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Abstract—Our design for a novel UWB monopole antenna
structure with reconfigurable band notch characteristics based
on PIN diodes is presented in this paper. The proposed antenna
is comprised of a modified circular patch and a partial ground
plane. The band-notch characteristics are achieved by etching a
slot on the partial ground plane and inserting three PIN diodes
into the slots for adjusting the operating antenna bands. The
reconfigurability is achieved by adding three PIN diodes to obtain
eight states with UWB, dual and triple operating bands which
can be obtained by changing the PIN state from ON to OFF, and
vice versa. The proposed design shows a simple biasing process
to switch the frequency bands with insignificant gain variation
and low radiation efficiency reduction. The reconfigurability of
the frequency is accomplished by adjusting the effective slot
length through modifying the PIN diodes states at the desired
operating bands. The desired operating frequency bands can be
obtained by switching the diodes. A systematic parametric study
based on a numerical analysis is invoked to verify and refine the
proposed performance. The proposed antenna is fabricated on
FR-4 substrate with dimensions of 50×60×1mm3. The proposed
antenna performance was tested experimentally and compared to
the simulated results from CSTMW based on FIT. Experimental
results were in concordance with simulated results. We found
that the proposed antenna design had simple geometry and it
was easy to control the frequency bands to suit the applications
of WiMAX and WiFi systems.

Index Terms—UWB, Notch band, Reconfigurable antenna, PIN
diode, Monopole antenna.

I. INTRODUCTION

DUE to the rapid growth in wireless communication
technology, multi-band antennas are highly valued. A

significant drawback of conventional multi-band antennas is
that they work only for specific operations. A new antenna
with desired frequency specifications is required for each
new application, increasing the relative cost. Reconfigurable
antennas are usually based on active electronic devices to
independently tune the required frequency, radiation, and
polarization. They have come into urgent demand due to the
growth in mobile communication technologies[1]. Reconfig-
urable antennas have several advantages over conventional
antennas such as smaller size, steerable radiation patterns, se-
lecting the desired polarization for different frequency bands,
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and polarization, which reduces antenna system size and inter-
symbol interference (ISI) impacts [2]. The integration of these
configurations into a single antenna is a major challenge
that researchers have been faced in recent years. Integrating
antennas with modern high-speed semiconductors such as
Positive Intrinisic Negative (PIN) diodes, Radio Frequency
Microelectromechanical Systems (RF MEMS), and varactor
diodes have been designed successfully for frequency, po-
larization, and pattern tunability [3]-[25]. Due to the high-
speed response and low forward resistance of PIN diodes, it
was common practice to vary the antenna performance [3]
for direct antenna modulation (DAM) including Differential
Phase Shift Keying (DPSK) modulation [4], which makes it
more competitive for cognitive radio applications. A slotted
patch antenna with two PIN diodes was presented by Majid et
al for frequency and pattern reconfiguration [5]. For antenna
beam reconfiguration, a flexible antenna based on eight PIN
diodes for wireless applications was introduced by Zhu et al
in [6]. For frequency and pattern reconfiguration, an antenna
based on two PIN diodes positioned within the slot etched
in the front antenna patch was presented by Han et al in
[7] for Long-Term Evolution (LTE). A reconfiguration of the
antenna frequency and pattern was achieved using a printed
antenna based on three Radio Frequency (RF) switches [8].
A reconfigurable Ultra-Wide-Band (UWB) filter antenna was
featured in [9]; controlling operating frequency bands based
on three PIN diodes that directly control the desired WLAN
and WiMAX frequency bands. Wu et al in [10] introduced
and designed a reconfigurable quad-band antenna based on
Micro-Electomechanical-Systems (MEMS) switches. Control-
ling operating frequency can be obtained by adjusting the
MEMS switch, making it suitable for the cognitive radio base
station. Hamid et al in [11] discussed and modelled a Vivaldi
antenna by inserting four switchable ring slots within the
antenna ground plane structure. The antenna reconfiguration
may work in broadband or narrowband mode by changing the
PIN diode switching facility. For single, multi-band, and UWB
spectrum, a frequency reconfigurable microstrip antenna was
presented by Yadav et al in [12], based on an array of 27 PIN
diodes integrated into the partial ground structure. Yadav et al
used many RF switches, increasing cost, manufacturing, and
measurement difficulties relative to our antenna design. Tasouji
et al in [13] presented a printed UWB slot antenna based
on two PIN diodes with reconfigurable band-notch features
that was mounted across the circular slot antenna patch to
produce single and double band-notch characteristics. A UWB
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and polarization, which reduces antenna system size and inter-
symbol interference (ISI) impacts [2]. The integration of these
configurations into a single antenna is a major challenge
that researchers have been faced in recent years. Integrating
antennas with modern high-speed semiconductors such as
Positive Intrinisic Negative (PIN) diodes, Radio Frequency
Microelectromechanical Systems (RF MEMS), and varactor
diodes have been designed successfully for frequency, po-
larization, and pattern tunability [3]-[25]. Due to the high-
speed response and low forward resistance of PIN diodes, it
was common practice to vary the antenna performance [3]
for direct antenna modulation (DAM) including Differential
Phase Shift Keying (DPSK) modulation [4], which makes it
more competitive for cognitive radio applications. A slotted
patch antenna with two PIN diodes was presented by Majid et
al for frequency and pattern reconfiguration [5]. For antenna
beam reconfiguration, a flexible antenna based on eight PIN
diodes for wireless applications was introduced by Zhu et al
in [6]. For frequency and pattern reconfiguration, an antenna
based on two PIN diodes positioned within the slot etched
in the front antenna patch was presented by Han et al in
[7] for Long-Term Evolution (LTE). A reconfiguration of the
antenna frequency and pattern was achieved using a printed
antenna based on three Radio Frequency (RF) switches [8].
A reconfigurable Ultra-Wide-Band (UWB) filter antenna was
featured in [9]; controlling operating frequency bands based
on three PIN diodes that directly control the desired WLAN
and WiMAX frequency bands. Wu et al in [10] introduced
and designed a reconfigurable quad-band antenna based on
Micro-Electomechanical-Systems (MEMS) switches. Control-
ling operating frequency can be obtained by adjusting the
MEMS switch, making it suitable for the cognitive radio base
station. Hamid et al in [11] discussed and modelled a Vivaldi
antenna by inserting four switchable ring slots within the
antenna ground plane structure. The antenna reconfiguration
may work in broadband or narrowband mode by changing the
PIN diode switching facility. For single, multi-band, and UWB
spectrum, a frequency reconfigurable microstrip antenna was
presented by Yadav et al in [12], based on an array of 27 PIN
diodes integrated into the partial ground structure. Yadav et al
used many RF switches, increasing cost, manufacturing, and
measurement difficulties relative to our antenna design. Tasouji
et al in [13] presented a printed UWB slot antenna based
on two PIN diodes with reconfigurable band-notch features
that was mounted across the circular slot antenna patch to
produce single and double band-notch characteristics. A UWB
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monopole antenna with a reconfigurable band-notch based on
two PIN diodes placed in antenna patch slots was presented
by Han et al in [14]. A reconfigurable microstrip slot antenna
was presented by Oraizi et al in [15] through regulation the
PIN diode embedded in the rectangular Split Ring Resonator
(SRR). A reconfigurable UWB circular wide-slot antenna
based on a stepped impedance resonator and an arc-shaped
parasitic element was presented by Li et al in [16]. A notched-
band UWB monopole antenna was introduced by Aghdam
et al in [17] by connecting a varactor diode to a π-shaped
patch. A reconfigurable cavity-backed slot antenna substrate
integrated waveguide based on MEMS active elements was
presented by Saghati et al in [18]. A dual-band reconfigurable
antenna based on a varactor diode lumped into the slot antenna
was introduced by Behdad et al in [19]. A reconfigurable
circular monopole based on Field Effect Transistor (FET)
was presented in by Aboufoul et al in [20] for cognitive
radio applications. A reconfigurable frequency band monopole
with single and dual bands by employing three PIN diodes
was presented by Shah et al in [21]. Nikolaou et al in [22]
controlled the frequency resonance by switching two PIN
diodes soldered on both sides of an annular slot patch antenna.
Kim et al in [23] were proposed the polarization reconfigura-
bility of a single feed circular patch antenna with five PIN
diodes for low frequency and high frequency applications.
Elwi in [24] presented a reconfigurable antenna with remotely
controlled by integrating a photo resistor array into a Hilbert
patch antenna and adjusting the photo-resistors elimination for
modern 5G applications. Singh et al in [25] were proposed
a reconfigurable antenna for tuning the frequency bands in
internet of things (IoT) systems using three PIN diodes. The
researchers for wireless applications have presented several
wideband monopole antennas. For instance, Reddy et al in
[26] designed a flexible wideband monopole antenna for
body-centric wireless communications. While, Mohandoss et
al in [27] designed a planar monopole fractal antenna to
enhance the bandwidth for the personal wireless area and
UWB applications. A multiband reconfigurable microwave
filtering monopole antenna was presented by Kingsly et al in
[28] based on switchable agile multiband filtenna for cognitive
radios and Time Division Multiple Access (TDMA) systems.
Finally, compact wideband flexible planar monopole antennas
were designed and analyzed for body-centric wireless and
UWB communications [29].
The main objective of using such reconfigurable UWB fre-
quency antenna is to overcome the overlap of the UWB
with other bands, such as WiMAX bands. The antenna per-
formances are obtained from a comparative study of the
conventional antenna with the proposed antenna based on
PIN diodes within the ground plane. This paper introduces
a well-controlled operating frequency band based on three
ON − OFF switch statues. By changing the slot length
effectively through the PIN diode switching, a frequency band
reconfiguration can be achieved at the desired operating bands
accordingly. The proposed antenna shows a frequency band
from 1.86 GHz to 10.89 GHz that is significantly affected by
PIN diodes switching. Eight cases, therefor, can be generated
from switching the proposed three PIN diodes to provide

UWB, two, and/or three operating bands. The simulated re-
sults are compared to the experimental results, which show
acceptable agreement and confirm good performance of the
proposed antenna. The obtained results, therefore, confirm that
the proposed reconfigurable antenna is a better candidate for
integration into wireless communication circuits.

