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ABSTRACT

This study presents a comprehensive analysis of the design of a high-performance meta-material loaded
square patch antenna arrays specifically tailored for X-band applications. To enhance the gain and front
to back ratio (FTBR), a novel 1x3 series-fed linear array configuration that integrates solitary series-fed
elements with metamaterial-based square patches at X-band frequencies is introduced. Later, parallel-
fed 1x2 and 1x4 antenna arrays are designed by considering the series-fed antenna array as a single
element for further enhancement of gain and FTBR. The single element 1x3 series fed array is fabricated
with dimensions of Ax3.54x0.028), whereas the respective 1x2 and 1x4 parallel fed antenna arrays has
the dimensions of 2.86A%3.81x0.028)% and 2.86Ax4.34x0.028), respectively. The Taconic substrate is
chosen as the dielectric material, exhibiting a dielectric constant of 2.2 and a loss tangent of 0.0025. The
empirical data presented substantiates the superior performance of the 1x4 parallel fed configuration.
This is evident through the remarkable reflection coefficient of -25dB, the wide bandwidth spanning
47MHz, the substantial gain of 17.8dBi, and the FTBR of 30.7. The metrics serve to highlight the array's
capacity in guaranteeing a superior level of signal fidelity, encompassing a wide frequency spectrum,
amplifying incoming signals, and directing transmissions towards specific orientations. These metrics
unequivocally validate its potential for advanced X-band applications.
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sensing, and scientific inquiry. In order to optimize the
utilization of X-band technology, it is crucial to prioritize

The X-band, encompassing frequencies spanning from
8.0 GHz to 12.0 GHz, assumes a pivotal role within the
electromagnetic spectrum, occupying a distinct position
that facilitates its utilization across diverse domains such
as radar systems, satellite communications, remote

the advancement of antenna systems. The primary
instantiation of remote sensing entails the application of
satellite communication systems, contingent upon the
condition of an atmosphere devoid of cloud cover, to
acquire data of utmost quality. The effectiveness of
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satellite communication systems has been observed to be
constrained during periods of reduced illumination,
unfavorable meteorological circumstances such as
storms, and in areas distinguished by high levels of
vegetation coverage.

The central constituent of the x-band communication
system is the sensing module, more precisely denoted as
the Antenna module. In contemporary times, the
escalating occurrence of perilous meteorological
phenomena on a worldwide scale has instigated a notable
upsurge in scholarly attention towards the investigation
of economically viable and compact synthetic aperture
radar (SAR) systems deployed in space (1). These
technological systems exhibit significant promise in the
realm of monitoring and evaluating natural disasters,
encompassing a wide range of events such as tsunamis,
typhoons, landslides, and volcanic eruptions. Their
efficacy is particularly noteworthy in nations that are
susceptible to these catastrophic occurrences (2). The
antenna  demonstrates  multi-band  functionality,
accommodating  both  horizontal and  vertical
polarizations, thus serving as a vital constituent in
synthetic aperture radar (SAR) systems. Both co-
polarization and cross-polarization are essential elements
in enabling the Synthetic Aperture Radar (SAR) antenna
to efficiently capture and acquire data with exceptional
detail (3). There is an imperative to alleviate the
complexity associated with SAR antenna design, while
also minimizing its physical dimensions, mass, and costs.
This must be achieved while ensuring that the antenna
meets the specified requirements for enhanced gain,
multiple frequency bands, and dual polarizations. Owing
to the exorbitant financial expenditure, considerable
mass, and cumbersome physical proportions of the
antennas utilized in synthetic aperture radar (SAR)
applications. The X-band synthetic aperture radar (SAR)
demonstrates a notable level of appropriateness for
reconnaissance and disaster monitoring purposes,
primarily due to its remarkable spatial resolution
capabilities. Therefore, it is considered the most suitable
option for the purpose of surveillance (4).

