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ABSTRACT: For the past four decades, microstrip antennas have a great deal of attention due to their low cost, ease of 
fabrication, and low profile. In this work, a pentagonal patch antenna operating at WLAN frequency (5.8GHz) is 
designed and analysed. FR4 is chosen as substrate as it is easily available and it's low cost. There are several limitations 
in patch antennas such as constrict bandwidth, low gain and excitations of surface waves. To overcome such limitations 
the EBG concept is applied. The aim of this paper is to design, simulate  the pentagon shaped patch antenna operating 
at WLAN frequency, to incorporate the circular ring shaped EBG structure along with it and to study the performance 
of the pentagonal microstrip patch antenna in terms of the gain, directivity, return loss, VSWR and bandwidth with and 
without EBG structure. Compactness of antenna is achieved by choosing higher WLAN frequency of 5.8 GHz. Size of 
the antenna is 30×30×1.6 mm3 makes it more suitable for wireless communication systems. By incorporating the EBG 
structure in the proposed antenna, its gain is increased by 79%. High Frequency Structure Simulator (HFSS) software is 
used to simulate the proposed antenna design.  
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I.INTRODUCTION 

 The recent development of wireless communication system has created a need for compact, high gain microstrip patch 
antenna.MSA are very common antenna due to their low profile, low cost, light weight and many more. In this paper, a 
pentagon shaped microstrip antenna is designed with one probe feed and it is designed to operate at WLAN frequency 
(5.8 GHz).Rectangular patch antenna requires multiple feeds to get circular polarizations whereas the pentagonal patch 
antenna provides circular polarization with only one feed [9]. Hence the proposed antenna geometry operating at 5.8 
GHz is chosen to be a pentagonal patch antenna and fed with a 50 ohm coaxial cable for better impedance matching 
[6]. Though there are numerous advantages in MSA, there are some limitations such as low gain and narrow 
bandwidth. Numerous techniques have been advised to apply on patch antennas to improve its gain and bandwidth. 
One of those techniques is Electromagnetic Bandgap Structure (EBG).EBG structures are periodic structures that are 
composed of dielectric, metal or metallo-dielectric materials. These structures can prevent or assist wave propagation in 
special directions and frequencies therefore they can be used as spatial and frequency filters. A wide variety 
Electromagnetic Band Gap structures design alternatives are produced for researchers working in the area of 
microwave and photonics. The characteristics of EBG depend on the shape, size, symmetry and the material used in 
their construction. Surface waves are reduced by using EBG substrate which leads to increase the directivity, 
bandwidth and radiation efficiency. EBG were realized to reduce and eliminate surface waves, which leads to an 
increase in directivity, bandwidth and radiation efficiency [2]. It is also useful to reduce the side lobes of the radiation 
pattern and hence radiation pattern front-to back ratio and overall antenna efficiency are improved [5]. The proposed 
antenna with EBG structure gives better performance compare to the pentagon antenna without EBG structure. A 
substantial gain and bandwidth enhancement has been obtained after incorporating circular ring shaped EBG structure 
[8]. 
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II.ANTENNA DESIGN AND ANALYSIS 

A pentagonal microstrip patch antenna offers better performance when compared to rectangular patch antenna. It 
supports both linear and circular polarizations. Rectangular patch antenna requires multiple feeds to get circular 
polarizations whereas the pentagonal patch antenna provides circular polarization with only one feed. Hence the 
proposed antenna geometry operating at 5.8 GHz is chosen to be a pentagonal patch antenna and fed with a 50 ohm 
coaxial cable for better impedance matching. Fig 1. Shows the geometry of regular pentagonal shape. The relationship 
between the circles (r1) to the side arm of the regular pentagon (r2) is given in formula (2.1)                                               

                                       풓ퟐퟐ	 = 흅풓ퟏ
ퟐ

ퟐ.ퟑퟕ
                                                                                                                                  (2.1) 

side arm of the pentagon is calculated using formula (2.2)  
                                       풓ퟐ=1.175 풓ퟏ                                                                                                                             (2.2) 
In the derivation of the formula (2.1), the pentagonal patch is assumed to be a resonant cavity with perfectly conducting 
side walls. 
The resonant frequency of the dominant as well as for the higher order modes can be calculated from the formula given 
below 

                                      풇풏풑 = 
푿풏풑′ 푪

ퟐ흅풓ퟏ√휺풓
                                                                                                                            (2.3) 

where  푋 ′  are the zeros of the derivative of the Bessel function 퐽 (푥) of the order n, as is true for TE mode circular 
waveguides, however for the lowest order modes       
                                     	푿풏풑′ = 1.84118                                                                                                                           (2.4) 
Using formulae 2.1 and 2.2, the proposed pentagon shaped patch is designed and the designed parameters are given in 
Table 1. 
 

