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ABSTRACT: This paper introduces a novel, compact, frequency-reconfigurable multiple-input multiple-output (MIMO) filtenna that in-
tegrates a defected microstrip structure (DMS)-based bandpass filter (BPF) with a wideband circular patch antenna to support dynamic
tuning across sub-6 GHz and X-band applications. The antenna operates efficiently as a wideband system while enabling mechanically
controlled narrowband filtering through a reconfigurable BPF structure embedded in the feedline. Tunability is achieved using discrete
switching mechanisms, allowing frequency selection from 5.9 GHz up to 12 GHz, with a peak gain of 6 dBi and high radiation efficiency.
A two-port MIMO configuration with orthogonal element placement and an embedded decoupling structure ensures superior isolation
(< —48 dB), extremely low envelope correlation coefficient (ECC < 0.0035), and diversity gain (DG) approaching 9.998 dB. The pro-

posed antenna demonstrates excellent performance metrics with a compact footprint of 80 x 45 mm
wireless applications in environments with limited spectral availability.

1. INTRODUCTION

he rapid expansion of wireless communication systems and
Tspectrurn—sharing technologies has prompted the develop-
ment of multifunctional antennas capable of both wideband and
reconfigurable narrowband operations. Among such innova-
tions, the concept of “filtenna” — a combination of a filter and
an antenna — has attracted considerable attention due to its po-
tential to integrate spectrum selectivity directly at the antenna
front end, reducing system complexity, cost, and size [1,2].
There is a growing need in today’s wireless systems for an-
tennas that are space-efficient, perform reliably, and support
dynamic frequency tuning. Wideband antennas provide exten-
sive spectral coverage, making them suitable for various ser-
vices, yet they often lack selectivity. On the other hand, re-
configurable filtennas enable dynamic tuning across targeted
frequency ranges, allowing coexistence in congested spectral
environments and enhanced interference rejection [3,4]. The
integration of a DMS-based BPF into the feed line of a wide-
band antenna has proven to be an effective method to introduce
such reconfigurability while maintaining compactness [5].
Patch and monopole antennas are often favored in confor-
mal applications due to their simple geometries and ease of in-
tegration. Nonetheless, their relatively large physical dimen-
sions hinder their suitability for compact or miniaturized de-
vices [6]. To address this, various miniaturization techniques
— such as embedding asymmetric stubs or slots, either open-
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2 making it well suited for compact

or short-circuited — have been employed within the radiating
structure. While effective in reducing size, these modifications
often increase structural complexity, making fabrication more
challenging [7].

In parallel, multiple-input multiple-output (MIMO) technol-
ogy has become an essential strategy in modern communica-
tion systems, offering improvements in data throughput, di-
versity gain, and mitigation of multipath fading [8—11]. Addi-
tionally, discrete wavelet transforms (DWTs) have emerged as
effective tools for enhancing spectral efficiency, especially in
systems employing orthogonal frequency division multiplexing
(OFDM). Their application in antenna design enables the devel-
opment of diversity schemes that improve both system perfor-
mance and spectral utilization [12—18].

For practical MIMO antenna implementations, two critical
requirements must be met: achieving high isolation between
antenna structures designed to minimize mutual coupling (MC)
between elements and maintaining a compact structure suit-
able for portable devices. Enhanced isolation improves system
performance by minimizing undesired interactions between the
radiators [19]. However, as the size of the antenna array in-
creases, the potential for MC also rises. Consequently, numer-
ous techniques have been proposed in the literature to suppress
MC [20-32].

For example, the work in [20] presents a dual-polarized
MIMO system with orthogonal elements achieving 22.5dB
isolation within a compact 27 x 21 mm? footprint. In an-
other study [22], a quad-port double-sided MIMO antenna uti-
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lizing an electromagnetic band gap (EBG) structure was de-
veloped, featuring four polygon-shaped elements and a semi-
slotted ground plane on a 30 x 30 mm? FR4 substrate. Sim-
ilarly, the use of a meander-line EBG to suppress MC be-
tween two 32 x 64 mm? antennas was explored in [23]. Fur-
thermore, carbon black film was employed in [33] to absorb
inter-element interference, resulting in improved isolation with
S91 < —15dB and ECC below 0.02. Despite these advance-
ments, many existing configurations struggle to balance perfor-
mance with size constraints and isolation effectiveness, high-
lighting the ongoing need for innovative MIMO antenna con-
figurations.

