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ABSTRACT A compact dual-band reconfigurable elliptical-shaped patch antenna designed in this article.
The proposed patch antenna with rectangular strip lines and an elliptical with half-moon slots presented
to operate dual bands. To achieve the reconfigurability, RF-MEMS switches proposed on rectangular
strip lines of the patch antenna. The capacitive shunt type RF-switch designed the proposed elliptical
antenna to operate at 5G applications. The displacement of the proposed RF-MEMS switch with an air
gap of 3μm, the actuation of 5.02 V, and the stress of the proposed beam is bearable up to 85.7 MPa is
observed. The reconfigurable elliptical-shaped patch antenna resonates at 8.34 GHz and 10.47 GHz with
a reflection coefficient of −32.28 dB and −22.7 dB respectively. The operating frequencies and gains are
observed at the RF-MEMS switch placed on a patch for dual bands for four states. At the state-I, two
operating frequencies and gain are 8.4G Hz, and 10.52G Hz with 2.28 dBi, and 2.18 dBi. Similarly, state-II
frequencies are 8.56 GHz, and 10.55 GHz with gains of 2.08 dBi, and 1.30 dBi; state-III frequencies
are 8.49 GHz, 10.47 GHz with gains of 2.48 dBi, and 3.04 dBi; and state-IV, frequencies are 8.49 GHz,
10.49 GHz with gain of 2.58 dBi, and 2.64 dBi. The compact elliptical patch antenna was simulated and
a measured value is presented in this article and also both values are agreed.

INDEX TERMS 5G applications, elliptical antenna, half-moon slots, reconfigurable antenna, RF-switch.

I. INTRODUCTION

NOWADAYS communication systems require minimal-
size prototype model wireless devices, and effective

microwave circuits to be used for multiband applications [1],
[2]. Because of their tremendous features, for example,
multi-band functionality, the size, and cost of an antenna
while enhancing the implementation of an RF system,
reconfigurable antennas have been exclusively considered
nowadays [3], [4]. Such antennas can encourage different
solutions in a minimized structure and those can be used
in future wireless communication applications [1]. Dynamic
components, for example, switches or capacitors facilitate
the antenna system to change its polarization, frequency, and
radiation patterns by utilizing various approaches [2], [5]. A
hex decagonal patch antenna is presented [6] and resonates
with dual operating bands having high gain with a precisely
larger dimension of 40×48×1.6mm3. The reconfigurable

antenna performance can be enhanced by the number
of active components of RF system employed [7], [8].
Reconfigurable antenna decreases the necessity of the var-
ious individual antennas working at different frequencies.
In [9], high gain and pattern-reconfigurable patch antenna
with different modes. RF modules are fabricated utiliz-
ing reconfigurable switched more-band antennas to serve
various applications at remarkable frequency bands [10].
A Micromachined- switch based on reconfigurable sur-
faces is presented in the literature [11] Circularly-polarized
reconfigurable patch antenna with liquid dielectric [12].
Manufacture of antennas integrated into RF-MEMS switches
decreases the power loss and the parasitic impacts when
contrasted with conventional solid-state switches. MEMS
switches significantly focus on the decrease of size, weight,
and cost of the component and additionally support high
linearity over the various frequencies [13], [14]. A flexible
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material is used in [15] and operates at WiMAX applications
presented with lower gain.
MEMS advancements offer a few preferences, for exam-