The effectiveness of systems undergoes degradation
as a result of multiple factors, specifically side-lobe level,
cross-polarization, co-polarization, front-to-back ratio,
and half power beam width (HPBW) (5). In this
particular instance, the radar antenna proficiently
acquired the echo signal through the utilization of the
back lobe or side lobe, facilitated by the presence of
numerous reflections. Likewise, the transmission signals
experienced scattering in a similar manner. This
phenomenon leads to the detection of inaccuracies within
the designated data, consequently leading to the
manifestation of erroneous alerts. Microstrip antenna
arrays, colloguially referred to as MSA arrays, manifest
substantial  promise  across  diverse  domains,
encompassing radar systems, satellite communications,

and wireless communication networks. The reduced
mass, cost-effectiveness, and seamless compatibility
with the feed network are key attributes of the
aforementioned (6, 7). Arraying is a widely utilized
technique in long-distance communication networks for
the purpose of amplification enhancement. Arrays can be
categorized into two discrete classifications based on
their feeding methodology, specifically parallel-fed
arrays and series-fed arrays (8).

The design of the feed network plays a pivotal role in
configuring arrays of microstrip antennas (MSAS). In the
context of microstrip arrays, employing a series feed
mechanism that seamlessly integrates with each radiating
element facilitates achieving in-phase excitation while
ensuring consistent amplitude across these elements.
However, this approach leads to increased side lobe
levels (SLL) and heightened losses in the feedlines. The
utilization of a technique referred to as series-feed has
been implemented to address the issue of signal leakage
and reduce losses in the feedline. This methodology
presents the benefit of occupying a diminished physical
space while efficiently tackling the aforementioned
concerns. Furthermore, it is pertinent to highlight that
array antenna configurations employing printed circuit
boards (PCBs) exhibit distinctive attributes, including a
reduced physical footprint and a lightweight
construction. The aforementioned attributes render them
exceptionally well-suited for implementation in
millimeter-wave (MMW) scenarios, outperforming
preceding metal-based configurations such as four
quadrant horn arrays with reflectors and waveguide slot
arrays (9, 10). Numerous comprehensive research studies
have explored microstrip arrays, employing both parallel
and series feed techniques (11-16), plate slot arrays (17),
and substrate integrated waveguide (SIW) slot arrays
(18-22).

Significant attention has been directed towards
microstrip arrays, primarily due to their relatively
simplified manufacturing process in comparison to
substrate integrated waveguide (SIW) structures.
Furthermore, these arrays offer improved convenience in
achieving desired radiation patterns through various
configurations of constituent elements and feed networks
(23). The investigation employed a configuration
comprising of six series-fed microstrip linear subarrays,
as elucidated in the reference (24). The implemented
configuration featured a distribution of tapered patch
widths. The integration of the subarrays was
accomplished by employing a single-end connecting
Substrate Integrated Waveguide (SIW) parallel feed
network. The configuration was intricately designed to
manipulate geometric formations in both the horizontal
and vertical cross-sectional planes. The investigation
carried out by Zhao et al. (25) employed a set of patches
featuring gradually decreasing widths and impedance
transformers to construct a planar microstrip array that



548 T. P. S. Kumar Kusumanchi and L. Pappula / [JE TRANSACTIONS C: Aspects Vol. 37 No. 03, (March 2024) 546-555

was specifically engineered for the task of long-range
automobile radar detection. Remarkably, an admirable
accomplishment was observed in achieving an optimal
first side lobe level (FSLL) of approximately -20 dB in
both the E and H planes. Furthermore, the previously
mentioned by Kothapudi and Kumar (26, 27) elucidated
the execution of a 6-port 3 x 3 series-fed planar array and
a 4-port 2 x 2 series-fed planar array, correspondingly.
Both of these designs integrated excitations originating
from two orthogonal directions, employing a chosen
configuration to confer dual-polarized characteristics
upon the arrays. The aforementioned attribute rendered
them exceedingly suitable for integration into X-band
airborne synthetic aperture radar (SAR) systems.
Moreover, a K-band linear array comprising ten series-
fed rectangular patches was postulated by Bayderkhani
and Hassani (28).

This paper introduces a novel approach by
incorporating series feeding, along with the utilization of
a parallel feeding in the design. The results demonstrate
the ability to accommodate a greater number of radiating
elements in confined space, leading to the achievement
of high gain. In contrast to conventional designs
employing normal square patches, this study utilizes
metamaterial square patches. The use of metamaterials
allows for the creation of antenna elements with unique
electromagnetic properties, facilitating miniaturization
and enabling features such as Frequency Selectivity,
Steerable, and Reconfigurable Antennas. The primary
objective of this research is to design and fabricate a
compact series-fed linear array tailored for X-band
applications. The developed antenna prototype ensures
optimal functionality at a frequency of 10.76GHz,
placing it within the X-band spectrum.

