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Abstract— Radio Frequency Identification (RFID) systems 

have been widely used in industries due to its various 

advantages. The RFID systems demand low cost and low 

profile antennas. Circularly polarized truncated corner 

square patch antennas offer a potential solution for many 

applications. It becomes popular and widely used because of 

its ease of analysis and fabrication, low cost, light weight, 

easy to feed and their attractive radiation characteristics. In 

this project, a single feed patch antenna has been designed 

for RFID applications by involving parametric study. The 

size of the proposed antenna is reduced by employing a 

dielectric substrate with high permittivity. The single feed 

truncated corner circularly polarized antenna is designed and 

simulated on Ansys HFSS simulation software at 2 to 5 GHz 

with a high gain, return loss and also with better bandwidth.  

As a vital and integrated part of the radio-frequency 

identification (RFID) system, RFID antennas have been 

received much attention over years, and their design is very 

urgent and significant. In fact, the development of RFID 

antenna is of theoretical significance and practical value for 

the RFID system. A circularly polarized corner truncated 

antenna is very simple in construction when compared to 

conventional Microstrip fabrication technique. 

Key words: RFID, high permittivity, high gain dielectric 

substrate, circularly polarized antenna. 

I. INTRODUCTION 

In this chapter, the RFID technology is briefly introduced, 

and the operating principle of the RFID system is described. 

The antenna in RFID system is discussed, and then the 

designing principle of the antennas for RFID applications is 

presented. Some commonly used antennas in the RFID 

system are also displayed. Nowadays, Radio Frequency 

Identification (RFID) systems have been gaining growing 

interest in telecommunication system. The capability to 

mark objects and people with passive transponder (tag), 

allows easy development of cost-effective and low power 

consumption wireless sensor network. 

There are a number of RFID frequencies, or RFID 

frequency bands that systems may use. The frequency used 

by the RFID system determines many of the characteristics 

about the way in which it will operate. Generally, the most 

common are low-frequency (around 125 kHz), high-

frequency (13.56 MHz) and ultra-high-frequency or UHF 

(860-960 MHz). Microwave (2.45-5 GHz) is also used in 

some applications. As a result, determining the correct RFID 

frequency band is an important early decision in the 

development process. 

In a RFID system, the reader is at heart, a radio transceiver 

that communicates with tags. Many different varieties of 

reader antennas are available and the proper choice is often 

guided by the regional regulations for maximum allowable 

radiated power and antenna beam width. As per applications 

demand, RFID systems can use advanced antennas such as 

switched beam antennas and smart antenna arrays. To 

reduce the size of the antenna and to achieve wideband, 

different techniques such as meandered ground plane, chip 

loading, feed modification, stacked shorted patch, slot-

loading and teardrop dipole in an open sleeve structure have 

been reported. 

In passive RFID system, the energy for maintaining the tag 

operation comes from theelectromagnetic wave transmitted 

by the reader antenna. Here the passive system is 

mainlydiscussed to show the impact of the antenna 

parameters on the system performance. To double the 

reading range, the transmitted power, the antenna gain, or 

the sensitivity of the receiver should increase at least 12dB. 

First, the impact of the antenna gain on the system 

performance is described. When the transmitted power is 

fixed, the maximum reading range of the RFID system is 

mainly limited by the antenna gain and the operating 

frequency. 

In recent years, Circular patch antenna has been gaining 

growing interest in the wireless telecommunication system. 

The Circular patch antenna technology develops rapidly in 

the late 1970s. They are extremely compatible for embedded 

antennas in RFID application due to their lightweight, 

versatility, conformability, low cost and low sensitivity to 

manufacturing tolerance. However, it has a disadvantage of 

a narrow bandwidth. There are numerous methods to 

increase the bandwidth. The most common methods are 

varying the thickness and using a low dielectric constant 

substrate material. However, the bandwidth and the size of 

an antenna are generally mutually conflicting properties, 

that is, the improvementof one of the characteristic normally 

results in degradation of the other.  

