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Abstract 
In this paper a dual band antenna operating in S band and C band is 
designed and developed with the help of metamaterial planar structure. 
Incorporating metamaterials in the conventional microstrip patch 
antenna improves the performance and reduce the size of the antenna. 
The proposed antenna has the dimension of 21.7mm X 20.4mm which 
is designed on FR4 substrate with microstrip line feeding. Further, the 
performance of the antenna is analyzed by varying substrate thickness. 
From the analysis, it is noticed that the proposed antenna has better 
performance when the substrate thickness is 1.6mm. It resonates at 
2.7GHz, 7.5GHz with the return loss of -17.27dB, -29.63dB, 
respectively. It can be used for space communication (2.025GHz–
2.110GHz) and for RADAR applications. 
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1. INTRODUCTION

In the recent years, the development in communication 
systems requires the development of low cost, minimal weight, 
low profile antennas that are capable of maintaining high 
performance over a wide spectrum of frequencies. The future 
development of the personal communication devices will aim to 
provide image, speech and data communications at any time, and 
anywhere around the world. 

Nowadays microwave components with high performance and 
small size are needed for modern communication systems, so 
compact antennas such as printed antennas are required [1-3]. 
Hence researchers are showing interest in designing low profile 
antennas with multiple operating frequencies. It is a well-known 
factthat printed microstrip antennas present really appealing 
physical features [4]. Microstrip antennas are becoming very 
widespread within the mobile phone market. The printed antenna 
such as microstrip patch antenna has advantages of low profile, 
low cost, good radiator, easy integration with microwave 
integrated circuits and support linear and circular polarization. 
Microstrip antennas are used in aviation, space communication, 
satellite, missile and various government and commercial 
applications, because of their small size, weight, cost, 
performance and ease of installation [2-3]. However, the main 
drawbacks of such antennas are narrow bandwidth and low gain 
hence it could not accommodate with all those systems [5].  

A direct technique to widen the bandwidth can be done by 
achieving a good impedance matching between the feeding line 
and the radiating element [6]. Another technique is adding 
parasitic elements and cutting slots on the patch. However, the 
aforementioned techniques could not provide better performance. 
Hence, a new attempt is made to design patch antenna on 
metamaterial surface in order to enhance the performance of an 
antenna for real time on-demand applications. 

Metamaterial is an artificial material which has negative 
dielectric constant. These materials are periodic in which is not 
obtained from nature. The Metamaterial or Left Handed Material 
(LHM) is a combination of thin wires and Split Ring Resonators 
(SRR).Many new structures have been proposed for LHM such 
as Omega shape, spiral multi-split, fishnet and S-shape which 
exhibits the properties of a LHM [7-10]. In metamaterials, the 
values of permittivity (µ), permeability (ξ) or both of them are 
negative [11-14]. For double-negative metamaterials (DNMs), 
there is an enhanced electromagnetic radiation compared to the 
existing slow wave structures [15-16]. Antenna designs 
incorporating metamaterials can step-up the antenna's radiated 
power. The wider bandwidth antenna can be designed by using 
artificial engineered material called metamaterial in the antenna 
substrate. By means of this material antenna miniaturization, 
bandwidth enhancement can be achieved. The negative refractive 
index of this material supports backward waves [17-18]. 
Knowing the phases and amplitudes of the waves transmitted and 
reflected from the slab, we can retrieve values for the complex 
refractive index, n and wave impedance, z [19]. Waves in general 
DNG media focus in a paraxial sense along the propagation axis 
[20]. 

Many researchers are aiming to design a multiband antenna 
with preferable performance. The bandwidth and gain of the 
antenna are closely related to the structure and size of the 
antenna. Reducing the size of the antenna will reduce the 
efficiency and bandwidth of the antenna. 

Generally, in conventional microstrip patch antenna design, 
the relative permittivity (ξr) and height of the dielectric substrate 
plays a major role. The height of the substrate should be much 
smaller than the operating wavelength. Also the relative 
permittivity (ξr) should be small in order to produce more 
fringing effect. Based on the dielectric constant and thickness of 
the substrate, the dimensions (Length and Width) of the radiating 
patch can be calculated. Length of the patch determines the 
resonating frequency of the antenna. 

In this paper, rectangular patch antenna with a slot of 1×5mm 
is proposed, designed and developed on the metamaterial 
substrate with the operating frequency of 2.8GHz and 7.5GHz. 
The functional parameters such as resonant frequency, VSWR, 
return loss, radiation pattern and gain are analyzed through 
simulation. Further, the variation in operating frequency and 
return loss while varying the substrate thickness are analyzed. 

The paper is organized as follows. In section 2, the related 
work is discussed. In section 3, the metamaterial structure and 
design of CSRR are discussed. In section 4, the design of 
microstrip patch antenna on metamaterial substrate is discussed. 
The results are presented in section 5 and their features are 
analyzed and discussed. The conclusion is made in the section 6. 
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2. RELATED WORK

Richard W. Ziolkowski at al. explained that the double 
negative materials are having negative relative permittivity and 
negative permeability over the operating frequency range of 
antenna. They provided the method of extracting effective 
permittivity and permeability from reflection and transmission 
coefficients [20]. 

