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A novel compact circular polarization (CP) microstrip antenna is proposed for UHF ultrahigh frequency (UHF) radio frequency
identification (RFID) reader applications. The proposed antenna is composed of a corner truncated square-ring radiating patch on
a substrate and a vertical slotted ground surrounding four sides of the antenna. A new feeding scheme is designed from flexible
impedance matching techniques. The impedance bandwidths for S;; < —10dB and 3 dB axial ratio (AR) bandwidth are 12.1%
(794.5-896.5 MHz) and 2.5% (833.5-854.5 MHz), respectively.

1. Introduction

RFID reader system in the UHF band has developed rapidly
due to its numerous application [1]. The reader antenna is
one of the important components in the RFID reader system,
which has been designed with CP radiation for reducing the
loss caused by the multipath effects between a reader and the
tag. Circularly polarized reader antenna is useful in practice
when tag antenna system is in rotating motion or when its
respective orientation cannot be ensured

Total frequency span of 840-960 MHz is used for UHF
RFID systems worldwide. In China, RFID and other low-
power radio applications are regulated, allowing RFID oper-
ation with somewhat complex band restrictions from 840
to 845 MHz or 920 to 925MHz. In this paper, a compact
circularly polarized antenna for handheld UHF RFID reader
operates at the bands of 840-845 MHz. Design of a compact
CP microstrip antenna is attractive for handheld/portable
device application. Some minimized CP antennas have been
reported in literatures [2-4]. Reference [2] demonstrated
that the size requirement of square-ring microstrip antenna
is smaller than that of conventional design using a square
patch. However, the antenna gains and 3dB axial ratio
bandwidth for such compact circular polarization (CP)

designs are also decreased, which is a severe limitation
for practical applications of such antennas. Reference [3]
proposed antenna with vertical ground surrounding four
sides of the antenna to further reduce size and obtain high
gain; however the antenna’s cost is high for using a high-
permittivity substrate. Reference [4] used foam instead of
high-permittivity substrate to obtain the merit of low cost.
The antenna in [5] is composed of two corner truncated
patches and a suspended microstrip line with open-circuited
termination. The main patch is fed by four probes which are
sequentially connected to the suspended microstrip feed line.
Reference [6] designed a circularly polarized RFID antenna
using a horizontal bend line feed technology. The antenna
in [7] is composed of two patches. The main patch which
is truncated to generate CP radiation is fed directly by the
SMA connector oriented in the same plane via the vertical
part of the L-shaped ground. The parasitic patch used to
enhance the bandwidth is placed at the same layer of the
main patch. References [5-7] realized the UHF RFID antenna
but its size is too large to facilitate the practical application.
References [8, 9] developed a small circularly polarized
RFID antenna, but the antenna bandwidth is so narrow
that it cannot meet the requirements of UHF RFID applica-
tions.
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FIGURE 1: Geometry of proposed antenna. (a) 3D structure; (b) top view; (c) side view (hide vertical slotted ground). H is the total height of
the five layers, H = hy + h, + h; + h, + h, and dielectric constant ¢, = 4.4.

TaBLE 1: Values of proposed antenna parameters.

L, =106.5mm AL =15.5mm S, =8mm hy =5mm
L, =110.5mm D, =15.4mm S, =0.8mm h, =6 mm
L, =116.5mm D, =47 mm AS =18.7 mm hs = 0.8 mm
P =102.5mm D, =25mm h, =6mm d=0.6mm
C =53mm W =3mm h, =1mm H=12mm

In this letter, a new compact CP and low cost design of a
square-ring microstrip antenna with a vertical slotted ground
plane are proposed. It is found that, by properly embedding a
group of slots in the finite vertical ground plane surrounding
four sides of the square-ring microstrip antenna, the lowering
of the resonant frequency of the antenna can be obtained.
Moreover, the 3dB axial ratio bandwidth of the proposed
scheme is greater than that of the above-mentioned design
[2-4].

2. Antenna Structure

Figure 1 shows the proposed CP antenna which is formed
from five layers. The parameters of the optimized antenna are
shown in Table 1. Layer 1 is a foam plate (L, x L, = 106.5 x
106.5 mm?); the radiating corner truncated square-ring patch
(P x P = 102.5 x 102.5mm?) is mounted on layer 2. The
corners truncated patch is to achieve circular polarization.
In the center of patch, one square slot is taken in order to
achieve miniaturization of the antenna. Feed line 1 is printed

on layer 3; by the same token, feed line 2 is printed on the layer
4 (L, x L, = 110.5 x 110.5mm?). Feed line 1 connects the
radiating patch by capacitive coupled technique. Feed line 1
is linked to feed 2 with probe 1 embedded in layer 3; similarly,
feed port which is in layer 4 is attached to feed line 2 with
probe 2. Layer 5 is a ground plane which is FR4 plate covered
with copper sheet. Moreover, feed lines 1 and 2 are designed
to Z shape in order to achieve 50 Q2 impedance matching. The
Z-shaped and capacitive coupled structure can obtain flexible
impedance matching. To further reduce size, vertical slotted
ground, which is employed by rectangular parallelepiped
metallic via holes for easily fabricated, surrounding four sides
of the antenna is proposed. Using a dielectric substrate with
a high dielectric constant, the size of the antenna can be
reduced. The dielectric constant is €, = 4.4 in this paper.

