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A Dual Circularly Polarized Waveguide Antenna
With Bidirectional Radiations of the Same Sense

Yang Zhao, Zhijun Zhang, Kunpeng Wei, and Zhenghe Feng

Abstract—A dual circularly polarized waveguide antenna with bidirec-
tional radiations of the same sense is proposed in this communication. Bidi-
rectional circular polarization (Bi-CP) of the same sense was obtained by
two identical rectangular metal slices installed on one lateral side of the
waveguide with an intersection angle of 45°. These two metal slices were
horizontally perpendicular to each other and vertically spaced by a quarter
guided wavelength. A rat-race coupler was employed to excite the two metal
slices with the same amplitude, but with a 0° or 180° phase difference de-
pending on the selection of two inputs. One sense of Bi-CP was realized
when the two metal slices were fed in phase and the opposite sense of Bi-CP
could be obtained when they were fed out of phase. A prototype for 2.4-GHz
WLAN application was tested to verify our design. The measured common
bandwidth for 10-dB return loss and 3-dB axial ratio at the two feed ports
was 230 MHz (9.6%, 2.29-2.52 GHz) and 210 MHz (8.6%, 2.35-2.56 GHz),
respectively. The measured isolation between the two feed ports was better
than 30 dB over the whole operating band.

Index Terms—Bidirectional, circular polarization, dual sense, same
sense.

[. INTRODUCTION

Circularly polarized antennas are usually required in many wireless
communication systems because they can allow the avoidance of po-
larization alignment between the transmitting (Tx) and receiving (Rx)
terminals and thus enhance link consistency, which is advantageous
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in comparison to linearly polarized ones. In principle, circularly po-
larized waves are usually excited by two orthogonal linearly polarized
components with the same amplitude, but with a 90° phase difference.
The practical designs of antenna with circular polarization (CP) include
single-fed method with structural perturbation, dual-fed technique, and
structural rotation of several linearly polarized elements [1]-[3], etc.
Meanwhile, a single antenna operating with both senses of CP [4]-[8] is
much preferred for the reason that it can integrate the traditionally sep-
arated Tx and Rx antennas into one and thus reduce system complexity.
Besides, the adoption of two orthogonal signals with dual senses of CP,
in this case left-hand CP (LHCP) and right-hand CP (RHCP), also al-
lows a more efficient utilization of the electromagnetic spectrum and
increases the link capacity. A patch antenna coupled by two crossed
slots with four arms serially fed by a single microstrip line was pro-
posed in [4] to realize dual senses of CP through the excitation at ei-
ther end of the microstrip line. A planar dual circularly polarized array
was presented in [5] whose element comprises an arc-shaped patch and
an extended stub, and it can radiate LHCP or RHCP depending on the
feed port that was selected. An open-end waveguide integrated with a
septum polarizer was proposed in [6]-[8] to achieve dual CP senses,
and two individual coaxial ports were located at the two sides of the
septum for both senses of CP. But all these designs focus on unidirec-
tional radiation with both senses of CP.

On the other hand, bidirectional CP (Bi-CP) is needed in various
modern wireless applications, such as a microcellular base station, a
radio frequency identification system, an indoor high-speed WLAN, a
coal mine channel, a bridge or tunnel communication, etc. Slot radi-
ators are good candidates for Bi-CP and have been studied by many
researchers. However, the existing design will produce CP of opposite
senses in the two different radiating directions [9]-[11]. This means
that if an LHCP is produced at one end, RHCP would unavoidably
be generated at the opposite end. No information can be exchanged
if the polarizations are mismatched in that opposite direction. For the
realization of CP of the same sense in the two opposite directions, a
back-to-back arrangement by two circularly polarized patch elements
was proposed in [12]-[14]. In [12], a slot-coupling feeding approach
was utilized to excite two back-to-back corner-cutting circularly polar-
ized patches. A coplanar waveguide feeding structure was employed in
[13], [14] to excite two back-to-back partially overlapped rectangular
patches for Bi-CP of the same sense. However, these designs are real-
ized just by replicating and superposing unidirectional circularly polar-
ized elements located at the front and back sides of a common feeding
scheme, and they have insufficient axial ratio bandwidth. A waveguide
antenna with Bi-CP of the same sense was designed in [15], but only
one sense of CP was available. In addition, the realization of dual senses
of CP with bidirectional radiations of the same sense has not been pub-
lished in literature.

