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Abstract— The increasing demand for high-performance wireless communication systems has driven the
development of compact antennas that can support wideband operation, particularly in the 5 GHz frequency
range. Microstrip patch antennas (MPAs) remain attractive for such applications due to their low profile and
ease of integration, although achieving a wide impedance bandwidth remains a key challenge. This paper
presents a low-profile MPA with a wideband response designed for the 5 GHz band of wireless communication
systems. The proposed MPA is implemented on a single-layer FR-4 substrate with a thickness of 1.6 mm and
is excited using a coaxial probe feed. To achieve a wide impedance bandwidth, a U-shaped patch is utilized as
the primary radiator, complemented by a slot, a parasitic element, and a rectangular ring surrounding the
main resonator, aiming to generate multiple resonant modes and improve impedance matching. The influence
of each modification on antenna performance is systematically analyzed. To validate its performance, the
proposed MPA is fabricated and measured, with the obtained results compared to the simulated ones.
Simulation and measurement results show good agreement, confirming that the proposed MPA achieves a
wideband response with a fractional bandwidth of 18.8% and a peak realized gain of 4.85 dBi. These results
highlight the effectiveness of the proposed design and demonstrate its potential for compact and wideband
wireless communication devices operating around 5 GHz frequency range.

Keywords— microstrip patch antenna (MPA); multi-resonant modes; parasitic element; U-shaped radiating patch; wireless

communication systems

I. INTRODUCTION

High-connectivity wireless networks have become an
essential requirement to accommodate the connectivity
demands of users in the digital era. These networks encompass
various technologies such as Wireless Local Area Networks
(WLANs or Wi-Fi) and mobile communication systems. To
meet increasing user demands, service providers must deliver
systems that ensure high data throughput, seamless
connectivity, and robust performance [1]. As these demands
continue to rise, wireless technologies have evolved and
advanced rapidly to meet modern communication needs. These
technologies are not limited to personal use but are also being
developed to support various sectors, including industrial,
biomedical engineering, and other emerging applications [2],
[3].

The reliability of wireless communication technology is
primarily determined by its constituent devices, one of which is
the antenna, which is integrated to front-end devices to enable
the transmission and reception of electromagnetic radiations. In
practice, antennas are required to adapt and operate efficiently
under dynamically changing propagation conditions. Their
performance under those environments is influenced by several
factors, including the operating frequency, bandwidth response,
and radiation characteristics. For instance, an antenna operating
at 5 GHz can provide a higher data transfer rate compared to
one operating at 2.4 GHz. However, it exhibits lower
penetration capability, and a shorter coverage range due to

attenuation and multipath propagation effects at higher
frequencies [4], [5]. Furthermore, the antenna bandwidth is
essential for supporting high data rates, as it enables greater
data transmission capacity [6], [7].

Due to their low-profile and planar structure, microstrip
patch antennas (MPAs) have been widely implemented in
various applications, including wireless systems. This type of
antenna can be realized in various radiating element shapes and
is easy to fabricate with a relatively low cost [8]. Another
advantage of microstrip antennas is their ease of integration
with other microwave devices. However, they generally exhibit
a low fractional bandwidth, typically less than 2% [9].
Meanwhile, supporting high data rate communication requires
a wider bandwidth to enable more efficient use of the radio
frequency spectrum and to accommodate multiple standards
within the designated frequency bands.

The impedance bandwidth of an MPA can be improved
through several techniques, such as using a thicker substrate,
feeding reconfiguration techniques such as proximity coupling,
or employing slot or defected ground structure [10] - [12].
Another method is to excite dual or multi-resonant modes. For
instance, a concentric shorting pins were utilized to control the
even- and odd-order mode positions, thereby achieving an
impedance bandwidth of 9% while maintaining a low-profile
configuration [13]. In [14], a high-permittivity dielectric feeder
was employed to excite a slot-loaded microstrip antenna and
generate multiple resonances, resulting in a bandwidth of 45%.
However, this configuration leads to a high-profile structure. A
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triple-mode wideband antenna was introduced in [15] by
combining two dual-mode antennas with coupled shorted
patches and slots. Additionally, in [16], multiple resonances
were produced using an anisotropic metasurface and a slot-
coupled feed, achieving a bandwidth of 56.1%.

