International Journal of
Microwave and Wireless
Technologies

cambridge.org/mrf

Research Paper

Cite this article: Negri E, Fuscaldo W,
Burghignoli P, Galli A (2025) Analysis of
Fabry-Perot cavity antennas based on thick
partially reflecting sheets through a field
matching technique. International Journal of
Microwave and Wireless Technologies, 1-8.
https://doi.org/10.1017/S1759078725102432

Received: 30 January 2025
Revised: 29 September 2025
Accepted: 6 October 2025

Keywords:

Fabry-Perot cavity antennas; field matching
technique; leaky waves; matching technique;
partially reflecting sheets

Corresponding author: Edoardo Negri;
Email: edoardonegri@cnr.it

© The Author(s), 2025. Published by
Cambridge University Press in association
with The European Microwave Association.
This is an Open Access article, distributed
under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives
licence (http://creativecommons.org/licenses/
by-nc-nd/4.0), which permits non-commercial
re-use, distribution, and reproduction in any
medium, provided that no alterations are
made and the original article is properly
cited. The written permission of Cambridge
University Press must be obtained prior to
any commercial use and/or adaptation of the
article.

CAMBRIDGE

» UNIVERSITY PRESS

Analysis of Fabry-Perot cavity antennas based
on thick partially reflecting sheets through a
field matching technique

Edoardo Negri! (), Walter Fuscaldo! (%, Paolo Burghignoli® (% and

Alessandro Galli?

Yistituto per la Microelettronica e Microsistemi, Consiglio Nazionale delle Ricerche, Rome, Italy and ZDepartment
of Information Engineering, Electronics and Telecommunications, Sapienza University of Rome, Rome, Italy

Abstract

An original analysis of Fabry—Perot cavity antennas based on thick partially reflecting sheet
(PRS) is presented in this work. The bandwidth enhancement of such radiating devices with
respect to Fabry-Perot cavity antennas based on thin PRS has been investigated through a
leaky-wave, transverse-equivalent-network approach, and a field matching technique. This
analysis led to an optimal condition for considerably improving the gain-bandwidth figure of
merit for this class of radiating devices on a sound physical basis. A Fabry-Perot cavity antenna
based on a thick PRS working at 60 GHz is discussed as a case study. An excellent impedance
matching is finally achieved by means of an efficient feeding network designed through a fast
ad hoc, hybrid, analytical-numerical method. Theoretical results are in an excellent agreement
with full-wave simulations corroborating the proposed methods.

Introduction

An earlier version of this paper was presented at the 54 European Microwave Conference
(EuMC 2024) and was published in its Proceedings [1] where we preliminarily analyzed the
evolution of leaky modes in Fabry-Perot cavity antennas (FPCAs) based on thin and thick par-
tially reflecting sheets (PRSs). The content of [1] is extended in this paper by deeply investigating
a field-matching-technique (FMT) approach to analyze and describe this kind of radiating
structures. Moreover, a realistic implementation of the considered leaky-wave antenna has
been designed with a rectangular-waveguide feeder, impedance-matched through an efficient
semi-analytical approach.

As previously discussed in [1], FPCAs provide a simple yet effective solution to the long-
standing problem of a simultaneously highly directive and low-profile radiating device [2].
These characteristics are crucial in different application contexts, such as advanced terrestrial
[3, 4] and satellite communications [5].

