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Abstract — This paper presents a new coplanar
waveguide (CPW)-fed circularly polarized square slot
antenna (CPSSA). The proposed antenna uses an
inverted Z-shaped feedline protruded from the signal line
of the feeding CPW. Circularly polarized (CP) radiation
can be achieved by adequately inserting the arc-shaped
grounded strip into the upper right corner of the square
slot. The widened vertical tuning stub on the L-shaped
grounded strip can improve impedance matching and
axial ratio (AR) performance. The measured results
indicate that the 10 dB impedance bandwidth is 620
MHz (652-1272 MHz), and the 3 dB axial ratio
bandwidth is 320 MHz (840-1160 MHz), which has a
broadband characteristic. In the range of the universal
UHF RFID band, the measured peak gain is about 4.4
dBi. The proposed CPSSA uses low-cost FR4 material
as the dielectric substrate. The overall size of the antenna
is 119 x 119 x 0.5 mm3. The proposed antenna has a
simple structure, easy processing, good performance,
wide operating bandwidth, and dual circular polarization
characteristic. It can be applied to the universal UHF
RFID handheld reader environment.

Index Terms — Circularly polarized, CPW-fed, handheld
reader, UHF RFID.

L. INTRODUCTION

Radio-frequency identification (RFID) is a wireless
communication technology that uses electromagnetic
waves to identify and track objects [1]. RFID technology
has the advantages of high accuracy, long reading
distance, fast reading speed, strong environmental
adaptability, and non-contact. It is widely applied to
product tracking, goods flow system, traffic management,
medical-care systems, automobile safety, etc. A typical
RFID system generally consists of an electronic tag and
a reader device. The reader device uses the reader
antenna to send radio frequency signals to the tag and
receive the tag information [2]. Since the RFID tag is
linearly polarized (LP), and the placement orientation of
the tag is arbitrary, CP operation can reduce the loss
caused by the polarization mismatch and the multipath
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effect between the tag antenna and the reader antenna,
and improve communication reliability. In the practical
RFID applications, the circularly polarized antennas [3-
5] are usually required. RFID system can be divided
into low frequency (LF), high frequency (HF), ultra-high
frequency (UHF), and microwave (MW) frequency
bands [6]. UHF RFID has the characteristics of long
readable distance, large information storage capacity,
and high data transfer rate. Therefore, it is of great
significance to study CP reader antennas that cover
the universal UHF RFID band. The frequency bands
authorized for UHF RFID applications are different in
different countries and regions, like 840-845 MHz and
920-925 MHz in China, 908.5-914 MHz in South Korea,
952-955 MHz in Japan, 865- 867 MHz in India, 902-928
MHz in America, 866-869 MHz and 920-925 MHz in
Singapore, and 920-926 MHz in Australia [7]. The
frequency range of the universal UHF RFID is from 840
to 960 MHz.

Numerous circularly polarized reader antennas have
been proposed for RFID systems. A novel circularly
polarized annular-ring microstrip antenna is presented
[8]. The CP operation is realized by an equal-split
divided power divider with a phase difference of 90°.
In [9], The CP antenna operating within the universal
UHF RFID frequency range adopts the technology of
loading a corner-truncated square patch to achieve
good impedance matching and circular polarization
characteristics. In [10-11], the main patch is fed by four
adjacent probes sequentially connected to the suspended
feeding strip to achieve CP radiation. A circularly
polarized stack Yagi antenna for RFID reader applications
is proposed [12]. The circular polarization performance
is achieved by straight cutting on the two edges of the
main patch, the parasitic patch, and the director patch.
The above-mentioned CP antennas have wide operating
bandwidth and high gain, but they have the disadvantages
such as complex structure, complicated processing, large
antenna dimension, and poor portability. The printed slot
antennas [13-16] have the characteristics of small size,
low cost, easy fabrication, and wide coverage bandwidth.
Many articles have studied slot antennas. A circularly
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polarized annular-ring slot antenna is fed by a microstrip
line coupled to the slotline [17]. The measured 10 dB
impedance and 3 dB AR bandwidth are about 17.6% and
3.72%, respectively. A CPW fractal circularly polarized
antenna was presented in [18], which exhibits a 3 dB
axial-ratio bandwidth of 4% and impedance bandwidth
of 28.5%. A single coaxial probe microstrip antenna with
a symmetrical cross-shaped slot, produces CP radiation
[19]. The measured 10 dB impedance matching bandwidth
is about 2%, and the measured 3 dB AR bandwidth is
only about 0.7%. The AR bandwidth of these antennas
is very narrow, which cannot meet the requirements of
covering the entire UHF RFID frequency range.

