, unit cell volume and the rms-microstrain in the
grains are not found to change appreciably with the particle/grain size. From DC magnetization
study it is observed that Tc increases with the decrease of particle size (Tc = 190K) compared to its
bulk counterpart (Tc = 108 K) [Fig.2(a)]. It is also observed that there are two magnetic phase
transitions [PM to FM at ~ 108 K and FM to AFM at ~ 45 K] in bulk sample. Moreover the nanometric
950 PSMO sample shows ferromagnetic behavior [hysteretic M(H) loop and saturation] at low
temperature as shown in Fig.2 (b) and its inset. The bulk counterpart shows AFM ordering in the
low temperature regime. Fig.2 (c) shows the field dependent MR at different temperatures of 850
PSMO. At lowest temperature (2 K) the maximum MR is ~ 85% for the sample at a field of 8T for 40
nm particle size. For the bulk sample the MR is ~ 50% at 150 K at 8T magnetic field. Figure 2(d)
shows the temperature-dependent resistivity plots of PSMO samples of different particle sizes. At
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low doping Pr based manganite shows ferromagnetic insulating phase for single crystalline system
[3]. Bulk PSMO shows insulating behavior throughout the temperature range. Surprisingly, in the
case of nanometric 850 and 950 PSMO, both of them show metal-insulator transition at around ~
150 K. This transition is absolutely absent in the bulk counterpart. The inset of Fig. 2(d) shows the
temperature-dependent insulating behavior of the bulk PSMO for the entire temperature range.
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Fig. 1. (a) Rietveld refinement of HRXRD PSMO 950 Fig. 2. (a) M(T) of PSMO 40 nm, 50 nm and bulk
sample, (b) FESEM micrograph, (c) SAD pattern and (d) samples showing drastic change of Tc. (b) M (H) of
HRTEM image of nanometric PSMO sample. 950 PSMO. (c) HFMR of nanometric 850 PSMO at

different temperatures (d) Resistivity plot with
temperature for three different particle sizes; inset
shows resistivity vs. T plot of insulating bulk sample.

The observed drastically contrasting behavior in nanometric grains compared to its bulk counterpart
is most clearly explained by enhanced surface disorder [4]. The destabilization of the ferromagnetic
insulating state at the surface grain boundary is primarily attributed to the surface reconstruction
of the electronic states resulting in an increase in DE. The hugely enhanced surface to volume ratio
in nano-grains adds up to the sizabale change in electronic transport (metallicity), enhanced
magneto-transport and magnetic properties. In summary, we have thoroughly studied the effect of
nano size on the electronic-, magneto-transport and magnetic properties of PSMO samples. The
contrasting behavior in nanometric grains is attributed to the enhanced surface disorder at the
grain surfaces.
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Most of the experimental efforts probing magnetism, charge and orbital ordering have concentrated
on transition metal compounds ™. Possible examples among p band systems have not been explored.
The first step in this direction would be to search for narrow band materials in which Coulomb
interactions should be important. If one could engineer magnetism in these materials, one could
generate a new class of compounds with a rich phase diagram as earlier discussed transition metal
counterparts. Our search for stoichiometric materials with p shell magnetism led us to an unusual
set of compounds formed by the alkali metal atoms (A) [?. Here we have considered the prototypical
example of KO, and explore its properties in great detail [I.

KO, is a molecular solid consisting of oxygen dimers aligned parallel in a body centred tetragonal
lattice at high temperatures. K present in the lattice donates an electron which goes on to occupy
the O p levels. As the basic electronic structure is similar to that of an oxygen molecule, except for
broadening due to solid state effects, KO, represents the realization of the doping of oxygen
molecules arranged in a lattice. These considerations alone result in magnetism with high ordering
temperatures as our calculations reveal. However, we find that the high temperature structure is
unstable to an orbital ordering (00) transition. The microscopic considerations driving the 00
transition, however, are electrostatic interactions instead of the often encountered super-exchange
driven ordering within the Kugel-Khomskii model [ often used to describe the 00. This 00 transition
is also found to preclude any possibility of high magnetic ordering temperatures, which otherwise
seemed possible.
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It is widely believed that the successful integration of spin functionality into present
semiconductor based electronic devices will improve their processing speed, storage capacity and
power requirement. The above notion has led to the discovery of several new and exotic spintronic
materials which in many cases exhibit phenomena that can’t be adequately explained by current
physical models. One such example is the discovery of diluted magnetic dielectrics (DMD). Specifically
a number of highly insulating oxides such as Ti0, (anatase), Hf0,, GaN and Sn0, have been reported
to show room temperature ferromagnetism when doped with small amounts of transition metal
elements. Such systems exhibit ferromagnetic long range ordering even though the magnetic
dopant level is far below the percolation threshold for dipole exchange interaction. In these insulating
systems, carrier mediated RKKY magnetic exchange cannot be applied to explain the observed
ferromagnetism, and other mechanisms such as super-exchange or double exchange also fall short.

In this presentation we will report our recent results and the discovery of a new DMD system
based on Rare Earth oxides (REQ). Specifically, we found that when a small amount of transition
metal elements are doped in certain REO thin films, the system exhibits a unique magnetic phenomenon
which cannot be accounted for by conventional models. Though the observed magnetic properties
appear quite similar to those observed in superparamagnetic systems, the origin of these properties
is entirely different. Careful atomic-scale structural analysis showed no secondary phases or
compositional variation which could account for the observed magnetic response. A model, based
on the widely accepted bound polaron theory for insulating ferromagnets, is proposed to explain
the unique magnetic behavior of these materials. In this model, exchange mediating defects form
magnetically active regions which behave in some ways like superparamagnetic clusters; however,
unlike superparamagnetic systems the size of magnetically active regions is not static but changes
dynamically with temperature.
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Researchers all over the world have recently been looking for new kind of semiconductors in
which both the charge and spin of camiers can be exploited to provide new functionality for
spintronic devices [1]. The primary requirement of such devices is to have room temperature
ferromagnetism {RTFM) and high spin transport, so that it can be used in spin transistors, ulm
dense non-volatile memory devices (e.g. MRAMs) and optical emitters. Following the prediction of
RTFM in the otherwise nonmagnetic II-VI and II-¥ semiconductor compounds, by Dietl et al. [2]
in 2000, researchers started re-investigating transition metal (TM) doped II-VI semiconductor
oxides (e.g. Zn0, 5n0, and Ti0,), and III-¥ compounds {e.g. GaN, GaAs, InAs, etc.) [3,4]. Manganese
substituted Zn0 has attracted significant attention not only due to technological advamtages but
also due to the prevailing disagreement in both the existence as well as the origin of room
temperature ferromagnetic behavior. The present study aims at systematic investigations on Zn,
Mn O (x= 5%) sintered successively at different temperatures to understand the origin of room
temperature ferromagnetic behaviour.

We have synthesized the Zn__Mn_ .0 nanoparticles by sol-gel method. The sintering temperature
has been varied from 400 to 800 °C to vary the particle size. ¥-ray diffraction (XRD), scanning
electron microscopy (SEM), and Vibrating Sample magnetometer (¥SM) have been used in present
investigations to characterize the samples. The phase formation, crystalline size detenmination and
magnetic properties have been studied successfully. X-ray diffraction pattern of Zn . Mn_ 0 samples
sintered at 40¢, 500, 600 and 800 °C have been shown in Fig. 1.The XRD results show that the phase
formation of ZnO starts at 400 *C and particle size varies between 19 to 72 nm as sintering
temperature varies from 400 to 800 °C. However, grain size, observed from SEM, varies from 20 to
150 nm.

] *MnQ
# ZInMn0

Intensity (a.w.)
10

i [degree|
Fig: 1: X-ray diffraction pattem of Zn__ Mn__ O samples sfntered at 400, 500, 600 and 800 °C.
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The most interesting feature of present investigations is the observations of room temperature
ferromagnetism (RTFM) in 5% Mn doped Zn0 samples sintered at 400 and 500 °C. The observation of
room temperature ferromagnetism makes this material a possible candidate for spintronics devices.
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Multiferroic magnetoelectric materials, which simultaneously display ferroelectricity and
ferromagnetism, have recently stimulated a sharply increasing number of research activities for
their great fundamental and technological interest. As a consequence, the magnetic (electric)
domains can be tuned by the application of an external electric (magnetic) field and/or strain,
suggesting tremendous potential for innovative device applications and exploration of the fundamental
physics of coupled phenomena. In order to achieve these potential applications, the microscopic
origin of the coupling between electric and magnetic order parameters should be known. Ferroelectricity
and magnetism tend to be mutually exclusive and interact weakly with each other when they
coexist. Butin a certain class of materials large magnetodielectric effects were discovered due to
magnetic origin of ferroelectricity. In these multiferroics, ferroelectric order develops upon a magnetic
phase transition into a spiral or noncollinear magnetic ordered phase.

I will review some of my recent key experimental findings in spin frustrated multiferroics
systems. The focus will be on recently discovered magnetoelectric compound Bi,Fe,0,, competing
magnetic interaction in Ni,V,0,, role of strain on multiferroic properties, and microscopic origin of
multiferroicity in hexagonal YMnO,. Novel inverse Dzyaloshinskii-Moriya (DM) effect which explains
magnetoelectric coupling in this class of compounds, and the key scientific challenges in this field

will also be discussed.
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Perovskite structured manganites of the form A, ,BMn0, (A = La, Bi, Pr, Sm etc and B = 5, (a,
Pb, Ce etc) exhibit interesting phenomena like change/orbital - ardering (C0/00), metal - insulator
(M - I) transitions, colossal magnetoresistance (CMR) effect etc'. These exotic phenomena are
defined by altering the Mn*/Mn* ratio in the materials. Desired properties can be infused in these
materials using different A and B - site elements and/or by substituting Mn by multi valent
elements like transition metals {TM)>. In this work the effect of substituting transition metals at
the Mn site of Bi (g ,Mn T, .0, (TR = Fe, Cr, Ni) on the magnetic properties is presemted.
Electron Spin Resonance {(ESR) is known to be a highly sensitive technique for understanding the
spin structure and ts dynamics in a sample. Temperature dependent ESR studies in the temperature
range 120 — 470K are undertaken to understand the evolution of micro/nano magnetic phases and
its effects on the magnetic properties of the samples. The ESR signals are assigned to the contribution
of femomagnetic (FM) double exchange (DE) interactions involving the Mn* - 0 — Mn* network®.
In the present study the electronic structure of the substituants play a role 1n deciding the FM DE
imeractions and in tum the properties of the samples. Nickle can exist as Ni** and for Ni*, substituting
for Mn® and/or Mn** respectively, enhancing FM comelations. Chromium exists predeminantly as

- . - = -
M U S E———
-

=

¢ = substituled

A3 § i

Figure 1: 1/DI v T plots for B1 Ca, Mn0, and B{ Ca, Mn _TM, 0. (TM = Fe, {1, Ni)
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Cr®*, which is isoelectronic with Mn“, thereby contributing to Mn* - 0 - Cr** mediated FM
correlations®. Fe* substitutes Mn* due to the similar ionic radii. The higher effective magnetic
moment of Fe3* compared to that of Mn3** increases the net magnetic moment of the material. From
the ESR studies the variation of the double integrated intensity of the resonance lines (DI), which is
proportional to X, with temperature (T) is plotted as 1/DI v T plots for the samples (fig.1). Two
minima, one at high temperature and the other at low temperature, depicted as the charge ordering
and onset of long range antiferromagnetic (AFM) ordering, T, and T, respectively, of the undoped,
Ni and Fe substituted samples are shown in fig 1. For T > T 1/DI decreases with decreasing
temperature. On decreasing temperature, for T, >T>T_, 1/DI increases initially for a short temperature
range, remains constant and decreases again till T . Below T, 1/DI increases rapidly. The 1/DI
decreases continuously with decreasing temperature for the Cr substituted sample, with only a
change in slope indicating variation in the strength of contributions of FM and AFM phases. The ESR
studies are analysed in view of the phase separation model®. For T > T_ decrease in 1/DI indicates
contributions of evolving FM correlations, which melt the CO state, evidenced as a broad transition
peaks of T_.. An increase of 1/DI below T is attributed to the residual effect of AFM correlations,
which gives rise to the CO state. The coexistence of evolving competing FM and AFM phases is
observed at the temperature range T, > T > T.. For T < T, the samples enter the long range AFM
ordered phase.
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The magnetic, electronic, structural and mechanical properties of ErSb in the stable Fm m and
high-pressure pmém phases have been analyzed ab-initio employing the full potential method
within the framework of density functional theory. The Local Spin Density Approximation along
with Hubbard U based on exchange-correlation energy optimization has been used for calculating
the total energy. The magnetic phase stability has been determined from the total energy calculations
for both the non-magnetic and magnetic phases which show that it is ferromagnetically stable at
ambient and high pressures. Under compression, ErSb undergoes first-order structural transition
from B1 to B2 phase at 24.56 GPa which show good agreement with the experimental value of 25
GPa. The structural properties viz, equilibrium lattice constant, bulk modulus and its pressure
derivative, transition pressure, volume collapse and elastic moduli agree well with the experimental
data. The electronic structure at different volumes is obtained with the LSDA+U approach. The
LSDA+U strategy shows significant impact on the energy levels of the occupied and unoccupied 4f
states of ErSb.
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Highly spin polarized materials are required to develop and realize novel spintronic devices such
as efficient spin injectors, spin filters, tunnel junctions or GMR [1]. The ferromagnetic full Heusler
alloy Co,Cr, Fe, Al (CCFA) have a high Curie temperature (T ) ~750K, and are theoretically predicted
to possess a high value of saturation magnetization of 3.8, per formula unit. Their expected half
metallicity makes them a good candidate for a number of applications in spintronic devices [2].
Experimentally, high magnetoresistance ~80% at room temperature and in small fields ~10 mT has
been reported [3]. In the present work, we deposited CCFA (~50 nm) on Mg0 (100) and Si (100) at
room temperature and 550°C by using pulsed DC - sputtering technique with an Argon flow of 15
sccm. The working pressure is maintained at 5.5x107 torr and base pressure at 7.5x10° torr. The
magnetron sputtering is a novel method for preparing thin films of CCFA due to its high deposition
rate, ease of sputtering any metal, alloy or compound, high purity films, extremely high adhesion of
films and excellent uniformity on large area substrates [4]. We studied the effect of substrate-type
and growth-temperature on the structural and magnetic properties of CCFA film using X-ray diffraction
(XRD) and Magneto Optical Kerr Effect (MOKE) measurements. The Magneto Optical Kerr Effect
(MOKE) is a qualitative and surface-sensitive method to provide a very quick magnetic M-H behaviour
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Fig. 1 XRD patterns of CCFA films on Si Fig 2. Normalised magnetic hysteresis curves measured
(top panel) and Mg0 (bottom panel) substrates. by MOKE at RT of the as-grown CCFA films
'S’ refers to the peak appearing due to substrate. on MgO0 and Si (see text for details).
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of the films. The hysteresis loop of the sample can be taken in a normalised manner, where the
information concerning the coercivity can correctly be extracted. While Fig.1 shows the XRD
patterns of CCFA films grown on Mg0 and Si substrates at 550°C temperature, Fig. 2 shows the
MOKE M-H loops of these CCFA films. The coercivity of CCFA film grown on Mg0 was ~1.5 Oe and on
Silicon was ~3.0 Oe. Detailed result will be presented during the conference.
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Layered systems like colossal magnetoresistance (CMR) materials e.g. Lal-xMxMn03, M= [Ca,
Sr] and Pr1-xCal+xMn04 [1] have attracted considerable attention recently, as they exhibit remarkable
cooperative phenomena such as metal-insulator transition, charge and magnetic order, excitonic
instability etc. These materials also show drastic change in the above mentioned phenomena with
variation in temperature, hole doping and also by the application of pressure and magnetic field.
Recently it is proposed that these systems very effectively can be explained by two dimensional
Falicov Kimball model [FKM] [2] on square lattice [3]. We have studied the ground state phase
diagram of the spin independent FKM on square lattice using Monte Carlo simulation algorithm,
described in details in [4] as function of Coulomb repulsion (U) between itinerant (d) and localized
() electrons and different fillings of localized electrons (nf). Our calculations are mainly focused on
away from half filling (nd + nf =n ; n away from 1; where nd, nf and n are density of d-, f- and total
number of electrons respectively) case. Ordered and disordered ground state configurations of f-
electrons are observed for small U-values. Phase segregation in the f-electron configuration is
observed for large values of U. We have also studied Metal-insulator transition and density of d-
electrons as function of U and nf.
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Multiferroic (MF) materials exhibit a highly coupled, spontaneous ferroelectric polarization and
magnetization. Intriguingly, these novel properties of multiferroics enable the magnetization to be
switched by applying external electric fields and, vice versa, for applications such as memories and
sensors. Coupling between electrical and magnetic properties in multiferroic materials makes them
a promising material for the design of multifunctional device applications, but also because of the
interesting physics found in this class of materials. The coexistence of ferroelectricity and anti
ferromagnetism at room temperature makes BiFeQ, one of the most interesting multiferroic materials.
Optical spectroscopy is a very powerful tool to understand the driving mechanism of the ferroelectric
transition and, eventually, its coupling to magnetic ordering. Nevertheless, only a few Raman and
infrared IR studies on BiFeO, are known to date. The role or absence of phonon softening in order to
explain ferroelectric transition and the phonon modes symmetry in BiFeO, are some important
questions still needs to be answered. Very little is known about the behaviour of phonons in
magnetoelectric multiferroics, and this although investigations of phonons have in the past played
a crucial role in the understanding of classic ferroelectrics. Motivated to determine and understand
the role of phonons in multiferroics, we have undertaken the theoretical investigation on the
phonon properties of BiFeQ, in its cubic phase by applying lattice dynamical simulation method
based on de Launey angular force (DAF) constant model. The calculated zone centre phonon
frequencies agree well with available results. The phonon spectrum of BiFe0, is calculated along the
three symmetry directions. Some modes of BiFeQ, are coming out to be negative, representing the
soft modes. The imaginary frequencies are associated with unstable mode and are in agreement with
other calculations. The soft modes are interpreted in terms of transition of phase and other related
properties in these materials.
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We have investigated temperature dependence (10-300K) magnetic properties of Fe 0, base
ferrofluids using EPR technique. A single, strong and relatively broad resonance signal was observed
at ambient temperature with effective g-value of ~ 2.25 along with a weak kink of effective g-
values ~ 4.00 in 10K to 70K range and ~ 2.00, 3.200 in 100 K to 300 K. The intensity, line width
and resonance field are strongly temperature dependent. The decrease in magnetic interaction
between the particles leads to the increase in line width and resonance field values at low temperatures.
This reduces the total effective magnetic moment originating from the non-collinear spin structure
formed by the pinning of surface spins and surfactant at the interface of nanoparticles.

Nanoscale magnetic materials have been a field of intense study due to their quantum dimension
in the transition region between atom and the bulk. In order to understand the transition from
quantum to classical behavior in spin system, electron paramagnetic resonance (EPR) is a very
versatile technique [1-3]. The finite size effect and the large surface area of magnetic nanoparticles
dramatically change the magnetic properties and exhibit superparamagnetic (SP) phenomena when
particle size is smaller than a single domain. These features are observed in quantum systems and
not expected in classical case.

The SP size particles were prepared by the chemical co-precipitation route. These fine particles
were coated with oleic acid and dispersed in kerosene. Magnetic properties of this resulted ferrofluid
were investigated by X-band EPR spectrometer (Make: Bruker Biospin, Model: A300) at different low
temperatures i.e. from 10K to 300 K.

The SP size Fe 0, particles are considered as single domain ferromagnetic state where
all the spins are strongly coupled, giving rise to a total magnetic moment. As the particle size is
less than the critical size. The superparamagnetic behavior is exhibited which means when
magnetic energy is of the order of thermal energy k. or less. In this regime, the direction of
magnetic moment fluctuates significantly from the equilibrium position while their amplitude
remains same.

In these investigations, EPR spectra of the ferrofluid exhibits the coexistence of two different
resonance modes: (i) a broad line due to ferrimagnetic resonance and (ii) a kink at g ~2 due to
superparamangetic particles. Dipole-dipole interaction between the particles causing the broadening
of the signal due to spin disorder arising mainly from the antiferromagnetic interactions between
the neighboring spins in magnetic nanoparticles. At low temperatures the spectra broadens and
shifts to lower resonance field as shown in Fig. 1 and 2.

As seen from the Fig. 3 represents peak to peak linewidth (AHpp) and g-value are
strongly temperature dependent The This can be explained in terms the temperature related
behavior of narrow component and uniaxial nature of the ferrofluid anisotropy. The peak-to-peak
linewidth variation with higher temperature indicates the weakening of the magnetic moment
due to pinning of the surface spins and coated surfactant at the interface of nanoparticles is
responsible for the observed reduction in the line width fig 2. The ~ g at 4.2 is due to the
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Fig. 1: EPR spectra of Fe,0, ferrofluid from 10 K to 70K Fg. 2: EPR spectra of Fe,0, ferrofluid from
100K 1n 300K

{solated spin of Fe*™ hecomes prominent with decrease in temperature{10K} and shows the stability.
The spin concentration increases with increasing temperature and the values from 10K to 70K is
listed fn Table 1.

Table 1: Spin Concentration with temperature

= " ' Temperature (K) Spin concentration
s : | (Spins/gm)
L : i 1.82 x 10@
2 3 10 2.33 x 10
:_1 e o 20 2.96 x 10"
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. ; ' e 50 432 » 10"
YR i " 60 £.65 % 10%
70 533 » 1p¥

Fig. 3: AHpp and g-value vs. termperature

CONCLUSION
EPR spectroscopy technique has been successfully used for the investigations of surface spin
and their hehavior at low temperatures. Fe™ ions isalated spins becomes prominent at low
temperatures due to weakening of magnetic moment and spin disorder. This leads 1o the transition
from spin glass to cluster glass state. The super exchange imeractions amony fluid dominates at
higher temperatire.
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COMPARATIVE STUDY OF Cr & Fe DOPED La _Ca MnO,
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Manganites with general formula RE, A MnO, (RE = trivalent rare earth and A = alkali metal) has
attracted a lot of attention in last over one and half decades due to their complex magnetic phase
diagram and novel magneto-resistive properties, for example see review article [1]. The transport
properties of the manganite materials are explained by the double-exchange and electron-phonon
coupling arising from Jahn-Teller distortion [2]. The lack of data at close intervals for Fe and Cr
substitutions in manganites materials motivated us to study the effect of Cr*3, Fe**ion doping in
La,Ca, ,Mn0, manganite at close intervals. We studied complete phase diagram and ensuing
transformation from double-exchange (DE) to super exchange (SE) interactions with increasing
content of Fe and Cr in La Ca ,Mn0O, manganites [3,4].

Samples with nominal composition La Ca ,Mn, Cr O, and La ,Ca ,Mn, Fe 0, (0 <x < 1) have
been prepared by conventional solid state reaction method. The single phased x-ray patterns of
La,,Ca,,Mn, Cr0,andla Ca ,Mn _FeO, (0 <x <1) series powders are indexed with orthorhombic
structure in Pbnm space group. Decrease in lattice volume with the Cr doping can be attributed to
the smaller ionic size of Cr* (0.62 A) than that of Mn*ion (0.64 A). However, a regular shift
towards lower angle is noticed on increasing Fe content even though Mn* ion and Fe**ion have
same ionic radii (0.0645 nm). Although, volume is a complex quantity as in La,_SrxMnQ, there is a
decrease in volume except Srion has larger ionic radii [6]. One possibility may be the formation of
magnetic polaron (self trapping of carrier along with lattice distortion) that can affect Mn-0 bond
length results a change in volume.

Figure 1 shows the electrical resistivity behavior of the nominal series. As Cr** ion has same
electronic structure (3d%, t*, e °) as Mn* and can be connected to Mn** ion via oxygen in a similar
way as for Mn*. Therefore, the double-exchange interaction between Mn* /Cr** and Mn3**/Mn* pairs
may be thought responsible for the high temperature peak and a small sensitivity about transition
temperature in the Cr-doped samples. The second peak may result from the competition between DE
and anti-ferromagnetic (AFM) interaction due to super-exchange mechanisms between Cr**/Cr**
and/or Cr**/Mn* jons. At higher doping concentrations there is an absolute reduction in Mn3 ion in
comparison to both Cr** and Mn* ions as a result increases AFM correlations between Cr**/Mn“ and
Cr3*/Cr** via super-exchange (SE) interactions. With increase in Cr doping other magnetic states like
mixed FM and AFM are observed. The co-existence of FM and AFM states is supported by M-T and M-
H curves. For 10% Cr doping the ZFC and FC curves is very well bifurcated at low temperatures and
there is a sudden drop in magnetic moment at around 40K. This sudden drop represents some sort
of magnetic anisotropy or magnetic frustration in the sample. Also from M-H curves it can be seen
that the magnetization is not saturated and thus supports canted anti-ferromagnetic state that
arises due to random distribution of Cr* ions with random oriented spin. With increase in Cr doping,
the SE driven AFM interactions become more prominent than the DE based FM. The AFM-FM phase
transition is seen clearly for Cr = 0.50. Though still there is canted spin state behavior generated by
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the competition bebwesn FM and AFM, On the other hand s we increase the Fe doping concentration,
Tg temperature shifts towards low temperatures faster than Cr doping, The remarkable influence of
Fe doping on elactrical transport properties is characterized by the tremendous shift of T temperature
from 257K to 90.4K only for x = 0.08 and destruction of conductivity with Fe doping, As XPS study
suggests the presence of only Fe™ ions in our system and due to their half filled stable 3d-state
(3d%, t’Eer e‘gJ, Fe doesn't takes part in DE conduction mechanism. With Fe doping the available
hopping sites suppresses and x > 0.08 compound behaves as insulator. With increase in Fe-daping
concentration the magnetization moment decreases due to increases in anti-fermomagnetic inbaraction.
For x»0.30 magnetic measurements shows an anti-ferromagnetic nature with Meel temperature
below 50 K. For all the other doped compounds M does not show saturation even under the field of
20 KDe. The La, Ca, Mn, Fe O, transforms from pure ferromagnetic (FM) for lower x (x<0.10)
values to AFM for higher x {(x=0.30) and axhibits spin glass {SG) like character for intermediate x 1.e.
0.10 = x « 0.30. The SG reason appears mainly due to competing DE driven FM and SE driven AFM
interactions. The competeting nature of both interaction forms magnetic polaron that shows the
anomalous structural behavior in the studied La, Ca Mn,_Fe O, system.
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TUNING Ce-OXYPNICTIDES SUPERCONDUCTORS WITH DOPING
S. J. Smeat?, 5. Pamuand?, J. Praucasi®, A. K. Ganoulr?
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The parent compound of newly discovered FeAs based axypnictides shows anomalous behaviour
around 150 K due to structural phase transition followed by long-range antiferromagnetic (AFM)
ordering. This anomaly disappears when the compounds become superconducting through electron
or hole doping. Here we have taken Ce-based oxypnictides and studied the effect on superconducting
properties by substitution with fluorine {F), cobalt {Co), yttrium (¥} and antimeony (5b) at different
sites of CeQFeAs, All samples were symthesized by two step solid state reaction method and phase
purity is confirmed by X-ray diffraction (XRD) technique. The transition temperature (T) and upper
critical field (H_) reached maximum of 48,6 K and 146 T respectively.
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40F .
Er.-CI . FeAs Eb,
¥ 30} \/ 13?1
- 20l CeO, F Fe  Co As |
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10} / CeOFe, Co_ As
ol @ H,=452T
CoDFahs

The magnetization curve of all samples showed very little hysteresis indicating weak link behaviour
or an imperfectly connected superconducting state. The remanent magnetization showed one major
peak that confirmed substantial electromagnetic granularity. The magnetization critical cument
density increased by an order of magnitude at 30 K and 1 T magnetic field with yttrium substitution.
The thermoelectric power and Hall messurement confirmed the dominant role played by electrons in
these multiband superconductors. The rf penetration depth analysis indicated s-wave pairing symmetry
with two gap values for all superconducting samples.
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DYNAMICS OF MAGNETIC FLUIDS IN PRESENCE OF MAGNETIC FIELD STUDIED
USING TEM AND SQUID MAGNETOMETRY
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Superparamagnetic iron oxide nanoparticles (SPIONs) are a promising material for medical
applications as drug delivery system, molecular resonance imaging, cancer therapy etc. Several
ferrofluid samples were prepared by precipitation methad using ferrous chloride tetra hydroxide and
sadium hydroxide as precursors. The reactions were inttially camried out at high temperature with
differert concentration of iron salts. These magnetic nanoparticdes then disperse in milli Q-water to
measure the dynamics in suspension.

The particle diameter polydispersity profile and aystal structure of iron oxide nanoparticles
were measured by transmission electron microscopy (TEM) and X~y diffraction analysis. The measured
particles were confirmed to be crystalline magnetite {cubic spinel structure) with an average size of
9.5 nm. Magnetic measuremernts done using SQUID predict @ magnetic particle size of 7.75 nm,
that is smaller than the size measured by TEM. This suggests a “magnetically dead layer” is present
on the surface of particles because of its surface anisotropy.

5 10 15

= Paciicle DMameter (d. mm)
FAg. 1: (a} TEM of Magnetic nanoparticles (b) Partele stze distribution {PSD) fithed by
log-normal distribution.
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FERROMAGNETIC NANOWIRES FOR MICROWAVE APPLICATIONS
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In recent years, a great deal of attention has been focused on magnetic nanowires embedded in
an insulating matrix as a promising candidate for high frequency applications!™*.. Ferromagnetic
nanowires embedded in insulating templates have higher saturation magnetization compared to
ferrites so higher operating frequency can be achieved very easily. The small diameter in nanometer
limits the eddy cument loss and eliminates the skin effect. Microwave devices, such as unbiased
circulators, isolators and band stop filters, based on magnetic nanowire armay have small size and
broad bandwidth. The frequencies in these devices can be tuned using extemal magnetic fieldl,

Our group 1s presently working on the fabrication of such kind of nanostructures in different
insulating matrix like polycarbonate membrane and anodic alumina template as shewn in Hgure 1.
Scanning electron microscope confirmed the presence of nanowires in these templates Figure 2.
Structural and compositional analysis was done using X-ray diffraction and energy dispersive X-ray
spectroscopy 2s shown in Figure 3. For microwave measurement, the FMR technique is used which
can provide valuable infermation about the properties of material as well as microwave properties
for device application.

Falymer ARAGEOMSEE

AR OvrirEs

Flgure 1: Ferromagnetic nanowlres in PCT Fgure 2: SEM image of Co nanowires
Figure 3; EDX spectrum of Co nanowines
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Figure 4: {a) Simulated piot of field dependence of resonance frequency (b} microstrip geometry over
ferromagnetic nanowire embedded polycarbonate membrane

Figure 4{a) shows the simulated plot of field dependence of femomagnetic nanowires along
parallel and perpendicular axis. It revealed that with increase of external magnetic field resonance
frequency increases. Figure 4{b) shows the model of microwave device on which we are werking. It
consists of a transmission line over the polycarbonate template containing ferromagnetic nanowires.
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ELECTRON-PHONON MECHANISM IN HIGH TEMPERATURE
SUPERCONDUCTING PHASE
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An expression for electron-phonon line width is developed for high temperature superconducting
materials with the help of double time thermodynamic electron Green’s function via an almost
complete Hamiltonian which consists of all the contributions of a real system, namely, electrons,
phonons, defects, anharmonicities and interaction thereof. The life time for electron-phonon scattering
phenomenon, thus obtained is found highly sensitive to temperature and frequency variations and
explains well the thermal conductivity data in during the spectacular dip in the vicinity of transition
temperature. The sensitivity of this term is described by various calculations for high temperature
superconducting solids. This also establishes the importance of electron-phonon coupling to create
pairons, responsible for the high temperature superconducting phenomenon.
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Here we are studying the change in electronic structure Cu,Co, Ba, St YCu,0. with change in
structural pressure, The Rietveld refined X-ray diffraction pattern shows the samples are phase pure,
The XPS measurements are done to find out the variation in ioric state Co and Cu with iomic size
variation in Ba0/Sr0 Layers,

The samples are synthesized in air by solid-skate reaction route. The samples have heen
characterizad by X-ray photoelectron spechroscopy ((PS), working at a base pressure of 5x10% tom.
We have used Mg-Ka (1253.6 aV) X-ray source for our analysis. The calibration of the binding
energy scale has done with the C (1s) line at 284.6 eV. The CoSr,YCu 0, . (Co-1212) is erystallize in
orthorhombic ImaZ phase [1] whereas with Ba ion on 5r on site {Cu, Co Ba,Y(u0,  x=0.B4
romposition} was reported to arystallize in tetragonal P4/mmm spaca group [2].
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Fig.1Rietveld frited XRD pattem of Cu, Co, .Ba,_S1.¥Cu0, . (x=0, 1 & 2) samples with space group P4/mmm.
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Fig2. (a) The Cu2p XPS spectra. {b) The Co2p XPS spectra for the sample x=0, 1 & 2,



All the compositions (x=0, 1 & 2) are fitted in tetragonal P4/mmm space group [Fig.1]. The
monotonic decrease in lattice parameter clearly indicates that Sr2* ion with lower ionic radii (1.18 A
CN VI) replacing Ba2* with higher ionic radii (1.35A CN VI). To find out the oxidation state of Cu &
Co the XPS study has been carried out. The Cu (2p) & Co (2p) core level spectra have been
deconvoluted in to the different Gaussian component to find out the contribution of different ionic
states [Fig. 2a, 2b]. The deconvoluted Cu (2p) core level spectra for all samples are shown in Fig.
2a. Deconvolution of Cu (2p) core level spectra shows the presence of Cu?*and Cu** with a satellite
peak, at the binding energy of 932.72 eV & 933.96 eV for Cu (2p3/2) and 952.53 eV & 954.44 eV for
Cu (2p, ,) in all compositions. Similar results have also been reported in literature regarding binding
energy of Cu?/** [3]. Comparing to the spectrum of x=0.0, the binding energy of two main component
of Cu (2p,, and 2p, ,), in the spectrum for the sample x=1, shifts towards higher binding energy.
But there is decrease in valence state of Cu ion in x=2 sample. The concentration of Cu®** contribution
is very less in comparison of Cu?. The deconvoluted Co (2p) core level spectra for all samples are
shown in Fig. 2b. Comparing to the spectrum of x=0.0, the binding energy of two main component
of Co (2p,, and Co 2p, ,), in the spectrum for the sample x=1 & 2, shifts towards higher binding
energy. We have observed peak broadening in the x=2 in comparison to x=0.0. Deconvolution of Co
(2p) core level spectra shows the presence of Co* and Co* with a satellite peak, at the binding
energy of 779.50 eV & 781.20 eV for Co (2p3/2) and 794.81 eV & 796.61 eV for Co(2p1/2) respectively
in all compositions. The similar kinds of results have also been reported in literature regarding
concentration and binding energy of Co*/* [4]. Curve shows the domination of Co* state over Co*
state for x=0 & 1 sample, but for x=2 both states are almost equal. The corresponding variation in
the valence state of Co is can be observed i.e. it is increasing monotonically. The observed behaviour
can be explained as; in x=1 the small increase in valance of Cu is due to the chemical pressure
(smaller ionic radii of Srion). In x=2 the decrease in valance state of Cu may be due to structural
changes. Since CoSr,YCu,0, , is crystallize in orthorhombic Ima2 [1, 4] and it our x=2 sample has
30% Cu at Co site hence it may have the in between structure of orthorhombic Ima2 and tetragonal
P4/mmm space group. For further confirmation we fitted it in orthorhombic Ima2 space group and
it shows a good fit. Since in Ima2 space group the unit cell got doubled than P4/mmm space
group hence it may have some impact on carrier doping in Cu0, planes.
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The recent discovery of high temperature superconductivity in FeAs based compounds has
generated tremendous interest among scientific community. The parent compounds of these iron-
based systems exhibit spin density wave (SDW) transition (in the temperature range of 140 - 200
K), which can be suppressed either by hydrostatic pressure, chemical pressure or electron/hole
doping to induce superconductivity {5C) [1]. Among the AFeAs, (A = Sr, Ba, Eu and Ca) series,
EuFe_As, is of particular interest to study the effect of large magnetic moment on Eu™ ions, on its
magnetic and superconducting properties. EuFe As, exhibits twe magnetic transitions at 7, = 190
K and T, = 19 K comesponding to SDW anomaly accompanied or followed by a structural transition
and the antiferomagnetic ordering of Eu® ions, respectively [2]. The doping of Ni at Fe site does
not lead to superconductivity down to 2 K by [3]. We have prepared and investigated the
polycrystalline samples of EuFe, NiAs, (x = 0, 0.1) using magnetic susceptibility and electrical
resistivity measurements. We found that the Ni doping at iron site destroys the spin density wave
and antiferromagnetic (AFM) transition completely and give rise to femomagnetism {FM) below 17
K. This behavior is in contrast to what has been observed for BaFe As, and SrFe As_, where Ni doping
gives rise to superconductivity below 20 K [4, 5]. The suppression of SDW transition is further
confirmed by *Fe Mossbauer studies.

In addition to FM transition in our sample, two more transitions are observed at 7, = 115 K
and T = 3.5 K, The broad transition at 7, could be due to the transition from FM to AFM state,
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Figure 1: The temperature dependence of electrical resistvity for EuFe, Ni, As, at different magnetic flelds. The
left inset shows the resistivity in the temperature range of 2-20 K. The three anomaties are marked by the arows.
The right inset shows the #-T phase diagram.
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while the origin of the transition at 3.5 K is not clear. We have done some frequency dependent ac
susceptibility measurements and found that this transition shifts towards higher temperature with
increase in frequency. This suggests that it could be due to the spin glass ordering, which might
arise due to the competition between FM and AFM ordering. Figure 1 shows the temperature
dependence of electrical resistivity at different magnetic fields. The insets show the resistivity at
low temperature range of 2-20 K. At lower temperature, three kinks are present which corresponds
to FM ordering (T7,.), the transition from FM to AFM state (T ) and spin glass ordering (7). An
upturn followed by a hump is observed below 50 K, which can be suppressed completely with
increase in the Ni doping. With increase in magnetic field the transition at low temperatures T,
and T, get suppressed while the T, . increases. The H-T phase diagram obtained from the electrical
resistivity data is shown as inset in Fig 1.
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A variety of electronic and magnetic properties are observed in 3d transition metal oxides as a
result of the strongly coupled spin, orbital and charge degrees of freedom. Thin films represent a
means of tuning the ground state properties externally. LaCo0,(LCO) is one of the materials that has
been studied in this context. Bulk LCO shows interesting temperature dependent properties, and
the aim has been to explore the possible modifications in these properties externally.

Bulk LaCoO, at low temperature is found to exhibit a low spin state with an electronic
configuration of t629e°g on Co. It shows anomalous temperature dependence of its susceptibility as
well as spectral features in x-ray absorption experiments. These have been interpreted as a spin
state transition. However the nature of the transition is still a matter of debate being whether it is
a low to high or low to intermediate spin state transition. This crossover takes place as a result of
a delicate interplay between the crystal-field splitting and the intra-atomic exchange interaction.

Recent work on thin films of LaCoO, ['grown on different substrates, found that the strained
films exhibited ferromagnetism with a Curie temperature as large as 85 K for films grown on
(LaAlO,),,(SrAlTa06), , (LSAT). A possible explanation that was offered was that the rotation of the
Co0, octahedra was smaller in the strained films. It was speculated that this led to a near 180° Co-
0-Co angle which was responsible for the stabilization of the ferromagnetic state.

To address this issue?’ we have considered tetragonal unit cells of LCO where the in-plane and
out-of-plane lattice constants have been kept fixed to the experimental values. We however
allowed for a rotation of the Co0, octahedra which is a commonly observed lattice distortion in
perovskite oxides, and optimized the total energy as a function of the. Contrary to earlier speculations
we find that there is a very slight angle dependence of the strained films. This therefore cannot be
the reason for the spin state transition observed by us in our calculations. The in-plane angle
changes are small and cannot explain the stabilization of the ferromagnetic state for finite strain.
The out-of- plane Co-0-Co angles are found to decrease with strain in contrast to earlier speculations
where angles were expected to approach 180° for films of LCO on LSAT/STO. Hence it is primarily
the change in bond lengths as a result of substrate strain which drives the system into the
ferromagnetic state. Examining the total energies from our calculations we find that ferromagnetic
state is the ground state for the strained films while all nonmagnetic and magnetic solutions lie
quite close to each other for unstrained LCO films on LCO.

