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In this paper, a simple broadband multipolarized traveling-wave series-fed antenna array is proposed. The radiation unit cells are
multiple squares. The square unit cell will change between circular polarized (CP) and linear polarized (LP) through a reasonable
feeding mode. By adjusting the equivalent length of the unit cell, the Q value of the antenna can be reduced, resulting in the
increase of the bandwidth of the array. The array consists of seven-unit cells and dual-port feeding. The unit cells which are
connected by a microstrip line are arranged in a circular array. A reasonable layout of unit cells can achieve good port
isolation of the array. The polarization performance of the array antenna is the same as that of the unit cell. The antenna is
fabricated and measured. The measured results are consistent with the simulated results.

1. Introduction

A multipolarized antenna plays an important role in radio
communication systems because it has many advantages,
such as anti-interference. Multipolarized antennas have been
widely used in satellite communication systems.

The CP antenna can be achieved by introducing a single
feed on the regular unit cell [1-9]. Guo and Tan proposed a
wideband single-feed CP unit cell antenna [3]. The radiating
elements of the antenna are two crossed printed dipoles,
which incorporate a 90-phase delay line realized with a
vacant-quarter printed ring [4]. The antenna can realize
CP radiation. This letter presents an effective approach to
design a dual-band CP slot antenna with flexible frequency
ratio and similar in-band gain under the 0.5A- and A-mode
radiation [5]. However, the bandwidth of the single-feed
antenna is not wide.

In [10], a compact series-fed center-fed open-stub linear
array antenna is presented. The current SR technology has
been widely used in antenna design [10-12]. The array con-
nects the units in series, which causes the sequential rotation
effect [11]. In [12], a wideband CP 2 x 2-unit cell array is
proposed, which uses a sequential-phase feeding network.
These arrays are basically single-point fed. It is difficult to

realize polarization conversion by single-point feeding.
Thus, the multifeed will be a good choice.

There are some papers on the design of a multipolarized
antenna using SR technology with two ports [1, 13-16]. An
SR antenna array for millimeter wave is proposed in [13]. A
dual-CP compact microstrip unit cell array is reported in
[14]. This antenna is excited by a microstrip line using
coplanar proximity coupling. However, the BW and ARBW
of the antenna are relatively small. Using sequentially
rotated feed networks, Shen et al. presented a dual-CP array
n [15]. Ibrahim et al. designed an antenna consisting of
some unit cells in [1]. The feed port supplies power to these
unit cells with the same current and appropriate phase delay.
A CP series-fed array based on the SR technique is proposed
in [16-19]. The radiation elements and feed network are
unified, which makes it possible to realize dual-CP radiation
for series-fed SR arrays. To sum up, multipolarization of the
antenna can be realized by using the SR technology and mul-
tiport feeding. A traveling-wave series-fed antenna array can
increase bandwidth and realize switchable polarization.

In this paper, a novel broadband multipolarized
traveling-wave series-fed antenna array is proposed. The
array can be converted between RHCP, LHCP, and LP. This
proposed antenna array can be used not only in radar and
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FIGURE 1: (a) Unit cell structure. The design sizes are C, =5.0 mm, C, = 17.5mm, W, = 1.8 mm, and d, = 4.5 mm. (b) Unit cell equivalent

structure.

satellites but also in civilian vehicle speed monitoring. This
letter presents a square unit cell which can realize CP and
LP in the second part. By adjusting the equivalent length
of the unit cell, the bandwidth of the antenna can be
increased. In the third part, we connect the square unit cell
end to end to form a circular array antenna. The isolation
between the two ports of the antenna is high. Lastly, the
fourth part introduces the measured results of the antenna,
including S parameters, radiation pattern, gain, and axial
ratio.

2. Unit Cell Antenna Geometry

This proposed unit cell is shown in Figure 1(a). The main
structure of the unit cell is square. We take the diagonal of
the unit cell as the axis, exerting the feed on the left and right
sides of the unit cell. Through reasonable feeding, the unit
cell can generate multiple polarized forms.