ple, insignificant power loss and lower insertion loss
over their traditional parts, such as PIN and RF CMOS
switches [16], [17]. Correlating at the two frequencies
is demanding and utilizing PIN diodes makes the tuning
procedure difficult for current utilization [18], [19]. As
well as power handling is reduced by embedding the
semiconductor RF switches [20], [21]. Further, MEMS
switches significantly focus on decreasing the size, weight,
and cost components and additionally support high linearity
over the various frequencies of different power levels.
Few literatures are presented on microscale structures and
reconfigurable antenna for 5G are reported in [22], [23].
Different authors [1], [2], [3], [4], [5], [6], [7], [8], [9],
[10], [11], [12], [13], [14], [15], [16], [17], [18], [19], [20],
[21], [22], [23], [24], [25], [26] perform the reconfigura-
bility perspectives however restricted to a single operating
frequency. The current work shows the advancement of a
model double operating frequency reconfigurable antenna
incorporation of a switch on a common substrate. The
reconfigurable [27], [28] structure is presented with the
transmitting edges. The pattern reconfigurability of different
topology works [29] at two frequency bands all while
which can be tuned by differing capacitance related to
MEMS switches. The leaf-shaped patch antenna [30], triple
elliptical [31], reconfigurable [32] antennas are presented for
5G applications.
This paper reports about a new kind of switch [37] used

in antennas that can work across different frequencies. The
switch is designed to be efficient, needing low voltage to
work and being fast in switching with good isolation and
low signal loss even at high frequencies. In [38] a new
type of RF MEMS switch intended for antennas that can
change frequencies depending upon how switch is positioned
It uses special transmission lines to optimize its performance.
In [39] a new type of antenna that can change its frequency
range by using special switches. These switches adjust
certain parts of the antenna, allowing it to work over a
wider range of frequencies. Through a method called particle
swarm optimization, the antenna’s design was fine-tuned to
operate effectively between 2 GHz and 3.2 GHz, with half
of its bandwidth available at 2.4 GHz. In [40] This paper
talks about a Ka-band patch antenna that can change its
radiation pattern using RF MEMS switches. By controlling
these switches, the antenna can have three different radiation
patterns at 35 GHz. More research is needed to improve its
signal coverage and reliability. In [41] a small L-slot antenna
that can change its frequency using MEMS switches. It’s
designed for the U-band and measures 4.07 × 5.27 mm2. The
antenna has switches at the corner of the L-slot, allowing it to
switch between four different frequencies from 42.36 GHz
to 56.72 GHz for future communication systems.
The reconfigurable antennas with RF-MEMS switches for

IoT, wireless, and 5G applications are limited. However,

FIGURE 1. The proposed RF-MEMS Switch.

some antennas are presented, but the characteristics of the
antennas like gain, bandwidth, reflection coefficient, and
overall, parameters are also presented in this article. The
main aim of this work, is to design a compact antenna with an
RF-MEMS switch for reconfigurable at 5G applications. This
paper is presented in 4 parts; part 2, gives the reconfigurable
ESP antenna design and specifications and includes the
MEMS switch structure details in the description. Part
3, convey results and discussion of the ESP antenna
with four switching states of operations are presented. At
last part 4 is dedicated to the conclusion of the model
antenna.

II. ESP ANTENNA WITH RF-SWITCH DESIGN
In this work, a reconfigurable elliptical-shaped patch (ESP)
antenna is presented, and it is incorporated with four MEMS
switches and the proposed antenna model is resonates at
dual bands with bandwidth of (7.76-8.6GHz) 840MHz and
(10.26-10.79GHz)530MHz can be used for 5G applications.
The proposed shunt capacitive switch is integrated to the ESP
antenna operates at different switching modes (ON and OFF
states)and the reconfigurability is achieved for frequency and
the radiation pattern with dual resonant bands. The efficiency
of the antenna is not affected by the incorporation of multiple
switches to the patch.

A. RF-MEMS SWITCH DESIGN
The proposed ESP antenna design is realized by adding
RF-MEMS shunt-capacitive-switch on to the ESP antenna.
MEMS switch is realized with 50� transmission line. Switch
dimensions are illustrated in the Fig. 1. Here, the RF-
switch membrane is designed with the optimized dimensions
of length and width are 350×150μm2 respectively. The
geometry of the switch is illustrated in Table 1.

