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Abstract: This paper presents an ultrahigh frequency (UHF) radio frequency identification (RFID) reader antenna used to
detect an RFID tag. The antenna works in the UHF range i.e., 860-960 MHz, and also it is easy to design and low cost. A 90°
phase shift is introduced between the currents flowing along the opposite side of two branches, this results in the near-field
and multi-polarization operation. The simulated impedance bandwidths (—10 dB) range from 825 to 965 MHz and covering
the UHF RFID standard. In addition, it exhibits a high far-field gain. The large dimensions of the antenna contributed to the
high far-field gain of 23.45 dB and directivity of 19.9 dB. Thus the simulated results of the antenna are in good agreement
with the specified UHF band and ranges.

IndexTerms— Multi-polarization, near-field application, radio frequency identification (RFID), reader antenna,
ultrahighfrequency(UHF).

l. INTRODUCTION

RFID technology is used to provide wireless identification and tracking capability [1][2], it is developed around World War 11. Radio
Frequency Identification (RFID) Systems enable the user to simultaneously read/write the tags and activate remote sensing devices
based on their unique IDs [3]. Near-field RFID readers are becoming more and more prominent due to the item-level RFID
applications like as sensitive products tracking, pharmaceutical logistics, transport, medical products, and bio-sensing applications
[4]-[8].In  most of the near-field RFID applications, the interaction between tags and the reader antennas is based on magnetic
coupling, whose magnetic field stores most of the reactive energy. Usually, the general electrically small loops can produce a strong
magnetic field over the near-field region. The main challenge encountered in designing the reader Antenna is to generate a strong and
uniform magnetic-field distribution over an electrically large interrogation zone area using one single antenna. On the other hand, a
large interrogation zone of the reader antenna is able to detect more tags simultaneously and make an RFID system more efficient.
This near-field magnetic field can also be generated by the interference between the feed line and the meander line [9]. These
magnetic coupling-based antennas can detect a large number of loop-like tags, but their short reading distance limits the scope of their
applications. In this paper, we have proposed and investigated a novel UHF RFID reader antenna with high far-field gain and also
multi-polarization operations. The proposed antenna is low in cost and easy to fabricate. The antenna comprises two meandering
open-ended microstrip lines and a phase shifter of approximately 90°. The simulated -10dB impedance bandwidth of the antenna
ranges from 825 to 965 MHz, which covers all the UHF RFID standards.
11. Antenna design and configuration

A. Antenna Configuration

The configuration of the proposed antenna is shown in Fig. 1. The antenna comprises a pair of open-ended symmetrical microstrip
meandering lines with a phase shifter in one branch. The antenna prototype was fabricated on a 1-mm-thick FR4 substrate with a
permittivity of 4.4, a length (L) of 255.6 mm, and a width (W) of 220 mm. The bottom of the substrate was on a covered metal
ground. On the input side, the antenna was fed by a 50- Subminiature version A connector. The matching stub is used to match the
input impedance and divide the electromagnetic energy uniformly into two branches. The optimized dimensions of the antenna are

presented in Table I. The operation of the antenna will be explained in the following sections.
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Fig. 1. Configuration of the proposed antenna Fig. 2. Meander unit and the simulated current distribution

B. Introduction of Microstrip Meander Units

To explain the operating principle of the proposed antenna, a simplified structure of the meander unit is analyzed, as shown in Fig. 2.
The segments U1 and U2 satisfy the following equation:

4x ULl +2xU2=2g(1)

Where Agis the operating on-board wavelength.

WO W1 Ul u2 LO L1 L2 L3 L4 L6 Lc

1.6mm 3mm 8.7mm | 69.7mm | 10mm | 43.6mm | 90mm | 18.2mm | 11.9mm | 88.7mm | 22mm

Table I: Dimensions Of Optimized Antenna Design

The proposed antenna comprises eight differently oriented units, the length of each unit being equal to one operating
wavelength. Owing to the open end, the standing wave can be formed on the meandered lines to generate a strong electric field in the
near-field region. The distribution of electric current flowing along the lines and-the locations of nodes can be easily adjusted by
changing the lengths of U1 and U2. As shown in the simulation results (Fig. 2), the antinodes, i.e., the maximum electric current
amplitude, were moved to the middle part of U2. The electric currents along U2 segments are in-phase and superposed to enhance the
strength of the electric field.

