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ABSTRACT: This paper presents a compact, low-profile, single-layer filtering antenna. The antenna features a simple structure comprising
a dielectric substrate, two pairs of U-shaped defected ground structures, a symmetric dumbbell-shaped radiating patch, and a microstrip
cross-feed line with asymmetric branches. The symmetric dumbbell-shaped patch and asymmetric branch feedline collaboratively excite
additional high-frequency resonances, thereby broadening the impedance bandwidth. Furthermore, two pairs of U-shaped slots are etched
into the bottom layer to introduce two radiation nulls on both sides of the passband, enhancing the frequency selectivity at the band
edges and optimizing the antenna’s radiation and filtering performance. To validate the proposed design, a prototype of the antenna was
fabricated and measured. The simulated and measured results are in good agreement. The design achieves a wide impedance bandwidth of
48.6% from 3.7 to 6.18 GHz (centered at 5 GHz), a peak realized gain of 4.5 dBi, and a compact overall size of 35 mm x 29 mm X 0.8 mm.
Moreover, the antenna structure is simple and is readily fabricated. Benefiting from its superior radiation performance and filtering
characteristics, the proposed antenna is well-suited for wireless communication applications in the 5G Sub-6 GHz and WiFi-6E bands.

1. INTRODUCTION

n recent years, with the rapid advancement of wireless
Icommunication technologies, the requirements for radio fre-
quency (RF) front-ends in terms of miniaturization, integration,
and multifunctionality have been continuously rising [1]. In
conventional RF front-ends, antennas and filters are designed
as two separate key components, antennas are used for receiv-
ing and transmitting signals, while filters suppress unwanted
interfering electromagnetic signals. These components are
then cascaded directly to construct a complete RF front-end.
Typically, a matching circuit is required between them to
prevent impedance mismatch, which inevitably introduces
additional insertion loss. Nowadays, integrating filters and
antennas into a single unit — referred to as a filtering antenna
— combines the filtering function of filters with the radiation
characteristics of antennas. Such antennas can significantly
reduce the size of RF front-ends and effectively improve circuit
integration.

Currently, the design methods for filtering antennas can be
categorized into three main technical approaches [2]. The
first method involves cascading antennas and filters through
transmission lines [3—5]. This approach uses connectors or
impedance-matching networks to connect independently de-
signed filters and antennas in series, forming a complete filter-
ing antenna system. However, this cascaded design increases
structural complexity and manufacturing costs. The second
method employs the final resonator of a multi-resonator cou-
pled bandpass filter as the radiating element [6-8], effectively
overcoming many limitations of cascaded designs. The third
method introduces special designs in the patch or feed struc-
ture to generate radiation nulls near the operating band [9—
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23]. This is achieved through various techniques introducing
slots [9, 10, 12, 14], adding parasitic patches [11, 16, 18], using
shorting vias [17,19], employing defected ground structures
(DGS) [13, 15, 20], and stacking patches [21,22,23] to achieve
the desired filtering response. In most wideband filtering patch
antenna designs, these techniques are often combined to simul-
taneously achieve wide bandwidth and high out-of-band sup-
pression. However, the operating bandwidths of these reported
antennas [9, 12, 13, 15] remain quite limited, and some designs
of antennas [19,21-23] are relatively complex. Therefore, de-
veloping a compact filtering antenna with a wide bandwidth is
highly desirable.

