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Introduction

Abstract: This research focuses on the design and simulation of a 4x1
microstrip array antenna with a proximity-coupled supply technique for Ku
frequency band applications, especially in microwave imaging. The antenna
is designed to operate in the frequency range 12 - 16 GHz, with a resonance
frequency of 14 GHz, using a Duroid 5880 substrate which has a thickness of
3.15 mm and a relative permittivity of 2.2. Array configuration and proximity-
coupled techniques are applied to improve impedance matching as well as
expand bandwidth. Evaluation through simulation includes important
parameters such as return loss, gain, and radiation patterns. The simulation
results show a return loss of -26.46 dB at a frequency of 14 GHz, which shows
high transmission efficiency with minimal reflections. The radiation patterns
in the azimuthal and elevation planes show consistent directivity, with stable
gain throughout the frequency range. These results confirm that the designed
microstrip array antenna is suitable for microwave imaging applications in the
Ku band. The antenna design in this research produces high efficiency,
directional radiation, and minimal signal loss, so it is able to support accurate
and detailed imaging.

Keywords: Ku-Band; Microstrip array antenna; Proximity-coupled feed;

Radiation pattern; Return loss

Microstrip array antennas, with their low profile, ease of
fabrication, and compatibility with integrated circuits,

The Ku frequency band, operating in the 12 - 18
GHz frequency range, plays an increasingly important
role in satellite communication applications (Zhong et
al., 2021; Carkaci et al., 2020), radar systems (Nikulin et
al., 2024; Xiao et al., 2020), and broadband applications
(Phaneendra et al., 2022; Sadadiwala et al., 2022; Qiao et
al., 2023). This frequency band supports high data rates,
enabling high-speed large data transmission capacity,
which is highly desirable for systems where efficient
information transfer is important. This frequency is also
ideal for commercial satellite operations (Ho et al., 2019),
where higher frequencies provide greater capacity and
wider coverage. However, designing antennas for high
frequency bands is challenging, especially in
maintaining high efficiency, consistent gain, and
impedance matching across the frequency range.

How to Cite:

offer advantages that make them ideal for Ku frequency
band applications (Madiawati et al., 2022a; Anindito et
al., 2021; Aulia et al., 2021).

Various studies have also tested power supply
techniques to improve antenna performance at high
frequencies (Elijah et al., 2020; Chen, 2022; Mishra et al.,
2019). One technique that has proven effective is
proximity-coupled power, which increases bandwidth
and improves impedance matching by separating the
layer between the power line and the transmitter patch.
Research by Ccoillo-Ramos et al. (2021) and Shirkolaei
(2020) shows that this technique widens the bandwidth
of microstrip antennas for X-band applications, with
return loss below -10dB and wider impedance
bandwidth. Research by Satrusallya et al. (2021), also
shows that this method can increase the gain and
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radiation efficiency of Ku-band microstrip antennas,
although it focuses more on maximizing the gain.
Various supply techniques have been explored to
improve antenna performance at high frequencies, one
of which is the proximity-coupled supply technique
which has been shown to be effective in improving
impedance matching and widening the bandwidth. In
this study, simulations were conducted to evaluate the
performance of Ku-band microstrip antennas with this
technique. The simulation results show that the design
of Ku-band microstrip antennas with the proximity-
coupled supply technique is not only able to increase
transmission efficiency, but also maintain gain stability,
improve more directional radiation patterns, and
significantly reduce return loss.

Method

This research methodology follows a systematic
workflow summarized in the flowchart in Figure 1.
However, before each stage of the methodology is
described in detail, the theoretical foundations that serve
as the main foundation for the design and analysis of this
antenna will be presented first. These relevant
theoretical foundations include:

Microstrip Array Antenna

Microstrip antennas are a type of antenna that is
widely used because they have advantages in terms of
small size, light weight, and ease of integration with
circuits (Madiawati et al., 2022b). However, microstrip
antennas have several disadvantages, such as limited
bandwidth and relatively low gain (Madiawati et al.,
2020). Nevertheless, microstrip antennas are ideal for
applications that require compact and efficient designs,
especially in the Ku frequency band, which has a
frequency range of 12-18 GHz and is widely used in
satellite communications and radar applications.

