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In this paper, a reconfigurable circular-ring feed patch antenna for polarization diversity
applications is proposed. The reconfigurability is realized by using only two p-i-n diodes
which are inserted into the circular feed ring of the aperture-coupled patch antenna. With
the help of the p-i-n diodes, the polarization of the antenna is able to be altered among 45°

linearly polarized (LP), left-hand circularly polarized (LHCP), and right-hand circularly
polarized (RHCP) states. A fully-functional prototype is fabricated and measured. The
measurement agrees well with the simulation and three polarization states are obtained.
Owing to the merits of tri-polarization diversity, low profile and simple structure, the
proposed design is a great candidate for future wireless systems.
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INTRODUCTION

With the popularity of wireless communication technologies, reconfigurable antennas with
switchable linearly polarized (LP) or circularly polarized (CP) waves have been receiving much
attention. They can enhance the performance of radio-frequency systems due to their advantages
of reducing polarization mismatch and mitigating multi-path fading effects [1–3]. In the past few
years, many works have been undertaken on the design of polarization reconfigurable antennas
[4–12]. In [4–7], the designs can provide LP reconfiguration along different polarization
directions. CP reconfigurable antennas, with the ability of switching the polarization
between left-hand circularly polarized (LHCP) and right-hand circularly polarized (RHCP)
states, have been reported in [8–10]. It is observed that these designs can only alter the
polarization either between LP modes or between CP modes. In particular, a reconfigurable
antenna which can switch its polarization between LP state and CP state is preferred. To realize
it, the designs in [11, 12] achieved a pair of orthogonal CP waves and an LP wave in a single
antenna structure.

Due to the feature of simple structure and easy fabrication, the resonant-type series feeding cross-
aperture coupled microstrip antenna have been studied over the past decades. This type of antenna is
flexible to realize CP operation with wide axial ratio bandwidth and flat gain bandwidth. Its detailed
radiating mechanism has been systematically analyzed based on the theory of the transmission line
model [13] and the reciprocity method [14]. Based on this idea, it is possible to design dual-band CP
radiation. In [15], the authors employed a series feed line to couple a diamond-shaped slot to a ring
and a cross-slot to a patch in series in order to realize a dual-band CP antenna. To minimize its size,
several modifications, including the cross-shaped slots replaced by multiple slots and the series
feeding line replaced by an open-ended circular ring, were made to obtain a more compact one as
explored in [16]. Therefore, the series feeding aperture-coupled microstrip antenna becomes
attractive for polarization reconfigurable designs.
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In this paper, a polarization reconfigurable circular-ring fed
patch antenna is proposed. Two p-i-n diodes are soldered on the
circular feed ring. By controlling the states of the p-i-n diodes, the
antenna polarization can be switched between a pair of
orthogonal CP modes and an LP mode. In addition, two 68-
pF capacitors are used to block DC signals. Compared with the
designs presented in [13–16], the proposed antenna can also
provide an additional LP state. Compared with tri-polarization
diversity antennas demonstrated in [11, 12], the proposed design
has a much lower profile. Details of the simulated and measured
results are presented to validate the proposed design.

ANTENNA DESIGN

Antenna Geometry
The three-dimensional configuration of the proposed antenna is
illustrated in Figure 1, which consists of two microwave FR4
substrates (Substrate 1 and 2) and an air layer. Both the FR4
substrates are with the same thickness of 0.8 mm, radius of
48 mm and relative permittivity of 4.4, and they are separated by
an air-gapped layer with a height of Ha. The side and top views
are presented in Figure 2, and the detailed dimensions of the
proposed antenna are given in Table 1. For the radiator, there
are four square patches printed on the top surface of Substrate 1
with 90° rotation between each other. On the top surface of the
lower FR4 substrate, there is a switchable circular-ring
microstrip line, and the bottom is a ground plane with four
identical slots right below the four patches. As such, the
proposed antenna can be excited by an aperture-coupling
scheme. It should be noted that a conventional aperture-
coupled structure is realized by placing a microstrip feedline
above the coupling slots. But in this design, the configuration is
right reversed. The purpose of this arrangement is for the
purpose of directly feeding the antenna with a coaxial probe
in the center.

FIGURE 1 | Three-dimensional configuration of the proposed
polarization reconfigurable antenna.

FIGURE 2 | Side and top views of the proposed polarization
reconfigurable antenna: (A) Side view; (B) Top view.

TABLE 1 | Dimensions of the proposed antenna.

Parameters Ha L1 L2 L3 W1

Values/mm 2 23 6.8 14 23
Parameters W2 W3 Ls Ws R1

Values/mm 2 3.6 20.5 2 19.7
Parameters R2 R3 — — —

Values/mm 21.7 19.5 — — —

TABLE 2 | Different polarization states.

State SW1 SW2

RHCP ON OFF
LHCP OFF ON
LP ON ON
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FIGURE 3 | Simulated current distribution on the patches over a period of time when SW1 is ON and SW2 is OFF: (A) t � 0; (B) t � T/4; (C) t � T/2; (D) t � 3T/4.

FIGURE 4 | Simulated current distributions on the patches over a period of time when both SW1 and SW2 are ON: (A) t � 0; (B) t � T/4; (C) t � T/2; (D) t � 3T/4.
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Operating Principle
In the proposed design, two p-i-n diodes, named SW1 and SW2,
are inserted into the circular-ring microstrip line, constituting a
direction-switchable line. The p-i-n diodes used here as switches,
areMADP-000907-14020P from MACOM [17]. The diode is ON
when it is forward biased by using a 1.5-V DC voltage. If the diode
is unbiased, it will be turned OFF. To control the states of the
diodes, three groups of DC pads are used in the design, labeled as
Pad 1, Pad 2, and Pad 3. Three slots are etched on the ground
plane to ensure the independent control of the DC pads. Besides,
two 68-pF capacitors are used to block DC signals and three 47-
nH inductors are utilized to isolate DC lines from RF signals. It
needs to be mentioned that the biasing circuit is located below the
ground plane with the help of metal strips and copper posts, so
the effect of the biasing circuit on the antenna performances is
limited.

