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Communications

Broadband Dual Polarization Patch Element for In this paper, we demonstrate a new feed mechanism for broadband
Cellular-Phone Base Stations dual-polarization operation with high-input isolation. The key point

in this design is that, at one-input port, we use our recently proposed
Yong-Xin Guo, Kwai-Man Luk, and Kai-Fong Lee L-probe feed [7], [8] to replace the regular microstripline-slot-coupled

feed. A single-layer patch fed by the L-shaped probe and a near-reso-
o nant aperture asin [9], [10] is in wideband operation. The proposed an-
Abstract—A broadband dual polarization patch antenna double fed by tenna achieves a 1.5:1 standing wave ratio (SWR) bandwid#26f/
an L-shaped probe and a near-resonant aperture is presented. The pro- e . . .
posed antenna achieves a 1.5:1 standing wave ratio bandwidth 9$20% &t the two ports. Input isolation exceeding 25 dB has been obtained
at the two ports. Input isolation exceeding 25 dB has been obtained in the in the wide bandwidth. The design is simple in structure and easy for
wide bandwidth. Thus, it can potentially be used as a base station antenna fabrication in comparison with other techniques based on crossed slots
for cellular-phone networks. [2], [5]. Thus, it can potentially be used as a base station antenna for

Index Terms—Broadband operation, dual polarization, microstrip an-  cellular-phone networks.
tennas.

Il. DESCRIPTION OFANTENNA
|. INTRODUCTION
The geometry of the antenna is shown Fig. 1. The square patch, sep-

I\/I MICROSTRIP antennas have become the favorite choice Qfaieq from the ground plane by a thick foam substrate, is double fed
antenna designers because they offer the attractive featureg o4,y perpendicular striplines etched on the feed layer, one through
low profile, light weight, and compatibility with integrated circuit tech-y"gma| circular hole and the other through a near-resonant aperture
nology. During the last few years, the capacity issue for wireless CORime in the upper ground plane. These two lines have characteristic
munication applications is not easily solved with the expansion in mPﬁpedanceZ‘ — 50 Q. At port 1, an L-shaped probe is connected
bile communication systems and the number of people using their sgfyhe end of the line via the small circular hole to cancel the induc-
vices. Many studies have been made to improve the bandwidth of ip,ce introduced by the thick substrate. At port 2, a short open-ended
crostrip antennas. However, the improvement of the bandwidth is ngl, is needed to tune out the large inductive reactance delivered to
sufficient to satisfy the increasing requirements and actually only alifje feedline by the aperture. To reduce the back radiation the antenna
ited bandwidth is available for commercial communications. In ordefs 5 stripline structure. A finite-difference time-domain (FDTD) code
to fulfill these increasing demands on capacity, designers have to &fye|oped in house [8] is used to design the double-fed antennas pre-
ploy frequency reuse involving the use of two orthogonal polarizatiq@ynted here. For the L-probe feed case, a tight loop around the center of
components to solve their problems. Furthermore, in order to redyge smith chart is observed with a thicker substrate. However, for the
the installation and investment costs, thé5° dual-polarized antennas aperture-feed case, a tight loop appears with a thinner substrate. In the

have been used in cellular-phone base stations. For dual polarizatiorbr@gign process, tradeoffs include the substrate height, L-probe param-
diation, a square patch is coupled to a pair of microstrip lines throughrs hole and aperture size, and stub length.
either two separated offset orthogonal slots [1], or two centered crossed '

slots to match the antenna [2]. For the offset orthogonal slots form [1],

investigation of patches excited in this manner revealed that input port Ill. M EASURED RESULTS

decoupling was of the order ef18 dB, which cannot meet most wire- ) ) ) )

less communication requirement25 dB. For the centered cross-slot 19 2 shows the measured SWR and input-port isolation of the
case [2], although it has good isolation characteristics, it is difficuft’ténna. It is observed that, fSWR < 1.5, the frequency range
to expand it into a large array antenna because an air bridge is n§cl-68-2-06 GHz, oBW = 20.5/ for port 1 and 1.59-2.03 GHz,

essary to avoid intersection between the feed lines. Then several pay = 24.9% for port 2, respectively. Over the bandwidth, input-port

pers have been published successively to improve the dual-polaritejation is below—25dB. The radiation patterns at 1.8 GHz for
antenna [3]-[5]. The use of bars or grids etched on the patch directifl§ WO Ports are shown in Figs. 3 and 4, respectively. The 3-dB
the surface currents improved input-port decoupling and polarized ggamwidths for the L-probe feed case aré @ad 71 in the E- and

rity [3]. With proper choice of the feed line and aperture geometry, tHé&Planes, respectively. The corresponding values for the aperture-feed
decoupling and radiation characteristics are improved in [4], [5]. TheiRSe are 60and 72, respectively. The measured gain at each of the
broadband operation in [3], [4] were obtained using aperture-coupl%o ports is>6.0 dBi over the bandwidth. It can be observed that the

stacked patch antenna, with a nonresonating slot as in [6]. level of back_radlatlon is high, which is due to a relatively small-ground
plane used in the measurement and can be reduced through the use
of a larger-ground plane. Furthermore, the techniques in [11], [12]
are also efficient ways to reduce back radiation. The stripline feed
Manuscript received May 26, 2000; revised March 19, 2001. This Work&sgt@ructure.cgn reduce ConSIderabI){ back radiation. On the other hand,
supported by the Research Grant Council, Hong Kong, Project number 9040539CK rad'at'c_m from the aperture Is trapped between th_e upper- and
Y.-X. Guo is with the Institute for Communications Research, National Unlower-metallic planes, resulting in the appearance of higher modes,
versity of Singapore, Singapore (e-mail: yxguo@ieee.org). ~  which enhances the cross-polarization components. Itis seen in Figs. 3
fK.-M. Luk is with the Department of Electronic Engineering, City University;nd 4 that the cross-polarization is quite high. The cross-polarization
of Hong Kong, Hong Kong. - R . i .
K.-F. Lee is with the School of Engineering, University of Mississippi, Ox—and efficiency can be improved with Fhe use of shor.tlng. pins between
ford, MS 38677 USA. the two-ground planes as [13]. The high cross-polarization can also be
Publisher Item Identifier S 0018-926X(02)00772-X. overcome in array design using balanced feed mechanism [14].
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Fig. 1. Geometry of antenna. Dimensio#$1 = 10 mm,Lh = 34 mm,Lv = 12mm,La = 48 mm,Wa = 1 mm,Ls = 10 mm,d1 = 30 mm,H2 =
1.6 mm,H3 = 18 mm,PL = PW = 59.5 mm,d2 = 8 mm.
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Fig. 4. Measured patterns for port 2 at 1.8 GHz, 10 dB/div.

Fig. 2. Measured reflection and coupling coefficients.
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isolation between coaxial and aperture feeds.
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