In this communication, we propose a novel design of dual circularly
polarized waveguide antenna with bidirectional radiations of the same
sense for either CP. Both senses of CP are obtained for a single antenna
by selecting two different input ports. The proposed structure incor-
porated two rectangular metal slices installed inside a square-aperture
waveguide, as that proposed in [15]. These two metal slices were per-
pendicular to each other in the horizontal plane, and separated by a
quarter guided wavelength in the vertical direction. For the realization
of dual senses of CP, a rat-race coupler was used in this study to feed the
two metal slices along their diagonal line with the same amplitude, but
with a 0° or 180° phase difference. When the two metal slices were fed
with the same phase, one sense of Bi-CP was realized, but Bi-CP of the
opposite sense could be obtained when they were fed with anti-phase.
The design details are presented in the following sections.

0018-926X © 2013 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
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Fig. 1. Antenna geometry: (a) 3D view, and planar views: (b) xoy plane, (c) zox
plane and (d) zox plane. Values of the parameters are Wg = 77.0, Wy =
142.0, Ay = 40.0, Aw = 16.0, D4 = 48.0, R;,, = 20.0, R,y = 21.3,
Wi =3.0,Ws =24, Ly = 20.1 (unit: mm).

II. ANTENNA DESIGN

A. Antenna Structure

The whole structure of the proposed dual circularly polarized an-
tenna consists of a waveguide with a square aperture, two rectangular
metal slices, and a rat-race coupler. Fig. 1 shows the three-dimensional
geometry and three planar views, and we can see that the antenna is sur-
rounded by four metallic lateral sides, and the upper (+Z) and lower
(—Z) apertures are left open for bidirectional radiations. The width of
the square aperture is ¥ and the height of the waveguide is ¥4 . For
easy installation of the feeding structure, a 1-mm-thick dielectric sub-
strate (£, = 2.63, tan 6 = 0.009) is assembled inside the waveguide.
Two identical rectangular metal slices M S1 and M52 of length A7,
and width Ay are soldered on the front side of the substrate with an
intersection angle of 45°. Fig. 1(b) shows that these two metal slices
are orthogonal to each other seen from the top plane, and Fig. 1(d) in-
dicates that they are vertically separated by a distance of D 4, which is
about a quarter guided wavelength at the desired working frequency. A
four-port rat-race coupler is constructed on the substrate with P1 and P2
as inputs and P3 and P4 as outputs to excite the two metal slices, as de-
noted in Fig. 1(a). The width W, of the microstrip line at the four ports
of the rat-race coupler is designed to have a characteristic impedance
of Zy Q. The width (Rt — R;y,) of the ring-shaped microstrip line
is calculated to have an impedance of (Zo x +/2) € and its perimeter
is one wavelength and a half, in order to obtain good isolation between
the two input ports P1 and P2. The two output ports P3 and P4 are con-
nected to the diagonal line of the two rectangular metal slices. Further-
more, a quarter wavelength impedance transformer with length Ls and
width W at the outputs P3 and P4 is designed for antenna matching,
as shown in Fig. 1(c). When the antenna is fed by the input port P1, the
two slices can be excited with the same amplitude and phase. However,
they are excited with the same amplitude but anti-phase when the input
port P2 is selected.

