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Antennas and filters are two key components that make up the configuration of the radio frequency (RF) front end of any wireless
communication system. While the antenna is responsible for transmitting and receiving signals in the system, the filter is tasked
with selecting signals that fall within the system’s operating frequency band, while also rejecting spurious (out-of-band) signals
from the system. Following the recent increasing trend toward device simplicity and miniaturization, it is desirable to integrate
the antenna and the filter into a single component that achieves both the radiating (i.e., transmitting and receiving) and the
filtering functions simultaneously. This integrated component is what is now known as a filtering antenna (or filtenna). The
filtenna reduces a system’s prefiltering requirements and improves the noise performance of the system. It also finds
application in overcoming the insufficiency of stand-alone bandpass filters in suppressing interference in sidebands. This article
covers the review of the current state of the art in the design and implementation of filtennas, the practical applications, recent
developments, and challenges. Emerging research and future opportunities in filtering antenna design and implementation
techniques are also investigated and reported.
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1. Introduction that make up a system. The conventional design technique

also gave rise to complex circuits, high signal distortions par-

The traditional radio frequency (RF) front end of wireless
communication systems is normally composed of passive
components including antennas [1] and filters [2] that are
separately designed and then connected by means of 50-
ohm connectors [3]. While the antenna is responsible for
transmitting and receiving signals in the wireless communi-
cation system, the filter is responsible for selecting signals
that fall within the system’s operating frequency band, while
also rejecting spurious (out-of-band) signals from the sys-
tem. This conventional design culture certainly gave rise to
bulky communication systems with large footprints due to
the combined physical sizes of the individual components

ticularly at the band edges, and high losses particularly at the
50-ohm connectors as discussed in [4-9].

Current trends in the state-of-the-art RF front end of
wireless communication systems are to integrate the filter
and the antenna into a single component known as the fil-
tering antenna (or filtenna) [10-16]. The filtenna can con-
currently achieve both radiation (i.e., the transmit and the
receive functions of the antenna) and filtration (i.e., the fil-
tering function of the filter). This integration of a filter
and an antenna to form a filtenna is a very efficient tech-
nique of achieving miniaturization in the modern-day RF
front end of wireless communication systems. This state-
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FiGURE 1: Block diagram of the various stages in this article.

of-the-art integrated filtration and radiation technique is
capable of significantly improving the wireless communi-
cation system’s frequency selectivity and bandwidth. It
can also lead to improved efficiency due to better stability
of the in-band gain and out-of-band rejection on the com-
munication system. Due to the highlighted benefits of inte-
grating an antenna and a filter into a single component,
filtennas have recently been receiving an extensive interest
from researchers who have been investigating and report-
ing novel techniques for the design and implementation
of filtennas [17-26].

This article looks at the various design and implementa-
tion techniques for developing filtennas. It also covers the
review of the current state of the art in the design and imple-
mentation of filtennas, the practical applications, recent
developments, and challenges. Emerging research and future
opportunities in filtenna development are also investigated
and reported. Most of the literatures that have been reported
around filtenna design may be categorized under three stan-
dard design techniques. Firstly, the cascaded filter and
antenna technique [27-37] is a traditional filtenna design
method where a 50-ohm connector or any other type of
impedance matching network is used to connect a separately
designed filter to a separately designed antenna, forming an
integrated filtenna device. Secondly, the codesign technique
of filtenna development [38-46] is a synthesis approach of
filtenna design that overcomes most of the issues associated
with the cascaded technique by utilizing the last resonator of
a bandpass filter (BPF) as the radiating element of the code-
signed filtenna. Thirdly, the fusion technique [47-53] is a
method that eliminates the need for an additional filtering
circuit in the filtenna design process. This article also covers
a variety of transmission line technologies (both planar and
nonplanar) employed in the implementation of filtennas as
reported in the literature. The popular and commercially
available transmission line technologies that have been
reported for the implementation of filtennas include the
microstrip technology [54-59], the waveguide technology
[60-64], the substrate-integrated waveguide (SIW) technol-
ogy [65-76], etc. Some researchers have investigated and
reported on filtennas that were implemented using hybrid
technologies [77-80]. This article also highlights some prac-
tical applications of filtennas which include but are not lim-
ited to mobile satellite terminals [81], aerospace

communication [82], vehicle communication systems
[83-85], RF front-end communication systems [86-88],
wireless LAN and Wi-Fi communications [89-92], medical
devices and systems [93-95], sensors and sensing systems
[96-98], base station communication systems [99-102], etc.
The rest of this article is organized by firstly reviewing
the three standard filtenna design methods in Section 2,
followed by the various technologies that have been reported
for filtenna implementation in Section 3, then an investiga-
tion into the recent state-of-the-art developments in filtenna
design and applications in Section 4, the challenges and
future opportunities associated with filtenna development
are researched and reported in Section 5, and the conclusion
is then drawn in Section 6. A block diagram illustrating the
various stages covered in this article is shown in Figure 1.

2. Filtenna Design Methods

This section investigates and reports on the three standard
design methods for realizing filtennas. The section starts by
firstly looking at the traditional filtenna design method
which is the cascaded filter and antenna technique. Sec-
ondly, an extensive discussion on the codesign technique
(also known as the synthesis method) of filtenna design is
covered. Thirdly, the section delves into the final standard
filtenna design method known as the fusion technique. The
benefits and drawbacks of each method are discussed, and
conclusions are drawn by tabulating the extensive compari-
son among the three design methods.

