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The H-cross polarization levels for the ordinary shorted patch
antenna shown in Fig. 3(b) are extremely high. This is common for
shorted patch antennas and is a result of the discontinuity on the patch
conductor associated with the shorting posts [1]. Given the major
source of cross-polarization is the probe feed and shorting posts,
their radiation characteristics will be similar to a monopole radiation
pattern, which typically has a maximum at about 75� from the normal.
Since the PBG structure is two-dimensional and is able to suppress
surfaces waves close to 90� from the normal, it is postulated that
the radiation generated by the probe and shorting pins is also being
suppressed by the PBG, hence significantly lowering the H-plane
cross-polarization level.

IV. CONCLUSION

A shorted microsrip patch with a PBG ground plane has been de-
signed and tested, and the results compared to a shorted patch of iden-
tical dimensions on a conventional ground plane. The use of a PBG sig-
nificantly improves the gain and reduces the cross-polarization levels
for a shorted patch antenna.
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Circularly Polarized Open-Loop Antenna

Rong-Lin Li, Vincent F. Fusco, and H. Nakano

Abstract—A printed circular open-loop antenna is introduced as a
simple structure for producing circular polarization, the antenna is fed
with a coaxial probe. By introducing a gap within the circular loop a
traveling-wave current is excited and thus circularly polarized radiation
can be achieved. An optimized circularly polarized antenna is designed
through numerical analysis using a so-called parametric method of
moment technique. Experimental verification of the new antenna is
presented. The antenna has a 3-dB axial ratio bandwidth of 12% with an
input VSWR of less than 2.

Index Terms—Circular polarization, method of moments, printed loop
antenna.

I. INTRODUCTION

It is well known that a large circular closed-loop antenna (the cir-
cumference of the loop is of the order of one wavelength) serves as a
standing-wave resonant antenna and radiates a linearly polarized wave
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Fig. 1. Geometry of probe-fed printed circular open-loop antenna.

[1]. When the closed-loop antenna is printed on a grounded dielectric
substrate no obvious change occurs for the polarization characteristics
[2], [3]. Recently it was shown theoretically [4] that by introducing a
gap with a certain width at the printed loop and feeding the antenna with
a coaxial probe a traveling-wave current distribution on the loop could
be excited, and as a result, circular polarization (CP) may be achieved.
No experimental verification, however, was given in [4].

In this paper, we will present for the first time a comprehensive de-
scription of the numerical and experimental results for a validation
demonstrator at 1.4 GHz for this class of circularly polarized printed
circular open-loop antenna. It will be shown that the antenna has a
wide bandwidth over which good CP properties and desirable input
impedance performance can be maintained.

II. A NTENNA GEOMETRY AND DESIGN

The geometry of the printed circular open-loop wire antenna under
consideration is shown in Fig. 1. This antenna is designed to operate at
a frequency of 1.4 GHz (corresponding to a free-space wavelength of
�0 = 214 mm). The loop has gap width defined by angle�g , Fig. 1.
For modeling purposes a cyclindrical wire of radiusas = 1:6 mm
(0:0075�0) is used. In the experiment this wire is replaced with a mi-
crostrip line of width ofw = 4as, [1]. The radius of the circular
loop is represented asRc, in Fig. 1. The antenna was designed with
the help of a so-called parametric method of moment (P-MoM) anal-
ysis, [4]. To achieve optimal CP performance, the values ofRc and�g
were adjusted. It was found through repeated simulation that the op-
timum value for the loop radiusRc was 33.5 mm (0.156�0) and that
axial ratio is sensitive to the gap width angle�g. The simulated vari-
ation of the axial ratio on thez axis as a function of�g is plotted in
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Fig. 2. Variation of on-axis axial ratio ,VSWR as a function of the gap angle
.

Fig. 3. Current distribution.

Fig. 2. The best on-axis axial ratio (0.25 dB) was found to occur at
�g = 18�, which corresponded to a total antenna length ofLa = 231
mm (1.08�0). In addition, we observed that�g has very little effect
on the input impedance characteristics of the antenna with the input
voltage standing-wave ratio (VSWR) which remains around 1.9�0.1
over�g variation from 10� to 30� (see Fig. 2).

For experimental validation the open-loop antenna was printed on a
300 mm� 300 mm grounded dielectric substrate with a dielectric con-
stant of"r = 2:1 and thicknessh = 33 mm (0:154�0), excited ato ,
Fig. 1 by a vertical wire probe of radiusav = 1:843 mm (0:0086�0),
feeding a microstrip line of width ofw = 6:4 mm (0:03�0). The ver-
tical feed probe is connected to the inner conductor of a 50-
 coaxial
transmission line whose outer conductor is connected to the ground
plane.

The printed circular open-loop antenna considered here operates in
a traveling-wave mode. A traveling-wave current distribution can be
seen on the antenna, as illustrated in Fig. 3. The phase constant as-
sociated with the traveling-wave current on the open loop is about

Fig. 4. Computed and measured axial ratio, gain, and input VSWR.

(a)

(b)

Fig. 5. Computed and Measured radiation patterns in the� = 0�, and 90�

planes. (a)� = 0�(b) � = 90�.