Proximity-Coupled Feed

The proximity-coupled feed technique is one
method used to improve the performance of microstrip
antennas at high frequencies. This feed separates the
layers between the patch and the feed line, and the feed
line is placed in a separate layer from the substrate. The
main advantage of this technique is that it can increase
bandwidth and improve impedance matching
(Sowijanya et al., 2022; Fistum, 2017). By separating the
feed and patch layers, interference can be reduced,
resulting in a more stable radiation pattern and
increasing antenna efficiency. In addition, this feed
allows for better impedance matching and minimizes
signal reflections. This feed also reduces cross-
polarization, which is often a problem in microstrip
antennas with direct feed methods.
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Figure 1. Proximity coupled array antenna flowchart
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Ku Frequency Band

Microwave frequencies cover the range of 1-300
GHz, with wavelengths ranging from 1 mm to 30 cm,
making them very suitable for various applications such
as satellite communications, radar, and broadband
systems. In the Ku band (12-18 GHz), microwaves offer
large data transmission capabilities with high efficiency
and wide coverage, although there are challenges such
as material losses, interference, and decreased antenna
efficiency at high frequencies. Therefore, antenna design
in this range must consider precise element dimensions
to achieve optimal parameters, such as low return loss,
stable gain, and directional radiation patterns. A mature
theoretical and simulation approach is essential,
especially in applications such as microwave imaging,
where the accuracy of the antenna response at high
frequencies plays a critical role in producing high-
quality imaging.

Microwave Imaging

Microwave imaging is a technology that utilizes
electromagnetic waves at microwave frequencies to
detect, visualize, or map objects or environments based
on the interaction of microwaves with materials, such as
reflection, transmission, and absorption. This
technology is widely used in various applications, such
as security, medical, and subsurface structural imaging,
because it has good penetration ability on non-metallic
materials and provides high resolution. In medical
applications, microwave imaging can detect dielectric
changes in body tissues, such as for breast cancer
diagnosis (Wang, 2023; Benny et al.,, 2020) or brain
imaging (Rodriguez-Duarte et al., 2021), while in the
security field, it is used to detect hidden objects under
clothing or building structures (Wang et al., 2019). The
Ku frequency band, with its short wavelength, allows for
more precise imaging, especially when supported by a
microstrip array antenna capable of producing a
directional and efficient radiation pattern. Therefore,
antenna design for microwave imaging requires
parameter optimization, such as gain, radiation pattern,
and return loss, so that the system can produce accurate
imaging with high resolution. This study aims to design
a microstrip array antenna that can be used in
microwave imaging applications in the Ku frequency
band, which is expected to improve imaging accuracy
while maintaining transmission efficiency in high-
frequency systems.

Simulation Testing Parameters

In the evaluation of antenna performance, there are
several main parameters that are analyzed to ensure the
design functions as needed. These parameters reflect the
effectiveness of the antenna in various aspects,
especially in applications in the Ku band. The following
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are the parameters tested in this study (Yuliarto et al,,
2021).

Return Loss (§11)

Return loss is a measure of power reflection in
logarithmic format. This parameter describes the
amount of power that cannot be transmitted optimally
due to a mismatch between the antenna and the
transmission line. As a result of this mismatch, some of
the power is reflected back instead of being radiated. The
smaller the return loss value, the greater the power
transmitted, which indicates the efficiency better
antenna performance.

Gain

Gain measures the ratio of the power radiated by an
antenna to the power of a reference antenna. This
parameter indicates the increase in power radiated in a
particular direction compared to a reference antenna
that radiates power in the same direction. The higher the
gain, the stronger the antenna focuses energy in one
direction, which increases transmission efficiency.

Radiation Pattern

The radiation pattern describes the distribution of
energy radiated by an antenna in three-dimensional
space. This parameter is evaluated in two main areas,
namely: (a) Elevation plane, describes the distribution of
antenna signals in the vertical plane. (b) Azimuth plane,
describes the distribution of antenna signals in the
horizontal plane.

