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In this study, a broadband and high-gain filtenna is developed and the effects of the different
substrates on the design examined. / Bu calismada genis bantli ve yiiksek kazang¢h bir filtenna
gelistirilerek farkly alt tabakalarin tasarim iizerindeki etkileri incelenmistir.

Figure A: Design and prototype of a novel filtenna /Sekil A: Yenilik¢i bir filtenna tasarumi ve
tiretimi

Highlights (Onemli noktalar)

» The effects of split ring resonator (SRR) on the filtering performance of the proposed
design have been investigated. / Ayrik halka rezonatoriiniin (AHR) onerilen tasarimin
filtreleme performansmna etkileri incelenmistir.

»  The effects of defected ground structures (DGS) on the operating frequency bandwidth of
the proposed design have been investigated. / Kusurlu zemin yapisinin (KZY) énerilen
tasariminin ¢alisma frekans bantgenisligi iizerindeki etkileri incelenmistir

»  The effects of the four different dielectric substrates (Rogers RT5880, RO3003, RO4003,
and RT6006) on the electrical performance of the design have been investigated. / Dort
farkl dielektrik alt tabakanin (Rogers RT5880, RO3003, RO4003, and RT6006) dnerilen
tasariminin elektriksel performansi iizerindeki etkileri incelenmistir.

Aim (Amag): In this study, it is aimed to enhance the bandwidth amd antenna gain with utilizing
SRR and DGS methods by introducing a novel filtenna design. In addition, the effects of the different
substrates on the same design are examined. / Bu ¢alismada, yenilik¢i bir filtenna tasarimi ortaya
konarak AHR ve KZY yontemleri kullanilarak bant genisligi ve anten kazancimin iyilestirilmesi
hedeflenmistir. Ek olarak, ayni tasarimin farkl alt tabakalardaki etkileri incelenmistir.

Originality (Ozgiinliik): A novel filtenna desing has been investaged with utilizing a bow-tie slot-
loaded patch antenna with a four-pole lowpass filter structure on the feedline for the first time. /
Besleme hattinda ilk kez dort kutuplu al¢ak gegiren filtre yapisina sahip, papyonlu ve yuva-
yiiklemeli bir yama anten tasarimi incelenmistir.

Results (Bulgular): The prototyped filtenna has a center frequency of 3.9 GHz and an operating
frequency bandwidth of 2.86 to 4.89 GHz, which yields a fractional bandwidth of 52%. In addition,
the filtenna has a reflection coefficient better than -10 dB and the measured maximum antenna gain
was 3.26 dBi. / Prototiplenen filtenna 3,9 GHz 'lik bir merkez frekansina ve 2,86 ila 4,89 GHz 'lik
bir kesir bant genisligi saglamaktadir. Ek olarak, filtennamin yansima katsayist -10 dB’den iyidir
ve dlgiilen en yiiksek anten kazanci 3,26 dBi dir.

Conclusion (Sonug): This study shows that a compact size, low-cost, and high performance filtenna
can be developed with utilizimg SRR and DGS methods for 5G applications. / Bu ¢alisma, 5G
uygulamalari i¢cin AHR ve KZY methodlart kullanilarak kompakt boyutlu, diigiik maliyetli ve yiiksek
performansly bir filtenna gelistirilebilecegini gostermektedir.
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Abstract

This paper presents a novel broadband filtering antenna (filtenna) design for 5G applications. The
filtenna structure consist of a bow-tie slot-loaded patch antenna with a four-pole lowpass filter
structure on the feedline. In addition, the defected ground structure method was applied to
miniaturize the size and widen the operating frequency bandwidth. The proposed filtenna was
designed and optimized with using Keysight’s PathWave EM Design (EMPro) software. In
addition, the filtenna design was analyzed with utilizing four different substrates, which are
Rogers RT5880, RO3003, RO4003, and RT6006, and the electromagnetic simulation results were
presented. Moreover, the design was manufactured with using Rogers RT5880 and the design
was validated with measurements. The developed filtenna operates at a center frequency of 3.9
GHz and an operating frequency bandwidth of 2.86 to 4.89 GHz, which yields a fractional
bandwidth of 52%. Furthermore, the filtenna has a reflection coefficient better than -10 dB and
the measured maximum antenna gain was 3.26 dBi. The filtenna has a compact size of
0.4631,x0.5064, where 1, is the wavelength at the center frequency. With its compact size, low-
cost, and high-performance characteristics, the proposed filtenna can be used for 5G applications.

