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ABSTRACT

In this present paper we studied about the Fabry Perot cavity design and
radiation features of the antenna.

Keywords: Antenna, Metal Strip Grating, Fabry-Perot Cavity, Microstripline.

I. INTRODUCTION

In this paper we present the model is based on the use
of a transverse equivalent network (TEN) to represent
the fields in the FPC structure. This is useful to derive
and explain the peculiar features of the analyzed
structure. For periodic leaky-wave antennas that
radiate from a higher-order space harmonic [1-3] the
period is not small relative to a wavelength and such a

homogenization is not possible.

II. METHODS AND MATERIAL

2.1. FABRY-PEROT CAVITY DESIGN

An FPC antenna can generally be regarded as a leaky
parallel-plate waveguide excited by a finite source.
The upper plate, either in the form of a dielectric
screen or of a patch or slot array, allows radiation to

leak out of the region between the parallel plates. To

achieve a wide effective antenna aperture, and hence
a directive radiation pattern, the leakage rate should
be small; this is the case if, the upper plate has a low
transmission coefficient. This happens when the
equivalent susceptance of the upper FPC screen is
much larger than the characteristic admittance.
Assuming that the susceptance tends to infinity, an
the

thickness can be derived in order to achieve directive

approximate design equation for antenna

radiation at a given angle [1-5]
ho 0.5 0.5

Ao \/er —sin?6@, Op (1)

Here the last expression holds for the case considered
here in which, the relative dielectric constant of the
medium filling the parallel-plate region, is equal to

one. A more refined analysis, which takes into

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use,

distribution, and reproduction in any medium, provided the original work is properly cited


http://www.ijsrst.com/

Kunjesh Kumar et al Int ] Sci Res Sci & Technol. September-October-2022, 9 (5) : 64-70

account the finite value shows that in the planes the
following relation holds:

cot(kaoh) =~ 25

RE @)

Where

equivalent transmission lines

the characteristic admittance refers to the
associated to the
polarizations [6]; in the plane. The particular spatial
dispersion of the MSG is such that the dependence of
and on the wavenumber is the same; hence, the right-
hand side in equation (1) has the same value in the

principal planes. This crucial fact implies that a

planes. A high degree of azimuthal omnidirectionality
of the resulting radiation pattern can then be expected.
Interesting correlations exist between the problem of
radiation from the considered MSG FPC antenna and
the behavior of the same structure under plane-wave
incidence. It can be verified that the condition of zero
phase for the plane-wave reflection coefficient at the
MSG plane is exactly given by (1); therefore, by the
above-mentioned symmetry, the MSG above a ground
plane behaves as a high-impedance surface at the
same frequency in both principal planes, for both
Far-Field Pattern. The

component of the electric far field is written as:

inductive and capacitive

unique antenna thickness can be found that produces

a scanned beam at the same angle in the principal

EX6,¢) = EEY(0,0, =)

______________________________________________ 3
Ef = f(0) (cosbcos® p+sin?¢) 4
EE = f(0)(cos@ — 1) sin ¢ cos ¢. 5

At any elevation angle, the cross-polarized component is identically zero in the principal plane. Since these are

symmetry planes. At any aspect ratio, the co-to-cross polarization ratio, defined as:

7
Sl o
________________________________________________ 6
can be calculated from (6) in closed form as a function of the spherical angles
| cosfcos? b+ sin? ¢
" | (cosf —1)singcose | ;

The factor in (4) cancels out in (7), hence we get the remarkable result that the co-to-cross polarization ratio of
the considered antenna does not depend on frequency nor on any of the physical parameters of the structure
and it coincides with that of an elemental dipole in free space. The fact that there is cross polarization for an
elemental dipole in free space is a consequence of the definition employed. If we had used Ludwigs second
definition instead [7], the cross polarization would be zero. The third definition corresponds to that which is
more commonly measured in practice. The angular range for where is larger than a prescribed value can then
be determined in each elevation plane.

Roin sin ¢pcos ¢ — sin? b
cos? ¢h + Rpinsingcosd

cosfl >
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Fig. 1. Illustration of the angular region in the quadrant where the co-to-cross
polarization ratio is larger than (shaded area).
A straightforward analysis of (8) shows that is larger than for all angles in the angular region, whereas for it

gives.

< cos™1

Rin sin ¢ cos ¢p — sin? b
cos? ¢ + Rpinsinpcosg /) -

From (8) it is found that the minimum value for is achieved in the elevation plane .