Further, as support to the model proposed by us, we are able to explain the temperature
dependence of the x-ray absorption spectra within our calculations. Experimentally it was found
that the films of LCO grown on LCO showed a strong temperature dependence of the 0 K edge as
well as the Co L edge x-ray absorption spectra. LCO films grown on LSAT substrate however did not
show any significant temperature dependence. Comparing the total energies obtained by us from
calculations for different magnetic states, we find that for LCO on LCO the nonmagnetic solution as
well as the other magnetic solutions lie very close in energy. The magnetic solutions correspond to
an intermediate spin state. We show that temperature effects change the relative concentrations of
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low spin and intermediate spin states, hence explaining the temperature dependence of the spectra.
However as the substrate strain is varied, the intermediate spin state gets frozen in as the ground
state; the low spin state lies much higher in energy and hence there is no temperature dependence.
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Department of Physics, Indian institute of Technology- Kanpur 208016 India
Email: puday@iitk.ac.in

Here we present electronic band structure, magnetic properties and valence charge density of a
hypothetical compound LaOMnSe by first-principles density-functional calculations. The electronic
structures were determined by the Full- Potential LAPW method implemented in WIEN2K101. Fermi
surfaces were visualized with XcrysDen[1]. The results show that LaOMnSe has similar properties as
that of LaOFeAs, the newly discovered parent compound of Fe-As based superconductor. If we
replace Fe by Mn and As by Se, its electronic structure will be similar to that of LaOFeAs because the
electron number in MnSe-layer is same as that in FeAs-layer. The calculated Manganese moment is
close to 2.53 y, in LaOMnSe compared to the Iron magnetic moment of 2.03 p, in LaOFeAs. The
bands around the Fermi level for the compound are primarily formed by Mn-d states similar to Fe-d
states for LaOFeAs Ref. [2]. The calculated Fermi surface (FS) in the non-magnetic phase consists of
three hole-like sheets around I' -point and two electron-like surfaces around M-point, similar to the
Fermi surface of LaOFeAs. The FS sheets around I' and M points are nearly parallel, suggesting that
significant nesting effect can occur by a wave vector g = (17,770), giving rise to a certain kinds of
ordering, such as charge density wave (CDW) or spin density wave (SDW) at low temperature in the
undoped compound, just like LaOFeAs [3,4]. It should be possible then to suppress the CDW/SDW
phase and induce superconductivity. We, thus, predict LaOMnSe to be a parent compound of a new
type of superconductor.
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SUPERCONDUCTIVITY IN THE VICINITY OF FERROMAGNETISM IN

OXYGEN FREE PEROVSKITE MgCNi3
V.P.S. Awana, R. JHa, A. Vajpave, H. KisHan, R.C. BubpHANI

Quantum Phenomena and Applications, National Physical Laboratory (CSIR), New Delhi-12, India
Email: awana@mail.nplindia.ernet.in

Superconductivity in the inter-metallic system MgCNi, was discovered in 2001 with transition
temperature near 8 K [1]. The compound has the classical cubic perovskite structure with space
group Pm3m. In addition, MgCNi, is the only known non-oxide perovskite that superconducts.
Because of the large content of Ni in MgCNi,, this material lies in close proximity to ferro-magnetism
[2]. The occurrence of superconductivity in MgCNi, is unusual and a border line case between the
conventional nonmagnetic and ferromagnetic superconductors [3]. The conduction electrons of
MgCNi, are derived predominantly from Ni which is ferromagnetic (FM) [2,3]. Carbon atom in
MgCNi, plays a critical role in its superconductivity. Single-phase superconducting compound (MgC Ni.)
is formed in a narrow range of Carbon content (0.85<x<1.0) [4]. In brief, MgCNi, is a superconductor
equipped with its rich physics and hence of tremendous interest to both experimentalists and
theoreticians.

Here, we report synthesis, structural analysis and magnetization studies of MgCNi, compound.
Polycrystalline MgCNi, samples were synthesized by double step solid-state reaction route. The
stoichiometric amounts of ingredients were ground thoroughly and palletized using hydraulic press.
These pallets were encapsulated in iron tube and heated at 600°C for 2 hours in the continuous flow
of argon gas followed by heating at higher temperatures i.e. 900, 930, 950, 975 & 1000 °C for 3
hours and finally cooled to room temperature in the same atmosphere. Magnetic measurements
were carried out using a vibrating sample magnetometer.

The crystal structure of these MgCNi, compounds was determined by Rietveld analysis of room
temperature X- ray powder diffraction (XRD) patterns. The observed and Rietveld calculated powder
diffraction patterns for 930, 950, and 975 °C synthesized samples are shown in Figure 1. All the
samples have the cubic perovskite structure with space group Pm3m. The coordinate positions for
the atoms are: Mg: 1a (0,0,0), C: 1b (0.5,0.5,0.5) and Ni: 3c (0,0.5,0.5). We observed an extra
peak due to the presence of unreacted carbon at around 44.5 degree in XRD pattern for all the
sintering temperatures. It is found that 950°C is the optimum sintering temperature with least
amount of (Please see Figure 1) impurity Cgrbon. Lattice parameters of the studied MgCNi, (sintered
at 950°C) is found to be around 3.796(6)A, with only little variations with sintering temperature.
Figure 2 shows the DC magnetization of the MgCNi, sample (sintered at 950°C) in FC and ZFC
situations in 10 Oe field. Sample shows bulk superconductivity with an onset temperature (7 °) of
7.5 K. Figure 3 represents the AC magnetization of the same sample which also confirms the bulk
superconductivity at around 7.5 K in the present compound. A positive background is seen in the
normal state magnetization of the compound due to ferromagnetic contribution from ordered Ni
atoms. The magnetization M(H) loops of MgCNi, at 2 and 4K are shown in figure 4, which are typical
for any FM superconductor, i.e. positive FM signal is riding over the superconducting diamagnetic
response. The FM response is seen clearly when the M(H) loop of MgCNi, is recorded at 10 K (normal
state), see upper inset in Fig.4. The saturation moment is 0.76u,/Ni atom. The lower inset of Fig.4
shows the lower critical field (H_,) of the compound which is around 500 Oe at 2 K. In conclusion
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Fig.4: M(H) loop of MgCNi, at 2, 4 & 10 K

we have optimized the synthesis temperatures for phase pure bulk superconducting and FM MgCNi,
compound with transition temperature (T ) of 7.5 K. More physical property measurements including
magneto-transport, thermo-electric power and heat capacity will be carried out and presented.
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ANHARMONICITY AND DISORDER EFFECTS ON ELECTRON DENSITY OF STATES OF

HIGH TEMPERATURE SUPERCONDUCTORS

Vinop AsHokan?, B.D. Inou?, Anu SineH?, H. P. Sineu*

Department of Physics, Indian Institute of Technology Roorkee, Uttrakhand-247667, India
vamumdph@iitr.ernet.in, 2drbdindu@gmail.com, 3anuiiser@gmail.com,
“singh_hempal@rediffmail.com

The expression for the electron density of states (EDOS) of high temperature superconductors

(HTS) has been investigated taking the disorder and anharmonicity effects as a central problem.
This has been dealt with the help of double time thermodynamic Green’s function theory for
electrons via a newly formulated Hamiltonian which consists of the contribution from (i) unperturbed
electrons, (ii) unperturbed phonons, (iii) isotopic impurities and (iv) anharmonicities (no BCS type
Hamiltonian has been taken up in the formulation). The renormalization effects and emergence of
pairons, which is appears as a unique feature of the theory dependence of EDOS on impurity
concentration and temperature have been discussed in details with special reference to the HTS.
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SUPPRESSION OF LONG RANGE FERROMAGNETIC ORDERING IN HIGHLY
DISORDERED La,, Y,Sr, . MnO, MANGANITE SYSTEM: EVIDENCE OF
METAMAGNETISM

SusHRANGSU TARAN?, AR1IIT GHosH!, B K CHaupHurt !, C. P. Sun?, H. D.YaNG?, Sanpip CHATTERIEE?

ISolid State Physics Department, Indian Association for the Cultivation of Science,
Jadavpur, Kolkata-700032, India.
?National Sun Yat-Sen university, Kaohsiung 804, Taiwan
3Institute of Technology, Beneras Hindu University, Varanasi - 221005 (UP), India
Email: sspbkc@rediffmail.com

The yttrium (Y) doped La ,, Y Sr;.;MnO, (0 <y < 0.25) manganite system, even with higher A
site ionic radii (<r,>), possesses relatively much greater value of A-site variance 6% (= Zy.’r? - <r,>)
and as a consequence, the end members of this system (with y = 0 and 0.25) are found to be
structurally different (rhombohedral and orthorhombic, respectively). Increase of A-site disorder
(and hence 6?), enhances random local radial distortion of the MnO, octahedra giving rise to the
suppression of long-range ferromagnetic order (LRFO) in the present system. With further increase
of o, LRFO is further melted into the short-range magnetically ordered clusters which, at low
temperature, invoking metastability within the ferromagnetic state, with no resemblance to spin
glass or cluster glass phase. Structural disorder with ion doping is found to be a crucial factor for
controlling the magnetic ordering in such colossal magnetoresistive system.
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THE STUDY OF UPPER CRITICAL FIELD (H_,) AND IRREVERSIBILITY FIELD
(H. ) OF TE DOPED o-FeSe

Subesu?, Stutt Rant?, Saikat Das?, C. BernHARD? G.D. VaArRMA®

Indian Institute of Technology Roorkee, Roorkee-247667, India
2Department of Physics and Fribourg Centre for Nanomaterials-FriMat,
University of Fribourg, Chemin du Musee, CH-1700 Fribourg, Switzerland
Email: gdvarfph@iitr.ernet.in

The pnictides containing FeAs layers has attracted much attention since the discovery of
superconductive transition of 26-43K in Fluorine doped LaFeAsO[1]. These materials show an increase
in superconductive transition temperature with the application of pressure. One way to look into
the pressure effect is by chemically doping the sample with appropriate element at the appropriate
site/s of the compound. Superconductivity is now discovered in various pnictide families as, e.g.,
the single layer Re0,_F FeAs (Re=La, Ce, Pr, Nd, Sm, Th, Dy, Ho, and Y), the double layer MFe As (M=
Ba, Sr, and Ca), the oxygen free single-layer LiFeAs, etc.Recently, superconductivity with Tc = 8K
was discovered in o-FeSe, with the PbO structure [2]. Similar to the FeAs compound this compound
also has a Fe square lattice with Fe atoms tetrahedrally coordinated by Se. For a complete
understanding of superconductivity in iron-based superconductors and for their technological
applications, it is important to study the upper critical field H_, because it provides information on
coherent length, anisotropy, and the pair-breaking mechanism. In the present work we report the
temperature dependence of H_, and H, for the Te substituted and pure FeSe_,, samples.With the aid
of linear interpolation, we find out the value of H_(0) for all the samples.

The samples were prepared using solid state reaction route [3]. Selenium shots(99.99%), Te
powder( 99.99%) andiron powder (99%) were used to synthesize the samples with the composition
FeSe Te (x=0, 0.5 and 0.75). The grinding process was carried out in glove box in Ar atmosphere.
The ground powder was cold pressed into pellets. The pellets were sealed in an evacuated quartz
tube (in 10-torr vacuum). The pellets were first sintered at 600°C for 20hrs, and then after regrinding
they were sintered at 700°C for 30 hrs and slowly cooled down and annealed at 400°C for 30 hrs. The
phase identification was done using XRD (Cu-Ka). The phase obtained with x-ray diffraction is
tetragonal o-FeSe with the p4/nmm space group symmetry. The sample resistance was measured by
using the standard four-probe method using silver paste for contact. Measurements were carried
out with a Quantum Design PPMS. Fig. 1(a) shows the temperature dependence of resistance R(T)
of the FeSe ,, in different fields.Critical temperature has increased with Te doping at the Se site. In
order to determine the upper critical field of the samples, the R(T) curves are measured under
different magnetic fields up to 8T. The superconducting transition temperature decreases with an
increase in applied magnetic field. For calculating H_,(T) we have used 90% of normal state resistance
(Rn) valuesand to calculate H, we have used 10% of Rn values[Fig1(b)]. In Fig.1(b)we show the
H.,(0) values calculated using linear interpolation of H_(T)-T. curves. These arefound to be 74T,
172T and 99T for x=0, 0.5 and 0.75, respectively.

As usual TChas been found to decrease with increasing magnetic field. We observe that the zero
resistance temperature shifts towards lower temperatures more than the onset temperature. As it is
known that the zero resistance temperature depends on the weak links between the grains as well as
on the vortex flow behavior, while the onset is largely determined by the upper critical field of the
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individual grains. So we conclude that the enhancement of H, and H_ is mainly attributed to the
impurity scattering centers doped into the sample. Decreasa in H, and H,_at further doping(x=0.75)
may he due to the decreased fraction of superconducting grains as FeTe is non=-superconducting.
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THE EFFECT OF GASEOUS ENVIRONMENT ON THE MAGNETIC PROPERTIES OF
Al Co-DOPED ZnCoD
Nagesn Kowar, G0, Varua

Daparitment of Physics and Centre of Nanotechnology, Indion Insiitute of Technology Roorkee,
Roorken-247667, Indio
Email: gdvarfph@iiir.emet.in

Soon after the theoretical prediction of room temperature ferromagnetism (RTFM) in transition
metal doped Zn0 by Dietl et al. [1] lot of research work started on Zn0 based DMS. The origin of FM
in these materials is still an issue of debate. The cumrently accepted picture for DMS's FM is that the
presence of carriers is essemtial to mediate the interaction between the magnetic ions. Therefore,
some work has been done with additional dopants to enhance ferromagnetism [2]. ZnD doped with
B, Al and Ga etc shows n-type conductivity. A high temperature FM has been observed in {Co,Al )
codoped ZnD after increasing carrier concentration by doping a few percent of Al [3]. Further, it
has been reported that defects like oxygen vacancies, Zn interstitial are important for femomagnetic
imeractions in Mn and Co-doped Zn(} [4]. In the present work polycrystalline Zn0.98-x Co0.02AIx0
(= 0, 0,018 0.03) samples were prepared by sol-gel method by sintering in air for 12 h at 800°C
followed by furmace cooling. Some air sintered pellets of the sample x=0.01 were further annealed
at 300*C in different gaseous environment like oxygen, hydrogenated argon {Ar; H2 = 8,5:0.05) for
1h,

The XRD results of all the samples reveal the presence of wurtzite structure of Zn0 in all the
samples. No signature af any impurity phase in the as synthasized and annealed samples has been
found through XRD results. The XRD pattems (intensity on logarithmic scale) of the as synthesized
and annealed samples with x=D and 0.01 are shown in figurel(a).

From the XRD resulis it has been found that diffraction peaks shift towards the higher angles
with increasing x value (figure 1{b)), suggesting that doped Al (ionic radius of Al3+ ~53 pm)
substitute at Zn sites (ionic radius of Zn* ~74 pm). The M-H plots of all the as synthesized
samples, measured at room temperature, show that the samples x=0.0 and 0.01 have weak
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Figure 1: X-ray diffraction pattems (imtensity on logarithmic scale) of (a) as synthesized x=~0 sample and
the x=0.01 samples  annealed in different gaseous atmospheres {b) diffmction peak shift when value of
% increases from (0 to 0.01.
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ferromagnetic interactions. The ferromagnetic interactions, however, decreases for the sample x=0.03
as compared to x=0 and 0.01 samples. The M-H plots {room temperature) of the samples with x=0,
0.01sintered in air and samples x=0.01 annealed in 02, Ar and Ar/H2 atmospheres are shown in
figure 2. From this figure it is clear that annealing of sample in oxygen atmosphere reduces the
magnetization and sample becomes completely paramagnetic. On the other hand, annealing of the
samples in hydrogenated argon {Ar/ H2 ) enhances the ferromagnetic property and magnetization.
This enhancement in the ferromagnetic property of the Ar/HZ annealed samples may be due to
increase in the oxygen vacancies in the sample. The oxygen vacancies may cause small changes in
the lattice paremeters; this however could not be detected by X-ray diffraction studies. The FESEM
micrographs {not shown here) of the Ar/H2 annealed sample with elemental mapping show that the
granularity of the sample has increased and all the constituent elements are uniformly distributed
throughout the sample. In the Ar/H2 annealed samples we found decrease in the oxygen atomic %
measured through FESEM-EDAX. Therefore, we conclude that there may be some contribution of
oxygen vacancies in the observed RTFM. Further transnrission electron microscopic (TEM) investigation
is in progress ta detect presence of Co-clusters in the hydrogenated samples, which may also be
respansible for enhanced ferromagnetic interactions in the sample at room temperature.

In summary, we synthesized the Zn(,98-xCo0.02AIx0 {x=0, 0.01, 0.03) samples via sol-gel
method and studied the effect of gaseous environments on the sbructural and magnetic properties
of Zn0.97 Co0.02A10.010 sample. We found that annealing of x=0.01 sample in Ar/H2 atmosphera
enhances the RTFM, possibly due to increase in axygen vacancies in the sample after hydrogenation.
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SUPERCONDUCTING & MAGNETIC PROPERTIES OF ¥, _Ca Ba,Cu,0 .
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We report here the superconducting and magnetic properties of Y, Ca Ba Cu,0, , where x = 0.1,
0.2, 0.3. Calcium is a divalent ion which can be preferentially substituted to Y site [1]. The
substitution of nonisovalent cations for the Y site is great interest because it varies the camier
concentration which causes variations in critical temperature, normal state conductivity and lattice
parameters. We synthesized Y, Ca Ba,Cu,0,, where x = 0.1, 0.2, 0.3 polycrystalline samples in solid
state reaction route. High purity powders of Y,0,, CaC0,, Ba,C0, and Cul (99.99%) with exact
stoichiometric ratio were mixed. After initial grinding calcination was done at 860°C in air for 20 h
and cooled to the room temperatunre over 10h. This calcination procedure was repeated for 890 °C,
90D and 915 °C temperatures consecutively. In each calcination cycle cooling procedure was done
very slowly and samples were re-ground well before the next cycle. After final lcination the
samples were pressed imto the pellets form and sintered at 925°C for 24 h in air and cooled down to
the room temperature aver 12h. Finally the samples were annealed with flowing oxygen to 900°C
for 12h , 600°C for 18h and 400 for 12h respectively and finally cooled to mom temperature over
6 h,

All the samples were characterized by the X-Ray powder diffraction technique. Subsequentiy
analyzed the data by Reitveld refinement methed using Fullprof and calculate the lattice parameters
which are given in fig.1.It can be seen that reduction of orthorhombocity with increasing Ca
content in the system is in agreement in early studies [2]. The temperature dependency to Resistivity
of these samples is given in fig 2. The Normal state conductivity inftially increases with increasing
Ca content up to x = 0.1{or between 0.1 and 0.2) as substitution of Ca will provide mobile holes to
Cub, planes [2] and decreases onwards. The critical temperature, T_ reduce with increasing Ca
content due to the over doping and disorder which take place in the CuQ, planes due to the (a
doping as reported in early studies[3]. AC susceptibility measurements {ACMS) of all these samples
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are given in figure.3 (imaginary part) & figure 4(real Part). In the imaginary curve the inter-grain
pezk (low temperature peak) shifts to high temperature side when the Ca content is increased up to
x = 0.1(or between 0.1 and 9.2) and then the inter-gvain peak once again shifts to the low
temperature side when further increasing of Ca content. The two peaks have clearly separated in the
%= 0.3 curve, This indicates that when the Ca contemt increases first inter- grain couplings increase
and reach maxima near about Ca content x=0.1(or between 0.1 and 0.2) and further increase of Ca
causes the activation of grain boundary resistance in agreement of SEM picture study in [4]. We
think that this activation of grein boundary resistance around x=0.1 and 0.2 will be the reason for
reduction of normal state conductivity in sample x=0.3. The high temperature peak which is
responsible for intra—grain properties always improving with increasing of Ca content thus the grain
size is increasing with increasing Ca. A systematic reduction of T @ be seen in fig.4 with
increasing Ca content as in agreement with resistivity curves,
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CATION EXCESS EFFECT ON THE TUNNELING MAGNETORESISTANCE OF THE
DOUBLE PEROVSKITE Sr,FeMoO,

ViBHAv Panpey, S1aN Kumar, Vivek VErRmA, Jyotr SHaH, R P Avovsius, R K KotnALa

National Physical Laboratory, CSIR, New Delhi, India-110012
Email: rkkotnala@gmail.com

Double perovskite A FeMoO, systems exhibit large tunneling type magnetoresistance in bulk
polycrystalline form. In polycrystalline double perovskites, the grains act as metallic magnetic
electrode while grain boundaries provide insulating barriers for tunneling mechanism. The modification
of grain boundaries may provide a significant change in tunneling and tunneling type
magnetoresistance. In the present study we have studied the modification of grain boundaries
using extra amount of reactant powder during synthesis of double perovskite. X- ray diffraction
measurement on Sr,Fe, MoO, (x= 0.0, 0.05, 0.10, 0.15, 0.20) samples showed no significant
change in lattice parameters of the compounds. The presence of Fe is confirmed by different
measurements. The magnetoresistance value of samples having extra Fe is reduced drastically which
is related to presence of metallic magnetic Fe at grain boundaries. Analogous to it we have also
prepared the compound Sr,FeMo,, O, (y= 0.0, 0.05, 0.10, 0.15, 0.20) and Sr, FeMoO, (z= 0.0,
0.05, 0.10, 0.15, 0.20). The polycrystalline samples were prepared using solid state sintering
method using carbonates and oxides. For creating the excess of cation the extra amount of oxides
and carbonates were used. It is expected that the presence of insulating SrO at grain boundaries
(which is expected to arise due to extra addition of SrC0,) may strengthen the boundary barrier and
shall provide the enhancement in tunnel type magnetoresistance. A similar type of effect is expected
for Molybdenum oxide added samples also. The measurements on these samples are in progress.
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A NEW MULTIFERROIC Z-type HEXAFERRITE Sr,Co,Fe, O, FURTHER MODIFIED
TO REALIZE STRONG ROOM TEMPERATURE MAGNETOELECTRIC EFFECT

R. K. KornaLa, ViBHav Panpey, S1iin Basu, R.P. Avoysius, Jvoti, Vivek VERMA

National Physical Laboratory, CSIR, New Delhi, India-110012
Email: rkkotnala@gmail.com

Multiferroics with sufficient magnetoelectric coupling at room temperature and low magnetic
fields are very important for various spintronics as well as sensor applications. Recently a Z-type
hexaferrite (Sr,Co,Fe, 0, ) has been reported to be one of such important multiferroic materials [1].
Under normal preparation conditions Sr.Co,Fe, 0, compound cannot be synthesized in single phase,
after developing many strategic steps we could prepare pure phase compound in our laboratory. At
preliminary stage some of extra ferrite phases (Y-type & others) were also present with Z-type
hexaferrite phase. The synthesized samples have been characterized for structural, dielectric and
magnetic properties. Further to improve magnetoelectric coupling in Sr.Co,Fe, 0, some of additives
Bi 0., CuO and metallic silver are being tried. The measurements on these samples are in progress.
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The dimensionality of the superconductivity is an important aspect to know the potential of
system for technological application. Here we are presenting the dimensionality study on new Fe
based Chalcogenides systems like FeTe and FeSe. FeTe is non-superconducting but it shows
superconductivity for chemical substitution like Sulfur and S5elenium, whereas FeSe shows
superconductivity around ~ 8K. Derivatives of FeTe and FeSe i.e FeTe,_5 (0.1, 0.2}, FeSe,_Sb_(0.05,
0.1) and FeSe, 5i_{(0.05, 0.1) are prepared using solid state reaction method and magneto-resistivity
is measured down to 2K in presence of magnetic field upto 14T. Onset of superconductivity is seen
around ~10K for these samples. Lowest Landau level scaling is applied to study magnetic field
dependent fluctuation conductivity [1-3].Representative results of magneto-resistivity and LLL
scaling of FeTe, 5 , FeSe, Sb_and FeSe, Si_samples are shown in figure. It is observed that the 2D
scaling is better above H,, ~ 8T for FeTe, S, , whereas 3D scaling is better above H, ~ 4T for FeSe
Sb__ and FeSe,, 5i__ . In conclusion, we have observed 2D -LLL scaling in FeTe 5 (0.1, 0.2)
indicating two-dimensional nature of superconductivity and 3D -LLL scaling in FeSe, 5b_(0.05,
0.1) and FeSe, _5i_{0.05, 0.1) indicating three-dimensional nature of superconductivity. 3D nature
of FeSe based superconductors signifies its potential for future technological applications. However
there is a bright possibility for FeTe derived system to be a 3D superconductor with proper tuning of
chemical substitution, as FeTe and FeSe systems have smaller difference in lattice parameters along
c-axis.
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ROLE OF INTER AND INTRA GRAINS CONNECTIVITY ON PHYSICAL PROPERTIES
OF Bi-2212 AND Bi-2223 SUPERCONDUCTORS
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We have done magneto-transport studies on intergrowth Bi-2212 and Bi-2223 samples synthesized
from solid state route [1]. The XRD analysis shows small amount of Bi-2201 inter-grown in Bi-2212
sample and significant amount of Bi-2212 in Bi-2223 sample. The transition temperature T_for Bi-
2212 sample is found to be around 85K and 100K for Bi-2223 sample as observed in resistivity and
magnetization measurements. The magnetization measurements were carried using AC susceptometer
at various field amplitudes and frequency values. The real part of susceptibility is observed to be
stepwise as a function of temperature, representing transition from near perfect screening to
complete penetration of external AC magnetic field into sample. It is observed that there is single
step transition in magnetization in real part of Bi-2212 sample whereas double transition is observed
in Bi-2223 sample.

In Bi-2212 imaginary part of susceptibility shows a single loss peak that corresponds to intra-
granular transition near transition temperature. No peak corresponding to inter-granular transition
is observed that shows a good inter-granular coupling (Fig 1). For a given value of frequency the
loss peak shift to lower temperature with increasing amplitude that shows a thermally activated
phenomenon associated. For increasing frequency the peak shifts to higher temperature that can be
interpreted in terms of flux creep. The R(T) measurements under magnetic field shows interesting
non-linear drop in 7 with applied values of applied field (Fig. 3). For lower values of fields the
value of dT./dH is as high as 140K/Tesla which drops to 0.4K/Tesla at 14 Tesla applied field. The
value of T at 14 Tesla is around 30K with a drop rate of 0.4K/Tesla. This ensures its applications
at low temperature under relatively high magnetic fields.

In Bi-2223 sample we have observed two peaks in imaginary part of magnetization at 98K and
53K and two steps in real part near 104K and 82K that corresponds to two different phases Bi-2212
and Bi-2223 (Fig. 2). We have observed two peaks in imaginary part of magnetic susceptibility. The
first peak corresponds to the intra-granular loss around T, second corresponding to inter-granular
T. The shifting of loss peaks is similar in nature as observed in Bi-2212 sample. The resistance
versus temperature plots shows onset temperature of 120K but 7% is attained at around 102K
(Fig. 4). Presence of significant amount of Bi-2212 phase in Bi-2223 phase makes inter-granular
coupling weak and leads to a broad transition. With application of magnetic field the onset is
almost unchanged but the T shifts to lower temperatures and transition width increases.

The results can be interpreted according to the flux creep model by Tinkham and Muller [2, 3],
when frequency is increased, inter/intra granular vortices have less time to relax and then penetrate
the superconductor during each cycle. In order to reach the full penetration, the effective inter
granular pinning force density must be weakened. Since the pinning force density is weakened by
increasing temperature, the T. /T.  must increase with increasing frequency. Similarly as the
driving field amplitude increases, larger screening currents are required to shield the applied field,
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hence pinning force density is to be weakened consequently decreasing the T__/T._ . The increase

in transition width of R-T plots with magnetic field can be interpreted in terms of flux creep model
[2, 3].
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ANOMALOUS HEAT CAPACITY AND X-RAY PHOTOELECTRON SPECTROSCOPY OF
SUPERCONDUCTING FeSe, Te
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The bulk polycrystalline sample FeSe, PR is synthesized by solid state reaction route in an
evacuated sealed quartz tube at 750 °C. The presence of superconductivity is confirmed through
magnetization/thermoelectric/resistivity studies. It is found that the superconducting transition
temperature (7)) is around 12 K. Heat capacity (Cp) of superconducting FeSe,Te exhibited a hump
near T, instead of well defined Lambda transition. X-ray Photo electron spectroscopy (XPS) studies
revealed well defined positions for divalent Fe, Se and Te but with sufficient hybridization of Fe (2p)
and Se/Te (3d) core levels. In particular divalent Fe is shifted to higher BE (binding energy) and Se
and Te to lower. The situation is similar to that as observed earlier for famous Cu based HTSc (High
T_superconductors), where Cu (3d) orbital hybridizes with O (2p). We also found the satellite peak
of Fe at 712.00 eV which is be attributed to charge carrier localization induced by Fe at 2c site.

Following the discovery of superconductivity in LaFeAsO, F (‘1111) [1], an important
development has been the invention of superconductivity in another class of materials Fe(Se,Te)
("11") [2]. The effect of chemical pressure has been studied in ‘11" systems by means of Se-site
substitution [4]. It is found that superconducting transition temperature increases with Te doping
in FeSe,_Te system, reaches a maximum at about 50% substitution, and then decreases with more
Te doping [3]. The polycrystalline sample of FeSe, ,Te, , was synthesized by the solid state reaction
route. The stoichiometric ratio of highly pure (> 3N) Fe, Se, and Te are ground, pelletized and then
encapsulated in an evacuated (107 Torr) quartz tube. The encapsulated tube is then heated at 750
°C for 12 hours and slowly cooled to room temperature. Temperature dependence of AC magnetization
of the FeSe, ,Te, , sample is taken on PPMS (physical property measurement system). Heat capacity
C(T) in zero field is also measured on PPMS. The FeSe, ,Te , has been characterized by x-ray
photoelectron spectroscopy (XPS) Perkin Elmer -PHI Model 1257, working at a base pressure of 5x
107 torr.

Figure 1 depicts the observed and fitted X-ray diffraction pattern of FeSe, ,Te, , ttlat corresponds
to P4/nmm space group. The lattice parameters a = 3.7926(3) A and ¢ = 6.015(2) A. The insets of
Figure 1 show the resistivity (p) and AC susceptibility (y) versus temperature (7) plots for the
studied FeSe, ,Te, , compound. Both p(7) and y(7) demonstrate that the compound is bulk
superconducting below 12 K. Detailed physical property characterization of the studied FeSe, ,Te, ,
compound is reported by some of us previously [4]. Figure 2 shows the heat capacity (C,) versus
temperature (7) plot for FeSe, ,Te .. The room temperature (300 K) C, is around 55 J/mol-K, which
is in general agreement with reported values for this compound [9]. The data was fitted to the
equation (= yT+BP*+(P from above superconducting transition from 13 K to 16 K. Where, yT and
BT*+CT* are electronic and phononic specific heat contributions respectively. The value of g was
found to be 57.73 mJ/mol-K? which is somewhat higher than other reported values [5]. As far as
the entropy contribution due to superconducting condensate is concerned, the superconducting

state - normal state is plotted in upper inset of Figure 2. The shape of Lambda transition for
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Figures: 1, 2, 3(a} and {h) depicting XRD, R-T, magnetization, Cp(T) and XPS of FeSe, Te, ,

studied FeSe,.Te,, does not exhibit sharp discontinuity at T_as seen but a broad hump like
structure, Figure 2 (a) and 3 {b) show the deconvoluted core level XP5 spectra of Se (3d) and Fe(2p)
respectively for FeSemTem sample. The Fe (Epm) spectra could be resolved into three spin-orbit
components at 706,65 eV, 708,50 eV and 712,00 eV after the arbon comection, A Fe (2p1/2) core
lavel spectrum was also deconvoluted three peaks in similar way. The 3d core level spectrum of Te is
deconvoluted into three peaks with binding energy 572,00 &V, 572,65 &V and 573.90 &V, The peak
gt enetgy 572,65 eV corresponds ta pure Te metal while peak at lower binding energy 572.00 &V
may have appeared due tn the hybridization. In case of Se, the core level spectra are deconvoluted
into two peaks with binding energies 53.52 eV and 55.28 eV. The peak for higher BE corresponds to
pure Se while peak at lower BE appeared due to the hybridization.
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EFFECT OF 3d METAL (Ni AND Co) DOPING ON THE
SUPERCONDUCTIVITY OF FeTe, Se, ,
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We report the effect of Cobalt (Co) and Nickel (Ni) doping in the FeTe , Se. , superconductor

with the nominal composition range Fe, M Te Se . (M = Co, Ni and x = 0.(1)/5, 6%5 0.10). These
samples are synthesized by solid state reaction route and they crystallize in single phase with space
group P4nmm. The lattice parameters ‘@, ‘" and volume decrease with increase in Co and Ni
content, although not monotonically. In fact the ‘a” lattice parameter of Co doped samples is nearly
unaffected for Co doped samples. This indicates successful substitution of smaller ion Ni and Co at
divalent Fe site in the parent FeTe, ,Se, , superconductor. The superconducting transition temperature
(T.) is measured from both DC and AC magnetic susceptibility, which decrease with increase in Ni or
Co content. Interestingly Ni suppresses the superconductivity much faster than the Co substitution.
Fe/Ni 2at% substitution itself decreases the T_from around 14K to 4K and 5at% doped sample is
not superconducting down to 2K. Ni suppresses the T_of FeTe, ,Se, , superconductor by ~ 5K/at%.
On the other hand the suppression of T_from Fe/Co substitution is found to be around 2K/at%. As
revealed from the lattice parameter variations although they decrease in both Ni and Co substituted
samples, the a-parameter is least affected in case of Co doped samples. This indicates less effect on
in plane Fe-Se distances and thus reduced disorder in case of Co when compared with Ni substation
at Fe site in FeTe_  Se_ . superconductor. It is concluded that in plane disorder on superconducting

1/2771/2
Fe-Se/Te planes directly affects superconductivity in FeTe Se,, superconductor.

1/2

Recent invention of high T_(above 55K) superconductivity in Fe based pnictides with general
formula ReFeAsO (Re = rare erath) has taken the scientific community by surprise [1]. Soon after
another Fe based chalcegonide compound (FeSe) joined the race, although with a lower T_of around
8K. [2]. Application of mechanical pressure on this compound increased its T_to above 27K [3].
Hence soon after chemical pressure was applied by substituting Se/Te and stable compound with T_
above 14K was achieved with chemical formula FeSe, ,Te, , [4]. We report here the impact of Co and
Ni substitution on Fe site of an optimized FeSe, ,Te, , superconductor and probe the role of disorder
on superconductivity of this newest superconducting entrant. Samples of composition Fel_x(Co,Ni)xTel/
,5€, , are synthesized by solid state reaction route via encapsulation of stoichiometric high purity
(>3N) Fe, Se, Te, Co and Ni ingredients, details are same as in ref. 6. The X-ray diffraction is done on
rigaku Mini Flex diffractometer. The Magnetization (AC and DC) are carried out on a physical
property measurement system (PPMS) from Quantum Design USA. Figure 1 depicts the XRD patterns
of Fe, MTe  Se . (M = Co, Ni and x = 0.02, 0.05) samples. These samples are single phase. The
lattice parameters are obtained from respective Reitveld analysis of all the XRD patterns. Decrease
in volume of lattice indicates successful substitution of smaller Co?*, Ni?* jons at bigger Fe? in
doped FeSe, ,Te, .. The ‘a’ lattice parameter is affected relatively more in case of Ni than Co
substitution.

The AC and DC magnetic susceptibility plots of Fe, M Te Se . (M = Co, Ni and x = 0.02, 0.05)
samples, are given in Figure 2(a) and 2(b) respectively. The Tc for pristine compound is around 14K,
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Fig. 2(a}, (b) AC and DL magnetic susceptibility of Fe,_ M Te, Se , (M = Co, Ni and x = 0.02, 0.05).

as viewed from diamagnetic onset in both the real part AC {Fig. 2a) and the DC susceptibility
{Figure.2b). With an increase in Ni content the Tc suppresses to below 4K for 2at% doping and 5at%
Ni doped sample is not superconducting. On the other hand for Co substitution although Tc is
decreased to 12K and 6K for 2at% and 5at% samples, the relative depression is much smaller than
as for Mi substitution. These results are depicted in Figures. #(a) and (b}. The large suppression of
Tc by Ni substitution is directly related to the variation of ‘2" lattice parameter of doped system and
hence large disorder in case of Ni than for Co doping. Summarily our results indicate that disorder
plays an important role in suppression of superconductivity in FeSe1/2Tel/2 superconductor.
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IMPACT OF PARTICLE SIZE ON THE MAGNETO-TRANSPORT PROPERTIES OF
La, . Sr CuO4
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We study the impact of varying grain size on the magneto-transport properties of bulk
La,,Sr, ,,Cu0, superconductor. Polycrystalline samples are synthesized by sol-gel route. Particle
size is varied by sintering the samples at three different sintering temperatures (7)), heated at rate
of 10°C/min to 900, 1000 and 1050°C respectively and hold for 12 hours. The samples were then
cooled down to room temperature. Phase purity of all the samples is confirmed by X-ray diffraction
pattern while the varying particle size is checked from Scanning Electron Microscopy (SEM) images
[1]. Resistivity and magnetization measurements are carried out to study the magneto-transport

properties of the samples on Quantum Design PPMS.

The most observable effect related to the broadening of the superconducting transition is
marked by the existence of three different temperatures labeled as T , T, and T_. T_ corresponds to
onset temperature at which Cooper pairs appear inside the grains of the superconductor while chis
the temperature below which the grains are connected by Josephson Effect and finally at T
resistance becomes zero. In order to obtain more information about the coupling effects, magnetic
field effects on the resistivity of the samples are studied (See Fig 1). It is worth observing that T,
and T_ vary considerably with the change in the particle size while T_ (onset temperature) is almost
constant (See Fig 2). This suggests that with the particle size variation it is inter-granular coupling
which is more affected than the intra granular coupling. Also from the resistivity in magnetic field
study we find a good systematic decrease in the magneto-resistance with increase in the particle
size owing to the reduced grain boundaries (See Fig 3).

In addition to electrical resistivity, ac susceptibility study is carried out to probe the nature of
weak links in the sample with different particle sizes as a function of temperature (4-40 K) at
various amplitudes (1-17 Oe) and over a wide range of frequency (333-9999 Hz). The complex ac
susceptibility (x= x'+ 1 ") consists of a real (') and an imaginary (") component. The two step
transition in real part (') depicts diamagnetic shielding to the current in inter and intra granular
region. In the imaginary part ("), two peaks appearing at temperatures, T and T? (T®> T%)
indicates maximum hysteresis loss due to motion of intra-granular (Arbikosov) and inter-granular
(Josephson) vortices respectively. Maximum loss always takes place when the magnetic flux lines
just penetrate the centre of the sample. Shift in the peak temperature with a change in applied field
amplitude or frequency is related to the pinning force density as per flux creep model given by
Tinkham and Muller [2]. When frequency is increased, inter/intra granular vortices have less time to
relax and then penetrate the superconductor during each cycle. In order to reach the full penetration,
the effective inter granular pinning force density must be weakened. Since the pinning force density
is weakened by increasing temperature, the T _/T. must increase with increasing frequency.
Similarly as the driving field amplitude increases, larger screening currents are required to shield the
applied field, hence pinning force density is to be weakened consequently decreasing the T _/T.

