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Fig. 1. (a) Crystal lattice structure of diamond; (b) energy
level structure and optical transition processes of NV color

centers.
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Fig. 2. Comparison of non-zero-field (a) and zero-field (b) methods. 0 is the angle between the principle axis of the molecule and the exter-

nal magnetic field. The position of the spectral peak varies with the angle in the non-zero field, but is always constant in the zero

field.
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Fig. 3. Energy levels of 1/2 nuclear spin and 1/2 electron

spin coupled system.
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Fig. 6. Correlation protocol for zero-field paramagnetic resonance measurements. The correlation signal depends on the manipula-

tions on the target spin, which is denoted by the black dashed box.
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Fig. 7. High-resolution electron paramagnetic resonance spectroscopy of single P1 centers?”: (a) Correlation signals of Ramsey ex-

periments for the two kinds of transitions; (b) Fourier transformations of the time-domain data in panel (a).
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Fig. 8. Top is a schematic of the waveform of the phase-modulated microwave. Below is the energy structures of the NV center in

the different frames by continuous phase-modulated microwave driving. The blue dashed line indicates the energy shift resulting

from the electric field effect.
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and the dashed orange line shows the inverse relationship/®.
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Abstract

Characterizing the properties of matter at a single-molecule level is highly significant in today’s science,
such as biology, chemistry, and materials science. The advent of generalized nanoscale sensors promises to
achieve a long-term goal of material science, which is the analysis of single-molecule structures in ambient
environments. In recent years, the nitrogen-vacancy (NV) color centers in diamond as solid-state spins have
gradually developed as nanoscale sensors with both high spatial resolution and high detection sensitivity. Owing
to the nondestructive and non-invasive properties, the NV color centers have excellent performance in single-
molecule measurements. So far, the NV centers have achieved high sensitivity in the detection of many physical
quantities such as magnetic field, electric field, and temperature, showing their potential applications in
versatile quantum sensors. The combination with the cross measurements from multiple perspectives is
conducible to deepening the knowledge and understanding the new substances, materials, and phenomena.
Starting from the microstructure of NV sensors, several detections under the special magnetic field condition of
zero field, including zero-field paramagnetic resonance detection and electric field detection, are introduced in

this work.

Keywords: nitrogen-vacancy color center, single spin, zero-field paramagnetic resonance, electric field

detection
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