The switch actuates in different modes of operation
(ON and OFF). The RF- switch is actuated with the
actuation-voltage on to the beam. When the switch actuates
it makes electrical contact with the lower electrode. The
switch membrane is validated through electromechanical
performance parameters such as actuating voltage, the time
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TABLE 1. The parameters of the proposed novel MEMS switch.

taken from ON to OFF states of the switch and the lumped
parameters like inductance, resistance and the capacitance.
The dielectric thickness is considered for the proposed switch
are 0.3μm and the beam thickness is of 1μm respec-
tively. The simulated frequency response and the impedance
matching is validated for the proposed switch. Mathematical
Modeling of the proposed switch is given as follows. To
calculate the RF parameters of the proposed switch, the
lumped RLC components are to be considered to control
the voltage from the signal line. The RLC components are
presented in detail in the following equations. The operation
mechanism depends on these parameters. Thus, the resistance
and inductance and capacitance are given below with the
following equations (1-3). Total inductance of the proposed
switch can be calculated with the following equation. The
parameters of the RF-switch can be obtained from equations
(1-5).

L = 0.002l

(
ln

2l
w+ t

+0.50049 + w+ t

3l

)
(1)

The resistance is given as R = ρ
L

S
(2)

The capacitance at ON and OFF state is presents in below
as

Cu ≈ ε0
A

g
;Cd = ε0εr

A

td
(3)

The proposed RF-MEMS switch operating frequency is
given as,

f = 1

2π

√
k

m
(4)

The proposed RF-MEMS switch, switching time to be
calculated by

ts = 3.67
Vp
Vs

√
m

k
(5)

where, m= Mass of the beam, k= Spring constant, Vp =
pull-in voltage and Vs = switching voltage of the switch.
The fabrication of the proposed RF-MEMS switch with

surface-micromachining flow is presents in Figure 2. Here
four level masking process is used for the fabrication of

FIGURE 2. The fabrication flow of the proposed RF-MEMS switch with surface
micromachining process.

the MEMS-switch presents in Figure 2(a-j). Here, firstly
the wafer is cleaned with RCA process. and through oxide
process Oxidation of test wafer is produced presents in
Fig. 2(a). Similarly, the step-by-step fabrication of proposed
RF-MEMS switch is done through surface micromachining
process presented in Figure 2. Through sputtering and
lithography process CPW metal layer is patterned. Dielectric
layer is deposited using lithography. Using photo resists and
lithography the sacrificial layer is deposited and patterned.
The top layer is patterned using the steps of sputtering,
photolithography. and critical point drying.
The lumped equivalent circuit of the shunt capacitive

switch is shown in Figure 3. The capacitance developed
between the electrodes, resistance offered by beam and
inductance due to ground plane and top electrode are in
series to each other and parallel to the input. When no
actuation voltage is applied the beam remains in upstate
leading to low capacitive path for RF input. Therefore,
the switch condition is said to be in ON state as shown
in Figure 3a. Here, the signal cannot pass across RF
MEMS switch the whole signal is transferred to the output
terminal.
In the ON state, when the voltage is applied between

the beam and lower electrodes, electrostatic forces cause
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FIGURE 3. 3 Equivalent circuit model is desired for (a)ON state and (b)OFF state of
the switch.

the beam to move downward, increasing the capacitance
between them. This change in capacitance affects the overall
impedance of the RF MEMS switch, as described by a
specific equation (6)

Z0 = R+ jωL+ 1

jωC
(6)

The total impedance of the switch, denoted by Z0,
comprises the resistance (R), inductance (L), and capacitance
(C) developed by the switch.
During the downstate of the beam, the switch provides

a resistive path for signal transmission, facilitating the OFF
condition, as depicted in Figure 3(b) When the impedance
offered by the capacitance and inductance equals each other
at the downstate, the impedance offered by the switch
becomes resistive. This relationship is described by equations
(7) and (8).

XL = XC (7)

jωL = −1

jωC
(8)

The device’s RF performance is assessed using lumped
elements, The typical values of these components is crucial,
particularly the capacitance values in both the switch’s on
and off states are important as indicated in the equivalent
circuit.

