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ABSTRACT: This paper presents a self-diplexing, multi-mode substrate-integrated waveguide (SIW) antenna based on a cavity-backed
SIW configuration. The antenna employs a A-shaped radiating slot that provides inherent filtering characteristics. The proposed ar-
chitecture achieved independent dual-band control through two diagonally oriented slots arranged at 45°, forming a A-shaped aperture.
These slots, integrated within an SIW cavity and excited by two separate 50-§2 microstrip feeds, enable dual resonances at 10.76 GHz
and 12.39 GHz, corresponding to the TE21¢ and TE220 modes for X-band and Ku-band operation, respectively. Experimental validation
confirmed reflection coefficients below —10 dB in both bands, with measured bandwidths of 3.0% (10.61-10.93 GHz) and 3.2% (12.19—
12.59 GHz). The proposed filtenna achieves gains of 6.12 dBi and 6.15 dBi and exhibits high port isolation exceeding 28 dB between
channels, along with an overall simulated radiation efficiency of 91.16%. In addition, a single-layer structure offers two-band operation,
broadside linear polarization, and intrinsic filtering functionality, making it a compact and efficient solution for X/Ku-band applications.

1. INTRODUCTION

ecent advancements in wireless communication systems
Rhave led to the increasing use of multiband antennas. How-
ever, the presence of multiple bands across several anten-
nas poses significant challenges for achieving effective isola-
tion between them. Additionally, owing to their single-port
topology, only one mode is typically used for data transmis-
sion or reception [1,2]. To enhance performance, various
antenna concepts have been explored, including self-duplex,
self-quadruplexing, self-triplexing, self-diplexing, and self-
hexaplexing antennas for multiband operations [3]. Among
them, self-diplexing antenna (SDA)-based multiband design
has garnered considerable attention in modern wireless and
satellite communication systems [4]. The self-diplexing con-
cept features a self-tunable frequency, which contributes to cost
reduction and compact antenna design [S]. Suitable for both
half and full-duplex communication, the SDA is a relatively
novel concept aimed at reducing additional power consump-
tion.

In recent years, substrate integrated waveguide (SIW) tech-
nology has gained popularity for planar substrates owing to its
high-quality factor, compact size, high gain, excellent radiation
properties, and seamless integration with planar devices [6, 7].
Compared to other planar guiding structures, SIW antennas of-
fer lower losses and superior radiation characteristics in com-
pact, single configurations [8]. However, the primary draw-
back of SIW antennas is the increased cost of Radio Frequency
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(RF) module [9]. Integrating self-diplexing capabilities with
SIW technology can improve performance while enhancing
cost-effectiveness and compactness [10, 17]. Various antenna
designs with different frequency variations have been reported
in the literature, but some performance constraints persist.

To address these issues, this study proposes a self-diplexing
multi-mode substrate-integrated waveguide antenna with SIW
cavity backing featuring a Lambda (\)-shaped radiating slot.
In [11], an ultra-compact cavity-backed SDA was introduced
using a shielded quarter-mode SIW to support Wireless Local
Area Networks (WLAN) and Worldwide Interoperability for
Microwave Access (WiMAX). In [25, 26], the design achieved
isolation levels exceeding 40 dB between the ports; however,
this performance was obtained at the expense of a larger phys-
ical footprint. Furthermore, no equivalent circuit model was
provided to verify the simulation. In [12], a C-band SDA with
two microstrip feed lines was designed to excite the funda-
mental mode, demonstrating superior performance compared
to conventional SIW designs in experimental analysis.

The achieved performance may be unreliable because the
functionality of the antenna has only been validated for C-band
applications. In [13], a substrate integrated waveguide (SIW)-
based self-triplexing antenna (STA) was proposed. The sub-
strate integrated waveguide (SIW)-cavity was initially loaded
with a hexagon-shaped slot and combined with a pair of rect-
angular transverse slots. The high isolation performance of
the model established the triplexer antenna as a suitable op-
tion for applications in the C and X bands. However, the cir-
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cuit optimization process is time-consuming. In [14], a wide-
band self-diplexing antenna utilizing SIW technology was in-
troduced, with bandwidths controlled by stepped impedance
specifications. The experimental results demonstrated better
performance than the conventional models. However, the port-
to-port isolation was limited to only 20.5 dB, which could im-
pact the antenna’s overall performance. Ref. [15] presented
a low-profile, cost-effective, and efficient SIW-based STA for
WiMAX and WLAN applications. The antenna reported in [15]
operated at three distinct frequencies: 3.5 GHz, 4.8 GHz, and
5.4 GHz. Experimental assessments showed a high gain and ef-
ficiency compared to conventional designs, with a good match
between the measured and simulated results. Higher Front-To-
Back Ratio (FTBR) further enhances the performance of the
presented model.