Fabry-Perot cavity antennas share a common architecture that consists in a grounded dielec-
tric slab with a PRS on top [6]. Such devices can simply be fed by vertical electric/magnetic
dipoles (VEDs/VMDs), which excite an azimuthally symmetric transverse magnetic/electric
(TM/TE) leaky mode. In this manner, an omnidirectional conical beam with scanning capabil-
ities is achieved although it is not possible to radiate at broadside due to the null enforced by the
source symmetry [2, 7]. For this reason, in order to obtain a pencil beam at broadside, FPCAs
are excited with a horizontal electric or magnetic dipole (HED or HMD), which is constituted by
a bent coaxial cable (L-probe) [8, 9] or a quasi-resonant slot on the ground plane [10], respec-
tively. However, in this case, an omnidirectional conical beam can no longer be guaranteed,
unless specific metasurfaces or metamaterials are used [11, 12]. Due to the fragility of coax-
ial cables as the frequency increases [13], (sub)millimeter-wave FPCAs are preferably fed by a
rectangular slot on the ground plane excited by a rectangular waveguide [6] (such a solution
can be extended up to the THz frequency range [14-16]). In this paper, moreover, an efficient
semi-analytical matching technique has been exploited to design two capacitive irises inside the
rectangular-waveguide feeder of the proposed leaky-wave antenna [17].

As concerns the PRS implementation, the typical solution is given by a thin isotropic meta-
surface, ie., a patterned metal sheet whose periodicity is much smaller than the operative
wavelength [18]. Common examples are metal strip gratings and patch arrays [19], although
it has recently been proven that a fishnet unit cell provides more degrees of freedom and is
more suitable for high-frequency (viz., THz) designs [6]. Such structures are usually realized
through low-cost, large-area, photolithographic techniques with a resolution down to 3 ym.
The latter ensures the repeatability and accuracy of the PRS physical implementation up to THz
frequencies [20]. By assuming an ideal metal, i.e., a perfect electric conductor (PEC), a thin PRS
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Figure 1. (a) Schematic representation of a Fabry-Perot cavity antenna, its thin-PRS unit cell, and its broadside pencil-beam radiation pattern. While the gray solid
describes the air-filled cavity, the black color shows the perfect electric conductor which is used to implement the thin-PRS metallic pattern. The semi-transparent green
solid box describes the dielectric superstrate which is present only for Fabry-Perot cavity antennas based on thick PRSs. The red rectangular area shows the slot on the
ground plane fed by the rectangular waveguide. On the right, the TEN of the device is reported. The PRS contribution, both in the thin and in the thick cases, is described by
the reflection coefficient I'pgg of the PRS looking upwards from the cavity. (b) Rectangular-waveguide feeder and its matching network constituted by two capacitive irises
with their relevant design parameters. The red area on top represents the section at which the source is connected to the Fabry-Perot cavity antenna.

can be represented through a scalar, purely imaginary, equivalent
impedance sheet Z, = jX, [6, 18, 19] (such hypothesis has been
experimentally demonstrated also in the THz band [20]).

As is well-known [21], FPCAs become more directive (with
the drawback of a lower bandwidth) as the reflectivity of the PRS
increases and, thus, as X; — 0. In particular, for an air-filled cavity
with a thin PRS on top, it is seen that the figure of merit given by the
product of the directivity and the fractional bandwidth is constant
and equal to 2.47 [22]. This aspect is related to the resonance condi-
tion of FPCAs (see, e.g., [23]), which is exactly satisfied for a single
frequency due to the Foster-like behavior [24] of a thin PRS [1].
Such a narrowband characteristic has been mitigated by optimizing
the PRS design with different approaches, such as genetic algo-
rithms [3], double-layer PRS metasurfaces [25], and multi-layer
structures [26, 27].

One of the most promising solutions is given by thick PRSs [28]
which are constituted by an isotropic metallic metasurface with a
dielectric superstrate on top. By properly designing the superstrate
height hy,y,, it is possible to achieve a non-Foster-like response of
the thick PRS which is related to the presence of a positive slope
of the phase of the reflection coefficient of the PRS, I'prg [29]. In
this manner, it is possible to properly design the PRS to closely ful-
fill the cavity resonance condition over a wider frequency region
with respect to the thin PRS case, and thus improve the FPCA
gain-bandwidth figure of merit [29].