An inevitable drawback of microstrip patch antennas is
their narrow bandwidth. Take the hypotenuse of the square
unit cell as the side length and draw a rectangle R along its
outer edge, as shown in Figure 1(b). The relationship
between width W and length L is W — L = AS. The red dot
in Figure 1(b) is the feed points of rectangle R. The micro-
strip antenna is a circuit with a high Q value. Reducing the
Q value can increase the bandwidth of the microstrip
antenna. When the W/L ratio is increased, the antenna’s Q
value will decrease. So, we fix the value of W. The value of
L will decrease as the parameter C, increases. When the
parameter C, increases, the bandwidth of the microstrip unit
cell increases gradually, as shown in Figure 2.

In the cavity mode theory, the arbitrary excitation mode
of the microstrip antenna can be equivalent to a resonant
circuit. Then, the equivalent circuit of the two modes is
shown in Figure 3. The equivalent parameters of the circuit
are as follows. G is the loss conductance, which is mainly

determined by radiation conductance when used as an
antenna. The total admittance of the two branches is, respec-
tively, as follows:

Y, =G+ j(B-By), (1a)

Y, =G+ j(B+B,), (1b)

where B=wC - (1/wL). When formula v /v, is equal
to +j, the circular polarized function will be achieved.

The type of CP of the antenna can be judged according
to the relationship of the phase angle leading and hysteresis.
When port 1 is fed and port 2 is connected to the matching
load, the formula V,/V, is equal to j. The unit cell can rotate
clockwise to generate right-hand circular polarization
(RHCP), as shown in Figure 4(a). When port 2 is fed and
port 1 is connected to the matching load, the formula V /
V,, is equal to —j. The unit cell will rotate counterclockwise
to generate left-hand circular polarization (LHCP), as shown
in Figure 4(b). A LP wave can be composed of two circular
polarized waves with opposite rotations as shown in
Figure 4(c). When realizing the LP of the circular array,
the two ports of the antenna should be fed at the same time.
During the measurement of the circular array, it is necessary
to connect a power divider and phase shifter between the
SMA connector and vector network analyzer. When the feed
phase is adjusted, the LP at different angles can be realized.

In general, when the axis ratio of elliptical polarization is
lower than 3 dB, it can be considered as CP. The LHCP wave
component is perpendicular to the RHCP direction. Theo-
retically, the LHCP antennas cannot receive RHCP radiation
waves. Therefore, it is very important that the antenna can
switch between LHCP and RHCP.

In addition, the electromagnetic field of the traveling-
wave antenna is set in a traveling-wave state. The reflection
of the antenna is very small. The input impedance of a
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FIGURE 2: Simulated S-parameter with different C, of unit cell structure.

traveling-wave antenna is approximately pure resistance.
Thus, the traveling-wave serial-fed antenna can improve
the passband bandwidth. These unit cells are arranged in a
circular array.

3. Circular Series-Fed Array

The multipolarized array can be designed with these unit
cells. The circular series-fed array structure is shown in
Figure 5(a). The antenna array is composed of seven-unit
cells, two feed ports, and one ground. The included angle
between the patches is 45 degrees. The unit cells are con-
nected by a microstrip line. The array antenna is designed
on the F4B board with a dielectric constant of 2.65 and a
thickness of 1.5mm. The simulated absolute current
strength colormap for the array is shown in Figure 5(b).
The simulated 3D radiation pattern plot at 53GHz is
shown in Figure 5(c). The FITBR of this antenna array is
19.4dB.

Assume that the number of unit cells of the array is n, p,,
represents its radiation power, and p, represents the power
transmitted along the transmission string feed array. Each
unit cell can radiate different energy. The radiation power
of the unit cell is related to the S parameter. The details are
as follows [11].
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FIGURE 3: Equivalent resonant circuit of unit cell antenna.
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where |S},| is the reflection coeflicient of each element and
|S,;] is the transmission coefficient of each element.

