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ABSTRACT: A low-profile monolayer filtering antenna with compact size is presented in this paper. The antenna features a simple
structure, comprising a substrate, a stepped defective ground structure, an asymmetric Y-shaped branch, and a microstrip feedline with
an L-shaped branch. The asymmetric Y-shaped branch and L-shaped branch feedline collaborate to introduce two additional resonant
frequency points, thereby broadening the impedance bandwidth. Furthermore, two radiation nulls are introduced on either side of the
passband, which enhances the frequency selectivity of the band edges and optimizes the antenna’s radiating and filtering performances.
To verify the proposed design, a prototype of the compact filtering antenna was fabricated and measured. The measured and simulated
results show good agreement. The design achieves a wide impedance bandwidth of 44.6% (4.88 ∼ 7.68GHz) at a center frequency
of 6.22GHz, a peak realized gain of 5.7 dBi, and a compact size of 35mm×29mm×0.8mm. Two radiation nulls on either side of the
passband result in an excellent band-pass response, with out-of-band rejection reaching 18.2 dB. Finally, the antenna’s excellent radiation
performance and filtering characteristics make it suitable for wireless communication applications in the 5G Sub-6GHz and WiFi-6E
bands.

1. INTRODUCTION

With the rapid advancement of wireless communication
technology, radio frequency (RF) equipment is increas-

ingly characterized by multifunctionality, integration, and
miniaturization. In wireless communication systems, antennas
and filters, serving as critical components of RF front-ends,
are responsible for transmitting and receiving signals while
filtering out interference. Traditionally, antennas need to be
cascaded with additional filter elements to achieve band-pass
filtering. Recently, filtering antennas, which combine the
filtering capabilities of filters with the radiation characteristics
of antennas, have emerged as an effective solution. This
approach reduces the size of RF devices and incorporate
additional functionalities without compromising antenna
performance, thereby enhancing circuit integration.
In conventional filtering antenna design methods, antenna

and filter [1] are designed independently and then cascaded us-
ing transmission lines [2, 3], or the final resonator of a multi-
resonator coupled bandpass filter is utilized as the radiating
element [4–8]. In [1], a miniaturized filtering power divider
comprising a coupled microstrip line with three resonators was
presented to achieving a tri-band filtering response. In [8], a
composite right/left-handed transmission line (CRLH-TL) res-
onator serves as the filter element; an L-shaped patch acts as
the radiating element; and an asymmetric coplanar waveguide
(CPW) feeding [9] achieves a passband flat gain of 2.5 dBi and
an impedance bandwidth of 23.5%. Notably, the co-design of
antennas and filters has been introduced to create filtering an-
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tennas that can simultaneously receive/transmit and filter elec-
tromagnetic waves. As presented in [10], a dielectric resonator
antenna with a quadrature coupler was developed. It features a
snowflake-shaped patch and achieves a wide impedance band-
width of 27.8%. This design also provides superior band-pass
filtering and extensive harmonic suppression. However, it is
complex to configure and incurs high manufacturing costs.
Although these methods can achieve both the antenna’s ra-

diation performance and the filter’s filtering capabilities, they
increase the overall size and complexity of the device. As a
result, they lead to higher insertion losses and are not con-
ducive to miniaturization. In recent years, the primary ap-
proach for filtering antenna design has been the integration of
antenna and filter functionalities. This integrated design is real-
ized through techniques such as introducing slot-loaded patches
[11–14], adding parasitic patches [15–19], utilizing shorted
vias [20, 21], employing defected ground structures (DGS) [22–
24], combining metasurface antenna structures [25, 26], and us-
ing stacked patches [19, 21, 27–29] to generate radiation nulls
near the operational band. In [11], a filtering slot antenna
design was proposed to generate three out-of-band radiation
nulls by manipulating the hybrid electric and magnetic cou-
pling between the slots, resulting in a broadband filtering slit
antenna with three slits. The compact slit antenna achieves
an impedance bandwidth of 33.8%, but its peak gain is rel-
atively low at 4.1 dBi, and the out-of-band rejection is lim-
ited to 12.1 dB, indicating room for further optimization. In
[18], a low-profile single-layer filtering antenna was devel-
oped using a short-circuited parasitic patch and a folded de-
fected ground structure to create radiation nulls on both sides of
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FIGURE 1. Configuration of the proposed filtering antenna. (a) Top view. (b) Bottom view. (c) Side view.

