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Abstract — A wideband low profile multi-polarization
reconfigurable antenna with quasi-cross-shaped coupling
slot is proposed. The antenna consists of an upper oval
radiating patch, the quasi-cross-shaped coupling slot,
fork-shaped folded feed lines and a reconfigurable
Wilkinson power divider network with four pairs of p-i-
n diodes. The antenna reconfigurable polarization modes
change among +45° Linear polarization (LP), dual-LP,
left-hand circular polarization (LHCP) and right-hand
circular polarization (RHCP) by controlling the ON/OFF
states of the p-i-n diodes. The designed prototype has
been fabricated and measured. Good agreement between
the measured and simulated results is achieved. Measured
results show that the antenna has wide impedance
bandwidth (over 21.35% for LP and 17.70% for CP) and
axial ratio (AR) bandwidth (16.13% for LHCP and
16.88% for RHCP). The average realized gains are
about 7.6 dBi for different polarization modes. The
proposed antenna has the advantages of multi-polarization
reconfigurable ability, wide bandwidth, low profile, and
high gains, which make it possible to be applied to
wireless communication systems.

Index Terms — Low profile, polarization reconfigurable
antenna, slot antenna, wideband.

I. INTRODUCTION
Operating characteristics of antennas affect directly
the performances of wireless communication systems.
With the development of technology, wireless
communication systems have been applied to different
requirements of wireless services, which causes the
limited electromagnetic spectrum resources becoming
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more and more crowded [1-4]. So, multiple wireless
systems are required to be integrated into a single
platform for maximum link-up. Therefore, a new
generation of antennas that can be adjusted automatically
according to environment changes is required.

Reconfigurable antennas not only reduce the size,
weight and cost, but also enable the antenna to work in
multiple frequency bands and have multiple modes of
operation [5-7]. Polarized reconfigurable antennas are
the focus of researches on reconfigurable antennas. They
can improve the spatial freedom in limited space,
which greatly improve the transmission rate and system
capacity [8-10]. There are several types of polarizations
used in antenna applications: vertical polarization (VP),
horizontal polarization (HP), +45° oblique polarization,
[10,11], LHCP and RHCP [12-15]. The first four
polarization belongs to LP. Compared with the traditional
antennas, the polarization reconfigurable antennas have
unparalleled advantages in frequency multiplexing and
improving the performance of the polarization control
system.

Nowadays, there are mainly two methods to realize
electrically controlled polarization reconfiguration: One
is to alter feeding network, and the other is to introduce
reconfigurability on the radiating elements. The former
one achieves the reconfiguration by loading variable
reactance to the feeding network or switching the feeding
position to generate the phase difference between different
operating modes [10, 16, 17]. The latter one is to etch the
gap on the proper position of the radiator, which uses RF
switches to change the antenna current flow path and
generate the phase difference [18-21]. However, most
of the proposed antennas have a narrow bandwidth

1054-4887 © ACES

331



332

especially for the LP and CP polarized reconfigurable
antennas. The appearance of the narrow bandwidth is
due to two orthogonal LP radiations with same amplitude
produce CP mode, while the input impedances between
the two LP and CP are different, which will cause the
impedance mismatch for LP and CP. Furthermore, it is
much harder to overlap the impedance bandwidth and 3-
dB AR bandwidth in the broadband range.

In this paper, a novel wideband low profile multi-
polarization reconfigurable slot antenna with high
realized gains is proposed. The antenna is composed of
an upper oval radiating patch, the quasi-cross-shaped
coupling slot, fork-shaped folded feed lines and a
reconfigurable Wilkinson power divider network with
four pairs of p-i-n diodes, which are introduced to change
the current flow path to realize the reconfigurable among
+45° oblique LP, dual-LP (VP and HP), LHCP and
RHCP. The impedance bandwidth and 3-dB axial-ratio
bandwidth are almost overlapped for CP. Also, the
average realized gain of the proposed antenna is higher
than most of the other reported antennas.

Rogers RT5880(bxb)

Layer2:feed line2 ) i ht
Layer3:ground > hi
Layer4:feed linel h1
Layer5:power divider

Fig. 1. Structure of the proposed multi-polarization
reconfigurable antenna. (a) 3D, (b) Quasi-cross-shaped
coupling slot with fork-shaped folded feed lines, and (c)
Reconfigurable Wilkinson power divider network.

I1. ANTENNA STRUCTURE AND
OPERATING PRINCIPLE
The proposed antenna has a multi-layer structure,
which consists of four substrates stacked together by
nylon screws, and the plastic washers act as a support
between the first two layers of substrates as shown in
Fig. 1(a). All the substrates are the 0.508-mm thick
Rogers RT5880 with a relative permittivity of 2.2 and a
loss tangent of 0.0009. The dimensions of the proposed
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antenna are listed in Table 1.