This work presents a novel approach to designing a com-
pact MIMO filtenna with frequency reconfigurability by com-
bining a DMS-based BPF and a wideband antenna within a
mechanically tunable framework. Unlike conventional designs
that rely on positive-intrinsic-negative (PIN) or varactor diodes,
this work employs mechanical switches to enable low-cost, lin-
ear frequency tuning while minimizing nonlinearity and power
consumption. Furthermore, the introduction of a metamaterial-
based decoupling structure significantly improves inter-port
isolation without increasing system complexity. These innova-
tions collectively result in a compact, high-performance MIMO
filtenna capable of supporting sub-6 GHz and X-band commu-
nication, with superior isolation, low ECC, and high gain.

2. WIDE BAND ANTENNA DESIGN

This subsection presents the design of a wideband (WB) circu-
lar patch antenna featuring a hexagonal slot and a partial ground
plane configuration, as shown in Figure 1. The antenna is fab-
ricated on an FR4 substrate characterized by a dielectric con-
stant (¢,.) of 4.3 and a thickness & of 1.6 mm. The structure was
modeled and analyzed using Computer Simulation Technology
(CST) software. Table 1 outlines the detailed dimensions of
the antenna in millimeters. The width of the microstrip feed-

(a) (b)

FIGURE 1. Tllustration of the proposed wideband antenna: (a) front side
and (b) rear side views.

TABLE 1. Sizes of the planned WB antenna in mm.

wilroi|of| g [R1] R2] Wy
35 |45 | 16 | 147 | 13 | 62 | 3.3999

ing line is Wy, and it is employed to link the patch to a 50
SMA connector. The antenna design process is illustrated in
three progressive stages, culminating in an optimized geom-
etry for enhanced performance as shown in Figure 2(a). In
Stage 1, the initial structure comprises a solid circular radiating
element connected to a microstrip feedline, forming the base
shape. Moving to Stage 2, a circular slot is etched at the center
of the radiating element to create a ring-shaped configuration.
This modification is intended to improve impedance matching
and bandwidth characteristics. In Stage 3, a hexagonal slot is
introduced inside the circular patch, further refining the current
distribution and enhancing the resonant behavior of the antenna.
A partial ground plane is used consistently across all stages
to support wideband characteristics by improving impedance
matching and minimizing back radiation. This systematic evo-
Iution of the antenna structure ensures improved performance
metrics suitable for modern communication applications. Fig-
ure 2(b) displays the simulated S7; (return loss) performance
of the three stages over a frequency range of 1 GHz to 12 GHz.
Each stage exhibits distinct resonant frequencies and varying
levels of return loss, indicating improvements in impedance
matching and bandwidth with successive iterations. Notably,
Stage 3 demonstrates the best overall return loss characteris-
tics, suggesting excellent power transfer efficiency at this fre-
quency. The comparative analysis of these stages is crucial for
understanding the optimization process, and the study also ex-
amines how design modifications influence the antenna’s be-
havior across its full operational bandwidth. As shown in Fig-
ure 2(b), the simulated reflection coefficient (|.S11|) is plotted
versus frequency. The results demonstrate that the antenna ex-
hibits wideband characteristics, maintaining |.S11 | values below
—10dB from 2.4 GHz up to frequencies exceeding 12 GHz.

As exposed in Figure 3(b), the antenna maintains a high sim-
ulated efficiency across the entire operating band, ranging be-
tween 80% and 99%. Furthermore, the realized gain, depicted
in Figure 3(c), varies from approximately 2.2 dB to 5.9 dB over
the same frequency range.

Figure 3 displays the manufactured version of the proposed
wideband antenna. As shown in Figure 4(a). The results show
that |S11| stays below —10dB across a wide frequency range,
from 2.4 GHz to beyond 12 GHz. The measured outcomes align
closely with the simulated data, with slight variations primarily
due to fabrication-related imperfections.

