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Fig. 1. Zero-field splitting with different temperatures. The
horizontal coordinate is the applied microwave frequency,
while the vertical coordinate is the normalized fluorescence

intensity!'3.
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Table 1. Measurement sensitivity with NV color centers.
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or bar next to it shows the count rate of fluorescence. (b) Temperature difference of diamond under different fluorescence condi-

tions of gold nanoparticles.
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microwave, NV color center and cell living environment; (c¢) the lower half shows the temperature change response to drug stimula-
tion, and the upper half shows the corresponding fluorescence intensity; (d) the control.
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nanoparticles; (b) obtained results after a 594 nm laser irradiation at a power of 330 uW for 6 s: the membrane tunneling nan-
otubes of the cell ruptured.
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Fig. 9. Characterizing the temperature and magnetic field of the material with NV center?: (a) Schematic diagram of the measure-
ment device, and the red dots in the inset are nanodiamonds; (b) imaging schematic of a gallium nitride high-electron mobility tran-
sistor; (c) high-resolution magnetic field measurement (290 mW); (d), (e) temperature distribution of the channel stop at different
powers of 1 and 1.73 W.
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Fig. 10. Local temperature measurement with PDMSP?: (a) Processing of nanodiamond transferred to PDMS; (b) temperature dis-

tribution after extracting the temperature information by ODMR fitting and reconstructing the temperature.
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Fig. 11. Chip temperature distribution is measured using fiber optic sensingP!: (a) System of measurement, combining the phase-
locked amplification system with the fiber optic system; (b) schematic diagram of the color center sensing device, with the red spir-
al lines indicating the microwave antenna; (c), (d) temperature distribution of the chip when it is powered off and on; (e) corres-

ponds to the red dashed line measurements in panel (¢) and (d).
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Fig. 12. Measuring the thermal conductivity of materials®l. (a) Experimental setup, where current is flowing along the cantilever
arm of the AFM and indirectly heats a diamond color center attached to it by heating the cantilever arm. The fluorescence emitted
from NV center is collected through a microscope in a high numerical aperture. (b) Temperature of the diamond contact with differ-
ent mediums. The horizontal coordinate is the temperature of heating and the vertical coordinate is the temperature of the dia-

mond.
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Temperature sensing with nitrogen vacancy center in diamond
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Abstract

Temperature is the most intuitive and widespread in various physical quantities. Violent changes in
temperature usually implies the appearing of fluctuations in physical properties of an object. Therefore,
temperature is often an important indicator. With the development of science and technology, the scales in
many fields are being more and more miniaturized. However, there are no mature temperature measurement
systems in the case where the spatial scale is less than 10 pm. In addition to the requirement for spatial
resolution, the sensor ought to exert no dramatic influence on the object to be measured. The nitrogen vacancy
(NV) center in diamond is a stable luminescence defect. The measurements of its spectrum and spin state can
be used to obtain the information about physical quantities near the color center, such as temperature and
electro-magnetic field. Owing to its stable chemical properties and high thermal conductivity, the NV center can
be applied to the noninvasive detection for nano-scale researches. It can also be used in the life field because it
is non-toxic to cells. Moreover, combined with different techniques, such as optical fiber, scanning thermal
microscopy, NV center can be used to measure the local temperatures in different scenarios. This review focuses

on the temperature properties, the method of measuring temperature, and relevant applications of NV centers.
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