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Abstract

Microstrip antennas are widely used in modern communication
systems due to their compact size and low profile. However, they
typically suffer from narrow bandwidth, limiting their performance in
advanced wireless applications. This study addresses this limitation
by employing a triple dumbbell-shaped defected ground structure
(DGS). The antenna is designed to operate at 3.5 GHz using a
Rogers RT5880 substrate, and its performance was analyzed
through simulations in HFSS 15.0 software. Without the DGS, the
antenna exhibits a fractional bandwidth (FBW) of only 1.71%,
operating from 3.47 GHz to 3.53 GHz. Incorporating the triple
dumbbell-shaped DGS in the ground layer increases the FBW
significantly to 53.6%, extending the operating frequency range
from 2.39 GHz to 4.14 GHz. This improvement was achieved
through the careful optimization of DGS parameters. The simulated
gain at 3.5 GHz is 5.13 dBi. The proposed design demonstrates
superior performance compared to conventional techniques such as
split-ring resonators (SRR) and Butler matrix (BM) configurations.
Simulation and measurement results show excellent agreement,
validating the design. The achieved ultra-wideband performance
benefits 5G and next-generation systems, offering greater
frequency tolerance, diverse signal support, increased capacity,
and reliable operation, making the antenna a promising candidate
for future wireless applications.
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INTRODUCTION

The rapid development of 5G technology in
Indonesia has driven the need for advanced
wireless communication systems that support
higher data rates, low latency, and reliable
connectivity for a wide range of applications,
including  high-definition  video  streaming,
industrial automation, autonomous vehicles, and
the Internet of Things (IoT) [1]. These
applications demand antennas with wide
operational bandwidth, high efficiency, stable
radiation patterns, and robust performance
across multiple frequency bands. The design of
compact, low-cost, and ultra-broadband antennas

has therefore become a critical challenge in
modern telecommunications.

Microstrip antennas are widely adopted in
modern wireless systems due to their compact
size, low profile, lightweight structure, and ease
of integration with printed circuit boards (PCBs)
[2]. Their planar geometry allows for simple
fabrication and mass production, making them
attractive for consumer electronics, loT devices,
and communication infrastructure. Despite these
advantages, conventional microstrip antennas
are typically limited by narrow impedance
bandwidth and single-frequency operation, which
restricts their use in wideband or multi-band
systems [3][4].
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To overcome these limitations, researchers
have explored a variety of bandwidth
enhancement techniques. Among them, Defected
Ground Structures (DGS) have proven effective
in improving impedance bandwidth, reducing
mutual coupling, and enhancing radiation
characteristics [5-18]. Other approaches include
split-ring resonators (SRR) [19][20], Butler Matrix
(BM) configurations [21][22], parasitic elements
[23], and truncated microstrip patches [24]. Each
technique provides unique benefits: SRR and BM
methods can improve phase control and
bandwidth, parasitic elements enhance isolation
in MIMO systems, and truncated designs allow

compactness and miniaturization. However,
despite these improvements, most methods
remain inadequate for ultra-broadband

applications, with fractional bandwidths (FBW)
typically below 50%.

Conventional DGS configurations,
including rectangular, circular, or single
dumbbell-shaped slots, generally achieve FBW
between 20% and 40% [5-18]. Hybrid methods
combining DGS with other techniques or
advanced substrates, such as magneto-dielectric
(MD) materials and multi-walled carbon nanotube
(MWCNT) composites, have reported FBW
improvements up to 30% or higher [19-22]. While
these designs improve performance, they
introduce fabrication complexity and require
precise optimization of dimensions, materials,
and geometries. Other methods, including BM
and parasitic elements, provide selective
advantages but are either limited in bandwidth
improvement or involve complex design
procedures [21, 22 23]. Truncated microstrip
patch antennas with complementary split-ring
resonators show bandwidth enhancement and
size reduction, but still fall short of true ultra-
broadband operation [24].