Smith et al. proposed a new method called as standard retrieval 
method to validate the dielectric parameters of the metamaterial 
structures. They analyzed the method for both symmetric and non-
symmetric structures. From the results it seems that the theoretical 
results are having good agreement simulated results [19]. 

Wu at al. proposed split ring resonator to enhance the 
bandwidth. They investigated different shapes such as 1-D, 2-D, 
omega and S structures at operating frequency of 14.5GHz. 1-D 
unit cell produced a bandwidth of 12-12.3GHz, 2-D unit cell 
produced a bandwidth of 16.1-18GHz, omega structure produced 
a bandwidth of 13.7-14.1GHz and 15.6-17.2GHz and S structures 
produced a bandwidth of 10.7-10.8GHz. From this analysis the 2-
D unit cell resonated with wider bandwidth of 1.9GHz [9]. 

Alici et al. proposed fishnet metameterial structure operating 
at 100GHz with dimensions of 2mm×2mm on a dielectric 
substrate Rogers RT/Duroid (5880). By using standard retrieval 
method the double negative properties were analyzed. It seems 
that the simulation and experimental results are in good agreement 
[11]. 

A modified square rectangular split ring resonator with a 
capacitive loaded strip for the performance improvement is 
discussed by Majid et al. They achieved a bandwidth of 4.98% 
with a gain of 4dB [8]. 

Duan et al. proposed a new double negative material 
composed of square split ring resonator with two strip lines. The 
proposed antenna was designed on Teflon with a dimension of 
2.2mm for THz communication [16]. 

Han Xiong et al. proposed an improved metamaterial 
rectangular patch antenna operating at 13.5GHz for UWB 
application. The antenna was designed in F4BM-2 substrate and 
it’s produced broad bandwidth of 11.77 with an average gain of 
5.42dB. From the results it seems that the proposed antenna has 
wider bandwidth with the dimension of 27.6×31.8mm2. [5]. 

So while increasing the performance of the antenna 
miniaturization is the major fact. In this paper the proposed 
circular shape split ring resonator is designed on FR4 material 
with antenna size of 21.7×20.4mm2 with improved gain. Antenna 
miniaturization is achieved. The proposed antenna resonates at 
3.27GHz produces a bandwidth about 6.8GHz and average gain 
5.82dB. 

3. METAMATERIAL STRUCTURE

The unit cell is the basic of the periodic structure. One of the 
famous metamaterial structures is CSRR. It is composed of two 
concentric metallic ring slots with slits etched in each ring at its 
opposite sides [19]. In SRR external magnetic field penetrates 
through the rings and currents are induced. The gap between the 
rings prevents flow of current around the rings which 
considerably increase the resonance frequency of the structure. 

With adjustment of the size and geometric parameters of the 
CSRR, the resonant frequency can be easily tuned to the desired 
value [20]. 

The Fig.1 shows the complementary split ring resonator, 
which consist of two concentric rings of copper with thickness 
2mm patterned on FR4 substrate of dielectric constant = 4.4. The 
other structural parameters of proposed split ring resonator are 
listed in Table.1. 

Fig.1. Schematic representation of Complimentary Split Ring 
Resonator 

Table.1. Structural parameters of SSR 

Dimensions of SSR Values (mm) 

Width of ring 2 

Radius of outer ring 5 

Gap between inner and outer ring 1 

Side of the ring 14 

Fig.2. Values of Permittivity and Permeability 

The Fig.2 shows that the impact of permittivity/permeability 
while varying the frequency. It seems that the proposed SRR 
accord negative permittivity/permeability which is essential to 
ensure the desirable performance. The equations used in direct 
retrieval method to find the dielectric constant of the proposed 
unit cell is given as, 
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The proposed circular geometry metamaterial is incorporated 
on the ground plane. The C shaped complementary split ring 
resonator produces negative permittivity and negative 
permeability simultaneously. 

4. DESIGN AND ANALYSIS OF 
CONVENTIONAL PATCH ANTENNA 

4.1 DESIGN SPECIFICATION 

• Operating frequency: The operating frequency of the 
proposed antenna is 3.27GHz. 

• Dielectric constant of the substrate: FR4 material is selected 
as a substrate which has dielectric constant of 4.4. 

• Height of the substrate: The height of the substrate is 
selected as 1.6mm. 

The conventional microstrip antenna parameters are 
calculated as follows: 
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Length of patch - 21.7mm 
Width of patch  - 20.4mm 
Length of Substrate - 45.0mm 
Width of Substrate - 26.0mm 

A proposed microstrip antenna has a size of 21.7×20.4mm2 

with a slot opening of 1×5mm2 is designed on a Flame Retardant 
4 (FR-4) substrate has size of 45×26×1.6mm3, relative  
permittivity of 4.4 and loss tangent of 0.02. 

