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Abstract — The antenna'’s design and frequency reconfiguration have a significant impact on its performance, which makes
it perfect for a particular use case such as the Internet of Things. In this, study developed a unique metamaterial patch
antenna design using a frequency reconfiguration technique. In the study, the metamaterial microstrip patch antenna
(MMPA) was deployed in an Internet of Things application utilizing a frequency reconfiguration approach, achieved with
the help of a PIN Diode. Changing the bias of two PIN diode switches altered the resonating frequency. An FR-4 substrate
with a copper patch forms the proposed antenna. The suggested antenna construction has dimensions of 23 x 19 mm?2. Two
steps are involved in the design of a reconfigurable multiband antenna. The first designed Monopole for a Single Band
with a centre frequency of 4.0GHz and the Second designed Multiband using a Rectangular Split Ring Resonator (RSRR)
on the Ground Plane which includes two PIN diodes as switches, is evaluated in the ON-ON, OFF-ON, ON-OFF, and
OFF-OFF switching scenarios. Antenna performance parameters like Gain, reflection coefficient, radiation efficiency, and
standing wave ratio of voltage are used to estimate the presentation of the suggested antenna. At the Operating frequency
of 3.6 GHz, the suggested antenna's efficiency and gain are 1.68 dB and 81%, respectively.

Keywords — Metamaterial Microstrip Patch Antenna (MMPA), Frequency Reconfigurable, Rectangular Split Ring
Resonator (RSRR), Internet of Things (1oT).

I. INTRODUCTION

The billions of physical objects that make up the global network known as the Internet of Things (loT) exchange data
without the need for human input. 10T is being used in many different areas, such as automation, smart homes, buildings,
manufacturing, healthcare facilities and transportation. It makes data analysis and decision-making possible in real-
time.[1]. CISCO Systems predicts that by 2024, roughly 30 billion gadgets will use 10T technology, outhumbering people
by more than fourfold [2]. For IoT applications, the RA (Reconfigurable Antenna) has more options for designing to obtain
resonance frequency. The Metamaterial helps to reduce antenna size and improve reconfigurability. The SRR (Split Ring
Resonator) is formed by two or more metallic rings, taken as twisted in a pattern that is circular, rectangular, or square. An
antenna’s structure can produce a metamaterial with unique permeability and permittivity properties by including SRR. As
a result, metamaterials are often referred to as artificial materials. Certain antenna properties, like as gain, bandwidth, and
directivity are improved as a result of metamaterials. In holographic applications, metamaterial improves radiation pattern
control and sidelobe cancellation.

The tuning of sensitive wireless setup devices frequently requires the use of a tuned resistance or varactor diode.
Because of its potential applications in communications, electronic monitoring and countermeasures, Reconfigurable
Antennas have attracted a lot of interest lately. Switching in RAs allows the radiating element's form to change.
Reconfiguration of frequencies has garnered significant attention in recent times, mostly due to the starter of novel ideas
in WC (Wireless Communication). Many switching technologies are reconfigurable, such as optical switches, PIN diodes,
Field Effect Transistors (FET), and Radiofrequency MEMS switches [3]. However, a thorough demonstration of PIN-diode
integration with the antenna has not been completed. This study presents a unique frequency-RA design with a Square Split
Ring Resonator (SSRR) for the 10T application. Initially, we designed the monopole microstrip patch antenna with a centre
frequency of 4 GHz. The proposed metamaterial construction of a Rectangular Split Ring Resonator (RSRR) comprises
switching PIN diodes to facilitate frequency reconfiguration and RSRR structure was used to make a tiny antenna.

The remainder of the paper is organized as follows: Section 2 presents the literature review; Section 3 presents the
proposed methodology. Section 4 provides an overview of the results. Section 5 contains the work’s conclusion.
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Il. RELATED WORK
The author developed a small WIPT (wireless information and power transmission) system integrated with metamaterial
[4]. The less power regime powers the many loT sensors. The proposed antenna operated at dual-band (900 MHz and 405
MHz). Two defective ground structure-based resonators, in which two single band resonating structures are cascaded to
create WIPT.

Using FR-4 substrate material, the author created a mixed-floral square-shaped split ring resonator antenna. The antenna
uses a frequency range of 7.6 GHz to 7.94 GHz to service the satellite application [5].

