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Fractal structures have the property of self-similarity and ease of repetitiveness; they remain 

less used in planar patterned metamaterial structures. A fractal antenna is design based on the 

metamaterial for multiband applications. The Fractal Antenna design is consist a metamaterial 

layer with FR4 substrate with        .The square shapes with slot are used as metamaterial 

in substrates. The fractal antenna is designed on the repetition of shape with reduction of the 

length. 
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I. INTRODUCTION 

The technology of ultra-wide band is very old , but in wireless communication system. The technology has high data rate & 

avoiding more spectrum scarcity. The main application of such technology in traffic regulation, ground penetrating and mine 

detection . [1] To design an antenna, different feeding and coupling methods are used. These techniques provide higher bandwidth 

but unfortunately gain is to be degraded. In such situations, new types of material are used known as metamaterial. These are 

artificial material which shows negative permittivity & negative permeability.[2]   

Enhancing the gain is done by left handed material, also known as negative refractive index material. Metamaterial property can 

be obtain in two way , one is split ring resonator and another one is metal wires. 

Now, these materials provides lossy and narrow band. For wide band operations fractal antennas are used [3] . 

Fractal antenna is designed with the help of LC circuits. So, operating frequency of antenna is tuned using L and C parameters. 

So, fractal antenna is used for two purposes, multiband operation and wideband according to requirement. Fractal shape antennas 

have some unique characteristics i.e have various geometry and properties of fractals. These are define by structures whose 

dimension is not a whole numbers. Fractals antenna have unique geometry whose features occurring in whole numbers. These 

antennas can be used to describe branches of tree leaves and plants and rough terrain [5]. 

Metamaterials are design in accordance to electromagnetic properties. In electromagnetic, different metamaterial is used to design 

the fractal antenna in applied electric field. For EM characteristics of wave, permittivity and permeability are sufficient descriptor 

and predictor. These are defining by Maxwell equation[4]. The Maxwell equation is given as 

      
  

  
 

       
  

  
 

       

       

 

The main challenging task of antenna is to achieve minimum return loss & maximum gain. This problem can be solved using 

metamaterial & fractal antenna in integrated form.  

The rest of paper is design as follows. The related work of fractal antenna & metamaterial is described in section II. Frame work 

of overall paper is describe in section III. Simulation results & analysis is described section IV. The overall conclusion of review 

describe in section VI. 
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II. Literature Survey 

BikashRanjanet.al in 2016 has tried to showcase out the impact of various substrates on Metamaterial Antenna for various 

dimensions with differ in applications irrespective of the use of same applications. FR-4, Rogers RO 3003 and Rogers RT 

Duroid5870 was used to design the antenna. The T shaped antenna is used. The designed antenna was give return loss is   -47.3db 

and gain was 7.05 db. The bandwidth was achieved up to 26.2 MHz[1]. 

G.K Pandeyet.al in 2014propose a new metamaterial based antenna with    = 4.4. The antenna had pi shape slots on the radiating 

patch & cross shaped patch on the ground. The overall antenna result was -38.5 db for getting scattering loss. The antenna was 

used for ultra-wide band operations. The bandwidth was achieved up to 3.7 GHz [2]. 

BalamatiChoudhuryet.al in 2013designed a SRR metamaterial based antenna. Practical swarm optimization is used to analysis the 

results The return loss, directivity and bandwidth of antenna were -31.52 db , 7.79 dbi and 340 MHz respectively [3]. 

R.-B. Hwang et.al in 2009proposed a splitter, had double negative level substrate. Rogger FSS layer was used to design the 

substrate. The return loss , gain , bandwidth was achieved upto -21.5 db , 9.1 db and 511 MHz respectively. The antenna was 

designed for wireless local area network [4]. 

SiddharthBhatet.al in 2014 presented a fish shaped UWB antenna. The FR4 metamaterial was used with 6×2 metamaterial units 

on the ground plane. The Return loss and bandwidth of antenna was -26.1db, 3.1 GHz respectively. The antenna was designed for 

WLAN and mobile phones [5]. 

ZuhuraJuma Ali et.al in 2014proposed Taconic RF-30(tm) based metamaterial having relativity permittivity 3. The return loss , 

gain and bandwidth was -27.5 db , 6.57 db and 642 Mhz. The antenna is designed for multiband operation applications [6]. 

