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In this article, a novel broad circularly polarized antenna (CPA) with circular-slot ground is presented.  e circular-slot CPA is
consisted of a circular-slot ground, an I-shaped slit and a semicircle loop feeding structure. By using semicircle loop feeding
structure and adding a slit into the circular-slot ground as perturbation elements, the multiple CP resonant modes could be
stimulated simultaneously. To demonstrate to the design radiational, an antenna model was printed, manufactured, and tested.
 e tested results reveal that the proposed antenna has a broad 3-dB ARBW of |S11|<−10 dB that could be obtained, which is
suitable for the application of wireless communication systems.

1. Introduction

In modern communications such as wireless local area
networks systems (WLANs/WiMAX) and avigation satellite
systems (GPS/BDS/GLONASS), circularly polarized an-
tenna (CPA) has attracted increasing attention because of its
signi�cant merits of suppressing multipath e�ects and
minimizing polarization mismatch between a transmitter
and receiver. In addition, broad planar slot antenna is one of
the promising candidates in the design of CPAs owing to
their broad impedance bandwidth (IBW), low cost and
pro�le, and easy integration with circuits. Recently, many
wide slot CPAs using di�erent slot structures have been
extensively studied in [1–22] for the purpose of meeting the
demand of wideband operation. Among them, etching
circular or square slots into the ground planes is one of the
most popular methods for enhancing bandwidth. Based on
the circular-slot ground, various di�erent feeding structures
[2–5] are introduced into the design of slot CPAs. Ref. 2
introduces a microstrip feedline with semicircular patch into
the circular-slot ground plane to obtain 58.7% 3-dB axial
ratio bandwidth (ARBW). Based on the semicircular feeding
structure, a curved slot is etched into the circular-slot
ground plane to achieve dual-band dual-sense CP operation
in [3]. Similarly, a C-shaped slotted patch and a pair of

perturbation slots are introduced into the circular-slot
ground plane in [4, 5], which realize 91% and 76.6% 3-dB
ARBW, respectively. Besides, based on the square slot
ground, several slot CPAs are also extensively studied in
[1, 6–8]. For example, through introducing a T-shaped strip
and spiral slots into the square slot ground, a broad slot CPA
[1] could realize wide 3-dB ARBW of 56%. Similarly, square
patch [6], arc-shaped strip [7], inverted-L strips [8, 9],
I-shaped strips [10], protruded strip [11], and spiral slots [12]
as perturbation elements are inserted into the square slot
ground to obtain broad 3-dB ARBW of 6%, 18.8%, 25%,
48.8%, 30%, 52%, and 56%, respectively.  e reason for the
increase in bandwidth is that the parasitic perturbation
elements could generate a new current path, which results in
the exciting of the additional CP resonant mode.

In this article, based on reviewing the literature, a novel
broadband CPA with circular slot ground is presented. By
using semicircle loop feeding structure and adding a slit into
the circular-slot ground, the broad 3-dB ARBW of |S11|
<−10 dB could be obtained.  e presented slot CPA is
printed, manufactured, and measured. Tested results reveal
that the 3-dB ARBW is 60% from 2.6 to 3.6GHz, which is
superior than [1, 6–11].  e main content of this article
includes analysis of four evolutionary models and surface
current distribution, parametric investigation, and the
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discussion of simulated and measured results. In addition, a
comparison between the presented slot CPA and other
referenced slot CPAs is listed in Table 1, which indicates that
the proposed slot CPA features a significant characteristic of
wider CPBW.

2. Antenna Design and Configuration

Geometry of the designed CPA with circular slot ground is
plotted in Figure 1. As seen, the slot CPA is etched on a
substate with a dielectric constant of 3.35 and heigh of
0.8 mm. ,e designed slot CPA includes a semicircle loop
feeding structure (L1 ×W1, L2 ×W2, and R1 ×R2), an
I-shaped strip (L3 ×W3) as perturbation element, and a
circular-slot ground plane (L ×W ×R). Firstly, the semi-
circle loop feeding structure is used to improve the im-
pedance match and provide an excited resource. Secondly,
the circular slot is embedded in the ground plane to
provide current path of exciting CP mode. ,irdly, the
I-shaped strip is inserted into the circular-slot ground to
tune the AR resonant point and impedance match. Finally,
multiple AR resonant points were stimulated simulta-
neously using modified feeding structure and slots as
perturbation elements. ,e designed slot CPA is printed
and manufactured and measured to prove the rationality
of the design. ,e measured results show thst the 3-dB
ARBW is 98.2% from 2.42 GHz to 6.8 GHz within the −10-
dB IBW.

