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Firstly, we have developed fabrication methods of introducing strong mutual
interactions into NV centers which have excellent properties as quantum spins at room temperature.
By implanting molecular nitrogen ions through masks with regularly arranged nano-holes, multi-NV
centers having the distances of ~13nm have been fabricated as regular arrays. By fabricating a
three-dimensional ensemble of NV centers of an average distance of ~5 nm, the creation of the
discrete time crystal has been experimentally demonstrated. Secondly, nano-hole implantation has
been applied for fabricating regular array of quantum sensors of shallow single NV centers. In
nano-NMR, by combining high field measurements, quantum algorisms, and high-quality HPHT crystal,
high resolution detecting chemical shift has been achieved for samples of ultra-micro quantity. By
the growth of high quality CVD crystals, the generation of indistinguishable single photons from
separate SiV- centers has been demonstrated.
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