2.1. Cascaded Filter and Antenna Method. The cascaded fil-
ter and antenna method is also referred to as the tradi-
tional method for filtenna development. In this design
method, a 50-ohm transmission line/connector or an alter-
native impedance matching network is used to connect an
independently designed BPF to an independently designed
antenna, as shown in Figure 2. The resultant device is an
integrated filtenna that combines the radiating functional-
ity of the antenna with the frequency selectivity of the fil-
ter [27-37]. Lee et al. [34] applied this technique by
introducing a tapered microstrip line transition structure
between a quasielliptic BPF and a series-fed array antenna,
as shown in Figure 3. There are a few issues with this
design method. Firstly, the technique gives rise to a bulky
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FIGURE 2: Structure of the cascaded filter and antenna design
method for filtenna development.

filtenna device. This is because both the component BPF
and the antenna are independently designed before being
cascaded by means of an extra interface to form a filtenna.
Secondly, the connecting interface/matching network or
50-ohm transmission line used in cascading the filter to
the antenna introduces additional insertion loss to the
RF front-end system. This is due to the imperfections in
the link between the BPF and the antenna components.
The effect of the linking imperfections is mostly noticeable
at the band edges where signal distortion is mostly experi-
enced. Thirdly, this traditional design method needs to be
implemented using a wideband antenna. The bandwidth of
the antenna should be wider than that of the BPF for the
resultant filtenna to function as desired. This is because
the BPF normally serves as the foundation in the filtenna
development process. Hence, the bandwidth of the compo-
nent antenna should be wider than that of the BPF to
accommodate any mismatch adjustment during the fil-
tenna operation. This is mostly a challenge when employ-
ing antennas such as the microstrip patch antenna with a
high-quality factor. Fourthly, the cascaded filter and
antenna design approach of filtenna development can give
rise to design complexity of strong coupling between the
BPF and the antenna. This is because an external connect-
ing device (i.e., the 50-ohm connector shown in Figure 2)
is needed as an interface between the BPF and the antenna
components. Fifthly, it can also result in bandwidth mis-
match between the BPF and the antenna components.
This is because the BPF and the antenna components
are separately designed before being cascaded to form
the filtenna. There are no limitations to the structures
and topologies that can be used when employing the tradi-
tional filtenna design method.

2.2. Codesign Method. This is the most popular method of
filtenna development. This technique is also referred to as
the synthesis approach. The technique overcomes most of
the issues associated with the cascaded filter and antenna
design approach by utilizing the last resonator of a BPF as
the radiating element of the resulting filtenna [38-46]. This
technique has been investigated and reported by Wu et al.
[44], as shown in the schematic circuit of Figure 4. The
third-order BPF network shown in Figure 4a has been mod-
ified such that the first resonator has been replaced with a
lossy resonator of capacitance, C,; conductance, G4; and
inductance, L,. The lossy resonator is implemented as a
patch antenna forming the radiating component, as shown
in Figure 4b. The remaining two resonators of the BPF are
implemented as H-shaped A/4 resonators forming the filter-
ing component of the resulting filtenna. The simulation and
measurement responses of the sample filtenna are shown in
Figure 4c. This technique of achieving radiating and filtering

functionalities in a single device by implanting the antenna
component as a part of the BPF reduces the cascading losses
experienced in the traditional filtenna design method. The
reduced losses experienced in the codesign method occur
because the BPF and the antenna components are not
designed separately. Hence, the losses associated with the
50-ohm connector in the traditional method are absent here.
When compared to the cascaded filter and antenna design
method, the codesign method has numerous benefits. Firstly,
the absence of the connecting interface/matching network or
50-ohm transmission line in the design means less complex-
ity and less footprint for the applicable RF front-end system.
This should lead to a noticeable improvement in the effi-
ciency of the system. Secondly, the requirement of a wide-
band antenna in the traditional method is absent since the
filtenna is codesigned as a single device requiring a single
bandwidth specification. This makes the codesign method
relatively less complex. Thirdly, this method can improve
the higher order harmonics suppression in the resulting fil-
tenna as a single integrated device means less harmonics.
Fourthly, this technique can significantly improve the band-
width and frequency selectivity of the filtenna since the radi-
ating and filtering functionalities are both integrated into a
single device with no external coupling device (i.e., the 50-
ohm transmission line connector in the traditional design
method). The drawback associated with the codesign
method is that a BPF must first be designed as a foundation
to the proposed filtenna. The BPF is then modified by
replacing the last resonator with a radiating element as
reported in [44].

2.3. Fusion Method. This is the state-of-the-art technique of
filtenna development which is recently gaining popularity
due to its added merit of not establishing an extra filtering
circuit in the filtenna design process, as reported in
[47-53]. This design approach involves the modeling of fil-
tennas as parallel schematic circuits, as shown in Figure 5.
The fusion method combines resonant elements in parallel
with an antenna to produce bandstop functionalities at both
ends of the passband. This technique normally results in radi-
ation nulls in proximity to the edges of the band. The radiation
nulls facilitate the control of the frequency selectivity and the
bandwidth of the filtenna. In addition to the merits of the
codesign method over the traditional cascaded method, the
fusion method achieves a lower insertion loss and higher effi-
ciency since this method does not require a separate BPF
before modifications, as is the case with the codesigned
method discussed in Section 2.2. Liang et al. [47] applied the
fusion method in the development of a microstrip filtenna
with gain-filtering response. The filtenna involves an E-
shaped radiating element and a U-shaped coupling element
slotted into the E-shaped element, as shown in Figure 6. The
design is proposed for application in orbital angular momen-
tum filtennas, as investigated and reported in [47].