The decagon antenna designed by author [6] which operates at frequency range of 2.40-2.50 GHz. The complementary
split ring resonator with metamaterial structure used to make the decagon antenna for wireless application.

The Ultra-Wide Band antenna designed for application in WiFi, Bluetooth and Zigbee technology [7]. The microstrip
feeder with complementary split ring resonator utilized in the design of antenna.

The CRLH-TL MTM was constructed using the Rogers RT5880 substrate, which has a relative permittivity of 2.2 and
a thickness of 0.787 mm. The composite right-left-hand transmission line metamaterial structure is based on an interdigital
capacitor unit cell and is constructed using a meandering line [8].

A tiny electrical antenna operating at 0.9 GHz was constructed by the author [9] for use in radio frequency identification
applications. The antenna was 30 mm by 30 mm by 1.6 mm. The antenna is designed and verified using the HFSS tool.

The suggested design in [10] comprises of a Microstrip Patch antenna. An SRR and a semicircular-shaped SRR on the
ground plane make up the patch antenna. The dimensions of the substrate (FR4) used to create this ESA are 20 mm x 18
mm x 1.6 mm. The HFSS tool was used to simulate the recommended antenna. The ESA can attain a 300 MHz bandwidth
(700 MHz-1000 MHz) at 0.9 GHz, according to the simulated data. This is the recommended antenna for the global mobile
communication system.

RF energy harvesters are a possible long-term solution for driving 10T devices and wireless networks, as proposed in
[11]. This first setting, as far as | can tell, makes use of a frequency-self-adaptive radio frequency harvester that makes use
of shape-reconfigurable liquid metal to efficiently detect and convert any random signal that falls between 1.8 and 2.6
GHz.

This work [12] uses a frequency reconfigurable antenna with CFSRR (Complementary Four SRR) for wireless
communication applications. The Rogers RT5880 dielectric has dimensions of L=38 mm x w=21 mm x h=1.6 mm, a &, =
2.2, and a dissipation factor of 0.0009. This surface has the recommended antenna written on it. The proposed antenna has
a VSWR of less than 1.5 in all resonant bands, indicating its efficacy and reliability.

For 5G portable devices application, the reconfigurable MIMO antenna with an Electromagnetic Band Gap structure
with four radiating components is developed in [13]. Planar Monopole Radiating Elements with Coplanar Waveguide Ports
(CWPs) are used in the array. It is shown that by inductively connecting the radiating element to the Minkowski fractal
structure of the first order, better impedance matching improves the bandwidth performance of the array. The EBG structure
in a MIMO array provides the isolation between antenna components.

In [14], The proposed patch antenna makes use of half-moon-holed ellipse and rectangular strip lines to operate in dual
bands. RF-MEMS switches were proposed along the rectangular strip lines of the patch antenna to provide
reconfigurability. The suggested elliptical antenna is designed to operate with a capacitive shunt-type RF switch. The
proposed RF-MEMS switch can tolerate beam stress up to 85.7 MPa, has a displacement of 3um, and an actuation voltage
of 5.02 V. The reconfigurable elliptical patch antenna has a reflection coefficient of -32.28 dB at 8.34 GHz and -22.7 dB
at 10.47 GHz, respectively.

In [15], the author describes an antenna with frequency retuning and pattern diversity driven by metamaterials. In
MIMO applications, pattern diversity is achieved by combining two reconfigurable structures on a single antenna to create
two distinct orthogonal patterns. Surface-mounted varactors that can switch the operating frequencies of both radiation
patterns from 1.7 to 2.2 GHz can cover the 1.71-2.17 GHz LTE spectrum.

A novel wearable antenna had a metamaterial structure inspired monopole apple shaped with UC-EBG (Unipolar
compact Electromagnetic Bandgap) that operates at triple band for biomedical applications [16]. By including metamaterial
TCSRR (Triangular CSRR) into the antenna and UC-EBG construction, a small UC-EBG-backed antenna measuring 39
mm x 39 mm x 2.84 mm is produced. The frequencies for 5G new radio (NR) include 3.5 GHz, 2.45 GHz for wireless
local area networks (WLANS), and 5.8 GHz for ISM bands. At these early frequencies, the printed textile antenna has
better gain and higher efficiency.