In this project, the design flow of a new circular patch 

antenna for using Ansys HFSS software will be described. It 

also can obtain a circular polarization where the polarization 

of the antenna will be following the direction of the 

maximum gain. The greatest strength of the 5 GHz is the 

availability less overlapping and greater number of available 

channels provides for increased density, which means that 

more wireless devices can be connected in the same radio 

environment. This antenna design will use center line fed 

patch method. 

Thus the reader antenna should be a circularly polarized 

antenna, in order to avoidthe polarization loss when the 

orientation of the identified object is changed. Meanwhile, 

thereader antenna should have low profile and realize 

miniaturization, some of which shouldoperate at more than 

one band. In some special cases, multiple antenna 

technology or smartantenna arrays for beam scanning will 

be employed. 
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II. RELATED WORK 

Here we review previous work, highlighting the concepts 

that will be exploited in our framework. 

A. Compact dual band RFID reader antenna designed 

using ramped convergence particle swarm optimization. 

S.Kibria, M. T. Islam, and B. Yatim has conducted the study 

in this paper shows the implementation of RCPSO to 

optimize planner dual-frequency antenna. The initial design 

was optimized to maximize the linear gain at the SHF and 

UHF bands. RFID applications require circular polarization, 

but the antenna proposed in this paper does not achieve 

circular polarization characteristics. The simulated gains 

were 2.9 dBi and 5.5dBi in the dual-band antenna. RFID 

antenna designed with circular polarization is needed to 

optimize the gain and high reader range. 

B. Joint optimization of micro strip antennas using particle 

swarm optimization for UWB system. 

In this paper, Muhammad Zubair and Muhammad 

Moinuddin proposed the concept of compactness in antenna 

by using Particle Swarm Optimization algorithm. Microstrip 

antenna requires a low profile and is compact enough to be 

placed on mobile communication units. Microstrip patch 

antennas are widely used for wide bandwidth and Omni-

directional applications. Microstrip antenna suffers from low 

gain and narrow bandwidth. It is considered as an 

optimization problem to design a truncated corner square 

patch RFID reader antenna with a center line feeding 

configuration. 

C. A novel dual-band circularly polarized antenna using a 

feeding configuration for RFID reader 

D. Shin, P. Park, W. Seong, and J. Choi proposed the 

comprehensive study of RFID reader antenna utilizing the 

feeding network to achieve high gain in both UHF and SHF 

bands. A 200 mm by 200 mm by 200 mm multilayer multi-

patch antenna with a complex feeding technique is 

developed. It has a complex feeding structure and this size 

makes it too large to be fitted in any devices. Compact RFID 

reader antenna should be designed to improve the gain 

further in the feeding network. 

D. Compact microstrip antenna for RFID application 

S. S. More , M. P. Turuk developed the Circular shaped 

slotted Microstrip patch antennas with slits for circularly 

polarized (CP) radiation and radio frequency identification 

reader applications in this paper. Four symmetric-slits are 

also embedded symmetrically along the orthogonal 

directions of the asymmetric-circular shaped slotted patch to 

further reduce antenna size. The operating frequency of the 

antenna can be tuned by varying the slit length while 

keeping the CP radiation unchanged. Circularly polarized 

antennas can reduce the loss caused by the multipath effects 

between the reader and the tag antenna. 

III. SYSTEM ANALYSIS 

A. Existing system 

A Microstrip patch antenna has been one of the most 

innovative topics in antenna theory and design. Microstrip 

antennas are designed to have many geometrical shapes and 

dimensions but rectangular and circular Microstrip patches 

have been used in much application [4]. They are used in 

wide range of modern microwave applications because of 

their simplicity and compatibility with printed-circuit 

technology. 

A Microstrip patch antenna in its simplest form consists of a 

radiating patch on one side of a dielectric substrate and a 

ground plane on the other side as shown in Figure 1. The 

bottom surface of a thin dielectric substrate is completely 

covered with metallization that serves as a ground plane. 