Existing antenna design research studies have certain limita-
tions, outlined as follows:

I. Most existing methodologies focus on developing vari-
ous antenna designs to enhance communication efficiency.
However, no study has explored a Lambda (\)-shaped ra-
diating slot-based filtenna design.

II. A lambda (\)-shaped radiating slot design significantly
enhances the effectiveness of the designed filtenna.

II. The performance in [12] was deemed unreliable as the re-

sults were validated only for C-band applications (4.03—
4.16 GHz and 4.81-5 GHz).

IV. In [14], the isolation between the ports was limited to
20.5dB, which compromised the complete performance
evaluation of the antenna design.

2. PROPOSED CONFIGURATION AND MODE ANALY-
SIS

2.1. Self Diplexing Filtenna Configuration

A. Figure 1 illustrates the 3D and top views of the proposed fil-
tenna design, with final dimensions of 25 x 19 x 0.787 mm?.
The structure was built on Rogers RT/Duroid 5880 dielectric

(b)
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FIGURE 1. The proposed Lambda (\)-shaped radiating slot-based fil-
tenna design concerning (a) 3D view and (b) aerial view [lcqv = 25,
Weaw = 19, Ws = 2.6, ls1 = 13, ls2 = 6,d, = 1.0, g = 0.9,
t=0.9, p, = 1.5, wso = 2.4; unit: mm].
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material, which is characterized by a dielectric constant of 2.20.
The design features an SIW cavity resonator intended to ac-
commodate F-shaped metallic vias, which function as shielding
walls and effectively act as magnetic boundaries.

The proposed self-diplexing filtenna (SDF) operates in a
multi-mode SIW (FMSIW) owing to the incorporation of a
lambda (\)-shaped slot and a pair of independent 50 2 mi-
crostrip transmission feedlines located on opposite sides.

The resonance frequencies associated with the fundamen-
tal and higher-order resonant modes (TE,,,,,o) for the modified
rectangular FMSIW cavity were calculated using the following
formula [23, 24].

2
FM%IW \/ ( nm ) (1)
mn /e FMSIW FMSIW
2m L effective Weffectlve
where m = 1,2,3,...andn = 1,2,3,... denote the number

of half-cycle variations of the field along the x-axis and y-axis,
respectively; € = g, and = pou,- denote the dielectric per-
mittivity and magnetic permeability of the dielectric substrate.

The equivalent effective length and effective width are de-
termined using the following equations:

FMSIW dz 2
Letective = leaviy—1. 08 +01 t )
cavity
d? d?
Wg"lf\gcstzx = Weavity — 1. 08p +0. lw t (3)
v cavity

Parameters we,y and g,y denote the width and length of the
proposed modified rectangular FMSIW cavity resonator, re-
spectively. Similarly, d,, represents the diameter, whereas p,
indicates the distance separating the adjacent vias.

B. To reduce energy leakage, it is advised to maintain con-
ditions where the ratio of diameter to wavelength (d,, /Ao =
1/25 = 0.04 remains < 0.1, and the ratio of diameter to pitch
(dy/py = 1/1.5 = 0.66) stays > 0.5. Here, Ao represents the
wavelength associated with the lowest resonance frequency of
the dielectric material used. Due to the notably high aspect ratio
of the proposed FMSIW, width-to-height, only specific TE, .o
modes are capable of resonating within the substrate integrated
waveguide (SIW) resonator. The key parameters are designed
to ensure that the TE219 mode is in operation within the target
frequency range, as illustrated in Figure 2(a).

