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Reconfigurable antennas are pivotal in advancing the versatility of modern wireless
communication devices, allowing operation across diverse frequency bands, polarizations,
and radiation patterns. This study introduces a tri-band frequency reconfigurable planar
monopole antenna that leverages a shortened metal ground plane and a 1.6 mm thick FR-
4 substrate to enhance its adaptability in multi-band wireless applications. Our innovative
design utilizes optical switching to transition between dual-band and single-band
operational modes: Enabling Wi-Fi at 2.4 GHz and WLAN at 5.65 GHz in the dual-band
mode, and WiMAX at 3.5 GHz in the single-band mode when the optical switch is toggled
off. The antenna's configuration not only fulfills the demanding multi-frequency
requirements of contemporary portable devices like laptops, PDAs, and smartphones but
also caters to specific applications in safety and rescue operations due to its compact, low-
profile, and lightweight design. Performance evaluations demonstrate robust functionality
with optimal frequency reconfigurability, highlighted by a VSWR below 2 across all

operational bands, making it a prime candidate for future scalable wireless systems.

1. INTRODUCTION

In response to the escalating demand for diverse services on
contemporary communication devices such as smartphones,
iPads, PDAs, and laptops, the necessity for antennas capable
of transmitting and receiving signals across multiple frequency
bands has become increasingly critical. This imperative arises
from the prevalence of various wireless applications, each
requiring specific frequency allocations to operate
seamlessly—applications such as WLAN (5.4 GHz), Wi-
MAX (3.5 GHz), Bluetooth (2.4-2.48 GHz), UMTS (1.92-2.18
GHz), PCS (1.85-2 GHz), and GSM (1.712-1.17 GHz) [1-10].
Recent advancements in 5G technology and the proliferation
of IoT devices have further emphasized the need for versatile
communication systems that these antennas must support.

This diversification in wireless applications underscores the
need for antennas that can effectively accommodate the
distinct frequency requirements of these technologies.
Whether it's the higher frequencies associated with WLAN
and Wi-MAX or the lower frequencies utilized by Bluetooth
and GSM, a versatile antenna design is paramount for ensuring
optimal performance across the spectrum of modern
communication services. As such, the design and
implementation of antennas capable of efficiently operating in
multiple frequency bands have become a focal point in
contemporary  wireless communication research and
development.

Multi-band antennas, capable of transmitting and receiving
signals over various frequency bands while maintaining
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maximum radiation efficiency, directivity, and gain, are often
referred to as multi-band antennas. Although there is a benefit
to providing different services with a single antenna, a
disadvantage is that the antenna is specifically calibrated to
operate in all the frequency bands it is intended for. To
overcome this constraint, the antenna's radiating element
includes switches such as PIN diodes, optical switches, and
varactors, which may be used to selectively enable or disable
various frequency bands [10-17]. These antennas are known
as frequency-reconfigurable antennas, which allow a single
antenna to fulfill the various requirements of many
applications, leading to a decrease in manufacturing costs and
dimensions [18-26].

The pursuit of efficient frequency-reconfigurable planar
monopole antennas has been a key focus for researchers due
to their appealing attributes, including cost-effectiveness,
compact size, and compatibility with multiple frequency bands.
Over time, various radiating elements such as B-shaped, E-
shaped, G-shaped, F-shaped, C-shaped, and double T-shaped
have been employed in the construction of these antennas,
often accompanied by diverse switching strategies [27-30].
The choice of these specific shapes and switches is based on
their proven ability to provide wider bandwidth and superior
gain, while the inclusion of advanced switching mechanisms
like PIN diodes and optical switches enhances frequency
agility and reduces signal interference.

Planar and printed monopole antennas emerge as viable
options for modern wireless devices, given their ability to
perform effectively across a range of frequency bands.
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Researchers have explored different techniques for modifying
the resonant frequencies of these antennas, employing
varactors, lumped components, optical switches, and PIN
diodes to achieve frequency reconfigurability [31-35]. This
adaptability makes them well-suited for the dynamic
requirements of modern wireless communication systems.