Several studies have demonstrated
incremental improvements in FBW using
advanced DGS designs. For example, references
[7-10] report FBW improvements from 5.09% to
38% over frequency ranges from 2.4 GHz to 40.9
GHz. Hybrid and material-assisted methods have
achieved FBW up to 48.67% [19][20]. Although
these results are promising, they often require
complex  fabrication processes, intricate
optimization, or additional components, making
them less practical for cost-effective and
reproducible antenna designs. These
observations highlight the need for a simple yet
efficient approach to achieve ultra-broadband
performance.

To address these limitations, the present
study proposes a triple dumbbell-shaped DGS,
introducing three sequential dumbbell slots

beneath the microstrip patch. This configuration
increases the effective current path and coupling
in the ground plane, which reduces the antenna’s
Q-factor and significantly broadens impedance
bandwidth. By carefully optimizing the
dimensions and positions of the dumbbell slots,
the design enhances resonant mode interaction
and minimizes reflection losses. This strategy
differentiates the proposed antenna from
conventional single or hybrid DGS designs and
provides a systematic method to achieve ultra-
broadband operation.

The proposed antenna demonstrates a
simulated FBW of 53.6% and a measured FBW

of 51.4%, exceeding the 50% threshold
commonly used to classify ultra-broadband
antennas. The design maintains structural

simplicity, allowing easy fabrication with standard
PCB techniques. Simulation and experimental
results show excellent agreement, confirming the
effectiveness of the triple dumbbell-shaped DGS
in enhancing bandwidth while maintaining
desirable radiation characteristics. The design
outperforms conventional DGS, SRR, and BM-
based antennas in both bandwidth and overall
system simplicity.

The enhanced ultra-broadband
performance of the proposed antenna enables
support for diverse signal types, increases
system capacity, and ensures reliable operation
for 5G and next-generation wireless
communication systems. Its compact size, high
efficiency, and cost-effective fabrication make it
suitable for practical applications such as loT
devices, WLAN, RFID, and other wireless
infrastructure. By providing a simple yet highly
effective solution, this work contributes to the
advancement of broadband microstrip antenna
design and offers a promising candidate for
future wireless communication technologies.

METHOD

Based on previous research, a microstrip
antenna operating at 3.5 GHz for 5G
applications has been proposed, utilizing the
DGS method to enhance performance. The
triple dumbbell-shaped DGS is specifically
employed to broaden the antenna's bandwidth,
addressing limitations identified in earlier
studies. This research encompasses the entire
process of planning, fabrication, and
measurement of the antenna to evaluate its
performance and validate the effectiveness of
the DGS approach.

During the antenna design phase, HFSS

15.0 software is utilized for simulations,
comparing a conventional microstrip antenna
without DGS to a microstrip antenna
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incorporating DGS. Microstrip antennas are
known for their simplicity but often suffer from
narrow bandwidth, which this study aims to
address. The research focuses on how a
dumbbell-shaped DGS can effectively enhance
the bandwidth of microstrip antennas operating at
3.5 GHz. The researchers' work builds on
previous studies and seeks to improve results in
broadening the bandwidth of microstrip antennas
by implementing the dumbbell-shaped DGS.
The main contributions and novelty of this
work are summarized as follows:
1. Ultra-broadband performance via
dumbbell-shaped DGS:
This study introduces a triple dumbbell-
shaped defected ground structure (DGS) to
significantly enhance the fractional bandwidth
(FBW) of microstrip antennas. Compared to
conventional designs with an FBW of 1.71%,
the proposed design achieves an FBW of
53.6% at 3.5 GHz, specifically targeting 5G
applications. This demonstrates that the
novel triple dumbbell-shaped DGS effectively
overcomes the narrow bandwidth limitation
and achieves ultra-wideband operation,
which has not been reported in prior DGS-
based designs.
2. Systematic optimization of DGS parameters
for superior performance:
A comprehensive optimization of the DGS
geometry—including length, width, and
height of the dumbbell slots—was conducted
to maximize bandwidth and minimize
reflection (S11). The optimized design
(length = 40 mm, width = 2 mm, height = 8
mm) achieves the lowest S11 of -33.68 dB
and FBW of 53.6%, demonstrating the
effectiveness of precise parameter tuning.
This provides a practical guideline for
designing high-performance microstrip
antennas with DGS, emphasizing both
novelty and applicability in modern wireless
communication systems.

triple

Material

The microstrip antenna designed in this
research uses the Rogers RT5880 substrate,
which has a thickness of 1.575 mm and a

permittivity of 2.2, offering excellent
characteristics for antenna  performance.
Conventional techniques  for  enhancing

bandwidth, such as SRR, BM, and parasitic
elements, are often employed in antenna design.
However, these methods tend to offer only

marginal improvements or require complex
designs, which can limit their practical
applicability.