the passband, thereby achieving a filtering effect. However, it
only achieves an impedance bandwidth of 9.2% and an out-of-
band rejection of 11 dB, which is somewhat limited in perfor-
mance. In [26], two novel dual-polarization filtering metasur-
face antennas were introduced, featuring uniformly distributed
square metasurface structures combined with polarized cross-
slots. By incorporating short truncation lines and etched slots
into the metasurface structures, radiation nulls are generated
on both sides of the passband, achieving an out-of-band rejec-
tion exceeding 30 dB. However, this design exhibits reduced
radiation performance and involves a complex fabrication pro-
cess. In [28], a stacked circularly polarized filtering patch an-
tenna with controllable radiation nulls was developed, utiliz-
ing etched slots on the upper and lower patches to achieve the
filtering effect. However, this stacked patch design features
a relatively complex structure and a narrow impedance band-
width. Therefore, achieving an optimal balance among a simple
compact structure, wide bandwidth, and robust radiation per-
formance remains a significant challenge for filtering antennas
using integrated design approaches.
Compared to the traditional cascade approach, this integrated

design method minimizes both losses and the overall system
size by eliminating the need for a separate filter structure,
thereby achieving superior filtering performance without com-
promising antenna gain. Additionally, optimal filtering per-
formance can be achieved by employing a multilayer struc-
ture [25, 28] or by fine-tuning specific structural parameters
to control bandwidth and adjust the positioning of radiation
nulls. Based on this design concept, this paper proposes a
single-layer broadband filtering antenna featuring a compact
size, wide bandwidth, high frequency selectivity, and flat gain,
utilizing a single-port microstrip-fed structure. The introduc-
tion of a Y-shaped branch on the stepped defected ground plane
generates two radiation nulls in the gain response on either side

of the passband, resulting in enhanced band-pass characteris-
tics and improved out-of-band rejection level. Furthermore,
an L-shaped branch is added on the substrate’s top surface to
generate additional resonant points. This broadens the operat-
ing bandwidth and enhances the frequency selectivity of high-
frequency radiation null, achieving a superior filtering effect.
Finally, to thoroughly analyze and validate the antenna’s radi-
ation and filtering capabilities, a prototype was fabricated and
measured, focusing on the mechanisms behind radiation null
generation and the impact of various design parameters. Mea-
surement results indicate that the proposed antenna, with di-
mensions of 35mm×29mm×0.8mm, achieves an impedance
bandwidth of 44.6% (4.88∼7.68GHz) at a standard return loss
of 10 dB, along with a peak gain of 5.7 dBi and an out-of-band
rejection level of 18.2 dB. These findings demonstrate excellent
in-band radiation and robust out-of-band rejection, confirming
the antenna’s superior radiation and filtering performance. In
complex communication scenarios, the proposed antenna effec-
tively covers the 5G Sub-6GHz band (n77, n78, and part of
n79) as well as the WiFi-6E band, rendering it highly suitable
for small base stations, high-speed wireless routers, industrial
Internet of Things (IoT), and wireless AR/VR devices. Further-
more, similar to the circularly polarized antenna used in [30]
for Dedicated Short-Range Communication (DSRC) systems,
the proposed antenna can also support short-range communica-
tions within the ISM band (5.8GHz), including wireless sensor
networks and indoor positioning.

2. ANTENNA DESIGN

2.1. Antenna Configuration
The overall structure of the proposed filtering antenna is de-
picted in Figure 1. The antenna is printed on a single dielectric
substrate and includes a stepped defective rectangular ground
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TABLE 1. Dimensions of filtering antenna: (mm).

