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Ensembles of nitrogen-vacancy (NV) color centers in
diamond have been the focus of significant interest over
the last decade. In particular, many metrological appli-
cations have been found, including ultra-precise magne-
tometers [1-4], biocompatible thermometry [5, 6], elec-
tron and nuclear magneto resonance imaging [7-9], elec-
tric field sensors [10, 11], and strain sensors [12]. Many
of these applications rely on large ensembles of NV cen-
ters in a single diamond plate, which make the detector
sensitive. For example, with diamond bulk crystals, sen-
sitivity at subpicotesla level in alternating current (AC)
regime already have been demonstrated [3].

One of the possible way to improve current NV mag-
netometers sensitivity is to increase diamond sample
size with simultaneous improvement of the microwave
(MW) magnetic field uniformity. Different designs of
MW antennae and devices have been recently proposed
[13-16]. Among them there are several antennae imple-
mented using printed circuit board (PCB) technology.
They provide uniform magnetic field in plane giving an
opportunity to drive NV centers of planar diamond sub-
strates. However, the magnetic field decays rapidly in
perpendicular direction from the surface of the PCB.
In this manner the uniform manipulation of NV centers
over a volume becomes impossible.

In this paper, a dielectric resonator antenna (DRA)
design providing a 3D-uniform MW field in sufficient
volume to efficiently excite NV centers in commercially
available samples is proposed and studied experimen-
tally. The DRA utilizes a high-permittivity, low-loss di-
electric resonator excited by a small coupling loop, as
shown in Fig.1. The current circulating in the loop
excites the transverse electric TEp;s mode of a hol-
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Fig. 1. (Color online) Artist’s view of the DRA with a di-
amond placed in the entire bore

low, cylindrical dielectric resonator. This mode natu-
rally provides a uniform field inside the resonator, while
the large quality factor of the resonator enhances MW
magnetic field inside the DRA. The entire bore of the
dielectric resonator is used to position diamond sample
inside.

The frequency of the TEg15 mode is defined by the
geometrical size of the dielectric resonator and its per-
mittivity [17-19]. Geometrical parameters of the DRA
were numerically optimized with the frequency solver of
CST Microwave Studio for a hollow cylindrical dielec-
tric resonator made of BaLnsTisO12, which is charac-
terized at 3 GHz by permittivity e = 80 and loss tangent
tan(d) = 0.0003 [18]. For the operational frequency of
2.84 GHz, slightly detuned from zero field splitting of
optically detected magnetic resonance (ODMR) of an
NV center, the following dimensions of the dielectric res-
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onator were found: an outer diameter 12.5 mm, height 6
mm and bore diameter of 3.2 mm. To provide impedance
matching of the resonator and maximum MW magnetic
field amplitude inside of the entire bore, the distance be-
tween dielectric resonator and excitation loop was varied
and the optimal value of 4 mm was found. With respect
to the results of numerical simulations the reflection co-
efficient is better than 0.5 within 30 MHz bandwidth
having the minimum at 2.84 GHz. The magnitude of the
magnetic field in the middle of the entire bore reaches
132 A/m at 2.84 GHz for input power of 0.5 W.

The practically important value that defines an NV-
based sensor’s performance is Rabi frequency unifor-
mity. To test the uniformity of the Rabi frequency cre-
ated by the DRA for selected orientation of an NV cen-
ter, a bulk diamond sample with a relatively high con-
centration of NV centers was placed in the middle of the
DRA bore and experimentally studied using a home-
built scanning microscope [19]. The measured distribu-
tion of the Rabi frequency in the radial direction reaches
Q=27 -10MHz at 5.2 W feeding power and agree well
to the results predicted by the numerical simulations.
One should note that the key advantage of this design
is the long depth of the MW magnetic field along the
DRA axis, which was also confirmed experimentally.

Sometimes it is more convenient to think of field
quality in terms of variation of the field in a given
volume. Thus, we have calculated the relative aver-
age Rabi frequency inhomogeneity from the measured
data. The measured standard deviation of the average
Rabi frequency over the volume of 7mm? (dimensions
1.7x @2.4 mm) was found to be less than 1 %. Thus large
volume ensembles of NV centers could be coherently
manipulated without significant cost in the ODMR con-
trast or service time with the proposed DRA design.
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