As illustrated above, the design can switch the polarization
among two orthogonal CP states and an LP state. The details are
depicted in Table 2. When SW1 is ON and SW2 is OFF, four slots
etched on the ground plane are excited with a sequential phase in
clockwise direction. Because slots are used as the source to feed
the patches, RHCP wave is realized. Similarly, when SW1 is OFF
and SW2 is ON, four slots etched on the ground plane are excited
with a sequential phase in anticlockwise direction. Hence, LHCP
wave is obtained. Finally, the LP state is achieved when both SW1
and SW2 are ON.

FIGURE 5 | Photograph of the proposed antenna.

FIGURE 6 | Simulated and measured reflection coefficients and
broadside gains of the proposed antenna: (A) LP state; (B) CP states.

FIGURE 7 | Simulated and measured ARs of the proposed antenna for
two CP states.
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Figure 3 gives the simulated current distribution on the
patches over a period when SW1 is ON and SW2 is OFF. At
time t � 0 and T/2 (T is a period of time), the current is along
x-direction on Patch 1 and Patch 3 and current on the other
two patches is minimized. At time t � T/4 and 3T/4, the
y-direction current is dominant on Patch 2 and Patch 4 and
the current on Patch 1 and Patch 3 is weak. Therefore, CP
radiation is realized when SW1 is ON and SW2 is OFF.
According to the rotated direction of the current, it is
demonstrated that the antenna works under the RHCP
state. In terms of LP state, the simulated current
distribution on the patches over a period when both SW1
and SW2 are ON is presented in Figure 4. As the figure
illustrates, at time T � 0, current on Patch 2 and Patch 4
flows along the x direction, and current on Patch 1 and Patch 3

flows along the y direction. Thus, the resultant current is along
the direction of φ � 45°. When t � T/2, the resultant current is
opposite to that of t � 0. As a result, 45° LP radiation is
achieved.

SIMULATED AND MEASURED RESULTS

For experimental validation, a fully-functional prototype was
fabricated and measured. Figure 5 dsplays the photograph of the
constructed prototype. As seen from the photograph, the two PCB
layers are connected with each other using some plastic supports.
TheAnsysHFSS is used in the simulation [18]. Themeasured results,
including S-parameters, the gain values and radiation patterns were
obtained with a Keysight E5080A network analyzer and a near-field
antenna measurement system, respectively.

The simulated and measured reflection coefficients of the
proposed antenna under different states are given in Figure 6.
As Figure 6 shows, the measured −10 dB impedance bandwidth is
almost the same for twoCP states: 9.7% from 3.32 to 3.66 GHz. The
measured -10 dB impedance bandwidth for LP state is 9.7% from
3.34 to 3.68 GHz. Figure 7 depicts the simulated and measured
axial ratios (ARs) for two CP states. The measured AR bandwidth
is from 3.44 to 3.64 GHz for LHCP state and from 3.42 to 3.6 GHz
for RHCP state. The discrepancy between the simulations and the
measurements is mainly due to the fabrication tolerance and the
imperfect environment of the measured system. Therefore, the
measured effective operation band for both S11 ≤ −10 dB and AR ≤
3 dB is from 3.43 to 3.6 GHz.

The simulated and measured broadside gains of the proposed
antenna in three states are also depicted in Figure 6. Within the
effective bandwidth, for two orthogonal CP states, the measured
gain is around 7 dBic; for the LP state, the measured gain is from
7.5 to 8.7 dBi. The measured efficiencies over the effective band is
more than 75% for all three polarization states.

Figure 8 gives the simulated and measured radiation patterns
in LHCP and LP states at 3.5 GHz. Patterns in RHCP states are
not given for brevity. From the results, it is seen that
unidirectional radiation patterns are obtained. As shown in
Figure 8 (a), the measured co-polarized fields at θ � 90° are
approximately 22 dB stronger than the corresponding cross-
polarized counterpart. Hence, CP radiation is realized. As for LP
state, the measured cross-polarization levels are as low as no
more than −18 dB in both planes. The measured radiation
patterns agree well with the simulations in the broadside
direction. The differences between simulated and measured
radiation patterns in the back side are mainly owing to the
influence of DC cables.

FIGURE 8 | Simulated and measured radiation patterns: (A) 3.5 GHz in
LHCP state; (B) 3.5 GHz in LP state.

TABLE 3 | Comparison between proposed and other reported polarization reconfigurable antennas.

Ref Antenna type States Effective BW/% Size

[10] Patch 2 20 0.7λ0×0.7λ0×0.09λ0
[11] Patch 3 16 0.77λ0×0.77λ0×0.12λ0
[12] ME dipole 3 16 1.0λ0×1.0λ0×0.27λ0
This Work Patch 3 5 1.1λ0×1.1λ0×0.04λ0
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Table 3 lists a comparison between our work and other
reported polarization reconfigurable antennas. Compared with
the reported designs, the proposed antenna has a much lower
profile with three different polarization states.

CONCLUSION

A reconfigurable circular-ring feed patch antenna has been
presented. Three polarization states are achieved by
controlling the states of two diodes. A prototype was
designed, fabricated and measured to verity the design
idea. An overlapped bandwidth of 4.8% is achieved and
radiation patterns are stable within the operating band.
Due to merits of tri-polarization diversity, low profile and

simple structure, the proposed antenna is promising for
future wireless systems.
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