1

In both the field and frequency dependence curves for ac susceptibility (See Fig 4 & 5), we find that
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Fig. 3: Magneto-resistance variation for samples

Fig.2: T, T_and T_ Variation of sintered at
sintered at 900, 1000 & 1050°C with magnetic field

900, 1000 & 1050°C with magnetic field

as the particle size increases loss peak temperature shifts to higher value suggesting decrease in the
pinning force density.

In conclusion magneto-transport measurements suggest that as the particle size is varied
inter-granular parameters in general get more affected than the corresponding intra-granular ones.
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STUDY OF TCR/MR RESPONSES OF La,Ca, ,Ba, Mn0,+Ag AND
La,Ca,,Sr,,Mn0 +Ag COMPOUNDS: A PROMISING CANDIDATE FOR INFRARED/
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Manganites with general formula A, B Mn0O, (where A = rare earth element and B = Alkaline
earth metals) had attracted a lot of attention. These compounds are considered to be promising
materials for technical applications. Among all other properties, the most outstanding and extensively
explored is the magneto-resistance (MR). It is seen that the maximum MR in hole-doped manganites
occur near the metal-insulator (MI) transition being accompanied with ferromagnetic-paramagnetic
(FM) transition. For Bolometric applications, sudden change in resistivity over a small temperature
zone is required. In manganites, MI transition presents itself as a zone of steep transition in
resistivity. So, this metal-insulator crossover determines the sensitivity as well as active zone for
bolometric sensors. The change or sharpness in resistivity with temperature is described in terms of
temperature coefficient of resistance (TCR). TCR is defined as, TCR% = [1/R x (dR / dT)] x 100, where
R is the resistance and T is the temperature.

For practical purpose, both high TCR and LFMR at room temperature are required. In this paper
we report an enhanced temperature coefficient of resistance (TCR) and high magneto-resistance
(MR) close/at room temperature in La ,Ca ,Ba, ,Mn0,+Ag and La Ca ,Sr,,Mn0+Ag (0 < x < 0.4)
doped manganites. In case of La  Ca ,Ba ,MnO, + Ag, TCR values remains almost unchanged
(~11%/K) for all silver content at 284K which is greater than the pristine samples(3%/K).Improved
magneto-resistance (19% at 1 Tesla) is observed for silver doped composition at relatively low

magnetic field near room temperature.
On the other hand, for La  Ca , Sr0,,,MnO.+Ag , the maximum TCR and MR are tuned to room

0.70 0.20 0.10
temperature ~300 K with the former being as high as 9% and the later being ~20 % and ~30 % at 5
and 10 kOe magnetic fields respectively. The enhanced TCR and MR at / near room temperature open
up the possibility of the use of such materials as infrared bolometric and magnetic field sensors

respectively [1-4].
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HIGH SUPERCONDUCTING PERFORMANCE n-SiC DOPED MgB, SUPERCONDUCTOR
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We study the impact of sintering temperature on the phase formation, lattice parameters,
amount of carbon (C) substitution, microstructure, critical temperature (T), irreversibility field
(H. ), critical current density (J), upper critical field (H_) and flux pinning in nano(n)-SiC added
bulk MgB, superconductor. Four batches of samples of MgB +(n-SiC) ; x=0.0, 0.05 & 0.10 were
prepared at four different sintering temperatures (7)) i.e. 700, 750, 800 and 850°C with the same
heating rate as 10°C/min. We found 750°C (second batch) as an optimal sintering temperature for n-
SiC doping in bulk MgB, superconductor in order to get the best superconducting performance in
terms of J, H, and H, . Carbon (C) substitution enhances the H_, while the low temperature
sintering is responsible for the improvement in J_due to the smaller grain size, defects and nano-
inclusion induced by C incorporation into MgB, matrix, which is corroborated by elaborative HRTEM
(high-resolution transmission electron microscopy) results.

Polycrystalline MgB_+n-SiCx (x = 0, 5-wt% & 10-wt%) samples were synthesized by solid-state
reaction route. the stoichiometric amounts of ingredients were ground thoroughly, palletized using
hydraulic press and put in a tubular furnace at four different temperatures 700°C, 750°C, 800°C &
850°C for 2.5 hours in argon atmosphere and finally furnace cooled in the same atmosphere of
argon to room temperature.

Powder XRD analysis revealed that single-phase MgB2 bulks containing only a minor fraction of
MgO were obtained for all the samples heated at above 700°C, while the samples heated at 700°C
showed strong diffraction peaks due to unreacted magnesium in the sample. The volume fraction of
unreacted Mg is nearly 24.48% in pure MgB2 sample sintered at 700°C. MgO fraction is almost the
same in all the samples irrespective of SiC content and sintering temperature. Samples doped with
SiC showed a considerable amount of Mg,Si and minor quantities of unreacted SiC. At lower doping
level (x = 5-wt%) the samples consist of a major phase of MgB2 with minority phase of Mg2Si and
as we increase (x = 10-wt%) the doping level of n-SiC, the amount of this non-superconducting
phase was increased. The a-axis parameter shows a larger drop for the SiC doped samples sintered at
all the temperatures in comparison to pristine MgB,. The change in ‘c’ parameter with increasing x
(content of n-SiC) is relatively small as compared to ‘a" parameter. The decrease in ‘a” parameter
indicated towards the partial substitution of B by C [1-3]. DC susceptibility measurement y(T)
depicts that for the undoped sample the Tc shows an increase with increasing sintering temperature,
which can be attributed to the improvement of crystallinity for samples sintered at higher
temperatures. The Tc for the doped samples depends on two opposite factors: C substitution level
and crystallinity. An increase in Ts improves crystallinity and hence Tc while an increase in C
substitution level should reduce Tc. Figure 1 implies that doping with n-SiC has significantly
improved the Hirr for all the sintering temperatures. Among all the sintering temperatures
the 750°C gives the best value of Hirr, which is attributed to grain boundary pinning due to
smaller grain size at low sintering temperature. The values of H._for the 10-wt% n-SiC added sample
reached 14, 11.8 & 6.5 T compared to 8.9, 7.9, 5.0 T for the pure one at 5, 10 & 20 K respectively.
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Some theoretical models are needed to be applied to determine the upper critical field values at
low temperatures. By applying Ginzburg-Landau {GL) equation [4]; Hc2(0) for 5-wi% n-5iC doped
sample is found to be about 33.2 Tesla while the same is just nearly 16.1 Tesla for the pure MgB,
sample of second batch (Ts=750"(C}). Among all the four batches second batch demonstrates the
superior Jc(H) performance {see Figure 2}, The Jc is 16 times higher than pure pne in zse of 5-wi%
n-5iC doped sample and 30 times higher for the 10-wi®™ n-5iC doped sample at 5 Kin 8.5 Tesly field,
The Je values are 1,08 x 102 A/cm2 and 1,22 x 103 A/am2 at 5 K in the high field of 12 T for 5-wi'%
and 10-wit% n-5iC doped samples respectively.

Consequently, we can say that two factors are responsible for the best performance of n-SiC
doped samples of low sintering temperature: C substitution for B induces disorder in lattice sites,
increase in resistivity and hence improvement in Hc,; hence in Jc and low temperature processing
results in reduction in grain size, extra defects and embedded inclusions such as Mg,5i and unreacted
n-SiC that enhances the flux pinming [1-3].
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CONNECTIVITY IN NORMAL AND SUPERCONDUCTING STATE OF EX-SITU BULK
MgB, WITH DIFFERENT ADDITIVES
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Variety of ex-situ bulk MgB, samples were prepared with additions like excess-Mg, nano-Ag and
nano-SiC, and using sintering temperatures varying between 700 °C to 950 °C. The samples were
characterized by XRD, SEM, thermoelectric power S(T), resistivity p(T) and magnetization M(B) at
4.2 and 20 K in applied fields B=0 - 8 T. The observed values of p(300 K) were typically high
(0.12 - 254 mQcm) and those of critical current density J_were low (1.8x10” - 2.8x10® A/m? at
4.2 Kand 1 Tesla). The large variation in both the quantities, demonstrate a corresponding variation
of connectivity in the normal and superconducting state of the different samples. The T dependent
part of p(T) in the normal state of all samples can be made to scale perfectly by multiplication with
different constant factors. Following Rowell’s analysis [1], this indicates a difference in connectivity,
i.e., effective current carrying cross section in the samples. In the superconducting state, at low
fields, the normalized J (B)/J_(B=1T) of all the samples scale perfectly and follows a B* dependence
at both 4.2 K and 20 K. These results apparently reveal that the variation of the low field J_in
different samples has its origin in underlying different effective super-current carrying cross sections.
However, we find that the effective cross sections in the normal and superconducting state of the
samples do not correlate with each other. This indicates that the electrical connectivity in the
normal and superconducting states involve different mechanisms.
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PREPARATION AND CHARACTERIZATION OF MICROSTRUCTURE AND
MAGNETISM OF Co-NANOPARTICLES
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National Physical Laboratory (CSIR), Dr K.S.Krishnan Road, New Delhi-110012, India

The Co-nanoparticles were synthesized by chemical route (thermal decomposition) in the presence
of capping agent and surfactant using Co,(CO), inert atmosphere. The nanoparticles were
microstructurally characterized by HRTEM and subjected to magnetization (M) measurements in a
temperature range T = 5 - 300 K and applied field B = 0 - 1 Tesla. The HRTEM demonstrates
monodisperse, homogeneous, polycrystalline spherical nanoparticles with ~ 9 nm diameters. The
M(T) curves of the nanoparticles highlight many interesting results: (a) the ZFC and FC branches of
M(T) show hysteresis in large T and B region, (b) magnetic upturns at T, ~ 30 K, below which M(T)
rises sharply, (c) T, does not depend on B, and (d) at T, both the ZFC and FC branches show shallow
minimum that vanishes at B=0.5 T. The measured isothermal M(B) loops at T = 100 - 300 K show
similar ferromagnetic behaviour. With change in T, only a small variation in the saturation
magnetization M, ~ 17 - 18 emu/gm, remnant magnetization M_ ~ 4 - 5.5 emu/gm and coercive
field B~ 0.014 - 0.015 T was observed. At T< T, i.e. 5 K, the M(B) loop at high fields does not
saturate fully and shows an increase. Relatively higher values of M_ ~ 12 emu/gm and B ~ 0.018 T
were observed at 5 K. The nature of magnetism in the Co-nanoparticles, and the effect of capping
agent and size will be exhibited.
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SYNTHESIS AND MAGNETO TRANSPORT STUDY OF RECoPO (RE=Nd & Sm)
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We report the magneto transport and specific heat studies for polycrystalline NdCoPO and
SmCoPO0 samples. These bulk polycrystalline samples are synthesized by solid state reaction route in
an evacuated sealed quartz tube.[1] The XRD analysis show that the samples are in single phase,
crystallized in a tetragonal structure with space group P4/nmm(fig.1). The lattice parameters a =
3.9072(8)A, ¢ = 8.1774(6)A for NdCoPO and a = 3.8794(8)A, ¢ = 8.0759(0)A for SmCoPO. The
lattice parameters noticeably decrease as the ionic size of trivalent Nd and Sm decrease.

The transport measurements showed that all studied compounds are metallic in nature, and
their magnetic ordering in particular the AFM is clearly reflected in magneto-transport studies.
These compounds show three magnetic transitions in magneto resistance and specific heat
measurement. NdCoPO shows a upward step like transition in p(7) measurement under zero field
(fig.2) and SmCoPO shows same step under Field(fig.3). The transition of Co spins from ferromagnetic
(FM) to anti-ferromagnetic (AFM) for in (Nd/Sm)CoPO is field dependent. The Sm/Nd magnetic
moments interact with the ordered Co spins in adjacent layer (RE-O layer) and thus transforms the
FM ordered Co spins to AFM.

The p(T) measurement plots for NdCoPO at various applied fields shown in Fig. 2. The resistivity
of NdCoPO shows an upside step like turn below 20K in Zero field and the temperature of the step
like turn decrease with increasing magnetic field, shown in upper inset of Fig.2. The Step like
transition is attributed to the ordering of Nd* moments hybridizing with Co* moments [2,3]. The
isothermal MR with varying magnetic field at various temperatures are depicted in lower inset of
Fig. 2. The MR% is maximum in the PM-FM transformation region and least in both PM and saturated
FM states. The same situation occurs at 2.5K, at higher field of 80kOe and maximum MR is yet
nearly -12%. The unusual increase of MR at lower temperatures possibly the Nd* moments ordering
and their interplay with the FM ordered Co*® spins in adjacent Co-P layers.

Figure 3 exhibits the p(T) plots for SmCoPO at various applied fields. No, NdCoPO like step
transition is observed in zero field resistivity of SmCoPO down to 2.5K. Interestingly in SmCoPO
shows the same p(7) step like upward transition under magnetic field below 40K, see Fig.3. The
step-like upward transition in p(T) of NdCoPO is due to AFM ordering of Nd spins, the absence of
the same transition in SmCoPO keep out the possibility of Sm spins being ordered in field. The step-
like transition of SmCoPO under magnetic fields is similar to NdCoPO without field. It's because Sm*
spins order in similar ordered state under field as Nd* in zero field. The isothermal MR data of
SmCoPO in various applied fields up to 100k0Oe at various temperatures is shown in lower inset of
Fig. 3. The MR is increasing up to -22% as the temperature decrease to 20K at applied field 10kOe
and saturates at higher field. Below 50K MR% is increasing due the competition between FM-AFM
and FM state dominates. As temperature goes below 20K the AFM state dominate and MR%
decrease transitions. Also evident in are the shoulder hysteresis during increase/decrease of field at
10K.
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The heat capacity of C (T} of the both studied samples NdCoPO and SmCoP0 are shown in Figure
4, The expected Sm T, (AFM) is seen as 3 paak in C(7) at 5.4K, and for Nd the same is below 2K in
SmCoPO and NdCoPO respectively. The /T vs T plots slope change first at around BOK, which
roughly coincides with the FM ardering of Lo spins. With further lowering of temperature the C./7 vs
T plots slope change at around 20K and 15K with a shallow broad mirimum respectively for SmCoP0
and NdCoPQ. These tamperatures roughly coincide with the complex AFM ordering of Sm*-Co™ and
Nd*-Co™ interplayed matrix. It seems the Sm/NdCoPO undergo three magnetic transitions i.e., T
{~80K), the Sm*-Co* and Nd¥-Co™ interplayed AFM below 20K and finally Sm* and Nd* spins
individual AFM at 5.4K and below 2K respectively.
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Here we report the effect of quenching on FeTe, ,Se, , superconductor at various 700°C, 500°C,

300°C and 30°C temperatures, and study the role of disorder on superconductivity of FeTe, ,Se, ,.
Samples are synthesized by standard solid state reaction route. These samples are quenched to air
systematically at 700°C, 500°C, 300°C and RT. We study their structural and magnetic properties.
XRD and dc magnetization studies revels that samples quenched at 700°C possess different phase
and are not superconducting as well. It is clear quenching introduced disorder in the unit cell of

FeTe, ,Se, , superconductor affects its superconductivity dramatically.

The discovery of new iron-based high T_superconductors has ignited immense excitement in
the material science community from past two years. Oxy-pnictides have general structural formula
REFeAsO,_F (RE = rare earth). The parent compounds of the FeAs based superconductors do not
exhibit superconductivity but possess stripe type commensurate anti-ferromagnetic spin order
accompanied by a structural transition at around 150 K [1]. The highest T_in these oxypnictide is
reported at 56K for SmFeAsO ., and Gd ,Th ,FeAsO [2,3]. Another important series of Iron based
same family compounds are chalcogenides (FeSe, FeSe, ;, FeSe Te , FeTe  Se ) having similer Fe,Se,
layers. The self doped anion deficient binary superconductor f3-FeSe , shows a T_of 8K which
increases to 37K by applying a hydrostatic pressure of 8.9 GPa. The compound has similar structure
and band filling as that of FeAs layer found in the quaternary iron arsenide and therefore presents a
simple suitable model to study the interplay of structure, magnetism and superconductivity within
iron based superconducting family. Samples of FeTe, ,Se, , are synthesized by standard solid state
reaction route via encapsulation of stoichiometric high purity (>3N) Fe, Se, Te, details are same as
in ref. 4. The X-ray diffraction is done on Rigaku Mini Flex diffractometer. The Magnetization (AC
and DC) are carried out on a physical property measurement system (PPMS) from Quantum Design
USA.

Figure 1 shows the XRD patterns of various temperatures (700°C, 500°C, 300°C and RT) quenched
FeTe, ,Se, ,. Samples quenched at 500°C, 300°C and RT have the same XRD patterns, while the 700°C
quenched sample has different phase, seemingly Fe Se,. The 500°C, 300°C and RT samples are all
crystallized in tetragonal structure with space group P4/nmm. Detailed Reitveld analysis of their
XRD patterns showed that though are single phase in nature, their co-ordinate positions and lattice
parameters are slightly different. The occupancy and co-ordinates of Se and Te are affected with

quenching.

The DC magnetic susceptibility plots of various temperatures (700°C, 500°C, 300°C and RT)
quenched FeTe, ,Se, , sample are given in Figure 2. RT and 300°C quenched samples shows
superconducting transition at 13K. Inset of figure 2 shows dc susceptibility behavior of 500°C and
700°C quenched sample. Both samples quenched at 700°C and 500°C are non superconducting even
at 2K. Sample quenched at 700°C shows a ZFC and FC branching around temperature 200K due to

possible magnetic ordering of Fe. Similar branching of ZFC and FC is seen at around 130K for 500°C
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quenched sample, The 500%C quenched sample though also exhibited some sign of superconductivity
in ZFC transition below say 10K, but the diamagnetic volume fraction seems very small,

Detailed Reitveld analysis of the XRD patberns of variously quenched FeSawTew superconductor
directy relates the extent of Fe, Se, and Te sites disorder to the appearance/disappearance of

superconductivity in this system. In conclusion, our results indicate Fe, Se and Te site disorder
dependent superconductivity in FeSe, ,Te, ,.
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SINGLE STEP SYNTHESIS OF HdFeAsﬂan_m BULK 50K SUPERCONDUCTOR
V.P.S. Awana, R.S. Mema, H. KisHan

Quantum Phenomenon and Applications Division, Netional Physical Loboratory,
Or. K.5. Krishnan Marg, New Delhi-110012, India
E-mail: awana@maoilnpbndia.emet.in
We report an easy single step synthesis route of title compound NdFeAsQ _F, , superconductor
having bulk superconductivity below 50 K. The title compound is synthesized via solid-state reaction
route by encapsulation in an evacuated (10? Torr) quartz tube. Rietveld analysis of powder X-ray
diffraction data shows that compound crystallized in tetragonal structure with space group P4/
nmm (Fg.1). A(T}H measurements showed superconductivity with 7_ (=0) at 48 K (Fig.2) and a
very high upper critical field (K,) of up to 345 Tesla (Fig.3). Magnetic measurements exhibited bulk
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Fg.1 XRD and Fig.2 R(T) of NdFeAsOF and NdFeAsQ_F, .

superconductivity in terms of diamagnetic onset below 50 K. The lower critical field (4 is around
1000 Oe at 5 K. In nomal state i.e., above 60 K, the compound exhibited purely paramagnetic
behavior and thus ruling out the presence of any ordered FeQ, impurity in the matrix, In specific
heat (C,) measurements a jump is ohserved in the vicinity of superconducting transition (7) along
with an uptum at below =4 K due to the AFM ordering of Nc* jans in the system, The Thermo-
electrie power (TEP) is negative down to T, thus indicating dominant carriers to be of n-type in
NdFeAsD, F ., superconductor. The granularity of the bulk superconducting NdFeAsO, F, ., sample
is investigated and the intra and inter grain contributions have been individuated by looking at
various amplitude and frequencies of the applied AC drive magnetic fleld [1].
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ENHANCED GRAIN-COUPLING AND TRANSPORT CURRENTS OF BSCCO
SUPERCONDUCTOR WITH NANO-SIZE DOPANTS
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Despite their superior intrinsic characteristics, the high temperature superconductors have not
been able to match the widespread utility of conventional Nb-based superconductors in practical
devices, particularly those using the longdength wires of these materials such as the high field
superconducting magnets. The reason for this Limitation is the drastic drop in oritical currents at
the grain-boundaries. The phenomenon has been extensively investigated, both theoretically [1-3]
and experimentally whereby efforts are directed to improve the coupling across mismatched grain-
boundaries. In recent years, nanc-size dopants have proved extremely beneficial in raising the
critical current density of YBa,Cu,0, " by drastically improving the flux-pinming properties [4]. This
paper reports the effect of nano-particle inclusions on the properties of the Bi-based Bi-2223
superconductor and a marked increase in transport critical current density Jc, has been observed
both at 77K and at 4.2 K when doped with nano-Mo. Samples of Bi-2223 were prepared using the
nominal composition of Bi Pb, 5r,Ca Cu,0 to which nano-Mo { ~ 100 nm) was added. The
carbonates and oxides were calcinated and sintered at 845 °C for ~ 65 to 100 hours using the
standard solid state diffusion process.

In another approach, composites of Bi-2223 with nano-Mo were prepared by adding 1-5 wt.%
Mo powder to the pure un<loped Bi Pb .5r.Ca CI.I,D and sintering the pellet at 400°C only. The
increase in T with daping is only margmal {Fig.l} I:ut the enhancement of J_ both at 77K and 4.2
K (measured ona ~1x4 x40 mm sample-strip and I defined by the 1 uwcm criteria), is quite
noticeable (Table 1). This is accompanied with an |mpmvement in the inter-grain coupling in the
same samples as indicated by the width and pasitions of (7 peaks of the complex part of the a.c.
susceptitrility (Fig.2), A preliminary analysis suggests that the improved irzr-grain coupling could
be responsible for the increase in overall transpart current density as a result of better flow of
super-current across the grains in samples doped with nana-Mo. Whether there is any contribution
of the nano-seale  dopant on the flux-pinning properties and theraby enhancement of Je , however,
1s not very clear and is being investigated.
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Fig. 1. Resistivity vs. temperrture behavior and Fig. 2. a.c.susceptibity (X7) versus temperature for
variols samples of Table 1.
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TABLE 1 Tc values from a.c. susceptibility (X") measurements, and Jc values at 4.2 and 77K along with dopant
conc. for samples of Fig.(1 & 2)

Dopant Mo in Bi-2223 T (on) (K) J (4.2K) A.cm? J (77K) A.cm? XRD (summary)
Nano 0.05 (I) 106 2.2x10° 0.25x10° 2223
0.05 (II) 106 2.0x10° 0.2x10? 2223+2212
0.1 (I) 108 3.2x10° 0.36x10? 2223
0.05(um) 106 1.2x 10° 0.08x10° 2223+2212
pure 104 1.0x10° 0.06x10? 2223
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STRUCTURAL, MAGNETIC, MAGNETO-TRANSPORT AND
CHARGE ORDERING PROPERTIES OF Bi,  Pr.Ca, Mn0, (0 < x < 0.6)
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In the past few years, doped perovskite manganites have been intensively studied to understand
their electrical and magnetic proparties. In these materials, the magnetoresistance effect, metal-
insulator transition, orbital ordering, charge ordering, double exchange interaction, etr. can be
changed over a wide range by different doping levels. Bi, Ca Mn0, (BCMO) constitutes a very
interesting but less-studied system. Early experiments showed that the systam is insulating over a
broad region of Ca doping 0.2<x<1.0. An interesting property of Bismuth-based manganites
{Bi, A Mno, A= Ca, Sr) is of a very high charge ordering temperature (T_ ). B** ions have been found
to push T, up to 550 K in Bi_ Sr, ,Mn0, while Bi Ca Mn0, displays T = 325 K. In contrast with
rare-earth-based manganites, bismuth-based manganites have not been extensively studied due to
the lack of an appreciable magnetoresistive property.

In this present work, the effect of Pr-deping on the charge ordering ((0} state in Bi
Jrla, Mn0,, where »=0.00, 0.10, 0.20, 0.30, 0.40, 0.50 and 0.50 has been investigated by
transport and magnetic measurements. Polycrystalline & Pr Ca, Mn0, samples are prepared using
the standard solid -state reaction route. Stoichiometric precursor powders Bi 0., (aC0,, and Pr0,
and Mn0, are mixed and ground to get highly homogenized powder, The resultant powder is then
calcined far 12 h at 800°C, This powder is again reground and calcined at 850°C for 12 h and then at
900° C for another 12 h with intermediate grinding, After the final grinding, the powder is pressed
into rectanqular pellets with the dimension of 12.0 «7.0x 2.0 mm®. The pellets are sintered at
1100°C for 24 h. The synthesized samples are examined by x-ray diffraction (XRD, Cuk ) for
determination of crystal strueture. Resistivity as a function of temperature is measured by a standard
four prebe method without or with magnetic fields (0-1 T). The DC magnetization measuraments
are done using a SQUID magnetometer. XRD pattems indicate that all samples are orthorhombic.
The unit cell volume decreases with increasing Pr content because smaller Pr3(1.126 A) ions
substitute larger Bi** {1.17A) ions.
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Fig. 1{a-b ) Magnetization as a function of temperabure under zero field cooling {ZFC} and field cooling (FC} at
H=500 De for Bi_ Pr,.Ca, Mn@, and Bi_,Pr, Ca ,Mn0, samples
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From the magnetization vs temperature plots [Fig.1 (a-b)], the charge ordering temperatures
(T.,) are found to be ~ 289 K, 264 K, 256 K, 244 K and 237 K for the samples x= 0.1, 0.2, 0.3, 0.4,
and 0.5 respectively. In charge ordered phase, anti-ferromagnetic (AFM) super-exchange interactions
dominate and lead to an AFM ordering at the antiferromagnetic transition temperature T ~ 131 K,
128 K, 125K, 132 K, and 145 K for x= 0.1, 0.2, 0.3, 0.4, and 0.5, respectively. The contribution of
AFM interaction indicates inhomogeneity in long range ferromagnetic order. The appearance of a
cusp in ZFC curve and irreversibility between ZFC and FC at 25 K indicates that a spin glass (SG)
behaviour dominates below this temperature. It is expected that the SG state originates from the
competition between the ferromagnetic (FM) double exchange and AFM superexchange interaction
[1]. For the temperatures above T, Curie-Weiss type behavior is obtained with positive value of 6,
for all samples confirming the ferromagnetic interaction. 0, is negative for T below T, indicating the
existence of strong AFM interactions in CO state. The T, decreases gradually with increasing Pr
doping level in Bi, Ca  ,Mn0.,. All samples are paramagnetic at 300 K and sample x=0.50, 0.60 are
ferromagnetic at 10 K and no saturation in magnetization is observed with the applied magnetic
field up to 7 T. The increased magnetizations are observed with increasing the Pr-doping. Magnetization
measurements as a function of temperature in a magnetic applied field of 500 Oe shows that
Pr, Ca, MnO, sample exhibit a sharp transition from paramagnetic to ferromagnetic state at the
Curie temperature T.~103 K.

The temperature-dependent resistivity measurement shows that the conductivity increases with
increasing the Pr content. This is due to the delocalisation of charge carriers with Pr doping, which
enhances the spatial overlap between Mn e, and 0 2p orbitals and therefore increases the mobility
of carriers [2, 3]. We have plotted in p-T** curves for all the samples. The resistivity can be best
fitted with the Mott’s variable range hopping (VRH) model p ~ exp (T /T)[4]. T is related to
localization length & by the relation k,T = 24/(nN(E,) &%), where N(E,) represents the density of
states at Fermi level. From the fitting of the data, we found that T % (Mott's parameter) decreases
gradually with Pr doping. This suggests that the localization length & increases with the increasing
Pr-doping content provided N(E,) does not change. This is to say that the carriers become less
localized with the increasing Pr-doping content.
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EFFECT OF Niz* ON Ni Co,_Fe,0, (x= 0.5, 0.75, 0.9)
MAGNETIC NANOPARTICLES
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Nanocrystalline materials are in focus of recent research due to their potential applications and
interesting physics involved in them. The physical properties of the ferrites are very sensitive to the
method of synthesis, size, shape, purity, cation distribution, the type of substitution. The high
coercivity of these magnetic particles find applications in the field of high density magnetic media,
recording color imaging, high frequency devices, magnetic refrigeration, sensors and materials for
biomedical field etc. [1-2]. In the present work, the structural and magnetic properties of different
Ni%* ions concentration doped cobalt ferrite were investigated. Nickel cobalt ferrite nanoparticles
with chemical composition Ni Co, Fe,0, (a =x = 0.5, b = x=0.75 and c = x = 0.9) have been
synthesized by chemical co-precipitation route by using iron (III) chloride, cobalt (II) chloride and
nickel (II) chloride as precursors for iron, cobalt and nickel respectively. The structure and phase
confirmation were characterized by Rigaku Japan make powder X-ray Diffractometer using Cu Kot
radiation. Magnetic properties. X-band EPR spectrometer model A300, Bruker Biospin, Germany was
used for investigating the magnetic resonance phenomena in these particles at ambient temperature.
Polytronic search coil magnetic properties measurement setup was used to find saturation
magnetization and coercivity of these developed particles with different cobalt content.

The X - ray diffraction patterns confirm the formation of single phase nickel cobalt ferrite
nanoparticles. The lattice parameters, strain and crystallite size were calculated using strong (311)
plane from the XRD pattern. Crystallite size decreases from 18.39 nm (x=0.5) to 13 nm (0.9). The
unit cell parameter ‘a’ decreases linearly with the increase in nickel concentration due to small ionic
radius of nickel which results the reduction in lattice strain are listed in Table 1.The structure of Ni-
Co ferrite is known to be normal spinal, where Ni?*ions prefer to occupy tetrahedral site because
their 4s,p electrons can form a covalent bond with the six 2p electron of the oxygen ions. As Ni?*
increase the magneto crystalline anisotropy decreases and leads to decrease in magnetization.

EPR spectra of the different nickel ions concentration doped cobalt ferrite nanoparticles were
recorded in 4000 + 4000 scan range at 100 kHz modulation and 1 mW microwave power showed a
broad strong resonance signal superimposed by a narrow signal. DPPH was used a standard reference
field marker. The broadness of EPR signal arises from Fe** of g-value ~ 2.24 indicates the ferromagnetic
behavior and strong dipolar-dipolar interaction among nanoparticles. While the narrow line signal of
g-value ~ 2.00 confirms the presence of superparamagnetic particles. The peak-to-peak line width

Sample Experimental lattice Experimental Standard Strain Crystallite size
parameter a(A) interplanar interplanar d-d)/d (nm)
spacing d (A) | spacing, d (A) noem o
a 8.411 2.529 2.532 -0.001190 8.535
b 8.386 2.520 2.532 -0.00476 11.375
o 8.372 2.516 2.532 -0.00636 12.407
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Fig. 1: EPR spectra of NiCo, Fe D, Fig.2: Magnetic measurements of NiCo, .Fe0,
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and g-value of the namow signal increases with increasing nickel content due to the strengthening
of magnetic interactions among particles which increases the effective magnetic moment originating
from the variation in spin structure.

The magnetization hysteresis loops of these samples exhibits strong magnetic nature at room
temperature, The coercivity and saturation magnetization were found to decrease with increasing
contert of Ni* which was atiributed to large magnetocrystalline amisobropy.
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STRUCTURAL AND MAGNETIC CHARACTERIZATION OF NANOCRYSTALLINE
Pr,_Sr.MnO, (0.40 < x < 0.60)
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Recently several experimental and theoretical studies have focused on the exploration of grain
size effect on the structural, magnetic and magnetotransport properties of alkaline earth doped
rare earth peravskite manganites, chemically represented by RE,_AE MnO, (RE=rare earth cation and
AB=alkaline earth cation) [1-4]. Since size reduction leads to increased contribution from the
surface regions, the broken Mn-0-Mn bonds are indeed expected to have a definite impact on
magneto-electrical properties in manganites. It has been shown that in nano-manganites, size
reduction below ~100 nm renders the charge and orbitally ordered {C0-00) ground state with
unstable antiferromagnetic (AFM) spin order, giving rise to a ferromagnetic (FM) ground state [3].

In the present work, we have studied the effect of Sr content an sbructural and magnetic
properties of nanocrystalline Pr, 5 Mn0, (x=0.40, 0.50, 0.55 and 0.60). The nanocrystalline Pr,_
Sr.Mn0, (PSMO) sample are synthesized by polymeric precursar based sol-gel roube, Structural and
microstructural characterizations are carried out by powder X-ray diffraction (XRD) and scanning
elactron microscopy (SEM). Magnetic characterizations are carried out by measuring the temperature
dependent ac susteptibility using the lock-in technique.
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Fig. 1: Temperature dependent ac susceptibllity of Pr,_Sr MnQ, {x=0.40, 0.50, 0.55 & 0.60)
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XRD results show that all samples have single PSMO phase and possess orthorhombic structure.
The surface microstructure of the samples, as revealed by scanning electron microscopy (SEM), is
found to consist of nanometric grains. The average grain size is found to be 40-50 nm in all the
samples. The temperature dependent AC susceptibility (-T), measured through lock-in technique,
is shown in Fig. 1. The PSMO samples with x=0.40 and 0.50 show a sharp paramagnetic to ferromagnetic
(PM-FM) transition at T.=308 K. However, In PSMO samples with x=0.55 and 0.60, the FM transition
temperature is found to decrease slightly to T~300 K and the transition width also increases. The
most interesting observation in PSMO samples with x=0.55 and 0.60 is the occurrence of a second
transition (marked by double arrow in Fig. 1), which occurs at T~273 and 255 K for x=0.55 and 0.60
samples, respectively. The presence of second AFM phase in PSMO samples with x=0.55 and 0.60 is
also evidenced by sharp decrease in their value of susceptibility in the lower temperature range.
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Nanocrystalline nickel particles embedded in aystalline titanium nitride {TiN) matrices shows
good magnetic properties along with anomalous Hall Effect behavior [1]. As the nanocrystalline
nickel, particles embedded in crystalline titanium nitride (TiN) matrices have good magnetic behavior
as well as good conductivity, this can be a good andidate for magnetic electrode in spintronics
device family. In this wark, we have presemted the temperature dependent junction magnetoresistance
(JMR) behavior of nanooystalline nickel partides embedded in aystalline titanium nitride (TiN)
matrices on 5i substrate where Ni nanoaystallibes are self-assembled and epitadally grown, This
heterojunction of nanocrystalline Ni particles embedded in crystalline TiN matrices with -5 exhibits
diode like excellent rectifying behavior in the temperature range of 77-300 K, The I-¥ characteristics
with and without external magnetic field have heen studied in the temperature range of 77-300 K.
The good rectifying dinde like charactersics has been ahservad with posibive magnetoresistance at
77 and 200 K and negative magnetoresistance at 300 K.

Nanocrystalline nickel particles embedded in a metallic TiN matrix thin film have been grown on
p-5i substrate using the pulsed laser deposition technique in a high vacuum environment {~5 x107
Torr) at 600 *C substrate temperature. The energy density and the repetition rate of the laser beam
used were 2 J /fcm? and 10 Hz, respectively. The size distribution of Ni particles and the crystalline
quality of both the matrix and the magnetic particles were investigated by cross-sectional high-
resolution scanning transmission electron microscopy with atomic number {Z) contrast {STEM-Z)
and low temperature I-¥ properties have been carried out using a source meter (Keithley-2612) and
temperature controller {Lakeshore-331).

Current (mA)

Valtage (V)

FIG. 1.{a) A cross-sectional STEM-Z image, (b) its FIG. 2 I-V behaviar of TiN(Ni}/p-5i helerajuction at
expanded view, {c) high-resolution STEM-Z conirastimage  different temperatures without applied magnetic fleld.
of textured Mi nanocrystallites with triangular Inset shows the variation of magnetoresistance with
morphology, and {d) with rectangular morphology. apphied field upto & T.
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The cross sectional STEM-Z image of Ni particles in TiN matrix [Figs. 1(a) and 1(b)] has shown
that the metallic particles are well separated (10 nm) from each other. A high-resolution cross
sectional STEM-Z contrast image of a triangular precipitate in <110> direction is shown in Fig. 1(c).
Fig. 1(d) shows the cube-on-cube <001>Ni/ / <001>TiN/Si with dots with rectangular morphology.

The I-V characteristics of the heterojuncton without magnetic field at different temperatures
have been shown in Fig 2. In inset of Fig 2, the positive magneto resistance at 77 K (= 29%), 200
K (= 13%) and negative magneto- resistance at 300 K (31%) have been shown keeping the forward
bias voltage at 6 V. The appearance of positive magneto-resistance seems to be due to the spin
injection from metallic TiN with Ni side to non-magnetic p-Si side as spin splitting and large
population of up-spin electrons dominates at the metallic TiN with Ni electrode at temperatures 77
and 200 K [2]. The spin-up population decreases at higher temperature (300 K) and the spin
injection reduces. The appearance of negative magnetoresistance at 300 K is most like due to the
negative magnetoresistive behavior of the magnetic electrode.
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A micron-size superconducting quantum interference device {p-SQUID) consists of two
superconducting Dayem hridges or weak links (WL) [1] of dimension of the order of the coherence
langth, in parallel, forming a loop with area in the um? range. A superconducting singla WL behaves
very much like a Josephsan junction [1] with the supercurrent approximately given by I'= I sin{@),
where I_is the aritical current and © 1s the phase difference acrass the junction. When two such
junctions are fahricated in parallal in a SQUID, interference between the twa cumrent branches gives
an ascillating behavior of the critical cument I with the external magnetic field [2]. The flux
peried is equal to the flux quanta & = 2.05 x 10-* T.m?. This makes the SQUID a very sensitive
device to measure magnetic field. While the flux sensitivity achieved by conventional SQUIDs is
better than 207 @, /¥Hz, for a u-SQUID, it has only been about 10-*®, /¥Hz [3]. SQUIDs have
been used to study the magnetization reversal [3] of an isolated magnetic nano particda, the
persistent current in phase-coherent rings [3, 4] and also fn scanning SQUID microscopy [5].

An improved sensitivity of u-SQUIDs would be useful for probing ferromagnetic particles of
smaller size or magnetic nano particles where surface spins of the particles play an important role
[6]. Other than the sensitivity, the hysteresis in p-5QUIDs current-voltage (I-V) characteristic (see
e.g. Ref. 5) is a major hurdle as it (1) increases the measurement time, {2) complicates the
measurement electronics, {3) changes the temperature of the sample placed in clese proximity with
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FIG. 1. Experimental (black) and numerical fit (rad) of noymalized I-V curves for (2) Sample 1 and (b) Sample 2.
(c} and (d} comespond to the fitting of the temperature (bath} dependence of the retrapping curramt of Sample
1 and 2. Blue curve in {d) shows a comparison with earlier model by Skocpol et al. [7].
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the u-SQUID. Thus it is important to understand this hysteresis and devise ways of eliminating it.
In this report, following Skocpol et al. [7], we describe a thermal model to understand the hysteresis
in the current-voltage characteristics in short superconducting weak links and u-SQUIDs. We consider
a Normal-metal superconductor interface defined by T= T_for a given current and calculate the
resistance and thus voltage. This model enables us to calculate the temperature dependence of the
retrapping current, which turns out to be the smallest current which provides the NS interface with
T=T_. Using the temperature dependence of the critical current, we also find that above a certain
temperature the hysteresis disappears. This model is tested down to 300 mK on Nb based u-SQUIDs
made by the focused ion beam and electron beam lithography. A good agreement between experiment
and theory is obtained (Fig.1). We also compare the temperature dependence of the retrapping
current with a previous model [7]. We further analyze the current-voltage characteristics and the
weak link temperature variation in both the hysteretic and non-hysteretic regimes. We also discuss
the effect of the weak link geometry in order to widen the temperature range of hysteresis-free
operation.
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Ferromagnet {FM} and an antiferromagnet (AF) layers are irhegral part of magnetic tunnel
junctions {MTJs) employed in spin-electromic devices such as magnetic sensors and nan-volatile
magnetic random-access memorias (MRAMs) [1]. Exchange bias is key to the performance of MTJs
[2]. In the present work magnetic properties of IrMn/CoFeB or /CoFe systems {as deposited as well
as magnetically annealed) grown on seed layers (CoFe and Cu) [3] are investigated by Magneto-
Optic Kenr Effect (MOKE). Bottom pinned Si/seed CoFe(t =7, 10, 15 nm)/IrMn(15 nm})/CoFeB{10
nm} and Si/seed Cu (t =0, 11 nm)/IrMn{15 nm}/CoFe{10 nm) systems wenre deposited at room
temperature by using different sputtering techniques (Pulsed DC magnetron sputtering and Ion
beam sputtering). The thicknesses of the layers were estimated by X-ray reflectivity (XRR)
measurements.

