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0is article presents a dual circular polarization (CP) microstrip antenna, emitting electromagnetic waves above and below the
substrate, which is fed by the double L-probe. Selecting the L-probe feed increases the bandwidth of the antenna, and different
probes control the rotation of CP. 0e antenna could radiate two polarized waves of the same amplitude and vertical through two
square radiation patches; meanwhile, adjusting the phase difference between both waves to 90° will produce a CP wave in the far-
field. 0e simulation and measurement results show that the antenna is in 4.3–4.8GHz band with S11<−10 dB, S22<−10 dB, and
AR<3 dB. Furthermore, a lower axis ratio could be obtained in this work compared with similar antennas of the same type.

1. Introduction

0e circular polarization (CP) microstrip antenna has been
widely used in satellite communications due to its strong
ability of antidamping, antimultipath interference, and
antimultipath reflection [1–6]. 0e performance of the CP
antenna plays a decisive role in a communication system.
0e generating principle of CP radiation is that the antenna
generates two linearly polarized waves with 90° phase dif-
ference, mutually orthogonal and equal amplitude. At
present, the most widely used approaches to generate CP
electromagnetic waves are a multivariate method, many feed
method, and single feed method [7].

A dual-sense CP microstrip antenna is proposed in [8].
With the rectangular microstrip antenna operating in TM01
mode as the foundation, a single-coupled line is adopted to
excite the TM10 mode with a phase difference of 90°, which
leads the generation of a CP operation. Different polariza-
tion modes can be obtained by changing the position of the
single coupling line; therefore, double coupled lines can be
employed in the rectangular microstrip antenna to generate
two CP radiations. However, the axial ratio of this antenna is
narrow. Reference [9] presents a low-cost single layer dual
CP series-fed antenna based on the sequential rotation
technique.0e antenna is made of curved microstrip lines as

radiation elements of the antenna, which can be directly
printed on a single layer of PCB without complicated
processing and assembly. 0erefore, the cost of the antenna
is low and suitable for mass production, but the axial ratio
bandwidth of the antenna is only about 10%. Right-handed
and left-handed CP can be achieved in the same frequency
band by using circular grooves and two orthogonal L-shaped
feeders in the ground plane. At the same time, the CP
performance of the antenna can be improved by properly
cutting slots and adding parasitic elements on the ground
plane. 0ough the proposed antenna has a larger axial ratio,
its gain becomes lower [10]. Moreover, all the antennas
above use one surface radiation; this causes the other patches
to gain unwanted coupling, resulting a great impact on the
axis ratio. When the patches above and below the substrate
radiate simultaneously, the coupling of the electric field can
be reduced, getting a lower axial ratio. Meanwhile, the probe
feed will be selected to obtain a larger gain.

0ere are many ways to generate resonance. Reference
[11] is able to achieve dual-frequency by mixing slot and
patch. In [12], another resonance is generated by intro-
ducing a 2× 2 SRR array in the ground plane. 0e multiple
resonances in [13] are formed by the alternate use of circular
and rectangular slots. 0e open-loop resonator will produce
two different resonances [14]. Finally, we choose the L-probe
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as the feed to obtain resonance because it will obtain greater
gain.

In this article, an antenna radiating from patches on both
surfaces of a substrate is proposed. Two rectangular
microstrip patches that are perpendicular to each other can
provide two linearly polarized waves of the same frequency
and amplitude. Considering it can transmit electricity
through metal columns and patches, the phase difference
can be adjusted to 90° by adjusting the length of the patch.
0is antenna degeneracy mode is the same as the microstrip
line because the antenna is fed by the probe, and the sub-
strate thickness is much smaller than the operating wave-
length. Finally, its axial ratio bandwidth can reach 12%.
Furthermore, its axial ratio is less than 3 dB in 4.3GHz to
4.8GHz, and its left and right polarization gain can reach
more than 5 dB. Compared with the single-sided radiation
antenna, this work can effectively reduce the axial ratio,
which is especially suitable for satellite communication.

