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Abstract—A square-aperture metallic waveguide antenna with
bidirectional circularly polarized (Bi-CP) radiations of the same
sense is proposed in this letter. Circular polarization was realized
by two identical rectangular metal strips installed on one lateral
side of the waveguide with a 45 inclination angle. The two rect-
angular metal strips were vertically separated by a distance of
a quarter guided wavelength and horizontally intersected with
an angle of 90 . They were excited with the same amplitude and
phase by feeding the antenna in the middle of their diagonal line.
A 90 phase difference between the two rectangular metal strips
was introduced by the spatial distance of a quarter guided wave-
length, and thus circular polarizations of the same sense in the two
opposite radiating directions were generated. A quarter-wave-
length impedance transformer was designed to help with the
antenna’s matching characteristic. The measured impedance
bandwidth for dB was 710 MHz (1.92 2.63 GHz),
and the measured 3-dB axial-ratio bandwidth was 200 MHz
(2.34 2.54 GHz). The measured bidirectional 3-dB axial-ratio
beamwidth at 2.44 GHz was 62 , and the power variation was
smaller than 3 dB within this angular range.

Index Terms—Bidirectional, circular polarization, same sense,
waveguide antenna.

I. INTRODUCTION

A NTENNAS with bidirectional radiation patterns are re-
quired in various mobile wireless communication sys-

tems, such as a microcellular base station, a high-speed WLAN,
and indoor wireless access. Circularly polarized (CP) antennas
are commonly used to enhance channel stability and reliability.
The mechanism of generating CP waves is to excite two orthog-
onal linearly polarized components with the same amplitude,
but with a 90 phase difference. The methods of realizing cir-
cular polarization include single-fed, dual-fed techniques, struc-
tural rotation of linearly polarized elements, etc. CP patch an-
tennas with single feed and perturbations, such as truncated cor-
ners and cutting slots, were analyzed and optimized in [1], but
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the axial-ratio bandwidth of these CP antennas was limited. A
slot antenna with a stacked parasitic patch and embedded metal
patches was proposed in [2] and [3], respectively, to improve the
bandwidth of the traditional CP slot antennas. In addition, CP
patch antennas or slot antennas with dual feed ports [4], [5] were
designed to enhance the performance of the antenna’s band-
width, but an extra phase difference was needed to design for the
two feeding ports, which would increase the antennas’ structural
complexity. An element sequential rotation method that feeds
the orthogonal elements with a unique phase arrangement for
circular polarization was presented in [6]. However, when de-
signing antennas with bidirectional CP (Bi-CP) radiations, all
the above-mentioned design methods will produce CP radia-
tions of opposite senses in the two different radiating directions.
That is, when right-hand circular polarization (RHCP) is radi-
ated at one port, the sense of rotation at the opposite port would
inevitably be left-hand circular polarization (LHCP). Further-
more, no signals will be received if the polarizations of the trans-
mitter and receiver are mismatched in the opposite direction.
To realize CP radiations of the same sense in two opposite di-

rections, a back-to-back configuration was applied in [7]–[10].
In [8], a slot-coupled patch antenna with Bi-CP radiations of the
same sense was designed, where two corner-cutting CP patches
were arranged back to back relative to a slot on the ground
plane. A coplanar waveguide feeding structure was employed
in [9] and [10] to excite the two back-to-back partially over-
lapped rectangular CP patches for Bi-CP radiations. However,
all these proposed designs are just duplications of unidirectional
CP element at the front and back sides of a common feeding
scheme and have limited 3-dB axial-ratio bandwidth and insuf-
ficient 3-dB axial-ratio beamwidth.
In this letter, we propose a novel design of bidirectional wave-

guide antenna with circular polarizations of the same sense in
the two opposite radiating directions. The generation of Bi-CP
radiations with the same sense of rotation is not just a replica of
unidirectional CP elements, but the inherent property of the pro-
posed structure. Two rectangular metal strips were positioned at
one lateral side of the square-aperture waveguide with a 45 in-
clination angle. Furthermore, they were separated by a quarter
guided wavelength in the vertical direction, intersected with a
90 angle in the horizontal plane, and fed in the middle of their
diagonal line for equal amplitude and phase. The 90 phase
difference between the two rectangular metal strips for Bi-CP
radiations was realized by the vertical separation of a quarter
guided wavelength. The features of the proposed antenna in-
clude simple metallic structure, low cost, and easy fabrication.
The design details are presented in the following sections.
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Fig. 1. Antenna geometry. (a) 3-D perspective view. Planar views:
(b) -plane; (c) -plane; and (d) -plane. Values of the parame-
ters are , , , , ,

, , (unit: millimeter).