The ferromagnetic layers are found to be polycrystalline and textured. Also, the grain size is
found to increase with thickness of seed CoFe layer. The FM layers of CoFeB and CoFe separmted by
15 nm thin IrMn films remained directly coupled in magnetically annealed CoFe (t=7, 10, 15 nm)/
ItMn{15 nm})/CoFeB{10 nm) systems [figure 1 (a}]. The coercivity of CoFeB layers can be tuned by
seed layer thickness in the magnetically annealed samples, The nonmagnetic seed Layer of Cu in 5if
Cuf11)/1Mn(15)/CoFe{10) has shown sbrong affect in maghetization reversal mechamism, with a
large increase of coercivity of CoFe films [figure 1 (b)]. This study is promising in ubilizing the
trilayer stack in CoFeB and CoFe hased bottom pinned TMR sbructures,

. 1.0 y - — — |
%: 0.5 Eos T:
Z E
= 0.0 = 004
-.’;‘: 0.5 é&.s
£ e
.E A FA4 n] Hi-atoity
A50 =100 ‘E‘:.-mﬂu{m?u 100 150 225 50 -T?Tlrl:qimﬁ 150 225
Fiy.1{a):MOKE M-H laaps of 5ifloFe (L)/ IrMn Fig. 1(b):MOKE M-H loops of 5i/Cult)/
{15 nm)/CoFeB{10 nm) films magnetically IrMn{15nm)oFe{1C nm) films magnetically
annealed for 80 min. annealed for 30 min.
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We present the scanning tunneling spectroscopy (ST5) and transport measurements dona on
thin films of 3-dimensional NbN films with increasing disorder. NbN samples with different disorder
are grown using reactive magnetron sputtering® in the chamber attached to STM. Conductance
spectra at each temperature are recorded using modulation technique®** and are averaged over 32
points along 150 nm line. Magneto-resistance measurements are done on same samples in a home
built cryostat. Figure 1 shows the STS measurement done on the four samples with increasing
disorder with T~11.9K, 6K, 4.1K and 1.65K. The intensity plot in upper half of each panel shows
conductance spectra as a function of temperature, y axis being bias and intensity being normalized
conductance while the lower halves of the panels are resistance vs. temperature curves.

Fig. 1a) for the ordered film (T~11.9K) shows superconducting band gap in the conductance

spectrum at low temperature while the gap vanishes above T, (see the inset). While Fig.1d) for the
most disordered film (T =1.65K) shows that gap in the d1/d¥ spectra associated with superconductivity
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Figure 1: Scanming tunneling spectroscopy data for four samples with T, 11.9K, 6K, 4.11K, 1.55K. Upper half of
each Panels shows normalized conductance spectra a3 a functon of temperature and lower half shows the
corresponding resistance ¥s tamperature data. The Insets in each of the lower panels shows the conductance spectra
at different temperatures. Second inset in the panel {d) shows expanded view of the resistance Vs temperature at
the transition.
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persists even above the T.. The persistence of superconducting pairing correlation above T_ as well
as on the insulating side of the disorder driven superconductor-insulator transition has been observed
in the similar systems like TiN *. We observe that the samples with high disorder (kl<2, kl being
Ioffe Regel Parameter) shows the finite gap in the conductance spectra even above the T upto the
characteristic temperature T*. The gap cbserved in the spactra ahove the T, is called Pseudogap in
the high T_ superconductor literature. Magneto-resistance measurement done on the same samples
shows strong MR component upto the temperature T*. These obsenvations strongly suggest that
MbN forms psedogap state in the high disorder limit.

The existence of pseudogap state can be attributed to phase fluctuation®* where in the presence
of strong disorder system segregates into phase disconnected superconducting puddles hence no
global supenconductivity. Magneto-transport observation (Fig.2) further support the phase fluctuation
scenario where it can be seen that for most disordered film magneto-resistance persists all the way
upto T*.
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ANISOTROPIC ANGULAR MAGNETORESISTANCE IN NbN-Fe-NbN

JOSEPHSON JUNCTION ARRAYS
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In a recent letter,® we reported briefly the successful self-assembly of distributed NbN-Fe-NbN
JJs by Volmer-Weber type plaquette growth of Fe on [100] Mg0O, whose electrical connectivity is
then tailored by NbN layers of different thickness (d,,,). Here, in this paper we address how the
magnetic flux-closure domains of Fe-plaquette affect Josephson coupling between the NbN layers
through careful measurements of the angular dependence of magnetoresistance (MR).

The samples studied here consist of Fe plaquettes (~50 nm high) covered with NbN (d,,, = 10/
20/30 nm). In Fig. 1(a), the morphology investigated via scanning electron microscopy (SEM) show
formation of ~100 x 100 nm? area square Fe plaquettes covered with NbN. The intra- and inter-
plaquette NbN form JJs as shown in inset Fig. 1(a). The effect of magnetic field on the SC state of
the JJs has been investigated via angular dependence of magneto-resistance measurements. These
have been performed by rotating the direction of the magnetic field (H) with respect to the plane
of the sample as shown in the inset Fig. 1(c). One typical MR response of 30 nm Fe-NbN sample,
obtained at 6 K is presented in Fig. 1(b) along with that of a plain 30 nm NbN film. The data for the
JJs plotted for different directions of current (I, I and I ) shows two characteristic features in
stark contrast to the data for the plain NbN.

First, both I, and I show an enhanced resistance (R) when the field (3.5 kOe) is in-the-plane of
the film (6=90° and 270°), as compared to the resistance for 6 = 0° and 180°. Secondly, at 6 = 90°,
R, is much larger than R, , whereas at 6 = 270° R <<R .. In contrast, the MR response of the plain
NbN film is independent of the direction of I.

To understand this current polarity dependence, MR measurements with H rotated in the film
plane have been performed [Fig. 2(a)]. Here, ® is the angle of H with direction of I.. The average
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Figure 1. (a) SEM micrograph showing Fe nano-plaquettes covered with NbN. (b) Angular dependence of
MR for Fe-NbN (30 nm) and plain NbN (30 nm) sample.
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Figura 2. a) Angular dependlence of MR with # rotated in the film plane. (b-e) Schematic diagram of
magnetic flu¢-closure domains tansforming with field # rotated in the film plane.

response (bold line) peaks when H is perpendicular to I (& = 90° & 270°). However, the R,_ and ]
separately show large asymmetry in response at ®&=007 & 270° We beliove that the reason for this
striking behavior lies in magnetic domain structura of the Fe plaguettes.® Figure 2(b) shows a
schematic view of the magnetic flux-closure domains of one Fe plaquette in zero-field. In the
absence of external field, the individual magnetic domains are of equal strength. As the electrons
climbs up these areas into the top NbN layer, they get spin polarized. The same is the case for a
non-zero field # provided © = O° as shown in Fig. 2(c). In this case, the current travels equal areas
of /2 out-of-phase domains while entering and exiting the top NbN. Thus, we expect a fixed value
for resistance due to pair-breaking effects in NbN inmespective of the polarity of curment. Howewver,
when @ = 90° or 270* as shown in Fig. 2{d) and 2(e) respectively, the magnetic domains grew in
the direction of i at the expense of the ones with non-zero anti-parallel component of magnetization.
Thus, for Fig. 2(d), we argue that the electrons injected by I to be strongly spin polarized
(P, <P}, resulting in enhancement of R . Wheveas, the ones injected by I in this scenario are
weakly spin polarized, therefore the resistance decreases with increasing @. At @ = 270° [Fig. 2{e}],
the situation is reversed.
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ENHANCED SUPERCONDUCTIVITY AT La_Nd, Sr,.,Cu0,/ La_Sr
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BILAYER INTERFACE
P. K. Rout?, R. C. BupHanr'2

*Condensed Matter— Low Dimensional Systems Laboratory, Department of Physics,
Indian Institute of Technology, Kanpur — 208016, India.
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Cu0,

A number of recent experiments and theories have provided an insight into completely different
electronic properties at the interfaces between correlated electron systems as compared to the
properties of the parent systems. One of the unusual realizations of these effects is the interface
superconductivity at oxide interfaces [1-3]. In this report, we observe a large enhancement (~ 50
%) of the superconducting transition temperature (T) in the bilayers made up of metallic overdoped
compound La,  Sr,  Cu0, (LSCO) and stripe ordered compound La, Nd_ Sr. ._CuO, (LNSCO) as compared
to that of Nd-doped monolayer film, This enhancement in T_is due to the superconductivity in the
interfacial layer, as confirmed by our experiments. The X-ray diffraction analysis shows a layer-by-
layer growth of epitaxial bilayers on SLAO substrate with an interface roughness of ~ 1.7 nm. The
four-probe resistivity measurements show a 7_~ 13.6 K for the bilayer, which is about 4.5 K higher
than that of LNSCO, film (Fig. 1).

The temperature dependent critical current data of the hilayer can be assumed to be a combination
of two contributions: one from LNSCO layer and the other from the interfacial layer. Further
evidence for the interface superconductivity can be found out from ac screening measurements
with a two-coil mutual inductance method similar to the one described by Jeanneret et al.[4]. The
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FIG. 1. The in-plane resistivity p(7) for LNSCO (red) and LNSCO/LSCG (green) films. The inset shows p(7) for LSCO
(blue) film in addition to LNSCO and bilayer films. For clarity, the data for LSCO and bilayer films are multiplied by
a factor of 3.
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pick-up coil voltage due to screening supercurrent flowing in the bilayer clearly shows a small
transition at ~ 13.7 K in addition to the superconducting transition of LNSCO layer at 7_~ 10.3 K.
The enhanced superconductivity in these bilayers can be explained by a simple model based on the
Sr2*/Nd** ion distributions across the interface, taking into account the smearing of charges [5].
This model predicts the interface superconductivity is confined within two unit cells of LNSCO right
next to the interface.
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FIRST PRINCIPLES CALCULATIONS OF STRUCTURAL, ELECTRICAL AND
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Material designing based on artificial layered structures has generated enormous interest lately
due to the possibility of evalving extraordinary and novel functional properties which are not
necessarily present in the respactive bulk systems. In the present wotk, we report the results of
first principles caleulations of structural, electrical and magnetic properties for SfTi0,/ BiFed, (STO/
BFO) multlayer using generalized gradient appraxdimation (GGA+U} coupled with Hubbard parameter,
U = 4.5 eV. We employed the simplified, rotationally invariant appreach intvoduced by Dudarey to
include Hubbard parameter in our calculations. We started our calculations with the experimental
lattice parameters and symmetry ( Pm3m) of bulk SrTi0,. Keeping the Pm3m symmetry of bulk
ST, we stacked altemate unit cells of STO and BFD with lattice parameters identical to that of STO.
The bottom and top layers are of STO. Fig. 1(a) shows a schematic of such layer structure. For our
calculations, we chose a 40 atom V2 x ¥2 x 4 supercell constructed from the layered structure
described above. Ag. 1(b) shows the structure of the supercell considered in our calculation. The
structures with all possible spin configurations, namely ferromagnetic (FM) and A, € and G type
antiferomagnetic (AFM) spin configurations, were further relaxed such that the Hellmann-Feynman
forces are less than 0.001 eV/A and pressure values on structures are almost zero, Qur calculations
suggest G-type antiferromagnetic struchure with in-plane lattice parameters, ¢ = b = 3.8856 A i
the ground siate
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Fig. 1 () Schematic diagram of altemate layers of 5rTi03 and BiFe03 layers. (b) 2 x ¥2 =4
supercall with lattice parameters and site symmetry of SITi03 where Ti02, S, Fel2 and
Bi0 layers are stacked sequentally to resubt in STO-BR) multilayer.
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The realization of bilayer graphene (BLG), by mechanical exfoliation of graphite, has aroused
the great interest in the study of its electronic transport properties because of the tunable energy
gap and an unusual quantum Hall effect [1]. Because of the interlayer interaction, the BLG has a
quadratic dispersion with finite effective mass m of the carriers with chiral character and zero
energy gap [1]. The key property of interest is its carrier mobility for the fast electronic transport
devices. Very recently, carrier scattering due to impurity and mobility p are studied theoretically
[2,3] and experimentally [2]. If the impurity concentration can be reduced significantly, then
acoustic phonon limited mobility p__ can be significantly high, particularly around room temperature.
M, has been studied in detail in monolayer grapheme(MLG) [4]. In the present work we study
theoretically p,_employing the Boltzmann transport theory [5] considering the 2D carrier interaction

with 2D acoustic phonons (of wave vector q and energy w, via deformation potential coupling in
BLG [6].

In Bloch-Griineisen (BG) regime g<< 2k, (k, =\Tm is the Fermi wave vector and carrier
concentration n) and w=k,7. Then mobility is given by p, (BG)=[2et?/2 ©p"s"%?]/
[m?D?(k T)4!C(4) where, D is the deformation potential coupling constant, {(n) is the Riemann
Zeta function. In equipartition (EP) regime, scattering is quasi elastic, ~w <<E(Fermi energy), and
the phonon distribution function NgH=Ng+1 H=k,T/ w,, . (EP)=(2.545mep *vZ)/(4m?D?k,T).
For illustration we use the following graphene material parameters: m=0.033m_, p=7.6x10° cm?,
v=2x10°cm/s and D=20 eV. u_(BG) ~ T and n*? as compared to p_(MLG) ~ T * and n*2 [4].
M.~ T*is a manifestation of 2D nature of acoustic phonons and y_~ n*? is the result of parabolic
nature of the carriers dispersion. However, in conventional 2DEG p_~T* and n*2. The ratio
M. ( BLG)/ W_(MLG)= (T 2n)/( m?v?) which gives ~ 0.4 for n=1x10'? cm?,

In EP regime, interestingly, momentum relaxation time T1(£,) is independent of energy and it is
attributed to the constant density of states of the carriers in BLG. y_~ T, which is same as in MLG
but it is independent of n in contrast with n*/2 in MLG [4]. We calculate Hall mobility p, using Eqn.
(37) of Ref.[5]. In Fig 1 we compare Hall mobility p_vs T with those due to ionized impurity

lf-.;.qm'p.u:. ] )
wr —“'__I-.”I-‘T - mu....-. - L 45 - PR .
_TI; Bt ramge disard R ? IR
L S 4 $ § wmssan I
E E
& ! =
= Futal g MF msimiimrimrsmicainmacmie 3
b0yl em 1
(L] r -H 4
-——— ' »
LY
Exper tal
n 4 P Y A L [ P 1
e
(L] 150 1] (™Y W &
T(K) w(10%em’)
Fig 2. Hall mobility p vs temperature T. Fig. 2. Mobility p vs Carrier Concentration
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scattering and short-range disorder [3] and experimental data [2] for n=3.19x10% cm.It is to be
noted that p, and p are same for acoustic phonon and shortrange disorder scattering as their
relaxation times are independent of energy. It is found that, the mobility due to disorder dominates.
The resultant pis obtained using Matthiessen’s rule. We note that no quantitative agreement is
obtained with the chosen reasonable parameters. We also note that, in EP regime, chiral character
of the carriers reduces the mobility by factor 2. In Fig.2 we compare our calculated results of p_vs
n with those due short-range disorder scattering and ionized impurity and at 300 K. Former two are
independent of n and short range disorder dominates for the range of n considered.
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X-RAY REFLECTIVITY STUDIES ON ION BEAM SPUTTERED 5i/
CoFeB(6nm)/Mg0(3nm) AND §i/MgO(3nm)/CoFeB{6nm) BILAYERS FOR
SPINTRONIC APPLICATIONS
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The Mg0 and CoFeB have emerged important materials in magnetic tunnel junctions{MTJs) [1].
with CoFeB acting as ferromagnetic (FM) elactrode and Mg as insulating barrier, The tunnel
magneto resistance {TMR) in these systems is sensitive to the quality of the insulating barrier, FM
electmde, interface between FM slactrode and barrier, ete. In the present work, we have deposited
bilayers of 5i/MgO{~3nm}/CoFeB{~tinm}, 5i/CoFeB{~6nm)/MgO{~3nm) on n-type silicon at room
temperature {RT} using fon beam sputtering technigue. The working pressure fs maintained at
1.3x10* torr and the base pressure was Bx107 tom. The x-ray reflectivity (XRR), being a non-
destructive and powerful tool to study the interfaces of buried layers in multi layer thin films have
been used to investigate these bilayers.

The oxidation of Mg to form Mg0 is done in three different methods; {a) Ion assisted growth of
Mg0 (SCM-1, SMC-T) (b) Reactive sputtering of Mg (SCM-R, SMC-R), and {c) Post oxidation of ultra
thin Mg in oxygen environment (SCM-PO, SMC-PO), Figure 1a and b show simulated and experimental
XRR profiles an two fon beam sputterad 5i/CoFeB/Mg0 stacks in which Mg0 is formed by post
oxidation and reactive sputtering, respectively. This simulation yields the insight {(at atomic level)
1o the irterface in these nanometric bilayars, Detailed resulis will be prasented during the conference.
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Fgure 1a: XRR profile of SCM-PO Fgure 1b: XRR profile of SCH-R
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Graphene, single atomic layer of hexagonal carbon atoms, has become a potential candidate for
future electronics because of its unusual electronic properties. In particular, extensive research on
single and bilayer graphene (BLG) has led to significant improvement in both material properties, as
well as fundamental understanding, for nanoelectronic applications. A distinctive feature of single
layer graphene is the linearly dispersive energy bands, which in case of multilayer graphene become
parabolic. Other than the quantum Hall effect, this distinction has been hard to capture in electron
transport. Carrier mobility of graphene has been scrutinized, but many parallel scattering mechanisms
often obscure its sensitivity to band structure. The flicker noise in graphene depends explicitly on
its ability to screen local potential fluctuations. Here we show that the flicker noise is a sensitive
probe to the band structure of graphene that vary differently with the carrier density for the linear
and parabolic bands. We have used seven different types of graphene field effect devices in our
experiments which include exfoliated single and multilayer graphene on oxide substrate, freely
suspended single layer graphene, and chemical vapor deposition (CVD)-grown graphene on Si0, We
find this difference to be robust against disorder in the presence or absence of substrate. Also, an
analytical model has been developed to understand the mechanism of graphene field effect transistors.
Our results reveal the microscopic mechanism of noise in Graphene Field Effect Transistors (GraFET),
and outline a simple portable method to separate the single from multi layered devices.
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The study of co-existence of singlet superconductivity and ferromagnetism is one of the most
fascinating and challenging area of resaerch since both the phenomenon are antagonistic to eachother.
However, the coexistence can be easily achieved in artificially fabricated superconductor-ferromagnet
heterostructures and these systems offer unique opportunities to study the interplay beteween two
competing order parameters and to conceive novel quantum states. Our investigations on different
superconducting(S)/ferromagnetic(F) heterostructures fabricated by pulsed laser deposition reveal
an intense suppression of superconductivity due to the magnetic proximity effect and the injection
of spin polarised quasiparticles from the F electrode. The current dependent transport studies
exhibit a significant reduction of the superconducting T_in the S/F bilayers as compared to single S
layer and strictly adhers in accord to I** de-pairing effect. Surprisingly, the superconducting T_in
YBa,Cu,0, ./ La Sr,.Co0, bilayers is observed to be much lower as compared to YBa,Cu,0, ./
La, ,Sr,,Mn0, ones. This point to the fact that in addition to the spin polarisation of the ferromagnetic
electrode, other factors such as (a) interfce transparency (b) magnetic domain state and (c) the
stray field associated with the F layer might play important role in tuning the S order parameter.
Magnetotransport studies reveal a remarakable reduction of activation energy (U) and a logarithmic
dependence of “U” on the applied magnetic field in S/F heterostrctures. This signifies the signature
of the existence of decoupled 2D pancake vortices that can arise from the weakening of the S
coherence length (§) due to the presence of F layers and the dominance of intralayer vortex-
vortex interaction over the interlayer one. In contrast, the low field ac susceptibility study on
YBa,Cu,0, /La ,Sr, ,MnO, bilayers reveals stronger pinning and the temperature dependent critical
current is found to be less susceptible to temperature. Moreover, we also observe an enhancement
of H_ in YBa,Cu,0, /La .Sr, .MnO, bilayer as compared to single Ba,Cu,0. ; layer.
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EXCHANGE INTERACTION PARAMETERS IN Co/Pd MULTILAYERS
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Magnetic structures with artificially created periodicity have attracted much attention because
of their interesting magnetic properties and applications. Interlayer exchange coupling in magnetic
multilayers has also attracted much interest since its discovery [1]. In particular, Co/Pt and Co/Pd
multilayers have been extensively used for high-density magneto-optical storage media because of
their high interface-induced perpendicular anisotropy, high coercivity, and high squareness [2].
Several groups have been reported that Co initially grows in face-centered cubic (fcc) structure on
Pd(111), which facilitates the coherent growth of the Co/Pd(111) multilayers [3]. We present the
magnetization and exchange interactions of dense-packed Co/Pd(111) multilayers. The calculations
of electronic structure, magnetic moments and exchange interaction are based on ab-intio spin-
polarized electronic structure calculations using the linear muffin-tin orbital (LMTO) method within
atomic sphere approximation. A striking feature of the calculations is the large magnetic moment
of Co atom compared to the bulk Co atom. The Pd atom couples ferromagnetically to the Co atom
at the interface and has a moment of about ~0.25u, per atom. The reason for large Co magnetic
moment at the interface is due to strong 3d-4d hybridization. The interatomic exchange interaction
between nearest and next-nearest neighbor (J,) are calculated in the Heisenberg approximation. —
This research is supported by DST (India) through the India-EU collaborative project “DYNAMAG”,
INT/EC/CMS(24/233552), and through Nano Mission, SR/NM/NS-20/2008.
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Organic-inorganic hybrid nanocomposites are attracting extensive interest for electronic and
optoelectronic device applications. In-situ synthesis of nanoparticles in polymer without the
involvement of any surfactants improves the polymer-nanoparticles interface, which facilitates
efficient electronic interaction between them. In the present study nanoparticles of cadmium
telluride (CdTe) were directly synthesized in poly(3-hexylthiophene) (P3HT) matrix without use of
any surfactant. The success of the formation of nanocomposites was confirmed by the optical and
structural analysis. Optical studies suggest that CdTe improves the interchain-interchain interaction
in P3HT. Photoluminescence (PL) quenching has been observed for the nanocomposite films, which
suggests CdTe nanocrystals, are bound with P3HT via dipole-dipole interaction and form a charge
transfer complex (CTC). The nanoparticles of CdTe works as transport bridge between two polymer
chains, which facilitate percolation pathways for electron transport. Therefore, enhancement in
current density was observed for the bulk heterojunction (BHJ) device of P3HT-CdTe nanocomposites
blended with PCBM. A noticeably high open circuit voltage (V) of 0.80 V was obtained from the
BHJ device due to the increase in the energy level offset between the lowest unoccupied molecular
orbital (LUMO) of the acceptor and the highest occupied molecular orbital (HOMO) of the donor.
However, the Fill Factor (FF) was significantly lower, which limited the observed efficiency to
0.79%.
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In the fractional quantum Hall effect (FQHE) [1] regime current propagates along the edges of
the two-dimensional-electron gas (2DEG)} via chiral edge modes with a chirality dictated by the
applied magnetic field [2]. For some fractional states (the so called holes-conjugate states), such
as Ye<v,<1 of the lowest Landau level and in particular u=2/3 {(where u, is the filling factor) early
predictions suggested the presence of counter propagating modes on each edge of the device [3,4]
- a downstream mode with the expected chirality, and an upstream mode with an opposite chirality.
Since experiments could not find the upstream propagating edge modes [5], Kane & Fisher suggested
[6] that in the presence of disorder and interactions edge reconstruction may take place resulting
in charge modes accompanied by neutral modes - with the latter carrying only energy. Moreover, a
neutral upstream Majorana mode was also expected for selected wavefunctions proposed for the
even denominator state u, =5/2 [7,B].

Here we report on the direct observation of upstream neutral modes in bulk filling factors
um2/3, um3/6, u=s/3 & u=5/2[9]. Thiswas done by allowing these modes to be partitioned by
a quantum point contact {0PC) constriction and by measuring the resulting shot noise. We observed
the following effects: {a) When only the neutral mode was partitioned, no net cumrent was datected
at the measuring amplifier, however shot noise proportionate to the voltage applied on the injecting
contact was detertad. {b) When simultaneously partitioning a charge mode and a neutral mode, the
presence of the neutral mode affected significantly the charge and the temperature of the tunneling
quasiparticles of the partitioned charged mode,

These phservations unambiguously point towards the existence of upstream neutral modes. [n
particular, for the um5/2 fractional state, this observation may single out the non-abelian
wavefunctions for the quasiparbicies.

\% (a1) (h)

Figl. {a} Bxrcess noise and {b) electron temperature of quasiparticles of charge mode as a
function of neutral mode current in filling factor n=2/3.
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Quantum Hall effect (QHE) is one of the most fascinating quantum phenomena in condensed
matter physics that occur on truly macroscopic scale in two dimensional electronic systems (2DES).
A very unusual QHE was discovered in one atomic thick sheet of carbon atoms called graphene. It
provides an unambiguous evidence for the existence of Dirac fermions in such a system, as well as
for an additional zero-energy Landau Level, in contrast to conventional 2DES [1]. Understanding
the electronic properties of graphene near the charge neutrality point (i.e. within a Fermi energy
range where both electron and hole coexist) in high magnetic field is topic of current interest [2].
In this talk, I will first discuss our recent high field magneto transport measurements in disordered
graphene, where the presence of electron and hole puddles leads to a mesoscopic inhomogeneous
local doping of the sample [3]. Away from the charge neutrality point, Hall resistance plateaus at
filling factors i = 2; 6; 10 etc. as well as a vanishing longitudinal resistance is observed, which
constitute the hallmark of the QHE in graphene. In the close vicinity of the charge neutrality point,
the system breaks up into many small hole-doped or electron-doped pools, leading to an overall
vanishing Hall resistance. Large resistance fluctuations are observed, with maximum amplitude
when the magnetic length is comparable with the mean size of the electron-hole puddles. I will
then discuss transport measurements of annealed graphene and address the role of disorder on QHE
in high magnetic field. In contrast to clean graphene devices, high field transport studies reveal a
non conventional behavior, namely a decrease of the Hall resistance from the quantized Hall
resistance value at v = + 2 [4]. Fading of QHE at v < |+2| has been studied for different carrier
densities and disorder levels. It is noticed that the disorder rate drives the magnetic field induced
modification of the relative electron and hole densities by providing occupied electronic (hole)
states below (above) the Fermi level. These states are formed due to the local potential fluctuations
in the sample and are responsible for the unexpected transport properties in high magnetic field.
In the last part of my talk, I will briefly discuss first experimental observation QHE in trilayer
graphene.
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ELECTRON TRANSPORT IN BILAYER GRAPHENE IN PRESENCE OF
ELECTROMAGNETIC POTENTIAL BARRIERS AND ITS POTENTIAL APPLICATIONS
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The dispersion relation for electrons near the fermi level for a graphene bilayer is very different
from that of a monolayer graphene. Moreover, by applying a bias voltage it is possible to create and
tune a gap at the fermi level for such bilayers. This control over the gap near the fermi level allows
us the flexibility to block/allow Klein tunnelling or tune conductance in different ways. Given this
context, we evaluate the transmission and conductance through combinations of magnetic barrier
structures and electrostatic potential barriers in biased bilayer graphene as well as in monolayer
graphene and compare the two cases. The results contrast sharply for the two cases. We shall
particularly show how an optical analogy can be used to understand various transport regimes in
bilayer graphene. By exploiting this analogy, we also suggest practical devices akin to optical
structures such as waveguides, resonant cavities and Bragg reflectors.
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We present the structural, transport and magnetic properties of phase separated manganite
L2, oz P03, o, MO, (LPCMO) with y = 0.275 epitaxial films of 30, 50 and 100 nm thickness grown
on (110) orientated SyTT0, substrate with 20 nm of NdGa0, as a buffer layer. The relaxation behavior
of LPCMO has heen investigated through resistivity and magnetization measurements, which shows
a slow relaxation. This relaxation follows a logarithmic dependence and decrease in the resistance
indicates the evolution of the sample to a more ordered state with time. Above the metal to
insulator transition (T_) the magnetization is decreasing with time while it increases below the 7.
As the film thickness is increased, the strain relaxes {~ 1.0% for 100 nm thick film} and the lattice
parameter of the film approaches to the bulk value of 0.384 nm [1]. In resistivity p{7) plots the
effect of this strain can be seen as a shift in the metal to Insulator transttion, as the thicker films
have higher value of T.

Mn0, THIN FILMS

Sub (110)

Intensity (A.U.)

30 31 32 33 34 35
20 (Degree)
Fig.1: The B-28 x-ray diffractian patbern far varying thrickness of LPCMO film, which clearly shows the

30 nm thin film has the smallest c-axls latHce parameter (~0.372 nm} and as the thickness 1s increased,
it approaches close to bulk lattice parameter (~0.384 nm}.
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Temperature dependent Raman spectroscopic studies on NH_HS0, single crystal were camied out
in the temperature range 298-77K. A phase transition from paraelectric to ferroelectric phase was
observed around 263K which is second order in nature. The second phase transition from ferroelectric
to piezoelectric phase was observed around 143 K which is first order in nature. The spectral data
are used for describing the nature of structural disorder to order transition across the transition
point leading to phase transition in NH,H50,. NH,HS0, is an acid sulfate which exhibits phase
transition at low temperature [1]. The room temperature crystal structure of NH,H50, is monoclinic.
The structure contains twe types of chains of crystallographic NH,HS0, urits where H30, ions are
connected with short 0-H...0 hydrogen bonds and forming one dimensional long polymeric chain.
One chain contains disordered structure of HS0, ion with disorderness in oxygen position and other
chain with ordered HS0, chain structure. Interestingly, after phase transition the disorder chain
structure becomes ordered with lower triclinic symmetry. Since one of the HSD, ion which involved
in polymeric hydrogen bond chain is disordered at 0 and H oystallographic sites so it 15 of imterest
to study the internal vibrations of various molecular units as a function of temperature in order to
understand the mechanism of change in polarization and the dynamics of structural phase transition
[2.3]. Good quality single crystals of NH HS0, were grown by slow evaporation from agueous
solution containing equimolar quantities of the (NH,),50, and H50, at 313K,

The temperature evolution of the Raman specira of NHHSO, were recorded in the 180°C
backscattering geometry, using a 532 nm axcitation from a dlode pumped frequency doubled Nd-
YAG solid state laser. Laser power at the sample was ~8 mW, and a typlcal spactral acquisition time
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Plgune.1: (a) Temperatune evolution of u_, and v, made frequencies in the range 300K-77K,
(k) Temperature dependent fwhm of u_, modes in the temperature range 300-77 K.
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was 1 min. The spectral profile was fitted using Lorentzian functions with the appropriate background.
Here we report the dynamics of HSO, and the motion of crystal lattice during the phase transition
using low temperature Raman spectroscopy which gives an insight into the structural changes,
anomaly in polarization and disorder associated with NH HSO, crystal. To elucidate we are presenting
here some of the characteristic changes observed in the Raman spectra.

The phonon mode at 1033 cm™ corresponds to symmetric S-0 stretching of ordered HSO, unit
and its disordered counterpart at 1014 cm™ and at 1028 cm™. Disordered mode weaken with
decrease of temperature up to first transition temperature T (263K) and show disappearance at
second transition temperature Tc, (143K). Similarly phonon modes at 880 cm™ and 887cm™ which
are assigned as symmetric S-OH stretching (USOH), show anomalies in frequency at Tc,. These
changes are shown in Figure 1(a) and (b). In the case of uS-0 modes we observe a strong anomaly
associated with the disorder in the chain. There is a large increase in the full width at half maxima
(FWHM) of the mode [see Fig.1(b)] associated with S-0 stretching showing a large disorder across
the transition. Along with the above remarkable changes we also observed the splitting of bending
modes around 450 cm™ and 580 cm™. These changes in Raman spectra and their implication will be
discussed.
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Magnetic nanoparticles offer some attractive possibilities in biomedicine. Firstly, They have
controllable sizes ranging from a few nanometer up to tens of nanometers, which places them at
dimensions that are smaller than or comparable to those of a cell (10-100pum),a virus (20-450nm),
a protein (5-50nm) or a gene (2nm wide and 10nm long) . In the present study, cobalt nanoparticles
have been synthesized by PLA of highly pure cobalt slice in aqueous medium of 5 mM sodium
dodecyl sulfate (SDS). The focused output of 1064 nm wavelength of pulsed Nd: YAG laser operating
at 40 mJ/ pulse, 10 Hz was used for ablation. The optical property of the magnetic colloids was
studied by UV-visible absorption spectroscopy and magnetic characterization by vibrating sample
magnetometer (VSM).

Fig. 1 represents the absorption spectrum of colloidal nanoparticles. The spectrum reveals a
peak at 289 nm and another peak at 230 nm.

Fig. 2 represents tauc plot of as synthesized colloidal cobalt nanoparticles in SDS.It has observed
that band gap of colloidal cobalt nanoparticles is 4.77eV.

Magnetic measurements of the cobalt nanoparticles were performed using VSM at room
temperature in the field range from -1500 to 1500 Oe. The typical M-H loop is presented in Fig. 3.
The inset of Fig. 2 shows the value coercivity is ~92 Oe and the saturation magnetization is ~ 0.40
emu/g, are much smaller than that of bulk. Similar types of results reported by Chen et al[1]. The
low value of coercivity may be partially induced by small cobalt nanoparticles under the critical size
of superparamagnetism. A material with a low coercivity is useful in microwave devices, magnetic
shielding, transformers, and recording heads.
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Figure 1 UV-visible absorption Figure 2 Tauc plot for of as Figure 3: Room temperature M-H
spectrum of as synthesize cobalt synthesized Cobalt nanoparticles curve of as synthesize cobalt
nanoparticles in 5 mM SDS nanoparticles in SDS
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We describe a simple experiment, along with theoretical justification on thickness dependent
surface plasmon resonance study on Ag nanostructured films of varying thickness (20-100 nm).
Using a catalyst-free thermal evaporation method, different thicknesses of Ag films were deposited
on the hypotenuse face of a right angle prism. A plane polarized light beam {obtained from a 2 mW
He-Ne laser, A=§32.8 nm) was incident through the prism on the back of the metal film. At an
angle of incidence, a few degree greater than the critical angle for the total intemnal reflection, a
sharp minimum in the reflected light intensity is observed owing to the excitation of surface
plasmons. The minimum reflectivity pattern is assigned to the strong absorption response of the
surface plasmons excited in the Ag films. A comelation between the full width at half maxima
{FWHM) along with thickness variation will be discussed.
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Fig. : A scheme of plasmon resanance using right angle prism.
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Thickness dependent electronic transport properties of amorphous diamond-like-carbon (DLC)
films prepared by plasma-beam ion-injection deposition (PBIID) method has been reported. The
thinner film, DLC1 (90nm thick) shows metallic behavior above 200K and a metal- insulator transition
occurs below this temperature. The thicker film DLC2 is, however, a semiconductor over the temperature
range 80-300K showing large increase of resistivity below 150K. The scanning electron micrographs
and Raman spectroscopic studies revealed the presence of nanometer size diamond-like crystals
embedded in the amorphous matrix. Presence of larger number of such nanodiamonds in DLC2
along with larger sp®/sp? ratio observed from XPS study can be attributed to the higher resistivity
(~10% ohm cm) of DLC2 compared to that of thinner DLC1(~10* ohm cm). Low temperature
semiconducting behavior of the thinner film can be explained by Mott variable range hopping (VRH)
model while the resistivity of the thicker film is found to follow Mott small polaron hopping (SPH)
model in the high temperature range.
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In the present study bulk compound of Bi,Te_has been grown by vertical directional solidification
(VDS) technique using high purity Bi and Te (99.999%pure) materials. Thin films of Bismuth
telluride have been deposited on to single crystal of NaCl and glass substrates at different deposition
conditions using thermal evaporation technique under high vacuum technique. The thickness of the
thin films was maintained between 55nm-65nm. X-ray diffractrometry technique was utilized to
identify the phases present in the as deposited films. Surface morphology of these films has been
investigated by using scanning electron microscope (SEM). Compositional elemental analysis of the
films was determined by energy dispersive spectrometer (EDS) in order to identify the stoichiometry
of the films. Electron diffraction technique was used to confirm the presence of phases and the
nature of the films. The Van der Pauw and Hall measurement technique were use to calculate the
resistivity, mobility, conductivity, carrier concentration and charge carrier type in the films. Thin
films deposited onto glass substrates have been utilized to study the electrical parameters. In the
present investigations efforts have been made to study the microstructural features associated with
bismuth telluride films prepared at different deposition conditions and correlated these structural
details with the electrical properties.
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Zinc axlde (InQ} is one of the most promising materials for the fabrication of optoelectronic
devices operating in the blue and ultra-violet (UV) reglon, owing to its direct wide band gap (3.37
e¥) and large exciton binding energy (60 me¥). On the other hand, Zn0 is a2 commercially available
material with advantages of low cost, nomtoxicity and high chemical stability. Ternary ZnCd0
semiconductor has great potential applications in short-wavelength optoelectronic devices. To
fabricate optical devices such as laser diodes, band gap engineering is necessary and ZnCd0 is
regarded as an ideal material for Zn0-based devices. By alloying Zn0 with Cd0, which has a cubic
structure and a narmower direct band gap of 2.3 e¥, the band gap of ZnO can be red-shifted to blue,
ot even green light spectra range. Moreover, the incorporation of Cd into ZnD is very useful for the
fabrication of Zn0/Zn,_Cd O hetercjunctions and superlattices, which are the key elements in Zn0
based light emitters and detectors [1-3].

In this work, we have successfully deposited the Zn,,(d .0 thin films by electro deposition
method on ITO substrate and to characterize them for structural, morphological and optical properties.
X-ray diffraction pattern of Zn_,,Cd 0 thin films in as grown state and annealed at 400°C, 500°C
and 600°C are shown in Fg. 1. The X-ray diffraction study revealed that Zn _Cd 0 films exhibit a
wurtzite structure with a strongly (002) prefemred orientation of their crystallites. The effect of
annealing temperature was studied on these films and 1t has been found that decrease in crystalline
size results increase in cadmium concentration indicating the incorporation of cadmium in zing
axide lattice. Nanoflakes, emtangled nanarods, and hexagonal faced nano pellets type nanostructures
are synthesized hy this electrodeposition method as shown in SEM images {Fig. 2). The presence of
tadmiym s confirmed by EDX analysis and effect of annealing is obsenved for the Zn _Cd 0 films,
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Fg. 1: XRD pattem of Zn0.75Cd0.250 thin films in as grown state and annealad at 400*C, 500°C and 600*C
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Fig. 2: SEM images of Zn_ Cd_ . 0 thin films annealed in air at 400, 500 and §00°C.

Moreovar, the optical band gap of the films, determined from UV-Vis spectroscopy data, are
found to be 2.38, 3.67 and 3.43 eV for 400, 500 and §00°C annealed films.

REFERENCES
1. 1L Je &. Wang, X. Han, Q. Yu, Y. Liaa, G. Li, J.G. Hou, Chem. Phys. Lett. 387 (2004) 466,

2. H.P. Tang, L.P. Zhu, H.P. He, ZZ Ye, Y. Zhang, M.J. Zhi, ZX. Yang, B.H. Zhao, TX. Li, 1. Phys. D Appl. Phys. 39
{2006) 2696.

