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CIRCULAR POLARIZATION IN A 2D PERIODIC ARTIFICIAL
ANISOTROPIC DIELECTRIC MEDIUM
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The phenomenon of polarization rotation in dielectric periodic structures
is quite interesting. A similar structure was used in a sample with a 2D artifi-
cial periodic structure, where the plane wave propagation method was applied.
Anisotropic dielectric constants were obtained, which were used for polarization
rotation, and polarization rotation in an anisotropic medium was studied based
on the dielectric permittivity of the effective medium. Those relationships, quan-
tities, and parameters depending on the dielectric medium, dielectric permittivity,
and 2D periodic structure have been studied and analyzed, which provide control
of the degree of anisotropy, i.e. provide a distinction between fast and slow
modes, which in turn provide the best polarization rotation per unit length.
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Introduction. The rapid development of wireless systems has increased the
requirements for compact and high-performance antennas. One such antenna char-
acteristic that needs to be achieved is circular polarization [1], which enhances the
mitigation of multipath distortion.

An alternative possible method of achieving circular polarization performance
of an antenna is to use an artificial anisotropic antenna substrate. The idea behind an
artificial anisotropic antenna substrate is to achieve desired polarization properties [2],
e.g. for mobile or wearable antennas. As for circular polarization antennas, it can be
said that they cover different frequency ranges from L-band up to 60 GHz [1]. Some of
the effective applications of circular polarization antennas are, for example, intelligent
transportation systems, military communications, health monitoring, navigation, radar,
or space and satellite systems.
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Materials and Methods.
Rotation of Polarization Plane. To observe the rotation of polarization plane,

a 2D artificial periodic dielectric structure was used. The artificial media constitutes
ceramic cordierite with dielectric permittivity of 4 (εd = 4), periodically perforated
with rectangular holes (Fig. 1).
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Fig. 1. A sample with a 2D periodic structure:
1 – sample’s hole; 2 – dielectric walls.

The rotation of polarization plane was experimentally studied in the frequency
range of 22–24 GHz, i.e. wavelength was 1.5–1.25 cm. In our case the period a =
1 mm, and the thickness of the dielectric wall was 0.3 mm. Our sample was a material
whose period was much shorter than the wavelength used in the experiments, a ≤ λ ,
i.e. we had a medium with anisotropic properties.

We had anisotropy along the x and y axes, so if a plane wave [3] propagates in
these directions, then by rotating the sample around the axes, we can obtain rotation
of the polarization plane. In this case, we can say that anisotropic porous dielectrics
belong to the class of uniaxial media. And the dielectric permittivity has the appearance
of a uniaxial tensor,

εd =

 εxx 0 0
0 εyy 0
0 0 εzz

 .

which suggests that we are dealing with an artificially created uniaxial crystal, widely
used in optics for polarization rotation [2].

We had axes with fast and slow modes; changing the input angle ϕ of the plane
wave [3], in the output we received a superposition for these two fields. That is,
the angle at the output was rotated by 2ϕ with respect to the x-axis, which led to a
corresponding polarization rotation.

The block diagram of the devices used to observe polarization is shown
in Fig. 2.
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Fig. 2. Block diagram: 1 – generator 22–24 GHz; 2 – transmitting antenna with a polarizer;

3 – cordierite sample with a dielectric periodic structure; 4 – receiving antenna with
a polarizer; 5 – recording device.

We first observed the rotation of the plane of polarization by placing an 8 cm
long sample of a two-dimensional periodic dielectric cordierite structure [4] in free
space. The plane wave was controlled by a polarizing attenuator providing an accuracy
of 0.05 dB. By changing the corresponding input angle, we received a superposition
of these two fields at the output, which led to the corresponding rotation.

 

O
ut

pu
t s

ig
na

l, 
dB

 

Input linear polarization angle, degree 

Fig. 3. Rotation of the plane of polarization: 1 – input rectangular waveguide is parallel
to the analyzer-waveguide; 2 – input rectangular waveguide is orthogonally to the

analyzer-waveguide.

