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ABSTRACT This paper proposes a novel design of a reconfigurable microstrip array antenna for circular
polarization (CP) switching function. The proposed array is implemented in a 2× 2 arrangement using four
patch elements and a feed network. The bias-isolation mechanism is an integral feature of this array design,
and it is facilitated by the short-ended microstrip lines and planar magic-Ts. By this approach, both the
radiating elements and feed structure ensure the straightforward RF-DC isolation method with no auxiliary
passive components and filters. Also, with the superb integration of these two techniques, the entire array
is viable in a single-layer configuration, featuring design freedom for a larger array. Furthermore, the CP
switching function can simply be achieved by controlling the bias state of the diodes. To verify the proposed
concept, prototype antennas are fabricated and tested. The measured results demonstrate that the proposed
array can function as a CP reconfigurable antenna with simple bias-isolation method.

INDEX TERMS Bias isolation, circular polarization, electrical reconfiguration, magic-T, planar antenna,
short-ended microstrip lines.

I. INTRODUCTION
Planar integrated antenna technology has consistently made
significant contributions to the advancement of wireless com-
munication systems. With this technology, the antenna con-
figurations can bemade to be compact, simple, cost-effective,
and easily manufactured. Also, its adaptable characteristics
offers an easy integration with the various techniques for a
wide range of applications. Therefore, many single-element
and array designs of planar integrated antennas have been
developed to date for the intended functions.

Many excellent studies have shown that the polarization
reconfiguration is one of the well-known functionalities that
can be combined with the planar integrated antennas. It is
noted that this function can be actualized using mechan-
ical [1], electrical [2], optical [3] and material controls
[4]. Among them, the electrical reconfiguration method has

The associate editor coordinating the review of this manuscript and

approving it for publication was Tutku Karacolak .

tremendously matured alongside with the planar antennas.
Using the switching and tunable components (PIN diodes,
MEMS, and varactors etc.), the antenna’s operation can
electrically be activated for the desired polarization modes.
For this reason, many single-element designs are increas-
ingly prevalent in the field of polarization switching study.
In literatures, numerous designs have introduced the pertur-
bation technique as a means of CP reconfiguration. For this
functionality, the authors reported the several patch antenna
designs with integrated bias-circuit perturbations [5], [6],
[7], [8]. Alternatively, the slot formation [9], [10], [11] can
be authenticated as another CP reconfigurable strategy. This
method uses the switchable slots in the antenna structures
to alter the current distribution behavior for CP excitation.
Moreover, the polarization reconfigurable antennas can be
designed using the switchable feed networks [12], [13], [14],
[15], [16], [17], [18]. In this approach, the desired change
in various polarization modes can be achieved by adjusting
the necessary phase shift of the feed lines. Furthermore,
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FIGURE 1. Structure of the proposed 2 × 2 CP reconfigurable microstrip
array antenna.

the authors described that double-balanced multiplier (DBM)
loaded antennas [19], [20], [21], [22] are able to operate for
CP switching performance. Recently, the use of reconfig-
urable stacked configurations has significantly improved the
antenna performances in terms of wideband characteristics
[23], [24], [25], [26], high gain [27] and high efficiency [28].
Also, a profusion of research is getting concentrated on array
architectures, which can enable the polarization reconfigura-
tion with more sophisticated features [29], [30], [31], [32],
[33], [34], [35], [36].

All the antennas mentioned above are great options for
the polarization reconfigurability. However, for the design
advancement, their bias-isolation approach needs to be
enhanced. Basically, the bias isolation can be achieved by
means of two mechanisms: RF-DC coupling and decoupling.
These two mechanisms are primarily related to the feed net-
works and radiating structures. The existing method utilizes
either a DC block (capacitor) or a choke (inductor), which
complicates the antenna structure with the redundant biasing
lines. In some cases, a bias-T is used to function together
with the antenna’s feedlines for the bias coupling. However,
without proper consideration of the decoupling mechanism,
the antenna structure can still entail the extra lumped compo-
nents for the bias isolation. This type of problem noticeably
affects many reconfigurable single-element designs, making
it challenging to advance as an array structure. This is due to
the fact that as the array size expands, more DC blocks, choke
components and biasing lines will be required. On the other
hand, the reported array designs have made little progress in
bias-isolation techniques. Instead, they are still relying on the
supplementary passive components with themultilayer-based
switching feed circuits for biasing. As a result, antenna
fabrication becomes more intricate for assembling the cir-
cuit components and setting the precise alignment between
the multiple substrates. Therefore, the bias-isolation method
for electrical reconfiguration is fundamentally associated
with the design improvement in planar integrated antenna
technology.