In the sub-6 GHz band targeted in this work, planar
microstrip-based filtering antennas are preferred for their
inherent advantages in compactness, light weight, ease of
integration with active circuits, and compatibility with mass-
production PCB processes. The challenge lies in achieving
wide bandwidth, sharp filtering selectivity, and low profile
simultaneously on a single-layer microstrip substrate, as most
existing designs resort to multi-layer stacking [18,21,22],
shorting vias [17, 19], or additional lumped/distributed filtering
circuits [3—5] to meet these requirements. Unlike prior works
that rely on cascaded multi-layer structures, stacked patches,
or lumped filtering circuits to achieve filtering performance,
the novelty of this work lies in the synergistic integration of an
asymmetric cross-feed line with a symmetric dumbbell-shaped
patch and dual pairs of asymmetric U-shaped defected ground
slots. This specific combination enables simultaneous wide-
band operation and a fully single-layer, low-profile realization
— all without any additional filtering structures or shorting
vias. Compared to other designs, the proposed antenna uses
only a single-layer substrate and achieves a wider operating
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FIGURE 1. Geometry of the proposed antenna.
TABLE 1. Dimensions of the antenna (mm).
Parameter l A lo I3 In ls ls l7 ls
Value 35 142 10 105 o6 1 7 5 55
Parameter —w w1 w2 W3 W4 Ws We W7 Ws
Value 29 9.6 21 28 4 12 102 5 4
Parameter h g g1 g2
Value 0.8 1 0.6 03
bandwidth. A prototype has been fabricated and measured. ing the out-of-band rejection performance of the filtering an-
Simulated and measured results are presented and discussed. tenna. The detailed geometric dimensions are listed in Table 1.
2. FILTERING PATCH ANTENNA DESIGN 2.2. Antenna Design Process
. Figure 2 shows the complete design evolution of the antenna
2.1. Antenna Configuration and explains the realization of the filtering performance step
The overall structure of the proposed filtering patch antenna is by step. Reference Antenna I (Ant. I) is a conventional rectan-
shown in Figure 1, with the detailed dimensions of key antenna gular wide-slot microstrip antenna, with a rectangular defected
components labeled. The antenna is designed on a single di- ground plane on the bottom layer and a cross-shaped microstrip
electric substrate and includes a defected ground layer with a feed line on the top layer. Reference Antenna II (Ant. II) is
dumbbell-shaped aperture etched in a rectangular area, along modified by adding a stub on one side of the cross-shaped mi-
with two pairs of U-shaped slots of different sizes symmetric crostrip feed line, and two pairs of U-shaped gaps symmetric
about the y-axis. The dielectric substrate is FR-4 with a rela- about the y-axis are etched in the rectangular defected ground
tive permittivity (¢,) of 4.4, a loss tangent (tan §) of 0.02, and plane on the bottom layer. Reference Antenna III (Ant. IIT) has
dimensions of 35 mm x 29 mm x 0.8 mm The top layer of the been improved based on the original design, rectangular defect
substrate features an asymmetric microstrip feed line: an ad- ground planes in the bottom layer have been etched to form
ditional branch is introduced on one side at three-fifths of the symmetrical dumbbell-shaped metal patches along the y-axis
length of the cross-shaped feeder, forming an asymmetric mi- and two pairs of U-shaped slots. Based on Ant. II and Ant.
crostrip feed structure. On the bottom layer, a dumbbell-shaped III, the reference Antenna IV (Ant. IV) combines the stub and
area is etched, and two pairs of U-shaped slots of different sizes dumbbell-shaped structures. The proposed Antenna V (Ant. V)
symmetric about the y-axis are etched to generate two radiation is further optimized by etching two pairs of U-shaped slots of
nulls at low and high frequencies, respectively, thereby improv- different sizes into the bottom layer. Figure 3 compares the
253 WWwWw.jpier.org
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FIGURE 2. Evolution of the proposed filtering antenna. (a) Reference antenna I, (b) Reference antenna II, (c) Reference antenna III, (d) Reference

antenna IV, (e) Proposed antenna V.
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FIGURE 3. Simulated S11 and realized gains of the reference antennas and proposed antenna. (a) Simulated S11 curves, (b) Simulated realized gain

curves.

simulated S7; parameters and realized gains of the reference
antennas and the proposed antenna. As shown in Figure 3(a),
Ant. I has a single resonant peak at 4.8 GHz, with an impedance
bandwidth of approximately 16.7% (4.4-5.2 GHz) based on the
—10dB return loss criterion. Figure 3(b) shows that Ant. I has
a peak gain of 4 dBi but exhibits poor out-of-band suppression
and insufficient filtering performance. Therefore, at the bottom
layer of Ant. I, two pairs of U-shaped slots are etched, and an
asymmetric branch was added to the cross-shaped microstrip
feedline to obtain Ant. II, thereby generating a radiation null
at 3.4 GHz. At the same time, the off-band radiation intensity
at high frequencies significantly decreased. As shown in Fig-
ure 3(b), this design produced a low-frequency radiation null
f nl-

The bandwidth of Ant. I is insufficient, and its impedance
bandwidth is only 16.7%. Therefore, at the bottom layer of Ant.
I, a dumbbell-shaped metal patch and two pairs of U-shaped
slots are etched to obtain Ant. III, which generates an addi-
tional resonant peak at 6 GHz. The newly added resonance
point forms a dual resonance with the existing 4.8 GHz reso-
nance point of Ant. I, and their frequency bands work in concert,
successfully widening the operating bandwidth. This creates a
high-frequency radiation null f,2, as shown in Figure 3(b).