Figure 4(b) illustrates the efficiency of the proposed WB an-
tenna. Both simulation and measurement demonstrate a high
level of efficiency, generally exceeding 0.9 (90%) across much
of the spectrum. There is a strong agreement between the imita-
tion and experimental data, particularly in the lower frequency
range and around 8—12 GHz, which validates the accuracy of
the simulation model. A slight divergence is observable be-
tween 6 GHz and 8 GHz, where the measured efficiency dips
slightly below the simulated values, indicating potential real-
world losses or discrepancies not fully captured in the simu-
lation. Figure 4(c) illustrates the gain of the planned antenna
as a function of frequency, spanning from 1 GHz to 12 GHz.
The curves show a general trend of increasing gain with fre-
quency, rising from approximately —10dBi at 1 GHz to over
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FIGURE 2. (a) Antenna design stages, and (b) S11 of antenna stages.

(b)

FIGURE 3. Fabricated model of the planned antenna. (a) Front side and
(b) back side.

6dBi at 12 GHz. Figure 3 illustrates the fabricated model of
the planned antenna, which was produced using a conventional
chemical impression technique to experimentally verify the de-
sign concept.

Figure 5 displays the measured and simulated beam patterns
of a planned antenna at two distinct frequencies: (a) 5 GHz and
(b) 10GHz. For each frequency, both the H-field (azimuthal
plane) and E-field (elevation plane) patterns are presented, with
solid lines representing simulated data and dashed lines indi-
cating measured data. In this work, the radiation pattern is pre-
sented using a polar coordinate system to illustrate the direc-
tional strength of the radiated signal. At 5 GHz, the measured
outcomes closely align with the simulated predicted shapes for
both fields, showing a clear directional lobe. Similarly, at
10 GHz, the agreement between simulation and measurement

remains strong, although the beam shape appears slightly more
concentrated, as expected for a higher frequency.

3. CONFIGURATION AND DESIGN OF A BANDPASS
FILTER BASED ON DMS TECHNIQUE

This subsection outlines the strategy process of the proposed
bandpass filter (BPF), which is implemented using the DMS
technique. The design begins by etching two narrow slits at
the center of the microstrip line, spaced 0.5 mm apart. These
slits serve as a immovable capacitance element, as illustrated
in Figure 6. Additionally, a U-shaped slot measuring 4.69 x
0.86 mm? is introduced at the central section of the strip to reg-
ulate the electromagnetic coupling among the adjacent trans-
mission line segments. These structural modifications enable
the filter to exhibit bandpass behavior by forming a combina-
tion of parallel and series resonance paths.

The DMS can be modeled using lumped circuit elements
based on conventional circuit theory. The initial strategy is sim-
ulated using CST software. To determine the individual reso-
nant frequencies, the resulting S-parameter matrix is exported
to Advanced Design System (ADS) for further analysis. As out-
lined in [34], the equivalent capacitance and inductance values
can be derived using the following two equations.

e 1
Cop=5orie—zc. Lap= g
2007 (f2 - f2) T An? 20,

In this context, f, corresponds to the resonance point, and f.
defines the filter’s cut-off threshold. Variations in the capaci-
tance C' directly influence the location of the operational fre-
quency band.
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FIGURE 4. Performance of the planned wideband antenna element. (a) |:S11], (b) efficiency, and (c) gain.
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FIGURE 5. Beamforms of suggested antenna at (a) 5 GHz and (b) 10 GHz.
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FIGURE 6. Planned DMS-BPF assembly. (a) Front sight and (b) back
sight.

Figure 7 illustrates the correspondent circuit representation
of the DMS-based BPF. In this model, the two etched gaps are
represented by a parallel-series LC circuit composed of an in-

ductor L, and a capacitor C', while the U-shaped slot is mod-
eled using components L, and C},. The simulated scattering
parameters for the equivalent circuit, obtained via ADS, are
shown in Figure 8(a). The results demonstrate an ideal band-
pass response, allowing signal transmission at 7.6 GHz based
on the specified values of inductance and capacitance L and
() illustrated in Figure 7. Figure 8(b) shows the S-parameters
for the full-wave simulated DMS BPF structure, revealing that
|S11| remains below —10 dB at 7.6 GHz, with an insertion loss
of approximately —1.8 dB.

