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Coherent Manipulation of the Spin in Diamond

Color Center

Mahn—Soo CHOI and Tai Hyun YOON

A nitrogen-vacancy (NV) center in diamond consists of a
nitrogen atom substituting a carbon atom and a vacancy
trapped adjacent to the substitutional nitrogen. In its
ground state, the negatively charged NV center has a spin
triplet, which is separated by optical transitions from the
excited states. In many respects, the NV center closely re-
sembles an atom affixed in solid, with a long spin coher-
ence time and extremely sharp optical transitions even at
room temperatures. Its high fluorescence quantum yield
and exceptional photostability promise various applica-
tions in quantum optics. More interestingly, the long spin
coherence time and fairly easy optical initialization and
read out of the ground spin state make the NV center an
excellent candidate system for quantum information proc-
essing and quantum information storage. Indeed, the co-
herent manipulation of the single spin or multiple spins of
electrons and nuclei within a single NV center have been
demonstrated experimentally in several recent works. In
this article, we briefly review the intriguing electronic
structure of the diamond NV center and its possible appli-
cations as a spintronic device from the perspectives of op-
tics, atomic physics, solid-state based quantum in-

formation science.
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Features of the NV Center

Applications of the NV Center

"Atom" afixed in solid

« No need for technically demanding atom traps
« Energy levels well-defined as much as in
isolated atoms

Single-photon generation and
detection

Solid-state based cavity QED

S —
Degeneracy in the ground state

* Long coherent time
« Easy to maintain the quantum states
« Easy to store quantum information

High-precision spectroscopy

U —
Symmetry in the wave functions

« Possible to manipulate states selectively
« Easy to control quantum states

Fig. 1. The features and applications of nitrogen-vacancy center
in diamond.

Magnetic domain imaging
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Fig. 2. Diamond crystal lat-
tice structure.
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Fig. 3. Lattice structure around
a nitrogen-vacancy center in
diamond. Red, blue, and white
spheres indicate the carbon
atom, nitrogen atom, and va-
cancy, respectively.
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Fig. 4. The energy-level structure of the nitrogen-vacancy center. As,
A, E are the point-group notations of the orbital or spin-orbital
wave functions of the levels.
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