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Abstract - This paper describes the design, simulation and 

measurement of a slotted electromagnetic band gap (EBG) 
structure incorporated with wideband antenna. The design is 
carried out on FR4 substrate of dielectric constant, ℰr=4.6 and 
thickness, h=1.6mm. The result from the simulation and 
measurement of electromagnetic band gap (EBG) structure is 
presented in term of transmission coefficient S21 and in term of 
reflection coefficient, S11(dB). Two bands of frequencies have 
been achieved in this design. The wideband monopole antenna 
is designed using circular patch with half ground plane. The 
EBG structure is incorporated with the wideband antenna to 
suppress the wave from propagating through the transmission 
line. It shows that two band of frequencies has been suppressed 
when incorporated with the EBG structure   

Index Terms — Wideband Antenna, Electromagnetic band 
gap, stop band, transmission coefficient 

1. Introduction 

Electromagnetic band gap (EBG) structures are presently one 
of the most rapidly advancing sectors in the electromagnetic 
field. The structures allowed the propagation of 
electromagnetic waves at certain band of frequency and stop 
the propagation of electromagnetic waves at certain band of 
frequency. The rapid advances in both theory and experiment 
together with substantial technological potential have driven 
the development of electromagnetic band gap technology [1, 
2].   

Because of its unique properties, it is widely used in 
various research fields especially in RF design. Many 
exciting phenomena appear when periodic structures interact 
with electromagnetic waves, which include band pass, band 
stop and also frequency band gap. The periodic structure 
reviewed previously revealed that varieties of applications 
like guiding wave, reflector, photonic crystals and photonic 
band gap are the typical advantages derived. Others include 
wave propagation, noise reduction for high speed electronic 
devices and mutual coupling effect reduction [3-6]. 
 
In the field of antenna and microwave engineering, EBG 
structures play an important role by improving their 
performances. From previous work done by many 
researchers in this field, the usage of EBG structures can be 
divided into four main areas which includes;  

i. EBG structures for suppressing surface wave effect 
in planar antenna and also for increasing the 
antenna efficiency [7]. 

ii. EBG structures as Artificial Magnetic Conductor or 
High Impedance surface(reflectors for antenna) 

iii. EBG structures to create tapered walls for directive 
horn antennas [8]. 

iv. EBG structures to create a resonating antenna that 
create high directivity via the angle dependent 
properties of the EBG material [9]. 
 

In this paper, four slots are introduced on a conventional 
(mushroom) EBG structures. The design offers a dual band 
and after incorporating with wideband antenna the structure 
is successfully suppressed the surface wave. The structure 
allowed the manipulation of the propagation of 
electromagnetic waves to an extent that was previously not 
possible. The rapid advances in both theory and experiment 
together with substantial technological potential have driven 
the development of electromagnetic bandgap technology [1, 
2].   

2. Design consideration of dual band EBG 

Figure 1 shows the slotted EBG with dual band operation. 
The parameter L (inductance) results from the current that 
flow through the vias and the C (capacitance) is due to the 
gap effect between the neighboring patches. The patch width 
W, substrate thickness h, gap width g, length of the via d, 
dielectric constant ℰr, the inductance, L and capacitance, C 
are determine by the following expressions [10-15].   

  
Figure 1: slotted EBG structure 

3. Wideband Antenna design with EBG 

The conventional circular patch antenna in figure 2 was 
designed using FR-4 substrate of dielectric constant ℰr= 4.6 
and height h=1.6mm. The antenna was designed using a 
double layer substrate which is 3.2mm (2x1.6mm) that is 
incorporated later with the slotted EBG structure. Figure 2(a) 
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gives the overall dimensions of the antenna. Figure 2(b) 
shows the antenna with the EBG structure 
   

 
(a)         (b) 

Figure 2: (a) The final antenna dimension (b) the antenna 
with EBG structure 

 

4. Result and Discussion 

Figure 3 shows the simulated and measured transmission 
coefficient of the slotted EBG structure. The fractional 
bandwidth from the simulation is found to be 10.8% at 
1.71GHz to 1.91GHz and 5.4% at 4.05GHz to 4.27GHz, 
while 6.5% at 1.89GHz to 2.02GHz and 7.3% at 4.15GHz to 
4.47GHz was found from the measurement after the 
fabrication process, which shows the operational frequency 
shifts to higher frequency for the measurement. 

 
Figure 3: simulation and measured transmission Coefficient 

of the slotted EBG structure 
 
Figure 4 shows the simulated and measured reflection 
coefficient, S11(dB) of the wideband antenna incorporated 
with the slotted EBG structure. 
 

 
 

Figure 4: Simulation and measured return loss of the 
wideband antenna with slotted EBG structure 

 

From the simulations the fractional bandwidth are 9.6%, 
9.3%, 2.5% and 5% while from the measurement the 

fractional bandwidth are 9.4%, 9.3%, 9.5% and 8.5%. The 
measured results for the wideband microstrip antenna 
incorporated with EBG after fabrication process shows the 
operational frequency shifts to higher frequency. It can be 
seen that the frequency band at 2GHz, 3GHz to 4.2GHz are 
all suppressed by the slotted EBG structure. 

 

5. Conclusion 

A slotted Electromagnetic band gap (EBG) structure 
incorporated with an antenna has been discussed in this 
paper. The structure successfully suppressed the surface 
wave after incorporating it with antenna which makes it 
possible for other antenna applications other than wave 
suppression. 
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