4. ADAPTIVE FILTER-ANTENNA SYSTEM WITH FRE-
QUENCY RECONFIGURABILITY

This subsetion presents the strategy of the proposed tunable
filtenna. As depicted in Figure 9, the DMS-based (BPF) is
integrated into the feed line of the wideband antenna to form

the filtenna structure. This configuration facilitates impedance
matching between the BPF and radiating patch while also con-

WWwWw.jpier.org



Progress In Electromagnetics Research B, Vol. 115, 1-14, 2025

rPIER B

(2)

L1

|

(o) )

i oL 3. ws
O T :

L2

C2
L

(®)

— 1 £ T
2 Ter ;{—l el Jz‘. a = Term
Term1 e 7 - 'Il\'lerm22
Num=1 " el
z=500hm A=l O
+ B o
c1=2.52e-11 {t} {o} —
= c2=2.5e-11 {{} {o} !
L1=2e-11 {t} {o}
L2=1.700000015e-11 {1} {0}

FIGURE 7. (a) Corresponding circuit typical of the reconfigurable DMS-based filter. (b) Graphic representation implemented in the ADS.

~
o
=
=

-100-]

S-parameters (dB)

-150-]

200
~200=7

T T e T T
50 55 60 65 70 75 80 85 90 95 100
Frequency(GHz)

(b)

-1

2

|S-parameters| (dB)

-3

-35

45

-15

-25

)
5
) \
i
s / \"'-—._._
) /4
5 ,/
Vi
0 L
40 [——s11]
521
1 2 3 4 5 6 7 8 o 0 1 12

Frequency (GHz)

FIGURE 8. Simulated S-parameters of (a) the DMS equivalent circuit modeled in the ADS environment, and (b) the planned BPF construction created

on the DMS technique.

/

Band Pass Filter

FIGURE 9. Front sight of the proposed tunable filtenna structure, illus-
trating the placement of multiple switching elements.

tributing to system miniaturization and cost efficiency. To en-
able reconfigurability and frequency tuning, eight switches are
strategically positioned within the filtenna structure, as pre-
sented in Figure 9.

Figure 10(a) displays a comparison between the reflection
coefficient (|.S11|) of the standalone antenna and the proposed
filtenna. The integration of the BPF effectively converts the
wideband antenna response into a narrowband operation with
enhanced selectivity. Figures 10(b) and 10(c) further illustrate
the influence of the BPF’s insertion loss and also the switching
states on the filtenna’s efficiency and gain. Across the tuning
range, the value of gain varies from 3 dBi to 5.8 dBi, while the
efficiency remains around 82.4%. The filtenna configurations
under different switch states are shown in Figure 11(a), and
the corresponding frequency tuning range — from 5.9 GHz to

beyond 11.7 GHz, totaling a bandwidth of 5.55 GHz — is dis-
played in Figure 11(b). Table 2 summarizes the performance
metrics of the filtenna under various switch states, including
operational bandwidth, 10 dB bandwidth, efficiency, and real-
ized gain. The findings demonstrate that the proposed structure
achieves strong frequency selectivity, maintaining narrow op-
erational bandwidths between 37.7 MHz and 600 MHz across
the full range of tuning configurations.

To verify the design concept, a model of the proposed fil-
tenna was manufactured via chemical etching and tested under
various switch conditions. Figure 12 illustrates its top view for
each state.

To implement the switching mechanism, simple metallic
screws are used as mechanical switches. These screws are man-
ually inserted into or removed from predefined holes etched at
specific locations in the DMS-based filter. When a screw is in-
serted, it effectively alters the current distribution and loading
effect on the microstrip line, resulting in a change in the res-
onance frequency. This approach offers a low-cost, bias-free
alternative to electronic switching and is particularly suitable
for proof-of-concept prototyping and laboratory validation.

Figure 13 illustrates a comparison between the simulated and
measured reflection coefficients (|S1;1|) for the proposed fil-
tenna across different switch settings. When only switch S1
is activated (Case: 00000001), the antenna exhibits resonance
at 5.9 GHz, achieving a measured slight bandwidth of 2.13%,
covering the range from 5.85 to 5.95 GHz. In another config-
uration, where switches S4 and S6 are ON while the remain-
ing are OFF (Case: 00101000), resonance occurs at 8 GHz,
with a measured impedance bandwidth (|S11| < —10dB) of
4.15%, spanning from 7.89 to 8.11 GHz. Additionally, when
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FIGURE 10. Performance of the standalone antenna compared to the antenna integrated with the filter: (a) reflection coefficient (|.S11]), (b) efficiency,
and (c) gain.
TABLE 2. Operational characteristics of the suggested filtenna for different switching scenarios.

