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Abstract — This paper presents the proposed design of Integrated Bandpass Filter-Vivaldi
Antenna for microwave system applications. Both of these passives components play important
roles as the front-end device in transceiver technology. Conventionally, antenna and filter are
connected separately leading to impedance mismatch that would affect the whole performance of
the overall system. To overcome this problem, an integrated filter-antenna design is proposed,
where both devices are combined together into a single sub-module. The proposed design would
benefit so much in terms of miniaturization and cost. The proposed antenna and filter used in this
research is the antipodal Vivaldi antenna and an Open-Loop Resonator Bandpass Filter
(OLRBPF) operating at 2.4GHz frequency band. The structure is constructed on an FR4 substrate
with a thickness of 1.6 mm and permittivity of 4.7 using cascaded and co-design method. The
proposed designs are simulated in Agilent Advance Design System (ADS2016). It is shown that the
size of both devices is reduced, the performance of the filter antenna is also enhanced in terms of
directivity up to 9.538dBi (co-design) and 5.860 dBi (cascaded).
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I. Introduction

In most communication and radar systems, filters and
antennas are critical components and usually needed to
function simultaneously [1]. In general, filter is used to
receive and reject any signals that fall outside the required
desired frequency range, while antennas are electrical
devices used to convert electrical power to radio waves.
The optimal size of an antenna depends on the frequency
of a signal and the wavelength, the higher the frequency,
the shortest wavelength required in the design process.
They are always treated as an individual device and
mostly connected via transmission lines which might
increase loss and circuit area. Thus, one of the solutions is
by integrating both devices into a single module. This
would solve the current problem involving impedance
mismatch, reducing both loss and the size thus enhancing
the overall performance of the system.

The idea of integrating filter and antenna has caught a
lot of attention among the researchers [2][3][6]. Besides,
dealing with the impedance mismatches is one of the
crucial concerns that all the designers should take
seriously in designing integrated filter-antenna due to
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separate interconnection between them that will
contribute to extra impedance transformation needed [3].
Recent research shows that different researchers
introduced different design and method on integrating
filter and antenna. For example, the co-design approach
for integrating filter and antenna for UWB application,
resulted in compact size, range of gain between 2.8dBi to
4.6dBi in the bandwidth of S1;<-10dB [3]. Not only that,
the cascaded approach or known as traditional method
also still being used in integrating filter-antenna that serve
in [4].

In this paper, integrated filter-antenna is discussed with
two design methods proposed; cascaded and co-design
approach to combine both devices into a single sub-
module. These devices are fabricated on dielectric
substrate of FR4 with the thickness of 1.6mm and
dielectric permittivity of 4.7.
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II. THEORETICAL DESIGN OF VIVALDI

ANTENNA AND BANDPASS FILTER
A. Vivaldi Antenna

In recent years, Vivaldi antennas have received quite an
amount of attention due to their wide bandwidth
characteristics. Vivaldi antenna belongs to the group of
aperiodic continuously scaled antenna structures with
exponentially tapered curve [5]. Vivaldi antennas have
been greatly utilized in modern communication such as
military and civil applications and also in high-speed
wireless communication due to some of its interesting
features [5]. The antipodal Vivaldi antenna provides many
advantages such as good return loss and minimal signal
distortion. These advantages play important roles in
having good impedance mismatch. Fig. 1 shows the
proposed Vivaldi Antenna and its parameter with width
(W) = 53.03mm and Length (L) = 52.45mm. R; and R,
represents the curve measurement needed when designing
the antenna using ADS2016 tools.
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Fig.1 Proposed Design of Vivaldi Antenna.

Fig. 2 shows the simulated result obtained from
Vivaldi antenna. Based on the result, it is noted that the
frequency fell at two points, 2.026GHz and 3.914GHz.
The return loss value, Si1, both points showed good return
loss value, which is below -10dB. This also shows that the
antenna has good matching impedance characteristic.
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Fig. 2 Simulated Result of Vivaldi Antenna
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Fig. 3 shows the antenna parameter (both vertical and
horizontal) for Vivaldi antenna in terms of its gain,
directivity and radiation efficiency. The antenna gives

3.185dBi directivity, gain of 1.285 and radiation
efficiency of 64.5%.
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Fig. 3 Gain and Antenna Parameter of Vivaldi Antenna
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B. Open Loop Resonator Bandpass Filter (OLRBPF)

Open loop resonator bandpass filter (OLRBPF) is used
as the filter for the proposed design with the method of
filter synthesis [6-7]. In this project, the OLRBPF with
Chebyshev’s characteristic is proposed because this type
of filter form a smaller transition region than the same
order of the Butterworth filter which is at the expenses of
the ripples in its pass band and very efficient to minimize
the height of the maximum ripple thus allows some ripple
in the pass band and stop band, thus, stepper cut-off
frequency will be realized. OLR is one examples of the
compact and miniature filter. It is composed of a
microstrip line that having both ends loaded with folded
open stubs. Folded arm of open stub is generally not only
for increasing the loading capacitance to the ground, but it
is also used for producing cross coupling. In facts, this
kind of resonator filter is definitely differs from the
miniaturized hairpin resonator especially in terms of their
concepts and purposes. The researchers stated that the
cross-coupled structure will helps to achieve high
selectivity characteristics with transmission zeros. Thus, it
can improve the skirt rejection of the microstrip filter.
Besides, filter with high selectivity would give the best
performance with minimum insertion loss.