B. ESP ANTENNA DESIGN
The reconfigurable elliptical-shaped patch (ESP) antenna
is shown in Figure 4. The ESP antenna is designed on
FR4 with the thickness of 1.59mm and εris 4.4. The
ESP antenna has dimensions of 28×30 mm2 length and
width of the patch. The half-moon elliptical shaped slots
are etched on the patch and also elliptical shaped slot
with rectangular strip line is also presented in the top

FIGURE 4. The front view of ESP antenna.

TABLE 2. Geometry of the ESP antenna.

side of the substrate, in the bottom side of the substrate
is considered as full ground. In rectangular strip, slotted-
circular patch and four strip lines are connected to the
four corners of the rectangular strip lines. The proposed
methodology is improving the directional characteristics of
ESP antenna. The small values of eccentricity are realized
to produce less reflection coefficient and good directional
characteristics.
The ESP antenna optimized dimensions are given below

in Table 2. The fundamental frequency is calculated by the
resonance frequency equation of elliptical patch presented
from Equations (9-14).The performance parameters of the
ESP antenna are given in Table 3.

f1 = 1.8412V0

2aeffπ
√

εr
(9)

aeff = a

[
1 + 2h

πεra

{
ln

( a

2h

)

+ (1.41εr + 1.77)
h

a
(0.268εr + 1.65)

}]1/2

(10)

f e,011 = 15

πeaeff

√
qe,011

εr
(11)

qe11 = −0.0049e+ 3.7888e2 − 0.7278e3 + 2.314e4 (12)
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TABLE 3. Performance parameters of the ESP antenna.

FIGURE 5. The fabricated ESP antenna model.

FIGURE 6. The measurement of the ESP antenna with VNA.

q◦
11 = −0.0063e+ 3.8316e2 − 1.135e3 + 5.2229e4 (13)

e = c

a
(14)

where εr=Permittivity, υ0= speed of the
light, aeff =effective-radius, a= semi-major axis, f e,011 =
Dual-resonant frequency and qe11 = Mathieu-function of
dominant-mode, e= ellipse Eccentricity.
In this article the reflection coefficient, directional char-

acteristics and gain of the ESP antenna are simulated and
verified through measurements. The ESP antenna prototype
is presented in Figure 5. The ESP antenna is fabricated
and tested in anechoic chamber with VNA.is given in
Figure 6. Figure 7 presents simulated and measured values of
reflection coefficient of ESP antenna, here, simulated results
are matched well with the measured results. However, a slight

FIGURE 7. The S11 of the ESP antenna.

FIGURE 8. The simulated and measured Co-pol and X-polar of the ESP antenna at
(a) 8.34 GHz, and (b) 10.47 GHz.

variation was found due to fabrication errors and parasitic
effects.
The simulated and measured co-polarization (Co-polar)

and cross-polarization (X-pol) are reported in Figure 8 at
dual bands of the ESP antenna.

C. RECONFIGURABLE ESP ANTENNA WITH RF-SWITCH
The ESP antenna is incorporated with MEMS switch is
presents in Figure 9. Here, specifications of ESP antenna and
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TABLE 4. Different switching states of ESP antenna with four MEMS RF-switches.

FIGURE 9. The reconfigurable ESP antenna with close view of MEMS switches.

RF-switch are discussed in the above sections. The reflection
coefficient at all the switching states is discussed in the
Table 4. The reconfigurable ESP antenna is used for 5G
applications.
The ON / OFF conditions of RF-switch make the antenna

resonate with dual bands at X band frequency, the switching
reconfiguration of frequency and radiation patterns are
achieved. The ESP antenna is controlled by RF-switches
on the patch. In this work four switches are incorporated
on rectangular strip line of the patch antenna to enhance
the performance. During ON state the switch actuates
towards the electrode, and it contacts the bottom dielectric.