State of Modes Frequency of | b dwidth 10 dB BW Efficiency Gain
switches | S8, 57,6, S5, $4, S3, 52, S1 re(sg';;‘;’)ce (GHz) (MHz) (%) (dB)
All off 00000000 7.578 7.4-1.75 37.7 82 3
S1 on 00000001 5.9 5.85-5.95 100 80.6 3.8
S2 on 00000010 6.14 6.02-6.26 240 81.1 3.9
S3 on 00000100 6.34 6.22-6.46 240 71.5 3.7

S4 on 00001000 6.56 6.45-6.68 230 74.0 4.46
S5 on 00010000 6.8 6.64-6.96 320 69.6 42
S6 on 00100000 7 6.85-7.15 300 71.8 3.77
S7 on 01000000 7.17 6.97-7.37 400 76.2 3.9
S8 on 10000000 7.6 7.4-7.8 400 80.2 4.1
S4, S6 00101000 8 7.89-8.11 220 82.4 43
S5, S7 on 01010000 8.4 8.17-8.63 460 72.9 5.7
S1,S7 on 01000001 8.7 8.45-8.95 500 72.5 5.6
S2,S7 on 01000010 9.1 8.87-9.33 460 70.5 5.8
S1, S8 on 10000001 9.6 9.3-99 600 79.5 3.02
S2, S8 on 10000010 10.7 10.44-10.96 520 80.5 3.8
S5, S6 on 00110000 11.2 10.98-11.42 440 81 3.9

A logic value of ‘1 indicates that the switch is

both S1 and S7 are ON and all other switches are OFF (Case:
01000001), the antenna operates at 8.7 GHz.

Overall, a strong agreement is observed between modeled
and measured responses across all switching states, with mi-
nor deviations attributed to fabrication tolerances and measure-
ment setup limitations. Table 3 offers a comparative analysis
between the proposed filtenna and a recently reported design.
The results confirm that the proposed structure offers a more

turned ON, whereas ‘0’ indicates it is OFF.

compact size, broader tunable frequency range, and the practi-
cal advantage of employing mechanical switches.

5. DESIGN OF THE MIMO FILTENNA

To enhance the reliability of wireless communication links, di-
versity techniques are employed whereby duplicated data is
transmitted through multiple, independently fading channels.
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FIGURE 11. (a) Various shapes of switching states, and Reflection coefficient (].S11|) of the proposed filtenna under various switching states when
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FIGURE 12. Fabricated model of the proposed filtenna under different mechanical switch configurations. The switches are implemented using
manually inserted metallic screws placed at designated points on the filter structure. Each configuration shown corresponds to a specific screw
activation state that enables frequency tuning by altering the current path in the feed network.
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TABLE 3. Performance comparison between the planned filtenna and present designs from literature.

Working Selectable . . .
Dimensions Material of . .
Refs frequency frequency (mm?) substrat Tuning mechanism
span (GHz) span (GHz)
3.38 and 5.37 .
[35] an 2.0 30 x 30 FR-4 Varactor diode (BB833)
(dual-band)
[36] 2.0-6.0 3.8 50 x 45 FR-4 Two PIN diodes
[37] 2.95-5.16 221 50 x 50 FR-4 Mechanical switches
(adjustable screws)
[38] 3.54.65 1.15 40 x 40 FR-4 Single varactor diod
[39] 1.375-5.825 4.45 41 x 41 FR-4 Single varactor diod
[40] 2.2-55 33 50 x 40 FR-4 PIN + varactor diode
Planned Covering frequencies . .
from 5.9 GHz up to 5.55 45 x 35 FR-4 Mechanically switche
filtenna .
and exceeding 12 GHz
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FIGURE 13. Evaluation of |S11| characteristics for the filtenna in dif-
ferent switch states: simulation and measurement comparison.