Previous studies on microstrip antennas
with DGS have often failed to fully exploit the
potential of specific configurations, such as
dumbbell-shaped structures, leaving room for
further optimization, especially at 3.5 GHz for 5G
applications. This research applies established
electromagnetic theory to achieve significant
performance improvements, which are rigorously
validated through  both  simulation and
measurement. The goal of this study is to design
and validate a microstrip antenna with enhanced
bandwidth at 3.5 GHz, making it suitable for
modern 5G applications, particularly in Indonesia
[10][25].

Conventional Antenna Design

In the initial stage, a conventional antenna
design is developed to understand the basic
characteristics of microstrip antennas without any
additional modifications. This stage involves
discussing the conventional antenna design
process, focusing on its fundamental design
principles and parameters. The performance
results from this design are evaluated and used
as a reference for subsequent stages of
modification aimed at improving antenna
performance.

Figure 1 illustrates the basic design of the
microstrip antenna without any additional
modifications. This initial design serves as a
reference point for evaluating the antenna's
performance before any changes are made.
Figure 2 presents the frequency performance, as
shown by the Si11 graph, covering a frequency
range of 3.47-3.53 GHz. The graph highlights a
main resonant point near 3.5 GHz, where the S14
value is notably low, around -22 dB. This low S11
value indicates that most of the RF (Radio
Frequency) power is successfully received by the
antenna, with minimal reflection.

Figure 1. The conventional antenna design
(without DGS structure) has dimensions: W = 34
mm, L =28 mm, W1 =11.75 mm, Lf=8.2 mm,
Gp=3mm, Lt=19.2 mm, Wt=4.5mm

P. Haryanto et al., An ultra-broadband microstrip antenna using a triple dumbbell-shaped ... 81



SINERGI Vol. 30, No. 1, February 2026: 79-90

Sy (dB)

—— With DGS
- — = Without DGS

2 25 3 35 4 45 5
Frequency (GHz)
Figure 2. S11 simulation results of the
conventional antenna with and without DGS
structures
Microstrip Antenna with
dumbbell-shaped DGS

In general, a defected ground structure
(DGS) introduces a disturbance in the ground-
plane current distribution, which can be modeled
as an equivalent inductive—capacitive (LC)
network. This perturbation modifies the input
impedance of the antenna and is often used to
improve matching and increase bandwidth. In the
proposed design, triple dumbbell-shaped DGS-
shaped slots are etched sequentially beneath the
patch. The presence of multiple dumbbells
produces a stronger perturbation of the surface
current compared to conventional single or
double triple dumbbell-shaped DGS. As a result,
the impedance matching is significantly improved
across a wider frequency range. This mechanism
broadens the single resonant mode into an ultra-
wideband response, while maintaining a low
return loss (S11) at resonance. Therefore, the
proposed triple dumbbell-shaped DGS provides a
clear improvement over conventional DGS
techniques, which typically achieve only 20—40%
fractional bandwidth.

The simulated surface current distribution
confirms this behavior. Compared to the antenna
without DGS or with a single dumbbell slot, the
proposed triple dumbbell configuration shows a
stronger perturbation of the ground current and a
more uniform distribution beneath the patch. This
effect results in better impedance matching
across the operating band, which is consistent
with the measured S11 characteristics and the
observed ultra-wideband performance.

Figure 3 shows the evolution of the
antenna designs. The microstrip antenna is
designed with a dumbbell-shaped DGS. The
evolution of antenna design starts from Antenna
1, Antenna 2, and Antenna 3. Every antenna
design varies with the number of dumbbells.