II. ANTENNA DESIGN

A. Antenna Structure

The three-dimensional geometry of the proposed antenna
with Bi-CP radiations of the same sense is shown in Fig. 1(a),
where we can see that the whole antenna contains a wave-
guide with square aperture, two rectangular metal strips, and
a stepped microstrip line. The width of the square aperture is
, and the height of the waveguide is . The antenna is

surrounded by four metallic lateral sides, and the upper port P1
and the lower port P2 are left open for bidirectional radiations.
A 1-mm-thick dielectric substrate with a relative permittivity
of 2.65 and a loss of 0.005 is screwed on one lateral side
of the waveguide. Two identical rectangular metal strips Arm1
and Arm2 of length and width are installed on the front
side of the substrate with an inclination angle of 45 . These two
metal arms are vertically separated by a distance of , which
is about a quarter guided wavelength at the desired operating
frequency. In addition, they are crossed with a 90 angle seen
from the top plane, as indicated in Fig. 1(b). A microstrip line
with the lateral sides of the metallic waveguide working as
ground is constructed on the substrate to connect the diagonal
line of the two rectangular metal arms. Meanwhile, a stepped
microstrip line with length and width is designed so
that a quarter impedance transformer is formed for impedance
matching, as shown in Fig. 1(c). The waveguide antenna is
fed in the middle of the microstrip line by a coaxial probe. In
this way, the two arms are excited with the same phase and
amplitude, and bidirectional circular polarizations of the same
sense can be intrinsically radiated by the proposed antenna.

B. Operation Mechanism

The proposed antenna has the inherent characteristic of Bi-CP
radiations of the same sense. The operating mechanism can be

Fig. 2. Electrical field distributions of the two radiating ports at different times.
Upper radiating port P1: (a) ; (b) ; (c) ; (d) .
Lower radiating port P2: (e) ; (f) ; (g) ; (h) .

Fig. 3. Bidirectional axial-ratio beam at 2.44 GHz of the proposed antenna.

explained as follows. First, the antenna is fed in the middle of
the diagonal microstrip line, and the current on the two rectan-
gular metal arms Arm1 and Arm2 can be excited with the same
phase and amplitude, as plotted in Fig. 1(a). A 90 phase dif-
ference between the two rectangular metal arms is introduced
by the spatial distance of a quarter guided wavelength. When
the antenna radiates from the upper port P1 ( direction), the
phase of Arm2 will lag behind that of Arm1 by 90 , and LHCP
can be realized. Meanwhile, the phase of Arm1 will lag behind
that of Arm2 by 90 when the antenna radiates from the lower
port P2 ( -direction), and thus LHCP is again obtained. The
variation of electrical fields with a period of time at the upper
and lower radiating ports is shown in Fig. 2, where we can see
that the two opposite ports can exhibit CP radiations with the
same type of rotation simultaneously. RHCP can be realized by
rotating the two rectangular strips by 90 .

C. Simulated and Experimental Results

A prototype operating at 2.4-GHz WLAN communications
was designed, fabricated, and measured to verify our proposed
concept, and the values of the parameters are shown in the
caption of Fig. 1. The simulation and analysis were realized
by Ansoft HFSS based on the finite element method. Figs. 3
and 4 show the simulated bidirectional axial-ratio beams and
the bidirectional radiation patterns in - and -planes at
2.44 GHz, respectively, and 3-dB axial-ratio beamwidths of 58
centered at 0 (P1, ) and 180 (P2, ) radiating directions
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Fig. 4. Bidirectional radiated gain patterns of the proposed antenna at
2.44 GHz: (a) -plane; (b) -plane.

Fig. 5. Photograph of the fabricated antenna prototype: (a) installation of the
microstrip line and the two inclining rectangular metal arms; (b) whole com-
posite waveguide antenna.

Fig. 6. Simulated and measured (a) reflection coefficients and (b) axial ratios
of the proposed antenna.

were realized in the two principal planes, respectively. Mean-
while, an identical maximum realized gain of about 4.1 dBic
was realized in the two opposite directions. The gain variation
was smaller than 3 dB within the angular range of the 3-dB
axial-ratio beamwidth. The photograph of the manufactured
prototype is shown in Fig. 5. Fig. 6 compares the measured
and the simulated reflection coefficient, axial ratio, and gain in
-direction. The comparison of axial ratio and gain in -di-

rection shows almost the same characteristics. The simulated
and measured impedance bandwidths for dB
were 710 MHz (31.2%, 1.92–2.63 GHz) and 680 MHz (30.2%,
1.91–2.59 GHz), respectively. The simulated and measured
3-dB axial-ratio bandwidth in the two opposite radiation di-
rections were 200 MHz (8.2%, 2.35–2.55 GHz) and 190 MHz
(7.8%, 2.35–2.54 GHz), respectively. The measured maximum
gain was 3.8 dBic at 2.44 GHz in the two ports, and a variation