Ant. IV, which combines the shape of a dumbbell and short
branches, achieves basic filtering performance initially. By
achieving an organic coordination between the two resonant
points, the S7; value within the passband is significantly re-

duced, reaching an industrial effective level, but its out-of-band
rejection performance at low frequencies remains insufficient.

Ant. V is an integrated optimization solution, aiming to co-
ordinate and integrate the filtering performance present in the
aforementioned design schemes. Ant. I exhibited insufficient
bandwidth and poor out-of-band rejection, thus a dumbbell-
shaped metal patch was introduced into the rectangular defected
ground plane to add an additional resonant peak, thereby effec-
tively broadening the impedance bandwidth. Adding an asym-
metric stub successfully introduced a radiation null at high fre-
quencies, thereby improving out-of-band rejection. However,
the low-frequency radiation null performance remained to be
improved. To solve this problem, two pairs of U-shaped slots
need to be reintegrated. The introduction of the U-shaped slots
significantly improved the impedance matching at the low-
frequency resonant point. The dimensions of the U-shaped slots
for the two radiation nulls can be calculated as follows:

Lp = 2 x (l4+2xws) (1
C

" e @

L, =2x (l7+2><w7) 3)

fizm ——— @)

Lix\/(er41) /2

where Lj, represents the total length of the two large U-shaped
slots, and L; represents the total length of the two small U-
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FIGURE 4. Current distribution of the proposed antenna at low and high frequencies.

shaped slots. Meanwhile, f, is the frequency of the high-
frequency radiation null, and f; is the frequency of the low-
frequency radiation null.

As shown in Figure 3(a), Ant. V exhibited a deeper res-
onance at 4 GHz. Based on the —10dB return loss crite-
rion, the antenna achieved an impedance bandwidth of approx-
imately 48.6%, covering the frequency range from 3.7 GHz to
6.18 GHz. As shown in Figure 3(b), the frequency selectiv-
ity at the low-frequency band edge was significantly enhanced,
and the gain response within the passband was flatter. The an-
tenna achieved a peak realized gain of approximately 4.5 dBi
and maintained a stable gain response over the entire passband.
A radiation null was formed at 3.55 GHz in the lower stop-
band, with an out-of-band suppression level of more than 10 dB,
which significantly improved the frequency selectivity of the
lower stopband. In addition, another radiation null was formed
at 7.67 GHz in the upper stopband, achieving a high out-of-band
suppression level. The proposed antenna thus exhibited excel-
lent filtering performance overall.

2.3. Operating Principle

To analyze the filtering performance of the proposed antenna,
it is necessary to clarify the generation mechanism of the radi-
ation nulls. Common methods for generating radiation nulls
include adding parasitic elements, metal vias, and defected
ground structures, as well as etching slots. Considering that
the proposed antenna is designed for miniaturization and low
profile, the available space for additional elements is limited,;
therefore, a defected ground structure and simple parasitic stubs
are adopted. Two pairs of U-shaped slots are used to generate
the radiation nulls for the low-frequency and high-frequency
bands. Meanwhile, a parasitic shorting stub is employed to ef-
fectively adjust the high-frequency radiation null. The com-
bined effect significantly enhances the out-of-band suppression
performance of the antenna. Figure 4 presents the surface cur-
rent distribution of the antenna at the low-frequency and high-
frequency radiation nulls. The left part of Figure 4 shows the
surface current distribution at the low-frequency radiation null
fn1. The surface current is mainly concentrated around the
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cross-shaped microstrip feed line, the two pairs of U-shaped
slots, and the dumbbell-shaped patch. It can be clearly seen
that the surface currents near the U-shaped slots and dumbbell-
shaped patch have the same magnitude but opposite directions,
flowing through the corresponding slots and forming a current
distribution symmetric about the y-axis. Similarly, the surface
currents on the cross-shaped microstrip feed line flow in three
segments with equal intensity but opposite directions. Due to
the electromagnetic coupling between the radiating patch and
the bottom layer, these opposite currents induce destructive in-
terference, which suppresses the antenna radiation. The etch-
ing of U-shaped slots alters the current distribution path of the
bottom layer, forming a closed current loop around the slot,
which runs opposite to the current direction of the feed line and
the dumbbell-shaped patch. As a radiating unit, the hollowed-
out structure of the dumbbell-shaped patch further enhances
the current coupling between the bottom layer and the radiat-
ing patch, intensifying the phase cancellation effect, ultimately
forming a radiation null. Therefore, the low-frequency radi-
ation null f,; is formed at 3.55 GHz (simulated value). The
right part of Figure 4 shows the surface current distribution
at the high-frequency radiation null f,2. The surface current
is mainly concentrated in the large U-shaped slot and the mi-
crostrip feed line. These surface currents have the same am-
plitude but opposite directions and are distributed symmetri-
cally in the large U-shaped slot and the microstrip feed line.
On the feed line, the asymmetric branches work in coordina-
tion to control the high-frequency radiation null to remain out-
side the passband. As a result, the radiation fields cancel each
other out, leading to the formation of the high-frequency radi-
ation null f,o at 7.67 GHz (simulated value). Obviously, the
formation of f,,5 is a combined effect of the U-shaped slots and
asymmetric microstrip feed line. These results verify that the
dumbbell-shaped metal patch broadens the effective operating
band, while the two pairs of U-shaped slots and the asymmetric
microstrip feed line jointly expand the impedance bandwidth
and improve the radiation performance of the antenna.