This paper proposes a novel CPW-fed square slot
antenna that covers the universal UHF RFID frequency
range. The inverted Z-shaped bent feedline increases
the electrical length of the antenna and improves the
impedance matching characteristic. By insetting the arc-
shaped grounded strip into the upper right corner of the
square slot of the antenna, two near-orthogonal LP
modes with equal amplitude and a phase offset of 90°
are excited, thus generating circularly polarized waves.
The widened vertical tuning stub of the L-shaped strip
embedded in the lower-left corner of the square slot can
broaden the impedance bandwidth and the axial ratio
bandwidth. Finally, the proposed antenna achieves good
impedance matching and broadband characteristics. The
experimental results show that the 10 dB impedance
bandwidth is about 64.4% (652-1272 MHz), and the
3 dB axial ratio bandwidth is about 32.0% (840-1160
MHz). The overlapping operating bandwidth of the
proposed CPSSA covers the universal UHF RFID band
(840-960 MHz).

I1. ANTENNA DESIGN

Figure 1 illustrates the configuration of the proposed
CPW-fed CPSSA. The proposed antenna is printed on
a low-cost FR4-epoxy dielectric substrate (relative
permittivity & = 4.4, loss tangent 6 = 0.02, and thickness
(H) of 0.5 mm). The antenna adopts a single-sided
printing method, and the feedline and the ground plane
are on the same side of a square dielectric substrate with
the side length of 119 mm. A wide square slot with the
dimension of 98 x 98 mm? is etched on the ground plane.
The side length of the square slot is approximately equal
to 0.544, where /g4 is the wavelength of the designed center
frequency of AR bandwidth at 900 MHz, can be computed
as:

A=, D)
where ¢o is 3x108 m/s, and eeff is the effective dielectric
constant of the FR4 substrate [20]. The CPW feedline of
the antenna has a signal line with a width (Ws) of 3.5 mm
and two identical gaps (g:) of 0.5 mm between the
ground plane and the signal line. One end of the signal
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line is connected to a 50 Q coaxial SMA connector, and
the other end is connected to an inverted Z-shaped
feedline. The lengths of the two vertical strips of the
feedline parallel to the Y-axis are L3= 46.5 mmand Ls=
22.5 mm, respectively. The length of the horizontal
strip of the feedline parallel to the X-axis is Ls =31 mm.
By adjusting the length (Ls) of the vertical strip, the
impedance matching characteristic can be improved. The
arc-shaped grounded strip (point A to point B) with a
width of 6.5 mm (R1-Ry) is inserted into the square slot.
R; and R; are the outer and inner radius relative to the
center (point C), respectively. The arc-shaped grounded
strip interferes with the electric field distribution in the
square slot and excites two approximately orthogonal
linear resonance modes (TEx and TEjp modes) with
a 90° phase difference, achieving CP radiation. By
adjusting the inner and outer radius of the arc-shaped
grounded strip, the 3 dB AR bandwidth can meet the
required axial ratio bandwidth requirements. The L-
shaped grounded strip at the lower-left corner of the
square slot is composed of a vertical tuning stub with a
width of W, = 12 mm and a length of L; = 41.5 mm in
the vertical direction and a horizontal strip with a width
of 3.5 mm and a length of L, =20 mm in the horizontal
direction. The length of the L-shaped grounded strip
(L1+Ly) is close to 0.2544. The impedance bandwidth and
the axial ratio bandwidth can be further broadened by
adjusting the width (W) of the vertical tuning stub, so
that the antenna can cover the universal UHF RFID
frequency range. The CPSSA proposed in this paper is
simulated and optimized by the Ansoft high frequency
structure simulator software (HFSS, ver.18) based on
finite element method (FEM).
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Fig. 1. Geometry of the proposed CPW-fed CPSSA with
G =119 mm, L1 =41.5 mm, L, =20 mm, Ls=46.5 mm,
Ls=31 mm, Ls=22.5 mm, W;=10.5 mm, W, =12 mm,
Wi= 3.5 mm, Ry =83.5 mm, R, =77 mm, g1 = 0.5 mm,
g2=1mm,H=0.5mm.

