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This paper proposes a dual-band reconfigurable square-ring antenna with a polarization diversity property. The proposed antenna
consists of a square-ring resonator, two stubs with a shorting via, and two PIN diodes. The stub is positioned symmetrically to the
left and right of the square-ring resonator, and the square-ring antenna connected to one of two stubs has a dual-band resonance. In
this case, both resonant frequencies exhibit linear polarization (LP), and the two polarized waves are perpendicular to each other.
The PIN diode selectively connects only one of the two stubs to the square-ring resonator. Thus, the polarization of the proposed
antenna changes electrically at the two resonant frequencies. In addition, the frequency ratio (f2/f1) can be easily controlled by
changing the length or width of the stub.

1. Introduction

Polarization-reconfigurable antennas have attracted a signif-
icant amount of interest due to their advantages, including
the elimination of fading losses by multipath effects and
frequency bandwidth reuse to increase the channel capacity
[1]. To date, numerous studies have been carried out to
develop polarization-reconfigurable antenna designs. How-
ever, most have been limited to research into polarization
diversity between right-handed circular polarization (RHCP)
and left-handed circular polarization (LHCP) [2–6]. Further-
more, research into polarization diversity between the
orthogonal linear polarizations (LPs) has been relatively
inadequate [7–11]. Reference [7] proposed a polarization
diversity reconfigurable antenna using a switchable feed
structure. When the four PIN diodes were turned on and
off independently, the feed point changed, resulting in four
different LPs. In [8], four shorting posts and four PIN diodes
were placed at a 45° interval, and four PIN diodes controlled
the connection between the shorting via and the ground
plane. As a result, the antenna can switch between four LPs
at 45° intervals. In [9], a reconfigurable slot antenna that
switches between the vertical and horizontal LPs was pro-
posed. Two PIN diodes were applied to the CPW-to-
slotline transition to control the direction of the electric field
that formed in the feed structure. As a result, two LPs

perpendicular to each other were realized. In [10], a PIN
diode was applied at the end of the feed line. By adjusting
the state of the PIN diode, the impedance of the feed end
can be electrically switched to be short or open. Thus, the
polarization state can be controlled between the two LPs.

To the best of our knowledge, only two studies on polar-
ization diversity between LPs in antennas operating in a dual
band have been published. In [12], the authors presented a
single-feed dual-band microstrip patch antenna with
switchable orthogonal LPs. However, since the frequency
ratio was larger than 2 and the difference in the antenna
performance at the two resonant frequencies was too large,
the proposed antenna can be utilized only in a limited area.
In [13], a single-fed dual-band polarization-reconfigurable
antenna was first proposed for WLAN applications. The
two resonance modes of this antenna, respectively, utilized
the TM10 and TM30 modes of the square-patch antenna.
However, since the TM30 mode has a higher order, the side
lobe was largely generated on a radiation pattern at the sec-
ond resonant frequency.

In the proposed antenna, the square-ring resonator
serves as a radiator and the short-circuit stub, which is placed
one on each side, serves to change the polarization of the
electric field that forms on the square-ring resonator. To elec-
trically adjust the polarization of the electric field, two PIN
diodes are inserted between the square ring and the stub.
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Two stubs and two PIN diodes are arranged for the antenna
structure to be symmetrical so that the antenna’s electrical
characteristics remain constant. In this paper, if one of the
two stubs is connected to the square ring, the antenna easily
exhibits dual-band dual polarization, and in this case, the two
LPs are orthogonal to each other [14]. Conversely, if the
other stub is connected to the square ring, the polarization
at the two resonant frequencies is reversed. The proposed
reconfigurable design is implemented and measured, and
experimental results on the prototype are also presented
and discussed.

2. Antenna Geometry

Figure 1 shows the reconfigurable square-ring antenna
proposed in this paper. It exhibits a polarization diversity
function in the dual band. Both polarizations are LPs and
are perpendicular to each other. The proposed antenna con-
sists of a square-ring resonator that operates as a radiating
element, a feed structure, two shorted stubs, and two PIN
diodes (HSMP-3864). The proposed antenna is fabricated
on a substrate. It is implemented on Rogers RT/duroid
5880™ with a thickness of 1.57mm, a relative permittivity
of 2.2, and a dielectric loss tangent of 0.0009. The length of
the one side of the square-ring resonator is denoted by L,
and the width of the square ring is denoted by w. Shorted
stubs of the length Ls and width ws are symmetrically placed
on the square ring. At this time, two PIN diodes are placed
between the square-ring resonator and the stub. Considering
the size of the PIN diode, the distance between the radiating
ring and the shorting stub is set to 0.5mm. The width wf of
the feed line is set to 4.8mm to produce a characteristic
impedance of 50Ω. The PIN diodes have a resistance of
1.5Ω and a capacitance of 0.2 pF, respectively, in forward
bias and reverse bias, respectively. The two PIN diodes oper-
ate when 0.75V is applied and the current consumption is
0.4mA. A simulation is then performed using the HFSS tool.

