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ABSTRACT: In this letter, a frequency and linear-polarization (LP) reconfigurable antenna is proposed. The antenna consists of two pairs
of printed dipoles as the primary radiating patches. By independently controlling the direction of the flowing current using loaded PIN
diodes, the dynamic reconfiguration of both frequency and linear polarization can be realized. In addition, a dual-band artificial magnetic
conductor (AMC) reflector is added under the radiator, which can effectively reduce the antenna profile to 0.1\ (12.4 mm, where Ao
is the wavelength at low operating frequency). Both simulated and experimental results show that the proposed antenna can operate in
four modes: 0° LP low-frequency (2.36-2.77 GHz) state, 0° LP high-frequency (3.25-3.68 GHz) state, 90° LP low-frequency state, and
90° LP high-frequency state. The antenna exhibits stable radiation patterns, with gain values of 7.56 dBi in the low-frequency state and
8.03 dBi in the high-frequency state. This antenna is suitable for ISM band applications, such as Wi-Fi (2.4-2.48 GHz) and Bluetooth
(2.4-2.48 GHz), as well as TDD Band 42, meeting the requirements of modern wireless communication systems.

1. INTRODUCTION

he development of wireless communication technology has

led to an increasingly complex electromagnetic environ-
ment, in which traditional fixed antennas can hardly meet
the diverse and dynamically changing communication require-
ments. It has led to an increased demand for reconfigurable
antennas, which can adapt to these changing requirements.
There are several types of reconfigurable antennas, includ-
ing radiation direction [1], frequency [2, 3], and polarization
[4,5] reconfigurations. Reconfigurable features are gener-
ally achieved by introducing electronically controlled switches
into the antenna structure, such as PIN diodes [6], micro-
electromechanical system (MEMS) [7], and varactors [8]. They
are capable of adjusting the operation mode of the antenna,
thus realizing performance reconfiguration. For example, a
frequency reconfigurable slot-loop antenna was proposed in
[9], whose operating frequency can be switched from L-band
to C-band. In general, frequency reconfigurability is usually
achieved by changing the effective electrical length of the an-
tenna in order to realize the electrical tunability of the operating
band [10, 11].

Furthermore, adjusting the linear polarization (LP) state of
antenna can reduce signal fading and improve the quality and
efficiency of signal transmission [12]. A multi-linear polar-
ization (multi-LP) reconfigurable patch antenna is proposed
in [13], which can switch among four LPs per 45° rotation by
introducing a combination of mechanical rotation and electrical
adjustment. In order to flexibly control the LP reconfiguration,
it has been investigated to use coaxial cables to feed the printed
dipoles and obtain LP reconfigurability by controlling the cur-
rent flow across the printed dipoles [14, 15]. However, single
frequency or polarization reconfigurable antenna cannot meet
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the modern antenna requirements especially when the wireless
communication systems need to provide multi-functions or ser-
vices.

Hence, frequency- and polarization-reconfigurable antennas
have been extensively investigated to reduce the number of
antenna clements and the occupied volume in modern wire-
less systems [16-21]. Various techniques have been proposed
to achieve both frequency and linear-polarization reconfigura-
bility within a single antenna aperture. One common ap-
proach is to introduce multiple resonant paths or cavity modes
loaded with PIN diodes or varactors, so that both the effec-
tive electrical length and the current distribution of the radia-
tor can be modified, enabling the control of operating bands
and polarization states [16, 17]. Another approach is to employ
metasurface- or AMC-based hybrid structures, in which tun-
able or switchable units are utilized to manipulate the resonant
frequencies and generate orthogonal linear or circular polariza-
tions [18, 19]. Moreover, miniaturized capacitance-loaded an-
tennas have been used to realize compact circularly polarized
reconfigurable designs, where the loading capacitances pro-
vide additional degrees of freedom to control the resonance and
polarization states [20]. Furthermore, liquid and flexible an-
tennas exploit shape reconfiguration and tunable feeding net-
works to achieve multi-state linear and circular polarizations
(e.g., LP/LHCP/RHCP) together with wideband frequency tun-
ing [21].