The currents along the y-axis create a strong E-field in the central region above the unit, but those along U1 segments are too weak to
excite the electric field. Fig. 3 illustrates the distribution of simulated E-field vectors within a cycle on a plane at distance of 300 mm
from above the unit. It is shown that the E-field vectors in the xoyplane are predominately along y-axis.

C. Principle of Multipolarization

The proposed antenna comprises a pair of symmetrical branches of differently oriented (vertical and horizontal) units plus a phase
shifter in the upper branch. The phase shifter consists of two Lcstubs with a total length being approximately equal to a quarter of the
operating wavelength.So the phase shifter causes a phase difference of 90° between the upper and lower branches. Fig. depicts the
current distributions in the antenna structure in four different phases over a cycle. It can be seen that the current direction is changed
with the phase. In the phase of 0°, the horizontal currents on the units of upper and lower branches flow in the opposite direction
while the currents flow in the same upward direction on the vertical units. Therefore, the horizontal currents cancel themselves out
while the vertical currents are enhanced in the upward direction. In the phase of 90°, the vertical currents on the upper and lower
branches flow in the opposite direction and cancel themselves out while the horizontal currents are enhanced in the same rightward

direction. In the phase of 180°, the horizontal currents cancel themselves out again while the vertical currents are enhanced in the
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downward direction. In the phase of 270°, the vertical currents cancel themselves out while the horizontal currents are enhanced in the
leftward direction. Therefore, the 90° phase difference between the upper branch and the lower branch has generated a quasi-circular
polarization of the enhanced current on this antenna. In addition, a quarter-wavelength match stub from 50 to 25 is inserted in the
feeding end to divide the electromagnetic power uniformly into the two branches. The matching stub is designed with a length L1 =
43.6 mm and a width W1 = 3 mm. Fig. 5 presents the simulated E-field vector distributions in the corresponding phases of Fig. 4 on
the xy plane 300 mm above the antenna surface. The directions of E-field vectors match the directions of the enhanced currents in Fig.
4 perfectly, following a similar quasi-circular polarization. Thus, the arbitrarily oriented linear-polarized tags can be detected in the

near field of antenna.
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Fig. 3. Current distributions in the antenna structure over a cycle

.For better understanding of the antenna operation, the E-field vector distributions in the same horizontal plane, but without the phase
shifter in the upper branch. It can be seen that the directions of E-field vectors are alternate only along the x-axis over a cycle. The
linear-polarized tags along the y-axis cannot be detected in this plane . Distribution of electric field vectors at.

In the plane close to the antenna, the directions of the E-field vectors are in mixed orientation, as shown in Fig. . So the arbitrarily
oriented linearly polarized tags on this plane can be detected. Thus, the direction of the E-field vectors of the proposed antenna
presents the multi polarized characteristic on the plane parallel to the antenna.

"=
=

i
|

ijw
H

Figure. 4 : Design of Proposed antenna.
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I11. Stimulation Results
Return loss:

The simulated return loss of antenna is shown in figure
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Figure. 5 : Return loss plot of Proposed antenna
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VSWR:

The Simulated VSWR is below -10 dB level.VSWR stands for Voltage Standing Wave Ratio. VSWR is a function of the reflec- tion
coefficient, which describes the power reflected from the antenna. The smaller the VSWR is, the better antenna is matched to the
transmission line and more power is de- livered to the antenna.
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Figure.6 : Voltage Standing Wave Ratio plot of Proposed Patch antenna.
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Figure .7: Impedance of Proposed Patch antenna

Radiation Patterns:

The radiation pattern is a graphical depiction of the relative field strength transmitted from or received by the antenna. The
antennas patterns describes how the antenna radiates energy out into space. An antenna radiates energy in all directions, at least to
some extent. So, the antenna pattern is actually three dimensional. The far field radiation patterns in terms of 3D view for the
proposed Microstrip antenna are shown in
below figures
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Figure.9: 3 Dimensional view of antenna at 887 MHz.

The proposed antenna is having Gain of 23.20 dB at 887 MHz frequency.
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This project presents configuration, design theory, simulation, and measurement of a novel UHF RFID reader antenna for near-field

applications. The proposed antenna was shown to generate a multipolarized electric field with a fairly uniform distribution in the near-

field region in simulation. The performance of the proposed antenna was verified and evaluated by conducting several experimental

tests. All the results demonstrate that the proposed antenna can perform well in the specific UHF RFID near-field applications.

However, the 100% reading rate area of the proposed antenna has a fixed reading zone, which is not easy to adjust. This limitation

can, hopefully, be overcome by further research work in the future.
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