3. Polarization of the Square-Ring Antenna with
Different Stub Positions

Table 1 shows the simulated E-field distribution for square-
ring antennas with different shorted stub positions. The sim-
ulation is conducted at two resonant frequencies (f1 and f2).
The length and width of the stub and the position of the via
are all set as equal. In all six modes, the position of the stub
is set to 8mm away from the nearest vertex, and there are
eight ways to place the stubs at a distance of 8mm from the
nearest vertex. Since there is a feed structure at the bottom
of the square ring, only six total structures are considered.
In the simulated results, the electric field is stronger in the
dark part and the electric field is weaker in the bright part.

From simulated electric field distributions of the six
antennas, we can determine the following important facts.
First, regardless of the position of the stub, the electric field
distribution that forms on the square-ring resonator at two
resonant frequencies always has two nulls. This is consistent
with the perimeter of the square-ring antenna corresponding
to one wavelength at the resonant frequency. Therefore, the

proposed antenna operates in the TM11mode, which is a fun-
damental mode of the square-ring antenna, at both resonant
frequencies. This means that the proposed antenna has a dif-
ferent operating principle from that presented in [13]. Sec-
ond, even if the position of the stub changes and if the
distance from the nearest vertex remains constant, the two
resonant frequencies change little. At this time, the square-
ring resonator and the feed structure have the same parame-
ters. However, the matching performance at the two resonant
frequencies is not constant. In general, the closer to the ver-
tex, the better the matching characteristic at both resonant
frequencies [14]. Third, at the first resonant frequency, the
weakest electric field on the square-ring antenna is where
the stub contacts. Since the end of the stub is shorted through
a via, the stub has a very low impedance. Therefore, the
impedance for the part connected to the stub becomes low,
and the electric field is weak. At the second resonant fre-
quency, the impedance increases at the portion where the
stub is located, so a strong electric field forms at this portion
as opposed to the first resonant frequency. Most importantly,
the electric field distribution at the first resonant frequency
and the electric field distribution at the second resonant fre-
quency are orthogonal to each other [14, 15].

There are several associations between the six modes pre-
sented in Table 1, and the following are summarized. First,
the electric field distributions that appear in mode 1 and
mode 6 are the same, and the reason for this is the following.
Since the circumference of the square ring corresponds to
one wavelength at the corresponding frequency, there are
necessarily two electric field null points on the square ring.
A stub is definitely connected with one of these two null
points. For example, in mode 1, one of the two nulls of the
electric field is located on the left side of the square ring,
and this is the location where the stub exists. At this time,
there is no stub at the other null position of the electric field
located on the right side. However, since it is a half wave-
length from the null of the left side, naturally, the null of
the electric field is formed at this point. In mode 6, the stub
is located at the null position on the right side, and the stub
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Figure 1: Dual-band reconfigurable antenna with polarization
diversity. Dimensions: L = 26mm, w = 6mm, Ls = 10mm, ws = 0 5
mm, g = 0 8mm, wt = 0 4mm, and wf = 4 8mm.
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is not present in the null on the left side. Therefore, both
modes have the same electric field distribution because they
have two electric field null points at the same position. For

this reason, modes 2 and 5 have the same electric field distri-
bution. Based on this fact, the electric field distribution
formed by the ring antenna does not change when the stub

Table 1: Polarization of the square-ring antenna with different stub positions.

Geometry f1 f2

Mode 1

Mode 2

Mode 3

Mode 4

Mode 5

Mode 6
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is rotated 180° around the center of the square ring. At this
time, the two resonant frequencies and matching characteris-
tics of the antenna hardly change.

Second, if the stub position is symmetrical with respect to
the square-ring antenna, in modes 1 and 5, modes 2 and 6,
and modes 3 and 4, the electric field distribution is also
symmetrical at two resonant frequencies. At this time, both
resonant frequencies and matching characteristics are also
completely the same. Although not shown in Table 1, the
stub can be expected to be closer to the vertex, and the polar-
ization of the electric field becomes closer to the diagonal.
Based on the above, the electric field distributions of the
two antennas are expected to be perpendicular to each other
at two resonant frequencies when the two stubs are posi-
tioned so as to be in contact with the left-top vertex and the
right-top vertex, respectively, and only one of the stubs must
be connected to the square ring.

By using such a structure, a reconfigurable antenna
with a switchable polarization in a dual band can be real-
ized. As mentioned in [14], as the position of the stub
changes, the first resonant frequency does not change, but
the second resonant frequency is affected. The reason for
this tendency is easily seen from the electric field distribu-
tion shown in Table 1. At the first resonant frequency, no
electric field is distributed in the stub. Therefore, the first
resonant frequency of the square-ring antenna does not
change, not only the position of the stub but also the
length or width thereof. On the other hand, an electric field
can be seen to strongly form in the stub at the second
resonant frequency.