However, many frequency- and polarization-reconfigurable
antennas have been implemented using printed dipole struc-
tures, and the spacing between the dipole and the ground plane
is typically around a quarter wavelength, leading to a high pro-
file. Using an AMC reflector can effectively reduce the height
of a printed dipole antenna, and it has been widely used [22—
25]. An AMC structure with cross-shaped patches has been
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FIGURE 1. Configuration of the proposed antenna. (a) Perspective view, (b) side view, (c) top view of dipole. The parameters of the structure are:

L1 =
R1 =0.8mm, R2 = 1.5mm, W1 = 0.42 mm.

proposed in [26], which can provide a wide bandwidth and re-
duce the antenna profile. In addition, the dual-band AMC struc-
tures have also been studied [27, 28].

In this letter, a frequency and LP reconfigurable printed
dipole antenna is proposed. By embedding PIN diodes into
segmented dipole arms and properly controlling the current
paths, the antenna provides four distinct operating modes, i.e.,
two switchable operating bands combined with two orthog-
onal linear polarization (LP) states (0° and 90°). A dual-
band AMC reflector is designed to offer in-phase reflection
in both bands, enabling a low profile of 0.1\ while preserv-
ing wide impedance bandwidth and stable broadside radiation
patterns. Compared with previously reported frequency- and
polarization-reconfigurable antennas, the main contributions of
this work can be summarized as follows: (1) a compact printed
dipole element that simultaneously realizes dual-band and dual-
LP reconfigurability through a simple PIN-diode biasing net-
work, and (2) a passive dual-band AMC-backed configuration
that achieves significant profile reduction without noticeable
degradation of radiation performance, with measured gains of
7.56 dBi and 8.03 dBi in the lower and upper bands, respec-
tively, making the antenna attractive for Industrial, Scientific,
and Medical (ISM)-band (2.4-2.48 GHz Wi-Fi/Bluetooth) and
TDD Band 42 applications.

2. ANTENNA DESIGN

2.1. Antenna Structures

The structure of the proposed antenna is shown in Fig. 1(a),
which consists of three layers of FR4 dielectric sheets with a

112.5mm, L2 = 76 mm, L3 = 9.5mm, L4 = 5.9mm, Lb = Tmm, L6 = 5.5mm, L7 = 2mm, H1 =
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12.4mm, H2 = 8.8 mm,

thickness of 1 mm. The relative dielectric constant is 4.4, and
the loss angle tangent is 0.02. Two pairs of segmented print-
ing dipole patches are used for radiation, each with half part
etched on the lower surfaces of the top dielectric sheet and the
other part etched on the upper side. The middle dielectric sub-
strate is printed with 5 x 5 dual-ring periodic cells, forming an
AMC-based reflector and thus reducing the overall height of the
antenna profile. The bottom dielectric sheet serves as a metal
reflector to improve the radiation efficiency of the antenna. The
distance from Sub 1 to Sub 2 is 8.8 mm (0.09)\g, where ) is the
free space wavelength at designed center operating frequency
of 2.4 GHz), and that from Sub 1 to Sub 3 is 12.4mm (0.1)\p).

Figures 1(b) and (c) show the feeding structure and DC bias
circuit of the antenna. The segmented printing dipole antenna
is composed of a trapezoidal patch and a rectangular one con-
nected by a PIN diode. The four trapezoidal patches are con-
nected to the feeding structure at the center by four PIN diodes.
Both pairs of printed dipoles are fed by a central coaxial feed
line. Specifically, the inner core and outer shell of the coaxial
feed line are soldered to the upper and lower circular patches of
Sub 1 at the center (marked by red), which also serve as the DC
ground for the PIN diodes. A bias tee element is connected to
the end of the coaxial feed line to effectively prevent DC current
from flowing back to the signal source and to ensure continuous
and stable transmission of radio frequency (RF) signals.

At the ends of each trapezoidal and rectangular patch, a nar-
row DC line with a width of 0.6 mm is routed to connect the
other terminal of the PIN diode to the choke inductor. The
other end of the inductor is connected to the DC line. For
each dipole, two DC lines are connected to small rectangular
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FIGURE 2. Equivalent circuit for the PIN diode in case of (a) ON state and (b) OFF state. (Lo, = 0.45nH, Ron = 0.85, Loy = 0.45nH,
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FIGURE 3. The current distribution on the surface of the dipole under four working states.
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FIGURE 4. (a) AMC unit cell. (b) Simulated reflection phase for AMC unit. (Size parameters: H3 = 2.6mm, L8 = 22.5mm, R3 = 8.3mm,