FIGURE 2. Structure of the CP reconfigurable element and its equivalent
bias-decoupling network.

In this paper, a new design for a planar integrated array
is proposed to address the aforementioned issues. From the
design perspective, the array architecture is constructed to
be straightforward and effective for the targeted CP switch-
ing operation. Short-ended microstrip-line perturbations are
used with the radiating components to reinforce the CP
property with bias-decoupling characteristics. Meanwhile,
magic-Ts are used to facilitate the array feed structure for
the bias-coupling mechanism with high isolation features.
By combining these two techniques in a single layer, the com-
plete bias-isolation mechanism can eliminate any extraneous
choke components and filters. Therefore, the proposed array
demonstrates a simple and efficient design for the CP switch-
ing function, and its built-in bias-isolation circuit represents
the state-of-the-art technology.

II. ANTENNA STRUCTURE AND DESIGN PROCEDURE
In this section, the design evolution process of the proposed
array antenna will be discussed. Each design concept is aimed
at implementing a single-layer-based simple biasing tech-
nique for the desired CP reconfigurable function. For this
purpose, the array design is augmented to act as a built-in
bias-isolation mechanism by interacting with the radiating
components and feed structure.

Fig. 1 shows the structure of the proposed microstrip
array antenna. The array consists of four CP reconfig-
urable elements and a magic-T integrated feed network. Two
short-ended microstrip lines are integrated into each radiating
element using diodes. In addition, the diodes are positioned
to operate in both the positive and negative bias states for
right-handed circular polarization (RHCP) and left-handed
circular polarization (LHCP). For signal excitation, this array
uses Port 1 and 2 for the RF and switching (DC) signals,
respectively. For Port 1, a microstrip-slot branch is simply
used, whereas, Port 2 effectively employs a microstrip-line
branch. To simultaneously provide the RF and switching
signals, magic-Ts are used for the signal coupling between
these two ports with high isolation characteristics. The design
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FIGURE 3. Parametric analysis of 1l . (a) axial ratio (b) reflection
coefficient and (c) gain.

concept for the single reconfigurable element and magic-T
feed network is also presented in the following sections.

A. RECONFIGURABLE CP PATCH ELEMENT
This section explains the design approach of a single-patch
antenna. As discussed above, the short-ended microstrip lines
are integrated with the radiating structures to assure the per-
turbation segment for bias-decoupling behavior. Therefore,
a novel feature of the single element can be noticed in the
RF-DC decoupling mechanism with CP switching operation.

Fig. 2 presents the schematic layout of a CP reconfig-
urable element. In this design, a square microstrip patch
with a single-point feed is used as a radiating element. Two
short-endedmicrostrip lines are also integratedwith the upper
corners of the radiating patch via switching diodes. Then,
they are specifically designed to be (1l + λ /4) long. Here,
1l stands for the perturbation’s length to provide CP, and

FIGURE 4. Simulated electric-field distribution for RHCP and LHCP
excitations.

FIGURE 5. Radiation patterns of the CP reconfigurable element.

a shorted λ /4 for an LC network to decouple the switching
(DC) signal. Since these two functionalities are combined in a
singlemicrostrip line, it can operate as both a perturbation and
a bias-decoupling network. Therefore, this single element can
offer design flexibility for the CP switching characteristics
without further any capacitors and inductors for the bias
decoupling.

To confirm the proposed concept, a parametric analysis is
performed with the aid of Keysight Technologies’ EMPro.
In the simulation, this reconfigurable element is designed for
5.8 GHzwith the dimensions of Lf = 16.1 mm,Wp = 2.4 mm,
and Lg = 50 mm. Here, the thickness and permittivity of the
substrate are assumed to be 0.8 mm and 2.15, respectively.
For the switching purpose, the diode’s positive and negative
switching states are modeled by a 3-� resistor and a 0.025-pF
capacitor, respectively. A bias-T is also supposed to be used
in the RF-DC coupling mechanism. In this analysis, two λ /4
microstrip lines are initially determined, and the parameter is
studied to examine the effect of 1l. During analysis, all other
parameters are fixed, and only 1l is tuned.