Kablosuz Iletisim Uygulamlan icin AHR and KZY Kullanan Yenilikci bir
Genis bant Filtenna
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1. INTRODUCTION (GiRris)

Bu makalede, 5G uygulamalari i¢in yeni bir genis bant filtre anten (filtenna) tasarimi
incelenmistir. Filtenna yapisi, besleme hattinda dort kutuplu algak gegisli filtre yapisina sahip,
papyonlu, yuva-yiiklii bir yama antenden olusur. Ayrica tasarimin boyutunu kiigiiltmek ve
caligma frekansi bant genisligini genisletmek i¢in kusurlu zemin yapist yontemi uygulanmuistir.
Onerilen filtre anteni, Keysightin PathWave EM Design (EMPro) yazilimi kullanilarak
tasarlanmis ve optimizasyonlar1 yapilmistir. EK olarak, filtenna tasarimi Rogers RT5880,
R0O3003, RO4003 ve RT6006 olmak tizere dort farkli alt tabaka i¢in simiilasyonlar1 yapilmis ve
elde edilen elektromanyetik simiilasyon sonuglar1 sunulmugtur. Onerilen filtenna tasarimi Rogers
RT5880 kullanilarak iiretilmis ve tasarlanan filtenna yapis1 6l¢iim sonuglartyla dogrulanmustir.
Gelistirilen filtennanin 3,9 GHz merkez frekansinda g¢alistigi ve 2,86 ila 4,89 GHz calisma
frekansi bant araliginda calisarak %52'lik kesirli bant genisligi sagladig1 goriilmiistiir. Ayrica,
filtre anteni -10 dB'den daha iyi bir yansima katsayisina sahiptir ve dlgiilen maksimum anten
kazanci 3,26 dBi'dir. Filtenna kompakt bir boyuta 0,46310x0,506)0 sahiptir; burada Ao, merkez
frekanstaki dalga boyudur. Onerilen filtenna, kompakt boyutu, diisiik maliyeti ve yiiksek
performans 6zellikleriyle 5G uygulamalarinda kullanilabilecektir.

The pursuing growth in the utilization of
communication systems sets a great demand on the
utilization of compact and multifunctional systems
[1, 2]. With the increasing reliance on wireless

communication applications, there is a need for
innovative solutions that can provide both efficient
filtering and radiation characteristics while
maintaining a compact form factor and cost-
effectiveness [3-6]. The RF front-end systems,
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which are crucial components in receivers and
transmitters, typically consist of an antenna, filter,
and amplifier. Traditionally, these components have
been implemented separately, leading to larger
physical sizes and increased costs. However, the
emergence of multifunctional modules has attracted
significant attention in recent years due to their
ability to integrate multiple functionalities within a
compact design.

In this context, the combination of the antenna and
filter, known as a filtenna, provides an alternative
solution to conventional microwave solutions by
offering both filtering and radiating characteristics
in a single module. The filtenna stands apart from
traditional methods where the antenna and filter are
implemented separately. By integrating these
components into a single unit, the filtenna
eliminates the need for multiple parts and
complicated connections. This integration not only
reduces the physical size of the system but also
simplifies the manufacturing process. As a result,
the filtenna offers enhanced overall system
performance, making it an attractive solution for
wireless communication applications [7].

Over the past few decades, various filtenna design
topologies and techniques have been investigated.
Each of the filtenna design topologies and
techniques has advantages and disadvantages over
the others. The electrical performance of the filtenna
can be categorized in terms of bandwidth,
selectivity, gain, efficiency, polarization, etc. [8].
So as to enhance the radiation and electrical
performance of the filtenna, a variety of filtenna
design topologies such as multilayer printed circuit
board (PCB), split ring resonator (SRR), slot-
loaded, diode-loaded, probe-fed and defected
ground structures (DGS) have been proposed in the
literature [9-15]. The selection of the dielectric
substrate material and its properties, like the
thicknesses of the dielectric and conductive
material, have a significant effect on the
performance of the design. On the other hand, the
selection of the dielectric material and its properties
is a crucial challenge since there is a trade-off
between high performance and low-cost in the
design process. In the literature, a variety of
microstrip filtenna designs on different dielectric
substrates with different design methods have been
proposed [16-28]. In light of these facts, it is a
charming topic for the designers to develop a
compact filtenna with high performance to integrate
into wireless communication systems.