Parameter l l1 l2 l3 l4 l5 l6 l7 l8 l9

Value 35 10 14.3 14.2 4.4 1.2 5.5 3.75 5.55 5
Parameter h w wf w1 w2 w3 w4 w5 w6 w7

Value 0.8 29 2.1 3.75 3.1 1.4 2.2 28 11.9 20
Parameter ls1 ls2 ls3 ws1 ws2 g1 g2 g3 g4 r

Value 2.2 5.3 3 1.7 2.3 1 1 1 1.3 1.25

(a) (c)(b)

FIGURE 2. Evolution of the proposed filtering antenna. (a) Reference antenna I. (b) Reference antenna II. (c) Proposed antenna III.

plane, a Y-shaped branch, and an asymmetrical microstrip feed-
line. The dielectric substrate used in this design is FR-4, char-
acterized by a relative permittivity (εr) of 4.4, a loss tangent
(tanδ) of 0.02, with dimensions of 35mm×29mm×0.8mm.
Themicrostrip feedline is located on the upper surface of the di-
electric substrate, consisting of a main branch and an L-shaped
branch positioned at two-fifths of the main branch length, form-
ing the complete microstrip feedline. The ground plane on
the underside of the dielectric substrate includes a symmetrical
stepped defect slot and an asymmetrical Y-shaped branch. The
Y-shaped branch is symmetrically positioned at the center of
both the substrate and the defect slot, connected directly to the
ground plane. The microstrip feedline primarily serves to ex-
pand the antenna’s impedance bandwidth. Together with the Y-
shaped branch and defected ground structure, it generates two
radiation nulls at low and high frequencies, thereby improving
out-of-band rejection and optimizing the filtering performance.
The detailed parameters of the optimized antenna are provided
in Table 1.

2.2. Antenna Design Process

To comprehensively explain the design process and filtering
mechanism of the proposed antenna, its evolution is illustrated
in Figure 2. The initial structure begins with reference antenna
I (Ant. I), which is a conventional rectangular wide-slit antenna
featuring a rectangular defected ground plane and a crossed
microstrip feedline. Reference antenna II (Ant. II) is derived
fromAnt. I bymodifying the crossedmicrostrip line, transform-
ing the rectangular defected ground plane into a stepped shape,

and introducing a symmetrical Y-shaped branch. The proposed
antenna III (Ant. III) is developed by further refining the mi-
crostrip feed line and Y-shaped branch based on the configura-
tions of Ant. I and Ant. II. In Ant. III, the microstrip feedline
comprises a main branch and an additional L-shaped branch,
while the ground plane features an asymmetric Y-shaped branch
and a stepped wide slot.
Figure 3 presents the simulated S-parameters and realized

gains for both reference antennas as well as the proposed an-
tenna. As shown in Figure 3(a), Ant. I exhibits a single res-
onance point, operating at 6.4GHz with an impedance band-
width of approximately 10.8% (6.02∼6.71GHz). Meanwhile,
Figure 3(b) indicates a peak gain of 5.4 dBi for Ant. I However,
it suffers from poor out-of-band rejection and lacks significant
filtering performance.
Ant. II exhibits two distinct resonance points. Modifica-

tions to the ground plane improve impedance matching and
expand the antenna’s operational bandwidth. Additionally,
the introduction of a symmetrical Y-shaped branch creates a
new resonance point in the low-frequency band, thereby ex-
tending the impedance bandwidth by approximately 27.1%
(5.13∼6.74GHz). Figure 3(b) further illustrates the presence
of two radiation nulls, fn1 and fn2, in the gain response of Ant.
II at 3.82GHz and 8.74GHz, respectively. In this configura-
tion, the gain ofAnt. II sharply drops from 5.4 dBi to−28.8 dBi,
producing radiation nulls on both sides of the passband, thereby
achieving a more pronounced filtering effect. However, the fre-
quency selectivity in the upper stopband remains insufficient.
Finally, by leveraging the advantages of Ant. I andAnt. II, the

proposed antenna (Ant. III) is developed, successfully achiev-
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FIGURE 3. The S11 and realized gain of the reference antenna and proposed antenna (a) S11. (b) Realized gains.

FIGURE 4. Equivalent circuit of the proposed filtering antenna.

ing three resonance points and two radiation nulls. Ant. III
represents the finalized design of the proposed antenna. As
shown in Figure 3(b), Ant. III achieves a −10 dB impedance
bandwidth of approximately 44.7% (4.83∼7.61GHz) based on
the −10 dB return loss criterion, with an average gain around
5.25 dBi and a relatively flat realized gain across the passband.
As shown in Figure 3(a), the inclusion of an L-shaped branch
at the top of the microstrip feedline in Ant. II introduces a
third resonance point (7.26GHz), significantly expanding the
impedance bandwidth while further enhancing frequency selec-
tivity in the upper stopband. The dimensions of the L-shaped
branch can be calculated using the following formula:

L = l2 + w1 + wf + w2 (1)

fc =
c

L×
√

εr+1
2

(2)

where c is the speed of electromagnetic waves, fc the resonant
frequency of 7.26GHz, and L the effective length of the L-
shaped branch. Similarly, the second resonance point can be
calculated based on the effective length of the main branch.
Specifically, the first low-frequency resonance point and sec-
ond central resonance point are generated by the main branch
of the microstrip feedline and Y-shaped branch, while the third
high-frequency resonance point is attributed to the L-shaped
branch. A square patch is incorporated into the main branch

to enhance impedance matching at high-frequency resonance
point, thereby improving overall bandwidth. Compared to Ant.
I, the proposed Ant. III significantly broadens the impedance
bandwidth. It also achieves superior frequency selectivity by
generating two radiation nulls at both the upper and lower pass-
band edges, resulting in excellent radiation and filtering perfor-
mance. This design eliminates the need for external filters or
additional filtering components. It also maintains the antenna
size, effectively addressing the miniaturization requirements of
RF front-end devices in modern wireless communication sys-
tems.
Figure 4 illustrates the equivalent circuit of the proposed an-

tenna, where Circuit 1 is formed by the asymmetrical Y-branch,
and Circuit 2 is constituted by the main and L-branch. The Y-
branch in the proposed antenna plays a crucial role in generating
the filtered response, leading to the formation of two distinct ra-
diation nulls. Capacitor C4 represents the coupling capacitance
between the L-shaped branch and the ground plane, playing a
critical role in optimizing the filter response for enhanced filter
performance.
To evaluate the filtering performance of the proposed an-

tenna, analyzing the radiation nulls is crucial. Figure 5 illus-
trates the current vector distribution of the final antenna, which
is used to further analyze the generation mechanism of the two
radiation nulls, fn1 at 3.82GHz and fn2 at 8.74GHz. The cur-
rent vector distribution for the low-frequency radiation null fn1
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(a) (b)

FIGURE 5. Current distribution of the proposed antenna at (a) the radiation null fn1 and (b) the radiation null fn2.

(a) (b)

FIGURE 6. Performance of the filtering antenna for different lengths of w2.

is depicted in Figure 5(a). It is evident that the current is pri-
marily concentrated on the Y-shaped branch. Additionally, the
currents on the two branches flow in opposite directions. Con-
sequently, the radiation produced by these opposing currents
cancels out, leading to the formation of the low-frequency ra-
diation null fn1. The total length of the Y-shaped branch is
approximately one-quarter of the wavelength corresponding to
fn1, which can be calculated using the following equation [15]:

w6 + l8 + l9 = λn1/4 (3)

where λn1 represents the wavelength at fn1. Figure 5(b) shows
that at fn2, the currents are primarily concentrated on the Y-
shaped branch and external ground plane. A closer examina-
tion reveals that the currents on the left and right branches of
the Y-shape, along with the inflowing current from the exter-
nal ground, cancel each other out. Additionally, the currents on
the external ground plane flow in opposite directions along the
x-axis and are also opposite to the currents in the microstrip
line above, resulting in radiation cancellation and enhancing
the frequency selectivity of fn2. Thus, fn2 is produced by the
opposing currents generated within the Y-shaped branch, and
between the Y-shaped branch and the external ground, as well
as between the microstrip feedline and external ground. The

external ground induces a current reversal at the center of the
cross-shaped microstrip feedline.
In conclusion, the analysis of the current distribution indi-

cates that radiation cancellation due to current reversal is the
primary mechanism behind fn1 and fn2.

2.3. Parametric Study
In order to further optimize the antenna performance, certain
parameters were analyzed and investigated. The results indi-
cate that the filtering performance of the proposed antenna de-
pends on the lengths of the Y-branch (w6) and the transverse
branch of the microstrip line (w2). Subsequently, a detailed
analysis of parameters w6 and w2 helps to better understand
the mechanism behind the generation of radiation nulls in the
filtering antenna. Figure 6 presents the simulated realized gains
and reflection coefficients as the lengths of w6 and w2 are var-
ied. As depicted in Figure 6(a), increasing the length of w2

from 3.15mm to 3.65mm shifts the center resonance frequency
down from 6.28GHz to 6.08GHz. The third resonance fre-
quency decreases from 7.26GHz to 6.92GHz, while the low-
frequency resonance point remains nearly unchanged. It is ev-
ident that the length of w2 primarily influences the two high-
frequency resonance points. Asw2 increases, the antenna’s op-
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(a) (b)

FIGURE 7. Performance of the filtering antenna for different lengths of w6.

