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Abstract. In this paper, a novel proposal is presented for the design features of a
compact reconfigurable circular patch antenna capable of switching between different
frequency bands. The filtenna or filtering antenna comprises of a circular patch antenna
offering ultra-wideband (UWB) performance and a n-shaped RF filter integrated with
feed line to provide filtering functionality and reconfigurability. Additionally, three
switches are incorporated into the filter at the intersections of the stubs with the feed line
and at the comnection point between the feed line and the patch antenna. When
considering a system with three switches, there are a total of eight distinct various
configurations of switch states. Each of these combinations is associated with unique
frequency and pattern properties. The proposed antenna exhibits excellent compatibility
with Wi-Max, Wireless LAN, and ultra-wide band applications, ensuring minimal
disturbance from neighboring systems. The circular patch antenna, featuring a circular
shape, exhibits exceptional performance within the UWB frequency spectrum spanning
from 2 GHz to 10 GHz, all the while operating without the inclusion of a filtering
network. The w-shaped RF filter is designed to target specific frequencies: 4.27 GHz 3.51
GHz, 3.93 GHz, 5.185 GHz, and 2.93 GHz. The radiation characteristics further
elucidate the substantial gain observed at the central frequencies that correspond to
distinct switching states (ON and OFF). The proposed antennas have been successfully
fabricated and subsequently subjected to meticulous measurements using network
analyzer MS2037C. Based on careful observation, it is anticipated that there will be an
excellent degree of agreement between the measured and simulated results.
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1. INTRODUCTION

In ultra-wide band wireless communication systems, which are utilized in many different
wireless applications, filters and antennas are essential components. It is necessary to scale
the most modern UWB antennas to fit into tiny devices. Microstrip Patch Antennas (MPAs)
printed directly onto the circuit board are ideal for many electromagnetic applications.
Microstrip antennas are ideal in several UWB applications because they are narrow,
inexpensive, and simple to incorporate on a number of VLSI circuits. A wide range of antenna
configurations and categories have been widely stated to demonstrate the fundamental
capabilities of ultra-wide band operation [1]. The most common challenges faced by UWB
antennas are interference from nearby devices and insertion loss. To minimize interference
from neighbouring circuits, implement an RF filter with band-selecting capabilities. In modern
applications, there is an increasing tendency to combine RF filters with antennas into a one unit
to minimize insertion-loss and decrease the overall dimension of the system.

There are different techniques available for filtennas design; however, their appropriate
choice depends on their particular application. The various techniques like co-design,
synthesis approach, multilayer structure, slot/slit, or parasitic elements are used for filtenna
design. More specifically, in the co-design technique, the antenna and filter are combined
without inter-stage impedance matching. Thus, reducing mismatch losses and size and
provide improved performance. In contrast, the synthesis technique, the last resonator of
the filter, is integrated into the antenna, which acts as a load for the filter. Although high
selectivity and bandwidth are the key advantages of the synthesis technique due to the large
numbers of resonators, making the design is more cumbersome. However, in both methods
(i.e., co and synthesis), an additional and extra filter is required in the filtenna design which
in turn increases the overall size of the design. Therefore, in the recent literature a new
design approaches are developed like, use of multilayers and parasitic elements where the
extra filter is not required. With these, multilayer structure, both filter and antenna properties
are integrated into the same structure. On the other hand, parasitic elements suppress harmonics
and increase selectivity. But, these designs are bulky in nature. To reduce the complexity in the
design and reduce the overall size of the system a novel method is proposed in this article,
i.e., defected microstrip structure. In this technique, filter is directly connected to the feed
line of the patch. The proposed method avoids the usage of the extra filter, no need of using
resonators, reduces the size and also increases the overall performance of the design in
terms of bandwidth and radiation characteristics.

