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ORIGINAL STUDY

A Synthesized Dual-polarized Planar Slotted Antenna
Array for SAR Sensors

Ahmed E. Gohar a,*, Haythem H. Abdullah b, Mohy E.D. Abo El-Soud a

a Electronics and Communications Engineering Department, Mansoura University, Mansoura, Egypt
b The Microwave Engineering Department, Electronics Research Institute (ERI), Cairo, Egypt

Abstract

A synthetic aperture radar (SAR) sensor antenna is the main concern in this research work. The antenna specifications
are settled according to the link budget of a project funded by the Egyptian Space Agency. The antenna should achieve a
30 dBi gain and an SLL of less than ¡27 dB with a low-profile and simple structure. The proposed antenna is an array of
16 £ 18 planar elements that based on microstrip technology. The 16 £ 18 antenna array consists of 16 linear antenna
arrays of 18 elements each. Each element of the antenna array has two orthogonal slots with dual-polarization capability.
To overcome the disadvantages of high loss on an extended feeding network, the column array is designed using a series
feed technique. Also, to keep the design simple, a corporate feed is used to form the planar array. Synthesized excitations
are used to enhance the SLL to ¡27.2 dB. Also, a novel feeding network is designed to easily produce the required field
distributions. The proposed antenna has a broad bandwidth (5.2e5.4 GHz). Furthermore, the proposed design achieves
good broadside dual linear polarization. The proposed antenna has a high gain, a smaller beamwidth, a compact size, a
good SLL, and a wide bandwidth, all of which are important parameters in SAR antennas.

Keywords: Antenna array, MoM/GA, SAR antenna, Series feed, Slot antenna, Synthesized radiation pattern, Synthetic
aperture radar, Unequal excitations

1. Introduction

T he antenna is a critical component in the
design of a SAR sensor. Numerous parameters

must be considered when designing an antenna for
SAR applications, including efficiency, gain, band-
width, polarization, and beam width. These pa-
rameters should be monitored to ensure that they
meet the system's requirements. Additionally, the
size and cost of the antenna fabrication are critical
parameters. Due to the limited available space on
the satellite body, the antenna size is often
restricted. The size of the satellite affects several
parameters, such as the cost of launch, lifetime,
power, data budget, and orbit parameters. A great
deal of research has been published in the field of
synthetic aperture antennas using various design
techniques. Slot antennas, patch antennas, slotted
waveguides, and substrate-integrated waveguides

are all used to create efficient and reliable antenna
arrays, each with its own set of advantages and
disadvantages.
Several investigations have been presented in the

design of antennas for SAR applications. In (Zhou
et al., 2022), a wideband L- and X-band antenna for
SAR applications is presented. To provide dual-
band operation with a single aperture, the antenna
employs a frequency-selective surface (FSS). The
presented work has impedance bandwidths of 46%
in the X-band and 21% in the L-band. However,
only a single polarization can be produced with a
gain of 20 dBi. The antenna's complexity is increased
by its five layers, increasing fabrication and inte-
gration challenges. The presented work has an SLL
of �14 dB, which is quite high for SAR applications.
In (Kashihara et al., 2023), an X-band circularly

polarized UAV-SAR is presented. By implementing
another antenna, the presented work can produce a
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dual polarization, which increases the antenna's
dimensions. The antenna has an SLL and HPBW of
�13 dB and 15�, respectively, in both planes. The
antenna is suitable for UAV applications due to its
wide beam width.
In (Yu et al., 2020), a 6 � 12 patch array is pre-

sented for millimeter-wave SAR applications. The
patch sub-arrays are made up of 12-patch series-fed
patch sub-arrays. A substrate-integrated waveguide
feeding network is used to connect the sub-arrays.
By feeding the series-fed linear arrays with a SIW
corporate feeding network, the presented work in-
troduces the concept of combining the series and
corporate feeding networks. The combination of
feeding network techniques reduces the design's
complexity. To distribute the wave to the first sub-
strate, the antenna uses two substrates, one for the
series-fed patches and the other for the SIW feeding
network. However, using multiple substrates in-
creases the antenna's complexity, making it more
susceptible to fabrication and integration errors and
adding more losses due to wave leakage between
substrates. The antenna can only produce a linear
polarization with a wide beam width. The range and
azimuth beam widths of the antenna are 15� and 9�,
respectively. The work presented here has an SLL of
�15 dB and a gain of 20.4 dBi.
In (Santosa et al., 2021), a circularly polarized