(a) (b)

FIGURE 8. Photographs of (a) the fabricated antenna and (b) the measurement environment.

erational bandwidth narrows, and impedance matching deteri-
orates. Figure 6(b) illustrates that increasingw2 shifts the high-
frequency radiation null towards lower frequencies, while the
other null remains largely unaffected. Thus, the high-frequency
radiation null is primarily influenced by the length ofw2, allow-
ing for independent control of its position by adjusting w2.
Similarly, Figure 7 presents the results for varying lengths of

theY-branch. As illustrated in Figure 7(a), increasing the length
of w6 shifts the overall operating frequency of the antenna to
a lower band, while the central resonance point remains rela-
tively stable. Simultaneously, Figure 7(b) shows that the two
radiation nulls, fn1 and fn2, also shift synchronously to lower
frequencies. Thus, adjusting w6 can impact both the operating
frequency range and the positions of the two radiation nulls.
Finally, parametric studies indicate that altering the lengths of
w2 and w6 allows for control over the two radiation nulls at the
passband edges, thereby achieving the desired filtering effect.

3. MEASUREMENT AND COMPARISON

3.1. Antenna Model Measurement
The proposed filtering antenna was designed and simulated us-
ing HFSS electromagnetic simulation software. For experi-
mental validation, the antenna was fabricated, with SMA coax-
ial connectors soldered to the end of the microstrip feed line.

The fabricated compact broadband filtering antenna is depicted
in Figure 8(a). The S-parameters and radiation characteristics
were measured using an AV3629D vector network analyzer and
the microwave radio darkroom, as illustrated in Figure 8(b).
Figure 9 presents the simulated and measured S-parameters,

realized gains, and radiation efficiencies of the proposed
antenna. The simulated and measured S-parameters
show good agreement. These results exhibit −10 dB
impedance bandwidths of 44.7% (4.83∼7.61GHz) and
44.6% (4.88∼7.68GHz), respectively, which clearly demon-
strates the presence of three resonance points. The gain profile
of the antenna remains relatively flat within the passband. The
simulated and measured peak realized gains are 6.0 dBi and
5.7 dBi, respectively, both of which decline sharply outside
the passband, indicating the antenna’s effective filtering
characteristics. Additionally, two radiation nulls are observed
on both sides of the passband at 3.82GHz (3.72GHz) and
8.74GHz (8.82GHz). These nulls result in significant gain
rejection levels of 19.22 dB (19.1 dB) at the lower edge
and 18.35 dB (18.2 dB) at the upper edge. Furthermore, the
simulated radiation efficiency exceeds 85%, with the two nulls
clearly visible in the antenna efficiency curve, highlighting
the antenna’s high efficiency, low loss, and high selectivity.
Figure 10 presents the simulated and measured results of the
E-plane and H-plane radiation patterns at three resonance
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(a) (b)

FIGURE 9. Simulated and measured S11, realized gains, and radiation efficiencies of the filtering antenna. (a) S11. (b) realized gains and radiation
efficiency.

(a)

(b)

(c)

FIGURE 10. Simulated and measured radiation patterns of the filtering antenna in both xz and yz planes at different frequencies. (a) 5.08GHz. (b)
6.28GHz. (b) 7.26GHz.
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TABLE 2. Performance comparison of the filtering antennas.

