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Abstract: With the development of wireless communication technology, the RF front ends are required to be miniaturized and
multifunctional. Filters and antennas are the critical components in the RF front end and take large circuit area. In recent
years, research efforts have been put on the co-design of the filter and antenna to meet the above requirements. Filtration
contributes to overall performance and reliability of patch antennas in various applications. The importance of filtration in
patch antennas is a crucial aspect that significantly impacts their performance and functionality ensuring efficient signal
transmission and reception in patch antennas by minimizing interference and enhancing signal quality, by effectively filtering
out unwanted frequencies and noise. Understanding the different types of filters used in patch antennas, such as bandpass
filters, low-pass filters, and high-pass filters, is essential for optimizing their performance based on specific requirements.
Through the strategic implementation of filtration techniques, patch antennas can achieve optimal filtering responses,
radiation nulls, and improved performance. Through the combination of filters with patch antennas and the application of
innovative design techniques, patch antennas can be developed having compact, high-performance filtering antennas suitable
for a wide array of applications in wireless communications and other systems. This research paper delves into the importance
of filtration in patch antennas, exploring the role of Frequency Selective Surfaces in patch antenna performance, and the
various types of integrated filters utilized to enhance the functionality of patch antennas for multiuser applications.
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I. INTRODUCTION has radically improved. Modern devices display high

gain, side lobe suppression, high efficiency, and the
Referring to the removal of spurious signals from the ability to cover ultra-high speed digital signals down
desired carrier signal, filtering comprises both digital to microwave and mm-wave carrier frequencies.
and analog forms. These may be as basic as the simple These figures of merit stem from knowledge of
vertical cavity surface emitting laser (VCSEL) which radiating cavity behavior that has grown and matured
inherently suppresses signals away from the gain along with the predictions and precision of radiation
bandwidth as spurious, or extremely complex pattern calculations. The boundary and eigen value
cascaded structures of different, often hybrid  g51ytions of the radiation cavity ultimately predict the
technology, physical filters. In the course of last 40-  general antenna behavior. Looking at scan losses, both

odd years, the basic performance of patch antennas
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substrate and microstrip optical device properties
along with microstrip capacitance and inductance
combine to form an indissoluble entity; included,
however, is the inherent temporal delay in response of
a rectifier to carriers differing in speed by the applied
instantaneous modulating difference frequency. By
iterating the cavity, excitation, and rectifying
solutions, a computationally efficient antenna design
is finally realized. Sacrificing efficiency leads to
simpler, easily fabricated radiating structures.

I1. DEFINITION AND BASIC STRUCTURE:

Patch antennas are one of the most simple and popular
microstrip antenna configurations. As shown in Figure
1, the patch antenna consists of a radiating patch
element printed on the surface of a grounded dielectric
substrate. Microstrip feed or probe coupling can be
used to feed the patch. A frequency selective surface
(FSS) can be placed on the top of the patch to create
the necessary phase reversals of the surface currents,
resulting in broadside radiation. In addition, through
the introduction of slots in the patch element, dual-
band or circularly polarized radiation can be achieved.
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Fig-1: Basic Patch Antenna Structure

The popularity of patch antennas lies in the well-
established fact that they can be constructed with ease
and, due to their low profile and conformal
characteristics, are used in a number of different
applications, such as communications systems, radars,
and remote sensing systems.

Filtration is a critical component in patch antennas,
enhancing their performance and functionality.
Research has shown that integrating filters with patch
antennas can significantly improve their efficiency
and bandwidth. For example, the incorporation of co-
designed substrate-integrated waveguide filters with
patch antennas has been demonstrated to introduce an
additional transmission pole for filtering functions,
leading to highly efficient radiation [1]. By integrating
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filters with patch antennas, the antenna can function
as a resonator, resulting in compact filtering antennas
with enhanced performance [2]. Additionally, the
utilization of discontinuities in microstrip lines, such
as spiral defected microstrip structures as shown in
Fig. 2, has been proven effective in enhancing the
performance of passive circuits, including size
reduction of amplifiers and improvement of filter
characteristics in patch antennas [2].
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Fig-2: Filtering antenna structure layout (Four-
pole band pass filter structure layout)

Furthermore, the co-design of filters and patch
antennas has been explored to create wide-scan-angle
phased arrays with improved bandwidth and filtering
capabilities, where a patch antenna and a cavity
resonator are combined to form the array element [3].
Techniques like the shorting pin method have been
employed to decrease the size of patch antennas,
facilitating the development of miniature wide-band
patch antennas [4]. Various strategies have been
implemented to broaden the bandwidth of patch
antennas, including the use of thick substrates,
resonant slots, low dielectric substrates, multi
resonator stack configurations, impedance matching
techniques, and slot antenna geometries [5].

The frequency selective surface is a two-dimensional
periodic metallic structure sandwiched between two
dielectric materials shown in Figure 3. The FSS works
as a surface wave filter. That means only some surface
wave modes are transmitted or reflected, and the rest
are prohibited. Depending on periodicity and metal
hole dimension, the regular FSS can be designed as
narrow-band or wide-band. The phase differences
between the E-field radiated from the patch and metal
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holes on the FSS are restricted within the working
bandwidth due to the different penetration depths. In
addition, the Bloch impedance of the FSS creates a
band stop characteristic at the transmission port and a
low reflection characteristic. After the impedance
matching network between the patch radiating
element and the input feed line is omitted, the loss of
signals and signals malfunctioning in the receiving
mode can be substantially reduced.
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Fig-3: A proposed frequency selective surface
patch antenna

