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ABSTRACT: This research explores the versatility of a miniature reconfigurable antenna designed for a variety of wireless applications:
5G (IEEE 802.15.3), WLAN (IEEE 802.11), V2X (IEEE 802.11 p), WiMAX (IEEE 802.166), Wi-Fi 6E (IEEE 802.11 ax), Wi-Fi 7 (IEEE
802.11 be), C-band (from 4GHz to 8GHz), and X-band (from 8GHz to 12GHz). To enable frequency reconfigurability, the patch is
equipped with two PIN diodes, which can be positioned at different locations to adjust the antenna’s operational frequency range. This
reconfigurability allows the antenna to maintain its size while changing its frequency range according to the state of the PIN diodes. The
strength of our work lies in achieving exceptional electrical performance while maintaining a small size, cost-effective, and compact
design. The antenna demonstrates an almost omnidirectional radiation pattern across all frequency ranges. Additionally, the simulated
reflection coefficient remains within the ideal range for every frequency band. The antenna’s overall dimension is 22 × 18 × 1.6mm3

(λo
4
× λo

5
× λo

56
) (with λo being the free space wavelength at the lowest resonating frequency and for the proposed antenna its value equal

to 91.18mm) with a miniaturization rate equal to 75.25%. This compact antenna is designed to operate across multiple frequencies,
making it suitable for various applications, particularly in wireless communication systems. Its versatility also makes it a promising
candidate for future portable devices, sensor networks, and telecommunication applications. The performance metrics, including return
loss and radiation pattern, are presented, demonstrating strong performance across these parameters. The analyses were conducted using
the CST Studio Suite, which provided detailed insights into the antenna’s functionality and effectiveness.

1. INTRODUCTION

Recently, there has been a significant increase in the demand
for frequency-reconfigurable antennas, especially within

the field of wireless communication [1, 2]. These antennas offer
the capability to dynamically adjust various parameters, includ-
ing radiation pattern, bandwidth, gain, and polarization, which
enhances their adaptability to different communication needs
[3–6]. Reconfigurability is typically achieved through the use
of RF PIN diodes, varactor diodes, and Radio Frequency Mi-
croelectromechanical System (RF MEMS) switches [7, 8].
One of the most compelling advantages of reconfigurable an-

tennas is their compact size, which makes them suitable for in-
tegration into space-constrained environments. Additionally,
these antennas provide a consistent radiation pattern across
all operational frequency bands, ensuring reliable performance
[9, 10]. They also help to reduce co-site interference and jam-
ming effects, contributing to improved signal clarity and sys-
tem efficiency. These benefits make reconfigurable antennas
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a valuable asset in advancing modern wireless communication
technologies [11, 12].
With the proliferation of diverse standards in cell phones and

other personal mobile devices, there is a growing need for com-
pact multi-band and smart antennas with reconfigurable fea-
tures [13]. Ideally, a single antenna should support multiple
functions, operating efficiently at different frequencies [14].
This versatility is crucial in managing the increased potential
for interference among users sharing the same spectrum. As a
result, antennas with the capability to dynamically place nulls
are becoming increasingly important [15].
Reconfigurable antennas, both planar and three-dimensional

(3-D), have been developed for a range of applications, includ-
ing radar and wireless devices. For instance, various designs
have been proposed for radar applications and wireless devices
[16, 17]. Additionally, reconfigurable patch antennas specifi-
cally designed to operate in the L andX bands have also been in-
troduced. These antennas offer enhanced flexibility and perfor-
mance across different frequency ranges, addressing the evolv-
ing demands of modern communication systems [18, 19].
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The 5G spectrum is divided into three primary bands: sub-
1GHz, sub-6GHz, and millimeter-wave band [20]. Each of
these primary bands is further segmented into multiple smaller
bands, which are designated with specific numbers by the 3rd
Generation Partnership Project (3GPP) in the Release 15 work
items summary [21]. This detailed categorization helps to man-
age and allocate the frequency spectrum efficiently, ensuring
that different applications and services within the 5G frame-
work can operate effectively across various frequency ranges.
A variety of frequency-reconfigurable antenna structures are

