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A Novel Single Feed Omnidirectional Circularly Polarized Antenna
with Wide AR Bandwidth
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Abstract—A novel omnidirectional circularly polarized (CP) antenna with single feed is proposed for
2.4GHz WLAN applications. Based on the zeroth-order resonance (ZOR) mode of epsilon negative
(ENG) transmission line (TL), the antenna excites uniform vertically polarized E-field just as the
monopole does. A modified Alford loop with electromagnetic coupling fed by L-shaped strip consists
of four curved branches, which is placed on the top of the antenna and generates an equivalent
horizontally polarized magnetic dipole mode. Once the two orthogonally polarized components are equal
in amplitude but different in phase by 90◦, omnidirectional CP wave can be obtained. The measured
results show that the impedance bandwidth (S11 < −10 dB) is 6% (2.38–2.53 GHz), and the 3-dB axial
ratio bandwidth in the azimuth plane is very wide which achieves 54% (1.60–2.80GHz). Additionally,
the 3-dB axial ratio beamwidth is over 50◦ for radiation pattern in elevation plane. Moreover, the
antenna achieves excellent omnidirectional right-hand CP performance with a variation of 0.5 dB in the
azimuth plane and an average gain over 1.5 dB across the operating band, which are well applied to the
wireless system.

1. INTRODUCTION

In recent years, omnidirectional CP antennas have attracted more and more attention due to
their advantages and wide use in different applications. For omnidirectional CP antennas, when
transmitting and receiving signals, it is relatively insensitive to their respective orientations, and they
can contemporaneously suppress the effect of multi-path reflections of waves caused by the nearby
objects [1]. Thus, the omnidirectional CP antennas are very useful for various wireless systems such
as global positioning system, radio frequency identification, and wireless local area network [2–4]. To
meet the rapidly increased requirements for wireless systems, many omnidirectional CP antennas have
been proposed by using helical antenna [5], spiral patch-slot antenna [6] and bended monopoles [7, 8].
An easy and common way to design an omnidirectional CP antenna is to achieve two fields orthogonal
both in space and time from an electric dipole and a magnetic dipole just by a single feeding line. A
uniform vertically polarized component against ground plane can be generated by top-loaded cylindrical
monopole [9] or a metamaterial antenna which is called zeroth-order resonance antenna [10–12]. They
always have mushroom patch and can achieve omnidirectional performance. A horizontally polarized
component can be obtained by omnidirectional magnetic dipole which can be realized by the arc-shaped
dipoles or by an Alford loop antenna and its variants [13–15]. In [9], the proposed antenna consists
of a top-loaded cylindrical monopole and four printed arc-shaped dipoles to obtain CP wave, and the
90◦ phase difference can be achieved by adjusting the diameter of the ground. The impedance and AR
bandwidth are narrow which can just cover the WLAN band. In [16], the CP antenna uses an arc-shaped
mushroom structure with curved branches to radiate CP wave, but its impedance and AR bandwidth
are less than 5%. In [17], the Alford loop of the proposed design is excited through the coupling
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between the patch and dielectric resonator. This feature improves the AR bandwidth to 8%. Another
omnidirectional CP dielectric resonator antenna with parasitic strips provides a wide AR bandwidth of
more than 20% [18].

In this paper, we present a novel compact omnidirectional CP antenna with wide axial
ratio bandwidth and high RHCP gain. The antenna consists of four curved branches which are
electromagnetic coupling fed by L-shaped strips, four shorting pins and a rectangular patch fed by
the coaxial pin in the middle. The curved branches constitute the modified Alford loop, which generate
horizontally polarized component. Meanwhile, the vertically polarized component can be generated by
ZOR mode of the antenna. The 90◦ phase difference between the two polarizations is naturally provided
by the antenna. Finally, the antenna achieves a measured impedance bandwidth for S11 < −10 dB of
6% (2.38–2.53 GHz) and 3-dB axial ratio bandwidth of 54% (1.60–2.80GHz) in the azimuth plane. The
proposed antenna has a compact size with a dimension of 0.4λ×0.4λ×0.08λ. Furthermore, the antenna
achieves a high RHCP gain. The designed antenna has been fabricated, and the experimental results
are discussed.