In the literature, the design of thick PRSs has been addressed
through a combined leaky-wave and full-wave approach. In
particular, the contribution of the PRS in the transverse equivalent
network (TEN) of the FPCA - which is used for retrieving the
leaky-mode dispersion curves through the transverse resonance
technique [30] - has been described through the evaluation of
its reflection coeflicient with commercial solvers [29]. Here, as
in the previous version of this paper [1], a FMT is exploited for
retrieving the variation of the behavior of leaky modes when
the device changes from a thin to a thick PRS with different
superstrate thicknesses. This analysis demonstrates that the
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bandwidth enhancement in these radiating devices occurs because
of an additional resonance of the leaky mode in the superstrate.
Moreover, in this paper, the considered FPCA based on a thick
PRS has been simulated and fed through a realistic rectangular-
waveguide source matched by means of a semi-analytical
approach [17].

The paper is organized as follows. In second section, the theo-
retical background related to FPCAs based on thick PRS is briefly
reported by showing the optimal choice of the cavity height kg,
the TEN of the device, and the dispersion analysis of the leaky
modes. In Section “Field matching technique’, the FMT is pre-
sented and exploited to describe how the leaky-mode field distri-
butions change as the cavity parameters vary. In Section “Full-wave
analysis”, the model of the proposed device is implemented on a
full-wave solver with a realistic feeder to corroborate the far-field
results. Conclusions are finally drawn in last section.

Theoretical background

Fabry-Perot cavity antennas have been studied with different
approaches, such as the ray-optics model [23], the application
of the reciprocity theorem on their equivalent transmission line
[21], and the leaky-wave perspective [2]. Regardless the consid-
ered method, the most important design rule in FPCAs is related
to the proper choice of the cavity height & as a function of X, and
the working frequency f with the aim of maximizing the radiated
power on a certain direction 8. For an air-filled cavity pointing at
broadside, i.e., with 6, = 0, it results [23]:

h(f) = i—;wPRS(f)—ﬂ(Zn—l)], n=0,+1,..., (1)

where A is the vacuum wavelength at the frequency f and ¢pgs is
the phase of the reflection coeflicient seen from the ground plane,
ie, Tprs = |Tprs|e’®™s (see Fig. 1). The evaluation of the T'ppg
value can be addressed in any commercial solver by considering
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Figure 2. Cavity height h which satisfies the resonance condition (1) vs. frequency f
in the presence of a thin PRS (black solid line) or of a thick PRS with hy,, = 0.5 mm

up
(green solid line) or Ay, = 1.3 mm (blue solid line). The thin, black, dashed

horizontal line represents the substrate height hy,, = 2.3 mm chosen in this work.
The insets pictorially show the device for each configuration.

the simulation of the unit cell in a periodic environment (see e.g.,
[6, 29] for further details).

In this paper, a metal strip grating with periodicity p = \y/6
and strip width w = 0.125p is considered (see Fig. 1), obtaining
X, =~ 100 2 (in good agreement with homogenization formulas in
[19]). The reflection coefficient I'pyg at the substrate-air interface
has been retrieved for three different examples in the 45-75 GHz
frequency range through a frequency-domain simulation on CST
Microwave Studio [31]: the case of the simple thin PRS, and a pair
of thick-PRS configurations realized through the same metal strip
grating with a lossless superstrate on top whose relative permittiv-
ity ise, = 6.15 and whose heights are hy,, = 0.5 mm or kg, = 1.3
mm. This dielectric choice is representative of a realistic Rogers
TC600 laminate which presents the same relative permittivity &,
with a negligible, loss-tangent value of tan § = 0.002.