outlined in the literature. A compact, electronically tunable and
single fed resonant slot antenna for higher frequency applica-
tion has been reported. Many differential antennas operating at
a single frequency or multi-frequency have been reported [22–
27]. In [28], the authors propose the use of a single PIN diode
to facilitate frequency reconfigurability, enabling a miniatur-
ized flexible antenna to operate at three distinct frequencies.
In Multiple-Input Multiple-Output (MIMO) systems, a re-

configurable antenna array featuring two printed dipoles and
PIN diode switches has been explored in [29]. This setup aims
to enhance the system’s versatility by allowing dynamic adjust-
ments to both the radiation pattern and operating frequency.
Similarly, annular slot antennas equipped with PIN diodes are
designed to achieve reconfigurability in both pattern and fre-
quency, as discussed in [30]. These advancements contribute to
the development of more flexible and adaptive antenna systems
that can meet diverse requirements in modern communication
applications.
In [31], the authors propose a flexible antenna for multi-band

applications with a total area of 25 × 35 × 0.254mm3 and a
frequency-reconfigurable method. In [32], a reversible stacked
microstrip patch antenna featuring two feeds and two short pins
is presented and designed for applications in terrestrial landmo-
bile systems and satellite communications. This antenna con-
figuration allows for flexible use in various communication sce-
narios by enabling adjustments in its operational modes.
Additionally, [33] discusses a reconfigurable, dual-band mi-

crostrip patch antenna with a single feed and a hexagonal slot
loading. This design enhances the antenna’s versatility by sup-
porting two distinct frequency bands while maintaining a com-
pact and efficient form factor. These innovations illustrate on-
going advancements in antenna technology aimed at improv-
ing performance and adaptability for a range of communica-
tion applications. In [34], an innovative approach to design-
ing a frequency-reconfigurable antenna tailored for Internet of
Things (IoT) applications is introduced, achieving a compact
form factor measuring 40 × 40mm2. To achieve frequency
reconfigurability, [35] explores the use of two U-shaped slots
integrated into the ground plane of an antenna. This design
modification allows for dynamic adjustment of the antenna’s
operating frequencies, enhancing its versatility and adaptabil-
ity across various communication scenarios. By incorporating
the U-shaped slots, the antenna can effectively switch between
different frequency bands, thus supporting a broader range of
applications. In [36], a reconfigurable dual-band antenna us-
ing four PIN diodes is presented. In [37], the authors propose a

reconfigurable fractal antenna with RF MEMS switches, with
dimensions of 40× 45mm2.
A reconfigurable antenna is considered one of the most ef-

fective solutions for achieving a broad bandwidth by utilizing
different ON and OFF switching conditions. Typically, this re-
configurability can be achieved using RFMEMS switches, var-
actor diodes, and PIN diodes to create the necessary switching
states. While RFMEMS switches and varactor diodes offer ad-
vantages such as reduced insertion loss and improved Q-factor,
they often come with higher costs and complexities in fabrica-
tion. In this research, we have opted for RF PIN diodes due
to their affordability and numerous advantages. By employing
various switching conditions with these diodes, the antenna can
achieve wideband and multi-band operation while maintaining
a compact package size. This approach not only enhances the
antenna’s versatility across different frequency bands but also
ensures cost-effectiveness and ease of implementation in prac-
tical applications [38].
This paper first presents a new compact miniaturized patch

