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Abstract—In this letter, we have presented a horizontally po-
larized antenna with a cage-like structure for omnidirectional
coverage in the azimuthal plane, which can be used in the occasion
that it is close to the metal box. The proposed antenna consists
of dual crossed loops and a 90 hybrid coupler feeding. The dual
crossed loops are arranged in a cage structure, which shows the
merits of simple construction and easy fabrication with compact
volume. The overall volume of the proposed antenna is only
52 19 19 mm , with a gain variation less than 1.1 dB in the
azimuthal plane. The size of the cross section is small. A prototype
of the proposed antenna is built at 2.4-GHz wireless local area
network (WLAN) band. The measured results show that the 10-dB
reflection coefficient bandwidths cover the desired WLAN band
of 2.4–2.48 GHz, with a constant gain better than 2.7 dBi.

Index Terms—Antenna feed, antenna radiation pattern, loop
antenna.

I. INTRODUCTION

R ECENTLY, with the rapid progress in the wireless
communication technology, omnidirectional antennas

have led to a wide range of applications in modern wireless
communications such as wireless local area network (WLAN)
systems. In the urban or indoor wireless environment, after
complicated multiple reflections or scattering, the polarization
of the propagating radio waves may change significantly. It has
been predicted in [1] and [2] that a receiver with an additional
horizontally polarized omnidirectional antenna can obtain up
to 10 dB diversity gain than a receiver with only a vertically
polarized antenna. Furthermore, the horizontally polarized
antenna is needed in the polarization diversity systems for im-
proving the reliability of a communication link. Therefore, the
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horizontally polarized omnidirectional antennas are preferable
for WLAN applications.
Vertically polarized dipole-like antennas with an omnidirec-

tional pattern have been most commonly used for many years,
wherein the antennas radiate equally in the H-plane [3]. How-
ever, the design of the horizontally polarized antenna with an
omnidirectional pattern is much more challenging because it is
required to radiate equally in the E-plane.
To obtain the horizontally polarized radiation pattern, electri-

cally small loop antennas with uniform current distribution are
considered. An electrically small loop antenna will have a very
small radiation resistance but a high reactance, which is difficult
to be matched and has low radiation efficiency. A large loop an-
tenna can be matched easily, but it cannot generate omnidirec-
tional patterns [4]. To overcome this contradiction, some design
methods are reported. In [5]–[9], metamaterials are used to keep
the current on a loop antenna in phase, thus enabling one to gen-
erate horizontally polarized omnidirectional radiation. The Al-
ford loop antenna can also generate the desired pattern keeping
the current in phase along the large loop. However, the compli-
cated structure and the difficulty in manufacturing are the fun-
damental problems in such designs, and it requires large board
area [10]. The radiation capacity is poor when the loop antennas
are mounted on the metal box. In [11], a high-gain periodic
leaky-wave antenna array with horizontally polarized omnidi-
rectional pattern is proposed.
In this letter, a novel compact antenna design with horizon-

tally polarized omnidirectional pattern is proposed. The main
radiation elements of the proposed antenna are two orthogonally
placed dual-loop strips arranged in a cage structure, which are
compact in the cross section size and easy in fabrication. By
utilizing the currents of equal magnitude but in-phase quadra-
ture on the strips, the horizontal polarization and the omnidirec-
tional pattern are obtained. Both simulations and measurements
are carried out, and detailed data are presented.

II. ANTENNA STRUCTURE AND DESIGN

The geometry and coordinate system of the proposed cage an-
tenna are shown in Fig. 1. The antenna is designed for operation
at 2.44 GHz. Two orthogonally placed dual-loop strips, which
act as the radiating elements, are unconnected at the intersec-
tion. Their terminals are soldered to the metal plane on one side
of an FR4 ( , thickness mm)
substrate. To feed the metal strips, a square cross-H-shaped slot
is etched on the same metallized ground plane, as shown in
Fig. 1(a). A compact 90 hybrid coupler on the other side of the
substrate, as shown in Fig. 1(b), is used to excite the H-shaped
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Fig. 1. Geometry of the proposed antenna. (a) Top view. (b) Bottom view.
(c) Side view.

slot. There is no electrical connection between the hybrid cou-
pler and the dual-loop strips. The parameters are shown in the
following. The dual-loop strips have the height and the width
. The length and width of the transmission lines connecting
the ports are 5 and 1.4 mm, respectively. The lengths of four 90
sector metal strips are . The widths and are set for
the characteristics impedance of and , which
is based on the substrate of the transmission lines. Two output
arms of the hybrid coupler with length are crossed over.
For clarity, the crossover section is shown in Fig. 1(c).
To achieve a horizontally polarized omnidirectional pattern,

the design method of a turnstile antenna is applied [4]. In our de-
sign, the circumference of each loop metal strip, which is used
as the main radiator, is about 1 . The currents on two vertical
arms of the strip are of same amplitude but opposite phase. Be-
cause the distance of two vertical arms is small (about 1/10 ),
the radiated field is canceled in the far field. Subsequently, only
the horizontal arms can radiate in the far field. When the cur-
rent phase difference between the two feeding ports is 90 , the
currents on the horizontal portion of two orthogonal rectangular
metal strips are orthogonal with 90 phase difference; therefore,
it can radiate horizontally polarized omnidirectional pattern. For
clear comprehension of the principle of radiation of the crossed

