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Abstract — In this paper, the design of a triple band microstrip antenna is presented for wireless
communication applications. Metamaterials serve as the foundation for the triple band design, which
operates at 2.4, 3.5, and 5.6 GHz. To provide the triple band response, the ground plane of a typical patch
operating at 3.56 GHz is etched with two circular and one rectangular split ring resonator (SRR) unit cell.
As opposed to the circular cells, which are introduced to resonate at 5.3 GHz for the higher WiMAX band,
the rectangular cells are designed to resonate at 2.45 GHz for the lower WLAN band. The recommended
antenna complies with WLAN and WiMAX rules and has a higher peak realized gain.
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I. INTRODUCTION

Microstrip patch antennas are the most popular
form of antenna for wireless communication
systems because of its attractive qualities, such as
their small weight, low profile, cheap cost,
simplicity of manufacture, and compatibility with
planar monolithic microwave integrated circuit
(MMIC) components [1].There are several printed
antenna topologies that have been created to
enhance printed antenna performance. One of these
topologies can be achieved, as indicated in [2], if an
antenna is created for an ultra-high frequency

application by modifying the geometry of the patch
or by modifying the ground plane of the antenna.
Through the use of various circular forms, the patch
in [3] was able to achieve superior multiband
antenna performance. Two different single-slotted
single-band microstrip antennas were combined to
form a dual-band antenna, which was another
suggestion made by authors in [4].

Because of their interesting properties,
metamaterials are used in a variety of applications
in the realm of antenna design. [5] Many antennas
based on fabricated dispersion curves (k-diagram),
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split-ring resonators (SRRs), and complementary
split-ring resonators (CSRRs) have been developed
utilizing metamaterials. Metamaterial antennas
provide a variety of techniques that may be used to
improve antenna performance, such in [8], which
applies the TL-MTM approach to generate a multi-
band response. The metamaterial can also be
utilized to increase the antenna's bandwidth and
gain. In [9], the gain of the antenna is shown using
metasurfaces. In [10], metamaterials may be used to
change an antenna's polarization, which is a key
need in several applications.

The proposed design in this study meets all
requirements for the antenna to operate at WLAN
and WIMAX  band  successfully.  The
complementary split ring resonator (CSRR) from
MTM is the foundation of a compact, three-band
microstrip antenna that is presented. The ground
plane is loaded with two different geometries. In this
article, a high-gain triple band microstrip antenna
for WLAN and WiMAX applications is suggested.

1. ANTENNA DESIGN

The reference design is a 3.6 GHz-capable
microstrip patch antenna. The patch antenna is 28
mm in width and 31 mm in length, with a copper
layer thickness of 35 m.According to Figure 1, the
patch radiator is printed on a Rogers RT/duroid 5880
(tm) substrate with a thickness of 1.575mm (er=0.2,
tan 6 =0.0009). To exactly fit the patch heater to the
microstrip power supply line, which has dimensions
of 4.9 mm in width and 25 mm in length, a microstrip
inset power supply is given. A cut of width W0 =5
mm is made on both sides of the feed line, and it is
put into the patch with a value of YO = 6.5 mm.
Figure 1 depicts the planned tri-band antenna
arrangement.
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Figl Shows the antenna geometry of the simulation.

The ground plane is etched to create CSRRs, the
complementary to basic unit cells of metamaterials,
which resonate at 2.45 GHz and 5.3 GHz. In Figs. 2
and 3, the rectangular unit cell and the circular unit
cell, respectively, are employed to resonate at 2.45
GHz and 5.3 GHz. By increasing the width of the
unit cell as normal, the SRR's bandwidth may be
expanded [37]. Because the operational bandwidth
of lower WLAN (2.4 to 2.484 GHz) is less than the
operating bandwidth of higher WiMAX, resonance
at 5.3 GHz and 2.45 GHz is achieved using two
distinct types of CSRR (5.25 to 5.85GHz).
Therefore, although circular CSRR can offer a
broader bandwidth than rectangular CSRR, it is not
necessary to employ it to achieve 2.45 GHz
resonance.

D

Fig.2 A circular CSRR
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Fig.3 A rectangular CSRR

A pair of rectangular CSRRs, or circular CSRRs,
are carved from the ground plane to achieve
resonances at 2.45 GHz and 5.3 GHz, respectively.
seen in Figure 4.

A second resonance at 2.45 GHz is produced by
burying a rectangular unit cell of CSRR in the
ground. The third resonance, which is 5.5 GHz, is
created by etching two circular unit cells.

(b)

Fig.4 A rectangular patch with metamaterials

Table 1 includes a list of all the optimum
antenna and unit cell dimensions.

Table 1. Dimension of first proposed antenna.

Wp 31 Lp 28
Wit 4.9 Lf 20
M 5 N 6.5
hs 1.575 ht 0.035

Dimensions Dimensions
parameter parameter

(mm) (mm)
w 60 L 47

111.RESULTS AND DISCUSSIONS

Utilizing CST Microwave Studio Ver. 2014,
antenna study was carried out to show simulated
findings for the reflection coefficient (S11), the 2D
radiation pattern, the 3D gain, and the directivity.
This section provides the major simulation findings
for the planned antenna.

