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ABSTRACT: This communication presents the design of a circular monopole ultra-wideband (UWB) reconfigurable antenna with wide
notched-band of 1GHz which ranges from 5 to 6GHz in UWB. The design involves a circular monopole antenna with embedded three
thin slots (two vertical and one horizontal) and one rectangular slot at the top edge. The three p-i-n diodes are inserted in between vertical
slots to control the flow of surface current in ON/OFF states. As a result, in all diodes’ ON and OFF states, the designed antenna shows
switching of its resonance in whole UWB to wide notched band UWB applications. The CST-microwave studio software is used to
simulate the structure in time domain. The full modeling of reported reconfigurable antenna that includes reactive effects of the diode is
achieved by ADS circuit simulator.

1. INTRODUCTION

Ultra-wideband (UWB) technology has emerged as a
promising solution for high-speed wireless communi-

cation systems, catering to the ever-increasing demand for
data-intensive applications [1]. UWB antennas are capable of
transmitting and receiving data over a wide frequency range,
enabling high-data-rate communication, precise localization,
and radar imaging applications. However, the coexistence of
various wireless communication systems operating in different
frequency bands can result in interference, degrading the
overall performance of UWB systems [2, 3]. To address this
challenge, the integration of reconfigurable functionality into
UWB antennas has gained considerable attention [4].
The monopole ultra-wideband reconfigurable antenna pro-

vides the capability to adjust and accommodate various oper-
ating scenarios. The antenna’s resonance can be dynamically
modified by employing PIN diode switches, enabling it to move
between different frequency bands without the need for physi-
cal alterations to the antenna structure [5]. The antenna’s flex-
ibility to be reconfigured allows for the dynamic suppression
of certain frequency bands, even those occupied by narrow-
band systems causing interference [6]. This reconfiguration
ensures that the antenna maintains its wideband performance
for UWB communication. The inclusion of this characteristic
holds significant significance in guaranteeing dependable and
uninterrupted connection within a wide range of wireless set-
tings [7, 8].
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The proliferation of UWB antennas can be attributed to the
increasing need for high-speed wireless communication sys-
tems. UWB technology enables the rapid transmission of data
across a broad spectrum of frequencies, facilitating its utiliza-
tion in a diverse range of applications such as wireless data
transfer, radar systems, and high-data-rate communication [9].
Nevertheless, UWB antennas encounter a notable difficulty in
the form of potential interference arising from adjacent nar-
rowband devices that operate within distinct frequency bands.
In order to effectively mitigate interference and facilitate unin-
terrupted UWB communication, it is imperative to incorporate
notched-band characteristics into the UWB antenna [10, 11].
A reconfigurable antenna refers to an antenna capable of al-

tering its radiation characteristics, including frequency, radia-
tion pattern, polarization, or impedance, in reaction to control
inputs or external stimuli. The capacity to alter and change its
attributes renders it a versatile and flexible solution for many
wireless communication systems and applications. The main
driving force behind the development of UWB reconfigurable
antennas is to meet the growing need for wireless devices that
can operate in several bands or perform multiple functions.
Instead of employing distinct antennas for various frequency
bands or applications, a UWB reconfigurable antenna possesses
the capability to modify its characteristics in order to encom-
pass several frequency bands or accommodate diverse operat-
ing situations [12, 13].
A range of approaches, including the utilization of embedded

slots, tapering structures, fractal designs, and defective ground
structures, can be implemented to optimize the performance of
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the antenna and get a broad bandwidth. The dimensions and
configuration of the ground plane are significant factors in af-
fecting both the radiation properties and impedancematching of
the antenna. The notched-band ultra-wideband reconfigurable
antenna represents a significant advancement within the realm
of antenna design and wireless communication technologies.
The growing dependence of our contemporary society on wire-
less connectivity for many applications has led to an unprece-
dented need for antennas that can effortlessly adjust to a broad
spectrum of frequencies and communication protocols. The ad-
vanced antenna technology presents a viable option that may
effectively address the increasing need by offering flexibility
and adjustability in a continuously developing wireless envi-
ronment [14–16].
The notched-band is a type of frequency filter that is charac-