3. Antenna Analysis and Discussion

To analyze the underlying operated mechanism of slot CPA,
four evolutionary models with different structures are
depicted in Figure 2. ,e corresponding |S11| and AR values
are plotted together in Figure 3. Firstly, for a conventional
ring slot, the dominant resonant mode is a TE11 mode and it
occurs at [21]:

fTE11 ≈
1.84c

2πR
×

1
��εr

√ , (1)

where c equals 3×108m/s, Ɛr is the dielectric constant of the
substrate, and R is the radius of the slot. Using equation (1),
the calculated cut-off frequency occurs at approximately
2.7GHz.

However, the surface current of the I-shaped strip and
sector feeding structure is opposite to that of the slot ground
plane in this manuscript, which causes the cut-off frequency
to shift to high frequency, as shown in Figure 3. ,ese
antennamodels are presented as below: Ant. 1 consisting of a
circular-slot ground and a sector feeding structure has bad |
S11| and AR values. When the sector feeding structure is
replaced with the semicircle loop feeding structure in Ant. 2,
the ARBW could be significantly improved, whereas there is
no obvious change in IBW. To improve the impedance
match, the semicircle loop is moved to the excited port by a
distance ofD in Ant. 3. It is obviously observed that the IBW
and ARBW have extensive improvement and a new AR
resonant point occurs at high-frequency (6.2GHz). How-
ever, in this case, the IBW of Ant. 3 cannot completely cover

the ARBW in low frequency. ,erefore, to further improve
the IBW, a tuned I-shaped strip as perturbation element is
inserted into the circular-slot ground in the proposed an-
tenna. As seen, the IBW and ARBWof the proposed antenna
could be enhanced in low frequency. ,is is because that the
introduction of the I-shaped strip could increase the current
path, which results in the shift of the resonant point to low
frequency. Finally, the proposed antenna has a wider 3-dB
ARBW which is 98.2% from 2.42GHz to 6.8GHz within the
-10 dB IBW.

To reveal the CP operation mechanism of the slot CPA,
the vector surface current distributions with simulated way
at two AR resonant points (3.45 and 5.1GHz) are plotted in
Figures 4(a) and 4(b). As seen, the surface currents are
mainly concentrated on the semicircle loop feeding structure
(J3) and L-shaped strip (J4), whereas a small part distributes
on the circular-slot ground plane (J1 and J2). With respect to
the circular-slot ground, it is observed that the sum of
surface currents J1 and J2 at low frequency (3.45GHz) is
orthogonal with different phases (phi� 0° and phi� 90°),
which means that the circular-slot ground could excite a CP
resonant mode alone. However, it is reversed at high fre-
quency (5.1GHz). In addition, the surface current on the
I-shaped strip at low frequency is stronger than that at high
frequency, which reveals that the I-shaped strip plays a role
on CP radiation at low frequency. Finally, the total surface
current (J) is orthogonal and rotates counterclockwise with
different phases at both low and highfrequencies, which
indicates that the designed slot CPA could stimulate right-
hand circular polarization (RHCP) wave at low and high
frequencies in +z-direction. At last, two different resonant
modes at 3.45 and 5.1GHz can also be observed in Figure 4.
As seen, the quasi-TE11 mode and quasi-TE21 mode are
excited in the circular aperture at 3.45GHz and 5.1GHz,
respectively.

To analyze the impact of these perturbation strips on the
IBW and ARBW, multiple parameters are simulated and
scanned by using the single variable method. ,ese variable
parameters comprise the radius of circular slot (R) and
semicircle loop feeding structure (R1), the length of I-shaped
strip (L3), and the distance (D) between the centers of the
circular slot and the loop.,e corresponding return loss and
AR values are depicted in Figures 5(a)–5(d). As seen, the
parameters R and D have a significant impact on the IBW
and ARBW at the entire frequency, while the R1 and L3
obviously impact the performance of antenna at low fre-
quency.,e reason for this phenomenon is that the circular-
slot ground and semicircle loop are the main driven element,
whereas the I-shaped strip is the parasitic element as per-
turbation strip. ,e best CP performance could be realized
when R� 17.8mm, R1� 2.8mm, L3� 7.8mm, and
D� 7mm are set. Finally, the dimensions of the proposed
antenna are shown in Table 2.

