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ABSTRACT This paper presents a novel wideband circularly polarized (CP) cavity-backed slot antenna
based on Substrate Integrated Waveguide (SIW) technology, designed for compact and high-efficiency
performance. The proposed antenna utilizes a hexagonal SIW cavity to simultaneously excite two closely
spaced resonant modes (TMy19 and TM21¢), resulting in enhanced bandwidth for linear polarization (LP).
To achieve circular polarization, a passive, single-layer linear-to-circular polarization converter is integrated
above the cavity, offering a structurally simple and PCB-compatible solution. Unlike conventional CP
designs that rely on complex feeding networks or multilayered structures, this configuration maintains a
planar profile and efficient performance. A fabricated prototype demonstrates strong agreement between
simulation and measurement, achieving a peak gain of 9.2 dBic and a 14% axial ratio (AR) bandwidth. These
results highlight the antenna’s suitability for modern wireless systems requiring wideband CP functionality,
including satellite communications, 5G modules, and compact embedded devices.

INDEX TERMS Substrate integrated waveguide (SIW), broadband wireless access, hexagonal cavity, cavity
backed slot antenna.

I. INTRODUCTION

Circularly polarized (CP) antennas are a cornerstone of con-
temporary wireless communication systems. Their unique
ability to suppress polarization mismatches and mitigate mul-
tipath fading has made them indispensable in a wide range of
applications, including satellite communications, radar sys-
tems, unmanned aerial vehicles (UAVs), and next-generation
wireless networks [1], [2], [3], [4], [5]. Unlike linearly polar-
ized (LP) antennas, CP antennas offer enhanced robustness
in non-line-of-sight environments and provide more reliable

The associate editor coordinating the review of this manuscript and

approving it for publication was Wanchen Yang

communication links under dynamic orientation and mobility
conditions.

Within this broad family of antennas, cavity-backed slot
antennas have garnered significant attention due to their
inherent advantages such as low profile, planar integration,
and relatively simple fabrication. However, despite these
strengths, a persistent limitation remains, narrow axial ratio
(AR) bandwidth, which significantly constrains their ability
to operate across wide frequency ranges without degradation
in polarization purity [6]. This becomes especially problem-
atic in broadband and high-data-rate communication systems
that demand consistent performance over a wide spectral
range [7], [8], [9].
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A substantial body of literature has attempted to improve
the AR bandwidth of CP antennas using various structural
and electromagnetic strategies. Some approaches rely on
multi-feed configurations to excite orthogonal modes. For
instance, the four-port array presented in [6] achieves a 10%
AR bandwidth but introduces added complexity, increased
size, and feed-network losses, factors that hinder miniatur-
ization and integration.

Other studies employ hybrid structures such as Half-Mode
SIW (HMSIW) and Quarter-Mode SIW (QMSIW) combined
with patches or other resonators [10], [11], [12], [13]. While
these designs offer compactness, they typically provide only
limited AR bandwidth (1%—-5%) and modest gain. Designs
such as the QMSIW antenna in [14] require four coupled
cavities and a central radiator to excite a single higher-order
mode, achieving an AR bandwidth of 8.4% but at the expense
of design complexity and size. Likewise, elliptic SIW cavities
with dual-mode excitation, as in [15], achieve circular polar-
ization via quasi-TMjj9 modes but attain only 1.63% AR
bandwidth, which is insufficient for wideband applications.

In short, the critical issues in the existing literature include:

o Narrow AR bandwidth (typically <10%) despite various
enhancement techniques.

o Reliance on multi-port or multi-layer designs, which
complicate fabrication and integration.

« Limited use of non-standard cavity geometries, such as
hexagonal structures, for mode enhancement.

o Minimal demonstration of passive, single-layer polar-
ization converters within SIW frameworks.

