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Abstract—In this paper, a broadband patch antenna with
quadri-polarization states based on a novel feeding network has
been proposed. With a careful design of each component and an
elaborate topology arrangement, the four output ports of feeding
network can transmit signals for antenna with four polarization
states, i.e., left-hand circular polarization (LHCP), right-hand
circular polarization (RHCP), +45° and -45° linear polarization
(LP). The measured results show that the antenna has a
bandwidth as wide as 22.7%, within which excellent input port
impedance matching, port isolation, realized gain, and
polarization purity are simultaneously achieved.

Keywords—Patch antennas, feeding network, multi-polarization
antennas.

I. INTRODUCTION

With the fast growing cutting-edge techniques and recent
emerging systems such as cognitive radio, Multiple-input-
multiple-output (MIMO) and ubiquitous communication, etc.,
flexibility and versatility of the devices and components are in
an increasing demand. In particular, switchable multi-
polarization systems are extremely attractive for their
characteristics such as defying the channel fading, enhancing
the communication reliability, and improving the channel
capacity, etc. [1]-[4].

In recent years, a series of multi-polarization antennas, i.e.,
triple-polarized or even quadri-polarized, have been reported
[1]-[4], and the methods for achieving the switchable
polarization mainly fall into the three categories (i.e., using
electrically controllable switches [1]-[2], loading artificial
periodic structures [3] and using switch-free feeding network
[4])-

In this paper, we have proposed a broadband quadri-
polarized patch antenna based on a novel switch-free feeding
network. With a combination of some passive components [5]-
[9] and elaborate topology arrangement, the four output ports
can have in total four amplitude and phase combinations,
corresponding to four polarization states of the antenna. Based
on the proposed feeding network, a patch antenna with L-probe
feeding has been studied. The measured bandwidth of the
antenna as wide as 22.7% has finally been obtained, within
which excellent impedance matching, input port isolation,
realized gain and low axial ratio of circular polarization can be
simultaneously achieved.

II. ANTENNA CONFIGURATION

Geometries of the proposed feeding network and the L-
shaped fed patch antenna are shown in Fig. 1 (a) and (b),
respectively. Optimized parameters are summarized in Table I.
The feeding network has two input (Port 1 and 2) and four
output (Port 3-6) ports, and its topology can be divided into
two symmetrical parts for two input signals. With different
amplitude and phase of the excitation in the two input ports, the
output ports can have in total four amplitude and phase
combinations [10], which correspond to four polarization states
of the antenna, i.e., LHCP, RHCP, +45° and -45° LP. Table II
summarizes the four polarization states and their corresponding
amplitude and phase of the excitation.
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Fig. 1. Geometries of the proposed (a) feeding network and (b) patch antenna .
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TABLE I
DIMENSIONS OF THE FEEDING NETWORK AND PATCH ANTENNA
(UNIT: MM)
Components Parameters
Power Lpa Whai Wy
Divider 8.02 | 0.66 3
Slow Wave Ly Wi Wiz G
Transmission
Line 6.3 0.6 0.4 0.6
Ly W5 G
Ph hift © 2 2
Feeding ase Shifter ' =209 02 | 0.1
Network Ly Ly, Lys Ly Wi
. 5.28 4.95 341 6.85 0.11
Hybrid
VVhZ VV/13 Wh4 Gh 1 G/)Z
2.62 0.86 0.6 427 3.95
L Le; W. G. w
Crossover
6.3 19.11 0.1 1.26 1.1
Wpa Ly Ly Ly W
40 18 4.8 3.8 1.5
Patch Antenna ., .
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TABLE II
OPERATING MODES OF THE FEEDING NETWORK (UNIT: DEGREE)

Mode Port Iln put Po;t 3 04utput P(;n G States
! an;%gtsléde oo e s ] P
ol e 0 O A
3 anfailailtsl;de N N N I T o B
4 anlla%l;l;de O ) S I s A

III. SIMULATED AND MEASURED RESULTS

Fig. 2 shows the impedance matching and isolation of the
patch antenna across a wide band from 2.0 to 3.0GHz. Fig. 3
plots and compares the simulated and measured gain patterns in
mode 1 (LHCP) and mode 3 (+45° LP) of the antenna at 2.4
and 2.7GHz within its operating band (the cases of mode 2 and
4 are similar due to symmetry). One sees all patterns are that of
typical patch antennas, such as cross polarization at broadside
is below -20dB and realized gain is around 7dB. Fig. 4 plots
the simulated and measured axial ratio (AR) of the radiating
LHCP wave (the RHCP case is similar and not shown for
brevity) and one sees that the AR less than 3dB is from 2.0 to
3.0GHz. Consequently, a measured bandwidth (the region
delimited by the vertical black dash dot lines in Figs. 2 and 4)
as wide as 22.7% has been obtained, within which -10dB S, -
15dB S»i, and 3dB AR can be simultaneously achieved for four
polarized states.
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Fig. 2. Simulated and measured S-parameters of the patch antenna at (a) CP
mode and (b) LP mode. Fabricated prototype is shown in the inset.
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Fig. 3. Simulated and measured gain patterns of the patch antenna at (a)
2.4GHz and (b) 2.7GHz in mode 1 (LHCP) and mode 3 (+45° LP).
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Fig. 4. Simulated and measured AR of the proposed patch antenna.

CONCLUSION

A broadband patch antenna with quadri-polarization states
based on a novel switch-free feeding network has been
proposed. With a careful design and topology arrangement of
several passive components for feeding network that also
appropriately integrated with the radiating patch, the patch
antenna has simultaneously wide impedance, ports isolation,
realized gain and polarization bandwidth for in total four
polarization states. The proposed patch antenna is a promising
candidate for future multi-polarization applications.
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