As shown in Fig. 2, the design evolution steps of the
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proposed antenna are described by five prototypes from
Ant. 1 to Ant. V. Figures 3 (a) and (b) present the
simulated results of the frequency response of the
reflection coefficient Si; and the axial ratio for Ant. T
to Ant. V. The wide slot antenna has wide bandwidth
characteristic, so the ground plane of Ant. I is designed
as a wide square slot structure with an L-shaped feedline.
From the simulated results of S11 and AR, it is found that
the 10 dB impedance bandwidth of Ant. I does not cover
the entire UHF RFID band, and linearly polarized waves
are radiated. The 10 dB impedance bandwidth is from
0.69 GHz to 0.75 GHz and from 0.93 GHz t01.09 GHz,
and the axial ratio in the frequency band of 0.7-1.3 GHz
is much greater than 3 dB, and CP radiation is not
realized. In Ant. II, an L-shaped grounded strip is added
to the lower-left corner of the square slot to enhance the
capacitive coupling between the ground plane and the
feed structure, thereby broadening the bandwidth of the
antenna. The impedance matching characteristic of Ant.
IT becomes worse, but the axial ratio is closer to 3 dB,
and the CP radiation is still not realized. Ant. III has a
vertical strip with a length of Ls in the vertical direction
embedded in the feed structure. As shown by the
simulated results of Ant. III, the impedance matching
characteristic is improved, and the 10 dB impedance
bandwidth is from 0.65 GHz to 0.72 GHz and from 0.87
GHz to 1.08 GHz. The axial ratio in the entire UHF
RFID band is about 14 dB. In Ant. IV, an arc-shaped
grounded strip is inserted into the upper right corner
of the square slot, which interferes with the current
distribution in the square slot. In the universal UHF
RFID band, the axial ratio is less than 3 dB, which
realizes CP radiation and obtains the wide impedance
bandwidth and axial ratio bandwidth. The 10 dB
impedance bandwidth is from 0.64 GHz to 0.73 GHz and
from 0.74 GHz to 1.05 GHz, and the 3 dB axial ratio
bandwidth is from 0.83 GHz to 1.16 GHz, realizing
broadband and circular polarization characteristics. The
S11 of Ant. TV achieves a minimum value of -17.68 dB at
the resonant frequency of 0.86 GHz. In order to further
optimize the performance of the antenna, by widening
the vertical tuning stub of the grounded L-shaped strip
embedded in the square slot to obtain Ant. V, good
impedance matching characteristic can be achieved, and
the impedance matching bandwidth and the axial ratio
bandwidth are further broadened. The simulated results
show that in the entire UHF RFID band, the Si; of Ant.
V at the resonance frequency of 0.90 GHz achieves the
minimum value of -23.68 dB. The 10 dB impedance
bandwidth is from 0.64 GHz to1.27 GHz, and the 3 dB
axial ratio bandwidth is from 0.83 GHz to 1.19 GHz.
Finally, the proposed CPSSA has a very wide bandwidth
coverage, which meets the requirements of covering the
universal UHF RFID frequency range.
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Fig. 2. Five prototypes of the proposed antenna.
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Fig. 3. Simulated results for antennas I-V: (a) reflection
coefficient and (b) axial ratio.
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Fig. 4. Surface current distributions of the proposed
CPSSA at 900 MHz in 0°, 90°, 180°, and 270°.



In order to explain the mechanism of CP radiation,
the surface current distribution of the proposed CPSSA
at 900 MHz with four phase angles of 0°, 90°, 180°, and
270° are illustrated in Fig. 4. As shown in the figure, it
is observed the surface current distribution with the
phase angle of 180° and 270° are opposite to the phase
angle of 0° and 90°, respectively. The surface current
rotates in a clockwise direction as the phase angle
increases by 90°. Therefore, the proposed antenna excites
left-handed circular polarization (LHCP) radiation in
the +Z direction and right-handed circular polarization
(RHCP) radiation in the -Z direction, which has dual
circular polarization characteristic. The RHCP radiation
can be excited in the +Z direction by simultaneously
inverting the directions of the inverted Z-shaped feedline,
the arc-shaped grounded strip, and the L-shaped grounded
strip with respect to the Y-axis.