terized by its distinctive notched Ultra-Wideband (UWB) tech-
nologywhich refers to a wireless communication technique that
utilizes reconfigurable antennas having numerous notable ben-
efits. These devices have a broad range of applications, span-
ning from Internet of Things (IoT) devices and wireless sensor
networks to crucial military and aerospace systems. Through
the process of fine-tuning the frequency responses, it becomes
possible to augment the quality of signals, mitigate interfer-
ence, and raise the overall efficiency of wireless communica-
tion systems. Designing these antennas poses significant chal-
lenges, since it requires intricate engineering expertise to care-
fully evaluate several factors such as materials, components,
and electromagnetic principles. The task of attaining reconfig-
urability while maintaining optimal performance can provide a
significant obstacle. In addition, it is crucial to guarantee ad-
herence to regulatory standards and meet specific application
needs. The advancement and implementation of notched-band
ultra-wideband reconfigurable antennas are anticipated to play
a crucial role in the ongoing progression of wireless communi-
cation. With the emergence of novel technologies and the evo-
lution of communication standards, it is anticipated that these
antennas will assume an even greater level of indispensability.
The notched-band ultra-wideband reconfigurable antenna sig-
nifies a significant advancement in the field of antenna technol-
ogy. The promising potential of this solution lies in its adapt-
ability, versatility, and capacity to function well across a wide
variety of frequencies. This makes it well suited to address the
numerous and constantly expanding requirements of contempo-
rary wireless systems and applications. As society continues to
progress in the era of wireless technology, it is anticipated that
these antennas will play a pivotal role in driving innovation and
facilitating connectivity.
Ultra-wideband (UWB) monopole antennas exhibit signifi-

cant versatility in comparison to alternative antenna configu-
rations due to their extensive operational bandwidth, spanning
from 3.1GHz to 10.6GHz [17]. The performance of these an-
tennas in effectively harnessing the complete UWB spectrum is
contingent upon the absence of any adjacent narrowband sig-
nals causing interference. However, when narrowband sys-
tems such as Wi-MAX (3.3 to 3.6GHz band), WLAN (5.15
to 5.35GHz and 5.725 to 5.825GHz bands), and HIPERLAN
(5.45 to 5.725GHz band) are present, they can affect the UWB
system’s wide frequency range. To effectively mitigate signal

interference, it is important to employ a band-notch UWB an-
tenna. The dimensions of the UWB antenna are limited because
of specified performance criteria. Consequently, researchers
have turned their attention to reconfigurable frequency anten-
nas, which allow the antenna to change its resonance from one
band of operation to another without altering the fabricated
prototype. This is achieved using diode switches. Numerous
single-fed antenna configurations have been reported in the lit-
erature, capable of being switched in one or more bands of op-
eration [18–22]. For instance, in [18], a reconfigurable circular
unipolar antenna with a U-shaped slot achieves a single band
slot at 3.3–4.1GHz. Moreover, researchers have explored vari-
ous designs of printed monopole antennas featuring reconfig-
urable band-notch capabilities to mitigate signal interference
arising from narrowband signals within the frequency range
of 3.1 to 10.6GHz [22–25]. A different methodology entails
the incorporation of two slots within the radiating patch and
the utilization of two p-i-n diodes to attain adjustable single
and dual-band notches. The control over these notches can be
achieved by manipulating the bias voltage of the p-i-n diodes,
as detailed in [22]. Additionally, [23] presented a single-band
reconfigurable slot antenna (5.03–5.94GHz) equipped with a
p-i-n diode switch, offering switchable characteristics within
the UWB spectrum and notched-band performance. Further-
more, in [25], researchers harnessed RF microelectromechan-
ical system (MEMS) switches to attain reconfigurable band-
notch functionality. A frequency reconfigurable monopole an-
tenna, which is capable to switch from the entire UWB to single
band-notched UWB to dual-band radiator controlled by p-i-n
diode bias voltage, is reported in [26].
Additionally, a tri-notched coplanar waveguide (CPW)-fed