To address these gaps, this paper presents a novel wideband
circularly polarized antenna based on a compact and efficient
Substrate Integrated Waveguide (SIW) configuration. The
proposed design introduces several technical innovations that
differentiate it from prior art:

1. Unlike traditional rectangular or circular cavities, our
antenna employs a hexagonal SIW cavity that enables
simultaneous excitation of TMj19 and TMj¢9 modes
using a non-resonant wide slot (NRWS), as illustrated
in Fig. 1. This dual-mode excitation broadens the linear
polarization (LP) bandwidth, serving as a solid foun-
dation for wideband circular polarization. The specific
use of the hexagonal cavity to engineer these hybrid
resonances for CP performance is not found in the
existing literature, marking a key novelty.

2. To achieve circular polarization without complex feed
schemes or multiple substrate layers, a single-layer
linear-to-circular polarization converter is placed at
approximately half a guided wavelength (Ag/2) above
the cavity. This converter consists of two diagonally
oriented strip patches that generate orthogonal electric
field components with a 90° phase difference thereby
enabling efficient CP generation. This passive, low-
profile approach eliminates the need for multilayer
metasurfaces, stacked patches, or active circuits, mak-
ing it both practical and manufacturable.
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3. The proposed antenna achieves a 14% axial ratio band-
width and a peak gain of 9.2 dBic both of which
outperform comparable single-port designs in the lit-
eratures [11], [15], [16], and [17]. These metrics are
accomplished while using a single-port feed, mini-
mal layers, and thin substrates (A/42), demonstrating
exceptional performance without compromising com-
pactness.

4. Unlike previous works that often trade off gain, band-
width, or simplicity, this design optimally balances all
three. It combines broad AR bandwidth, strong gain,
and structural simplicity, positioning it as a strong
candidate for integration into emerging systems such
as IoT, UAVs, 5G modules, and compact satellite
payloads.

This work directly addresses the shortcomings identified
in the SIW CP antenna literature by introducing a novel
hexagonal cavity geometry and a low-complexity polariza-
tion conversion strategy. It provides a clearly differentiated
design that bridges the gap between performance and prac-
ticality, offering an efficient and manufacturable solution for
modern wideband communication applications.

The remainder of this paper is organized as follows:
Section II describes the antenna design, including the struc-
ture of the hexagonal cavity and the polarization conversion
layer. Section III presents simulation and parametric analysis
results. Section IV discusses fabrication and experimental
validation. Section V provides a performance comparison
with existing designs, and Section VI concludes the paper
with key findings and directions for future research.

TMi1o =

FIGURE 1. Simulated electric field distribution of the TE;;¢ and TE; ;g
modes of a hexagonal cavity (Lc = 13.8 mm).

Il. ANTENNA DESIGN METHODOLOGY
A. LINEARLY POLARIZED ANTENNA
The proposed antenna is built upon a cavity-backed slot
configuration designed to operate initially with linear polar-
ization. At its core lies a hexagonal Substrate Integrated
Waveguide cavity, which supports the excitation of TMj1g
and TM31o modes through a non-resonant wide slot (NRWS)
etched onto its top surface. These two modes are closely
spaced in frequency and, when simultaneously excited, con-
tribute to enhanced impedance bandwidth and stable radiation
performance.

While the hexagonal geometry may seem unconventional,
it was deliberately selected after evaluating traditional STW
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cavity shapes such as rectangular, circular, and elliptical.
Rectangular cavities, though easier to model and fabricate,
typically exhibit more isolated modal behavior, which limits
achievable AR bandwidth. Circular and elliptical cavities
can support degenerate modes but generally require larger
footprints and more complex designs to attain comparable
bandwidth, and they tend to be more sensitive to fabrication
tolerances.

In contrast, the hexagonal configuration offers a com-
pact footprint and promotes a more uniform modal field
distribution, enabling efficient dual-mode excitation (TMjq
and TM»1¢) without increasing structural complexity. Impor-
tantly, it introduces no added fabrication difficulty, as it is
fully compatible with standard PCB processes. This favorable
combination of modal synergy, performance, and manufac-
turability was not observed to the same extent in conventional
geometries during our preliminary analysis.

