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Fig. 1. Structure of NV center and confocal images: (a) The spin bath in diamond lattice, yellow arrows

represent the randomly distributed '3C nuclear spins, which is about 1.1% in natural abundance; (b) NV

center is formed by a substitute nitrogen atom and an adjacent vacancy; (c), (d) confocal images of a bulk

diamond; the inset of panel (d) is the second-order correlation signal from a single NV center, which is a

single-photon source.
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Fig. 2. Optically detected magnetic resonance (ODMR): (a) The energy structure and optical transitions of

an NV center; (b) Zeeman splitting under an external magnetic field and hyperfine structure from the host

1N nuclear spin; (c) continuous-wave ODMR, spectrum, the splitting is caused by Zeeman effect; (d) pulsed

ODMR spectrum, the hyperfine structure is from the host 14N nuclear spin.
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Fig. 3. Solid immersion lens (SIL) and coplanar wave-
guide (CPW): (a), (b) The fluorescence emission path
with (a) and without (b) SILs; (c¢) scanning electron

microscope and (d) confocal image of a SIL (diameter:
10 pm); (e) bright field image of the CPW, with a SIL at

the center.
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Fig. 4. Rabi oscillation: (a) Pulse sequence; (b) typical Rabi oscillation signal; (c) illustration in the Bloch sphere.
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Fig. 5. Free induction decay (FID) and Hahn echo: (a), (b) Pulse sequence; (c) typical FID and (d) Hahn echo

signal; (e)—(h) phase evolution in the equatorial plane of Bloch sphere.
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Table 1. Room temperature spin coherence of NV center in different diamond samples.
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Fig. 6. Detection and single-shot readout of a weakly coupled 3C nuclear spin (311, (a) Interaction between an

NV electron spin and nearby nuclear spins; (b) one nuclear spin can be picked up with Carr-Purcell-Meiboom-

Gill (CPMG) sequence while others are decoupled; (c) pulse sequence for nuclear spin state single-shot readout;

(d) quantum jumps signal.
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Abstract

Quantum computing and quantum sensing have received much attention in recent years. As an atomic quantum
system with super-long coherence time and spin-dependent optical transitions at room temperature, nitrogen-vacancy
(NV) center in diamond is one of the well-studied physical systems in quantum information science. In this review, we
brief the working principles and quantum control techniques of this single spin system, and also several experimental
demonstrations. We focus on the following points: 1) coherent manipulation of single spins with optically detected
magnetic resonance; 2) main mechanism of NV election spin decoherence and schemes of coherence protection; 3) quantum
sensing and quantum computing applications of spin quantum control techniques. Some open questions are discussed at

the end of this review.
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