B. Principle of Operation

Taking the structural configuration shown in Fig. 1(a) as an example,
the operating principle of the proposed antenna can be explained as fol-
lows. When input port P1 is chosen to feed the antenna, the currents on
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Fig. 2. The generation of both senses of CP by antenna configuration shown in
Fig. 1: (a) bidirectional LHCP fed by input port P1, and (b) bidirectional RHCP
fed by input port P2.
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Fig. 3. Bidirectional LHCP radiation characteristic of the proposed antenna at
2.44 GHz when fed by input P1: gain patterns at (a) zox plane, (b) zoy plane;
and axial ratio beams at (c) zox plane, (d) zoy plane.

the two slices are excited with the same amplitude and phase, as plotted
in Fig. 2(a). The phase of A 52 will lag behind that of A/ 51 by 90°
when the antenna radiates upwards, and the phase of M S1 will lag
behind that of A52 by 90° for downward radiation. Therefore, bidi-
rectional LHCP is realized in this antenna configuration by selecting
input port P1. Similarly, when the antenna is fed at input port P2, the
currents on the two metal slices are excited with the same amplitude,
but with a 180° phase difference, which is shown in Fig. 2(b). As a re-
sult, bidirectional RHCP can be produced automatically this time. The
radiation pattern for both bidirectional LHCP and RHCP is shown in
Figs. 3 and 4, respectively. Both senses of CP are available by feeding
the antenna at the two different input ports. For either sense of the gen-
erated CP, the proposed antenna can naturally radiate CP of the same
sense in two different directions. The reason is that a fixed 90° phase
shift introduced by the quarter-wavelength separation between the two
slices always exists at the two opposite radiating apertures, no matter
the two slices are fed in phase or out of phase.

C. Design Procedure

The procedure to design the proposed antenna is summarized for
generality. First, we decide the aperture size Ws of the waveguide
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Fig. 4. Bidirectional RHCP radiation characteristic of the proposed antenna at
2.44 GHz when fed by input P2: gain patterns at (a) zox plane, (b) zoy plane;
and axial ratio beams at (¢) zox plane, (d) zoy plane.

whose cut-off frequency should be lower than that of the desired op-
erating frequency fo. The vertical separation D 4 of the two rectan-
gular metal slices is then calculated to be a quarter guided wavelength
(Ag/4). Next, we adjust the waveguide height W; together with the
position of the inserted metal slices to realize bidirectional radiation
patterns with identical gain in the two opposite directions. The width
Aw and length A of the two metal slices are then tuned to obtain
a flat frequency characteristic of input impedance at the desired oper-
ating band. Finally, we employ a rat-race coupler to feed the two rect-
angular metal slices with equal amplitude but with 0° or 180° phase
difference for both senses of Bi-CP. In addition, a stepped microstrip
line with width W, and length L. is added to make the antenna match
for [S11] < —10 dB over the whole working band.

To further understand the design process of the proposed antenna,
we then investigated the influence of some important parameters on
the antenna’s performance. For the proposed structure with a computed
aperture size W, axial ratio of the realized Bi-CP is mainly influenced
by the separation D 4 between the two metal slices and the height Wy
of the waveguide. The quarter-wavelength separation D 4 determines
the spatial 90° phase difference at the center operating frequency and
a larger separation D 4 will produce Bi-CP with a minimum axial ratio
at a lower frequency, as indicated in Fig. 5(a). The pure 90° phase
delay between the two metal slices has little effect on the bandwidth but
influences the circularity at a fixed frequency, and shifts the working
band. When the position of the two inserted metal slices relative to
the middle of the waveguide is kept unchanged for pure 90° phase
shift, the waveguide height W77 then has a big influence on the realized
axial ratio as well as the bandwidth, as shown in Fig. 5(b). A higher
or lower antenna height will not produce good axial ratio, and only
a suitable antenna height can realize equal power division at the two
different radiating apertures, and thus generate Bi-CP with good purity
and bandwidth.