A radiation-reconfigurable antenna in the n78 band is presented in [17] for 5G applications. A U-shaped strip and a
tuning fork work together to produce a radiating element from a planar monopole. There is a section of ground maintained
at the back. Radiation reconfigurability is achieved in this design by using four metamaterial unit cells—two on each side
of the radiator. Comb-shaped metamaterial unit cells, arrayed clockwise and linked to the radiator by BAR-64-02V PIN
diodes, encircle the antenna.

The study focuses on novel linear and dual-polarized antennas for 5G and 6G networks, medical devices, Internet of
Things technologies, and health monitoring [18]. Passive and active sensors can operate independently by collecting
electromagnetic radiation and charging the wearable sensor's battery by mounting an energy-harvesting device on the
antenna.
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In this paper, [19] proposes a very small microstrip antenna array for MIMO operating at 6 GHz frequency ranges. The
array consists of two components. The antenna is made up of an IDC and a meander line that is conjugate when activated
by a monopole basic antenna.

Table 1. Performance Comparison of Literature Antenna
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The suggested antenna in [20] is made up of an inner spiral resonator that is loaded into an outer SRR. It may be
modified remotely using SPDT switches or PIN diodes. The tiny antenna, which is 22x16x 1.6 mm3, may function in tri-
band or broadband mode depending on whether the switches are in the ON or OFF position. Either two CG2415M6 SPDT
switches or two BAR6402V PIN diodes functioning as RF switches are used to accomplish frequency reconfigurability.
Arduino units are used to remotely operate SPDT switches.
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Subwavelength operation and phase manipulation are two properties of metamaterials that have several applications in
5G communication systems. High data speeds, processing power, efficiency, affordability, small size, and low power
consumption are requirements for both current and future 5G equipment. An overview of metamaterials and their effects
on performance improvement and use in communication systems (5G and 6G) is given in [21].

An AMC (Artificial Magnetic Conductor) made of graphene can be used to growth the gain of the antenna. The G AMC
layer of the MIMO antenna sits below the G-RIS layer and increases the gain from 4.5 dB to 10 dB in [22]. For MIMO
applications, the recommended antenna design between G-RIS and G-AMC is useful.

A printed MPA with MTM additions is recommended in this study [23] for contemporary sub-6 GHz spectrum
applications such as 5G. The antenna consists of a T-stub resonator connected to a printed microstrip line with
discontinuities. The proposed microstrip line is connected with two spiral-top circuits and four fractal MTM unit cells. The
antenna is driven by photoresistors with two varactor diodes and a coplanar waveguide.

For 5G mobile networks, a printed monopole antenna with cascading multi-stage metamaterial (MTM) unit cells is
created [24]. A printed copper trace and four T-Resonators (TR) structures to accommodate four MTM unit cells make up
the recommended antenna. This combination, when combined with a coplanar waveguide (CPW) feed, increases the
antenna’s gain and bandwidth at sub-6GHz bands. Taconic RF-43 substrate is used to construct the antenna. As a result,
the recommended antenna takes approximately 51 x 24 mmz2 of effective space.

Using PIN diode switches, the author describes in [25] an MTM superstrate-based MPA appropriate for wireless
network applications. Microstrip antennas employ metamaterials as the superstrate, such as square and circular arrays. The
superstrate layers strengthen the antenna’s overall structure and enhance its properties, such as gain and bandwidth, to
function as a radome.

The frequency reconfigurable antenna [26] design for application of weather forecast, satellite communication and raw
satellite feed. The size of the antenna summary by the split ring resonator achieved by the PIN diode with patch.

This study [27] used two distinct refractive indices and a millimeter-wave (MMW) band to develop a reconfigurable
metamaterial (MM) structure. The principal beam of the antenna is directed in a 5G band at 28 GHz using these two MM
designs.

A 25x%25 mm2 (LSubxWSub) antenna that may be adjusted for five frequency bands is shown in this work [28].
Through the use of slot designs, corner truncation, and parasitic loading, the antenna has optimum frequency responses. A
synchronized module of three P-1-N diodes' high-frequency switching characteristics is composed of individual responses.

The various reconfigurable antenna design approaches, meta material design methodologies, antenna size and resonance
frequency are described based on the following Table 1.

Section 3 presents the geometric features of the metamaterial-based frequency reconfigurable antenna and the monopole
microstrip patch antenna. Additionally covered are the switching mechanism and antenna design process. The results of
the metamaterial-based frequency reconfigurable antenna performance comparison are validated in Section 4. In Section
5, the paper is finally ended.