Importantly, the hexagonal cavity does not increase fab-
rication complexity. It is constructed using standard PCB
milling and metallization techniques, without any need for
curved walls, via transitions, or specialized substrates. As a
result, the geometry offers an excellent balance between per-
formance enhancement and manufacturability, justifying its
selection over more conventional cavity shapes.

The proposed antenna geometry includes two radiating
slots, with lengths Ly, Ly and widths Wy, Wy, symmet-
rically positioned at distances d; and dp from the center
of the cavity, as shown in Fig. 2. A standard 50 €2 inset
microstrip feed line excites the hexagonal cavity, efficiently
stimulating both TE 19 and TE> 19 modes to achieve wideband
LP operation.
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FIGURE 2. Fig. 2: The geometry of the LP cavity backed slot antenna,
(a) top view, and (b) rear view. (Lc = 13.8 mm, If = 2.1 mm, wf = 0.6 mm
and wg; = 1.4 mm).

The hexagonal cavity itself has a side length of 13.8 mm
and is fabricated on a Rogers-Duroid 5880 substrate, char-
acterized by a relative permittivity (¢,) of 2.2, a thickness
of 0.787 mm, and a loss tangent of 0.0009. Measurement
results, detailed in Section IV, confirm that the LP antenna
achieves an impedance bandwidth of 14% and a peak gain
of 7.6 dBi, validating the effectiveness of the dual-mode
excitation within this compact structure.

The design of the proposed antenna followed a structured
and iterative process, outlined as follows:
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1. Cavity Shape Selection: Begin with a comparative
study of conventional SIW cavity shapes (rectangular,
circular, elliptical) and select the hexagonal geometry
based on its ability to support dual-mode excitation
(TM10 and TM31p) within a compact footprint.

2. Initial Slot Configuration: Place two non-resonant wide
slots on the top surface of the hexagonal cavity and use
parametric sweeps to adjust their lengths (Ls 1, Ls2) and
widths (Wsl, Ws2) for optimal impedance matching.

3. Feed Design: Design and tune a 50 €2 inset microstrip
feed line to excite the cavity effectively, targeting
simultaneous excitation of the two modes.

4. LP Bandwidth Optimization: Use full-wave simula-
tions to optimize cavity dimensions and slot parameters
to maximize LP bandwidth.

5. Polarization Converter Integration: Design a single-
layer slanted-strip converter placed at a separation
distance of h_mid ~ Lg/2, and tune strip dimensions
and spacing to enable orthogonal field components
with a 90° phase difference.

6. Parametric Fine-Tuning: Conduct a series of para-
metric studies on key variables (slot position, strip
length/width, separation distance) to maximize AR
bandwidth and gain.

7. Fabrication and Measurement: Finalize the optimized
geometry and fabricate a prototype using standard PCB
processes. Measure Si1, AR, gain, and radiation pat-
terns for experimental validation.

It is worth noting that although air-filled SIW structures
are known to offer advantages in terms of reduced dielectric
loss and potentially increased bandwidth, they were inten-
tionally not adopted in this design. Air-filled SIWs typically
require more complex fabrication procedures, such as pre-
cision mechanical support or bonding steps to maintain the
air gap, which increase production cost and reduce structural
robustness. In contrast, the use of a substrate-filled SIW
allows for fully planar, low-profile fabrication using standard
PCB processes, which is ideal for scalable and cost-effective
deployment. Furthermore, despite the slightly higher dielec-
tric loss, the proposed antenna demonstrates excellent perfor-
mance, achieving a 14% impedance bandwidth and 9.2 dBic
gain metrics that are competitive even against some air-
filled implementations. Thus, the design trade-off favors
practicality, mechanical stability, and integration ease without
significantly compromising electromagnetic performance.

