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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 7®m the normal. L
Since the PBG structure is two-dimensional and is able to suppress
surfaces waves close to 9@rom 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 Rc
cross-polarization level. o
IV. CONCLUSION > ¢9 X
A shorted microsrip patch with a PBG ground plane has been de- l

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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Fig. 1. Geometry of probe-fed printed circular open-loop antenna.

Circularly Polarized 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
Abstract—A printed circular open-loop antenna is introduced as a @ coaxial probe a traveling-wave current distribution on the loop could
simple structure for producing circular polarization, the antenna is fed  be excited, and as a result, circular polarization (CP) may be achieved.
with a coaxial probe. By introducing a gap within the circular loop a  Ng experimental verification, however, was given in [4].
traveling-wave current is excited and thus circularly polarized radiation In this paper. we will present for the first time a comprehensive de-
can be achieved. An optimized circularly polarized antenna is designed o paper, .p . p o
through numerical ana|ysis using a so-called parametric method of SCI’IptIOﬂ Of the numel‘lca| and experlmental I’esu|tS fOI’ a Va|ldatI0n
moment technique. Experimental verification of the new antenna is demonstrator at 1.4 GHz for this class of circularly polarized printed
presented. The antenna has a 3-dB axial ratio bandwidth of 12% with an circular 0pen-|00p antenna. It will be shown that the antenna has a
input VSWR of less than 2. wide bandwidth over which good CP properties and desirable input
Index Terms—Circular polarization, method of moments, printed loop  jmpedance performance can be maintained.
antenna.

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

Il. ANTENNA GEOMETRY AND DESIGN

|. INTRODUCTION The geometry of the printed circular open-loop wire antenna under

It is well known that a large circular closed-loop antenna (the cifonsideration is shown in Fig. 1. This antenna is designed to operate at
cumference of the loop is of the order of one wavelength) serves a8 fiequency of 1.4 GHz (corresponding to a free-space wavelength of

standing-wave resonant antenna and radiates a linearly polarized wave= 214 mm). The loop has gap width defined by anglg Fig. 1.
For modeling purposes a cyclindrical wire of radius = 1.6 mm

. ) i (0.0075X0) is used. In the experiment this wire is replaced with a mi-
Manuscript received December 13, 2000; revised February 5, 2002. TEﬁ)strip line of width ofw = 4as, [1]. The radius of the circular
work was supported in part by the U.K. Engineering and Physical Research e )

Council under Grant GR/M8865 and in part by the Hosei International FudOP IS represented &.., in Fig. 1. The antenna was designed with
(HIF, Japan). the help of a so-called parametric method of moment (P-MoM) anal-
R.-L. Liand V. F. Fusco are with the School of Electrical and Electronigsis, [4]. To achieve optimal CP performance, the valueB.oénd¢,
(Eenﬁlgﬁ?{}lgdsggéegquﬁ@gﬂ% Belfast, Belfast, BT9 5AH, N. Ireland, U.Kyere adjusted. It was found through repeated simulation that the op-
H. Nakano is with the College of Engineering, Hosei University, Kogan(—.qmum vglu_e for the_ loop radiug. W_as 33.5’mm (0'1_56)) and tha.t
City, Tokyo 184, Japan. axial ratio is sensitive to the gap width angle. The simulated vari-

Digital Object Identifier 10.1109/TAP.2003.809845 ation of the axial ratio on the axis as a function o, is plotted in
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zg. 2. \Variation of on-axis axial ratio ,VSWR as a function of the gap anglpig_ 4. Computed and measured axial ratio, gain, and input VSWR.
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Fig. 3. Current distribution.

Fig. 2. The best on-axis axial ratio (0.25 dB) was found to occur at
¢4 = 18°, which corresponded to a total antenna lengtti pf= 231

mm (1.08\,). In addition, we observed that, has very little effect

on the input impedance characteristics of the antenna with the inpt
voltage standing-wave ratio (VSWR) which remains around:0.9
over ¢, variation from 10 to 3C° (see Fig. 2).