2. RELATED WORK

In the context of this study, it has been observed that filtering antennas exhibit
band-selective frequency operation within the range of references [2-9]. In [2], parallel
coupled microstrip lines used with printed inverted-L-shaped filtering antenna is reported.
A filtering dielectric resonator antenna is proposed in [3], fed by microstrip-coupled slot. A
combined ring slot and shorting vias are used to design an omnidirectional filtering patch
antenna in [4]. The feed network using microstrip-to-slot line transition is used to design a
planar dipole filtenna in [5]. In [6], switchable filtenna is designed for various networking
applications. In [7], hairpin bandpass filter is used to design printed elliptical filtenna. The
design of a wideband and high-gain metasurface antenna is presented in [8]. The design of
a compact semi-circular patch antenna is reported in [9]. In recent years, several proposals
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have been put towards the utilization of horn antennas equipped with filtering circuits
[10-11], UWB antennas integrated with filters [12—14], filtering antennas based on
substrate integrated waveguide (SIW) technology [15-16], and balanced filtering notch
antennas [17]. All of these structures have been developed with the filter synthesis
methodology. This methodology offers a reliable filtering process, but with consequential
impacts on antenna gain and far-field radiation characteristics as a result of filter noise and
insertion loss. Another option is to create a filtering antenna by incorporating a basic
parasitic element or resonator into the patch or its feed line. This approach allows for a
reduction in antenna size and minimization of insertion loss.

This paper presents the design and analysis of frequency switchable filtering microstrip
antenna. The substrate used for the antenna has a £,=4.7 and a height of 1.6mm. The
antenna is enhanced by attaching microstrip discontinuities and stubs [18]. Moreover, the
introduction of reconfigurability in the structure is achieved by incorporating three switches.
These switches, when in their ON or OFF states, result in distinct pass band and pattern
properties. Using the recently developed new planar filters [19-21], the performance of planar
filtennas may be improved. There are four sections to the current research.

3. DESIGN AND IMPLEMENTATION

The filtering antenna features a substrate with & = 4.4 and a height of 1.6 mm. The
implementation of the reconfigurable filtering microstrip antenna is executed in a 2-phase

approach.
w

— —

(a) Front & Rear view of the simulated circular patch antenna

(b) Top & bottom views of the fabricated circular patch antenna

Fig. 1 Structure of the proposed circular patch antenna
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In phase-1 approach, circular patch antenna is implemented with transmission line feed.
The circular monopole patch antenna is selected due to its ability to support Ultra-Wideband
(UWB) operation, while minimizing metallization on the radiating surface. Its symmetrical
geometry facilitates uniform current distribution, resulting in consistent radiation patterns
and reliable impedance matching over a broad frequency spectrum. Fig.1 depicts the
simulated and constructed designs for the UWB monopole antenna, as well as the top and
bottom perspectives. The optimal specifications of the circular monopole disc antenna are
shown in Table 1. The suggested ultra-wide band circular antenna is successfully fabricated
and subsequently subjected to meticulous measurements using network analyzer MS2037C.
The measurement setup with VNA is depicted in Fig. 2.

Table 1 Optimized measurements of the proposed circular patch Antenna

SI. No Dimensions size (mm)
1. Substrate length (L) 50.0
2. Substrate Width (W) 42.0
3. Microstrip line length (Lr) 20.30
4.  Feed Width (Wy) 2.60
5. Patch Radius (R) 10.0
6. DGS length (L) 24.0

Fig. 2 Measurement setup for the circular patch antenna

In phase-2, a n-filter is added to provide the filtering functionality. A z-filter is a type of
passive filter which is widely used in RF and power supply applications. It is named for its
resemblance to the Greek letter 1 when represented schematically. The filter design
consists of two conductors spaced by an appropriate distance. The n-filter is formed by
cascading 2 T-junctions (with parallel stubs) and a microstrip line. Typically, it consists of
a combination of capacitors and inductors configured to achieve desired filtering
characteristics. The n-filter is designed with following specifications.

Impedance Zy =50 Q

Cut-off frequency f. =3 GHz
Equi-ripple = 0.5 dB.