B. CIRCULARLY POLARIZED ANTENNA

To enable circular polarization, a single-layer passive polar-
ization converter is introduced above the linearly polarized
antenna. This converter comprises two slanted metallic strips,
each approximately Ag/2 in length, etched onto a 0.5 mm-
thick Rogers 5880 substrate. Positioned at a height h_mid
roughly half a guided wavelength above the radiating slot the
converter is excited by the field radiated from the underlying
cavity-backed structure.
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FIGURE 3. Linear to circular polarization converter model.

As illustrated in Fig. 3, the slanted strips serve as a
polarizing surface, generating two orthogonal electric field
components: one aligned with the strip orientation and
the other perpendicular to it. By carefully tuning the strip
dimensions, spacing, and placement relative to the source,
these components are excited with a 90° phase difference,
effectively transforming the linearly polarized wave into a
circularly polarized one [18], [19].

Although the inclusion of this additional layer may appear
to introduce complexity, the overall design remains struc-
turally simple and highly manufacturable. The converter:

o Does not require vias, multi-port feeds, or active tuning
components.

« Involves no complex alignment or bonding processes.

o Can be produced using standard PCB fabrication tech-
niques, ensuring suitability for low-cost and scalable
implementation.

This design approach is therefore justified not only by
its fabrication practicality but also by its demonstrated per-
formance advantages. Specifically, the integration of the
polarization converter results in a 14% AR bandwidth and a
peak gain of 9.2 dBic, both of which exceed the capabilities
of many comparable CP antennas reported in the literature.
This efficient yet simple configuration makes the proposed
design a strong candidate for integration into modern wireless
systems that demand compactness, performance, and manu-
facturability.

As shown in Fig. 3, the linear-to-circular polarization
converter employs a structure symmetric along the u — v
coordinates. This symmetry eliminates cross-polarized trans-
mitted components, ensuring that the transmitted electric
field (E-field) maintains consistent polarization properties.
The mathematical relationship between the incident and
transmitted waves is expressed using a transmission matrix,
as shown in Equation (1) [3]:

E! w 0 1[E!
EIRkriF]

Here, E' and E' are transmitted and incident waves respec-
tively, while parameters 7, and t,, are transmission matrix
coefficients that describe the behavior of the converter for
each polarization component. If the incident wave is linearly
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y-polarized, it can be expressed as:
E' = Epay )

When the angle of incidence o = 45°, the wave is decom-
posed into components along the u-v coordinates, and the
incident wave can be rewritten as:

E' = Epcos (45°) (@y + a) )

Based on the transmission matrix of Equations (1) and the
decomposition in Equation (3), the transmitted wave can be
expressed as:

E'=E! + E'=t,,E. +1,,E!
E" = Eycos(45°) (tyudy + twiy) 4

As shown in Equation (4), the polarization of the transmit-
ted wave depends on the magnitude and phase of parameters
tu, and t,,,. The phase difference is expressed as:

APy, = Arg (ty) — Arg (tuw) (5)

Plays a crucial role in determining the resulting polarization.

For the transmitted wave to achieve circular polarization,
two conditions must be satisfied within the operating fre-
quency range:

Lty = |t

2. AW, ~ £90°, ensuring the required phase shift for

circular polarization.

‘When these conditions are met, the transmitted wave exhibits
circular polarization over the desired frequency band.

The axial ratio of the transmitted wave, a critical metric for
circular polarization, is defined by Equation (6) [20].

1/2
(muﬂ + 2 +ﬁ)

|tuu|2 + |tvv|2 - ﬁ
o, 4 20, 2
a = |tu|™ + 1twl™ + 2 [tuul” [tw|” cos RAD,,) (6)

The AR quantifies the degree of polarization, with a value
close to 1 indicating ideal circular polarization. By fine-
tuning the transmission coefficients (¢,,, #,,) and ensuring the
appropriate phase difference (A¢yy), the design achieves an
optimal AR, confirming the converter’s efficiency in generat-
ing circularly polarized waves.