In this work, an MPA incorporating a U-shaped patch, a slot,
and parasitic patches is proposed to generate multiple resonant
modes. The design employs simple geometric modifications,
including the U-shaped patch with a slot and parasitic elements
consisting of a rectangular patch and rectangular ring to achieve
a wideband response while maintaining a compact, low-profile,
lightweight, and simple feeding structure. This design enables
multi-resonant wideband performance without relying on
thicker substrates or multilayer arrangement. This study
presents both design and experimental validation of the
proposed wideband MPA intended for 5 GHz wireless
communication applications. To demonstrate its performance,
the antenna is designed in four different configurations, with
the one exhibiting the optimal impedance bandwidth and
matching performance subsequently fabricated and measured.
The remainder of this paper is organized as follows: the design
evolution of the proposed wideband multi-resonant MPA is
presented in Section II, the fabrication, measurement setup and
its results are discussed in Section III, and conclusions are
summarized in Section I'V.

II. METHOD

A. Design and Simulation of Multi-Resonant Antenna

The development of the proposed wideband multi-resonant
MPA configuration is shown in Figure 1. The antenna is
configured on a 1.6 mm thick FR-4 dielectric substrate with a
dielectric constant of 4.3. Initially, the configuration of MPA1
incorporates a U-shaped radiating element and is directly
excited using a coaxial probe feeding method with an
impedance characteristic of 50 Q as depicted in Figure 1(a).
The patch shape, which is utilized to generate dual resonant
modes within the desired frequency band, has /, and w, of 28
mm and 25 mm, respectively, and an arm width (z,) of 8 mm. It
is important to note that the feed point position significantly
influences the excitation of the antenna's resonant modes. In the
initial design, the feed point is located at the inner edge of the
left arm of the patch. In MPA2, a rectangular slot with a width
(s) of 1 mm is introduced into the antenna configuration. This
slot symmetrically cuts across the central section of the U-patch,
as illustrated in Figure 1(b). Since this slot positioned over the
radiating patch can induce a strong electric field around it, its
presence could excite or strengthen the antenna's resonant
modes within the existing frequency band.

As shown in Figure 1(c), a rectangular parasitic element is
employed and arranged at the center of the U-shaped patch,
separated by an air gap. This element, which serves as a passive
resonator, alters the effective input impedance of the antenna
due to mutual coupling with the main radiating patch. This
modification aims to improve impedance matching near the
antenna’s resonant frequency, thereby increasing the fractional
bandwidth, while ensuring that the multi-resonant modes do not
experience significant shifting. The parasitic patch is
configured with /, and w;, of 19.5 mm and 8 mm, respectively.

The configuration of the proposed MPA as the final design
is illustrated in Figure 1(d). It incorporates an additional
element in the form of a rectangular ring surrounding the slot-
loaded U-shaped patch. The ring has a ;=32 mm and w;=28
mm, and t,=2 mm. The presence of the rectangular ring
improves the impedance matching of the first and third resonant
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Figure 1. Development of microstrip patch antenna configurations (a) MPAI,
(b) MPA 2 (c) MPA 3, and (d) the proposed MPA

frequencies compared to the previous design, while also
enhancing the overall operating bandwidth. In addition,
variation of the feed point at several locations on the main
radiator is also carried out to achieve satisfactory impedance
matching over the target frequency band, with the reflection
coefficient (|S11]) results shown in Figure 2. Notably, the feed
locations labelled as point B and E, which share identical x-
coordinates but differ in y-coordinates, produce nearly identical
results. Among these, point E provides the optimal impedance
matching and is therefore chosen as the excitation point for the
proposed antenna. The proposed antenna has an overall
dimensions L and W of 60 mm x 60 mm, respectively.

To demonstrcoefficientsdwidth improvement among all
MPA configurations, the simulated frequency response and
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Figure 2. Simulated |S;;| of the proposed MPA with various feed location
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Figure 3. Comparison of the bandwidth performance among different MPA
configurations

reflection coefficient are plotted in Figure 3. The results show
that MPA1 exhibits two resonant modes, TM,, and TM,,, at
5.0 GHz and 5.9 GHz, respectively. Meanwhile, the slot-loaded
U-shaped patch in MPA2 introduces an additional mode
between the first two resonant frequencies, corresponding to
TMy,, at 5.7 GHz. This configuration produces a multi-
resonant response with two adjacent operating bands. The
bandwidth is further increased through the incorporation of a
parasitic element, achieving a fractional bandwidth (fsw) of
16.8 %. In the final design, the addition of the rectangular ring
increases the operating bandwidth from 4.969 GHz to 6.001
GHz, effectively covering the entire 5 GHz band.

