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Fig. 1. Introduction of the NV center in diamond []: (a) Schematic of the NV center structure in diamond;

(b) the spectrum of NV~ and NVO.
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Table 1. The performance of sensor based on NV cen-

ter in different physical fields.
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Fig. 11. (a), (b) The schematic of the NV center thermometry setup and the thermal pulse sequence measurements;
(c) ground state spin energy levels are split in applied axial magnetic field; (d) thermal Ramsey measurement in an

axial magnetic field; (e) thermal echo measurement in an axial magnetic field [19],
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Fig. 13. Stimulated emission depletion microscopy reveals nitrogen-vacancy centres in diamond [

291 Confocal

(a) and STED (b) images from the same crystal region; (c) the individual centres resolved in b automatically yield
the effective PSF of the STED; (d) the coordinate of each centre can be calculated with 0.14 nm precision; (e) and
(f) applying I'max = 3.7 GW/cm? shrinks a confocal spot of 223 nm diameter (FWHM) down to 8 nm.
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Fig. 14. (a) and (b) Laser sequences and example images for the high-resolution charge-state ionization and recharg-

ing manipulation; (c¢) and (d) the resolution (presented by FWHM) improved by increasing the doughnut laser power

or duration; (e) and (f) the images of CSD nanoscopy pumped by the 637-nm doughnut-shaped laser beam without

and with the 780-nm Gaussian-shaped laser beam [36,38]
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Table 2. Properties of super-resolution imaging techniques based on NV color center.

g T7 i SR /nm W #ik
M GSD [39] 7.6 532 nm (105 mW /cm?)
STED (SIL) [30] 2.4 775 nm (k) 8 MHz, 3 ns, 5 W)
T A GSD B4 12 638/647 nm (%116 mW)
Spin-RESOLFT [40] 38 532 nm (2 mW) T B
STORM [39] 27 594 nm (H%33)
DESM [41] 12 HE, TR B R NV
rCSD 28 637 nm (22 mW)
iCsD [36] 4.1 532 nm (48 mW)
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Fig. 15. Optical images of two single NV centers:
(a), (b) I1 and I for the single-photon and two-photon
counts; (c), (d) images of each NV center (15, I), re-
spectively; the red crosses mark the positions of the
NV centers, the positions were obtained using a 2D
Gaussian fitting of In or Ip; (e) 3D image of the two
NV centers [4].
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Fig. 16. (a) A full ESR curve is acquired at each position in the scan by measuring the NV fluorescence as a function
of RF excitation frequency, the ESR spectrum at the position of the red dot is shown on the left; (b) the image
obtained when the field is on resonance with a fixed RF excitation frequency, the relative change in NV fluorescence

as a result of the RF drive is plotted [42].

(a) 13.0 (d) 1.0{2
21 '
25 £ 5 9
o5
%z i
+2.0 §8 o !
==
15

- Across particle
= Far from particle
— Fitto Eq. (1)

Fluorescence/arb. units

2850 2860 2870 2880
MW frequency v/MHz

Fluorescence/
arb. units

-400 -200 0 200 400

Position z,/nm

17 NV SO K REHE B 52 A HER g 149] (a) LRI, (b), () 2 B FH Bk 5 B0 g 5 iR
FERSAB I (d) SeZ R e R R (b) o =ANAN A AL E

Fig. 17. Thermal imaging of a photoheated gold nanoparticle [49]: (a) Schematic of the experiment; (b), (c) fluores-
cence image (b) and temperature map (c) obtained simultaneously by scanning a 40 nm gold particle relative to the
nanodiamond probe and its excitation laser; (d) optically detected spin resonance spectra corresponding to three

different pixels of the scan, located as indicated by the crosses in (b) with matching colors.
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Fig. 18. Schematic of the NV center in diamond neuron detection system [60]: (a) The NV centers are

excited by green laser and been controlled via 2.88 GHz microwave radiation; (b) simulated dynamic output

from a single CMOS pixel; (c)—(e) zoomed plots of magnetic field strength at 100 nm standoff showing the

60]

integrate and fire effect of the central soma and the reactionary dynamics in the dendritic region below (601,
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Fig. 19. The micro-nano structure using to increase
the detection efficiency in the confocal experiment (627,

Nanopillars, solid immersion lens, bull’s eye structure.
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Table 3. Coherence times of single NV defect electron
spins hosted in different types of diamond crystals at

room temperature with the corresponding magnetic

field sensitivities.
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Abstract

Solid-state electronic spin system of the nitrogen-vacancy (NV) center in diamond is attractive as a nanoscale
quantum sensor under room-temperature dueto its unique characteristics such as stable fluorescence, long coherent time,
and near-atomic size under ambient conditions. Nowadays, the NV center plays a significant role in super-resolution
microscopies. Different super-resolution microscopies have been used on NV center to archievenanoscale spatial resolution.
Moreover, the spin state in NV center can be regraded as a solid-state qubit, which can be optically polarized and read
out. The spin state can couple with electromagnetic fields and strain, which enables the NV center to be an excellent
quantum sensor with high spatial resolution and high sensitivity. Such an NV-center based quantum sensing technique
is being developed for applications in newmateriales, single protein nuclear spin dynamic field, life science, etc. This
review will introduce the basic principle of such a nanoscale quantum sensor, the experimental realization, methods of

enhancing the sensitivity, and some applications in high-spatial-resolution and high-sensitivity sensing.

Keywords: nitrogen-vacancy center, nanoscale, quantum senser at room temperature, quantum en-

hancement
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