Frequency shift is observed with a bandwidth 400MHz at
the X-band because of the capacitance variation of the
proposed switch. Depending on the capacitance variation, the
proposed switch the ESP antenna current distributions will be
varied.
The process of analyzing the RF MEMS switch and

reconfigurable antenna begins with optimization of the
parameters using mathematical formulas. Thereafter, electro-
magnetic tools are employed to conduct simulation analyses,
allowing for the assessment of the individual and combined
behavior of both components. Following the simulation anal-
ysis, the antenna undergoes a comprehensive performance
evaluation to validate its functionality. Parameters such
as resonant frequency, radiation pattern, and efficiency
are thoroughly analyzed to ensure optimal performance.
Similarly, a detailed assessment of the RF MEMS switch
is carried out to verify its functionality, performance char-
acteristics, switching time and reliability. The next step
involves integrating the optimized designs and fabricating
the proposed device. This integration process ensures good
compatibility and operation between the antenna and switch.
Fabrication describes physically constructing the antenna
system according to the finalized design specifications.
Once the device is fabricated, different measurements are
conducted to validate the proposed models and confirm
that the measured performance matches with the simulated
results. This validation step ensures that the fabricated device
meets the desired specifications or not. The step-by-step
approach of the proposed ESP antenna with RF MEMS
switch is given in the Figure 10.
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FIGURE 10. Step by step optimization model for the proposed switch with antenna.

III. RESULTS OF THE ESP ANTENNA
The analysis of proposed ESP antenna with RF-MEMS
switch is analyzed. The characteristics of the proposed
antenna are explained one by one in each subsection. S11
characteristics of proposed ESP antenna is explained in sub-
section A. Radiation pattern and surface current distribution
of proposed ESP antenna is explained subsection B and C
respectively.

A. S11 OF ESP ANTENNA
In this article, the implementation of reconfigurable ESP
antenna and RF-MEMS switch is work at 5G communication
applications. The antenna and the switch are realized by 50�
impedance transmission line. The reflection coefficient (S11)
of the all the states of proposed ESP antenna is analyzed.
If the switch is realized with 50� then it is perfectly
integrated on to the elliptical split patch. The ESP antenna
and RF switching configuration can resonate the operating
frequency is observed from 8.4-10.6 GHz to be lead the
reconfigurability. By observing the switching modes, open or
closed they may vary the dimension of the ESP antenna and
the resonating frequency. The novel ESP antenna embedded
with four MEMS switches connecting them together acts
as a single patch. The ESP antenna reflection coefficient is
observed in Figure 11 at four switching states with closer
view. The frequency reconfigurability is observed for every
switching state (state-1 to state-16). At state-1, state-4,

FIGURE 11. The reflection coefficient of (S11) reconfigurable ESP antenna.

FIGURE 12. The S11 by varying semi major axis.

state-13 and state-16 device performance is good. The rest
of the states are presented in Table 4.

The ESP antenna is varying the semi-major and minor axis
to optimize the ESP antenna for optimization. The reflection
coefficient, directional patterns, current distributions, and
gain are performed at four operating states of ESP antenna.
The resonant frequency bands attained for all the switch con-
figurations from 8.4GHz and 10.6 GHz. The resonant bands
may shift towards the lower end or higher end depending on
the lumped parameters and the switch configurations. Based
on switching modes the length of the elliptical patch may
vary from longer length to shorter length. The parametric
analysis is observed at semi major and semi minor axis is
also presented in Figure 12 and Figure 13 respectively of the
proposed ESP antenna. However, the optimized parameters
has good results.

