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Abstract—In this paper, a novel meta-material embedded symmetric multi-slot antenna is presented. 
This paper investigates the profound variations of meta-material embedded microstrip antenna 
characteristics from the conventional microstrip antenna. Microstrip antennas used for MIMO 
application can be made up by embedding meta-material for good bandwidth requirements and good 
isolation characteristics. Slot loading method is used for getting multi band. Proposed antenna shows an 
electromagnetic resonant state at 7.7GHz, with a return loss of -39.99dB and good bandwidth. 
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I. Introduction 

Energy conservation in wireless communication is an important factor, which we want to take care in recent 
days of revolutionary usage of wireless devices. As per [4] One of the advanced physical layer technique MIMO 
have been proposed to address this issue, MIMO is an acronym that stands for Multiple Input Multiple Output, 
which employs multiple antennas at the transmitter and receiver side, it helps to create different channel to 
transmit and receive data. Along with energy conservation, demand for high data rate and channel bandwidth is 
always prominent area of concern, so this technology demands for antenna with wide bandwidth and good 
isolation characterisation. The main focus of this paper is on meta-material embedded symmetric multi-slot 
antenna, Meta-materials are artificially structured materials, whose electromagnetic properties can be tailored 
and tuned in ways not easily accomplished with conventional materials. Meta-materials are much smaller than 
the wavelength of the electromagnetic waves propagating through the material typically on the order of 1/10th 
the wavelength’s size.  

Embedding meta-materials in to microstrip antenna design gives a new dimension towards performance 
enhancement, versatile characteristics of meta-materials like negative permittivity and permeability rise up a lot 
of possibilities in microstrip antenna design. Specialty of Meta-materials is, they have a negative index of 
refraction, so it can bend RF wave’s more than normal antennas, which result in much smaller antennas. Slot 
loading method is employed in the above mentioned microstrip antenna because It is easy to construct and by 
only adjusting length, width, and position of the slot we can optimize the output and obtain satisfactory 
performance. In [5] authors design and implement a symmetric multi-slot antenna which provides multi-band 
and good isolation characteristics, Idea of making different current paths In [5] are employed to improve the 
performance of antenna in the proposed paper, for modelling the design we make the use of the software HFSS 
(High Frequency Structural Simulator). The software gives a convenient environment to model and optimize the 
designed antenna. 

II. Antenna Design 

Before designing  an antenna we need to fix three parameters, such as antenna height (h), permittivity of the 
substrate (Ɛr), and resonant frequency (fr). It is convenient to write a mat-lab program for rectangular patch to 
get various sensitive parameters. Antenna designed at [fr=3.4GHz, h=1.6mm, Ɛr=4.4] is given below. 
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• Effective length of the patch 

 

      
            (4) 

• Length of the patch 

   LLeffL Δ⋅−= 2        (5) 

• Dimension of ground and substrate 

         WhWg +⋅= )6(         (6) 

    LhLg +⋅= )6(        (7) 

III. rectangular  patch antenna design and simulation results 

 
Fig. 1. Rectangular patch antenna 

Rectangular patch antenna is a common micro-strip antenna. Here we use micro-strip line feed with quarter 
wave transformer to feed the micro-strip antenna. Return-loss plot of Fig. 1 antenna provides the extend of 
matching with transmission line and patch, from Fig. 2 we got -16.34dB return-loss at 3.4GHz with a bandwidth 
of 80MHz.  

 
Fig. 2. S11 parameter of rectangular patch antenna 
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Radiation pattern of an antenna gives the overall idea about the performance of an antenna, far field zone 
radiation pattern is the crucial parameter for an antenna, directive gain and efficiency of antenna is calculated 
from far field zone radiation pattern. Radiation pattern of rectangular patch antenna is given in Fig. 3, shows a 
gain total of 1.84dB. 

 
Fig. 3. Radiation pattern of rectangular patch antenna 

IV. meta-material embedded rectangular  patch antenna design and simulation results 

 
Fig 4. Meta-material embedded rectangular patch antenna 

The Fig. 4, shows the meta-material embedded  rectangular patch antenna, apart from conventional patch 
antenna in Fig. 1, I-shaped left-handed material is of size less than the wavelength of 1/10th wavelength of the 
antenna. I-shaped unit cell is periodically arranged in the substrate 1mm below from the patch just like as in [8]. 
Meta-material unit cell is given in Fig. 5. 

