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Circularly Polarized Stacked Annular-Ring
Microstrip Antenna With Integrated Feeding

Network for UHF RFID Readers
Xi Chen, Guang Fu, Shu-Xi Gong, Ya-Li Yan, and Wei Zhao

Abstract—A novel circularly polarized (CP) annular-ring mi-
crostrip antenna (ARMSA) is proposed for American ultrahigh
frequency (UHF) radio frequency identification (RFID) readers.
The annular ring is fed by an equal-split power divider with 90
phase difference. For the compactness of the entire antenna, the
divider with the shape of Archimedes gradual-change lines is
designed at the inside of the annular ring. A circular parasitic
patch is suspended above the ring to improve the impedance
matching and bandwidth. It also enhances the performances of
axial ratio (AR). The impedance bandwidth for ��� �� dB
and 3-dB AR bandwidth are 870–967 MHz (10.6% at 915 MHz)
and 893–948 MHz (6%), respectively. The CP gain is 8.9 dBi
at 915 MHz with the front-to-back ratio (F/B) of 16.5 dB. The
proposed antenna is low profile as the total height is � ��� � ( �

is the free-space wavelength).

Index Terms—Annular-ring, axial ratio (AR), circularly polar-
ized (CP), feeding network, microstrip antenna.

I. INTRODUCTION

C IRCULARLY polarized (CP) microstrip antenna has
been widely used in satellite communication, global

positioning system (GPS), and radio frequency identification
(RFID). Rectangular and circular patch microstrip antennas
are traditionally applied to implement circular polarization [1],
[2]. In recent years, annular-ring microstrip antenna (ARMSA)
is becoming another available candidate. It can be achieved
by cutting a concentric circular slot on a circular radiating
patch. At a fixed operating frequency, an annular-ring patch can
maintain similar radiation characters with a smaller dimension
compared to that of a circular patch; it is mainly because the
behavior of slotting on the patch extends the flowing path of the
surface current [3]. The CP operation of the annular ring also
involves introducing perturbation segments [4], [5] or adding
CP feeding network [6], [7]. However, the very large input
impedance of ARMSA is an obstacle when the annular ring
works in and modes [8].

Some techniques have been reported to solve the problem.
In [4], the authors adopt microstrip line as an impedance
transformer to realize impedance matching with 50 , and the
transmission loss caused by the very narrow microstrip line has
to be considered carefully. In [5] and [9], the coupling feeding
is applied to improve the impedance matching. The approaches
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above hardly provide wide impedance and axial ratio (AR)
bandwidths because of the single resonant mode. Stacking a
parasitic patch above the annular ring can reduce the value of
input impedance greatly, and the bandwidth can be broadened
obviously due to the excitation of two adjacent resonant modes
[7], [10].

In this letter, we propose a novel CP ARMSA. The circular
polarization is produced by an equal-split power divider, which
is reshaped and arranged at the inside of the annular ring for
compactness. A stacked parasitic circular patch is used to im-
prove the performances of impedance and AR. The effect of
ground plane size is also studied for the consideration of small
external dimensions and good antenna performances.

II. ANTENNA DESIGN

The configuration of the proposed antenna is shown in
Fig. 1(a). It only contains three components: a printed circuit
broad (PCB) with an annular ring and a feeding network etched
on it, a circular parasitic patch, and a square metallic ground.
The PCB is a circular substrate with radius mm
( at 915 MHz, is the free-space wavelength), thick-
ness mm ( ), and relative permittivity .
The annular-ring patch is etched on it. The inner radius and
outer radius of the ring are determined by the operating
frequency. When the ring is designed to work in mode,
the resonant frequency can be expressed as [5]

(1)

where represents the speed of light in free space, and
represent respectively the inner and outer radius considering
the fringing effect, and represents the effective permittivity
around the ring. ( ) can be seen as the mean circumfer-
ential length of the annular ring. From (1), there is

(2)

so the mean circumferential length of the ring is approximately
the guided wavelength in effective permittivity. Some literature
has reported the uses for the inner space of the ring. [4] ar-
ranges the meandered impedance transformer lines at the inside
of the ring. [7] integrates a 3-dB branch-line coupler in an an-
nular ring of mode, but the mean circumferential length
of the ring is approximately twice the guided wavelength in ef-
fective permittivity. In our application, it is unsuitable to arrange
a traditional divider in the annular ring of mode, so a re-
shaped equal-split power divider is designed and etched at the
inside of the ring. To obtain the reduction of the divider size and
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Fig. 1. Configurations of the proposed antenna. (a) Full view. (b) Local view.
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the smoothness of the branch lines, Archimedes gradual-change
lines are used to construct the branch lines of the divider.

Fig. 1(b) shows the local view of the feeding network and
the annular ring. The principle of the network is identical with
that of the traditional divider except the shapes. The length of
Branch 1 is approximately and is controlled by and ,
where is the guided wavelength; the length of Branch 2 is ap-
proximately and is controlled by and . The segment
adjusting 90 -phase shift is controlled by its corresponding cen-
tral angle . The widths and of the microstrip lines deter-
mine their characteristic impedances of 70 and 50 , respec-
tively. The final designing sizes are listed below Fig. 1. As is
well known, introducing CP feeding network can provide wider
bandwidths of impedance and AR, but a large insertion loss will
lead to low radiation efficiency [6]. In this application, the iso-
lation resistor is omitted, so the insertion loss of the network is
very small and the radiation characters are well maintained.

