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This paper presents a new dual circularly polarized feed that provides good axial ratio over wide angles and low cross-polarized
radiation in backward direction. A circular waveguide open end is fed with two orthogonally polarized waves in phase quadrature
by a pair of printed crossed dipoles and a compact connectorized quadrature hybrid coupler. The waveguide aperture is loaded
with a dielectric cylinder to reduce the cross-polarization beyond 90 degrees off the boresight. The fabricated feed has, at 5.5 GHz,
6.33-dBic copolarized gain, 3-dB beamwidth of 106∘, 10-dB beamwidth of 195∘, 3-dB axial ratio beamwidth of 215∘, maximum cross-
polarized gain of −21.4 dBic, and 27-dB port isolation. The reflection coefficient of the feed is less than −10 dB at 4.99–6.09GHz.

1. Introduction

High-gain dual circularly polarized reflector antennas are
employed in such applications as aeronautical telemetry,
meteorological radar, ground penetrating radar, and satellite
communication. Dual circular polarization offers mitigation
against multipath fading and MIMO capability for wireless
communication. Crucial to the reflector performance are
the feed characteristics. The feed can be configured either
for a prime-focus reflector with the feed gain of around 6–
12 dB or for a dual reflector antenna with the feed gain of
around 15–25 dB. In this paper, we present a new dual cir-
cularly polarized feed suitable for high-performance prime-
focus reflector applications. The proposed antenna employs
a dielectric cylinder-loaded circular waveguide open end
excited by crossed dipoles for wide axial ratio beamwidth and
low cross-polarization in backward direction.

Various methods of realizing a low gain (6–12 dB)
antenna with dual linear or dual circular polarization
have been established which include crossed dipoles [1, 2],

dual-fed patches [3], waveguide apertures [4], crossed slots
[5], and dielectric resonators [6].

High-performance prime-focus reflector antenna feeds
are often realized using circular waveguides [7]. A dual
circularly polarized wave can be generated inside a circular
waveguide by exciting two orthogonally polarized fields
having a 90-degree phase difference. To excite dual polarized
waves in a circular or square waveguide, various structures
have been employed such as the orthomode transducer [8],
the septum polarizer [9], quadruple ridges [10], the shorted
ring patch [11], and dual coaxial probes [12]. The quadrature
phase can be realized by using either a waveguide polarizer
[13] or a quadrature hybrid coupler.

Crossed dipoles have widely been employed for GNSS
reception [14], mobile phone base station [1, 2], and feeding a
square horn [15], a cavity [16], and a cup [17]. The distinction
between a cavity and a cup is somewhat arbitrary.The former
is used for the large aperture. A cup can also be called an
open-ended circular waveguide.
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Figure 1: Structure of the proposed feed. (a) Overall structure and (b) crossed dipoles with associated feed circuits.

Crossed dipoles can be realized on the same plane as the
feed circuit [1] or on a separate plane on top of the feed circuit
[2]. Loading awaveguide aperturewith dielectricmaterial has
been employed for impedance matching [18] or for radiation
pattern improvements [19].

Antennas with wider axial ratio beamwidth have been
proposed by many authors [20–24]. Mak and Luk employed
a pair of crossed shorted bowtie patches and a crossed dipole
pair fed by a Wilkinson power divider with a 90-degree
phase delay line [20]. Park and Lee proposed a narrow-band
circularly polarized antenna that employs mu-negative trans-
mission line [21]. Shi and coworkers proposed an antenna
design that employs a disk-loaded monopole, a microstrip
curl radiator, and tilted parasitic wires [22]. Wang and
coworkers employed two interlaced coplanar dipoles backed
by a rectangular cavity [23]. Wei and coworkers proposed a
ring probe-fed metallic cavity antenna [24]. Existing designs
for antennas with wide axial ratio beamwidth vary in their
complexities andmany of them cannot be employed as a feed
without adding attachment fixture and radome, which might
require design adjustment or redesign. Some of them operate
only as a single circularly polarized radiator.

In this paper, we propose a new rugged dual circularly
polarized antenna suitable for high-performance prime-
focus reflector antenna feed. The proposed antenna can be
employed as a real-world feed without any modification or
design adjustment since its structure is such that it can be
exposed in the weather without difficulty.

To realize a new feed, we have employed a circular
waveguide open end excited by a pair of crossed dipoles.
A dielectric cylinder is placed at the open end aperture
for cross-polarization reduction at angles beyond 90∘ from
the antenna axis. The 90∘ phase difference is realized using
a compact commercial quadrature hybrid coupler directly

connected to the crossed dipoles. The design and measure-
ment of the proposed feed are presented below.

2. Antenna Design

Figure 1(a) shows the structure of the proposed dual circu-
larly polarized feed. The feed consists of two printed crossed
dipoles exciting a circular waveguide loaded with a dielectric
cylinder on its aperture, and a quadrature hybrid coupler
connected to the crossed dipoles via coaxial connectors. The
crossed dipole pair are closelymatched in their characteristics
and fed in phase quadrature. Crossed dipoles on a finite
ground plane show low axial ratio only within small angles
around the beam axis. To increase the axial ratio beamwidth,
crossed dipoles are placed inside a circular waveguide of
proper diameter. In this case, the feed radiation character-
istics are predominantly determined by the waveguide open
end aperture.

