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ABSTRACT This paper introduces a novel filtering approach that employs integrated periodic structures
with a conventional Vivaldi antenna to achieve a fully integrated bandpass filtering antenna. The approach
results in a wide out-of-band suppression, high passband selectivity, adjustable operational bandwidth, and
low insertion loss. The proposed filtering approach maintains the original size of the conventional Vivaldi
antenna (base antenna) without requiring additional modifications. To validate the approach, we present
two filtering Vivaldi antennas: filtering antenna I (center frequency: 18GHz, fractional bandwidth: 21%,
insertion loss: 0.32dB) and filtering antenna II (center frequency: 6.5GHz, fractional bandwidth: 12%,
insertion loss: 0.6dB). Their wide out-of-band gain suppression (typically ≥15dB) covers the conventional
Vivaldi antenna’s frequency range (4-24GHz). A prototype of the filtering antenna I is manufactured. Its
measurement results validate the proposed approach and show good agreement with the simulated reflection
coefficient, realized gain, and radiation patterns. The features of the proposed filtering antenna approach,
make it suitable for various applications requiring efficient frequency filtering.

INDEX TERMS Filtering antenna, fully integrated antenna design, metasurface, out-of-band suppression,
wideband antenna, filtenna.

I. INTRODUCTION
wireless communication systems play a significant role in
modern technology, such as mobile communication, satellite
communication, and radars. Utilizing wideband antennas in
such systems yields numerous benefits, such as versatility,
simplification, cost, and space savings [1]. Besides, it is
crucial to use specific filters in order to ensure the best
performance of these systems. The filters provide a dual
function by preventing the emission and/or receiving of
signals outside the desired frequency range during transmis-
sion and reception. Moreover, enhancing wideband antennas
with filtering functions allows for the flexible selection
of desired bandwidth while maintaining consistent antenna
behavior. This enhancement improves their adaptability
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across diverse scenarios and applications, e.g. 5G base sta-
tions, directional communication, radar systems, and passive
sensors.

Traditionally, external filter modules, located at various
points along the signal path, have been used to filter out-
of-band emissions. However, the size and price of these
traditional filters are typically significant drawbacks. This
challenge becomes evenmore complicated in active antennas,
where some of the filters should be placed between the
antenna element and the integrated power amplifiers/LNAs
in their corresponding transmitter and receiver chains. In this
situation, there are two major challenges: Firstly, when
the antenna element is highly integrated with transceiver
components, there is significantly less space left for filtering.
Secondly, in the highly integrated active antenna, the standard
50 � interface impedance can not be applied in the case of
high-efficiency requirement [2], [3].
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An innovative idea known as antenna-integrated filters,
filtering antennas, or filtenna has been presented to address
these challenges [4]. By combining the functionality of
antennas and filters into one structure, this idea reduces
the need for separate, standard 50 �, and large-scale filter
components. In the effort to develop these filtering antennas,
a variety of approaches have been recently investigated in [4],
[5], and [6].
Apart from the standard 50 � interface, the integra-

tion of the filtering antenna can be categorized into two
integration levels: high integration and full integration.
In high integration, 50 � interface impedance is eliminated
and the filter is directly connected to the base antenna
in an optimum interface impedance. However, compared
to the base antenna, this method results in an increase
in the filtering antenna’s overall size. Good examples of
the recent highly integrated filtering antenna have been
presented in [7], [8], [9], [10], [11], [12], [13], [14], and
[15]. On the other hand, full integration entails designing
an integrated antenna that doesn’t need either the 50 �

interface impedance nor any increase in size to the base
antenna. In [16], [17], [18], [19], [20], and [21], a number
of novel instances of fully integrated filtering antennas
have been reported. These include the incorporation of a
narrow band-pass resonator onVivaldi antenna [22], radiation
null on a narrow band substrate integrated waveguide slot
antenna [23] and on the metasurface antenna [24], the
implementation of a notched-band on wideband Vivaldi
antenna [25], and harmonic suppression on narrowband patch
antenna [26]. However, it’s worth mentioning that these
filtering approaches have their specific areas of focus, such
as creating a narrow passband, improving antenna bandwidth,
integrating null, or suppressing harmonics (lowpass filters).
This paper introduces a novel fully integrated band-pass
filtering antenna based on a wideband Vivaldi antenna. Our
focus is on the unique capabilities of passband selectivity and
operational bandwidth tuning across the wide bandwidth of
the base antenna.