Rejection band = 20 dB at 2*f;

The normalized frequency = W/ W. =2
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The Chebyshev band pass filter prototype is chosen with equi-ripple response of 0.5 dB.
The ripple is controlled in the passband, and a steep roll-off ensures significant attenuation
in the stop band. The Chebyshev attenuation is given by [23-24]

w
A4, =10log,, [H e - 7;2 [WCD )
Ripple
e:\ho 10t )

The ripple value is 0.5 dB, then the Ripple factor is € =0.3317. As 4s=20dB, W/ Wc=2,
T, (W/ Wc) is n' order Chebyshev polynomial

The Ripple factor:

As

Ay
w 1010
T;z (W} = i) (3)

c

The Chebyshev polynomial 7, (x) for x =2 is
T (2) = cosh(n.cosh™'(2)) 4)

The normalized frequency is 2, with an attenuation of 20 dB. Using the filter response
curve for a Chebyshev filter with 0.5 dB ripple, the required filter order (N) for the design
is determined. Based on a 20 dB attenuation and a normalized frequency of 2, the filter
order is found to be 4. For a 4th-order Chebyshev low-pass filter with 0.5 dB Equi-ripple,
the corresponding normalized low-pass prototype element values are g; listed in Table 2.

Table 2 Chebyshev filter coefficients with 0.5dB ripple

N g1 g2 g3 84 g5

1 0.6986 1.0000

2 1.4029 1.1256 1.0000

3 1.5408 0.7071 1.9841 1.0000

4 1.7058 1.2296 2.5408 1.2296 1.7058

For filter order N=4 and using filter coefficients from Table-2 the filter coefficients are
determined as g;=1.70580, g,=1.22960, g;=2.54080, g,~1.22960 & gs5=1.70580. Using
these values, the capacitor and inductor values are calculated for the equivalent circuit
shown in Fig. 3. Fig. 3 illustrates the equivalent circuit of the n-shaped filter with order
N=4, utilizing discrete L and C components. In the n-topology g;, g3 and gs corresponds to
shunt capacitors and g> and g4 corresponds to series inductors respectively.

O 4115 - 0
L,

11
I
o

= ¢ = q

Fig. 3 n- section filter with order N=4



686 R.BODDU, K. P. VINAY, A. DEB, J. S. ROY

The component scaling equations are based on the impedance (Zy = 50 Q) and cutoff
frequency (f: = 3 GHz). The normalized capacitance (shunt elements) and inductance
(series elements) of the prototype is

g
C = - 5
e )
L,=8% ©)
2 f,

The inductor and capacitor values are determined by using the above equations. The
optimized values for the capacitors and inductors are provided in Table 3.

Table 3 The final component values of the n- section filter

S. No Element Value
1. C 1.81pF
2. L, 3.26nH
3. C; 2.70pF
4. L4 3.26nH
5. Cs 1.81pF

Now, the proposed n-shaped filter is added to the feed line of the circular patch antenna
to attain frequency selectivity. To enable frequency reconfiguration, 3 switches are
coupled at the filter and feed line junctions to design a microstrip filtering antenna. The
design of the circular patch antenna at a particular resonance frequency is started with the
formula, given in [22]. The complete dimension of the filtering antenna, after simulation, is
80x42x1.6 mm?>. The front view of the simulated and fabricated filtering antenna is
depicted in Fig.4. The optimized dimensions of the filtering antenna structure are tabulated
in Table 4 and the equivalent circuit of the microstrip filtering antenna is depicted in Fig. 5.

(a) Simulated Filtering antenna (b) Fabricated filtering antenna

Fig. 4 Simulated and fabricated design of filtering antenna
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Table 4 Optimized dimensions of the microstrip filtering antenna

S.No Parameter Value (mm)

1. La 18.36
2. Wsi 2.31
3. Le 194
4. Ws2 2.31
5. Lss 19.2
6. Wss 2.31
7. Lsa 10.0
8. W4 2.60
. L, Lg L
z; Zy BT, Ly BT, Zy Zsstom
>
G,

Fig. 5 Circuit model of an antenna with filtering capabilities

In the suggested microstrip filtering antenna configuration, depicted in Fig. 5, three
switches are presumed at specific locations to accomplish the frequency reconfigurability.
From the antenna side, SW-1 is positioned among the feed line and the antenna; SW-2 is
positioned at the 1% T-intersection; and SW-3 is positioned at the next T-intersection. The
filtering antenna with switch positions is depicted in Fig. 6.

Fig. 6 Filtering microstrip antenna at 000 Boolean combination
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To simplify modeling, switches are represented as ideal open or short circuits. A switch
in the ON state is equivalent to a continuous conductive path, while the OFF state
represents a discontinuity in the path.

