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Scope of Research

NV center in diamond has been extensively interested because |
the single spin of it can be manipulated and detected at room
temperature. Furthermore, spin coherence time of the NV center |
is very long. The coherence time is the time to retain coherence
(superposition state) and directly relates to the sensitivity of sen-
sor of magnetic field, electric field and temperature. Therefore,
the unique and excellent properties 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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Hybrid Quantum Magnetic-field Sensor
with an Electron Spin and a Nuclear Spin
in Diamond

Recently, magnetic-field sensors based on an electron
spin of a nitrogen vacancy center in diamond have been
studied both from an experimental and theoretical point of
view. This system provides a nanoscale magnetometer, and
it is possible to detect a precession of a single spin. In this
research, we propose a sensor consisting of an electron
spin and a nuclear spin in diamond as shown in Figure 1.
Although the electron spin has a reasonable interaction
strength with magnetic field, the coherence time of the spin
is relatively short. On the other hand, the nuclear spin has a
longer lifetime while the spin has a negligible interaction
with magnetic fields. We show that, through the combina-
tion of such two different spins via the hyperfine interac-
tion, it is possible to construct a magnetic-field sensor with
the sensitivity far beyond that of previous sensors using
just a single electron spin. We revealed that if the gate error
is below 0.1%, the sensitivity of our sensor is one order of
magnitude better than the conventional one.
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Figure 1. The structure of our hybrid NV center sensor: a diamond con-
taining an NV center with an electron spin and a nuclear spin is attached
to an AFM tip. Single qubit rotations and a C-NOT gate can be performed
by directing a microwave into the diamond.

Perfect Selective Alignment of
Nitrogen-vacancy Center in Diamond

Nitrogen-vacancy (NV) centers in diamond have attract-
ed significant interest because of their excellent spin and
optical characteristics for quantum information and me-
trology. In the diamond crystal structure, the orientations
of NV centers are classified according to the alignment
along one of four possible crystallographic axes: [111],
[111], [111] or [111] as shown in Figure 2. In most diamond

samples, NV centers equally occupy these four orienta-
tions. To take advantage of the characteristics, the precise
control of the orientation of the N-V axis in the lattice is
essential. It is because improvement in readout contrast
and a magnetic field sensitivity can be expected when
compared to with those of standard samples with equal
population of all NV orientations. Furthermore, spin and
optical characteristics strongly depend on this orientation.
In cases where photoluminescence (PL) is detected from
the [111] direction, the PL intensity from N—V centers in
which the N-V axis is parallel to [111] (NV || [111]) is
higher than others because electric dipole transitions are
allowed for dipoles in the plane perpendicular to the N-V
axis. With respect to spin, it is expected to play a key role
at the quantum interface with photon and superconducting
flux qubits.

We experimentally showed that the orientation of more
than 99 % of the N'V centers can be aligned along the [111]-
axis by CVD homoepitaxial growth on (111)-substrates.
We also discuss about mechanisms of the alignment. We
examined the atomistic generation mechanism for the NV
defect aligned in the [111] direction of C(111) substrates
with first-principles electronic structure calculations. Our
result enables a fourfold improvement in magnetic-field
sensitivity and opens new avenues to the optimum design
of NV center devices.
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Figure 2. Four possible orientations of NV centers in diamond crystal.
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