2. ANTENNA DESIGN AND DISCUSSION

Figure 1 shows the configuration of the proposed antenna. As shown in Figure 1(a), it mainly consists
of four curved branches with shorting pins, a rectangular patch with four L-shaped strips and a ground
plane. The ground and upper patch are printed on the bottom and top substrates, respectively, and
both of the substrates have a relative permittivity of 2.65 and thickness of 1 mm. Utilizing the epsilon
negative (ENG) transmission line (TL), the antenna generates ZOR mode to achieve vertically polarized
component. The modified Alford loop which produces horizontally polarized component consists of
four curved branches fed by L-shaped strips with electromagnetic coupling method. What is worth
mentioning is that the electromagnetic coupled feeding significantly enhances the 3-dB AR bandwidth
which achieves about 80% (1.5–3.5GHz). The 90◦ phase difference between the vertical and horizontal
polarizations is intrinsically provided by the zeroth-order resonator. Additionally, the coaxial feed is
placed at the center of the rectangular patch, as shown in Figure 1(b). Therefore, the antenna has
an omnidirectional CP radiation pattern in the azimuth plane, because each curved branch distributed
centrosymmetrically has the same field distribution. The final optimal antenna parameters are shown
in Table 1.

To confirm the principle of the omnidirectional CP antenna, the electric field and current
distribution are simulated using HFSS 14. According to the simulated results, both the vertically
and horizontally polarized E-fields can be generated, shown in Figure 2. As shown in Figure 2, the

Shorting pin
Curved branch

1 mm Substrate
(24 mm Radius)

X Y

Z
W 3

W 4

W 5 L 1 L 2

w

W 2

W 1

Gap

R1

P

D1

L-shaped strip 
X

Y

Dg

D2

(9 mm Height)

Metal ground

(a) (b)

Figure 1. Geometry of the proposed design. (a) 3-D view. (b) Top view.
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electric field (on the left) and surface surface current (on the right) distribution of the CP antenna
are plotted in a period of time (T ). Here, we divide T into four moments, t = 0, t = T/4, t = T/2,
and t = 3T/4. For Figures 2(a) and (b) (t = 0), the horizontally polarized component generated by
flowing current (JΦ) on the curved branches is much greater than the vertically polarized component,
thus, it mainly radiates horizontally polarized wave at this time. At t = T/4, the current on the
curved branches can be neglected when compared with the vertically polarized component (Eθ), thus,
the vertical polarized E-field domains at this moment. Actually, the E-fields at t = 0 and t = T/4
are dominated by the magnetic-monopole mode of the modified Alford loop and the electric-monopole
mode of the ZOR antenna, respectively. It can be seen that the two E-fields are orthogonal both in
space and time. Similarly, when it comes to t = T/2 and t = 3T/4, the antenna mainly radiates
reversely polarized wave with respect to the horizontally polarized wave in Figure 2(b) and vertically
polarized wave in Figure 2(c), respectively. Therefore, the resonator of ENG TL inherently provides a
90◦ phase difference between two orthogonal components for the reason that it behaves as a capacitor
and keeps a charged and discharged state periodically. Note that the vertically polarized E-field (Eθ)
always delays 90 degrees in phase compared with the horizontally polarized component generated by
the flowing current (JΦ) on the curved branches in a period of time T , resulting in a right-hand CP
characteristic of the antenna. Conversely, if the direction of arrangement of four curved branches is in
the clockwise direction, the left-hand CP characteristic will be obtained. Additionally, when the antenna
parts which affect the horizontally and vertically polarized waves are adjusted well to guarantee the
equal magnitude, a good circular polarization performance can be obtained.