2.4. Comparison of Filtenna Design Methods. The evolution
of filtenna design methods from the cascaded filter and
antenna technique to the codesign/synthesis technique and
currently the fusion technique has been investigated and
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FIGURE 3: A cascaded filter and antenna design. (a) Layout. (b) Performance [34].
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FIGURE 4: A codesigned filtenna. (a) Schematic circuit. (b) Layout. (c) Performance [44].

reported. The merits and demerits of all three techniques 3. Filtenna Implementation Techniques

have also been discussed extensively. This subsection is ded-

icated to the comparison of the three techniques as a way of ~ This section discusses the various technologies that have
summarizing the advantages and disadvantages of all three ~ been employed in the implementation of filtennas. Some of

design methods as presented in Table 1.

the popular and commercially available technologies
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discussed in this section for filtenna implementation include
microstrip, waveguide, and SIW. Several researchers have
also reported filtennas that are implemented on hybrid tech-
nologies and some other technologies including coaxial res-
onator and 3D metal structures.

3.1. Microstrip Filtenna. Microstrip is a planar transmission
line technology and perhaps the most established technology
employed in the implementation of microwave components
including filters [103] and antennas [104]. Its popularity is
because it can be fabricated by simple micromilling and pho-
tolithographic processes. Microstrip filtennas are cost-effec-
tive, simple to design and implement, easy to manufacture/
fabricate, and easy to integrate with other planar compo-
nents in a system. They are also of compact size, leading to
profound miniaturization in systems where they are used
as subsystems. Despite all the listed benefits of microstrip fil-
tennas, they do suffer from low power handling capability
and high radiation loss. Microstrip filtennas are very effec-
tive for low-frequency applications but ineffective for
millimeter-wave applications. Due to the benefits and wide
popularity of the microstrip technology, several researchers
have reported filtennas [45, 47, 80, 105-109] implemented
with the transmission line. Mansour et al. [45] proposed a
microstrip filtenna developed by means of the synthesis
design approach discussed in Section 2.2. The design was
based on a third-order hairpin resonator Chebyshev BPF
operating at a center frequency of 2.0 GHz. To achieve the
filtenna response, the last hairpin resonator of the BPF was
replaced by a radiating microstrip patch resonator to main-
tain the third-order feature of the design thereby achieving
compactness. The design achieved —10dB bandwidth of
3.64% and 3.50% for the simulation and measurement
results, respectively. In another recently published literature,
Liang et al. [47] discussed a microstrip filtenna developed
using the fusion method covered in Section 2.3. The design
was achieved without the need for an extra circuit which
means improved miniaturization. The proposed filtenna
which finds application in orbital angular momentum was
achieved by combining an E-shaped radiator with a slotted
U-shaped coupling structure. The filtenna was developed
to operate at a bandwidth of 3.28-3.51 GHz and achieved a
peak gain of 6.68-9.04dBi at the operational band. Tang
et al. [80] investigated a compact microstrip patch filtenna
array developed on a reusable high-order SIW cavity. The
SIW cavity incorporated into the design acted as the first-
stage resonator of the component BPF, while also serving
as the four-way power divider witnessed in the power mode

allocation. The reported filtenna operated at a center fre-
quency of 13.6 GHz and achieved a peak gain of 13 dBi and
90% peak efficiency. Li et al. [105] reported a single-layer
wideband differentially fed dual-polarized filtenna operating
at 4.6 GHz, with low cross-polarization. The reported fil-
tenna is composed of four driven and four parasitic micro-
strip patches and generated two in-band resonances. It also
generated three out-of-band radiation nulls and realized a
good two-pole bandpass filtering function. The reported
bandwidth is 19.5% of the operational center frequency of
the filtenna, with a maximum gain of 6.6dBi. Saleh et al.
[106] investigated a compact linearly polarized 5G Vivaldi
nonuniform slot filtering antenna operating at 6.55 GHz,
with stable radiation patterns and enhanced fractional band-
width of 2.91%. The filtenna realized a maximum gain of
4.96 dBi. The codesigned filtenna relied on the Vivaldi non-
uniform slot antenna profile for its radiation function and
achieved its filtering by means of three microstrip hairpin
resonators. Wang et al. [107] proposed a wideband self-
decoupling dielectric patch filtenna utilizing two lossy
microstrip patches designed to resonate at 5.2 GHz, with a
fractional bandwidth of 18.46%. The reported filtenna
achieved a maximum measured gain of 7.5dBi, as shown
in Figure 7. Li et al. [108] presented a wideband filtering
patch antenna loaded with T-shaped strips and relying on
a lossy microstrip patch for its radiation function. The patch
was designed to resonate at 2.5 GHz with a fractional band-
width of 16.1%. The proposed filtenna achieved high selec-
tivity, two radiation nulls at 2.23 and 2.81GHz, and a
maximum gain of 9.6 dBi. In [109], Guo et al. proposed a 2
x 2 wideband filtering patch antenna array that exhibited
high aperture efficiency and achieved good filtering function.
The design employed a lossy patch antenna resonating at
6.65GHz with a fractional bandwidth of 27.4%. The
reported filtenna achieved a maximum gain of 14.2 dBi.

