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Abstract—A planar, wideband, multi-polarization
reconfigurable filtering antenna is proposed. By controlling the
state of PIN diodes, the operation states of the filtering antenna
can be switched among linear polarization (LP), left-hand
circular  polarization (LHCP) and right-hand circular
polarization (RHCP). The filtering antenna consists of a driven
patch, a parasitic patch, and an established reconfigurable feed
network. Two radiation nulls can be generated at the lower and
upper band-edge in all operation states through interaction
between the driven patch and feeding network. A pair of U-slots
is etched on the driven patch to obtain the extra radiation null to
further improve the sharp roll-off rate at the upper band-edge.
The optimized prototype was fabricated and tested. The
measured results, in good agreement with the simulated values,
demonstrate that the filtenna has a wide -10dB fractional
bandwidth: 15.6%, a realized gain value over operational
bandwidth of 7.7 = 0.5 dBi, and stable radiation performance.
Furthermore, the filtenna presents a good out-of-band rejection
level.

Index Terms—wideband, multi-polarization, reconfigurable,
radiation nulls, filtering antenna.

1. INTRODUCTION

Increasingly congested spectrum resources and complex
electromagnetic environments have led to tremendous expec-
tations for antennas with reconfigurable characteristics [1] and
multi-functions [2]. As a result, polarization reconfigurable
antennas [3-4] have become an attractive choice with their
attributes of increasing the system capacity and enhancing an
anti-interference ability. The same is true of filtering antennas
[5-6] with their inviting features of additional frequency selec-
tivity and out-of-band rejection to effectively improve the
signal-to-noise ratio.

Polarization reconfigurable filtering antennas (PRFAs) [7-9]
integrate both the polarization reconfigurability and the filter-
ing capability into a single module. The hope is to achieve the
best of both systems, i.e., increasing the anti-interference per-
formance and improving the channel capacity while reducing
the RF system costs. However, relatively few researches about
PRFAs have been made. A non-planar waveguide structure
was designed in [7], but it has a high profile. On the other
hand, planar structures were adopted in [8] and [9]. Neverthe-
less, they have narrow bandwidths.

In this paper, a planar, wideband, multi-polarization recon-
figurable filtering antenna is reported. In contrast to the recon-
figurable two CP-state systems reported in [9], it possesses
three switchable polarization states, i.e., LP, LHCP, and

RHCP states. Moreover, it has a more compact size: 0.48 Aj x
0.45 Ay, low profile: 0.096 Ay, where A, is the free space wave-
length corresponding to the center frequency of the operation-
al band, and a much wider operational bandwidth, 15.6%, than
the ones disclosed in [8] and [9].

II. DESIGN OF THE PRFA

Fig. 1 illustrates the PRFA design, which consists of three
square substrate layers labeled as Layer 1, Layer 2 and Lay-
er_3, respectively. All of the three substrates are Rogers
RT/Duroid 5880 with a permittivity of ¢, = 2.2, a thickness of
0.787mm, and a size of L, x W, =120 x 120 mm’. An air gap
is introduced between Layer 1 and Layer 2 to enhance the
antenna bandwidth and gain. With reference to Fig. 1(a), a
square parasitic patch is fabricated on the upper surface of
Layer 1. The driven patch, which is etched with a pair of U-
slots to introduce an additional radiation null at the upper stop-
band, is fabricated on the upper surface of Layer 2.
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Fig.1 Geometry of the proposed PRFA. (a) 3-D isometric view. (b) The upper
surface of layer 3.



A reconfigurable feed network was developed to realize the
polarization reconfigurability amongst the one LP and two CP
states. It also introduces two radiation nulls in the lower stop-
band and upper stop-band to obtain the filtering capability,
respectively. It is composed of a Wilkinson power divider, a
set of phase-shift strips, and three coupling stubs. The Wil-
kinson power divider (green) and the phase-shift strips (blue)
are all mounted on the upper surface of Layer 3. The three
coupling stubs (magenta), labeled as Stub 1, Stub 2 and
Stub 3 with the same size, are located on the lower surface of
Layer 2. The coupling stubs and the phase-shift strips are
connected by three metal posts (yellow).