I1l. THE GEOMETRIC DETAILS OF THE MONOPOLE ANTENNA AND PROPOSED FREQUENCY
RECONFIGURABLE ANTENNA

Monopole Microstrip Patch Antenna
The Monopole Antenna was calculated and designed for 3.5GHZ and corresponding Dimensions Optimization was done
with CST Studio Suite Simulation software to make the Centre Frequency as 4GHZ. Fig 1 illustrates the monopole
microstrip design. The complete sizes of the antenna are ‘23 mm x 19 mm” (Length x Width). The monopole antenna
design is fabricated using 1.6 mm thick FR4 substrate. A substrate with a Tangent loss of § = 0.025 and a dielectric constant
of &, = 4.3. A microstrip line has a 50 Q impedance connection. The ground plane is printed on one side of the substrate,
while the patch and microstrip line are printed on the other side. The width and length of the microstrip feed is denoted by
the symbols WF and LF. The width and length of patch is denoted by WP and LP.

Maintain the same lengths for the partial ground plane and microstrip line to ensure good impedance matching. The
precise numbers for every part of the antenna are displayed in Fig 1.

The microstrip patch antenna's dimensions were estimated using transmission line theory. The patch's width may be
approximated as follows:

C

W= rreii @

The length of the patch is calculated from the below formula

c
L= relma @

Here, &, -Effective relative permittivity (substrate FR-4) Effective Relative Permittivity of the FR4 substrate
c- Speed of light
Fc-Operating frequency
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Fig 1. Geometrical Configuration of Monopole Antenna.

The Proposed Metamaterial-Based Frequency Reconfigurable Antenna

Using microstrip patch antenna approaches, the geometry of a rectangular patch is modified to generate the MMPA
(Metamaterial Microstrip Patch Antenna). A rectangular split ring resonator (RSRR) located on the ground plane makes
up the innovative antenna design. To minimize the total antenna size, split ring resonators are used. Table 2 contains design
metrics, while Fig 2 details several perspectives of the suggested antenna configuration. The antenna length and form of
the radiating element may be changed by utilizing two PIN diodes to accomplish reconfigurability.

-
L4
:
| ST
=z g[%l:ac i 1 <
N || —| N I
I
WR1
GRg WR2
WR3
WR4
=l =
Trf
LG
(a)

(b)

Fig 2. MMP Antenna Different View (A) Rear View (B) Side View.

Fig 2a depicts the rectangular split ring resonator (RSRR), which consists of four rings and two diode gaps for PIN
diode placement. The suggested antenna's performance is numerically analyzed using CST Studio Suite Simulation
software, a commercial electromagnetic simulation software program. The proposed MMPA consists of 4 rectangular split-
ring resonators. The Width and Length of the Rectangular Split-Ring is denoted by the symbol LR1, WR1 and LR2, WR2
and LR3, ER3 and LR4, WR4. The Ground plane length is denoted as LG. The Gap between the ground plane and outer
ring is denoted as GRg. The Thickness of the ring is denoted as Tr. The Gap of the ring to place the Pin diode is denoted

as Lrd.
Table 2. Proposed MMPA ‘s Dimension Parameter
Antenna Parameters Size of parameter Antenna Size of parameter (mm)
(mm) Parameters
L 23 Lrd 3
w 19 LR1 2.8
LP 0.035 LR2 4.8
LF 17.5 LR3 6.8
WP 9 LR4 8.8
WF 3 WR1 4.4
LG 7 WR2 6.4
GRg 6.2 WR3 8.4
RG 1 WR4 10.4
Tr 0.2 Tc 0.035

Fig 3. displays the suggested constructed antenna model. rectangular split ring resonator (RSRR) without a diode is

shown in Fig 3a and RSRR with a PIN diode is presented in the 3b.
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(b)
Fig 3. The Proposed Antenna Design (A) Rectangular Split Ring (B) Rectangular Split Ring with Two PIN Diodes.

~ye

Anfér?na Mth G&)ﬁﬁét}ic.

Fig 5. The Reflection Coefficient was Verified Wit_te KEYSIGHT Fieldfox Microwave Ahélyzer N9917A.