000 001 010 011
100 101 110 111
Fig. 7 All eight possible combinations of switches
The two-state switches are represented in Boolean form as 1 (ON) and 0 (OFF). There
are eight different state combinations for three of the switches in the suggested configuration.

For example, suppose each of the 3 switches is in the open circuit or OFF state. Fig. 7 depicts
simulations of all eight switching combinations.

4. RESULTS AND DISCUSSION

The filtenna is simulated using 3D EM tool CST MWS Studio. Then the filtenna is
fabricated and measurement is done using vector network analyzer.

4.1. Impedance Characteristics

Fig. 8 illustrates the parametric sweep analysis of the ground plane. The Lg of the
ground plane is varied from 20 mm-26 mm and it is optimized to 24 mm. For Lg = 24mm
the minimum S;; of -54 dB at 8.5 GHz.

S-Parameters [Magntude n dB]

$11(dB)

0 - l - - i - l
2 3 4 5 ] 7 8 9 10
Frequency | GHz

Fig. 8 Variation of S11 with the length of the ground plane
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The simulated and measured Si; and VSWR characteristics of the planar circular patch
antenna after simulation using Finite Integration Technique is presented in Fig.9. The
proposed circular patch antenna demonstrates ultra-wideband (UWB) operation, spanning
2.4 GHz to 12 GHz. The S plot confirms UWB performance, with minor variations in S11
attributed to fabrication losses. Fig. 9(b) shows the simulated and measured VSWR plot,
revealing a VSWR value below 2 across the entire UWB frequency range.

Measured
— Simulated

S11(dB)

-30 4

y T T T T

6 8
Frequency (GHz)

(a) Simulated and measured S;; plot

7.0 4
6.5} |
6.0 \
5.5

—— Measured
— Simulated

5.0 ! |
4.5 ] ||
4.0 4 [n
3.5 |\
30.] |\

2.5 \
{1 P— \\ T Y S S S SR R S S

10.] e R

VSWR

0.5

Frequency (GHz)

(b) Simulated and measured VSWR plot

Fig. 9 Variation of S1; & VSWR with frequency for the circular monopole antenna
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The proposed microstrip filtering antenna achieves frequency selective characteristics
by incorporating three switches with the filter in design phase-2. The resulting simulated
and measured S; plot is shown in Fig.10. By operating these three switches the filtering
antenna can be used to operate at different applications like Bluetooth, Wi-Fi, WLAN and
also X-band applications. Due to the filter the sharp operating band are also achieved by
rejecting the out of band frequencies.

g
&
~104 Measured
-50 —— Simulated
-60 T T T T T
2 4 6 8 10

Frequency (GHz)

Fig. 10 Simulated and measured return loss plot of the filtering antenna

To provide frequency reconfigurability, the filtering antenna is equipped with three
switches. Fig. 11 displays the Si; parameters of the filtering microstrip antenna, featuring a
n-shaped filter, for four switching conditions (identified in Fig. 7). In the 000 switch state,
the antenna functions as a narrowband filter centered at 4.28 GHz with an S of -16.92 dB.
Switching to the 001 state enables multi-frequency operation at 3.51 GHz, 4.31 GHz and
8.91 GHz, with S;; values of -29.23 dB, -23.92 dB & -32.18 dB, respectively, making it
suitable for Wi-Max applications.

S11(dB)

§1,1.000 : -0.22446811

2
%
)

§ 77048

§1,1.010: 4.23455593

'35 T LK 1 1 T T T

Frequency (GHz)
Fig. 11 Si; Vs Frequency plot for switching combinations 000, 001, 010, and 011
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When SW-2 is on and SW-1 and SW-3 are OFF, the antenna rejects signals across the
full ultra-wide band frequency range. Conversely, when SW-1 OFF and SW-2 and SW-3
are on, the antenna supports dual-band operation, covering 3.55-4.49 GHz and 7.28-9.15
GHz, making it suitable for W-Max and (8-12GHz) (X-band) applications.