Figure 4 shows the current density distribution on the
surface of the proposed wideband multi-resonant MPA at three
representative frequencies within its operating bandwidth. The
simulated results illustrate that the current is highly
concentrated on the left arm of the main U-shaped radiating
patch, where the radiation intensity is strongest at the lowest
mode (TM,,), as shown in Figure 4(a), and gradually decreases
as the frequency increases. This indicates strong excitation at
5.17 GHz. Furthermore, a noticeable change in the current
direction is observed at 5.17 GHz and 5.5 GHz, where the
current tends to flow away from the feed point. Meanwhile, at
5.9 GHz, it reverses toward it as a higher-order mode is excited.
This change in current distribution confirms the excitation of
multiple resonant modes, leading to a wideband antenna
response. Moreover, this behaviour could result in distinct
radiation characteristics of the antenna at each resonant mode.
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Figure 4. Current density distribution on the surface of the proposed wideband
multi-resonant MPA at three different frequencies within the operating
bandwidth (a) 5.17 GHz (b) 5.5 GHz, and (c) 5.9 GHz
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B. Realization and Measurement of Multi-Resonant Antenna

The proposed wideband multi-resonant MPA  was
fabricated and experimentally characterized to verify the design
and evaluate its actual performance. The prototype of the
proposed antenna, which incorporates a slot-loaded U-shaped
patch, a parasitic patch, and a rectangular ring, is depicted in
Figure 5(a). The antenna was fabricated using an etching
process, with FR-4 employed as the dielectric substrate. A 50
Q SMA connector was used as the excitation probe, with outer
and inner conductors soldered to the ground plane and the U-
shaped patch, respectively. The dimensions of the fabricated
antenna remain consistent with the design at 60 mm x 60 mm
x 1.6 mm. The performance of the antenna prototype, referred
to as the antenna under test (AUT), was measured and
evaluated over the frequency range of 4 GHz to 7 GHz,
covering the 5 GHz band. The measurements include the
magnitude of |Sii|, gain and radiation pattern. For the |Sy]
measurement, the AUT was connected to a vector network
analyzer (VNA), while the radiation characteristics were
measured inside an anechoic chamber, as illustrated in Figure
5(b). In this setup, the AUT was positioned at a far-field
distance from the reference antenna, which in this case is a horn
antenna.
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Figure 5. The proposed antenna (a) Fabricated prototype (b) Experimental
setup used for measuring radiation characteristics of the proposed wideband
multi-resonant MPA

III. RESULTS AND DISCUSSION

Figure 6 compares the simulated and measured |S1| of the
proposed MPA. The measured |S;;| exhibits a good impedance
matching below —10 dB from 4.96 GHz to 5.98 GHz,
corresponding to an impedance bandwidth of 18.56%, which
agrees well with the simulated result and fully covers the
targeted 5 GHz wireless communication band. Additionally,
the radiation performance in terms of gain and radiation pattern
is plotted in Figures 7 and 8, respectively. From the results, the
measured peak gain is obtained at 5.67 GHz with a value of
4.85 dBi, while the simulated one is 5.89 dBi at 5.5 GHz. The
slight discrepancy is attributed to fabrication tolerances,
soldering issues, and measurement uncertainties.

To further evaluate the antenna performance, Figure 8
compares the simulation and measurement results of radiation
patterns at three resonant frequencies, namely 5.17 GHz, 5.5
GHz, and 5.9 GHz, for both co-polarization (red curves) and
cross-polarization (blue curves). The co-polarization and cross-
polarization components were measured by orienting the AUT
along its main polarization and orthogonal axis, respectively,
following standard far-field measurement procedure. It can be
observed from the measured result that the proposed MPA
maintains good polarization in the E-plane, showing minimal
unwanted orthogonal radiation across the operating bandwidth.
This is indicated by the strong cross-polarization suppression,
particularly at the lower frequencies of 5.17 GHz and 5.5 GHz.
However, at 5.9 GHz, a slight increase in the cross-polarization
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Figure 6. Simulated and measured |Sy| of the proposed wideband multi-
resonant MPA
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Figure 7. Simulated and measured realized gain of the proposed wideband
multi-resonant MPA

