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░ABSTRACT - Widely used patch in circular shape has 
been cut in two semicircular shapes and joined together, arc to 
arc to same feed in dipolar form, produces a butterfly shape. In 
this paper each semicircular shapes are remodeled as bi-circular 
shapes for enhancement of gain so that it can be operated at a 
frequency of 15GHz which is applicable for 5G 
communication. This antenna is placed on a substrate of FR4-
epoxy material. The design of the shape is based on the 
minimum distance of the two extreme arcs of the two parts 
which becomes the wavelength of the required resonant 
frequency. This design is compatible with all antenna 
requirements including S11 plot from which the resonant 
frequency and return loss have been determined. The software 
used in HFSS, by which antenna parameters like antenna gain, 
directivity etc. have been checked. The patch and the ground 
plane is of same material, copper. 

Keywords- Butterfly Shape, 5G, FR4-Epoxy, S11, Antenna 

Gain. 

░ 1. INTRODUCTION 
Between two contrasting shapes of patch antenna, i.e. 
rectangular and circular, the latter has an advantage as it 
produces different modes that can be modified. A complete 
circular shape or semicircular shape produces similar modes of 
radiation.  

In this paper two semicircular shapes are joined together in 
reverse, arc to arc in a dipolar form. Again each part of 
semicircular shape is modified to form a bi-circular shape. This 

design looks like a butterfly and has been implemented as a 
microstrip design. This type of antenna design has taken center 
stage because of its two important characteristics - small size 
and robust in nature [1]. In this type of antenna, different shaped 
patches are implemented and have been perfected to operate in 
microwave range. Among the shapes, circular patches with 
modified shapes have been presented for wider applications 
[2][3][4]. Besides circular shape, elliptical shape has also 
introduced as it produces a slight different modes of vibration. 
[5]. However the circular shapes can easily be modified in 
biconvex and biconcave shapes and these designs are 
implemented for enhancement of gain and bandwidth with an 
introduction of circular slots in the antenna [6],[7]. These 
designs have been improvised for applications in 5G. [8]. 
However remodeling a simple design to a dipolar form can 
produce double effect. This paper carries a concentrated work 
on this aspect, so that it can be implemented for 5G application 
which has a wide range of frequency [9][10]. This design is 
specially calibrated to resonant at 15GHz frequency which is 
suitable for 5G applications. Moreover it provides a higher gain 
and higher directivity compared to other designs. 

 

░2. MATHEMATICAL ANALYSIS FOR 
ANTENNA DESIGN 
The design of the antenna is remodeled in three step, first a 
model just like a dipole is executed. Second, two semicircular 
halves of a circular antenna is joined together in reverse order 
like a butterfly [11] and third, the shape of each wing is again 
remodeled as a bi-circular shape [12].Centers of all arcs and 
joint points are made collinear. To get the resonant frequency 
of 15GHz, this antenna is so designed that the minimum 
distance between the two extreme arcs is taken as 20 mm. The 
patch of thickness is 0.01mm placed on a substrate of FR4-
epoxy dielectric material whose length and breadth are 30 mm 
and 42 mm with height 1.6 mm. The ground plane has same area 
as of substrate with thickness of 0.01mm. The feed of width 
3mm as shown in figure 1. 
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Figure 1: Geometry of bi-circular butterfly patch 

 

The radius of a conventional circular patch is given by  
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Effective radius of circular patch [1] 
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Effective dielectric constant of substrate: (𝜀) 
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The resonant frequency of a circular patch is given by  

 

               𝑓 =
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V0=velocity of light in free space. 
 𝜒

ᇱ  is zeroes of derivatives of Bressels’ function with m and n 
are the modes of vibration. 
For conventional circular patches m=1, n=1 and  𝜒

ᇱ =1.841 
 
For a design made by two semicircular shapes joined in dipolar 
form [11] the resonant frequency becomes 6.967 times this 

value .This is because the value of ‘m’ changes to 10 to produce 
feasible mode in the cavity. 
Again when the semicircular shapes [12] are chiseled in two bi-
circular form the frequency increases to 2.42 times (minimum) 
for n=1 and 8.18 times (maximum) for n=4 of the original 
circular form. Here both alterations are incorporated. So the 
mode of resonance that can be produced is 7.27 times the 
original. This is comparatively displayed in Table 1. 
 

░ Table 1. Comparison between different shapes  

 
Refere

nce  
Shape of 
the Patch 

Modes of 
Vibration 

m,n 

 𝝌𝒎𝒏
ᇱ  Resonant 

frequency 
(GHz) 

Antenna 
Gain 
(dB) 

Ref.[
11] 

Semicircula
r Butterfly 

11,1 12.83 14.58 1.74 

Ref 
[12] 

Bi-Circular  1,4 13.32 15.18 3 

Ref[
13] 

Circular/se
micircular 

1,1 1.84 2.09 2.1 

This 
Work 

Bi-Circular 
Butterfly 

11,4 25 15.24 4.01 

 

░ 3. RESULTS 

By the software HFSS, the antenna parameters like retirn loss, 
antenna gain, surface current distribution have been studied, the 
details are given in figure 2 to figure 6. 

 

                                  Fig 2: S-Parameter  

The impedance matching between source and load is defined by 
VSWR. It stands for voltage standing wave ratio. Ideally VSWR 
must be 1, For the proposed patch antenna VSWR is found to be 
1.06. The VSWR curve has been shown in Fig. 3 
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Fig 3: VSWR 

 

Fig. 4.  Current Desnity 

   

Fig. 5.  Peak Directive    

The ratio of radiated power to the accepted power from the 
transmitter is known as radiation efficiency. The radiation 
efficiency of the proposed patch antenna has been found 0.47 as 
shown in the Fig. 5.      

 

Fig: 6 Peak Gain  

░ 4. CONCLUSION 

This bi-circular butterfly shaped patch is more efficient as 
compared with other antennas with similar shaped patches 
.Along with the usual microstrip antenna parameters, this model 
excels in all other characteristics with antenna gain of 4.01dB 
which is suitable for 5G application. 
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