monopole antenna for UWB application is reported in [27]
with dual notching elements that cover UWB range of 3.1 to
10.6GHz, and by utilizing the vector diode tenability of an-
tenna is done. Similarly, a CPW characteristics monopole an-
tenna is presented [28] for WLAN (5.2/5.8GHz) and Wi-MAX
(5.5GHz) reconfigurable notches with resonant frequency band
3.05 to 12.11GHz and notch band frequency 3.89 to 5.93GHz.
In [29], a fractal UWB antenna is reported for triple reconfig-
urable notch reject bands, WiMAX, WLAN, and X-band, ap-
plications, Through the incorporation of a split ring resonator
and a U-shaped slot, these frequency bands are effectively at-
tenuated or rejected. For reconfigure-ability two diodes are
used, and the operating frequency range of antenna is 3.1GHz
to 10GHz. A dual notch band frequency (4.2–5.2GHz and
6.2–8.1GHz) reconfigurable antennawith CPWand a defective
ground structure is reported with 2.9 to 12GHz bandwidth in
UWB mode, and reconfigurable switching is done by utilizing
four PIN diodes [30]. A similar antenna is reported forWiMAX
(3.01–3.63 GHz) and WLAN (4.48–5.85GHz) notched bands
in [31]. A fractal reconfigurable antenna is reported for S (2–
4GHz), C (4–8GHz), and X (8–12GHz) microwave bands
smart wireless communication. The reconfigurable ability of
antenna is achieved by utilizing two PIN diodes [32].
In this communication, circular monopole UWB reconfig-

urable antenna with wide notched band of 1GHz ranges from
5 to 6GHz in UWB band. As a result, in all diodes ON and
OFF states, design antenna shows switching of its resonance in
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whole UWB to wide notched band UWB applications. The an-
tenna under consideration demonstrates remarkable proficiency
in switching its resonance from the ultra-wideband to a single
band with notched UWB characteristics. This particular band
includes three sub-bands: WLAN (5.15–5.35GHz and 5.725–
5.825GHz) and HIPERLAN (5.45–5.725GHz). To achieve
this functionality, the antenna employs a biasing circuitry com-
prising three p-i-n diodes, four inductors, and four biasing pads
to provide the necessary DC supply to the diodes.

2. ANTENNA DESIGN AND ANALYSIS

2.1. Designing of a Conventional Circular Monopole UWB An-
tenna
The initial design process of the basic ultra-widebandmonopole
antenna began by considering a circular patch structure. To
achieve a wide impedance bandwidth, the radius of the circular
radiator (a) and the ground plane length (Lg) were set to fixed
values of 10.2mm and 8.2mm, respectively. A 50-Ω transmis-
sion line feeds the antenna, measuring 8.85mm Lt and 3mm
Wf . The complete antenna simulation was carried out using
CST-MWS software [33]. Figure 1(a) depicts the planned cir-
cular monopole antenna, and its design takes into account the
following parameters:

(i) Antenna dimensions (L×W ): 30× 24mm2

(ii) Patch dimension (a): 9.5mm
(iii) Substrate material: RT/Duroid 5880 (εr = 2.2, δ =
0.0009)
(iv) Substrate thickness (h): 0.79mm
(v) Length of feed line (Lt): 8.85mm
(vi) Width of feed line (Wf ): 3mm
(vii) Ground plane length (Lg): 8.2mm
(viii) Patch-ground gap (g): 0.65mm

(a) (b)

FIGURE 1. (a) The figure illustrates the geometry of a circular patch
antenna along with its associated parameters. (b) It depicts a cylindri-
cal monopole antenna with matching height and an equivalent radius,
serving as an equivalent to the circular patch antenna.