Another desired characteristic of filtering antennas, espe-
cially in high-power systems, is wide out-of-band suppres-
sion. In [10], a low-pass filter has been highly integrated by
a narrowband stepped-impedance dipole antenna to suppress
the gain of upper harmonic ≥10dB up to 4.8×center
frequency. In [27], a highly integrated filtering Vivaldi
antenna utilizes slotline surface plasmon polaritons, reported
in [28], to filter out the frequencies above 27GHz with
out-of-band gain suppression of about 14dB. In [29], the
band-pass filtering Vivaldi antenna array incorporates a low-
pass filter, realized by periodically slotline’s corrugation,
and a high-pass filter realized by surrounding the antenna
with a waveguide. Its fractional passband bandwidth is 88%
(1.2-3.1GHz) with upper band gain suppression of≥20dB up
to 6GHz. The ability to control the lower edge frequency of
the filtering antenna has not been addressed in [10] and [27]
and the authors have used the lower cutoff antenna frequency.
Moreover, in [29], due to incorporating a waveguide to

FIGURE 1. (a) Top view of the filtering Vivaldi antenna I operating from
15.6 to 19.3GHz, (b) side view, (c) proposed filtering periodic structures.

control the lower edge frequency, the adjustment becomes
complicated. Furthermore, operational bandwidth tuning has
not been addressed in the literature.

In this paper, we introduce a new approach involving
novel periodic structures which are fully integrated into the
conventional Vivaldi antenna. The design of our proposed
multi-functional filtering antenna, filtenna, simultaneously
incorporates four key features, representing a groundbreaking
development in the field. This unique combination of
functionalities within a geometry sets our work apart from
existing literature. The key features are:

• the integration results in a fully integrated filtenna, that
maintains its original dimensions without requiring any
additional adjustments,

• the ability of passband selectivity within the broader
frequency spectrum of the wideband Vivaldi antenna,
without relying on the antenna’s aperture cutoff frequen-
cies at both lower and higher filtering frequency edges,

• the capability of adjusting the operational bandwidth
(from very wide to narrow bandwidth, it can even
function as a notch filter),

• low insertion loss with a wide out-of-band suppression
range.

We demonstrate the approach by designing two filtering
Vivaldi antenna prototypes, achieving low in-band insertion
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TABLE 1. Dimensions of the proposed configurations (mm).

losses of 0.32 dB and 0.6 dB using an identical Vivaldi
base antenna. These filtering antennas represent operational
bandwidths of 21% at 18 GHz and 12% at 6.5 GHz,
respectively. Moreover, the filtennas feature a wide out-of-
band gain suppression of typically ≥15dB. In addition to
the filtering bandwidth and center frequency, the out-of-band
suppression level and range can also be adjusted according to
the desired application.

II. DESIGN PRINCIPLE
In this section we first recall the traditional Vivaldi antenna,
also referred to as the exponentially tapered slot antenna.
Here we utilize it as the base antenna element. Subsequently,
the novel filtering structures (referred to as str. A, B, and C)
and their combinations are discussed in detail. The dispersion
diagram results, reported in this section, are obtained utilizing
CST Studio Suit eigenmode solver with a one-dimension
periodic boundary condition.