2�(480�=360�)=La = 1:235k0, which is very close to the expected
phase constant in an effective dielectric:k0

p
"re� = 1:245k0 (where

"re� is the effective dielectric constant:"re� = ("r + 1)=2 = 1:55),
[1]. As mentioned above, the total antenna length is 1.08�0 which is
commensurate with the requirements given in [5] for CP production
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by traveling wave action from a suitably terminated circular wire loop.
The fundamental basis for the physics underlying this process is given
in [6].

III. N UMERICAL AND EXPERIMENTAL RESULTS

The computed and measured frequency responses of the on-axis
axial ratio, gain (for co-polarization component, right-hand CP in this
case), and the input VSWR are illustrated in Fig. 4. Good agreement
can be seen between the simulated and experimental results. The 3-dB
axial ratio bandwidth is about 12%, and the maximum directivity gain
is on the order of 6 dB. The input VSWR is less than 2 over the 3-dB
axial ratio bandwidth.

The computed and measured radiation patterns in the� = 0, and
90� planes are shown in Fig. 5. The computed and measured results
match well over the range� = �60�. The discrepancy near� = �90�

is due to the finite size of the actual substrate and the invalidation of the
stationary phase method used in [4] when� = �90�. The half power
beamwidth is found to be larger than 70�, and the cross-polarization
(in this case left-hand CP,EL) level is about 20 dB lower than the
maximum gain.

IV. CONCLUSION

A printed open-loop antenna excited by a vertical coaxial probe can
serve as a nonresonant traveling-wave antenna and thus be made to
radiate circularly polarized waves with a selected CP sense. The cir-
cular open-loop antenna was investigated numerically and experimen-
tally. It is found that the gap width of the open loop plays an impor-
tant role in CP performance. An optimized geometry is presented for a
certain dielectric substrate. The 3-dB axial ratio bandwidth is found
to be more than 12% and the input VSWR is less 2. Although not
investigated here, the sense of CP may be changed by introducing a
singe-pole double-throw switch, such that the switch selectively con-
nects the coaxial feed probe to one or other of the antennas ports with
the other port kept open circuited. Due to its structure simplicity and
CP sense flexibility this antenna should find significant applications in
a variety of personal communication products.
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Rectangular Waveguide Excitation of Dielectric Resonator
Antenna

K. W. Leung and K. K. So

Abstract—In this communication, the waveguide-fed dielectric resonator
antenna (DRA) is proposed and investigated. The waveguide is terminated
by a baffle ground plane in which a coupling slot is cut, and the DRA resides
above the coupling slot. To enhance the coupling, a second DR is placed
on the other side of the slot inside the waveguide. The measured return
loss, radiation patterns, and antenna gain of this novel configuration are
discussed in this communication.

Index Terms—Dielectric antennas, slot coupling, waveguide.

I. INTRODUCTION

Since the work reported by Longet al.in 1983 [1], the dielectric res-
onator antenna (DRA) has been studied extensively [2]–[9]. The DRA
has several advantages such as its small size, low loss, low cost, and
ease of excitation. Most important of all, the DRA is free from metallic
loss, making it very suitable for millimeter-wave applications [1]. A
number of excitation schemes were proposed for the DRA, including
the coaxial probe feed [1], [2], the aperture coupling associated with a
microstripline [3]–[6], the direct microstripline feed [7], [8], and, more
recently, the conformal-strip feed [9]. However, feedline losses of these
excitation methods are considerable at millimeter-wave frequencies. In
this communication, a new and low-loss excitation scheme that em-
ploys a rectangular waveguide [10] is reported. Today, the waveguide
still plays an important role in microwave and millimeter-wave appli-
cations; it is the basic unit of many microwave/millimeter-wave com-
ponents such as magic Tees, direction couplers, phase shifters, and fil-
ters. It is also used as the feed for the planar slot antenna and its arrays
[11]–[13]. Since the waveguide has metallic walls, it has an excellent
shielding between the exterior and interior, thus avoiding radiation loss
of the feedline. As both the waveguide and DRA are very low-loss even
in the millimeter-wave band, they form an excellent combination for
low-loss millimeter-wave communication systems, although the feasi-
bility of the proposed configuration is demonstrated in the C-band in
this communication.

In this communication, the waveguide is terminated by a baffle
ground plane, in which a rectangular slot is cut for the excitation of
the DRA. A cylindrical DRA is used for the demonstration, which
is excited in the fundamentalTM110 mode [1]. Although it has
recently been found that a high-permittivity DRA can efficiently be
excited by an empty waveguide [14], it is not the case for DRA’s of
low dielectric constants. To solve this problem, a second cylindrical
DR is placed on the other side of the slot inside the waveguide, as
shown in Fig. 1(a). The technique is analogous to that used for the
waveguide-fed microstrip antenna [15]. It is also somewhat similar
to that of coupling power from a waveguide to a DR, or between two
DR’s, separated by an iris [16], [17]. The DR inside the waveguide
acts like an “antenna” which transmits energy from the waveguide
to the slot, and vice versa. Alternatively, it can be viewed as an
impedance transformer. The idea has lately been employed to design
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