Design triple

M : i

Antenna 1 Antenna 2

Antenna 3

Figure 2. The microstrip antenna evolution design
with several Triple dumbbell-shaped DGS

Antenna 1
= = = Antenna 2
e Antenna 3

2 25 3 3.5 4 4.5
Frequency (GHz)

Figure 3. The S11 simulation results of the
microstrip antenna evolution with several Triple
dumbbell-shaped DGS

Antenna 1 has a single dumbbell, Antenna
2 features dual dumbbells, and Antenna 3
incorporates triple dumbbells. Each design
represents a step toward enhancing the
antenna's bandwidth through the strategic
placement of the dumbbell-shaped DGS.

Figure 4 presents the parameter results for
S11 and FBW for each antenna design. Antenna 1
has a single triple dumbbell-shaped DGS with an
S+11 of -16.65 dB and an FBW of 31.35% (2.69 —
3.69 GHz). Antenna 2 has dual dumbbells.
Meanwhile, Antenna 2 shows impedance
bandwidth improvement performance, achieving
an S11 of -30.87 dB and an FBW of 47.47% (2.41
— 3.91 GHz). The last step is Antenna 3, which
incorporates triple dumbbells. Antenna 3 has the
lowest S11 of -33.68 dB and the highest FBW of
53.60% (2.39 — 4.14 GHz). This data suggests
that increasing the number of dumbbells results
in better antenna performance, particularly in
terms of fractional bandwidth.
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Figure 5. S11 simulation results of the dumbbell
length, Ld parameter

Antenna Design Optimization

Parametric study of the DGS optimization
is influenced by some parameters, as shown in
Figure 5. The parameters, including Hw = 4.5
mm, Ht = 8 mm, Wd = 2 mm, Ld = 40 mm, and
pd = 9 mm. This stage involves antenna design
optimization to achieve optimal bandwidth
results. Figure 5 illustrates the parameters of the
dumbbell that will be optimized. We have to
achieve the best configuration for the impedance
bandwidth improvement.

Figure 6 shows the effect of resizing the Ld
parameter. It presents the relationship between
the S11 parameter with the dumbbell length (Ld).
The dumbbell lengths are varied with Ld = 36
mm, Ld = 38 mm, and Ld = 40 mm. In this
experiment, only the Ld parameter is altered,
while all other parameters remain fixed. This
allows for the observation of how changes in the
dumbbell length influence the antenna's
performance, particularly its S11 and frequency
response.

Table 1 shows that increasing the length of
the dumbbell from 36 mm to 40 mm results in a

significant improvement in antenna performance,
specifically in terms of the minimum S11 value.
The configuration with Ld = 36 mm yields a
minimum S+11 value of -18.02 dB, while Ld = 38
mm achieves -30.87 dB, and Ld = 40 mm gives
the lowest minimum S11 value of -33.68 dB. This
data indicates that increasing the length of the
dumbbell leads to a more significant reduction in
the S11 value, reflecting an improvement in the
antenna's reflection performance at the desired
frequency.

In addition, in terms of FBW, it can be
observed that increasing the dumbbell length
also positively impacts the effective bandwidth.
The Ld = 36 mm configuration results in an FBW
of 29.03%, while Ld = 38 mm achieves an FBW
of 34.93%, and Ld = 40 mm shows the largest
FBW of 53.60%. This indicates that a larger
dumbbell length not only improves the Si4
performance but also expands the operational
bandwidth, enhancing the overall antenna
efficiency.

Figure 7 shows the relationship between
the S11 parameter and frequency for three
variations of the dumbbell height Ht (in mm),
namely Ht = 6.5 mm, Ht = 8 mm, and Ht = 9.5
mm. In this case, the Ht parameter is altered
while all other parameters remain unchanged.
This allows for the observation of how changes in
the thickness of the dumbbell affect the antenna's
performance, specifically its Si1 value and
frequency response.

Table 1. Simulation result of dumbbell length, Ld

parameter
BW FBW
PARAMETER Su1 (GHz) (%)
Ld =36 mm -18.02 dB 3.18 - 4.26 29.03
Ld =38 mm -30.87 dB 2.93-417  34.93
Ld =40 mm -33.68 dB 2.39-414  53.60

I
......... Ht=6.5 mm \ I
-35 Ht=8 mm ||
- = =Ht=9.5 mm !
-40 .