Ornin = cos™! (—' Rﬁﬁn+1_1) .
o VR +1+1
2.2. R ADIATION FROM A HORIZONTAL ELECTRIC DIPOLE
The radiation features of the antenna shown in Fig. 1 are illustrated by providing numerical results for a specific
structure with parameters. The value of the thickness has been determined by maximizing at this frequency the
power density radiated at broadside. To assess quantitatively the accuracy of the approximate homogenized
model of the antenna, a comparison is presented between results obtained with the TEN representations based
on the temporally and spatially dispersive susceptance and full-wave results obtained with the MOM in the
spatial domain. Here we have assumed an infinitesimal horizontal electric dipole source in the middle of the
cavity. The far field is calculated again via reciprocity by letting a plane wave impinge on the structure. The
Floquet-periodicity of the field allows for a restriction of the analysis domain to a single spatial period (unit cell
of the structure); the MOM Comparison at two different frequencies between the homogenized model (TEN)
and the method of moments (MOM). Parameters: Legend: plane: solid lines (MOM), circles (TEN); plane:
dashed lines (MoM), squares (TEN); plane: dotted lines (MoM), diamonds (TEN). then uses a periodic Greens
function to enforce the electric field integral equation on the strip conductor inside the unit cell. Entire-domain
basis functions of Chebyshev type with the proper edge-singularity factor have been employed and the periodic
Greens function has been accelerated by using the Ewald method [8-9].
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Fig. 2. Radiation patterns of the antenna in Fig. 1.

Moreover, in the MOM code the cylindrical symmetry of the structure along the strip axis is exploited to
reduce the problem of plane-wave incidence from an arbitrary direction to a problem of incidence in the plane.
Azimuthally Omnidirectional Radiation and Frequency Scanning Properties. In Fig. 3, far-field radiation
patterns in the planes are shown for a structure as in Fig. 3. The radiated beam is seen to be scanned in
elevation by varying frequency; in fact, starting from and increasing frequency, the beam opens up becoming
conical in shape, with an angle of maximum radiation that covers the range from 0 to 75 in the frequency band
from 10 to 35 GHz. At 30 GHz. The maximum directivity of the beams radiated at the considered frequencies
are: 24.3 dBi at 10 GHz, 20.9 dBi at 11 GHz, 20.7 dBi at 13 GHz, 19.8 dBi at 20 GHz, 16.8 dBi at 30 GHz, and
14.1 dBi at 35 GHz. A s it is shown in figure 4.
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Figure 3. The directivity of the beam at different frequency
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Fig. 4. Frequency scanning of the beam radiated in the planes for an MSG FPC antenna
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It can be observed that, at each of the considered frequencies, the direction of maximum radiation is the same

in the planes. The degree of azimuthal omnidirectionality of the radiation pattern can be appreciated from the

exact values over the entire radiation sphere.
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Figure 5.

Gray scale representation of the radiation
pattern of an MSG —FPC Antenna
F=10 GHZ Broad side beam 0p=0
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Figure 6.
Gray scale representation of the radiation
pattern of an MSG —FPC Antenna
F= 13 GHZ Broad side beam, 8p = 39.7

The two properties (circular conical beam shape and constant beam width) are peculiar features of the MSG

geometry, and it is not possessed by other designs of FPCs based on FSS-like PRSs. As concerns the peak

intensity, in the plane it remains con-As concerns the peak intensity, in the plane it remains constant as the

frequency is increased [10].
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Figure 7.
2.3. POLARIZATION PROPERTIES

The polarization features of the considered FPC
antenna are illustrated by adopting the same polar
scale as in Fig. 6 and displaying contour plots of the
co-to-cross polarization ratio (in dB), defined in (10),
calculated with the MoM approach. In Fig. 7, the case

of a broadside beam is considered, at; in Fig. 7, the

0 sin(¢) (°)

FA™aY

Figure 8.

case of a scanned beam 1is considered, at
(corresponding to a scan angle). A very good
polarization purity of the far field can be observed.
Remarkably, Fig. 7 and 8 are indistinguishable: in fact,
as expected from the analysis. the cross-polarization
of the

independent of frequency, and hence is the same for

performance considered antenna is

broadside and scanned beams, and is the same as that
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exhibited by a horizontal elemental dipole radiating

either in free space or above a ground plane [11].

III. CONCLUSIONS

A Fabry-Perot cavity antenna comprised of an MSG
above a ground plane excited by a horizontal electric
dipole has been studied by means of rigorous full-
wave simulations. Remarkable omnidirectionality and
polarization purity of the directive radiation patterns
have been studied. due to the excitation of a single
leaky mode along the antenna aperture that
propagates omnidirectionally and has current flow
only in the direction. This makes the considered MSG
unique among the class of partially-reflecting surfaces
employed in this type of antenna. An accurate
equivalent network has also been adopted to model
the antenna, based on the representation of the
grating through an equivalent homogenized
admittance that is both temporally and spatially
dispersive. The particular dependence of such
admittance on the spatial wavenumbers is shown to
be the key element in establishing the peculiar
observed radiation properties. From a mathematical
point of view, such a dependence is related to the
underlying geometric properties of the grating, which
is uniform along the -direction, whereas it is periodic
along the orthogonal -direction. These symmetries are
shared with the wire-medium slab considered which
shows similar radiation properties. The continuous
translational symmetry of the structure is responsible
for the occurrence of spatial dispersion, which
manifests itself in a special dependence of the relevant
homogenized parameters on the wavenumber. From a
physical point of view, the continuous translational
symmetry of the MSG, together with the gaps
between the strips, allows the MSG to act as a

linearly-polarized phased current sheet.
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