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Abstract – With Industry 4.0, the evolution of technology has accelerated. As the information shared by 

people has increased, homes, cities and working environments have begun to be equipped with smart 

systems with the requirements of the age. IOT (internet of things) is spreading around the world. As a 

benefit of the advantages of wireless communication, technologies that provide information transmission 

using radio waves have gained importance. The increasing population in the world and its direct effect on 

demand require factories to keep production under control. This allows for renewal in manufacturing by 

triggering the contemporary transformation of the world. The transfer of this data has become an important 

issue as well as the increase in the amount of data generated. Wireless communication is provided by using 

radio frequency and studies are carried out on the 2.4 GHz ISM band frequency, which is the most 

frequently used. In this paper, circular polarized reader antenna with resonance frequency at 2.4 GHz and 

gain of 4.7 dBi is proposed. Resonance frequency covered by WLAN (wireless local area network) (2.4, 

2.5 GHz). Impedance bandwidth -10 dB is between the frequencies 2.28 GHz and 2.53 GHz.  The size of 

the designed antenna is 114mm x 65mm x 0.8mm.  
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I. INTRODUCTION 

In the evolving digital systems, the importance of 

wireless communication components has increased 

with the emergence of new generations of 5G and 

6G in accordance to the need for the new component 

designs to be used in this technology [1,2.3].  

Wi-Fi communication, which transmits data 

wirelessly with radio frequency, turns into a non-

stop system where every new design instantly leads 

to another new idea, with its wide usage area and 

being frequently preferred. Most frequently used 

frequency in ISM band is 2.4 GHz frequency to 

provide communication in wireless local networks 

and this situation continues with the development of 

microwave systems and antennas by utilizing 

different materials in designs [4]. Geetharamani et 
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al. propose metamaterial-based antenna design 

operating at 2.4 GHz resonance frequency.  

Studies to increase antenna performance have 

been continued in both design and metamaterial 

branches [5]. 

Results from material-based changes is therefore 

the reason why the versatile different antenna 

geometric models have been used including 

metamaterial based resonating structures addressed 

in different microwave component designs [6, 7, 8] 

even suitable for the Wi-Fi applications [5,9-11] and 

in millimeter frequencies. In study [5], metamaterial 

has used to reduce the size of the antenna. 

Complementary split-ring resonator has 

implemented to the antenna and the comparison of 

two antennas with and without the method has 

simulated. Complementary split-ring resonator 

contributed to the antenna efficiency at the desired 

frequency. In study [10], metamaterial 

development-based microwave design structure has 

studied with split-ring resonators (SRRs) and 

complementary split-ring resonators (CSRRs) 

coupled to planar transmission lines.  In [11], it has 

observed that the spiral resonator (CSR2) structure, 

which can be used in dual band miniature antenna 

applications, has applied and circular polarization 

has captured at both 658 MHz and 2.74 GHz 

operating frequencies. Efforts continue to increase 

the efficiency of antennas and to reduce the cost and 

size in this process. These developments are carried 

out both by making changes in antenna designs and 

by studies in the field of metamaterials. It is an 

important factor that the antennas are need-oriented 

and budget-friendly according to the size and 

material of designed antenna. The communication 

distance is directly affected by the antenna gain. 

In this paper circularly polarized antenna at 2.4 

GHz resonance frequency is presented. Material and 

parameters are detailed in section II, result values 

and observations explained in section III. In section 

IV, result and parametric changes are reviewed. In 

section V, summary information about the study 

was compiled. 

II. MATERIALS AND METHOD 

The proposed antenna structure is shown in fig. 2. 

Antenna has been designed with FR-4 material and 

copper patch. FR-4 has a permittivity of 4.5. 

Substrate thickness is designed as 0.8 mm. Outer 

size of the antenna is 114 x 65 mm2. Designed 

antenna has feed line structure with length 

parameter L2. The feed of the designed antenna is 

provided by connecting the L2 feed line to the patch 

surrounding the quarter and corner of the antenna 

with lengths L2 and X2. The corner patch is added 

vertically a rectangular patch and a slot. The 

substrate thickness is 0.035 mm.  