2.2. Calculation of the Lower Cutoff of the Circular Monopole
Antenna
The circular monopole antenna lower cutoff frequency is de-
noted by ‘fL’, which corresponds to a reflection coefficient of
less than−10 dB, and its calculation involves setting the area of

the circular monopole (πa2) equal to that of a comparable cylin-
drical monopole antenna (as illustrated in Figure 1(b)) having
the same height and an equivalent radius. The calculation pro-
cess is described below [34, 35].

fL =
c

λ
=

7.2

l + r + g
GHz (1)

2πrl = πa2 (2)
Here, length (in cm) of the equivalent cylindrical monopole an-
tenna and effective radius (in cm) is denoted by ‘l’ and ‘r’, re-
spectively, where l = 2a and r = a/4.

l = 2a = 2.04 cm (3)

which gives

r =
a

4
= 0.255 cm (4)

When evaluating a circular patch that emits radiation, char-
acterized by a radius of a = 1.02 cm and a ground patch gap
g = 0.065 cm, the computed lower cutoff frequency is found
to be 3.05GHz. It verifies that the design parameters are as
per the specification of the UWB antenna. Figures 2(a)–(b)
show the basic antenna structure without and with stepped feed
for the comparison, respectively. The variation of the simu-
lated magnitude of S11 with frequency for Ant. 1 is depicted
in Figure 3. It is observed that Ant. 1 consists of two oper-
ating bands, ranging from 3.4 to 4.8GHz and 5.4 to 8.2GHz.
Further, to enhance the impedance bandwidth, its feed width is
tapered fromWf = 3mm toWs = 2mm at length Lf = 2mm
as displayed in Figure 2(b). The feed line’s total length re-
mains constant at Lt = 8.85mm. The intentional adjustment
of the feed line’s cutting edge serves the dual purposes of ex-
panding the surface current path along the feed line and opti-
mizing the capacitive coupling between the feed line and the
ground plane. This strategic modification leads to the attain-
ment of a broader impedance bandwidth. The efficacy of this
approach is substantiated by the simulation results depicted in
Figure 3 for Antenna 2’s S11 magnitude plot. The simulated
wider impedance bandwidth ranging from 3.2 to 13.5GHz is
achieved. Figures 4(a)–(c) show the simulated E/H-plane ra-
diation pattern of Ant. 2 at 3.8, 6.7, and 10.6GHz resonant fre-
quencies of the UWB. It is realized that these two-dimensional
radiation patterns are nearly omnidirectional in nature and sig-
nificantly resemble that of a monopole antenna.
The deviation from omnidirectional performance is a cru-

cial specification used to define the pattern characteristics of
an omnidirectional antenna. While these antennas are often re-
ferred to as omnidirectional, they are actually semi-directional
and typically operate over a hemisphere (resembling a conical
spiral pattern) or omnidirectional in the azimuth plane. In an
ideal scenario, an omnidirectional antenna should receive and
transmit equally well over the entire required sector of a sphere.
However, achieving this perfect performance is challenging,
and some tolerance must be allowed. The deviation from omni-
direction refers to the tolerated variation in gain that occurs as a
function of azimuth angle, elevation angle, or frequency. Fig-
ures 4(d)–(e) display the omni-deviation plots at frequencies of
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(a) (b)

FIGURE 2. (a) Basic circular monopole Ant. 1. (b) Basic circular
monopole Ant. 2 with stepped feed.

FIGURE 3. The simulated magnitude of S11 with frequency for Ant. 1
and Ant. 2.

(a) (b) (c)

(d) (e)

FIGURE 4. The simulated E/H-plane radiation of Ant. 2 at (a) 3.8GHz, (b) 6.7GHz, (c) 10.6GHz and 2D pattern, (d) E-plane, (e)H-plane.

3.8, 6.7, and 10.6GHz in the E- andH-planes, respectively. It
is observed that as the frequency increases, the deviation from
the omnidirectional pattern also increases in both the E-plane
and H-plane.