The designed antennas are not only compatible with current
standards like Wi-Fi 6 and LTE but are also engineered to be
adaptable for upcoming technological evolutions, ensuring
longevity and relevance in rapidly advancing wireless
landscapes.

This work outlines the methodology for designing and
simulating two planar monopole antennas that possess the
ability to assume an extensive range of configurations. A
substrate comprising FR4 material, measuring 1.6 millimeters
in thickness, is employed in the fabrication process of the
antennas. Wi-Fi, WLAN, and WiMAX frequency channels are
all presently capable of being utilized with the recommended
antennas.

The following parts of the work are arranged as follows:
The design process for the monopole reconfigurable antenna
is described in Section II. Section III offers a comprehensive
elucidation of the acquired results. Section IV compares to
previously work research. Section V of the paper includes the
conclusion.

2. METHODOLOGY

This section provides an explanation of the fundamental
geometric and design concepts that underpin the proposed
antenna, which is capable of functioning across many
frequency bands and can be modified. In order to achieve the
capability of altering frequencies, the simulation makes use of
a condensed RLC equivalent circuit that is composed of pin
diodes. This design technique allows the antenna to work at
different frequencies by changing the ON/OFF state of the
diodes. This allows the antenna to perform at multiple
frequencies. This results in improved efficiency as well as
strong performance in the distant field, particularly when a
partial ground plane is used.

2.1 Geometry and design theory

The geometry and structural dimensions of the tri-band
frequency reconfigurable antenna, which is expressly
engineered for WLAN, Wi-Fi, WiMAX and applications, are
shown in Figure 1. The radiating element of the antenna is
manufactured onto a FR-4 substrate characterised by a tangent
loss (tan J) of 0.019 and a relative permittivity (¢r) of 4.5. By
utilising this commercially available substrate while FR-4 is a
practical and economical choice for many applications such as
WIFI, WIMAX, WLAN, its limitations at higher frequencies
should be carefully considered in the context of the specific
requirements of the antenna application, the antenna design is
rendered more practicable and economical. To attain gain,
optimal efficiency and directivity, a truncated metallic ground
surface is utilised. The use of a partial ground plane in antenna
designs is grounded in its ability to manipulate the antenna's
impedance, resonance, and radiation pattern to enhance
performance, particularly in the far-field to ensure optimal
performance outcomes. The activation of the antenna is
achieved via a 50-microstrip line that is designated for the
waveguide interface and has a width of 3 mm. As depicted in
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Figure 1, the radiating structure comprises a slot, with a slot
measuring 1 mm in width. This configuration facilitates the
incorporation of lumped-element switches. The monopole
antenna being examined has the following dimensions: 33 x
16 x 1.6 mm’. Table 1 presents a succinct overview of the
precise dimensions pertaining to the antenna proposal.

Ws

Ls

Y

Figure 1. The geometry of the frequency reconfigurable:
(a) Front view; (b) Rear view

Table 1. Presents the frequency reconfigurable antenna
detailed dimensions

Parameters Values (mm)

Wa 8.3
Ls 8.5
W3 2

L2 9.1
W1 3

W2 25
L1 115
Wi 3

Ls 33
Ws 16
Wg 16
Lg 7.5

The determination of the effective resonant lengths for
particular frequencies is achieved by employing the theory of
transmission lines [31]. A correlation exists between the
resonant bands and the effective lengths (Lf = Af/4), which
correspond to a quarter of the guided wavelength for each
frequency. The aforementioned computation yields significant
insights regarding the antenna's resonance characteristics at
various frequencies, thereby facilitating a comprehensive
comprehension of the manner in which the antenna engages
with guided wavelengths within each distinct band. The
utilisation of the transmission line model theory enables a
precise analysis of the resonant properties of the antenna,
thereby facilitating the development and refinement of its
operational characteristics across a range of frequencies.

2.2 Reconfigurability

The suggested antenna introduces a novel method to attain
frequency reconfigurability by actively manipulating the OFF
and ON states of individual PIN diodes.

PIN diodes offer high power handling, robustness, and
effective on/off switching, compared to varactor diodes, which
are not ideal for binary switching. MEMS switches, on the
other hand, exhibit slower switching speeds and are less
durable under high power or stress.