2 25 3 35 4 45 5
Frequency (GHz)

Figure 6. S11 simulation results of the dumbbell

height, Ht parameter
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Table 2 summarizes the minimum S+1 and
FBW values for each variation in the dumbbell
height, Ht parameter. In terms of FBW, the
values remain relatively stable within a high
range across all Ht variations. At Hf = 6.5 mm,
the FBW was recorded at 52.54%, at Ht = 8 mm,
the FBW slightly increased to 53.60%, and at Ht
= 9.5 mm, the FBW decreased to 52.34%. This
data suggests that changes in the Ht height do
not significantly impact the effective bandwidth,
indicating a stable performance across different
height configurations.

Figure 8 shows that increasing the
dumbbell width (Hw) from 3.5 mm to 4.5 mm
results in a significant decrease in the S11 value.
At Hw = 3.5 mm, the minimum S11 value
achieved is -20.74 dB, while at Hw = 4 mm, the
minimum S+1 value drops to -28.29 dB, and at Hw
= 4.5 mm, the minimum S+1 value reaches -33.68
dB. This indicates that increasing the dumbbell
width (Hw) improves the antenna's performance
by lowering the S11 value, reflecting better
reflection efficiency at the given frequency.

Table 3 summarizes the minimum S+
values and the FBW obtained for simulation
results of dumbbell width (Hw). In addition, it can
be observed that increasing the Hw also
positively impacts the effective bandwidth. At Hw
= 3.5 mm, the FBW is recorded at 37.18%, while
at Hw = 4 mm, the FBW increases to 49.48%,
and at Hw = 4.5 mm, it reaches 53.60%.

Table 2. Simulation result of dumbbell height, Ht

parameter
BW FBW
PARAMETER S (GHz) (%)
Hw = 3.5 mm -20.74dB  2.89-4.21 37.18
Hw =4 mm -28.29dB 254 -4.21 49.48
Hw =4.5mm -33.68dB  2.39-4.14 53.60

2 25 3 35 4 45 5
Frequency (GHz)

Figure 7. S11 simulation results of the dumbbell
width, Hw parameter

This indicates that a larger Hw width not only
improves the S11 performance but also broadens
the operational bandwidth, making the antenna
more efficient across a wider frequency range.

Figure 9 shows the relationship between
the Si1 parameter and frequency for three
variations of dumbbell bar thickness (Wd) that
are varied with Wd = 1 mm, Wd = 2 mm, and Wd
= 3 mm. In this case, the Wd parameter is altered
while all other parameters remain fixed. This
allows for the analysis of how changing the Wd
affects the antenna's performance, specifically its
S11 value and frequency response.

Figure 9 shows the simulation results of
the dumbbell bar thickness, Wd. The dumbbell
bar thickness is varied from 1 mm to 3 mm, and it
results in a reduction in the S11 value. When Wd
= 1 mm, the minimum S11 value is -14.86 dB,
whereas at Wd = 2 mm, the minimum S11 value
decreases to -33.68 dB, and at Wd = 3 mm, it
reaches -23.15 dB. This indicates that the most
optimal performance is achieved at Wd = 2 mm,
where the lowest S+1 value is observed, reflecting
improved reflection efficiency at the desired
frequency.

Table 3. Simulation result of dumbbell width, Hw

parameter
BW FBW
PARAMETER Si1 (GHz) (%)
Ht=6.5mm -27.57 dB 2.37-4.05 5254
Ht=8 mm -33.68 dB 2.39-4.14  53.60
Ht=9.5mm -38.49 dB 239-414 5234

= = =Wd=3 mm

2 25 3 35 4 45 5
Frequency (GHz)

Figure 8. S11 simulation results of the dumbbell

width, Wd parameter

Table 4 Simulation result of dumbbell bar
thickness, Wd

BW FBW
PARAMETER S11 (GHz) (%)
Wd=1mm -14.86 dB 2.33-3.69 45.18
Wd =2 mm -33.68 dB 2.39-4.14 53.60
Wd =3 mm -23.15dB 2.72-4.28 44.57
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Figure 9. S11 simulation results of the dumbbell
distance, pd parameter