§

E Mi’\nvf\ 4

S11(dB)

Frequency (GHz)

Fig. 12 Si; Vs Frequency plot for switch conditions 100, 101, 110, and 111

As shown in Fig.12, the Sy; parameters for the last four switch combinations reveal that
the intended antenna acts as a Band Rejection Filter (BRF) for the whole UWB spectrum
when in the 100 and 110 switch states. With SW-1 and SW-3 on and SW-2 OFF (101),
achieves excellent narrowband performance at 5.183 GHz, with an S;; of -50.61 dB,
suitable for WLAN applications. When all switches are activated, the antenna functions as
a narrowband antenna at 2.94 GHz, with an S;; of -48.57 dB, making it suitable for
Bluetooth and W-Max applications.

4.2. Radiation Characteristics

The circular patch filtenna far field realized gain plot is displayed in Fig. 13. The
monopole antenna operates at 2.94 GHz with a max. Gain of 4.41dBi.

Farfield Realzed Gain Abs (Phi=90)

farfield (f=2.944) [1]
Phi=270

Frequency = 2.944 GHz

Main lobe magnitude = 4.41 dBi

Main lobe direction = 148.0 deg
Angular width (3 dB) = 54.1 deg.

Theta / Degree vs. dBi Side lobe level = -1.0 dB

Fig. 13 Far-filed gain plot for the circular patch filtenna
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The Gain patterns of the filtering antenna are illustrated in Fig.14, showcasing its
performance at multiple frequencies and switching states. The above plot indicates that the
antenna achieves adequate gain values across all operating frequencies.

Farfield Realized Gain Abs (Phi=90) Farfield Gain Abs (Phi=90) Farfield Gain Abs (Phi=90) Farfield Gain Abs (Phi=90)
farfield (f=4.28) —— farfield (f=3.52) — farfield (f=4.312) _— Farﬁg\d (f=8.92)

30 phi=g7p PHi=90 30— 30 Phi=270

phi=90 30
60

0
. Phi=270  phi=90 30 30 phi=270
AR\ 60 60

)

NN e

150 150
150 180 150 150 180 150 180
Theta / Degree vs. dB Theta / Degree vs. dB Theta / Degree vs. d8 Theta / Degree vs. dB
(a) Gain plot for 4.28 GHz (b) Gain plot for 3.52GHz for (c) Gain plot for 4 312 GHz (d) Gain plot for 8.92 GHz
for 000 state 001 state for 001 state for 001 state
Farfield Gain Abs (Phi=90) Farfield Gain Abs (Phi=90) Farfield Realized Gain Abs (Phi=90) Farfield Realized Gain Abs (Phi=90)
— farfield (f=3.944) — farfield (f=8.688) — farfield (f=5.184) —— farfield (f=2.944)
0 0 0

Phi=90 30 30 Phi=270 Phi=90 30 = 30 phi=270

[}
150 180 150
Theta / Degree vs. dB Theta / Degree vs. dB Theta / Degree vs. dB Theta / Degree vs. dB
i y )
() Gain plot for 3.944 GHz (f) Gain plot for 8.688 GHz (g) Gain plot for 5.184GHz (b) Gmll'ciklull;o;;(lzu(}m
for 011 state for 011 state for 101 state

Fig. 14 Far-field gain plots of the filtering antenna in 2D for various switch states

As illustrated in Fig. 14(d), the filtering antenna reaches maximum gains of 5.8 dBi at
8.91 GHz in the (001) switch state, and 3.38 dBi at 4.27 GHz in the (000) switch state. Peak
gains of 3.51 dBi, 3.06 dBi, and 5.80 dBi are found at 3.51 GHz, 4.3 GHz, and 8.91 GHz,
respectively, in the (001) switch state. The (011) state exhibits peak gains of 2.88 dBi and
5.66 dBi, while the (101) state has a peak gain of 3.08 dBi. For 111 condition, a peak gain
of 4.58 dBi is recorded at 2.92 GHz.

Fig. 15 shows the current distribution plot of the

VA/m~2 proposed microstrip filtenna at a frequency of
e 8.92 GHz. From the current distribution plot it is
1820 clearly observed that the maximum current is
312 distributed at the edges of the m-shaped filter.
53.1

Conversely the minimum value of the current is
distributed at the center of the patch. Except the edges
there is a uniform current distribution is observed
through the entire substrate. Table 4 provides a
S comprehensive summary of all switch configurations.

