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Abstract

In recent years, with the rapid development of technologies such as artificial intelligence and cloud
computing, people continually strive for storage technologies with larger capacities and smaller sizes.
Magnetic random-access memory (MRAM) is one of the most promising storage devices currently available,
principally comprising electrode and barrier layers. Identifying appropriate two-dimensional (2D) magnetic
electrode materials is a prominent research focus in the field. Two-dimensional ferromagnetic materials
fabricated by mechanical exfoliation of van der Waals layered materials, such as monolayer Crls, are
promising candidate materials for electrode layers. However, due to imperfections in the fabrication process,
point defects are inevitable. These defects lead to imbalances in the charge states of the system, which in turn
facilitate the manipulation of magnetism. Therefore, exploring the regulation of charge states in two-
dimensional magnetic materials systems with point defects is crucial. This study utilizes first-principles
calculations to investigate the magnetic anisotropy in two-dimensional magnetic systems with point defects,
which are controlled by charge states, providing insights for future manipulations of magnetic materials.

Firstly, the influence of defect charge on the magnetism of Crls was studied using first-principles.
Results indicate that in a Cr-rich condition, the 0 and +1 charge states of Crlz with iodine vacancy (vi-Crlz)
are stable. Compared to the Crl; monolayer, the presence of I vacancy leads to the formation of an impurity
band near the Fermi level, enhancing the superexchange interactions between Cr atoms. Consequently, the
ferromagnetism (FM) is strengthened and the Curie temperature (7¢) increases to 80 K. Compared to the
neutral state, the magnetic anisotropy energy (MAE) increases to 26.36 meV when the system is under the
+1 charge state. This increase is attributed to the mainly contribution of covalent anisotropy between Cr and
I atoms in the positively charged state, as opposed to the single-ion anisotropy (SIA) that primarily
contributes in the neutral state. The transition metal atoms (TMs) interstitial doping of Crl; monolayer with
I vacancy (TMi@v1-Crlz, TM =V, Mn, Cu, Zn, Pd, Ag, Cd and Au) is stable, particularly for the Vi@vi-Crl3
system under the +2 charge state, where the MAE reaches 35.61 meV. This enhancement is attributed to the
doping of V atoms, which increases the covalent interactions between Cr and I atoms.

Next, this study uses DFT to investigate the impact of defect charge on the magnetism of CrSel. The
results indicate that the Se vacancy systems of CrSel (vse-CrSel) are stable under -1, 0 and +1 charge states.
In contrast to Crls, the presence of Se vacancies in CrSel does not lead to a significant impurity band near
the Fermi level, thus the FM and 7c remain essentially unchanged. However, under the neutral and positive

charge states, the MAE of the vse-CrSel systems increases to 47.77 meV and 34.85 meV, respectively. This



is due to the simultaneous increase in SIA of I atoms and the covalent anisotropy between the d orbitals of
Cr atoms and the p orbitals of I atoms. In the system where TMs substitute for Cr positions in vse-CrSel
(TMcr@vse-CrSel), the MAE shows no significant changes.

Key words: Point defects; Magnetic anisotropy; First principles; Two-dimensional materials
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Figure 1-1 Schematic diagram of (a) magnetic tunnel junction structure and (b) magnetic anisotropy energy
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Figure 1-4 (a) Changes of MAE and magnetic ground state with strain in Crls; (b) CrCl3.xBrx structure
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Figure 1-5 In Crl3 monolayer (a) 20 structural diagrams of point defects; (b) Defect formation energy as a
function of chemical potential of I atoms; (c¢) Schematic diagram of the structure of I-vacancy Crl3 with
switchable out-of-plane polarization; (d) Electronic structure of adsorbed Sc atoms; (¢) magnetic ground

state and (f) Curie temperature of adsorbed TM atoms[49-31]
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