The minimum Si1 and FBW values for
simulation results of dumbbell bar thickness (Wd)
are summarized in Table 4. In terms of the
effective bandwidth FBW, it is evident that the
Wd width plays a crucial role. At Wd = 1 mm, the
FBW was recorded at 45.18%, while at Wd = 2
mm, the FBW increased to 53.60%. However, at
Wd = 3 mm, the FBW decreased to 44.57%,
showing that a larger dumbbell bar thickness
(Wd) does not necessarily. It leads to better
results. This suggests that while increasing Wd
can enhance FBW up to a certain point, beyond
that, the performance may degrade.

Figure 10 shows the relationship between
the S11 parameter and frequency for three
variations of the pd variables. It starts from pd = 8
mm, pd = 9 mm, and pd = 10 mm. The dumbbell
spacing, pd variables are varied from 8 mm to 9
mm, which leads to a significant improvement in
impedance bandwidth performance, particularly
in reducing the S11 value. At pd = 8 mm, the
minimum S11 value is recorded at -16.90 dB.
However, when the two dumbbell spacing (pd)
increased to 9 mm, the minimum S11 value drops
considerably to -33.68 dB, indicating a
substantial improvement in impedance matching.
On the other hand, when the pd spacing is further
increased to 10 mm, the minimum S11 value rises
slightly to -24.90 dB, suggesting that the optimal
pd spacing for the lowest S11 value occurs at pd
= 9 mm, reflecting the best reflection efficiency at
the given frequency.

Table 5. Simulation result of the two dumbbells

spacing, pd.
PARAMETER Su1 BW FBW%
(GHz)
pd =8 mm -16.90dB  2.39-4.02 50.86
pd =9 mm -33.68dB  2.39-414  53.60
pd =10 mm 2490dB  2.39-4.07  52.01

Table 6. Parameter results without DGS and with

DGS
BW FBW
PARAMETER S (GHz) (%)
Without DGS -20.84 dB 3.47 -3.53 1.71
With DGS -33.68 dB 2.39-4.14 53.60

Table 5 summarizes the minimum Si4
values and FBW for each variation of the pd
spacing. In terms of FBW, all pd variable
variations exhibit strong performance, with FBW
values exceeding 50%. At pd = 8 mm, the FBW
is recorded at 50.86%, while at pd = 9 mm, the
FBW increases to 53.60%. At pd = 10 mm, the
FBW slightly decreases to 52.01%. This indicates
that the variation in pd spacing influences the
effective bandwidth, with pd = 9 mm yielding the
optimal performance.

Table 6 summarizes the S11 and FBW
results for both the antenna with and without
DGS. The antenna without DGS has an FBW of
1.71%, while the antenna with DGS shows a
significant improvement, with an FBW of 53.60%.
This indicates that the incorporation of DGS not
only enhances the impedance matching but also
significantly broadens the antenna's bandwidth,
making it more efficient and capable of capturing
a wider range of frequencies. The antenna with
DGS, when configured with parameters Ld = 40
mm, Wd =2 mm, Ht = 8 mm, Hw = 4.5 mm, Hs =
3 mm, and pd = 9 mm, demonstrates these
notable improvements.

RESULTS AND DISCUSSION

Figure 11 presents the results of the
fabricated antenna, which measures 50 mm by
50 mm. The fabrication results closely align with
the simulation results, demonstrating the
accuracy and reliability of the design process.
This close match indicates that the fabrication
was successful and the antenna performs as
expected.Figure 12 compares the simulation and
measurement results for the Si11 parameter
across various frequencies. The red line
represents the measurement results, while the
dashed blue line represents the simulation
results. The comparison demonstrates a good
agreement between the simulated and measured
S11 values, indicating that the antenna performs
as expected and that the simulation accurately
predicts the antenna's real-world behavior.

