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1 Introduction

Recently, quantum technology has become a leading driving source in science. Solid-state point de-
fect based single photon sources and quantum bits are leading contenders for quantum technologies
such as quantum computing, quantum communication and quantum sensing. After the success of
the nitrogen-vacancy center in diamond acting as a qubit, the search for similar centers in other ma-
terials has been initiated mediated by first principles calculations [, 2]. Most recently, defects in
two-dimensional (2D) materials have been explored, acting as single photon sources or qubits, in
particular, in hexagonal boron nitride [3].

I am studying point defects in 2D and 3D materials that may act as bright single photon source or
qubit.

2 Research done this semester

I started the ab initio investigation of point defects in an exotic 2D material, namely, hexagonal or 2D
silicon carbide (2D-SiC), which has recently been synthesized [4].

We applied the density functional theory (DFT) approach [5] with the projector augmented wave
(PAW) method [6] in the Vienna Ab-initio Simulation Package (VASP) [7]. The exchange correlation
functional of Heyd, Scuseria, and Ernzerhof (HSE06) was employed [&].

Table 1: Computed HF principal values (A,,, A,, and A..) in units of MHz for the atoms closest to
the V-Cg; defect. The atoms included in the calculation are indicated in Fig. 1(b).
Atoms A, Ayy A,,
C; —2.86 —7.34 —1.69
Cy-C3 —546 —-3.9 —5.86
Si;-Si, —1.46 4.52 —101.33
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Figure 1: (a) Formation energy as a function of the Fermi level for the V-Cg;, V;-Cs; and V§; defects,
in Si-rich and C-rich growth conditions. (b) The atomic structures of Vg;, Vs;-Cs; and V-Cg; defects
after optimization showing C,,,, Cs and C,, point group symmetry, respectively. Si and C atoms are
represented by blue and gray colors, respectively.
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Figure 2: PL spectra for the electronic transitions in V¢-Cg;, with 52% of DW factor, at both room and
zero-kelvin temperatures (a), and Electronic level diagrams for the ground states of V¢-Cg; defect(b).

The 8 x 8 x 1 supercell was performed for all calculations using a I'-point. We applied a vacuum
region of 24A in the z-direction for canceling all interactions between periodic images. The atomic
positions were optimized to the point where the Hellman-Feynman forces acting on them were less
than 0.01 eV/A per atom, and a kinetic energy cutoff of 450 eV was used. Constrained DFT (CDFT)
was employed to calculate the excited state [9].

The pristine 2D-SiC was optimized using HSE, which yields a lattice constant of a = 3.07 A and
Si-C bond length of 1.77 A, while in the experimental measurement [4], these are 3.1 A and 1.79 A,
respectively. Thus, the errors are less than 1.0%.

The point defects in 2D-SiC, namely a vacancy (Vs;) and two antisite vacancy pairs (V¢-Cs; and Vi;-
Csi), are examined (Fig. 1(b)) using ab-initio techniques for their potential as single-photon emitters
(SPEs). We first calculated the formation energies and charge transition levels (Fig. 1(a)). All defects
are only stable in the negative and neutral charge states. We find that the V-Csg; in the negative charge
state is simultaneously stable and may have an infrared emission. Therefore, we carried out a detailed
ab-initio characterization for this defect: ZPL energy is 0.59 eV, HR factor is 0.80, and DW factor
is 44%. The radiative lifetime of the excited state of the defect is 155 ns. The PL spectrum at both
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zero-kelvin and room temperature is plotted in Fig. 2(a). This defect has S = 1/2 spin state, so it is
a paramagnetic defect. The calculated characteristic hyperfine constants are listed in Table 1, where
the atom labels are depicted in Fig. 1(b).

We systematically studied the basic properties of Si-vacancy type defects in 2D-SiC. We found that
the negatively charged V¢-Cs; defect has promising magneto-optical properties for realizing a single
photon source with emission in the near-infrared region (see publication).
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