antenna with new geometry and good performances like ultra-
bandwidth, good gain, and radiation pattern with great adapta-
tion. Next, it introduces a reconfigurable patch antenna with
two PIN diode switching on two states (ON state and OFF
state) giving us a four operations mode with different reso-
nant frequencies and bandwidths with perfect performances.
This compact antenna is well suited for diverse applications,
including 5G sub-6GHz, C-band, X-band, WLAN, WiMAX,
V2X, LTE, Wi-Fi 6E, and Wi-Fi 7, making it ideal for integra-
tion into small electronic devices. Notably, this antenna cov-
ers two bands: the first one ranges from 2.9GHz to 3.8GHz
(BP1 = 900MHz) with resonant frequency equal to 3.29GHz,
and the second one is an ultra-large bandwidth ranging from
4.5GHz to 11.5GHz (BP2 = 7GHz). It demonstrates cover-
ing a lot of bands like 5G sub-6GHz, WIMAX, WLAN, V2X,
C-band, X-band, Wi-Fi 6E, Wi-Fi 7 with three resonant fre-
quencies: 3.29GHz, 7.68GHz, and 10.85GHz. Simulation re-
sults indicate that the suggested antenna achieves good perfor-
mance in terms of reflection coefficient, radiation patterns, and
gain across different frequency bands. The combination of fre-
quency adaptability and a small footprint makes the proposed
antenna a promising option for a variety of uses in wireless
communication. For the planning of our paper, we started by in-
troduction. Then, we have two big sections, the first one about
the moon shape antenna: in the beginning, we started by an-
tenna design methodology, after that a parametric study, then
discussion about simulated and measured results; the second
section about the reconfigurable antenna.

2. MOON SHAPE ANTENNA

2.1. Antenna Design Methodology
The proposed patch antenna has been fabricated on a 22×18×
1.6mm3 (λo

4 × λo

5 × λo

56 ) substrate with FR-4 Epoxy material
of dielectric constant εr = 4.3, tan δ = 0.02, and a height
HS = 1.6mm. The patch and ground are made of copper with
a thickness of 0.035mm.
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TABLE 1. Dimension values of the proposed antenna.

Parameters Ws Ls Rad1 Rad2 Rad3 Rad4 Rad5 Lf

Values (mm) 18 22 6.5 4 2 1.5 1 8
Parameters a b c d e f j Wf

Values (mm) 2.8 2.1 1.6 3.2 1.6 5 6 3

(a) (b)

FIGURE 1. Optimized antenna: (a) Top view, (b) Back view.

The optimized parameters of this antenna are specified in Ta-
ble 1. Fig. 1 shows the optimal antenna without reconfigurabil-
ity in top view and back view.
The antenna receives its input from a waveguide port, with

a single impedance transformation line connecting the port to
the antenna. Modifying the parameters of the defected ground
structure and incorporating additional slots in the patch have a
discernible impact on the resonant frequency. Subsequent to
simulation, the obtained results encompass metrics such as re-
flection coefficient, realized gain, and directivity.
The simulated S11 of the recommended antenna, derived

from the optimized parameters, is depicted in Fig. 2.

FIGURE 2. Reflection coefficient of the optimized antenna.

The following fundamental microstrip circular patch antenna
design equations are used for the design [39]:

a =
F(

1+ 2h

πεrF [ln(πF
2h )+1.7726]

) 1
2

(1)

where:

F =
8.791×109

frεr
(2)

To analyze the influence of specific parameters and assess the
variation’s impact on the reflection coefficient, Fig. 3 illustrates
the progressive steps of the antenna creationwhile Fig. 4 depicts
the reflection coefficient in each step.

FIGURE 3. Steps for the design of patch antenna.

The process starts with an initial circular copper patch, a ba-
sic and simple design commonly found in the literature with
two resonant frequencies: 3.7GHz and 8.3GHz. In the second
step, a circular section is removed from the initial patch, trans-
forming it into a moon shape. This simple geometric change in
the patch can alter the antenna’s radiating properties, resulting
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FIGURE 4. Variation of S11 in each step of the design.

FIGURE 5. Variation of S11 for different thickness of substrate.