Ref. f0 (GHz) Size (mm ×mm) (λ0 × λ0) BW (%) Gain (dBi) Rejection level (dB) FL/FU

[10] 1.8 113.2×113.2 (0.68×0.68) 27.8 6.5 19.0 0.63/0.30
[11] 2.05 70×50 (0.48×0.34) 33.8 4.1 12.1 0.12/0.20
[12] 11.8 18.5×13 (0.73×0.51) 11.84 5.0 6.5 0.98/0.20
[13] 5.24 40×33.8 (0.70×0.59) 7.0 6.6 13.0 0.68/0.76
[16] 4.98 25×25 (0.41×0.41) 21.5 4.8 15.9 0.33/0.44
[18] 2.84 66.5×50 (0.63×0.47) 9.2 5.75 11.0 0.19/0.20
[19] 2.0 68×68 (0.45×0.45) 7.0 5.6 19.6 0.88/0.50

This letter 6.22 35×29 (0.72×0.60) 44.6 5.7 18.2 0.25/0.22

points: 5.08GHz, 6.28GHz, and 7.26GHz. It is evident that
the antenna’s radiation pattern remains stable across a wide
frequency range, signifying its strong broadside radiation.
Moreover, the simulated and measured radiation pattern
results show good agreement at all three frequencies, with
cross-polarization well maintained. The minor discrepancies
between the simulated and measured results are primarily
attributed to manufacturing tolerances and measurement
conditions.
To highlight the advantages of the proposed antenna, Table 2

provides a comparison with other related filtering antennas in
terms of bandwidth, size, gain, and frequency selectivity pa-
rameters. In the context of free space, λ represents the wave-
length at f . The frequency rate selectivity of the lower and
upper edges (FL and FU ) of the passband is defined according
to [18].

FL =
f10L − f15L
f10U − f10L

, FU =
f15U − f10U
f10U − f10L

(4)

where f10L and f10U are, respectively, the frequencies at which
S11 = −10 dB at the lower and upper edges of the passband.
f15L and f15U are the lower and upper frequencies correspond-
ing to the 15 dB gain suppression values with respect to the gain
at center frequency f0, respectively. The smaller the values of
FL or FU means the better frequency selectivity.
The table illustrates the advantages of the proposed filter-

ing antenna, which include a small size, simple structure, flat
profile, wide bandwidth, and high frequency selectivity. These
characteristics align with the requirements for miniaturizing
front-end devices. In comparison with alternative compact fil-
tering antennas, the proposed antenna exhibits a superior op-
erating bandwidth and enhanced out-of-band rejection capa-
bilities, with an operating bandwidth of 44.6% and an out-
of-band rejection level of 18.2 dB. Furthermore, in contrast to
other antennas with additional filtering structures, its dimen-
sions and fabrication process offer inherent advantages. The
gain of the proposed antenna outperforms the antennas pre-
sented in [11, 12, 16]. While the gain is not particularly excep-
tional, it satisfies the fundamental requirements for the radia-
tion performance of filtering antennas. The lower gain can be
attributed to several factors, including the dimensions of the ra-
diating patch and the high loss of the FR-4 substrate. The pro-
posed antenna demonstrates superior frequency selectivity and

a broader operating bandwidth compared to the filtering anten-
nas in [10–13, 19]. Additionally, it exhibits better out-of-band
rejection than the filtering antennas in [11, 12], 18]. While the
gain of the proposed antenna is not exceptional, its overall per-
formance is comparable to the average level of existing filtering
antennas. Additionally, the proposed filtering antenna exhibits
a wide bandwidth, high gain, high frequency selectivity, and
excellent out-of-band rejection, all while meeting the require-
ments for miniaturization.

4. CONCLUSION
In this paper, a filtering antenna with wide bandwidth, high
gain, high frequency selectivity, and high level of out-of-
band rejection is designed. The incorporation of an asym-
metric Y-shaped branch introduces two radiation nulls on ei-
ther side of the antenna passband and appropriately broadens
the bandwidth. Concurrently, the introduction of an L-shaped
branch on the feedline further expands the impedance band-
width of the antenna while enhancing its frequency selectiv-
ity and out-of-band rejection. This design achieves optimal in-
band radiation performance and out-of-band frequency selec-
tivity. The antenna achieves a balance between compact size
(35 mm×29mm×0.8mm) and high gain without incorporat-
ing additional filtering structures. After fabricating and mea-
suring the antenna prototype, the final design demonstrates ex-
cellent performance characteristics, including a wide operating
bandwidth of 44.6% (4.88∼7.68GHz), a peak realized gain of
5.7 dBi, a high out-of-band rejection level of 18.2 dB, and ex-
cellent frequency selectivity. Ultimately, the satisfactory radi-
ation and filtering performance of the antenna make it suitable
for applications in the 5G Sub-6GHz and WiFi-6E bands.
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