I11. PARAMETERS STUDIES

Parameter studies are to obtain the optimal
impedance matching and CP performance. In this section,
the key parameters of the proposed antenna are simulated
and optimized using Ansoft HFSS 18.0. The simulated
results illustrate the influence of key parameters such as
the outer radius of the arc-shaped grounded strip (R1), the
length of the vertical strip of the inverted Z-shaped
feedline (Ls), and the width of the vertical tuning stub
of the L-shaped grounded strip (W,) on the reflection
coefficient S1; and AR bandwidth. When optimizing the
parameters, make sure that one parameter is varied,
while the other parameters are fixed.

A. Effects of the arc-shaped grounded strip

Good CP performance can be obtained by adequately
adjusting the outer radius of the arc-shaped grounded
strip (R1). Figure 5 exhibits the effects of Ry on the Si;
and axial ratio. It can be seen from Fig. 5 (a) that
different values of R: have little effect on the starting
frequencies and low-frequency resonance frequencies.
As R increases, the high-frequency resonance frequency
shifts to lower frequencies, and the stop frequency shifts
to higher frequencies. Therefore, the thicker the arc-
shaped grounded strip, the wider the 10 dB impedance
matching bandwidth. When R; is 85.5mm, the 10 dB
impedance bandwidth is the widest, which is from 0.64
GHz to 1.27 GHz. Figure 5 (b) shows the effect of R;
on the axial ratio. It is observed that as the value of R;
increases, the low-frequency resonance frequency shifts
to higher frequencies, whereas the high-frequency
resonance frequency shifts to lower frequencies. Except
for R1=85.5 mm, as the thickness of the arc-shaped
grounded strip is thicker, the axial ratio bandwidth is
wider. When R; is 79.5 mm, the 3 dB axial ratio
bandwidth is from 0.81 GHz to 0.94 GHz, which can’t
totally cover the specification of the universal UHF RFID
band. When R; is 83.5 mm, the 3 dB AR bandwidth is
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the widest, ranging from 0.83 GHz to 1.19 GHz, which
meets the required bandwidth requirement. The axial
ratio at the low-frequency resonance frequency of 0.88
GHz is 0.79 dB. It is worth noting that by adjusting
the value of Ry, that is, adjusting the thickness of the
arc-shaped grounded strip, the AR bandwidth can be
reconfigured to cover the required UHF RFID frequency
range.
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Fig. 5. Simulated results for the proposed broadband
CPSSA with different outer radii (R:1) of the arc-shaped
grounded strip: (a) S11 and (b) axial ratio.

B. Effects of the inverted Z-shaped feedline

Figure 6 shows the influence of the length of
the vertical strip of the inverted Z-shaped feedline (Ls)
on the antenna performance. Figure 6 (a) illustrates the
effect of Ls on impedance matching characteristic. It is
found that when Ls is increased, both the start frequency
and the low-frequency resonance frequency slightly
shift to lower frequencies, the high-frequency resonance
frequency shifts to higher frequencies. When Ls is 18.5
mm, the 10 dB impedance bandwidth is the narrowest.
When Ls takes other values, the impedance bandwidth
is not much different, but when Ls=22.5 mm, the
impedance matching characteristic is the best in the
universal UHF RFID frequency range. The effect of Ls
on the AR performance is shown in Fig. 6 (b). Different
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values of Ls have a very slight influence on the resonance
frequency and the 3 dB axial ratio bandwidth. The
parameter Ls has almost no effect on the axial ratio,
which shows that Ls has strong manufacture tolerance for
the proposed broadband CPSSA. When Ls takes the value
of 22.5 mm, the proposed antenna has good impedance
matching performance and the 3 dB axial ratio bandwidth
is the widest, so the optimal value of Ls is 22.5 mm.
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Fig. 6. Simulated results for the proposed broadband
CPSSA with different vertical lengths (Ls) of the inverted
Z-shaped feedline: (a) S11 and (b) axial ratio.