Fig. 3 demonstrates the effect of 1l for the axial ratio
(AR), reflection coefficient and gain. In Fig. 3 (a), an AR
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FIGURE 6. Structure of the single-section magic-T and its signal excitation
mechanism.

frequency shift can be observed for every1l change. In Fig. 3
(b), the reflection coefficient is progressively better than
−10 dB when 1l is added to each λ /4 segment. In Fig.3
(c), the gain response is also shifting in accordance with
the AR frequencies when adjusting 1l. Then, the best
AR value is selected as the highest priority, and the other
characteristics are examined based on that AR operating
frequency. The overall analysis displays that an optimum AR
value is attained at 5.83 GHz when 1l becomes 0.6 mm.
At that perturbation length, AR frequency is also within the
10-dB impedance bandwidth and maintains a maximum gain
as well.

Fig. 4 shows the simulated electric-field distribution of the
CP reconfigurable element. As an operation, this element can
be considered as either RHCP or LHCP excitation over the
switching states. Then, the angular rotation of electric-field
distribution is examined for the various time instants at
5.83 GHz. For a positive bias state, the electric null on
the radiating element is orienting in anti-clockwise rotation.
In this case, the patch element is operating for RHCP exci-
tation. In a negative bias condition, the angular orientation
of electric null is reversed, especially tracing in clockwise
direction. In this case, the antenna again produces the CPwith
LHCP radiation.

Fig. 5 illustrates the simulated radiation patterns of the
single reconfigurable element. After confirming the CP char-
acteristics, the radiation patterns are examined in the x-z
plane at 5.83 GHz. The simulation exhibits RHCP and LHCP
gains of around 7 dBic for both the positive and negative
switching states. The cross-polarization level is also better
than 20 dB for each condition. In this way, the simulated
results confirm that the short-ended microstrip-line pertur-
bation is reliable for the CP switching with bias-decoupling
feature.

FIGURE 7. Structure of the proposed magic-T integrated feed network for
2 × 2 array configuration.

FIGURE 8. Simulated reflection coefficient of the magic-T integrated feed
network.

B. MAGIC-T INTEGRATED FEED NETWORK
This section encompasses the array feed network for the
RF-DC couplingmechanism. For the CP switching operation,
each reconfigurable element requires the RF and switching
(DC) signals concurrently. Therefore, in this array, magic-
Ts are effectively utilized as a both-sided MIC technology to
provide high isolation between the RF and switching signal
ports.

Fig. 6 depicts a basic structure of the single-section magic-
T. It includes four ports designed to intersect between the
slot-microstrip and microstrip-T junctions. In this layout,
Port 1 and 2 are considered for input signals, and Port 3
and 4 are for output terminals. Particularly, Port 1 (slot-
microstrip junction) constitutes a series branch, whereas
Port 2 (microstrip-T junction) forms a parallel branch. There-
fore, when the signal is applied to Port 1, it will deliver to the
output ports in terms of anti-phase propagation. For Port 2, the
signal will be equally split between the two output terminals
with an in-phase mode. On this basis, this magic-T circuit is
applied for the RF-DC feeding method in this application.

Fig. 7 illustrates the structure of the magic-T integrated
feed network. As mentioned above, the array’s feed network
is constructed with Port 1 and 2, which are respectively des-
ignated to the RF and switching signals. Here, Port 1 simply
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FIGURE 9. Design advantage of the proposed feed network with CP
reconfigurable elements for large-scale array configuration.

uses the microstrip line to excite the slot-microstrip junctions
of the two magic-Ts. Therefore, for the RF signal, Port 1
is created to be an in-phase parallel microstrip-slot branch.
On the other hand, Port 2 is further expanded by exclusively
utilizing the microstrip lines for parallel T-junction. Hence,
the switching signal can propagate in in-phase manner as
discussed in the single-section layout. Consequently, Port 1
and 2 can highly be isolated due to the different propagation
modes between the microstrip line and slot line. Furthermore,
the other four ports are distributed for the antenna elements to
realize the in-phase signal when the slot-microstrip junctions
of the two magic-Ts are excited. For this reason, this array
feed network can facilitate the broadside radiation pattern
when the RF signal is applied to Port 1.