This investigation employed Taconic TLY-5 as the
substrate material due to its capacity to offer a diverse
range of impedance bandwidth, peak gain, and high
radiation efficiency. The final iteration of the antenna
prototype  features  physical dimensions  of
80x50x0.8mms3, operating at a frequency of 10.76 GHz.
To optimize gain and FTBR (Front-to-Back Ratio), linear
array configurations, specifically a 1x2 and a 1x4 parallel
fed linear array, were implemented. These arrays exhibit
minimal mutual coupling among their constituent
elements, resulting in enhanced overall performance. The
system demonstrated a notable improvement in
amplification, making it well-suited for applications in
the X-band.

The main objective of the paper is to present the
design of a high gain and FTBR series-fed antenna arrays
at X band frequencies. To realize, we introduced a novel
unique 1x3 series-fed linear array configuration that
integrates solitary series-fed elements with metamaterial-
based square patches. Later, parallel-fed 1x2 and 1x4
antenna arrays are designed by considering the series-fed
antenna array as a single element for further enhancement

of gain and FTBR.

The geometry of the proposed 1x3 series-fed antenna
array with metamaterial-loaded rectangular patches is
discussed in section 2. The selection mechanism of the
proposed antenna array parameters is discussed in section
3. Section 4 presents elaborate discussions on the
measured results of the proposed antenna array. In
section 5, the design of parallel-fed 1x2 and 1x4 antenna
arrays for further enhancement of gain and FTBR is
discussed by considering the series-fed antenna array as
a single element. The complete discussion of the
proposed arrays' radiation characteristics is discussed in
section 6. Section 7 summarizes the final conclusions of
the article.

2. DESIGN OF BASIC 1x3 SERIES-FED ANTENNA
ARRAY

Microstrip patch antennas are fabricated utilizing a
dielectric substrate, which is encased by a conductive
layer on both sides. In contrast, the upper surface of the
substrate is incompletely covered, serving as the
exclusive location for the patch elements and feeding
line. The substrate material utilized in this investigation
is Taconic TLY5, which possesses a dielectric constant
of 2.2 and a loss tangent of 0.002. The substrate possesses
a vertical dimension of 31 mil and is furnished with a
copper cladding of 1 0z on each of its surfaces.

Antenna arrays combine multiple radiating elements,
and feeding methods are critical in their architecture.
Series feeding connects the primary feed line to all
elements, while series feeding links components
sequentially. In linear fed arrays, the primary element
emits radiation, cascading feed power to subsequent
elements.

The basic antenna configuration comprises a
metamaterial loaded square patches are connected in
series with a 50-Q microstrip line, with a quarter-wave
transformer etched onto the substrate's top surface. The
matching between the radiating square patch and the 50-
Q microstrip line is achieved through a quarter-wave
transformer. The current research endeavors to examine
the stimulation of this sequence of elements by
employing a unique feed port that has been meticulously
designed to function at a precise frequency of 10.73
gigahertz. The array is stimulated directly via a
microstrip feed line, wherein the series feeding of the
array elements is situated at the uppermost region of the
substrate. The terrestrial surface, conversely, is situated
in the lowermost stratum of the substrate.

The Square patch width ‘W’ and length ‘L’ are
calculated from the following expressions 1& 2.

2M+1 A
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where M and N are non-negative integers (in our present
design M=N=1).

The feedline width calculated by using below
Equation 3.

7.48xh
W=@—1.25xt (3)
where h is height of the substrate t is the thickness of the
copper.

The diagram depicted in Figure 1 showcases the
geometric arrangement of a 1x3 series-fed square patch
linear array, which includes a single RF antenna port.
The process of optimizing a finite set of parameters at the
resonant frequency of 10.76 gigahertz results in the
attainment of the most advantageous reflection
coefficient. The series-fed square patch linear array,
possessing dimensions of 1x3, was efficiently fed by
employing a matching transformer and a A/4 impedance
transformer. Both the matched transformer and the A/4
impedance transformer are employed to optimize
impedance matching between the radiating array and the
feed. The establishment of a direct or series connection
between the square elements is accomplished by utilizing
microstrip lines with precise dimensions of safl and safw.
The impedance characteristics of the matched
transformer, quarter-wavelength impedance transformer,
and matched feedlines interconnecting the patches are
dependent on the dimensional attributes of the
corresponding feedlines. The dimensional parameters of
the matched transformer and A/4 impedance transformer
are denoted as matl, matw, qatl, and qgatw,
correspondingly.

