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Abstract

ANTENNA DESIGN

This paper presents a novel method for the design and
fabrication of two microstrip patch antennas with single and
multiple Octagonal Complementary Split Ring Resonator
Structure (OCSRR) loaded on the ground plane. Bandwidth
enhancement is achieved with the microstrip antenna having
multiple OCSRR structure. The microstrip patch antenna with
single OCSRR structure on the ground plane was designed
with a frequency band of 3.88GHz to 4.09GHz and antenna
with multiple OCSRR was designed with a frequency band of
3.66GHz to 3.93GHz. The simulated bandwidth of antenna
with single OCSRR structure on the ground plane was
210MHz which got improved to 270MHz at a lower
frequency band with multiple Octagonal Complementary Split
Ring Resonator Structure structured microstrip patch antenna
of same physical size. Both antennas were simulated using
CST Microwave Studio and ANSYS HFSS.

A. Microstrip Patch Antenna with Single OCSRR structure
on ground plane
The geometry of the proposed microstrip patch antenna with
single OCSRR on the ground plane is depicted in Fig.1. The
antenna is designed using FR4 substrate with thickness 3.2, εr
= 4.4 and loss tangent is 0.02. The single OCSRR structure
consists of two nested split rings. The design parameters of
the patch are tabulated in Table 1.

Keywords: Microstrip patch antenna, OCSRR, Defected
Ground Structure.

INTRODUCTION
Microstrip antennas are widely used in communication system
due to some advantages such as low-profile, low cost, low
weight and ease of fabrication. They are also easily integrable
with other microwave devices [1]. Some of the limitations
associated with conventional patch antennas are surface wave
losses, low gain and narrow band width [2].The parameters of
the microstrip patch antenna are improved using Defected
Ground Structure (DGS) which provides higher bandwidth
and lesser return loss. DGS is accomplished by etching off a
suitable shape from the ground plane. Metamaterial structures
are usually used nowadays for size reduction of antenna and it
also provides improvement in antenna parameters like
bandwidth, gain, efficiency etc. Several studies were done by
the researchers regarding miniaturization of antennas, sub
wavelength cavities [3] and waveguides [4]-[7].
Complementary Split Ring Resonator (CSRR) structure is also
used for miniaturization of microstrip antennas [8]-[10].
In this paper, two microstrip patch antennas with single and
multiple Octagonal Complementary Split Ring Resonator
Structure (OCSRR) loaded on the ground plane was designed
and fabricated. Bandwidth enhancement is achieved with the
microstrip antenna having multiple OCSRR structure.
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a)Top view

b)Bottom view
Figure 1. Geometry of Single OCSRR structured microstrip
patch antenna
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Table 1. Parameters of single OCSRR patch antenna
Sl.No
1
2
3
4
5
6
7
8

Design Specifications
Parameters
Value(mm)
Substrate length
31
Substrate width
37.8
Patch length
16.5
Patch width
20
Wf
3.05
Wg
6.11
y0
4.61
Lf
12.16

a) Top view

b) Bottom view

Figure 4. Fabricated antenna with multiple OCSRR on
ground plane.

RESULTS AND DISCUSSION

This antenna is designed for a frequency band of 3.88GHz to
4.09GHz. The physical view of the proposed antenna is shown
in Fig.2

The measurements of both antennas were taken using Agilent
Network Analyzer E5071C and the radiation pattern of the two
fabricated antennas were measured in an anechoic chamber.
Table 2. depicts the simulation results of microstrip antenna
with single and multiple OCSRR on ground plane .
Table 2. Simulation results of Microstrip patch antenna with
single and mutiple OCSRR on ground plane
Sl.No

a) Top view

2

Design Specifications
Parameters
Value
Shape in ground
Single
Multiple
OCSRR
OCSRR
Frequency(GHz)
3.98
3.80

3
4
5

Returnloss(dB)
Directivity(dBi)
Bandwidth(MHz)

1

b) Bottom view

Figure 2. Fabricated antenna with single OCSRR
on ground plane
B. Microstrip Patch Antenna with Multiple OCSRR structure
on ground plane
The front geometry of the proposed microstrip patch antenna
with multiple OCSRR on the ground plane is similar to that of
previous structure as shown in Fig.1 and the back view of the
microstrip patch antenna is shown in Fig.3 The proposed
antenna is designed using FR4 substrate with thickness 3.2 ,
εr = 4.4 and loss tangent is 0.02. The ground plane of this
antenna consists of multiple OCSRR structures and all other
design specifications is similar to that previous structure as
illustrated in Table 1. This antenna is designed for a frequency
band of 3.66GHz to 3.93GHz. The physical view of the
proposed antenna is shown in Fig. 4

-28.33
6.08
210

-25.43
5.56
270

C. Return loss and Bandwidth
The simulated and measured results of
return loss
characteristics of microstrip patch antenna with single
OCSRR structure on ground plane is depicted in Fig.5 and
multiple OCSRR structure on ground plane is depicted in
Fig.6.

Figure 5. Simulated and measured return loss characteristics
of microstrip patch antenna with single OCSRR on
ground plane.

Figure 3. Simulated back view of multiple OCSRR antenna
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D. Directivity
Fig.8 & Fig.9 represents the simulation results of directivity of
microstrip patch antenna with single and multiple OCSRR on
ground plane respectively.

Figure 8. Simulated results of Directivity of microstrip patch
antenna with single OCSRR on ground plane
Figure 6. Simulated and measured return loss characteristics
of the proposed microstrip patch antenna with multiple
OCSRR on ground plane

The simulated results of the microstrip patch antenna without
DGS, with single OCSRR and multiple OCSRR on ground
plane is depicted in Fig. 7

Figure 9. Simulated results of Directivity of microstrip patch
antenna with multiple OCSRR on ground plane
E. Radiation pattern
Fig.10 & Fig.11 represents the measured radiation pattern of
microstrip patch antenna with single and multiple OCSRR on
ground plane respectively.

Figure 7. Simulated return loss characteristics of the antenna
without DGS, with single OCSRR and multiple OCSRR on
ground plane

From the simulated results as illustrated in Table 2., it is
observed that bandwidth of microstrip antenna with single
OCSRR on ground plane is 210MHz.The bandwidth is
improved to 270 MHz while using multiple OCSRR structure
on the ground plane. The percentage increase in bandwidth is
22.2%.
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CONCLUSION
Simulated bandwidth of microstrip patch antenna having
multiple OCSRR structure on ground plane is 270 MHz and
that of single OCSRR structured antenna is 210 MHz .The
measured bandwidth of microstrip patch antenna having
multiple OCSRR structure on ground plane is 232 MHz and
single OCSRR structured antenna is 220 MHz. Bandwidth
enhancement is achieved with microstrip patch antenna
having multiple OCSRR structure on ground plane. The
measured value of resonant frequency of the antenna with
single SRR on ground plane is 4.02 GHz and with multiple
SRR on ground plane is 3.94 GHz. A good agreement
between simulated and measured values is achieved.
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