3.2. Waveguide Filtenna. Waveguides are one of the earliest
transmission line technologies that are still in demand in
the 21st century. They are still the best option for high-
power and precision test applications. Waveguide filtennas
are known for their low insertion loss, high-quality factor,
and high-power handling capabilities. The main issue with
waveguide filtennas is linked to their bulky size. They are
also very expensive and challenging to manufacture when
compared to microstrip filtennas. Waveguide filtennas are
the best option for high-frequency systems and applications.
Numerous researchers have reported filtennas implemented
on the waveguide technology [110-114]. Haider et al. [110]
applied coupled-resonator theory in developing a wideband
filtenna that operates at 9.3 GHz with a fractional bandwidth
of 23% and exhibited transmission zero in the upper stop-
band. The design proposed a novel frequency-variant cou-
pling network, produced the transmission zero, achieved
compactness, and realized higher selectivity. The resulting
waveguide filtenna achieved a maximum gain of 3.53dBi,
as shown in Figure 8. In [111], Chen et al. proposed a wave-
guide slot filtenna array that employed gap waveguide feed
network technology. The filtenna component was realized
by integrating a high-order gap waveguide cavity and a slot
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TABLE 1: Comparison of the three standard filtenna design methods.
Attribute Cascaded Codesign Fusion
Produces bulky filtenna devices due to . . . Needs no extra filtering element
. . . Produces medium sized filtenna devices due L .
Size the use of independently designed filters L and no matching interface leading
.o to the absence of a matching interface .o
and antennas and a matching interface to an effective size management
Insertion Higher insertion loss due to the Moderate insertion loss due to the Moderate insertion loss due to
loss presence of matching interface absence of a matching interface the absence of matching interface
Complexity Complex design Moderately simple design Simple design

Requires wideband antenna and may
Bandwidth result in bandwidth mismatch between the

antenna and BPF components
Efficiency Poorly efficient
Traditional method with

Popularity declining popularity

Better bandwidth matching due to the
absence of a matching interface

Most popular method that is

Best bandwidth matching and
the bandwidth may be controlled
by the radiation nulls
Highly efficient
State-of-the-art method with
growing popularity

Moderately efficient

well established

antenna. The proposed design operates at 60 GHz with a frac-
tional bandwidth of 1.87% and achieved a maximum gain of
15.9 dBi. In another research paper [112], Yang et al. presented
a highly selective dual-band filtenna that operated at 2 mm-
wave center frequencies of 27 and 31 GHz with the respective
fractional bandwidths of 5.0% and 6.85%. The design was
based on a 3D printed half-mode gap waveguide quadruple-
mode resonator and achieved maximum gains of 7.8 and
7.5dBi at the lower and upper bands, respectively. Qi et al.
[113] reported a wideband waveguide filtenna using the
stepped impedance resonator (SIR). The waveguide SIR oper-
ated at a center frequency of 11 GHz with a fractional band-
width of 49.6% and achieved three resonance modes,
ensuring the filtenna bandwidth is widened from 1.9 to
5.0 GHz. The resulting waveguide filtenna achieved a maxi-
mum gain of 10dBi. In a related research paper [114], Shi-
Shan et al. proposed a conical beam filtenna operating at
35GHz with a fractional bandwidth of 6.29%. The filtenna is
composed of a five-way radial filtering power divider and a cir-
cular open waveguide. The design was fabricated on metallic
waveguides to achieve a maximum gain of 7.83dBi and a
reduced insertion loss at Ka-band.

3.3. SIW Filtenna. SIW is a 21st century transmission line
technology that combines the benefits of planar technologies
(e.g., microstrip) with those of waveguide technologies.

Hence, SIW performs well in both low- and high-
frequency applications [115-117]. SIW filtennas are easy to
manufacture and can easily be integrated with planar com-
ponents within a system. The growing popularity of the
SIW technology means that several researchers have recently
been utilizing it in the implementation of filtennas
[118-123]. Guo et al. [118] reported a dual-band SIW fil-
tenna operating at 2.82 and 4.08 GHz for the lower and
upper bands, respectively. The impedance fractional band-
width for both bands is 2.1% and 4.1%, respectively. The
designed filtenna utilized the fundamental resonant mode
and half-mode SIW architectures in achieving miniaturized
circuit and uniform radiation characteristics at the two pass-
bands. The developed SIW filtenna recorded 4.90 and
5.38 dBi maximum gains at the lower and upper passbands,
respectively. In [119], Kant et al. proposed a half-mode
SIW leaky wave filtenna that operates within 7.7-10.9 GHz,
which is a fractional bandwidth of 34.4%. The filtenna real-
ized the bandpass filtering function by means of periodic
radiating slot elements on the high-low impedance SIW cav-
ity employed in the design. The proposed filtenna achieved a
maximum gain of 14 dBi with a variation of 2 dB in the oper-
ating range. In another research paper [120], Wang et al.
presented a compact harmonic suppressed SIW filtenna
implemented on high-order half-mode SIW cavity. The
reported filtenna operates at 5 GHz center frequency with
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an impedance fractional bandwidth of 14.4%. The design
achieved a 76.3% device miniaturization and a maximum
gain of 7.0dBi. Huang et al. [121] investigated a
millimeter-wave bidirectional SIW filtenna array. The feed-
ing network employed in the design is an SIW filtering
power divider operating at a center frequency of 27.5 GHz
with a fractional bandwidth of 3.4%. The filtenna is designed
for 5G applications and achieved a maximum gain of 5.4 dBi.
A compact millimeter-wave wideband filtenna array is

reported in [122]. The circularly polarized 8 x 8 filtenna
array utilized a 16-way SIW feeding network operating at
28 GHz with an impedance fractional bandwidth of 14.4%.
The design achieved a high gain of 23.9 dBi with high out-
of-band rejection, better than 39dB. Wang et al. [123]
reported a single-band SIW filtenna that exhibited two con-
trollable radiation nulls, one in the lower stopband and the
other in the upper stopband. The radiation nulls were gener-
ated by means of an electric and magnetic mixed coupling
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structure, and the fundamental mode enhanced the radia-
tion function of the filtenna. The design was made to operate
at a center frequency of 9.6 GHz with an impedance frac-
tional bandwidth of 2.53% and achieved a maximum gain
of 5.8 dBi, as shown in Figure 9.