2. Antenna Design

2.1.ElementDesign. 0eoretically, most microstrip antennas
radiate from only one surface of the substrate. When feed is
applied to the probe, the coupling of the other patches is
triggered, generating some undesired currents and leading
to higher axial ratios. To reduce unnecessary coupling, two
radiation patches were placed on the upper and lower
surface of the substrate. To further reduce the coupling, the
substrate should be thick enough, and a 2mm thick substrate
shall be selected.

To obtain higher bandwidth, the antenna is fed by an
L-shaped probe and the length of the probe should be λ/2.
0e radiation patch should choose square patches to obtain
greater coupling and higher gain. In order to achieve better
resonance of the antenna, the side length of the radiation
patch of the antenna should be λ/4. To make the phase
difference between two lines polarization to be 90°, the
length of the connecting microstrip line should also be λ/4.
Finally, a metal column is used to connect the radiation
patches on the upper and lower surface of the substrate.

Figure 1 shows the structure of the antenna; the antenna
size of the antenna is 0.87 λ× 0.87 λ× 0.23 λ
(52mm× 52mm× 14mm). It is printed on Teflon glass cloth
plate (F4BM-2) substrate (εr � 2.2; tan θ� 0.001).

0e antenna radiation patch consists of two square
copper pieces on the top and bottom that receive the energy
from the L-shaped probe in a coupled manner, while two
different probes control two directions of rotation of circular
polarization. When port 1 is fed, the antenna is right-handed
polarized; if port 2 is fed, the antenna is left-handed
polarized.

Firstly, by adjusting the probe length, the resonant
frequency can reach 4.5GHz. 0en, the side length of the
rectangular radiating plate is adjusted tominimize the return
loss. Finally, the length of the microstrip line is adjusted so
that he antenna axial ratio is less than 3 dB. However, due to
the different distance between the patch and the floor, in
order to ensure that the resonant center frequency is
4.5GHz, it is important to ensure that the patch length on

the top and bottom surfaces of the substrate is different, and
the bottom patch must be slightly longer.

0e antenna is designed to operate in the C-band, which
is currently the most commonly used satellite service. 0e
geometrical parameters indicated by Figure 2 are shown in
Table 1; meanwhile, the geometrical parameters are opti-
mized using the ANSYS HFSS 15 simulator.

To better simulate the antenna, we should learn about the
boundary conditions and far-field conditions. 0e boundary
condition of the antenna is that the distance between the
radiation boundary and the radiator is greater than 1/4 λ.
Since the center frequency is 4.5GHz, the distance should be
greater than 16.5mm, and the specific distance is 20mm for
convenience. 0e far-field condition of the antenna is that
the measured distance is greater than 2D × D/λ, where D
represents the maximum size of the antenna and λ repre-
sents the wavelength of the antenna. 0erefore, the far-field
condition of the designed antenna in this article is greater
than 162mm.

2.2.WorkingPrinciple ofCPRadiation. 0e generation of the
double CP antenna can be analyzed by the surface current of
the antenna [8, 15]. Figure 3 simulates the current distri-
bution on the antenna at 4.5GHz. Figure 3(a) shows the
distribution of the overlapping currents at the port 1 feed.
0e top patch of the medium radiates current in the −X
direction and the bottom patch radiates current in the −Y
direction. Because the current is transmitted through the
patch, a phase difference of 90° is generated between the two
linear polarizations, resulting in a right-handed polarization
wave. Figure 3(b) shows the overlapping current distribution
at the port 2 feed.0e upper patch radiates current in the +X
direction and the lower patch radiates current in the +Y
direction. 0ere is also a 90° phase difference between the
two linear polarizations, which leads to a left-handed po-
larization wave. 0rough the analysis and calculation of
electric field and magnetic field, TM10 mode is the resonant
mode of the antenna.

3. Results and Discussion

3.1. Radiation Pattern and Gain. Figure 4(a) shows the
simulation S-parameters of the antenna; the results show
that the antenna has an impedance bandwidth of −10 dB

Figure 1: Configurations of the antenna.
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ranging from 4.2GHz to 4.8GHz when port 1 is working,
corresponding to a 13.3% fractional bandwidth.When port 2
is operating, the antenna’s −10 dB impedance bandwidth is
between 4.2GHz and 4.88GHz, corresponding to a 15%
fractional bandwidth.