Fig. 8 demonstrates the simulated reflection coefficient
of the magic-T based feed network shown in Fig. 7. In the
simulation, a 200-� resistive load, which is equivalent to the
antenna impedance at its radiating edge, is integrated into
each output terminal. In this state, Port 1 shows better than
10-dB impedance bandwidth ranging from 5.6 to 6.15 GHz.
However, Port 2 only concerns the switching (DC) signal, and
therefore, its reflection is not essential to be considered in this
array’s feed network.

Fig. 9 shows the design advantage of the proposed array
topology. An easy array expansion is achievable with no
additional DC blocks, choke components and filters. This is
due to the perfect design flexibility between the array feed
network and radiating structures which can control the RF-
DC coupling-decoupling mechanism for the bias isolation.
In addition, as a further advancement, this array can be made
possible for the differential-beam pattern in the y-z plane
by applying the RF signal to Port 2. Therefore, in many
array antenna topologies, magic-T inspired feed networks are
extensively utilized for numerous purposes [37], [38], [39],
[40], [41], [42], [43], [44], [45].

C. ARRAY DESIGN
This section emphasizes the array design using the radiating
elements in Fig. 2. Unlike the proposed structure in Fig. 1,

FIGURE 10. Structure of the 2 × 2 planar array for beam-forming
optimization.

FIGURE 11. Parametric analysis of dy. (a) axial ratio and (b) radiation
pattern.

only Port 1 is utilized in this array, and the beam-forming
behavior is investigated over the element spacing.

Fig. 10 demonstrates the structure of the 2 × 2 planar
array antenna. In this configuration, the center-to-center dis-
tances between the radiating elements are expressed as dx
and dy. The array’s feed network has the microstrip-slot
and slot-microstrip branches, and they are created using a
single slot line with the several microstrip lines. For the
microstrip-slot branch, an extended λm/4 segment of the
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FIGURE 12. Simulated and measured results of the ideal array.
(a) reflection and isolation, (b) axial ratio, and (c) radiation pattern.

center microstrip line represents a short circuit. Therefore,
the signal can properly be excited to the slot line when
the RF signal is applied to Port 1. For this branch, the
impedance matching can be achieved by designing the slot
line’s impedance to be double that of the center microstrip
line. On the other hand, the extended λs/4 sections of the slot
line serve as the open circuits for the slot-microstrip branches.
As a result, the RF signal can be routed to the radiating
elements via the microstrip lines. The impedance matching
for these branches can be made possible using the microstrip
lines whose impedance is half that of the slot line. Then, the
beam-forming behavior of the array is examined alongside
with the CP characteristics. In this case, for the short brevity,
the default value of dx is initially set to 0.8λo, and only dy is
altered for the parameter investigation.

Fig. 11 illustrates the impact of the element spacing (dy)
on the axial ratio and radiation pattern of the array. This study
is also conducted using the Keysight Technologies’ EMPro.
As shown in Fig. 11 (a), the CP characteristics of the array is
firstly explored at angle θ = 0◦ for the x-z plane. According to
the simulated results, the array displays lower than 3-dB ARs
at 5.8 GHz for every dy spacing. Then, the array’s radiation
patterns are examined as a further step at 5.8 GHz for the x-z
plane. In Fig. 11 (b), the array clearly shows the broadside
patterns with the peak values at angle θ = 0◦ for each dy
change. Among the various element spacings, it is apparent
that the broadside gain performance is at its best when dy
becomes 0.8λo.Meanwhile, in this array, it can be noticed that
the side lobe level also rises in accordance with the broadside
gain. Based on these two evaluations, the array shows the
satisfaction for the CP feature with optimum broadside gain
pattern at dy = 0.8λo. Consequently, it is observed that the
element spacing in this array is the same for dx and dy.

III. MEASURED RESULTS
In this section, the performances of the proposed microstrip
array antennas are experimentally discussed in comparison
with the simulated data. Two prototype antennas are classi-
fied into the ideal and switching states depending on the type
of radiating elements. Both arrays use a single-layer Polyte-
trafluoroethylene (PTFE) substrate, having permittivity (εr)
of 2.15 and thickness (h) of 0.8 mm.

