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Abstract - In this study a conventional microstrip patch antenna and two rectangular microstrip patch antennas with square-
shaped split ring metamaterial unit cellsare designed for WIMAX applications. Antenna A is composed of a double 5X5 
square-shaped split ring metamaterial and antenna B is composed of a single 5X5 square-shaped split ring metamaterial.Both 
antennas are designed with the same specifications and are operated at frequency of 3.5GHz. The conventional microstrip 
antenna and antennas with square-shaped split ring metamaterial unit cells are designed using Getek - ML 200M substrate 
with dielectric constant 4.1.The designed metamaterial unit cells are etched on the ground plane of the proposed rectangular 
microstrip patch antennas. The proposed   rectangular patch antennas are compared with the conventional patch antenna, 
which shows that the proposed rectangular patch antennas achieves size reduction as well as bandwidth improvement. Hence 
the proposed antennas are well suited for WIMAX applications. 
 
Keywords - WIMAX, Microstrip Patch Antenna, Metamaterial, Square-Shaped Split Ring Unit cells 
 
I. INTRODUCTION 
 
The demand for WIMAX technology increases due to 
its significant characteristics of large bit rate with 
high speed and distance range in the field of 
telecommunications. Microstrip patch antenna isthe 
most suitable antenna for this technologybecause of 
their unique characteristics[1]-[2].Microstrip patch 
antenna areplanar, printed, light weight antennas 
which has played a very important role in various 
wireless applications.A lot of techniques has been 
used for microstrip antenna miniaturization, such as 
using dielectric substrates with high 
permittivity[3],The use of resistive or reactive 
loading [4].Microstrip antennacan be 
alsominiaturizedby increasing the electrical length of 
antenna in order to optimize its shape [ 5].Different 
shapes of slots and slitshave been used on patch 
antennas to reducetheir size.In this study a square-
shaped metamaterial unit cells are used to miniaturize 
the rectangular microstrip antenna.  
 
Metamaterials [6]-[7] are artificial materials 
engineered that have unique electromagnetic 
properties. These materials (metamaterials) are of 
great use in antenna design and microwave circuit, in 
which they increase the miniaturize factor of the 
antenna [8]-[9].They have also been used in substrate 
in order to increase the effective permeability, which 
leads to antenna size miniaturization [10]. One type 
of metamaterial used is the split ring resonator (SRR) 
which is one of the most commonly used element for 
metamaterial antenna miniaturization. SRR consists 
of two nested metallic rings with gap at opposite 
sides. When these split ring resonators are arranged 

inside a dielectric substrate, they improve the 
negative permeability and increase the polarization of 
the magnetic field. TheseSRRsact as artificial 
magnetic metamaterial with a high quality factor 
which is responsible for antenna miniaturization 
[6],[11]-[12]. 
In this work the goal is to miniaturizethe antenna and 
improve its bandwidth. A conventional microstrip 
patch antenna and two rectangular microstrip patch 
antennas with square-shaped split ring metamaterial 
unit cells are designed. Antenna A consists of a 
double 5X5 square-shaped split ring metamaterial and 
antenna B is composed with a single 5X5 square-
shaped split ring metamaterial. The designed 
metamaterial unit cells are etched on the ground 
plane.The simulation results show that the presence 
of square-shaped split ring metamaterial unit cells in 
the proposed microstrip patch antennas help to 
miniaturize the size of antenna and improve its 
bandwidth. 
 
II. ANTENNA DESIGN 
 
In this section, the design procedure of three antennas 
are presented.They are the conventional microstrip 
antenna and antennas with defected ground plane 
with square-shaped split ring metamaterial unit cells. 
 
1. Microstrip Antenna 
Three antennas were designed with rectangular- 
shaped microstrip patch antenna fed with 
transmission lines.Getek - ML 200M substrate with 
dielectric constant 4.1 was used as the substrate. The 
conventional microstrip antenna dimensions and 
specifications are shown in Figure 1andTable 1. 
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Figure 1:Design of microstrip antenna (a) top view and (b) side view 

 
TABLE 1:Specificationofmicrostrip antenna 

Specification magnitude unit 
Length of sub (L) 78.67 mm 
Width of sub (W) 62.97 mm 
Length of patch (Lp) 52.0 mm 
Width of patch (Wp) 40.40 mm 
Thickness of sub (h) 1.245 mm 
Thickness of ground ( t) 0.2 mm 
Thickness of patch ( t1) 0.05 mm 
Width of feed (wo) 3.99 mm 