II. ANTENNA DESIGN DETIALS

The proposed antenna is designed to operate from 1.89 to
10.89 GHz to achieve a UWB with matching impedance in
terms of S11 bellow -10dB according to the IEEE standard
[15]. To be suitable for near and medium communication
distance, the antenna’s peak realized gain should be within the
range of 5.2dB-6.03dB for WiFi applications. The proposed
antenna design, with the suggested parameters, is depicted
in the next section. The antenna is modeled step by step
to obtain a UWB response with an impedance bandwidth
of (S11 < -10 dB) for the entire UWB (1.85-10.9)GHz.
Next, three PIN diodes are connected to the ground plane
slot as switches to obtain eight PIN diode states. The main
reason to choose three PIN diodes as switches is to change
the proposed antenna’s effective electrical length to achieve
frequency reconfigurability. By switching the state of the PIN
diode between forward and backward, we can achieve the
proposed antenna design to operate in UWB, dual, and triple-
band mode.

III. METHODOLOGY OF THE ANTENNA DESIGN

In this section, we present the geometrical details of the
proposed antenna to provide the design methodology for the
optimal antenna performance. Next, antenna reconfiguration is
discussed by switching the PIN diodes. The reconfigurability
of the antenna can be accomplished by employing three PIN
diodes as switches in the simulation setting to obtain dual-band
mode, triple-band mode and UWB depending on the switch
state. The authors have chosen a proposed monopole antenna,
based on the circular shape and a defected ground structure
that could expand the frequency band of operating as can be
seen later in this paper.

A. UWB Monopole Antenna Design

The configuration of the proposed UWB monopole antenna
geometry with the design parameters is illustrated in Fig. 1
and Table I, respectively. The proposed antenna is fabricated
on a low-cost FR4 substrate with a εr of 4.3, and a tanδ of
0.025. The proposed antenna size is 50mm × 60mm with
a substrate thickness of 1 mm. The modified circular patch
is printed on the top side, and the defected partial ground
plane is printed on the bottom side. The radiating patch and
ground plane shapes are modified to achieve a UWB with good
impedance matching.

In this section, reach the final antenna design is discussed.
The antenna design methodology was proposed by using a
commercial software package of Computer Simulation Tech-
nology Microwave Studio (CSTMW) with Finite Integration
Technique (FIT) algorithm [30]. For this, the antenna band-
width is monitored to get the best matching impedance over
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Fig. 1. The proposed antenna geometry; (a) front view, (b) back view and
(c) side view.

TABLE I
THE GEOMETRICAL DIMENSIONS OF THE PROPOSED ANTENNA: ALL

DIMENSIONS IN mm.

Parameter Dimension Parameter Dimension
L sub 60 L f 23
W sub 50 W f 1.65
L Grd 23 R 12
h sub 1 S 6
w 5 l 1

the entire band of interest by feeding the antenna with a
50 Ω port. To determine the influence of changing antenna
dimensions, a parametric study was conducted. Antenna per-
formance was monitored with respect to changing Wf , W , l,
S, h sub, and L Grd parameters representing feed line width,
slot width of the partial ground plane, slot height of the partial
ground plane, center-to-center distance, substrate height, and
ground plane length, respectively. Next, a parametric study
was applied to find the appropriate substrate type and size.
The antenna design begins with a conventional circular patch
backed by a full ground plane as mentioned in case 1 (Fig.2).
Next, the ground plane is changed to a partial ground plane
(without any slots) to improve the impedance matching, as
mentioned in case 2. Next, the rectangular slot is etched from
the ground plane to improve the proposed antenna bandwidth.
The frequency reconfiguration is accomplished by modifying
the parasitic element electrically through switching the PIN
diodes with the ground plane. The defected ground plane is
made by integrating the PIN diodes without changing the
UWB antenna performance. We observed that the desired
UWB results are not obtained for the proposed antenna with
partial ground plane, therefore, a slot is inserted within the
partial ground plane to improve the bandwidth and the match-
ing impedance. We observed that the antenna bandwidth of
3.5 GHz to 9.5 GHz was obtained as mentioned in case 3.
A further modification of the proposed antenna is to involve a
circular patch as denoted in case 4 of Fig. 2. The modification
in this design includes another circular shape to generate a
new frequency band. This modification in the radiator patch
obtains a better impedance matching over the entire UWB and
enhances the reference antenna bandwidth as shown in case 4.
We observed a very wide bandwidth (S11 < -10 dB) of 1.85
GHz to 11 GHz.

It is indicated from the S11 spectra Fig. 2 that variation in

Fig. 2. Comparison of simulated |S11| spectra for four model cases.

the ground plane has significant effects on the antenna band-
width. For example, the proposed antenna with full ground
plane in case 1 shows narrow bandwidth around multiple
frequency bands. Antenna bandwidth, therefore, is enhanced
when a partial ground plane is modified. However, the antenna
bandwidth is enhanced furthermore in cases 3 and 4 when
the slot is introduced to the ground plane. The results are in
agreement with the suggested antenna design’s requirements
which are provided in Section II for achieving a wide-band
with matching impedance below -10 dB.
To maximize the antenna bandwidth further, the antenna feed
line was connected to the Sub Miniature version A connector
(SMA) center pin with a width of Wf . The feed line width is
parametrically optimized as shown in Fig.3. It is indicated that
varying Wf shows a major impact on the antenna bandwidth
[24]. This study may lead to the best impedance matching and
subsequently, a gradual bandwidth increase in the proposed
antenna. Figure 3 shows the optimized results of Wf at 1.65
mm with broader bandwidth over the frequencies from 1.85
GHz to 10.89 GHz. This parametric study considers S11 <
-10 dB impedance bandwidth for the entire UWB by changing
Wf given the antenna wide band from 1.85 to 10.85 GHz.

The main purpose of the rectangular slot on the ground
plane is to disturb the surface current to operate the antenna
at lower frequency bands. The effects of changing the slot
width (W ) on the |S11| spectra (Fig. 4) was studied to realize
the best matching impedance. We found that decreasing the
slot width (W< 5 mm) causes impedance matching reduction
from 2.5 GHz to 7.8 GHz in the low-frequency band, while
an increase in slot width (W> 5 mm) creates problems
with impedance matching from 7.2 GHz to 7.8 GHz in the
high-frequency band. The maximum impedance bandwidth
and best impedance matching can be obtained when W = 5
mm. A sweep of the parameter W to achieve the proposed
antenna work with a UWB mode with impedance bandwidth
less than -10 dB from 1.85 GHz to 10.9 GHz.

To maximize the antenna bandwidth, the height of the slot
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monopole antenna with a reconfigurable band-notch based on
two PIN diodes placed in antenna patch slots was presented
by Han et al in [14]. A reconfigurable microstrip slot antenna
was presented by Oraizi et al in [15] through regulation the
PIN diode embedded in the rectangular Split Ring Resonator
(SRR). A reconfigurable UWB circular wide-slot antenna
based on a stepped impedance resonator and an arc-shaped
parasitic element was presented by Li et al in [16]. A notched-
band UWB monopole antenna was introduced by Aghdam
et al in [17] by connecting a varactor diode to a π-shaped
patch. A reconfigurable cavity-backed slot antenna substrate
integrated waveguide based on MEMS active elements was
presented by Saghati et al in [18]. A dual-band reconfigurable
antenna based on a varactor diode lumped into the slot antenna
was introduced by Behdad et al in [19]. A reconfigurable
circular monopole based on Field Effect Transistor (FET)
was presented in by Aboufoul et al in [20] for cognitive
radio applications. A reconfigurable frequency band monopole
with single and dual bands by employing three PIN diodes
was presented by Shah et al in [21]. Nikolaou et al in [22]
controlled the frequency resonance by switching two PIN
diodes soldered on both sides of an annular slot patch antenna.
Kim et al in [23] were proposed the polarization reconfigura-
bility of a single feed circular patch antenna with five PIN
diodes for low frequency and high frequency applications.
Elwi in [24] presented a reconfigurable antenna with remotely
controlled by integrating a photo resistor array into a Hilbert
patch antenna and adjusting the photo-resistors elimination for
modern 5G applications. Singh et al in [25] were proposed
a reconfigurable antenna for tuning the frequency bands in
internet of things (IoT) systems using three PIN diodes. The
researchers for wireless applications have presented several
wideband monopole antennas. For instance, Reddy et al in
[26] designed a flexible wideband monopole antenna for
body-centric wireless communications. While, Mohandoss et
al in [27] designed a planar monopole fractal antenna to
enhance the bandwidth for the personal wireless area and
UWB applications. A multiband reconfigurable microwave
filtering monopole antenna was presented by Kingsly et al in
[28] based on switchable agile multiband filtenna for cognitive
radios and Time Division Multiple Access (TDMA) systems.
Finally, compact wideband flexible planar monopole antennas
were designed and analyzed for body-centric wireless and
UWB communications [29].
The main objective of using such reconfigurable UWB fre-
quency antenna is to overcome the overlap of the UWB
with other bands, such as WiMAX bands. The antenna per-
formances are obtained from a comparative study of the
conventional antenna with the proposed antenna based on
PIN diodes within the ground plane. This paper introduces
a well-controlled operating frequency band based on three
ON − OFF switch statues. By changing the slot length
effectively through the PIN diode switching, a frequency band
reconfiguration can be achieved at the desired operating bands
accordingly. The proposed antenna shows a frequency band
from 1.86 GHz to 10.89 GHz that is significantly affected by
PIN diodes switching. Eight cases, therefor, can be generated
from switching the proposed three PIN diodes to provide

UWB, two, and/or three operating bands. The simulated re-
sults are compared to the experimental results, which show
acceptable agreement and confirm good performance of the
proposed antenna. The obtained results, therefore, confirm that
the proposed reconfigurable antenna is a better candidate for
integration into wireless communication circuits.