The proposed antenna has microstrip line feeding with 12mm 
length. The Fig.3 shows the front and bottom view of the proposed 
antenna. The CSRR structure is introduced on the ground plane. 

 
(a) 

 
(b) 

Fig.3. Proposed antenna (a) Front view (b) Bottom view 

5. RESULTS AND DISCUSSION 

The proposed antenna is studied and simulated by HFSS 
software which is Finite Element Method based simulation 
software. From the simulation results it is observed that the 
proposed antenna resonates at two frequencies and it produces 
better return loss at the resonant frequencies. The Fig.4 shows that 
the return loss of -17.27dB and -29.63dB is arrived at 2.7GHz and 
7.5GHz, respectively. It seems that with the help of metamaterial 
structure on ground and a patch with slot produces dual operating 
bands. The Fig.5 shows that VSWR of the antenna at 2.7GHz and 
7.5GHz is closer to unity which dictates the perfect impedance 
matching and maximum radiation. The values of return loss and 
VSWR at resonant frequency are listed in Table.2. 

Also the proposed antenna has a wider bandwidth over a 
frequency range of 2.2GHz-9GHz which represents 6.8GHz 
bandwidth. So this patch is suitable for S band (2GHz-4GHz) and 
C band (4GHz-8GHz) applications. 

21.7mm 
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The simulated far field radiation pattern in E plane with phi=0 
of the proposed antenna at 2.7GHz and 7.5GHz are shown in 
Fig.6(a) and Fig.6(b), respectively. It seems that the antenna has 
high gain at 7.5GHz as 6.20dB. Also, it shows that the antenna 
produces stable radiation and average gain of 5.82 dB. 

 
Fig.4. Return loss of proposed antenna 

 
Fig.5. VSWR of proposed antenna 

Table.2. Simulation results  

Frequency (GHz) Return Loss (dB) VSWR 

2.7 -17.27 1.31 

7.5 -29.63 1.06 

The proposed antenna is fabricated on FR-4 dielectric substrate 
with the thickness of 1.6mm. Front and bottom view of the 
fabricated antenna is shown in Fig.7(a) and Fig.7(b), respectively. 
The fabricated antenna is fed through the SMA connector. The 
Fig.8 shows the values of measured and simulated return loss. It 
seems that the fabricated antenna also has dual resonating 
frequencies, and it has a good agreement with the simulated results. 
From the measured results, it is observed that that fabricated 
antenna has low return loss as -27.8dB and -21.03dB at a frequency 
of 2.8GHz and 7.5GHz, respectively. The value of return loss and 
resonant frequency of simulated and fabricated antenna is listed in 
Table.3. 

 
(a) 

 
(b) 

Fig.6. Radiation Pattern of proposed antenna at (a) 2.7GHz and 
(b) 7.5GHz 

  
(a) (b) 

Fig.7. Fabricated antenna (a) Front View (b) Bottom View 

The fabricated antenna has -10dB and below -10dB of return 
loss ranging from 2.2GHz-9GHz which represents 6.8GHz of 
bandwidth. From Table.3, it is noticed that there is a minor change 
in performance parameters owing to SMA connector. 
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Fig.8. Return loss of fabricated antenna 

Table.3. Comparison of simulated results and fabricated results 

Simulated results Fabricated results 

Frequency 
(GHz) 

Return 
Loss 
( dB) 

VSWR Frequency 
(GHz) 

Return 
Loss 
(dB) 

VSWR 

2.7 -17.27 1.31 2.8 -21.03 1.41 

7.5 -29.63 1.06 7.5 -27.8 1.04 

The variation in resonant frequency and return loss while 
varying substrate thickness is listed in Table.4. The Fig.9 shows 
the variation on operating frequency and return loss while 
varying the thickness of the substrate as 0.8mm, 1.6mm and 
3.2mm. It indicates that substrate with thickness of 1.6mm is 
having dual resonant frequencies and minimum return loss of         
-17.27 and -29.63dB at 2.7GHz and 7.5 GHz, respectively.  

Table.4. Variation in operating frequency, return loss and 
VSWR proposed antenna with different substrate thickness 

Substrate 
Thickness 

(mm) 

Operating 
Frequency  

(GHz) 

Return 
Loss 
(dB) 

VSWR 

0.8 7.5 -24.56 1.65 

1.6 2.7 -17.27 1.31 

 7.5 -29.63 1.08 

3.2 4.9 -22.32 1.75 

6. CONCLUSION 

A compact dual band antenna has the dimension of 
45×26×1.6mm3 which operates in S band (2GHz-4GHz) and C 
band (4GHz-8GHz) is proposed, designed and developed with the 
help of metamaterial planar structure on the ground. It has double 
resonant frequency at 2.8GHz and 7.5GHz with the return loss of 
-21.03 and -27.8, respectively.  It allows a wider bandwidth of 
about 6.8GHz and average gain of 5.82dB. The proposed antenna 
could be incorporated for S band and C band applications. 

 
Fig.9. Return loss of proposed antenna with different substrate 

thickness 
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