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A Back-to-Back Rectangular-Patch
Antenna Fed by a CPW

Hisao lwasaki,Member, IEEE

Abstract—The configuration of a back-to-back rectangular- t W
patch antenna fed by a coplanar waveguide (CPW) is proposed. <2\ t‘&' ‘%’
The characteristics of the proposed antenna element were clari- \%\ \
fied by experiments. The radiation patterns and input impedances
were measured as parameters of the widths of the rectangular | |-Substrate —{
patch and the substrate. The experimental results for an ar- Rectangular ~P
ray antenna using the proposed back-to-back rectangular-patch | L atch
antenna element are described. Good omnidirectional radiation | P Lp
patterns and input impedance characteristics were obtained. The Ls Ls
proposed array antenna is suitable for microcellular, wireless - CPW ]
LAN, and indoor radio systems. | |- Ground —|,
y
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Index Terms—Microstrip antennas.
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|. INTRODUCTION z kS

N antenna having an omnidirectional pattern in a hokFig. 1. Configurations of the back-to-back rectangular patch and the con-
izontal plane and a beam-tilt directivity in a verticalentional single rectangular patch.
plane is required in mobile communication, indoor radio,

and wireless LAN systems. Many types of antennas hay® develop an array antenna that satisfies the previously
been proposed and developed for such systems. For exampigntioned requirements using the proposed antenna as a base
a collinear array antenna constructed from coaxial elemegigtion.
such as sleeve dipoles [1] or patch-array antenna using parrirst, the configuration of a single back-to-back rectangular-
asitic cylinders [2] and dipole arrays [3] are employed asatch antenna element fed by a coplanar waveguide (CPW)
antennas with omnidirectional and beam-tilt radiation patterr]§. proposed_ The characteristics of the proposed antenna el-
However, these antennas are large-sized arrays with compdeent, which were clarified by experiments, are described.
structures and hlgh prOdUCtion costs. In addition, the direCtithe radiation patterns and input impedances were measured
of the main beam is squinted with frequency and unwanted parameters of the widths of the rectangular-patch antenna
radiation may occur from the feed line, both of which reducgnd the substrate. In addition, the experimental results for an
the antenna gain. array antenna using the proposed antenna element are also
Another method for obtaining an omnidirectional radiatiogescribed. Good omnidirectional radiation patterns and input
pattern is to decrease the width of ground plane of a microstffapedance characteristics were obtained.
antenna [4]. This type of antenna is very simple, but cannot
produce an omnidirectional pattern in the horizontal plane.
In addition, the relationship between the width of the ground Il. ANTENNA ELEMENT
plane and the radiation pattern and the input impedance is not
clear. A
Therefore, it is necessary to develop an antenna technology,
which permits the construction of a simple, small-size, and Fig. 1 shows the proposed back-to-back rectangular-patch
low-cost antenna element or an array antenna that providesé&tenna fed by the CPW and the conventional single-patch
omnidirectional radiation pattern in the horizontal plane andagtenna [5]. In the proposed antenna, two rectangular patches
beam-tilt directivity pattern in the vertical plane. are used and each rectangular patch is arranged back-to-back
The purpose of this paper is to propose a novel bacielative to the CPW on the ground plane. This is feature of
to-back rectangular-patch antenna configuration with an otthe proposed antenna compared with a conventional single-
nidirectional radiation pattern in the horizontal plane an@atch antenna. It is expected that the proposed antenna can
easily obtain an omnidirectional pattern in the horizontal
Manuscript received September 17, 1996; revised March 6, 1997. plane because the two rectangular patches radiate in opposite
The author is with the Communication and Information Systems Refirections along to the axis and the radiated power from the
search Laboratories, Toshiba Research and Development Center, 1, Koml{l\ﬁb rectangular patches is added in perpendicular direction
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28 SRES % Fig. 3. The measured radiation pattern of the back-to-back narrow-width

= rectangular-patch antenna withs = W, = 20 mm, f = 1.91 GHz.
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Fig. 2. The measured radiation patterns of the back-to-back and the single (Input Resistance) 3600 36. 70
rectangular-patch antennas. @& = 70 mm, W, = 47.3 mm, f = 1.89 1896 1916
GHz and (b)Ws = 50 mm, W, = 47.3 mm, f = 1.87 GHz. 10 ' .
08. 90 90, 59
The rectangular patches are fabricated on a substrate with a 25 189G | 1806 | 1926
dielectric constant » and thickness. The length and width §3.60 | 7880 | 112 10
of the substrate aré’s and W'’s, respectively. The length of e 1926 e L 956
the rectangular-patch antennalis and the width isW,,. The 90 (m)| ’ ) :
rectangular patches are arranged back-to-back, sandwiching 13.90 | 97.80 | 14880 | 182 50

the CPW on the ground plane. The characteristic impedance

of the CPW is 5(X2, the outer and inner widths of the CPW

are W, and W;, respectively.S is the distance between thethe horizontal plane at the resonance frequency of 1.9 GHz.
lower edge of the rectangular patch and the end edge @mpared with the conventional single-patch antenna, it is

the CPW. clear that the proposed rectangular-patch antenna has a more
omnidirectional pattern in the horizontal plane.
B. Experimental Results Fig. 3 shows theH-plane radiation pattern of the pro-