2.3. Designing of Reconfigurable Band-Notched UWB Antenna

It is well known formicrostrip patch antenna that if the slot is in-
serted into the main patch to disconnect the section of the patch,
the resonant frequency/bandwidth of the antenna will change
because the disconnected section behaves like a parasitic ele-
ment. If we again connect this disconnected parasitic element

to the main patch, the antenna will radiate to its original fre-
quency. By applying the same concept to circular monopole an-
tenna, two rectangular vertical slots of the sizes 16.5×0.3mm2

and 14.83× 0.3mm2 are inserted at the positions of 6mm and
7mm from the center of the circular patch, respectively, as dis-
played in Figure 5(a). This leads to decreasing the surface cur-
rent path of the circular patch. As a result, it is observed that
in the same frequency band in UWB spectrum, the magnitude
of the S11 is less than −10 dB (7.5 to 9GHz frequency band)
in comparison with Ant. 2, which is shown in Figure 6. Fur-
ther to improve the resonance of the antenna in middle band, a
rectangular slot of size 9.2 × 7.5mm2 is inserted at the upper
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(a) (b)

FIGURE 5. (a) Circular monopole Ant. 3 with two vertical slots. (b)
Circular monopole Ant. 4 with two vertical slots and rectangular slots.

FIGURE 6. Simulated magnitude of the S11 plot with frequency for
Ant. 3 and Ant. 4.

(a) (b)

FIGURE 7. The proposed structure of reconfigurable functionality (a)
with a horizontal slot, (b) with a horizontal slot and three metallic strips.

FIGURE 8. The simulatedmagnitude of theS11 plot of the final proposed
structures with reconfigurable functionality.

edge of circular patch, which produces asymmetric edges of the
slot inside the circular patch of the dimensions l4 = 8.58mm
and l5 = 8.38mm in length and W2 = 7.5mm in width, as
illustrated in Figure 5(b). The dimensions of the inserted rect-
angular slot are optimized to achieve an additional resonance
from 7.5 to 9GHz band, as depicted in Figure 6.
Further, to create reconfigurable band-notched characteris-

tics, a horizontal slot of size 0.3 × 3.2mm2 is cut at the po-
sition of 4.02mm above the vertical slot as illustrated in Fig-
ure 7(a). These inserted three narrow slots split the circular
patch into four sections, which have three parasitic stubs. Ad-
ditionally, the antenna section which is directly connected to
the feed line and remaining three parasitic stubs are utilized to
form reconfigurable functionality using diode switches and bias
circuitry. The proposed Ant. 5 structure is proficient to radiate
from 3.3 to 14.5GHz including the entire UWB bandwidth, as
displayed in Figure 8. Furthermore, three metallic strips of size
0.3× 2mm2 are inserted in between the vertical slots as shown
in Figure 7(b). The position of the strips is carefully adjusted
to create a T-shaped slot in the radiating patch, which results in
a band-notch at 5.5GHz. To achieve this, the total length of the
inserted T-shaped slot in the radiating patch complies with the
λ5.5GHz/4 constraint, calculated using Equations (5) and (6).
The frequency variation of S11 for Ant. 6 is illustrated in Fig-
ure 8. The antenna functions within a frequency range spanning

from 3.1 to 4.8GHz and from 6 to 12.5GHz. Notably, it fea-
tures a band notch from 4.8 to 6GHz, which is achieved through
the incorporation of a strategically placed T-shaped slot.