Table 7 summarizes the comparison of the
minimum Si1 value and FBW between the
simulation and measurement results. The
simulation results show an FBW of 53.60%,
which is slightly higher than the measurement
results, which show an FBW of 51.43%.
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. (a) Front View - (b) Back View
Figure 11. The Antenna 3 Fabrication

Measurement
-35

— — Simulation

2 2.5 3 35 4 4.5 5
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Figure 12. Graph S11 Comparison of Simulation
and Measurement

Table 7. Parameter Results Simulation and

Measurement
PARAMETER Sy BW FBW%
(GHz)
Simulation -33.68 dB 2.39-4.14 53.60
Measurement -27 dB 26-4.4 51.43

This indicates that the simulation tends to predict
a slightly broader effective bandwidth compared
to the actual measurement results, suggesting a
minor discrepancy between the simulated and
real-world performance.

Overall, despite the differences between
the simulated and measured results, both show a
consistent trend in the performance of the Si4
parameter. The simulated results slightly
outperform the measured results, showing a
lower minimum reflection value and a wider
bandwidth. These differences can be attributed to

various factors, such as manufacturing
tolerances, environmental conditions during
measurement, or other factors not fully

accounted for in the simulation, which may cause
slight deviations between the predicted and
actual antenna performance.

As shown in Figure 13, some differences
between the simulated and measured radiation
patterns can be observed, with a maximum
variation of about 4 dB in certain angular regions.

These discrepancies are mainly attributed to
practical factors such as fabrication tolerances in
the etching process of the Rogers RO5880
substrate, as well as soldering of the SMA
connector, which may slightly affect the current
distribution on the antenna. In addition, the
measurement environment is subject to minor
reflections and alignment errors that can alter the
measured radiation pattern. Nevertheless, the
overall shape of the radiation patterns and the
direction of the main lobe remain consistent

between simulation and measurement,
confirming the validity of the proposed antenna
design.

The main lobe direction aligns closely in
both patterns, demonstrating good agreement in
the antenna's primary radiation characteristics.
However, there are noticeable deviations in the
side lobes and minor variations in other regions,
which suggest potential discrepancies caused by
practical factors such as environmental
influences, fabrication tolerances, or limitations in
the measurement setup.

The measured pattern exhibits more
irregularities compared to the smooth simulated
curve. These irregularities are likely due to noise
or interference during measurement. Despite
these differences, the general agreement
between simulation and measurement confirms
the reliability of the antenna design and its ability
to meet the intended specifications.

Figure 14 illustrates the electric field (E-
field) distribution around a particular structure at
six different phases: 0°, 90°, 180°, and 360°. The
colors in the figure represent the intensity of the
electric field, with red indicating high field
intensity and blue indicating low intensity.

180

270

Figure 13. Comparison of simulated and
measured Radiation Patterns
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Figure 10 E Field Simulation Results

The electric field distribution at each phase
reflects the variation in the resonance pattern,
which contributes to the significant enhancement
of the antenna's bandwidth performance. This
highlights the importance of phase configuration
and electric field distribution in designing
antennas with improved bandwidth capabilities.

The E-field distribution at phases 0° and

270° appears similar because these two phases
are complementary within a full sinusoidal cycle.
The electromagnetic wave's oscillation at these
points results in a mirrored distribution of the
field. This similarity occurs because the sine
wave’s amplitude at 270° is a reflection of its
amplitude at 0°, causing similar E-field patterns.
At phases 90° and 180°, the E-field distribution
differs due to the wave's oscillatory nature. At
90°, the electric field reaches its maximum
positive amplitude, while at 180°, the field
transitions to the opposite polarity (negative
amplitude). This phase difference alters the way
energy is distributed across the structure,
resulting in variations in the field pattern. The
regions with red coloration, indicating a high E-
field intensity, are consistently located at the
feeding point and the lower DGS area across all
phases.
This phenomenon occurs because the feeding
point is the location where the input power is
delivered to excite the antenna. This area
naturally exhibits a high E-field intensity due to
the concentration of electromagnetic energy
required to drive the antenna. The DGS
introduces localized perturbations in the current
distribution, enhancing the field intensity at
specific regions.

