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ABSTRACT: The EBG structures were used for surprising the surface wave propagations in the antenna as we know 

the EBG’S used to enhance parameters of monopole antenna in the earlier research. In this paper we analyse the effect 

of radiation on EBG cells as we know that the EBG cells will be better reflecting surfaces where we can overcome the 

problem of maintaining the minimum distance between antenna and reflector. The surface currents of antenna and 

surfaces currents of EBGS will add together to increase the antenna radiation filed. Here in this paper we mainly 

concentrate on the E,H and J filed distributions in EBG cells when they are exposed to antenna radiation this will gives 

the understanding of TE and TM modes in EBGS. 
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I.INTRODUCTION 

The new artificial magnetic conductors were invented for replacing the regular ground planes and reflecting surfaces. 

These surfaces are also called as Energy band gap structures and High impedance ground planes. These surfaces do not 

support the propagation of surface waves in antennas. The surfaces currents of antenna and EBGS will add together 

when they are tuned to same band it is called constructive property and the surfaces currents will cancel each other 

when they are out of phase called as destructive properties are helping in enhancing antenna radiation are absorbing 

antenna radiation which is explained in paper [1]. And also used for directing energy which is explained in [2]. Here in 

this paper we analyse how the TE and TM modes exist in EBG cells when subjected to radiation of a isotropic antenna. 

The E, H and J filed analysis of EBG cells along with its mesh analysis are presented in this paper. 

 

II. ANTENNA AND EBG DESIGN 

For the   isotropic antenna a monopole antenna of arm length 3.16EM is taken which is operating at 2GHZ frequency 

and it‘s diameter is 0.2cm the ground is of dimensions 10.05*10.05cm and the EBG have placed vertically with a base 

ground of 8.37*3.5cm in YZ directions. And the patch size for EBG is 3.5*3.5cm in YZ direction and the pin via is of 

0.1cm radius and 0.5cm height. And the entire design is shown in figure [1]. 

 

 
 

Figure [1]. A﴿Proposed Antenna Model and B﴿ The of implementation of EBG placed at the end of ground. 
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III. SIMULATION RESULTS 
A﴿ Return loss:- 

The return loss curves are taken by the S11 matrix verses frequency here these curves will explain how much loss of 

antenna can be reduced by suppressing the surface wave propagations and here antenna is working around 2.4GHz. 

These curves are shown in following figure [2]. 

 

Figure [2].  Return loss curves a﴿ conventional antenna b﴿ when EBG is placed. 

 

By the above figure we can see that the operating frequency of antenna can slightly changes when we place EBGS. In 

fig [1] a, the return loss is -22.5075dB when EBG is placed it changes to -46.05dB shown in fig [1] b. 

 

B﴿ Radiation pattern:- 

The radiation pattern curves are shown in the following figure [3]. The radiation pattern curves are taken for  phi=0º 

and phi=90º and the radiation pattern is Omni-directional for monopole antenna as shown in the figure [2] a. And figure 

[2] b shows the radiation pattern when EBG is placed at one end of the antenna we can see that the surface currents are 

added together to enhance radiation from around 0.40dB level to around 3dB level in the opposite direction of EBGS. 

 
Figure [3].  Radiation pattern Curves a﴿ Monopole antenna b﴿ when EBG is placed. 
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C﴿Total gain in top view:-  

The total gain curves are shown in the following figure [4] by the figure we can see that the maximum value of total 

gain is 3.2208dB for conventional antenna and 4.8676dB when EBGS is placed this shows how the EBG surfaces helps 

in enhancing the antenna parameters. Especially in enhancing radiation energy in opposite direction of EBGS. 

 

Figure [4].  Total Gain in top view a﴿ for conventional antenna b﴿ when EBG is placed. 

 

D﴿ E-filed in EBG cells:-  

The E field in EBG cells is shown in the following figure [5].  

 
Figure [5].  E- field distribution in EBGS when it is antenna monopole antenna radiation. 

Because of its high impedance, the surface wave modes on this EBGS are very different from those on a smooth metal 

sheet. It can support tightly bound, It can support TE modes that are bound to the surface at some frequencies, but 

radiate readily at other frequencies. In TE surface waves, the electric field is tangential to the surface of EBGS as 

shown in figure [6]. 

 

Figure [6] A TE surface wave propagating across EBGS. 
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E﴿ H-field in EBG cells :- 

The H field in EBG cells is shown in the following figure [7].  

 

Figure [7].  H- Field distribution in EBGS when it is antenna monopole antenna radiation. 

TM surface wave propagating across EBGS is shown in Figure [8]. The magnetic field is transverse to the direction of 

propagation, associated with longitudinal currents flowing on the conductor. The electric field is linked to charge 

separation on the top of the conductor, and it jumps out of the surface in loops. The charges oscillate, and the wave 

propagates along the surface at nearly the speed of light. 

 
Figure [8]. A TM surface wave propagating across EBGS. 

F﴿ J-field in EBG cells :- 

The J field in EBG cells is shown in the following figure [9].  

 

Figure [9]. J- Field distribution in EBGS when it is antenna monopole antenna radiation. 

This figure illustrates the surface currents in EBGS out of phase with 180º. 

 

 

http://www.ijareeie.com/


 

       ISSN (Print)  : 2320 – 3765 

       ISSN (Online): 2278 – 8875 

 

International Journal of Advanced Research in  Electrical, 

Electronics and Instrumentation Engineering 

(An ISO 3297: 2007 Certified Organization) 

Vol. 2, Issue 11, November 2013 

 

Copyright to IJAREEIE                                                            www.ijareeie.com                                                                            5529          

 

G﴿ Mesh analysis 

The mesh analysis in EBG cells when they are in monopole antenna radiation is shown in the following figure [10]. 

 

Figure [10].  Mesh analysis in EBGS when it is antenna monopole antenna radiation. 

 

S.No Quantity Value 

1 Max U 0.125803(W/sr) 0.447706(W/sr) 

2 Peak Directivity 1.68581 5.59901 

3 Peak Gain 1.70322 5.62617 

4 Peak Realized Gain 1.58093 5.62617 

5 Radiated Power 0.937784(W) 1.00485(W) 

6 Accepted Power 0.928199(W) 0.999999(W) 

7 Incident Power 1(W) 1(W) 

8 Radiation Efficiency 1.01033 1.00485 

9 Front to Back Ratio 1.93292 3.89904 

Table [1] Antenna Parameters 

The above table [1] illustrates the antenna parameters enhancement from conventional antenna to Antenna with EBGS 

at one end. 

IV. CONCLUSION 

When we place EBGS at one end of the antenna due to radiation of the antenna E and FH fields will induced in EBGS 

the H filed will be in loops around the EBG cells and E field is tangential to the EBG surface. And the surface currents 

are propagated in the direction of pane this explains the TE and Tm modes in EBGS and the working of EBGS in 

replacing the normal plane metal sheets. 
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