Optimization techniques are utilized in order to
augment the operational efficacy of the array, thereby
facilitating the attainment of utmost gain and enhanced
impedance matching. The present array is comprised of a
solitary RF antenna port exhibiting a return loss
characteristic.  The array under consideration

PatW

scl2
PatL

subtl /

gatl & qaty

matw

i=>‘<
-

Figure 1. Construction and fabricated model of the basic
1x3 series fed antenna array

demonstrates an impedance bandwidth spanning from
10.70 GHz to 10.74 GHz, with a bandwidth of 40 MHz.

Figure 2 depicts the surface current distribution, as
well as the impact of the electric field (E-field) and
magnetic field (H-field), for a 1x3 series-fed square patch
linear array. This array is equipped with a single radio
frequency (RF) antenna port, and the simulation was
conducted using CST simulation software. The
simulation was carried out with carefully optimized
parameters. The specified dimensions for the optimized
construction of the proposed 1x3 series -fed square patch
linear array antenna are presented in Table 1.

3. SELECTION OF OPTIMAL PARAMETERS

The goal of the study was to determine the best
parameters for a single RF antenna to analyze the
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Figure 2. a) surface current, b) magnitude of E-field c)
magnitude if H-field of the basic 1x3 series fed antenna
array

TABLE 1. Geometrical Parameters of Antenna Array

Parameter Parameter Description Value (mm)
PatL Square patch Length 10
Patw Square patch Width 10
qatl M4 impedance transformer Length 2
gatw M4 impedance transformer Length Width 0.28
matl Impedance Matching Transformer Length 10.25
matw Impedance Matching Transformer Width 2.46
safl Length of the series-fed line 22
safw Width of the series-fed line 1.9
subtl Antenna Substrate Length 80
subtw Antenna Substrate Width 50
subth Antenna Substrate Heigth 0.787
Scw Slot width 1
scll Slotl small length 2
scl2 Slotl long length 3
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reflection coefficient of a proposed 1x3 series-fed square
patch linear array. The matched transformer, A/4
impedance transformer, and serried feedline dimensions
are optimized, and the effect of their variation on return
loss is investigated. The parameters that have been
optimized include matw, matl, gatw, gatl, safw, and safl.
The process of optimization entailed optimizing each
parameter one at a time, holding the other parameters
constant. Best results and improved impedance matching
were found at gatl=2.8mm, gatw=0.5, matl=12mm,
matw=3mm, safl=11mm, and safw=1.5mm using
simulation software. Figure 3(a-e) presents a visual
representation of the optimization results related to the
suggested antenna.

3. 1. Varying Qatl Figure 3a depicts the impact of
varying the length of the A/4 impedance transformer, with
precise adjustments made in 0.2mm increments within
the range of 1.5 to 5mm. Other parameters (gatw, matw,
matl, safw, and safl) remain constant throughout the
experiment. Superior impedance matching was achieved
at 2.8 millimeters, resulting in favorable resonance at a
frequency of 10.736GHz. The simulation indicated the
antenna's operation within the X-band frequency range,
specifically between 10.70GHz and 10.74GHz.

3. 2. Varying qatw In Figure 3b, the impact of
varying the width of the A/4 impedance transformer is
illustrated, with precise adjustments made using a
0.03mm step size within a range of 0.3mm to 1.5mm.
Remaining parameters (gatl, matw, matl, safw, and safl)
were held constant. Optimal impedance matching was
achieved at a width of 0.5 millimeters. Simulation results
showed resonance at 10.736 GHz, indicating excellent
impedance matching, and the antenna functioned within
the 10.70GHz to 10.74GHz X-band frequency range.