3. H.F. He, H.P. Tang, Z.L Ye, L.P. 7hu, B.H. Zhao, L. Wang, X.H. U, Appl Phys. Lett. 90 {2007) 023104.

1



PF-9
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In the recent past, the nanomagnetic materials have gained remarkable scientific interest
owing to their irterasting properties and a variety of applications [1]. The high coercivity of these
magnetic nanoparticles makes them interesting for applications in the fields of high-density magnetic
media, recording color imaging, ferofluids, high-frequency devices and magnetic refrigeration [2,
3]. The surface ta volume ratio of these nano-magnetic materials s very large as compared to the
bulk due to which they exhibit unique properties such as spin canting, surface anisotropy,
superparamagnetism, ete, [4]. Nickel and zine are known to have strong preferencs for the tetrahedral
and octahedral sites, respectively, making nickel ferrite a madel inverse ferrite and zinc ferrite &
model normal ferribe, Howewer, the composite Ni-Zn ferrites are known to edst as mied spinel
structure, The compositional variation in these ferribes results in the redistribution of metal ions
over the tetrahedral and octahedral sites, which can modify the praperties of ferrites,

The properties of farrite materals are known to be strongly influenced by thefr compasition and
microstruchura that in turn are sensitive to the processing methods used to synthesiza them. In an
attempt to prepare high performance ferrites with reproducible stoletiometric compositions and
desired microstructune, the presant work alined at preparing Zn-Mi ferrites using the sol-gel method.
The sal—gel techniques for ferrite synthesis have been proved to be more convenient, since the
ferrtte powders with nano-sized particles can be formed directly from combustion of dried in alr
[5]. In the present study, we use the sol-gel method to synthesize the reactive nano-sized powder
in order to lower the sintering temperature of Zn-M ferrite. In this paper, we report on the synthesis
and structural characterization of Zn, _J#HNF‘!,!!I]4 ferrftes {x = 0.2, 0.5, 0.6 & 1.0}.

To synthesis the Zn-Ni ferrite powders with compositions of Zn, NiFe,0, {x = 0.2, 0.5, 0.6 &
1.0} via by sol-gel methed, the appropriate amount of nitrates was first dissolved into ethylene
glycol to form a mixed solution. Then, the mixed solution was poured into a dish and heated firstly
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Fig.: X-ray diffraction pattem of Zn, Ni Fe,0, {x = 0.2, 0.5, 0.6 & 1.0) nanoparticles.
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at 70°C under constant stirring to transform into a dried gel and then finally heated at 100°C to get
brown color ferrite powder. The phase identification was characterized by Rigaku X-ray diffractometer
(XRD).

By the XRD analysis, it has been found that all the samples are formed in pure phase corresponding
to Zn_Ni Fe,0,. Moreover, the shifting in the XRD peaks indicates that the lattice parameters
change with the Ni concentration. We have calculated the lattice parameters for all the samples and
it has been found that lattice parameters decrease with increase in Ni concentration. The particle
size, calculated by Schreer formula using X-ray data, is found to be ~ 12 nm. Furthermore, the
magnetic studies of these samples are under progress.
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EVOLUTION OF KOSTERLITZ THOULESS BEREZINSKII (KTB) TRANSITION AND
LABUSH PARAMETER IN ULTRA THIN NBN FILMS
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We will present detailed experimental study on Kosterlitz Thouless Berezinskii (KTB) transition
and vortex pinning by measuring Labush Parameter in presence of magnetic field in ultra thin
superconducting NbN films[1]. To explore the KTB transition we have measured the superfluid
density, normal carrier density and resistivity of a set of ultrathin NbN films and performed I-V
measurents on a set of strip lines of NbN films. Our results show that while the ground state values
of A(0) and A(0) are well described by Bardeen-Cooper-Schrieffer (BCS) theory, at elevated
temperatures, films with thickness <10nm show sudden drop in superfluid density associated with
the Kosterlitz-Thouless-Berezinski (KTB) transition close to T. Although the sudden drop started at
higher superfluid density expected from 2-D XY model, the nature of transition is well describe by
considering the low vortex core energy [2] and slight inhomogeneity in the system. We have
measured the Labusch parameter, the average vortex pinning force (Lexp) for another set of ultrathin
films. The observed change in L,, with increasing vortex density and temperature will be discussed
in details.
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LOW TEMPERATURE SUPERSPIN GLASS LIKE MEMORY EFFECTS IN
La,Ca,,MnO, NANOMANGANITE
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Interesting low temperature memory phenomena have been observed from equilibrium and out
of equilibrium magnetic measurements on the La ,Ca ,MnO, type nano-manganite system The
observed phenomenon were screened for atomic spin glass (SG), super spin glass (SSG), cluster
glass (CG) and superparamagnetic (SPM) behavior. The result shows evidences of superspin glass like
behavior at low temperature (<40K) in this manganite system consisting of ferromagnetic
nanoparticles. Between 40K and ferromagnetic Curie point T~238K, a ferromagnetic cluster glass
state emerges with a weaker interparticle interaction than the SSG phase. The dynamic susceptibility
shows both chaos and memory effects, first reported in this system. Moreover, we have also noticed
asymmetric response with respect to temperature change protocol. The origin and nature of the
low-temperature superspin glass state for the present system are discussed within the framework of
hierarchical organization of metastable states.
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MICRO STRUCTURAL FEATURES ASSOCIATED WITH THE THIN FILM OF
TIN OXIDE SYNTHESIZED BY THERMAL EVAPORATION TECHNIQUE AT
DIFFERENT DEPOSITION CONDITIONS.
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In the present study thin films of tin oxide have been deposited on to single crystal of KCl and
glass substrates at different vacuum conditions using thermal evaporation technique. The thickness
of thin films was maintained between 90nm - 100nm. As deposited films were annealed at different
temperatures and for different time periods. X-ray diffraction technique was utilized to identify the
phases present in the deposited as well as annealed films. Surface morphology of these films has
been characterized by using scanning electron microscope (SEM). Compositional elemental analysis
of the films was determined by energy dispersive spectrometer (EDS) in order to identify the
stoichiometry in the films. Micro structural features present in the deposited as well as annealed
films were recorded under high resolution transmission electron microscope (HRTEM). Electron
diffraction technique was used to confirm the presence of phases and the nature of the films. Thin
films deposited onto glass substrates have been utilized to study the electrical parameters. In the
present investigations, a structure property correlation has been established.
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CMOS COMPATIBLE SILICON NANOWIRE ARRAYS FOR CHEMFET AND BIOFET
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Nanotechnologias are creating new nano-dimensional materials and devices that find diverse
applications in the felds like medicine, electronics, and energy production, With the increasing
spread of knowledge, healthcare is in focus which includes eary disease diagnosis, drugs discovery,
ete, For these applications specific and sensitive detaction of various biological and chemical
species beromes erucial. Among various nano-materials, nanowire (NW) based hio-chemical sensors
are most exploited for the purpose. The NW sensors work oh the principle of Reld Effect Transistor
{FET} where charge associated with the chemical and biological species attached an the nanowire
surface acts as the chemical or hio-gate, hence the devices are also termed as CHEM-FET or BIDFET.
For such sensing applications different metallic {Pd, Cd, Mo, Au, Ag, Cu) [1], metal exides [2] and
semiconductors nanowires [3-5] have heen realized using varfous techniques. These processes can
be categorized In two categories, one is “bottom-up™ approach where, the self-assembly of small
sized structures forms langer strurtures [3] using chemical vapour deposition (CYD), electro-deposition
and other techniques. The other is “top-down™ approach where, the large systems are reduced to
smaller sizes to produce mult-functional nano-structures [4, 5].

This paper presents CMDS compatible silicon process technolegy to realize silicon nanowires in
array format, with cross-sectional dimensions < 50nm and length in tens to hundreds of microns.
The devices have thin silicon oxide cover on nanowires as the gate dielectric. The two ends of 51 NW
are integrated with silicon pads which are connected to metallic imter-connects and pads that allow
interface to macrescopic instruments. The chips can be built with integrated fluidic channels or
open reserviours for the easy dispensing of analytes. A typical SEM image of a nanowire chip is
depicted in Ag 1. The sensitivity of such devices depends on various facts like cross-sectional
dimensions of the nanowires, conductivity/ doping of the NW, dielectric thickness and surface
modification to attach the analytes under investigations.

Various bio-chemical applications results using these sensors lile DNA sensing [6] for Single
Nucleotide Polymorphisms (SNP) and Heterozwgous SNPs detection; analysis various jons like H*

!
|

= ab gl
Figure1: (a) SEM image of the sensar chip showling sllicon nanowlres in an armray spaced at 2fm and

with individual contacts {b) TEM image suggesting rectangular cross-section of the nanowire
{c) Magmified angular SEM image of the armay.
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(pH), alkali metal ions (Ca?*, Mg?, Na*, K*) [7]; Cu®, Zn%*; bio-electricity detection from cells and
organs [8], etc. will be presented. The process technologies used to realize such devices are
reproducible and are suitable for mass production. Details will be discussed.
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We report the effect of oxygen vacancy and substrate induced inhomogeneous compressive
strain which leads to quenched disorder, on the magneto-electrical properties of polycrystalline
Sm,,.Sr, .MnO, (SSMO) thin films. Polycrystalline SSMO thin films (~100 nm) was prepared on
single crystal LAO (001) substarte at ~200 °C by spray pyrolysis technique with post deposition
annealing at 1000°C for 12 hrs. Quenched disorder was controlled by varying the annealing conditions.
One set of films was annealed in air and slowly cooled to room temperature. The second set was
quenched after air annealing and the third one was slowly cooled after annealing in flowing oxygen.
All the films are highly textured and are under mild compressive strain. The paramagnetic-
ferromagnetic (PM-FM) and insulator-metal (IM) transition occurs at T /T ,~164 K in the air annealed-
slow cooled films, which is higher than that for the corresponding single crystals (T /T,,~130 K). In
contrast, T/T, of films annealed in oxygen is reduced to ~135 K. The films annealed in air and
quenched shows the lowest T /T . The variation of the magneto-electrical properties is attributed
to the coupled interplay between the substrate induced strain and oxygen vacancies. The first order
IM transition observed in SSMO single crystals is transformed into non-hysteretic and continuous
one in the oxygen vacancy ordered films. The large enhancement in T /T, observed in films annealed
in air has been explained as a consequence of correlated quenched disorder caused by the coupled
effect of spatially nonunifrom strain and ordered oxygen vacancies. Correlated quenched disorder
leads to enhanced PM-FM and IM transitions, while uncorrelated quenched disorder results in a
decrease in T/T,,. The electrical transport mechanism also confirms the influence of quenched
disorder in these films.
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IMPACT OF THICKNESS ON MAGNETIC PHASE COEXISTENCE AND
ELECTRICAL TRANSPORT IN THE VICINITY OF MULTICRITICAL POINTS IN
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Nd, SrMnO, (NSMO) possesses several boundaries on the x-T phase diagram separating
paramagnetic (PM), ferromagnetic (FM), antiferromagnetic (AFM) and charge/orbital ordered
(CO/00) phases. NSMO possesses strong phase coexistence in hole as well as electron doped regions
of the phase diagram and there are two important regions in the vicinity of x=0.5 and x=0.63 that
contain multicritical points. At x~0.5, NSMO undergoes simultaneous PM-FM and insulator metal
transition (IMT) at T=250 K that is followed by transition to a charge ordered insulating (COI)
phase at T, =150 K, which is accompanied by a real-space ordering of the d(3x*-r?) and d(3y?-r*)
orbitals and the Mn* and Mn“* ions in a checkerboard pattern referred to as the correlated electronic
(CE) state. The CE-type AFM-CO phase is observed only in the vicinity of x= 0.5 and at slightly
higher values of x it coexists with the A-type AFM state. In the vicinity of x=0.63, the competing
magnetic orders are A- and C-type AFM, of which the former is metallic and the latter insulating. We
have studied the influence of thickness on the functional properties, especially a correlation between
magnetic phase coexistence and magnetoresistance, of Nd , Sr ., MnO, and Nd_,Sr  .MnO, thin
films. Our study demonstrates that film thickness that controls the degree of compressive strain
can have significant impact on the magnetic phase landscape and magnetotransport properties of
these films. Films of thickness (~25-120 nm) were deposited on LaAlO, (001) substrates by DC
magnetron sputtering. Hereafter, the x=0.50 and x=0.63 films will be denoted by N50 and N63,
respectively.

The N50 films exhibit multiple magnetic transitions controlled by strong electron correlations
and phase coexistence. The dimensionality and the fraction of the coexisting magnetic phases are
strongly correlated to the film thickness and hence substrate induced strain. At smaller film thickness,
that is, in films which are fully under in-plane compressive strain stronger phase competition and
fluctuation are observed. Increase in the film thickness results in relaxation of strain, which favors
the FMM phase at the cost of the soft A-AFM and COI phases hence reducing the phase fluctuation.
A strong phase fluctuation/coexistence has a strong bearing on the electrical transport in these
films and causes a sharp decrease in the resistivity at T<T . At smaller film thickness, IM transition
occurs at T <T_ and the resistivity drops by four orders of magnitude, while in thicker films T, ~ T,
and the resistivity decrease in less pronounced. These results are well corroborated by the temperature-
dependent small polaron activation energy. Near T /T, huge MR (60-80%), is achieved in such films
even at moderate magnetic fields ~10-20 kOe.

All the N63 films (in thickness range 25-120 nm) show a weak PM-FM transition. The T_ (=260
K) remains nearly independent of the film thickness but magnetic moment is reduced considerably
at higher film thickness. It must be noted that in bulk poly- and single crystals of similar composition
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no such transition is observed at x=0.63. At lower film thickness these films show insulator like
temperature dependences but an external magnetic field induces a drastic decrease in resistivity in
the lower temperature range. This results in large MR~85 % at T =30 K and H = 70 kOe. An IMT is
observed at higher film thicknesses (=60 nm) and the magnetic-field independence of the observed
T, (~125 K) distinguishes it from the same observed in prototype manganites (X ~ 0.2-0.4). The
observed phenomena in the overdoped films have been explained in terms of orbital-fluctuation-
induced phase separation.
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After the experimental isolation of graphene in 2004 [1], there have been a wide spectrum of
research work based on experimental and theoretical aspects of electronic properties of these
systems to underline the technological potential of graphene based systems. The electronic properties
of monolayer graphene are interesting due to its unique linear gapless electronic band structure
[2]. In bilayer graphene, two graphene monolayers are weakly coupled by interlayer carbon hopping
and there are four atoms per unit cell. Bilayer graphene has parabolic band dispersion with an
effective band gap of the order of 0.25 eV near the Dirac points [3]. The trilayer graphene shows
flat band dispersion and a finite band gap near Dirac points [4]. Due to interlayer asymmetry and
interlayer interactions, these bands in trilayer graphene hybridized to produce an increase in density
of states at Fermi level [5]. Therefore, the graphene based layered nanomaterials are promising
candidates for nano- electronic applications. One need to attempt theoretical studies related to
electronic structure and transport in monolayer, bilayer, and trilayer graphene with different stacking
as a lot of experimental data on transport properties of graphene and related multilayer system is
now available. In the present work therefore, we have planned to attempt theoretical modeling of
electronic structure and calculate conductivity within Kubo formalism as a function of temperature
and carrier concentration [6] in  graphene bilayer and trilayer nanostructures and compare the
result with existing experimental results.
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An ideal graphene [1] is @ monatomic layer of carbon atoms arranged on a honeycomb lattice
and is, therefore, a perfect two-dimensional (2D) system. The electrons moving around carbon
atoms interact with the periodic potential of honeycomb lattice giving rise to new quasiparticles
with negligibly small rest mass m  and effective speed for small wave vectors about v=10° m s
whence the dispersion relation becomes linear near the symmetry points K and K located at the
corners of the first Brillouin zone. Hence these quasiparticles, called massless Dirac fermions,
accurately describe those physical properties which involve wave vectors close the symmetry points.
However, in general, the exact dispersion relation applicable to massive particles should be considered
and we have derived exact analytical expressions for the study of the thermodynamic properties of
this unusual 2D system with Dirac-like electronic excitations.

Understanding properties of quantum matter confined in 2D has been at the forefront of
theoretical physics [2]. The lowered dimensionality is believed to increase the role of interactions,
and together with quantum statistics, lead to anomalies in various physical observables [3-5].
Anomalous specific heat of Coulomb-interacting massless Dirac fermions in 2D has been studied in
Ref. [6] but the study in Ref. [7] shows that some of the basic thermodynamic features of massive
fermions in graphene might be captured considering fermions to be noninteracting.

We consider the grand canonical ensemble and start with the logarithm of the grand potential,
[n Z, of an ideal Fermi gas developed as the Mellin transform of the single-particle partition
function Z,(B), where B=1/k,T. Exact analytical expression has been obtained for Z (B) in terms of
modified Bessel function of the second kind and has been substituted in the Mellin transform. The
application of Cauchy’s theorem has helped in evaluation of the resulting integral to get an analytical
form for (n Z.. The grand potential is related to [n Z, and pressure, entropy and average numbers of
particles in the system are given by the partial derivatives of the grand potential. Hence exact
analytical expressions have been derived for the thermodynamic parameters and the thermodynamic
functions. These exact expressions get reduced to the known corresponding quantities for
nonrelativistic and ultrarelativistic particles. We have evaluated our expressions and compared with
the known results.
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Topological Insulators are a new class of compounds having a well defined bandgap in the bulk
separating the conduction band from the valence band and are characterized by conducting surface
states which are immune to non-magnetic impurities. We present the electronic structure of Thallium
based ternary chalcogenides TIAB, where A can be Bi, Sb and B can be S, Se, Te. All calculations are
done using PAW pseudopotential and PBE exchange-correlation scheme with plane wave basis set
implemented in VASP(Vienna Ab-initio Simulation Package) code. Before calculating properties
structure was fully optimized including volume and ionic optimizations. A cut-off energy of 350 eV
was used along with a k-mesh of 6 x 6 x 6 centred around gamma. This class of compounds belongs
to 166 space group. For bulk calculations, with and without spin-orbit, rhombohedral structure was
used and for surface calculations corresponding hexagonal structure was used. We shall present the
results of the bulk and surface state calculations for these compounds and examine whether these
are trivial or non-trivial topological insulators. We compare and constrast our findings with earlier
theoretical computations [1,2] and recent experimental work [3-5] on this series of compounds.
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GROUND STATE PHASE DIAGRAM OF SPIN-1/2 FALICOV-KIMBALL MODEL ON
THE TRIANGULAR LATTICE

UmesH K. Yapav, T. MaITrA, IsHwAR SINGH

Department of Physics, I. I. T Roorkee, Roorkee — 247667, Uttarakhand, India
E-mail: umeshyadav02@gmail.com

Recently systems like transition-metal dichalcogenides, cobaltates, GdI, [1] and its doped
variant GdLH_have attracted considerable attention as they exhibit remarkable cooperative
phenomena like valence and metal insulator transition, charge and magnetic order, excitonic instability
etc. They belong to a class of systems where correlation and geometric frustration work in tandem.
These systems are characterized by the presence of localized and itinerant electrons confined to the
two-dimensional triangular lattice. It has been suggested recently that these correlated systems
may very well be described by an effective Falicov-Kimball model (FKM) [1-4] on the triangular
lattice. A careful study of the ground states of the spin dependent FKM on a non-bipartite lattice is
both interesting and important as this could lead to an understanding of the broken symmetry
ground states as well as phase segregations seen in the materials mentioned above. We have studied
the spin dependent FKM as a function of Coulomb correlation (U), exchange correlation (J) between
itinerant and localized electrons and Coulomb correlations between localized electrons (U, ) using a
Monte-Carlo simulation technique, described in details in [3, 4]. Our results indicate various charge
and spin ordering of the localized electrons in the ground state. A strong tendency towards the
antiferromagnetic coupling between spins of localized electrons is observed close to the half filling.
For small fillings the ferromagnetic coupling between localized electrons spin is observed. We have
also studied variation of magnetic moments as a function of U, U, and J.

REFERENCES
1. Taraphder, L. Craco, and M. Laad, Phys. Rev. Lett. 101, 36410 (2008).
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THIN EPITAXIAL FILMS OF A PROMISING TOPOLOGICAL INSULATOR

Ragnt Porwal®, T. D. Sencutruvan?, R. C. BupHanI?
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?National Physical Laboratory, New Delhi 110012

Heavy metal chalcogenides of the type Bi,Se,, Bi,Te, and Sb,Te, are well known thermoelectric
materials routinely used for power generation and refrigeration in the temperature range of 300 to
600 K. The thermoelectric figure-of-merit (ZT) is defined as ZT = s20T/KT where s, 0, T and KT are
the Seeback coefficient, electrical conductivity, temperature in Kelvin and thermal conductivity,
respectively. While the ZT of bulk alloys merit is realized in low dimensional forms such as thin
films, superlattices, nanowires of these heavy metal chalcogenides.

The dimensionality has also been found to affect the 3D topological quantum state of these
materials. In particular, it has been argued that due to the finite size effects, a gap may open-up in
the energy spectrum of the electronic states near the surface in the low dimensional forms of these
materials. It is expected that this gap will affect electronic and thermal transport profoundly.

Preparation of high quality thin films of Bi_Se, family of compounds is quite non-trivial due to
the volatility of the constituent elements. The other difficulty is the lack of a suitable dielectric
substrate which can provide good lattice match to the rhombohedral cell if Bi Se, for epitaxial is
barely above unity, it has been shown that a significant enhancement in the figure-of-growth.
Recently, molecular beam epitaxy has been used to grow films of Bi Se, on 6H-SiC substrates. Angle
resolved photoemission shows opening of a gap in the spectrum of surface states in thinner films.
Here we present our preliminary results of the growth of highly oriented films of Bi,Se, on (0001)
sapphire using the techniques of pulsed laser ablation of a stoichiometric alloy target. Highly
oriented c-axis growth is seen in films deposited in the temperature window of 300 to 400°C.
Detailed measurements of electronic transport in these films will be presented during the conference.
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WARPING OF DIRAC CONE IN TOPOLOGICAL INSULATORS
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Topological Insulators possess exotic surface states that are governed by interesting physics
and have been extensively studied recently.[1] The surface states are unique due to the presence of
a single Dirac cone in the Brillouin zone. Recent ARPES measurements on Bi,Se, show that the Dirac
‘cone’ is not ideal but distorts at higher energies.[2] This causes higher energy contours to distort
from a hexagonal form to a star shape for increasing energies. To understand this phenomenon we
propose a representative explanation for the distortion of these surface states due to the boundary
and symmetry effects combined. We consider a simple two dimensional s-type tight binding model
and show a similar warping of electronic states near the Brillouin zone boundaries by simple
calculations. A first principles calculation will be presented, that theoretically demonstrates the
warping of Dirac cone in Bi2Se3. Such a calculation may also be performed for other topological
insulators to confirm by first principles that it is an effect due to boundary and symmetry effects
combined, not limited to the particular structure or stoichiometry.

REFERENCES
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2. K. Kuroda, M. Arita, K. Miyamoto, M. Ye, J. Jiang, A. Kimura, E. E. Krasovskii, E. V. Chulkov, H. Iwasawa, T. Okuda,
K. Shimada, Y. Ueda, H. Namatame, and M. Taniguchi, Phys. Rev. Lett. 105, 076802 (2010).
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We start with the single particle Dirac hamiltonian which has spin S and has mass A. We define
the path integral involving the coherent states which are direct product of the usual coherent
states [1] and the spin coherent states |n(t)){[1] , [2]} spanning a spin S representation of the
rotation group. The spin path integral involves sum over trajectories weighted by phases. The sum is
given by the total area bounded by the trajectories parameterized by |n(t)> and are generally known
as the Wess-Zumino terms. When S >> A then the system is said to be in classical regime. We take
the appropriate limit by doing a systematic 1/S expansion [3] to find out the corresponding
classical equations of motion followed by Bohr-Sommerfeld quantization of the closed orbits and
find out the energy spectrum for the particle in the presence of different external fields. For free
particle, the energy obtained from this formalism has an exact correspondence with its quantum
mechanical counterpart.

REFERENCES
1. Field Theories of Condensed Matter Systems, E. Fradkin, Addison-Wesley (1991).
2. Coherent States, John R. Klauder and Bo-Sture Skagerstam, World Scientific (1985).
3. Interacting Electrons and Quantum Magnetism, Assa Auerbach, Springer Verlag (1994).
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EFFECT OF ANNEALING ON LUMINESCENCE FROM DEFECT STATES IN
Zn0 NANOPARTICLES
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Emaif: novendugoswami@gmail.com

The significant properties of condensed bulk material are often observed at low temperatures.
Interestingly similar vital properties can be achieved at room temperature for nanomaterials. For
example, the excitonic emission in various group II-VI semiconductor quantum dots can be observed
at room temperature. The dominant reason behind such advantageous properties of nanostructured
materials is the quantum size confinement. Surface states is yet another manifestation of quantum
size confinement as these new energy states appear in the semiconductor nanoparticles due to
anharmanic potential near the surface, In this paper we study the effect of annealing on the
structural and optical properbes of ZInQ nanoparticles and mare importantly the crucal role of
defect states in the luminescence of pre- and post-annealed ZnD nanoparticles.

We synthesized Zn0Q nanapartides by a chemical precipitation technique without using amy
capping agent. In this method, growth of nanoparticles is controlled by their pH concentration,
The annealing of nanoparticles assists in removing the carbonate Impurities and moisture so as to
obtain pure ZnQ nanocrystals, The wurtzite phase of Zn0 particles remains unaffected by annealing.
The size estimated by XRD, TEM and AFM are in agreement, Furthermore, shape and size-distribution
of nanoparticles 15 also identical in TEM and AFM analysis. The formation of pure Zn} nanoparticles
i5 also confirmed by metal-oxygen vibration reflected in the FTIR spectrum. The quantum size
confinement in Zn0 nanocrystals is evidest through blue shift of band gap energy, as chserved in
the UV-visible spectrum [1]. The size confinement and surface effects of nanoparticles not only
cause the increase in band gap but also influence the various optical transitions, such as luminescence.
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Figure 1: A schematic depiction of band structure, defect states and radiative transitions in {a) bulk Zn0, {b)
unannealed Zn0 Nanopartices and {c) annealed ZnD nanoparticles.
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In order to probe the origin of typically reported green photoemission (~521nm) in ZnO and to
explore the possible effect of annealing on fluorescence of ZnO nanoparticles prepared by our
synthesis method, we performed fluorescence spectroscopy. Among the various luminescence
properties of ZnO nanoparticles, the green emission around 521nm is usually reported. Vanheusden
et al. elucidated that oxygen vacancies are responsible for the green luminescence in ZnO [2].
However, Thareja et al. observed that luminescence due to defects, in particular, oxygen vacancy, is
not observed in Zn0O nanoclusters formed in vapor phase [3].

Our extensive fluorescence analysis, as depicted in figure 1, leads to remarkable conclusion that
although crystal phase and other structural parameters of ZnO nanoparticles are not influenced by
annealing process, fluorescence emissions are affected. This finding paves the way to the process of
altering visible luminescence in Zn0 nanoparticles without varying their size or shape [1].

REFERENCES
1. N Goswami, D. K. Sharma, Physica E 42, 1675 (2010) and references therein.
2. K. Vanheusden, W. L. Warren, C. H. Seager, D. R. Tallant, J. A. Voigt , B. E. Gnade, J. Appl. Phys. 79, 7983 (1996).
3. A. Mohanta, R. K. Thareja, J. Appl. Phys. 104, 044906 (2008).
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Semiconductor quantum dots {QDs) have drawn significant attention in the last couple of
decades as they are the basic elements for modem optoelectronic and spintronic nano-devices. In
the semiconductor quantum dots, the electrons and holes are confined within the width of a
semiconductor layer of lower energy gap which is encircled by another semiconductor of higher
band gap. The confinement of camiers gives rise to novel optical and electronic praperties. These
nanostructures are populady known as core-shell quantum dot ((SQD). Such systems are expected
to show some improved fundamental properties which are different from a bare quantum dot due to
the strong confinement affect in presence of outer most shell

Present study aims to calculate the transition frequency for ground to exciton state (w,) in a
CdSe/ZnSe core/shell quantum dot (CSQD). The calculation shows that the transition frequency
reduces as the shell thiclmess increases. This decrease in transition frequency indicates an expected
red-shift in optical absorption spectra which is compatible with the experimental observations for
different CSQ0 [1, 2]. To incorporate the core/shell interface effect WKB approximation method s
taken into account to find out the exact wave function far the CSOD system [3, 4], Exciton binding
energy (A) is plotted here which shows an infiial increase with increasing shell thidkness. The
binding energy (A) saturatas after few monolayers of shell (Ag. 1). The red shift in transition
frequency can be explained from the equation below.

hov, (2. 4)= |5, -|A, (a,4)] (1

Here g, o and £ are core radius, shell thickness and binding energy respectively. Eq. (1)
describes that, as the'binding ehargy increases with shell thicknass, the transition frequency reduces
and shows red shift in ahsarption and PL specira. Biexciton binding energy (Fig.2) confirms the
existenca of antibonding state in presence of ZnSe shell.
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QUANTUM SIZE EFFECTS OF Gd** IONS DOPED NiZn FERRITE

BatwinDerR KaurR!, ManJu Arora, A.K. Srivastava, R.P. Pant
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?National Physical Laboratory, Dr. K.S. Krishnan Road, New Delhi — 110012

Prepared Gd3+ ions substituted Ni0.5Zn0.5GdxFe2-x04 (where x = 0.1, 0.2, 0.3) ferrites in the
size range 15 - 25 nm by co-precipitation method. The effect of Gd3+ ions in spinel structure in
correlation to magnetic properties has been studied in detail using XRD, HRTEM and EPR techniques.
EPR spectra confirm the ferromagnetic behavior of nanoparticles due to higher order of dipolar
interaction. On increasing Gd3+ ions concentrations the narrowing of resonance signal is observed
which explains the increase in super exchange interaction among Gd3+ - O - Fe3+ in the core group
and spin biasing in the glass layer. The decrease in ‘g value and increase in relaxation time is well
correlated with particle size.

The doping of rare earth cations into the spinel structure of Nickel Zinc ferrite results in
modification of basic electrical, magnetic and microstructural properties. In the present work,
different concentrations of Gd3+ are substituted in the lattice of NiZn ferrite to understand the
effect of Gd3+ concentration on structural and the magnetic properties. The Gd3+ substituted NiZn
ferrite with composition Ni0.5Zn0.5GdxFe2-x04 (where x = 0.1, 0.2, 0.3) were synthesized by
chemical co-precipitation technique to easily control particle size, chemical homogeneity and
degree of agglomeration. The prepared samples were characterized using XRD, HRTEM and EPR
spectroscopy to establish the correlation between structural and magnetic properties.

Nanocrystalline samples of gadolinium substituted NiZn ferrite with composition
Ni0.5Zn0.5GdxFe2-x04 (where x = 0.1, 0.2, 0.3) were synthesized by co - precipitation technique.
using AR grade Ni(NO3)2.6H20, Zn(N03)2.6H20, Gd(N03)3.5H20 and Fe(N03)3.9H20 and annealed
at 573K, 773K and 973K temperatures for two hours. The structural parameters are analyzed by
using a Rigaku powder X - ray diffractometer 40 kV and 30 mA, using Cu ka (A=1.54059 A)
radiation in the 20 range from 200 to 700. High resolution transmission electron microscopy
(HRTEM Model Tecnai GZ F30STWIN FEG was used for morphological investigations. X- band EPR
Spectrometer Model: A300 Make: Bruker Biospin, Germany at ambient temperature was used for
measuring EPR spectra of these particles.. DPPH was used a standard field marker.

X - ray diffraction patterns of as synthesized and annealed Ni0.5Zn0.5GdxFe2-x04 (where x =
0.1, 0.2, 0.3) recorded at room temperature indicate the poor crystallinity and ultrafine nature. All
the peaks match with the cubic spinel structure of nickel zinc ferrite (JCPD Card No. 008 - 0234).
In annealed nanoparticles, the peak intensity increase with rise in annealing temperature due to the
growth in crystallite size.. In finite size particles, a strain occurs due to the negative pressure. The
X-ray density (Dx) and the induced lattice strain due to replacement are calculated.

HRTEM images showed that particles random in shape with normally a facetted morphology
with sharp edges and vertices (Fig. 1(a), (b) & (c)). The average size distribution of the particles
was about 15, 21 and 25 nm for Gd3+ 0.1, 0.2 and 0.3 concentration nanoparticles respectively.

A single strong EPR resonance signal of g-value ~ 2.00 of as prepared and annealed Gd3+ doped
nickel zinc ferrite are presented in Fig. 2 and 3. These spectra were analyzed using Lorentzian
distribution for evaluating peak-to-peak line width (AHpp), g - value, spin concentration (NS) and
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Fig. 1: HRTEM Gd (a) 0.1, (b) 0.2 & (c) 0.3

LTI

Fig. 2: Particle size distribution

relaxation time (T2) and listed in Table 1 for as prepared nanoparticles. In annealed samples the
resonance line width, g-values and spins concentration decreases linearly with annealing temperature.
The increase in line width of annealed sample is originating from the glassy behavior and surface
anisotropy at higher temperatures.. The spin concentration in as prepared samples with increasing
Gd3+ concentration and annealing temperature decreases due to increase in surface anisotropy and
spin profile.

Fig. 2: EPR spectra of Gd doped NiZn ferrite
nanoparticles

Fig. 3: EPR spectra of annealed analogues

Table 1 : Various parameters calculated from EPR spectra of as synthesized
Gd3+ doped NiZn ferrite nanoparticles

Composition g - value AHpp Spin Relaxation
Concentration (NS) Time (TS)
Gd(0.1) 2.04507 1050.3 2,17 x 1015 6.116 x 10-15
Gd(0.2) 2.00923 532.6 5.49 x 1014 1.228 x 10-14
Gd(0.3) 2.01635 511.4 4,81 x 1014 1.274 x 10-14

Structural parameters reveal the distortion in the spinel lattice structure induced by large ionic
radii of Gd3+ ions and negative pressure at the octahedral Fe3+ ions site in ultrafine nanoparticles
of Ni0.5Zn0.5GdxFe2-x04. The crystallite size and particle size data are well in agreement with each
other. EPR spectra confirm the ferromagnetic behavior due to higher order of dipolar-dipolar
interaction. On increasing Gd3+ ions concentrations the narrowing of signal explains the increase in
super exchange interaction i.e. movement of electron among Gd3+-0- Fe3+ in the core group and
the spin biasing in the glass layer.

194



PH-5
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We evaluate the magnon transport through magnetic double quantum dots. We consider the

two coupled ferromagnetic dots connected to the ferromagnetic reservoirs as shown in Fgl. For
these dots, the magnon energy bacomes quantized and Hamiltonian may be written as

H= Z (f.u o E’Fnha agay +H "'Z'"Tm“;.ﬂa ok Zfﬂnﬂ:lﬂn +hr.

with H,, =) elaia, +Y e 818, +) enalB, +he.

Applying the non-equilibrium Green's function technigue, we obtgin the expressions for the
magnan mode dispersion, magnon density of states and the current carried by the magnons. In
particular, we study the effect of interdot coupling on thesa properhies. As shown in Fg 2, in the
presence of the interdot coupling, the magnon mode dispersion shows a splitting and the gap
between the modes increases on increasing the strength of interdot coupling. The current camried by
the magnons is also significantly affected and shows a nonmonotonic behavior on increasing the
interdot coupling. The numerical results show that the coupled dot system acts as resonant tunnel
diode and may serve as crucial component for future spintronic applications.
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Cobalt ferrite (CoFe,0,) nanomagnetic particles have synthesized at different reaction temperatures
(20°, 40°, 60°, and 80°C) by controlling the temperature of Co? and Fe**ions by co-precipitation
process. The effect of co-precipitation temperature on structural and magnetic properties have
been studied. The reaction temperature affects the particle size of Cobalt ferrite which varies in the
range of 5-34 nm. Further, varying the co-precipitation temperature has a direct effect on magnetic
parameters (H_and o ), EPR parameters (AH,, and T,). A maximum coercivity of 804.58 Oe and a
maximum saturation mass magnetization of 51.37emu/g are obtained for the sample synthesized
at 80°C.

The particles synthesized at low temperature (20°C) exhibit large relaxation time (5.77%10"
sec) as compared to particles synthesized at 80°C (0.88+10! sec). This is due to increase in dipole-
dipole interaction with increase particle size.

The synthesis parameters have been optimized for developing suitable ferrofluids for microwave
absorption applications in the frequency range 9 to 18 GHz. These materials have applications in
recent technological developments (1-3) The material (CoFe,0,) have been synthesized by taking
1M aqueous solution of high purity salts of Co(NO,),.6H,0 (99%purity) & Fe(NO,),.9H,0 (98%purity).
Their homogeneous solutions are well mixed in 1:2 ratio and are homogenized at four temperatures
20°C (sample ‘"), 40°C (sample ‘b"), 60°C (sample ‘c’), 80°C (sampled’).

The superparamagnetism of the sample is attributed to the size of equiaxial shaped nanoparticles
below the SP critical size. According to our experimental results, the critical size is about 5 nm
determined by HRTEM, as shown in Table 1. The coercivity increases with increasing average particle
size and reaches a maximum value of 804.58 Oe for the sample synthesized at 80°C. The variation
of the coercivity with particle size are shown in inset of Fig. 3.The saturation magnetization of as-
synthesized samples seems to increase with increasing reaction temperature (Table 1), which also
reveals that the average particle size increases. It has been shown that the saturation magnetizations
of the samples are significantly lower (51.37 emu/g) than the bulk value of 73 emu/g. This behaviour
may be attributed to the surface effects that are aroused by the distortion of the magnetic
moments at the nanocrystallite surface. This is due to time gap for the Co? and Fe** sole formation
in the growth of particle.

Table 1
Precipitation D (nm) Average Lattice Strain O, (emu/q) Hc (Mr/Ms)
temperature Particle constant induced (or)
size (nm)
20°C 3 5 8.4600 0.0082 9.88 0.29 0.00009
40°C 6.5 14 8.4322 0.0045 21.05 202.83 0.0898
60°C 8 23 8.4076 0.0015 40.24 435.03 0.2240
80°C 15 34 8.3900 0.0004 51.37 804.58 0.2900
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Precipitation Particle size Line width g-factor Relaxation N *10%
temp (°C) (nm) AH,, (G) time (sec) (spins/q)
T,(*107)
20°C 5 1068.5 2.1280 5.77 1.24
40°C 14 1176.6 2.3523 4.74 1.25
60°C 23 4284.2 2.7072 1.13 3.19
80°C 34 4390.9 3.3874 0.88 3.89

It is distinct that the changes of coercivity and remanence ratio are correlated with the
variation of particle size that depends on the reaction temperature. The EPR parameters (AH,,
g-factor, NS, and T2) obtained from fig. 3 are given in Table 2. The EPR parameters (i.e., AH_,
g-factor, and NS) of the samples increase with increasing reaction temperature (Table 2). These
results are due to increase in particle size of Co-ferrite with increasing reaction temperature. This
could make the dipole-dipole interactions increase, and then AH_, g-factor increase. The spin-spin
relaxation process is the energy difference (AE) transferred to neighbouring electrons and the
relaxation time (T,) can be determined from the peak-to-peak linewidth according to:

1/Tz = gMyAH ), I AH, ) =\3AH , (2)
Where p; is the Bohr magneton (9.274*10%* erg /G), AH, , the linewidth (in Gauss) at half

height of the absorption peak, and h is a constant (1.054*10% erg s) .

The spin-spin relaxation time is calculated by equation (2) and shown in table 2. The spin-spin
relaxation time T, decreases with increasing reaction temperature, indicating that the spin relaxation
at high reaction temperature exhibit a fast relaxation and a slow relaxation at low reaction temperature.
The calculated spin concentrations of different samples also shown above table .The spin concentration
increasing with increases reaction temperature.
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Silicon is the most abundant and widely used material in semiconductor electronics,
optoelectronics and photovoltaics. Advances in experimental techniques have made it possible to
fabricate silicon quantum dot nanostructures of different sizes. Recent experimental and theoretical
studies on quantum confined effects in silicon nanostructures have been reported by Pavesi [1] and
Saar [2].

In this study we investigate the intraband optical transitions in Si nanostructure embedded in
Si02 matrix. We focus on the study of the photoelectric process in spherical Si quantum dot
nanostructure for its possible applications in photovoltaics. The process is studied by using effective
mass approximation (EMA) [3] and considering singly charged quantum dots.