microstrip array antenna with a broadband fre-
quency range is introduced for SAR sensors. The
antenna comprises an 8 � 8 array with a uniform
element spacing of 0.5l and uses a corporate prox-
imity-coupled strip-line feeding network. The an-
tenna generates circularly polarized waves by using
a curved truncation patch and a circle-slotted
parasitic patch above it, resulting in a wide band-
width. The antenna can produce dual-polarized ra-
diation, but it requires two separate antennas, which
increases the overall antenna structure. The antenna
produces a gain of 18.17 dBic, with an SLL of �8 dB
and �11.9 dB in the azimuth and range planes,
respectively, and an HPBW of 12.7� in the azimuth
plane and 13� in the elevation plane. However, the
antenna's complexity is increased by using a
corporate feeding network implemented in another
layer attached underneath the parasitic patch layer,
making the overall antenna design more complex.
In (Qin et al., 2016), a dual-band, dual-polarized

antenna with high gain for SAR applications is dis-
cussed. The antenna is designed based on the
concept of a Fabry-Perot resonant cavity to achieve
dual-band operation. The antenna can achieve a
beam scanning angle range of ±15� in two orthog-
onal polarizations. The design employs two FSS
layers to form two separate resonant cavities,

providing high flexibility in selecting desired fre-
quencies for each band. However, the use of mul-
tiple FSS layers increases the complexity of the
design. The antenna has an SLL of less than
�14.5 dB in both the azimuth and elevation planes
at 5.3 GHz and a gain of 16.4 dBi with an HPBW of
28� in both planes. The antenna can produce dual-
polarization radiation, but with a high SLL, large
HPBW, and low gain.
In (Ravindra et al., 2017), a parallel-plate antenna

array for SAR application on a small-satellite plat-
form is presented. The antenna operates in the X-
band frequency range and covers a bandwidth of
130 MHz with a center frequency of 9.65 GHz. The
antenna presented can generate dual circular po-
larization with a beamwidth of 2.4� in both the azi-
muth and elevation directions. The gain is 34.5 dBic,
and the SLL is �15 dB in the range and �11 dB in
the azimuth directions, respectively. The antenna
has a high gain and a narrow beamwidth, but it does
so by utilizing a complicated waveguide and paral-
lel-plate structures.
The contribution of this research work can be

summarized as follows:

(1) The design is considered a generic design to
introduce an antenna with an arbitrary beam
shape.

(2) The design that should be implemented using
either a complex planar structure or a 3D
waveguide structure is implemented using only
a simple single-layer structure.

(3) The challenges in implementing large dynamic
range ratios in the synthesized feeding network
are already solved by a proposed novel proced-
ure for distributing the feeding power. Further-
more, the consequences of the proposed
procedure, such as the nonlinear phase shift
between ports, are also treated.

This paper proposes a dual-polarized orthogonal
slot planar antenna array for SAR satellites, which
consists of 16 � 18 elements. To increase efficiency
and gain and to reduce design complexity, a series
feed technique is employed to connect 18 dual-
polarized elements in a linear array. A corporate
feeding network with 16 output ports is merged
with the series feeding network to form the planar
array. The corporate feeding network is printed on
the same antenna substrate to achieve a low-profile
design and to reduce losses due to wave transfer
between different substrates. Additionally, this
design approach enhances reliability and reduces
sensitivity to manufacturing errors. Two corporate
feeding networks are utilized to provide dual
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polarization radiation, with one placed at the bottom
to excite the �45� slanted polarization and the other
at the top to excite the þ45� slanted polarization. To
enhance image resolution, the antenna SLL must be
controlled. The corporate feeding network is
designed to produce a synthesized field disruption
to linear arrays, providing a low side lobe level.
Finally, a novel feeding network is designed to
deliver the required excitations to the antenna ele-
ments with applicable dividing ratios. The design

process involves four stages, including series
element design, termination element design, col-
umn array design, and forming the planar array.

