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Abstract of Thesis

This thesis presents a theoretical study based on first-principles calculations that focuses on the
development and optimization of MTJ based on 2D materials. The investigation begins with an in-depth
exploration of the physical and chemical characteristics of MTJ using 2D materials such as hBN and
graphene. The importance of understanding the interface as well as its influence on the magnetic response
and transport properties of MTJ is highlighted. Furthermore, the investigation also includes a systematic
analysis of the impact of vacancies in hBN and graphene on the performance of MTJ devices.

Firstly, we focus on the investigation of the interface between hexagonal boron nitride (hBN) and
Ni(111) layers. We found that pd-hybridization bonds between the N and Ni atoms stabilized the
structure with the antiparallel configuration (APC) showed the most favorable magnetic alignment, in
agreement with previous experimental study. Interestingly, we observed a bistable state with electrical
polarization when APC is chosen, revealing the spin-polarized current controlled by reversing the electric
field-induced polarization.

The second study focuses on the investigation of Ni/nhBN/Ni MTJs with different numbers of layers,
n (2, 3, 4, and 5). Interestingly, the high TMR ratio occurred at slightly higher energies, specifically
0.28 eV for n = 2 and 0.34eVfor n > 2. When n > 2, a proximity effect occurs, resulting in the
generation of an evanescent wave. To strengthen the proximity effect, the single layer hBN in the 3hBN
insulator barrier is replaced with graphene (Gr), forming a hBN-Gr-hBN structure. Remarkably, this MTJ
exhibits a TMR ratio as high as 1200% at energies slightly higher than the Fermi energy. However, to
shift the high TMR ratio to the Fermi energy, doping the Ni layer can be done at the interface with an
inert metal, such as platinum.

Further, we introduced the monoatomic boron vacancy (Vg) in 2D materials of the MTJ device. At
first, the effect of Vg was investigated on Ni/hBN(Vg)-hBN/Ni and Ni/hBN(Vg)-hBN(Vg)/Ni MTJs. Our
results show that the vacancy reduces the transmission peak, but it can create a new transmission channel
when two localized states interacted with each other. When Ni/hBN-hBN(Vg)-hBN/Ni MTJ was
considered, the transmission of electrons was increased on the spin majority channel due to polarization
of hBN(V3). Finally, Ni/hBN-Gr(V)-hBN/Ni MTJ was considered, where the localized state creates a new
transmission channel on spin majority and minority channels.

Lastly, we utilized Vg to introduce a novel van der Waals-based MTJ with only three atomic layer
thicknesses, namely hBN(Vg)/Gr/hBN(Vg). Transmission probability calculations revealed the highest
TMR ratio observed with approximately 400% when Cu metal was used as electrodes. Additionally, the
intriguing interaction between the vacancies opens promising prospects for utilizing this MTJ as an
optimal neuromorphic device. Finally, a proposal was made for the successful design of a new MTJ device
using modified graphene or hBN, by introducing a monoatomic vacancy in 2D materials. These findings
highlight an important factor that could contribute to the future utilization of 2D materials as MTJ devices.
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LRHEE R TIBE T3 AREEDOFR AN KD LTV D,

Halimah HarfahiX, J@HMECTH DN HFMEAR U FE (BN) ZISH L, BERatE D Sz a
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