In this article, a novel broadband filtenna design,
which is comprised of a bow tie slot loaded path

antenna with a four-pole lowpass filter structure on
the feedline, is proposed for 5G applications. The
proposed filtenna utilizes four resonators and each
resonator has an eight-edge star-shaped open stub
that is surrounded by a circular open loop split ring
resonator (SRR) to achieve the filtering
characteristic. In addition, DGS was utilized to
accomplish wider bandwidth, enhanced selectivity,
and compact size. Moreover, the proposed study
examines four different dielectric substrates for the
same layout to analyze the effects of the dielectric
substrates on the performance of the filtenna.
Furthermore, the proposed filtenna accomplishes a
fractional bandwidth (FBW) of 58.9% (2.67-4.89
GHz) with a reflection coefficient of -10 dB and a
maximum antenna gain of 3.26 dBi. The developed
filtenna is evitable for the 5G applications with its
compact-size, low-cost, and high-performance
characteristics.

2.MATERIALS AND METHODS (MATERYAL
VE METOD)

2.1. Filtenna Design (Filtenna Tasarimi)

The filtenna structure is designed to feature a patch
antenna with enhanced electrical performance,
accompanied by an antenna feed line that
incorporates a low-pass filter configuration. In the
first step of the design process, the patch antenna
design was taken into consideration. To design the
patch antenna, the initial dimensions were
calculated based on Equations 1-3 [29],

[

W = (Eq.1)
2f0 Er2+1
A1 g—1 1
Seff == 2+ + £ 2 - (Eq2)
1+12(W)
o (eefp+03)(7+0.264)
L= 2foEers 0.824h [(seff—o.zss)(%w.s) (Eq-3)

where W and L are the width and length of the patch
antenna, fo is the resonant frequency, er is the
relative permittivity of the dielectric substrate, h is
the thickness of the dielectric substrate, eeff is the
effective dielectric constant and c is the speed of
light (3x108 m/s).

In the patch antenna design, the width and length of
the patch were calculated as 30.8 mm and 25.08
mm, respectively, for a resonant frequency of 3.9
GHz. However, conventional patch antennas
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typically exhibit a narrow frequency bandwidth. To
eliminate this limitation by increasing the
bandwidth, a bow-tie slot was etched into the patch
antenna, and the location and dimensions of the
bow-tie were optimized. In addition, a Rogers
RT5880 dielectric substrate with a relative
permittivity of 2.2 was used in the design so as to
enhance the efficiency and bandwidth performance
of the patch antenna. Moreover, a microstrip feed
line was designed with a four-pole low-pass filter
(LPF) to suppress the unwanted harmonics at the
upper frequency spectrum. The proposed LPF
consisted of four resonators, each featuring an eight-
edge star-shaped open stub surrounded by a circular
open-loop split ring resonator (SRR). The inclusion
of these SRR units in the proposed design enhanced
the out-of-band harmonic suppression level.
Furthermore, the defected ground structure (DGS)
method was employed on the ground plane to

introduce parallel RLC circuit into the antenna feed
network. This method ensures a slow-wave impact
on the design which enables miniaturizing the
circuit size and increasing the frequency bandwidth.
Meanwhile, it was revealed that the DGS unit
provides a sharp roll at the higher cut-off frequency.
The filtenna design comprised a monopole bow-tie
slot loaded patch antenna and a feed line with a four-
pole LPF. By incorporating DGS units with SRR
structures, the size of the patch antenna was reduced
to 16.2x16.2 mm?, which is 66.03% smaller than the
conventional patch size. Additionally, the filtenna
has a compact size of 0.463% x 0.506Lo Where Ao
represents the wavelength at the center frequency.
Figure 1 illustrates the proposed filtenna layout
design, and Table 1 depicts the dimensions of the
proposed filtenna layout design.