Figure 4(b) shows the axial ratio along +Z direction;
moreover, the axial ratio is less than 3 dB within the im-
pedance bandwidth. When port 1 is working, the axial ratio
in the range of 4.3GHz to 4.65GHz is less than 2 dB. When
port 2 is working, the axial ratio in the range of 4.4GHz to
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Figure 2: Antenna size diagram (all dimensions are indicated in the drawing). (a) Top view. (b) Side view.

Table 1: Dimension of the CP antenna (all dimensions are in mm).

L1 L2 L2 L4 W1 W3 r1
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Figure 3: Current direction diagram: (a) port 1 and (b) port 2.
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4.7GHz is less than 2 dB, accounting for more than 60% of
the impedance bandwidth.

Figure 5(a) shows a peak gain of 6.2 dB for right-handed
polarization and 5.7 dB for left-handed polarization at
4.6GHz. Within the bandwidth, both gains are greater than
5 dB, which is within the typical gain range of microstrip
antennas. Figure 5(b) shows that S12 in the bandwidth is less
than −10 dB.

It can be seen that the structure has the advantage of low
axis, but it also has a disadvantage that is difficult to
overcome. Because the thickness of the dielectric substrate is
2mm, the height between the antenna and the ground
cannot be neglected. 0erefore, to make the antenna

resonate at the same frequency, only the lengths of the upper
and lower patches need to be adjusted. However, if the axial
ratio of one port is changed separately, the axial ratio of the
other port will also change. 0erefore, it is difficult to match
the axial ratio with the return loss, and the probe can only be
adjusted so that the two axial ratios overlap as much as
possible.

3.2. Measurements and Performance Comparison.
Figure 6 shows the simulation and measurement results, and
the manufacturing of the antenna is shown in Figure 7.
Notable, it is a little bit different between the measured curve
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Figure 4: 0e simulation results. (a) Simulated S-parameters. (b) AR.
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Figure 5: 0e simulation results. (a) Gain. (b) S12.
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Figure 6: Continued.
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and the simulation curve. Due to the antenna’s fabrication,
welding and measurement being different from the ideal
situation, there is a certain deviation in the gain and

S-parameters. As shown in Table 2, in terms of axis ratio, its
axis is smaller than [8, 9]. Although the axis of [10] is larger,
the gain of the antenna is lower.

(a) (b)

Figure 7: Under the close shot, the CP antenna picture of real products. (a) Side view. (b) Top view.

Table 2: Comparison of CP antennas.

Ref. f0 (GHz) |s11|B (%) ARBW (%) Size Gain (dBi) P

[8] 2.390 7.95 0.33 0.44× 0.48× 0.024 5.3 LHCP
2.475 0.72 0.28× 0.39× 0.024 5.7 RHCP

[9] 30 6.75 8.00 3.5× 2.8× 0.051 11.81 Dual
[10] 3.99 59 40.5 0.63× 0.63× 0.016 3.27 Dual

Proposed 4.5 13.7 12.0 0.77× 0.77× 0.208 5.7 LHCP
15.0 11.0 6.2 RHCP
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Figure 6: Comparison between simulation and measurement. (a) S-parameters, (b) AR, (c) gain, and (d) S12. At 4.5GHz, dextrally
polarized radiation is normalized in the (e) XOZ and YOZ (f) planes and left-handed polarized radiation is normalized in the (g) XOZ and
(h) YOZ planes.

6 International Journal of Antennas and Propagation



4. Conclusion

In this article, a new type of dual circularly polarized antenna
is proposed, which adopts a new structure of double-sided
electromagnetic radiation and effectively reduces the axis
ratio. 0e antenna was simulated, fabricated, and tested, and
the results are as expected. 0is verifies the feasibility of the
double-sided radiating electromagnetic wave antenna.
Consider the antenna has an advantageously of low axial
ratio, it can become a good candidate for satellite
communication.
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