The proposed design of OLRBPF in this research is
implemented with a chamfered bend structure in its band-
pass filter design. Fig. 4 shows the proposed filter with
chamfered bend. The chamfering technique is the best
solution that will help to overcome discontinuities at
microstrip bend that can contribute to error in phase and
amplitude, thus decreasing the loss and increasing the
performance of the design [7].
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Fig. 4 OLRBPF with Chamfered Bend.

Chamfered bend has been used in many researches to
reduce the losses at the right bend corner. Fig. 5 shows
some techniques to design the chamfered bends. It shows
a swept bend method to chamfer the curve of the
microstrip line and to reduce the effect of parasitic
continuity capacitance from the right-angle bend. By
using swept bend method, the radius of the circular curve
must be r > 3W. As for Figure 5 (b), the right-angle curve
can be compensated by mitering the corner with the
optimum value of miter length, a, which depends on the
characteristic impedance and the bend angle. However,
the value of a = 0.18W is often used in practice.
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Fig. 5 Techniques Available in Chamfered Bends [8]

Fig. 6 shows the result of the OLRBPF with chamfered
bend. Based on this result, the value of the return loss, Sy
of -13.366dB and insertion loss, S, is -7.206dB
respectively.
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Fig. 6 Simulated result of OLRBPF with chamfered bend
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C. Integration Method

Microwave communication system is developing very
prosperously, which corresponds to the need of low-cost,
compact and highly efficient systems. This is when the
idea of integrating both the filter and antenna together as a
single component is introduced. The reason behind this
idea is because the impedance mismatch between the
individually ~designed antenna and filter causes
interference, increases the insertion loss and thus affecting
the whole performance of the circuit. Therefore, two types
of integrating methods are proposed in this research; the
cascading method and the co-design method. Both
approaches are different in terms of the connection
between the filter and antenna. However, both favor the
same purpose that is to reduce the size of the system. Fig.
7 shows the construction of cascaded and co-design
method (ignoring the shape of antenna and filter).
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Fig. 7 (a) Cascaded and (b) Co-design method [9]

Fig. 8 shows the proposed integrated filter antenna
design using cascaded method.
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Fig. 8 Integrated Filter Antenna in Cascaded Approach
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Another approach is so-called the co-design method.
This method differs from the previous method; the
components are connected using stacked of dielectric
layers. The components still share the same ground plane
however they are connected with metal via holes. Via
holes play important role as the connector to both antenna
and filter. The proposed integrated filter antenna is shown
in Fig. 9.

Top view

. Flite

Antenna
Fig. 9 Integrated Filter Antenna in Co-design Approach

III. Results

Simulations have been carried out using Agilent
Advanced Design System (ADS) version 2016 to analyze
the result of the proposed designs. Two methods were
implemented during the integration of Vivaldi antenna
with OLRBPF; cascaded method and co-design method.

Fig. 10 shows the current distribution on the proposed
cascaded design approach. The high intensity current is
observed at the port of the filter and reduce as it goes
throughout the antenna.

Fig. 10 Current distribution on the proposed cascaded method
approach

The return loss of the integrated filter antenna is shown in
Fig. 11. Even after the integration, the resonance
frequency still falls at two points. However, the first
resonance frequency shows better value of return loss,
S11, which is <-10dB. The parameter results for the
cascaded approach with directivity of 5.862dBi, gain of -
0.764 and radiation efficiency of 21.575 respectively.
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Fig. 11 Simulated Result of Integrated Filter Antenna in Cascaded
Approach

Fig. 12 shows the current distribution of integrated
filter antenna with co-design approach. All currents are
well distributed throughout the filter before it goes out to
the antenna.

Fig. 12 Current distribution using Co-design approach

Fig. 13 shows the return loss, Si; of the proposed
integrated filter. It is noted that the resonance frequency
fell slightly further than the one in cascaded approach.
However, the integration in co-design approach shows

better impedance matching, Sii, than that in cascaded

approach. The S11 goes from -9.373 in cascaded approach
to -24.026 in co-design approach. The co-design filter
antenna gives directivity of 7.68dBi, gain of 0.392 and
radiation efficiency of 18.654% respectively. The results
are summarized in Table 1 for both methods proposed in
this research.
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Fig. 13 Simulated Result of Integrated Filter Antenna in Co-design
Approach
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TABLE 1
COMPARISON BETWEEN INTEGRATED FILTER ANTENNA IN CASCADED
AND CO-DESIGN APPROACH

S11 (dB) Resonance Directivity
Frequency (dBi)
(GHz)
Cascaded 9373 2.329 5.860
Co-design -24.026 3.325 9.538
Other [10] -23.441 2.36 .01
IV.  Conclusion

In conclusion, the proposed integrated bandpass filter-
antennas show good results comparing both cascaded and
co-design method. Good impedance matching shows
when both filter and antenna is design in co-design
method, with stacked of substrates and vias. It shows that
the Si; is -24.06dB with resonance frequency at 3.325Ghz
and 9.538dBi directivity comparing to cascaded method
of S11 is -9.373dB, resonance frequency of 2.329GHz
and 5.860dBi directivity. Comparing with other research
in [10], it shows that the co-design method produces good
results in terms of directivity. In the future, it is suggested
to improve and enhance the performance of the proposed
design to achieve desired frequency band.
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