II. ANTENNA DESIGN DETIALS

The proposed antenna is designed to operate from 1.89 to
10.89 GHz to achieve a UWB with matching impedance in
terms of S11 bellow -10dB according to the IEEE standard
[15]. To be suitable for near and medium communication
distance, the antenna’s peak realized gain should be within the
range of 5.2dB-6.03dB for WiFi applications. The proposed
antenna design, with the suggested parameters, is depicted
in the next section. The antenna is modeled step by step
to obtain a UWB response with an impedance bandwidth
of (S11 < -10 dB) for the entire UWB (1.85-10.9)GHz.
Next, three PIN diodes are connected to the ground plane
slot as switches to obtain eight PIN diode states. The main
reason to choose three PIN diodes as switches is to change
the proposed antenna’s effective electrical length to achieve
frequency reconfigurability. By switching the state of the PIN
diode between forward and backward, we can achieve the
proposed antenna design to operate in UWB, dual, and triple-
band mode.

III. METHODOLOGY OF THE ANTENNA DESIGN

In this section, we present the geometrical details of the
proposed antenna to provide the design methodology for the
optimal antenna performance. Next, antenna reconfiguration is
discussed by switching the PIN diodes. The reconfigurability
of the antenna can be accomplished by employing three PIN
diodes as switches in the simulation setting to obtain dual-band
mode, triple-band mode and UWB depending on the switch
state. The authors have chosen a proposed monopole antenna,
based on the circular shape and a defected ground structure
that could expand the frequency band of operating as can be
seen later in this paper.

A. UWB Monopole Antenna Design

The configuration of the proposed UWB monopole antenna
geometry with the design parameters is illustrated in Fig. 1
and Table I, respectively. The proposed antenna is fabricated
on a low-cost FR4 substrate with a εr of 4.3, and a tanδ of
0.025. The proposed antenna size is 50mm × 60mm with
a substrate thickness of 1 mm. The modified circular patch
is printed on the top side, and the defected partial ground
plane is printed on the bottom side. The radiating patch and
ground plane shapes are modified to achieve a UWB with good
impedance matching.

In this section, reach the final antenna design is discussed.
The antenna design methodology was proposed by using a
commercial software package of Computer Simulation Tech-
nology Microwave Studio (CSTMW) with Finite Integration
Technique (FIT) algorithm [30]. For this, the antenna band-
width is monitored to get the best matching impedance over
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Fig. 1. The proposed antenna geometry; (a) front view, (b) back view and
(c) side view.
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L Grd 23 R 12
h sub 1 S 6
w 5 l 1

the entire band of interest by feeding the antenna with a
50 Ω port. To determine the influence of changing antenna
dimensions, a parametric study was conducted. Antenna per-
formance was monitored with respect to changing Wf , W , l,
S, h sub, and L Grd parameters representing feed line width,
slot width of the partial ground plane, slot height of the partial
ground plane, center-to-center distance, substrate height, and
ground plane length, respectively. Next, a parametric study
was applied to find the appropriate substrate type and size.
The antenna design begins with a conventional circular patch
backed by a full ground plane as mentioned in case 1 (Fig.2).
Next, the ground plane is changed to a partial ground plane
(without any slots) to improve the impedance matching, as
mentioned in case 2. Next, the rectangular slot is etched from
the ground plane to improve the proposed antenna bandwidth.
The frequency reconfiguration is accomplished by modifying
the parasitic element electrically through switching the PIN
diodes with the ground plane. The defected ground plane is
made by integrating the PIN diodes without changing the
UWB antenna performance. We observed that the desired
UWB results are not obtained for the proposed antenna with
partial ground plane, therefore, a slot is inserted within the
partial ground plane to improve the bandwidth and the match-
ing impedance. We observed that the antenna bandwidth of
3.5 GHz to 9.5 GHz was obtained as mentioned in case 3.
A further modification of the proposed antenna is to involve a
circular patch as denoted in case 4 of Fig. 2. The modification
in this design includes another circular shape to generate a
new frequency band. This modification in the radiator patch
obtains a better impedance matching over the entire UWB and
enhances the reference antenna bandwidth as shown in case 4.
We observed a very wide bandwidth (S11 < -10 dB) of 1.85
GHz to 11 GHz.

It is indicated from the S11 spectra Fig. 2 that variation in

Fig. 2. Comparison of simulated |S11| spectra for four model cases.

the ground plane has significant effects on the antenna band-
width. For example, the proposed antenna with full ground
plane in case 1 shows narrow bandwidth around multiple
frequency bands. Antenna bandwidth, therefore, is enhanced
when a partial ground plane is modified. However, the antenna
bandwidth is enhanced furthermore in cases 3 and 4 when
the slot is introduced to the ground plane. The results are in
agreement with the suggested antenna design’s requirements
which are provided in Section II for achieving a wide-band
with matching impedance below -10 dB.
To maximize the antenna bandwidth further, the antenna feed
line was connected to the Sub Miniature version A connector
(SMA) center pin with a width of Wf . The feed line width is
parametrically optimized as shown in Fig.3. It is indicated that
varying Wf shows a major impact on the antenna bandwidth
[24]. This study may lead to the best impedance matching and
subsequently, a gradual bandwidth increase in the proposed
antenna. Figure 3 shows the optimized results of Wf at 1.65
mm with broader bandwidth over the frequencies from 1.85
GHz to 10.89 GHz. This parametric study considers S11 <
-10 dB impedance bandwidth for the entire UWB by changing
Wf given the antenna wide band from 1.85 to 10.85 GHz.

The main purpose of the rectangular slot on the ground
plane is to disturb the surface current to operate the antenna
at lower frequency bands. The effects of changing the slot
width (W ) on the |S11| spectra (Fig. 4) was studied to realize
the best matching impedance. We found that decreasing the
slot width (W< 5 mm) causes impedance matching reduction
from 2.5 GHz to 7.8 GHz in the low-frequency band, while
an increase in slot width (W> 5 mm) creates problems
with impedance matching from 7.2 GHz to 7.8 GHz in the
high-frequency band. The maximum impedance bandwidth
and best impedance matching can be obtained when W = 5
mm. A sweep of the parameter W to achieve the proposed
antenna work with a UWB mode with impedance bandwidth
less than -10 dB from 1.85 GHz to 10.9 GHz.

To maximize the antenna bandwidth, the height of the slot
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Fig. 3. Effects of changing (Wf ) on the |S11| spectra

Fig. 4. Effects of changing W on the |S11| spectra

on the partial ground plane has a pivotal function. However,
We studied the effect of the slot height of the partial ground
plane given by (l) on the proposed antenna performances. The
effect on bandwidth for different ground plane slot heights is
shown in Fig. 5.

As shown in Fig. 5, the narrower slot height (l= 0.5 mm)
indicates poor return loss at the 2.9 GHz to 3.2 GHz band.
Increasing the slot height (l > 1 mm) leads to enhanced
|S11| at the lower band (1.75-6.75) GHz, but poor impedance
matching is found between 6.75 GHz and 8.5 GHz. However,
the optimum ground slot height (l= 1 mm) provides the
necessary impedance matching over the required frequency
range, and the UWB width of the antenna is from 1.75 to
11 GHz. These results were extremely close to the planned
antenna specification, as shown in Section II. The length of
partial ground plane (L Grd) shows a slight effect on the
proposed antenna bandwidth. The L Grd was swept from 20
mm up to 25 mm with a step of 1 mm to obtain the desired
UWB frequency band. We observed from Fig. 6 that the

Fig. 5. Effects of changing l on the |S11| spectra

Fig. 6. Effects of changing L Grd on the |S11| spectra

proposed antenna operates as a UWB antenna when L Grd =
23 mm. However, |S11| is improved dramatically when the
ground plane length is gradually reduced. As a result, the
required antenna design criteria are met by selecting L Grd
= 23 mm for the entire UWB mode with the best bandwidth
impedance matching less than -10 dB.

Figure 7 shows the circular patch development through five
stages to illustrate the effects of changing S value from 0 mm
to 8 mm with a step of 2 mm. The parameter S represents a
center-to-center distance between two circular patches ( Fig.1).
In this design step, the simulated |S11| spectra of the proposed
antenna with a different value of S is illustrated in Fig. 7.

At a low value of S (S< 6 mm), the antenna does not
provide a UWB impedance bandwidth. The proposed antenna
shows poor matching impedance in the high- frequency band
from 7.2 GHz to 8.1 GHz. Increasing S above 6 mm,
improves the impedance bandwidth. However, the antenna still
suffers from a matching impedance problem at the frequencies
from 7.3 GHz to 8.3 GHz. The distribution of the surface
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Fig. 7. Simulated |S11| spectra for the proposed patches.