This approach allows for improved signal robustness once the
received signals are appropriately combined. Utilizing anten-
nas with diversity capabilities in such systems contributes to
better channel quality and increased data throughput. This sec-
tion presents a frequency-tunable MIMO filtenna designed to
support pattern diversity. As shown in Figure 14(a), the con-
figuration consists of two filtenna elements mounted orthog-
onally within a compact layout measuring 80 mm x 45 mm.
The orthogonal positioning helps reduce mutual interference
between the elements, which is critical for effective MIMO per-
formance. Ports 1 and 2 are used as the excitation terminals,
and the design ensures that MC between them, denoted as Sy,
z,y = 1,2, x # y, remains minimal. Figure 14(b) illustrates
the simulated S-parameters of the MIMO filtenna without any
additional decoupling structure. At the resonance frequency of
7.6 GHz, the reflection coefficient (571) reaches —45 dB, while
the isolation (S71) is maintained at —40 dB, indicating strong
isolation and minimal coupling between the ports.

6. RESULTS AND DISCUSSION

Figure 15 visually demonstrates the outward current spreading
on the planned MIMO antenna elements without decoupling

structure (DS). Figure 15(a) visualizes the surface current when
input is applied to Port 1. A clear and strong concentration of
current density is observed primarily around the fed element
of Port 1 and its immediate radiating structure. Crucially, the
current magnitude on the adjacent, unexcited Port 2 remains
very low, indicating minimal electromagnetic coupling. Simi-
larly, Figure 15(b) visualizes the surface current when input is
applied to Port 2. In this case, the high current density is con-
centrated around Port 2’s feeding point and its radiating parts,
while Port 1 exhibits significantly reduced current.

The fundamental concept behind the proposed decoupling
structure (DS) involves integrating a metamaterial-based el-
ement — resembling a balloon-like geometry — comprising
eight circular resonators, each with a radius of 2.5mm and a
total length of 22.5 mm. This assembly is embedded between
the two antennas to mitigate MC by suppressing undesired elec-
tromagnetic interaction. To optimize space utilization and en-
hance isolation, a high-impedance transmission line is imple-
mented in a meandered (balloon-shaped) configuration, as il-
lustrated in Figure 16.

Figure 17 presents a comparative analysis of the MC be-
tween antenna elements, both with and without the integration
of a DS. MC, expressed in decibels (dB), is a critical param-
eter for MIMO antenna systems, as lower values indicate bet-
ter isolation between radiating elements, leading to improved
diversity performance and reduced interference. A significant
reduction in MC is evident across the entire operational band
when the DS is present. For instance, at the working frequency
of 7.6 GHz, the MC is notably lower with the DS (approxi-
mately —45 dB) compared to the scenario without it (approx-
imately —30 dB). This substantial improvement, particularly in
the lower MC achieved with the DS, confirms its effectiveness
in enhancing the isolation between the antennas. This superior
isolation is crucial for maximizing the efficiency and perfor-
mance of MIMO systems by mitigating signal distortion and
increasing channel capacity.

Figure 18 visualizes the surface current behavior of the de-
veloped MIMO filtenna at 7.6 GHz, highlighting key aspects
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FIGURE 14. Shape of the planned MIMO filtenna without DS: (a) top view, (b) bottom view, and (c) simulated S-parameters.
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FIGURE 15. Surface current distribution of the MIMO filtenna elements under excitation: (a) port 1 active, (b) port 2 active.

Front

Backside

FIGURE 16. Structural layout of the planned MIMO filtenna incorporating the (DS), with overall dimensions Wymvo = 80 mm, Lymvo = 45 mm,

and W, = L, = 2.5mm.

of its function and inter-element isolation. Specifically, in Fig-
ure 18(a), the distribution is shown under excitation at Port 1.
A clear concentration of high current density is observed
around the feeding point of Port 1 and extends along its radi-
ating elements. Crucially, the current distribution on the un-
excited Port 2 remains very low, demonstrating excellent iso-

lation between the antenna elements. Similarly, Figure 18(b)
depicts that the distribution is shown under excitation at Port 2.
Here, high current density is concentrated around the feeding
point of Port 2 and its corresponding radiating structure, while
Port 1 exhibits minimal current activity. The distinct and lo-
calized current distributions in both scenarios confirm that the
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FIGURE 17. MC levels between MIMO filtenna elements with and
without the DS.

two antenna elements are largely independent and exhibit low
MC. This effective isolation, visually confirmed by the current
distribution patterns, is a critical factor for achieving high di-
versity gain and robust performance in MIMO systems, as it
minimizes interference between individual antenna channels.

