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GROUP II DEFECTS IN DIAMOND

ARTICLE
Highly tunable magneto-optical response from

magnesium-vacancy color centers in diamond

Anton Pershin (@', Gergely Barcza', Ors Legeza'? and Adam Gali®'>*

Defect quantum bits (qubits) constitute an important emerging technology. However, it is necessary to explore new types of
defects to enable large-scale applications. In this article, we examine the potential of magnesium-vacancy (MgV) in diamond to
operate as a qubit by computing the key electronic- and spin properties with robust theoretical methods. We find that the
electronic structure of MgV permits the coexistence of two loosely separated spin-states, where both can emerge as a ground state
and be interconverted depending on the temperature and external strain. These results demonstrate a route to control the
magneto-optical response of a qubit by modulating the operational conditions.

npj Quantum Information (2021)7:99; https://doi.org/10.1038/s41534-021-00439-6
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DENSITY FUNCTIONAL THEORY

Hohenberg-Kohn theorem
Use the charge density (n) instead of

Many-body Infeasible to solve wavefunction
Schrddinger - for most practical ‘ +
Equation systems Kohn-Sham system

auxiliary non-interacting system with
wavefunctions y; (Kohn-Sham orbitals)

Kohn-Sham equations

h2
<_ %VZ + Vexternal(r) + VHartree(r) + )l/)l(r) — HKSlpi(r) = Eilpi(r)
I I

Functionals of n(r) = ¥;|v;(1)|?

— multiple approximations
) Perdew-Burke-Ernzerhof (PBE)
) Heyd-Scuseria-Ernzerhof 2006 (HSEQB)



STRUCTURE OPTIMIZATION
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STRUCTURE OPTIMIZATION
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FORMATION ENERGY

Defect X in charge state q
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Formation energy [eV]

FORMATION ENERGY

With charge correction
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FORMATION ENERGY

With charge correction
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) Vacancy formation energy ~0.5 eV of literature
) Different configurations with similar formation energy

) Lower formation energy with some vacancies
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EMISSION CHANNELING

A Ne

Simulated pattern library

|

N site(s) fit N=N+T
for all <
combinations
Best M groups as
\ an additional site

Filter
consistent fraction for all directions
0 < fractions< 1

}

Score groups
scoring function f([my, ..., my])

where m; is the quality metric of
element i of the group
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AS IMPLANTED SINGLE-SITE FITS
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AFTER ANNEALING (900 °C) TWO-SITE FITS
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AFTER ANNEALING (900 °C) TWO-SITE FITS
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CONCLUSIONS

DFT . EC before annealing
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most stable configuration BC + 2 Vacancies Distribution around BC
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Small change in the patterns

EC after annealing Site assignment of Close to SP site +

No definite assignment but + | Formation energies + — Tighter distribution
: relaxed structures

change from the BC site around BC

DFT Convertion during
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BC + 2 Vacancies and SP + 3 Vacancies annealing
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CURRENT AND FUTURE WORK

) DFT calculations with more vacancies — check for higher stability configurations
0 Many-body energy spectrum

0 Optical excitation — aid in experimental identification of Calcium defects

0 Determine if similar properties to MgV

0 Minimum energy path between sites — behavior during annealing

Systematically test filtering criteria and scoring function in EC filtering
Corrected fractions

New EC measurements — clarify the assignment after annealing

) Work in progress
0 Future work
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