2.2. Eigen-Mode Analysis with and without Slot

C. To determine the mode configuration of the proposed SDF,
an eigenmode solver in the Computer Simulation Technology
Microwave Studio (CST MS) software was used, as illustrated
in Figure 2 and Figure 3. Initially, an SIW structure with an
SIW cavity, excluding the radiating slot, was analyzed using
the eigenmode solver to examine the electric field distribu-
tion, as depicted in Figure 2. From Figure 2(a), it has been
noted that the cavity without radiating slots supports FMSIW,
with the TE51g and TE25¢ modes appearance at 11.51 GHz and
12.56 GHz, respectively, as seen in Figure 2(a) and Figure 2(b).
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FIGURE 3. Distributions of electric fields a lambda (\)-shaped slot
rectangular SIW cavity under eigenmode simulation. (a) T'E210. (b)
T E229.

FIGURE 2. Distributions of electric fields at the original rectangular SIW
cavity under eigenmode simulation. (a) T'E210. (b) T E220.

D. Subsequently, two slots — comprising diagonal slots —
are introduced. To achieve optimal field disruption, the slot
lengths were varied between A\g/4 and A\¢/2, approximately
one-fourth to half the wavelength, as shown in Figure 3. This
cavity modification introduces additional inductive and capac-
itive effects, consequently altering the relevant resonant fre-
quencies and modes. As a result, the TEo1o and TEq9( resonant
frequencies shifted to 10.76 GHz and 12.39 GHz, respectively,
as depicted in Figures 3(a) and 3(b).

E. Furthermore, Figure 3 reveals that owing to the symmet-
rical plane, the highest electric field intensities occur at specific
points. Given the high SIW width-to-height ratio and the sym-
metrical plane of the proposed antenna, the magnetic field is
aligned with the normal remains zero, allowing these planes in
the SIW to be regarded as quasi-magnetic walls. The presence
of the slot generates strong reactive loading, significantly af-
fecting the TE220 mode.

2.3. Equivalent Circuit Model of SDF

F. An equivalent schematic was developed to illustrate the sys-
tem, with slots incorporated to introduce additional capaci-
tance, as depicted in Figure 4. A parallel-connected RLC circuit
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FIGURE 4. (a) Lumped element equivalent circuit model of the self-
diplexing filtenna. (b) CST vs ADS.

is utilized to depict all resonators, while a lambda (\)-designed
slot is modeled as a shunt capacitor. The first and second res-
onators were characterized by their respective resistance, in-
ductance, and capacitances, denoted as Riy;, Lip, Cip and
RQpl, L2pl7 CQpl~

Component Value Component Value
Rip 100k Rop 100k2
Lipt 15.12nH Lop. 1.12nH
Cipi 0.071 pF Capi 0.141 pF
Clseq 0.068 pF C2seq 0.068 pF
Lpn 10.51 nH N, 0.356
Cmn 5.46 pF No 0.396

These passive elements are connected in a shunt configura-
tion to analyze the radiated patch values, while a lambda (\)-
shaped slot introduces shunt capacitances Cjgq and Cpseq asso-
ciated with each port in the circuit diagram. N; and Ny func-
tion as impedance transformers, ensuring impedance match-
ing between the ports, that is the substrate integrated waveg-
uide (SIW) cavities and microstrip lines. The mutual coupling
among the pair resonators is illustrated by Mi2, which is de-
signed as a sequence connection of inductor (L,,,) and capac-
itor (Cyn).

The input impedance and resonance frequency of the res-
onators connected to port-1 and port-2 are given by:

1

= — 4

freso 27‘[’ LPCS ( )
ijLP

Zinput = — 5

P 1 w2 LpC %)

G. The resonance frequency is primarily influenced by cav-
ity inductance (Lg) and slot capacitance (Cg), as indicated in
Eq. (4). Notably, the capacitance (Cg) is directly dependent on
slot dimensions. An increase in the slot size leads to a higher
capacitance (Cg), which in turn shifts the resonance frequency
to lower values.
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FIGURE 5. Flowchart diagram of the presented SDF.

2.4. Flowchart of Prototype SDF

The design is optimized to ensure the multi-mode operation of
a lambda (\)-shaped radiating slot, which consists of a combi-
nation of two diagonal slots. The design steps and antenna per-
formance analysis are illustrated in the flowchart in Figure 5.

First, an SIW cavity was designed and constructed using
CST MS software. The design parameters, including the width,
length, and height of the SIW cavity, were calculated using
Egs. (1) to (3). Next, Egs. (4) and (5) are applied to calcu-
late the frequency of operation and input impedance matching,
ensuring operation in the TE5;o and TE25; modes. To develop
the self-diplexing filtenna, two 50 €2 microstrip feed lines were
incorporated to supply power to the proposed SIW cavity. Sub-
sequently, an equivalent circuit with a lumped element model
was constructed to predict the resonance frequencies.