The parameters that significantly influence the antenna’s impedance
matching include the length A7, and width Aw of the two rectangular
metal slices and the widths of the microstrip line in the feeding struc-
ture. Fig. 6 shows that dimensions of the two identical slices have a
great impact on antenna matching. A longer length Ay will have a
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Fig. 5. Axial ratio of the proposed antenna with different dimensions of
(a) separation D 4 between the two slices; and (b) height of the waveguide
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Fig. 6. Reflection coefficient of the proposed antenna with different sizes of
the two identical metal slices (a) length A 7, ; and (b) width Ay .
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Fig. 7. Reflection coefficient of the proposed antenna with different widths of
the feeding microstrip line (a) width 17, of the rat-race coupler at the input port;
and (b) width W of the quarter-wavelength impedance transformer.

better and wider bandwidth at a lower frequency. Meanwhile, an ap-
propriate width Ay can also achieve a good impedance matching for
the desired bandwidth. The mutual coupling between the two slices is
weak as they are orthogonal to each other, which will cause little influ-
ence on the antenna matching. The influence of microstrip width W, at
the feeding input of the rat-race coupler and W- of the quarter-wave-
length impedance transformer is plotted in Fig. 7, and we can see that
these two parameters have an opposite influence on antenna matching.
A wider W, will have a better matching at a higher frequency but a
wider W> makes the matching better at a lower frequency.

III. RESULTS AND DISCUSSION

A prototype operating at 2.4-GHz WLAN communication is de-
signed, fabricated, and measured to verify our proposed concept, and
the computed values of design parameters are listed in the caption of
Fig. 1. The simulation and analysis are realized by Ansoft HFSS based
on the finite element method. Figs. 3 and 4 show the simulated bidi-
rectional gain patterns and axial ratio beams when the antenna is fed at
input P1 and P2, respectively. When P1 is selected as input port, bidi-
rectional LHCP is generated and 3-dB axial ratio beamwidths of 58°
centered at 0° (47) and 180° (—7) directions are both realized in zox
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Fig. 8. The output characteristic of the rat-race coupler: (a) amplitude and
(b) phase difference of the outputs P3 and P4 when P1 is excited; (c) ampli-
tude and (d) phase difference of the outputs P3 and P4 when P2 is selected.

-

Fig. 9. Photograph of the fabricated prototype: (a) installation of the rat-race
coupler and the two rectangular metal slices; (b) the composite antenna.

and zoy planes. The cross polarization at the center frequency plotted
in Figs. 3 and 4 is more than 25 dB lower than the main polarization in
the two opposite radiating directions, which means that the degradation
of cross polarization by the reflected wave at the waveguide aperture is
negligible in our design. The gain variation is smaller than 3 dB within
this angular range of the 3-dB axial ratio beamwidth. Meanwhile, an
identical maximum gain of about 4.1 dBi is achieved in the two oppo-
site radiating directions. When P2 is selected as input port, bidirectional
RHCP is obtained and the radiation characteristic is almost the same as
that of LHCP except that the sense of CP is reversed. The main polar-
ization level at the directions of 90° and 270° is a bit high in Fig. 3(a)
and Fig. 4(b), which results from the radiation of same-sense CP ex-
cited by the currents at the outer surface of the waveguide.

The simulated output characteristic of the designed rat-race coupler
is shown in Fig. 8. Within the desired operating band, the output am-
plitude of P3 and P4 shows a rather small fluctuation with either input
excited. When the coupler is excited at the two input ports P1 and P2,
the phase difference between the two output ports are 0° and 180° re-
spectively, with a variation of about 5°.

The hand-made prototype is shown in Fig. 9, and we can see that
it was assembled simply by soldering two 90°-folded metal plates
together. The dielectric substrate with feeding structure and two
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Fig. 12. The simulated and measured efficiency of the proposed antenna:
(a) fed by input port P1, and (b) fed by input port P2.