 
B. Microstrip Antenna with Metamaterial unit cells 
The proposed microstrip antennas with metamaterial 
unit cells have the same specs as the conventional 
microstrip antenna. The square-shaped split ring 
metamaterial unit cells wereetched on the ground 
plane of the proposed antennas so that they can be 
actively coupled with the proposed antennas.Hence 
the presence of the unit cells tends to miniaturize the 
antenna size as compared with the conventional 
microstrip antenna.A parametricstudy was done by 
varying the unit cells of the metamaterial structure for 
size reduction and bandwidth improvement for 
WIMAX applications.Based on the simulation 
results, the single 5X5 square-shaped split ring 
metamaterial antenna got higher bandwidth of 
50MHz with patch size of 39.25mm x 35.25mm 
while the double 5X5 square-shaped split ring 
metamaterial antenna got bandwidth of 38MHz with 
patch size of 37.25mm x 35.25mm.The dimension of 
the square-shaped unit cell are shown inFigure 3 and 
Table 2 while the bottom view of theproposed 
antennas is shown in Figure 2. 

Figure 2: Bottom view of the proposed antenna 
 

TABLE 2:Dimension of a unit cell 
SLOT 
RING 
1 

UNIT(mm) SLOT 
RING 2 

 UNIT(mm) 

X1 6.00 X3 4.50 
X2 5.50 X4 4.00 
Y1 6.00 Y3 4.50 
Y2 5.50 Y4 4.00 
g1(gap) 0.5 g2(gap) 0.3 
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Figure 3: The square-shaped unit cell 

 
III. RESULTS AND DISCUSSION 
 
In this section, the performances of three antennas 
were observed using a full-wave program. Based on 
the simulation results, a clear performance 
comparison was obtained. As shown in Figure 4, the 
simulation results of S11 for all antennas are shown. 
The S11 of the conventional microstrip antenna is -

11.3dBwhile the proposed antennas with single 
square-shape split ring metamaterial is -37.5dB and 
the double square-shaped split ring metamaterial is -
21dB. It is observed that the presence of the unit 
cellson the ground plane improve the return loss 
hence reduce the amount of signal reflected back to 
the source. These results also show that the 
conventional antenna got bandwidth of 23MHz and 
patch area of 52mm x 40.40mm while the proposed 
antennas are able to shift down the resonance 
frequency as well as miniaturize the size with patch 
area of 39.25mm x 35.25mm for the single square-
shaped unit cells metamaterial antenna and 37.25mm 
x 35.25mm for thedouble square-shaped unit cells 
metamaterial antenna.The singlesquare-shaped unit 
cells metamaterial antenna got higher bandwidth of 
50MHz while the double square-shaped unit cells 
metamaterial antenna got bandwidth of 38MH 
Figure 4: Simulation results of return loss (S11) for 
both conventional and proposed antennas Based on 
the simulation results obtained, the directivity of the 
conventional antenna was 7.03dBi and VSWR of 1.7 
while the proposed antennas (double and single 
square-shapedmetamaterial unit cells antenna) are 
5.51dBi and 5.26dBi, 1.2 and 1.0 respectively.Hence 
the back and side lobes of the proposed antennas 
were rising hence reduced the directivity of the 
antennas.Comparison of thethree antennas are shown 
on table 3 and directivityis shown in Figure 5. 

 

 
Figure 5:Directivity of (a) Conventional antenna    (b) double and (c) single square unit cell metamaterial  antenna respectively

 
TABLE 3: Comparismbetweenconventional antenna and the proposed antennas(simulation result 

parameter Conventional antenna Double square-shaped 
unit cell metamaterial 
antenna 

single square-shaped 
unit cell metamaterial 
antenna 

Return Loss S11(dB) -11.3 -21 -37.5 
Bandwidth(MHz) 23 38 50 
Directivity (dBi) 7.03 5.51 5.26 
VSWR 1.7 1.2 1.0 
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CONCLUSION 
 
Based on the results obtained on table 3, the 
microstrip patch antennas withsquare-shaped 
metamaterial unit cells has an improved bandwidth 
and size reduction compared to the conventional 
microstrip patch antenna. These performances of the 
square-shaped split ring metamaterial unitcellsloaded 
antenna can be further improved with a revamped   
configuration. Hence these performances are well 
suited for WIMAX applications. 
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