Fig. 8. Effects of changing h sub on the |S11| spectra.

current of the proposed antenna with S = 6 mm is mainly
extended. By considering S = 6 mm, therefore, the impedance
matching bandwidth is significantly enhanced to suit the
proposed antenna requirement to work with UWB mode.

Figure 8 demonstrates the effects of changing the substrate
thickness on the |S11| spectra. The substrate thickness was
changed according to the available commercial resources
:0.26, 1, and 1.6 mm. Based on the |S11| spectra, the proposed
antenna shows a wider impedance bandwidth for h sub =
1.6 mm but cannot support the desired UWB. The proposed
antenna depicts a wide impedance bandwidth only when it has
substrate thickness of 1 mm. As a result, if h sub = 1 mm ,
the proposed antenna operates in UWB mode with a matching
impedance of less than -10 dB from 1.85 to 10.9 GHz.

Additionally, we discuss the effects of substrate type change
on antenna performance. As shown in Fig. 9, FR-4 substrate
with εr= 4.3 and tanδ =0.025 covers a wider bandwidth
compared to other substrates in this study, which satisfied the
entire UWB.

Fig. 9. Effects of changing substrate materials on the |S11| spectra.

Fig. 10. Effects of substrate size on the |S11| spectra.

Regarding substrate size, we adjusted the proposed antenna
dimensions within five different dimensions. As shown in Fig.
10, we found the best antenna dimensions are 50 mm×60
mm, which satisfied the entire UWB.

B. Reconfigurable UWB Monopole Antenna

The reconfiguration of the proposed antenna, which has
a slot on the ground plane, is shown in Fig.11(a). The slot
on the ground plane is mounted by a narrow a metal strip
with dimension 0.5 mm×4 mm to provide independent DC
biasing for PIN diodes as shown Fig.11(a). The frequency
configuration is changed by adjusting three PIN diodes con-
nected to the ground plane slot. In the RF domain, PIN
diodes are commonly used, therefore, the PIN diode RF
resistance is connected to the DC bias current and can be
used as an RF switch. When the diode is positively biased,
the short circuit is turned on, and the open circuit is turned
ON when it is reverse biased. Usually, the diode resistance
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Fig. 3. Effects of changing (Wf ) on the |S11| spectra

Fig. 4. Effects of changing W on the |S11| spectra

on the partial ground plane has a pivotal function. However,
We studied the effect of the slot height of the partial ground
plane given by (l) on the proposed antenna performances. The
effect on bandwidth for different ground plane slot heights is
shown in Fig. 5.

As shown in Fig. 5, the narrower slot height (l= 0.5 mm)
indicates poor return loss at the 2.9 GHz to 3.2 GHz band.
Increasing the slot height (l > 1 mm) leads to enhanced
|S11| at the lower band (1.75-6.75) GHz, but poor impedance
matching is found between 6.75 GHz and 8.5 GHz. However,
the optimum ground slot height (l= 1 mm) provides the
necessary impedance matching over the required frequency
range, and the UWB width of the antenna is from 1.75 to
11 GHz. These results were extremely close to the planned
antenna specification, as shown in Section II. The length of
partial ground plane (L Grd) shows a slight effect on the
proposed antenna bandwidth. The L Grd was swept from 20
mm up to 25 mm with a step of 1 mm to obtain the desired
UWB frequency band. We observed from Fig. 6 that the

Fig. 5. Effects of changing l on the |S11| spectra

Fig. 6. Effects of changing L Grd on the |S11| spectra

proposed antenna operates as a UWB antenna when L Grd =
23 mm. However, |S11| is improved dramatically when the
ground plane length is gradually reduced. As a result, the
required antenna design criteria are met by selecting L Grd
= 23 mm for the entire UWB mode with the best bandwidth
impedance matching less than -10 dB.

Figure 7 shows the circular patch development through five
stages to illustrate the effects of changing S value from 0 mm
to 8 mm with a step of 2 mm. The parameter S represents a
center-to-center distance between two circular patches ( Fig.1).
In this design step, the simulated |S11| spectra of the proposed
antenna with a different value of S is illustrated in Fig. 7.

At a low value of S (S< 6 mm), the antenna does not
provide a UWB impedance bandwidth. The proposed antenna
shows poor matching impedance in the high- frequency band
from 7.2 GHz to 8.1 GHz. Increasing S above 6 mm,
improves the impedance bandwidth. However, the antenna still
suffers from a matching impedance problem at the frequencies
from 7.3 GHz to 8.3 GHz. The distribution of the surface
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Fig. 7. Simulated |S11| spectra for the proposed patches.

Fig. 8. Effects of changing h sub on the |S11| spectra.

current of the proposed antenna with S = 6 mm is mainly
extended. By considering S = 6 mm, therefore, the impedance
matching bandwidth is significantly enhanced to suit the
proposed antenna requirement to work with UWB mode.

Figure 8 demonstrates the effects of changing the substrate
thickness on the |S11| spectra. The substrate thickness was
changed according to the available commercial resources
:0.26, 1, and 1.6 mm. Based on the |S11| spectra, the proposed
antenna shows a wider impedance bandwidth for h sub =
1.6 mm but cannot support the desired UWB. The proposed
antenna depicts a wide impedance bandwidth only when it has
substrate thickness of 1 mm. As a result, if h sub = 1 mm ,
the proposed antenna operates in UWB mode with a matching
impedance of less than -10 dB from 1.85 to 10.9 GHz.

Additionally, we discuss the effects of substrate type change
on antenna performance. As shown in Fig. 9, FR-4 substrate
with εr= 4.3 and tanδ =0.025 covers a wider bandwidth
compared to other substrates in this study, which satisfied the
entire UWB.

Fig. 9. Effects of changing substrate materials on the |S11| spectra.

Fig. 10. Effects of substrate size on the |S11| spectra.

Regarding substrate size, we adjusted the proposed antenna
dimensions within five different dimensions. As shown in Fig.
10, we found the best antenna dimensions are 50 mm×60
mm, which satisfied the entire UWB.

B. Reconfigurable UWB Monopole Antenna

The reconfiguration of the proposed antenna, which has
a slot on the ground plane, is shown in Fig.11(a). The slot
on the ground plane is mounted by a narrow a metal strip
with dimension 0.5 mm×4 mm to provide independent DC
biasing for PIN diodes as shown Fig.11(a). The frequency
configuration is changed by adjusting three PIN diodes con-
nected to the ground plane slot. In the RF domain, PIN
diodes are commonly used, therefore, the PIN diode RF
resistance is connected to the DC bias current and can be
used as an RF switch. When the diode is positively biased,
the short circuit is turned on, and the open circuit is turned
ON when it is reverse biased. Usually, the diode resistance
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can vary from 10 kΩ to less than 1Ω by controlling its
bias current [32]. In UWB mode, switching the PIN diodes
may dramatically affect the impedance matching that reduces
the bandwidth due to parasitic inductance, capacitance, and
resistance. Nevertheless, the DC biasing circuit is necessary to
control the RF signal flow to the antenna structure. For this,
integrating the PIN diodes into the ground plane has minimum
effect compared with maximum loading effects on the antenna
performance when the PIN diodes are integrated within the
radiating patch [31]. We prefer to mount the PIN diodes and
associate the biasing circuit in the ground plane instead of the
patch antenna due to the biasing complexity and the antenna
radiation interfering with the antenna structure [31]. The main
reason for choosing three PIN diodes as switches is to change
the proposed antenna effective electrical length to achieve
the proposed frequency reconfigurability. The defected partial
ground plane resonators self-resonance frequencies depend on
their physical dimensions. The defected partial ground plane
operation is very similar to a circuit with parallel inductance
capacitance [8]. Through an increase in the overall length of
the ground plane slot, the inductance could be raised, while
reducing the slot width increases the capacitance. The notched
band frequency can be approximated using equation 1 [32].

fnotch =
c

4(L
√
εe)

(1)

Here, the overall length of the defected partial ground plane
slot is L, εe is the effective dielectric constant, and c is the
light speed in the free space.
In the proposed configuration, the slot width (W ) and slot
length (l) are fixed to 5 mm and 1 mm, respectively. The
resonant frequency can be controlled using the overall defected
partial ground plane slot length through the PIN diodes. The
proposed antenna depicts a dual and triple notch band only
when the PIN diodes are inserted within the ground plane
slot. The three PIN diodes are used to adjust inductance and
capacitance of the antenna equivalent circuit. This variation
contributes to the tuning of impedance matching in desired
operating bands and optimizing the corresponding resonant
circuitry. Figure 11(b, c, e, and d) indicates the equivalent
circuits for the ON and OFF conditions.

To explain the PIN diode operation (ON-OFF), an ideal PIN
diode is used as a switch in the simulation, and the proposed
diodes are modelled as a metal strip only for direct open and
short states. Under ON status, the respective circuit shows
that the inductor (L) and a resistor (RS) are loaded in series
connections, while an inductor (L) is loaded in series with
a capacitor (CT ) when the PIN is switched to OFF. In this
analysis we used a suitable bias to prevent the coupling of the
RF signal and the bias current [31]. Capacitors are utilized to
block DC and pass RF signal. Inductors are used as chokes
to block RF signal and pass DC as seen in Fig.11(d). We ob-
served that it is possible to switch the proposed reconfigurable
antenna between a UWB mode, dual band-notch modes and a
triple band-notch mode. Figure 12 presents the |S11| spectra
and the realized gain versus frequency of the proposed antenna
based on the eight diode states. State 1 is establishing the
UWB (1.86-10.89) GHz when all the PIN diodes are OFF.