III. RESULTS 

Including rectangular patch has a positive effect 

on AR value to decrease as it is shown in Table 1. 

Circular polarization is observed when both electric 

field components are equal to each other and have a 

phase difference of 90 degrees:  

Polarization of designed antenna is affected by the 

lengths L1 and L2 directly. AR values are mostly 

affected by the changing of feed width W1 It has 

observed that the AR value increased when the feed 

width has expanded. On designed antenna port 

location simulated along Lh distance. The most 

optimized result of the reflection coefficient is 

simulated 5 mm above the edge of the antenna. 

 

Fig. 2 Antenna structure  

Parameters (in mm): X=65, Y=114, L1=65.1, 

L2=85, Lh=20, L3=Lb=17, L4=30, Ly=35.5, 

W1=W3=5, W2=20, W4=4, X1=5, X2=54, X3=60. 
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Fig. 3 Antenna Structure with Discrete Port 

 

Fig. 4 Simulated S11 Result at 2.4 GHz 17.66dB 

Before the settings were adjusted, the designed 

antenna had a resonance frequency in the 3-3.5 MHz 

band when the range of L1 was between 52-55 mm, 

and the reflection coefficient was above -10 dB.  

  Axial ratio values get better after including 

rectangular patch but it was not enough to take S11 

parameters to desired frequency and values. Closer 

to 2.4 GHz on S11 graph were obtained by subtract 

the vertical slot on patch but AR is increased.  
 

 

Fig. 5 Axial Ratio 

Frequency is pulled to 2.4 GHz by adjusting feed 

length (L1) and rectangular patch length (L3). 

During the process axial ratio values increased and 

2.99 dB AR obtained L1 and L3 parameters are 61.5 

and 17 mm respectively. Table 1 shows the variation 

of the axial ratio and reflection coefficient values at 

their resonance frequencies according to L3 

parameter when L1 fixed at 64 mm. Frequency and 

axial ratio values determined at 2.4 GHz and below 

3dB for circular polarization. The vertical slot did 

not affect the 2.4 GHz reflection coefficient values 

as it was effective in the 3-3.5 GHz band. 

Table 1. AR an S11 variations  

L3 (mm) AR (dB) S11 (dB) 

 15 2.89 -20.6 (2.51GHz) 

16 3.4 -18.7 (2.46GHz) 

17 5.9 -18.7 (2.42GHz) 

18 4.7 -20.8 (2.38GHz) 

 

 

 

Fig. 6 Gain at 2.4GHz 3D Radiation Pattern 
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Simulation results of reflection coefficient at 2.4 

GHz is -17.66 dB. Bandwidth is 2.28-2.53 GHz. 

Gain of the designed antenna is 4.7 dBi. Polarization 

of antenna is circular and 2.99 dB obtained. 

Presented antenna is easy to fabricate cause of FR-4 

substrate thickness. Size of the antenna is 65 x 114 

mm2. Designed antenna parameters has been 

optimized by parametric sweep simulations. 

 

IV. DISCUSSION 

Antenna has been realized in three steps including 

the rectangular patch and slot effects observed by 

numerical computations, frequency range adjusted 

by parametric changes and lengths of feed and 

vertical rectangular patch. The latter parameters 

have a big effect on both polarization and reflection 

coefficient values. In order to understand the effect 

of each parameter separately, parametric sweep has 

been used then combined for collective effect on 

results. At the beginning, the vertical slot has not 

affected the frequency value but decreases the S11 

parameters below -10 dB.  

. 

V. CONCLUSION 

The presented antenna can be used for Wi-Fi 

applications operating at 2.4 GHz resonance 

frequency with low bandwidth. The idea behind the 

attempt on obtaining the circular polarization is to 

decrease the polarization sensitivity of receiving 

antennas relying on the relative positioning of 

hotspot communication router antennas with respect 

to the nearby receiving antennas. This radiation 

feature is realized by adjusting geometric 

parameters of the radiating patch. Designed antenna 

is thin, middle sized and easy to integrate for IOT 

systems. 
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