Jingtao Zhu et.al in 2016proposed  zero refractive index metamaterial. The gain, efficiency and bandwidth was achieved upto 7.17 

db , 70% and 11.346 GHz. The different meshing operations are performed [7]. 

M. I. Ahmed et.al  in 2016 proposeda square shape metamaterial with FR4 substrates. The return loss and efficiency was achieved 

upto -23.54 db and 39.1 %. The antenna was designed for GPS system and WBAN system [8]. 

Karthikeya G S et.al in 2016 proposed 1d antenna metamaterial array. The antenna was operated a range from 56.2 GHz to 

62.76GHz. The antenna was work for ultra-wide band operation with bandwidth 6.5 GHz [9].   

Natalya N. Kiselet.al 2016proposed a ring resonator fractal antenna. The return loss, directivity and bandwidth of antenna were -

18.223 db , 6.09 dbi and  403 MHz respectively [10]. 

Udaykumaret.al in 2016 proposed a metamaterial based on diagonally connected square split ring resonator. The return loss, gain , 

bandwidth and efficiency of antennna was -18 db , 1.2 dbi , 28 MHz and 17.5 % [11] . 

Zain Bin Khalid et.al in 2016 proposed zero index antennas. The return loss, gain, bandwidth and efficiency of the antenna were -

22.36 db, 1.41 dbi , 3 GHz and  50% respectively [12]. 

 

III. Frame Work of  Paper 

The metamaterial substrates are used in the antenna. Metamaterial are substrates which show negative permittivity & negative 

permeability. The propose methodology of research work is optimized design of antenna with proper feed. In proposed antenna 

coaxial feed applied to obtain gain & bandwidth. 

The steps of design of metamaterial based fractal antenna are as shown in the fig 1. The firstly we design the substrate having 

dimension 46.4 × 32.6 × 1.6   .The substrate having material FR4 with relative permittivity 4.4. After designing the substrates, 

metamaterial is design with square shape with small slots all around it. 

Fractal antenna is designed with 6mm length. These antenna is design with two square cut with     angular rotation. 
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Fig 1. Proposed Methodology 
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The main objectives of the work are to design a fractal antenna with metamaterial substrates. The return loss of antenna should be 

minimum & gain should be maximum. The main aim of the overall work to enhance the bandwidth [13-16].  

The overall design is based on the irregularity of design with iteration form. The antenna is design up to 2
nd

 iteration with three 

level of the antenna. The return loss is obtained from this fractal antenna. The return loss is to be minimum. It is obtained by 

changing the feed position. The feed position is alternated by set a variable to position. The position is rotate in complete plane. 

The best optimized position is set by simulation tool. At this feed position minimum return loss and maximum gain is obtain. 

 

IV. Simulation result & Analysis 

Fractal Antenna is designed with repeating iteration antenna. This shape provides identical results of an antenna. The fractal 

antenna having 6mm edge. The edge length is reducing according to iteration. The fractal antenna design is given in fig 2. 

 
 

Fig 2. Fractal Antenna design with Metamaterial Substrates 

The return loss of metamaterial based fractal antenna is -17.4276 db. The return loss of proposed antenna  is given by fig 3. This 

graphs shows that return loss becomes more negative as compared to previous results. 

Gain is improved with repeating shape. Radiation pattern of gain given in fig 4. Gain of proposed fractal antenna is 15.8533 db. 

 
Fig 3. Return loss of antenna 

 

www.ijmcr.in


Available at: www.ijmcr.in 

1850 Rinki Chauhan
1
, IJMCR Volume 6 Issue 01 January 2018 

 

 
Fig 4. Gain of Antenna 

The comparison of the result of antenna is done on the basis of return loss, gain, and bandwidth.  The comparison analysis with 

previous result is given in the table 1. 

 

Table 1.Comparative analysis of different iteration of Antenna 

Sr. No Parameter Reference Paper [1] Proposed Antenna 

1.    3.12 2.97 

2.    3.68 4.12 

3.    3.45 3.45 

4. % B.W 16.23 33.33 

5. Return Loss -13.220 -17.4276 

6. Gain 7.6309 15.8533 

 

V. Conclusion 

The antenna is designed for improving gain & bandwidth. The antenna operates at 3.45 GHz. The return loss of the antenna is -

17.427. The gain of the antenna is 15.8533 db. Future scope of antenna is to use in multiband frequency operations. 
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