2. Antenna design

The proposed antenna is built by designing single
elements that are then combined to form the overall
antenna array. The linear array is made up of two
types of single elements: series elements and

Fig. 1. The general view of the dual-polarized series-fed printed slot antenna element.

Fig. 2. The detailed dimensions of the series element, (A) Front view, (B) Back View.
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termination elements. A series element is a type of
element that is repeated in a chain to form a linear
array. The last element in the linear array is the
termination element. The series-fed arrays are used
for designing the linear array as they can provide a
good radiation pattern with a simple feeding
network structure, which is needed in our work.
Also, the series-fed arrays have been demonstrated
to be an effective configuration for increasing an-
tenna efficiency because the length of feedline runs
is significantly reduced compared to the conven-
tional tournament feed system (Metzler, 1981).
Finally, a synthesized feeding network is designed
to connect the linear arrays to form the planner
array. The subsections that follow describe the steps
of the antenna design.

2.1. Single element

As previously discussed, the proposed antenna
design is divided into two main parts: the series
element and the termination element. The design
concept of the two elements is approximately the
same. The elements consist of two perpendicular
slots etched on the ground plane (Li et al., 2011), and

two series microstrip feed lines are printed on the
opposite plane of the antenna element. The series
antenna element's general view is shown in Fig. 1,
which shows the position of the slots relative to the
feeding lines and describes the port numbers. Using
two etched ±45� slanted slots, two orthogonal radi-
ating modes are excited at the antenna's resonant
frequency. This geometry allows radiating in two
orthogonal polarizations.
To achieve maximum coupling, the feeding lines

cross the etched slots with sloping line sections
perpendicular to the etched slot (Vallecchi and
Gentili, 2005). To improve radiation efficiency, step
impedance matching is used to match the imped-
ances between the slot and the microstrip line
(Wang and Chen, 2014). To achieve the traveling-
wave mechanism, each section of the antenna is
impedance-matched to the feed line impedance
(Pozar and Schaubert, 1993). All ports have a 50 U
impedance termination. The input ports for the two
slanted slots are ports 1 and 4. Fig. 2 and Table 1
show the dimensions of the series element. To
change the phase of the transmission coefficient, the
length of the feeding line sections can be stretched
or decreased (Vallecchi and Gentili, 2005). The
phase between two subsequent elements can be
adjusted using this approach without changing the
distance between them by modifying the length of
L3. Fig. 3 shows the effect of modifying the length L3

on the phase difference between the input and
output ports of one element. The feeding line's
length and width are chosen to provide the neces-
sary impedance matching as well as in-phase char-
acteristics between the successive elements.
To provide good radiation efficiency, the series

elements should be terminated by a matched load
(Vallecchi and Gentili, 2005). The terminating an-
tenna element, shown in Fig. 4, has the same
structure as the series antenna element, but the feed
lines have been altered to serve as a matched load.
To get a 50 U impedance match, the slot and stub
lengths are modified. The termination element is
designed to emit radiation at the same center fre-
quency as the series element, which is 5.3 GHz. The
termination element is designed such that only one
port is terminated, and the other port acts as the
series element. By using this technique, the linear
array can be fed from two opposite directions. Each
feeding line is responsible for a single-slanted po-
larization. This simplifies the planar antenna array
design by allowing the feeding network to be posi-
tioned on the same antenna layer on both sides of
the antenna array. The concept of planar antenna
design is introduced in the following section. Two
termination elements are designed, and the linear

Table 1. The dimensions of the series element.

Parameter Value (mm) Parameter Value (mm)

SL 31.5 Sw 1
dy 9.66 GL 52
L1 9 W1 1.8
W2 0.5 L3 2
L4 10.88 W4 0.3
W5 0.4 L6 9
L7 3 W7 1.8
dx 23.19 W3 0.4
GW 39.5 L5 2
L2 5 W6 0.5

Fig. 3. The effect of L3 length on the phase.
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array is terminated by one element from the top and
the other element from the bottom. The design
principle for the two elements is the same, with a
few modifications to match the slot direction. Table
2 shows the dimensions of the termination element.

