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Electron spins of nitrogen-vacancy centers (NV centers) in diamond have attracted much attention
as quantum sensors to measure various physical quantities with high sensitivity and spatial
resolution at room temperature. The measurable field using NV centers includes magnetic field,
vector electric field, temperature, and so on. However, the sensing of these physical quantities
using NV centers has been studied independently, and there have been few attempts to combine
sensing of multiple physical quantities. The reason is that the sample conditions required for high
sensitivity differ depending on the physical quantity to be measured. In recent years, multiple
sensing of magnetic field and temperature has been studied, but previous studies have been
limited to combined measurement of scalar magnetic field and temperature. In recent years, our
laboratory has developed a multi-frequency technique to simultaneously control and sense the NV
centers of various orientation axes (quantization axes) in a sample by using multi-frequency
microwaves. By using this technique, we have experimentally demonstrated highly sensitive
sensing of vector AC magnetic fields. This technique is expected to be applicable not only to
magnetic field sensing but also to other sensing applications including temperature measurement.
In this study, we experimentally and theoretically demonstrated that the multi-frequency microwave
control method can be applied to temperature sensing using NV centers with higher sensitivity than
the conventional method and showed that the method is useful for high-sensitivity multiple sensing
of vector magnetic fields and temperature. By using the multi-frequency control method, the NV
centers with different orientations can be controlled and measured simultaneously, which enables
us to enhance the signal and improve the temperature sensitivity by a factor of 1.8 and the vector
magnetic field sensitivity by a factor of 2.7 compared to the single-frequency control method. This
result indicates that the multi-frequency control method can be used to sense both vector magnetic
field and temperature with high sensitivity using the same sample and the same setup.
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Electron spins of nitrogen—vacancy centers (NV centers) in diamond have attracted much attention as quantum sensors to measure
various physical quantities with high sensitivity and spatial resolution at room temperature. The measurable field using NV centers
includes magnetic field, vector electric field, temperature, and so on. However, the sensing of these physical quantities using NV
centers has been studied independently, and there have been few attempts to combine sensing of multiple physical quantities. The
reason is that the sample conditions required for high sensitivity differ depending on the physical quantity to be measured. In recent
years, multiple sensing of magnetic field and temperature has been studied, but previous studies have been limited to combined
measurement of scalar magnetic field and temperature. In recent years, our laboratory has developed a multi—frequency technique to
simultaneously control and sense the NV centers of various orientation axes (quantization axes) in a sample by using multi—frequency
microwaves. By using this technique, we have experimentally demonstrated highly sensitive sensing of vector AC magnetic fields. This
technique is expected to be applicable not only to magnetic field sensing but also to other sensing applications including temperature
measurement.

In this study, we experimentally and theoretically demonstrated that the multi—frequency microwave control method can be applied to
temperature sensing using NV centers with higher sensitivity than the conventional method and showed that the method is useful for
high—sensitivity multiple sensing of vector magnetic fields and temperature. By using the multi—-frequency control method, the NV
centers with different orientations can be controlled and measured simultaneously, which enables us to enhance the signal and
improve the temperature sensitivity by a factor of 1.8 and the vector magnetic field sensitivity by a factor of 2.7 compared to the
single—frequency control method. This result indicates that the multi—frequency control method can be used to sense both vector
magnetic field and temperature with high sensitivity using the same sample and the same setup.
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