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Abstract: A novel low-cost dual-polarized radiating element is pre-
sented for C-band multifunctional dual-polarized radar system: a com-
pact three-layer configuration with reduced cross-polarized isolation en-
ables frequency reuse using polarization diversity. Promising attributes
are demonstrated with measured return loss of better than −10 dB from
4.8 to 5.2 GHz. The measured gain is larger than 6 dBi at 5 GHz, along
with 29 dB cross-polarization discrimination, scanning capability and
regular radiation patterns.
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1 Introduction

The capabilities of transmitting and receiving two orthogonal polarization
lead dual-polarized antennas to act an important role in systems such as
modern radar and wireless communication [1]. Various antenna have been
investigated as the antenna element for the array, including 3-D horn antenna
and 2-D microstrip antenna [2, 3, 4, 5, 6, 7, 8]. Microstrip antenna is one
of the attractive candidates because of low-profile, low-weight, low-cost, easy
integrability into arrays or with microwave integrated circuits, or polarization
diversity [9]. Monopole antennas are widely used in communacation and
radar systems for its simple structure [10, 11].

Frequency reuse using polarization diversity is useful where the same
frequency band is used for two channels using orthogonal polarizations [7].
Besides low level of cross-polarization of the radiation pattern, high isolation
between the two orthogonal linear polarizations is required for implementing
frequency reuse, else it may lead to interchannel interference [1, 12]. In
addition, low cost and light weight are taken into account due to the usual
implementation of arrays with an extremely large number of elements [13,
14, 15].

In this work, a new radiating element for multifunctional dual-polarized
radar system is proposed, working in the reference frequency band 4.8∼
5.2 GHz. Intense interest is focused on its double-polarization capabilities,
low level of cross-polarization (> 20 dB), high isolation (> 25 dB), adequate
gain at broadside (> 5 dBi), suitable scanning capabilities and low-cost avail-
able materials.

2 Antenna design

The basic geometry of the novel radiation element proposed here is depicted
in Fig. 1: it consists of two layered substrates and a layered copper reflec-
tor. Fig. 2 (a) and Fig. 2 (c) show the upper and lower layered substrates
respectively. There are two orthogonal couples of bend monopole on each
substrate to obtain a dual polarization of the radiation pattern. To grant an
inexpensive realization, FR4 with εr = 2.2 which is commercially has been
chosen as the substrate. The top of the two substrates are shown as Fig. 2 (a)
and Fig. 2 (c) as well as Fig. 2 (b) and Fig. 2 (d) for the bottom. Besides thec© IEICE 2014
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Fig. 1. Geometry of the dual polarized antenna element

Fig. 2. Configuration of the upper ((a) and (b)) and lower
((c) and (d)) layered substrate

two layered substrates, one layered reflector is introduced to ensure regular
pattern and high gain.

3 Antenna performance

The design parameters of the proposed antenna have been optimized by using
the CST. The design parameters investigated are: W1=1.5 mm, W2=14 mm,
W3=12 mm, W4=1.5 mm, W5=10mm, W6=12mm, W7=8mm, W8=8 mm,
L=60 mm, L1=5mm, L2=5mm, L3=9 mm, L4=11 mm, L5=35mm, L6=
14 mm, L7=6.2 mm, L8=5mm, L9=1.5mm, L10=7.2 mm, L11=7mm, L12=
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Fig. 3. Photograph of the fabricated antenna

Fig. 4. Simulated and measured return loss for both ports
of the dual polarized antenna

Fig. 5. Simulated (blue dashed) and measured (black
solid) radiation patterns in the E-plane of port
1 for (a) 4.8 G (b) 5 G (c) 5.1 G, as well as in the
H-plane for (d) 4.8 G (e) 5 G (f) 5.2 G
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Fig. 6. Simulated (blue dashed) and measured (black
solid) radiation patterns in the E-plane of port
2 for (a) 4.8 G (b) 5 G (c) 5.1 G, as well as in the
H-plane for (d) 4.8 G (e) 5 G (f) 5.2 G

40 mm, L13=42.6mm, L14=12mm, L15=12 mm, L16=12 mm, L17=14 mm.
The height between substrates and copper reflector is 1

4λ at designed middle
frequency. The copper reflector is 120 mm×120 mm.

The antenna discussed above has been realized, and a photograph of the
antenna is shown in Fig. 3. To characterize the return loss as well as isolation
for the two individual ports, two port S-parameter measurements have been
conducted with Agilent E8363B vector network analyzer. The simulated and
measured return loss results for two ports are shown in Fig. 4. As expected,
the proposed antenna offers a bandwidth from 4.8GHz to 5.2 GHz for 2:1
VSWR. Differences between the measured and simulated return losses are
attributed to the additional losses that are associated with the inaccuracy of
height between the substrates and the reflector.

The isolation between the two ports is also measured, where better than
25 dB isolation is observed throughout the designed frequency range. Co-
polarized and cross-polarized patterns have been measured for both the E
and H planes. Both simulated and measured results are shown in Fig. 5 and
Fig. 6. As expected, a broad beamwidth is observed, where in the E plane,
the half power beamwidth for port 1 is 46◦, and that for port 2 is 52◦. For
the H plane, port 1 has a 56◦ beamwidth, while that for port 2 is 98◦. The
co-polarized gain of both ports have also been measured over the designed
frequency range, which is 7.8 dBi, 7.1 dBi, and 8.4 dBi at 4.8 GHz, 5 GHz and
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5.2 GHz for port 1 as well as 6.9 dBi, 6.2 dBi, 7.5 dBi for port 2.

4 Conclusions

The radiation and reflection characteristics of a new dual-polarized radiating
element for C-band radar systems have been investigated and presented in
this paper. The cost and fabrication have been taken into account for usual
implementation of phased arrays with an extremely large number of elements.
The whole structure is compact and low profile, which can be easily arranged
in large arrays. The results show the dual-polarized antenna can provide
satisfactory wide impedance bandwidth, low level of cross-polar discrimina-
tion, high isolation and regular radiation pattern with simple structure. The
promising features of the antenna element make it a potential candidate for
multifunctional dual-polarized radar systems.
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