This manipulation induces changes in the short and open
circuit characteristics between the radiating patches of the
antenna. The controlled toggling of these PIN diodes allows
for dynamic adjustments to the antenna's operating frequency,
offering a wversatile solution for applications requiring
adaptability to varying frequencies. This innovative approach
provides a means to effectively modify the impedance
matching conditions of the antenna, thereby influencing its
resonant frequency. The resulting capability to dynamically
switch between different configurations enhances the
antenna's versatility, making it well-suited for communication
systems that demand flexibility in adapting to diverse signal
frequencies or changing environmental conditions.

The antenna being shown demonstrates two distinct
working modes, each characterised by a distinct arrangement
of resonant frequencies. When SW1 is turned off, the antenna
functions at a frequency of 3.5 GHz. In Mode 2 (with SW1
turned on), the antenna exhibits dual-band characteristics,
operating at frequencies of 2.4 GHz and 5.65 GHz. Table 2
provides a comprehensive description of the PIN diodes'
conditions in each mode and their corresponding frequency
bands.

Table 2. Displays specifications of the PIN diodes for
various frequency ranges

S. No. Mode 1 Mode 2
Switch (SW1) ON OFF
Frequency Modes Dual-band Single-band
24 GHz and 5.65 GHz 3.5 GHz

2.3 Switching technique

Within the domain of RF frequencies, PIN diodes serve as
adjustable resistors, but with significantly more intricate
circuitry for both the activated and deactivated states. Both
states of PIN diodes in the analogous circuit are characterised
by the presence of an inductance (Ly). More precisely, when
the diode is in the ON state and biassed in the forward direction,
it has low resistance (Rps). On the other hand, when the diode
is in the OFF state and biassed in the reverse direction, the PIN
diode's equivalent circuit comprises a parallel combination of
resistance (Ryp) and capacitance (C.), as depicted in subgraph
(a) of Figure 2. In subgraph (b) of Figure 2, the PIN diodes are
intended to function as two compact RLC boundary conditions.
The reconfigurable properties of the proposed antenna have
been simulated solely in terms of resistance, neglecting the
values of capacitance and inductance. This omission is
justified by the fact that, in the ON state, both the RLC lumped
model and the PIN diode model exhibit a short-circuit
phenomenon, allowing current to flow easily along the
radiating path. Conversely, in the OFF state, both models
demonstrate an open-circuit phenomenon, impeding the flow
of electric current.

The PIN diode model represents the ON state as a series RL
component with low values, simulating a short circuit,
facilitating current flow through the radiator. Conversely, the
OFF state in the PIN diode is represented as a parallel RLC
component with values that simulate an open circuit, inhibiting
the passage of electric current through the radiator. For
simplicity in the model, the focus has been placed on the open-
circuit and short-circuit characteristics. The switch is
represented by an RLC lumped element model, with resistance
values being the only parameters considered. A low-value
resistor (Rps) of 1 Q functions as a short circuit, enabling
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unimpeded current flow. In contrast, a high-value resistor (Ryp)
of 1 MQ prevents current flow through the radiating structure,
resulting in an open-circuit behaviour, C=0.17 pF, L=125 nH.

Switch ON Switch OFF CSTPIN diode model

Lb

metal

Lumped RLC strip

boundary

Iz}
o

Rbs

(2) (b)

Figure 2. Model of PIN diode and corresponding circuits for
ON and OFF states

3. RESULTS

The performance of the antenna is evaluated via an
exhaustive procedure that includes the creation, modelling,
and analysis of its radiating structure utilising CST Microwave
Studio 2014. When the antenna is stimulated via a waveguide
port, critical performance indicators including directivity,
VSWR, gain, reflection coefficient, surface electric field, and
far-field pattern are taken into account in the evaluation. By
incorporating open-add-space boundary conditions into
simulations, a comprehensive evaluation of the antenna's
performance and behaviour can be achieved, enabling an
accurate depiction of its interactions with the surrounding
environment.  This  methodology offers  significant
observations regarding the antenna's efficacy, ability to
concentrate, and distribution of electromagnetic fields, thereby
enabling optimisation in accordance with particular design
specifications.

