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The ability to create time-dependent magnetic fields of controlled polarization is essential for many

experiments with magnetic resonance. We describe a microstrip circuit that allows us to generate

strong magnetic field at microwave frequencies with arbitrary adjusted polarization. The circuit

performance is demonstrated by applying it to an optically detected magnetic resonance and Rabi

nutation experiments in nitrogen-vacancy color centers in diamond. Thanks to high efficiency of

the proposed microstrip circuit and degree of circular polarization of 85%; it is possible to address

the specific spin states of a diamond sample using a low power microwave generator. The circuit

may be applied to a wide range of magnetic resonance experiments with a well-controlled polariza-

tion of microwaves. VC 2015 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4923252]

Creation of time-dependent magnetic fields is essential

for experiments and applications of magnetic resonance phe-

nomena, such as nuclear magnetic resonance (NMR), mag-

netic resonance imaging (MRI), and electron spin resonance

(ESR). In most such applications, linearly polarized fields

are used. In many cases, however, it is desirable to create cir-

cularly polarized fields. In contrast to linear polarization, the

circular polarization allows one to eliminate the Bloch-

Siegert shift,1 increase the effective strength,2 improve the

homogeneity3 of the field-matter interaction and to address a

specific spin state in the case of many-state quantum sys-

tems, which is crucial for experiments in the field of quan-

tum information.4–6

For small frequencies, this task is easily accomplished

by two orthogonal coils driven by two radio-frequency (RF)

signals phase shifted by 90�, produced by the, so called,

quadrature coils. The situation becomes more difficult at

microwave (MW) frequencies. In such cases, good results

have been obtained by application of two MW strip-line reso-

nators arranged at right angle and fed by appropriately phased

MW sources.4,5,7 Such system works well for a given fre-

quency; however, its high selectivity narrows the tuning

range substantially.

In this letter, we present a simple way to produce the cir-

cular polarization of the MW (magnetic component) which

allows easy addressing of the specific spin state of the investi-

gated sample in a wide range of MW frequencies and mag-

netic fields.

The designed microstrip circuit can be used in many

experiments with various samples like SiV,8 ruby,9 etc., in a

bulk or single-center form.

In this paper, we describe its application in experiment

with ensemble of negatively charged nitrogen vacancy (NV�)

color centers in diamond sample interacting with MWs of fre-

quencies between 2.7 GHz and 3.1 GHz, corresponding to

resonances in magnetic fields between zero and 100 Gauss.

NV� color centers in diamond consist of a substitution

nitrogen atom and a nearest neighbor vacancy in the carbon

lattice. The ground state (GS) of the NV� (3A2) is a spin-

triplet. In the absence of a magnetic field, the GS sublevels

ms¼ 0 and ms¼61 are split by 2.87 GHz (Fig. 1(a)), and

its gyromagnetic ratio is 2.8 MHz/G. By application of opti-

cal pumping (excitation by green light), GS becomes spin-

polarized. This allows manipulation of the populations of

the ms sublevels by application of resonant MW field and

the optically detected magnetic resonance (ODMR) mea-

surement (Fig. 1). The measurement is based on recording

the red fluorescence of the NV� sample as a function of the

MW frequency and can be performed in a range of tempera-

tures, magnetic fields, etc., both with ensembles and single

NVs.10–20 Our optical setup uses confocal imaging (spatial

resolution about 10 lm) and is described in Ref. 21.

In most of experiments with NV� diamonds, the MW

field is linearly polarized. Consequently, in the ODMR

experiments with NVs in low magnetic field, the resonant

linearly polarized MW addresses both transitions (Fig. 1(a)).

As shown below, the designed circuit allows experiments

where only one of these transitions is preferentially selected

in a controlled way.

FIG. 1. Level diagram of the ground state of an NV� center (a) and a typical

ODMR spectrum (normalized fluorescence vs. the MW frequency) in a zero

external magnetic field recorded with a linear polarization of MW (b) (the

resonance line is split by crystal strain, the small side resonances come from
13C, in the center there is a strain-induced dip of NV�).a)Electronic mail: mariusz.mrozek@uj.edu.pl
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