In summary, there have been two main approaches to
realize the co-design of the filter and antenna. The first
way is to embed the filtering characteristic into the
feed structure of the antenna [6] - [15] such as
connecting the filter directly with the antenna which
would produce large interconnection loss and take
large volume [6], [7]. In [8] - [11], the antenna is
considered as the last stage or the load of the filter.
Capacitive loaded loop-based filter [8] and multimode
resonators [9] could be integrated with an antenna. A
duplexer [10] and the stub-loaded resonators [11] are
connected to the patch antenna to realize the filtering
characteristic. In addition, power divider and baluns
[12], stepped impedance resonators [13] and coupling
elements [14] can also be utilized for the integration
with the antenna. In high quality factor filters are
vertically integrated with slot antennas [15]. The
second way is to implement the filtering antenna
without additional filtering circuits [16] - [25].
Shorting pins [16], driven patch and stacked patch
[17] - [19], meta surface [20] are utilized to realize
filtering antenna. In addition, parasitic loops [21],
baluns and reflectors [22] are used to implement the
filtering antenna. In a broadband patch antenna [23]
with high selectivity is obtained by studying the
electric and magnetic coupling between the main
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patch and the parasitic patches. Without complex
structure, filtering response is realized by carefully
selecting the coupling region between the antenna and
the feed line [24]. In radiation null is introduced by
placing four parasitic strips close to the main patch
antenna [25].

Ill. ROLE OF FILTRATION
ANTENNAS

IN PATCH

Filtration plays a critical role in patch antennas by
enabling the achievement of specific frequency
response characteristics essential for optimal antenna
performance. By utilizing specific shorting pins and
meta surface design, filtration in patch antennas can
lead to limited bandwidth, stable gain, and complex
structures, depending on the selected design approach

[1].

Moreover, filtering in patch antennas is crucial for
controlling and optimizing transmission zeros and
center frequency to meet the demands of modern
digital communication systems, ensuring effective
communication and signal processing [2]. The design
of filtering antennas often begins with the utilization
of a second-order Chebyshev low pass filter
prototype, enhancing the antenna's filtration
capabilities by selecting and combining specific slots
such as folding-line and double-ring slots to realize
radiation nulls that contribute to filtering responses
[1], [2]. Through the integration of SIR band pass
filters and modified shaped slots on monopole patch
antennas, the performance of the circuit is
significantly improved, particularly in terms of
bandwidth and out-of-band suppression levels,
demonstrating the vital role of filtration in enhancing
antenna functionality [2]. This comprehensive
approach to filtration not only ensures a wide filtering
bandwidth and stable gain but also facilitates the
realization of high-gain filtering without the need for
additional circuits, making it an efficient and effective
solution for high-speed communication applications.

IV. DIFFERENT TYPES OF FILTERS USED IN
PATCH ANTENNAS

In the realm of patch antennas, the integration of
various filtering mechanisms plays a pivotal role in
enhancing performance. Integrating filtration into
patch antennas is crucial for enhancing their
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performance parameters, expanding bandwidth, and
achieving efficient radiation characteristics.

One commonly employed method involves
transferring the filtering capabilities of the antenna to
a conventional second-order band pass filter, thereby
augmenting its overall functionality and efficiency
[26]. For instance, the use of a Chebyshev band pass
filter as presented in Fig. 4, entails the calculation of
the minimum return loss in the pass band through a
specific formula, ensuring optimal filtering outcomes
[26]. A practical demonstration of this design
approach showcases a Chebyshev band pass filter with
a remarkable return loss of -18.2 dB and a fractional
bandwidth of 25.7%, underscoring the effectiveness
of this filtration technique in patch antennas [26].
Specifically, the selection of a second-order band pass
filter with a Chebyshev equal-ripple response and
distinct characteristics serves to further refine the
filtration process, contributing to improved harmonic
suppression and impedance matching within the
antenna system [26]. By incorporating these diverse
filtering strategies, patch antennas can achieve
heightened bandwidth, expanded operating bands, and
superior overall performance without compromising
on size or efficiency.
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Fig-4: 4x4 filtering microstrip patch antenna array

V. CONCLUSIONS

The importance of filtration in patch antennas cannot
be overstated, as highlighted by the findings presented
in this research paper. Filtration techniques play a
critical role in shaping the frequency response
characteristics of patch antennas, ultimately leading to
enhanced performance outcomes. By incorporating
specific shorting pins and metasurface designs,
filtration enables the achievement of limited
bandwidth, stable gain, and intricate antenna
structures tailored to specific design approaches. The
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above analysis verifies that filtering characteristics
could be obtained by selecting specific coupling area
along the transmission line to feed the patch antenna.
The 4x4 filtering microstrip patch antenna array with
low sidelobe level (SLL) presented in [26], the
subarray is composed of four microstrip patch
antennas and a microstrip feed line which are located
at different layers of the substrates. The patches are
series fed by the microstrip line through the aperture
on the ground layer. By choosing a specific coupling
area, the patches would be excited with in-phase
currents at the desired frequency. On the other hand,
the patch antennas can’t be excited properly outside
the operating frequency band therefore radiation
suppression is realized. Furthermore, four subarrays
are combined and fed by a Dolph-Chebyshev network
to implement a high gain filtering microstrip patch
antenna array with low SLL. The proposed antenna
array in [26] shows 14.7 dBi measured gain at 5 GHz,
radiation suppression level outside the passband is
better than 25 dB (refer Fig.5). The discussion also
emphasizes the crucial role of filtration in controlling
transmission zeros and center frequency to meet the
evolving demands of modern digital communication
systems, thereby ensuring effective communication
and signal processing. By applying filtration methods
patch antennas can achieve enhanced impedance
matching, harmonic suppression, and filtering
responses, all while maintaining a compact size.
Overall, the research underscores the significance of
filtration in the design and functionality of patch
antennas, paving the way for continued advancements
in antenna technology and communication systems.
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Fig-5: Simulation and measurement comparison of
proposed filtering antenna array.
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