3.1 Bandwidth and return loss

The expected return loss of the proposed antenna is shown
in Figure 3, which includes all of its modes. When all of the
switches (SW1) are in the OFF position, the proposed antenna
operates in Mode 1, which is the default mode. There are two
unique frequency bands that the antenna resonates at while
SW1 is in the ON state. These frequency bands are 2.4 GHz
and 5.65 GHz. These bands have return loss values of -31.884
dB and -14.08 dB, respectively, when compared to two other
bands. A bandwidth of 320 MHz (2.24-2.56 GHz) and 380
MHz (5.45-5.83 GHz) are the frequencies that are used by
these bands the specified bandwidth of 320 MHz exceeds the
typical Wi-Fi band and the 380 MHz bandwidth aligns well
with the upper part of the 5 GHz band.

The second mode of the antenna, known as Mode 2,
displays resonance at a frequency of 3.5 GHz, and it also has
a return loss of -21.237 decibels. The bandwidth that is
simulated for this mode is 570 MHz, and it may range
anywhere from 3.25 GHz to 3.82 GHz.

The 570 MHz bandwidth encompasses the entire range
typically used for WiMAX.
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Figure 4. VSWR of proposed antenna

Figure 4 displays a comparison of the simulated S11 for
each mode. The findings demonstrate a strong concurrence
between the simulated values. Furthermore, the VSWR stays
below 2 for all resonant bands, indicating that the antenna has
achieved excellent matching. The VSWR values for all
frequency bands in use consistently remain below 2, as seen in
Figure 4. The VSWR values are below 2 is a good indicator of
adequate matching between the transmission line and the load,
typically implying minimal signal reflections which can
degrade performance.

3.2 Far field pattern

When operating in Mode 1, the antenna that is proposed
works at frequencies of 2.4 GHz and 5.6 GHz, a dual band is
achieved in Mode 1, which is the operational mode. Peak gain
and directivity for the 2.4 GHz band are calculated to be 1.888
dBi and 2.387 dBi, respectively, according to the simulation
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this gain is generally modest but adequate for common Wi-Fi
scenarios such as home networks, public hotspots, and
industrial environments. the priority often lies in reliable
connectivity rather than maximum performance. It has been
determined that the peak gain and directivity of the 5.6 GHz
band are 2.236 dBi and 3.633 dBi, respectively. In the mode
of operation known as MODE 2, the antenna has a gain of
2.227 dBi and a directivity of 2.421 dBi while operating at a
frequency of 3.5 GHz.

Higher frequencies like the 5 GHz band used in WLAN
applications benefit significantly from this slightly higher gain.
This frequency band is preferable for supporting higher data
rates, essential for applications such as HD video streaming or
large file transfers. In WiMAX, this gain helps maintain signal
strength over larger distances, thus ensuring stable
connectivity across urban or rural settings where WiMAX
networks are commonly deployed, respectively.

The details are shown in Figures 5 and 6.



Farfield
(KR >> 1)
farfield (f=2.4) [1]

Gain

24
-0.3342dB
-0.3361 dB

Gain 1.668 dB

Type Farfield
Approximation R *» 1)
Monitor farfield (f=5.5) (1]
Component Abs )
Output Gain

Frequency 55

Rad. effic. -1233dB

Tot. effic. -1636 dB

(c) 5.6 GHz

Figure 5. The 3D gain pattern
3.3 The surface current

The distribution of surface currents on the radiating
structure of the antenna is shown in Figure 7, which covers a
number of different frequency bands. Dual band activities,
which include 2.4 and 5.6 GHz, are carried out by the antenna
while it is operating in Mode 1. Every single vertical arm of
the proposed antenna emits radiation while it is operating at
the higher frequency end, which is the 5.6 GHz band.
Particularly responsible for radiation at lower frequencies (2.4
GHz), the bottom part of the vertical arm is the primary source
of radiation. The bottom portion of the vertical arm is
primarily responsible for radiation when the Mode 2 antenna
is operating at a frequency of 3.5 GHz, as shown in Table 3.