A. VIVALDI ANTENNA
The need for antennas with characteristics like wide band-
width and directional radiation patterns has grown along
with the demand for wireless communication. One of the
viable candidates for a broadband directional communication
system is the Vivaldi antenna. This kind of antenna is
thoroughly described in various literature, e.g. [1] and [30],
and recently reviewed in [31]. In this paper, the Vivaldi

FIGURE 2. Dispersion diagram of the proposed structure A up to 40GHz
with three distinct passbands and two stopbands (p1=0.9mm, W=0.8mm,
L3=1.6 mm, Ws=0.1mm, and s=0.4mm). The second passband is the
desired passband frequency range.

element, Fig. 1(a) and 1(b), is implemented on a 3-layer
PCB technology, realizing stripline configuration. It consists
of two Rogers RO4003C substrates (0.3mm thickness),
a RO4450F as prepreg (0.1mm thickness), and 3-layer
1 oz copper cladding. The tapered slot patterns of the
Vivaldi elements are placed on both the top and bottom
sides of the structure. The feed line, along with the radial
stub, is positioned on the middle layer. Here, a broadband
microstrip to stripline transition, [32], is employed for easy
connectorizing of the multilayer structure. The designed
conventional Vivaldi antenna, simulated in CST Studio
Suit transient solver, results in a below -10dB reflection
coefficient across a frequency range of 4-24GHz and a
maximum realized gain of 9.5dB. The dimensions of the base
element are reported in Table 1.
The performance of the Vivaldi antenna can be enhanced

by utilizing different previously reported techniques. These
techniques include the incorporation of spoof surface plas-
mon polaritons (corrugation) along the flare or edge [27],
[33], [34], sliced notch antenna [35], dielectric director and
slab [36], [37], parasitic elements [8], and metamaterials
[27], [38].

Although such techniques can be applied to our base
antenna structure, they have not been incorporated in this
paper. The present paper focuses on demonstrating the
filtering performance of the proposed structures without any
contribution from other techniques. This choice is made to
enhance clarity and readability while showcasing the filtering
structures’ capabilities. Thus, we have kept the base antenna
simple and have not used any of the advanced techniques
mentioned.

B. FILTERING STRUCTURE A
The concept of loading a Vivaldi antenna by a short-circuited
stepped impedance resonator to achieve a notched pole was
introduced in [25]. Wherever the resonator represents a short
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FIGURE 3. Dispersion diagram of the proposed structure A up to 40GHz
with W=0.8mm, L3=1.6mm, Ws=0.1mm, s=0.4mm, and varying
periodicity p1.

circuit across the frequency spectrum, the intended notched
pole is achieved. However, in pursuit of our paper’s objective,
which is a fully integrated band-pass filtering antenna
with high selectivity, adjustable operational bandwidth, and
wide out-of-band suppression, we develop a novel concept.
This concept leverages the incorporation of the properties
of periodic and guiding structures, as explored in prior
research [39], to the idea of the notched pole. Through the
incorporation of periodic-loaded lines and an understanding
of their dispersive properties, we demonstrate that the
frequency response of the structures is divided into distinct
pass bands and stop bands. Utilizing these principles, we have
effectively widened the stopband, compared to the notched
pole, to cover a broader range of frequencies. Furthermore,
we achieve an adjustable passband that is bordered by these
stopband regions. This configuration provides control of the
filtering performance according to desired specifications.

The first structure, referred to as str. A, is depicted in
Fig. 1(c). It fulfills the necessary criteria of an adjustable
passband with wide stopbands. All filtering structures are
positioned in the middle layer. The parameter dimensions of
the str. A are detailed in Table 1. The parameters such as
periodicity p1, width W, patch length L3, and stepped width
Ws act as effective controls for tuning the stop/pass band
frequencies and the operational bandwidth. The dispersion
characteristics of structure A are shown in Fig. 2, in which
the 1st, 2nd, and 3rd passband frequencies are plotted for
p1=0.9mm, W=0.8mm, L3=1.6mm, and Ws=0.1mm. It’s
worth noting that in this figure, the slotline width s is set
to 0.4mm.

