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A wideband dual-circularly polarized traveling wave antenna array

Jia-Lin Li1,5 Long-Jie Wang1 , Jin Liu1 , Kexin Song2 ,
Ye Jin2 , Baidenger Agyekum Twumasi3,4

A dual-circularly polarized traveling wave antenna based on linear polarization array with wideband response is proposed.
The circular polarization is realized by the sequential rotation arrangement of four linear polarization elements and series
feeding with a phase difference 90◦ . Rotating four of such subarrays sequentially with a phase difference of 90◦ not only
broadens the axial ratio (AR) bandwidth but also corrects the pattern beam deflection. Left-handed circular polarization
(LHCP) and right-handed circular polarization (RHCP) are respectively achieved by exciting two different ports. The
measured impedance bandwidth of the developed antenna array is 27.5%. The 3-dB AR bandwidths of RHCP and LHCP
are respectively 20.7% and 22.4% with the peak gains of about 8.7 and 8.3 dBic.
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1 Introduction

In todays wireless communications, circularly polar-
ized (CP) antennas can reduce multipath effects and
avoid polarization alignment between transmitter and re-
ceiver. Therefore, circularly polarized antennas are widely
used in wireless systems, such as satellite communication
systems and global positioning systems.

Sequential rotation is widely used to extend the ax-
ial ratio (AR) bandwidth of CP antennas. To now, dif-
ferent methods combined with sequential rotation tech-
niques are studied to construct a CP array [1]-[4]. On
the other hand, it is known the dual-CP antennas can
increase channel capacity and miniaturize wireless com-
munication systems, hence dual-CP antennas are one of
hot topics. Based on the interlaced sequential rotation
technique, a loop-fed dual-CP antenna is reported in [5].
A U-shaped slot antenna realizes broadband dual circu-
lar polarization in [6]. In [7], a SIW horn antenna is pro-
posed, where the desired phase shift as a result of the
difference of the guided wavelength of the two orthogonal
modes generates a circularly polarized wave. A novel trav-
eling wave antenna using a square microstrip patch with
a chamfered corner can achieve dual circular polariza-
tion [8]. Dual-CP antennas using sequential rotation and
series feeding are of typical wideband responses [9–11].
In general, the AR bandwidth and impedance bandwidth
are basic challenges for wideband dual-CP antennas and
antenna arrays.

In this paper, a low-cost dual-CP traveling wave an-
tenna array with wideband characteristics is proposed.

The circular polarization is realized by the sequential
rotation arrangement of four linear polarization ele-
ments [12]. Based on the traveling wave operation mech-
anism, series fed is utilized to broaden the impedance
bandwidth. The rotating four of such subarrays forms a
4 × 4 array with widened AR bandwidth. The gain re-
sponse of the subarray and the signal transmission mech-
anism of the 4× 4 array are analyzed.

2 Studying the subarray based

on linearly polarized element

Figure 1 shows the configuration of the proposed 2×2
subarray that is realized on a microwave substrate with
εr = 2.2 and thickness h = 0.5 mm. It consists of four
half-wavelength rectangular patches and three quarter-
wavelength microstrip transmission lines. Each patch gen-
erates linearly polarized wave. With the square loop guid-
ing based traveling wave on each element one after an-
other, a circularly polarized wave can be generated, where
port A corresponds to the LHCP, port B corresponds to
the RHCP.