3.4. Hybrid Filtenna. Due to the simplicity at which micro-
strip and SIW components can be integrated to produce a
subsystem, several researchers have recently reported hybrid
filtennas [124-128] based on the integration of the two con-
ventional transmission lines. Yan et al. [124] proposed a fil-
tenna implemented using stacked microstrip patches and
substrate integrated suspended line (SISL). The filtenna
operated within the frequency band of 3.20-3.89 GHz result-
ing in a fractional bandwidth of 19.5%. The design is com-
posed of a rectangular patch, a square stacked patch with
grooves, and a segmented feedline. The hybrid filtenna
achieved a maximum gain of 9.21 dBi with an out-of-band
suppression level better than 18.47dB, as shown in

Figure 10. Hu et al. [125] reported a single-layer filtenna
with controllable radiation nulls, operating at a center fre-
quency of 4.88GHz and a fractional bandwidth of 9.0%.
The filtenna design was differentially fed, implemented using
a hybrid of microstrip patches and SIW cavities, and
achieved a maximum gain of 7.7dBi. Li and Deng [126]
investigated a single-layer filtenna with two controllable
radiation nulls and operated within the frequency band of
3.44-3.62 GHz, a fractional bandwidth of 5.1%, and imple-
mented using a hybrid of SIW and triangular microstrip
patch resonators. The design achieved high selectivity and
a maximum gain of 7 dBi. In another research paper [127],
Yan et al. presented a low sidelobe filtenna array based on
higher order mode SIW cavity and microstrip patches. The
reported 1 x 3 filtenna array operated at the center frequency
of 13.2 GHz with a fractional bandwidth of 3.4%. The simu-
lation and measurement results indicated that a maximum
gain of 11.6dBi and an efficiency of 85% were achieved.
The sidelobe levels in the E-plane are both measured to be
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lower than —19.1 dB. Zhao et al. [128] employed the micro-
strip patch resonator and the SIW cavity in the development
of a high-gain dual-polarized millimeter-wave filtenna array
operating at a center frequency of 28 GHz with a 16.5%
impedance bandwidth. Filtering slots were etched around
each of the microstrip patches to improve the selectivity of
the proposed filtenna array. The design improved on the
operating bandwidth and formed a radiation null at the
lower band edge by utilizing the SIW feedline. A maximum
gain of 20.1 dBi was realized in the design response.

3.5. Other Filtenna Implementation Techniques. Some
recently published articles have reported filtennas imple-
mented based on coaxial resonators [129-132] and 3D metal
[133-135] structures. Filtennas implemented using the coax-
ial resonator structure promise higher gains, while those
implemented on the 3D metal printing technology have
recently been attracting a lot of interest due to the numerous
interdisciplinary collaborative research efforts going on in
the field of 3D printing technology. Zhao and Psychogiou
[129, 132] proposed the development of coaxial resonator-
based filtennas using the stereolithography apparatus 3D
printing technique. The design employs the codesign
method and uses a coaxial cavity resonator and an annular
slot antenna component that performs the radiating func-
tion. The proposed filtennas in [129] operated at the center
frequencies of 4.75, 4.80, and 4.60 GHz; the fractional band-
widths of 0.074, 0.083, and 0.076; and achieved peak gains of
5.5, 2.6, and 2.6 dBi, respectively. In another related litera-
ture, Mejillones et al. [130] reported a circularly polarized
coaxial horn filtenna that finds application in electromag-
netic interference mitigation. The design is based on the
insertion of radial stubs into a coaxial horn antenna to pro-
duce transmission zeros at their resonant frequency, thereby
producing a stopband filtering and preserving the polariza-
tion. The reported filtenna achieved a measured aperture
efficiency of between 41% and 45% in the passband, which
is comparable to the standard canonical horn antenna effi-
ciency of between 46% and 50%. In a recent paper published
in June 2025, Zhan et al. [131] investigated a state-of-the-art
high-gain circularly polarized omnidirectional filtenna based
on the coaxial resonator structure. To achieve the filtenna
function, four perpendicular slot pairs were used to form
the basic omnidirectional circularly polarized radiation ele-
ment, which is cut into the sleeves and added to the outer
conductor of the coaxial resonator cavity. The filtenna
achieved a peak gain that is consistently higher than
5.29dBi across the operational bandwidth. Zhang et al.
[133] proposed a full-metal omnidirectional filtenna array
based on the 3D metal printing technology. The design is
composed of an outer metal shell, a built-in metal post,
and three pairs of open circuit branches. The horizontal
omnidirectional radiation was achieved by having a circular
groove dug on the outer metal shell. The filtenna operated
between 2.79 and 2.875GHz, achieved a peak gain of
6.6 dBi, and a measured out-of-band suppression of 28 dB.
Cui and Zhang [134] reported a metallic 3D printed modu-
larized dual-stopband artificial magnetic conductor (AMC)-
loaded waveguide slot filtenna. The design operated between

9.25 and 10.6 GHz and achieved a peak gain of 10 dBi across
the passband. In a related article, Xu et al. [135] investigated
a 3D printed dual-band circularly polarized filtenna with
self-diplexing characteristics for millimeter-wave applica-
tions. The design is composed of a dual-channel filtering
feeding circuitry, a parallelogram-shaped radiator, and a
dual-band tapered polarizer. The fabricated filtenna featured
overlapped bandwidths of 3.0% and 2.1%, with isolations of
greater than 60 and 27 dB in the distinct channel bands.