slantly installed metal slices was fixed to one bent plate by nylon
screws, as shown in Fig. 9(a). Two 50 2 SMA connectors installed
at the back of the waveguide were used to excite the two inputs
of the proposed antenna, with the inner conductor connected to the
input microstrip line of the rat-race coupler and the outer shield
fastened to the waveguide lateral side. Figs. 10 and 11 compare
the measured and the simulated axial ratio, reflection coefficient,
isolation and gain of the two input ports, respectively. When the
antenna is fed at input P1, the simulated and measured 3-dB axial
ratio bandwidth are 200 MHz (8.2%, 2.33-2.53 GHz) and 230 MHz
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Fig. 13. The measured normalized radiation pattern of LHCP at 2.44 GHz
when fed by the input port P1: (a) zox plane; (b) zoy plane.
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Fig. 14. The measured normalized radiation pattern of RHCP at 2.44 GHz
when fed by the input port P2: (a) zox plane; (b) zoy plane.

(9.6%, 2.29-2.52 GHz), respectively. The simulated and measured
impedance bandwidth for [S;;| < —10 dB are 790 MHz (35.3%,
1.84-2.63 GHz) and 630 MHz (27.8%, 1.95-2.58 GHz), respectively.
When the antenna is fed at input P2, the simulated and measured
3-dB axial ratio bandwidth are 220 MHz (9.0%, 2.34-2.56 GHz) and
210 MHz (8.6%, 2.35-2.56 GHz), respectively. The simulated and
measured impedance bandwidth for |S;z| < —10 dB are 310 MHz
(12.6%, 2.30 GHz to 2.61 GHz) and 240 MHz (9.8%, 2.32-2.56 GHz),
respectively. The measured common bandwidth for 10-dB return
loss and 3-dB axial ratio at the two feed ports is 230 MHz (9.6%,
2.29-2.52 GHz) and 210 MHz (8.6%, 2.35-2.56 GHz), respectively.
Compared to the realization in [13] with a 3-dB axial ratio bandwidth
of about 2%, a great enhancement on antenna bandwidth has been
achieved by our proposal. Fig. 11(c) shows that the measured isolation
between the two feed ports is better than 30 dB over the whole oper-
ating band. The measured gain is 3.9 dBic at 2.44 GHz, and a variation
of about 1.0 dB is observed within the operating bandwidth, as shown
in Fig. 11(d). The decreased gain at the higher frequencies is mainly
caused by the raised level of cross polarization. But a more uniform
distribution of electric field at the radiating aperture is obtained at the
lower frequencies, which could contribute to the relatively higher gain
than that at the higher frequencies. The measured in-band efficiency
changes in the range of 84-98% and 85-96% for the two inputs,
respectively, as shown in Fig. 12. The antenna efficiency within the
working band is relatively high because of its low-loss metal structure.

Figs. 13 and 14 show the measured normalized patterns of CP at the
two feed ports with a spinning Tx horn. The zigzag in the measured
patterns represents the maximum and minimum values of the corre-
sponding axial ratio at a specific angle, and the difference between the
two values reflects how big or small the axial ratio is. The outer pro-
file of measured pattern of CP could reflect the spatial distribution of
antenna power radiation. The radiation patterns in the whole operating
band remain stable. Overall, the measured and the simulated results

show good agreement, and the discrepancies can be attributed to the
fabricating deviation, the measurement system set up, etc.

IV. CONCLUSION

A dual-port waveguide antenna with both senses of CP is proposed
in this communication. For either sense of CP, the antenna can naturally
generate CP of the same sense in two opposite radiating directions. This
is realized by two rectangular metal slices that were horizontally per-
pendicular to each other and vertically separated by a quarter guided
wavelength, which introduced a spatial 90° phase shift in two opposite
directions. A rat-race coupler was employed to feed the two orthogonal
metal slices in phase or out of phase for the realization of dual senses of
CP. The proposed antenna alone can function as Tx and Rx antennas
simultaneously, which would save much space for the whole system
and thus reduce the system complexity. The volume of the proposed
antenna can be made smaller by loading the waveguide with dielec-
tric material, and the packaging involves simple mechanical processing
like bending, screwing and soldering. A prototype for 2.4-GHz WLAN
communications is fabricated and experimentally tested to verify our
design. The measured and the simulated results agree well with each
other.
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