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Abstract We report Optically-Detected Magnetic
Resonance (ODMR) study on Nitrogen-Vacancy
(NV) centers in diamond. The experiment can easily
be conducted with basic optics and microwave
components. A diamond crystal having a
high-density NV center is suitable for the ODMR
study. The magnetic field dependence of ODMR
spectrum allowed us to determine the orientation of
the diamond crystal. In addition, we measured the
variation of the ODMR spectrum as a function of the
excitation laser power. Thermal heating induced by
optical absorption caused the monotonic decrease of
zero field splitting. The contrast of the ODMR peak,
however, increased and, then, began to decrease,
indicating the optimal laser power for recording the
ODMR spectrum.
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Figure 1. Energy level scheme of the NV center in
diamond. Green arrow marks the excitation by a 532 nm
laser beam, the red arrow represents the optical transitions
involved in the zero phonon line (637 nm), the black
dashed arrow indicates the MW transitions, while the gray
arrows  symbolize  the  intersystem  transitions
(non-radiative transition except 1042 nm).
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Figure 2. lllustration of the setup for ODMR. The inset
shows the fluorescence from the diamond crystal under
the exposition of 532 nm laser.
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Figure 3. (a) An example ODMR spectra for different values of the magnetic field, set in the crystallographic direction
[111]. (b) Contour plot of a series of ODMR spectra as a function of the magnetic field B applied along [111] direction
for single crystal diamond with a laser power of 50 mW and a microwave power of 40 dBm. Data were fitted with
calculated transition frequencies between magnetic sublevels of NV~ centers as a function of magnetic field along the
[111] direction (gray solid lines) and at ~109° (red solid lines).
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Figure 4. (a) A plot of ODMR spectra obtained with different laser powers and an exposure time of 60 s. (b) Difference
AD between the measured axial zero-filed splitting parameter and its reference value (2.87 GHz) with increasing
temperature. AT was converted through AD/AT~-0.076 MHz/K®. (c) Contrasts of normalized ODMR signal after 60 s of
532 nm laser light exposure. Laser intensities of 45-225 mW were applied. Error bars in contrasts are the standard
deviation of three measurements due to the fluctuations of laser power.
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