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Abstract 

The Metamaterial Superstrate Antenna plays a major role for 

improving the gain of the antenna. The main objective of this 

work is to enhance the gain and directivity of the 

Metamaterial Microstrip Patch Antenna used for Wireless 

Point to Point Communication applications like Dedicated 

Short Range Communications (DSRC). The operating 

frequency range of DSRC is 5.85-5.925 GHz. The proposed 

antenna uses Roger RT Duroid 5880 Substrate and FR4 

Metamaterial Superstrate. In order to improve the gain and 

directivity of the antenna, the Metamaterial is used  as 

Superstrate along with array of patches. In this paper, the 

Metamaterial Superstrate Antenna is designed with eight 

different structures and its performances are analysed. This 

antenna obtained the maximum gain and directivity of 9.4 dB 

and 9.55 dB in double layer metamaterial superstrate antenna 

with modified slot size in uniform structure at the operating 

frequency of 5.9 GHz with the return loss of -16.41 dB and 

hence the proposed antenna is suitable for DSRC applications. 

All the simulations are done by using Ansys HFSS Software. 

Keywords: Metamaterial, Superstrate, DSRC, Genetic 

Algorithm, Gain Enhancement  

 

INTRODUCTION 

The metamaterials derive their properties from the structure 

itself. It can produce unusual properties like negative 

permittivity and negative permeability. The metamaterial 

antennas are used to increase the performance of electrically 

small antenna system. Metamaterial can have their 

electromagnetic properties altered to something beyond that 

can be found in nature.  The Dedicated Short Range 

Communication is a wireless communication technology used 

in Intelligent Transportation System (ITS) to communicate 

with other automobiles or infrastructures like buildings. 

DSRC technology operates on 5.9 GHz band of the frequency 

spectrum. The regular hexagon shaped microstrip patch 

antenna with an etching of V-Shaped slots of different sizes 

were designed by Hao et.al [1] . This antenna can be easily 

placed on the roof of a vehicle because of its miniaturized size 

and shorting pins. But the current distribution of such 

antennas are differing from the conventional antennas. 

Similarly an array of metamaterial substrate antenna was 

designed by Mookiah and Dandekar [2]. Also miniaturization 

of the antenna was obtained by using high relative permittivity 

or high relative permeability. But this smaller antenna has a 

reduction of gain in the elevation ground plane and dielectric 

loss is more. Similarly for size reduction, the monopole 

multiband metamaterial  antenna with complementary split 

ring resonator and varicap diode was designed by Ridha 

Salhi.et.al [3] mainly used to reduce losses and limited 

bandwidth for wireless communication application. But the 

gain is nearer to 3.8 dB at 8.5 GHz. Likewise the miniaturized 

five band metamaterial inspired antenna was discussed by 

Tanweer Ali.et.al [4] consists of rectangular CSRR, two L-

shaped and one T-shaped slot in the ground plane. To increase 

the operating ability of the antenna, slots are etched in the 

ground plane but the gain is lesser. Similarly  the 

complementary split ring resonator placed horizontally 

between patch and ground plane for the miniaturization 

purpose of patch antenna structure with one sixteeth reduction 

in patch area was designed by Raoul.et.al [5]. Though size 

miniaturization is achieved, bandwidth and radiation 

efficiency is reduced eventually. In Jingjing.et.al [6] paper, if 

the operating frequency is equal to the plasma frequency of 

epsilon near zero metamaterial layer, then the antenna exhibits 

high performance but the bandwidth and directivity is very 

low. In order to achieve high radiation efficiency, the ϕ-

Shaped single layer symmetrical metamaterial superstrate was 

designed by Saravanan.et.al [7]. The achieved gain is 7.94 dB 

at 2.4 GHz which is used for modern wireless communication. 

But it exhibits only the narrowband. Some wideband antennas 

are also designed using metamaterial structure. 