3.6. Comparison of Filtenna Implementation Technologies.
Now that the three most popular filtenna implementation
techniques have been investigated and reported extensively,
this subsection is dedicated to presenting a tabular compar-
ison of the microstrip, the waveguide, and the SIW filtennas
as presented in Table 2.

4. Recent Filtenna Developments
and Applications

This section is dedicated to the state-of-the-art develop-
ments in filtenna design. Various researchers have reported
novel and interesting advancements in the design and imple-
mentation of filtennas. The majority of recently reported fil-
tenna advancements may be grouped into reconfigurable
filtennas, defected ground structure (DGS) filtennas, multi-
layered filtennas, duplexing/multiplexing filtennas, and a
host of others not discussed in this article.

4.1. Reconfigurable Filtenna. Recent developments of filten-
nas are based on reconfigurable structures that have become
popular in overcoming the limitations associated with con-
gested RF front end and other wireless communication
applications. This is because reconfigurable filtennas can
vary their operations by simply adjusting their electrical
properties/configurations. Hence, this type of filtenna helps
reduce the need for different subsystems performing differ-
ent operations within a system, ensuring the system hard-
ware requirement is compact and simple. In [48], Hu et al.
realized reconfigurability in their filtenna design by relying
on five varactors for frequency tuning. The design achieved
less complexity by supplying only two sets of bias voltages
to the frequency adjustment process. The reported filtenna
achieved a 19.6% tuning range of 2.53-3.08 GHz. The stop-
band suppression level within the tuning range exceeded
10dB. In another research paper, Rodrigues et al. [81]
reported a reconfigurable filtenna for mobile satellite appli-
cation. In the design, a 29 GHz uplink mode microstrip
patch is surrounded by a copper structure that resonates at
a lower frequency of 20 GHz once connected through a pin
diode. Abdelghany et al. [136] proposed a filtenna that finds
application in cognitive radio and wireless systems. The
design achieved reconfigurability by utilizing four varactor
diodes embedded in the BPF component linked to the patch
antenna via a feedline, as shown in Figure 11. In [137],
Gangwar and Alam reported a filtenna that utilized two
switches in a switchable complementary split ring resonator
BPF and antenna to achieve reconfigurability. The design
finds applications in WLAN and WiMax. Das and Sarkar
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TABLE 2: Comparison of the three standard filtenna implementation techniques.
Attribute Microstrip filtenna Waveguide filtenna SIW filtenna
Physical device size Highly compact Bulky Moderately compact
Radiation loss High Low Highly reduced
Needs demanding production . .

. . - ‘ . Challenging to Relatively easy to manufacture

Manufacturing considerations at high frequencies . .
b . manufacture both at low and high frequencies
ut easy at low frequencies

Power handling capability Low High Very good
Cost Not expensive Very expensive Cost-effective
Integration with planar devices Easy Difficult Easy
Application Excellent at low frequency but  Excellent at high frequency but Excellent at both high

ineffective at high frequency

ineffective at low frequency and low frequencies
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FiGURrE 11: Reconfigurable filtenna. (a) Configuration. (b) Performance [136].

[138] proposed another filtenna for WLAN and WiMax
applications. In their design, pin diodes were connected to
the edges of the innermost resonators to enable switching
of operation from dual band to two separate passbands
and, hence, achieving reconfigurability.

4.2. DGS Filtenna. This section discusses filtennas incorpo-
rating DGS in their development. In DGS-based filtennas,
the component antenna is integrated into a DGS-based
BPF to form a single filtenna subsystem. The defected struc-
ture is mostly implanted into the ground plane of the com-
ponent antenna. The introduction of DGS into a filtenna
subsystem contributes to an improved cross-band isolation,
as explained in [139-142]. The recent popularity of the
DGS in the development of filtennas has encouraged numer-
ous researchers to propose filtennas incorporating DGS-
based BPFs. Wang et al. [143] proposed a codesigned fil-
tenna that incorporated a U-shaped patch that acts as the
radiator and last stage of the DGS-based filter. The DGS is
etched onto the ground plane of the filtenna subsystem
and ensures the realization of lower stopband suppression,
improved impedance matching, and expanded bandwidth.
The proposed filtenna operated at a center frequency of

5.1 GHz and achieved a maximum gain of 3.88 dBi, as shown
in Figure 12. Ibrahim et al. [144] investigated a tunable fil-
tenna with DGS-loaded resonators. The proposed filtenna
finds application in cognitive radio systems based on
software-defined radio transceiver. The design is based on
a DGS-based BPF realized by utilizing two coupled DGS res-
onators and two coupled microstrip transmission lines ter-
minated by two stubs. The filtenna achieved tunability by
employing four varactor diodes inserted in the BPF. The fil-
tenna was designed to initially operate within the frequency
range of 1.3-3.0 GHz, but the four varactor diodes may be
used to tune the filtenna to operate from 2.7 to 2.0 GHz as
the capacitance varies from 1.55 to 2.67 pF. In another
research paper [145], Tanguturu et al. introduced the DGS
in their proposed filtenna to achieve rejection of radiation
from unwanted frequencies.