6.1. Performance Assessment of the MIMO Filtenna Design

6.1.1. Envelop Correlation Coefficient (ECC)

In a MIMO scheme, the level of correlation between elements
can be quantified using ECC. This parameter provides insight
into how independently the antennas operate within the sys-
tem. ECC is typically estimated based on scattering parameters
Si; and Sj;. For a MIMO configuration to achieve high per-
formance and spatial diversity, the ECC value should ideally
remain below 0.5 [38,40]. The following expression is com-
monly used to approximate ECC from S-values [41]:

|S51512 + S31.S02/”
(1 — ‘Sl1|2 + ‘521|2> (1 — |522|2 + |512|2)

ECC =

6.1.2. Diversity Gain (DG)

DG is an indicator for the diversity level. A high value is needed
for effective isolation. (5) [42] can be used to evaluate it.

DG =+V1- ECC?

6.1.3. Total Active Reflection Coefficient (TARC)

TARC reflects the efficiency of a multi-port antenna in han-
dling signals when multiple ports are simultaneously active. It
is computed by taking the ratio between the reflected and inci-
dent power in root form, as expressed in Equation (6) [43,44].

V1511 + S126)P 4|8 + S2209) P

It —
a 2

10

6.2. Manufacture and Measurement

Figure 19(a) presents the realized prototype of the developed
MIMO filtenna. Figure 20 provides an evaluation of the imi-
tation and measured performance of the antenna, focusing on
two key parameters: VSWR and S-parameters. Figure 20(a)
presents the voltage standing wave ratio (VSWR) as a function
of frequency. The antenna exhibits a low VSWR, particularly
around 7.6 GHz, indicating good impedance matching at this
operating frequency as clear in Figure 20(a). Figure 20(b) dis-
plays the scattering parameters of MIMO antennas. A key ob-
servation is the significantly low reflection coefficients at the
operating frequency, implying efficient power transfer. Fur-
thermore, the MC (S12 and S2;) remains low across the op-
erational band, which is essential for ensuring good isolation
between the antenna elements in a MIMO filtenna, minimizing
interference and enabling better data throughput. The strong
concordance between the simulated and measured values vali-
dates the accuracy of the antenna’s design and predictive mod-
els.

Figure 21 presents the beam forms of the planned MIMO fil-
tenna at 7.6 GHz. Specifically, Figure 21(a) illustrates the y-z
plane beam form, where a strong directional beam is observed,
indicating the antenna’s capability to focus radiated power in a
certain track. A high level of consistency is observed between
the imitation and experimental outcomes in both form and be-
havior.

Magnitude validates the antenna’s design and act in this
plane. Concurrently, Figure 21(b) displays the -y plane beam
form, revealing a more omnidirectional characteristic with mul-
tiple lobes, suggesting broader coverage in the horizontal plane.
Again, the simulated and measured results show good correla-
tion, reinforcing the reliability of the antenna’s act across dif-
ferent orientations. These patterns collectively demonstrate the
filtenna’s effectiveness in achieving desired radiation charac-
teristics for MIMO applications at 7.6 GHz.

Figure 22 provides a comprehensive evaluation of the pro-
posed MIMO filtenna’s performance by illustrating its gain and
efficiency characteristics across a range of frequencies. Fig-
ure 22(a) depicts the gain (dBi) versus frequency, demonstrat-
ing that the antenna accomplishes a peak gain of nearly 6 dBi
around 7.6 GHz, which is a wanted characteristic for effective
signal transmission and response. Figure 22(b) presents the an-
tenna’s efficiency as a function of frequency. The plot reveals
that the filtenna maintains high efficiency, reaching a maxi-
mum around 80% near 7.6 GHz, indicating minimal power loss
within the antenna structure.