in resonant frequencies at 3.6GHz and 7.9GHz, with a band-
width of 5GHz. Next in the third step, another circular sec-
tion, smaller than the first one, is removed within the crescent
shape. Following this, a circular copper element, referred to as
the radiating element, is added into the gap created in the previ-
ous step, which leads to three resonant frequencies: 3.296GHz,
7.68GHz, and 11GHz. Finally, an additional radiating element
is incorporated into the center of the gap created by the removal
of the initial circular section, resulting in an improved reflection
coefficient at these frequencies. Through these steps, the sim-
ple initial circular patch is turned into a complex and efficient
antenna design. The removal and addition of elements are care-
fully applied to tune the antenna’s properties and achieve the
required performance.
It is evident that the frequency can be shifted by adjusting

certain parameters in the antenna, such as the ground’s plane
dimensions and the substrate. Figs. 5 and 6 illustrate the vari-
ations in S11 for different substrate thicknesses and alterations
in the ground plane, respectively. We observe that whenHS =
0.8mm, the antenna resonates at frequencies below 3.4GHz,
5GHz, and 12GHz with poor performances. Increasing the
value to 3.2mm results in the loss of resonance frequencies.
Therefore, the appropriate value is HS = 1.6mm. When the
ground plane is complete, the reflection coefficient is very low.
However, as the ground plane becomes partial, the antenna res-
onates at resonant frequencies with averageS11. In the last step,
after removing three portions of the ground, the reflection coef-
ficient is significantly improved and becomes equal to −30 dB
at 3.29GHz, −27 dB at 7.68GHz, and −44 dB at 10.85GHz.

(a) (b)

(c) (d)

FIGURE 6. Steps for the design of the ground plane.

Figures 6 and 7 outline the design process of the antenna’s
ground plane and its impact on the reflection coefficient S11.
Fig. 6 presents the steps in the plane’s design. In step 1, the
ground is fully completed. In step 2, the ground is made par-
tial, covering only a portion of the area. Step 3 introduces two
slots into the partial ground plane, and finally, step 4 shows the
proposed design. Fig. 7 illustrates the corresponding reflection
coefficient S11 for each design step. When the ground plane
is fully completed in step 1, the antenna resonates at approxi-
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FIGURE 7. Variation of the ground plane.

FIGURE 8. Simulated VSWR of the suggested antenna.

mately 13.5GHz, with minimal effect at other frequencies. As
the ground plane becomes partial in step 2, the resonance shifts
to 11GHz, and a new resonance appears at 3.29GHz. The in-
troduction of two slots in step 3 further improves the reflec-
tion coefficient. Finally, the proposed design in step 4 achieves
an optimized S11 response, indicating enhanced performance
across the frequency spectrum.
According to the literature, effective adaptation of an an-

tenna is typically characterized by a Voltage StandingWave Ra-
tio (VSWR) value of less than 2 [40]. Fig. 8 illustrates that a
VSWR below 2 indicates good impedance matching between
the antenna and its feed network, leading to optimal perfor-
mance and minimal signal reflection [41].
A VSWR value under 2 means that less than 10% of the in-

cident power is reflected, with 90% effectively transferred to
the antenna. This level of performance is excellent, indicat-
ing efficient impedance matching and minimal signal loss, thus
confirming the antenna’s high effectiveness in power delivery
and reception, and enhancing its overall performance reliability
in communication applications.

2.2. Parametric Study
In our study, we have investigated the impact of varying the
length and width of the substrate on the antenna. These dimen-
sions influence not only the resonant frequency but also the cou-

pling between the antenna and the ground. As a result, the re-
flection coefficient decreases, indicating improved impedance
matching. The parametric study, detailing the influence of the
two substrate dimensions, is illustrated in the following figures
(Fig. 9 and Fig. 1). In Fig. 9, the width of the substrateWs was
varied from 15mm to 22mm. We observed that the reflection
coefficient improved as the width was adjusted, with an optimal
value of 18mm providing the best impedance matching across
the frequency range.
Similarly, in Fig. 10, the length of the substrate Ls was var-

ied from 20mm to 26mm. The results indicate that a length of
22mm yields the optimal reflection coefficient, ensuring effec-
tive antenna performance.
Figures 11 and 12 illustrate the impact of varying the param-

eters Rad 4 and Rad 5 on the simulated reflection coefficients
S11 of the antenna. In Fig. 11, it is evident that changes in Rad
4 have a limited effect on S11. Rad 4 only has three viable val-
ues: increasing it beyond 1.5mm is not practical, as the circular
section would no longer be removed, while reducing it below
0.5mm yields no meaningful results. Thus, the optimal value
for Rad 4 is determined to be 1.5mm.
In contrast, Fig. 12 indicates that altering Rad 5 has a more

pronounced impact on the reflection coefficient S11, with more
variation observed across the different values. Among the
tested values, 1mm appears to be the optimal choice for Rad
5. Using these optimal values for Rad 4 and Rad 5 results in
improved bandwidth performance.