A. Return loss

Figure 5 displays the simulation results for the
patch antenna's return loss (S11) as a function of
frequency.

=
B s e S R L SRS
s ; W) R .
Fig5 return loss of Patch antenna

These findings demonstrate that the antenna
exhibits good band adaptation in the [3.5647-
3.6555GHz] range with a reflection coefficient less
than -10dB. The antenna therefore has a 100 MHz
bandwidth. At the frequency of 3.6 GHz, it is
possible to achieve a minimum reflection coefficient
of -14.23dB.

It can be shown in Figure 6 that the rectangular
unit cell resonates at 2.45 GHz with a return loss of
-27 dB and a shorter bandwidth, making it ideal for
inferior Wlans. Figure 6 also illustrates the S-
parameter characteristics of the rectangle CSRR.

§-Parameter [Magniude in d8]

Figure 6: S-parameter of rectangular CSRR

Figure 7 displays the circular CSRR's S-
parameter characteristics, and it is clear that at 5.4
GHz with a respectable bandwidth, the return loss is
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less than -25 dB for future operation in the higher
WiMAX band.

Figure 7: S-parameter of circular CSRR

The parameters of the antenna's S-parameter are
shown in Figure 8. Although the overall design
response suffers from frequency shift, we expected
to obtain all three resonance frequencies, each of
which corresponds to a different generating element.
Figure 8 illustrates the coupling effect shifting the
patch resonance frequency (3.6 GHz) to 3.5 GHz and
the circular unit cell resonance (5.3 GHz) to 5.6
GHz.

S-Parameter [Magntude in d8]

Fig.8 return loss of Proposed antenna

based on the findings, we can say that the antenna
uses an excellent adaption in 3 frequencies,
including wlan and wimax.

B. VSWR

The results of the simulation of the antenna
standing wave ratio (VSWR) are displayed in Figure
9. The suggested antenna has a fixed wave ratio
(VSWR) of 2 at operating frequencies, as shown in
Fig. 9. In light of this, it can be said that the
developed antenna may be effectively employed for
the three frequency bands.

Vokage Standng Wave Ratio (VSWR)

Fig. 9 proposed antenna standing wave ratio
c. PARAMETRIC STUDY

e, R

©Q

Fig.10 CRRS position survey

The parametric study in this section demonstrates
the effect of the final location of the rectangular and
circular unit cells on the resonant frequencies at 2.45
and 5.6 GHz (without changing the size of the cells).
figure 10 illustrates.

The rectangular unit cell should be placed at this
spot. X=-8 y=-16 The circular unit cell is placed in
the ideal location. Both X=1 y=13 and X=10 y=13

Table 2 Optimal positions of proposed circular unit cells.

D. Radiation diagram

Given that an antenna's primary function is
radiation, the radiation pattern is a crucial aspect of
its functionality. An antenna radiation pattern at 2.4
GHz, 3.55 GHz, and 5.32 GHz frequencies is shown
in Figures 11, 12, and 13.
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Position Ist circular | 2nd circular | gain
state 1 X= 1 10 5
Y= 10 10
state 2 X= 1 10 5.53
Y= 11 11
state 3 X= 1 10 4.90
Y= 12 12
state 4 X= 1 10 5.53
Y= 13 13
state 5 X= 1 10 5.4
Y= 14 14
Table 3 Optimal positions of rectangular unit cells proposed.
Position rectangular gain
state 1 X= -8 3
Y= -15
state 2 X= -8 3.37
Y= -16
state 3 X= -8 3.37
Y= -17
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Fig.11 Diagramme de rayonnement 2D en 2.4 .(a) plans E.
(b) plan H
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Fig.12 Diagramme de rayonnement 2D en 3.5 .(a) plans E.
(b) plan H

Farfield H-Field(r=1m) Abs (Phi=90)  Farfield E-Field(r=1m) Abs (Phi=90)

Theta / Degree vs. dBA/m Theta / Degree vs. dBV/m

@) (b)
Fig.13 Diagramme de rayonnement 2D en 5.5 .(a) plans E.
(b) plan H

Figures 11-13 show the quasi—omnidirectional
pattern that our antenna possesses in both planes (E,
H). with some ripples because the etching of the
three unit cells on the ground plane reduces its
electrical size, which causes the reflector to be
partially absent. The highest radiation is not on the
flank of the two planes, as can be seen from their
radiation patterns at 5.35 GHz, and this is because
of the coupling effect between their two circular
CSRRs.

