Enhancement of single-photon sources with metamaterials
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g Atom-like centers in diamond

Nitrogen-vacancy (NV) centers in
diamond are promising crystalline
defects for applications in quantum

& information technologies and sensing [1]:
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single-photon source

* photostable

* operates at room temperature
* broadband emission spectrum

spin-based quantum memory unit
* long spin coherence time (~ms)
* can be read optically out
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Efficiency of the NV center as a quantum system can be
substantially improved by enhancing its emission
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multilayer stack: TiN — 8.5 nm, HR-TEM image of

(ALSc)N — 6.3 nm; 20 layers superlattice interface [3].
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Metamaterials with hyperbolic dispersion (HMM) can —Thrme
provide large photonic density of states (PDQOS) in a broad —
wavelength range [2] and enhance the emission rate. rasznm — o
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Determined the single-photon nature of
the emitters.

lifetime are 4 and 11.4, respectively.
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Observation of single-photon emission enhancement
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The average and largest decreases in The average enhancements are 1.8 and 4.7.
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Superlattice defects with the size of ~50 nm can scatter
into far-field the high-k modes with k,/k,~ 20. In FEM
simulations, we showed that due to these defects on

HMM the collected emission can be increased further.

Conclusions

\_

* Broadband enhancement of single-photon emission from NV centers in
nanodiamonds using CMOS-compatible hyperbolic metamaterial;

* Up to 5 times more emission can be collected compared to coverslip substrate due
to improved directionality and plasmons outcoupling by growth defects.
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