The proposed polarization converter design is highly effi-
cient due to its symmetric structure and simple configuration.
By carefully adjusting the slant angle «, the geometry of
the converter, and the transmission coefficients, the design
ensures robust circular polarization over a wide bandwidth.
This approach is particularly advantageous for applications
requiring compact, efficient, and high-performance CP anten-
nas, such as satellite communication and IoT devices.

Ill. PARAMETERIC INVESTIGATION

To evaluate the radiation performance of the proposed
antenna shown in Fig. 4, a parametric study is conducted
to analyze the effects of the strip patch on impedance and
AR bandwidth.
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FIGURE 4. The geometrical configuration of the proposed CP wideband
antenna, (a) perspective view, and (b) top view of both top and bottom
layers.
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FIGURE 5. The effect of the length of strip patches for W,; = 1.5 mm and

Wp; = mm on Sy; and AR of the CP antenna.
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FIGURE 6. The effect of width of patches for L,; = Ly, = 10 mm on Sy,
and AR of the proposed circularly polarized antenna.

A. EFFECT OF THE STRIP DIMENSIONS

The initial lengths of both strips are set to approximately
half the free-space wavelength at the center frequency.
These values are then fine-tuned around the initial esti-
mates, and the antenna is simulated using HFSS software
to optimize impedance and AR bandwidth. The simulated
S11 and AR results are shown in Fig. 5 and Fig. 6 as
functions of frequency. It is observed that for W, =
1.5 mm and W, = 2.1, the AR bandwidth is significantly
improved, extending from 9.9 GHz to 11.25 GHz when
Ly = Ly = 10 mm.
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& 5
Z o
2 2
& g
= <
~ -
% = E ey
— ‘., s
= =l S -~
7}

20F = f-mid=4. 5mm '\-_' n

2251 homid=d.6mm | x ‘,1! ............... i

— i-mid=4.95mm : ‘).
-3 L i
%.5 10 10.5 11 115

Freq(GHz)

FIGURE 7. The effect of the distance between two layers on S;;, AR and
gain of the proposed circularly polarized antenna.

TABLE 1. The geometrical parameters of the proposed antenna.

Dimension Dimension
Parameter Parameter

(mm) (mm)
Lsi 12.75 dx 0.40
L2 12.75 d. 27.60
Wsi 1.40 W 3.19
Wiz 3.50 Wi 34.30
L. 13.80 /£] 33.30
di 5 p 1
d> 8.05 K 1.50
I 12.90 Wi 1.50
wr 0.60 W2 2.10
Lp1 10 h_mid 4.95
Ly> 9.97

B. EFFECT OF THE DISTANCE BETWEEN SLOTS AND
POLARIZED CONVERTOR

Two 45° inclined patches are applied to each slot to generate
a circularly polarized wave. To optimize the AR and gain,
a parametric study is conducted to analyze the effects of the
distance between the patches and the slots &_mid on S1; and
AR. The results, presented in Fig. 7, confirm that by adjusting
h_mid, an optimal AR bandwidth can be achieved.

IV. MEASURED RESULTS AND DISCUSSION

Fig. 8 shows the fabricated dual-layer proposed CP antenna,
with the adjusted geometrical parameters listed in Table 1.
The measured Sy, axial ratio, and antenna gain as functions
of frequency are presented in Fig. 9 and Fig. 10, show-
ing good agreement between simulation and measurement
results. The measured 3 dB AR and 3 dB gain bandwidth
range from 9.8 GHz to 11.3 GHz, providing a fractional
bandwidth of 14%. The antenna achieves a maximum gain
of 9.15 dBic at 10.8 GHz.

