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Introduction: Direct detection of chiral biological
structures in microwave frequencies is considered as a
problem of a great importance. However, the near-field
patterns of nowadays microwave sensors do not have
symmetry breakings and so cannot be effectively used for
microwave characterization of chemical and biological objects
with chiral properties as well as chiral metamaterials[1].

Based on COMSOL Multiphysics solver, we show that small
ferrite disk with magnetostatic (MS) oscillations can be used
as effective biosensing sensor for biological objects with chiral
properties.

Computational Methods: The spectral problem of
the ferrite (MS) resonator are obtained with COMSOL
Multiphysics solver, by using the electromagnetic module.
Yttrium-Iron-Garnet (YIG) small resonator is placed on a
waveguide microstrip structure (Figure 2),with the following
properties (Table 1):

The electric field equation we solve in our model can be
derived directly from Maxwell’s equations and given by:

where outside the YIG, 𝜇𝑟 is the unite matrix.
Inside the YIG, we use the permeability tensor for bias
magnetic (𝐻0 = 4900𝑂𝑒) field in z-direction, as shown in Ref
[2] :

Results: Figure 4 shows the spectral characteristics of
the ferrite disk resonator. Both radial and azimuthal modes
[3] are marked by numbers n=1,2,3,…. (azimuthal modes are
denoted by single prime).

Figure 5 shows vortex behavior in the near-field of the ferrite
disk at 1𝑠𝑡(n=1) and 2𝑛𝑑 (n=2) resonance frequencies.
For effective localization of energy, at micron and submicron
near field regions, we use a thin metal wire as a field
concentrator, placed on the surface of the ferrite:

Figure 7 shows the reflection coefficient of a sensor at
different parameters of a symmetrical dielectric loading.
Figure 8 shows experimental result of a sensor with left-
handed helix as chiral load.

Substrate FR-4
(𝜀𝑟 = 4.4)

Thickness 1.52[mm]

Characteristic 
Impedance 50Ω

Conclusions
• The MS resonance are characterized by a very high quality 

factor (103), this can be effectively used for material 
characterization,

• The handedness of the power flow density depends on a 
direction of the bias magnetic field  𝐻0. This property allows 
chirality discrimination of biological objects.
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Table 1. Microstrip parameters
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Diameter 3[mm]
Thickness 0.05[mm]
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∆𝐻 0.4[Oe]

Table 1. YIG (ferrite disk) parameters
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Figure 3. Ferrite resonator

Figure 2. A microwave microstrip 
structure, with ferrite (MDM)
sensor.

Figure 1. Waveguide microstrip structure with a normally 
magnetized ferrite disk resonator.

Figure 5. Poynting vector above a ferrite disk 
surface at (a) 1st resonance and (b) 2nd

resonance

(a)

(b)

Figure 4. Reflection coefficient for a thin

film ferrite disk on a microstrip structure.

Figure 6. A sensor with wire electrode for
localized material characterization

Figure 7.Power flow density 
on butt end of a wire at 1st

frequency resonance.

Figure 7. (a)Reflection Coefficient of a sensor at dielectric loads (b)Transmission
coefficients for a small left-handed helix particle at different orientations of 
a bias field (experimental results)[4]. 
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