REFERENCES
1. L.Pavesi, J. Phys.: Condens. Matter 15 (2003) R1169; Adv. Opt. Tech. Volume 2008, (2008) Article ID 416926.
2. A.Saar, J. Nanophotonics, 3, (2009) 032501.
3. S.P.Purohit and K.C.Mathur, J. Computational and Theoretical Nanoscience, 7, (2010), p.1131.
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Bismuth Telluride has always proved {tself to be the front runner as a thermoelectric material,
all in bulk, thin film and nanostructures forms [1]. For this material, its being widely reported that
the thermoelectric dimensionless figure of merit ZT = $%0/k improves as we move on to the
nanostructures, where S is Seebeck coefficient, o is electrical conductivity, k is thermal conductivity
[2,3]- For investigating this fact we prepared AAD template assisted Bismuth Telluride nanowires
using electrodeposition method [4,5]. The HRTEM, SEM images showed the presence of nanowires
having typical diameter of 130-140nm and the length of the order of 447.86nm. XRD data showed
a sharp peak at 37.85 ° which is very close to the BiTe, nanowires. EDX result also supports the
existence Bi Te, nanowires. For realizing a practical solid state thermoelectric device, we also
gttempted preparing n and p-type nanowires clusters.

A novel approach to establish the enhance ZT value in nanostructures is propesed using the IR
thermography technique. Hare we use an active thermography using a heating source and measuremert
of the temperature response. The time constant information of the Hime temperature curve gives us
the thermal conductivity and thermal diffusivity value.

Irteins 1ty Vel
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Figure 3: SEM image of Bi Ti, nanowines Figure 2: X-ray diffraction patiem
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Films polymer based material of high dielectric constant and low dissipation factor was prepared
by dispersing nanometer size BST particles into PVDF. The homogeneous dispersion of the BST
particles in the PVDF has been observed in the composite films. The relative dielectric constant and
dissipation factor of the prepared composite films have been measured as a function of temperature
by keeping volume ratio fixed. The temperature was varied from 25 °C-185 °C at an interval of 2 °C.
The measurement was performed at two different frequencies viz. 100 Hz and 1 kHz. The effect of
variation in volume ratio on dielectric properties ware also studied. The dielectric constant of the
composite films increases with increase in volume ratio of BST and varies slightly with temperature.
The temperature dependence of dielectric constant shows the broad peak in the temperature range
120 °C - 125 °C, which is due to the crystallization of the PVDF in the composite films. The highest
dielectric constant of 145 and dissipation factor of 0.15 at 100 Hz was obtained for 75 wt % of
BST/PVDF composite. Among the dielectric mixing models presented, the modified Lichtenecker
model shows the best fit up to 20 % volume fraction, while effective medium theory shows the best
fit up to 50 % volume fraction of BST.
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Heusler alloys are promising materials for spintronics applications due to their high magnetic
ordering temperature and a theoretically predicted half metallic character which makes the conduction
band 100% spin polarized. However, in reality it has been difficult to realize full spin polarization
due to the factors like atomic disorder, non-stoichiometry, oxidation of constituents and partial
crystallization. These problems are acute in thin films and therefore important to study as all
spintronics devices will be made using films. We report thin films of full Heusler alloy Co,Mn5i with
the L2, structure on Mg0 (100) substrate deposited by pulsed laser ablation technique. Our films
are deposited at 200°C followed by annealing at different temperatures. By changing the annealing
temperature, we observe various degrees of omdering, which results in change of magnetization,
spin polarization and other transport properties. Fully epitaxial L2, ordered films are obtained on
anngaling at 600°C. The 6-20 X-ray diffraction combined with C-scan for both (220) and {111)
planes show that the epitaxial growth of L2, ordering is oriented 45° with respect to the substrate,
Finally, in the out-of-plane ferramagnetic resonance (FMR) measurements, we observed surface
standing modes, which allow evaluation of exchange stiffness constant, We found good agreement
between our values to the thearetically caleulated one.
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We demonstrate the synthesis of Ag-ion doped CdZnS nanostructures by chemical routes for
their surface and structural analysis. For this purpose, X-ray photoelectron spectroscopy (XPS),
Fourier transform infrared spectroscopy (FTIR), Transmission electron microscopy (TEM), Scanning
electron microscopy (SEM) and X-ray diffraction (XRD) were performed. X-ray diffraction analysis
reveals that the nanorods were hexagonal while for the quantum dots (QDs) this confirms the cubic
structure. XPS was performed to investigate the surface composition and the chemical state of
atoms presented. XPS measurement indicated the presence of Cd, Zn, S, C and O elements near the
sample surface and no extra impurity phase was detected in the survey scan. Sputtering with Ar*ion
flow under high vacuum for 10 minutes was also performed to clean the surface contamination and
to measure the depth profile of the material under investigation. Furthermore, we have compared
the chemical state and the binding energy shift of the elements of these two nanostructures by XPS
measurement. Doping of the Ag-ion significantly shift the binding energy of the Zn2p and Cd3d
states, which can be explained on the basis on the change in the electro-negativity of the substituent
atoms in the alloy. Composition of the element by XPS was measured by measuring the peak area of
the individual element and this value is well matched with Energy dispersive X-ray (EDAX) results.
Photoluminescence (PL) and absorption measurements were also employed for their optical properties.

Keywords: Alloy, Nanostructures, Photoluminescence, X-ray photoelectron spectroscopy.
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We have performed a detailed study of the electrical and thermal conductivities and thermoelectric
power behavior of an antiferromagnetic layer compound of chromium, CuCrS,, from 15K to 300K.
Unlike previous studies, we find non-insulating properties and a sensitive dependence on the preparation
methods, the microstructure and the flaky texture formed in polycrystalline samples after extended
sintering at high temperatures. Flakes are found to be metallic with strong localization effects in
the conductivity on cooling to low temperatures. The antiferromagnetic transition temperature T
(=40K) remains essentially unaffected. The Seebeck coefficient is found to be in the range 150-450
MV/K, which is exceptionally large and becomes temperature independent at high temperatures,
even for the specimen with a low resistivity value of 5-200 mQ-cm. We find the thermal conductivity
K to be low, viz. 5-30mW/K-cm. This can be attributed mostly to the dominance of lattice conduction
over the electronic. The value of K is further reduced by the disorder in Cu-occupancy in the
quenched phase. We also observe an unusually strong dip in K at 7, which is probably due to strong
magnetocrystalline coupling in these compounds. Finally we discuss the properties of CuCrS, as a
heavily doped Kondo-like insulator in its paramagnetic phase. The combination of the electronic
properties observed in CuCrS, makes it a potential candidate for various thermoelectric applications.
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INVESTIGATIONS OF SURFACE MORPHOLOGY AND OPTICAL PROPERTIES OF
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Zn0 thin films (TF} and nanostructures {NS) have been intensively investigated due to large
direct band gap (~3.37 e¥) and free-exciton binding energy {~60 meV), which makes them potentially
applicable in electronics, optoelectronics and photonics [1-2]. Properties of Zn0 are extremely
sensitive to the crystallinity, crystallographic orientation and morphology and hence control over
these properties through synthesis is of great interest. Zn0 TF and NS are synthesized by various
methods such chemical vapor depeosition (CV¥D), metal organic chemical vapor deposition (MOCVD),
pulsed laser deposition (PLD) and 50 on. PLD has advantages over other techniques due to the easy
control on the synthesis with good optical and electronic properties [1-2]. Most of the Zn0 (TF &
N5} have been grown on hexagonal substrates however perovskite substrates which possess various
interesting properties such as superconductivity, ferroelectricity and ferromagnetism, can be the
most suitable to constitube an active component to define new functionalities.

Thin films of ZnD are deposited by PLD on single crystal SiTi0, (STO, 001} and Yb stabilized Zr0,
(YSZ, 001) substrates at ~ 600 °C under varying O,pressure of ~ 50, 100 and 200 mToms. These as
depesited 2n0 thin films anre subjected to structural, microstructural and optical characterization
by employing X-ray diffraction {(XRD), scanning electron microscopy (SEM)} and PL-UV spectrescopy,
respectively. XRD reveals that the films are preferentially c-axis i.e. (0062} orlented having hexagonal
wurtzite structure. The film quality increases with increase in O, pressure as evident by enhanced
{002) peak intensity at higher O, pressure (~ 200 mTom} on both substrates. SEM investigation
results that the density and morphology of film improves at higher O, pressure because of increased
particle size. PL measurements indicate that all the thin films show intense near band-edge emissions
around ~ 380 nm without the presence of any deep level emission at higher wavelength. Al the UV
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Fg: Room temperature photoluminescence (PL) spectra of Zn0 thin films deposited on {a) STO and
{b) YSZ substrate by PLD with diffarent omygen pressure.
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peaks on YSZ substrate are located close to ~ 380 nm whereas on STO substrates the UV peaks shifts
towards lower wavelength as 0, pressure increases from 50 mTorr to 200 mTorr (Fig a & b). The
optical band gap on YSZ was found to be ~3.28 eV whereas on STO it varies in the range of ~3.28 to
3.30 eV with increasing 0, pressure. The variation in band gap on STO has been attributed to the
compressive strain on ZnO films due to lattice mismatch between Zn0O and STO. The improved
optical properties at higher O, pressure and on different substrate have been discussed in relation to
the microstructural variation because of 0, incorporation and lattice strain arising due to lattice
mismatch of substrate (STO &YSZ) with ZnO.
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QUANTUM MECHANICAL ELECTRON TRANSFER THROUGH A METAL ADLAYER
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A proper understanding of electron transfer reaction through an adsorbate intermediate constitutes
the first step towards modelling the charge transfer across a chemically modified electrode, through
a molecular wire, or the phenomenon of the molecular electronics. In fact the indirect heterogeneous
electron transfer is a recurring feature in all these processes. In the present communication, the
kinetics of an adsorbate mediated electron transfer reaction is considered. The formalism is developed
to calculate the current-potential profile corresponding to an arbitrary coverage of the adsorbate,
distributed randomally on the electrode surface. The case of weak and strong electrode-adsorbate
interaction is modelled in a unified manner. The analysis shows that the current characteristics
exhibits Marcus inverted region behaviour, observed in the homogeneous electron transfer reaction,
at low coverage, and the traditional direct heterogeneous electron transfer behaviour at high
coverage. The localized nature of the adsorbate orbital when the coverage is low, and its getting
delocalized due to the metallization of the adlayer in the high coverage regime is the reason behind
this behaviour.
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GROWTH AND CHARACTERIZATION OF PbTe BULK COMPOUND AND
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PbTe thin films were deposited on KBr and glass substrates using thermal evaporation technique
under high vacuum conditions. PbTe bulk compound grown by vertical directional solidification
technique was used as the source material to deposited thin films. Thin films were deposited at
room temperature, 100°C, 200°C, in the thickness range 100 to 150nm. Powder x-ray diffraction
technique was employed to identify the phase of the as grown bulk PbTe compound as well as thin
films. Surface morphology and the stoichiometry of the bulk compound and thin films were carried
out by using scanning electron microscope (SEM) with attachment of energy dispersive spectrometer
(EDS). Micro structural features associated with the as deposited PbTe thin films were studied by
using transmission electron microscope (TEM) and HRTEM. In the present study the microstructural
details associated with thin films deposited at different temperatures have been analyzed. The
prepared PbTe were further characterized by using X-ray photoelectron spectroscopy.

Numerous materials have been investigated for solar cell applications [1]. This lead to the
development of new and innovative classes of semiconductor devices: Crystalline silicon, amorphous
silicon and thin film polycrystalline materials like cadmium telluride (CdTe), Cadmium zinc Telluride
(CZT), Zinc Telluride (ZnTe), etc. are prominent materials. The development of thin film solar cells is
an active area of research at this time. Among the II-VI compounds, CdTe is one of the suitable
candidates for the production of thin films solar cells due to its ideal band gap, high absorption
coefficient and ease of thin film fabrication. Thin film CdTe provides a cost effective solar cell
design. CdTe is a very important material for low cost large area photovoltaic solar cells technology,
and is of great interest for flexible thin solar cells for integration in building and portable electronics.
The choice of the material for solar cells depends upon the potential conversion efficiency expected
from the devices made from them. CdTe is found to be promising material [2] for the high efficiency
solar cells. CdTe has the flexibility to be deposited by a number of deposition techniques such as
screen printing (3), electrodeposition (4,5) etc. Thermal Evaporation technique has been the most
productive method owing to the very high deposition rate, low material consumption and low cost
of operation. Enormous amount of work has already been reported on structure, optical and electrical
properties of CdTe thin films (6,7,8). However it still requires further investigations to optimize
structural, optical and electrical parameters.

In the present study, CdTe bulk compound has been grown by vertical directional solidification
(VDS) technique. A small piece of CdTe compound taken from the VDS grown bulk compound has
been used as the source material to deposit thin films at different depositions conditions using
thermal evaporation technique. An effort has been made to study the microstructural details of the
thin films deposited at various conditions to correlate the same optical parameters. Thin films we
make by thermal evaporation method. The deposition condition will be varied and their effect is to
be investigation on the physical property such as macrostructure and optical properties viz transmission
and reflection of the transparent material. The thin film will be deposited on different substrates
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like as KBr, glass; KCl etc. at different substrate temperature in presence of high vaccum .The
thickness of thin film will be nano order. We also make binary and tertiary bulk compound by VDS
technique different- different concentration by Vegards law .The effect of various dopants will be
investigate on properties of the material. The photolumincence spectra will also be studies. The
energy band gap will be determined from transmission spectra of the proposed samples. The” n “and
“k” will be determined the complex dielectric constant e=n-k of the material, which is necessary to
hone the material for solar applications. The resistivity and conductivity and optical properties will
be calculated by deferent method.

The development of newer type of material and better processes for semiconducting and other
film is needed by various industries. The cope up the demand of industries basic research in material
science is continuously ongoing process. In future plane we also study the nanocomposite films
CdTe quantum dots and glucose oxidase used as biosensor [9].
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EPR INVESTIGATIONS ON CNT-FERROFLUID BASED COMPOSITES
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CNTs: ferrofluid based composites have been prepared and investigated for structural and magnetic
properties. Such types of composites have unique properties which have not been observed in their
bulk state. The CNTs have drawn considerable attention as a promising candidate for versatile
applications due to their unique optical, electrical, magnetic, and mechanical properties [1-2]. The
Fe,0,-CNTs composites have potential applications in the field of magnetic data storage [3-4]. The
present work is mainly focused on the synthesis of CNT: Ferrofluid composites and their investigations
by EPR and powder X-ray diffraction techniques.

The composites were prepared in two steps i) the preparation of CNT's by CVD technique and
then (ii) then three sets of composites were prepared by using different volume % (sample (a)
10%, (b) 20 % and (c) 30%) of CNT’s are mixed in the in-situ formation of ferrofluid. To obtain
good blend of CNTs, in the composites the samples were annealed at 700 °C in an inert atmosphere,
also to see if any change in Fe,0, phase transition and confinement of CNTs.

The X-ray diffraction patterns of three sets of composites are shown in Fig. (1). the characteristic
diffraction peaks (220), (311), (400), (422), (511), and (440) are corresponding to cubic Fe,0,
phase (JCPDS Card No-019-0629) and peaks (012), (104), (110), (113), (024), (116), (214), and
(300) are corresponding to hexagonal Fe,0, phase (JCPDS Card No-080-2377). A comparative study
confirms that both Fe,0, and Fe,0, phases are present only in (b), while Fe,0, is the dominant
phase in composite (c). With increasing weight fraction of CNTs, the peak intensity of (104)
reflection is decreased and for the peak (311) increases. It means that CNTs are playing a role in the
protection of Fe,0, from being reduced to Fe,0, phase and thus brings the stability to the Fe,0,
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Fig.1: XRD patterns of composite (a), (b) and (c) Fig.2: EPR spectra of composite (a), (b) and (c)
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Table 1: EPR parameters of composites

S.No. Material prepared AH(G) g-value Spin Conc.
(Spin /gram) x 102
1. Fe,0, +CNT (10 wt %) 1271 2.19 1.4365
2. Fe,0,+ CNT (20 wt %) 1203 2.228 1.9450
5. Fe,0,+ CNT (30 wt %) 1160 2.235 2.7387

phase in composites (b) and (c). Magnetic properties these composites were studied at ambient
temperature by using X-band EPR spectrometer (Make: Bruker Biospin, Germany, Model: A300). The
EPR spectra of composites are presented in Fig. 2.

EPR parameters like peak-to-peak linewidth (AHpp), g-value and spin concentration are listed
in Table 1. These spectra shows broad strong resonance signal having g-value at about 2.20 due to
ferromagnetic Fe** ions in these samples. The small bulge in sample (c) is attributed to the presence
SWCNTs which give EPR resonance signal of g-value ~ 2.0. In lower concentration CNT's composites
this is submerged within the broad resonance. The decrease in DHpp and increase in g-value and
spin concentration is attributed to the ordering of spin through anti ferromagnetic interactions
between Fe, 0, magnetic particles and CNT’s
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LAYERS: FINITE WIDTH EFFECTS
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We study the effect of finite width on Wigner crystallization in a spin-polarized coupled electron
layers. Correlation among carriers are treated beyond the static mean-field theories by using the
quantum version of Singwi, Tosi, Land and Sjolander (qSTLS) theory over a wide range of layer
parameters viz. dimensionless density parameter r_ and interlayer spacing d. Interestingly we find
that the inclusion of finite width of layers lowered the critical density, for the onset of Wigner
crystal (WC), as compare to the similar recent studies of spin-polarized coupled electron layers
without finite width effects.
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DIFFERENCE IN MICROSCOPIC PROPERTIES OF MgB, AND ALB,: A DFT STUDY
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The electronic structure of MgB, has received much attention since it was found to be
superconducting at a high temperature of 39 K [, The observation of boron isotope effect @
suggested that superconductivity is mediated by phonons. However, the values of the electron-
phonon coupling constant & 4 indicated that MgB, is an intermediate phonon coupled superconductor.
There are many results that suggest holes in o B-2p band via which electron-phonon coupling plays
important roles in the superconductivity of MgB,. The reason for such a high value of T_is still not
clear. Despite having a structure AlB, does not exhibit any superconductivity [°l. In present study
we have studied the electronic properties MgB, and AlB, using density functional theory. The
calculations were performed using SIESTA (Spanish Initiative for Electronic Simulations in Thousands
of Atoms) code that implements density functional theory using localized atomic orbitals in terms
of multiple zeta functions. We used double zeta polarized (DZP) basis set. The pseudopotentials
were generated using the atom program included in the SIESTA package within the general gradient
approximation (GGA) of Perdew-Burke-Ernzerhof (PBEsol) exchange-correlation functional. The
transferability of pseudopotentials of Al, Mg and B were tested by reproducing ground state bulk
properties. The Brillouin zone integrations were performed with a 15 x 15 x 15 special k-grid
Monkhorst Pack while calculating lattice parameters and 20 x 20 x 20 for final calculations. The
calculated values of lattice parameters for MgB, and AlB, are compared with the experimental
values in Table 1. We find good agreement. We have also calculated the electronic density of states
for both MgB, and ALB, using GGA PBEsol exchange-correlation. For both the diborides spin up and
spin down electronic density of state (DOS) overlapped exactly indicating non-magnetic nature as is
observed experimentally. The electronic density of state for MgB, and AlB, is shown in Figure 1 and
2 respectively. The numerical values of total density of states and [ and m resolved for various bands

TABLE 1. Lattice parameters of MgB, and AlB, using GGA  TABLE 2. Calculated and experimental values of
(PBEsol) 1. The values given in parenthesis are  Sommerfeld constant in (mJKmol™) for MgB, and AlB,

corresponding experimental values!® and corresponding electron-phonon coupling constant
c/a a (A)
MgB, 1.13(1.14) 3.10(3.08) MgB, 2.70 1.73 0.56
AlB, 1.09 3.02
(1.08) (3.01) AlB — 0.86 —

2

TABLE 3. Percentage contribution to electronic density of states at Fermi level N(E,)
from different orbitals

Total DOS B-2p, B-2p, B-2p, Al/Mg-3s Al/Mg-3p Al/Mg-3d B-2p

polarised

MgB 0.3696 0.0689 0.0689 0.1606 0.0155 0.0132 0.0000 0.0403

2

AlB, 0.1792 0.0035 0.0035 0.0464 0.0343 0.0142 0.0337 0.0305
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at Fermi level N(E) is summarized in Table 3 and is in good agreement with recent calculations. It
can be noticed that for MgB, the majority of states come from o and T 2p states of boron. The &
band censists of B-2p, and B-2p, orbitals that overlap quasi-two dimensionally in xy plane to form
strong covalent bonds. Trbands consists of weaker B-2p, orbital interactions. Pt which comes
from DZP, is the polarisation of p orbitals in space. The & bands {holes) are known to play an
impartant role in electron-phonon coupling. In contrast for ALB, boron the T2p, states and Al 3s
and 3d states contribute significantly at the Fermi level. It is interesting to note the absence of 6
band at Fermi level for AlB,. This leads to a weak electron phonon coupling and also to hole
deficiency as 8 bands are known to be of electron type.

Fram the value of ¥(E) the value of Sommerfeld constant ¢ follows,The value of yis given by
relation r—;n‘N{E}]I‘ Where X, is Boltzmann constant. Also electronic specific heat gives
direct measurement of y. From the ratio of \',,/Y.,._WE have determined the value of electron-

phonon coupling constart A using well knawn relation Yo _q+a) » The calculated values are given
in Talbe 2. The values agree with values reported by otheTs Ay = 0.61 and A, = 0.43. Our earlier
measurements ™ on thenmoelectric power have shown that MgB, is hole type whereas AlB, is
electron type. The hale type contribution to MgB, comes from @ bands. Our calculated comtribution
of 6 bands supports these measuremerrts. The Al»* substitution at Mg® site provides extra electrons
to fill hele type & bands and this results in electron type conductivity in AlB,. The dominance of
boran T 2p, states and Al 3s and 3d states at Fermi level do correspond to an increase in the
dominance of electron type behaviour.
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SUPERPOSITION-MODEL ANALYSIS OF ZERO-FIELD SPLITTING
PARAMETERS FOR Mn2+ IN BIS(L-ASPARAGINAT0)Zn AND

TRICALCIUM PHOSPHATE SINGLE CRSTALS
R.S.BANsAL

A.LJAT H.M.College, Rohtak-124001, Haryana (India)
Email; rbrsbansal@gmail.com

The Newman superposition-model has been used o investiate the substitution of Mn2+ for
Zn2+ site in bis(L-asparaginato)Zn and for Ca2+ in tricalcium phosphate single crstals.The
calculated values of the zero-field splitting parameters(ZFS) at room temperature fit the experimental
one taken from the literature . The satisfactory reproduction of experimental values of ZFS parameters
indicates that Mn2+ substitute in place of Zn2+ and Ca2+ in the lattices and does not causes
appreaciable local distortion in the host crystals.The calculations are made with the assumption
that the total field experienced at an ion in a crystal is due to close neighbour ions , using power
law exponent t= 6 to 8 and the reference distance R=0.22 nm for Mn2+ surrounded by oxygens and
R=0.21 nm for Mn2+ surrounded by nitroens.
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COLLECTIVE EXCITATIONS OF COMPOSITE FERMIONS
ACROSS MULTIPLE A LEVELS

DwipesH MAJuMDER™2, SubHANSU S. ManpaL!, JAINENDRA K. JAIN®

"Department of Theoretical Physics, Indian Association for the Cultivation of Science, Jadavpur,
Kolkata 700 032, India
2 Department of Physics, Santipur College, Santipur, West Bengal, India.
3104 Davey Laboratory, Physics Department, Pennsylvania State University,
University Park, Pennsylvania 168

The fractional quantum Hall state is a quintessential system for the study of collective quantum
behaviour. In such a system, the collective behaviour results in the creation of so-called composite
fermions, quasi-particles formed by electrons attached to magnetic flux quanta.Recently, a new
collective mode was unexpectedly observed in Raman scattering experiments by Hirjibehedin et.al.
on such a system as it was found to split off from the familiar fundamental’ long-wavelength mode
on increase of the wave vector. Here, we shall present the results from extensive theoretical
calculations that make a compelling case that this mode corresponds to an excitation of a composite
fermion across two three A levels-effective kinetic energylevels resembling Landau levels for such
particles. In addition to explaining why this excitation merges with the fundamental mode in the
long-wavelength limit, our theory also provides a good quantitative account of the amount of
splitting, and makes several experimentally verifiable predictions We shall also present the spin-
excitations. In this case one of the composite fermions from one of the filled up A level to one of
the down A levels. This results qualitatively explain the experimental facts for several fractional
quantum hall effect associate with the higher excitations.
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HYDROGENI{C EXCITONS IN MAGNETIC FIELD: A TWO-BODY PROBLEM
Brawmosn Bansar,® B Kamvaan, ™ G Do, ™ S Mazmt B M Aromp,®
P C M CHrrstianen,® J C Maaw®

Indian Institute of Scence Education ond Research-Kolkata, Nadia 741252, India
SNEST INFM-CNR and Scuole Normale Superiore, Pisa 56126, Italy
Tatr Institite of Fundamental Research, 1 Homi Bhabha Road, Mumbai 460005, India
‘Mex-Plonck-Research Group, Institute of Oplics, Infomotion, and Photorics, Uriverstteot
Erlgngen-Neurnberg, 91058 Erlangen, Germany
‘High Feld Mognet Laboratory, §525 ED Nijmegen, The Netherlands
Email: bhavtosh(@iiserkol oc.in
It has been known since the work of Lamb [1] that a hydrogen atom moving perpendicular to
an external magnetic fleld forms an frmeducible two-hody system [1-5]. Here contrary to the zero-
magnetic fleld case, the Hamiltonlan cannot be cleaanly separated {nto the centre of mass {CoM) and
relative co-ordinate frames. This coupling results {n the CoM motion manifesting as an effective
electric field [Fig.1(¢)] 1n the relative coordinate frame (motional Stark effect) and has been much
discussed in atomic physics and astrophysics Uterature due to {ts many non-trivial consequences—
{1} magnetic field-dependent change in the CoM dispercion {Hg. 2) [4,5], (1) formation of so-
called decentered (or giant-dipole) states [5], and {ifi} changes In the selection rules for magneto-
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Flgure 1: {(a) Side view, (b} top view schematic of the
speclal QW structure with additional GaAs layers grown
at low-temperature {LT) to ensure uniform electric fiald.
{c) The exciton in magnetic fizld behaves as a composite
entity [3] with the electrans and the holes traveling at
the some group velocity v, -|cF,jBI|, such that the
Lorentz force balances the electric field, F. The exciton
is polarized with stored intemnal enengy 5E. This increased
internal energy leads to the exciton mass being
renormatized {data in Fig 2),
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Flgure 2: The magneto-Stark shifts of (a) Light hole
{LH}, and (b} heawy hole {HH) exctton ground states as
a function of |F./B |* (bottom astes) and the equivalent
CoM wave vector K ? (top axes). For the latter, thns enemy
shift is the difference between the exciton dispersion
and magneto-exciton dispersions, Efk 8)-E{k.0}. The B-
dependent slopes prove magnetc-exciton mass
enhancement. This has so far only been observed for
spatially-indirect excitons in coupled-0W using a
different experimental technique [4].
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optical transitions [6]. The Wannier excitons in semiconductors closely mimic the physics of the
hydrogen atoms but with the important difference that the energy scales in the problem are
reduced by many orders of magnitude and the laboratory strength electric and magnetic fields can
cause significant perturbation on the ground state, B~10T for a typical Wannier exciton is equivalent
to ~500,000T for hydrogen atom.

We have performed magneto-optical experiments on a specially designed GaAs quantum well
(QW) sample [Fig. 1]. By using an unusual configuration where the sample was under the simultaneous
influence of mutually perpendicular electric and magnetic fields of high strengths [Fig.1 (a, b)], we
have simulated the situation of the motional Stark effect and observed all the three above mentioned
phenomena related to the essential two-body nature of the problem. In particular, we have observed
a significant B-dependent enhancement of the mass of both the light-hole (LH) and the heavy-hole
(HH) excitons (Fig. 2). We have also inferred the formation of the decentered state [5] for LH
excitons at B=4T beyond F~8x10%Vcm™. Finally, we have observed the breakdown of the optical
selection rules and appearance of an intractably large number of usually forbidden optical transitions
(their level spacing distribution indicative of chaos, though not conclusively so) when the QW was
in an electric fields of ~10*Vcm™ at B=15T.
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IN SEARCH OF QUANTUM FORCE AND ITS PERSPECTIVES IN QUANTUM PHYSICS

KapiL CHANDRA

Centro de investigaciones energeticas, madioambientales y tecnologicos (CIEMAT)
Ciudad Universitaria of Madrid, Avda. Complutense, 22 - 28040, Madrid, Spain
E-mail:chandra.kapil@ciemat.es

Quantum theory is almost working theory of nature, but up to now we don't have quantized
form of force, to bridge this gap I proposed the force in quantum form, the so called the quantum
force equation (QF). This article is organized in two parts, in the first part, I empirically proposed
the QF and the later part is the conceptual justification and its perspective on quantum physics and
I found some interesting results, from the QF, for the first time the wave particle duality equation
can be derived apart from the De - Broglie’s derivation, the difference is he derived it form the
balancing the quantum energy and mass energy but I deducted it by the balancing the so called QF
with classical Newtonian force, consequences of it, wave equation can be written in term of force
instead of Schrodinger’s equation, what is in term of Hamiltonian energy operator. The advantage of
this perspective over the past work is its new explanatory view of natural forces and relativistic
equation of mass. The QF gives the theoretical foundation of Yukawa’s prediction of meson and
theoretical equation to calculate the strong nuclear force. The proposed force tells us, there is no
relativistic mass as Einstein told, but it is just a form of QF. These finding are very important to
understand the Plasmon excitation in metal, quantum computing, quantum information processing,
optical particle trapping and entanglements.
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QUANTUM EFFECTS AT AMBIENT TEMPERATURES IN SOLIDS

DeviNDER GuPTA

National Physical Laboratory (CSIR)
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Condensed matter systems display a variety of quantum effects at low temperatures and these
have been studied extensively. However, quantum effects at ambient temperatures are far less
investigated. The present work comprises of infrared studies at ambient temperatures on a variety
of solids in the form of metals, semiconductors and dielectrics (insulators); in bulk and film forms;
in different crystalline states such as single crystal, poly crystal, amorphous and nano states.
Investigations were undertaken at near normal and oblique angles of incidence from 10° to 70° for
specular reflection and 0° to 70° for regular transmission spectra in the mid-IR spectral region of
4000-400 cm™. The incident IR photons interact with material’s molecules to create thermal phonons,
leading to phonons-photons interactions in solids. It has been observed that with increase in
obliquity and wavelength, reflectance values of solids generally decrease whereas their corresponding
transmittance values increase. Further, both reflection and transmission bands of solids in general
show blue shift with increase in obliquity. However, since reflection phenomena is more sensitive
compared to that of transmission, shift in the former case is greater than in the later case. This
shift is marginal in case of metal films since there is no band gap in them and practically no change
takes place in their carrier's density with variation in obliquity. However, the shift in case of
semiconductors is large compared to dielectrics since there is more change in carriers’ density
(since both electrons and holes contribute) compared to that for dielectrics where only electrons
contribute. Further, the band gaps in case of semiconductors are small compared to that of dielectrics.
Single and poly crystal have similar behavior with change in obliquity and wavelength. Amorphous
solids show large shift compared to single crystals since incident IR radiation induces more changes
in isotropic and randomly placed atoms in amorphous solids (with no definate structures) in
comparison to anisotropic and well orderly placed atoms in single crystals(with definate structures).
Nano solids have behavior like that of corresponding oxides and amorphous solids depending upon
the size of nano crystals. The blue shift is caused by strengthening of bonds between atoms of
material’s molecules, after the energy of incident photons enhance with change in obliquity similar
to “anti Stokes lines in Raman Effect”. It has also been observed that the transmission bands of
solids shift towards the shorter wavelength region (blue shift) at low temperatures. In conclusion,
quantum effects on solids at low temperatures are complementary to those observed with IR
angular specular reflection and reqular transmission studies at ambient temperatures.
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THE ZIGZAG SPIN-CHAIN ANTIFERROMAGNET CaV,0, : SYNTHESIS,
STRUCTURE AND MAGNETISM
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T.A. Locrasso®, R.W. McCaLum?, A.I. Goroman?, S. Bubko?,
A. Honecker*, D.C. JoHNsTON?
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The compound CaV,0, contains V** cations with spin S=1 and has an orthorhombic structure at
room temperature containing two inequivalent zigzag chains of V atoms running along the c axis.
The Qrst- and second-neighbor vanadium separations are approximately equal suggesting frustrated
antiferromagnetic exchange interactions. We have grown single crystals of CaV,0, and performed
crystallography, magnetic susceptibility, 0¥ NMR, heat capacity Cp, and thermal expansion
measurements in the temperature T range of 1.8-350 K on the single crystals and on polycrystalline
samples. High-temperature susceptibility (300-1000 K) and single-crystal neutron-diffraction
measurements have been used to deduce the dominant exchange paths and orbital conligurations.
An orthorhombic-to-monoclinic structural distortion and a long-range antiferromagnetic (AF)
transition is found at temperatures T.~140 Kand T, ~51-78 K, respectively. The magnetic susceptibility
X(T) shows a broad maximum at ~ 300 K associated with short-range AF ordering and the anisotropy
of X(T) above T, is small. The anisotropic X(T)—0 K data below T show that the easy axis of the AF
magnetic structure is the b axis. Detailed NMR and neutron diffraction measurements reveal collinear
spin order within the chains and canting between chains, with the average spin direction along the
b axis. The Cp(T) data indicate strong short-range AF ordering above T,, consistent with the x(T)
data. We analyze our data using a J -J, S=1 Heisenberg chain model, where J (J,) is the (next)-
nearest-neighbor exchange interaction. Our results suggest that at high temperatures CaV,0, behaves
as a Haldane chain, but at low temperatures, it is a spin-1 ladder. These two magnetic structures
are explained by different orbital conligurations and show how orbital ordering can drive a system
from one exotic spin Hamiltonian to another.
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MANIPULATING UNPAIRED MAJORANA FERMIONS IN A QUANTUM SPIN CHAIN

ABHINAV SAKET, S.R. HAssAN AND R. SHANKAR
The Institute of Mathematical Sciences, CIT Campus, Chennai 600 113.

We analyze an exactly solvable spin-1/2 chain which is a generalized version of Kitaev's honeycomb
model. We show that every state of the system has a N/4-fold degeneracy, where N is the number of
sites. We present analytic solutions for the zero energy modes of the Majorana fermions. Localized,
unpaired Majorana modes occur even in the bulk of the chain and they are bound to kink antikink Z2
flux configurations. The unpaired Majorana modes can therefore be created and manipulated if the
Z2 flux configurations can be controlled. We delineate the regions in parameter space for homogenous
chains where the zero modes occur. We further show that there is a large parameter space for
inhomogenous chains where the unpaired modes occur and that their wave functions can be tuned
if the couplings of the model can be tuned.
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QUANTUM CONFINEMENT IN IRIDIUM OXIDE NANOWIRES
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Email : santoshs@nplindia.org

1D nanostructures, semiconductor nanowires (NWs) have been widely studied as very attractive
and versatile building blocks for nanoscale systems due to important electronic and optical properties
of the nanowires and the potential for ‘bottom-up” assembly of massive number of functional
devices. Group IV, III-V and II-VI semiconductor nano-materials have been widely studied as
functional device elements and a wide range of nanowire-based devices have been fabricated,
including field effect transistors (FETs), photodetectors, light-emitting-diodes (LEDs, lasers, sensors,
logic gates and address decoders. In order to build an electronic system, it is very important to
have electrically conductive interconnects. There have been efforts in the growth of metallic nanowires
such as Ni, NiSi, Au and Pt using either template or after growth metalization methods, and
potentials have also been studied in using metallic nanowires as nanoscale interconnects and for
field emission devices Ir0, is conductive metal oxide that has been widely used in dynamic random
access memory (DRAM) and FeRAM applications which, as conducting electrodes, are very stable
both electrically and chemically at high temperature and in high 0, ambient environment. IrQ, has
also been studied as a good candidate for field emission cathodes of vacuum microelectronics and
field emission displays because of its low work function (4.23 eV) and high chemical stability. The
chemical and electrical stability of Ir0, have also enabled excellent chemical sensing applications,
such as pH sensors. Ir0, thin film, fabricated from either post growth oxidation of Ir thin film and
CVD grown IrQ, thin films, have been reported. Submicron production techniques such as MBE and
MOCVD are routinely used to fabricate quantum devices with novel characteristics. As semiconductor
technology continues to drive the scaling of electronic device dimensions into the ultrasubmicron
and nanodimensional regime, many concepts and phenomena related with ultrasmall and ultrafast
devices are being the focus of an intensive research. A principal challenge in the application of
quantum-based devices arises from the molecular size considerations The most important feature
associated with those small grains, is a quantum size effect, showed as a shift in the excitonic peak
of their optical absorption spectra, as the size of the nanocrystal decreases. Metal organic chemical
vapor deposition (MOCVD) growth of Ir0, nanorods has been reported using (methylcyclopentadienyl)
(1,5-cyclooctadiene) iridium (I) as precursor.35) But the Ir0, nanorods are normally polycrystalline
structure with high density of point defects and dislocation. In this paper, we have reported the
growth of single crystal Ir0, nanowires with dimension from 10 to 50 nm and 1-2 mm long via s
MOCVD method. Ir0, nanowires growth on Si substrate and thin metal films (such as Au, Ti, Ni, and
Co) on Si substrates were tested It was found that thin metal layer facilitates nanowire growth. The
nanowires were characterized by XRD, PL, FT Raman and scanning electron microscopy (SEM). X-ray
diffraction (XRD) pattern shows a high degree of crystallinity, and all of the peaks match well with
Bragg reflections of the standard rutile structure 3.25 A, ¢ ) 5.21 A, JCPDF # 36-1451. Optical
studies of the nanowires determine the potentially unique optical properties and observed that
quantum confinement effects play an important role in the photoluminescence.
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145,174
159

45

10

216

175

187

157

144

51
179,180
158

193

172

19

158

43

65

177

220

93,100,108,116,118

122, 123,129,131,212

KISHAN HARI
KLEMKE B.
KLITZING KLAUS V.
KNEIDINGER F.
KOCINIEWSKT T.
KOPYLOV SERGEY
KOTNALA R. K.
KREYSSIG A.
KUBAKADDI S.S.
KUBATKIN SERGEY
KULSHRESTHA SUBHRA
KUMAR A.

KUMAR ABHINAV
KUMAR AMIT
KUMAR ANUJ
KUMAR BRIJESH
KUMAR JAGDISH
KUMAR LOKENDRA
KUMAR MAHESH
KUMAR NAGESH
KUMAR NEERAJ
KUMAR NITIN
KUMAR P.

KUMAR PARMOD
KUMAR RAJEEV
KUMAR RANJAN
KUMAR SANDEEP

126
220

5

43

42

19

110,111
220

152

19

79

74

4t

161
108,118,129
52
114,116,212
202

202

106

86

132

180

172

207

120
136,196

KUMAR SANJAY
KUMAR SANJEEV
KUMAR SIJIN
KURIAN JOJI
KUSHWAHA A.
KUSHWAHA A. K.
LAKE B.

LAL CHHOTEY
LARA-AVILA SAMUEL
LESUEUR J.

LEVY JEREMY

LIN H.
LIYANAWADUGE N. P.
LOGRASSO T.A.
MAAN J. C.
MAHADEVAN PRIYA
MAHALU D.
MAIKHURI NEELAM
MAITI MOITRI
MAITRA T.

MAITRA TULIKA
MAJUMDAR PINAKI
MAJUMDER DWIPESH
MALZER S.
MANCHANDA P.
MANDAL SUDHANSU S.
MANNHART J.
MARCENAT C.
MATHUR K.C.
MCCALLUM R.W.
MEENA R.S.