Once the dimensions of the proposed geometry are finalized,
the design is enclosed with FMSIW and centered with a lambda
(\)-shaped slot. Experimental validation and testing were also
performed. If the designed filtenna meets the performance ex-
pectations, it is considered the final design and undergoes fur-
ther performance analysis. Otherwise, the design parameters
were reevaluated and adjusted accordingly. The rectangular
SIW cavity operates at two distinct frequencies, 10.76 GHz and
12.39 GHz, making it suitable for X- and Ku-band applications.

260

3. PROPOSED DESIGN METHODOLOGY AND OPERA-
TIONAL MECHANISM

This section discusses the various evaluation steps involved in
the proposed self-diplexing filtenna design, as illustrated in Fig-
ure 6. The inherent filtering characteristics arise from the con-
trolled excitation of cavity modes and slot coupling mechanism.
The inherent filtering response is achieved through the selective
excitation of distinct SIW cavity modes. These modes couple
differently to the A-shaped slot, enabling frequency-selective
radiation. The first step focused on selecting the resonator
shape. In this case, a rectangular shape was chosen and en-
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FIGURE 6. Different evaluation stages of the proposed filtenna.

WWwWw.jpier.org



Progress In Electromagnetics Research C, Vol. 165, 257-266, 2026

PIER C

0 i

o
S 10 |
[
-
% 20 St
E T SZZ
o
& -30 a1
s

-40

-50 . . :

10 11 12 13 14

Frequency [GHz]

FIGURE 7. Stage 1, S;; parameters.

closed with L-shaped vias to form the SIW cavity structure. In
the second stage, a diagonal slot is introduced within the rect-
angular SIW cavity to incorporate capacitance. Finally, in the
last stage, additional reactive components are introduced into
the structure by incorporating another diagonal slot. The com-
bination of these slots results in a lambda (\)-shaped slot, which
further enhances the performance of the design.

Stage 1: The filtenna design begins with the selection of a
rectangular SIW cavity, constructed using L-shaped vias, with
two microstrip transmission lines used to feed the RF power, as
depicted in Figure 6(a). The initial geometry of the proposed
filtenna was determined using Eqgs. (1) to (3), measuring 25 mm
in length and 19 mm in width.

As observed in Figure 6(a), the feed gaps, positioned relative
to the L-shaped vias, play a crucial role in regulating the exter-
nal Q-factors and, consequently, ensuring proper input match-
ing at both ports. The initial design of the SIW cavity antenna
was set to operate at 11.51 GHz. The reflection coefficient and
isolation of the designed antenna were analyzed, as depicted
in Figure 7. With two ports considered, an isolation exceed-
ing 10dB was attained between them. In addition, unwanted
noise and undesired frequencies were monitored and mitigated
during communication.

Stage 2: The proposed antenna design initially exhibits un-
desired frequencies during the communication. To address this
issue, the resonant frequency was adjusted to effectively miti-
gate unwanted noise and enhance isolation, as depicted in Fig-
ure 8.

Stage 3: Based on the isolation and reflection coefficients,
all radiating slots were incorporated, and the operating frequen-
cies of the channels were fine-tuned. The lower and upper fre-
quency limits are depicted in Figure 9.

The final design was primarily optimized for impedance
bandwidth, matching, and improved isolation. The accepted
frequency ranges were 3.0% (10.61-10.93 GHz) for the lower
band and 3.2% (12.19-12.59 GHz) for the upper band.

The proposed self-diplexing modified lambda (\)-shaped an-
tenna, along with Port 1 and Port 2, is shown in Figures 10(a)
and 10(b). When both ports are active, the structure supports
two pass channels: a higher resonant channel (i), and a lower
resonant channel (7).
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FIGURE 8. Stage 2, S;; parameters.
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FIGURE 9. Stage 3, S;; parameters.