Table 1: Parameters of the proposed antenna

Parameter | Value (mm) | Parameter | Value (mm)
a 140 fl4 7.5
b 80 wl 2

hl 0.508 11 19.8
h2 8 g 4
rpa 21 dwl 3.2
rpb 20 dw?2 1.8
fwl 1.58 dw3 5
fw2 0.9 dfl 4
fw3 12.65 df2_1 10.2
fw4 1.25 df2_2 12.6
fl1 4 df3 6.4
fl2 7.5 df4 36
fl3 24.5 wg 0.9

A. Slot antenna

The design of the quasi-cross-shaped coupling slot
antenna is based on the antenna proposed in [22]. As
shown in Fig. 1 (b), the quasi-cross-shaped coupling slot
is etched on the ground which consists of four separated
rectangular slots arranged by rotating 90° in turn. The
space between two parallel slots reduces the impurity of
two linear polarizations and the coupling between two
orthogonal polarizations in the center effectively. The
fork-shaped folded feed lines are placed on the upper
layer and lower layer of the ground plane which avoid
the unwanted couplings among the feed line to feed
line and feed lines to slots. The purity of two linear
polarizations can be improved with the quasi-cross-
shaped coupling slot and fork-shaped folded feed lines
which provides great help for generating wideband
circular polarization. Moreover, the antenna gain is
higher than normal slot antennas due to the surface
current intensity distributed in the middle and edges of
the feed lines is in the same direction which increases the
far-field radiation. Besides, the upper oval patch and air
gap make a great contribution to the antenna bandwidth,
gain and directivity.

B. Reconfigurable Wilkinson power divider network

The structure diagram of Wilkinson power divider
with two output ports is shown in Fig. 2. Zy is the
characteristic impedance of the input port, R, and Rs are
the load impedance. Assuming the ratio of output power
is 1/k?, then:

1,11 €
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According to A/4 impedance transformation theory,
there are:
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Fig. 2. The structure diagram of Wilkinson power divider
with two output ports.

Suppose R = kZy, then,

P 1+k?
y4
Ry==2. 6
;=2 ©

The resistance of the isolation resistor R can be
expressed as:

R=Zo(k+%). (7)

When k=1, ports 2 and 3 output the same power

signal, Zy, =Zg3 =\/§ZO, and the resistance of the

isolation resistor is R=2Z,. In order to reduce the size of
the Wilkinson power divider, a Wilkinson power divider
network with two A/4 transmission lines is designed
for realizing the polarization reconfiguration, and the
schematic is shown in Fig. 1 (c). The network provides
phase shifts on different branches by etching separated
microstrip lines of different lengths. The microstrip line
2 and line 3 with the same size are located in the middle
of the four branches, while the outside microstrip line 1
and line 4 are about A/4 longer than the inside ones, A is
the guided wavelength at the resonant frequency. The
two output ports of the Wilkinson power divider network
are connected to the upper feed lines through the vias.
Since the upper feed lines are placed on the different
layers of the ground plane and the distances to output
ports are different, the power divider asymmetric which
means the microstrip line 1 is longer than the line 4. Four
pairs of p-i-n diodes (Al and A2; B1 and B2; C1 and
C2; D1 and D2) are placed in four different branches
respectively to connect the branches with the output
ports. By controlling the diodes on and off, different
branches can be chosen to generate the phase difference
of 0° or £90°. When diode groups A and C are switched
on and others are off, the microstrip line 1 generates a
90° phase delay than the line 3, then the RHCP can be
achieved. Similarly, diode groups B and D switched on
and others off, the LHCP can be generated. LP can be
achieved when just one pair of p-i-n switch on, but only
when the diode group A or D switch on could result in a
better impedance match. In addition, the £45° orthogonal
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dual-LP with high isolation and purity can be generated
when diode groups B and C switched on and others off.
The corresponding relationship between the diode states
and the antenna polarization modes are shown in Table
2. It should be noted that the LP directions are +45°
which is the angle with the positive x-axis.

Fig. 3. Photograph of the fabricated antenna.

Table 2: The corresponding relation between diode state
and antenna polarization mode

N Diode State
Polarization o on o1 o
Mode A B c D
State 1: +45° LP ON OFF | OFF | OFF
State 2: -45° LP OFF | OFF | OFF ON
State 3: dual-LP OFF ON ON OFF
State 4: LHCP OFF ON OFF ON
State 5: RHCP ON OFF ON OFF

I1l. RESULTS AND DISCUSSION

The designed prototype has been fabricated and
measured. The simulated and measured results are
presented. Figure 3 shows the photograph of the fabricated
antenna. The 8 mm M3 nylon bolts are used to support
the first layer of the substrate. The simulated results are
obtained by CST2017. In the simulation process, the
waveguide port was used for feeding, the boundary
conditions use open (add space) in all directions, and the
time domain solver was applied. The p-i-n diode
SMP1345-79 [23] is chosen to connect the different
branches of the Wilkinson power divider network. Based
on the diode datasheet, the diode is modelled as a 2 Q
resistor for the ON-state and a parallel circuit of a 0.15
pF capacitor and 8000 Q resistor for the OFF-state. All
measurements were performed in a microwave anechoic
chamber.