The initial passband begins at a very low frequency,
which aligns with the expected capacitive behavior of the
proposed periodic structure A —- representing an open
circuit at lower frequencies. This passband extends to the
cutoff frequency of 6GHz,Above that point, the first stopband
extends to 16GHz. Subsequently, the second passband, which
is the desired operating frequency range, appears between
16-20GHz exhibiting a fractional bandwidth of 22%. This

FIGURE 4. Dispersion diagram of the proposed structure A with
(a) p1=0.9 mm, W=0.8mm, Ws=0.1mm, s=0.4mm, and varying patch
length L3 for band selectivity, (b) p1=0.9mm, L3=1.6mm, Ws=0.1mm,
s=0.4mm, and varying width W for operational bandwidth tuning.

is followed by another stopband that lasts until 31GHz. The
propagation of electromagnetic energy across the slotline
is essentially stopped within the stopband regions. The
observed behavior is a result of the proposed structure’s
ability to generate virtual short-circuits between the two
sides of the slotline transmission line, leading to the desired
filtering performance. The stopband of the filtering response
can be also widened by the structure’s tapering since shorter
structures work better at higher frequencies.

The viability of only using structure A is dependent on
the demands of the particular application; especially if the
out-of-band suppression range shown in Fig. 2 is enough.
It’s important to emphasize that this controllable filtering
performance can be tailored to meet specific requirements.
It can also be combined with other structurally similar
periodic structures, as we will demonstrate in the next
sections.

In order to provide conceptual validation and demonstrate
the impact of periodicity on the filtering response, we present
the dispersion diagram of the structure with different
periodicity values in Fig. 3. It is observed that by increasing
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FIGURE 5. Dispersion diagram of the proposed structure A with
p1=0.9mm, W=0.8mm, L3=1.6mm, Ws=0.1mm, and varying slotline’s
width s.

the periodicity, the stopbands become narrower, ultimately
converging into a notched pole of a stepped impedance
resonator. This emerges when the periodicity becomes large
enough, leading to no interactions between the structure’s
units.

As pointed out before, to enhance the filtering performance
of structure A in terms of out-of-band-suppression range,
we will introduce other structurally similar configurations in
the upcoming sections. However, we primarily analyze and
elaborate on the performance of structure A to explain the
filter’s behavior. Given the structural similarity, our findings
are applicable also to structures B and C, depicted in Fig. 1(c).
Recall that we are aiming for two key features at the

filtenna: the ability of passband selectivity across the wide
frequency range of the Vivaldi antenna and the capability
of controlling the operational bandwidth. Thus, the proposed
configuration should demonstrate the capabilities, exhibited
in Fig. 4(a),4(b). Fig. 4(a) illustrates the band selectivity, or in
other words adjusting the passband center frequency, while
the fractional operating bandwidth is robust around 22% for
the 2nd passband. Thus, tuning the length of the structure
appears as a key parameter for achieving band selectivity,
offering a straightforward method to adjust the filter’s center
frequency. Additionally, the concept of electronically tuning
and shifting the passband–via the integration of PIN diodes
to create distinct sections– can be incorporated into the
configuration. However, consideration needs to be given to
any potential parasitic effects across the different parts in the
PIN diode scenario. Furthermore, it is observed that adjusting
the width of the stepped-section Ws, Fig. 1(c), fine-tunes the
passband center frequency by up to 10%.

Fig. 4(b) illustrates the impact of adjusting thewidthW that
enables control over the operational bandwidth of the filtering
performance. The upper cutoff frequencies of the passbands
are affected by the widthW, e.g. the 2nd passband’s fractional
bandwidth changes from 22% at W=0.8mm to 50% at
W=0.1mm. Additionally, using periodicity, as shown in
Fig. 3, allows for control of the operational bandwidth,

FIGURE 6. Dispersion diagram of the proposed (a) structure B with
p2=0.9 mm, W2=0.8mm, L5=1.2mm, s=0.4mm, (b) structure C with
p3=2.4mm, W3= 2.3mm, L6=0.3mm, s=0.4mm.

e.g. increasing periodicity widens the passband bandwidth,
particularly at the lower cutoff frequency.