4. Experimental Results

In this section, an antenna prototype was simulated, printed,
and measured to demonstrate the design rationality. A
vector network analyzer is used to measure the |S11| values,
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and the Satimo Starlabmeasurement system is utilized to test
the AR, gain, and radiation pattern values. ,e corre-
sponding curves are shown in Figures 6 and 7, respectively.
,e simulated impedance bandwidth (IBW, |S11|<−10 dB)
and 3-dB ARBW are 114.6% (2.85–10.50, 6.675GHz) and
76.9% (3.00–6.75, 4.875GHz), while the measured results
are 110.0% (3.05–10.50, 6.775GHz) and 75.7% (3.02–6.70,
4.86GHz). In addition, the measured and simulated total
gains are 4.52 and 4.90 dBic, respectively. Finally, to study

the direction of the designed antenna, the tested and sim-
ulated normalized radiation pattern values in E-planes and
H-planes at two frequency points (3.45 and 5.10GHz) are
depicted in Figures 8(a) and 8(b). As depicted, the LHCP
values are smaller than the RHCP parts by 18 dB, which
means that the designed antenna could excite RHCP waves
in +z direction. In addition, it is noticed that the antenna is
bidirectional due to the circular-slot ground participating in
the radiation.

Table 1: Comparison of the proposed antenna to previously reported antennas.

Antenna Type −10 dB IBW 3-dB ARBW CPBW Antenna size Total gain (dBic)
[2] Single-layered 111.6 58.4 58.4 0.71λ0 × 0.71λ0 × 0.02λ0 at 5.685GHz 6.18
[11] Single-layered 101.3 52% 52% 1.20λ0 ×1.20λ0 × 0.032λ0 at 6GHz 8.6
[12] Single-layered >110% 56% 56% 0.40λ0 × 0.40λ0 × 0.016λ0 at 6GHz 8.6
[13] Single-layered 65.8% 75.1% 65.8% 0.80λ0 × 0.80λ0 × 0.016λ0 at 6GHz 4.6
[14] Single-layered 92.7% 54.2% 54.2% 0.80λ0 × 0.80λ0 × 0.016λ0 at 6GHz 4.5
[18] Single-layered 62% 49% 49% 0.54λ0 × 0.57λ0 × 0.015λ0 at 6GHz 3.5
[20] Single-layered 87.8% 96% 87.8% 0.80λ0 × 0.80λ0 × 0.016λ0 at 6GHz 4.75
,is work Single-layered 110.0% 75.7% 75.7% 1.0λ0 ×1.0λ0 × 0.016λ0 at 6GHz 4.52
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Figure 1: Geometry of the designed slot CPA.
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Figure 2: Four evolutionary models with different structures.
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Figure 4: Simulated surface current distributions of the proposed antenna at (a) 3.45GHz and (b) 5.1 GHz.
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Figure 3: Results for four evolutional models. (a) |S11| curves. (b) AR curves.
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Figure 5: Impact of changing parameters on the |S11| and the AR values, (a) R, (b) R1, (c) L3, and (d) D.

Table 2: Dimensions of the presented antenna.

Parameters Values (mm)
L 50
L1 3.8
L2 3.2
L3 7.8
D 7.0
R1 2.8
W 50
W1 1.6
W2 0.9
W3 2.2
R 17.8
R2 11.0
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5. Conclusions

In this article, a novel broad CPAwith circular-slot ground is
presented. ,e circular-slot CPA is consisted of a circular-
slot ground, an I-shaped slit and a semicircle loop feeding
structure. Multiple CP resonant modes could be stimulated
simultaneously by combining the semicircle loop feeding
structure with the circular-slot ground loaded with an
I-shaped slit as perturbation elements. To demonstrate to the
design radiational, an antenna model was printed, manu-
factured, and tested.,ere is a good consistency between the
simulated and tested values. ,e tested results reveal that the
proposed antenna has a broad 3-dB ARBW of |S11|<−10 dB
that could be obtained, which is suitable for the application
of wireless communication systems.

Data Availability

,e data used to support the findings of this study are
available from the corresponding author upon request.
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