Circular waveguide open ends with radius of 0.4 to 0.6
times the wavelength provide good E- and H-plane beam
pattern symmetry and thus low cross-polarization for angles
up to 90 degrees from the waveguide axis [7]. When they
are used as a circular polarized radiator, they offer a low
axial ratio over the same angular range. In the proposed feed,
a crossed dipole pair is utilized to launch two orthogonal
polarizations with high polarization isolation in a circular
waveguide. A high-performance quadrature hybrid coupler
is employed to excite the crossed dipole with both right- and
left-hand polarizations. The result is a dual polarized feed
having a low axial ratio over wide angles.

Figure 1(b) shows the structure of the crossed dipoles.
The dipoles are fed by a microstrip line with an integrated
balunwhose detailed geometry is shown in Figures 3(b)–3(d).
The Taconic RF-35 substrate with dielectric constant of 3.5,
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Figure 2: Design parameters of the proposed feed.

loss tangent of 0.0018, and thickness of 0.76mm have been
employed. The dipole can be placed on the same plane as the
feedingmicrostrip line [1]. Simulations have shown that lower
back radiation is obtained when the dipole is orthogonal to
feed circuit surface.

Wide-angle cross-polarization is effectively suppressed by
the dielectric cylinder of proper height placed on the waveg-
uide aperture. The polycarbonate with dielectric constant of
2.78 and loss tangent of 0.0005 has been employed.

Figures 2 and 3 show the dimensional parameters of the
proposed feed.The design of the feed starts with initial values
of major dimensions: circular waveguide diameter𝐷1 = 0.6𝜆
for low back radiation and for low cross-polarization [7],
dipole height 𝐻1 = 0.25𝜆, dipole length 2(𝐷𝐿1 + 𝐷𝐿2) + 𝑠 =
0.45𝜆, aperture distance 𝐻𝐶 = 0.5𝜆, and dielectric cylinder
height 𝐻4 = 0.25𝜆. The dipole-to-dielectric cylinder gap 𝐻2
is set to a suitable minimum value (0.08𝜆) to preserve the
dipole’s impedance bandwidth.

Design parameters are successively adjusted for low axial
ratio over wide angles and for low back radiation. The dipole
length and dipole feed network dimensions are adjusted
for good impedance matching over the operating frequency
range. The distance between the dipole feeding ports is made
exactly the same as the spacing between two coaxial ports
of the quadrature hybrid coupler so that a direct mating is
possible.

The circular waveguide diameter is optimum when it
is the initial value (0.6𝜆) as described in [7]. The feed
performance is not sensitive to the dipole height𝐻1 as far as
it is around 0.25𝜆.The dipole-to-waveguide aperture distance
does not significantly affect the feed performance so that it
is set to 0.2𝜆. The dielectric cylinder height 𝐻4 is crucial in
reducing cross-polarization at wide angles and an optimum
value is obtained by parameter sweep. The CST Microwave
Studio� is employed in the design of the proposed feed.

Dimensions of the optimally designed feed are as follows
with units in mm:𝐷0 = 27.00,𝐷1 = 36.00,𝐷2 = 42.00, 𝑡 = 3.0,
𝑡𝑠 = 0.76, 𝐻0 = 12.25,𝐻1 = 13.00, 𝐻2 = 4.75, 𝐻3 = 8.00, 𝐻4 =
12.00, 𝐻𝐶 = 25.00, 𝐻𝑠 = 1.50, 𝐷𝐿1 = 6.58, 𝐷𝐿2 = 3.35, 𝐷𝑊1 =
1.80, 𝐷𝑊2 = 3.65, 𝑠 = 2.28, 𝐿 = 24.00, 𝑤 = 0.6, 𝑎1 = 3.97, 𝑎2 =

3.73, 𝑎3 = 8.00, 𝑎4 = 8.30, 𝑎5 = 5.10, 𝑎6 = 6.00, 𝑎7 = 1.15, 𝑎8 =
5.85, 𝑏1 = 3.97, 𝑏2 = 4.23, 𝑏3 = 7.00, 𝑏4 = 8.20, 𝑏5 = 5.10, 𝑏6 = 5.00,
𝑏7 = 2.15, 𝑏8 = 6.35,𝑊𝑏 = 2.0,𝑊𝑠 = 4.00,𝐷𝑏 = 10.27.

Design results shown in Figures 4(a) and 4(b) illustrate
the main concepts of the proposed feed. Curves marked with
“×” are for the gain of cross-polarized radiation. Figure 4(a)
shows that the cross-polarization levels at angles beyond 90∘
from the antenna boresight are significantly reduced by using
the dielectric cylinder. The narrow axial ratio beamwidth of
the crossed dipoles on a ground plane is greatly increased
by placing the crossed dipoles inside an open-ended circular
waveguide. As shown in Figure 4(b), the 3-dB axial ratio
beamwidth is about 52∘ when the cross dipoles are placed on
a finite ground plane while it is broadened to 175∘ with the use
of the open-ended circular waveguide.