R4 =99mm, W2 =1.2mm, W3 = 1.1 mm).

patches. Each pair of PIN diodes in one branch is forward-
biased, and the antenna can operate in the low-frequency state.
When the DC line is connected to the trapezoidal patch side,
only the PIN diode near the coaxial feed is turned ON, and the
antenna operates in the high-frequency state. Table 1 shows dif-
ferent operating modes of the antenna when different combina-
tions of PIN diodes are controlled. The PIN diode with the type
of SPM1340-040LF from Skyworks Solutions and the induc-
tor with the type of MLI1608F-R33KT from MetalLionsworks
Solutions are used in this design. Fig. 2 shows the equivalent
circuit model of the PIN diode in its ON and OFF states. Fig. 3
shows the current distribution on the surface of the dipole under
four working states.

2.2. AMC Design and Simulation Results

For the printing dipole antenna, the metal ground plane needs
to be placed 1/4 wavelength below the antenna to enhance the
forward radiation. However, this will inevitably increase the
profile height of the antenna, which is bulky for practical ap-
plications. In this letter, an AMC structure is placed between
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TABLE 1. Antenna modes controlled by PIN diodes.

ON OFF Freq.
Mode Linear Pol. red
State State Range
DI1, D2 D5, D6
Mode 1 P > 0° linear pol. Low
D3, D4 D7, D8
D1, D4,
Mode 2 D2,D3 D5, D6, 0° linear pol. High
D7, D8
D5, D6 D1, D2
Mode 3 T > "’ 90° linear pol. Low
D7, D8 D3, D4
D1, D2,
Mode 4 D6, D7 D3,D4,  90° linear pol. High
D5, D8

the antenna and the metal ground, which can reduce the antenna
height. At the resonant frequency, the reflection phase of AMC
unit corresponds to 0°, thus realizing the function of a reflector.
In general, the effective operating bandwidth can be determined

WWwWw.jpier.org



rPlER Letters

Ruan, Yu, and Kou

|S11/(dB)

== PEC:H1=12.4mm

_20-
== PEC:H1=20mm
= PEC:H1=27mm
20 = AMC:H1=12.4mm)|
2.0 2.5 3.0 3.5 4.0
Frequency(GHz)

FIGURE 5. Comparison of the reflection coefficients in different cases.
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FIGURE 6. Fabricated antenna prototype and measurement in the ane-
choic chamber.
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FIGURE 7. Comparison of reflection coefficients between simulation and measurement. (a) Mode 1 and Mode 2; (b) Mode 3 and Mode 4.

by the reflection phase range between +90° and —90° for the
AMC unit cell [22].

Since the reconfigurable antenna has two switchable operat-
ing frequency range, the AMC unit needs to work at dual bands.
Therefore, the AMC unit adopts a dual-ring design, in which the
dual-ring patch is printed on an FR-4 dielectric substrate with
a thickness of 1 mm. The inner ring adjusts the low-frequency
operating point. The AMC unit cell is shown in Fig. 4(a), and
its simulated reflection coefficient is shown in Fig. 4(b). We
can see that the dual-ring AMC unit cell can operate within two
frequency bands: 2.24-2.40 GHz and 3.43-3.60 GHz.

Figure 5 shows the simulated |S11| of one pair of printing
dipole antenna with 5 x 5 AMC and metal ground plane located
underneath, respectively. When a metal ground plane (PEC) is
used, good impedance matching can only be obtained when the
spacing H1 is increased to 27 mm (& 0.22)¢). If H1 is reduced
to 12.4mm, the out-of-phase image currents induced by the
PEC reflector severely detune the antenna and deteriorate the
impedance matching. In contrast, when the proposed dual-band
AMC reflector is employed, wideband impedance matching is
maintained with a much smaller spacing of H1 = 12.4mm
(0.1)g), because the AMC provides an in-phase reflection (with
a reflection phase between —90° and +90°) over both operat-
ing bands. Therefore, the AMC reflector not only reduces the
overall profile from about 0.22 )\ to 0.1, but also preserves
the wide impedance bandwidth of the antenna.
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3. ANTENNA PERFORMANCES AND MEASUREMENT

The fabricated antenna prototype is shown in Fig. 6. Fig. 7
shows the simulated and measured reflection coefficients under
different operational modes.