This dumbbell-shaped structure plays a crucial role in broad-
band operation, and its function goes beyond merely increas-
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FIGURE 5. The equivalent circuit of the proposed filtering antenna.

@ °
— w,;=4.8mm
SE = — w;=5.0mm
=== w;=5.2mm
10}
2
=
“n.15k
20 F
v/
25 L L L L L
2 3 4 5 6 7 8

Frequency (GHz)

(OIS

— w,=4.8mm
- = w,=5.0mm

— == w,=5.2mm

Peak Realized Gain (dBi)

15 L L L L L
2 3 4 5 6 7 8

Frequency (GHz)

FIGURE 6. Simulated reflection coefficient and realized gain for different wr values.

ing the second resonance. By analyzing the current distribution
shown in Figure 4, it can be observed that strong currents are
concentrated at the edges of the dumbbell-shaped patch at both
low and high frequencies. At the same time, we analyze the
functions of the dumbbell-shaped structure, and the radiation
nulls and resonance characteristics shown in Figure 3 indicate
that the dumbbell-shaped structure not only acts as a radiation
element but also serves as a coupling structure, significantly al-
tering the effective current path on the grounding plane. Specif-
ically, the hollow central area of the dumbbell-shaped patch in-
troduces additional capacitive loading effects, combined with
the linear U-shaped slot, forming a coupled resonator topology
structure. This coupling mechanism enables the excitation of an
additional higher-order resonant mode at approximately 6 GHz,
which combines with the basic resonant mode of the rectangu-
lar aperture to form a wide continuous passband. Therefore, as
a radiation patch, the dumbbell-shaped structure expands the
effective aperture, and simultaneously, as a coupling element
and impedance matching element, it changes the current distri-
bution path to form a radiation null outside the high-frequency
band. Figure 5 presents the proposed equivalent circuit of the
antenna: Circuit 1 is composed of an asymmetric stub-fed line,
while Circuit 2 is made up of a hollow dumbbell shape. Circuits
3 and 4 are respectively composed of two pairs of U-shaped
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slots. The dumbbell-shaped structure in this antenna plays a
crucial role in widening the bandwidth by forming new in-band
resonant points. Capacitors C3 and C4 represent the coupling
capacitance between the U-shaped slots and the ground plane,
and they are of great significance in optimizing the filter re-
sponse to enhance its performance.

