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Abstract 
This paper presents Micro strip antenna design with novel shapes of 2D-electromagnetic band-gap structure (2D-EBG). The 
two novel shapes of 2D-EBG presented are U-shape and cross shape slots. Simulated results show improved performance of the 
antenna with or without EBG slots of different shapes on the substrate of antenna. This ensures that bandwidth increases 
greatly while size is nearly unaffected. The designed patch antenna has a size of 13.3 mm * 8.9 mm. Antenna operation in wide 
band is obtained in the range of 5 to 8.5 GHz which is advantageous for transmitting information over a larger bandwidth. 
Wideband antennas find its applications in mobile sensors, data collection, precision locating and tracking applications. 
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1. INTRODUCTION 
A micro strip patch antenna is widely used in compact and portable communication devices due to its small size, thin 
profile configurations, conformity and low cost. In spite of these remarkable advantages, the patch suffers some serious 
drawbacks like low bandwidth (due to small size). Bandwidth can be increased but at the cost of size of the patch, 
making it large and bulky [15]. To overcome this problem, a multiple-layer dielectric substrate has been used to 
improve bandwidth [1]. In this paper bandwidth improvement and reduction in losses has been achieved by EBG 
design. There are different types of losses in antenna, one of which is surface wave loss due to the permittivity of the 
material and thickness of the substrate [8]. Due to excitation of surface waves, patch antenna also suffers from reduced 
gain and efficiency. 
In this paper, parts of the substrate surrounding the patch have been strategically removed to suppress surface wave 
losses, and thereby increase gain and bandwidth range [9]. It is known that for a particular resonant frequency, the 
bandwidth increases with increase in size of patch antenna, with high dielectric constant [10, 11]. The patch antenna of 
low dielectric has a moderate bandwidth but large size. Two substrates have been combined so as to include the quality 
of both high and low dielectric, i.e., high bandwidth and low patch size respectively [9]. A micro strip patch antenna 
implemented on substrate having dielectric constant (εr = 4.65) has high bandwidth with a small sized patch and at a 
difference of top 1.6 another substrate is placed having dielectric constant (εr= 2.45). In this paper, a multiple-layer 
substrate is made by sandwiching layers so as to reduce the antenna size as much as possible. The method to improve 
the gain is to reduce the loss of the micro strip antenna. The gain of the antenna can be increased by reducing the loss 
due to surface wave propagation. One method to do so is by replacing the substrate of patch with low dielectric values 
or with air (εr = 1). Periodic structures of electromagnetic band-gap (EBG) can be used to block the surface waves from 
propagating in a certain band of frequency. A common method to generate EBG structures is to drill holes in substrate 
to synthesize a lower dielectric constant substrate. However, in this paper, a simpler version of EBG structure approach 
has been used by partially removing the substrate surrounding the patch by drilling periodic holes of different shapes. 
Removing the substrate partially stops the propagation of surface wave in the substrate, which reduces the power 
coupled in backward direction and enhances the forward coupled power. As a result the gain increases. Two different 
shapes of 2D-EBG as U- Shaped and Cross-Shaped etched on the substrate are designed simulated and measured. 
 

2.  COMPARISON OF ANTENNA DESIGN 

2.1 Antenna design using EBG Structure: 
A simple patch Antenna of size 8.9*13.3 has been studied , simulated and various point of coaxial feed position were 
changed and it was observed that the best result is obtained when the feed position at either upper left or right extreme 
corner of the patch. The Fig. shown below is a Patch of Lp*Wp of 8.9*13.3mm. The result return loss (S11) is of -10 at 
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a frequency of 8.45 GHz, as shown in Fig 2. The radiation pattern was also in one direction with no back lobe & a gain 
obtained is of 3.57 GHz as shown in Fig.3. 
 

                                                     
                                                                

Figure 1 Simple Patch Antenna with feed 
 
 
 
 
 
 
 
 
 
     
 

Figure 2 Return loss   (S11) of antenna without EBG structure 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Radiation pattern of antenna without EBG structure 
 

 
To eliminate the effect of surface wave Electromagnetic band gap (EBG) structures were used. Various shapes of EBG 
can be used like circular, rectangular, star and H-shape. Here in this paper micro strip patch antenna using cross 
shaped and U-shaped EBG structure has been studied. 
 