»
>

'y

> |4

>
>
>

L1

Figure 1. Layout of the proposed Filtenna (a) Top, (b) Bottom (Onerilen Filtennanin serimi (a) Ust, (b) Alt)

Table 1. Dimensions of the proposed filtenna (Onerilen Filtennanin boyutlarr)

Parameter | L Ly L, L3 Ly Ls Ls Ly Ls Lo Lio
Value 38880 | 16200 | 5670 | 6885 | 7695 | 6480 | 8505 | 6885 | 810 5186 | 6088
Parameter | L1 W W, W, W3 Ws Ws W5 W5 Ws D
Value 2529 | 35640 | 7050 | 2100 | 6075 | 1998 | 3816 | 16770 | 12954 | 9732 | 4175
In the layout design process, a variety of DGS dimensions of the proposed filter remained

structures have been tried in the design and the
proposed filtenna design has been applied on the
layout because of both having a novel structure and
enhanced electrical characteristics. In addition, the
proposed layout design was simulated with different
dielectric substrates to analyze the effects of the
dielectric substrates on the performance of the
filtenna. During the EM simulations, the

constant, and the simulations were conducted using
commercially available dielectric substrates;
Rogers RT5880 (&=2.2), RO3003 (=3.0), RO4003
(er=3.55) and RT6006 (&=6.15), respectively. In
addition, the chosen thicknesses of the dielectric
substrates were similar to one another. The 3D EM
simulations were performed with Keysight’s
PathWave EM Design (EMPro) software.
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According to the simulation results, the proposed
filter design on the RT5880 has a reflection
coefficient better than 10 dB in the frequency
bandwidth of 2.67-4.89 GHz, which vyields a
fractional bandwidth (FBW) of 58.9%. In addition,
the reflection coefficient of the proposed filtenna
achieves -20 dB at the center resonant frequency of
3.9 GHz. Notably, in the simulation results, it was
observed that the reflection coefficient deteriorates
with increasing dielectric permittivity and center
frequency. Furthermore, as the dielectric
permittivity increases, the center frequency of the
filtenna shifts to the lower frequencies, and the
bandwidth becomes narrower. Figure 2 illustrates

0

the reflection coefficient of the proposed filtenna
with different dielectric substrates.

Figure 3 illustrates the simulated antenna gain of the
proposed filtenna using different dielectric
substrates. The simulation results revealed that the
operating frequency bandwidth of the filtenna
becomes narrower as the dielectric permittivity
increases. Additionally, it was observed that the
filtenna achieves better suppression levels as the
dielectric permittivity decreases. Notably, the
simulated maximum antenna gain of 3.37 dBi was
achieved when utilizing the RT5880 dielectric
substrate.

Pl
/
-5 / \-
T 10 \ I
: \ /I
‘©
% -15 /
S
— 20
0o
=
Q
D 25 ‘
2 —=—RT5880, h=1.57 mm
20 ——RO3003, h=1.52 mm
l—+—Rro04003, h=1.52 mm| |
—— RT6006, h=1.27 mm
-35 ————F—
0 1 2 4 5 6 7

Frequency (GHz)
Figure 2. Simulated reflection coefficients with respect to the different substrates

(Farkl1 alt tabakalara gore simiile edilen yansima katsayilar1)

5
° \ 1\ ‘\
_ T WAYN'D
S - \l7
5 [\
(‘B A
15 VN
1 —®—RT5880, h=1.57 mm \A
-20 —®——R03003, h=1.52 mm 1
—&—R04003, h=1.52 mm !
—¥—RTe006, h=1.27 mm
-25 — ]
0 1 2 3 4 5 B 7
Frequency (GHz)
Figure 3. Simulated Antenna Gains with respect to the different substrates

(Farkl alt tabakalara gore simiile edilen anten kazanglar1)
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Table 2 presents the comparison of properties of the
dielectric substrates and the simulation results of the
proposed filtenna for different dielectric substrate
types. As shown in Table 2, the upper cut-off
frequency of the filtenna shifts through the lower
frequencies, and the simulated maximum antenna
gain decreases as the dielectric permittivity
increases. The simulated reflection coefficient
achieves -10 dB within the bandwidths of 2.67-4.89
GHz, 2.49-4.38 GHz, and 2.42-4.11 GHz for
RT5880, RO3003, and RO4003, respectively.

However, for the RT6006 substrate, the reflection
coefficient of the filtenna reaches -5 dB within the
bandwidth of 1.93-3.54 GHz. Furthermore, the
simulated maximum antenna gain of the filtenna is
measured 3.37 dBi, 2.74 dBi, 2.64 dBi and 2.33 dBi
for RT5880, RO3003, RO4003, and RT6006
substrates, respectively. Figure 5 depicts the 3D
radiation pattern of the proposed filtenna using the
RT5880 substrate at the center frequency of 3.9
GHz.

