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Abstract—In this paper, a circular shaped ground-fed patch 

antenna is designed, simulated, built and tested. The operating 

antenna frequency is 14.6 GHz with -15.68 dB input and 8.14 dB 

gain. Furthermore, the antenna have multiple slits in a circular 

main body, and also supported with triangle and rectangle shapes. 

The measurements of the fabricated patch antenna matches the 

simulation results. 
 

Keywords—Circular shaped antenna, microstrip patch antenna, 

single resonance. 

I. INTRODUCTION 

The recent revolution in electronic circuits pressured the 

antenna designers to come up with small, lightweight and low 

cost radiating structures. This requirement led to the invention 

of several antenna structures, of which, printed microstrip 

antenna received a lot attention in recent years [1].  

Due to their low-profile and conformable geometry, they  

are widely used as embedded antennas in handheld wireless 

devices and military equipment [2]. However, intensive research 

is required to improve the inherent disadvantages of this 

antenna, such as: narrow bandwidth, low efficiency, spurious 

feed radiation, poor polarization purity and limited power 

capacity [3].  
A microstrip patch antenna is made up of a radiating patch 

on one side of dielectric substrate while has a ground plane on 

the other side [4]. Substrate is located over a large metallic sheet 

called ground plane [5]. The suitable substrate is the one with  

a low dielectric constant, a large thickness compared to the 

operating wavelength and low loss because in the realization of 

microwave circuits, the goal is to minimize the radiation of the 

line in free space and therefore have a substrate which the 

electromagnetic energy is concentrated in the dielectric (more 

precisely in the cavity formed by the metal strip and the ground 

plane). So a thick substrate increases the power radiated by  

the antenna, reduces losses by Joule effect and improves the 

bandwidth of the antenna. Permittivity of substrate is a critical 

parameter in controlling band width, efficiency, and radiation 

pattern of patch antenna. However, higher dielectric constant 

also reduces bandwidth and radiation efficiency [6].  

Microstrip patch antennas are usually designed to eliminate 

the imaginary part of the input impedance. Edge fields are also 

important and they bring an additional length to the antenna. 

This length depends on the relative permittivity of the 

dielectric, dielectric height and patch width [7].  

Microstrip patch antennas are versatile structures which can 

be modified by adding simple slots either “parallel to radiation 

edges” or “parallel to resonance edges” in the design structure 

to overcome selected limitations of conventional patch antennas. 

The antenna can provide improved bandwidth enhancement, 

under certain conditions, while maintaining many of the desirable 

features of conventional patches. However, it is difficult to 

determine or predict resonant frequencies and bandwidths 

especially when the changes in terms of position of slots and 

the widths of slots are relatively small. As a result, machine 

algorithms can be applied to interpret the relationship between 

inputs and outputs of the system. Depending on the problem, 

the appropriate algorithms can be selected to estimate the 

outputs [8]. 

During the design process, the motivations involved in 

selecting different antenna components are as follows: Microstrip 

antennas can be incorporated in various geometries, such as: 

rectangular, circular, triangular, annular patches and others [9].  

Circular patch is the second most popular shape and can be 

easily analyzed and modified to produce a range of impedance 

values, radiation patterns and frequencies of operation. Among 

the four most popular feed techniques, coax-fed method has low 

spurious feed radiation and is easy to match [10]. 

Organization of this paper is as follows: the design steps are 

described in Section II, results and conclusion are presented in 

Section III of the paper. 
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II. DESIGN STEPS 

The size of the antenna is 20 × 31 mm. Substrate material is 

FR- 4 and the thickness is 1 mm (𝜀𝑟= 4.4, dielectric loss tangent 

= 0.0018 mm). The thickness of air in simulation is taken 3 

times of the thickness of the FR-4, (3 mm). The top view of the 

antenna is in Fig. 1, and Table I shows the antenna parameters 

and the values. 

TABLE I.  ANTENNA PARAMETERS AND VALUES 

Dimension Length 

A 1.5mm 

B 6mm 

C 4.3mm 

D 11mm 

E 2.5mm 

F 5mm 

G 5.8mm 

H 8.3mm 

I 1.2mm 

J 19.3mm 

K 8mm 

    
    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 1. Top view of the simulated circular antenna. 

III. SIMULATION AND PARAMETRIC STUDY  

In the initial design, we had circular shape and a standard 

port, there was almost no gain with -35 dB reflection coefficient 

at 14.6 GHz. Later, triangular sections and square sections are 

added. Then we added some slits in circular shape, as a result 

of successive iteration of simulations, changing the feeding 

location and relocating the triangular and rectangular shapes to 

design, we optimized the antenna. As a result of optimization, 

lower input matches and high gains are maintained. In Fig. 2, 

input reflection coefficient, S11 is shown at 14.6 GHz, and  

-15.69 dB magnitude was found as simulation and -13.9 dB as 

measurement. In Fig. 3, gain graph is shown and +8.14 dB 

simulated and 6.1 dB measured result was found at 14.6 GHz. 

Fig. 4 has the manufactured antenna. Table II shows variations 

of gap between slits. 

Measurement is carried out in Yeditepe Universities testing 

facility. Measurement setup is shown in Fig. 5. 

 

 
 

Fig. 2. S11 graph. 

 

 
 

Fig. 3. Radiation pattern (gain) graph. 

 

 

 
Fig. 4. Top view of the produced antenna. 
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TABLE II.     FREQUENCY-GAIN-INPUT MATCH WITH MODIFIED GAP 

Gap between Slits Frequencies Gain (dB) Input Match (dB) 

0.25 
10.5 GHz 6.35 –16.8 

11.3 GHz 7.22 –14.72 

0.5 
10.7 GHz 6.68 –15.77 

11.9 GHz 7.32 –10.5 

0.75 
11.9 GHz 6.88 –8.5 

14.6 GHz 8.14 –15.69 

1 

12.7 GHz 5.33 –8.45 

13.5 GHz 5.77 –9.25 

14.44 GHz 6.11 –18.22 

 

 

 

Fig. 5. Measurement setup. 

 

IV. CONCLUSION 

Our aim is to find higher gain values for fabrication of 

circular shaped patch antenna for single band operations by 

simulating with different geometrical values mentioned in the 

article. A comprehensive parametric study has been carryout 

out. Throughout our design steps in this conclusion part of this 

project we can say that designing circular ring shaped antenna 

is not easy due to limitations, dielectric material type, gain - 

frequency relation, feeding type and technique. Even small 

changes on the antenna may have drastic outcomes, these 

changes have to be noted each time and avoid being applied 

again to cause further confusion during design. It should also 

be noted that in circular ring shaped patch antennas making 

slits, gaps inside of circular ring and pincering current to the 

sides by increasing the length of slits and gaps increases gain.  

By varying the thickness, different parameters of the 

designed antenna can be optimized. Proposed antenna can be 

used in different applications such as in wireless communication 

and S band applications.  

The simulations results are performed using Sonnet 

software [11]. 
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