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The key concept of spintronics is electrical switching of magnetization  (“writing”) via efficient
spin-transfer phenomena and readout of information using magneto-resistance effects. 
Synthetic antiferromagnets with interlayer exchange coupling have also attracted increasing
attention in spintronics. I elaborate on the importance of spin structure of antiferromagnet in
interlayer exchange coupling and exchange bias effect. I briefly review various kinds of 
antiferromagnetic materials and antiferro-magnets with electric polarization, which are 
promising candidates for future spintronics applications. Finally, I review on recent studies
that demonstrated various intriguing phenomena in antiferromagnets that include character-
istic spin transport such as anisotropic magnetoresistance, the anomalous and spin Hall effects
and the future devices.

Spintronics and Importance of Antiferromagnets

Development of Photoluminescent and Thermoluminescent 
Single Crystals

The magnetoelectric (ME) effect in composites has a wide range of technological applications.
Lead-free BCT-BZT piezoceramic is an interesting system to explore the ME effect due to its 
high pizeo-cofficient value. I will show the ME coupling phenomena in BZT-BCT/NiFe2O4 
bilayer laminate composites, and the enhanced direct and converse ME coupling strengths 
near electromechanical resonance modes than the off-resonance frequencies. For this, 
we propose in-phase superimposition of the radial and second bending modes via varying
the bilayer thickness, which in turn vary the volume fraction of the bilayer. The proposed 
enhanced ME coupling is experimentally demonstrated at theoretically envisaged bilayer 
thickness of ~1.8 mm. Consequently, the composite yields a large direct ME coupling 
coefficient of 22.5 Vcm−1Oe−1, which is ~100% more than the values observed at individual
  resonance modes.

The term 'luminescence' was first introduced in 1888 by Eilhard Wiedemann. Currently, we 
are practicing nanotechnology on phosphor materials that produce non-linear attributes
and unusual optical properties of single atoms confined within nanocrystals of sizes between
2-5 nanometers. They are often termed as “Functional Nanophosphors”. Phosphor materials
in nanocrystallized form exhibit interesting size dependent luminescent properties. In the 
present lecture emphasis will be laid on the importance of luminescence spectroscopy in the
field of nano-materials, a bit of theory, measurements, fascinating applications evolving in 
fields such as solid-state lighting, counterfeiting of Bank Notes, transparent and high 
refractive index cover glass for solar cells; nanocomposites, etc. 

I shall present a comprehensive investigation on the photo-physical properties of two thioalkyl
substituted tetrathiafulvalene molecules (G1 and G3) to understand their utility as photo-
sensitizers for dye-sensitized solar cell (DSSC) and optoelectronic applications. Both steady-
state and time-resolved absorption and photo-luminescence (PL) spectroscopy techniques
were employed to comprehend the excited state properties of the molecules in solution as 
well as thin-film deposited on both quartz and mesoporous TiO2 layers. Time-resolved PL
measurements at the dye-TiO2 interface provided initial evidence of electron injection by fast
PL quenching decay dynamics for both the molecules. 

Recently, there has been a great interest in electrical control of exchange bias (EB) devices. 
In contrast to field-cooled conventional exchange bias (CEB), in certain systems below the 
blocking temperature a spontaneous loop shift can be observed without the assistance of 
external magnetic field and this unusual zero-field cooled (ZFC) M(H) loop shift is called zero-
field cooled EB (ZEB) or spontaneous EB effect. In mt talk, I will discuss about the effect of 
Sr doping on the EB phenomena in polycrystalline La2-xSrxCoMnO6 double perovskite system.
It signifies the spin disorder to order state with Sr doping and as a consequence of anitisite 
disorder (ASD), a novel magnetic interface is formed that sets the ZEB effect. Further, the rare
coexistence of SEB and CEB effects in epitaxial bilayers consisting of ESMO and LSMO bilayers
will be shown. Our results promote the application of manganites in spintronics devices.  