E. Gain

The figure below displays the proposed antenna's
3D radiation pattern. The simulated 3D gain is
displayed in Figures 14,15, and 16 to help in
understanding antenna performance. As can be
observed, the gain increases are 7.07 dB, 3.37 dB,

and 5.53 dB for the frequencies of 3.6 GHz, 2.4
GHz, and 5.32 GHz, respectively.

dB
z 7.07

Thet: 3.98
1.77

-2.86
-12.3

-22.6

-32.9

Type Farfield

Approximation enabled (kR == 1) Y

Monitor farfield (f=3.6) [1] z
Component Abhs

Qutput Gain %
Frequency 36

Rad. effic. -0.8042 dB

Tot. effic. -1.297 dB

Gain 7.067 dB

Fig.14 3D_gain at 3.6 GHz

dB
3.87
1.9
0.844
-2.29
-13.7
-25.2
-36.6
Type Farfield Y
Approximation enabled (kR == 1)
Monitor farfield (f=2.45) [1]
Component Abs
Output Gain X
Freguency 245
Rad. effic. -1.394 dB
Tot. effic. -8.529dB
Gain 3374 dB
Fig.15 3D gain at 2.45 GHz
dB
5.53
3.11
1.38
-2.15
-12.9
-23.7
-34.5

Type Farfield Y
Approximation enabled (kR => 1)
Monitor farfield (f=5.32) [1]
Component Abhs
Output Gain X
Frequency 532
Rad. effic. -1.860 dB
Tot. effic. -2.076 dB
Gain 5.528 dB
Fig.16 3D gain at 5.3 GHz
F. Directivity

At resonance frequencies of 3.55, 2.4, and
5.32GHz, the patch antenna utilized in
WLAN/WIMAX applications provides directivity
values of 7.87, 4.67 dBi, and 7.39.

Figures 17, 18, and 19 provide 3D far field
radiation plots in the 2.4, 3.55, and 5.32 GHz bands,
demonstrating the antenna's directed far field
pattern.

dBi
7.87

Thet: 4-43
1.97

-2.01

12

-22.1

-82.1

Farfield

Type

Approximation enabled (kR == 1) Y

Monitor farfield (f=3.6) [1] 74
Component Abs

Qutput Directivity X
Freguency 36

Rad. effic. -0.8042 dB

Tot. effic. -1.297 dB

Dir. 7.872dBi
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Fig.17 3D directivity at 3.5 GHz

Type Farfield
Approximation  enabled (kR == 1)
Monitor farfield (f=2.45) [1]
Component Abs

Qutput Directivity,
Frequency 245

Rad. effic. -3018dB
Tot. effic. -7.053dB
Dir. 4632 dBi

Type Farfield
Approximation  enabled (kR == 1)
Monitor farfield (f=5.32) [1]
Component Abs

Output Directivity
Frequency 532

-1.860 dB
-2076 dB
Dir. 7.388 dBi

Rad. effic.
Fig.19 3D directivity at 5.32 GHz

Tot. effic.

G. Surface current

Figures 20, 21, and 22 depict the surface current
distributions at 2.4 GHz, 3.6 GHz, and 5.32 GHz in
order to more accurately describe the behavior of the
proposed antenna. The intensity is maximum in the
red area.

The suggested antenna's surface current density
Is greater at 3.6 GHz for the line, 2.4 GHz for the
rectangular CRRs, and 6.8 GHz for the circular
CRRS.

showing that circular CRRS are impacted by the
5.32 GHz resonance whereas rectangular CRRS are
affected by the 2.4 GHz resonance.

10
8.79
7.58
6.36
5.15
3.94
2.73

surface current {F: =3.)1jeak)

Component: Abs
Frequency: 36

Fig.20 Proposed antenna surface current at 3.6 GHz

surface current (f=5.32) [1] (peak) . J
Companent: Abs
Frequency: 5.32

Fig.21 Proposed antenna surface current at 5.3 GHz

Component: Abs
Frequency: 2.4

Fig. 22 Proposed antenna surface current at 2.4 GHz

The planned antenna performance is
summarized in the table below:

Table 3. summary of the proposed antenna performance

= S11
VSWR | Gain | Dirctivity | n
(GH2) | (dB)
245 | -14 |15 337 | 463 72%
36 | -11 |18 |707 | 787 90%
54 | 191 |553 |7.39 75%
113

IV. COMPARISON WITH OTHER WORKS.

The proposed antenna is compared to other
antennas with comparable designs and performance
in table 4 below.

Regarding antenna gain and roundness, the
study's suggested antenna outperformed the others.

Table 4. Comparison with other works

F(GHz) | VSWR | Gain (] Ref
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55 1.14 86%0
35 <2 1.15 67% [11]
2.45 1.78 85%
3.4 0.27 70%
2.8 <2 331 44% [7]
2.4 4.45 78%
5.25 0.90 96%
3.2 <2 2.10 56% [12]
2.17 2.85 80%
5.32 5.53 75%
Propos
3.55 <2 7.07 90%
ed
2.4 3.37 72%

V. CONCLUSION

Our objective was to construct a patch antenna
employing supermaterials. To do this, we designed
a ground-level dual CSRR circuit for the patch
antenna that operates at 3.55 GHz with gains of 7.07
dBi and at 5.32 GHz with gains of 8.4 dBi (5.57dBi).
Low WLAN resonance is added when the CSRR
rectangular ground base is charged at (2.4 GHZ)
with a gain of (3.37dBi).
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