Theoretically, wavelength for the resonant frequency at 2.45 GHz is calculated by the expression:

L =
c

4f

√
εr + 1

2
According to this expression, L is 22 mm. The shorting pins and curved branches are the dominative
resonant parts when the antenna works at 2.45 GHz, which means that the resonant wavelength is
the total length of the two parts which is about 24 mm, and it has been marked in Figure 2(b) by
A → B → C → D. Thus, the simulated resonant wavelength agrees well with the theoretical one for
the frequency at 2.45 GHz.

It is observed that the electromagnetic coupling feed has significant effects on the VSWR and AR
bandwidth enhancement. To investigate the influence of the related geometrical dimensions on the
proposed antenna performance, analysis on the key parameters of the curved branches is discussed.
Figures 3 and 4 show the simulated VSWR and axial ratio bandwidth responses of the curved branches
with different lengths (W ) and gaps (Gap) between the branches and the inverted L-shaped strips when
other parameters are fixed to the values listed in Table 1.

Figure 3 shows the simulated VSWR and AR (θ = 90◦, Φ = 0◦) as functions of frequency for
different lengths of curved branch which is described by the parameter W = 6, 7.5, 9, 10 mm. The
greater value W represents, the shorter length the branch has. It can be noted from Figure 3(a) that
the resonant frequency shifts to the lower frequency as W decreases. The reason lies in the basic principle
of LC resonance: the longer length of the branch is, the greater capacitance the antenna achieves, thus
the resonant frequency decreases. Figure 3(b) shows the effect of the branch length on the AR. It can
be seen that this parameter mainly affects the AR in the lower band. With increasing W , the AR in
the lower band can be improved, thus, a wider AR bandwidth can be obtained. However, the AR in
the middle band is extremely deteriorated when W continues to increase. So, an optimum value of w
is chosen as 7.5 mm at the working frequency of 2.442 GHz.

Table 1. Dimensions of the proposed antenna.

Parameters W W1 W2 W3 W4 P Dg

Values/mm 7.5 7.6 2.4 0.5 1.5 8 30
Parameters W5 L1 L2 R1 D1 D2 Gap
Values/mm 2 8 7 19 2 3 0.5
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Figure 2. (a), (c), (e), (g) Electric field and (b), (d), (f), (h) surface current distribution of the proposed
antenna. (a), (b) t = 0, (c), (d) t = T/4, (e), (f) t = T/2, (g), (h) t = 3T/4.
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Figure 3. Effect of different curved branch lengths on (a) VSWR, (b) AR (θ = 90◦, Φ = 0◦).

Next, the effect of the gap between the curved branch and the L-shaped feeding strip on the antenna
performance for Gap = 0.2, 0.5, and 0.8 mm is investigated, as shown in Figure 4. The AR bandwidth
decreases when the gap becomes narrower. It can be noted that this parameter mainly affects the AR
of the upper band, while the AR (θ = 90◦, Φ = 0◦) in the lower band changes slightly. This can be
expected that the gap significantly affects the energy coupling between the branch and the L-shaped
feeding strip, hence affecting the amplitude of the horizontally polarized E-field which is generated by
the modified Alford-loop current in the upper band. With regard to VSWR, the resonant frequency
slightly shifts to lower frequency as Gap decreases, because of a greater capacitor obtained.

Another important effect on the antenna performance is also studied and given by the position of
the shorting pins. With reference to Figure 5, the resonant frequency shifts towards the lower frequency
with a longer distance between the curved branches and the shorting pins, since a longer resonant
length is obtained when P increases. It is observed that this parameter affects the AR (θ = 90◦,
Φ = 0◦) significantly. When P increases, a wider AR bandwidth can be achieved. However, there is a
trend that the AR in the middle band will dramatically increase when P decreases continuously. The
optimum value of P is 8 mm. Therefore, apart from the Alford-loop parameters, the position of shorting
pins can be used to optimize the impedance and AR bandwidths. The result shows that the AR can be
optimized first, and then the matching can be achieved by simply varying the parameters of the curved
branches and the position of the shorting pins without affecting the optimized AR.
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(a) VSWR, (b) AR (θ = 90◦, Φ = 0◦).
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3. EXPERIMENTAL RESULTS