As one can infer from Fig. 2, the curve of the optimal substrate
height h in the case of the thin-PRS case and the case of a thick
PRS with hg,, = 0.5 mm intersects the design substrate height
hgp, = 2.3 mm only at a single frequency. This condition results
from the Foster-like behavior of the phase of the reflection coef-
ficient @pgs, viz. Odprs/9f < 0. In order to enhance the device
working bandwidth, the condition (1) has to be satisfied over a
wide frequency range. For this reason, a thicker superstrate (viz.,
hgp = 1.3 mm) has been placed above the thin PRS, obtaining a
thick PRS with a non-Foster behavior. Interestingly, this phase enve-
lope is present only near the condition hg,, >~ A\;/2 (with A, being
the operative wavelength in the dielectric superstrate) and not for
a thinner or thicker superstrate. As shown in Fig. 2, equation (1)
is now satisfied over a wide frequency range for a substrate height
h = hg,, = 2.3 mm (the relevant curve of 4 has a flat behavior vs.
f around 60 GHz), leading to the desired wide bandwidth.

At this point, it is worth noting that in FPCAs based on thin
[2] or thick [29] PRS, the radiating features — such as the radia-
tion pattern, the directivity, and the bandwidth - can be predicted
through the evaluation of the leaky radial wavenumber k, = 3—jo
(with B and « being the leaky phase and attenuation constants,
respectively). This task can be addressed by numerically solving the
dispersion equation [32] obtained by applying the transverse reso-
nance technique [30] to the TEN of the device. For the considered
structures the dispersion equation reads (see Fig. 1):
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Figure 3. Dispersion curves vs. frequency f of the leaky-wave phase (solid lines)
and attenuation (dashAed lines) constants normalized with respect to the vacuum
wavenumber ko, i.e., B = B/ky, and & = a/ky, respectively. The cases of a thin
PRS, a thick PRS with hg,, = 0.5 mm, and a thick PRS with hy,, = 1.3 mm are
reported in black, green, and blue curves, respectively.
Yup + Ydown = Yup _]YO COt(kzhsub) =0, (2)

where Y, is the wave admittance of the substrate transmission line
andk, =

wavenumber). The value Y, represents the admittance of the PRS
looking upwards from the cavity, thus, it can easily be retrieved
through the full-wave evaluation of the reflection coefficient I'pgg
for a normal incidence (which represents with a good approxima-
tion the PRS behavior for low-angle oblique incidences):

1 — Dpgg
14 Tprs”

The results of the proposed analysis are shown in Fig. 3, where
the leaky phase and attenuation constants are reported normal-

\/ k§ — K2 its propagation constant (being k, the vacuum

Yup =Y, (3)

ized with respect to the vacuum wavenumber with 3 = [3/ky and
& = a/ky, respectively. It is worthwhile to point out that, as the-
oretically expected from the ray-optics approximation in (1) and
shown in Fig. 2, the condition for which occurs the maximum radi-
ated power at broadside, i.e., 8 ~ « [33], is verified just at a single
frequency for the case of a thin PRS and the case of a PRS which is
not thick enough (hg,, = 0.5 mm). On the other hand, for a prop-
erly designed thick PRS with Ay, = 1.3 mm, the leaky phase $and
attenuation « constants are very similar to each other over a wider
frequency range, thus obtaining a theoretically wider —3 dB gain
bandwidth.

Field matching technique

In this section, the leaky modes in an FPCA transitioning from
a thin- to a thick-PRS case are investigated through an FMT
approach. Without loss of generality, we assume the FPCA excited
by an HMD source aligned with the x-axis, and we obtain the tan-
gential electromagnetic fields over the E-plane, ¢ = 90°. We recall
that this source excites a purely TM, (TE,) electromagnetic field
over the E-plane (H-plane) [34]. Thanks to the geometry of the
problem, as shown in [1], the electric-field modal solution for an
FPCA based on a thin PRS can be written as:

E,(2)
E,(2)

= Aye ke,
= Ay sin (k,z),

z > hsub

4
Zghsub ( )
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where A; and A, are complex amplitude coeflicients. This is due
to the propagative nature of the electric field above the PRS (for
z > hg,,) and its resonant behavior in the FPCA (for z < hg,) with
a null on the ground plane at z=0. At this point, from Maxwell’s
equations, the magnetic field reads:

{ Hy(z)
Hy(z)
By applying the boundary conditions at z = hg, related to the
homogenized metasurface representing the PRS (viz., E,(z =
haw) = Ep(z = hyy) and Hy(z = hy,) — Hylz = hg,) =
Y.E,(z = hyy)), the problem can be recast in the following matrix
form:

= Y A e k(e hw)
= jYOAl cos (kzz)a

z > hsub

5
ZShsub ( )

sin (k,h) 1A ©)
—jYycos (kh) + Y,sin (k,h) Yy | |Ay|

with Y, = 1/Z being the equivalent admittance sheet of the PRS.
A nontrivial solution for (6) is obtained by enforcing the determi-
nant to zero, which yields the determinantal equation (note that
the analogous formula, i.e. (7) of [1], has an incorrect sign of the

second addend):
Y, + Y, —jY, cot (k,h) =0, (7)

which is equivalent to (2), since Y, = Y, + Y, but a full-wave
simulation is not needed for the evaluation of I'pgg. It is worth-
while to note that, assuming an Y; dependent on 6, this approach
is valid for any angle of incidence. Moreover, by considering PRS
unit-cell configurations that are almost spatially nondispersive [6],
a constant Y, value for different incident angles can be assumed,
still providing a valid antenna model. Equation (7) can then be
numerically solved [32], obtaining the same leaky wavenumbers
of “Theoretical background” section. In addition, the leaky-wave
fields can be determined by solving for the unknown coefficients
in (6). (The two equations are linearly dependent, so one of the two
coefficients is arbitrarily set to unity and the reduced system solved
for the other coefficient.)

A similar FMT approach can be repeated to obtain the leaky-
wave fields for the thick-PRS case. By following the same procedure
of the thin-PRS structure but assuming the presence of an addi-
tional layer, one has the following magnetic-field distribution:

Hy(z) = AjeRaoleha) 2>
Hy(z) = Ajcoslk(z — ho)]+ ®)
AS sin [kzd(z - hsub)]a hsub <z< htot
H(b(Z) = A, cos (kZOZ)7 0<z< hsuba
where hyy = hgyp, + Ry is the total device height, kg = k3 — k2,

and k,; = /ekj— k% are the propagation constants in the

vacuum and dielectric, respectively.
By applying Maxwell’s equation for this TM-polarized field, one
can retrieve the electric-field distribution as:

E/) (Z) = ZOAlefjkzo(thtm)7 z> htot

Ep (Z) = JZd{A3 cos [kzd(z - hsub)]_ (9)
A2 sin [kzd<z - hsub)]}a hsub <z< htot

Ep(z) = _jZOA4 sin (kZOZ)? 0<z< hsuba

where Z, = k,y/(wey) = 1/Yyand Z; = k,;/(we,&).
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At this point the boundary conditions have to be enforced. In
particular, while the continuity of the tangential components of the
electric and magnetic field has to be considered in z = Ay, only the
tangential electric field is invariant at z = hg,. As for the ‘thin’ case,
this aspect is due to the presence of the PRS which enforces the dis-
continuity of the tangential magnetic field components caused by
aninduced currentasJ; = YE, = zx (H* —H™). In this manner,
a system with four equations and four unknowns is obtained and
reported in its matrix form:

1 —cos (kyhgy) — —sin (kghgy)
Zy jZgsin (kzdhsup) —jZ, cos (kzdhsup)
0 0 iz,
0 1 iZ,Y, )
0 A,
0 A,

jZO sin (kzOhsub) A3
— CoS (kzohsub) A4

This system has a nontrivial solution only if the determinant is
set to zero. As for the thin PRS case, it is thus possible to retrieve the
dispersion equation of the structure without full-wave simulations.
After few mathematical steps and by indicating Y; = 1/Z,, the
determinantal equation reads:

YS +Y YO +ij tan (kzdhsup)

11
4 Yd +jY0 tan (kzdhsup) ( )

7jY0 cot (kzohsub> =0.

