
Curved Strip Dipole Antenna on EBG Reflector Plane  
for RFID Applications 

 
N. FHAFHIEM, P. KRACHODNOK, AND R. WONGSAN 

School of Telecommunication Engineering, Institute of Engineering 
Suranaree University of Technology 

111 University Avenue, Muang District, Nakhon Ratchasima, 30000 
THAILAND 

m5140732@g.sut.ac.th 
 
 

Abstract: This paper presented the study and design the curved strip dipole on Electromagnetic Band Gap (EBG) 
reflector plane that can be affected the performance of the proposed antenna for RFID application. The proposed 
antenna consists of a strip dipole that constructed of a metallic sheet and it was bended to be a half of annular with 
feed point at the center for yielding wider beamwidth. Normally, a curved strip dipole antenna without the reflector 
provides low gain of 1.5 dB, due to its features of radiation patterns, both in azimuth and elevation planes. In our case, 
the resonant EBG technology has been used to be a reflector for directive gain increment by utilizing the good 
performances of EBG structure, which is capable of providing a constructive image current within a certain frequency 
band. Therefore, when this curved dipole is appropriated located horizontally on a resonant EBG reflector, the low 
profile antenna that provides good performance such as large beamwidth, wide bandwidth, and high directive gain can 
be obtained, consequently. The first curved strip dipole antenna with 3×3 elements and the second one with 5×5 
elements of EBG reflectors, respectively, have been fabricated and their RF performances have been measured. For 
3×3 elements of EBG reflector, the measured beamwidth in E- and H-planes are 100° and 110°, respectively, 
frequency bandwidth is 2.06-2.59 GHz and directive gain is 7.45 dBi at 2.45 GHz. In case of 5×5 elements of EBG 
reflector, the measured beamwidth in E- and H-planes are 65° and 120°, respectively, frequency bandwidth is 2.06-
2.62 GHz and directive gain is 7.65 dBi at 2.45 GHz. From simulation and experimental results, it's obvious that many 
applications can be conceived for a curved strip dipole on EBG reflector plane due to its geometrical and 
electromagnetic features. 
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1 Introduction 
With the advances of the wireless communication 
technology and the communication industry, the antenna 
becomes an important part of electrical devices in 
wireless communication after late 1888 [1-3]. 
Nowadays, the radio frequency identification (RFID) 
technology has been developed for an electronic toll 
collection on expressway. In addition, RFID technology 
can be used for any examples in identifying objects 
warehouse supply chain management, service logistics, 
control, and other automation process. The frequency 
bands of this technology divided into four bands are low 
frequency (100-200 KHz), high frequency (10-15 MHz), 
ultra high frequency (850-959 MHz) and microwave 
frequency (2.4-2.58 GHz). The compositions of RFID 
system are the communication between the reader and 
the tags, which is achieved by modulated back scattering 
of the reader's carrier wave signal, while the tag consists 
of microchip for gathering the data of objects that will 
be identified and antenna for communicating to the 
reader by radio wave. Therefore, the antenna is an 

important component, which has been developed to 
obtain the highest efficiency for the RFID system. In this 
paper, the antenna has been designed at 2.45 GHz for 
RFID applications in microwave frequency band. The 
desired features of the proposed antenna are sufficiently 
high gain, wide coverage area, and high power handing. 
In addition, economically, this antenna should be 
relatively simple in concept, easy structure, low cost, 
and so on. With some features of the microstrip patch 
antenna, which are attractive and popular due to their 
natural advantages such as light weight, conformability, 
inexpensive, and peak gain about 3.8 dBi [4], while the 
dipole antenna is easy to fabricate and variety [5-6].  

From such advantages of two basic antennas, there 
are some authors presented the dipole antenna, which is 
mounted over on a perfect conductor plane to improve 
the directive gain [7]. In addition, some authors 
presented the related literatures, the dipole antenna is 
installed in the proximity of a conductor plane and cut in 
a quarter-wavelength each to form a half annular, and 
connected through a hole to a feeding network under the 
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(b) 
 

Fig.19 Comparison of the far-field radiation patterns of 
the proposed antenna with 3×3 elements EBG  

reflector in: (a) E-plane and (b) H-plane. 
 
4.2 Case of 5×5 Elements EBG Reflector 
In addition, the number of patches of EBG structure is 
increased to 5×5 elements for the additive study of 
antenna efficiency, the fabricated antenna as shown in 
Fig.20. In this case, when the total size of reflector is 
1.24λ × 1.24λ, the frequency bandwidth for –10 dB 
return loss is around 560 MHz (2.06 – 2.62 GHz). It still 
covers all of frequency band for the RFID microwave 
frequency band. It is observed that, the band gap region 
is not shifted, when the size of reflector is changed. In 
Fig.20, at 2.45 GHz, the measured return loss of -25 dB 
and the measured gain of 7.65 dBi are confirmed for the 
impossibility to increase the antenna efficiency. The 
radiation patterns were measured in the E-plane and the 
H-plane of antenna in Fig.21, respectively. The 
measured HPBW in E-plane is about 65° and in H-plane 
is about 120°, respectively. However, the measured 
radiation pattern in the backward direction is higher than 
of the simulated results.  
 

 
 

Fig.20 The prototype of the proposed antenna with 
5×5 elements EBG reflector. 

 
 

Fig.20 Return loss of the antenna with the 5×5 elements 
EBG reflector. 

 

 
 

(a) 
 

 
 

(b) 
 

Fig.21 Comparison of the far-field radiation patterns of 
the proposed antenna with 5×5 elements EBG  

reflector in: (a) E-plane and (b) H-plane. 
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5 Conclusion 
The curved strip dipole antenna with the resonant EBG 
ground plane/reflector has been studied theoretically and 
experimentally with CST software in laboratory. This 
antenna provides the wider beamwidth than straight wire 
dipole on the PEC reflector. The structure of antenna is 
not complicated and inexpensive that was demand on 
equipment for RFID system. The curved strip dipole on 
EBG reflector can be utilized to install at the RFID 
reader system. Since the curved strip dipole is mounted 
over the EBG structure, which redirects the half power 
of the radiation into the opposite direction improving the 
antenna gain to 7.45 dBi and 7.65 dBi for 3×3 elements 
and 5×5 elements EBG reflectors, respectively. The 
desired performance of this antenna could be achieved 
by adjusting the appropriate values of the distance 
between the feed point and reflector, the radius of 
annular curve of dipole, and the total length of curved 
dipole.  Furthermore, the overall parameters of this 
antenna have been optimized appropriately with the 
frequency band of EBG. Whenever all values of 
parameters of antenna and reflector are satisfied, the 
antenna composition will provide the good performance 
as we required. However, the proposed antenna can be 
applied for another band by adjusting three important 
parameters of curved strip dipole and the reflection 
phase of EBG to the desired resonant frequency band. 
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