Regardless of the various losses of the circuit, when |S} |
is small enough, formula (2) can be rewritten as P=1-
S,,|?. Therefore, we can infer that for the first unit cell,
P, =1-|S,|% for the second unit cell, P,=(1-P,)P;
for the third unit cell, P= (1 - P, - P,)P, = (1 - P,)*P,; and
the radiation power of the nth unit cell is P, = (1 - P,)"'P,.
The radiation power of the unit cell forms an equal ratio
sequence, and the calculated total radiation power is P=1 —
(1-pP)"

When the number of antenna unit cells increases, the
radiation power of the antenna increases. The transmission
coefficient [S,,| of the array is expected to decrease as the
line length increases. The following factors should be taken
into account when selecting the number of patches for the
array antenna.
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FI1GURE 4: The instantaneous current distribution of unit cell fed by different polarizations. (a) Port 2 fed (RHCP); (b) port 1 fed (LHCP); (c)

two ports fed (LP).

Firstly, there is a little coupling effect between the unit
cells, and the distance should not be too close. Secondly, the
radiation power of the antenna array should be large enough.
Finally, the antenna array should be a left-and-right symmet-
ric structure to ensure the integrity of the radiation pattern.
Therefore, we select 7-unit cells to build the array.

4. Fabrication and Experimental Results

Based on the previous analysis and discussion, the circular array
antenna is processed on the dielectric plate of F4B as shown in
Figure 6. The S parameters of the array are measured by the
vector network analyzer. The radiation pattern, axial ratio,
and gain of the array are measured in a far-field anechoic cham-
ber. During the measurement of the circular array, it is neces-
sary to connect a power divider and phase shifter between the
SMA connector and vector network analyzer. The phase shifter
can realize different feed phases. The details are as follows.

4.1. Result of S Parameter. The S parameter of the antenna
array can be obtained by a vector network analyzer. In
Figure 7, the measured and simulated S parameters of this
antenna array are shown. The FBW of the circular array is
17%, from 4.8 to 5.7 GHz. The bandwidth of the array
antenna has been significantly improved. The array-
measured reflection coefficients S;; are lower than —15dB,
and the transmission coefficients S,; are lower than
—15dB. The array has high port isolation performance,
meeting the previous design requirements in the third part.

At the passband, the measured results are almost the
same as the simulated results, but there are some frequency
deviations. When the antenna is simulated in the software,
the actual conditions such as discontinuous microstrip lines
and microstrip elbows in the antenna cannot be optimized
in the simulation software. Moreover, the actual machining
error, SMA connector, microwave dielectric material metal
loss, and dielectric loss difference also lead to frequency
deviation. The microwave dielectric constant of the actual



International Journal of RF and Microwave Computer-Aided Engineering

()

(b)

dB (gain total)

6()

15.0

FiGURE 5: (a) The overall structure of circular array. The array design parameters are A =90 mm, B=95mm, w, = 3.8 mm, w, = 1.5 mm,
w; = 1.8 mm, and d; = 13.4 mm. (b) Simulated absolute current strength colormap for array. (c) Simulated 3D radiation pattern at 5.3 GHz.

processed medium plate decreases, and the frequency band
will be moved up.

4.2. Result of Radiation Patterns. The measured and simu-
lated radiation patterns in the ¢ =0 deg and ¢ =90 deg
for RHCP and LHCP at 5.3 GHz are shown in Figure 8. Nor-
malize the antenna pattern data. It can be seen that the sim-
ulated results of the antenna array radiation pattern are
basically consistent with the measured results. The sidelobe
level is mostly lower than -10dB in the radiation pattern of

the array. The difference between the main polarization
and cross-polarization is about 15dB. The measured 3 dB
beamwidth is about 32° and 34" in the ¢ =0 deg and ¢ =
90 deg of CP, respectively.