2.2. Single column antenna array

The series antenna elements are cascaded to
produce a linear antenna array as shown in Fig. 5.
The column antenna array is terminated from both
sides by the termination elements. The separation
between two successive elements (d) is equal to
0.69lo ¼ 39.5 mm (lo is the wavelength at the
operating frequency of fo ¼ 5.3 GHz). The linear
array consists of 18 series elements and 2 termina-
tion elements. The overall dimension of the column
is about 78.9 � 5.2 cm2. The input port for the þ45�

slanted polarization is at the top of the array, and
the other polarization is at the bottom of the array.

2.3. Synthesized planar antenna array

To shape the radiation pattern, an antenna radi-
ation pattern synthesis algorithm is used. The

algorithm is based on a combination of the MoM
(Harrington, 1993) and the GA (Haupt and Werner,
2010; Rahmat-Samii and Michielssen, 1999). The
algorithm reduces several elements using uniform
or non-uniform element spacing. The MoM pro-
vides a deterministic solution for the excitation co-
efficients. On the other hand, the GA is used to
estimate the optimum element locations to obtain
the required radiation pattern within a minimum
tolerance. As described in (Hussein et al., 2011), the
Hybrid MoM/GA algorithm is applied to the syn-
thesis of both symmetric and asymmetric radiation
pattern distributions with a minimum number of
elements. Also in (Eldosouky et al., 2013), a combi-
nation of the Fourier transform, curve fitting, and
the genetic algorithm synthesizes linear arrays. This
approach produces the required radiation shape
using a minimum number of antenna elements by
producing the optimum spacing and excitations of
the antenna array elements. Table 3 shows the
generated excitations from the MoM/GA algorithm.
As depicted in Table 3, the algorithm is used to

produce symmetric and unequal field distributions
across the antenna elements. The planar antenna
uses the corporate feeding technique to feed the
complete antenna (Riyazuddin and Bharath, 2015).
The Wilkinson power divider is used as the main
element in the feeding network (Lv et al., 2015). The
planar antenna array is designed by repeating the
single-column array in the x-direction and con-
necting it with Wilkinson power dividers. The
power dividers are designed to deliver in-phase
excitation with unequal power for the antenna array
elements. The power ratio shown in Table 3 de-
scribes the required power that should be applied to
each linear array. In order to design a feeding

Fig. 4. The detailed dimensions of the termination element, (A) Front view, (B) Back View.

Table 2. The dimensions of the Termination element.

Parameter Value (mm) Parameter Value (mm)

SL 31.5 Sw 1
dx 23.19 dy 9.66
GW 39.5 L1 9
L2 5 W2 0.5
W3 0.4 L4 3
L5 5 W5 1
SL 31.5 L3 7
GL 52 W4 0.3
W1 1.8
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network to deliver the antenna elements with the
required excitations according to Table 3, two pro-
posed feeding distributions are shown in Figs. 6 and
7. The distribution in Fig. 6 is less complex in its
design due to the equal wave paths from the main
feeding port to the targeted output ports, which
result in equal phases at the output port as required
from the excitation coefficients in Table 3. But un-
fortunately, this configuration results in a power
division ratio of 24%e76% between the two
branches of some power dividers. This results in an
unrealizable transmission line width in the low-
power branches. The solution to this problem is to
follow the distribution shown in Fig. 7. Fig. 7 illus-
trates the second proposed feeding network used to
excite the linear antenna array.

Fig. 5. Antenna single column design.

Table 3. The required excitations for each antenna array element.

Element number Excitations Power ratio

P2 0.1121 1.34%
P3 0.1581 1.88%
P4 0.2922 3.48%
P5 0.4557 5.43%
P6 0.503 5.99%
P7 0.7574 9.03%
P8 0.9169 10.93%
P9 1 11.92%
P10 1 11.92%
P11 0.9169 10.93%
P12 0.7574 9.03%
P13 0.503 5.99%
P14 0.4557 5.43%
P15 0.2922 3.48%
P16 0.1581 1.88%
P17 0.1121 1.34%
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The proposed feeding network differs from the
conventional one in that it significantly reduces
dividing ratios, which can be efficiently designed and
fabricated. The drawback of this structure is that it
suffers from a phase difference between the output
ports. It's required to drive the antenna element in
phase to get the required far-field radiation pattern.
To overcome this problem, a meander line is used as
a phase shifter, which is placed on some power di-
viders' arms to compensate for the phase difference

between the output ports. This structure provides in-
phase excitations with the required field distribution
for each column. The feeding network consists of 15
Wilkinson power dividers. The delivered power at
each output port of the feeding network for the
symmetric and the proposed distributions are shown
in Tables 4 and 5), respectively. The tables show that
both feeding distributions can supply the required
power for each antenna element, but the proposed
design has more designable ratios.