Given that the structure will be fully integrated into a
Vivaldi antenna, where the slot line width varies within the
antenna flare, it’s essential to evaluate the effects of the
variation of slotline’s width on the filtering performance.
Fig. 5 demonstrates that the variation in the slotline’s width
s has a negligible impact on the filtering performance. The
enlarged view of the 2nd passband highlights the robustness.
As a result, the filtering structures can be fully integrated
along the antenna flare. Notably, according to the geometry
of the structure, the presence of a strip parallel to the electric
field vector below the slotline results in an increase in
insertion loss if one moves very far along the flare where the
slot width widens.

C. FILTERING STRUCTURE B AND C
As previously mentioned, utilizing solely structure A might
be suitable for some applications. However, if a wider out-of-
band suppression is needed, we here introduce two additional
filtering configurations which have conceptual and structural
similarities with structure A. Cascading of these structures
together with str. A, results in a very wide suppression range.
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Given the dispersion diagram of structure A, Fig. 2, cascading
of another structure, featuring bandstop responses on both the
1st and 3rd passbands of structure A, effectively blocks their
propagation. Hence, only the 2nd passband is permitted to
propagate with a range starting from very low frequencies up
to above 40GHz.

Through the incorporation of a short-circuited via on both
sides of a conceptually and structurally similar geometry,
depicted in Fig. 1(c)-structure B, any propagation at lower
frequencies is blocked due to its inductive characteristics at
those frequencies. Thus, the suppression of the 1st passband
of structure A, Fig. 2, can be expected by tuning the
cutoff frequencies of structure B. Recall that, given the
structural similarity, all parameter analyses and findings
presented in section II-B for structure A are also applicable to
structures B and C, depicted in Fig. 1(c). Due to conciseness,
we do not repeat the details for structures B and C. As a
result, the starting frequencies and cutoff frequencies of
the pass/stop bands are controllable for these structural
similar configurations utilizing periodicity (p2 and p3), width
(W2 and W3), and length (L4, L5, and L6).

Fig. 6(a) illustrates the dispersion diagram of structure B,
which is tuned to align its second stopband with the
3rd passband of structure A, Fig. 2. Besides, it also aligns the
upper cutoff frequency of the first stopband below 16GHz.
In the case of cascading structures A and B, as depicted
in Fig. 1(a), only a single passband (16-20GHz) remains,
propagates, and radiates through the Vivaldi antenna.

In addition to structure B, we here introduce another
conceptually and structurally similar configuration for cases
requiring a passband at low frequency. This structure, named
structure C and depicted in Fig. 1(c), can effectively work
as a lowpass filter up to its next passband. This structure
is similar to structure A but considerably smaller, designed
to use its first passband as a lowpass filter. The dispersion
diagram of structure C is exhibited in Fig. 6(b), where the
stopband from 10.7GHz to 19.5GHz is adjusted utilizing
the periodicity p3 and width W3, instead of its length L6.
This approach was observed to provide a better impedance
matching to the slotline in the first passband, starting from
very low frequencies. On the other hand, using the length
(e.g. L3 and L5) is recommended for structures A and B,
to achieve a wider stopband. In our scenario, the Vivaldi
antenna functions well from 4GHz up to 24GHz, inherently
filtering out lower and higher frequencies.

As pointed out, these structures offer similar controllability
as structure A but with a significantly wider passband. Solely
employing one of the fully integrated structures can function
as bandpass filters by leveraging the antenna aperture’s cutoff
frequencies, according to specific application requirements.
The passband bandwidth can extend up to the entire
bandwidth of the base antenna.

III. FILTERING ANTENNA SIMULATIONS
This section focuses on the full integration of the conventional
Vivaldi antennawith filtering structures, detailed in section II.

FIGURE 7. (a)The combined dispersion response of structures A and B
with p1=p2=0.9mm, W=W2=0.8mm, L3=1.6mm, Ws=0.1mm,
L5=1.2mm, s=0.4 mm. (b) The simulated S-parameters of a 2-port slotline
(s=0.4mm) with the filtering structure, consisted of str. A and B on the
middle layer, (solid line) and without filter (dotted line). (c) The simulated
boresight realized gain and reflection coefficient (S11) of the filtering
antenna I, depicted in Fig. 1(a), (solid lines) and conventional Vivaldi
antenna (dotted lines).