It can be seen that when the antenna operates at low fre-
quency (Mode 1 and Mode 3), the simulated bandwidth is 2.28—
2.50 GHz while the measured one is 2.36-2.77 GHz. As the an-
tenna operates at high frequency (Mode 2 and Mode 4), the sim-
ulated bandwidth is 3.05-3.55 GHz, and the measured one is
3.25-3.68 GHz. The measured operating frequency band shifts
to a higher range than the simulation, which is mainly caused
by the fact that the dielectric constant of a practical substrate
can vary with frequency and the accuracy of the measuring in-
strument and calibration.

Figure 8 shows the normalized radiation patterns of the
measured and simulated co-polarization (co-pol) and cross-
polarization (x-pol) components in the E-plane and H-plane
under four modes (mode 1 and mode 3 at 2.4 GHz, mode 2 and
mode 4 at 3.4 GHz). It can be seen that under different polariza-
tion states, the main beam direction and beamwidth are almost
unchanged, and the cross-polarization level is suppressed well,
indicating that the linear polarization purity is relatively high.
Since the PIN diodes and RF chokes are implemented as elec-
trically small lumped elements and are located along the bias
lines, their influence on the current distribution over the radiat-
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FIGURE 8. Simulated and measured radiation patterns at (a) 2.4 GHz and (b) 3.4 GHz.

TABLE 2. Performances comparison.

Ref  Height (Ao) Freq. (GHz) Gain (dBi)  Reconfigurable
[2] 0.1 3.3-3.6 &4.8-5.0 6.86 & 8.14 Freq

[12] 0.07 2.33-2.50 5.9 Polar

[13] 0.24 22-3.1 5.2 Polar

[18] 0.15 0.2-0.3 5.0 Freq. & Polar

[19] 0.14 2.2-35 9.4-9.8 Freq. & Polar

[20] 0.03 0.87-0.96 4.8 Freq. & Polar

[21] 0.17 2.1-2.65 5.4 Freq. & Polar

Prop. 0.1 2.36-2.77 & 3.25-3.68 7.56 & 8.03  Freq. & Polar.
ing dipoles is limited. As a result, the introduction of the PIN
diodes and RF chokes does not noticeably distort the radiation
patterns in any of the four operating modes. 8

In Fig. 9, the simulated and measured gains are shown for F*
both frequency bands. The symmetrical configuration of the =
antenna means that the 0° and 90° polarization modes exhibit E 4
the same performance. The measured results show that the an- =1
tenna has the maximum gains of 7.56 dBi and 8.03 dBi at low S Sim. L-Freq
and high operating frequencies of 2.4 GHz and 3.4 GHz, respec- 01 - == - Mea. L-Freq.
tively. The slight discrepancy between the simulated and mea- —— Sim. H-Freq.
sured gains is mainly caused by the additional loss of the PIN - - Mea. H-Freq.
diodes, RF chokes, and feed cables, while the overall impact on -4 T T T
.. . . 2.0 25 3.0 35 4.0
radiation efficiency remains small.
Frequency(GHz)

Finally, Table 2 compares the proposed antenna with some
related works. It can be seen that the antenna presented
in this letter achieves frequency-reconfigurable operation be-

FIGURE 9. Simulated and measured gains of the proposed antenna.
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tween two bands and two reconfigurable linear-polarization
states (0° and 90°) within a low-profile structure. In particular,
it maintains a profile of only 0.1\ while still providing rela-
tively high gains of 7.56 dBi and 8.03 dBi in the two operating
bands, which makes it competitive for 2.4 GHz ISM-band ap-
plications, such as Wi-Fi and Bluetooth (2.4-2.48 GHz), as well
as for TDD Band 42 communications.

4. CONCLUSION

In this letter, a frequency and linear polarization reconfigurable
antenna is proposed. The antenna consists of two pairs of ver-
tically aligned segmented printed dipoles coupled witha 5 x 5
dual-band AMC reflector to reduce the antenna height to 0.1\g.
By controlling the states of loaded PIN diodes in the printed
dipole structures, two frequency bands and two linear polar-
ization states can be switched. Simulation and measurement
results show that the antenna can operate in four modes. Under
all four modes, the directional pattern of the antenna is stable,
and the gain can reach 7.56 dBi at the low band and 8.03 dBi
at the high band, meeting the requirements of modern wireless
communication systems.
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