Fig. 6. The conventional feeding distribution network.

Fig. 7. The proposed design of the feeding network.

Table 4. The required Wilkinson power divider ratios at each stage for
the conventional design.

Dividing ratio at each stage Delivered Power (%)

S1 S2 S3 S4

P2 0.27 0.41 1.33
P3 0.24 0.59 1.91
P4 0.73 0.4 3.50
P5 0.5 0.6 5.26
P6 0.4 0.4 6.08
P7 0.76 0.6 9.12
P8 0.6 0.47 10.72
P9 0.52 11.86
P10 0.6 0.52 11.86
P11 0.76 0.47 10.72
P12 0.4 0.6 9.12
P13 0.5 0.4 6.08
P14 0.73 0.6 5.26
P15 0.24 0.4 3.50
P16 0.27 0.59 1.91
P17 0.41 1.33

Table 5. The required Wilkinson power divider ratios at each stage for
the proposed design.

Dividing ratio at each stage Delivered Power (%)

S1 S2 S3 S4 S5 S6

P2 0.48 0.41 1.32
P3 0.55 0.59 1.89
P4 0.45 0.52 e 3.47
P5 0.54 0.45 e e 5.47
P6 0.5 0.4 e e 5.94
P7 0.55 0.6 e e 8.91
P8 0.46 0.48 e e e 11.04
P9 0.52 e e e 11.96
P10 0.46 0.52 e e e 11.96
P11 0.48 e e e 11.04
P12 0.6 e e 8.91
P13 0.5 0.55 0.4 e e 5.94
P14 0.54 0.45 e e 5.47
P15 0.45 0.52 e 3.47
P16 0.55 0.59 1.89
P17 0.48 0.41 1.32
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The distance between each output port is
designed to be 52 mm, which equals 0.9l0. The
feeding network is designed on the same substrate
as the antenna elements, as it will be impeded on
the same substrate as the complete antenna (Li
et al., 2014). Fig. 8 shows the planar antenna array
design. The antenna array consists of 16 linear ar-
rays connected by a tournament feeding network.
Two feeding networks are used to provide dual-
polarization radiation. One is placed at the bottom,
which is used to excite the �45� slanted polarization.

The other one excites the þ45� slanted polarization.
The total size of the array is 832 � 789 � 0.7972 mm3.
A reflector is placed in l0/4 which equals 15.7 mm,
to provide the required directive radiation (Bay-
derkhani and Hassani, 2010; Weily and Guo, 2009).

3. Results and discussion

The proposed antenna is simulated using the
Computer Simulation Technology (CST) software
on Rogers RT6002 substrate material with a dielec-
tric constant of er ¼ 2.94, substrate height

Fig. 8. The design of the proposed orthogonal-slots series-fed dual-polarized antenna array.
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(h) ¼ 0.762 mm, and loss tangent of 0.0012. RT6002
has been considered a substrate material because of
its high reliability characteristics for aerospace ap-
plications (Corporation R). The results of the series
element, termination element, linear array, and
planar antenna array are presented and discussed in
this section.

3.1. Single element

The results of the series element and termination
element are discussed in this section. The series
antenna element has four ports. Port 1 and port 4
are used as input ports for the dual-polarized an-
tenna. Port 2 and port 3 are terminated with 50 U to
match the series element impedance to the feed line
impedance. On the other hand, the termination
antenna element has only 3 ports. This element is
used to terminate one polarization and pass the
other one. The simulated reflection coefficients jS11j
and jS44j, the transmission coefficients jS21j and jS34j,
and the isolation coefficients jS31j and jS41j, of the
dual-polarized series antenna element are shown in
Fig. 9a. The S-parameters of the series element show
that the reflection coefficients are below �18 dB
across all the required bandwidth, and the trans-
mitted wave from one element to the next is above
�2 dB. That's due to the good matching provided by
the stepped impedance added to the feeding lines
between the feeding line and the 50 U termination
port.
Also, the simulated S-parameters of the termina-