Two filtennas, named filtering Vivaldi Antenna I and II,
are designed to operate at 18GHz and 6.5GHz, respectively,
as their center frequency.

A. FILTERING VIVALDI ANTENNA I
As a result of the findings in section II-B, the variation
of the slotline’s width, e.g. along the Vivaldi flare, has
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a negligible impact on the filtering performance of the
proposed structures. However, it does not imply that it can be
disregarded. There are good reasons for subtle consideration
due to the presence of a strip parallel to the electric field
vector below the slotline. First, moving the filter farther along
the flare results in a proportional increase in insertion loss,
corresponding to the strip’s length below the slotline. Second,
their parasitic effects result in mismatch and unwanted
scattering. Thus, it is recommended to place the structures
at the beginning part of the antenna’s flare, as depicted in
Fig. 1(a). Here, the starting point of the filtering structures,
e.g. the distance between the antenna feeding part and
filtering structure, called Df, is tuned to achieve optimal
in-band matching conditions.

The repetition count of the periodic structure’s unit is
another critical parameter. On one hand, it can improve
the filtering roll-off rate and rejection; on the other hand,
it prolongs the filtering structure resulting in going farther
along the flare. Hence, a thoughtful trade-off according
to the intended application is necessary. Here, we cascade
structure B with structure A, beginning with structure B
and then A, to obtain both improved impedance matching
and wider stopband regions close to the feeding part. The
combined dispersion response of structures A and B is
depicted in Fig. 7(a), highlighting the wider stopband region
of structure B (dotted lines) and the overlapped passband
frequencies from 16-20GHz.

Fig. 7(b) shows the simulated S-parameters, utilizing the
CST Studio Suit transient solver, for a 2-ports slotline,
see Fig. 7(b) and 1(b), with and without the cascaded
filtering structure on its middle layer. The filtering structure
consists of 4 repetitions of structure B and 8 repetitions of
structure A. The figure highlights the filtering performance
with 21% fractional bandwidth (15.6-19.3GHz), wide out-
of-band suppression (2-24 GHz), and low insertion loss
(0.27dB). Increasing the repetition of structures B and
A enhances the suppression level, e.g. 8 repetitions of
structure B improve suppression below 6GHz. The slight
difference in the passband response, from 16-20GHz in
the dispersion diagram, see Fig. 7(a), to 15.6-19.3GHz,
stems from the interactions between the physically cascaded
structures B and A.

Fig. 7(c) depicts simulation results utilizing the CST
Studio Suit transient solver for the fully integrated filtering
antenna I, see Fig. 1(a). The filtenna incorporates the
structures B and A. The figure highlights the filtering perfor-
mance with 21% fractional bandwidth, low insertion loss of
0.32dB, and wide out-of-band suppression which effectively
covers the entire frequency range of the conventional Vivaldi
antenna (before the integration of structures B and A). The
realized gain rapidly drops outside of the desired passband
(15.6-19.3GHz). Typical values of ≥15dB suppression com-
pared to the conventional Vivaldi are obtained. Only a narrow
frequency range (12.5-14GHz) at the lower edge of the
passband displays a gain suppression of ≥11dB. Observe
that there is a good agreement between the dispersion

FIGURE 8. The simulated surface currents of the filtering antenna I,
depicted in Fig. 1(a), at (a) 6GHz, (b) 12GHz, (c) 18GHz, (d) 24GHz.

diagram of the cascaded structures B and A, Fig. 7(a), the
filtering structure response, Fig. 7(b), and the results of the
filtering antenna I, Fig. 7(c). The agreement demonstrates
that the design principles and procedures are applicable and
can be used to accelerate the design process. The limited
range (12.5-14GHz) with 11-15dB gain suppression may be
attributed to the repetition count of the structure units and
the mutual coupling among different parts of the filtenna
geometry. It’s worth noting that the steep roll-offs and wide
out-of-band suppression, Fig. 7(c), are achieved by using only
4 repetitions of structure B and 8 repetitions of structure A.