MELNYCHENKO-KOBLYUK N.
MELNYCHENKO-KOBLYUK N.

MICHOR H.
MIHAJLOVIA G.
MILIYANCHUK K.
MISHRA A. K.
MOHANTA D.

MONDAL MINTU
MOSENDZ 0.
MUKHERJEE SOMA
MUKHERJEE SOMDUTTA
NANDI S.

NANDY ASHIS KUMAR
NARAYANA CHANDRABHAS
NARLIKAR A.V.

NATH R.

NATH T. K.

NAUTIYAL ARVIND
NAYAK MUKESH G. 211
NIAZI A.

NORI FRANCO
NORMAD B.

OFEK N.

ONG N.P.

224

145,174
110
77
22
163
220
209
19
22
27
184
108
220
216
44,72,97
159
138
188
185
82
46
215
216
157
24,215
14
42
198
220
131
43
43
43
23
43
206
167
145,174
23
168
69
220
72
164
125
200
70,140
200
211
220
34
39
159
11

PADMANABHAN MEDINI 26
PAL ANAND 116,127
PAL ATINDRA NATH 155
PALEVSKI A. 50
PAN R.P. T 84
PANDA J. 140
PANDEY BISHNU K. 166
PANDEY HIMANSHU 201
PANDEY VIBHAV 110,111
PANDYA D. K. 144,154
PANDYA SWATI 112
PANT R. P. 136,193,196,201,209
PAOLILLO SARA 19
PAPPAS DAVID P. 28
PARAMANIK U.B. 99
PASCAL L. 142
PASRICHA RENU 126
PATHAK N. P. 200
PATHAK SACHIN 90
PATNAIK S. 76,88
PAULOSE P. L. 47,48,95
PEARSON J. E. 23
PIEPER 0. 220
PODLOUCKY R. 43
PORWAL RAJNI 186
POUMIROL J. M. 161
PRAKASH J. 88
PRASAD R. 37,99,179,180,184,187
PRASAD RAJENDRA 151
PRATAP A. 195
PROKE" K. 220
PUNDIR SANDEEP KR. 169
PUROHIT S.P. 198
R PRASAD. 201
RAJU M. 154
RAKHMILEVITCH D. 50
RAMAKRISHNAN S. 95
RAMAKRISHNAN T.V. 13
RANA PO0JA 79
RANI STUTI 104
RAO ASHOK 86
RAO C. N. R. 164
RAQUET B. 161
RASTOGI A. 22,163
RASTOGI A. K. 203
RATH SHYAMA 209
RAYCHAUDHURI A.K. 61
RAYCHAUDHURI PRATAP 33,145,174
REDDY.V ANNAPU 200
REEHUIS M. 220
REITH D. 43
REYREN N. 14
ROGL E. BAUER P. 43
ROGL P. 43
ROUT P. K. 149



ROY AMRITENDU
ROYANIAN E.
RUBY

SAHAI ANSHUMAN
SAINI L. K.
SAKATA H.

SAKET ABHINAV
SAMAL D.

SAMPATHKUMARAN E.V.

SARASWAT GARIMA
SARMA D.D.
SAXENA SIDDHARTH S.
SCHEIDT E.W.
SCHLAGEL D.L.
SCHNEIDER T.
SCHURIG THOMAS
SEMWAL SANGEETA
SEN PRANAY K.
SEN PRASENJIT
SEN PRATIMA
SENGUPTA K.
SENGUTTUVAN T. D.
SETHI RUCHI

SHAH JYOTI
SHAHNAWAZ
SHANKAR AJAY
SHANKAR R.
SHARMA ASHUTOSH
SHARMA DEVINA
SHARMA MANISH
SHARMA MONIKA

SHARMA PRAMOD KUMAR

SHAYEGAN MANSOUR
SHEKHAR CHANDRA
SHERIF SIYA
SHUKLA A.K.
SIDDIQUI A.M.
SINGH A.K.

SINGH ANU

151

43

83

189

211

168

221

156

62
145,174
44,72
54

43

220

14

53

67

191

72

191

58

186

202

110
118,129
136
188,221
184,187
120

89,90,162,199

90
199
26
177
112
67
176
76
102

SINGH B. 184
SINGH G. S. 183
SINGH H. K. 138,179,180
SINGH H. P. 102
SINGH ISHWAR 82,185
SINGH JAI 204
SINGH M. P. 180
SINGH R. 77
SINGH RAJENDRA 170
SINGH S. 176
SINGH S. J. 88
SINGH SANTOSH 222
SINGH SHIVA KUMAR 93
SINGH SUKHVIR 169,207
SINGHANIA NISHA 170
SINHA M. M. 83
SIWACH P. K. 179,180
SLUSSER PAUL K. 73
SNGH S.K. 79
S00D A.K. 15
S00D K.N. 222
SRIDHAR SRINIVAS 29
SRIKKANTH HARI 35
SRIVASTAVA A. K.  123,169,176,193
SRIVASTAVA M. K. 179
SRIVASTAVA O.N. 204
SRIVASTAVA P. 67
SRIVASTAVA P. K. 204
SUBRAHMANYAM V. 41
SUDESH 104
SUH B.J. 220
SUKHVIR SINGH 222
SUN C. P. 103
SWAIN DIPTIKANTA 164
SYVAJARVI MIKAEL 19
TARAN SUBHRANGSU 103
TARAPHDER A. 70
TEWARI GIRISH CHANDRA 203

225

THAKUR SANJEEVE 136
THIEL S. 14
THOMAS K. J. 59
TIWARI ASHUTOSH 73
TIWARI R.S. 204
TRIPATHI RAHUL 122
TRIPATHIT. S. 203
TRIPATHI VIKRAM 56,174
TRISCONE J.M. 14
TYAGI LOVNEET 132
TZALENCHUK ALEXANDER 19
UMANSKY V. 159
UPADHYAY P.L. 132
VAJPAYEE A. 100,116
VAJPAYEE ARPITA 123
VANKAR V.D. 67
VARMA G. D. 74,104,106,134
VENKATESAN T. 49
VERMA VIVEK 110,111
VIJAYAN D. 77
VISHWANATH ASHVIN 55
VLAMINCK V. 23
WAKABAYASHI KATSUNORI 30
WAKAKI M. 168
WILLIAMS 0. A. 42
WINKELMANN C. 42
WOLF T. 22
WRAY L.A. 184
XU S.Y. 184
YADAV ANJALI 80
YADAV C. S. 48
YADAV KAMLESH 134
YADAV M. S. 196
YADAV UMESH K. 82,185
YAKIMOVA ROSITZA 19
YAN J.Q. 220
YANG H. D. 103,175
ZAHRA ANDLEEB 199
ZONG X. 220
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IUSSTF

Indo-US Sciencs and Techhelogy Fomim

INDO-U.S. SCIENCE AND TECHNOLOGY FORUM
Fulbright House, 12 Hailey Road, New Delhi 110 001, India
Website: waww.indoussif.org

The Indo-1).5. Sclence and Tachnology Forum (IUSSTF) was established in 2000 under an
agreement hetween the Governments of India and United States of America with 2 mandate to
promote, catalyze and seed bilatersl collaboration in science, technology, engineering and
biomedical research through substantive interaction amongst govermment, academia and fndustry

As its mandate, IUSSTF provides an enabling platform to the scientific enterprises of the two
nations by supperting an S&T program portfolio that is expected to foster sustainable interactions
with a potential to forge long term collaborations, IUSSTF program manifests are largely ctalyticin
nature that helps to create awareness through exchange and dissemination of information and
opportunfities in promoting bilateral scientific and technological cooperation.

IUSSTF has an evolving program portfolio that is largely conceived and driven by scientific
communities of both the countries through extending support for symposia, warkshops,
conferences on topical and thematic areas of interest; visiting professorships and exchange
programs; travel grants; fellowships; advanced training schaols; public-private networked cemtres
and knowledge R & D networked centres. JUSSTF also works towards nurturing contacts between
young and mid career scientists by convening stimulating flagship events like the Frontiers of
Sclence and Frontlers of Engineering symposium through the U.5. National Academies model. At the
same time it reaches out to industries by partnering with business assaciations to generate high
quality events on technology opportunities for business devalopment to foster elements of
innovation and enterprise through networking between academia and industry.

IUSSTF maintains a close working relationship with the federal agencies, laboratories, government
institutions, and the academia in U.5. and India, cutting across all disciplines. As an autonomous,
not-for-profit society, IUSSTF has the ability, agility and flexibility to engage and involve industry,
private R&D labs; and non governmental entities in its evolving activity manifold. This operational
unfqueness allows the IUSSTF to recelve grants and contributions from independent sources both in
India and USA, besides the assured core funding from the two governments.

TUSSTF solicits proposals for its activities thrice a year (January, May and September) and awards
are made on the basis of peer reviews both in India and USA,

IUSSTF velues your interactions and looks forward to work with the S&T community of both
countries to implement new ideas that endeavor to promote cutting edge Indo-UL.S. Science and
Technology collaborations.




The Institute of
Mathematical Sciences

The Institute of Mathematical Sciences (IMSc), founded by Alladi Ramakrishnan in 1962, is a national institution for
fundamental research in the mathematical and physical sciences. The
Institute is governed by a Board and an Academic Council. The present
Director of the institute is Prof. R. Balasubramanian.

Research at IMSc is supported by theD ment of Atomic En of the
Government of India and by theGovernment of Tamil Nadu. Institute
members work primarily in the areas ofMathematics, Theoretical Computer

Science and Theoretical Physics.

The Institute has an active graduate research program to which a select

group of students are admitted every year to work towards a Ph.D. degree.
IMSc hosts a large number of scientists at the post-doctoral level and

supports a vibrant Visiting Scientist Scheme. More information is available under Academic Programm IM

IMSc has an outstanding sclentificlibrary, a computing facility which contains

the fastest academic computer in India (as of mid 2004) and a dedicated high-
- - peed network. The Institute hosts several national and international

' pscientific meetings every year. The Institute Annual Reportssummarize past and

ongoing research.

J..-A new, centrally air-conditioned office and lecture-hall complex houses academic
amembers of IMSc. A 200 seat auditorium, the Ramanujan auditorium, is used for
jarge scientific meetings while smaller lecture halls and classrooms accomodate

more modest gatherings. Most public areas in the Institute, including seminar

and discussion rooms, lounges and the auditorium are Wi-Fl enabled.

Located in South Chennali, in the Adyar-Taramani area, the Institute Is based in
the verdant surroundings of the Central Institutes of Technology (CIT) Campus.
The Institute campus also contains a student hostel, flatlets for long-term visitors,
married students and post-doctoral fellows, and the Institute Guest-

House. IMSc has Its own faculty housing in Tiruvanmiyur near the seashore.

THE INSTITUTE OF MATHEMATICAL SCIENCES

C.LT. Campus, Taramani, Chennai - 600 113, India.
Telephone: (044) 2254 1856, 2254 2588
Fax: (044) 2254 1586
URL: http://www.imsc.res.in
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INSTRUMENTS
PVT.LTD,

[Hetsch’ ir

Solutions in Milling & Sieving }m

Retsch GmbH, Germany are known as pioneer and manufacturers for sample preparation systems.

They offer a wide range of equipments for size reduction and homogenization through Milling,

Sieving & Assisting

Retsch Ball Mills are used for the pulverization of soft, fibrous, hard and brittle materials. These are very
much suitable for highest degree of fineness and give a very high final fineness down to the sub micron
size range. These ball mills move in planetary motion and the high centrifugal forces of the planetary ball
mills result in very high pulverization energy and therefore grinding time is reduced drastically.

Grinding jars are Comfort type - safe , non-slip seating with built —in anti rotation device and conical base
centering for excellent grinding with outer lining of stainless steel as a protective jacket for ceramic jars.

Retsch also offers their new Mixer Mills Model MM-200 and MM-400 for grinding, mixing ,
disrupting small amount of samples. These Mixer Mills are laboratory “ all rounders” .They
have been developed specially for dry & wet grinding of small sample amounts. They can mix
and homogenize powders and suspensions in only few seconds. They are perfectly suitable for
the disruption of biological cells.

A

Exceptionally simple , safe handling,
dust proof and airtight. Stainless
steel protective jacket for Agate ,

Zirconium Oxide & Tungsten Carbide
Jars. Can be used for Cryogenic
Grinding also.

Contact for more details:
INKARP INSTRUMENTS PVT LTD,,
|-2-45/1, Street No.2, Kakateeya Nagar Colony, Habsiguda,
Hyderabad — 500 007 Tel: 040 27172293 / 27175088,
Email: sales@inkarp.co.in, Website: www.inkarp.co.in




The turbopump innovation.

P Complete series of pumps with
pumping speeds of from 10-700 I/s

P> Robust engineering and proven bearing
system offer maximum reliability

» Compact design makes for minimum footprint

Total pressure measurement

13
'Tm ﬂi =

PFEIFFER:? VACUUM

Pfeiffer Vacuum India Ltd.
25/Nicholson Road - Tarbund - Secunderabad - Phone +91 40 2775 0014 - pfeiffer@vsnl.net

www.pfeiffer-vacuum.net

in a vacuum.

P Large variety

P Easy integration '{\
P Cost effective \




* DSP True Online UPS Systems
« 600 VA to 5000 KVA

- » Rack Mount UPS (1 KVA to 60 KVA)

Powering Business Worldwide . |GBT Rectifier Technology
* Qutput P.F 0.9

Powerware / Pulsar | E Series + Wireless Paralleling upto 8 units
UPS Systems * Advance Battery Management

10 kVA to 160 kVA Tower 1 kVA to 20 kVA
Tower

1 kVA to 20 kVA
Rack Mount / Tower

12 KW to 72 kW
Rack Mount

Katsun Automation Pvt. Ltd

N-161, 203, Thapar House , Gulmohar Enclave Community Center,
New Delhi-110 049. Ph : +91 99588 12299, 4606 6472-73

Email : sales@katsun.in URL : www.katsun.in
DL-28-25950/04-12-08/Manoj (A)
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Drug [Research Luckneow

(Council of Scientific & Industrial Research)

Formally inaugurated on 17" February, 1951, by India's first Prime Minister, Shri Jawaharlal Mehru, CDRI is-a premier
cenire for drug research in the country. It is equipped with some of the latest research facilities in drug RE&D. The institute
offers competitive advantags in collaborative research and business opportunities lo academia and industry - contract
research, productlicensing, technical services and human resource development.

Modern Research Facilities

+  Robotic multiple organic synthesiser for construction of new chemical IRvraries of several thousand compounds.
+  Highthroughput screening facility for quick screening of lrge number of compounds.
¢ Structural biokogy facility for predicting mokecules for structure based design.
+  Confocal microscope for investigating mechaniem of drug action,

+  DNA-microarray & proteomics facllities and CD-machine for various molecularicefiular blological studies.

¢ State-of-the-art electron microscope facility for better understanding of drug action at molecular leval,

The laboratory through its scientific expertiss provides complete facilities for drug discovery and development - synthesis, biological screening,
reguiatory studies (quality control and standandization, pharmacology, pharmacokinetics, toxicology and clinical trials) conforming with Good
Laboratory Practices and international Protocols | Guidelines employing latest testing modeds / systems, bio-markers, analytical tests and sophisticated
instruments.

Technologies Licensed and in Commercial Production

F Artemether (IPCA Laboratory)
P Dextropropoxyphene hydrochloride (Wockhardt)
¥ Ephedrine hydrochloride {Malladi)

Major New Drugs Developed and Marketed

CDRSs Stardardised frachon from Artasther (Anlimalksra) Cenichimman {Oval contraceptve)
Beeepa momniees Exiract Memory mprovemend]  miarksted a5 E-Mal (Themes Lid) MWarksted 25 Sshed
Merkeied & Memo Flus God {Hndustan Letex)
{Limen Mariafing Ca |
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Hutaqum (Anfiraispes anfmalanal) Myccbacksium uberculoses
Marketed 2= Aablagmn Real lime PCR basad Disgnostic Kit
[Michales Pirasmal) (BIQTRON. Healfh Carg)

For further information please contact:

Direcior

Central Drug Ressarch Insttute

Chattar Manzil Palace, Lucknow-226 001 (India)

Phone: 2612411-18{PABX). Fax: 0522-2623405. 2623538
E-mail: director@cdri.res.in

website: www.cdriindia.org




Cryogen Free Measurement !
Systems 5 to 25 Tesla

* Magnets to 25 Tesla using SuperPower" 2G HTS

Cryogen Free. No liguid helium needed

* Room temperature bore or variable temperature sample space
« Highly stable magnetic field
= High power Pulse Tube cryocoolers with low vibration _
» No maintenance for 3; years continuous use

Cryogen Free Cryogen Free 16 Tesla,
3 Tesla Mini Vibrating 50'_31“1 mh‘ifh
Sample Magmelometer, nptu:lu for Dilution
with AC Suscepnlbality Refrigerator Insert for
and High Temperature temperatures down 1o
Facility 10 700 K 30 mK

Measurement Options:

= Vibranng Sample Magnetometer (VSM) for
measurements of DC magnesc moment with
sensitivity of 107

* AC calorimeter 1o measure Specific Heat and
Thermal conductuvity

= Reststvity aned Hall effect probe with sample
rotaion in held

= AC Suscepnhility probe

* MFM/AFM and Pressure Cell options

Temperature Ranges:
* High Temperatures Insert with iemperatures 1o 1000 K
= He-3 Insert with temperatures down to 300 mK and 30 hours hold time

* Ultra Low Temperatures down to 10 mK with 17 Tesla shielded coil in a
Crvogen Free Diluton Refngerator

CRYOGENIC LIMITED
30 Acton Park Estate
London W3 7QE, UK

tel: +44 (0)20 8743 6049
email: sales@cryogenic.co.uk
www.cryogenic.co.uk

Pramod Kumar

Vico Scientific Sales Private Limited
tel: +91-11-25871181

fax: +01-11-25872788

email: pkumar@vicosales.com
www.vicosales.com




Cryogen Free

Superconducting
Magnet Systems

Cryo Industries of Amerka, Inc. has over 25 years
of experlence In designing and manufacturing

Supercanductng Magnet Systems.

Cryo ofers Cryogen Free Superconductng Magnet
Systems that Imegrate Innovatve deslgn with magnetc
felds that mnge from 2 Tesla up ta 15 Tesla {depending
on daeslgn), you select the magnetc feld. Magnet
confgurataons avallable include Verical Fleld Solsnold
or Horizomtal Field Split Coil magnets.

You select the
Cryo ofers Superconductng Magnet designs with a
elear vertcal room temperature bore or a top loading temperature and
variable temperature insert or both. The magnet is cooling power

cooled through a Giford-McMann cooler or a Pulse needed!
Tube cooler for low vibraton experiments.

All complete Supercondunctng Magnet Systams Include:

s Conduchvity cooled superconductng magmnet

s Ramovable room temperature bore or varlable
temparatune Ihsert

» (lozed cyde refrigerator {G-M or pulse tube)

» Compressor

» Programmable reversing bipolar magnet
power supply

v [ntegral energy absorber

= Temperature controller

» Temperature sensors}.

Cryo Industriess ‘parformance by deslgn’ Supeconductng
Magrvet Systems ofers many fekd tested and proven

. s deslgns throughout the scientfc community. Cryo
r = T = able to ofer contnued technicl suppart for the life

] =

The Tinsiey Growp | 1d.
Ph: +91 11 22152150, 22182151
E-Mall: tinsley@ndf.vanl.net.in

www.aysindusiries.com




e  SPECIALISE INSTRUMENTS MARKETING COMPANY

NSTRUMENTS

SPECIALISE

0

wy PULSED LASERS I J(Q
| < Yiia M20, Yeterbium High Energy Fiber Laser of Pulse Energy 1mJ at 1064 nm Q
* YG980 series Nanosec. Q-switch Nd:Yag lasers up to 2.4 ) Energy at 1064 nm O,

New Delhi office-

305, Kailas Industrial Complex, A-wing 3“Floor, Building No.2,

Parksite Vikhroli (West), Mumbai-400 079. (INDIA)

INSTRUMENTATION SOLUTIONS FOR ACADEMIA, INDUSTRY AND

SCIENTIFIC APPLICATION AND HARDWARE SUPPORT

Quantum Design ?
VSM, SQUID VSM, MPMS & PPMS- Systems U.S.A
* Versalab Cryo-free VSM , 3 Tesla, 50K to 400K, sensitivity 10 6 emu/rt-H
* MPMS Squid VSM, sensitivity <10 - emu with only 4 second data averaging
* MPMS integrates a SQUID detection system, a precision temperature control unit and a powerful
software control operating system.
* PPMS are designed for fields up to 16 Tesla and temperature range in 1.9-400K

 Nd:Yag Pumped high resolution Dye Lasers for RIMS application France

R )
. =
VIBRATING SAMPLE MAGNETOMETERS F—

o Resistive Magnet VSM with highest fields and higher sensitivity U.S.A
e Fastest , most accurate field control in conjunction with temperature control

® Accurate true Torque Magnetometers

CCDs/ICCDs/EMCCDs for Spectroscopy & X-ray imaging ’ A N D 0 R -

® Special TE cooling down to —100C LEfEIENEE B 8 Y

e Fastest optical gate for the ICCD

* Slow scan ultra low read noise systems, 16 bit at 1MHz

* Exclusive EMCCD spectroscopy chips with on chip gain, fast readout, spectrographs, Echelle
spectrographs for high throughput

Picesuwumn
Atomic Layer Deposition (ALD) Systems Finland

e Deposition of Metal Nitrides and Metal Oxides thin films such as TiN, NbN, ZnO and AlO,
* Uniform and ultra-conformal film deposition on 2-8"” substrates

* Process temperatures up to 500°C

® Precursor sources for gaseous, liquid and solid chemicals

® Heated precursor source temperature up to 200°C

Ravi Mohan Garg Mob-98113-75599
Email-ravimgarg@yahoo.com




Internet Banking

YOalk in to
Your Bank....

i Your
honel

e i

With our Internel Banking Services. you can access basic ﬂﬂﬂﬂuﬂt details, statement of accounts eic,
anytime, amywhere. Ease your life with our enhanced facilities like

= Railway e-licketing « Utility Bill payment « Payment of Direct & Indirect Taxes

=M (| SyndicateBank

www,syndicatebank.in
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Recognized Centre of Excellence for carrying out R&D,
Consultancy, Training of Highway and Transportation
Professionals and Documentation

OUR FIELDS OF
SPECIALISATION

Bridges & Structures
Geotechnical Engineering
Pavement Engineering &
Materials

Road Development Planning &
Management

Traffic & Transportation Planning

Y VY

An ISO R&D Institution

SPECTRUM OF ACTIVITIES
» Contract Research
- Sponsored Research
- Collaborative Research
Consultancy Services /
Technical Advices
Testing and Calibration
Services
Preparation of Standards and
Specifications
Development of Guidelines
Information Dissemination
State-of-Art Reports
Human Resources
Development for Highway,
Bridges and Transportation
Engineering

v

VVVYY
NEW DELHI

For more details, please contact:

Dr. S. Gangopadhyay
Director

Central Road Research Institute
P.0.-CRRI, Mathura Road

New Delhi-110025

India

Ph: 91-11-26848917 / 26823437
Fax: 91-11-26845943 / 26830480
E-mail: director.crri@nic.in
Website: www.crridom.org

CENTRAL ROAD RESEARCH INSTITUTE
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Linde Eryotechnik AG

Desettiknnersirasee 5

B413 Prongen

Swlizeriand

Fhone: =41 {0] 52 304 05 55

Fax: =41 {8} 52 304 05 50

Eral:  Infp@dinde-krestechnik.oh
wwric [ inde-kryndechnke.ch

r

Linde

Division of Linde Process Plants, b,
5100 South Yale Avenus Sulte 1200
Tolsa, O 74136 J USA

Phione: -+1 318 477 1200

P +1 #18 477 1100

Emall  lindecryogenicu|ppusa.com

Linde Engineering hnda M. Ld.
38, Mutzn Bhamt Sedety Alkapur,
Vadodara - 300007, Gukarat,

il

Fhone: +%1 265 305 4T B9

Fai: +01 255 2335213

Emall:  KambeshoDesalé#linde 4e.com
wwnaiBnde- s com




NATIONAL GEOPHYSICAL RESEARCH INSTITUTE
(Council of Scientific and Industrial Research)
HYDERABAD

An Institute dedicated to research in earth sciences and service to the society

The Institute has state - of - the - art research facilities and capabilities
for Geophysical, Geological & Geochemical Investigations with a focus
on R&D related to :

Exploration of Natural Resources with focus on Energy Security
Shallow sub-surface geophysics for geotechnical applications
Assessment and Management of Groundwater Resources
Earthquake Hazard Assessment

Lithosphere and Earth's Interior

Geo-environment and Climate, Present and Past

= [ = V" == (S = [ oo, [ = |

For more information, please contact —

The Director, National Geophysical Research Institute, Hyderabad - 500007

Telephone: +91-40-23434600 & 23434700 : Fax: +91-40-23434651 & 27171564
E-mail: director@ngri.res.in: Website: www.ngri.org.in




With best compliments
from
Exclusive representatives for :

LakeShore Cryotronics, USA

Cryogenic temperature sensors, Temperature controller and temperature monitors, Guassmeters and
Magnetic measurement, Hall measurement & Table Top probe systems:

e  Vibrating Sample Magnetometers with 4, 7 and 12-inch pole piece diameter electromagnets with
Closed cycle refrigerators for the sample temp. variation.

e  Hall Measurement systems with 4,7 and 12 “ pole piece dia. Electromagnets

e Table top or laboratory floor type, variable temperature , Electromagnet or SC magnet based
Four/Six probes systems

e  Probe systems with 4 to 6 probes, RT to LHe/LN2 temp. sample temp variation ( 4.5K to 475K ),
Cryogenfree with 4K CCR, with electrmagnet or SC magnet for magneto -Optical studies, DC or
50MHz or upto 67GHz studies.

Model 336 Autotuning Temperature controller: (NEW )

Sensing down to 300mK, Four sensor inputs, Two PID control loops 100 watt & 50 watt, custom
display setup, Ethernet, USB & IEEE — 488 interfaces.

Model 332S, 331S and Model 325 Autotuning Temperature controller with serial & IEEE
Interfaces.

Gassmeter probe Model 455, 475 very high accuracy DSP Guassmeters and Moel 410, 425
Gaussmeter with Axial & Transverse probe.

Janis Research Company, USA:
Closed cycle, variable temperature refrigerator systems (4K — 325K and 6K or 10K — 600K) for
optical, resistivity, magnetoresistance, Hall, EPR, ESR, M6ssbauer and susceptibility measurements

e  Superconducting magnet systems with variable fields from 5T to 15T with sample temp. variable
from 4K to 325K

e  He-3cryostats, Dilution refrigerators and ADR systems for temp. down to 100 mk

e  Cryogenfree superconducting magnet systems with field 5T to 15T and with sample temp. variable
from 4K to 325K

Variable temperature LHe cryostats and LN, cryostats

For technical details or price information on these products, please contact

Con-Serv Enterprises
B — 202, AniRaj Towers ,Near GKW, LBS Road
Bhandup (W), Mumbai — 400 078.
Tel./Fax: (022) 25948607, Mobile : 09819043184
Email: conserv@vsnl.com, conserventp@yahoo.co.in




EXCEL INSTRUMENTS

Leaders in Pulsed Laser Deposition hardware in India

Manufacturers of custom designed systems and components

WE BELIEVE IN COMPLETE CUSTOMER
SATISFACTION

Ph: 91-22-65008911 www.excelinstruments.biz

28, Sarvodaya Industrial Premises, Opp Paper Box,
Off Mahakali Caves Road, Andheri (E), Mumbai 400 093




An institution of CSIR

National Institute for Interdisciplinary

Science and Technology
{Councll of Sclentiic & Industrial Ressarch)
Thiruvananthapuram — 695019

An Interdisciplinary R&D Laboratory of CBIR having more than 30 years of
reputation, devoted to the areas of Agroprocsssing and Natural Products,
Blotechnology, Chemical Sclences and Technologies, Materials and Minerals,
Process Enginesring, Environmental Technology and Computational Modeling.

Sarvices Offered: Technicel Consultency, Coniract Ressarch, Analyais &
Testing, Training and Humean Resource Development programmes

Important Programmas / Expsriiss

Major Achlavements / Techhologles

Matural Products & Biosctve Molscules
Vae-Added Products from Clays £ Beach Sand
Minerals, limenite beaneficdation

Spadality Polymers {ind. Photo Polymers)

Al & Mg Alloys, Composites and Functlonally Graded
Matarials

Advanced Ceramics and Nancmaterlals
Maolecular f Organic / Inorganic Materials

Technelogy for Turn-Key Implementation of Palm Qil
Processing & Fresh Ginger Ol extraction and refining
of rice branm all

Meutraceutimls and antlkedidants
Waste Water Technology
Cornputational Modelling

Tachhologias for Ol Sesds Procassing & for Fresh
Spice Oils

Procasses far Banefidation of Clays & Clay Catalysts
[Nano Catalysts)

Technology for Preducton of High Grade Synthetlc
Rutle from limenite

Process for Alumina Sol-Gel Abrasives

Procass for Supsreonducting Substrates / Tapes
Buliding Materials & structural materiak Ceramics
Flame reardant acheshes

Technology for natural fabric composites

Pracass far Industrial eroyrres

RRL-T NC Driers

Virtual Casting Software

For Further Detath Mleace Comtoct:
The Birector, Notfono Institvte jor interdisciplingry Sclenoa & Technology Thinnenonthapuron — 885 019, Xerala, india
Tilaphowie fO92] & 871 2RUETA F 2000821, Foax : (D4FL) 2891712 F 2R903 84
Email: directoniPaiist. res.in J contectiPnist.res.ln
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State of the Art,High-Technology

Cryogenic Controllers - i« soox

(The Highest Standards of Accuracy, Stability & Controliability )

DIC 'ECHNQLOGY, 32-Bit Pre ind Autotune),
4 : =]l Tnput, 6-Digit 2% interface;
AC & DC Execitations, Ususkb s & 'IC
Standard densors af all o; — NGO INPUT
CARDS), D Heater mh Uty avallable
A.I&_ulJI—l[!II cC sontr i

NIST Traceable & CE Cerﬁﬁed

(LOOK FOR BEVIER QUALITY AND  FORGET BRANDED NAMES 111)

Mfr, BY: Cryogenic Control Systems - California USA
All India Representatives | GOODWILL Cryogenics Ent, - Vashi ( Navi Mumbai)

{ Boware of the Impostors)

L-------




SPECIALISE INSTRUMENTS MARKETING COMPANY

305, Kailas Industrial Complex, A-wing 3”Floor, Building No.2,
Parksite Vikhroli (West), Mumbai-400 079. (INDIA)
INSTRUMENTATION SOLUTIONS FOR ACADEMIA, INDUSTRY AND
SCIENTIFIC APPLICATION AND HARDWARE SUPPORT

Quantum Design F=3
VSM, SQUID VSM, MPM & PPM Systems U.S. A W
e  Versalab Cryo-free VSM, 3 Tesla, 50 - 400K, sensitivity 10° emu/rt-H
e MPMS Squid VSM, sensitivity <10 * emu with only 4 second data averaging
=  MPMS integrates a SQUID detection system, a precision temperature control unit and a
powerful software control operating system.
e  PPMS are designed for fields up to 16 Tesla and temperature range in 1.9-400K

s

) -
+~# MicroSense

VIBRATING SAMPLE MAGNETOMETERS

®  Resistive Magnet VSM with highest fields and higher sensitivity

e  Accurate true Torque Magnetometers

e  Fastest, most accurate field control in conjunction with temperature control

—
Superconducting Magnet Systems \m
e  Superconducting magnet sytem upto 16T. o e =5
e —

e  Cryogen Free superconducting magnet system.
®  High field upto 16T and spilt coil system.
e Liquid helium and nitrogen level instruments.

CRYOMECH

Cryogen plants

Liquid helium Plant ,

LHeP12 produces > 12 liters/day, Dewar Capacity: 60 liters
LHeP18 produces > 18 liters/day, Dewar Capacity: 120 liters
Liquid Nitrogen plant

10,20,40,60 and 120 liters per day

Water or air cooled.

Cryocoolers: Closed cycle and pulse tube

MONTANA
Cryostation
e Intimate access to the stable sample
e Vary temperature without sample drift
e  Vibrations are no longer a concern
o Keep samples and optics clean
e Runon low power
Sample Holders

ATTOCUBE SYSTEMS
Nanopositining and Microscopy

=  Atomic force microscope

e  Magnetic force Microscope
e  Scanning Tunneling Microscopy.
e  Scanning Hall Probe Microscope.




Emmtech Calibration

We Introduce our self Emmtech Calibration Laboratory is a measuring instruments and Gauges

calibration Lab. Our laboratory is accreditated by “National Accreditation Board for Testing &

Calibration Laboratories” (N.A.B.L), Department of Science & Technology as per IS/ISO/IEC 17025-

2005 standard. We have the accreditation in three disciplines, Mechanical (Cert. No. C-0347),

(Length, Angle, Flatness, Straightness, Mass, Volume, Density, Pressure, Vacuum, Acoustic & Speed),

Thermal (Cert. No. C-0441), (Temperature -40 to 1200°C & Relative Humidity 10 to 95%) and Electro-

Technical (Cert. No. C-0510), (AC/DC Voltage, AC/DC Current, Frequency, Power/Energy, Time,

Capacitance, Resistance, Inductance & Lux).

Laboratory is committed to total customer satisfaction through reliable, accurate and timely service

in the field of calibration which meets their requirements and expectations in terms of quality. The

management committed to comply the internal standard IS/ISO/IEC 17025-2005 and continuously

improve the effectiveness of the management system.

Our Laboratory is well equipped and skilled engineers are ready to assist our customers at any time.

We have a facility of calibration of measuring instruments and gauges as per customer requirements.

All staff having training in their relevant field to improve our quality or meet the customer

requirements.

Besides calibration we are providing our services in the field;

e Consultancy of IS/ISO/IEC-17025-2005 (Documentary as well as practical as per our resent
scope).

®  Work shop and desktop trainings.

Contact us:
Emmtech Calibration
D1/90, Sanjay Colony, NIMS Hospital Road, Sector -23, Faridabad. (Haryana)
0129-4124942, 09811787807, 09654373931, 9873837164 & 9999493636

For further details visit our website www.emmtech.in , for any enquiry mail us

on our mail 1.D. emmtech123@yahoo.co.in , emmtechcalibration@yahoo.co.in & info@emmtech.in




Our Cryogenic Products

DEWAR FLASKS

Refrigeration System
Diode Temperature Sensor

10K ". Multifilament
| SMD Packnge

'@}; pe—

2y

o :‘r“?.\_

Material: Goid-plated copper,
Alumina

Superconductlng Wire

NbTi, Nb;Sn
Matrix : Cu/Resistive

LIQ. He Transfer Line

Self-Pressurizing LN2-Containers

Flexible U Tube with Right Angle
Shutoff Valve

Liquid Helium Conainers

HT@ |
et
t

CMSH 40-5000 Litre - -
Horizontal Container
Hi-Tech, Cryn-Temp Controller
Operation from <100mK over 1020K
Cryogenic Temperature Monitor e — : 5
Model 18

(GOODWILL

CRYOGENICS & INSTRUMENTATION

213, Nirmal Vyapar Kendra, Sector-17, Vashi, Navi Mumbai-400 703

Emall : sales@goodwillcryogenics. com; gecryo@gmail.com




With
Compliments
from

Manufacturers of Calibration Gases & Gas Mixtures
Deals in : Pure Gases & Special Gases :

Nitrogen, Hydrogen, Argon, Helium, Oxygen, Carbon-Dioxide,
Zero-Air, Methane, Ethane, Propane, H.,S, Ethylene, Amonia,
SO,, Krypton, Neon, Acetylene, Liquid Helium, Liquid Nitrogen,
Liquid Oxygen, Liquid Argon & various other Gases.

Gas Handling Equipments

Gas Regulator, Gas Manifold, Gas Pipeline, Gas Purifier,
Panel, Gas Control Box etc.

Importer of Laboratory Consumables :
Vials, Septa, Plastic Ware, Syringe, Gloves etc.

@Q%nif @%@ @ZMM
ISO 9001-2008 CERTIFIED ORGANISATION

C-7/111, Keshav Puram, Lawrence Road, Delhi-110035
Ph.:011-27184641, 27151199, 43680209
Mob. : +91-9313747035, 9311241032




Wk
ﬁe&t (C’omjofement&
?rom

tkto Marketing Covboratiovw

(SUPPORTING INDIAN SCIENTIFIC RESEARCH OF INTERNATIONAL STANDARDS)
IMPOTERS, EXPORTERS & MANUFACTURERS REPRESENTATIVE

m=== DEALS [N ===
RARE/SPECIALTY CHEMICALS,

HIGH PURITY METALS, MATERIALS & CHEMICALS,
SEMICONDUCTOR SUBSTRATES (SILICON, GERMANIUM, GaAs, SAPPHIRE ETC.)
CONDUCTIVE PASTES (SILVER, GOLD & PLATINUM),

HIGH TEMPERATURE FURNACES AND THEIR ACCESSORIES
SILICA, ALUMINA, PORCELAIN, PLATINUM, TEFLON, QUARTZ MATERIALS,
CRUCIBLES, BOATS, PLATES ETC.

FILTER PAPERS & RELATED PRODUCTS ETC.

== AUTHORISED STOCKIST & DISTRIBUTORS FOR =

ALFA-AESAR-LANCASTER, J.T. BAKER, RANKEM, SRL, SPECTROCHEM BRAND
FINE CHEMICALS

19/268, SARAI BASTI, OLD ROHTAK ROAD, DELHI - 110 035
Phones : Off.: 23645294, 23656122, Mobile : 9312235827, Resi. : 27450696,
Fax No. : 91-11-23656122,
E-mail : emcdelhil@vsnl.net / emcdelhil@gmail.com
Contact Person : Dr. Tanoj Kumar Jain

CUSTOMER SATISFACTION IS OUR MISSION,RATHER THAN BUSINESS




NATIONAL PHYSICAL LABORATORY

IN SERVICE OF THE NATION

The National Physical Laboratory is a dynamic research institute working
in the frontier areas of materials, measurements, radio and atmospheric
sciences with the state of the art facilities and highly experienced
scientificand technical staff.

MANDATE

The main aim of the laboratory is to
strengthen and advance physics-based
research and development of science and
technology in the country, with specific
objectives as listed below:

a)

b)

To establish, maintain and improve
continuously by research, for the benefit
of the nation, the National Standards of
Measurements and to realize the Units
based on International system.

To identify and conduct, after due
consideration, research in areas of
Physics, which are most appropriate to
the needs of the nation and for the
advancement of the field.

To assist industries, national and other
agencies in their developmental tasks by
precision measurements, calibration,
development of devices, processes and
otherallied problems related to physics.

METROLOGY:

MATERIALS:

RADIO & ATMOSPHERIC SCIENCES:

MAJOR RESEARCH AREAS

Realization of Base and Derived units.

Apex level calibration of Physico-mechanical and Electrical
& Electronic Standards

Chemical Metrology including CRM’s

Light weight, high strength metallic materials & Composites
Advanced Carbon Products

Cryogenics, Superconductivity and Superconducting
devices

Conducting Polymers & Composites

Organic Electronics—OLEDs, OPVs

Liquid Crystals & Display Devices

Luminescent Materials

Nano materials including nano-composites

Photovoltaics

Sensors (Bio, Gas, Chemicals & MEMS)

Advanced Characterization

lonosphere & Troposphere
Global Climate Change
Antarctica & Arctic Studies
Radio Propagation
Communications (Mobile)

THE GLOBAL R& D PLATFORM

National Metrology Institute
Academic Research Institute
Materials Development Institute

International Collaboration Partner

SOLUTION PROVIDER TO THE INDUSTRY

Calibration & Testing Services

Material Characterization Services
National Time Services

Consultancy Services
Contract/Sponsored Research Projects

Director: Prof. R.C. Budhani
NATIONAL PHYSICAL LABORATORY

(Council of Scientific & Industrial Research)
Dr. K.S. Krishnan Marg, New Delhi-110012
Ph.:+91-11-45609201, 45609301; Fax: +91-11-45609310
Email : dnpl@mail.nplindia.ernet.in  Visit us at: www.nplindia.org




In sarvice of the natien fur\
45 years
Our motto -
“Safely to Environment &
Health and Service
to Industry”

b

The laboratory through its scientific expertise provides complete facilities for
toxicological research, environmental and health risk assessment as well as analysis
and testing services conforming to Good Laboratory Practices using NABL and
International guldelines employing latest test systems, blomarkers, analytical

instruments and mathematical models.

