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Scope of Research
NV centers in diamond have been extensively interested
b ecause a single spin of the NV center can be manipulated and
detected at room temperature. Furthermore, a spin-coherence
time of the NV center is very long. The spin-coherence time is
the time to retain coherence (superposition state) and directly
relates to the sensitivity of sensors of magnetic field, electric field
and temperature. Therefore, the unique and excellent prop
erties of the NV center are expected to be applied for quantum
computing, quantum communication, bio-imaging, and high-
sensitive sensor with nano-scale resolution.
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TOPICS AND INTRODUCTORY COLUMNS OF LABORATORIES

Topics
Optimization of Temperature Sensitivity
Using the Optically Detected Magnetic
Resonance Spectrum of a Nitrogen-vacancy
Center Ensemble
Temperature sensing with nitrogen-vacancy (NV)
c enters using quantum techniques is very promising and
further development is expected. Recently, the optically
detected magnetic resonance (ODMR) spectrum of a
high-density ensemble of the NV centers was reproduced
with noise parameters [inhomogeneous magnetic field,
inhomogeneous strain (electric field) distribution, and
homogeneous broadening] of the NV center ensemble. In
this study, we use ODMR to estimate the noise parameters
of the NV centers in several diamonds. These parameters
strongly depend on the spin concentration. This knowledge
is then applied to theoretically predict the temperature sensitivity. Using the diffraction-limited volume of 0.1 μm3,
which is the typical limit in confocal microscopy, the optimal sensitivity is estimated to be around 0.76 mK/√Hz
with an NV center concentration of 5.0 × 1017/cm3 as shown
in Figure 1. This sensitivity is much higher than previously
reported sensitivities, demonstrating the excellent potential
of temperature sensing with NV centers.

Engineering of Fermi Level by nin Diamond
Junction for Control of Charge States of NV
Centers
Charge-state control of NV centers in diamond is very
important toward its application, because the NV centers
undergo stochastic charge-state transitions between the
negative charge state (NV−) and the neutral charge state
(NV0) of the NV center upon illumination. In this letter,
engineering of the Fermi level by a nin diamond junction
was demonstrated for control of the charge state of the NV
centers in the intrinsic (i) layer region as shown in Figure 2.
By changing the size (d) of the i-layer region between the
phosphorus-doped n-type layer regions (nin) from 2 μm to
10 μm, we realized the gradual change of the NV− chargestate population in the i-layer region from 60% to 80%
under 532 nm excitation, which can be attributed to the
band bending in the i-layer region as shown in Figure 3.
Also, we quantitatively simulated the changes of the Fermi
level in the i-layer region depending on d with various
concentrations of impurities in the i-layer region.

Figure 2. (a) Schematic illustration of the nin diamond junction in the
xy-plane and in the (b) z-plane. (c) Optical microscope image of the nin
diamond. (d) Scanning confocal microscope images of the mesa structures of d = 2 μm and (e) d = 10 μm.

Figure 1. Numerically estimated sensitivity with respect to the NV concentration with a low microwave power ODMR. Black squares are the
sensitivity of the approach using the sharp dip without an applied magnetic field. Red squares are the sensitivity using the peak structure observed
in the normal ODMR under an external magnetic field exactly applied
along the [001] direction. Blue squares show the results using the peak
structure observed in the normal ODMR with an arbitrary direction of
the magnetic field and the ODMR signal of only one of four NV axes is
measured.

Figure 3. The dependence of the charge-state population of NV− on d.
As reference, on the left, the estimate for the population in intrinsic bulk
diamond is shown.
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