Frequency tunability is an important requirement in reconfigurable antenna. In this work, two PIN diodes are used to
achieve the frequency reconfigurable due to a change in charge distribution on the ground side. Fig 5 represents the
fabricated proposed antenna with KEYSIGHT FieldFox Microwave Analyzer N9917A. As per the Design consideration,
when both the PIN Diodes are Forward Biased observed that the required current was drawn from the power supply. This
confirms the function of the PIN diode with its suitable Bias circuit as expected in the RF path. The frequency at operates
RSRR is calculated from the base formula (3).

1

fo= 2+104y/LxC ©)
1
fO - 2+1x,/Lmx(Cm+Cgap) (4)
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Ctot = Cm + Cgap (5)
1
fo = T ©)

Lm-Represents Inductance of each Metallic Ring

Lm = "9\ [LR4 + LR3] @)

Tr
Cm-Represents Space between the Inner and Outer Ring

__ AxeoxerxTr*(2+xLR4+2xLR3—Lrd)
- 2*Rg

Cm

®)

Cgap-Represents Space between the Ring Cut

Cgap — EO*ET*tC (9)

Lrd

Fig 6 and 7 depict the PIN diode model in the CST microwave studio and the pin diode's electric equivalent circuit
respectively. The configuration that is being described illustrates how frequency may be reconfigured by adjusting the

PIN diode's on/off switch position.
= 4 T AH‘

0.15p ]

- Ll
J_ 3 0.6n .

|||»—

sk
Fig 6. PIN Diode Model in Simulation Tool.

l
Rs Ls 0.15 pF Ls

/\/\/ W - Rp 0.6 nH
30hm  0.6nH O

5 KOhm
(@ Switch ON (b) Switch OFF
Fig 7. Represents the (a) ON (b) OFF State of the PIN Diode.

A resistor (R) and an inductor (L) linked in series indicate the switch-on condition in Fig 7. For the switch-off state,
the resistor (R,,) and capacitor (C,) are connected in series with the inductor (L). Table 3 displays the PIN diode's for-
switching mode.

Table 3. Four Switching Modes of PIN Diode

Switch mode PIN diode (D1) PIN diode (D2)
SM1 OFF OFF
SM2 ON OFF
SM3 OFF ON
SM4 ON ON

From Table 3, the SM1 represents the two PIN diodes in the OFF condition. SM2 represents the D1 in the ON condition
and D2 in the OFF condition. For SM3, D1 is OFF and D2 is ON. In SM4, all the diodes are in ON condition. The P-I-N
diode technical specification is shown in Table 4.
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Table 4. Technical Specification of PIN Diode

Part Number BAR50-02V-H6327
Package PG-SC79-2-1
Frequency Range 10 MHz up to 6 GHz
DIODE 'ON' Parameter Ls=0.6nH & Rs=3 Ohm
DIODE 'OFF' Parameter Cp=0.15pF & Rp=5 Kohm

IV.RESULT AND DISCUSSION
The fabricated monopole antenna with geometric is exposed in Fig 4. The Monopole Antenna was calculated and
considered for 3.5GHZ and corresponding Dimensions Optimization was done with CST Simulation tool to make the
Centre Frequency as 4GHZ. Fig 8 depicts the S;; parameter of the monopole antenna.

§-Parameters [Magniuger- T

dB

q (4005, 071091)

@ S

% : ; f : ; . : :
i 1.9 1 15 ] 3‘1 36831 4 [4.3414)5 5 55 b
Frequency | GHz

Fig 8. S,; Parameter of Monopole Antenna.

Fig 9 displays the S;; plot of monopole antenna at frequency range of 1.8 GHz to 5.4 GHz. Two metrics are used to
assess the veracity of simulated outcomes using an artificial design structure. The first one is reflectance response (S;,).
Multiple Frequency was achieved by implementing the Rectangular Split Ring and Design Optimization was done. From
Fig 9, S1,1(37) found the best Optimized Result, shown in Fig 10 Multiple Frequency achieved with Two PIN Diode
Switching (D1 & D2).

S-arameters [Magntude]

— SLL(67)

— S1.1(127)

Frequency | GHz
Fig 9. S,, Parameter of MMPA with RSRR Structure.
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S-Parameters Magntude]

A q(3,48879, 109317)

" % (3765289, -18.60172) ‘ ‘ ‘ . |
SNSRI T 0 A A A I
O (540407, 14374 : ! ! ! ! | |
(] I— 4 ' il E— A m

" — AUUNUNE TR O SO SR S
A x : } x : , , ; ,
! L3 ) 13 3 33 4 45 5 53 b

Frequency [ GHz
Fig 10. Multiple Frequencies with Optimized S;, Parameter.