Analysis of these parameters is very important to
ensure that the antenna performance is in accordance
with the application needs in the Ku frequency band.
Low return loss, optimal gain, and directional radiation
patterns are the main indicators of the success of antenna
design in supporting transmission efficiency and signal
quality. By understanding the relationship between
these parameters, antenna design can be improved to
provide the best performance in satellite
communications and microwave imaging applications.

Proposed Antenna Design
A microstrip array antenna designed to operate in
the Ku-Band with a center frequency of 14 GHz, using a
proximity-coupled supply technique. This supply
technique separates the patch layer and the supply
channel layer. The antenna design in this study has 5
layers consisting of the top layer as a layer of 4 patches
arranged in a 4x1 configuration, each measuring 7 mm.
Then the second layer is the substrate which is located
directly below the patch. Then the supply channel,
located between the substrates which are placed in the
third layer. This supply channel is a quarter wave long,
connected to a 100 Q supply. Finally, the bottom layer is
945
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the ground plane connected to the SMA connector. The
antenna design that has been done can be seen in more
detail in Figure 2.

]
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Figure 2. 4x1 Microstrip antenna configuration
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Figure 3. Side view of 4x1 microstrip antenna

The substrate material used is RT Duroid 5880 with
a thickness per layer of 1.575 mm, resulting in a total
thickness of 3.15 mm. The dimensions of the proposed
antenna are 60 mm x 27.3 mm which is in accordance
with the characteristics of the Ku-band. The resonant
frequency is determined by the dimensions of each patch
element and the dielectric substrate. The proposed
working frequency is determined by the working
frequency of each patch element. Theoretically, the
resonant frequency (f;) of the patch can be calculated
using the dimensions and the relationship of its
parameters, including patch length (I,), patch width
(wp), substrate relative permittivity (g,), and antenna
thickness (t;). This relationship is shown by the
following formula (1) - (3): (Mar Phyo et al., 2020; Joshi
et al., 2019; Natalia et al., 2025).

c c 2

lp = ZI w, = Z o1 (1)
AL (eeff+0.3)(":—5+0.264)
2 — 0412 N @)
ta (seff—o.zss)(t—fm.s)
Ertl gr—1
foff = “Fm 3)
Wp
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where [,,, wp, and f are the length and width, and the
resonant frequency of the antenna, respectively, c is the
speed of light 3 x 108 m/s, &, and &, are the relative
permittivity and effective relative permittivity of the
substrate dielectric, respectively, Alp and ta are the
length of the fringe extension and the thickness of the
antenna. The detailed dimensions of each element in the
proposed antenna can be seen in Table 1.

Table 1. Microstrip Antenna Dimensions

Element Value (mm)
Antenna length (1.) 60
Antenna width (wa) 27.3
Patch length (1) 7
Patch width (wp) 7
Distance between patches (d;) 8
Transmission line width 509 (wso) 1.6
Transmission line width 1009 (w1oo) 0.3

The proximity-coupled feed technique was chosen
because of its ability to overcome the drawbacks of
microstrip antennas, including smaller bandwidth,
lower emissions, and better gain. It separates the patch
from the transmission line through different substrate
layers, which helps reduce interference and produces a
more stable radiation pattern. Compared with the direct
feed method, the proximity-coupled technique offers the
advantage of reduced cross-polarization. It also allows
for better impedance matching, minimizes signal
reflections, and provides greater flexibility in tuning the
resonant  frequency, making it particularly
advantageous for high-frequency applications such as
the Ku-band.

Result and Discussion

After the dimensions of each antenna element are
determined, simulations are run to evaluate the
performance of the proposed antenna. Simulations are
performed with several parameters such as gain,
radiation pattern, and return loss using the ANSYS
HFSS software program. Matching the antenna
impedance to the operating frequency is determined by
the return loss parameter, also known as the scattering
parameter (S-parameter). An efficient antenna, with
little energy reflection is indicated by a return loss value
of less than -10 dB. In addition, radiation pattern
parameters are measured to assess the direction of the
signal radiation. Finally, analysis of the simulation
results of the gain parameters will determine the
capacity of the antenna to focus energy in a certain
direction. In addition, the antenna bandwidth is also
checked to ensure that the antenna can operate properly
in the desired frequency range.