3. 3. Varying matl Figure 3c illustrates the impact
of varying the length of the matched transformer,
systematically adjusted within the range of 5mm to
15mm with a 0.1mm step size. Parameters gatw, matw,
gatl, safw, and safl are held constant. Enhanced
impedance matching was observed at a length of 12
millimeters. Simulation results revealed resonance at
10.736GHz, indicating commendable impedance
matching, and the antenna operated within the X-band
frequency range, specifically between 10.70GHz and
10.74GHz.

3. 4. Varying matw Figure 3d demonstrates the
impact of varying the width of the matched transformer,
systematically adjusted within the range of 2 to 4mm with
a 0.1mm step size. Parameters gatw, mqatl, matl, safw,
and safl are held constant. Superior impedance matching
was achieved at a width of 3 millimeters. Simulation
results indicated resonance at 10.736 GHz, showcasing

commendable impedance matching, and the antenna
operated within the X-band frequency range, specifically
between 10.70GHz and 10.74GHz.

3. 5. Varying Safw In Figure 3e, the impact of
varying the width of the series feedline connecting the
patches is depicted, systematically adjusted within the
range of 0.5mm to 3.5mm with a 0.2mm step size.
Parameters gatw, matw, matl, gatl, and safl are held
constant. Enhanced impedance matching was observed at
a width of 1.5 millimeters. Simulation results indicated
resonance at 10.736GHz, demonstrating commendable
impedance matching, and the antenna operated within the
X-band frequency range, specifically between 10.70GHz
and 10.74GHz.

4 TEST RESULTS OF BASIC 1x3 SERIES FED
ANTENNA ARRAY

The 1x3 series-fed square patch linear array, designed for
X-band operation, has been fabricated and measured to
validate simulation results. Figure 1 illustrates the
fabricated prototype. Both simulated and measured data
juxtaposition at the operational frequency range within
the X-band. Figure 4a presents a comparison of simulated
and fabricated reflection coefficients and it’s
demonstrates an impedance bandwidth of 40MHz,
ranging from 10.70 GHz to 10.74 GHz, with a gain of
12.8dB. The electrical field the series fed array oriented
perpendicular to the surface of the radiating patch,
defining it as a vertically polarized antenna array. This

Reflection Coefficient (S11)

5
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Frequency (GHz)

=2.4mm
matw = 2.5mm

=2.6mm
2.7mm

144
164
184
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Reflection Coefficient (SL1)

Frequency (GHz)

Figure 3. Reflection Coefficient of proposed antenna with
various parameters a) gatl, b) gatw, c) matl, d) matw & e)
safw
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characteristic underscores the array's alignment for
effective vertical polarization in its radiation pattern.

Figure 4(b & c). represents 2D Co and cross
polarization graph of the proposed series fed element at
10.73 GHz. The outcome indicates that the radiation
patterns exhibit directive characteristics, are vertically
polarized, and have minimal sidelobe levels.

5. DESIGN OF PARALLEL FED 1x2, ANF 1x4
ANTENNA ARRAY IMPLEMENTATION

High gain antennas are essential for efficient signal
propagation over long distances. Increasing antenna gain
often involves using an array of elements rather than a
single one. The cardinality of the array, or the number of
elements, directly correlates with the antenna's gain. The
signal feed network, distributing power across branches,
is crucial in high-gain antenna construction. Variations in
power divider arm length and width impact signal
amplitude and phase, leading to changes in the angular
range of beam scanning.

The array configuration employs parallel feeding
with microstrip transmission lines for power division
between the primary port and radiating elements. Linear
power dividers (LPDs) are fabricated using a simple
arrangement, dividing a single microstrip transmission
line into two to bifurcate power into separate paths. The
1x4 parallel fed power divider arrangements, as depicted
in Figure 5.
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Figure 4. (a)Reflection Coefficient of proposed antenna (b)
Gain theta Co and Cross polarization, (c) Gain Phi Co and
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The selection was made to utilize the parallel or
corporate feed methodology for the purpose of dividing
the power into two distinct transmission lines. The
proposed configuration involves the fabrication of a 1 x
2 array structure, accomplished by spatially segregating
two 1x3 series-fed square patch linear arrays. The
intentional setting of the separation distance between the
individual elements is half of the wavelength.