8.65

Fig. 15 Current distribution plot of the
proposed microstrip filtenna
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Table 4 Summary of the operating characteristics of the filtering antenna

SI.No Swl Sw2  Sw3 Frequency S Bandwidth Maximum
(GHz) (dB) (MHz) Gain
(dBi)
OFF OFF OFF 4.28 -16.93 176.3 3.386
© O O
OFF OFF ON 3.52, 431 -29.22, -24.40 1284,960 & 3.516,
0) 0) 1) & 8.92 & -31.97 2223 3.064 &
5.808
OFF ON OFF Band rejection filter (BRF)
© @ (0
OFF ON ON 3.94 & 8.68 -16.93 & 937 & 1875 2.89 &
0) 0))] @) -23.42 5.665
ON OFF OFF Band rejection filter (BRF)
@H O (0
ON  OFF ON 5.184 -50.6 544 3.07
M © O
ON ON OFF Band rejection filter (BRF)
(O (0)
ON ON ON 2.93 -48.50 542 4.59
O @ @
Table 5 Performance comparison of n-filtenna with other filtering techniques
Ref. YoP Size (mm?) Type of the filter ~ Resonance Bandwidth Peak Gain
No frequency (dBi)
[25] 2012 120X12 SIW inductive 14.4 GHz 380 MHz 3.6
window BPF
[26] 2016 90.3X83.8 Open-loop 900MHz & 60MHz&70 1.1&2.7
resonator filter 1900 MHz MHz
[27] 2019 136.09X50 Four rectangular ~ 5.025 GHz 50MHz & 6.2&2.5
cavities & 5.125 65MHz
GHz
[28] 2018 187.2X92.6 Reconfigurable 2.07 GHz 210MHz 2.03
SIW filter
[29] 2018 310X36 Substrate 4.5GHz & 155 MHz & 4.08
integrated 6.4 GHz 950MHz
waveguide
[30] 2017 170X140 Split-Ring 10 GHz 4.2GHz 3.68
Resonator (SRR)
[31] 2019 212.73X127.6 Mechanically 3.03GHz & 940MHz & 26&3.5
5 tunable filter 20.75GHz 6.5GHz
with dual-post
resonators
[32] 2017 80X60 Ring slot 2.875GHz 650MHz 22&3.1
Resonator Filter
-- 78X42 - shaped filter 2.93GHz, 542MHz, 4.59,
3.52GHz, 1.28GHz, 3.516,
4.31GHz, 960MHz, 3.064,
5.18GHz & 544MHz & 3.01
8.68GHz 1.87GHz &

5.66
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The performance comparison of the current work is compared with other recent works
and presented in Table 5. From the comparison, the overall dimension of the proposed
filtenna is reduced with improved performance in terms of impedance bandwidth and gain
characteristics.

6. CONCLUSION

This research presents the design and analysis of a compact, reconfigurable n-shaped
microstrip filtenna with adaptable spectrum choosing capabilities. Reconfigurability is
achieved through the incorporation of three switches, simulated using equivalent
short-circuited and open-circuited circuits. Simulation results reveal that when all switches
are activated, the filtering antenna selectively operates within a limited frequency range
within the UWB band, mitigating potential interference with adjacent communication
systems. The S;; properties reveal that the proposed structure can operate across multiple
frequency bands, centered at 2.93 GHz, 3.51 GHz, 3.93 GHz & 4.29 GHz, 4.30 GHz,
5.17 GHz, 8.67 GHz, and 8.91 GHz, depending on the specific switch conditions. The
proposed filtering antenna is capable of operating as a BRF across the complete ultra-wide
band for particular switch combinations. It also demonstrates peak gain values spanning
2.88 dBi to 5.80 dBi, with distinct pattern features.

REFERENCES

[1] B. Allen, T. Brown, K. Schwieger, E. Zimmermann, W. Malik, D. Edwards, L. Ouvry and I. Oppermann,
"Ultra-Wide band: Applications, Technology and Future perspectives", In Proceedings of the International
Workshop on Convergent Technologies (IWCT), 2005, pp.1-6.

