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Abstract

In this work a dual band rectangular microstrip patch antenna along
with the innovative metamaterial structure is proposed at a height of
3.2mm from the ground plane, which consists of a rectangular
geometry incorporated with ¢ shaped structure. This work is mainly
focused on increasing the potential parameters of microstrip patch
antennas and analyzing the dual band operation of proposed antenna.
The proposed antenna is designed to resonate at 2.478GHz and
2.919GHz frequency. The impedance bandwidth of the patch antenna
along with the proposed metamaterial structure at 2.478GHz is
improved by 20.4MHz and return loss is reduced by 20.128dB. At
2.919GHz the impedance bandwidth is improved by 25.4MHz and
return loss is reduced by 19.564dB. For verifying that the proposed
metamaterial structure possesses Negative values of Permeability and
Permittivity within the operating frequency ranges, Nicolson-Ross-
Weir method (NRW) has been employed. For simulation purpose
CST-MWS Software has been used.

Keywords: Dual band operation, Impedance bandwidth, Nicolson-Ross-Weir
(NRW), Rectangular Microstrip Patch Antenna (RMPA), Return loss.
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1 Introduction

This is the world of wireless communication systems, in this world RMPA plays a
very important role. In spite of having a lot of advantages (low profile, low cost
and omni directional radiation patterns etc.), it has some drawbacks like narrow
bandwidth and low gain [17]. Several researches have been done to overcome
their drawbacks. In this context Victor Vesalago [1], [7] introduced the theoretical
concept of metamaterial. According to the theory of Vesalago, these materials are
generally artificial materials used to provide properties which are not found in
readily available materials in nature [6], [13]. Later on J.B. Pendry and his
colleagues, [4] added more information into the theory of metamaterial. They
proved that the array of metallic wires can be used to obtain negative permittivity
and split ring resonators for negative permeability. Later in year 2001 smith et al
[5] fabricated a structure, which was a composition of split ring resonator and thin
wire and it is named as LHM [11], [14].

In this work “Rectangular geometry incorporated with ¢ shaped structure” as a
metamaterial structure has been introduced for ameliorating the patch antenna
parameters. It has also been seen that with these improvements this structure also
possesses double negative properties within the operating frequency ranges.

2 Design Specifications

The RMPA parameters are calculated from the formulas given below.
Desired Parametric Analysis [2], [3]

2.1 Calculation of Width (W).

W= —~ [-2 ¢ [ 2 (1)
o 2fr/UoEo A\ Er+ 1 - 2fp Al €+ 1
Where

c = free space velocity of light
&r = Dielectric constant of substrate

2.2 The effective dielectric constant of the rectangular microstrip patch
antenna.

__grtl er—1 1
Eeff = —, >

)

2.3 The actual length of the Patch (L).
L= Leff - ZAL (3)
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Where

_ C
Leff = ~ = (4)

2.4 Calculation of Length Extension.

(efr+0.3)(1+0.264
B _ g 4 CarrtoD(r0264)
h (eefr—0.258)(1+0.8)

()

3 Analysis of Rectangular Microstrip Patch Antenna
and Metamaterial Structure with Simulated Results

The Rectangular Microstrip Patch Antenna is designed on FR-4 (Lossy) substrate.

The parameter specifications of rectangular microstrip patch antenna are
mentioned in table 1. These are calculated from the above discussed formulae.

Table 1: Rectangular Microstrip Patch Antenna Specifications

Dimensions Unit
Dielectric
Constant (er) 4.3 )
Loss Tangent
(tand) 0.02 -
Thickness (h) 1.6 mm
Operating 2478&2919  GHz
Frequency
Length (L) 23.69 mm
Width (W) 30.71 mm
Cut Width 4.28 mm
Cut Depth 10 mm
Path Length 25.357 mm
Width Of Feed 2.8 mm

Dimensional view of a rectangular microstrip patch antenna (RMPA), with a
microstrip feed line is shown in Fig.1.
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Fig.1: Rectangular patch antenna at 2.919 GHz.

Return loss S;; and Impedance Bandwidth of Rectangular Microstrip Patch
Antenna is shown in Fig.2.
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Fig.2: Simulation of Return loss S;; and impedance bandwidth of RMPA.

In this paper “Rectangular geometry incorporated with ¢ shaped structure” as a
metamaterial structure has been introduced. The Dimensional view of this design
is shown in the Fig.3.

Fig.3: Design of proposed metamaterial structure.
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In order to calculate the S-Parameters, the proposed metamaterial structure is
placed between the two waveguide ports [15], [16] at the left and right hand side
of the X axis. In Fig.4, Y-Plane is defined as Perfect Electric Boundary (PEB) and
Z-Plane is defined as the Perfect Magnetic Boundary (PMB) to create internal
environment of waveguide. The simulated S-Parameters are then exported to
Microsoft Excel Program for verifying the Double-Negative properties of the
proposed metamaterial structure.

Fig.4: Proposed metamaterial structure between the two waveguide ports.

Nicolson-Ross-Weir (NRW) technique [8], [10] has been used for obtaining the
values of permittivity and permeability.
3.1 NRW Method

Equations used for calculating permittivity & permeability using NRW approach
[91-[10], [12], [18]-[19].

