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Abstract

Magnetism in low-dimension has garnered great interest in fundamental
research as well as their phenomenological aspects, such as topological phases,
electric-field manipulation, spin detection and spin injection [1-3]. Particularly,
2D magnets have drawn attention due to their ability of seamless integration of
multi-layered heterostructure via tuning the strain, gating electrical properties
[4]. These 2D magnets offer new physical significance in the context of spin
fluctuations, which can be strongly enhanced [5-7]. With the advent of 2D
magnets, many opportunities include such as control and modulation of
magnetic, electronic and topological phases suitable for development of various

nanoscale devices.

In pristine form, the atomically thin layered materials show limited
functionalities. Instead, spin related phenomena is induced extrinsically for
tuning its functionality in atomically thin layered vdW heterostructure via
engineering defects such as vacancies, adatoms, grain or edge boundaries [8, 9],
introducing magnetic dopants through intercalation or substitution [10],
coupling with magnetic substrates [11]. However, it is a challenging task to
create long-range magnetic ordering by externally inducing local moments
using strong exchange interaction in these methods [12]. In this regard,
origination of intrinsic magnetism in parent 2D lattice and designing vdW
heterostructure with 2D magnets via interfacial phenomena will set the stage for
realizing the underlying physics of spin related phenomena in technological

front.

Reduced dimensionality and interfacial phenomena have often altered new
exciting physical paradigms and recommends distinctive approach to precisely
design an unusual device. To unveil exotic quantum phases, atomically thin
two-dimensional (2D) vdW heterostructure, embraces control and tuning of

various physical states by coupling with peripheral perturbation such as
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pressure [13], photon [14], gating [15], Moire pattern [16] and proximity effect
[11]. Among them, proximity effect is the imperative tools for creating
interfacial phenomena by interacting with the neighbouring material. Proximity
effect tunes the physical properties of pristine system by inducing spin-
polarization and exchange coupling across the interface [17]. In this regard,
realizing spin related interfacial phenomena via proximity effect in 2D vdW
quantum systems will be promising for various technological advances in
nanoelectronics. Spin induced phenomena via magnetic proximity effect (MPE)
in 2D vdW heterostructure is now of particular area of interest due to long
electron relaxation length, intrinsic magnetic ordering and spin orbit coupling
(SOC). Therefore, realization of interfacial spin related phenomena via MPE is

one of the current active research interests in the scientific community.

The present thesis mainly focuses on realization of spin related interfacial
phenomena via magnetic proximity effect (MPE), which will administer
electronic structure, magnetic properties and topological phases of 2D vdW
heterostructure under the framework of ab initio-based simulations by
respective  Wannier-tight binding (WTB) method along with pertinent
experimental cooperation. Ab initio-based density functional theory (DFT) is a
legitimate tool for structure-property correlation simulation using
pseudopotential wave basis set. Alongside DFI, WTB is a semi-empirical
method primarily used to calculate electronic structure, surface states and
single-particle Bloch electron states of the system. In this regard, DFT and WTB
together provide an ultimate platform for comprehensive understanding of the
properties of 2D vdW heterostructure systems. Few relevant facets of magnetic
proximity induced spin related interfacial phenomena are briefly included in

the following chapters of the thesis described below:

Chapter 1: This chapter briefly introduces the conventional techniques of
extrinsically inducing local magnetic moments in non-magnetic systems. The

limitation of this conventional technique can be overcome by introducing the
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spin-related interfacial phenomena via MPE to construct vdW quantum
systems for modelling novel device prototype. At the end of the chapter, the

motivation behind the work and objective of the thesis are presented.

Chapter 2: This chapter highlights the details of the computational methods
used in this thesis to carry out the atomistic simulation. Ab initio based DFT,
semi-empirical based Wannier-tight binding techniques are followed for

tulfilling the objective of this thesis.

Chapter 3: This chapter shows MPE along with the external perturbative effect
such as electric field in 2D vdW graphene (Gr)-Chromium tribromide (CrBrs)
heterostructure particularly for modelling single gate field effect transistor

(FET) device prototype.

Chapter 4: This chapter mentions the MPE mediated topologically trivial and
non-trivial phases in Gr-CrBrs vdW heterostructure for realizing valley

contrasting quantum anomalous Hall effect (QAHE).

Chapter 5: This chapter summarizes the electrical conductivity on Gr-CrBrs
vdW heterostructure system considering ferromagnetic (FM) configuration,
which will provide an opportunity to realize the longitudinal and transverse

thermoelectric effect.

Chapter 6: This chapter explains the proximity effects in 1T"WTe,-CrBr; vdW
heterostructure to realize the spin-polarization for application of spintronic

device.

Chapter 7: This chapter displays the comprehensive conclusion extracted from
all the chapters mentioned above discussing electronic, magnetic, topological,
and transport properties in 2D vdW heterostructure via MPE. This chapter also
have a particular emphasis on future prospects to explore more idea about the

study in this thesis.
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