2.4. Parametric Study

To further investigate the radiation null characteristics of the an-
tenna, specific structural parameters were analyzed, as shown
in Figures 6, 7, and 8. The results show that by adjusting the
key dimensions of the U-shaped slots, the radiation nulls of
the proposed filtering patch antenna can be effectively tuned.
Figures 6 and 7 show the effects of parameter variations on
the reflection coefficient and realized gain, confirming that the
positions of radiation nulls can be adjusted through structural
optimization. Figure 6(a) presents the simulated reflection co-
efficient for different values of the U-shaped arm length wr,
and Figure 6(b) shows the corresponding realized gain curves.
Figure 7 presents the simulated reflection coefficient and re-
alized gain for different values of the short branch length wj.
Figure 8 shows the simulated reflection coefficients and actual
gains under different values of the dumbbell-shaped gap length
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ls. When wy increases from 4.8 mm to 5.2 mm, the radiation
null of the low-frequency resonance shifts towards a lower fre-
quency range. In contrast, the high-frequency radiation null re-
mains largely unaffected. Figure 6(b) shows that the change in
wy has an insignificant effect on the high-frequency radiation
null, which proves that adjusting w7 can independently control
the low-frequency radiation null. When the width of w; in-
creases from 3.6 mm to 4.4 mm, the high-frequency radiation
null shifts towards a lower frequency direction, but the low-
frequency radiation null remains stable. Figure 7(b) shows that
the change in w, has a negligible effect on the low-frequency ra-
diation null, which proves that the high-frequency radiation null
can be independently controlled by adjusting ws. Although the
changes in these two key parameters would simultaneously af-
fect the in-band resonance, the effective frequency range of the
antenna S11 remained largely unchanged. Therefore, it can be
concluded that the low-frequency and high-frequency radiation
nulls are mainly independently controlled by the U-shaped slot
structure and shorting stubs, respectively. As can be seen from
Figure 8(a), the position of the dumbbell-shaped defect struc-
ture has a regulating effect on the in-band resonance. When
the value of [, increases from 5.3 mm to 5.7 mm, both of the
two resonant points within the band shift to a lower frequency
range, and the effective frequency band also shifts; in contrast,
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Figure 8(b) indicates that the change in [/, has basically no ef-
fect on the radiation zero point of the antenna, which proves
that by adjusting [, the working frequency band of the antenna
can be adjusted. By adjusting these parameters, the radiation
null positions of the antenna can be effectively tuned. When
wy; = 5.0mm, ws = 4.0mm and [, = 5.5 mm, the antenna
achieves a radiation null suppression depth of over 10dB at
both 3.55 GHz and 7.67 GHz, with a —10 dB impedance band-
width of 48.6% and optimal gain flatness in the passband (fluc-
tuation below 0.5 dBi). Therefore, parameters are selected as
the optimal values.

3. MEASUREMENT AND COMPARISON

3.1. Antenna Model Measurement

The proposed filtering antenna was designed and simulated us-
ing the High Frequency Structure Simulator (HFSS) electro-
magnetic simulation software. To verify the theoretical model,
a prototype of the antenna was fabricated, and an SMA coax-
ial connector was soldered to the end of the microstrip feed
line. Figure 9(a) shows the fabricated prototype of the com-
pact broadband filtering antenna. The S-parameters and ra-
diation characteristics of the prototype were measured using
an AV3629D vector network analyzer in a microwave ane-
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choic chamber, as shown in Figure 9(b). Figure 10 compares
the simulated and measured S-parameters, realized gains, and
radiation efficiencies of the antenna, and the results are in
good agreement. The measured results of Figure 10(a) show
a —10dB impedance bandwidth of 48.6% (3.7-6.18 GHz),
with two distinct resonant peaks at low and high frequen-
cies. Figure 10(b) shows that the gain curve is relatively
flat within the passband, with a simulated peak realized gain
of 4.5dBi and a measured value of 4.3 dBi; the gain drops
sharply outside the passband. The realized gain within the 3.7—
6.18 GHz passband exhibits a measured variation of less than
1.8dB (from 2.6 to 4.4 dBi), with a peak-to-average gain ra-
tio of approximately 1.5 dB. Over the central 80% of the band
(4.0-5.8 GHz), the gain flatness is further improved to within
+0.5 dB, demonstrating stable radiation performance suitable
for wideband communication systems. This flat gain response
is attributed to the well-merged dual-resonance modes enabled
by the dumbbell-shaped patch, which mitigate the gain dip typ-
ically observed between widely separated resonant frequencies.
The measured peak realized gain is 4.3 dBi (simulated 4.5 dBi).
The good agreement between the simulated and measured re-
sults verifies the excellent filtering performance of the antenna.
The consistency between the two is attributed to the simplic-
ity of the proposed antenna structure, the absence of additional
filtering structures, and the relatively low insertion loss. The
deviations mainly result from the minor errors in processing
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and measurement. In addition, radiation nulls are observed at
3.55GHz and 7.67 GHz on both sides of the passband. Within
the 3.7-6.18 GHz passband, the measured radiation efficiency
of the antenna ranges from 80% to 88%, with an average of
84%, indicating that the antenna exhibits low-loss characteris-
tics. Two nulls are clearly visible in the efficiency curve, fur-
ther demonstrating the antenna’s high efficiency, low loss, and
high frequency selectivity. Figure 11 presents the simulated
and measured E-plane (xz-plane) and H-plane (yz-plane) ra-
diation patterns of the antenna at the two resonant frequencies.
Figure 12 shows the three-dimensional radiation pattern of the
antenna at different frequencies. Co-polarization is dominant
in the main radiation direction, with a cross-polarization sup-
pression level of more than 20 dB, which indicates good polar-
ization purity and verifies the excellent radiation performance
of the antenna. The minor deviations between simulation and
measurement mainly originate from three aspects: dimensional
tolerance in FR-4 substrate etching (0.1 mm), impedance dis-
continuity at the solder joint between SMA coaxial connector
and microstrip feed line, and systematic error in microwave
anechoic chamber measurement (+0.2 dBi).