To clarify the characteristics of the proposed back—to-ba&?sed back-to-back narrow-width rectangular-patch antenna
rectangular-patch antenna, radiation patterns, and input in':[_h W _:_20 mm, W, = 20 mm,_ar_lde = 47.3 mm. The
pedances were measured as parameters of the width of $A4 variation was reduced to within 1.5 dB at a frequency
rectangular patch and the width of the substrate, becal.?gel'g1 GHz. . o L
the radiation pattern depends heavily on the widths of the rhese experlmer!tal results_ indicate that an omnidirectional
rectangular patch and substrate. pattern can be obtained by using the proposed antenna element

Experimental models were fabricated on a substrate wigRnfiguration and decreasing the widths of the substrate and
¢ r = 2.6 andt = 1.6 mm. The lengthL,, and widthi¥, of the the rectangular patch. . _
rectangular patch were determined at a resonance frequency drable | summarizes the measured input impedances and
1.9 GHz by using the simple cavity method [6]. Therefatg, eésonance frequem_:les as parameters of the widthof the
is 47.3 mm and the length of the substrteis 150 mm. The ;ubstrgte and the widtlv,, of the rectangular patch. The upper
widths of the CPW aréV, = 4.9 mm andW; = 4.5 mm, figure is the resonance frequency and the lower figure is the
which corresponds to the characteristics impedance g2.50 input resistance. The input impedance reference point is the

Fig. 2 shows the measured radiation patterns of the propod@der end edge of the rectangular patch and is marked as “R”
back-to-back rectangular-patch antenna and the conventioflafig. 1. From this table, the following results are clear: By
single-patch antenna in thél/-plane. Fig. 2(a) shows thedecreasing théV, /W, ratio, the resonance frequency and the
radiation patterns foi, = 70 mm andW,, = 47.3 mm. A input resistance increased, respectively. In general, the equiv-
radiation pattern with 6-dB gain variation was obtained in th@ent length of the rectangular patch is greater thardue to
proposed antenna. On the other hand, the radiation pattern vita fringing effects [6], but it can be decreased by decreasing
the 21-dB difference between the maximum and minimuthe width W,. The resonance frequency thus increases when
levels was obtained in the conventional single-patch antentize width of the rectangular patd#, decreases, and the input
Fig. 2(b) shows the radiation patterns fiéf; = 50 mm and resistance of the rectangular patch varies inversely With
W, = 47.3 mm. W, is almost the same a¥/,. The gain [6]. Therefore, the experimental results were agreed very well
variation of the proposed antenna was deduced within 3 dBwith the theoretical considerations outlined above.
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Fig. 4. The measured input impedance of the back-to-back and the single-rectangular-patch antennas. (a) Back-to-back rectangular-patatl antenna a
(b) single-rectangular-patch antenna.

Fig. 4 shows the measured input impedances of the pibdis the element spacing angis the distance between the
posed back-to-back rectangular-patch antenna and the cGRW lines.

ventional single rectangular-patch antenna as shown in Fig. 1The experimental model was fabricated on a substrate with
From these results, it is clear that the 2:1 VSWR bandwidthy = 2.6 and¢ = 1.6 mm. The width of the back-to-back
is about 1.7% in both patch antennas and these bandwidtBstangular patchi,, and the width of the substrai&, were
are almost the same as that of a conventional patch antepaéh 20 mm, and the length of the patéh was 47.3 mm.
fed by coaxial pins. Furthermore, the input resistance of the |ength of the substrate wds = 400 mm. The element
proposed back-to back rectangular-patch antenna is lower tRacingd was 100 mm, which corresponded t\g by using
that of a conventional single rectangular-patch antenna. ine CPW line. Each element was thus fed by almost same
phase. Power division between the back-to-back rectangular
patch and the CPW line was mainly determined by the distance
A. Configuration g between the CPW lines [7]. The value gfwas 5 mm in
; . thtis experiment. The amplitude distributions of each element
Fig. 5 shows the four-element linear array antenna thah -
. shown in Fig. 5 were #& 0.3, #2= 0.2, #3= 0.15, and
uses the proposed back-to-back narrow-width rectangul%r- 035
patch antenna. Each back-to-back rectangular patch is ser %—_ A

I1l. ARRAY ANTENNA

e :
fed by a CPW with a characteristic impedance of{&0This B. Experimental Results

array antenna has a two-layered configuration, making it easyFig. 6 shows the measured radiation pattern at 1.91 GHz in
to fabricate an array antenna due to its simple structure. Hélne H-plane ¢ = 0° plane). The gain variation is within 1 dB.
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f =1.91 GHz: (a)d = 100 mm and (b)d = 110 mm.

Fig. 6. The measured radiation pattern of the array antennaffigane.

f = 1.91 GHz.
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