2.3. Simulated & Measured Results and Discussion

A Ceyear vector network analyzer (model 3656D) was utilized
to measure the S parameters of the printed antenna. Figs. 13
and 14 show the prototype of the proposed antenna and the cor-
responding measured data, respectively. The measurements re-
veal that the VSWR and reflection coefficient curves are gen-
erally consistent with the modeling results.
However, some discrepancies are noted, including noisy

VSWR readings and slight shifts in the reflection coefficient
values at the resonant frequencies. These issues are attributed
to soldering problems on the feed line and ground plane, as well
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FIGURE 9. Simulated S11 of the antenna varies as function ofWS .

FIGURE 10. Simulated S11 of the antenna varies as function of LS .

FIGURE 11. Simulated S11 of the antenna varies as function of Rad 4.

as interference from waves traversing the antenna’s radiation
field. These factors highlight the need for careful attention to
soldering and potential sources of interference during the test-
ing phase.
The surface current distribution at the three resonant frequen-

cies is shown in Fig. 15. At 3.29GHz, the current is primar-
ily concentrated at the lower section of the patch antenna and
within the circular element at the center. At 7.68GHz, the
current spreads slightly, with noticeable concentration at the

lower part of the antenna and along the lower edge of the moon-
shaped element. Finally, at 10.85GHz, the current is concen-
trated in the upper part of the antenna, particularly at the ex-
tremities of the moon-shaped elements and the central circular
area.
Fig. 16 illustrates the radiation patterns of the resonant fre-

quencies (E-plane andH-plane), which are bi-directional in the
E-plane and perfectly omnidirectional in theH-plane.
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FIGURE 12. Simulated S11 of the antenna varies as function of Rad 5.

(a) (b) (c)

FIGURE 13. Constructed antenna prototype: (a) Top view, (b) Bottom view, and (c) The antenna with VNA.

(a) (b)

FIGURE 14. Measured and simulated results: (a) Reflection coefficient and (b) VSWR.

(a) (b) (c)

FIGURE 15. Surface current distribution at the three resonant frequencies. (a) 3.29GHz, (b) 7.68GHz, and (c) 10.85GHz.
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(a) (b) (c)

FIGURE 16. 2D radiation pattern at the three resonant frequencies. (a) 3.29GHz, (b) 7.68GHz, and (c) 10.85GHz.

(a) (b) (c)

FIGURE 17. 3D radiation pattern at the three resonant frequencies. (a) 3.29GHz, (b) 7.68GHz, and (c) 10.85GHz.

FIGURE 18. Gain vs frequency plot.

FIGURE 19. Frequency-reconfigurable antenna structure.

The realized gain of the proposed antenna at the resonant
frequencies is: 1.03 dB, 2.01 dB, and 2.50 dB, respectively
(Fig. 17). The directivity is: 2.91 dB at 3.296GHz, 3.27 dB
at 7.68GHz, and 4.39 dB at 10.85GHz, and these values indi-
cate a stable radiation pattern, rendering the antenna suitable
for various applications. Fig. 18 shows gain vs frequency plot.

3. RECONFIGURABLE ANTENNA

3.1. Antenna Design Methodology
This section details the design of the proposed reconfigurable
antenna, with the front perspective illustrated in Fig. 19. To
achieve frequency reconfigurability, the antenna uses PIN
diodes, which are well suited for this application due to their
compact size, rapid switching, and reliability. Their integra-
tion allows the antenna to dynamically adjust its operating
frequencies, enhancing its versatility and performance across
different communication scenarios.
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(a) (b)

FIGURE 20. PIN diode equivalent circuit: (a) ON state, (b) OFF state.