The rationale behind this design decision is to
effectively address the issue of gating lobes, which have
the potential to negatively affect the overall performance
of the array. The integration of a Stranded T-Junction
power divider has been successfully incorporated into the
corporate feed network design for the 1x2 parallel fed
array. The Maximum Power Transfer Theorem is a
fundamental principle widely utilized in the field of
electrical engineering to facilitate the attainment of
impedance matching. To augment the antenna gain, a
configuration is deployed whereby two 1x2 corporate
feeding networks are interconnected consecutively,
leading to the establishment of a 1x4 parallel fed array.
Through the utilization of a quarter-wave transformer,
the transmission lines possessing an impedance of 100Q
are efficiently transformed into transmission lines
exhibiting an impedance of 70.7Q. Following this, the
aforementioned lines are subsequently aligned with an
inset feed configuration possessing an impedance of 50
Q. The diagram illustrated in Figure 6 represents a
unidimensional array with a size of 1x2. In contrast, the
structure depicted in  Figure 7 exemplifies a

Figure 5. 1x4 parallel fed Power Divider

Figure 6. Simulated and fabricated model of 1x2 parallel
fed antenna array
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unidimensional array characterized by dimensions of 1x4
parallel fed antenna array.

6. RESULTS AND DISCUSSION

6. 1. Return Loss Figures 8a and 8b depict the
S11 parameters, which represent the reflection
coefficient of the 1x2 and 1x4 parallel fed antenna arrays.
The single-element patch antenna resonates at 10.732
GHz with a reflection coefficient of -34 dB and a
bandwidth of 40 MHz. In the 1x2 parallel fed antenna
array configuration, the antenna shows a return loss of -
26.99 dB and a bandwidth of 37 MHz, peaking at a
resonant frequency of 10.74 GHz. The 1x4 array antenna
displays a reflection coefficient of -25.76 dB and a
broader bandwidth of 47 MHz.

6. 2. Directivity The directivity of a single element,
1x2, and 1x4 parallel fed antenna array at a frequency of
10.74 GHz was measured to determine the level of
radiation intensity. The measured directivity was found
to be 17.8dBi, which quantifies the amount of radiation
emitted by the antenna. The directivity values for the
single element, 1x2, and 1x4 parallel fed antenna array
configurations are recorded as 13.52 dBi, 16.50 dBi, and
17.9 dBi, respectively. The directivity of a 1 x 4 array of

Figure 7. Simulated and fabricated model of 1x4 parallel
fed antenna array
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Reflection Coefficient (S11)
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Figure 8. a & b Simulated and Fabricated Reflection
coefficient of 1x2 and 1x4 parallel fed antenna array

serried fed linear array exhibits superior performance in
comparison to that of a single element antenna and a 1 x
2 array antenna.

6.3.Gain  Figure 9 illustrates the Gain plot of a single
element, 1 x 2, and 1 x 4 array antenna operating at a
frequency of 10.74 GHz. The Gain plot exhibits a gain
value of 17.8 dBi. The 1x3 series fed single element, 1x2,
and 1x4 parallel fed antenna array configurations have
achieved gains of 12.1 dBi, 14.9 dBi, and 17.8 dBi,
respectively. The performance of a 1x4 parallel fed linear
array exhibits superior gain when compared to that of a
1x3 series fed single element antenna and a 1x2 parallel
fed antenna antenna.

6. 4. Co and Cross Polarization Figure 10 (a & b)
depicts the two-dimensional co-polarization and cross-
polarization characteristics of the 1x2 parallel fed
antenna array operating at a frequency of 10.74 GHz and
Figures 11a, and 11b represents the two-dimensional co-
polarization and cross-polarization characteristics of the
array antennas operating at a frequency of 10.74 GHz.
Based on the obtained results, it can be observed that the
radiation patterns exhibit a directive characteristic. The
current antenna arrays' Co and cross polarization graphs
indicate that they possess cross polarization levels within
acceptable limits and exhibit minimal side lobe levels
(SLL). Figures 12a,12b, and 12c are represent the 3-
dimensional gain of the 3 proposed arrays.
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Figure 9. Gain Comparison between the Proposed 1x3
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55 Simulated Co-pol
=" Measured Co-pol

—— Simulated Cross-po
Measured Cross-pol
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and cross polarization
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Figure 11. a & b 1x4 parallel fed array gain phi & theta co
and cross polarization

180

Figure 12. 3-Dimentional gain a)1x3 series fed b) 1x2
parallel fed, & c) 1x4 parallel fed antenna array

The performance characteristics of a single 1x3
series-fed, 1x2 parallel fed, and 1x4 parallel fed
Microstrip patch antenna array are presented in Table 2.