A prototype of the proposed antenna was fabricated according to the design parameters in Table 1. The
measurements were carried out using Agilent E8363B network analyzer and an anechoic chamber. A
bazooka balun which is used in the measurement to suppress the current through the outside conductor
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Figure 5. Effect of different position of the shorting pins on (a) VSWR, (b) AR (θ = 90◦, Φ=0◦).
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of coaxial cable is placed between the feeding port of the antenna and the connecting coaxial cable.
Figure 6 presents the simulated and measured return loss and AR against the frequency for the proposed
antenna. The measured impedance bandwidth which is about 6% (2.38–2.53 GHz) for S11 < −10 dB is
slightly narrower than simulated one. But it can clearly cover the required bandwidth of the WLAN
band (2.4–2.484 GHz). The AR was measured and simulated in the +x direction (θ = 90◦, Φ = 0◦). As
can be observed from Figure 6(b), the simulated and measured 3-dB AR bandwidths are 49% (1.80–
2.95GHz) and 54% (1.60–2.80GHz), respectively. The measured result shows that the AR bandwidth is
much wider than the impedance bandwidth, and the proposed CP antenna has excellent CP performance
in the WLAN band.

Figure 7 shows the simulated and measured far field radiation patterns at 2.442 GHz, and both the
azimuth and elevation planes of the patterns look quite monopole-like, and the difference is that the
proposed antenna radiates circularly polarized wave when compared with the classical monopole. The
simulated and measured RHCP gains are 1.95 dB and 1.52 dB, respectively. The discrepancy between
the simulated and measured results is due to the fabrication error. Additionally, the difference between
the RHCP and LHCP gains is larger than 15 dB. These results prove that the designed antenna radiates
great RHCP wave. Radiation patterns at other frequencies are also explored, and they are very stable
across the WLAN band.

Figure 8 shows the simulated and measured axial ratios of the antenna at 2.442 GHz at elevation
(X-Z) and azimuth (X-Y ) planes, respectively. In Figure 8(a), the measured 3 dB AR beamwidth
at elevation plane is about 50◦ (70◦–120◦) which is narrower than simulated (70◦–130◦) as shown in
the blue color. It can be explored from Figure 8(b) that the simulated and measured axial ratios at
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Figure 8. Simulated and measured axial ratio of the antenna at 2.442 GHz. (a) Elevation (x-z) plane.
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2.442GHz are 1.1 dB (the ripples are less than 0.2 dB) and 15 dB (the ripples are less than 0.2 dB),
respectively. These results show that the proposed antenna exhibits an acceptable omnidirectional
circularly polarized performance in the elevation plane. Figure 9 shows the measured antenna gain in
the +x direction (θ = 90◦, Φ = 0◦) versus frequency. With reference to the figure, the measured average
RHCP gain is around 1.5 dB across the WLAN band. It is seen that the antenna in the operating band
exhibits small (lower than 1.5 dB) and symmetric axial ratios (the ripples are less than 0.2 dB), which
shows excellent omnidirectional CP property in the azimuth plane.

4. CONCLUSION

A novel omnidirectional CP antenna based on the modified Alford loop structure and epsilon negative
transmission line is presented in the paper. By employing curved branches in the radiating patch edges,
CP property and omnidirectional radiation performance are achieved. Measured results show that the
AR bandwidth is 54% (1.60–2.80 GHz) with the help of electromagnetic coupling feed. Moreover, the
measured RHCP gain is above 1.5 dB. Furthermore, the beamwidth of RHCP is about 50◦ (70◦–120◦)
in the elevation plane, and the impedance bandwidth is about 6% (2.38–2.53GHz) for S11 < −10 dB.
Thus the antenna can cover the required bandwidth of the WLAN band. All of them illustrate that the
novel antenna is valuable in wireless communication for its low profile simple structure.
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