Compared to —28dB, the isolation between the two op-
erational channels is significantly improved. As seen in
Figure 10(a), when Port 1 is activated, radiation is emitted
through the slot, with the lower frequency resonating between
10.61 GHz and 10.93 GHz, while fL. maintains a passband
below the —10 dB threshold. Similarly, in Figure 10(b), when
Port 2 is activated, radiation is emitted through the slot, with
resonances occurring between 12.19 GHz and 12.59 GHz,
while the upper frequency (fU) passband remains below
—10dB. In Figures 10(a) and (b), the operating and rejected

FIGURE 10. Distribution of the electric field. (a) Port-1 at 10.76 GHz.
(b) Port-2 at 12.39 GHz.
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FIGURE 11. Simulated S-parameter values according to the width vari-
ation of the antenna design.

frequency bands are specified for excitations at Port 1 and
Port 2. The results confirm self-diplexing behavior, as the
excitation of one port activates its designated band while
effectively suppressing the band associated with the other port.

4. PARAMETRIC ANALYSIS

Here, the impact of design variations was analyzed based on
the changes in the antenna’s width. The corresponding antenna
specifications are illustrated in Figure 11.

The reflection coefficient values (S-parameters: Si1, Soo,
So1 at each port, considering variations in the antenna’s width,
are shown in Figure 11. In this analysis, the antenna’s width was
varied between 1 mm and 2 mm to examine its impact on the
isolation and reflection coefficients. In this investigation, vary-
ing the antenna width by 1 mm results in a resonant response at
10.45 GHz with an S7; of —20 dB, while a second resonance is
observed at 12.01 GHz with an S5 of —10dB. Increasing the
antenna width to 1.5 mm produces a resonance at 10.63 GHz
with an Sy; of —33dB, while the second resonant mode oc-
curs at 12.21 GHz with an Sy, of —42 dB. Finally, increasing
the antenna width to 2 mm yields a resonance at 10.76 GHz
with an Sq; of —45 dB, while the second resonant mode is ob-
served at 12.39 GHz with an S35 of —30 dB. This highlights the
need for an optimized design to ensure the desired communi-
cation performance. The suitable frequency ranges for X-band
and Ku-band applications are 10.76 GHz and 12.39 GHz, re-
spectively. In Addition, the reflection coefficient parameter of
the proposed antenna remains below —25 dB for both operating
conditions.

The summary of the design phases for the suggested self-
diplexing lambda () shaped antenna:

Antenna Design — Implementing the SDA concept with an
SIW antenna, integrating a lambda (\)-shaped radiating slot
within the specified frequency range.

Multi-Mode Cavity Development — Design a large, multi-
mode SIW cavity using the CST Microwave Studio Suite elec-
tromagnetic simulator.

Impedance Matching Optimization — Adjust slot positions to
improve input impedance matching.

Simulated S44
Simulated Sp2
Simulated S5
Measured Sq4

Sii Parameters [dB]

10 1 12 13 14
Frequency [GHz]

FIGURE 12. Proposed simulated and measurement results.

Port Isolation — This Ensures an isolation level of 28 dB be-
tween ports.

Performance Validation — Verify the performance of the an-
tenna for X-band and Ku-band applications.

The SIW cavity and slot configuration is interpreted as a
radiation-coupled resonant system, where the dominant cavity
modes act as band-pass resonators and generate inherent trans-
mission zeros, leading to out-of-band suppression. An equiva-
lent transfer-function-based interpretation is added to relate the
resonant modes to the observed frequency-selective radiation.

5. ANTENNA TEST RESULTS AND VALIDATIONS

A prototype was fabricated and tested to verify the function-
ality of the proposed self-diplexing antenna. The antenna was
manufactured on a dielectric slab using printed circuit board
(PCB) technology, as shown in Figure 13. The top and bottom
views of the fabricated antenna, including its width and length,
are presented in Figures 13(a) and 13(b), respectively. A vector
network analyzer was used to measure the S-parameters of the
prototype. Figure 12 demonstrates the comparison between the
measured and simulated S-parameters (|.5;;]). The presence of
two distinct resonances confirms that the antenna operates ef-
fectively as a diplexer at both the lower and higher frequencies.