4.3. Multilayer Filtenna. Filtennas developed based on mul-
tilayered structures have recently been gaining popularity.
This is due to their compactness leading to a reduced foot-
print of the RF front end or other wireless systems where
they are applied. Filtennas developed based on multilayered
structures are usually made of stacked resonators and a
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Ficure 12: DGS filtenna. (a) Configuration. (b) Performance [143].
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FIGURE 13: Multilayer filtenna. (a) Configuration. (b) Performance [146].

specialized feeding network, as reported in [146-150]. This
filtenna development approach normally gives rise to ideal
combined filtering and radiating performances while simul-
taneously achieving subsystem miniaturization. Guo et al.
[146] proposed a circularly polarized filtenna array by
employing stacked filtering phase shifting theory. The design
was based on a slot-coupled feeding network and utilized
four sequentially rotated elements with phases of 0°, 90°,
180°, and 270°. The proposed filtenna achieved a maximum
gain of 10.4dBi and an impedance bandwidth of 8.1% (i.e.,
5.05-5.40 GHz), as shown in Figure 13. In another research
paper, Farahani et al. [147] presented a filtenna array based
on a distributed coupled-resonator structure. The design was
implemented using multilayered SIW cavities and achieved a
compact size, low profile, low cost, easy fabrication process,
and a high-performance filtenna array. Huang et al. [148]
reported a multilayered microstrip patch filtenna that
achieved high out-of-band suppression levels. The first layer
of the reported design is composed of a parasitic microstrip
rectangular patch implanted on Substrate 1, while the sec-

ond layer is a rhombus-shaped patch implanted on Substrate
2. The third layer is a rectangular feeding strip located on
Substrate 3. The proposed filtenna achieved a wide band-
width of 2.4% (i.e., 2.05-2.32 GHz). It also realized high sup-
pression levels of 26.1 and 20.6dB at low and high out-of-
band frequencies, respectively. Cheng et al. [149] investi-
gated a high-gain circularly polarized filtenna based on a
stacked patch antenna and a filtering network. The lower
stack contains a low radiation patch consisting of a square
outer loop and a three-quarter circular inner ring linked to
two adjacent edges of the outer loop. The upper stack
delivers improved impedance matching and circular polari-
zation within the proposed filtenna passband. The reported
filtenna achieved a high gain of 7.0 dBi, an impedance band-
width of 15.2% (i.e., 1.83-2.13GHz), and an axial ratio
bandwidth of 8.2% (i.e., 1.87-2.03 GHz). Kuosmanen et al.
[150] employed the multilayer structure in proposing a
dual-polarized wideband filtenna array. The stacked PCB
structure is composed of simple two-sided PCBs that are
stacked on top of each other and connected by means of vias
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FIGURE 14: Duplexing filtenna. (a) Configuration. (b) Performance [151].

to form a tapered slotline along the surface normal to the
PCBs. To achieve the desired filtering effect in the filtenna,
the tapered slotlines are corrugated to provide an effective
space-saving integration of the filter into a half-wavelength
lattice. The design’s predicted infinite array performance in
the passband is a fractional bandwidth of 102% (i.e., 6.0-
18.5 GHz).

4.4. Duplexing Filtenna. The need to decongest the RF front
end of wireless communication systems is the main motiva-
tion for proposing duplexing filtennas in the first place. The
reason being that duplexing filtennas not only have filtering
and radiating functions like all other filtennas discussed so
far in this article but also utilize a single channel in transmit-
ting and receiving signals. This added advantage makes the
duplexing filtenna a subsystem of interest which is currently
gaining the attention of numerous researchers. Qian et al.
[151] proposed a compact dual-polarized duplexing filtenna
that achieved high isolation of 34 and 38 dB across the trans-
mit and the receive bands, respectively. The design offers a
novel feeding network that is composed of an all-resonator
structure and achieves good filtering functions and radiation
gains across both bands, as shown in Figure 14. Liu et al.
[152] reported a low-profile duplexing filtenna that depicted
high roll-oft and high isolation in the response curves. The
reported duplex filtenna is composed of a ground plane,
two feeding networks, and two slot radiation elements.
Maithani and Gangwar [153] investigated a compact
duplexing filtenna array for application in vehicular commu-
nication connectivity. Liang and Chen [154] proposed a

duplexing filtenna employing hanging resonators. The fil-
tenna is composed of seven cavities and achieved high isola-
tions better than 39.4 and 34.5dB in the lower and higher
frequency bands, respectively. Althuwayb and Kumar [155]
reported a resonator-based duplexing filtenna implemented
on the SIW technology. The proposed design is composed
of two feedlines and a common SIW cavity. To achieve
half-mode resonator behavior in the SIW cavity, they carved
a rectangular slot on the top side of the cavity, along the thin
side. The reported duplexing filtenna exhibits an impedance
bandwidth of approximately 3.0% (i.e., 8.63-8.88 GHz) in
the lower passband and 4.2% (i.e., 9.26-9.66 GHz) in the
upper bandwidth. The measured maximum gains are 3.51
and 4.10 dBi in the lower and upper passbands, respectively.
In another research paper, Hu et al. [156] investigated a
compact vertically integrated duplexing filtenna employing
radiating SIW cavities and a common feedline. The pro-
posed duplex filtenna exhibits an impedance bandwidth of
approximately 3.2% (i.e., 4.03-4.16 GHz) in the lower pass-
band and 3.9% (i.e., 4.81-5.0 GHz) in the upper bandwidth.
The measured maximum gains are 4.36 and 4.83 dBi in the
lower and upper passbands, respectively.