3.2. Antenna Performance Comparison

To further demonstrate the advantages of the proposed filter-
ing antenna, Table 2 compares it with previously reported fil-
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TABLE 2. Performance comparison of filtering antennas. Ao is the free-space wavelength at the center frequency fo.

Article Profile (A\o)  fo (GHz) Size (\3) BW (%) Efficiency (%) Gain (dBi) Extra filtering structure
[9] 0.050 2.48 0.71 x 0.37 17.7 ~92.1 8.1 Yes
[11] 0.007 2.05 0.48 x 0.34 33.8 NG 4.1 Yes
[13] 0.061 11.8 0.48 x 0.47 11.84 ~ 82.3 5 No
[14] 0.090 5 0.4 x0.4 21.5 ~ 93 4.8 Yes
[15] 0.015 5.6 0.65 x 0.54 332 ~ 86 4.92 No
[16] 0.050 2.49 0.58 x 0.38 16.1 ~ 97 9.6 Yes
[23] 0.009 4 0.41 x 0.34 66.5 ~ 92 4.25 No
This work 0.013 5 0.58 x 0.48 48.6 ~ 84 4.5 No
259
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tering antennas in the literature. As seen in the table, com-
pared with [9, 15, 16], the proposed design features a simple
structure, low profile, and relatively small footprint, meeting
miniaturization requirements. Compared with filtering anten-
nas without additional filtering structures [13, 15], the proposed
antenna achieves a wider impedance bandwidth 0of 48.6%. Even
compared with antennas having additional filtering structures
[9, 11, 14, 16], its size and impedance bandwidth still show sig-
nificant advantages. The proposed antenna exhibits a lower
gain compared to the antennas presented in [9, 15, 16], but the
gain is slightly higher than that of [11, 14,23], and it is within
the average range for filtering antennas. The primary advantage
of the former antennas lies in their high gain. The measured
gain (4.5 dBi) and the average efficiency compared to the sim-
ulation is 84%, which was mainly a compromise made for high
bandwidth and miniaturized structure, as well as the inherent
loss of the FR-4 substrate and the radiation limitations brought
about by its low-profile design. It is worth noting that for the
intended application scenarios — 5G Sub-6 GHz and WiFi-6E
terminal devices — the achieved gain of 4.3 dBi (measured) is
adequate, and the overall advantages in bandwidth, miniaturiza-
tion, and single-layer, low-cost fabrication outweigh the moder-
ate gain performance. Future improvements can be achieved by
replacing the substrate with a low-loss alternative (e.g., Rogers
RO4350). However, the main advantages of this antenna are its
low profile and wide bandwidth. While achieving these advan-
tages, the frequency selectivity of the proposed antenna reaches
the average level of previously published filtering antennas.
The performance comparison shows that the proposed antenna
achieves a balanced trade-off among low profile, compact size,
impedance bandwidth, efficiency, and gain.

4. CONCLUSION

This study has proposed and experimentally validated a low-
profile filtering antenna that combines wide bandwidth with
compact size. The proposed “dumbbell-shaped patch + dual U-
shaped defected ground” integrated design approach provides
anovel solution for single-substrate wideband filtering antenna
development. The antenna achieves a balance between com-
pact size (35mm X 29mm x 0.8 mm) and wide bandwidth
without incorporating additional filtering structures. After fab-
ricating and measuring the antenna prototype, the final design
demonstrates excellent performance characteristics, including a
wide operating bandwidth of 48.6% (3.7—6.18 GHz) and a peak
realized gain of 4.5 dBi, making it directly applicable to the 5G
Sub-6 GHz and WiFi-6E bands for terminal devices.
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