Carrying out observations when the transmitter and the receiver are orthogonal
to each other, we have a closed channel and the signal does not pass through, that
is, it is in the zero position, and when we rotate it, i.e. we open it, then we get an
amplification, which in this case is about −32 dB. Experiment were carried out not
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only by rotating the sample between orthogonal transmitting and receiving waveguides,
but also between parallel transmitting and receiving waveguides. In both cases, we
obtained a rotation of the plane of polarization, the combined graph of which is
presented in Fig. 3.

Circular Polarization. We used a 4 cm long cordierite sample [4] with a
dielectric periodic structure. The schematic description of the devices used for observ-
ing circular polarization is shown in Fig. 4.
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Fig. 4. Experiment scheme: 1 – input rectangular waveguide; 2 – transition from rectangular
waveguide to round waveguide; 3 – matching cline; 4 – circular waveguide, on the flange of
which a two-dimensional periodic cordierite dielectric is fixed; 5 – rectangular waveguide

fixed to the analyzing waveguide rotary joint system, the ends of which have different
polarizations; 6 – circular waveguide.

We have a transition from a rectangular waveguide to a circular waveguide
connected to the generator. A round waveguide is designed for matching; a cordierite
sample with a two-dimensional periodic dielectric structure is attached to it and can
be rotated through an angle designated ϕ . We also took a similar waveguide with a
transition from a rectangular waveguide to a circular waveguide, which is connected
to the analyzer, and through the circular waveguide it is possible to rotate the system
at an angle designated by ψ . That is, we have a rotary joint system. Our receiver is
also a circular waveguide, but with a transition, one side of which is a rectangular
waveguide, that is, when we rotate the rectangular waveguide, then the receiver is
a detector, which is again rectangular. When we rotate the rotary joint system, we
change the polarizations of these two waveguides relative to each other. The two
waveguides are positioned orthogonal to each other, and each one transforms into a
circular waveguide in its way.

Consider the case when the rotation angle of the sample is 0, i.e. ϕ = 0, in this
case, rotating the rotary joint system at two points ψ = 90◦ and ψ = 270◦, we get
minima of about −20 dB, that is, we get linear polarization (Fig. 5, a). Rotating the
system again when the rotation angle of the sample is 25◦, that is, ϕ = 25◦, in this
case at the points ψ = 90◦ and ψ = 270◦, we find that the power has already changed
six times −8 dB, that is, we have no linear or circular polarization, but elliptical one
(Fig. 5, b).

When we change the angle, i.e. ϕ = 45◦, then we get circular polarization (Fig.
5, c) [1, 5]. Circular polarization is two linear polarizations that are orthogonal in
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phase to each other. Since circular polarization can always be represented as two
orthogonal polarizations, no matter how we rotate the waveguide, one will coincide
with and receive half of the linear polarization signal, meaning one-half of the signal
is polarized in one direction and the other is polarized in the perpendicular direction.
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Fig. 5. When the rotation angle of the sample is zero, ϕ = 0, linear polarization (a); when the
rotation angle of the sample is 25◦, ϕ = 25◦, elliptical polarization (b);

when the rotation angle of the sample is 45◦, ϕ = 45◦, circular polarization (c).

Regardless of the rotation position of the rotary joint system, half of the signal
will be received and transmitted unchanged, that is, the rotation of the system does
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not matter, it remains the same, which leads to circular polarization. There is a
slight change in only two points (−0.5 dB). This is because the anisotropic dielectric
permittivity in the 2D structure is different in the x and y directions and εxx ̸= εyy.
In the 2D structure, the dielectric walls are in the direction of E (see Fig. 4) in one
case, i.e. they have the greatest influence, in the other case, when we rotate, the walls
become perpendicular to E and have no influence. This is the reason we get such a
small change, that is, the effective dielectric constant is slightly different, and since
it is very sensitive near zero, it is felt at two points −0.5 dB. This leads to the fact
that when we rotate 360◦, we get the same result with a slight difference in different
quarters of the circle.

Conclusion. The experiments were carried out with the sample in free space,
that is, in the absence of boundaries and restrictions, at a short distance of 4 cm, in
the frequency range 22–24 GHz. Since the anisotropy of the sample was constant, the
period was 1 mm, and the photonic band gaps started at about 94 GHz, our sample
can be said to be applicable up to 77 GHz.