LT−shaped slot at 5.5GHz =
λg

4
=

λ0

4
√
ϵreff

=
c

4fnotch
√
ϵreff

= W1 + L7 = 10.8mm (5)

εreff =
εr + 1

2
+

εr − 1

2

[
1 + 12

h

w

]−1/2

(6)

Here, free space wavelength (λ0 = c/fnotch), speed of light (c),
notched band center frequency (f ′

notch), effective permittivity
(εreff), substrate dielectric constant (εr), substrate width (w) and
substrate hight (h).
The radiation characteristics of Ant. 5 and Ant. 6 are merged

in a single antenna by using p-i-n diode switches, which is
demonstrated in Figure 9. The proposed antenna structure has
three p-i-n diodes (D1,D2, andD3) in place of metallic strips,
four inductors (L1, L2, L3, and L4) of 30 nH each and four bi-
asing pads of size 2 × 1mm2. This design utilizes three p-i-n
diodes (MA4SPS402 [36]) to establish and break connections
between the isolated stubs and the component of the structure
that is directly linked to the feed line. Moreover, inductors are
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TABLE 1. Optimized parameters for the proposed reconfigurable antenna.

Parameter Size (mm) Parameter Size (mm) Parameter Size (mm)
L 30 Lg 8.2 l3 14.83
W 24 g 0.65 l4 8.58
a 10.2 g1 0.3 l5 8.38
Lt 8.85 g2 0.2 l6 4.7
Wf 3 w1 2.7 l7 8.1
Lf 2 w2 7.5 l8 2.75
Ls 6.85 l1 4.02 l9 7.6
Ws 2 l2 16.5 l10 7

FIGURE 9. Antenna structure with diodes, inductors, and biased cir-
cuitry.

(a) (b)

FIGURE 10. Proposed monopole circular UWB antenna structure with
parameters (a) OFF-state of all diodes, (b) ON state of all diodes.

FIGURE 11. Flow chart of the steps to fabricate the antenna.

utilized as radio frequency (RF) chokes within the bias circuit.
Figures 10(a)–(b) display the antenna structures with dimen-
sions in diode’s ON- and OFF-states, respectively. Table 1
represents the optimized dimensions of the proposed reconfig-

urable antenna. The flowchart of the steps to fabricate the an-
tenna is shown in the Figure 11. The fabricated proposed re-
configurable antenna with front view consisting of three p-i-n
diode switches and four RF-choke inductors is depicted in Fig-
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(a) (b)

FIGURE 12. Fabricated prototype of the proposed reconfigurable antenna (a) front view with three p-i-n diodes and four inductors, (b) back view.

(a) (b)

FIGURE 13. Full simulation process of proposed reconfigurable UWB antenna. (a) EM simulation in CST. (b) Circuit simulation in ADS.

ure 12(a), and the back view of proposed antenna is display in
Figure 12(b).

2.4. Full Modeling of Reconfigurable UWB Antenna

In this section, the influence of loading diode switches and RF-
choke inductors on antenna resonance is analyzed using Ad-
vanced Design System (ADS) circuit simulator [37]. In the
electromagnetic (EM) simulator (CST), the diode’s ON-state is
achieved by a connected metallic strip of size 0.3 × 0.2mm2.
Moreover, the absence of strips is considered as OFF-state of
the diode. This antenna model does not consider the reactive
properties of actual diode and inductors. Therefore, the full
modeling of a reconfigurable antenna that includes reactive ef-
fects of the diode can be accomplished by combining EM sim-
ulator and circuit simulator.
Figure 13(a) shows the proposed antenna model consisting

of three discrete ports in place of metallic strips and one RF or
distributed port. Further, the designed model is simulated by
using CST simulator, which provides a 4 × 4 matrix file of S-
parameters. This file is then imported into ADS simulator for
full circuit modeling. Figure 13(b) depicts the circuit simula-
tion model in ADS with four ports (three discrete and one dis-
tributed), which also comprises the S-parameter file from EM
simulator. Figure 14 depicts the equivalent circuit simulation

model for the proposed reconfigurable antenna within the ADS
simulator.
In circuit model, the input RF-signal is applied to port 1, with