To achieve wideband characteristics of the antenna with gain 

enhancement,  Fabry Perot resonator  antenna was designed 

by Yuejun.et.al  [8] by using Chessboard Arranged 

Metamaterial Superatrate antenna (CAMS). The upper surface 

of the CAMS is designed to reduce the radar cross section 

based on the phase cancellation principle and bottom surface 

is used to enhance the gain based on the Fabry Perot resonator 

cavity theory. Eventhough  the bandwidth is narrow, the 

radiation efficiency is 57.4%. Similarly the flat double layer 

metasurface lens with size modified unit cell operating at a 

frequency of 5.9 GHz is used to improve the bandwidth and 

radiation properties by Akram.et.al [9]. This double metalens 

enhance the antenna gain to 8.9 dB. But the bandwidth is 

narrow. Likewise an array of 8 x 8 set of unit cells are 

embedded over the patch antenna to enhance the gain and 

bandwidth with a coaxial probe fed circular patch antenna was 

designed by Habib.et.al [10]. But the directivity is less. 

Similarly to achieve the miniaturized multimode antenna with 

CPW-fed  patch with reactive slots  was designed by Wen-

Chung Liu.et.al [11] for WLAN and WAVE application. This 

antenna achieves wideband with compact size of 23 x 25 mm 

but the gain is less. Likewise the microstrip patch antenna and 
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filtenna was designed by Shivesh.et.al [12] for GPS and 

Intelligent Transportation System (ITS) application with wide 

bandwidth but gain is less. To improve the gain, the 

miniaturized monopole antenna is loaded by zeroth-order 

resonator and CSRR unit was discussed by Aidin.et.al [13] for 

vehicular application. This can be tuned by varying the 

geometrical parameters of the metamaterial structure but the 

radiation efficiency is less.  

To overcome all these shortcomings, metamaterial superstrate 

antenna with array of patch antenna is proposed in this paper 

for gain enhancement. The size miniaturization is achieved by 

using metamaterial superstrate with I- shaped slots in both the 

layer. This paper is organized as follows: In section 2, antenna 

geometry is analyzed. Design procedure is explained in 

section 3. Results and discussion of the proposed antenna is 

given in 4. Finally the conclusion is given in section 5. All the 

simulations have been done in Ansys HFSS. 

 

2. ANTENNA GEOMETRY 

In  this  paper,  the  metamaterial  superstrate  antenna  is  

designed  with  a  dimension  of  55 x 30.735 x 1.6𝑚𝑚3 with 

the dielectric constant of the material is about 2.2 at an 

operating frequency of 5.9 GHz. The substrate used   for 

designing the antenna is Roger RT/Duroid 5880. Figure 1 

shows the design of single microstrip patch antenna and 

Figure 2 shows the S-Parameter result of single patch antenna. 

The flat metasurface is placed over the patch antenna at a 

height of 12 mm from the substrate. The metasurface uses 

FR4 with a thickness of 1.6 mm . The slots are made on the 

top of the metamaterial and its performance is analysed. Then 

the slots are made in double layer on the metamaterial 

superstrate antenna. This double layer metasurface enhance 

the antenna gain and directivity that is mainly used for DSRC 

application. Further enhancement in the gain will be done by 

increasing the size of the antenna with array of patches. 

 

Figure 1.   Schematic of Single Microstrip Patch Antenna. 

 

Figure 2. S – Parameter Graph of the Single Patch  Antenna 

 

3. DESIGN PROCEDURE 

The dimension of a single patch antenna is 34.67 x 30.73 x 1.6 

𝑚𝑚3 . Initially the ground plane is placed below the substrate. 

The dimensions of the ground plane is same as that of the 

substrate. Then a single patch antenna is placed above the 

substrate. This will resonant at a frequency of 5.9 GHz with a 

minimum reflection coefficient of -7 dB. In order to minimize 

the reflection coefficient, the partial ground plane is used with 

the length of 27.278 mm. Then the reflection coefficient is 

achieved to -12.5514 dB.The obtained gain and directivity is 

3.93 dB and 4.36 dB. The dimension of the antenna is 

increased to 55 x 30.735 x 1.6 𝑚𝑚3. The array of microstrip 

patch antenna is placed above the substrate.  