Geometry Pentagonal 
Side arm length 8.9mm 
Substrate(FR4) 휀 = 4.4, h= 1.6mm 

tan훿 = 0.002 
Centre frequency 5.8GHz 

Feed location Xf=1mm Yf=0.7mm 
Coaxial cable dimension Inner radius: 0.5mm 

Outer radius: 0.7mm 
Table 1 Design specification 

 
 

 
 

Fig 1. Geometry of regular pentagonal shape   Fig 2. Geometry of proposed antenna at 5.8 GHz   

Based on the calculated parameters shown in table 1, the pentagon shaped patch antenna is designed and 
simulated. The front view of proposed antenna is shown in Fig 2. To overcome the limitations of patch antenna such as 
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low profile and low gain, EBG concept is applied. Circular ring EBG unit cell is designed for 5.8 GHz and the unit cell 
is shown fig 3. Designed EBG unit cell specifications are given below:  

 Inner  radius of the EBG unit cell 5.8 mm 
 Outer radius of the EBG unit cell  6 mm 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
       Fig 3. EBG unit cell for 5.8 GHz.                     Fig 4. Side view of the proposed antenna with EBG structure 

                                                                                    and Coaxial feed  
 
Based on the size of the antenna, the unit cell is incorporated. In the proposed antenna 2×2 array of circular ring EBG 
unit cell is incorporated and its side view is shown in fig 4. 

 
III. RESULTS AND DISCUSSION 

 
The proposed pentagon shaped antenna is designed and simulated using HFSS software. The parameters like return 
loss, VSWR, gain and directivity are measured using that software. Return Loss is a parameter which indicates the 
amount of power is reflected back to the antenna.  
 

 
          Fig 5. Return loss of the proposed antenna                                 Fig 6. Return loss of the proposed antenna  
                             without EBG structure                                                                 with EBG structure 
 
Fig 5. shows the return loss of the proposed antenna without EBG structure and is observed that it has good impedance 
matching by having -44 dB. Fig 6. shows the return loss of the proposed antenna with EBG structure and is observed 
that it has good impedance matching by having -21.13 dB. The bandwidth of an antenna refers to the range of 
frequencies over which the antenna can operate correctly. The antenna's bandwidth is the number of Hz for which the 
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antenna will exhibit an SWR less than 2:1. Here obtained bandwidth of proposed antenna without EBG structure and 
with EBG structure is 286.3 MHz and 269.4 MHz respectively 

 
                 Fig 7. VSWR of the proposed antenna                                    Fig 8. VSWR of the proposed antenna  
                             without EBG structure                                                                 with EBG structure 
 

 
Standing-wave ratio (SWR) is a mathematical expression of the non-uniformity of an electromagnetic field (EM field) 
on a transmission line such as coaxial cable. Usually, SWR is defined as the ratio of the maximum radio-frequency 
(RF) voltage to the minimum RF voltage along the line. For better impedance matching, VSWR value must be between 
1 to 2. Fig 7.shows the VSWR of the proposed antenna without EBG structure and it is 1.01 whereas Fig 8.shows the 
VSWR of the proposed antenna with EBG structure and it is 1.1924. Gain is a measure of the ability of the antenna to 
direct the input power into radiation in a particular direction and is measured at the peak radiation intensity.  

 
 

                Fig 9. Gain of the proposed antenna                                                   Fig 10. Gain of the proposed antenna 
                               without EBG structure                                                                           with EBG structure 

                                      
 

Fig 9. Shows the gain of the proposed antenna without EBG structure is 3.8 dB whereas Fig 10. Shows the gain of the 
proposed antenna with EBG structure. It is observed that after incorporating the EBG structure with the designed 
antenna, Gain is increased to 5.91 dB. Directivity is a measure of the concentration of radiation in the direction of the 
maximum.  
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Fig 11. Directivity of the proposed antenna                                       Fig 12. Directivity of the proposed antenna 

                               without EBG structure                                                                           with EBG structure 
 
Fig 11. Shows the directivity of the proposed antenna without EBG structure is 5.5 dB whereas Fig 12. Shows 
directivity of the antenna with EBG structure. It is observed that after incorporating the EBG structure with the 
designed antenna, directivity is increased to 5.95 dB. 
 

PARAMETERS 
OBTAINED 

FR4 SUBSTRATE 
WITHOUT EBG 

FR4 SUBSTRATE WITH 
EBG 

RETURN LOSS -44.03dB -21.13dB 
VSWR 1.0126 1.1924 

BANDWIDTH 286.3 MHz 269.4MHz 
GAIN 3.8dB 5.91dB 

DIRECTIVITY 5.5dB 5.95dB 
Table 2. Comparison of the results 

 
Different parameters of proposed pentagon antenna operating at 5.8 GHz with EBG structure and without EBG 
structure is summarized in Table 2., From  this it is observe that gain and directivity of the proposed antenna is 
increased steeply when EBG structure is incorporated with it and there is decrease in return loss, VSWR and 
bandwidth. 
 

IV.CONCLUSION 
 

The pentagon shaped patch antenna is designed to operate at 5.8 GHz. The corresponding return loss for the proposed 
antenna is -44 dB and VSWR is 1.01 while the resulted gain is 3.8 dB and the directivity is 5.5 dB. Circular ring shaped 
EBG structure has been successfully designed for the same frequency and incorporated with the proposed antenna. 
After incorporating, the gain and directivity has been significantly increased to 5.91 dB and 5.95 dB respectively. The 
proposed antenna is aggressive miniaturised (30×30×1.6 mm3) to meet requirements of the wireless communication 
systems. It was concluded that the simulated and tested results we obtained matched the theoretically predicted results. 
Comparing performance of the proposed antenna with different feeding techniques, different substrates and different 
EBG structures will be taken for future work. 
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