A. IDEAL-STATE CP ARRAY ANTENNA
Initially, an ideal array is developed to precisely analyze
the antenna performance. Each radiating element is designed
similarly to that in Fig. 2, except that no switching diodes
are utilized. Instead, only the right corner is attached with the
shorted perturbation, and the left corner is remained detached.
In this manner, the upper two corners of the patch create the
ideal short and open conditions. Then, using the array design
in Fig. 1, these ideal radiating elements are positioned to each
magic-T, and they are equally separated by 0.8λo. Therefore,
as an operation, this array can radiate the broadside LHCP
pattern when the RF signal is routed to Port 1.

Fig. 12 demonstrates the simulated and measured per-
formances of the ideal array. In Fig. 12 (a), the reflection
coefficient provides 10-dB impedance bandwidth of 3.3%
(5.85−6.05 GHz) for simulation. Meanwhile, measurement
obtains around 2.9% (5.95−6.13 GHz). In addition, port iso-
lation of better than 20 dB is realized within their respective
10-dB impedance bandwidths for both cases. In Fig. 12 (b),
the simulation generates an AR at 5.92 GHz with a minimum
value of 0.8 dB. Similarly, for measurement, it exhibits a
minimum AR of around 0.8 dB at 6.01 GHz. In Fig. 12 (c),
the radiation pattern is investigated in the x-z plane at their
minimum AR frequencies. The broadside pattern is observed
with the realized gain of around 12 dBic for simulation
and 11 dBic for measurement. Also, both cases have better
than 20-dB cross-polarization suppression. In this way, the
ideal array is identified for CP characteristics based on the
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FIGURE 13. Photograph of a 5.8-GHz fabricated prototype (100 mm ×

110 mm).

FIGURE 14. Simulated and measured results of the switching array.
(a) reflection and isolation and (b) axial ratio.

simulated and measured results. Moreover, the feed network
guarantees the high-isolation characteristics between Port 1
and 2. Therefore, the switching array is feasible to implement
as a next step to investigate the CP reconfigurable operation
with simple bias-isolation feature.

B. CP SWITCHABLE ARRAY ANTENNA
This section discusses our finalized design for CP switchable
array antenna. The proposed array is designed for 5.8 GHz
with the overall ground plane of 100 mm × 110 mm.

FIGURE 15. Simulated and measured realized gains of the switching
array. (a) positive switching voltage and (b) negative switching voltage.

Then, the measurement is further conducted to check its
performances.

Fig. 13 shows the 5.8-GHz fabricated prototype of the
switching array. In this structure, a CP reconfigurable element
discussed in Fig. 2 is established in array configuration.
Diodes (DSM-8100-000, SKYWORK) are mounted between
the radiating elements and short-ended microstrip lines for
the switching property. In this case, the switching voltage (Vs)
is set to ± 1V for the CP switching characteristics.

Fig. 14 illustrates the simulated and measured results
of the reflection coefficient and axial ratio. As shown in
Fig. 14 (a), the simulation produces 2.4% (5.75−5.89 GHz)
10-dB impedance bandwidth, whereas the measurement
attains 7.6% (5.8−6.25 GHz). Also, both the simulation
and measurement have better than 20-dB isolation within
their respective 10-dB impedance bandwidths. In Fig. 14 (b),
AR of lower than 3 dB is acquired for both simulation
and measurement. The optimum AR frequencies can be
distinguished at 5.8 GHz for simulation and 5.9 GHz for
measurement. According to the measured results, 10-dB
impedance bandwidths cover their corresponding 3-dB AR
operating frequencies.

Fig. 15 presents the simulated and measured antenna’s
realized gains over frequency response. The peak realized
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FIGURE 16. Simulated and measured radiation patterns of the switching
array. (a) positive switching voltage and (b) negative switching voltage.

gains are observed at frequencies where minimum AR is
obtained. Simulation produces an antenna realized gain of
12 dBic at 5.8 GHz, whereas, measurement provides around
10 dBic at 5.9GHz. Both simulation andmeasurement exhibit
the cross-polarization suppression of better than 20 dB at their
corresponding minimum AR frequencies.

Fig. 16 depicts the simulated and measured radiation pat-
terns over switching voltages. The radiation patterns are
examined in the x-z plane based on the minimum AR fre-
quencies. Both the positive and negative bias states achieve
the broadside patterns at angle θ = 0◦ for RHCP and LHCP
excitations. For the realized gains, the simulation generates
12 dBic, whereas the measurement has 9.9 dBic. More-
over, the cross-polarization suppression of around 20 dB is
observed for both simulation and measurement. In this case,
it can be noticed that some losses are found in the broadside
realized gains of the switching array. Therefore, to investigate
this issue, the realized gains for the ideal and switching array
are further examined in terms of frequency response.