surface current (f=2.4) [1] (peak)
Component:
Frequency: 2.4

(@) 2.4 GHz

farfield (f=2.4) m

Farfield - -
m(kR>>li" - A
farfield (f=3.5) 1]

Abs -

35
Rad. effic. -0.2336 dB
Tot. effic. -0.2540 dB
Dir. 2421 dBi

(c) 5.6 GHz

Figure 6. The 3D directivity pattern

Freqﬁenw: 5.5

(c) 5.6 GHz

Figure 7. Surface current distribution for Antenna



Table 3. Overview of the antenna's efficacy

Parameters

State of the Switch

ON OFF
Frequency (GHz) 2.4 and 5.65 GHz 3.5 GHz
Gain (dB) 1.888 and 2.387 dBi 2.227 dBi
Return Loss (dB) -31.884 and -14.08 -21.237
Directivity (dBi) 2.236 and 3.633 2421
VSWR 1.0522 and 1.4928 1.1805

Band Width (MHz)

320 (2.24-2.56 GHz) and 380(5.45-5.83 GHz)

570 (3.25-3.82 GHz)

Table 4. Comparison to previously documented research

Ref. D'T;r:;')ons Oper?grll?Z;B ands Total No. of Operating Bands Peak-Gains (dBi) Bandwidth (MHz)

[31] 40>35x1.6 24,355.28 3 2.2-281 486-1220

[32] 40>35x1.6 2453554 3 1.92-3.02 490-1360

[33] 53>35x%1.6 2.45,3.50,5.2 3 1.7-34 147-1820

[34] 40>35x1.6 2.45355.2 3 1.48-3.26 330-1250

[33] 53>35x%1.6 25355.2 3 1.7-34 350-1450

[33] 53>35x%1.6 245355.2 3 1.92-3.01 450-1500

[35] 39>37x%1.6 24354 3 1.27-2.34 520-1220
Proposed antenna ~ 30x<16x1.6 2.4,3.5,5.65 3 1.89-2.39 320-570

4. COMPARISON TO PREVIOUSLY DOCUMENTED
RESEARCH

The comparison of the suggested antenna with the
previously mentioned literature is presented in Table 4. The
table demonstrates that the proposed antenna is smaller in size
when compared to [32-35]. The suggested antenna has several
benefits. First, it has a small and condensed form, making it
appropriate for situations where there is a scarcity of room.
Furthermore, the antenna is cost-efficient, offering a budget-
friendly alternative without sacrificing performance. The
lightweight architecture of the product promotes its
adaptability and makes it easy to integrate into other systems.
Finally, the uncomplicated assembly method streamlines the
installation of the antenna, guaranteeing efficient deployment
in various environments.

Our antennas might be better for mobile devices due to their
small size.

5. CONCLUSIONS

This study successfully introduces a tri-band frequency
reconfigurable antenna designed specifically for IEEE 802.11
Wi-Fi, WLAN, and WiMAX applications. Achieving
functionality across multiple frequencies through the
innovative use of a switch mechanism, the antenna operates at
2.4 GHz for Wi-Fi, 5.65 GHz for WLAN, and 3.5 GHz for
WiMAX. Constructed using commercially available FR4
substrates of 1.6 millimeters thickness, the antenna's design
leverages compactness and cost-efficiency without sacrificing
performance, making it ideal for space-constrained
applications. Despite the successes, the study acknowledges
potential limitations such as the reliance on the durability of
the switch mechanism and performance variability under
different environmental conditions. These challenges
highlight areas for future research, including the exploration
of more robust materials and technologies to enhance signal
reliability and operational bandwidth. The antenna's
lightweight construction and straightforward assembly
process further ensure its adaptability and ease of integration
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into diverse systems, making it a practical solution for both
commercial and industrial applications. Its introduction is
poised to significantly benefit the field of wireless
communications by providing a versatile, economical, and
efficient technological solution. Future investigations could
focus on optimizing the antenna's design to increase its
frequency range and developing advanced integration
techniques to further its application in emerging wireless
technologies.
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