Note that obtaining circular polarization is very important for an antenna system.
We have performed experiments from linear to circular polarization, that is, we have a
transformation.
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RJANA�EV BEVE�ACOWM� 2D PARBERAKAN ARHESTAKAN

ANIZOTROP DI�LEKTRIK MIJAVAYROWM

B e�acman ptowyti er owy�� di�lektrik parberakan ka�owcva�q-

nerowm bavakanin hetaqrqrakan �: Nmanatip ka�owcva�q �gtagor�vel

� 2D arhestakan parberakan ka�owcva�qov nmow�, orte� kira�vel �

har� aliqi tara�man me�od�: Stacvel en anizotrop di�lektrik

�a�anceliow�yownner, oronq �gtagor�vel en b e�acman ptowyti hamar  

�ffektiv mijavayri di�lektrik �a�anceliow�yan himan vra anizotrop

mijavayrowm owsowmnasirva� � b e�acman ptowyt�: Owsowmnasirva�,

verlow�va�  gtnva� en ayn haraberow�yownner�, me�ow�yownner�  

parametrer� kaxva� di�lektrik mijavayric, di�lektrik �a�anceliow-

�yownic  2D parberakan ka�owcva�qic, oronq apahovowm en anizotro-

piayi asti�anayin �ekavarowm�, aysinqn apahovowm en arag  danda�

moderi tarberow�yown�, orn �l ir her�in apahovowm � lavagowyn b e�acman

ptowyt� miavor erkarow�yan vra:

À. Í. ÑÀÐÃÑßÍ

ÊÐÓÃÎÂÀß ÏÎËßÐÈÇÀÖÈß Â ÄÂÓÌÅÐÍÎÉ ÏÅÐÈÎÄÈ×ÅÑÊÎÉ
ÈÑÊÓÑÑÒÂÅÍÍÎÉ ÀÍÈÇÎÒÐÎÏÍÎÉ ÄÈÝËÅÊÒÐÈ×ÅÑÊÎÉ ÑÐÅÄÅ

Äîâîëüíî èíòåðåñíî ÿâëåíèå âðàùåíèÿ ïîëÿðèçàöèè â äèýëåêòðè÷åñ-

êèõ ïåðèîäè÷åñêèõ ñòðóêòóðàõ. Àíàëîãè÷íàÿ ñòðóêòóðà èñïîëüçîâàëàñü â

îáðàçöå ñ äâóìåðíîé èñêóññòâåííîé ïåðèîäè÷åñêîé 2D ñòðóêòóðîé,

ãäå ïðèìåíÿëñÿ ìåòîä ðàñïðîñòðàíåíèÿ ïëîñêîé âîëíû. Áûëè ïîëó÷åíû

àíèçîòðîïíûå äèýëåêòðè÷åñêèå ïðîíèöàåìîñòè, êîòîðûå èñïîëüçîâàëèñü

äëÿ âðàùåíèÿ ïîëÿðèçàöèè, à âðàùåíèå ïîëÿðèçàöèè â àíèçîòðîïíûõ

ñðåäàõ èçó÷àëîñü íà îñíîâå äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ýôôåêòèâíîé

ñðåäû. Èçó÷åíû, ïðîàíàëèçèðîâàíû è íàéäåíû òå ñîîòíîøåíèÿ, âåëè÷èíû

è ïàðàìåòðû, çàâèñÿùèå îò äèýëåêòðè÷åñêîé ñðåäû, äèýëåêòðè÷åñêîé

ïðîíèöàåìîñòè è äâóìåðíîé ïåðèîäè÷åñêîé 2D ñòðóêòóðû, êîòîðûå

îáåñïå÷èâàþò óïðàâëåíèå ñòåïåíüþ àíèçîòðîïèè, ò.å. îáåñïå÷èâàþò ðàçëè-

÷èå ìåæäó áûñòðûìè è ìåäëåííûìè ìîäàìè, êîòîðûå â ñâîþ î÷åðåäü

îáåñïå÷èâàþò íàèëó÷øåå âðàùåíèå ïîëÿðèçàöèè íà åäèíèöó äëèíû.