Figure 23 presents a inclusive evaluation of the projected
MIMO antenna’s performance through key diversity metrics:
ECC, DG, and TARC. Figure 23(a) illustrates the ECC, which
quantifies the correlation between the beam shapes of the
MIMO elements. Ideally, ECC values should be close to zero
for optimal diversity performance. The ECC remains consis-
tently low across the operational frequency band, especially un-
der 0.003, signifying excellent isolation and minimal correla-
tion between the antenna elements. This low ECC is crucial for
maximizing the diversity gain and improving the reliability of
MIMO communication. Figure 23(b) displays the DG, which
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FIGURE 21. Beam patterns of the proposed MIMO filtenna at 7.6 GHz: (a) in the y-z plane, and (b) in the -y plane.

measures the advance in signal-to-noise ratio accomplished by robust diversity capabilities. Finally, Figure 23(c) shows the
using a diversity antenna system compared to a single antenna. TARC, which assesses the collective reflection of all antenna
Values close to 10 dB signify ideal diversity performance. Fig- ports under realistic operating conditions. A low TARC indi-
ure 23(b) demonstrates that the DG is consistently high, near cates good impedance matching and efficient power transfer for
9.998 dB, across the frequency range, reinforcing the antenna’s the entire MIMO system. The graph reveals that the TARC re-
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TABLE 4. Benchmarking the planned MIMO filtenna against related studies in the literature.

Ref. Dimensions (mm?) | No of Ports | Bandwidth (GHz) ECC DG MC Gain (dBi)
[26] 65 x 50 2 1.2-6 0.1 9.96 —25 <4
[31] 55 x 60 2 3.4-35 — — —20 5.8
[42] 75.2 X 75.2 4 3.1-17.3 0.1 — —14.5 5.5
[43] 32 x 64 2 3.1-10.6 < 0.02 — —17 4
[45] 178 x 178 4 2.7-49 ~ 0.001 ~1 < =25 6.3
[46] 150 x 80 8 2.4,35,55 < 0.0 9.98 17.5 4
[47] 78 x 64.5 4 ~ 3.3-3.8 0.0078 9.96 —22 44
Planed work 2 80 x 45 2 7.4-7.75 GHz < 0035 | 9.998 —48 6

mains below —10 dB crossways the frequency band, signifying
excellent overall impedance matching and minimal signal re-
flection.

7. COMPARISON WITH PREVIOUS WORK

Table 4 demonstrates a comparative analysis between the pro-
jected antenna and existing designs in the literature and reveals

12

the advantages of the planned configuration in standings of size,
bandwidth, ECC, DG, MC, and gain. For instance, the antenna
in [26] offers a widespread bandwidth of 1.2-6 GHz with an
ECC of 0.1 and a gain below 4 dBi, while [31] achieves a nar-
rower bandwidth (3.45-3.55 GHz) but slightly higher gain at
5.8dBi. Ref. [42] presents a four-port MIMO system cover-
ing an ultra-wideband range (3.1-17.3 GHz), yet the ECC re-
mains at 0.1, and gain is limited to 5.5dBi. Similarly, [43]
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achieves a broader bandwidth of 3.1-10.6 GHz with low ECC
(< 0.02), but the gain does not exceed 4dBi. In contrast,
larger MIMO systems like in [45] and [46] offer improved
DG (~ 10dB) and moderate gains (up to 6.3 dBi), but they
require substantially larger form factors (178 x 178 mm? and
150 x 80 mm?2, respectively). The design in [47] achieves good
isolation (—22 dB) and acceptable gain (4.4 dBi), but with lim-
ited bandwidth (~ 3.3-3.8 GHz). Compared to them, the pro-
posed two-port antenna exhibits superior isolation (—48 dB),
excellent ECC (< 0.0035), high DG (9.998 dB), and improved
gain (6 dBi), all within a compact footprint of 80 x 45 mm? and
a focused operational bandwidth of 7.4-7.75 GHz, demonstrat-
ing its potential for high-performance compact MIMO applica-
tions.

8. CONCLUSION

A mechanically reconfigurable filtenna has been successfully
developed, offering both wideband and highly selective nar-
rowband operation suitable for sub-6 GHz and X-band appli-
cations. By embedding a DMS-based BPF within the feed-
line of a compact circular patch antenna, reconfigurability is
realized through mechanical switching, achieving discrete fre-
quency tuning with minimal complexity and cost. The planned
two-port MIMO configuration, enhanced with a metamaterial
decoupling structure, delivers exceptional isolation, low ECC,
and high diversity performance within a miniaturized form fac-
tor. Measured outcomes approve the simulation predictions,
demonstrating the antenna’s suitability for adaptive and com-
pact wireless communication schemes. This design bridges the
gap between compactness and functionality, paving the way for
flexible RF front-end architectures in next-generation wireless
platforms.
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