__ 2.c(1-v2)
e = odi(iev2) (6)
2.511.c.i
& = MU, Tod (7)
V2 = S21 = S11 (8)

Where

er = Permittivity

ur = Permeability

o = Frequency in Radian,

d = Thickness of the Substrate,
¢ = Speed of Light, and

v,= Voltage Minima
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The obtained values of Permeability within the operating frequency range from
the MS-Excel Program are given in table 2 & 3, whereas Fig.5 shows the graph
between permeability & frequency.
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Fig.5: Permeability versus Frequency Graph.
Table 2
Frequency[GHz] Permeability [pur] Re[ur]
24719999  -77.6279592755951-120.483096386954i -77.628
24749997 -78.5709812270403-120.77275800359i -78.571
24780002  -79.5058155897525-120.836395528798i -79.506

24809999  -80.3383893390709-120.699062702999i -80.338
2.484 -80.9941950999083-120.42416034869i -80.994

Table 3

Frequency[GHz] Permeability [Jr] Re[pr]
29129999 -155.514058648021-95.999009798791i -155.51
29159999 -156.072462729328-94.6457868940843i -156.07
29189997  -156.298256755299-93.283408081249i  -156.3
29219995  -156.222331425842-92.0503747818737i -156.22

2.925 -155.930279086631-91.057907250405i  -155.93
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The obtained values of Permittivity within the operating frequency range from the
MS-Excel Program are given in table 4 & 5. Whereas Fig.6 shows the graph
between permittivity & frequency.
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Fig.6: Permittivity versus Frequency Graph.

Table 4
Frequency [GHZz] Permittivity [er] Refer]
2.4719999 -66.5299915466665-103.888583462612i -66.53
2.4749997 -67.3661874821544-103.970817645799i -67.37
2.4780002 -68.1695365473869-103.848448363677i -68.17
2.4809999 -68.8548096120611-103.555091870662i -68.85

2.484 -69.3590426749572-103.158436106361i -69.36
Table 5
Frequency [GHZ] Permittivity [er] Refer]

2.9129999 -140.370522431298-76.4205114390454i -140.37
2.9159999 -140.831595881022-75.0277352400415i -140.83
2.9189997 -140.953096453185-73.6714773313376i -140.95
2.9219995 -140.785618512081-72.4894683061111i -140.79

2.925 -140.432775967197-71.5840234492923i -140.43

Rectangular Microstrip Patch Antenna with proposed metamaterial is given below
in Fig.7.

—csT|

Fig.7: Rectangular Microstrip Patch Antenna with proposed metamaterial
structure.
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Return loss S;; and Impedance Bandwidth of Rectangular microstrip Patch
Antenna with proposed metamaterial structure is shown in Fig.8.
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Fig.8: Simulation of Return Loss S;; and impedance bandwidth of RMPA with
proposed metamaterial structure.

This Return loss pattern within the simulated frequency range has been obtained
from CST-MWS software, for verifying this result, hardware has been fabricated
on PCB. After the fabrication of proposed antenna the antenna parameters like
return loss and bandwidth are measured on the spectrum analyzer. Setup which is
used for antenna parameters measurement is shown in Fig.9.

Fig.9: Setup for measurement of antenna parameters.

Dual band operation of the proposed antenna can be verified from the Graph
given in Fig.10. This graph has been plotted by taking the values of return loss (in
dB) within the operating frequency range obtained from the Frequency analyzer.
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Fig.10: Graph between Return Loss S;; and bandwidth.

This graph shows that there is a slight variation in operating frequencies.
According to this graph the return loss and bandwidth at 2.486 GHz are -
24.252dB & 27.975 MHz and at 2.933 GHz these values are -26.957 dB & 34.978
MHz respectively.

S-Parameter Smith Chart of Rectangular Microstrip patch antenna with proposed
metamaterial structure is shown in Fig.11.

S-Parameter Smith Chart

O 0 (1383e+005,0)0hm  g75 1 13
® 3 (17.3,10.9) Ohm
Frequency [ GHz

§1,1( 50 Chm)

Fig.11: Smith Chart of RMPA with proposed metamaterial structure.

This Fig. shows the impedance variation within the simulated frequency range and
on the basis of smith chart information about impedance matching can be easily
obtained.
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4 Simulation Results

In this section, the simulated results are presented. When the RMPA with the
proposed metamaterial Structure is simulated using CST-MWS software, it has
been found that the potential parameters of the proposed antenna increases
significantly in comparison to RMPA alone. This is clear from Fig.2 & Fig.8 that
at 2.919 GHz operating frequency return loss is reduced by 19.564 dB &
bandwidth is increased by 25.4MHz. This antenna can also be operated at 2.478
GHz as it provides dual band operation. At 2.478 GHz the values of Return loss
and bandwidth are -30.218dB & 33.1 MHz respectively. Smith Chart in figure 11
shows the impedance variation within the simulated frequency range. Fig.5 &
Fig.6 verifies the Double Negative properties of the proposed metamaterial
Structure.

5 Conclusion

On the basis of the simulated results it is observed that the RMPA parameters has
improved significantly by employing proposed metamaterial structure at 3.2 mm
layer from the ground plane of the antenna. There are very less variations have
been observed between the measured results (fabricated RMPA with proposed
metamaterial structure) and the simulated result of proposed antenna. Along with
these improvements it has also been verified that this structure satisfies Double
Negative property within the operating frequency ranges.

6 Future Development

For enhancing the bandwidth and reducing the return loss of RMPA, metamaterial
can be designed by using different substrate and structure. Antenna performance
can also be analysed by using different structure of patches and feeding
techniques.
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