Fig. 11. The proposed PIN diodes and bias circuit (a) proposed reconfugrable
antenna, (b) equivalent circuit for ON state of one PIN diode, (c) equivalent
circuit for OFF state of one PIN diode, (d) bias circuit for PIN diodes, (e)
equivalent circuit for ON state of all PIN diodes, and (e) equivalent circuit
for OFF state of all PIN diodes,.

States 4, 6, and 8 establish the dual bands, and states 2, 3, 5,
and 7 are solely responsible for obtaining the triple bands. The
transition between dual, triple and UWB can be explained by
the change in the surface current. Indeed, the electrical length
of the proposed antenna structure is really determined by the
diodes condition (ON and OFF). From the proposed antenna
|S11|, the antenna bandwidths are significantly affected by
the PIN diode switching. It can be inferred that the parasitic
element affects the antenna bandwidth to be changed from
the UWB to the narrow bands. Due to parasitic effects, the
proposed UWB mode is decreased to narrowband mode. The
bandwidth is changed from UWB to narrow band due to the
difference in surface current distribution [16]. In fact, the
proposed antenna electrical length can be determined from
switching PIN diodes conditions as summarized in Table II.
We observed from the realized antenna gain versus frequency
plot in which frequencies the UWB notch antenna radiates and
where it does not. The obtained gain is found to be suitable
for short and medium wireless applications [7]; ranging from
5.2 dB to 6.1 dB as shown in Fig. 12(b).

TABLE II
SUMMARY OF THE PIN DIODES SWITCHING STATES MODES

State PIN 1 PIN 2 PIN 3 Operation (GHz) Peak Realized Gain (dB)
1 OFF OFF OFF UWB (1.86-10.89) 5.7
2 OFF OFF ON three notch (2.7-3.47), (5.45-6.4) and (8.87-10.05) 5.65
3 OFF ON OFF three notch (2.76-3.53), (3.9-6.4), and (7.16-8.05) 6
4 OFF ON ON two notch (2.7-3.5) and (5.43-6.44) 5.79
5 ON OFF OFF three notch (2.76-3.53), (3.9-6.4), and (7.16-8.05) 6.03
6 ON OFF ON two notch (2.7-3.5) and (5.43-6.44) 5.78
7 ON ON OFF three notch (2.74-3.4), (5.44-6.38) and (7.54-8.4) 5.2
8 ON ON ON three notch (2.7-3.5) and (5.4-6.46) 5.5

IV. FABRICATION, MEASUREMENTS, AND TESTING

The proposed antenna is fabricated calculating the optimal
design. The fabrication is performed in the printed wiring
board laboratory of the BME-ETT, Department of Electronic
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Fig. 12. Simulated (a) reflection coefficient Vs frequency, and (b) realized
gain Vs frequency for the all the PIN diodes states.

Technology, Budapest University of Technology and Eco-
nomics. The Printed Circuit Board (PCB) technique is used
to fabricate the proposed antenna on low-cost FR-4 substrate
with a dielectric constant of 4.3, a loss tangent of 0.025, and
substrate thickness of 1mm. The fabricated antenna is fed
through an SMA connector. BAR6303W PIN diodes are uti-
lized as high-speed RF-signal switches [33]. Different shapes
of the slotted ground plane connect to the PIN diodes. Four re-
configurable antennas are fabricated based on the information
presented in Fig. 1. To identify the characteristics of the band
notch, the PIN diodes are soldered within the slotted ground
plane as shown in Fig. 13. The experimental measurements are
tested using Vector Network Analyzer (VNA) STAR ms4642A
Series inside an RF anechoic chamber. By using VNA ranging
(1MHz-14 GHz), the return losses of the fabricated antenna
are measured and tested to validate the simulated results with
the measured ones. Due to the symmetry of the PIN diode
states (2, 3, 5, and 7), we fabricated only state 3 by integrating
PIN 2 within the slotted ground plane and measured the

Fig. 13. The proposed antenna fabricated (a), (c) front view without PIN
diodes and (e), (g) front view with PIN diodes, and (b), (d) back view without
PIN diodes and (f), (h) back view with PIN diodes.

corresponding |S11|. Because of the symmetry among states
4, 6, and 8, we fabricated only state 6 by integrating PIN 1
and PIN 3 within the slotted ground plane and measured the
corresponding |S11| as seen in Fig. 13.

The proposed antenna is connected to a bias tee circuit
through the SMA port of 50 Ω input impedance. The PIN
diodes are connected to the DC source through the positive
negative electrodes that come out from the bias tee to ensure
no interference between the DC and the RF sources. In Fig.
14, the RF source is connected to the antenna and the bias tee
electrodes are controlled by a microprocessor Arduino to con-
trol the switching process remotely during the measurements.

Fig. 14. Proposed antenna measurement setup, biasing circuit for PIN diode.

Antenna performance in terms of |S11| spectra to all the
proposed swiching cases are discussed. Figure 15 shows the
simulated and measured |S11| spectra for the proposed antenna
without slots. Figure 16 shows the |S11| spectra for the
proposed antenna with slot on the ground plane but without
PIN diodes. We found that the simulated results agree very
well with experimental results. The measured results almost
agreed with simulated results to support that the proposed
antenna provides an UWB response. There is an insignificant
difference between simulated and measured results. This devi-
ation is due to certain parameters, such as the manufacturing
tolerance, the dielectric permittivity of the substrate, the sim-
ulation frequency width, the soldering conditions of the SMA
connector, and the measurement circumstances [10].

Next, for the eight switching states, we discuss the first
case when all three PIN diodes (PIN 1, PIN 2 and PIN 3)
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can vary from 10 kΩ to less than 1Ω by controlling its
bias current [32]. In UWB mode, switching the PIN diodes
may dramatically affect the impedance matching that reduces
the bandwidth due to parasitic inductance, capacitance, and
resistance. Nevertheless, the DC biasing circuit is necessary to
control the RF signal flow to the antenna structure. For this,
integrating the PIN diodes into the ground plane has minimum
effect compared with maximum loading effects on the antenna
performance when the PIN diodes are integrated within the
radiating patch [31]. We prefer to mount the PIN diodes and
associate the biasing circuit in the ground plane instead of the
patch antenna due to the biasing complexity and the antenna
radiation interfering with the antenna structure [31]. The main
reason for choosing three PIN diodes as switches is to change
the proposed antenna effective electrical length to achieve
the proposed frequency reconfigurability. The defected partial
ground plane resonators self-resonance frequencies depend on
their physical dimensions. The defected partial ground plane
operation is very similar to a circuit with parallel inductance
capacitance [8]. Through an increase in the overall length of
the ground plane slot, the inductance could be raised, while
reducing the slot width increases the capacitance. The notched
band frequency can be approximated using equation 1 [32].

fnotch =
c

4(L
√
εe)

(1)

Here, the overall length of the defected partial ground plane
slot is L, εe is the effective dielectric constant, and c is the
light speed in the free space.
In the proposed configuration, the slot width (W ) and slot
length (l) are fixed to 5 mm and 1 mm, respectively. The
resonant frequency can be controlled using the overall defected
partial ground plane slot length through the PIN diodes. The
proposed antenna depicts a dual and triple notch band only
when the PIN diodes are inserted within the ground plane
slot. The three PIN diodes are used to adjust inductance and
capacitance of the antenna equivalent circuit. This variation
contributes to the tuning of impedance matching in desired
operating bands and optimizing the corresponding resonant
circuitry. Figure 11(b, c, e, and d) indicates the equivalent
circuits for the ON and OFF conditions.

To explain the PIN diode operation (ON-OFF), an ideal PIN
diode is used as a switch in the simulation, and the proposed
diodes are modelled as a metal strip only for direct open and
short states. Under ON status, the respective circuit shows
that the inductor (L) and a resistor (RS) are loaded in series
connections, while an inductor (L) is loaded in series with
a capacitor (CT ) when the PIN is switched to OFF. In this
analysis we used a suitable bias to prevent the coupling of the
RF signal and the bias current [31]. Capacitors are utilized to
block DC and pass RF signal. Inductors are used as chokes
to block RF signal and pass DC as seen in Fig.11(d). We ob-
served that it is possible to switch the proposed reconfigurable
antenna between a UWB mode, dual band-notch modes and a
triple band-notch mode. Figure 12 presents the |S11| spectra
and the realized gain versus frequency of the proposed antenna
based on the eight diode states. State 1 is establishing the
UWB (1.86-10.89) GHz when all the PIN diodes are OFF.

Fig. 11. The proposed PIN diodes and bias circuit (a) proposed reconfugrable
antenna, (b) equivalent circuit for ON state of one PIN diode, (c) equivalent
circuit for OFF state of one PIN diode, (d) bias circuit for PIN diodes, (e)
equivalent circuit for ON state of all PIN diodes, and (e) equivalent circuit
for OFF state of all PIN diodes,.

States 4, 6, and 8 establish the dual bands, and states 2, 3, 5,
and 7 are solely responsible for obtaining the triple bands. The
transition between dual, triple and UWB can be explained by
the change in the surface current. Indeed, the electrical length
of the proposed antenna structure is really determined by the
diodes condition (ON and OFF). From the proposed antenna
|S11|, the antenna bandwidths are significantly affected by
the PIN diode switching. It can be inferred that the parasitic
element affects the antenna bandwidth to be changed from
the UWB to the narrow bands. Due to parasitic effects, the
proposed UWB mode is decreased to narrowband mode. The
bandwidth is changed from UWB to narrow band due to the
difference in surface current distribution [16]. In fact, the
proposed antenna electrical length can be determined from
switching PIN diodes conditions as summarized in Table II.
We observed from the realized antenna gain versus frequency
plot in which frequencies the UWB notch antenna radiates and
where it does not. The obtained gain is found to be suitable
for short and medium wireless applications [7]; ranging from
5.2 dB to 6.1 dB as shown in Fig. 12(b).