To improve the impedance matching and bandwidth of the
annular ring, we suspended a 0.8-mm-thickn circular parasitic
patch above the PCB at the height . When the diameter

Fig. 2. � and AR of the proposed antenna with three groups of � and � .
(a) � . (b) AR.

of the patch is about a half-wavelength in free space, a good
radiation feature can be obtained. Fig. 2 shows the and AR
curves of the proposed antenna with the different groups of
and . It indicates the antenna has the feature of double resonant
modes, and as decreases and increases, the bandwidths of
impedance and AR are both broadened. When mm and

mm, the AR values are lowest and its bandwidth is
narrowest; when mm and mm, the AR
values are partially over 3 dB. A good compromise between
lower AR values and wider AR bandwidth can be obtained by

mm and mm. The obvious effect comes from
the strong electromagnetic (EM) mutual coupling between the
ARMSA and the parasitic patch. According to the theoretical
analysis in [7], the mutual coupling can be express as

(3)

(4)

(5)

where is a coupling coefficient of the two resonant modes,
and and are self-inductances of the ARMSA and the par-
asitic patch, respectively. It can be explained that as the para-
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Fig. 3. Simulated CP gain and F/B versus ground side length � .

sitic patch approaches the annular ring, the enhancement of mu-
tual coupling will broaden the bandwidth . However, the
target values of the concerned electrical performances also have
to be considered.

The square metallic ground is attached to the bottom sur-
face of the substrate. The ground size is studied for a suitable
choice. Fig. 3 shows the curves of the simulated CP gain and the
front-to-back ratio (F/B) versus the ground side length from
180 ( ) to 320 mm ( ) by 20-mm steps. The increase
of is beneficial to both the gain and the F/B. The gain rises
flatly and uniformly, while the F/B rises rapidly before 240 mm
and tends to be slow after that. Therefore, for better radiation
performances and smaller total antenna dimensions, it is suit-
able to decide in the range of 200–240 mm. Fig. 4 shows
the simulated and AR curves of the proposed antenna with
different . The impedance bandwidth for dB is
almost unchangeable, and the 3-dB AR bandwidth is also main-
tained well except at 180 mm. In practice, we choose 220 mm
( ) as the designing size for calculations and experiments.
Of course, a smaller ground size can be chosen for miniature
ones if the adjustment of other parameters is provided.

III. EXPERIMENTAL RESULTS AND DISCUSSION

To confirm the theoretical results, we fabricated prototypes
with mm, mm, and mm.
The total external dimensions are 14 220 220 mm
( ), so a low profile is still main-
tained compared to some RFID reader antennas [11]. Fig. 5
shows the measured compared to simulated values.
The measured impedance bandwidth for dB is
870–967 MHz (10.6% at 915 MHz), and it agrees well with the
simulated one. The difference between the measured values and
the simulated ones is mainly due to the manufacture tolerances,
e.g., the state of the soldering can cause a few changes to the
input impedance.

Fig. 6 shows the measured CP gain and AR of the pro-
posed antenna compared to the simulated results at broadside
direction. The measured values of AR, CP gain, and the radi-
ation patterns (RP) are all obtained through phase-amplitude
method. From the figure, the measured 3-dB AR bandwidth
is 893–948 MHz (6% at 915 MHz), and the values slightly

Fig. 4. Simulated � and AR of the proposed antenna with different ground
sizes. (a) � . (b) AR.

Fig. 5. Measured and simulated � of the proposed antenna.

shift toward higher frequency compared to the simulated one.
The CP gain in this band also agrees with the simulated values
despite some disturbances, which come from the measuring
errors. The gain of 8.9 dBi is obtained at 915 MHz, and the
gain is more than 8.5 dBi from 893 to 948 MHz. Therefore,
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Fig. 6. Measured and simulated AR and CP gain.����Simulated AR, mea-
sured AR, � � � Simulated CP gain, measured CP gain.

Fig. 7. Measured RP at 915 MHz. (a) At �� plane. (b) At �� plane.
����LHCP pattern; � � � RHCP pattern.

the proposed antenna has better radiation performances and
smaller ground electrical sizes than those of recent applications
[6], [9], and [11].

The measured left-hand circular polarization (LHCP) and
right-hand circular polarization (RHCP) RP at 915 MHz are
shown in Fig. 7. The half-power beamwidth (HPBW) is 65
and 67 , respectively, in plane and plane. Obviously, a

good symmetrical radiation behavior is acquired; it is mainly
because the feeding network is integrated in the ring and does
not destroy the symmetry of the entire antenna. Due to the suit-
able ground size, the F/B reaches 16.5 dB. It is predicted that
the F/B will be enhanced further if the ground size increases.

IV. CONCLUSION

A novel CP stacked annular-ring microstrip antenna is pro-
posed in this letter for UHF RFID application. The antenna con-
tains an equal-split power divider, which is reshaped and ar-
ranged at the inside of the ring for compactness of the entire an-
tenna. The parasitic patch above the annular ring can improve
the bandwidths of impedance and AR obviously because two
adjacent resonant modes are caused simultaneously. Further-
more, through experimental and theoretical analysis, we find
the parameters of the parasitic patch have a sensitive effect on
the values and bandwidth of AR. The experimental results in-
dicate the impedance bandwidth for and 3 dB AR
bandwidth are 870–967 (10.6%) and 893–948 MHz (6%), re-
spectively. The overlapped bandwidth can well cover American
UHF RFID band and others. High CP gain of 8.9 dBi and good
F/B of 16.5 dB is acquired respectively at 915 MHz due to the
optimized ground size.
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