TABLE L. PERFORMANCE COMPARISON WITH RELATED WORKS.
Peak
Antenna fo . Profile
Ref. % ain
Type (GHy  Sov O (%mi) o)
[17] MPA 5.80 8.5 10.5 0.030
[18] HMSIC 5.50 15.7 7.1 0.058
[19] HMA 5.45 18.1 10.9 0.068
[20] DPR 5.00 20.3 7.7 0.061
[21] MPA 5.50 16.5 10.4 0.073
[22] DRA 5.15 26.0 8.2 0.190
This — ripa 550 18.5 48 0.035
work

ho: the free-space wavelength corresponding to the center frequency (/o) of the antenna.

level is seen due to mutual coupling between the main radiating
patch and the rectangular ring. A similar behavior is observed
in the H-plane, where the effect becomes more pronounced at
higher frequencies. This effect is also reflected in the gain
performance, where a lower gain is achieved at 5.9 GHz.
Moreover, although the main beam is slightly tilted from the
normal direction due to asymmetric excitation in both planes,
the measured radiation patterns closely agree with the
simulated ones.

Table I presents the performance comparison between the
proposed wideband multi-resonant MPA and other reported
wideband antennas operating in the 5 GHz frequency band [17-
22]. The antenna reported in [17] achieved a high gain of 10.5
dBi and an impedance bandwidth of 8.5%, which was obtained
by exciting a higher-order mode through careful tuning of the
meander line dimensions. In contrast, a high gain half-mode
substrate integrated cavity (HMSIC) was proposed for WLAN
applications, offering a 15.7% bandwidth through the
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Figure 8. Simulated and measured radiation patterns of the proposed wideband

multi-resonant MPA at three frequencies within the operating bandwidth (a)
5.17 GHz (b) 5.5 GHz, and (c¢) 5.9 GHz

incorporation and optimization of a slot structure [18].
Compared with the proposed wideband multi-resonant MPA,
which maintains a comparable profile, the design in [17]
provides a narrower impedance bandwidth, limiting its use in
wideband scenarios. Similarly, the HMSIC in [18] exhibits a
slightly smaller bandwidth and a relatively higher overall
profile due to the use of a thicker substrate.

Furthermore, compared with other reported designs, the
proposed antenna achieves a balanced trade-off among
bandwidth, gain, and profile. The hybrid metasurface antenna
(HMA) and dielectric patch resonator (DPR) antennas reported
in [19] and [20] exhibit bandwidths of 18.1% and 20.3%,
respectively, along with higher gain than the proposed design.
However, these advantages come at the expense of increased
profile due to their double-layer configurations and additional
dielectric resonators. In [21], an MPA employing a composite
right/left-handed transmission line structure demonstrates
pattern diversity, switching between broadside and conical
modes depending on the excited resonant. Although it achieves
a higher gain of 10.4 dBi, its narrower fractional bandwidth of
16.5% and multilayer configuration reduces its compactness.
Meanwhile, the wideband dielectric resonator antenna (DRA)
was reported in [22] achieves a 26% bandwidth by exciting dual
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modes through a differentially fed substrate integrated cavity.
Nevertheless, this performance is accompanied by a relatively
high-profile of 0.194,, which is considerably thicker than that
of the proposed configuration.

In summary, Table I shows that the proposed antenna offers
a balanced combination of bandwidth, gain, and structural
compactness. The 18.5% fractional bandwidth fully covers the
5 GHz operating band, ensuring reliable performance for
wideband wireless systems. Its low-profile configuration
provides a clear advantage for space-limited applications where
antenna height becomes a critical design factor. Despite its
compact size, the antenna maintains good radiation
characteristics, achieving a broadside gain of 4.8 dBi, which is
suitable for applications that require stable and directional
radiation. These features demonstrate the practical
effectiveness of the proposed design for wideband
communication scenarios.

IV. CONCLUSION

A wideband multi-resonant MPA has been designed and
characterized through simulation and measurement to
demonstrate its performance. The results conclude that the
proposed MPA, which employs a slot-loaded U-shaped patch,
a parasitic element, and a rectangular ring surrounding the main
radiator, can induce multiple adjacent resonant modes,
providing a wide bandwidth that covers the entire 5 GHz
frequency band. The antenna exhibits a directional radiation
pattern with a gain of 4.85 dBi, making it suitable for wireless
communication systems, including WLAN and other wideband
applications within the operating frequency. Additionally, this
multi-resonant MPA maintains a low-profile structure with a
simple design and configuration. Further improvements in gain
performance will be addressed in future work.
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