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Abstract:

Ferromagnetic/nonmagnetic (FM/NM) thin film heterostructures show a range of quantum properties,
namely, perpendicular magnetic anisotropy (PMA), spin-orbit torque, spin Hall effect (SHE), Rashba
effect, spin pumping, and interfacial Dzyaloshinskii-Moriya interaction. The above properties are
generally controlled by the spin-orbit coupling and interface plays an essential role in controlling these
properties. Besides, they have huge potential applications in new generation spintronic and magnonic
devices.

Here, we present the investigation of time- and wave-vector-resolved ultrafast spin dynamics in FM/NM
thin film heterostructures induced by optical, thermal and spin-orbit-torque excitation using time-
resolved magneto-optical Kerr microscope and Brillouin light scattering spectroscopy. We present a



unified approach towards investigation and control of spin dynamics occurring between femtosecond
and nanosecond timescales in Co/Pd multilayers with PMA [1]. We demonstrate a novel all-optical
method to investigate SHE and spin Hall angle (SHA) in FM/NM bilayer [2] and show a giant SHA in B-
W [3]. Further we exhibit an all-optical detection of interface spin-mixing conductance and spin
transparency in Ta(W)/CoFeB heterostructures based on spin pumping [4]. We next investigate the
interfacial Dzyaloshinskii-Moriya interaction (iDMI) from asymmetric spin-wave dispersion using Brillouin
light scattering and show pure iDMI in NM(Ta, graphene)/FM(CoFeB, NiFe)/Ta0O,, Ta) heterostructures [5-
6]. The effects of variation of thicknesses of FM and NM layers and defects at the interface are discussed.
Finally, we demonstrate the development of an on-demand magnonic nanostructures based on voltage
controlled magnetic anisotropy. Application of spatially periodic electric fields across CoFeB/MgO
interface leads to periodic modulation of magnetic anisotropy leading towards selective propagation of
spin waves through different nanochannels and opening of magnonic bandgap.
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