5. Challenges and Future Opportunities in
Filtenna Development

The growing interest in the development of filtennas to meet
the current demands of modern-day wireless communica-
tion systems, particularly the RF front end of systems, means
researchers are continuously investigating novel techniques
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to overcome the challenges associated with existing filtenna
subsystems. Some of these challenges are intertwined and
include reconfigurability, improved efficiency, miniaturiza-
tion, multifunctionality, and so on. Though reconfigurable
filtennas are popular nowadays as they can adjust their prop-
erties thereby reducing the number of subsystems needed to
perform different operations within a system, their design
requires complex configurations to achieve reconfigurability.
This challenge has recently been overcome by employing
varactor diodes as explained in [48, 81, 136] to achieve the
required frequency tuning, thereby largely simplifying the
design configuration. The challenge of achieving improved
efficiency in filtenna development may be overcome by
employing multimode resonators in their design configura-
tion as proposed in [73, 112, 127, 157]. The multimode res-
onators have been found to be very useful in minimizing the
filtenna insertion loss to the tolerable minimum. They also
lead to highly miniaturized filtenna subsystems based on
the number of modes in operation. A dual-mode resonator,
for instance, will reduce the filtenna device footprint by 50%.
The challenge of achieving multifunctionality in filtenna
subsystems has recently been gaining popularity particularly
in the implementation of duplexing filtennas [151-156].
This class of filtennas does not only contribute to the com-
pactness of a system but also has multiple functions includ-
ing frequency filtering and selectivity, radiation, and the use
of a single channel to transmit and receive signals.
Millimeter-wave filtennas [158, 159] have been attracting
increased interest from researchers due to their ability to
reduce the complexity and size of systems while also consid-
erably reducing the cost. Their development process has
greatly benefited from the advantages of the SIW transmis-
sion line technology discussed in Section 3.3 of this article.
Hybrid filtennas [160, 161] have also been implemented to
overcome the poor integration challenges associated with
waveguide filtennas. This class of filtennas combines the
benefits of microstrip technology (including low cost, com-
pact side, and ease of integration) with the advantages of
the SIW technology (including low radiation loss and very
good power handling capabilities) in a single subsystem. By
this, high-frequency operational subsystems can be achieved
without the need to worry about the bulky nature of wave-
guide technology.

The common challenges associated with filtenna devel-
opment may be summarized in bullet points as follows:

¢ Reconfigurability: The capability of a filtenna to adjust
its characteristics including operating frequency,
bandwidth, and selectivity to facilitate utilization in
various applications. This challenge may be overcome
by introducing varactor diodes in the filtenna develop-
ment process. The varactor diodes are used to switch
between the different possible configurations for dif-
ferent applications.

Improved efficiency: The challenge of achieving
improved efficiency in filtenna development is directly
linked to the utilization of a minimal number of con-
nectors between the subcomponent filters and anten-
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nas. The codesign and fusion methods covered in
Sections 2.2 and 2.3, respectively, have been successful
in achieving minimal insertion loss, thereby improving
the efficiency of the resultant filtenna.

e Miniaturization: Multimode resonators are known to
be useful in overcoming the bulky size of integrated
components, and this is true for filtennas. Dual-mode
resonators, for example, can reduce the filtenna size
by up to 50% when utilized in the development
process.

e Multifunctionality: The ability to integrate multiple
functions into a single filtenna device. Duplexing fil-
tennas are recent designs that have achieved multi-
functionality of frequency selectivity, signal radiation,
and the use of a single channel to both transmit and
receive signals.

There are growing opportunities challenging the current
state of the art in filtenna development. Some of these
paradigm-changing investigations have been recently pro-
posed in a few research papers. Rao and Ram [162] investi-
gated the techniques for enhancing frequency selectivity in
the filtenna development process by utilizing controllable
radiation nulls. The effective rejection of out-of-band fre-
quencies in filtennas is greatly linked to the proper utiliza-
tion of radiation nulls, as explained in the article.
Advancements in wideband filtennas [163-165] are also a
growing area that needs more exploration by researchers.
Dual-polarized [163] and circularly polarized [164] filtennas
have been investigated and reported for application in wire-
less systems requiring wideband operations. A new class of
filtennas that is developed based on coaxial resonators
[129-132] has recently been proposed. These filtennas
promise higher gains and are developed using the codesign
method discussed in Section 2.2 of this article. Zhang et al.
[133] utilized 3D metal printing technology in the develop-
ment of a full-metal omnidirectional filtenna array. This is
an interesting area of research that is currently attracting a
lot of interest from the research community due to the popu-
larity and wide application of the 3D technology in numerous
fields of human endeavors. A lot of interdisciplinary collabora-
tive work is currently ongoing that utilizes the 3D technology,
and microwave engineers will not want to be left out.

6. Conclusions

An extensive review of filtenna design and implementation
techniques, applications, recent developments, challenges,
and future opportunities has been discussed in this article.
The review commenced with an investigation into filtenna
design evolution starting from the cascaded filter and
antenna approach to the codesign method, and then the
fusion method. The different technologies that have been
reported for filtenna implementation were also discussed
including microstrip, waveguide, and SIW. The advantages
and disadvantages of these technologies were extensively
reported, and their integration to achieve hybrid filtennas
was highlighted. The current state of the art, emerging
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research, and future opportunities in filtenna developments
have also been covered. This article is a brilliant reference
resource for RF and microwave students, engineers,
researchers, policymakers, and anyone who may be inter-
ested in the development of filtennas.
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