As shown in Fig. 1(b), eight Infineon PIN diodes (D1&D1’,
D2&D2', D3&D3’, D4&D4") in SC79 packages and six 95 nH
inductors in 0603 packages are integrated into the lower part
of feed network. Each diode can be forward biased to ON state
with a dc voltage (0.95V), while it will be in OFF state if left
unbiased. To provide dc voltage (P1-P6) to the diodes, six
square dc pads are built next to the feedline, and connected to
it via six inductors with the function of blocking any RF signal
from entering into the dc bias network.

III. SIMULATED AND MEASURED RESULTS
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Fig. 2. Fabricated prototype of the proposed PFRA. (a) Front and back views
of each layer before assembly. (b) 3-D view of the assembled antenna mount-
ed. (c) The antenna under test in the anechoic measurement chamber.

As is shown in Fig. 2, the reconfigurable filtenna was fabri-
cated, assembled, and tested. The measured results in Fig. 3
are in good agreement with their simulated values. They indi-
cate that the filtenna exhibits a wide 15.6% effective fractional
bandwidth (FBW) centered at 2.9 GHz with a flat broadside
average realized gain, 7.7 £ 0.5 dBi. The corresponding simu-
lated radiation efficiency (RE) values are all over 75% within
this operational band. Note that the effective bandwidth refers
to the overlap of the bandwidths of all three states. Moreover,
three radiation nulls (one in the lower stop-band and two in
the upper stop-band) were produced. As a consequence, the
filtenna exhibits a good out-of-band rejection performance in
all of its three polarization states. The simulated and measured
results of FBW and realized gain in all three states, and axial
ratio (AR) FBW in both CP states, are summarized in Table I
for easy reference.
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Fig. 3 Simulated and measured |S)|, realized gains, and AR values of the
proposed PRFA. (a) The LP states. (b) The LHCP state. (c) The RHCP state.
(d) AR values of the LHCP and RHCP states.



TABLE I
SIMULATED AND MEASURED RESULTS FOR THE PRFA IN ALL OF ITS POLARI-
ZATION STATES. THE MEASURED (SIMULATED) RESULTS ARE IN THE

SHADED (CLEAR) BOXES

State LP LHCP RHCP
Impedance FBW (%) 16.3 66.4 67
(ISul<-10dB) 15.6 62.6 62.6
Average realized gain 8.8 8.6 8.6
(dBi) 7.7 7.7 7.7
AR FBW (%) 34.5 38.7
(AR<3dB) 27.5 349
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Fig. 4 The simulated and measured normalized radiation patterns of the PRFA
operating at 2.9 GHz (the center frequency point of the effective overlapped
BW) for all three states. (a) LP state. (b) LHCP state. (c) RHCP state.

Fig. 4 presents the simulated and measured realized gain
patterns for the three polarization states at 2.9 GHz. The main-
beam direction for each polarization state is clearly broadside
and the patterns are symmetrical about this direction. The fea-
ture arises from the symmetric feed network and patch struc-
ture. The measured co-polarized fields in its LP state are at
least 37 dB stronger than the cross-polarized counterparts. The
measured LHCP (RHCP) fields are at least 17 dB stronger
than the opposite state. Additionally, the measured front-to-

back ratio is greater than 18 dB for all three polarization
states.

IV. CONCLUSION

A planar, wideband, multi-polarization reconfigurable filter-
ing antenna was demonstrated. A set of PIN diodes integrated
into the feed network allows one to dynamically reconfigure
its three polarization states (LP, LHCP, and RHCP). A proto-
type was fabricated, and tested. The measured results, in good
agreement with their simulated values, demonstrate that the
antenna exhibits a wide 15.6% FBW centered at 2.9 GHz with
a flat broadside average realized gain, 7.7 £ 0.5 dBi, and cor-
responding simulated RE values over 75% over this opera-
tional band. Moreover, the measured gain responses with three
radiation nulls for all three states demonstrate good out-of-
band rejection performance. The advantageous design and
performance characteristics make the filtenna very suitable for
practical applications in wireless communication systems,
especially in complex electromagnetic environments.
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