Fig. 17 demonstrates the simulated and measured realized
gains over frequency response. The comparison is illustrated
based on the LHCP realized gains for the ideal and switching
array. In the simulation, the maximum realized gains are
achieved at 5.93 and 5.8 GHz for the ideal and switching
array, respectively. Similarly, in the case of measurement,

FIGURE 17. Simulated and measured realized gains over frequency
response for the ideal and switching array.

both arrays still maintain the peak realized gain at 6 and
5.9 GHz. This implies that the realized gain response is better
at their minimum AR frequencies for all cases. Additionally,
it can be observed that the simulated realized gain responses
for both arrays are nearly identical (around 12 dBic in each
minimum AR frequency). Therefore, the loss between the
ideal and switching array in simulation is almost negligible.
However, according to the measured results, the switching
array displays around 2 dB reduction in realized gain than
that of the ideal array. As observed in Fig. 14 (a), these losses
also contribute to an improvement in measured impedance
bandwidth, which is about 3 times that of its simulated one.

Therefore, certain losses in the switching array can be
assumed due to the power consumption of the diodes. It is
reasonable to suppose that in the simulation, diodes are only
considered for the switching purpose with the equivalent val-
ues of 3-� and 0.025-pF. These cases also imply that highly
accurate diode models are required to improve the precision
of simulated and measured results in the switching array.
Moreover, the inconsistency between the EMPro’s simulated
design and the fabricated prototype shows some frequency
shifts. Based on the minimum AR frequencies, the measured
results in this array are approximately 100 MHz higher than
the simulated results. Therefore, we simply understand that
the array requires the optimization for frequency shift. But,
in this instance, it has to be clarified that the prototype
antennas are fabricated for the concept confirmation. If we
can fabricate professionally with a high-precision machine
and measurement setups, these error percentages can be min-
imized. However, despite some mismatches, the proposed
array is still promising for CP reconfigurable functionality in
terms of achieving performances in measurement.

Table 1 describes the comparison among electrically
reconfigurable polarization antennas. The antenna design
configurations are analyzed in relation to other neces-
sary specifications across a ten-year technology trend. It is
observed that the single-layer designsmentioned in [12], [14],
and [17] have wider impedance and AR bandwidths due to
high dielectric constants of their substrates. On the other
hand, the multi-layer-based structures meticulously consider
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TABLE 1. Comparison among electrically-controlled polarization reconfigurable antennas.

the heights of the antennas, which are primarily supported by
the reflector. Therefore, the performances of such antennas
are proven to be superior than those of the single-layer-based
designs. In our proposed design, the array utilizes the single-
layer-based design technology, and its characteristics perform
similarly to the design indicated in [34]. Additionally, its
measured peak realized gain performance is comparable to
other multilayer-based designs. For all the cases, in contrast
to the proposed design, all other reported configurations
demand supplementary bias-isolation components for polar-
ization reconfiguration. Therefore, this proposed design is

the first experimentally-validated planar array antenna with
the CP switching characteristics, requiring no auxiliary
DC-blocking capacitors, choke inductors and bias-T for bias-
isolation operation.

IV. CONCLUSION
This paper demonstrates a simple and efficient design of
the polarization reconfigurable antenna. Planar integrated
array technology is utilized to achieve the CP reconfiguration
with simple biasing layout. Short-ended microstrip-line per-
turbations guarantee the CP and bias-decoupling properties
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for each radiating element. Meanwhile, magic-Ts offer the
RF-DC coupling with high port-isolation characteristics for
the array feed network. As a result, the entire biasing mecha-
nism can functionally be regulated in a single-layer substrate
with no additional lumped components and filters. The excel-
lent combination of these two techniques shows a novel
perspective for the antenna design technology with built-
in bias-isolation mechanism. This concept can be extended
to future high-performance inspired electrically-controlled
antenna designs. The agreement between the simulated and
measured results also serves as the reliability of the pro-
posed array. Moreover, the array shows its best performance
with the peak realized gains of 9.9 dBic for both polariza-
tions at minimum AR frequencies. Therefore, the proposed
array is suitable for the applications, where precise frequency
targeting is required, such as point-to-point communication
systems.
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