The phase difference between adjacent elements is rep-
resented by ∆ϕ . The electrical length of the element is
λg/2, and the electrical length of the transmission line
is λg/4. However, the electrical length changes with fre-
quency, so ∆ϕ can be expressed as

∆ϕ = (180◦ + 90◦)
f

f0
. (1)
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Fig. 1. Structure of the proposed 2 × 2 subarray (parameters
L1 = 17.4 mm, L2 = 9.5 mm, W1 = 1.5 mm, W2 = 12 mm)
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Fig. 2. Simulated gain and AR of the 2× 2 subarray
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Fig. 3. Simulated S-parameters of the 2× 2 subarray
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Fig. 4. Simulated normalized radiation pattern of the 2 × 2 sub-
array at different frequencies

Fig. 5. Configuration of the traveling wave antenna array: (a) – radiation patches on the top layer, where the green arrows denote the
signal flow, (b) – Dual-port feeding network at the bottom layer

The simulated gain and AR of the antenna subarray are

shown in Fig. 2. The AR bandwidth for AR < 3 dB is

5.3%, covering from 5.61 to 5.92 GHz. The small AR

bandwidth is due to the energy imbalance among each

patch and the phase imbalance of the transmission lines

between patches at different frequencies. This also yields
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Fig. 6. Configuration of the branch-line balun: (a) – optimal parameters (in mm): L3 = 10, L4 = 9.5, L5 = 19, W3 = 0.8, W4 = 1.25,
W5 = 1.25, W6 = 2.9, W7 = 1.25, (b) – simulated S-performance, and (c) – phase and magnitude imbalances of the balun

Fig. 7. Surface current distributions on the proposed antenna array in a period at 5.8 GHz: (a) – t = 0, (b) – t = T/4, (c) – t = T/2
and (d) – t = 3T/4

Fig. 8. Photographs of the proposed antenna array: (a) – top view, (b) – back view
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Fig. 9. Measured and simulated VSWR of the studied array

a relatively large gain variation. Figure 3 shows the S pa-
rameter of the antenna subarray, indicating an impedance

bandwidth of 10% when referred to |S11| ≤ −10 dB. Fig-
ure 4 is the normalized radiation patterns at different
frequencies; it is seen the main beam is deflected against
frequency. In order to further enhance the AR bandwidth
and impedance bandwidth of the antenna, a 4×4 antenna
array is developed.

3 Dual circularly polarized 4 × 4
array based on the studied subarray

The radiation patches of the traveling wave antenna
array based on the 2× 2 subarray is shown in Fig. 5(a).
The arrangement is rotated in order and each subarray
is excited with 90◦ phase difference. If port 1 is excited,
ports A1 , B1 , C1 , and D1 will be fed under the phases
of 0◦ , 90◦ , 180◦ , 270◦ at the same time. The same is
true for exciting port 2. The top and bottom layers are
connected by metal posts. Each post has a diameter of
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Table 1. Comparisons of some dual-CP antenna (array)

Ref Elements Layers
Bandwidth AR bandwidth Dimension 3 dB gain Beam deflection

(VSWR < 2) (< 3 dB) (λ0) bandwidth against frequency

(5) 2×4 2 12.5%/14.7% 12.5%/14.7% 3.4×1.6 > 12% Yes

(11) 1×7 1 5.5% 9.8% 2.1×2.1 > 9.8% No

(14) 1×6 3 6.7% 3.77% No

This work 4×4 2 38%/30.2% 20.7%/22.4% 2.3×2.3 11%/12.7% No
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Fig. 10. Measured and simulated AR and attained gain: (a) – port1 and (b) – port2

SW1 = 0.5 mm , and the ground hole has a diameter
of SW2 = 1.5 mm . The central spacing between the
subarrays is S = 0.95λ0 , where λ0 is the wavelength
at the central frequency of 5.8 GHz in free space.

The feeding structure and cross-sectional view of the
antenna array are shown in Fig. 5(b). The feeding struc-
ture consists of two wideband baluns and four Wilkinson
power dividers. The design of such a wideband balun can
be seen in [13], and the simulated results are shown in
Fig. 6.

The simulated surface current on the patches at four
intervals, namely at t = 0, T/4, T/2 and 3T/4, is pre-
sented in Fig. 7, where T is a period of time. It is clear
that at t = 0 and t = T/4, the main current is along
negative y -direction and negative x-direction, while at
t = T/2 and 3T/4, the main current is along positive y -
direction and positive x-direction. Due to the similar am-
plitudes of current at both directions and 90◦ difference
between x-direction and y -direction, thus CP radiation
is generated. It is worth noting that each patch only gen-
erates radiation along x-direction or y -direction, so the
proposed antenna is circularly polarized radiation that is
linearly synthesized in free space.