3. Simulation and Discussion

The simulation CP axial ratio and return loss parameters
of the proposed antenna are displayed in Figure 2. The
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TABLE 2: Performance of proposed and reference antennas.

Kinds of f. Peak directivity Peak gain }:%‘llizt:lgn F/B BWI BW2
antenna (MHz) (dB) (dBi) (%) Y (dB) (%) (%)
0

Proposed 842.5 41 3.8 92.8 15.0 121 25
antenna

Antenna 1 928.8 57 4.6 77.8 10.5 29 0.65
Antenna 2 1034.3 53 4.9 89.3 3.8 6.3 14
Antenna 3 1215.2 6.5 6.4 97.0 5.7 13 2.2

f,: centre frequency of BW2; F/B: front to back ratio; BW1: 10 dB return loss impedance bandwidth; BW2: 3 dB axial ratio CP bandwidth.
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FIGURE 2: Axial ratio and return loss of the proposed antenna.

simulation results show that the bandwidth of CP and return
loss operation, which are defined by 3 dB axial ration and
—10 dB return loss, are about 21 MHz (2.5% at 842.5 MHz) and
102 MHz (12.1% at 842.5 MHz), respectively, at the centered
842.5 MHz, covering the bandwidth of 840-845MHz. The
radiation patterns of two principal planes at 842.5MHz
are plotted in Figure 3. The gain of 3.8dBi is obtained at
842.5 MHz, good right-hand CP radiation is observed, and
the CP isolation is more than 26 dB. The half-power beam
width (HPBW) is 99° and 98°, respectively, in xoz plane and
yoz plane. Due to the vertical slotted ground the front-to-
back ratio (F/B) reaches 15 dB.

At the same sizes of radiating patch (parameters P) and
height of substrate (parameter H), another three antenna
prototypes are implemented for comparing with the pro-
posed antenna: antenna with vertical ground and square-
ring patch (antenna 1), antenna without vertical ground
and with square-ring patch (antenna 2), and conventional
corner truncated square patch antenna [5] (antenna 3). The
simulated results of the axial ratio and return loss are shown
in Figure 4. From the results obtained, it is clearly seen
that the center frequency of the proposed antenna is about
9% lower than antenna 1, about 19% lower than antenna 2,
and about 31% lower than antenna 3. That corresponds to
an antenna size reduction of about 10%, 23%, and 44% for
the proposed antenna at a fixed frequency, respectively. This
characteristic suggests that the constructed vertical slotted

ground surrounding square-ring patch achieves good effect
in miniaturization.

The corresponding simulated data of the proposed
antenna and the other reference antennas are given in
Table 2 for comparison. It is first noted that the impedance
bandwidth and the CP bandwidth of the proposed antenna
are larger than antenna 1 and antenna 2 and approximate
to antenna 3. As known, the quality factor of the microstrip
antenna dropped with operating frequency risen. Therefore,
comparing proposed antenna with the reference antennas, it
is found that embedded slot in vertical ground can effectively
widen antenna bandwidth. Moreover, the F/B reaches 15 dB of
proposed antenna, larger than any other references. It is also
noted that, owing to the lowering of the resonant frequency
which results in a decrease in peak directivity of the proposed
antenna, the peak gain is decreased.

4. Conclusions

A novel compact circularly polarized square-ring microstrip
antenna with vertical slotted ground for UHF RFID has been
successfully implemented, which is designed as Z-shaped and
capacitive coupled structure. The proposed design can have a
size reduction of about 10% (contrasting with [2]), 23% (con-
trasting with [3]), and 44% (contrasting with [4]); moreover,
the substrate material is foam and FR4, in order to be low cost.
Furthermore, the impedance bandwidths for S;; < —10dB
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FIGURE 3: Radiation pattern of the proposed antenna.
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FIGURE 4: Simulated return losses and axial ratio of the proposed antenna and reference antennas.
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and 3dB AR bandwidth are 12.1% (794.5-896.5 MHz) and
2.5% (833.5-854.5 MHz), respectively. Due to the use of a ver-
tical trench structure, the antenna achieves up to 15dB of
front-to-back ratio at 845.2 MHz.
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