50-Ω matched load. Additionally, each discrete port is con-
nected with a dc power supply, an RF-choke inductor of 30 nH,
and a p-i-n diode (model no. MA4SPS402) consisting of actual
electrical properties from datasheet [36]. The MA4SPS402 p-
i-n diode displays a 0.1Ω resistance in ON-state, and in OFF-
state, it features a parallel combination of a 0.045-pF capaci-
tance and a 20-kΩ resistance. With its lower parasitic induc-
tance at 0.45-nH and impressive ‘RC’ constant of 0.23-pS, this
diode is exceptionally well suited for high-frequency switch-
ing applications. Additionally, this diode is compact in size,
measuring 1290µm×533µm. The manufacturer suggests em-
ploying thermo-compression bonding as the preferred method
for attaching it to the printed circuit board (PCB). The ON-state
of the p-i-n diode is achieved by applying a DC-bias voltage
between 0.7 and 0.9 volts. Alternatively, the OFF-state can be
attained with zero bias voltage. Finally, the full modeling so-
lution of the EM simulation and circuit simulation is combined
in ADS simulator after postprocessing.

3. RESULTS AND DISCUSSIONS
The return loss measurements are carried out by utilizing the
Anritsu MS2028C VNA and radiation parameters like E/H
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FIGURE 14. Circuit simulation model of the proposed reconfigurable antenna in ADS.

FIGURE 15. The simulated and measured S11 plot magnitudes for the
proposed antenna with all diodes deactivated (OFF-state).

FIGURE 16. The simulated and measured magnitude of the S11 plot for
the proposed antenna with all diodes activated (ON-state).

field patterns, and gain measurements are done using an ane-
choic chamber. The comparison of EM simulated (CST), cir-
cuit simulated (ADS), and measured magnitudes of S11 plots
with all the diodes in the OFF-state is shown in Figure 15. The
OFF-states of the diodes are achieved in CST by using the dis-
connected metallic strip, whereas in ADS by applying zero bias
voltage to the diodes.
When this diode is in its operational state, it enables a broader

impedance bandwidth that encompasses the UWB spectrum,
extending from 3.1 to 14.5GHz. However, with all diodes
(D1, D2, and D3) activated in the ON-state, the antenna ex-
hibits a band-notch effect spanning from 5 to 6GHz, alongside
two passbands: one from 3.1 to 5GHz and the other from 6 to
12.4GHz, as visually presented in Figure 16. In CST, the ON-
state of the diodes could be accomplished by connected metal-
lic strip whereas in ADS it is obtained by applying forward
bias voltage 0.75 volts. It is observed that simulation results
from both softwares and measured outcomes agree well. The
little difference between simulated and measured results may
be due to component flaws, fabrication mistakes, and diode bi-
asing feed wires.

Figures 17(a) and 17(b) depict the simulated surface current
distribution of the reported antenna operating at a frequency of
5.5GHz, with all diodes in the OFF-state and ON-state, respec-
tively. It can be seen that in the OFF-state of all diodes, the
surface current is almost uniformly distributed along the entire
radiating patch, which consists of three slots. When in the ON-
state, the predominant concentration of surface current occurs
around the T-shaped slots, leading to the emergence of band-
notched characteristics centered at a frequency of 5.5GHz.
Figures 18(a)–(c) compare the proposed antenna’s normal-

ized radiation patterns at the operational band’s resonant fre-
quencies 3.8GHz, 6.7GHz, and 10.6GHz, respectively. This
comparison includes both simulated co-polarized (co-pol) and
measured co-polarized (co-pol) and cross-polarized (x-pol) pat-
terns. Interestingly, the state of the diodes (ON/OFF state) does
not significantly impact the radiation pattern at these resonant
frequencies within the operating band. The radiation patterns
inE-plane andH-plane are both almost omnidirectional across
the three operating frequencies. The observed maximum lev-
els of cross-polarization (x-pol) in the E-plane and H-plane
exhibit values below −30 dB, which signifies excellent perfor-
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(a) (b)

FIGURE 17. Surface current distribution at 5.5GHz with (a) OFF-state of all diodes, (b) ON-state of all diodes.

