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Abstract of Thesis

Spintronics is a rapidly emerging and immensely promising research field. It enables us to develop future technology devices by
exploiting the spin of electron. An MgO-based magnetic tunnel junction (MTJ) is of great interest as a non-volatile memory
because of their application in magnetic random memories and magnetic sensor. Different successful approaches have been used
to control the magnetization of MTJ, such as a current induced magnetic field and spin transfer torque. Although, these
techniques still require Joule heating that remain too large to ignore. Further reduction in power consumption can be expected by
voltage control of magnetization direction in MTJ. External voltage across ferrromagnetic and MgO layers controls the interfacial
magnetic anisotropy of ferromagnetic material called voltage controlled magnetic anisotropy (VCMA). Althouthough, VCMA
effect is observed on different ferromagnetic material, yet we have observed in poly and single-crystal 3d ferromagnetic
metal/MgO systems using different measurement technique. We studied the dependence of VCMA on 1) post annealing
temperatures on poly deposited Ta/CoFeB/MgO/CoFeB system using static magnetoresistance measurement and 2) VCMA and
Dzyaloshinskii-Moriya Interaction at single-crystal Fe1-xCox/Pd/MgO interface using Magnetostatic surface spin wave

1) In order to investigate VCMA on post annealing temperatures on poly deposited different annealing temperatures, Ta(5
nm)/Ru(20 nm)/Ta(5 nm)/CoFeB(1.1 nm)/MgO(1.9 nm)/CoFeB(5 nm)/Ta(5 nm)/Ru(5 nm) layers were deposited on a Si/SiO2
substrate in a magnetron sputter system and an MTJ was fabricated in hexagonal shape with conventional microfabrication
technique. Samples have been annealed at different temperatures after microfabrication: 200 °C, 250 °C, 300 °C, 350 °C for 1 hour.
TMR measurements were carried out using a conventional two terminal technique under an in-plane magnetic field. VCMA has
been characterized by bias-voltage dependence under a perpendicular magnetic field. Voltage controlled magnetic anisotropy and
tunnel magnetoresistance in magnetic tunnel junctions with different annealing temperature have been investigated. We found
that TMR and VCMA are increasing with increasing post annealing temperature from 200 °C to 300 “C and resistance of MTJ
layer is decreasing with increasing post annealing temperature. Maximum VCMA and TMR of Ta/ CoFeB/ MgO sample are
achieved 33fJ/Vm and 62%, respectively at 300 °C annealed sample.

2) In order to investigate VCMA and interfacial Dzyaloshinskii-Moriya interaction at FeixCox/Pd/MgO interface, we grow
single-crystal 3d ferromagnetic metal/MgO epitaxial multilayers of MgO (5 nm)/V (20 nm)/Fe (20 nm)/Fe1—xCox (0.3 nm)/Pd (0.2
nm)/MgO (5 nm) were deposited on a fcc-MgO(001) substrate using electron beam deposition under ultrahigh vacuum. An
ultrathin Fe;—xCox layer was prepared by alternatively depositing Fe and Co onto the bce-Fe (001) layer. The surface crystal
structure of Fei—xCox was characterized in situ by reflection high-energy electron diffraction (RHEED) and similar patterns were
obtained for all three regions (i.e., X = 0, 0.5, 1). Subsequently, 50-nm-SiO2 was added as an additional insulating layer by
sputtering. The scanning transmission electron microscopy (STEM) and EDS energy-dispersive spectroscopy analysis of the
sample have been done. The film was patterned into 100 x 400 pm? rectangles. The longer edge of the rectangle is parallel to both
Fe [100] and MgO [110] directions. Micro-sized antennas and an intermediate gate were fabricated with Cr (5 nm)/Au (200 nm)
by a conventional microfabrication technique using electron beam lithography. We study the spin-wave property by measuring
the scattering (S) parameter by a vector network analyzer by applying a dc voltage on the sample. The influence of ultrathin
Fe1xCox/Pd insertion between Fe and MgO interface on the interfacial magnetic anisotropy and its voltage-induced change has
been studied by spin-wave spectroscopy. We found that the origin of VCMA and the origin of the interfacial anisotropy are not

the same. First-principles calculations would be helpful to study the origin of the observed behavior.
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