Fig. 7. Normalized CP radiation pattern at 2.44 GHz of the proposed antenna:
(a) -plane; (b) -plane.

of about 0.8 dB was observed within the bandwidth of 3-dB
axial ratio. Fig. 7 shows the measured normalized CP radiation
patterns at 2.44 GHz with a spinning transmitting horn, which
agree well with the simulated ones. The zigzag of the measured
CP patterns represents the maximum and minimum values of
the corresponding axial ratio. The radiation patterns in the two
opposite directions were symmetric, indicating that the power
was equally divided and radiated. The radiation pattern in the
whole operating band remained stable. Overall, the measured
and the simulated results showed good agreement, and the little
discrepancies can be attributed to manufacturing deviation and
measurement system setup.

III. PARAMETER STUDY

The proposed waveguide antenna has a natural characteristic
of Bi-CP radiations of the same sense. The procedure to design
the proposed antenna working at a desired frequency can be
summarized as follows. Based on the following equation:

(1)

where represents the light velocity, we first decided the aper-
ture size of the waveguide whose cutoff frequency should
be lower than that of the desired operating frequency . Then,
using the following equation:

(2)

we calculated the vertical distance of the two rectangular
metal arms to make them separated by a quarter guided wave-
length ( ). Next, we adjusted the width and length
of the two metal arms to obtain a minimum axial ratio at the op-
erating frequency. Finally, we employed a stepped microstrip
line with width and length to match the antenna for

dB over the operating band.
To further understand the working principle of the proposed

antenna, we investigated some important parameters that signif-
icantly influence the antenna’s performance. The reflecting co-
efficients and axial ratios were considered when adjusting one
of the parameters while keeping all the others listed in the cap-
tion of Fig. 1 unchanged. The waveguide height almost had
no impact on the impedance matching, but it played a major
role in the power division between the two opposite radiating
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Fig. 8. Axial ratio of the proposed waveguide antenna with different dimension
of (a) aperture size ; and (b) vertical distance of the two metal arms .

Fig. 9. Reflection coefficient (a) and axial ratio (b) of the proposed waveguide
antenna with different width of the two identical rectangular metal arms.

Fig. 10. Reflection coefficient (a) and axial ratio (b) of the proposed waveguide
antenna with different length of the two identical rectangular metal arms.

ports and the purity of circular polarization. By optimizing the
waveguide height and the position of the inserted rectan-
gular metal arms, the proposed antenna could radiate equally in
the two directions. The parameters that influence the axial ratio
of the proposed antenna include the size of the waveguide aper-
ture , the spatial separation , and the width of the two
rectangular arms. Fig. 8 shows the simulated axial ratio with
varying aperture size and vertical separation , where we
can observe that these two parameters have a great influence
on the axial ratio because they both determine the phase dif-
ference at the desired operating frequency. The frequency with
a minimum axial ratio becomes lower with the increase in
and . The influence of the width and length of the
two arms on the reflecting coefficient and axial ratio is shown in
Figs. 9 and 10, respectively. The change in the width shifts
both the reflecting coefficient and axial ratio, and the length
has almost no impact on the axial ratio, but has a great influ-
ence on impedance matching. In addition, the variation in re-
flecting coefficient with different width and length of
the stepped microstrip line is shown in Fig. 11, where we can
observe that the quarter wavelength impedance transformer can

Fig. 11. Reflection coefficient of the proposed waveguide antenna with dif-
ferent dimensions of the microstrip line (a) width ; and (b) length .

make the whole antenna matched for dB over a
wide band.

IV. CONCLUSION

A waveguide antenna with inherent circular polarizations of
the same sense in two opposite radiating directions has been
proposed in this letter. Two rectangular metal arms, vertically
separated by a quarter guided wavelength, were inserted on
one lateral side of the waveguide with a 45 inclination angle.
These two arms were intersected with a 90 angle in the az-
imuth plane. A quarter-wavelength impedance transformer was
employed for antenna matching. The proposed design could
naturally generate Bi-CP radiations of the same sense, which
is not a copy of unidirectional CP element in the two oppo-
site directions. The proposed antenna is simple in geometry
and easy to fabricate, which is advantageous in many mobile
wireless communications. A prototype for 2.4-GHz WLAN
applications was manufactured and experimentally tested to
verify our design. The measured and the simulated results agree
well with each other. The size of the proposed antenna can
be made suitable for small mobile terminals by loading of the
waveguide with dielectric materials.
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