When the frequency is below or above the intended
passband, the wave can no longer propagate through the flare.
This is validated by the simulated surface currents depicted in
Fig. 8 at stopband frequencies of 6GHz, 12GHz, and 24GHz,
along with a passband frequency of 18GHz. The figure shows
that the filtering structures do not significantly affect thewave
within the passband while effectively blocking waves outside
of it.

B. FILTERING VIVALDI ANTENNA II
To practically demonstrate the capability of the band
selectivity and operational bandwidth tuning of our approach,
another filtering Vivaldi antenna, denoted as II, operating
from 6.1-6.9GHz (12% fractional bandwidth) is introduced in
Fig. 9(a). In the filtering antenna II, both the center frequency
of the filter and its operational bandwidth are adjusted while
the conventional Vivaldi antenna (base antenna) remains
unchanged.

In this filtenna configuration, structures C, Fig. 1(c)
and 6(b), and A are cascaded, with structure C placed
first, then structure A. The center frequency and operational
bandwidth of the filtering performance of structure A are
tuned by employing the patch lengths and slight changes
to both periodicity and width, Fig. 9(a). The combined
dispersion response of the structures A (adjusted version)
and C is depicted in Fig. 9(b), highlighting the overlapped
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FIGURE 9. (a) Top view of the filtering Vivaldi antenna II operating from
6.1 to 6.9GHz,(b) The combined dispersion response of structures A and C
with p1= 1mm, W=0.9mm, L3+L2=10.1mm, L1=1.75mm, s=0.4mm,
p3=2.4mm, W3= 2.3mm, L6=0.3mm. (c) The simulated boresight realized
gain and reflection coefficient (S11) of the filtering antenna II, depicted in
Fig. 9(a), (solid lines) and conventional Vivaldi antenna (dotted lines).

passband. The conventional Vivaldi antenna functions well
from 4GHz up to 24GHz, inherently filtering out lower
and higher frequencies, such as those passbands exceeding
24GHz and lower than 2GHz in Fig. 9(b).
Fig. 9(c) represents simulation results achieved using

CST Studio Suit transient solver for the filtering
antenna II, Fig. 9(a), which incorporates both structures C
and the adjusted version of A. The figure highlights the
filtering performance with 12% fractional bandwidth, low
insertion loss of 0.6dB, and wide out-of-band suppression

FIGURE 10. (a) The manufactured filtering antenna I with a zoomed view
of its filtering structures, placed in the middle layer. Also shown is the
manufactured conventional Vivaldi antenna (i.e. without filtering
structures). The measured (red color) and simulated (blue color)
(b) reflection coefficient (S11) and (c) boresight realized gain of the
filtering antenna I and conventional Vivaldi antenna, depicted in Fig. 10(a).

which effectively covers the entire frequency range of the
conventional Vivaldi antenna (before the integration of
structures C and A). The insertion loss is slightly higher than
the filtering antenna I due to larger filtering geometry leading
to more conductive loss and larger periodicities causes going
farther along the flare. The realized gain rapidly drops outside
of the desired passband (6.1-6.9GHz), with a typical value
of ≥15dB compared to the conventional Vivaldi. Only the
frequency range from 21.5GHz to 24GHz, located at the
end of the stopband, exhibits a gain suppression of between
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FIGURE 11. The normalized measured (solid line) and simulated (dotted
line) radiation patterns of the filtering antenna I, depicted in Fig. 10(a),
along with the measured radiation pattern of the conventional Vivaldi
antenna (dash-dot line), depicted in Fig. 10(a), at 18GHz for the both
(a) E-plane, (b) H-plane.

10-15dB, which might arise from internal coupling among
filtenna parts and the repetition count of the structures A
and C. A slight variation in the length of the units of the
structures A and C, Fig. 9(a), is implemented to improve the
behavior of the filtenna in the vicinity of the passband of S11.