tion element are shown in Fig. 9b. The reflection
coefficient for the section that is utilized as a series
element is represented as jS11j. This section's
transmission coefficient is given as jS21j, and its
value is �2 dB. The reflection coefficient of the
termination section is represented by the jS44j and
the isolation coefficient is described by jS41j. The
stepped transmission line that is added to the
termination section makes the jS44j under �10 dB
across the required bandwidth. As shown in the
figures, both proposed antenna elements cover the
required operational bandwidth (200 MHz), which
ranges from 5.2 GHz to 5.4 GHz.
The radiation patterns of the series antenna

element in �45� slanted polarization and þ45�

slanted polarization are shown in Fig. 10. The fig-
ures show that the main lobe magnitude is at 7.5
dBi, according to the figures. In addition, the figures
depict the effect of a broadside reflector mounted
behind the antenna. Also, the radiation patterns of
the termination antenna element are shown in
Fig. 11, which also provides the same gain as the
series element.

3.2. Column antenna array

This section presents the simulated results of the
column antenna array. The simulated reflection co-
efficients jS11j and jS44j for the two orthogonal po-
larization inputs as well as the isolation coefficients
jS41j and jS14j between the two inputs are shown in
Fig. 12. The combination between the series ele-
ments and termination elements that are matched at
the same resonant frequency, 5.3 GHz, makes the
column antenna array cover the required opera-
tional bandwidth. The figure shows that the antenna
covers a range of frequencies extending from 5.2 to
5.4 GHz. The use of a low-loss substrate improves
the radiation characteristics of the antenna, which
reflects on the gain of the column array. Fig. 13
shows the gain versus frequency, where it can be
noted that the gain of the column antenna array is
greater than 15 dBi within the required operating
bandwidth. Fig. 14 depicts the polar radiation
pattern in the �45� slanted and þ45� slanted

Fig. 9. The simulated S-parameter results of (a) series element and (b)
termination element.
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polarizations. The figure shows that the beamwidth
in the range direction is approximately 4.2�.

3.3. Planar antenna array

This section compares the equal distribution and
the synthesized distribution planar array designs.
The planar array is simulated using the array factor
option in CST. First, the number of elements is
selected to be 16 with an equal distribution. As
shown in Fig. 15, the SLL is �12.7 dB and the HPBW
is 3.5�. As described above, the MoM/GA algorithm
is used to optimize the SLL.

The new synthesized distribution is used to
simulate the antenna array. The figure also shows
that the synthesized distributions enhance the SLL
for the same number of elements. The new array
produces an SLL of �27.2 dB with an HPBW equal
to 5.1�. The radiation pattern output in polar co-
ordinates is shown in Fig. 16. It can be noted that the
range beamwidth is about 4.2�, as it is the same as
the column array. The simulated gain of the antenna
array is about 30 dBi for both polarizations.
Table 6 summarizes the performance of the pro-

posed synthesized orthogonal-slots series-fed dual-
polarized SAR antenna array with previous works.

Fig. 10. The simulated radiation pattern of the dual-polarized series element at 5.3 GHz. (a) �45 slanted polarization at phi ¼ 90�, (b) �45 slanted
polarization at phi ¼ 0�, (c) þ45 slanted polarization at phi ¼ 90� (d) þ45 slanted polarization at phi ¼ 0�.
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Fig. 11. The simulated radiation pattern of the dual-polarized termination element at 5.3 GHz. (a) �45 slanted polarization at phi ¼ 90�, (b) �45
slanted polarization at phi ¼ 0�, (c) þ45 slanted polarization at phi ¼ 90� (d) þ45 slanted polarization at phi ¼ 0�.