B. RADIATION PATTERNS OF THE ESP ANTENNA
The radiation patterns of ESP antenna Co-pol and X-
pol at dual frequency bands of four switching modes
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FIGURE 13. The S11 by varying semi minor axis.

are observed in Figure 14. Co-polarization means the
antennas are transmitting and receiving signals in the
same direction, which is beneficial for stronger sig-
nals. When the RF MEMS switch is ON, the antennas
are aligned properly, enhancing the signal and reducing
losses.
Cross-polarization occurs when antennas are misaligned,

leading to signal issues. In the OFF state of the switch,
misalignment can occur more frequently, impacting antenna
performance. The Co-pol and X-pol for all the switching
states in Figure 14 (a - d). From the results it is observed
that the ESP antenna is able to change its patterns at one of
the resonant bands of four switching states. The Co-pol and
X-pol at four switching states are observed at 8.4GHz and
8.5GHz; 10.5GHz and 10.6GHz respectively. The patterns
at four switching states operate at lower resonant band
are almost similar. The ESP antenna works in different
switching modes of operation. From the obtained results
the proposed ESP antenna can realize the reconfigurability
of radiation characteristics by actuating the different states
of RF-switches. The ESP antenna can obtain reconfigurable
property by altering the current phase elements. It is observed
that the RF-switch is in ON-state, the current intensity on the
radiating patch leads to increase there by radiation intensity
increases. Similarly, in the OFF state of the switch the
current intensity does not change. The ESP antenna resonates
at two resonant bands. The ESP antenna simulated and
measured, presents in Table 3. Different switching states of
the ESP antenna with four MEMS switches are given in
Table 4.

C. EFFICIENCY PLOTS OF THE ESP ANTENNA
The inclusion of an RF MEMS switch in the antenna design
allows for changing the states of the switch, enhancing
efficiency by frequency tuning and radiation pattern. In
contrast, antennas without RF MEMS switches may lack
such adaptability, leading to fixed characteristics and leading
to reduced performance in varying conditions. Therefore,

FIGURE 14. Radiation patterns of the proposed ESP antenna at different
configurations with four switches state 1 and 16 at two resonant bands (a)8.4GHz
(b)10.52GHz and at (b) state 4 and 13 state at (c) 8.46GHz (d) 10.55GHz.

integrating an RF MEMS switch significantly improves the
antenna’s efficiency for modern wireless communication
systems. The efficiency plot with (86%) and without (77%)
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TABLE 5. Comparison of the reconfigurable ESP antenna with previous works.

FIGURE 15. Comparison of the radiation efficiency of the proposed antenna with
and without RF MEMS switch.

RF MEMS switches at two resonant bands are is given in
Figure 15.

D. CONTOUR PLOTS OF THE ESP ANTENNA
The contour plots of the ESP antenna at corresponding reso-
nant bands under each operating mode (state I, state II, state
III, state IV). The resonating frequencies at state-1(state I) are
8.4GHz and 10.52GHz; state-4 (state II) are 8.56GHz and
10.55GHz; state-13 (state III) are 8.49GHz and 10.47GHz,
and state-16 (state IV) are 8.49GHz and 10.49GHz are
presented in Figure 16. Contour plots of the proposed design
visually represent how these currents distribute when the
RF MEMS switch is in its activated (ON) state, varying
the antenna’s performance characteristics. The contour plots
differentiate between the ON and OFF states of the switch,
demonstrating different patterns in current flow under each

condition (state1, state4, state13, state16). By analyzing these
contour plots, it is visible that how the RF MEMS switch
integration optimizing antenna performance for different
operating conditions and communication requirements. In
the ON state, the contour plots may show concentrated
current flow around specific regions of the patch, indicating
enhanced radiation in certain directions. In the OFF state, the
contour plots may exhibit more uniform current distribution
across the patch, leading to different radiation pattern
characteristics. The contour plots of the proposed design with
RF MEMS switch for all the switching states are shown in
Figure 16.
The RF-MEMS switch performance is observed better

at four different conditions at state I has OFF-OFF-OFF-
OFF conditions, state II has OFF-OFF-ON-ON conditions,
state III has ON-ON-OFF-OFF conditions, and state IV
has ON-ON-ON-ON are considered for validation. For each
and every resonant band the surface-currents have along the
surface of the ESP antenna. It is clearly observed that the
effective length of ESP antenna is inversely proportional
to the resonant frequencies. Here, current distributions are
shown at four operating modes are presented in Figure 16.
The radiating patch attains the linear polarization in four
operating modes of the switch. While the switches are in
ON state the current density is more.