Phase and amplitude measurements of the incident and reflected signals are used to calculate the S, parameter, which
is reached when the output of the test system approaches its ideal characteristic impedance (z, ).

0 -
_5_:
-10 4
B 15+
—
w 20
25
] — D1D2_11
-30 D1D2_10
i D1D2_01
i —— D1D2_00
364 =

— T —
1.0 16 20 25 30 35 40 45 50 56565 6.0

Frequency (GHz)
Fig 11. S, Parameter of Proposed MMPA with RSRR.

Fig 11 illustrates S;; parameter of the different switching mode of the proposed antenna. the signal strength range,
power efficiency, and system performance are calculated from the radiation efficiency metrics. The outcome shows that
the suggested antenna is a good fit for sub-6GHZ applications due to its small size. the VSWR parameter of the proposed
MMPA with RSRR are shown in Fig 12.
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Fig 12. VSWR of Proposed MMPA with Different Frequencies Achieved by Configuration of PIN Diode.

Fig 13 displays the radiation pattern of simulated antennas at various mode of operation. It is shown that the MMPA

330 7

5 3 R

generates a bidirectional pattern in the E plane and H planes and has good performance. Fig 13(a), 13(b), 13(c), and 13(d)
depicts the radiation pattern of the various switching modes (SM1, SM2, SM3, and SM4).
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Fig 13. (A) MMPA’s Radiation Pattern at SM1 State at 3.6 GHz Frequency Range.

1.8 GHz
D1D2_01
—— E-Plane
H-Plane

-12

-1 4 .
16—
18 .,
20

60

-22 (
-22 |
-20 -
18 -
16 -
14 -

12 -

10

104
154
20 - /
24 |
304 __ |

-30 -
267 |

20\
ELEN
0. 240

5+ 3.5 GHz
i D1D2_01
0- —— E-Plane
i ~——H-Plane
i % N

30

60
::270 }»

120
-5
0-
5j



ISSN: 2788-7669 Journal of Machine and Computing 6(1)(2026)

54 c 3.7 GHz
i 330 _— " | TT~~_ 30 D1D2_01
0- . ——E-PI
5 P N — H-Plane
>3 % X
-0 300 60
154 \
3 \
-20 ’// \“-".
25 _ f “\‘
-30 270 | 90
25 ! ;e“
-20 * j‘d
REE \ /
-10- 240 120
5 ﬁ
0 = =
e 210 “THSETEEEEET 480
180
Fig 13. (B) Radiation Pattern of MMPA at SM2, Operates at Three Different Frequency Ranges 1.8ghz, 3.5 GHz, and 3.7
GHz.
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Fig 13. (C) Radiation Pattern of MMPA at SM3, Operates Two Frequency Ranges 3.6 GHz and 5.4 GHz.
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Fig 13. (D) Radiation Pattern of MMPA’s at SM4, Operating Frequency Ranges are 2.7 GHz, 3.5 GHz, 3.7 GHz and 5.4
GHz.
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Table 5. Shows The Gain and Efficiency of the Proposed Antenna Depends on Their Switching Mode of Operation

Switching mode Resonant frequency Gain Efficiency
SM1 3.6 GHZ 1.68 dB 81 %
SM2 3.7 GHz 1.07dB 51%
SM3 3.6 GHz 1.64 dB 79%
5.4 GHz 1.06 dB 50%
SM4 3.5 GHz 1.10dB 55%

V. CONCLUSION

A simple MMPA (metamaterial-inspired microstrip patch antenna) is calculated and fabricated for 10T applications using
frequency reconfiguration technique. The simulation performance of the designed antenna compared with the measured
result with the help of KEYSIGHT FieldFox Microwave Analyzer N9917A. The Rectangular Split Ring Resonator (RSRR)
with PIN diode gives four switching modes of operation. The frequency reconfiguration is achieved through the working
mode of PIN diodes. The monopole antenna got reflection coefficient of S;; =-30.710 dB at center frequency of 4 GHz.
The peak gain and radiation efficiency of the suggested MMPA is 1.68 dB and 81% at resonance frequency of 3.6 GHz.
Table 5 shows The Gain and Efficiency of the Proposed Antenna Depends on Their Switching Mode of Operation.
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