 
Figure 3. Design of Proposed Array of  Microstrip  of Patch 

Antenna 

 

 

Figure 4. S-Parameter Result of Array  Patch Antenna 
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Figure 3 shows the design of array of microstrip patch antenna 

and Figure 4 shows the S-Parameter graph of array of patch 

antenna. The metamaterial is introduced as a superstrate above 

the substrate with the height of 12 mm from the substrate for 

miniaturization purpose using FR4. This is operated at a 

resonant frequency of 5.9 GHz. The physical dimensions of 

the array of patch antenna is shown in Table 1. 

Table 1. Dimensions of Proposed Array of Microstrip Patch 

Antenna 

Physical Parameters of Proposed Array of 

Patch Antenna                          

Dimension 

(mm) 

     Ws                                                                         55 

     Ls                                                             30.735 

     Lg                     27.278 

     Lp                   8.8 

     Lf                                                                           3.08 

     Wp               5 

 

  

Figure 5(a): Same Slot Size in 

Single Layer  with Uniform 

Structure 

Figure 5(b): Same Slot Size in 

Single Layer with Non-uniform   

Structure 

 

  

Figure 6(a): Different Slot Size 

in Single Layer with Uniform 

Structure 

Figure 6(b): Different Slot 

Size in Single Layer with  

Non-uniform Structure 

 

Figure 5 (a) and 5 (b) shows, I-shaped slots are made on the 

metamaterial superstrate in single layer with same slot size in 

the uniform structure and non uniform structure and Figure 6 

(a) and 6 (b) shows the I-shaped slots are made on the 

metamaterial superstrate in single layer with modified slot 

size in the uniform structure and non uniform structure. The 3 

x 8 I-shaped unit cell which is printed on the single layer of 

the metamaterial with same and different sized unit cell for 

both uniform and non-uniform structure and its antenna 

parameters are calculated. Similar to the single layer 

metasurface, the same 3x8 I-shaped unit cell are printed on 

both the top and bottom layer of the metamaterial superstrate 

antenna.  

  

Figure 7(a): Same Slot Size in 

Double Layer   with Uniform 

Structure 

Figure 7(b): Same Slot Size in 

Double Layer   with Non-uniform 

Structure 

 

 
 

Figure 8(a): Same Slot Size in 

Double Layer   with Uniform 

Structure 

Figure 8(b): Same Slot Size in 

Double Layer   with Non-uniform 

Structure 

 

Figure 7 (a) and 7 (b) shows, I-shaped slots are made on the 

metamaterial superstrate in double layer with same slot size in 

the uniform structure and non uniform structure and Figure 8 

(a) and 8 (b) shows the I-shaped slots are made on the 

metamaterial superstrate in double layer with modified slot 

size in the uniform structure and non uniform structure.The 

double layer metamaterial superstrate antenna is designed for 

same as well as different sized slots in both the uniform and 

non-uniform structure. The antenna parameters for double 

layer metasurface is calculated and compared with the single 

layer metasurface. The schematic of the proposed 

metamaterial antenna is shown in Figure 9 and its S-Parameter 

result is shown in Figure 10. 

 

Figure 9. Proposed Metamaterial Superstrate Antenna with 

Modified Slot Size in Uniform Structure 
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Figure 10. S – Parameter Graph for Proposed Antenna 

 

In this paper, four different sizes of unit cell are used, they are 
𝑑1=4 mm, 𝑑2=5 mm, 𝑑3=6 mm  and  𝑑4=7 mm. The 

minimum gap between two unit cell are 1mm for uniform 

structure. The S-Parameter can be written as follows: 

𝑉1 = 𝑆21 + 𝑆11                                                            (1) 

𝑉2 = 𝑆21 − 𝑆11                                                            (2) 

ε =
2

𝑗𝑑𝑘0

1−𝑉1

1+𝑉1
                                                             (3) 

   μ =
2

𝑗𝑑𝑘0

1−𝑉2

1+𝑉2
                                                          (4) 

where d is the thickness of the substrate, 𝑘0 is the propagation 

constant. 

4. RESULT AND DISCUSSION 

All the simulations are done by using Ansys HFSS software. 

