
 

Qubit in a crystal lattice of boron nitride is a
suitable sensor
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Fig. 1: Schematic of the hexagonal boron nitride (hBN). a Alternating boron
(red) and nitrogen (blue) atoms and the lattice constants a and c. b Lattice
contraction and expansion due to temperature variation, according to
crystallographic data24. c cw ODMR spectra measured with (dark blue) and
without (cyan) external magnetic field at different temperatures T = 295, 160,
and 10 K. Lowering of the temperature causes the resonances ν0,ν1ν0,ν1 and
ν2ν2 to shift to larger microwave frequencies indicating an increase of the zero-
field splitting DgsDgs. Credit: DOI: 10.1038/s41467-021-24725-1

An artificially created spin defect (qubit) in a crystal lattice of boron
nitride is suitable as a sensor enabling the measurement of different
changes in its local environment. The qubit is a boron vacancy located in
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a two-dimensional layer of hexagonal boron nitride and has an angular
momentum (spin).

The defect is very sensitively to its atomic environment, for example to
the distances to other atoms or atomic layers.

"This allows local measurements of magnetic fields, temperature and
even pressure," says Professor Vladimir Dyakonov, head of the Chair of
Experimental Physics VI at Julius-Maximilians-Universität (JMU)
Würzburg in Bavaria, Germany. Measurements are performed
completely optically using a laser—therefore, the sensor does not require
any electrical contact.

"Modulating microwaves of different frequencies on and off, the spin
defect can be manipulated to derive different external influences such as
temperature, pressure and magnetic field," explains Andreas Gottscholl.
The physics doctoral student at JMU is first author of the publication in
the journal Nature Communications, which presents the new sensor.

Characteristics of the novel sensor

Atomic sensors based on spin defects already exist: they are made of
diamond or silicon carbide and are suitable for local measurements of
temperature and magnetic field. "Our boron nitride sensor provides an
additional response to external pressure changes and exceeds the
sensitivity of previous systems, especially at low temperatures," explains
Gottscholl.

"Another new feature of our spin defect is its location in a two-
dimensional crystal lattice. Compared to the established three-
dimensional systems based on diamond or silicon carbide, it provides
completely new application possibilities," adds the Würzburg physicist.
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Example: Boron nitride is currently considered as the standard material
for encapsulating of novel 2D devices such as nanometre-sized
transistors. "With our work, we have demonstrated that we can
artificially embed atomic sensors in the widely used material boron 
nitride. This should allow to directly measure influences such as 
temperature, pressure and magnetic field on the investigated devices."

Next research steps

So far, the researchers have demonstrated the functionality of the sensor
on a large ensemble of several million spin defects. Next, they want to
show sensing with single spin defects. If this succeeds, an application on
the nanometre scale would be feasible.

"Particularly interesting is the idea of using boron nitride of only one
atomic layer, thus the sensor is positioned directly on the surface of the
investigated system," says Professor Dyakonov. This would allow direct
interaction with the immediate environment.

Field of application of the sensor

Applications in materials research, device development or biology could
be interesting in order to gain new insights in these fields. In addition to
other possible scientific implementations, it is also conceivable in the
long term to use the spin defect as a commercial sensor– this could
revolutionize medical imaging techniques, as the sensor could map local
temperatures as an image contrasts, for example.

  More information: Andreas Gottscholl et al, Spin defects in hBN as
promising temperature, pressure and magnetic field quantum sensors, 
Nature Communications (2021). DOI: 10.1038/s41467-021-24725-1
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