(d) Phase 270°

Table 8. Comparison of Journal Results

Freq h
Ref. (GHz) FBW% (mm) Sub. Method
[26] 6 48.67 2.54 RT6006 Split-
[19] 35 11.11 1.6 FR4 Ring
Resonat
[20] 35 10 1.575  RT5880 or (SRR)
Slot
[16] 10 30 1,6 FR4 patch
and
DGS
DGS
and
Perforat
[17] 10 3.98 1.57 RT5880 ed Patch
Configur
ation
2.4 38 and
71 and 5 13 15 FR4
30.5 12.72
and
[8] and 0.508 RT5880 DGS
52.4 12.28
[11] 28 10.53 0.787  RT5880
This 55 5360 1575 RT5880
work
The lower DGS acts as a resonating
element, trapping and concentrating the

electromagnetic energy. This effect is consistent
across all phases because the DGS is designed
to improve the antenna's performance by
enhancing its radiation characteristics and
impedance matching.

In addition to the bandwidth performance,

the gain, radiation pattern, and radiation
efficiency of the proposed antenna were also
evaluated to provide a comprehensive
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assessment. The simulated gain is 5.13 dBi
across the operating band (3.5 GHz), which is
consistent with the expected performance of
microstrip antennas and indicates that the wide
bandwidth is not achieved at the expense of gain.
The radiation patterns at representative
frequencies of 3.0 GHz, 3.5 GHz, and 4.0 GHz
demonstrate a stable broadside main lobe with
minor variations in the side lobes, which can be
attributed to the wide operating band and
fabrication tolerances. Furthermore, the
simulated radiation efficiency remains above 80%
throughout the band, confirming that the inclusion
of the triple dumbbell-shaped DGS does not
introduce excessive loss, thereby ensuring
efficient performance. In addition, the proposed
design maintains a compact size of 50 x 50 mm?
using the low-loss Rogers RO5880 substrate,
which makes it easy to fabricate and adaptable to
other frequency bands by scaling the DGS
dimensions. These results demonstrate that the
proposed antenna achieves ultra-broadband
operation while maintaining high efficiency and
design flexibility.

Table 8 provides a comparison of antenna
designs utilizing DGS across several studies. A
recent study by the researcher, using the Rogers
RT5880 substrate with DGS, achieved an FBW
of 53.60% (2.39 — 4.14 GHz), which is higher
than previous studies, where FBW ranged from
10.53% to 48.67%. As indicated in Table 8, both
the current study and previous research have
explored antenna designs across various
frequency ranges, all incorporating DGS to
enhance antenna performance. However, there
are notable differences in terms of fractional
bandwidth, substrate thickness, and design
methodologies, emphasizing the adaptability of
antenna design and the impact of specific design
parameters on the overall antenna
characteristics. This confirms that the proposed
triple dumbbell-shaped DGS achieves superior
bandwidth performance compared to
conventional DGS-based designs, thereby
validating the novelty of this work.

Conclusion

This paper has presented an improved
microstrip antenna design employing a triple
dumbbell-shaped defected ground structure
(DGS). Unlike conventional DGS techniques, the
proposed configuration introduces a stronger
ground-plane perturbation, resulting in superior
impedance matching and significant bandwidth
enhancement. The antenna achieves a fractional
bandwidth of 53.6% in simulation and 51.4% in
measurement. Specifically, the ultra-wideband
response spans from 2.39 GHz to 4.14 GHz,

thereby meeting the criterion of an ultra-
broadband antenna.

In addition to its wide bandwidth, the
proposed antenna maintains good overall
performance, with a simulated gain of 5.13 dBi at
3.5 GHz, stable radiation patterns, and simulated
radiation efficiency above 80%. Compared to
conventional DGS-based designs that typically
achieve only 20—40% FBW, the proposed triple
dumbbell-shaped structure demonstrates clear
superiority and validates the novelty of this work.
Moreover, the compact geometry (50 x 50 mm?)
and the use of a low-loss Rogers RO5880
substrate make the design easy to fabricate and
adaptable to other frequency bands, thereby
confirming both its efficiency and flexibility. These
results confirm that the proposed design provides
an effective solution for ultra-broadband
microstrip antennas and shows strong potential
for application in modern wireless communication
systems.
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