[2] C. Chuang and S. Chung, "Synthesis and Design of a New Printed Filtering Antenna", IEEE Trans.
Antennas Propag., vol. 59, no. 3, pp. 1036-1042, 2011.

[3] P.F.Hu, Y. M. Pan, X. Y. Zhang and S. Y. Zheng, "A Compact Filtering Dielectric Resonator Antenna with
Wide Bandwidth and High Gain", IEEE Trans. Antennas Propag., vol. 64, no. 8, pp. 3645-3651, 2016.

[4] T.L.Wu, Y. M. Pan, P. F. Hu and S. Y. Zheng, "Design of a Low Profile and Compact Omnidirectional
Filtering Patch Antenna", [EEE Access, vol. 5, pp.1083-1089, 2017.

[5] Y.Zhang, X. Y. Zhang and Y. Pan, "Low-profile Planar Filtering Dipole Antenna with Omnidirectional
Radiation Pattern", JEEE Trans. Antennas Propag., vol. 66, no. 3, pp.1124-1132, 2018.

[6] R. Boddu, P. Vinay, A. Deb and J. S. Roy, "A Switchable Filtering Antenna Integrated with U-shaped
Resonators for Bluetooth, WLAN & UWB Applications", Int. J. Electr. Electron. Res. (1IJEER), vol.10,
no. 4, pp. 1225-1232, Dec. 2022.

[71 R. Boddu, A. Deb and J. S. Roy, "Design of Microstrip Filtering Antennas using 4G and 5G Wireless
Networks", J. Telecommun. Inf. Technol. (JTIT), vol. 2023, no. 2, pp. 78-83, July 2023.

[8] Y. M. Pan, P. F. Hu, X. Y. Zhang and S. Y. Zheng, "A Low-Profile High-Gain and Wideband Filtering
Antenna with Meta-Surface", IEEE Trans. Antennas Propag., vol. 64, no. 5, pp. 2010-2016, 2016.

[9] R.Boddu, A. Deb and J. S. Roy, "Design of a Compact Microstrip Filtenna for Miniaturized Devices to Access
Internet of Things Using Long Term Evolution", Adv. Electromagn., vol. 12, no. 4, pp. 10-16, Dec. 2023.

[10] M. Barbuto, F.Trotta, F. Bilotti and A. Toscano, "Horn Antennas with Integrated Notch Filters", JEEE
Trans. Antennas Propag., vol. 63, no. 2, pp. 781-785, 2015.

[11] G. Sun, S. Wong, L. Zhu and Q. Chu, "A Compact Printed Filtering Antenna with Good Suppression of
Upper Harmonic Band", IEEE Antennas Wirel. Propag. Lett., vol. 15, pp. 1349-1352, 2016.

[12] S. W. Wong, T. G. Huang, C. X. Mao, Z. N. Chen and Q. X. Chu, "Planar Filtering Ultra-Wideband
(UWB) Antenna with Shorting Pins", IEEE Trans. Antennas Propag., vol. 61, no. 2, pp. 948-953, 2013.

[13] M-C. Tang, T. Shi and R. W. Ziolkowski, "Planar Ultra-Wideband Antennas with Improved Realized Gain
Performance", [EEE Trans. Antennas Propag., vol. 64, no. 1, pp. 61-69, 2016.

[14] P. Ranjan, S. Raj, G. Upadhyay, S. Tripathi and V. S. Tripathi, "Circularly Slotted Flower Shaped UWB
Filtering Antenna with High Peak Gain Performance", /nt. J. Electron. Commun., vol. 81, pp. 209-217, 2017.



[15]

(16]

(17]

[18]
[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]

[29]

[30]
[31]

[32]

Design of a Reconfigurable Microstrip Filtering Antenna Using I1-Shaped Filter 695

0. A. Nova, J. C. Bohorquez, N. M. Pena, G. E. Bridges, L. Shafai, and C. Shafai, "Filter- Antenna Module Using
Substrate Integrated Waveguide Cavities", I[EEE Antennas Wirel. Propag. Lett., vol. 10, pp. 59-62, 2011.