4. Dual-Band Polarization-Reconfigurable
Antenna

To conveniently measure the operating characteristics of the
proposed reconfigurable antenna, a bias voltage is applied to
the PIN diode using a bias tee. When a positive voltage is
applied to the feed line through the bias tee and a negative
voltage is applied to the ground plane, PIN diode number
1 is in the on state and PIN diode number 2 is in the off
state. At this time, the right shorted stub is electrically con-
nected to the square-ring antenna. This configuration is
referred to as antenna 1. Conversely, if a positive voltage is
applied to the ground plane and a negative voltage is applied
through the feed section, PIN diode number 1 is in the off
state and PIN diode number 2 is in the on state. This config-
uration is referred to as antenna 2. The shorting pins here
act as bias circuits, and the bias network is therefore very
simple because there is no need for additional bias lines in
this structure. An open stub can be used for the dual-band
polarization-reconfigurable antenna implemented in this
paper, but a shorted stub is chosen because it is easy to
implement the bias structure.

To verify the theoretical analysis mentioned above, the
antenna shown in Figure 1 is fabricated and measured.
Figure 2 shows the simulated and measured results of
the proposed antenna, and the square-ring antenna with-
out an RF choke exhibits a dual resonance (f1 = 2 64GHz
and f2 = 2 96GHz). At this time, only one of the two stubs
is connected to the square-ring antenna, and a 33 nH induc-
tor is used as the RF choke, which is located between the feed
structure and the square ring. The simulations show that the
two resonant frequencies shift downward by about 100MHz
due to the inductor. Since antennas 1 and 2 are symmetrical,
the frequency response is generally the same. The measured
10 dB impedance bandwidth is 42MHz (2507–2549MHz)
for the lower band and 30MHz (2795–2825MHz) for the
upper band. The simulation was performed by setting the
PIN diode to the equivalent value according to the on/
off state. However, since this is not completely accurate,
the simulation result is inevitably different from the mea-
surement result. When the length or width of the stub is
adjusted, only the second resonant frequency can be
adjusted without changing the first resonant frequency,
so a dual-band polarization diversity antenna with various
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Figure 2: Simulated and measured results of the proposed
reconfigurable antenna.

RF choke

Via Via

Diode Diode

Figure 3: Picture of the fabricated prototype.
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frequency ratios can be easily realized. The fabricated
antenna is shown in Figure 3.

Figures 4 and 5 show the magnitude of the electric field
distributed in antennas 1 and 2. The simulation is performed

at two resonant frequencies of the antenna. Since antennas 1
and 2 have a symmetrical structure, the two resonant fre-
quencies are the same. As shown in Figure 4(a), at the first
resonance frequency, antenna 1 has a null point at the
right-top corner because the right stub is connected to the
square-ring antenna. As a result, the null line of the electric
field forms along the right diagonal line (x direction with
respect to the coordinate axis in Figure 1), as described above.
That is, the polarization of the electric field forms in the y
direction. In the case of antenna 2, since the left stub is con-
nected to a square-ring antenna, the null line of the electric
field at the first resonant frequency forms along the left diag-
onal line (x direction with reference to the coordinate axis in
Figure 1). In other words, the polarization of the electric field
forms in the x direction. Figures 4(a) and 5(a) show that the
two electric field distributions are orthogonal. When the
applied voltage is adjusted to change the on/off state of the
two diodes, a reconfigurable antenna capable of electrically
adjusting two polarizations perpendicular to each other at
the first resonance frequency can be realized. In addition,
the field distribution at the second resonant frequency
appears to be perpendicular to the electric field distribution
at the first resonant frequency. Therefore, the proposed
structure can be seen to operate as a reconfigurable antenna
that can adjust the two polarizations perpendicular to each
other, even at the second resonant frequency.

(a) (b)

Figure 4: Simulated E-field distribution of antenna 1: (a) f1 and (b) f2.

(a) (b)

Figure 5: Simulated E-field distribution of antenna 2: (a) f1 and (b) f2.
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Figure 6: Simulated and measured gain of the proposed
reconfigurable antenna.
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Figure 6 shows the simulated and measured gains with
frequency variation. The measured gains of the proposed
antenna are 4.12 and 2.81 dBi at two resonant frequencies,
respectively. Figures 7 and 8 show the measured radiation
patterns for antennas 1 and 2, respectively. In both cases,
the radiation pattern is measured at two resonant frequencies
of 2.53 and 2.81GHz. In the radiation pattern, the E-plane
forms along the plane where the peak E-field is present, while
the H-plane is determined along the plane including the null
of the E-field. For antenna 1, the E-plane at the first resonant
frequency forms along the y-axis. Conversely, it formed along
the x-axis at the second resonant frequency. For antenna 2,
the E-plane forms along the x- and y-axes at two resonant
frequencies (f1 and f2), respectively. Therefore, the radiation
pattern shows that the proposed reconfigurable antenna
exhibits polarization diversity between the LPs orthogonal
at two resonant frequencies.

5. Conclusion

This paper proposed a dual-band polarization-reconfigurable
antenna. A shorted stub is connected to a conventional
square-ring antenna to obtain the LP characteristics in the
dual band. At this time, the polarization characteristics of
the antenna can be easily adjusted by changing the position
of the stub. The shorted stubs are located symmetrically

to achieve polarization diversity at the same frequency,
and the complexity of the structure is reduced by utilizing
the shorting pin located at the end of the stub as a bias
circuit. The proposed antenna is suitable for wireless com-
munications and mobile satellite communications because
of its simple structure.
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