2.2 Antenna design using U-Shaped EBG Structure: 
An EBG structure of U slot was made at the ground plane of the patch antenna. This EBG structure consists of two 
layers and the radiating element printed on the upper surface of the top layer. The bottom layer carries an array of U-
Shape slots. The patch antenna with EBG structure is shown in Fig. 4. 
A substrate of dimension (Lsub*Wsub) of 22*22 mm, thickness (h) of 1.5 mm, dielectric constant of 4.65 and loss 
tangent of 0.02 was taken for making a ground plane. U-shapes of dimensions 3*3 mm slot were cut on the ground 
plane, width of U slot was 0.5 mm length of 4.5mm and distance between two slots is 3.5 mm vertically and 2 mm 
horizontally. A patch is placed on the dielectric substrate at a height of 1.6 mm having width of patch 13.3 mm and 
length of patch 8.9 mm. The layout of the structure is as shown in figure 4. The feed to the patch is applied at the 
centre of the patch. 
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                    Figure 4 Patch Antenna with U-shaped EBG slots 
 

Resonance frequency of the patch occurs at 6.49 GHz with band width in the range of 6 to 6.85 GHz. The return loss 
was -20 dB as shown in figure 5. Radiation pattern of this EBG structure is different as it has a back lobe as shown in 
figure 6. This antenna design does not have a wide band width and the back lobe is also present in the radiation 
pattern. 
 

    
 

            Figure 5 Return loss  (S11) of antenna with U slot EBG structure 
 

        
 

Figure 6 Radiation pattern of antenna with U slot EBG structure 
 

2.3 Antenna design using cross shape EBG Structure: 
The schematic diagram of the coaxial probe fed cross shaped EBG ground plane antenna is shown in Fig. 7. Here again 
two layers of substrate and one radiating element printed on the upper surface of the top layer were taken. On the 
ground plane cross slots of dimension 7*7 mm were cut. The feed applied at the (2, -5). The light purple parts represent 
the metallic periodic structure and the maroon part is the radiator. The antenna designed on a dielectric substrate with 
dimension of (22×22 mm). The EBG structure has cross slots of 2×1 mm unit cells; each cross slot is at a distance of 
1mm.  The dielectric substrate has a thickness of 1.6 mm, relative permittivity (ε1) of 4.65 and loss tangent (δ) of 0.02. 
A rectangular radiating patch of (Lp*Wp) of dimensions 8.9*13.3 mm is printed on the top layer. The return loss of 
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this antenna was between -35 to -40 dB over a frequency range of 6.6 to 7.5 GHz, making it a wide band application 
antenna. The radiation pattern of the antenna obtained is unidirectional and better Gain is obtained as compared to 
earlier designed antennas. This antenna finds its application in wide band operations. The return loss is shown in figure 
8 and radiation pattern is shown in figure 9. 
 

 

                                              
 

Figure 7 Patch Antenna using cross shaped EBG slots 
 

 
 

Figure 8 Return losses (S11) of antenna with cross slot EBG structure 
 

 
Figure 9 Radiation pattern of antenna with cross slot EBG structure 

3. RESULT AND DISCUSSION 
It is observed after simulation, on the ZELAND IE3D software that a better result is obtained using cross slotted EBG 
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structures for wideband antenna operation. The ground EBG structure not only reduces the losses but also help in 
making a wide band antenna. As without EBG, we observed that the return losses were large and results obtained were 
at high frequency range. It was observed that using cross slotted EBG on micro strip patch antenna return loss was in 
the range of -35 to -40dB, while by using U-shaped slot return loss was -12dB. The 3D radiation pattern shows that 
positive gain is obtained using the cross slotted EBG structure; there was no back lobe in any case cross shaped EBG 
structure. It is also observed from the simulation result that the dislocation of the probe feed to patch highly effects the 
simulation results of the micro strip patch antenna like return losses but does not effect the directivity of the antenna 

  
3.1 Result Comparison 

Table 1: Result comparison 

Shape of 2D-
EBG 

Reflection 
Coefficient 

(db) 
Band width (%) 

F0 (GHz) Feed position 

Without EBG -10              4.7 
 

8.5 
 

(1, 4.5) 

U-shape EBG -20 4.4684 
 

6.49 
 

(0, 0) 

7*7 Cross 
shape EBG -35 to -40 10.7143 

 
7 

 
(2, -5) 

 

4. CONCLUSIONS 
Here simple patch is compared with U and cross slotted EBG structures of specific dimensions. Further design of EBG 
structure like H, V or star can also be compared. More over the dimensions of slots as well as the position of Coaxial 
feed can also be changed for further optimization to get the best results. Here we have seen that EBG structures had 
improved return loss, gain, radiation pattern and beam shaping of micro strip antenna. They not only assist in reducing 
surface waves, but also make the antenna a wide band antenna. This wide band antenna can be used for sensor network 
and tracking of objects accurately. 
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