The LP array’s measured and simulated 3dB beam-
widths are about 32° and 36° in the ¢ =0 deg and ¢ =90
deg, respectively, as shown in Figure 9. There is a little dif-
ference between the measured results and the simulated
results, because during the measurement, the power divider
is used to connect the port of the antenna to ensure that
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FIGURE 7: The measured and simulated S-parameters of this array.

the left and right ends can feed at the same time. In our
future work, how to reduce the cross-polarization of linear
polarization and improve the polarization purity will be
the focus. We can use defected ground plane, left-handed
structures and shorting wall, shorting pins, stub, and strip
loadings.

4.3. Result of Axial Ratio and Gain. Generally, when the
axial ratio of the antenna is less than 3, it can be consid-
ered as circular polarized radiation. In Figure 10, the sim-
ulated and measured axial ratios are shown. The ARBW of
RHCP and LHCP arrays ranges from 5.0 to 5.7GHz
(13.2%). The array has good CP quality which can show
that the proposed series feed array design meets the

expected requirements. The simulation results are consis-
tent with the measurement results. The BW of the array
is basically consistent with the ARBW. The axial ratio of
the proposed antenna meets the requirements of most cir-
cular polarization communication systems.

The simulated and measured realized broadside gains
of CP and LP are shown in Figure 11. The measured CP
realized gain is about 10.3dB, and the LP realized gain is
about 10dB. The gain within the bandwidth is larger than
6dB.

Table 1 is a comparison between our work and some
existing works. Obviously, the proposed antenna array has
some advantages. In Table 1, the BW of the proposed
antenna is wider than that of most existing works. And the
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FIGURE 9: The simulated and measured radiation patterns in the ¢ =0 deg and ¢ =90 deg of LP array at 5.3 GHz.
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Ficure 10: Simulated and measured AR.

ARBW of the array is better than that of others, which can ~ between the two ports of the array is lower than —15dB.
meet the requirements of complex communication systems. =~ The HPBW of the proposed antenna array is wider than
The polarization of the proposed antenna can be switched.  the existing work. The realized gain of the antenna is main-
This is the advantage of this antenna array. The isolation  tained at a normal level.
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TaBLE 1: Comparison with the existing antenna work.

Ref. BW ARBW Peak gain (dBic) Reflection coefficient (dB) HPBW Dimension (A,"A,)
[5] 63.9% 10% 5.7 -10 NA 1.1%1.1

[9] 10.4% 14.5% 24.2 -10 10.8°/12.6° 7 %7

[14] 6.57% 6.7 11.8 -20 33.5°/35° 3.5%2.8

[15] 5.5% 10% 13 -10 35°/32° 2.8%2.8

[16] 13.2% 15.7% 11.1 -10 30.5°/35° 3.5%2.8

This work 17% 13.2% 10.3 -15 32°/34° 2.3%2.3
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5. Conclusion

This paper proposed a novel broadband multipolarized
traveling-wave series-fed antenna array, which consisted of
multiple square unit cells. By adjusting the equivalent length
of the unit cell, the bandwidth of the antenna can be
increased. The radiation unit cell and dual-port feeding are
used in the array, which leads to the possibility of dual circu-
lar polarized radiation. Traveling-wave series-fed array can
increase bandwidth. Through a reasonable feeding mode,
the square unit cell will change between circular polarized
(CP) and linear polarized (LP). The isolation between the
two ports of the array is lower than —15dB. The ARBW of
the array is 13.2%. The axial ratio in the passband is less than
3 dB. The measured results are consistent with the simulated
results. At the same time, the antenna has the function of
polarization switching, which can send or receive signals of
arbitrary polarization for information matching. This
antenna is more suitable for complex communication sys-
tems. Polarization conversion of RHCP, LHCP, and LP can
be performed at any time.
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