Fig. 2. Simulated surface currents distributions of the proposed antenna at
2.44 GHz, (a) , (b) , (c) , and (d) .

rectangular metal strips, the current distributions are simulated
in the electromagnetic simulator Ansoft HFSS and shown in
Fig. 2.
It is worth mentioning that the traditional turnstile antennas

are crossed dipole arrays for increasing the directivity. More-
over, the radiation directivity is poor in the horizontal plane
when only a turnstile unit is used as the radiating element. That
is because the radiation of a turnstile unit is observed not only
in the azimuth plane, but also along the broadside direction
(perpendicular to the turnstile unit). Also, the radiation on the
vertical plane is canceled with several turnstile units stacked
at about intervals. However, the proposed antenna offers
an important advantage comparable to the turnstile unit, where
the horizontally polarized omnidirectional radiation is obtained
using only a cage antenna unit.
To feed the orthogonal metal strips with currents of equal

magnitude but in-phase quadrature, a 90 hybrid coupler is
needed to make the magnitude and phase in the strips op-
timized. Two input ports are symmetrical, and when port 1
is excited, port 2 must be terminated with the impedance of
50 for isolation. When compared to the traditional hybrid
coupler design, the maximum difference is that the output
arms are inner crossover to feed the cross-H-shaped slot for
compact ground size design. All configuration parameters for
the proposed antenna are shown in Table I.
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Fig. 3. Simulated impedance profile with different (without 90 hybrid
feeding network).

TABLE I
DIMENSIONS OF THE ANTENNA (UNITS: mm)

III. SIMULATION AND MEASUREMENT RESULTS

A. Parametric Study of the Proposed Antenna

To analyze the performance of the proposed antenna, a
parametric study is implemented in electromagnetic simulator
HFSS. We found that the performance of the proposed antenna
is sensitive to the dimension of the rectangular metal strip,
especially the resonant frequency and the impedance band-
width. For simplicity and clarity, the 90 hybrid coupler is not
included in the simulation.
The simulated impedance profiles with the different lengths

of are shown in Fig. 3. We found that the factor of quality
is lower when the horizontal arm of the rectangle strip is in-
creased. Then, the impedance bandwidth is wider. However, we
also found that when the horizontal arm is increased while the
length of is constant, the gain and the beamwidth in the
vertical plane are deteriorated. For the tradeoff of the impedance
bandwidth and the directivity or the beamwidth, the length of
is 19 mm. The different resonant frequencies with the different
lengths of are shown in Fig. 4. When the length of is in-
creased, the resonant frequency is decreased. For the required
operating frequency, the length of is 52 mm.

B. Measurement Results

According to the design details mentioned above, a prototype
of the proposed horizontal polarized antenna with omnidirec-
tional radiation pattern was fabricated, as shown in Fig. 5. The
performance of the proposed antenna was measured. In Fig. 6,
the measured and simulated reflection coefficients of the con-
structed prototype are presented. It is clear that the measured

Fig. 4. Simulated return loss with different ( is 19 mm, without 90 hy-
brid feeding network).

Fig. 5. Photograph of the proposed antenna prototype.

Fig. 6. Measured and simulated reflection coefficient of the proposed antenna.

reflection coefficients of two ports are in accordance with the
simulation. The discrepancy was caused by the asymmetry and
the manufacturing tolerance.
The simulated and measured are shown in Fig. 7. When

the 90 hybrid coupler is used to feed the cage antenna, the ra-
diation capacity cannot be demonstrated by only the test results
of the reflection coefficients in the two ports. Because when the
90 hybrid coupler is well matched, the energy of the input port
is radiated by the cage antenna or is absorbed by the load in the
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Fig. 7. Measured and simulated of the proposed antenna.

Fig. 8. Measured and simulated radiation pattern of the proposed antenna at
2.44 GHz. (a) Azimuth plane. (b) Elevation plane.

isolation port, thus we cannot verify the radiation capacity of
the antenna. In Fig. 7, it is clear that the measured result is in
accordance with the simulation.

Fig. 8 shows the simulated and measured radiation pattern of
the proposed antenna. Only the center frequency is presented.
Measurements at other operating frequencies across the band-
width (not shown here for brevity) also present similar radia-
tion patterns as those plotted here. It is clear that good omni-
directional radiation with horizontal polarization in the azimuth
plane is obtained, which is shown in Fig. 8(a). The radiation pat-
terns in the elevation plane show a quasi-eight shape.
The measured and simulated gain and the 3-dB beam width

at the center frequency are shown in Fig. 8. The measured
beamwidth and gain at the center frequency are 45 and
2.7 dBi, respectively. The losses of the metal and the dielec-
tric cause the tolerance between the simulated and measured
results. The anti-omnidirectionality is defined as the gain
variation (maximum to minimum) in the azimuth plane. As we
can see from the figure, good horizontally polarized omnidi-
rectional radiation is obtained in the E-plane with small gain
variation less than 1.1 dB.

IV. CONCLUSION

This letter proposed a novel cage antenna with horizontally
polarized omnidirectional pattern in the azimuthal plane. Two
orthogonal placed dual-loop strips in a cage structure are de-
signed to provide horizontal polarization. By utilizing the cur-
rents of equal magnitude but in phase quadrature on the loop
metal strips, the omnidirectional pattern is achieved. The pro-
posed antenna is easy to be matched with simple and low-cost
configuration, which is compact in the cross-section size and a
good candidate for WLAN applications.
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