Fig. 12. Simulated S-parameters for the column array. Fig. 13. Simulated gain over frequency of the proposed column array.
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The proposed antenna is subjected to arbitrary
application of the synthesized algorithm, such as
MoM/GA. It means arbitrary beam shape, beam
width, and SLL can be achieved using the proposed
antenna array. To apply the MoM/GA algorithm, a
feeding network with specific excitation should be
designed. A novel feeding network design is pro-
posed to provide the required excitations with an
easy-to-design and fabrication structure.
The proposed structure is a single-layer planar

antenna array that is easily fabricated compared to
the multilayer arrays (Kashihara et al., 2023; Yu
et al., 2020), and the 3D waveguide structure array
(Ravindra et al., 2017). The proposed antenna can

Fig. 14. The simulated radiation pattern of a single column array at 5.3 GHz. (a) �45 slanted polarization at phi ¼ 90�, (b) �45 slanted polarization
at phi ¼ 0�, (c) þ45 slanted polarization at phi ¼ 90� (d) þ45 slanted polarization at phi ¼ 0�.

Fig. 15. The difference between the equal distribution and synthesized
distribution for the same number of elements.
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achieve an approximate similar gain as in (Ravindra
et al., 2017), but with smaller dimensions relative to
the wavelength and a simpler structure. The an-
tenna should provide dual polarization radiation, in
comparison with the linear polarization in (Yu et al.,
2020). In (Kashihara et al., 2023), the presented work
provides dual circular polarization by duplicating
the antenna. It is considered to target an oriented
antenna design in contradiction to our proposed
work that suits arbitrary beam shapes.

The proposed antenna can achieve a low SLL in
the range direction due to the use of the MoM/GA
synthesized coefficients compared to previous
works. Due to its larger structure, the array in
(Ravindra et al., 2017) provides a smaller beamwidth
of 2.4� in the azimuth and range planes compared to
5.1� in the azimuth plane and 4.2� in the range plane
in the proposed work.
The proposed work achieves a high gain of 30 dBi

with an exceptionally low SLL of �27.2 dB in the

Fig. 16. The simulated radiation pattern of the planar array at 5.3 GHz. (a) �45 slanted polarization at phi ¼ 90�, (b) �45 slanted polarization at
phi ¼ 0�, (c) þ45 slanted polarization at phi ¼ 90� (d) þ45 slanted polarization at phi ¼ 0�.
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range direction. The proposed antenna can also
produce a dual-linear polarization, which is needed
to improve the resolution of the sensor. The pro-
posed design achieves narrow beam widths of 5.1�

and 4.2� in range and azimuth directions, respec-
tively. The antenna array has a simple design with a
very low profile, which reduces the fabrication and
integration challenges. Also, fabricating the overall
antenna on a single substrate improves the an-
tenna's reliability and efficiency. The SLL in the
azimuth direction is �12.7 dB, which is not as good
as some of the reported investigations, and it can be
improved by applying a different field distribution
across the linear array.

4. Conclusions

A synthesized planar antenna array with low SLL,
high gain, and capable of radiating with dual linear
polarizations has been proposed for C-band space-
borne SAR applications. The array is composed of
16 � 18 antenna elements. The proposed array uses
the series feed technique to connect the linear col-
umn arrays and the corporate feed to form the
planar array. The series feed technique reduces the
loss generated by a large feeding network. And the
corporate feeding technique provides flexibility in
designing an array with specific excitation values,
which can improve the SLL. By merging the features
provided by the two feeding techniques and build-
ing the overall antenna on a single substrate, the
efficiency, gain, and SLL of the antenna are
enhanced, which enhances the capability of the
sensor. The MoM/GA algorithm is used to generate
a synthesized field distribution across the planar
array, which enhances the SLL. The drawback with
the MoM/GA is that it produces excitations that
cannot be easily applied. To overcome this problem,
A novel feeding network design is proposed to
obtain the required excitations without the use of
power dividers with high dividing ratios. The
designed feeding network provides the same
required excitations but narrows the large gap be-
tween the dividing ratios, which makes it more

applicable. The proposed design simplifies the
design of the feeding network and therefore the
overall antenna. The antenna achieves a
jS11j<�10 dB bandwidth from 5.2 GHz to 5.4 GHz,
an HPBW of 4.2� in the range direction, 5.1� in the
azimuth direction, and a peak gain of 30 dBi. The
SLL is �12.7 dB and �27.2 dB in azimuth and range
directions, respectively. In future work, the SLL in
the azimuth direction needs more improvement;
this can be done by controlling the field distribu-
tions for each element in the column array.
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