Table 3 provides a thorough comparison of crucial
parameters, encompassing antenna size, antenna gain,
sidelobe levels, efficiency and FTBR, across the various
designs proposed. This in-depth analysis aims to
underscore the merits of the proposed antenna array
designs, spanning from the 1x3 series-fed array to the
1x4 parallel fed linear array. The comparison specifically
emphasizes the advantages such as substantial gain
improvement, favorable FTBR.

A high FTBR in this context signifies that the
proposed array exhibits maximum gain radiation in a
specific direction, accompanied by low sidelobes. It
serves as a key indicator of the array's effectiveness in
focusing its radiation in the desired direction. However,
it's essential to acknowledge a limitation of the proposed
array, which lies in its suitability primarily for narrow-
band applications.

TABLE 2. Comparison between the 3 proposed antenna arrays

Parameter 1x3 Series Fed antenna array 1x2 parallel fed antenna array 1x4 array parallel fed antenna array
Bandwidth 10.719-10.754 GHz (35MHz) 10.74-10.77 GHz (37MHz) 10.739-10.78 6GHz (47MHz)
Resonant Frequency 10.736GHz 10.76GHz 10.76GHz
Gain 12.1dB 14.8dB 17.8dB
Radiation Efficiency 82% 84% 86%
E-plane SLL(dB) -10.6dB -9.5 -11.4
HPBW(deg) 16.5 15.2 12.6
Cross Pol(dB) -24.2 -13.2 -10.7
FTBR 30 25.6 30.7
H-plane SLL(dB) -10.6dB -9.5 -11.4
HPBW(deg) 16.5 15.2 12.6
Cross Pol(dB) -92 -90.2 -96.7
FTBR 30 28.6 30.7
TABLE 3. Comparison of proposed work with previous series fed arrays
Ref no No.of patches Size (mm) Working band Gain SLL FTBR
(11) 2x2 patch array 50x42 X 12.4 -19 30
(12) 21x4 patch array 240 dia X 224 -15 NA
(13) 4x4 patch array 210x210 C 18.4 -12 NA
(16) Radial wave guide slot array 80 dia X 18.1 -14.9 NA
(22) 3%x3 80x80 K 12.2 -25.4 31
(23) 1x10 100x15 K 174 -26.3 37
(24) 6x6 150x150 XIK 17.2 -15 37
®) 2x2 77x24 C 13.95 NA NA
(11) 2x2 84x45 X 13.4 -19 NA
This work Series fed(1x3) 80x50 X 12.1 -10.6 Y.
This work 1x2 parallel fed antenna array 120x100 X 14.8 -115 28.6
This work 1x4 parallel fed antenna array 150x120 X 17.4 -15 30.7
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7. CONCLUSION

A unique 1x3 series-fed linear array setup that integrates
individual series-fed elements with square patches based
on metamaterials at X-band frequencies is developed and
discussed in this article. Furthermore, parallel-fed 1x2
and 1x4 antenna arrays are designed by considering the
series-fed antenna array as a single element is designed.
The outcomes of this design process encompass essential
parameters such as the reflection coefficient, bandwidth,
directivity, gain, and front-to-back ratio for all three
proposed designs. The gain and FTBR are significantly
increased while operating at the desired frequencies
around 10.76 GHz. For example, it has been determined
that the parallel fed 1x4 linear array is resonated with a
bandwidth of 47 MHz at 10.76 Ghz. The measured gain
is 17.8dBi, signifies the array's capacity to augment the
received signal by amplifying its strength and enhancing
its overall quality. It produced FTBR of 30.7 and
radiation efficiency of 86%. All the designed arrays are
vertically polarized. These obtained metrics offer a
superior level of signal fidelity, amplify incoming
signals, and direct transmissions towards specific
orientations. The potential of the proposed arrays for
advanced X-band applications is unequivocally
confirmed by these metrics.
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