Figure 20 depicts a simplified RLC model equivalent to the
PIN diode. For simulation purposes, the PIN diode is replaced
by this simplifiedmodel, obtained from themanufacturer’s data
sheet. The inductance L has a value of 0.15 nH in both the OFF
and ON states. When the PIN diode is activated, the equivalent
model can be depicted as a series combination of the 4.7Ω re-
sistor andL inductance. Alternatively, when the PIN diode is in
the deactivated state, the equivalent model consists of two par-
allel elements: a 0.017 pF capacitor and a 7 kΩ resistor, which
are in series with the L inductance. Table 2 summarizes the
values of these passive components of the PIN diode.

TABLE 2. Values of PIN diode equivalent circuit components.

State of the diode
Components

L (nH) R1 (Ω) R2 (kΩ) C1 (pF)
ON 0.15 4.7
OFF 0.15 7 0.017

CST MWS simulation software is utilized to model the PIN
diode using lumped elements, as depicted in Fig. 21. To enable
frequency reconfigurability in the proposed reconfigurable an-
tenna, two PIN diodes were employed, as shown in Fig. 21.
These diodes can be in either ON or OFF state, facilitating four
modes of operation, as summarized in Table 3. During simula-
tion, the PIN diode was substituted.
In order to create a frequency-reconfigurable antenna that

satisfies the needs of 5G, WLAN, WiMAX, C-band, X-band,

FIGURE 21. Modeling PIN diode behavior in CST MWS.

LTE, V2X,Wi-Fi 6E, andWi-Fi 7 applications, the diode place-
ments have been optimized.

3.2. Simulated Results and Discussion

By toggling the state of diodes D1 andD2, it is possible to either
connect or disconnect the two sections of the radiating patch,
resulting in a shift in operating frequencies. Fig. 22 depicts the
outcomes of the S11 reflection coefficients for the various oper-
ating modes. The comparison of resonant frequency and band-
width outcomes achieved for each operating mode is presented
in Table 4.
In Mode 1, both D1 and D2 are turned ON. As shown in

Fig. 22, the antenna in Mode 1 has resonant frequencies at
3.16GHz and 7.84GHz. Additionally, it has a second band-
width that spans from 3.9GHz to 12.8GHz. In this mode, the
antenna operates in 5G sub-6GHz, WLAN, WiMAX, Wi-Fi
6E, Wi-Fi 7, C-band, and X-band.
In mode 2, with D1 ON and D2 OFF, the reconfigurable

antenna produces three resonant frequencies at 3.27GHz,
7.61GHz, and 11.58GHz. It also covers three frequency
bands: 2.9GHz to 3.63GHz, 4.18GHz to 10.33GHz, and
10.55GHz to 12.58GHz. This makes the antenna well suited
for applications in LTE, WiMAX, WLAN, as well as C-band
and X-band wireless communication systems.
In Mode 3, with D1 OFF and D2 ON, the reconfigurable an-

tenna exhibits resonant frequencies of 3.19GHz and 7.79GHz.
It operates across two distinct frequency bands: 2.86GHz to
3.53GHz and 4.36GHz to 12.4GHz. These characteristics
make the antenna highly suitable for LTE, WiMAX,WLAN, as
well as C-band and X-band wireless communication systems.
Figure 22 shows the variation of simulated reflection coef-

ficients S11 for the reconfigurable antenna in Mode 4. The
antenna in this mode operates within two frequency bands:
2.9GHz to 3.72GHz and 4.56GHz to 11.27GHz, with reso-
nant frequencies at 3.3GHz, 7.57GHz, and 10.55GHz. This
mode enables the antenna to function effectively for WLAN,
WiMAX, C-band, X-band, LTE, and 5G applications.
Table 3 shows the different operating modes of the pro-

posed reconfigurable antenna. We see nine different opera-
tional bands, which make our antenna suitable for a lot of wire-
less applications.
Figure 23 shows the surface current distributions at the dif-

ferent operating modes. When the diode in the OFF state, the
current’s flux is blocked, but when it is in the ON state, the
current is concentrated near the diode’s position.
Table 4 compares the performance of our reconfigurable

antenna with that of other recently published reconfigurable
antennas, focusing on the number of switches, operating
bands, bandwidth, gain, and size. Notably, our proposed
frequency-reconfigurable antenna operates across nine distinct
bands while utilizing a minimal number of PIN diodes.
This highlights the excellent performance of our compact
reconfigurable antenna.
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TABLE 3. Operating modes of the proposed reconfigurable antenna.