 
Fig. 5. Unit cell of meta-material used in patch antenna design 
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It resonates at three different frequencies 3.5, 7.3, 8.5GHz Return loss of corresponding frequencies are -24.2, 
-34.5, -24.6dB. It provide a good bandwidth at 7.3 and 8.5GHz, at 7.3 Bandwidth 3GHz= 39.7%, at 8.5 
bandwidth 3GHz=34.1%. The bandwidth is improved up to 37% compared with rectangular patch antenna.   
Fig. 6 shows the S11 parameter. 

 
Fig. 6. S11 parameter of Meta-material embedded rectangular patch antenna 

From the radiation pattern given in Fig. 7, meta-material embedded rectangular patch antenna gives an 
improved  gain of 2.53dB. 

 
Fig. 7. Radiation pattern of meta-material embedded rectangular patch antenna 

V. proposed  microstrip antenna design and simulation results 

 
Fig. 8. Optimized patch dimensions for proposed antenna 
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Fig. 8. shows the diagrammatic representation of meta-material embedded rectangular patch antenna. 
Modelled antenna is shown in Fig. 9; it is optimized by varying the slots size and position. Here feed is given in 
such a way that to provide maximum isolation when this antenna is used in MIMO array. It gives a good return-
loss plot compared with Fig. 6. 

 
Fig. 9. HFSS model of proposed antenna 

In case of proposed antenna, it can observe that the simulation result shows a multi-band, low return loss, and 
considerably good band width with a fair gain. Optimized patch dimensions are shown in Fig. 8.  Modeled 
antenna is shown in Fig. 9; the S11 parameter plot of Fig. 9 antenna gives the clear idea about the improved 
parameters, it shows 4-resonant frequencies  4.1, 5.1, 6.4 and 7.7GHz Return- loss of corresponding frequencies 
are -17.34, -17.04, -27.03, -39.99dB. 

 
Fig. 10. S11 parameter plot of proposed antenna 

Out of four, three resonant frequencies gives better bandwidth also, Bandwidth at 5.1GHz=39.2%, at 
6.4GHz=31.2% and at 7.7GHz=19.4%. Reasons for improved bandwidth are presence of quarter wave 
transformer and multiple current paths. Use of this antenna in MIMO array will improve the MIMO 
characteristics such as bandwidth and isolation. 

Embedding of meta-material would give an electromagnetic resonance state at 7.7GHz. And it gives a  gain 
of 4.35dB, radiation pattern of above mentioned antenna is given below in Fig. 11. 
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Fig. 11. Radiation pattern of proposed antenna 

Result 

Proposed antenna is designed using HFSS. Optimization is done by varying length, width and position of the 
slots. Embedding of Meta material gives a lower return loss in resonating frequencies with good gain of 4.35dB 
and considerably improved bandwidth of above 35%. It helps to enhance the performance when it used for 
MIMO applications. 

Conclusion 

From the Table.1 given below, we can easily analyze the enhancement of return loss characteristics, 
bandwidth and directivity gain.  Proposed design gives an improved return loss of -39.99 dB at 7.7 GHz, that is 
embedding of meta-material give an electromagnetic resonance state at 7.7GHz, proposed antenna shows an 
improved directive gain of 4.35dB, since the antenna shows a lower return loss with good gain, radiation energy 
coupling into free space is improved and it enhances the radiation energy emitted into free space. Their by 
enhance the efficiency of the antenna. 

TABLE.1 
Performance Comparison Among The Three Designed Antennas. 

 

Parameters of the 
Antenna 

Rectangular 
patch 
antenna 

Meta-material embedded 
Rectangular patch 
antenna 

Meta-material 
embedded slot loaded 
patch antenna 

(Proposed ) 
 

 
Resonating 
frequencies 

 
3.4 GHz 

 
3.5  GHz 
7.3  GHz 
8.5 GHz 

 
4.1 GHz 
5.1  GHz 
6.4  GHz 
7.7 GHz 

 
Corresponding 
bandwidth 

 
80 MHz = 
2% 

 

 
100MHz=05.7% 
3GHz=39.7% 
3GHz=34.1% 

 
200MHz=04.8% 
2GHz=39.2% 
2GHz=31.2% 
1.5GHz=19.4% 
 

 
Corresponding 

Return-loss 

 
-16.34 dB 

 

 
-25.2  dB 
-34.5  dB 
-24.6 dB 

 

 
-17.34  dB 
-17.04  dB 
-27.03  dB 
-39.99  dB 

 
 

Gain Of The 
Antenna 

 

 
1.84 dB 

 
2.53 dB 

 
4.35 dB 
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