TABLE II
SUMMARY OF THE PIN DIODES SWITCHING STATES MODES

State PIN 1 PIN 2 PIN 3 Operation (GHz) Peak Realized Gain (dB)
1 OFF OFF OFF UWB (1.86-10.89) 5.7
2 OFF OFF ON three notch (2.7-3.47), (5.45-6.4) and (8.87-10.05) 5.65
3 OFF ON OFF three notch (2.76-3.53), (3.9-6.4), and (7.16-8.05) 6
4 OFF ON ON two notch (2.7-3.5) and (5.43-6.44) 5.79
5 ON OFF OFF three notch (2.76-3.53), (3.9-6.4), and (7.16-8.05) 6.03
6 ON OFF ON two notch (2.7-3.5) and (5.43-6.44) 5.78
7 ON ON OFF three notch (2.74-3.4), (5.44-6.38) and (7.54-8.4) 5.2
8 ON ON ON three notch (2.7-3.5) and (5.4-6.46) 5.5

IV. FABRICATION, MEASUREMENTS, AND TESTING

The proposed antenna is fabricated calculating the optimal
design. The fabrication is performed in the printed wiring
board laboratory of the BME-ETT, Department of Electronic
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Fig. 12. Simulated (a) reflection coefficient Vs frequency, and (b) realized
gain Vs frequency for the all the PIN diodes states.

Technology, Budapest University of Technology and Eco-
nomics. The Printed Circuit Board (PCB) technique is used
to fabricate the proposed antenna on low-cost FR-4 substrate
with a dielectric constant of 4.3, a loss tangent of 0.025, and
substrate thickness of 1mm. The fabricated antenna is fed
through an SMA connector. BAR6303W PIN diodes are uti-
lized as high-speed RF-signal switches [33]. Different shapes
of the slotted ground plane connect to the PIN diodes. Four re-
configurable antennas are fabricated based on the information
presented in Fig. 1. To identify the characteristics of the band
notch, the PIN diodes are soldered within the slotted ground
plane as shown in Fig. 13. The experimental measurements are
tested using Vector Network Analyzer (VNA) STAR ms4642A
Series inside an RF anechoic chamber. By using VNA ranging
(1MHz-14 GHz), the return losses of the fabricated antenna
are measured and tested to validate the simulated results with
the measured ones. Due to the symmetry of the PIN diode
states (2, 3, 5, and 7), we fabricated only state 3 by integrating
PIN 2 within the slotted ground plane and measured the

Fig. 13. The proposed antenna fabricated (a), (c) front view without PIN
diodes and (e), (g) front view with PIN diodes, and (b), (d) back view without
PIN diodes and (f), (h) back view with PIN diodes.

corresponding |S11|. Because of the symmetry among states
4, 6, and 8, we fabricated only state 6 by integrating PIN 1
and PIN 3 within the slotted ground plane and measured the
corresponding |S11| as seen in Fig. 13.

The proposed antenna is connected to a bias tee circuit
through the SMA port of 50 Ω input impedance. The PIN
diodes are connected to the DC source through the positive
negative electrodes that come out from the bias tee to ensure
no interference between the DC and the RF sources. In Fig.
14, the RF source is connected to the antenna and the bias tee
electrodes are controlled by a microprocessor Arduino to con-
trol the switching process remotely during the measurements.

Fig. 14. Proposed antenna measurement setup, biasing circuit for PIN diode.

Antenna performance in terms of |S11| spectra to all the
proposed swiching cases are discussed. Figure 15 shows the
simulated and measured |S11| spectra for the proposed antenna
without slots. Figure 16 shows the |S11| spectra for the
proposed antenna with slot on the ground plane but without
PIN diodes. We found that the simulated results agree very
well with experimental results. The measured results almost
agreed with simulated results to support that the proposed
antenna provides an UWB response. There is an insignificant
difference between simulated and measured results. This devi-
ation is due to certain parameters, such as the manufacturing
tolerance, the dielectric permittivity of the substrate, the sim-
ulation frequency width, the soldering conditions of the SMA
connector, and the measurement circumstances [10].

Next, for the eight switching states, we discuss the first
case when all three PIN diodes (PIN 1, PIN 2 and PIN 3)
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Fig. 15. Simulated and measured |S11| spectra of the proposed antenna
without slot on the ground plane.

Fig. 16. Simulated and measured |S11| spectra of the proposed antenna with
slot on the ground plane.

are in the OFF state; the proposed reconfigurable antenna
operates in UWB mode with a return loss below -10 dB
from (1.85-10.89 GHz). For simplicity of measurement and
to prevent complexity of the connecting wire, the other PIN
diodes are not soldered within the proposed antenna. We
utilized a separate basis circuit (RF chock and DC block) for
each PIN diode, which leads to block DC while passing RF,
and RF chokes block RF while passing DC. The antenna is
also linked to a Balun structure to avoid interference leakage
from the coaxial cable and SMA connector. A good agreement
has been obtained between the measured and simulated |S11|
results as seen in Fig. 17.

The next state, when PIN 1 and PIN 2 are in the ON state
and PIN 3 is in the OFF state, the proposed reconfigurable
antenna operates in triple band mode (2.74-3.4), (5.44-6.38),
and (7.54-8.4) GHz with a return loss of -23 dB, -14 dB, and
-29.2 dB, respectively. If PIN 3 is turned ON and the other

Fig. 17. The simulated and measured reflection coefficient for the operation
state 1.

two PIN diodes are turned OFF the proposed reconfigurable
antenna operates within three bands (2.7-3.47), (5.45-6.4), and
(8.87-10.05) GHz with a return loss of -23.1 dB, -13 dB, and
-18.2 dB, respectively. Figure 18 depicts the measured and
simulated |S11| of the proposed reconfigurable antenna within
the three band mode.

Fig. 18. The simulated and measured reflection coefficient for the operation
states 2 and 7.

The next switching states when PIN 1 and PIN 3) are OFF
and PIN 2 is ON, and when PIN 2 and PIN 3 are OFF and
PIN 1 is ON, the proposed reconfigurable antenna operates
in four band mode (1.86-2.75), (3-5.75), (6.15-6.9) and (8.86-
9.75) GHz with a return loss of -23 dB, -12 dB, -13 dB
and -14 dB, respectively. Figure 19 depicts the measured and
simulated |S11| of the proposed reconfigurable antenna within
the four band mode.

Another three states which have the same notch bands, state
4 when PIN 2 and PIN 3 are ON and PIN 1 OFF, state 6
when PIN 1 and PIN 3 are ON and PIN 2 OFF, and state
8 when all PIN diodes are ON, the proposed reconfigurable
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Fig. 19. The simulated and measured reflection coefficient for the operation
states 3 and 5.

antenna operates within three bands (1.86-2.65), (3-5.5), and
(6.15-11.9) GHz with a return loss of -23 dB, -12 dB, and -42
dB respectively. Figure 20 depicts the measured and simulated
|S11| of the proposed reconfigurable antenna within the three
band mode.

Fig. 20. The simulated and measured reflection coefficient for the operation
states 4, 6 and 8.

From all the previous simulated and measured results, it is
indicated that the proposed antenna has good ability to switch
among UWB mode, dual, triple, and four band modes. The
antenna radiation patterns are measured inside an RF chamber
using a three-antenna method. The process is basically realized
by conducting a standard dipole antenna at the frequency band
of interest after calibrating the path losses inside the chamber.
The simulated and measured radiation patterns in the E-plane
and H-plane are depicted in Fig. 21 at 2.5 GHz. It is clear
the radiation patterns of the proposed antenna display the
same characteristics which are almost symmetrical in the E-
plane and omnidirectional in the H-plane for the eight PIN

diode states. Such stability in the radiation patterns for all the
switches states in both E-plane and H-plane is a very desirable
property in many applications [34]. This antenna patterns
stability is due to selecting the PIN diodes position on the
ground plane instead of the radiating patch element. However,
due to manufacturing tolerance and the additional parasitic
parameters caused by introducing several capacitors and bias
wires, the simulated and measured radiation patterns are worse
when integrating the PIN diodes on the antenna batch instead
of the ground plane [34]. These eight radiation patterns under
different biasing states exhibited certain similarities to each
other, which confirmed the purpose of the proposed frequency
reconfigurable antenna. Further, we noticed that for the eight
switching states, the radiation pattern in the H-plane has an ”8”
shape, which indicates bidirectional radiation. This pattern is a
typical radiation pattern like a conventional monopole antenna.
The proposed reconfigurable antenna can have many possible
applications in modern UWB and multi-functional mobile
communication systems due to its excellent performance, ease
of control and modification, and simple structure.

The current reconfigurable antenna is compared with the
previously reported work [17]-[25]. Table III summarizes
the comparison between this work and the literature. The
proposed reconfigurable antenna has a very wide bandwidth
as well as smaller size than [23]. The current design used
only three PIN diodes compared with [23] and [25] for
similar performances, which employs more than three PIN
diodes. Another feature of the proposed antenna can switch
among the UWB, dual, and triple band mode compared to
the proposed antenna in [17]-[25], designed within a single
mode. Thus, the present reconfigurable UWB antenna is more
easily controlled among the desired band. The notch band
characteristics can be realized by changing the PIN diode
status rendering the antenna appropriate for UWB, dual, and
triple operating bands. The low design complexity is another
achievement in this work compared with suggested antenna
design in [17]-[25]. The proposed antenna design does not
have any slot on the radiation patch, resulting in UWB having
notched band characteristics, therefore, the proposed technique
does not significantly affect the proposed antenna’s features.
Finally, the proposed antenna performances unaffected due to
the low ON resistance and insertion loss, as well as the PIN
diode’s easy biasing approach.