Fig. 11 shows the simulated and measured normalized
radiation patterns for the standard E- and H-planes. The
proposed antenna demonstrates broadside radiation patterns
with suitable gain across the operating bandwidth. As shown
in Fig. 11, the antenna radiates right-hand circularly polar-
ized (RHCP) waves at 9.8 GHz, 10.5 GHz, 10.85 GHz,
and 11.1 GHz. The measured left-hand circularly polarized
(LHCP) levels are below —18 dB in both ¢ = 0° and
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TABLE 2. Performance comparison with existing CP antennas.

Ref. Technique No. of Freq ARBW | Gain Total Height | Polarization | Size (A2)
Ports (GHz) (%) (dBic) (mm / )

[6] 4-Port Patch Array 4 30 10 12.5 11.2/0.392 RHCP 0.70x0.70
[12] HMSIW + Patch 1 9.5 5 6.8 6.0/0.21 LHCP 0.64x0.75
[15] Elliptic SIW Cavity 1 12.24 1.63 8.1 7.2/0.25 LHCP 0.92x0.90
[16] 2-Port SIW Cavity 2 9.5 12 7.6 8.1/0.28 RHCP 1.30x1.30
[17] Single-Port Cavity 1 5.8 0.7 7.4 6.5/0.23 RHCP 1.30x1.30
This Hexagonal SIW + Converter 1 10.5 14 9.2 6.237/0.218 RHCP 0.66%0.79

Work

(d

FIGURE 8. The fabricated prototype of the proposed antenna,
(a) top-view of the top-layer, (b) top-view of the bottom-layer, and
(c) back-view of the bottom-layer, (d) assembled antenna structure.

90° standard planes, except at 9.8 GHz, where the LHCP level
is —15 dB.

The differences observed between RHCP and LHCP
components at & = 0° in both ¢ = 0° and ¢ = 90°
planes, particularly at 9.8 GHz and 10.5 GHz, stem from
the frequency-dependent behavior of the linear-to-circular
polarization converter. At 9.8 GHz, the lower edge of the
axial-ratio bandwidth, the polarization conversion is not
fully optimized, resulting in slightly higher LHCP leakage.
At 10.5 GHz, the imbalance may arise from fabrication
tolerances and slight misalignments, which become more
prominent near the band center where field coupling is
strongest. Despite these minor variations, the RHCP remains
dominant across the operational band, with LHCP levels gen-
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FIGURE 9. The simulated and measured S;; and AR for single antenna.
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FIGURE 10. The simulated and measured gain of the proposed antenna.

erally below —18 dB, confirming the overall effectiveness of
the CP radiation. These effects are within expected behavior
for wideband CP antennas employing passive converters and
do not compromise the antenna’s practical performance.

V. COMPARATIVE STUDY
The radiation performance of the proposed wideband cir-
cularly polarized antenna is benchmarked against recent
state-of-the-art CP designs, as summarized in Table 2. The
proposed antenna achieves a broad axial ratio bandwidth of
14% and a peak gain of 9.2 dBic, using a compact, single-
feed architecture. Its structure consists of a hexagonal STW
cavity and a passive single-layer polarization converter, both
fabricated using standard PCB techniques.

Compared to the 4-port patch array in [6], which achieves
a 10% AR bandwidth and 12.5 dBic gain at 30 GHz, the
proposed design offers similar polarization performance with

VOLUME 13, 2025
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FIGURE 11. The measured and simulated radiation patterns of the proposed CP antenna.

a significantly simpler feed network. The multi-port config-
uration in [6] introduces feed complexity, higher insertion
loss, and increased design cost, challenges avoided in the
single-port configuration presented here.

Hybrid SIW designs such as the HMSIW + patch struc-
ture in [12] demonstrate modest improvements in bandwidth,
achieving 5% AR bandwidth and 6.8 dBic gain. However,
these designs require hybrid substrate structures and addi-
tional tuning, which reduce manufacturing simplicity. The
elliptic SIW cavity antenna in [15] achieves 1.63% AR
bandwidth and 8.1 dBic gain but still underperforms in
terms of bandwidth due to limited modal diversity. The pro-
posed antenna, by contrast, leverages two distinct TM modes
(TM110 and TM319) in a hexagonal cavity, yielding a broader
operational band.