It is worth noting that the proposed approach opens
up the possibility of achieving an even wider out-of-band
suppression by combining structures A, B, and C. The
total filtering performance can be customized to match
desired application requirements by carefully cascading these
proposed structures, e.g. a wider out-of-band suppression
frequency range.

IV. FABRICATION AND MEASUREMENT RESULTS
To experimentally validate the performance of the proposed
approach, prototypes of the filtering antenna I and the
conventional Vivaldi antenna are manufactured, depicted in
Fig. 10(a). The filtering structures are positioned in the
middle layer, highlighted in Fig. 10(a) using a dashed box
for visibility. The conventional Vivaldi antenna with no
integration (i.e. without filtering structures) is fabricated to
provide a reference for realized gain and reflection coefficient
comparisons.

TABLE 2. Comparison between proposed Filtering antenna structure and
previous state-of-the-art solutions.

The filtering antenna I and conventional antenna are
measured in an anechoic chamber performing far-field
measurements using a standard horn antenna as a probe and
our antenna as DUT (device under test). To measure the value
of realized gain and calibration, we utilize the classical gain
substitution technique [40] with the same probe.

The measurement results in terms of S11 and realized gain
are compared with simulation results and shown in Fig. 10(b)
and 10(c), respectively. The good agreement of the reflection
coefficient and realized gain across a wide frequency range
(2-24GHz for S11 and 6-24GHz for realized gain) validates
the filtering performance and our proposed approach. Our
radiation pattern measurements covered a half-space θ ∈

[−90◦, 90◦] from 6GHz to 24GHz, limited in the lower band
by the operating frequency range of our standard horn antenna
in the anechoic chamber. Fig. 11 illustrates the measured and
simulated radiation pattern of the filtering antenna prototypes
at 18GHz, an in-band frequency, in both E-plane, Fig. 11(a),
and H-plane, Fig. 11(b). The figure demonstrates that while
the filtering structures effectively filter the unwanted out-
of-band radiations, they have a negligible impact on the
desired in-band radiation patterns and overall performance.
The slight asymmetry and shifts in Fig. 11 come from aminor
misalignment in the positioning in the anechoic chamber.

Table 2 compares the proposed filtering antenna structure
with previously reported Vivaldi-based filtennas [8], [25],
[27], [29]. The proposed multi-functional filtenna offers
low insertion loss, wide out-of-band suppression (2-24GHz),
adjustable fractional bandwidth (from approximately 10% up
to the Vivaldi entire bandwidth), high band-selectivity with
control over both higher and lower filter cut-off frequencies
(fl , fh) across the wide operational Vivaldi range/bandwidth
(6:1), and full integration while maintaining the original
base antenna size. This performance represents a significant
advancement compared to prior state-of-the-art designs.
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V. CONCLUSION
This paper presents a novel approach for realizing fully
integrated bandpass filtering Vivaldi antennas with high
selectivity, adjustable operational bandwidth, and wide out-
of-band suppression. Through cascading structurally similar
configurations (structures A, B, and/or C), we have shown
the capability to achieve versatile filtering performance.
To validate our approach, the designed filtering Vivaldi
antennas, called filtering antenna I and filtering antenna
II, demonstrate different center frequencies of 18GHz and
6.5GHz, fractional bandwidth of 21% and 12%, low insertion
loss of 0.32dB and 0.6dB, respectively. Furthermore, the
realized filtennas have a wide out-of-band suppression of
typically ≥15dB, effectively covering the entire frequency
range of the conventional Vivaldi antenna (4-24GHz).
The filtering antenna I prototype is manufactured and its
measurement results, in terms of realized gain, reflection
coefficient, and radiation patterns, demonstrate a good
agreement with the simulation results. Experimental valida-
tion confirms the effectiveness of the proposed approach.
The negligible impact on the in-band radiation patterns,
controllable passband, tunable operational bandwidth, low
insertion loss, and wide out-of-band suppression make the
fully integrated approach suitable for a wide range of appli-
cations requiring efficient and adaptable frequency filtering,
e.g. wireless communication, radar systems, and passive
sensors.
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