Mode State of the diode Resonant
Frequencies (GHz)

Operational
Band (GHz)

Applications
D1 D2

Mode 1 ON ON
3.16 2.85–3.4 5G

7.84 3.9–12.8 C-Band, X-Band, V2X, WiMAX, WLAN,
Wi-Fi 6E, Wi-Fi 7

Mode 2 ON OFF

3.27 2.9–3.63 5G

7.61 4.18–10.33 C-Band, V2X WiMAX, WLAN,
Wi-Fi 6E, Wi-Fi 7

11.58 10.5–12.58 X-Band

Mode 3 OFF ON
3.19 2.86–3.53 5G

7.79 4.36–12.4 C-Band, X-Band, V2X,
WiMAX, WLAN, Wi-Fi 6E, Wi-Fi 7

Mode 4 OFF OFF
3.3 2.9–3.72 5G
7.57 4.56–11.27 C-Band, X-Band, V2X,

WiMAX, WLAN, Wi-Fi 6E, Wi-Fi 710.55

FIGURE 22. Reflection coefficient of the frequency reconfigurable antenna in all four modes.

(a) (b)

(c) (d)

FIGURE 23. Surface current distribution at the different operating modes. (a) Mode 1 at 3.16GHz. (b) Mode 2 at 3.27GHz. (c) Mode 3 at 3.19GHz.
(d) Mode 4 at 3.16GHz.
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TABLE 4. Comparison with published work.

Ref Size (mm2) Reconfigurability
Number of
operating
bands

Bandwidth (MHz)
Number of
Switches

Gain (dB)

[5] 50×50 Yes 1 1500 & 1200 & 1400 4 9.1 & 6.6 & 7.4
[6] 112×52 Yes 2 1400 & 1501 18 3.8 & 8.3
[36] 40×37.2 Yes 2 500 & 630 4 0.65 & 1.92
[42] 70.11×77 No 2 50 & 25 - 5 & 4.57
[43] 32×34 No 1 500 - 3.4
[44] 20×30 No 1 690 - 2.2
[45] 75×150 No 1 200 - 5.7
[46] 45×50 Yes 1 800 2 2.2
[39] 66.4×66.4 No 1 1190 - 7.16
[47] 13×26 No 1 880 - 2.92
[48] 113×113 Yes 2 - 14 6.2 & 6.6
[49] 52×59 Yes 8 1790 & 7190 4 4.14

Proposed 18×22 Yes 9
550 & 8900 & 730 &
6150 & 2080 & 670 &
8040 & 820 & 6710

2
0.765 & 1.82 & 1.01 &
1.93 & 3.04 & 0.882 &
1.8 & 1.03 & 1.94

4. CONCLUSION
This study demonstrates the versatility of a compact reconfig-
urable antenna designed for a range of wireless applications.
The antenna operates across nine distinct frequency bands,
which are selectively activated based on different switching
conditions. It boasts a radiation efficiency of 75%, and its Volt-
age Standing Wave Ratio (VSWR) is optimized to ideal levels.
The radiation pattern of the antenna is nearly omnidirectional
across all frequency ranges, ensuring broad coverage. Addi-
tionally, the simulated reflection coefficient remains within the
optimal range across all frequency bands, indicating effective
performance. The design of the antenna not only emphasizes
compactness but also enhances bandwidth, making it suitable
for various wireless communication systems. Looking ahead,
future developments will include the integration of RF MEMS
switches and varactor diodes to replace the current PIN diodes
used for switching. A hardware model of the antenna will also
be constructed to further validate its performance. Overall, the
proposed frequency-reconfigurable antenna shows significant
promise for improving the flexibility and efficiency of wireless
communication technologies.
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