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Bandwidth and Reduced Mutual Coupling for Wireless Application
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Abstract—The design of a novel miniaturized microstrip
patch antenna array has been presented. The antenna
consists of a single layer of Split Ring Resonators around
the rectangular patch. The patch sizes are less than
conventional designs. Simulations are performed to study
the return loss, resonant frequency, bandwidth and mutual
coupling between the antenna elements. The technique to
reduce the return loss of the patches is also presented. The
antennas are designed using the simulation tool HFSS and
are suitable to use in IEEE 802.11 WLAN frequency band.
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I. INTRODUCTION

This paper presents the modeling, simulations and
analysis of microstrip patch antenna and its feed lines.
Microstrip antennas are of high importance because of
the advantages at their modest profile and less expensive
printed circuit design and fabrication for various
applications.

Developing broadband and small size antenna for
wireless mobile communication systems has become big
challenge and many methods are being incorporated by
researchers across the world to get over the problem [1].
The design of a miniaturized patch antenna was
discussed in [2-8]. Techniques to reduce the size of the
patch include letting in slots on the patch or ground plane
[2-4], incising electro-magnetic bandgap structures in the
neighborhood of the patch [5-6], slit loaded ground plane
[7], strip loaded microstrip patch antenna [8], employ
high permittivity di-electric substrates [9].  These
literatures brought clearly into focus the single element
design and have narrow bandwidth. Multiple element
antennas for several applications were discussed in [10-
13]. The small separation between the antenna element
had increased consequences for mutual coupling which
was reduced using Ring Resonator [14], di-electric slab
EBG [15] and metamaterials [16]. Inorder to reduce the
size of the patch and mutual coupling between the
antenna elements metamaterial is used.

In this paper, we propose a novel design of microstrip
patch antenna array loaded with Split Ring Resonator
(SRR) metamaterial. The effects of this inclusion on the
array performance are also studied. The characteristics

parameters like dielectric constant (€,) is 4.4, thickness of
the substrate (h) is 1.57mm and antennas dominate-
mode resonant frequency (f,) is transformed into the
patch dimensions that is length (1) is 11.74mm and width
is of 9.16mm of the patch.

II. ANTENNA DESIGN
A. Microstrip Array Design

The two element rectangular microstrip patch etched on
common ground plane is depicted in Fig. 1. Widely
available, less expensive FR4 epoxy is used as a substrate

with &,=4.4 and height =1.57mm using the formulas
given below are used in the design.
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reff +0.3)(3-+0.264
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— Yo
Ler = T (4)
L = Leff - ZAL (5)

Where, w - width of the patch, fr - resonant frequency, er
- dielectric constant of the substrate. Vo - velocity of
light in free space=3e8 m/s, h — height of the substrate, w
— width of the patch, ereff — effective dielectric constant
of the patch, and L is the length of the patch antenna.

[
Lend

Patch 1

Patch 2

Fig.1. Rectangular Patch Antenna array simulated on
FR4 substrate using HFSS tool
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The antenna array dimension, material properties and
operating frequency are listed in Table. 1

TABLE.1. ANTENNA SPECIFICATIONS

Parameters Specification
Resonant Frequency 6.8GHz
Substrate FR4 epoxy
Di-electric constant 4.4

Height of the substrate 1.57mm

Dimension of Patches 11.74mm x 9.16mm

Distance between antennas | 7mm

The antenna elements are separated by a distance of
7mm. This small separation is selected to demonstrate
the effect of mutual coupling between the antennas.

B. Microstrip Patch Antenna Array loaded with Split
Ring Resonator

Wireless communication devices require more compact
antenna designs to enhance portability. Designing such a
compact antenna is a challenge due to mutual coupling
and size dependency of antennas on wavelength of
operation.

In this section, microstrip patch antenna array loaded
with SRR metamaterial is proposed to combat this
problem as shown in Fig. 2.
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Fig.2. Microstrip Patch Antenna array loaded with SRR
simulated using HFSS.

As shown in Fig.2, the proposed design consists of in-
plane SRR loaded around patch 1. The dimension of the
ring is 3mm x 3mm. The 1mm gap in the ring gives the
capacitive effect to the SRR.