It is worth noting that equation (11) is crucial for further studies
and optimization procedures in FPCAs since it provides for the first
time the dispersion analysis of these structures without requiring
a full-wave simulation of the thick-PRS behavior.

When (11) is satisfied, all the equations in (10) are not inde-
pendent. It is thus possible, for instance, to remove the first row
and assume A; = 1. In this way, one has:

jZ;sin (kzdhsup) —jZgcos (kzdhsup)

0 JZa
1 iz,Y,
J4a (12)
jZO sin (kzohsub) A3 = 0
— Cos (kZOhsub) A4 0

By inverting the matrix in (12), the coeflicient are determined
as shown in (13), thus achieving the complete field-distribution
evaluation.

A4 = {_] sin (kzOhsub) cos (kzdhsup)+
Zy . .
+Z_‘: sin (kzdhsup) [_J cos (kZOhsub)+
+ZdYs sin (kzohsubﬂ }71
A3 = _A4é sin (kzohsub)
Zg

(13)

A, =4, [COS (kzohsub) +jZOYs sin (kzohsub)]
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Figure 4. Results of the FMT analysis when (a) a thin PRS, (b) a thick PRS with hg,, = 0.5 mm, or with (c) hy,, = 1.3 mm are considered. While the grey and dark-grey areas
represent the substrate and superstrate, respectively, the black dotted line is the thin-PRS discontinuity represented by X;. The absolute value of the electric-field
leaky-wave mode is reported normalized with respect to its maximum |E,, |, through a solid line vs. z normalized with respect to hy.
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Figure 5. (a) Radiation pattern of a Fabry-Perot cavity antenna based on a thick PRS. Simulated results (black solid line) and theoretical results (red dashed line) are in a
good agreement. The vertical solid lines represent the -3 dB power limits. (b) Reflection coefficient of a realistic truncated Fabry-Perot cavity antenna based on a thick PRS
and fed through a rectangular waveguide by means a quasi-resonant slot on the ground plane. By considering a waveguide of length Ly = )\, (see Fig. 1(b)), the simulated
magnitude of the S;; parameter is reported when a matching network is not considered (blue solid line) or two optimized capacitive irises are introduced (black solid line).
The red dashed line represents the S;; parameter predicted by the feeding-network optimization procedure proposed in [17].

Some representative results of the FMT analyses are reported in
Fig. 4. The tangential electric-field components, normalized with
respect to their maxima, are plotted vs. z, normalized with respect
to hy; (hgy, = 0 for the FPCA based on a thin PRS). As expected,
for a thin-PRS case (see Fig. 4(a)) the tangential electric field fol-
lows a sine-like envelope inside the cavity and a typical leaky
pattern outside. We note that the value assumed by |E,,| at the air-
substrate interface strongly depends on the reactance value: a lower
X, generates a lower |E,,(z = zy;)| (for the limit case X, — 0, the
tangential electric field tends to zero as in the asymptotic case of a
parallel-plate waveguide). It is even more interesting to observe the
thick-PRS cases. As preliminarily discussed, a superstrate thickness
hg, = 0.5 mm is not enough to achieve a PRS non-Foster behav-
ior (see Fig. 2 and Fig. 3) and, in turn, a bandwidth enhancement.
This condition occurs, instead, for hy,, = 1.3 mm. This difference
is present also for the modal-field distribution obtained through
the FMT. As can be inferred by Fig. 4(b) and Fig. 4(c), the band-
width enhancement in thick PRS is appreciable only for superstrate
modes that properly resonate above the cavity. It is worthwhile to
point out that this effect occurs only for superstrate thicknesses in
the order of hy,, = A\y/2.
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Full-wave analysis

In order to corroborate the proposed analysis and observe the sim-
ulated radiating features of the device, the entire three-dimensional
(3-D) model of the FPCA based on the thick PRS with hg,, = 1.3
mm has been implemented on CST Microwave Studio [31] assum-
ing a lateral dimension of the device L = 10). The latter provides
aradiation efficiency of about 99% through the typical formulas of
leaky-wave antennas 7, = 1—e 274/ [2], with L being the lateral
dimension of the Fabry-Perot cavity (see Fig. 1). (It is worth noting
that the considered expression is an underestimation of the actual
radiation efficiency due to the effect of the cylindrical radial spread-
ing in 2-D leaky-wave antennas, which is not present in their 1-D
counterpart).