PK. Li, C. J. You, HF. Yu, X. Li, Y. W. Yang and J. H. Deng, "Co-Designed High-Efficiency
Single-Layered Substrate Integrated Waveguide Filtering Antenna with a Controllable Radiation Null",
IEEE Antennas Wirel. Propag. Lett., vol. 17, no. 2, pp. 295-298, 2018.

C. Lee,J. Wu, C.G. Hsu, H. Chan and H. Chen, "Balanced Band-Notched UWB Filtering Circular Patch Antenna
with Common-Mode Suppression", IEEE Antennas Wirel. Propag. Lett., vol. 16, pp. 2812-2815, 2017.

R. Garg, P. Bhartia, I. Bahl, A. Ittipiboon, Microstrip Antenna Design Handbook, Artech House, 2001.

P. Chakraborty, J. R. Panda, A. Deb, S. Sahu and J. S. Roy, "Design of a Miniaturized Split-Ring Resonator
Based UWB Notched Bandpass Filter", Prog. Electromagn. Res. C (PIER C), vol. 134, pp. 27-38, June 2023.
Chen Li, Z. Ma, J. Chen, M. Wang and J. Huang, "Design of a Compact Ultra-Wideband Microstrip
Bandpass Filter", Electronics, vol. 12, no. 7, p. 1728, 2023.

Q. Liu and L. Zhu, "Design of Cross-Coupled Bandpass Filters with Flexible Coupling Via Half-Mode
Substrate-Integrated Waveguide", Int. J. RF and Microw. Comput.-Aided Eng., vol. 2024, p. 3397878,
April 2024.

J. S. Roy, and B. Jecko, "A Formula for The Resonance Frequencies of Circular Microstrip Patch Antennas
Satisfying CAD Requirements", Int. J. Microw. Mill.-Wave Comput.-Aided Eng., vol. 3, no. 1, pp. 67-70,
Jan 1993.

J. A. G. Malherbe, Microwave Transmission Line Filters, Artech House, Dedham, Mass., 1979.

J.-S. Hong and M. J. Lancaster, Microstrip Filters for RF/Microwave Applications, John Wiley & Sons,
Inc., 2001.

C. Yu, W. Hong, Z. Kuai and H. Wang, "Ku-Band Linearly Polarized Omnidirectional Planar Filtenna",
IEEE Antennas Wirel. Propag. Lett., vol. 11, pp. 310-313, 2012.

J. Guo, H. Liu, B. Chen and B. Sun, "A Dual-Band Two Order Filtering Antenna", Prog. Electromagn.
Res. Lett., vol. 63, pp. 99-105, 2016.

Z.Wu,J. Chen, A. Zhang, X. Lu and X. Zhang, "Design of Dual-Mode Dual-Band Rectangular Waveguide
Filtering Antenna", Int. J. RF and Microw. Comput.-Aided Eng., vol.44, pp. 322-326, 2019.

W. Y. Sam and Z. B, Zakaria, "Design of Reconfigurable Integrated Substrate Integrated Waveguide
(SIW) Filter and Antenna Using Multilayer Approach", Int. J. RF and Microw. Comput.-Aided Eng.,
vol. 28, pp. 1-10, 2018.

Y. An, H. Zhang and L. Chen, "Dual-Band Beam Scanning Filtering Antenna Using Dual-Eighth Mode
Substrate Integrated Waveguide Based Meta-Material Structure", Int. J. RF and Microw. Comput.-Aided
Eng., vol. 22, pp. 122-128, 2018.

M. Barbuto, F. Trotta, F. Bilotti and A. Toscano, "Design and Experimental Validation of Dual-Band
Circularly Polarized Horn Filtenna", Electron. Lett., vol. 53, pp. 641-642, 2017.

A. A.C. Alves, L. G. D. Silva, E. C. V. Boas and D. H. Spadoti, "Continuously Frequency-Tunable Horn
Filtennas Based on Dual-Post Resonators", Int. J. Antennas Propag., vol. 3, pp. 1-12,2019.

H. Nachouane, A. Najid, F. Riouch and A. Tribak, "Electronically Reconfigurable Filtenna for Cognitive
Radios", Microw. Opt. Technol. Lett., vol. 59, pp. 399-404, 2017.