Table 2. Comparison of the Filtenna Design Simulation Results with respect to the different substrates
(Farkl alt tabakalara gore simiile edilmis Filtenna tasarimi simiilasyon sonuglarinin karsilagtirmasi)

Parameters Dielectric Substrate Type
RT5880 RO3003 R0O4003 RT6006
&r 2.20 3.0 3.55 6.15
Substrate Thickness (mm) 1.57 1.52 1.52 1.27
Center Frequency (GHz) 3.78 3.44 3.26 2.74
Bandwidth (GHz) 2.67 -4.89 2.49 - 4.38 242 -4.11 1.93-3.54

FBW (%) 58.9% 55.0 % 51.8% -

Reflection Coefficient (dB) -10 -10 -10 -5
Reflection Coefficient (dB) @fo -20.05 -18.59 -15.15 -8.52
Max. Gain (dBi) 3.37 2.74 2.64 2.33

Figure 4. The 3D radiation pattern at the center frequency (3.9 GHz)
(Merkez frekanstaki (3,9 GHz) 3B 1s1ma Oriintiisii)
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Frequency=3.9 GHz, Phi=0 A° Gainvs. Angle
90

225 315

(a)

Frequency=3.9 GHz, Phi=90 A°" Gainvs. Angle
90

0 180 0

-40\ -35 -30 -25 -20 '-15 -10 -5 0

270

(b)

Figure 5. Far field radiation patterns when a) ¢=0° b) ¢=90° (Uzak alan 151ma Griintiisii a) p=0° b) p=90°)

Figure 5 shows the far-field radiation patterns of the
proposed filtenna at the center frequency of 3.9
GHz, specifically for azimuthal angles ¢=0° and
»=90°. The simulation results reveal that the
radiation exhibits an omnidirectional characteristic,
indicating a consistent radiation pattern in all
directions around the filtenna.

Figure 6 illustrates the surface current distribution
at the center frequency of 3.9 GHz and Figure 7
depicts the surface current distribution at the lower

cut-off frequencies of 400 MHz and upper cut-off
frequencies of 7000 MHz, respectively. The results
from the simulations indicate that the surface
currents are predominantly concentrated along the
edges of the bow-tie slot and antenna feed line
within the passband. On the other hand, the current
is faded on the low-pass filter of the feed line and
does not flow through the patch antenna at the lower
and upper cut-off frequencies.

o.o00es000 | am [N D

- - 2.000e+000 Afm

Figure 6. Current distribution at the center frequency (@3.9 GHz) (Merkez frekanstaki (3,9 GHz) akim dagilimi)
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L

S —

[0-000e-+000 Afm - - - - 2.000e+000 Alm

L L R — |

|0.000e-+000 Ajm - - - - 2.000e-+000 ajm

Figure 7. Current distribution at a) Lower Stop band (@400 MHz) and b) Upper Stop band (@7.0 GHz)
(a) Asagi Bastirma bandindaki (@400 MHz) ve b) Yukar1 Bastirma bandindaki (@7.0 GHz) akim dagilimi)

3.RESULTS (BULGULAR)

The proposed filtenna design was fabricated on a
Rogers RT5880 dielectric substrate (er=2.2) with a
thickness of 1.57 mm using an LPKF laser
prototyping machine. Furthermore, a subminiature
version A (SMA) connector was soldered to the
antenna feed to perform the electrical tests. The S-
parameter measurements were carried out using a
Keysight N5222B power network analyzer in the
laboratory environment at ambient temperature.
Figure 8 depicts the prototyped filtenna and test
setup.

Figure 9 illustrates the comparison between the
simulated and measured reflection coefficients (S11)

of the fabricated filtenna on RT5880 substrate. It
was observed that the filtenna exhibits two
resonances, contributing to a smooth passband
response. Consequently, the simulated FBW with
S11< -10 dB was calculated as 58.9% (2.67-4.89
GHz), while the measured FBW with S;1< -10 dB
was determined as 52.4% (2.86-4.89 GHz).
Furthermore, the measured FBW with S1:< -12 dB
was calculated as 48.1% (2.94-4.8 GHz). Notably,
the measured reflection coefficients of the
fabricated filtenna showed good agreement with the
simulation results. However, it is worth mentioning
that the simulated (S11) exhibited approximately an
8-dB improvement compared to the measurement
result.