4 Experimental characterization

of the proposed antenna array

The developed prototype array was fabricated and ex-
perimentally characterized for the electromagnetic per-

formance. Figure 8 shows the photograph of the devel-
oped 4×4 demonstrator and measurement system. The
proposed antenna array was simulated by Ansoft HFSS
and measured in standard anechoic chamber. Measured
and simulated reflection coefficients of each port are
shown in Fig. 9. The simulated impedance bandwidth for
VSWR < 2 is 38%, from 4.3 to 6.5 GHz. The measured
impedance bandwidth for VSWR < 2 is 30.2%, from
4.65 to 6.4 GHz.

Figure 10 shows the measured and simulated AR and
realized gain of the antenna array for each port. For port1,
the simulated 3-dB AR bandwidth is 26.5%, from 4.8
to 6.4 GHz, while the measured 3-dB AR bandwidth is
20.7%, from 5.1 to 6.3 GHz. The measured 3 dB gain
bandwidth is 11%, from 5.3 to 5.9 GHz, and the max-
imum gain is 8.7 dBi at 5.5 GHz. For port 2, the simu-
lated 3-dB AR bandwidth is 27.5%, from 4.6 to 6.2 GHz,
while the measured 3-dB AR bandwidth is 22.4%, from
4.7 to 6 GHz. The measured 3 dB gain bandwidth covers
12.7%, from 5.2 to 5.9 GHz, and the maximum gain is
8.3 dBi at 5.5 GHz. The discrepancies between simulated
and measured results could be attributed to the fabrica-
tion tolerance of the PCB and the alignment problems of
two layers during the assembling process.

The simulated and measured radiation patterns for
two ports at 5.5, 5.8 and 6.0 GHz are shown in Figs. 11
and 12, where Fig. 11 is corresponding to port 1 and
Fig. 12 is related to port 2. They agree well between the
measured data and simulated results. It is worth not-
ing that the back lobe is large; the reason is that the
microstrip-line feeding network on the bottom has a cer-
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Fig. 11. Measured and simulated radiation patterns at port 1: (a) – xz plane, (b) – yz plane at 5.5 GHz, (c) – xz plane, (d) – yz plane

at 5.8 GHz, (e) – xz plane, (f) – yz plane at 6.0 GHz

Fig. 12. Measured and simulated radiation patterns at port 2: (a) – xz plane, (b) – yz plane at 5.5 GHz, (c) – xz plane, (d) – yz plane
at 5.8 GHz,. (e) – xz plane, (f) – yz plane at 6.0 GHz
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tain effect on the radiation. As compared to the subarray,
the beam of the array is not deflected against frequency
due to the use of sequential rotation to construct the ar-
ray. The difference in performance of the two ports is due
to the asymmetry of the antenna structure.

Further, for performance comparisons, Table 1 shows
the performances of the proposed antenna and other
dual-CP antennas. The proposed antenna features wide
impedance bandwidth and AR bandwidth as compared
to other dual-CP antennas. Moreover, due to the symme-
try of the radiation structure, the radiation main beam
does not change with frequency.

5 Conclusion

A low-cost dual-CP traveling wave antenna based on
linearly polarized patch element on microstrip transmission-
line is proposed and validated in this paper. The demon-
strated 4× 4 antenna array can achieve 30% impedance
bandwidth for each port. One of the ports is capable of
achieving 20.7% 3-dB AR bandwidth and 11% 3 dB
gain bandwidth. The other port is capable of achieving
22.4% 3-dB AR bandwidth and 12.7% 3-dB gain band-
width. The developed antenna array implements dual
circular polarization with a simple structure and wide
operating bandwidth.
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