V. CONCLUSION

In this paper, we presented a compact UWB antenna that is
low cost, light weight, and easy to control with an overall size
of 50 × 60 × 1 mm3. The proposed antenna employs mounted
three PIN diodes on the ground plane for achieving notched
band characteristics. The reconfigurable antenna is fabricated
on low-cost FR-4 substrate with εr = 4.4. It is designed to
cover the entire UWB spectrum from 1.7 GHz to 11 GHz.
The reconfigurability of the frequency is accomplished by
adjusting the effective electrical length of the proposed slot
antenna. The reconfigurability is based on the insertion of
three PIN diodes placed within a slotted ground plane. Due
to the simplicity of the biasing circuit, it is simple to select
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Fig. 15. Simulated and measured |S11| spectra of the proposed antenna
without slot on the ground plane.

Fig. 16. Simulated and measured |S11| spectra of the proposed antenna with
slot on the ground plane.

are in the OFF state; the proposed reconfigurable antenna
operates in UWB mode with a return loss below -10 dB
from (1.85-10.89 GHz). For simplicity of measurement and
to prevent complexity of the connecting wire, the other PIN
diodes are not soldered within the proposed antenna. We
utilized a separate basis circuit (RF chock and DC block) for
each PIN diode, which leads to block DC while passing RF,
and RF chokes block RF while passing DC. The antenna is
also linked to a Balun structure to avoid interference leakage
from the coaxial cable and SMA connector. A good agreement
has been obtained between the measured and simulated |S11|
results as seen in Fig. 17.

The next state, when PIN 1 and PIN 2 are in the ON state
and PIN 3 is in the OFF state, the proposed reconfigurable
antenna operates in triple band mode (2.74-3.4), (5.44-6.38),
and (7.54-8.4) GHz with a return loss of -23 dB, -14 dB, and
-29.2 dB, respectively. If PIN 3 is turned ON and the other

Fig. 17. The simulated and measured reflection coefficient for the operation
state 1.

two PIN diodes are turned OFF the proposed reconfigurable
antenna operates within three bands (2.7-3.47), (5.45-6.4), and
(8.87-10.05) GHz with a return loss of -23.1 dB, -13 dB, and
-18.2 dB, respectively. Figure 18 depicts the measured and
simulated |S11| of the proposed reconfigurable antenna within
the three band mode.

Fig. 18. The simulated and measured reflection coefficient for the operation
states 2 and 7.

The next switching states when PIN 1 and PIN 3) are OFF
and PIN 2 is ON, and when PIN 2 and PIN 3 are OFF and
PIN 1 is ON, the proposed reconfigurable antenna operates
in four band mode (1.86-2.75), (3-5.75), (6.15-6.9) and (8.86-
9.75) GHz with a return loss of -23 dB, -12 dB, -13 dB
and -14 dB, respectively. Figure 19 depicts the measured and
simulated |S11| of the proposed reconfigurable antenna within
the four band mode.

Another three states which have the same notch bands, state
4 when PIN 2 and PIN 3 are ON and PIN 1 OFF, state 6
when PIN 1 and PIN 3 are ON and PIN 2 OFF, and state
8 when all PIN diodes are ON, the proposed reconfigurable
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Fig. 19. The simulated and measured reflection coefficient for the operation
states 3 and 5.

antenna operates within three bands (1.86-2.65), (3-5.5), and
(6.15-11.9) GHz with a return loss of -23 dB, -12 dB, and -42
dB respectively. Figure 20 depicts the measured and simulated
|S11| of the proposed reconfigurable antenna within the three
band mode.

Fig. 20. The simulated and measured reflection coefficient for the operation
states 4, 6 and 8.

From all the previous simulated and measured results, it is
indicated that the proposed antenna has good ability to switch
among UWB mode, dual, triple, and four band modes. The
antenna radiation patterns are measured inside an RF chamber
using a three-antenna method. The process is basically realized
by conducting a standard dipole antenna at the frequency band
of interest after calibrating the path losses inside the chamber.
The simulated and measured radiation patterns in the E-plane
and H-plane are depicted in Fig. 21 at 2.5 GHz. It is clear
the radiation patterns of the proposed antenna display the
same characteristics which are almost symmetrical in the E-
plane and omnidirectional in the H-plane for the eight PIN

diode states. Such stability in the radiation patterns for all the
switches states in both E-plane and H-plane is a very desirable
property in many applications [34]. This antenna patterns
stability is due to selecting the PIN diodes position on the
ground plane instead of the radiating patch element. However,
due to manufacturing tolerance and the additional parasitic
parameters caused by introducing several capacitors and bias
wires, the simulated and measured radiation patterns are worse
when integrating the PIN diodes on the antenna batch instead
of the ground plane [34]. These eight radiation patterns under
different biasing states exhibited certain similarities to each
other, which confirmed the purpose of the proposed frequency
reconfigurable antenna. Further, we noticed that for the eight
switching states, the radiation pattern in the H-plane has an ”8”
shape, which indicates bidirectional radiation. This pattern is a
typical radiation pattern like a conventional monopole antenna.
The proposed reconfigurable antenna can have many possible
applications in modern UWB and multi-functional mobile
communication systems due to its excellent performance, ease
of control and modification, and simple structure.

The current reconfigurable antenna is compared with the
previously reported work [17]-[25]. Table III summarizes
the comparison between this work and the literature. The
proposed reconfigurable antenna has a very wide bandwidth
as well as smaller size than [23]. The current design used
only three PIN diodes compared with [23] and [25] for
similar performances, which employs more than three PIN
diodes. Another feature of the proposed antenna can switch
among the UWB, dual, and triple band mode compared to
the proposed antenna in [17]-[25], designed within a single
mode. Thus, the present reconfigurable UWB antenna is more
easily controlled among the desired band. The notch band
characteristics can be realized by changing the PIN diode
status rendering the antenna appropriate for UWB, dual, and
triple operating bands. The low design complexity is another
achievement in this work compared with suggested antenna
design in [17]-[25]. The proposed antenna design does not
have any slot on the radiation patch, resulting in UWB having
notched band characteristics, therefore, the proposed technique
does not significantly affect the proposed antenna’s features.
Finally, the proposed antenna performances unaffected due to
the low ON resistance and insertion loss, as well as the PIN
diode’s easy biasing approach.

V. CONCLUSION

In this paper, we presented a compact UWB antenna that is
low cost, light weight, and easy to control with an overall size
of 50 × 60 × 1 mm3. The proposed antenna employs mounted
three PIN diodes on the ground plane for achieving notched
band characteristics. The reconfigurable antenna is fabricated
on low-cost FR-4 substrate with εr = 4.4. It is designed to
cover the entire UWB spectrum from 1.7 GHz to 11 GHz.
The reconfigurability of the frequency is accomplished by
adjusting the effective electrical length of the proposed slot
antenna. The reconfigurability is based on the insertion of
three PIN diodes placed within a slotted ground plane. Due
to the simplicity of the biasing circuit, it is simple to select
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Fig. 21. Simulated and measured far-field radiation patterns at 2.5 GHz in the E-plane and H-plane of the proposed UWB band notched antenna with all
PIN diodes states.
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TABLE III
COMPARISON BETWEEN THE PROPOSED WORKS WITH RESPECT TO OTHER PUBLISHED RESULTS.

Reference Size (mm2) Reconfiguration Substrate RF switch Notch bands Rejected bands(GHz) No. of PIN diodes Design Complexity
[17] 30× 30 N FR4 Varactor N (2.7-7.1) 1 Moderate
[18] 48× 7.47 Frequency TLY-3-0450C5 MEMS N (4.8-7.4) N Moderate
[19] 10× 12 Frequency RO4350B Varactor Dual 1.2-1.65 1 High
[20] 50× 50 Frequency FR4 FET N 2.4,3.3,4.2,5.4 N High
[21] 33× 16 Frequency FR4 N single/dual 2.1,2.4,3.5,4.15,4.8,5.2 N Moderate
[22] 50× 50 Pattern RO3006 PIN N 5.2,5.8,6.4 2 High
[23] 100× 100 Polarization RT/duroid 5880 PIN Dual 2.53,2.44 5 High
[25] 25× 25 Frequency FR4 PIN Miltiband 3.85,4.14,4.43,4.91,6.01 5 High