The rectangular Microstrip patch antenna is made of a 

rectangular patch with dimensions width (W) and length (L) 

over a ground plane with a substrate thickness (h) and 

permittivity. The length (L) of the patch is usually λ0/3 < L 

< λ0/2 and the thick of the patch is very thin (t <<λ0).  

The patch is generally made of a conducting material like 

gold or copper. The radiating patch and the feed lines are 

usually photo etched on the dielectric substrate. Microstrip 

patch antennas radiate primarily because of the fringing 

fields between the patch edges by variety of methods. The 

patch is in fact electrically a bit larger than its physical 

dimensions due to its fringing fields. 

 

 
Fig.1: The simplest Microstrip patch antenna 

Although rectangular Microstrip has a very simple 

geometric structure, the electromagnetic fields involved are 

actually complex [1]. Accurate and thorough analysis 

requires mathematical treatment. Some of the disadvantages 

of Microstrip antenna configurations include narrow 

bandwidth, spurious feed radiation, and poor polarization 

purity, excitation of surface waves, limited power capacity, 

and tolerance problem. However, narrow bandwidth 

disadvantage of patch antenna turns out to be advantage for 

RFID reader as its applications do not need much bandwidth 

because antenna rejects the signals that are out of the band 

and accordingly increases the quality factor. 

B. Proposed system 

In this paper, detailed study of truncated corner square patch 

RFID antenna is proposed. The changing feeding mode 

hasn’t a major effect on resonance frequency and radiation 

pattern. But changing substrate can modify the nature of the 

antennaand then changes in the shape of patch, and the 

circular sector was compared to rectangular Microstrip 

antenna is designed. This comparison demonstrates the 

effect of changing shape of patch from rectangular to 

truncated corner square patch. The circular sector permits to 

reduce size of patch, and getting circular polarization which 

is desired in wireless communication. But it didn’t find any 

changing in gain and radiation pattern.  

Circularly polarized truncated corner squarepatch antennas 

with single feeding configuration improve the directivity 

and gain when compared to the rectangular patch Microstrip 

RFID patch antenna. However, the antenna dimensions of 
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receivers are an obstacle for the practical usage because of 

the relatively high wavelength. In this project, an antenna 

with relatively small dimensions, which is more appropriate 

for practical commercial usage, is designed and 

implemented to overcome this obstacle. 

IV. THE DESIGN AND SIMULATION OF RFID ANTENNA 

We propose here a framework for the optimization of high 

gainantenna using High Frequency Structure Simulator 

(HFSS) software [9]. 

A. Steps of Antenna Designing 

Bands from 2.4-5 GHz are the target band that requires gain 

maximization, as higher gain usually translates to higher 

read range.It is designed on a Rogers RT/ duroid substrate 

with relative permittivity of 2.2.Antenna with circular 

polarization is designed on a square patch ground plane. 

1) Gain 

It measures the degree of directivity of the antenna's 

radiation pattern. A high-gain antenna will radiate in a 

particular direction. High-gain antennas have the advantage 

of longer range and better signal quality.Low-gain antennas 

have shorter range, but the orientation of the antenna is 

relatively inconsequential. 

Gain is four pi times the ratio of an antenna’s radiation 

intensity in a given direction to the total power accepted by 

the antenna.In HFSS, the gain of an antenna can be 

calculated by: 

 

 

 

Where, 

U is the radiation intensity in watts per steradian in the 

direction specified. 

Pacc is the accepted power in watts entering the antenna. 

Gain is related to directivity by the radiation efficiency of 

the antenna. If the radiation efficiency is 100%, they are 

equal. 

2) Directivity 

Directivity is defined as the ratio of an antenna’s 

radiation    intensity in a given direction to the radiation 

intensity averaged over all directions.  

 

 

 

Where, 

Prad is the radiated power in watts. 