Figure 5 shows the RHCP gain and phase patterns of the
designed feed at frequencies 5.0, 5.5, and 6.0GHz.The LHCP
patterns of the feed are almost identical to the RHCPpatterns.
The feed’s phase center is at a point 9.2mm away from the
dielectric cylinder’s top surface toward the crossed dipoles.
The 10-dB beamwidth of the designed feed is 150∘–163∘ at
5-6GHz. Within 10-dB beamwidth angle, the feed’s phase
variation is 9–12∘ at 5-6GHz. The simulated reflection and
isolation performances of the proposed feed are presented
with measurements.

3. Fabrication and Measurements

The designed feed has been fabricated and tested. The
photograph of the fabricated antenna is shown in Figure 6.
The crossed dipoles and the associated feed circuits have been
fabricated using standard PCBmanufacturing processes.The
feed circuit boards have been tightly placed in their respective
grooves on the waveguide back short, which is fixed to the
waveguide wall using four screws.

A coax-to-microstrip transition with a two-hole panel
mount flange and an SMA male connector has been used
to connect the microstrip feed line of each dipole to a
small commercial quadrature hybrid coupler (Cernex Wave
CHC0408U318T).

The quadrature hybrid coupler has dimensions of 25.7 ×
13 × 11mm3 and its measured performance at 5-6GHz is as
follows: reflection at both input ports less than −28 dB, isola-
tion between two ports greater than 30 dB, phase balance bet-
ter than ±0.7∘, and magnitude balance better than ±0.35 dB.
The quadrature hybrid coupler is directly connected to the
coax-to-microstrip transition without using cables.

Figure 7 shows the reflection coefficient and isolation of
the fabricated antenna measured using HP 8720C network
analyzer.The reflection coefficient is less than −10 dB at 4.99–
6.20GHz at port 1 (RHCP) and at 4.94–6.09GHz at port 2
(LHCP).The port-to-port isolation is greater than 27 dB over
5-6GHz.

Figure 8 shows the co- and cross-polarization gain pat-
terns and the axial ratio patterns of the fabricated antenna
at 5.5 GHz measured in an anechoic chamber far-field range.
The axial ratio has been measured by using a transmitting
antenna with dual linear polarizations and the proposed
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Figure 3: Design parameters of the crossed dipoles. (a) Crossed dipoles, (b) the dipole feed circuits for RHCP, (c) the dipole feed circuits for
LHCP, and (d) the backside of the feed circuits for RHCP and LHCP.
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Figure 6: Fabricated feed. (a) Crossed dipoles and feed circuits, (b) crossed dipoles installed on the back short, and (c) the assembled antenna.

antenna as a receiving antenna. Magnitude and phase of
the received signal of each polarization are recorded as the
antenna under test is rotated.The axial ratio is calculated from
the measured data.

The fabricated feed has the following characteristics at
5.5 GHz: maximum gain of 6.33 dBic, 3-dB beamwidth of
106∘, 10-dB beamwidth of 195∘, 3-dB axial ratio beamwidth

of 215∘, and maximum cross-polarization of −21.4 dBic.
The fabricated feed has low back radiation. Figure 9 shows
the gain and axial ratio versus the frequency. Measured
gain ranges from 6.1 dBic to 6.7 dBic and measured axial
ratio ranges from 0.4 dB to 1.4 dB over 5-6GHz. In Fig-
ures 7–9, measurements agree reasonably well with the
simulation.
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Figure 7: (a) Reflection and (b) isolation performance of the fabricated feed.
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Figure 8: (a) Co-/cross-polarized gain patterns and (b) axial ratio patterns of the fabricated feed at 5.5 GHz.

4. Conclusion

Anew dual circularly polarized feed is presented and demon-
strated for wide beam radiations. The antenna employs a
dielectric cylinder-loaded circular waveguide open end fed
by a pair of printed crossed dipoles. A 90∘ phase differ-
ence for circular polarization is provided with a compact
quadrature hybrid coupler byCernexWave Inc. Starting from
initial dimensions, an optimum design has been obtained.
The designed feed has been fabricated and tested. Mea-
surements have shown that the proposed feed has such
desirable characteristics for use in prime-focus reflector
antennas as low axial ratio and low cross-polarization over
wide angles, low back radiation, circular symmetric gain

pattern, flat phase pattern, and high polarization isolation
over its operating bandwidth.The proposed feed has 6.3-dBic
copolarized gain, 3-dB beamwidth of 106∘, 10-dB beamwidth
of 195∘, 3-dB axial ratio beamwidth of 215∘, maximum cross-
polarized gain of −21.4 dBic, and 27-dB port isolation. The
proposed antenna can be used as a feed for high-performance
prime-focus reflector antennas having dual circular polariza-
tion.
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