The measured and simulated reflection coefficients
for all the modes are shown in Fig. 4. It is observed that
the measured 10-dB impedance bandwidths covered
wide frequency bands from 2.76 to 3.51 GHz (0.75 GHz,
23.92%) for +45° LP, 2.66 to 3.40 GHz (0.74 GHz,
24.42%) for -45° LP, 2.72 to 3.37 GHz (0.65 GHz,
21.35%) for dual-LP, 2.78 to 3.32 GHz (0.54 GHz,
17.70%) for LHCP and 2.86 to 3.52 GHz (0.66 GHz,
20.69%) for RHCP. The external bias circuit for p-i-n
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diodes caused the differences between measured and
simulated results. Furthermore, the loading changed
since the actual value of the equivalent circuit of the
p-i-n diodes may differ from the labeled value. The
fabrication and measurement tolerance also affected the
results.
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Fig. 4. Measured and simulated reflection coefficients
for all modes: (a) £45° LP, (b) Dual-LP, and (c) CP.

Figure 5 shows the measured and simulated realized
gains of the antenna for LP modes and Fig. 6 presents the
realized gains and axial ratios for CP modes which
indicates great agreements. It can be seen that the antenna
realized gains are quite stable along the operating
bandwidth, while the measured peak gains are 8.45 dBi
for LP and 8.36 dBi for CP, and the average gains are
7.63 dBi for LP and 7.61 dBi for CP over impedance
bandwidth. The measured 3-dB AR bandwidths are 2.85
to 3.35 GHz (0.48 GHz, 16.13%) for LHCP and 2.82 to
3.34 GHz (0.48 GHz, 16.88%) for RHCP, which are
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wider than most of the proposed polarized reconfigurable
antennas.
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Fig. 5. Measured and simulated realized gains for LP
modes.
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Fig. 6. Measured and simulated realized gains and axial
ratios for CP modes: (a) LHCP and (b) RHCP.
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The measured and simulated normalized radiation
patterns for LP and CP modes at 2.8, 3.0 and 3.3 GHz
are shown in Figs. 7-9. It is observed from Fig. 7 and
Fig. 8 that the patterns of the two orthogonal cut-planes
(@=+45° plane and p=-45° plane) are compared for +45°
LP and -45° LP. CP patterns are shown in Fig. 8. The
measured cross-polarization levels for all modes are
almost below -15 dB. A larger back lobe and unexpected
side lobes are found in the measured radiation patterns
which are caused by the test environment and affected
by the p-i-n diodes with the bias circuit and external DC
power device.
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Fig. 9. Measured and simulated radiation patterns for CP
modes. (a) LHCP and (b) RHCP at 2.8 GHz, (¢) LHCP
and (d) RHCP at 3.0 GHz, (e) LHCP and (f) RHCP at 3.3
GHz.

Finally, Table 3 gives the comparisons among
reported polarization reconfigurable antennas and the
proposed antenna. It can be concluded that the proposed
polarization reconfigurable antenna realized wide
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impedance bandwidth, AR bandwidth, high realized
gains and low profile with five polarization modes.

Table 3: Comparison with
reconfigurable antennas

reported polarization

0 Polarization IMBW | ARBW Heiaht
States (%) (%) 9
LP 14.2 - ]
[ | Hep/rAce 26.4 135 | 0:60%
LHCP 37.8 )
[°] RHCP 80 269 |03%
LP 27.2 - ]
(141} | Hep/rHCP 21.9 235 | 02T
LP -
[22] LHCP/RHCP 73 15 |0043%
HP/VP 20 - ]
(231 | HeprHCP | 256 4 | 010k
+45° LP/dual-LP | 239 ]
Pro. 1 | HCP/RHCP 0.1
>17.7 |16.1/16.9
VI. CONCLUSION
A wideband low profile multi-polarization

reconfigurable slot antenna with high realized gains has
been presented. Four pairs of p-i-n diodes which are
placed in four different branches of the reconfigurable
Wilkinson power divider network controlling the
antenna reconfigurable polarization modes among +45°
LP, dual-LP, LHCP and RHCP. The upper slot antenna
with fork-shaped folded feed lines provides two pure
orthogonal linearly polarizations, which makes great
help for generating wideband circular polarization. The
designed prototype was fabricated and measured,
showing agreement between the measured and simulated
results. Compared to most of the reported antennas,
wider impedance bandwidths (over 21.35% for LP and
17.70% for CP) and AR bandwidths (16.13% for LHCP
and 16.88% for RHCP) with high realized gains ~7.6 dBi
are obtained. Finally, the proposed antenna has the
advantages of multi-polarization reconfigurable ability,
wide bandwidth, low profile and high gains, which make
it possible to be applied to wireless communication
systems.
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