946



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Return Loss (dB)
m
a1

26,46361775

12 125 13 135 14 145 15 155 16
Frequency (GHz)

Figure 4. Return loss simulation of 4x1 microstrip array
antenna

Figure 4 shows the simulation results of the return
loss of a 4x1 microstrip array antenna designed to
operate in the Ku band with a center frequency of 14
GHz. From the graph, the antenna achieves a return loss
value of -26.46 dB at a frequency of 14 GHz. This result
shows excellent power delivery performance and
indicates that only a small portion of the energy is
reflected to the source. In addition, the graph also shows
that the return loss value is below -10 dB in the
frequency range of 12.8 GHz - 15.4 GHz, indicating that
the antenna can operate efficiently in that frequency
range. This shows that the antenna has a bandwidth of
about 2.6 GHz, which is wide enough for applications in
the Ku band.

Figure 5 shows the simulation results of the
radiation pattern on the H-plane, which shows good
signal focus on the horizontal plane with a strong main
lobe pointing to 0°. Meanwhile, the side lobes are very
small, indicating the antenna's ability to focus the signal
in one direction very well. Applications that require
directional antennas, such as microwave imaging, can
benefit from the strong main signal and excellent
directivity of this antenna, as shown by the radiation
pattern on the H-plane. By focusing the signal in a
certain direction, this antenna can improve the efficiency
of signal transmission at Ku-band frequencies, as
measured by the resulting radiation pattern. Figure 6
shows the simulation results of the radiation pattern on
the E-plane. The radiation pattern on the E-plane shows
a more spread-out signal but still has a main lobe
centered at 0°. Although the main lobe remains focused
at 0°, the larger side lobes on the E-plane indicate that
the signal is radiated more widely in the vertical plane.
Although the radiation pattern of the E-plane is more
spread out compared to the H-plane, this antenna still
has good directivity, which is useful in applications that
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require signal spread over a wider area, such as
microwave imaging at Ku-band frequencies.
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Figure 5. Simulation of azimuth radiation pattern of 4x1
microstrip antenna
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Figure 6. Simulation of the elevation radiation pattern of a
4x1 microstrip antenna

The gain simulation results in Figure 7 show that
the microstrip array antenna for Ku band applications
has a peak gain of 9.50 dBi at a frequency of 14 GHz. In
the frequency range of 12.8-14.5 GHz, the gain remains
stable between 9.00-9.50 dBi, indicating that the
radiation emitted by the antenna remains focused in the
main direction. This is supported by optimal impedance
matching, thus ensuring good supply performance.
However, after passing the frequency of 14.5 GHz, there
is a significant decrease, with the gain dropping below 0
dBi at a frequency of 15.5 GHz. This decrease indicates
the limitations of the antenna's performance for
applications at frequencies above 15 GHz.
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Figure 7. Simulation of 4x1 microstrip antenna gain
Conclusion

The proximity-coupled feed technique for
microstrip array antennas operating in the Ku band has
been simulated. The results of the simulation show that
the return loss produced is -26.46 dB at a frequency of 14
GHz, which is in accordance with the target frequency
and indicates good performance in impedance
matching. Then, the directivity and main lobe also
produce a stable pattern in the H plane, so that it
matches the characteristics of microwave imaging. In
addition, in the frequency range of 12.8 - 14.5 GHz, the
antenna is able to focus energy efficiently as seen in the
peak gain results of 9.50 dBi and the gain range of 9.00 -
9.50 dBi. Overall, these results indicate that the proposed
antenna design meets the expected specifications and
has great potential for use in microwave imaging
applications. However, the results on the return loss
parameters may be even better if a patch is added or
used in a higher frequency, for example in the Ka
Frequency Band.
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