For experimental validation the open-loop antenna was printed on . _9(P
300 mmx 300 mm grounded dielectric substrate with a dielectric con-
stant ofs,, = 2.1 and thicknes$ = 33 mm (0.154\¢), excited ab-,

Fig. 1 by a vertical wire probe of radius, = 1.843 mm (0.0086\, ), (®)

feeding a microstrip line of width af = 6.4 mm (0.03Xo). The ver- Fig. 5. Computed and Measured radiation patterns infthe 0°, and 96
tical feed probe is connected to the inner conductor of &5axial Planes. @p = 0°(b) ¢ = 90°.

transmission line whose outer conductor is connected to the ground

plane. 2w(480°/360°)/ L, = 1.235ko, which is very close to the expected

The printed circular open-loop antenna considered here operateplase constant in an effective dielectig,/z.cf = 1.245ko (Where
a traveling-wave mode. A traveling-wave current distribution can be.x is the effective dielectric constant..s = (=, + 1)/2 = 1.53),
seen on the antenna, as illustrated in Fig. 3. The phase constantHs-As mentioned above, the total antenna length is 1;08hich is
sociated with the traveling-wave current on the open loop is abatdmmensurate with the requirements given in [5] for CP production
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by traveling wave action from a suitably terminated circular wire loopRectangular Waveguide Excitation of Dielectric Resonator
The fundamental basis for the physics underlying this process is given Antenna
in [6].
K. W. Leung and K. K. So
[II. NUMERICAL AND EXPERIMENTAL RESULTS

The computed and measured frequency responses of the on-axisbstract—in this communication, the waveguide-fed dielectric resonator
axial ratio, gain (for co-polarization component, right-hand CP in thantenna (DRA) is proposed and investigated. The waveguide is terminated
case), and the input VSWR are illustrated in Fig. 4. Good agreem&¥ baffle ground plane in which a coupling slotis cut, and the DRA resides

b bet the simulated and . tal Its. Th :gb e the coupling slot. To enhance the coupling, a second DR is placed
Ca_n € s_een e V\_’een. € simulated an eXpe”m_en a re_su S e I the other side of the slot inside the waveguide. The measured return
axial ratio bandwidth is about 12%, and the maximum directivity gaiss, radiation patterns, and antenna gain of this novel configuration are
is on the order of 6 dB. The input VSWR is less than 2 over the 3-dBscussed in this communication.
axial ratio bandwidth.

The computed and measured radiation patterns intke 0, and
90° planes are shown in Fig. 5. The computed and measured results

match well over the range= £60°. The discrepancy neédr= +90° |. INTRODUCTION

is due to the finite size of the actual substrate and the invalidation of theSince the work reported by Loreg al.in 1983 [1], the dielectric res-

statlongry phase method used in [4] wher: £90°. The half POWET 5 hator antenna (DRA) has been studied extensively [2]-[9]. The DRA
b_eam_W|dth is found to be larger tha_m"Z(and the cross-polarization has several advantages such as its small size, low loss, low cost, and
(in th's case _Ieft-hand CHg:) level is about 20 dB lower than the ease of excitation. Most important of all, the DRA is free from metallic
maximum gain. 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
A printed open-loop antenna excited by a vertical coaxial probe caticrostripline [3]-[6], the direct microstripline feed [7], [8], and, more

serve as a nonresonant traveling-wave antenna and thus be madé&agntly, the conformal-strip feed [9]. However, feedline losses of these
radiate circularly polarized waves with a selected CP sense. The €ixcitation methods are considerable at millimeter-wave frequencies. In
cular open-loop antenna was investigated numerically and experiméfis communication, a new and low-loss excitation scheme that em-
tally. It is found that the gap width of the open loop plays an impo#loys a rectangular waveguide [10] is reported. Today, the waveguide
tant role in CP performance. An optimized geometry is presented fos@! plays an important role in microwave and millimeter-wave appli-
certain dielectric substrate. The 3-dB axial ratio bandwidth is fourfi@tions; it is the basic unit of many microwave/millimeter-wave com-
to be more than 12% and the input VSWR is less 2. Although nppnents such as magic Tees, direction couplers, phase shifters, and fil-
investigated here, the sense of CP may be changed by introducini§'g. Itis also used as the feed for the planar slot antenna and its arrays
singe-pole double-throw switch, such that the switch selectively cod1]1-[13]. Since the waveguide has metallic walls, it has an excellent
nects the coaxial feed probe to one or other of the antennas ports V@fiielding between the exterior and interior, thus avoiding radiation loss
the other port kept open circuited. Due to its structure simplicity arfif the feedline. As both the waveguide and DRA are very low-loss even
CP sense flexibility this antenna should find significant applications ifi the millimeter-wave band, they form an excellent combination for

Index Terms—Pielectric antennas, slot coupling, waveguide.

IV. CONCLUSION

a variety of personal communication products. low-loss millimeter-wave communication systems, although the feasi-
bility of the proposed configuration is demonstrated in the C-band in
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