Spontaneous Exchange Bias Phenomena for Memory Devices
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Magnetoelectric effect and the way to enhance it in laminate
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and Colossal Magnetoresistance in Doped Manganites
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Day3 - Spintronic Materials and their Applications in Memory Devices

Large magnetoresistive materials are of immense interest for a number of spintronic 
applications, such as the development of high-density magnetic memory devices, magnetic 
sensors, and magnetic switches. Colossal magnetoresistance, in which the resistivity changes 
by several orders of magnitude (~104 %) in an external magnetic field, occurs mainly in 
phase-separated oxide materials, namely, manganites, owing to the phase competition 
between the ferromagnetic metallic and antiferromagnetic insulating regions. The volume 
fraction of the two phases can be tuned to enhance the magnetoresistance further. In this 
webinar, the origin of huge colossal magnetoresistance along with an ultrasharp metamagnetic
transition, in a half-doped manganite (Sm0.5Ca0.25Sr0.25MnO3) compound, by suitably tuning the
volume fraction of the competing phases will be presented.

In this talk I would like to focus on basic nonvolatile memory devices and further extend
it to devices based on spin. Apart from that my talk would also focus on nonvolatile memories
beyond spintronic devices. Essentially, I would also focus on emerging nonvolatile memory 
devices, resistive random access memory and its control with magnetic field. I will convince
you that the control of ‘ON’ and ‘OFF’ states of RRAM device suggest that it can be controlled
in a remote way for multi-bit data storage. 
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Femtosecond Pump-Probe Spectroscopy for organic 
photovoltaics systems

Synthesis and Characterization of Spintronic Materials
A new technology called Spintronics (spin transport electronics or spin-based electronics),
has emerged where it is not the electron charge but the electron spin that carries information, 
and this offers opportunities for a new generation of devices which will be smaller, more 
versatile and more robust than present day electronic devices. Spintronic devices have the 
potential advantages of nonvolatility, increased data processing speed, decreased electric 
power consumption and also less heat dissipation. In this respect the synthesis and characteri-
zation of Spintronic materials plays a vital role in development of these materials into device 
form. Spintronic materials can be synthesized in the bulk (alloys) and thin films forms. The 
techniques which will be used and the required characterizations will be discussed in detail. 
The adopted methods to show the indirect evidence of half-metallicity will be explored.

In this lecture, we aim to discuss the growth and characterization of europium doped Li2B4O7
(Eu: LTB) and dysprosium doped Li2B4O7 (Dy: LTB) single crystals for photoluminescence and
thermoluminescence applications. The excitation and emission characteristics of the samples 
were understood by performing the photoluminescence measurements. Characteristic excitati-
on and the emission peaks pertaining to the europium and the dysprosium ions were observed
in the PL spectra. Furthermore, thermoluminescence study was carried out after exposing the 
crystalline samples to γ- irradiation. Parameters associated in the thermoluminescence process
of both the crystals such as glow curve measurements, dose response, fading analysis, 
reusability test, TL emission, computerized deconvolution analysis and kinetic parameters like
activation energy, frequency factor and order of kinetics shall be presented and discussed.

Day5 - Magnetotransport of Spintronic Materials

29th October 2020
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28th October 2020
Wednesday

27th October 2020
Tuesday

26th October 2020
Monday

Ultrafast Terahertz Spectroscopy of 
Laser-induced Phase Transition in FeRh/Pt

Tadepalligudem, West Godavari (Dist.), Andhra Pradesh - 534 101

Femtosecond laser excitation of FeRh/Pt bilayer launch an ultrafast pulse of electric photo-
currents in the Pt-layer and subsequently results in an emission of electromagnetic radiation in 
the THz spectral range. During my talk, I will discuss the role of inverse spin Hall and inverse 
spin-orbit torque effects in generating the observed femtosecond photocurrents. Furthermore, 
I will show the potentiality of time-resolved terahertz spectroscopy in probing, separately, the 
bulk and interface magnetic effects occruing at sub-picosecond timescales. Finally, I will present
the kintetics of various process, such as nucleation and growth of opposite magnetic phases, 
involved with laser-induced magnetic phase transition in FeRh. 
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