¢ Health and Environmental
Monitorng

s Consumer SAfety

* Toudclty Testing

e Analysls

¢ [nformation Database

+ Environmental Impact Assessment

s Consultancy

» Hazardous Waste Disposal

¢ Environmental Management Plan

& Tecmologies Developed/Available 3

» Water Analysis Kit

e Moblle Laboratory Van for on spot
Water quality anahysis

» Argemone Detection Kit-For rapld

sceeening fo Argemone In mustard

Qil

¢ CD-Strip - For detection of butter
yellow an adulterant in edible ofls

» Arsenic Detection Kit

INDIAN INSTITUTE OF TOXICOLOGY RESEARCH

(Formenrly - Industrial Toxicology Research Centre)
Post Bex No. 80, Mahatrha Gandhi Marg, Lucknow- 226001
Phane: 0522 - 2627546/ 2613786/ 2611547; Fax:0523-2611547/2620237
E-mall: rphditr@yahoo.com  Website: www iltrindla.ang
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I R Technologies Services Pvt. Ltd.
AB9, Sector 2, NOIDA 201301, UP
Ph: 0120 4530800 Fax: 0120 4320881 email: sales del@irtech.in

Other Offices
Mumbai Bangalore Kolkata Hyderabad
EL-91, TTC Indl Area, MIDC, 208, Swiss Complex, 22, Ashutosh Chowdhury Avenue, | 406, Agarwal Chambers,
Electronlc Zone, Mahape, Race Course Road Flat No. 12, 1* Floor 5-9-1121 King Kothl
Navl Mumbal, Maharashtra 400710 | Bangalore, Karnataka 560001 Kolkata, West Bengal 700019 Hyderabad 500001
Ph: 022 41571111 Ph: 080 22203173 Ph: 033 24615831 Ph: 040 66842402
Emall: Emall: sales bir@Irtech.in Emall: sales cal@Iirtech.in Emall: rtech hyvd@vsnl.net

Please visit our Website: www.irtech.in




CLRI = World’s Largest Leather Research Body
A Dependable Source for Technologies & Services

Knowledge Basket Range of Consultancy Services

& Leather Py ocessing _ Waste water Treatment & Environmental Audit
* Lime/sulfide free dehairing Industrial Safety & Risk Consequences
++ Bio-processing for leather making Design of Leather Complex and preparation of
<+ Multitone Dyeing Techno Economic Feasibility Reports
Leather Chemicals Designing ETPs / CETPS

» Mineral Syntan + Technology Forecasting and Planning

. 3 : o Survey and Assessment of resource potentials
etable - | 2in b S ;
\Ii.:lglgl?a; fiNofTnEr (oA based SiTioy Database for Indian Leather Sector

il i Creative Leather Praduct Design & Fashion
< Finishing Auxiliaries

: : Forecasting

Enzymatic products for application in eco-friendly
leather proc
Environmental technology Education & Training Programmes
< For removal of TDS, E.Coli., dissolved organics # UG and PG Programmes in Leather and Footwear
< Water/Effluent treatment (In association with Anna University, Chennai)
< Secured Landfill Voc al Training Programmes in Leather Goods,
Devices g
+ For Leather Processing
&+ 2-D Testin

& Value added ?nmduﬁts from wastes State-of -the-art Testing Facilities
< Parchment like material from Chrome shavings Testing nsitive Chemicals
« Leather like sheet using buffing dust A A dited lab for physical testing of leather /
+ Dog Chews & Animal Feeds faotweas

& Health Care Products New Millennium Indian Technology

+» Wound healing Leadership Initiative (NMITLI)

*+Bone reiat‘ed 7 Paradigm shift in Leather manufacture from chemical
++ Ophthalmic Applications to bio-processing

& Products rtise in lead selection and
<+ Novel insole Sheet
o Larbon Nano Tubes Ambient preservato 2NZY l'JI"]l‘,-' processing Hﬂl'_]
% Softwares microbial reductio iIfate to sulfur in tannery
<+ INNOEST-Innovative Footwear Norms Estimator effluents form the
<+ SWAD- a Software for Anaerobic Digester
Designer
< PRETREAT, Design Software for Pretreatment
System in Tanneries
Knowledge leads are IP protected in

India and Abroad

rogrammes
red Programmes for International Participants

CLRI - The Implementing Agency for
IDLS / HRD Mission / Global
Benchmarking Schemes of Govt. of India

For details contact: The Director,

Central Leather Research Institute

(Council of Scientific and Industrial Research)

Adyar, Chennai-600020, India

Phone: 044-24910846 / 24915238 Fax: 044-24912150 / 24911589
E- Mail; bpdclri@yahoo.com /bpd@ciri.res.in

URL: www.clri.nic.in




Core Competency :

= Mineral Processing

= Metal Extraction

= Materials Characterisation
= Materials Evaluation

= Materials Forming &
Processing

= Corrosion Testing & Prevention
= Waste Utilisation

= Standard Reference Materials &
Hall Making

= [ntellectural Property
Acquisition
= Knowledge Management

NML has been offering its R&D
Products, Processes and
Expertise to the Industries in
the form of Design,
Consultancy, Technical and
Testing Services.

For further details :

DIRECTOR

NATIONAL METALLURGICAL LABORATORY (NML)
(Council of Scientific & Industrial Research)
Jamshedpur 831 007, India

Phone : 91 657 2345028 | 2345220

Fax : 91 657 2345213

e-mail : director@nmlindia.org

Website : www.nmlindia.org




Patestate

Intellectual
Property Products
and Servies

- Monitor Technology Trends

- Monitor Competitor R & D Direction
= Track new technologies,identify new product
~or process ideas
e Idenhfy technologies available for Ilcensing to
. increase competitive advantage SR
R Paientqblllfy Validity, FTO and Infnngemenf S’rudles"l‘
° ,Promo’re Llcensmg of lnvenﬂons fo manufociurers ‘




CSIR-INDUSTRY PARTNERSHIP
() BELZ INSTRUMENTS PVT. LTD.

Presents
RELATIVE HUMIDITY GENERATOR / CALIBRATION SYSTEM

CSIR/NPL KNOW-HOW

CSIR THROUGH NPL GRANTED LICENCE OF TECHNICAL KNOW-HOW TO
MANUFACTURE & MARKET RELATIVE HUMIDITY GENERATOR/CALIBRATION
SYSTEM. THIS IS FIRST INDIGENONSLY DEVELOPED RH GENERATOR
& IS A IMPORT SUBSTITUTE

+ LOW COST
% NO CONSUMABLE

| % HIGH PRECISION

RELATIVE HUMIDITY RELATIVE HUMIDITY,
GENERATOR CALIBRATION SYSTEM
SPECIFICATIONS: APPLICATION :

RH Range ;. 15% to 95% RH Relative Humidity
Generator & Calibration
Uniformity . +-1%RH ) I )
Wide application in Agriculture,
Stability . of the order of 20 minutes Pharmaceutical
Technology . Two-Pressure Technique Air Conditioning, Calibration
Carrier Gas : Nitrogen or Air Laboratoties etc.

Manufactured by:

BELZ INSTRUMENTS PVT. LTD.

132,133, 134A, HSIDC Sec-59, Faridabad-121004 Ph. : 0129-2307994, 2307060
E-mail: belz@airtelmail.in Website : www.belzcallab.com




M.L. Jain - Ravi Jan « Dinesh Jaln hq uq, MM&Q

T04, Rama Roed, Industrial Area (RIR)
New Delh-110015
Tol : 25025055, (M) SE71196001-2

E-mall : deep?la@rediffmall.com; deep?la@vyahoo.co.ln

fradeboosier.com Open Souros Developmerd | Cuskom Web Devekprmend | Web Design | SEO| Web Promolon 7
Web Analytios | Backoffics Solutions | Web Hosting Solutions | Damain Name Soltions (2
Wabsia Mantenance &

i

SPECIAL OFFER

Your website is your online business.
Take your website from an Idea to a 10 Pages Dynamic Website
fully functional online presence on the +

internet that works for you 24 hours a 1GB Web Hosting

day. +
1 yr Domain Registration

+
Call us today @ 9350352736 or Google Submission

write to us at sales@tradebooster.com F 8499 *

Contact Us

Tofal Internet Solutions Pvi. Lid.
309-310 South Ex. Tower,

289 Masjid Moth, Behind NDSE - ||

New Delhl 110049, India

Phone: +01-11-4164 2735 / 4174 1251 / 4174 1215




STIRLING

CRYOGENICS

Where you need it, when you need it

Les

CRYOZONE -
THE CRYO CREATIVES %‘
- - Laboratory Gases

Plug and produce
nigh purity laboratory gases

L'genie
LN2 transfer pump

for special cryogenics needs




With Best Compliments from :
Bruker India, your solution partner

Bruker India provides a world class, market-leading range of analysis solutions for your life and materials
science needs.

With more than 30 vears of experience in meeting the professional scientific sector’s needs across a range
of disciplines, Bruker India has huilt an enviable rapport with the scientific community and various specialist
fields through understanding specific demand, and providing attentive and responsive service. Our
solution-griented approach enables us to wark closely with you to further establish your specific needs and
determine the relevant solution package from our comprehensive range.

BRUKER INDIA SCIENTIFIC PVT.LTD.,

Offer BRUKER Nuclear Magnetic Resonance (NMR}, Electron Spin Resonance (ESR),IN-VIVO & IMAGING NMR
Superconducting and electromagnets which are already Installed in many leading Research Laboratories In
India.
BRUKER range covers:
* High resolution liquid samples NMR (with CPMAS}, LC-NMR, 300-950 MHz, with superconducting magnets
» Solid state NMR {with CPMAS) with superconducting magnets
s NMRwith superconducting magnets for micro and minimizing
» Tabletop low-resolution NMR with permanent magnets for applications in food, chemical industries and
agriculture
» ESR and FTEPR spectrometers {with electro and supercon magnets) and tabletop {permanent magnet ESR)
for radiation detection infood industry, radiation dosimeter etc
e Electromagnets and superconducting magnets
Regd Office:
3, Dayasagar, Gokuldham, Goregaon (East), Mumbai-400 063,
Phone:28490060, fax: 0091-22-28490059, email :akg@bruker-biospin.in
Branches:
A-309, Ansal Charmer-1, Blka]l Kama Place, New Delhl=-110066 Tel:- 011- 46538971
suc@bruker-biospin.in
22/B, Ruby Park, Kolkata-700 078, Phone: 24423433, Fax:0091-33-24423468
bnk@bruker-biospin.in.
522, 11th A Cross, Rajamahal Vilas Extn., BANGALORE-560 080.
Phone: 9844025146, Fax: 0091-80-23616962, emall: cvm@bruker-blospin.In
Hyderabad :- 9346238685, email :bm@&@bruker-biospin.in
Lucknow : 9415467518, e-mail:bsj@bruker-biospin.in
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K7 Central Electronics Engineering Research Institute
)
¥ ¥

Pilani (Rajasthan)

1 i
= Technology Developmaent = Consultancy
= Sponsored/Contract R&D * Specialised Training

In the areas of

*« MEMS and Microsensors * DOptoelectronic Devices
* VLS| Design *  Microelectronic Processing &
= LTCC Technology Fabrication
- Nanoelectronice/Manostructures . Microwave Tubes
= Agrielectronics & Instrumentation * Industrial Proceas Control
*+  Embeodded Systems * Powaer Electronics

DEVICES AND TECHNOLOGIES DEVELOPED

* C-band High-power MESFETs and Amplifiers, 980nm Pump Laser diode, InP-InGaAs based PIN
Photo Detectors, Bulk Micro-machined Double Ring Capacitive Pressure Sensor, Surface
Micro-machined Poly Capacitor Pressure Sensor, P-MOSFET Gamma-ray Dosimeter, 16/32-bit
Microprocessor VLSI using VHDL, Application Specific Instruction-set Processor Design, Re-
configurable System Design, Hybrid Microcircuits (HMCs) for SROSS and INSAT series of
Satellites, ISFET based PH Sensor, Selective lon sensors, Biosensors, MEMS Acoustic
Sensors, MEMS Ultrasonic Transducers, Silicon Carbide Schottky Diode Detectors, MEMS
Hotplate, Low Temperature Co-fired Ceramic Technology based Microwave Circuits

* S-band 400 W Carcinotron, S-band 500 kW Magnetron, S-band 1 MW Magnetron, 2 MW S-band
Tunable Pulsed Magnetron, 3 MW Pulsed S-Band Magnetron, C-band 75 kW CC-TWT,
Broadband 40 W Minl Helix TWT, S-band 30 W Helix TWT, 60 W Space TWT, 6 GHz 20 W Helix
TWT, 5 MW Puilsed S-band Klystron, 6 MW Pulse 24 kW Average Power S-Band Klystron,
Design and Technology Development for Gyrotron Devices, 25 kV 1 kA Thyratron, 40 kV 3 kA
Thyratron, Long-life Dispenser Cathodes, High-power Microwave Window Technology. Related
Infrastructure & Technologies, Software packages

* High-power ac and dc¢ Drives, Converters/PWM Actuators, Withering Controls for Tea
Processing, Process Control Instrumentation for Sugar Industry, Electronic System for
Composting and Cropping Processes of Mushroom, Monitoring and Control System for Paper
and Pulp Industry, DIGIMAP, Machine Vision Systems for On-fine Sorting and Grading of Fruit,
NICAM Receiver, Machine Vision Systems for Bakeries and Steel Mills, Controlled Atmosphere
Storage Systems, Electronic Instrumentation for Fresh Water Acqua-culture and RO Systems,
NiR-based Instrumentation for Chemometrics, Electronic Tongue, Electronic Nose, Wirad and
Wireless Communication Network for Underground Mines, Sensor Networks, Specialised
Power Supplies and Pulse Power Systems

SERVICES OFFERED

* Mask making, Semiconductor/MEMS Technology Development and Device Prototyping, Unit
Process Development and implementation, Consultancy/industrial Training/Training for
Academic Faculty and PG Students in the areas of Semiconductor Technology, VLSI Design
(digital, analog and mixed signal), MEMS Technology, Mechatronics and Embedded System
Design

* ME/M Tech project work and doctoral thesis work for highly motivated university students in
all the above areas of electronics

For further details please contact:

Director, Central Electronics Engineering Ressarch institute, Pilani (Rajasthan) — 333 031
Tel: 91+1596-242111 Fax: 91+1596-242393 E-mail: directorf@ceeri.ernel.in www.cearires.in




Tata Institute of Fundamental Research

Homi Bhabha Road, Mumbai 400005, India

About Us

Tata Institute of Fundamental Research Is a
premier research Institute In the country
working In areas of basic sclences

encompassing most fleids In blology.
chamistry, computer sclsnce, mathematics and
physlcs.

The Science Popularisation and Public Outreach Committee of
TIFR develops programmes which will serve the following
purposes

Informing students and general public about the research
work beingdone at TIFR.

Providing a platform for the teaching community to
participate in continuing education and research to improve
their professional skills.

Inspiring students to pursue a career in basic sciences,
Informing the public about the latest trends and
developments in scientific research.

Conveying the importance of exciting new developments in
sclence and technology.

Providing authentic information to journalists and science
writers etc.

This activity Is an Important part of TIFR’s commitment to the
community.

For more detalls about us Kindly visit our web site
http://www.tifr.res.in




IGXB

INSTITUTE OF GENOMICS
& INTEGRATIVE BI:"Lll-'I.

Ui Knirs ul’...‘u Pariwe

Alergy & Infectious Diseases
Functional Genomics
Molacular Madicine

Ganoma |nformatics
Pharmacogenomics
Proteomics, Structural Biology
Comparative Genomics
Gene Expression
Recombinant DNA products
« Nucleic Acids, peptide Chemistry
+ Environmental Biotechnology

KNOW-HOW AVAILABLE

www igib.res_infechnologies him

Healthcara
- Aspergillosis diagnostic kit
{antigen & synthetic peptide based)
+ Pharmacogenomics leads
{Asthma, schizophrenia)
«Novel antibacterial drug targets.
_Emvironmental applications for:
» Bio-neutralization of wasta water
- Blo-treatment of palm oil Mill
+ Bio-bleaching of wood pulp
* Biosensor for BOD estimation
+ BODSEEDS - refarence seeding
material for BOD analysis
* BODBEADS - reference instant
seading material for BOD analysis

For queries please contact:

Mr. P.Bansal

Comvenor, BDMG,

IGIB. Mall Road, Delhi 110 007
email: phansalioib res in

Phone: 011- 2766 7310

Board ; 011-Z2766 760257439, 615677
Fax: 011- 2766 7471

INSTITUTE OF GENOMICS & INTEGRATIVE BIOLOGY
(Council of Scientific & Industrial Research)
Mall Road, Delhi- 110007
Website: hitp://www.igib.res.in

SALIENT HIGHLIGHTS

* Largest compuriing taciity (4 Tlop/s) in Asla cutskde Japan
(Rarked 158% among the World's Top 500 Super Compuisrs)

= First CSIR Insthute o mariet bicinformatics softwarns bassed on
in-houss RED

= A Miember of the Congortium of Laading Global Players
engaged In research related to Funcional Genomics

* livoheed in the Pan-Asian Inltiative - Study Genetic similarities
& Diversilies in Asla

» Sucnessiul frack resord of PPPs and Business Models

NEW VISTAS IN OFFING

= Selting up bic-incubator facilly for scienlist entreprensur and start-up
companies 0 nurturs ideas, concepts & provida a platform for
commercialisafion of products / processes

= Parinefing with Laading Agencies 1o provide Vinual Training Programs
in Bioinformatics

GENOME JUNCTION & KB

= A major network program on Disesse Genomics with focus on
Respiraiory, Neurclogical and Peychiatric Disondess,

= @ N Ramchandran Knowledge Cantre for Ganome iInformatics for the
Devedopmant of Novel Bicinformatics Software.

Development of High Throughput-SNP,
Geguencing & S g -HT-555

| DECPHER

GENO CLUSTER

Mationsl Faclity for Biochemical & Genomic Resources (NFBGR) provides:
= Monthly iImport Facaity (Avail the benefti of consolidatad alrfrsight)

+ Buffer Stock Facdlity (Offi-the sheli avallahility of chemioals on oredit)

= Supply of chemicals/ consurnables in INR from Leading Global Suppliers
Contact: In-charge, NFEGR, |IGIB Emailt pbansal 3 igibyeein

The Center for Ganomics Applications (TCGA) ywww, icgaresesrch,.om
An WG E-IMM public privete parinership Project for providing services in
Ganomics & Proteomics applcations at compsiilive cost cosvaring:
= High Throughput genotyping and DNA sequencing ]

« Oligonucleoiide synihesis and Micro amy services "-'1‘(

ll'l‘! rutro"“’p OTE:E!O'W

o the free trid onlne = rimepsdt




Keep abreast of the latest developments in basic and applied scientific research

NISCAIR, CSIR Journals

Annual Subscription Rates
Annual Subscription Rates w.e.f. 1" January 2011 [l sy

. Journal of Scianlific & W_ME_RM (Menthiy) J600.00 6510

2. Indian journal of Chemistry Sectioh A {Monthiy) 4600 00 800.00

3 indan Journal of Chemistry Section: B [(Mathiy) 4600.00 BOG.00

& lndian Journal of Experimental Blblogy (Monthly) 4600.00 800.00

S Inchan Journal of Pure & Applied Physics {Manthily) ‘3200.00 550.00

A sndinn Journal of Chemical Technology (Bimonthy) 1600.00 30,60

[ indian. Journal of Engineenng & Matenal Sciences [Biengathiy) 1600.00 30000

£ Indian Journal of Bibchemisiry 8 Biophysics (Birmonthly) 1900.00 330,60

& Journal of Intéliectisal Property Righis (Bwmonthiy) 3000.00 72000

10 Madicinal & Aromatic Plants Abstracts (Birmonthiv) 3600.00 720.00

11 Indian Journal of Radio & Space Phyasics {Bimonthily) 160000 300,00

12 Indian Journal of Bioteehhohugy (Chuarterly) 200,00 220,00

13 ndian Journa| of Fibre & Textile Resesarch {Quarterly) 14600.00 300,60

12 Indian Jourrmt of Marne Stlentes (Quarterly) 600,00 300,00

1= Invfian Joumal of Traditonal Knowledge (Qisariery] 120000 22000

'S Intian Joumal of Natural Products and Resolrces (Qusatterly) 120000 2700

1T Anneleaf Library & Infotmation Studies (Cuartir]y} 120000 140,00

'8 indian Sciance Abitracts (Forthightly)  5300.00 1100.00

128 CEIH Nows (Farrighitly) S00.00

20w Rl i) afeiiew o dee () (o - Wit) 4010.00 60.00

Shorllya Vaigyanie Evam Audtyogi Auaandhan Patie (Hir)  (Hall-pesry)
L el = Ovders may be pluced by sending Chegues*/DD pavable to NISCAIR, New Delhi

£~ | * Forinland autstation cheques, please add 250/
f For foreign theques, plesss add US 510 as Banking charges

ol _' i For prompt delivery of publications, please remit payment by Demand Draft

- _ Mailing Address:
i — Senior Sales & Distribution Officer

National Institute of Science Communication and Information Resources [CSIR]

= Dr. K. 8. Krishpan Marg, Near Pusa Gate
— New Delhi 110012
| —— India

h Phioie: 011:28846301 7ieatn 20 172881287] ; (11-25843350
£.mail- salesdniscair.m in

Website: www.niscair.res.in

Faed: 011-25RE5380




National Accreditation Board for

Testing and Calibration Laboratories
Department of Sclence and Technology (DST), Govemment of India

The Government of India has authorized NABL as the accreditation body for testing and
calibration laboratories. NABL is a registered society under the Societies Registration Act
1860. [t operates as anautonomous body under the aegls of In the Department of Sclence
and Technology (DST), Minlstry of Sclence and Technology, Governmentof Indla.

NABL Accreditation

NABL has been established with the objective of providing Government, Industry
Assoclatlons and Industry in general with a scheme of laboratory accreditation which
Invohves third-party assessment of the technical competence of testing and calibration
laboratories.

The laboratory accreditation services to testing and calibration labaratories are provided
In accordance with IS0/ IEC 17025: 2005 ‘General Requlrements for the Competence of
Testing and Callbratlon Laboratorles” and 1SO 15189: 2007 ‘Medlcal laboratorles -
Particular requirements forquality and competence’,

Benefits of NABL Accreditation

» Enhanced customer confldence and satlsfaction.

* Enhanced business and Improved confidence

»  Providestraceability in measurementsto national standards

» Rellabllity of data for R&D

» |nsurance companies can relyon test results

»  Ensures better support In the eventoflegal case

intarmational Accaptancethrough NABL Accreditation

NABL maintains linkages with the international bodies like International Laboratory
Accreditation Cooperation (ILAC) and Asia Pacific Laboratory Accreditation Cooperation
{APLAC). NABL Is slgnatory to ILAL as well as APLAC Mutual Recognition Arrangements
{MRA), which Is based on mutual evaluation and acceptance of other MRA Partner
laboratory accreditation systems. Such international arrangements make foundations for
acceptance of test/ calibration results between countries which MRA partners represent.

Contact:
NABL Secretariat
National Accreditation Baard for Testing & Calibration Laboratories3nd Flpor, NISCAIR Building,
14, Satsang VThar Marg, New Mehraull Road, New Dalhl - 110067 {indla)Tel.: 91-11-46499939,
Fax: 91-11-26529716, E-mall: Info@nabHndla.org




Jawaharlal Nehru Centre for

Advanced Scientific Research
LN N jakdur, Bangalore-560 064,

Jawaharial Nehru Centre for Advanced Sclemific Research [INCASR] Is a3 multidisciplinary research
Institutian with a mandate to pursue and promote research and training at the frontiers of sclence and
engineering. Established in 1982 to commemorate the birth centennary of Pandit Jawaharlal Nehru, it has
come to be associated with high quality research and innovative science outreach activities.

Research st the Centre [s focused on three key branches: mztarials sclence, fluld mechanics and blology.
The pursult of such diverse toples In a relativaly small Instintdon |lead naturally to cross-disciplinary
eollabarations.

INCASR |s one of the world’s leading centres of research on nanoscoplc forms of matter. Several new
forms of carbon and other Inorgankc compounds have been syntheslzed and thelr novel electrical,
thermal, magnetic and optical properties, arising out of thelr nanoscale, studied. Experimental research In
the center, on novel materials, Is carmfed out In cose collaboration with both theorstieal and
omputational efforts. Transpart pracesses, occurring at scales larger than atomie, In a whole spectrum of
tomplex fluids and flows is another important research discipline at Centre, We have also examined
fundamental questions posed in the context of an organism embedded in its ecology and shaped by
evolution. Using tools, techniques, and imformation from a varlety of discplines, we carmy out primarily
empirical research to address questions In the areas of adaptive evolution, developmental evolutionary
blology, chronoblology, animal behavlour, neurogenetics, and phylogeography. One of the major thrust
areas of research In this cenire 15 biomedical sclence to Improve human health. We focus on basle
problems that deal with a range of diseazes Including genetic, Infectious and nondnfectous diseases.

As a relathivaly yvoung member of the sciantific research fraterntty, JNCASR has made Its presence felt inthe
sclentific world through high quallty research publicatlons, patents, and In the soclety at large, through Its
many outreach programmes, Including the summer research programmes for under- and postgraduate
students, the Innovathse project based chemical and blological education programmes, respectively, for
undergraduate stidents, and many actvitles designed to share the exchement of sclence with
sthoolchildren.

Research facllitles at the Centre are at par with any In the world In terms of technology as well as In the
amblence. The Centre, Is, In addifon, recognlzed as a Deemed Unhversity. The faculty-to-studant ratlo Is
1:4, making K an [deal place for a budding researcher to recelve the finest guldance and exposure
avallahle.

JNCASR actively promotes networking among resedrchers and collaborations. The International Centra
for Materials Sclence Is the first body of Hs kind In Indla, Set up to facliitate the exchange of Ideas as well
as human resources, It atiracts some of the finest International talent. The Nehru Centre has
activa collaborative programmes with Institutions such as NIMS, lapan, Purdue and Nerthwestemn
Unhersities, US.

As a forum for tha exchange of sclentific thought, and a research facllity that seeks to Inspire and
encourage sclentlists, INCASR has a reputsition that far outwelghs its years of existence. The Centra"s focus
on selected advanced areas of research, underlines lts contem poranelty.




INSTITUTE OF HIMALAYAN BIORESOURCE TECHNOLOGY gy

150 5001: 2000 cartifled Inb by DNV {RuA) i Y
a consthuent lab of Councll of Sclentiflc & Industrial Research owv gEEII 5&1
Post Box No.&, Palampur (H.P.] — 176061, indla LI

Providing R&D services on economic bioresources in
western Himalayan region leading to value added plants, products and processes for
industrial, societal, and environmental benefits

Thrust Araas : Biodiversity mapping & conservation; Plant genomics & metabolomics;
Tea sclences; Floriculture; Plant health management; Chemical
characterization; Value addition and product development.

Mational Recognition : Bioresource Developmert Unit [NBDB, DBT, GOI)
Recognised as a Natlonal facliity for virus Indexing of ormamental plants.
Recognised asa Natlonal Cantre for Pesticlde residue analysis of tea
Technologies Developed
* Varletles Damask Rose {Himroz and Jwala); Gladlolus; Tagetes (Himgold); Valerfana jatamans!;
{Himbala}; Hedychium spicoium [Himkachri}, Curcuma aromotica (Himhaldi).

*» Recombinant enzymes Superoxide dismutase, Polyphenol oxidase, Catalase, Ascorbate
peroxidase

»  Prucesses Stevioside, Ascein, Vanillin, 4-Vinyl guaiacol, Analogue of natural whisky lactone, Tea
wine, Ready to drink tea, Theaflavin, Natural yellow & red dye

»  Cosmetics & health care preducts UV protection cream, Molsturizing lotlon, Rose tale, Body
lotion, Tooth plcks, Pein balm

s Equipments { machines Minl-Distlllatdon Unk, Tea Leaf Plucking Machine, Tea Withering
Madhine, Steriflow (Mini Laminar Flow Unit), Gel Transfer Device, Rooting Vessel.

* Protocols Micopropagated Bamboos, Tea, Rose, Lllles, Orchids etc.

» Agrotechnologles Tea, scented rose, geranlum, lavender, Tagetes minuta, lllles, Alstroemerla,
Bird of Paradise, Chrysanthemum etc.

Services : Project Formulation and Evaluation, Consultancy Services, Collaborative Research,

Turnkey Vertures, Plant Virus Testing, Chemical Analysis of Aromatics and Herbals,
Tralning and HRD,

Contact :
Dr. PA. Ahuja, Director
Phone: (91-01834)230411, Fax: (91-01894) 230433
E-mail: director@ihbt.res.in; Website http://fwww.ihbtres.in




ADVANCED MATERIALS AND PROCESSES _
RESEARCH INSTITUTE (AMPRI)

Council of Scientific and Industrial Research
BHOPAL

Major R&D Areas

Light Weight Materials
Natural Fibers and Composites
Industrial Waste Utilization

MATERIALS CHARACTERIZATION &
DEVELOPMENT

Instant House

Metal Matrix Composites
Natural Fiber Composites
Industrial Wastes Utilization
Building Materials

Nano Materials

Radiafion Shielding Material

g o | COMPUTER SIMULATION &
i wiiin PROCESS MODELING

Process Modeling

Electro Magnetic Forming
Computer Simulation & Design . | S -
Natural Resources | (5
Environment & Disaster Modeling C e /L

Process Modeling Map

Contoct ;
Director
Advanced Materials and Processes

Research Institute (AMPRI)

Bhopal 452 064, M.B, india

Tel : +91-765-2457105 Fox: +91-755-2457042
Ernall: directori@ampri.res.in




_ THERMAL CONSTANTS ANALYSER

The Hot Disk® Thermal Constants Analyser for quick and
accurate measurement of Thermal Conductivity, Thermal Diffusivity and

Heat Capacity in a wide variety of materials.

*  Model TPS 2500 5 Is a new improved RED instrument designed for
analyzing thermal transport properties

*  The TPS 2500 5 meets 150 Standard,

*  The patented TPS technigue Is used to simultanesusly determing thesms
conductivity, thermal diffusivity and specific heat capacity,

* The operative simplicity of the TPS2500 5 with optimally designed Hot £

sensors, makes this system a robust and ideal tool for tests af Solids
MODEL TPS 2500 S >

Liquids, Powders, Pastes, Fibres, Biomaterials etc

*  Dptional software modules allows the instrument to be used in special applications, such as measureman:
thin films, coatings or adhesive layers [Thin Fiims module), high-conducting sheets or slabs (Stabs moduls
anisotropic sample< or leyered structyres (Ani<otropic module)

* Applications in the Electronics, Automotive, Asrospace, Nudlear, Biomedicines and Chemical Industres
o  The Test & Analysis software for automated measurements & temperature control of external devoes
s  The software incorporates tooks for exporting results to MS Excel for additional statistical snalyus

s nstalled at NPL-UK, Bayer AG-Germany, Hitachi RED- Japan, Mitsul Chemicais- lapan, IGCAR. Um O lac
Aliahabad University, Laird Technology, BARC — Mumbai, Banaras Hindu Uni. Etc

KEY FEATURES
& Sensors. Wide vaniety of TPS sensors suitable for different materials and apphications
* Temperature Control. Using either an optional external Furnace or Liquid-Temperature Bath
* Everything to Get Started. With Std. Software. One Sensor, 55 Rel. for data verification & RT Sample Halo=
* Optional: PC with Windows XP, M5 Office 2007SBE, Maonitor, Keyboard and Mouse,
* Optional Software. For Slab, Thin Film, Anisatropic and Specific Heat Capacity modules are availabile

Transforming the complex into the simple

We also deal with HPTLC, GPC, HT GPC, OPLC, Hydrogen/Nitrogen
Zero Air Generators, Refractometer, Polarimeter, Density Meter, GC, CE,

Flash Chromatography and lon Chromatography.

CHROMLINE EQUIPMENT (1) PVT. LTD.

152-D, Udyog Bhawvan, Sonawala Road, Goregaon (E] Mumbai 400 D&3 inca

= Tel: 26860816 [ 26860767 / 1263 I Fax: +91-22- 26860306

& E-mail: mail@chromlineindia.com = Website: wiww.chromlineingia. oo
Ehfﬂm”ﬂe Branches: New Deihi, Kolkatta, Lucknow, Bangalore, Hyderabad & Barods



Carl Zeiss SMT - Nane Technology Systems Divisian

A Wide Range of Nano Technology Solutions

EVO"
Farture assired
SEM platform

ULTRA
FESEM fon

Ihmiciural analysis

sSuUPRA™"

Making stroctures-with nandgscopic dimensions far balow the wavelength
of light visilile /5 the damain oF maging usang elecicons of wons. Intetigent
getector Tachnalogies enable thes technalogy to also display the strectursl
and physical compasition of meatesial and analyse ther chemical make ugp

A1 Saluroell
Pmnbg SEMNS LULTRAL

Nano-Structuring and Mano-Machining

By combining our auistanding core competendies in electran beam, focw
fod lon Beam technology (FIB) and gas injection system (GIS1 into oo
systemn, unprecedented capabilitiss for cutting-edge nanodcame imaging
ciructuring and analysis are the result
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Panading A EISN Do

QuantiFication snd Apnalysis

Particle beam systems are fneplaceable tools for global basic research, the

development ol innovative products, amd the prodiection or quality-rele-
vant process caniral The latler s especially supparted by a wide range af
methods Tor detection, analysis and guantificatan of ultra-fine particles
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Twending ZEISS LIWRA" 500

CrossBeam® ORIOMN™
LIk Il.qll eEitiod  The ulibmals

analytical FESEM

3D anadysis toal

LiIBRA"
We-1on EFTEMY with Im=columi
QBEGH filter

mEIasiope

The Namo Technoiogy Systéms Division of Carl Zeiss SMT
pravides it customars with the iatoest leading-edge E-beam
technology, Within this divisiom you will Find over foui
decades ot accumulates experiemee in the field of scanning
pleciron microscopy and sy decades of experience in the
field of transmission electron microscopy.  Development
angd production facillities are based in Oberkochen
(Gerenany], Cambrnige (UR], and Peabody |USA)

The company’s extansive know-low, which nowadays also
comgreses ion-beam technolagy and E-beam based anily-
sis technology enable ws to deliver innovative solutions far

your busingss

s @ reliable; professional, worldwide provider of cufting
Edi_li‘.' nangechnobogy solunions SOUF INvESIMER] i in pro-
fessional hands. Carl Teiss hertage i guality opbics gene
rates @ positive contribution to the perfermance of your
enlerpaise afd sclence institule. Carl feiss 5MT- sbrives for
busimess excellence by developing processes: for turning
costomer ideas inle reality. The guality, precision and
power of the Nano Technology Systems Divisian's instru
ments satisfy our customers with a toundation ol aperatio
fal mxcellence and & cullure of continuous improvemen]
fs-a learning organisation, markel treads and firsst hand
customer feedback worldwide are pre-acively incorpora-
teth into our processes and roadmaps

The Division's business services also intlude outstamting

Slrppstrt from sales torsultingy to techmcal service pplions

Carl Zeiss India

Carl Zeiss SMT
Mana Technalogy Sratems DHvislon Tel 44971641 J044 58
Carl-Zeits-12 56

Fas + &0 TRE4 0043 43
FI14AT Dbedkecher g nisEimt i com

Giamiemg Wi L e faminis

Leval 4, MOM |1 Building, Block D"
Metaji Subhash Place,Pitam Pura
Mew Delhi -170034

Ph: +81 11 45156000

Fax: +01 11 45156010/11

Email: nts.indiafzeiss co.in
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LASER SCIENCE
SERVICES (I) PVT LTD

Ultrafast Laser: e COHERENT

# Micra : One-box Ti:5a Oscillatorwith adjustable Bandwidth & Repetition Rate

7 Chameleon Ultra-I1 — Single Box Hands-free Oscillator with wadest
Tunability (400nm) from 680nm — 1080nm and fastest scanning speed (40nm/sec).

> MiraHP : Ultrafast Oscillator with Highest average power of = 3.3W (@ 300nm

Excimer Laser
» CompexPro series excimer laser with max pulsed energy of 700mJ at 248nm

7 LpxPro series Heavy duty excimer laser with max pulsed energy of 1.27 at 248nm

CCD & ICCD Cameras:

= Pixelfly qe :1K x 1K resolution I2 bit ced camera with 62% QFE.

7 Dimax : 2K x 2K resolution 12 bat fast frame camera with 1000fps
# DicamPro: 1K x 1K resolution lecd camera with imterframing
time of 75ns and exposure time down upto 3ns (1.5ns optional ),

Aremic Layer Deposition
Features:

& Surface conformality
= Pinhole free Film & Repeatabality
= Very thin films

# TFS200: AlD reactor for R&D application
# TF5500: ALD reactor for R&D and small scale Production

Materials: Oxides. Nitrides, Fluorides, Metals, Carbides, Sulfides
Mixad Structures, Nanolaminates ete

Nanoparricle Synthesizer
Particles of; Metals(eg. Ag, Au, Ag-Pd etc), Metal oxides {eg. Fe, Co, Cu, TiO2-Ag etc)

For more details please write to us on sales@laser
Add: A-454, TTC Industrial Area, MIDC, Mahape, Navi Mumbai - 400701

www.laserscience.in
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NanoESCA

FOCUS PEEM

—_— -

3nm SEM / 5nm SAM, SPM & FIB

Customised MBE, Thin Film
and Surface Analysis Solution

AD More than UKV 5PM / 05-11

World’s Leading Technology for
Nanotechnology Research and Analysis

VyOmicron

NanoTechnology
MACK INTERNATIONAL Omicron NanoTechnology GmbH
5/1A, Grants Building, Arthur Bunder Road, Limburger Str. 75
Colaba, Mumbai 400 005, INDIA D-65232 Taunusstein, Germany
Tel.: +91 (0) 22 22855261 / 22834962 Tel: +49(0) 6128 /987~ ¢
Fax: +91 (0) 22 22852326 e-mail: info@emicron.de

Email: sales@mack.in Web: www.omicron.de
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Building Modern Temples : Pandit Jawaharlal Nehru, Vice President of
the Interim National Government of India laying the foundation stone of

the National Physical Laboratory on January 4, 1947
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SCIENTIFIC ADVISORY COMMITTEE

Srikumar Banerjee

Department of Atomic Energy, India

Arun Bansil

North Eastern University, USA

Samir K. Brahmachari

Council of Scientific and Industrial Research, India
G. Baskaran

Institute of Mathematical Sciences, India
Praveen Chaddah

UGC-DAE Consortium for Scientific Research, India
S. Dattagupta

IISER-Kolkata, India

Albert Fert (Nobel Laureate)
CNRS-Thales (Orsay) France

Allen Goldman

University of Minnesota, USA
Richard L. Greene

University of Maryland, USA
Yoseph Imry

Weizmann Institute, Israel

S. K. Joshi

National Physical Laboratory, India
Deepak Kumar

Jawaharlal Nehru University, India

Peter Littlewood

Cavendish Laboratory, Cambridge, UK

T.V. Ramakrishnan

Banaras Hindu University, India

T. Ramasami

Department of Science and Technology, India
C.N.R. Rao

Jawaharlal Nehru Centre for Advanced Scientific
Research, India

Ajay K. Sood

Indian Institute of Science, India

Y. Tokura

University of Tokyo, Japan
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