The two-port SIW cavity design in [16] offers 12% AR
bandwidth and 7.6 dBic gain, yet its dual-port structure
requires careful isolation and feed balancing, which add com-
plexity to the system. The single-port cavity design in [17]
provides only 0.7% AR bandwidth and 7.4 dBic gain, demon-
strating the limitations of single-mode SIW cavities when not
supported by a polarization converter.

A critical parameter often overlooked in earlier works
is total antenna height. Many prior comparisons cite only
substrate thickness, which does not accurately reflect the
overall profile of an antenna in real-world implementations.
In this work, we report a total antenna height of 6.237 mm,
corresponding to 0.218A at 10.5 GHz. This includes the base
substrate (0.787 mm), air gap (4.95 mm), and the converter
layer (0.5 mm). Compared to the total heights of 11.2 mm
in [6], 8.1 mm in [16], and 7.2 mm in [15], the proposed
antenna offers a compact profile without sacrificing gain or
bandwidth. While not the lowest profile in absolute terms,
the proposed design maintains a practical form factor and is
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compatible with low-profile systems due to its entirely planar
construction and use of PCB materials.

Alternative CP antenna technologies, such as dielectric
resonator antennas (DRAs) and metasurface-based struc-
tures, can also achieve wideband operation. However, these
approaches typically involve greater fabrication complexity.
DRAs often require custom ceramic materials, 3D machin-
ing, and precise alignment. Metasurface-based antennas rely
on subwavelength patterning and multilayer structures, which
increase cost and sensitivity to fabrication tolerances. In con-
trast, the proposed antenna is fully compatible with low-cost,
mass-producible PCB fabrication processes and offers a
favorable trade-off between gain, bandwidth, profile, and
complexity.

The proposed antenna outperforms many existing designs
in terms of AR bandwidth and gain while maintaining struc-
tural simplicity and a moderate height. It avoids multi-port
feeding and complex three-dimensional elements, resulting
in a circularly polarized antenna that is efficient, compact,
and well-suited for practical deployment in modern commu-
nication systems such as 5G, satellite links, UAVs, and IoT
terminals.

VI. CONCLUSION
This paper presents a compact and efficient circularly polar-
ized (CP) antenna based on a hexagonal SIW cavity-backed
slot design. The antenna leverages dual-mode excitation
(TM110 and TM3¢) within a novel hexagonal cavity structure
to achieve wide linear polarization bandwidth. A passive,
single-layer polarization converter, comprising two diago-
nally oriented slant strips, is introduced to enable wideband
circular polarization.

While this converter introduces an additional layer, it adds
minimal complexity, requires no active components or
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complex feeds, and is easily fabricated using standard PCB
techniques. This design strategy offers a practical trade-off:
significantly enhanced performance in terms of AR band-
width (14%) and gain (9.2 dBic) with minimal manufacturing
and design overhead. It eliminates the need for multi-port
excitation or multilayer stacked configurations that typically
complicate implementation and increase cost.

In addition, although air-filled SIW structures are known
to offer lower loss and potentially higher bandwidth, they
often require specialized fabrication techniques and increased
mechanical complexity, which are not suitable for low-
profile, mass-produced systems. The use of substrate-filled
SIW in this work ensures mechanical stability, ease of manu-
facturing, and integration compatibility, while still achieving
competitive performance metrics. This design choice rein-
forces the antenna’s viability for scalable applications in
cost-sensitive and compact environments.

Compared to prior works, the proposed antenna achieves
superior performance with a simpler, low-profile, and man-
ufacturable architecture, making it ideal for real-world
applications such as satellite communications, UAVs, 5G
modules, and IoT devices. The findings of this study demon-
strate the potential of integrating mode-engineered SIW
cavities with compact passive polarization conversion layers
to realize high-performance CP antennas in space- and cost-
constrained environments.
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