Figure 5(a) shows how the normalized far-field radiation
pattern at broadside, evaluated through both a theoretical and
a simulative approach, evolves for different working frequen-
cies f. By exploiting the leaky-wave theory in [29], it is indeed
possible to find the far-field radiation intensity at broadside
as a function of the leaky phase and attenuation constants as
follows:
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Table 1. Design parameters of the feeding network used for matching the thick-
PRS-based Fabry-Perot cavity antenna.

a b d, d, 91 9
2X/3 Xo/3 0.2)\ 0.1025), 0.45bH 0.375b
4,/e.U A8
Uw,o—0)= Y| 68 1 (14)
kohgu, (072 + 52)

where U, is a multiplicative excitation constant related to the
amplitude of the leaky-wave mode. It is worthwhile to point out
that the slight disagreement between theoretical and full-wave
results in terms of radiation pattern in Fig. 5(a) are due to the
edge effects which are present when a realistic, finite-size antenna
is considered. In this regard, it is worthwhile to point out that it is
also possible to further enlarge the radiation-pattern bandwidth by
properly truncating the device (see, e.g., [35, 36]).

As concerns the source, in order to realize a realistic counterpart
of an HMD on the ground plane [14], a quasi-resonant slot fed by
arectangular waveguide — with transverse dimensions given by the
width a and height b reported in Table 1 - has been considered (see
Fig. 1). However, by simply connecting a rectangular-waveguide
feeding scheme to the antenna, the device is mismatched in the
theoretical bandwidth (see the blue curve in Fig. 5(b)). For this rea-
son, a matching network constituted by two capacitive irises has
been designed and implemented on the 3-D model of the device.
The choice of the geometrical parameters - i.e., the iris gaps g, and
g, and the distances d, and d, (see Fig. 1(b)) - has been carried
out through an efficient semi-analytical matching technique based
on a transmission-line equivalent model. The latter, as shown in
[17], only requires a single full-wave simulation of the device by
de-embedding the waveguide port of a distance Lpyy = A (without
the guide discontinuities). In particular, once the reflection coef-
ficient and, thus, the device input impedance at the ground-plane
level are known, they can be exploited in a transmission-line model
to find the best configuration of the considered capacitive irises
in a fast numerical manner (since such waveguide discontinuities
are represented through well-known closed formulas [37, 38]).
By defining the capacitive-irises design parameters as in Fig. 1,
the matching network has been implemented on CST Microwave
Studio [31] with the feeder dimensions in Table 1. Simulated results
obtain a very good reflection-coeflicient profile which is in an
impressive agreement with the §;; theoretically predicted with
the approach shown in [17] (see Fig. 5(b)). In this manner, the
impedance bandwidth, viz., the working frequencies for which the
reflection coeflicient is lower than —10 dB, covers almost the overall
theoretical bandwidth.

Conclusion

The analysis of Fabry-Perot cavity antennas based on thin and
thick partially reflecting sheets has been addressed through a field-
matching-technique approach in this paper. A three-dimensional
model of the leaky-wave antenna, implemented with the best
superstrate height in terms of bandwidth enhancement, has been
realized on a full-wave solver and matched through a semi-
analytical technique. Theoretical results are in a very good agree-
ment with full-wave simulations, corroborating the effectiveness of
the different design steps proposed in this work. As a consequence,
this paper lays the groundwork for rapidly optimizing the design
parameters of Fabry-Perot cavity antennas based on thick partially
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reflecting sheets through a simple yet effective approach based on
a field matching technique.
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