E. 3D GAIN PLOTS OF THE ESP ANTENNA
Gain values vary across different switching states, indicating
how the antenna’s performance changes based on which
MEMS RF-switches are activated or deactivated. The 3D
gain plots of the ESP antenna at different switching states
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FIGURE 16. Contour plots of the reconfigurable ESP antenna at different switching states with four switchesstate-1 at two resonant bands (a) 8.4GHz and (b)10.52GHz,
state-4at two resonant bands(c) 8.46GHz and (d) 10.55GHz, state-13 at two resonant bands (e) 8.5GHz and (f) 10.46GHz and state-16 at two resonant bands (g) 8.49GHz and
(h)10.49 GHz.

with four switches is reported in Figure 17. The recon-
figurable ESP antenna is presented with good performance
with the presented works. 3D-gain plots of ESP antenna are

observed in Fig. 17. The operating frequency and gains are
observed at RF-MEMS switch is placed on patch for dual
bands for four states. At the state-I, two operating frequencies



683 IEEE OPEN JOURNAL OF ANTENNAS AND PROPAGATION, VOL. 5, NO. 3, JUNE 2024

FIGURE 17. 3D gain plots of the reconfigurable ESP antenna at different switching states with four switches state-1 at two resonant bands (a) 8.4GHz and (b)10.52GHz,
state-4at two resonant bands(c) 8.46GHz and (d) 10.55GHz, state-13 at two resonant bands (e)8.5GHz and (f) 10.46GHz and state-16 at two resonant bands (g) 8.49GHz and
(h) 10.49 GHz.

and gain are 8.4GHz, 10.52GHz with 2.28dBi, 2.18dBi.
Similarly, for state-II frequencies are 8.56GHz, 10.55GHz
with gain of 2.08dBi, 1.30dBi; at state-III frequencies are
8.49GHz, 10.47GHz with gain of 2.48dBi and 3.04dBi; and
state-IV, frequencies are 8.49GHz, 10.49GHz with gain of
2.58dBi, and 2.64dBi. The comparison table with existing
work to previous work is presented in the Table 5.

IV. CONCLUSION
This work presents a reconfigurable elliptical shaped patch
antenna with RF MEMS switches. The proposed antenna is
obtained reconfigurability by loading the MEMS switches
on to the patch surface, the reconfigurable elliptical-shaped
patch antenna is resonating at 8.34GHz and 10.47GHz with
reflection coefficient of −32.28dB and −22.7dB respec-
tively. The reconfigurable ESP antenna operates at the
frequency of 8.36GHz and 10.5GHz with reflection coeffi-
cient (S11) of −23.88 dB and −29.29dB respectively. The
operating frequencies and gains are observed at RF-MEMS
switch is placed on patch for dual bands for four states.

At the state-I, two operating frequencies and gain are
8.4GHz, 10.52GHz with 2.28dBi, 2.18dBi. Similarly, for
state-II frequencies are 8.56GHz, 10.55GHz with gain of
2.08dBi, 1.30dBi; at state-III frequencies are 8.49GHz,
10.47GHz with gain of 2.48dBi and 3.04dBi; and state-IV,
frequencies are 8.49GHz, 10.49GHz with gain of 2.58dBi,
and 2.64dBi is observed. The radiating patch attains the
linear polarization in four operating modes of the switch. The
measurement analysis is performed using Keysight N9917A
vector network analyzer (VNA) in the anechoic chamber.
The simulated results are confirmed well with the measured
results. The error estimation between the simulated and
measured results are below ±5%. The obtained results show
that ESP antenna can be used for 5G applications.
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