(a)

(b)

(c)

YZ-Plane XZ-Plane

FIGURE 18. The computed radiation patterns of E-plane andH-plane at (a) 3.8GHz, (b) 6.7GHz and (c) 10.6GHz.
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FIGURE 19. Comparison between realized peak gains at different antenna configurations.

TABLE 2. Comparative analysis of present work with previous work.

Ref.
Size

(Volume mm3)
Impedance
BW (GHz)

Notch band
frequency
(GHz)

Notch band
Application

Switching
capability

Directive
Peak

Gain (dBi)

Type of
Switch

[27],
2018

36× 34× 1mm3 3.1–10.6GHz
3.97–4.48GHz,
5.79–6.57GHz,
7.30–7.60GHz

narrowband
interference,
WLAN, X

band downlink

Yes 5 dBi
varactor
diode

[29],
2019

21× 25× 1.6mm3 3.1–10GHz
3.3–3.8GHz,
5.15–5.85GHz,

8–10GHz

WiMAX, WLAN
and X-band

Yes —
PIN
Diode

[30],
2021

18× 17× 1.6mm3 2.9–12GHz
4.2–5.2GHz,
6.2–8.1GHz

INSAT, 5G
and X band

Yes 7.17 dBi
PIN
Diode

[31],
2022

29× 35× 0.764mm3 2.6–14.6GHz
3.01–3.63GHz,
4.48–5.85GHz

WiMAX and
WLAN

— 3.6 dBi —

[32],
2022

32× 37× 1.6mm3 2–14GHz — — yes —
PIN
Diode

[1],
2023

18.51× 22.40× 1.6mm3 7.15–10.925GHz —
UWB

Application
— 6.99 dBi —

[7],
2023

23× 38× 0.6mm3 2.4–11.25GHz
4.4–4.99GHz,
5.15–5.85GHz

Mobile
Communication
and WLAN

— 4.8 dBi —

This
Work

30× 24× 0.79mm3 3–15GHz 5–6GHz
WLAN and
HIPERLAN

yes 7.64 dBi
PIN
Diode

mance. It is noteworthy that the antenna consistently demon-
strates omnidirectional pattern across its range of operating fre-
quencies, affirming its practical applicability.
Figure 19 compares the proposed antenna’s peak achieved

gains with all diodes’ OFF and ON states. In the initial con-
figuration, where all diodes are in the OFF-state, the antenna
exhibits excellent gain across the entire operational bandwidth,
achieving a peak gain of 5.07 dB at 8.5GHz. However, in the
second configuration (with all diodes in the ON-state), a reduc-
tion in realized gain is observed within the notched band span-
ning from 5 to 6GHz. Across different antenna configurations,

the observed realized gains exhibit a constant and uniform pat-
tern at the resonant frequencies within the designated operating
band, with the exception of the notched band. It is notewor-
thy that the inclusion of passive elements, such as diodes and
RF-choke inductors, results in a realized gain less than 2 dB at
higher frequencies within the ultra-wideband (UWB) spectrum.
This observation highlights the influence of these components
on the antenna’s performance at those frequencies. Compara-
tive analysis of the present work with previously reported work
is shown in Table 2.
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4. CONCLUSIONS
The study focuses on a circular monopole ultra-wideband
(UWB) antenna endowed with reconfigurable band suspen-
sion capabilities. It is observed that the antenna efficiently
utilizes the entire UWB bandwidth when all diodes are in the
OFF-state, and there are no interfering narrowband signals
nearby. However, when all diodes are in the ON-state, the
antenna achieves a notched band of 1GHz (5 to 6GHz) within
the UWB. One notable benefit of this design is in its ability
to accommodate two distinct working modes through the
adjustment of diode bias voltage, without necessitating any
modifications to the physical dimensions of the antenna. This
reconfigurable functionality makes the antenna highly versatile
and suitable for different communication scenarios.
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