C. Slotted (Patchl)Microstrip Patch Antenna Array
with SRR

With regard to decrease the return loss of the patches
with SRR, a slot is included on patch 1 as shown in the
Fig. 3.

Slot on
Patch
¥

LILIL)

Fig.3. Proposed antenna array geometry with SRR and
slot on patchl simulated using HFSS.

I11. SIMULATION RESULTS AND
DISCUSSION

A. Microstrip Patch Antenna Array loaded with Split
Ring Resonator

JCICICICIE

The simulations was executed on the antenna design tool
HFSS. The simulated return loss plot for microstrip patch
antenna array with and without SRR is as shown in Fig. 4
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Fig.4. Simulated return loss plot for patch array antenna
with and without SRR (a) return loss plot of patch 1 (b)
return loss plot of patch 2

As depicted in Fig. 4 the resonant frequencies of both the
patches decreases. In particular, the resonant frequency
of patch 1 surrounded by SRR shifts to 5.5 GHz from 6.8
GHz with a bandwidth of 21.2 % and that of patch 2
shifts slightly to 6.4 GHz from 6.8 GHz. The bandwidth
in the former is significantly increased. Since, the
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dimensions of the patches required to resonate at lower
frequencies is larger the designed array geometry shows
the potential for miniaturization.
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Fig.5. Simulated mutual coupling plot for microstrip
patch antenna array with and without SRR.

As seen in Fig. 5 the mutual coupling between the
patches separated by 7mm is decreased by about 10dB
within the frequency range of 6 to 7.5 GHz.

B. Slotted (Patchl)Microstrip Patch Antenna Array
with SRR

The simulated return loss of the slotted microstrip patch
antenna array with SRR is shown in Fig. 6
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Fig.6. Simulated return loss plot for slotted microstrip
patch antenna array with SRR

As seen from Fig. 6 when a slot of 3.5mm x 0.3mm is
introduced on patch 1 the return loss of patchl decreases
to -22.5dB at 6GHz. The resonant frequency in slotted
patch antenna array with SRR shits to 6 GHz from 6.8
GHz which is less compared to SRR loaded array
without slot.
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Fig.7. Mutual coupling plot for slotted microstrip patch
array with SRR

As seen in Fig. 7 the mutual coupling in case of slotted
patch array with SRR increases in 6.2 to 6.5 GHz
frequency range and is lower elsewhere.

The summary of the simulation results is shown in Table.
2

TABLE.2. SIMULATION SUMMARY

Parameter Witho | With SRR
S ut
SRR
Withou | With
tslot Slot on
P1

Resonant P1 6.8 55 6
frequency
(GHz) P2 6.8 6.4 6.4
Bandwidth | P1 10.1 21.2 17.3
% P2 10.1 6.25 7.8

Comparison between the array with and without SRR is
shown in Table. 2. The resonant frequency of patchl and
patch2 decreases to 5.5 GHz and 6.4 GHz respectively
from 6.8 GHz when SRR are included around patchl.
The dimension of the patch required to resonate at 5.5
GHz frequency is 12.219mm x 16.59mm and that at 6.4
GHz is 10.5mm x 14mm for given substrate and height
which is large compared to the dimension used in the
simulation. So, the proposed antenna array shows
miniaturization by about 42 % and 27.5 % in size of
patchl and patch2 respectively. The bandwidth achieved
in array with SRR is 21.2% for patchl and 6.25% for
patch2. The former shows significant improvement in
bandwidth. The mutual coupling between the antenna
elements separated by 7mm in array showed 10dB
decrement when SRR was included around patchl. The
return loss decreased by significant amount when slot
was incised on patchl.
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IV. CONCLUSION

The design of miniaturized microstrip patch antenna
array has been presented. The antenna consists of single
layer SRR around patchl. Simulation has been used to
study the antenna performance in terms of return loss and
mutual coupling. Result shows that by employing SRR
the size of the patches decreased by 42% and 27.5%
respectively with significant improvement in bandwidth
by 22%. There is reduction in mutual coupling by 10dB.
Slotted array geometry with SRR is proposed to decrease
the return loss of the antenna elements.
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