For the f; pass channel, the measured reflection coeffi-
cient |:S11| remains below —10 dB within a bandwidth of 3.0%
(10.61-10.93 GHz). Similarly, for the fy; pass channel, the
measured |Saz| is below —10dB with a bandwidth of 3.2%
(12.19-12.59 GHz), which closely matches the simulation re-
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FIGURE 13. Fabricated antenna design: (a) top-side view, (b) bottom-
side view.
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FIGURE 14. Antenna radiation pattern and gain measurement in an
anechoic chamber.
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FIGURE 15. Simulation vs measurement result of gain.

sults. The observed isolation |So;| between Port 1 and Port
2 is displayed in Figure 12. The proposed antenna achieves
improved isolation at both lower and upper frequencies, with
an isolation level of —28.50 dB. Additionally, the isolation be-
tween the two resonators remains consistently above 21 dB
across both the frequency bands.

Figure 13(a) presents a top view of the developed self-
diplexing antenna, which features a low-profile, compact de-
sign suitable for dual-frequency applications in the X and Ku
bands. The proposed antenna is constructed using a Rogers/RT
5880 substrate, adhering to industry standards for a novel self-
diplexing lambda (\)-shaped design. Figure 13(b) shows the
bottom view of the substrate integrated waveguide (SIW) rect-
angular antenna cavity, including the vias.

Minor deviations in the resonance frequencies are associated
with manufacturing and measurement tolerances. Figure 14
shows the measurement setup of the proposed antenna in an
anechoic chamber. Figure 15 illustrates the gain as a function of
the frequency for the proposed design, validating its diplexing
properties at Port-1 and Port-2, when one port is excited and the
other port terminated with a 50-Q2 matched load. Owing to the
proposed structure, two resonant responses are clearly observed
at 10.76 GHz and 12.39 GHz. The measured gain values are
6.12 dBi and 6.15 dBi for the lower and upper frequency bands,
respectively. The design exhibits a nearly flat in-band gain and
provides effective stopband rejection outside the operating fre-
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FIGURE 16. Simulation vs measurement result of total efficiency.

quencies of 10.76 GHz and 12.39 GHz. As shown in Figure 16,
the measured efficiency across the working bands exceeded
85.2%, whereas the simulated antenna efficiency reached ap-
proximately 91.16% within the —10 dB bandwidth.

Figure 15 illustrates the gain analysis of the proposed self-
diplexing antenna design by comparing the simulation and
measurement results across different frequency values. The
self-diplexing antenna achieves measured gains of 6.12 dBi
and 6.15 dBi for the lower band and upper band, respectively.
The design provided suitable bandwidths of 3.0% (10.61—
10.93 GHz) and 3.2% (12.19-12.59 GHz), ensuring reliable
performance.

Figure 16 shows the overall efficiency of the proposed sub-
strate integrated waveguide (SIW) rectangular antenna with a
lambda ()\)-shaped radiating slot. The simulated efficiency
reached 91.16%, with the port isolation exceeding 28 dB. The
measured efficiency remained consistently high over the oper-
ating frequency ranges, confirming the performance of the an-
tenna for X- and Ku-band communication applications.

This section analyzes the performance of the proposed novel
self-diplexing multi-mode SIW cavity antenna using a lambda
(A)-shaped radiating slot and compares it with existing antenna
designs from state-of-the-art studies.

Table 1 presents a comparative analysis of the proposed self-
diplexing antenna design and existing state-of-the-art diplexing
antenna designs. The performance evaluation considers key pa-
rameters such as frequency, efficiency, isolation, and gain. The
results indicate that the proposed self-diplexing antenna fea-
tures a more compact geometry while achieving superior simu-
lated radiation efficiency, reaching 91.16%. Overall, the find-
ings demonstrate that the suggested design outperforms the ex-
isting antenna configurations.

The radiation patterns were evaluated through both simula-
tions and measurements under identical conditions. During pat-
tern measurement, one port was excited at the frequency of in-
terest, while the other unused port was terminated with a 50-(2
matched load to avoid unwanted reflections and mutual cou-
pling effects. The co-polarized radiation patterns were recorded
in the E-plane and H-plane at the two operating frequencies,
namely, Figure 17(a) E-plane co-polarization at 10.76 GHz,
(b) H-plane co-polarization at 10.76 GHz, (c¢) E-plane co-
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FIGURE 17. Measurements and simulations of the radiation patterns. (a) - Co at 10.76 GHz, (b) H- Co at 10.76 GHz, (c) E- Co at 12.39 GHz and

(d) H- Co at 12.39 GHz.

polarization at 12.39 GHz, and (d) H -plane co-polarization at
12.39 GHz, demonstrating good agreement between measured
and simulated results.