C. Effects of the L-shaped grounded strip

The simulated results of S;3 and AR versus
frequency for the different width of the vertical tuning
stub of the L-shaped grounded strip (W-) is demonstrated
in Fig. 7. The simulated S;; shows that different values
of parameter W, have a greater effect on the high-
frequency resonance frequency. As the value of W,
increases, the high-frequency resonance frequency shifts
to higher frequencies, and the impedance bandwidth
becomes wider. When W, is 14 mm, the 10 dB impedance
bandwidth is the widest, ranging from 0.64 GHz to 1.29
GHz. Whereas, in the frequency range of 840-960 MHz,
the impedance matching characteristic when W, =12 mm
is better than that when W, = 14 mm. From the influence
of W, on the axial ratio characteristic, it is found that the

ACES JOURNAL, Vol. 36, No. 6, June 2021

smaller the value of W,, the wider the axial ratio
bandwidth, and the different values of W, have little
influence on the resonance frequency.
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Fig. 7. Simulated results for the proposed broadband
CPSSA with different vertical lengths (W) of the L-
shaped grounded strip: (a) S11 and (b) axial ratio.

IV. RESULTS AND DISCUSSION

Figure 8 shows the manufactured prototype and far-
field measurement photograph of the proposed CPSSA
with the optimum values. The reflection coefficient
S11 is measured by an Agilent E5071C vector network
analyzer. The simulated and experimental reflection
coefficient S;1 of the proposed antenna are exhibited in
Fig. 9. The measured 10 dB impedance bandwidth is
64.4% (652-1272 MHz), which agrees well with the
simulated 10 dB impedance bandwidth (640-1270 MHz).
The minimum values of the simulated and measured
results of S1; are -33.02 dB and -40.30 dB, respectively.
The curve trend of the impedance matching of simulation
and measurement is roughly similar. The far-field
performances of the proposed antenna, such as axial
ratio, gain, radiation efficiency and 2D radiation pattern,
are all tested in an anechoic chamber using the SATIMO
measurement system. Figure 10 illustrates the comparison
of the simulated and measured results of AR. The
measured 3 dB AR bandwidth is 32.0% (840-1160 MHz),
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which is narrower than the simulated results (830-1190 24
MHz). The simulated and measured 3 dB AR bandwidths 21+
are wide, covering the entire UHF RFID band. The 18]

simulated and measured results of peak gain and
radiation efficiency are shown in Fig. 11. In the UHF
RFID frequency range (840-960 MHz), the measured
peak gain fluctuates within 3.4-4.6 dBi. The measured
maximum peak gain is 4.6 dBi at 960 MHz and the
measured radiation efficiency is about 90%. The slight
difference between the simulated and measured results
of peak gain and radiation efficiency is mainly attributed o oo 10 11 1. 1%

to the manufacturing tolerances. Figure 12 shows the ' ' " Freq (GHz) ' '
simulated and measured LHCP/RHCP radiation patterns

for the x-z and y-z planes at the center frequency of 900 g 10, Simulated and measured axial ratio of the
MHz in the unlver_sa_l UHF RFID_band. The measured proposed broadband CPSSA.

results of the radiation patterns in both x-z and y-z
planes demonstrate that the proposed antenna has good
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Fig. 8. Photographs of the proposed antenna: (a)  Fig. 11. Simulated and measured peak gain and radiation
manufactured prototype, and (b) far-field measurement. efficiency of the proposed antenna.
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it more suitable for universal UHF RFID handheld
readers applications.

Table 1: Comparison of the proposed antenna with other
CP antennas in references
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Table 1 exhibits the comparison between the
proposed broadband CPSSA and the other CP antennas
for UHF RFID reader. As shown in Table 1, the
proposed antenna covers the universal UHF RFID band
and has the merits of wide operating bandwidth and
small volume, which is more suitable for universal
UHF RFID handheld reader applications than the other
CP antennas in the references. Compared with the CP
antennas in [18, 21], the antennas in the literature [5, 8,
10] have the wider S;; and AR bandwidth, but the
corresponding operating bandwidths do not cover the
entire UHF RFID band, and the volumes are very large.
The antennas proposed in [18, 21] have a compact size,
whereas the overlapping operating bandwidth does not
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V. CONCLUSION

A novel broadband CPW-fed CPSSA is proposed.
The inverted Z-shaped bent feedline and the arc-shaped
grounded strip realize impedance matching and CP
characteristics, respectively. By widening the width of
the vertical tuning stub of the L-shaped grounded strip
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The measured peak gain is about 4.4 dBi and radiation
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