This work 50× 60 Frequency FR4 PIN Single, dual, triple, UWB (2.77-3.3), (5.51-6.25) and (10.87-20) 3 Low

the position to connect the biasing circuit. There is little
impact on antenna bandwidth, gain, and radiation efficiency.
The proposed PIN diode as a switching device is mounted
within the ground plane instead of the antenna patch body.
The main reason to choose three PIN diodes as switches is
to change the proposed antenna’s effective electrical length to
achieve frequency reconfigurability. By switching the state of
the PIN diode changes between forward and backward, you
may get a double, triple, or UWB band mode. When all the
switches are OFF, the proposed antenna is in a UWB operation
band (1.85-10.9) GHz. The proposed antenna operates in
dual band mode 2.7-3.5 GHz and 5.4-6.46 GHz, when all
switches are ON. The other six diode conditions allow for
the operating band 2.7-3.5, 5.4-6.4, 7.5-8.4, and 8.87-10.05
GHz. The conventional monopole antenna is operating over
the UWB. In this paper, the proposed antenna based on the
PIN diodes is simulated, fabricated, measured, and tested. The
simulated and measured results agree with the terms of |S11|
spectra and radiation patterns for the proposed UWB antenna.
The inclusion of the PIN diodes for the frequency notching on
the antenna ground plane without impacting the antenna per-
formance, which allowed more flexibility in the design of our
antenna. The proposed reconfigurable monopole antenna with
UWB, dual and triple operating bands is a good candidate for
wireless applications such as WiFi and WiMAX. The proposed
antenna could serve as an effective multimode application such
as UWB and military reconfigurable frequency antennas.
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the position to connect the biasing circuit. There is little
impact on antenna bandwidth, gain, and radiation efficiency.
The proposed PIN diode as a switching device is mounted
within the ground plane instead of the antenna patch body.
The main reason to choose three PIN diodes as switches is
to change the proposed antenna’s effective electrical length to
achieve frequency reconfigurability. By switching the state of
the PIN diode changes between forward and backward, you
may get a double, triple, or UWB band mode. When all the
switches are OFF, the proposed antenna is in a UWB operation
band (1.85-10.9) GHz. The proposed antenna operates in
dual band mode 2.7-3.5 GHz and 5.4-6.46 GHz, when all
switches are ON. The other six diode conditions allow for
the operating band 2.7-3.5, 5.4-6.4, 7.5-8.4, and 8.87-10.05
GHz. The conventional monopole antenna is operating over
the UWB. In this paper, the proposed antenna based on the
PIN diodes is simulated, fabricated, measured, and tested. The
simulated and measured results agree with the terms of |S11|
spectra and radiation patterns for the proposed UWB antenna.
The inclusion of the PIN diodes for the frequency notching on
the antenna ground plane without impacting the antenna per-
formance, which allowed more flexibility in the design of our
antenna. The proposed reconfigurable monopole antenna with
UWB, dual and triple operating bands is a good candidate for
wireless applications such as WiFi and WiMAX. The proposed
antenna could serve as an effective multimode application such
as UWB and military reconfigurable frequency antennas.
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TABLE III: Evaluation results (traditional metrics; R: ReRe, A: Alter-Re2).

Dataset no. No. of detected anomalies Precision Recall F-score
R A R A R A R A

1 0 1 nan 0.3333 0.0 0.5 nan 0.4
2 0 1 0.0 0.3333 0.0 0.5 nan 0.4
3 1 2 1.0 0.6667 0.5 1.0 0.6667 0.8
4 0 0 nan nan 0.0 0.0 nan nan
5 0 1 nan 0.3333 0.0 0.3333 nan 0.3333
6 0 0 nan nan 0.0 0.0 nan nan
7 0 1 0.0 0.2 0.0 0.3333 nan 0.25
8 0 0 nan nan 0.0 0.0 nan nan
9 0 1 nan 0.3333 0.0 0.5 nan 0.4

10 0 0 nan 0.0 0.0 0.0 nan nan

advanced approaches, such as online learning) in time-series
anomaly detection.

Furthermore, another question yet to be examined is the
efficiency of AARE. When an outlier value is detected in
our prototype implementation, its error is included in the
calculation. This can result in a significant increase of AARE,
implying that anomalies might remain undetected for the pe-
riod when AARE is high. Undoubtedly, further study is needed
to assess the practicability of AARE in anomaly detection
accuracy. A naive solution of this challenge considered in
future work could be excluding the extreme values causing
anomalies from the AARE calculation and focus only on the
values considered normal instead.

VI. CONCLUSIONS

Real-time anomaly detection in time-series data is an emerg-
ing area with approaches mostly based on neural networks,
while there is a noticeable increase in the use of LSTMs.
Despite recent advances in anomaly detection, classifying
abnormal behaviour in time-series data is still challenging.

In this paper, we introduced Alter-Re2, an enhancement of
the cutting-edge ReRe algorithm. Specifically, we discuss our
sliding window and ageing techniques. The former is aimed
at limiting memory and CPU overheads. The latter serves the
purpose of ageing the data points that are used for calculating
error terms. Ageing addresses the issue of slow anomaly
detection times. Furthermore, it is also destined to observe
abnormal behaviour that is unpredicted by prior works.

We rigorously evaluated Alter-Re2 and observed promising
results. Our approach achieved significantly better perfor-
mance when compared to ReRe. Specifically, it can detect
three times more anomalies. Furthermore, Alter-Re2 can detect
such anomalies too that ReRe falls short.

As future work, we plan to evaluate the applicability and
usefulness of several other concepts, such as offset compen-
sation, adaptive threshold sigma-coefficient, automatic setting
of some hyperparameters, introducing real-time normalization,
adapting the algorithm to support multivariate data, and in-
corporate them into our algorithm. We also plan to study
the applicability of transfer learning in time series anomaly
detection.

As time-series data streams are now an integral part of
almost every field of technology, real-time anomaly detection
on these data is a vital tool that deserves more attention.

We believe that our contribution is valuable in facilitating the
development of relevant techniques, yet we argue our approach
has immediate real-world applicability.
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Fig. 21. Simulated and measured far-field radiation patterns at 2.5 GHz in the E-plane and H-plane of the proposed UWB band notched antenna with all
PIN diodes states.
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TABLE III
COMPARISON BETWEEN THE PROPOSED WORKS WITH RESPECT TO OTHER PUBLISHED RESULTS.

Reference Size (mm2) Reconfiguration Substrate RF switch Notch bands Rejected bands(GHz) No. of PIN diodes Design Complexity
[17] 30× 30 N FR4 Varactor N (2.7-7.1) 1 Moderate
[18] 48× 7.47 Frequency TLY-3-0450C5 MEMS N (4.8-7.4) N Moderate
[19] 10× 12 Frequency RO4350B Varactor Dual 1.2-1.65 1 High
[20] 50× 50 Frequency FR4 FET N 2.4,3.3,4.2,5.4 N High
[21] 33× 16 Frequency FR4 N single/dual 2.1,2.4,3.5,4.15,4.8,5.2 N Moderate
[22] 50× 50 Pattern RO3006 PIN N 5.2,5.8,6.4 2 High
[23] 100× 100 Polarization RT/duroid 5880 PIN Dual 2.53,2.44 5 High
[25] 25× 25 Frequency FR4 PIN Miltiband 3.85,4.14,4.43,4.91,6.01 5 High

This work 50× 60 Frequency FR4 PIN Single, dual, triple, UWB (2.77-3.3), (5.51-6.25) and (10.87-20) 3 Low

the position to connect the biasing circuit. There is little
impact on antenna bandwidth, gain, and radiation efficiency.
The proposed PIN diode as a switching device is mounted
within the ground plane instead of the antenna patch body.
The main reason to choose three PIN diodes as switches is
to change the proposed antenna’s effective electrical length to
achieve frequency reconfigurability. By switching the state of
the PIN diode changes between forward and backward, you
may get a double, triple, or UWB band mode. When all the
switches are OFF, the proposed antenna is in a UWB operation
band (1.85-10.9) GHz. The proposed antenna operates in
dual band mode 2.7-3.5 GHz and 5.4-6.46 GHz, when all
switches are ON. The other six diode conditions allow for
the operating band 2.7-3.5, 5.4-6.4, 7.5-8.4, and 8.87-10.05
GHz. The conventional monopole antenna is operating over
the UWB. In this paper, the proposed antenna based on the
PIN diodes is simulated, fabricated, measured, and tested. The
simulated and measured results agree with the terms of |S11|
spectra and radiation patterns for the proposed UWB antenna.
The inclusion of the PIN diodes for the frequency notching on
the antenna ground plane without impacting the antenna per-
formance, which allowed more flexibility in the design of our
antenna. The proposed reconfigurable monopole antenna with
UWB, dual and triple operating bands is a good candidate for
wireless applications such as WiFi and WiMAX. The proposed
antenna could serve as an effective multimode application such
as UWB and military reconfigurable frequency antennas.
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the position to connect the biasing circuit. There is little
impact on antenna bandwidth, gain, and radiation efficiency.
The proposed PIN diode as a switching device is mounted
within the ground plane instead of the antenna patch body.
The main reason to choose three PIN diodes as switches is
to change the proposed antenna’s effective electrical length to
achieve frequency reconfigurability. By switching the state of
the PIN diode changes between forward and backward, you
may get a double, triple, or UWB band mode. When all the
switches are OFF, the proposed antenna is in a UWB operation
band (1.85-10.9) GHz. The proposed antenna operates in
dual band mode 2.7-3.5 GHz and 5.4-6.46 GHz, when all
switches are ON. The other six diode conditions allow for
the operating band 2.7-3.5, 5.4-6.4, 7.5-8.4, and 8.87-10.05
GHz. The conventional monopole antenna is operating over
the UWB. In this paper, the proposed antenna based on the
PIN diodes is simulated, fabricated, measured, and tested. The
simulated and measured results agree with the terms of |S11|
spectra and radiation patterns for the proposed UWB antenna.
The inclusion of the PIN diodes for the frequency notching on
the antenna ground plane without impacting the antenna per-
formance, which allowed more flexibility in the design of our
antenna. The proposed reconfigurable monopole antenna with
UWB, dual and triple operating bands is a good candidate for
wireless applications such as WiFi and WiMAX. The proposed
antenna could serve as an effective multimode application such
as UWB and military reconfigurable frequency antennas.
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