Some minor deviations in the radiation pattern were observed
owing to the cavity mode disturbances. However, the pro-
posed antenna maintains a well-defined main lobe with co-
polarization. The polarization purity is moderate, with co-
polarization levels remaining below 15.0 dB in both the X Z-
and Y Z-planes, as confirmed by measurement data.

This work introduces an innovative self-diplexing antenna
design with improved bandwidth in both passbands while main-

264

taining comparable radiation characteristics. The hybrid modes
generate two resonances in each passband, a phenomenon pre-
viously observed in SIW-based filtenna research, which of-
ten limits the realized gain. In contrast, the proposed antenna
achieved arealized gain exceeding 6.0 dBi. Maintaining similar
electrical behavior in both the transmission and reception chan-
nels is crucial for transceivers in all communication systems,
and the proposed design effectively meets this requirement.
The proposed antenna is designed for X-band and Ku-band
applications and features a novel lambda ()\)-shaped radiat-
ing slot. Existing antennas typically operate at lower frequen-
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TABLE 1. Comparative analysis between the proposed and existing designed antennas by state-of-art works.

. Frequency | Isolation Gain . Filtering 3
Ref. Antenna design Efficiency Volume ( \;)
(GHz) (dB) (dBi) Response
[2] QM SIW self-diplexing antenna 3.6,5.4 > 325 | 49,534 NA No 1.3 x 1.5 x 0.025
Self-diplexing slot antenna utilizing
[16] o 11.8,12.1 | 22.7,22.5 |6.09, 5.87 NA No 1.6 x 0.95 x 0.03
semicircular SIW structure
SIW antenna operating
[18] 7.8,9 >22 54,5.1 NA No 1.3 x 1.5 x 0.025
in eight modes
Microfluidic-enabled tunable
[19] o 3.65,5.87 >27 ]531,5.61] >80.1 No 1.19 x 1.5 x 0.05
SIW self-diplexing antenna
Planar Cavity-Based
[20] 43,5.02 > 21 5.94,6.45 NA Yes 1.29 x 1.29 x 0.024
Filtering Antenna

Self-Diplexing Filtering Antenna
[21] 30.5, 38.0 > 27 7.8,9.9 | >85.51 Yes

for Millimeter-Wave Applications

Dual-Mode SIW Square Cavity-Based
[22] o 9.5,10.5 >29 [5.75,595 NA No 1.18 x 1.581 x 0.03
Self-Diplexing Antenna
Self Diplexing multi mode SIW
Proposed cavity back antenna based a 10.76, 12.39 >28 6.12-6.15 | 91.16% Yes 1.027 x 1.358 x 0.0251
Lambda ()\)-shaped Radiating slot
cies and suffer from limitations in key performance parameters REFERENCES

such as isolation, gain, efficiency, and filtering characteristics.
In contrast, the proposed lambda (\)-shaped antenna supports
self-diplexing operations using substrate integrated waveguide
(SIW) techniques, offering enhanced performance across mul-
tiple metrics.

6. CONCLUSION

In this work, a novel lambda (\)-shaped slot radiator based on
an SIW cavity was designed and developed for filtering appli-
cations. The proposed SIW cavity antenna, featuring a lambda
(A)-shaped radiating slot, is tailored for X- and Ku-band ap-
plications, operating at 10.76 GHz and 12.39 GHz. The an-
tenna design is optimized to achieve high performance and has
been thoroughly simulated. It demonstrates excellent isolation
(> 28dB), high gain (> 6 dBi), front-to-back ratio (FTBR >
10 dB), and simulated overall efficiency of 91.16% across both
frequency bands. Compared with existing research, the pro-
posed design offers enhanced performance. However, it is cur-
rently being optimized for double-band applications. In future
work, this design will be extended to support wideband appli-
cations. Future work will aim to extend the antenna’s band-
width to support ultra-wideband (UWB) operation, targeting a
frequency range from 1 GHz to 18 GHz. This includes explor-
ing multi-resonant structures, broadband impedance matching
techniques, and the use of metamaterial-inspired elements or
slots to improve the return loss and gain over a wider frequency
range. Additionally, integration with tunable or reconfigurable
components should be investigated to support dynamic fre-
quency agility in next-generation communication systems.
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