3) Radiation Efficiency 

Radiation Efficiency is the ratio of the radiated 

power to the accepted power given by, 

 

 

 

4) Circular Polarization 

The polarization of an antenna is the orientation of the 

electric field (E-plane) of the radio wave.CP is compatible 

with any polarization field from horizontal to vertical.With 

CP, the strength of the received signal is fairly constant 

regardless of the antenna orientation.The CP antenna is very 

effective in reducing multi-path interferences or fading. 

 

 

 

 
Fig. 2: Circular polarization 

5) Radiation Pattern 

Radiation pattern (or antenna pattern) is the directional (or 

angular) dependence of the strength of the radio waves from 

the antenna.It is typically represented by a three dimensional 

graph or polar plots of the horizontal and vertical cross 

sections. 

 
 

Fig. 3: Antenna design in HFSS 

 

Figure 3 shows the design of HFSS circularly polarized 

corner truncated RFID antenna. 

6) Single feeding technique 

The Single feed method is one of the most common feeding 

techniques [5]. The inner conductor of the coaxial goes 

through the substrate from ground to the patch and the outer 

conductor are connected to the ground plane. Figure 4shows 

the single feeding square patch antenna with truncated 

corner. 

Advantages of Single feeding method are: 

 Easy to fabricate. 

 Easy to match because the feed position can be placed 

anywhere to the patch to get impedance matching. 

 

 
 

Fig.4: Square patch with corner truncated 
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B. The Simulation of Antenna 

HFSS is a commercial Finite Element Method (FEM) solver 

for electromagnetic structures from Ansys. The acronym 

originally stood for High Frequency Structural Simulator. It 

is one of several commercial tools used for antenna design, 

and the design of complex RF electronic circuit elements 

including filters, transmission lines, and packaging. Design 

properties of an antenna in HFSS Simulation are given in 

the following steps. The truncated corner square patch with 

single feeding antenna is implemented by following these 

steps. 

1. Create Substrate 

2. Create Ground 

3. Create Patch 

4. Assign Excitation 

5. Create Air Body 

6. Assign Radiation Boundary and Create Radiation Setup 

 

1) The simulation results 

The simulation results show that the design andsimulation 

methods which are described before are correct,and the 

antenna circuit and practical design have been gained when 

compared to previous system. 

Figure 5 shows the improved gain of the HFSS circularly 

polarized corner truncated RFID antenna. 

Figure6 shows the radiation pattern of the HFSS circularly 

polarized corner truncated RFID antenna. 

 

 
Fig.5: Gain in HFSS 

 

 
 

Fig. 6: Radiation Pattern in HFSS 

V. DISADVANTAGES AND FUTURE ENHANCEMENT 

In this paper we focused on circularly polarized antenna 

with a high gain that will be measured from long distance 

environments, and proposed how to increase gain further in 

the design process of an antenna In the future work, the 

prototype of the design can be fabricated and measured, and 

then compared with the simulation results. The most 

significant advantages of RFID are its practical usage and 

cheap structure so that in near feature most of the new 

products will carry an RFID tag. An antenna with relatively 

small dimensions, which is more appropriate for practical 

commercial usage, is designed and implemented to 

overcome the obstacle in future. 

Circularly polarized truncated corner squarepatch antennas 

with single feeding configuration improve the directivity 

and gain when compared to the rectangular patch Microstrip 

RFID patch antenna. However, the antenna dimensions of 

receivers are an obstacle for the practical usage because of 

the relatively high wavelength. In this project, an antenna 

with relatively small dimensions, which is more appropriate 

for practical commercial usage, is designed and 

implemented to overcome this obstacle. 

VI. CONCLUSION 

The proposed methodology for designing circularly 

polarized corner truncated square patch antennas with single 

feeding configuration by HFSS Simulation software 

improves gain in the frequency range of 2-5 GHz. This kind 

of antenna is very effective and popular in RFID tag design 

in order to minimize the size of antenna. The Simulated 

radiation pattern is in a good agreement with the typical 

antenna properties and the patch antenna has radiation 

pattern that can be calculated easily. 
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