The obtained VSWR for different slot size in both the layer 

for uniform structure is 1.21 at the resonant frequency of 5.9 

GHz. From the comparison Table 2, the double layer 

metamaterial superstrate antenna with different size of unit 

cell in uniform structure has achieved high gain and 

directivity compared to other design. The current distribution 

of the double layer slots of different size with uniform 

structure is shown in Figure 11. The simulated result shows 

the resonance at 5.9 GHz which lies in the range of 5.85-5.925 

GHz with a bandwidth of 0.2 GHz which is suited for DSRC 

applications. Figure 12 (a) & 12 (b) shows the radiation 

pattern at 5.9 GHz for the proposed antenna. The H-plane 

exhibits bidirectional radiation pattern and E-plane exhibits 

shaped radiation pattern at 5.9 GHz. This antenna will radiate 

the power effectively in a particular direction. The single layer 

metamaterial enhance the gain by 4.62 dB and directivity by 

4.86 dB. The proposed double layer metamaterial superstrate 

antenna enhance the gain by 5.47 dB and directivity by 4.922 

dB with the resonant frequency of 5.9 GHz. The proposed 

antenna is compared with the existing work and listed in 

Table 3. 

 

 

 

Table 2. Result of the Proposed Antenna 

Calculated Parameters of the Proposed Antenna Resonant 

Frequency 

(GHz) 

Return loss 

(dB) 

Gain 

(dB) 

Directivity 

(dB) 

Efficiency 

(%) 

Bandwidth 

(GHz) 

Single layer same slot size with uniform structure 5.9 -12.99 8.48 9.43 80.4 0.18 

Single layer different slot size with uniform 

structure 

5.9 -12.52 8.44 9.39 80.3 0.18 

Double layer same slot size with uniform structure 5.82 -13.68 8.43 9.31 78.6 0.19 

Double layer different slot size with uniform 

structure 

5.9 -16.41 9.4 9.55 81.6 0.2 

Single layer same slot size with non-uniform 

structure 

6 -13.08 8.5 9.47 80.1 0.17 

Single layer different slot size with non-uniform 

structure 

6 -13.03 8.55 9.49 80.5 0.18 

Double layer same slot size with non-uniform 

structure 

5.9 -12.90 8.37 9.31 81.8 0.2 

Double layer different slot size with non-uniform 

structure 

 

5.9 -13.15 8.2 9.32 80.6 0.19 
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Table 3. Comparison of the proposed work with existing method 

References Frequency (GHz) Gain (dB) 

Design of hexagon microstrip antenna for vehicle-to-vehicle communication. [1]      5.9    6.7 

A miniaturized metamaterial slot antenna for wireless applications. [6]      5.89     2.81 

A near zero refractive index metalens to focus electromagnetic waves with phase compensation 

metasurface. [9] 

     5.85-5.925     8.9 

Proposed method      5.85-5.925     9.4 

 

The majority of calculation for antenna impedance, resistance, 

radiation pattern etc are based on the antenna current 

distribution curve. The current distribution produce the 

radiation. Usually this current distribution are excited by 

transmission line or waveguide. In most of the region in the 

patch shows the strong current distribution especially in the 

edges and center. So the overall current distribution is strong 

for the proposed antenna. . The obtained value of relative 

permeability is -0.17 and relative permittivity is -0.06.The 

current distribution produce the radiation. There is one main 

lobe that is radiated out from the front of the antenna with 

some back lobes in the E-Plane , the strongest of which 

happens to be at the first upper side lobe. In the H-Plane, 

bidirectional radiation pattern is obtained with one main lobe 

which has fairly wide beamwidth. 

 

5. CONCLUSION 

The metamaterial superstrate antenna based array of 

microstrip patch was designed. The gain and directivity of the 

proposed antenna was enhanced using array of patch antenna 

which is mainly used for wireless point to point 

communication applications like Dedicated Short Range 

Communication (DSRC) application. The operating frequency 

of DSRC is 5.85-5.925 GHz. The proposed antenna uses 

Roger RT/ duroid 5880 substrate and metamaterial uses FR4 

superstrate with the thickness of 1.6mm. This antenna 

obtained the radiation efficiency of 81.6%. The enhanced gain 

and directivity of the proposed antenna was 9.40 dB and 9.552 

dB. 
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