Figure 8. Test Setup (Olgiim Diizenegi)
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0—1

Simulation
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JREREER
v

Reflection Coefficient (dB)
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Frequency (GHz)

Figure 9. Simulated and Measured Reflection Coefficient (Simiile edilen ve 6lciilen yansima katsayis1)

Figure 10 illustrates the comparison between the
simulated and measured antenna gain of the
proposed filtenna on the RT5880 substrate. The
measured and simulated antenna gains were
determined as 3.26 dBi and 3.37 dBi, respectively.
Furthermore, the measured harmonic suppression
level exhibited better performance compared to the
simulation results. However, a noticeable shift of
approximately 350 MHz shift was observed
between the simulation and measurement results at
the lower cut-off frequency. This difference
between the simulation and measurement results of
the antenna gain may be attributed to factors such as
the feeding with the SMA connector and the
manufacturing tolerances. Additionally, it is
believed that conducting the measurements in an
anechoic chamber would provide more accurate and
closer alignment with the simulation results in terms
of the measured gain performance.

The relation between the quality factor (Qc) of the
filter can be calculated with the equation 4,

_ fo(VSWR-1)
Qc = FBW~VSWR (4)

where FBW represents the fractional bandwidth and
fo denotes the center frequency. By applying
equation 4, the Q. can be calculated as 4.96, when
the maximum VSWR is 1.925:1 within the operating
frequency bandwidth.

Table 3 presents a comparison of the state-of-the-art
filtennas found in the literature. The proposed
filtenna demonstrates several advantages, including
a wide FBW, excellent reflection coefficient, and a
compact size.

—=&— Simulation
" |—®— Measurement

%—10 / # % \ 7777777
§—15 ij *M *
I EEEmEEEEE
: T
-25 .\‘ X!‘..,

-30
0 1 2 3 4

5 6 7 8 9 10

Frequency (GHz)

Figure 10. Simulated and Measured Antenna Gain (Simiile edilen ve &lgiilen anten kazanci)
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Table 3. Comparison of the state of art filtennas (Son teknoloji iiriinii filtennnalarin karsilastirilmasi)

Ref fo FBW Size Min.|Su1| | Gain Technology
(GHz) (%) (Aox Ao) (dB) (dB)

[16] 2.6 2.6 0.31x0.27 13 2.2 Multilayer
[17] 3.6 15 0.92x0.86 14 10 Metasurface
[18] 2.5 22.8 1.70x 1.30 20 5 Multilayer
[19] 2.45 12.2 0.65 x 0.33 28 3.5 FR4
[20] 2.4 3 0.37 x0.36 10 2.61 FR4
[21] 1.9 19 0.35x0.24 12 5.6 4003C
[22] 2.45 12 0.49 x 0.49 10 5.26 FR4
[23] 2.45 10 0.49 x 0.49 10 0.65 4003C
[24] 2.4 3 0.36 x0.39 - 2.6 FR4
[25] 2.45 6.7 0.34x0.18 10 1.3 F4B
[26] 24 19 0.38x0.28 10 2.3 FR4
[27] 2.45 - 0.41x0.41 15 1.2 4003C
[28] 24 7.5 0.28x0.24 - 0.74 FR4
This 3.9 52.4 0.46 x0.51 10 3.26 RT5880
work 3.9 48.1 0.46 x0.51 12 3.26 RT5880

less pits and less crater formations increased the
accuracy of measurement.

4.CONCLUSIONS (SONUCLAR)

This study focuses on the design, simulation, and
experimental validation of a bow-tie slot-loaded
monopole patch antenna featuring a single feed and
a four-pole low pass filter. The fabricated filtenna
achieves a reflection coefficient of -10 dB within the
frequency bandwidth of 2.86 to 4.89 GHz, resulting
in a fractional bandwidth of 52%. The maximum
realized antenna gain reaches 3.26 dBi, and the
radiation pattern exhibits an omnidirectional
characteristic.  In  addition, the filtering
characteristic is achieved by incorporating split ring
resonators on the antenna feed lines, and the
defected ground structure is utilized to enhance the
bandwidth. It is considered that the prototyped
filtenna can be utilized for 5G applications with its
compact size, low cost, and high-performance
characteristics.
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