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

Hisao Iwasaki,Member, IEEE

Abstract—The configuration of a back-to-back rectangular-
patch antenna fed by a coplanar waveguide (CPW) is proposed.
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
patch and the substrate. The experimental results for an ar-
ray antenna using the proposed back-to-back rectangular-patch
antenna element are described. Good omnidirectional radiation
patterns and input impedance characteristics were obtained. The
proposed array antenna is suitable for microcellular, wireless
LAN, and indoor radio systems.

Index Terms—Microstrip antennas.

I. INTRODUCTION

A N antenna having an omnidirectional pattern in a hor-
izontal plane and a beam-tilt directivity in a vertical

plane is required in mobile communication, indoor radio,
and wireless LAN systems. Many types of antennas have
been proposed and developed for such systems. For example,
a collinear array antenna constructed from coaxial elements
such as sleeve dipoles [1] or patch-array antenna using par-
asitic cylinders [2] and dipole arrays [3] are employed as
antennas with omnidirectional and beam-tilt radiation patterns.
However, these antennas are large-sized arrays with complex
structures and high production costs. In addition, the direction
of the main beam is squinted with frequency and unwanted
radiation may occur from the feed line, both of which reduce
the antenna gain.

Another method for obtaining an omnidirectional radiation
pattern is to decrease the width of ground plane of a microstrip
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
plane and the radiation pattern and the input impedance is not
clear.

Therefore, it is necessary to develop an antenna technology,
which permits the construction of a simple, small-size, and
low-cost antenna element or an array antenna that provides an
omnidirectional radiation pattern in the horizontal plane and a
beam-tilt directivity pattern in the vertical plane.

The purpose of this paper is to propose a novel back-
to-back rectangular-patch antenna configuration with an om-
nidirectional radiation pattern in the horizontal plane and
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Fig. 1. Configurations of the back-to-back rectangular patch and the con-
ventional single rectangular patch.

to develop an array antenna that satisfies the previously
mentioned requirements using the proposed antenna as a base
station.

First, the configuration of a single back-to-back rectangular-
patch antenna element fed by a coplanar waveguide (CPW)
is proposed. The characteristics of the proposed antenna el-
ement, which were clarified by experiments, are described.
The radiation patterns and input impedances were measured
as parameters of the widths of the rectangular-patch antenna
and the substrate. In addition, the experimental results for an
array antenna using the proposed antenna element are also
described. Good omnidirectional radiation patterns and input
impedance characteristics were obtained.

II. A NTENNA ELEMENT

A. Configuration

Fig. 1 shows the proposed back-to-back rectangular-patch
antenna fed by the CPW and the conventional single-patch
antenna [5]. In the proposed antenna, two rectangular patches
are used and each rectangular patch is arranged back-to-back
relative to the CPW on the ground plane. This is feature of
the proposed antenna compared with a conventional single-
patch antenna. It is expected that the proposed antenna can
easily obtain an omnidirectional pattern in the horizontal
plane because the two rectangular patches radiate in opposite
directions along to the axis and the radiated power from the
two rectangular patches is added in perpendicular direction
along to the axis.
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Fig. 2. The measured radiation patterns of the back-to-back and the single
rectangular-patch antennas. (a)Ws = 70 mm, Wp = 47:3 mm, f = 1:89

GHz and (b)Ws = 50 mm, Wp = 47:3 mm, f = 1:87 GHz.

The rectangular patches are fabricated on a substrate with a
dielectric constant and thickness. The length and width
of the substrate are’s and ’s, respectively. The length of
the rectangular-patch antenna is and the width is . The
rectangular patches are arranged back-to-back, sandwiching
the CPW on the ground plane. The characteristic impedance
of the CPW is 50 , the outer and inner widths of the CPW
are and , respectively. is the distance between the
lower edge of the rectangular patch and the end edge of
the CPW.

B. Experimental Results

To clarify the characteristics of the proposed back-to-back
rectangular-patch antenna, radiation patterns, and input im-
pedances were measured as parameters of the width of the
rectangular patch and the width of the substrate, because
the radiation pattern depends heavily on the widths of the
rectangular patch and substrate.

Experimental models were fabricated on a substrate with
and mm. The length and width of the

rectangular patch were determined at a resonance frequency of
1.9 GHz by using the simple cavity method [6]. Therefore,
is 47.3 mm and the length of the substrateis 150 mm. The
widths of the CPW are mm and mm,
which corresponds to the characteristics impedance of 50.

Fig. 2 shows the measured radiation patterns of the proposed
back-to-back rectangular-patch antenna and the conventional
single-patch antenna in the -plane. Fig. 2(a) shows the
radiation patterns for mm and mm. A
radiation pattern with 6-dB gain variation was obtained in the
proposed antenna. On the other hand, the radiation pattern with
the 21-dB difference between the maximum and minimum
levels was obtained in the conventional single-patch antenna.
Fig. 2(b) shows the radiation patterns for mm and

mm. is almost the same as . The gain
variation of the proposed antenna was deduced within 3 dB in

Fig. 3. The measured radiation pattern of the back-to-back narrow-width
rectangular-patch antenna withWs = Wp = 20 mm, f = 1:91 GHz.

TABLE I
SUMMARIZED EXPERIMENTAL RESULTS

the horizontal plane at the resonance frequency of 1.9 GHz.
Compared with the conventional single-patch antenna, it is
clear that the proposed rectangular-patch antenna has a more
omnidirectional pattern in the horizontal plane.

Fig. 3 shows the -plane radiation pattern of the pro-
posed back-to-back narrow-width rectangular-patch antenna
with mm, mm, and mm. The
gain variation was reduced to within 1.5 dB at a frequency
of 1.91 GHz.

These experimental results indicate that an omnidirectional
pattern can be obtained by using the proposed antenna element
configuration and decreasing the widths of the substrate and
the rectangular patch.

Table I summarizes the measured input impedances and
resonance frequencies as parameters of the widthof the
substrate and the width of the rectangular patch. The upper
figure is the resonance frequency and the lower figure is the
input resistance. The input impedance reference point is the
lower end edge of the rectangular patch and is marked as “R”
in Fig. 1. From this table, the following results are clear: By
decreasing the / ratio, the resonance frequency and the
input resistance increased, respectively. In general, the equiv-
alent length of the rectangular patch is greater thandue to
the fringing effects [6], but it can be decreased by decreasing
the width . The resonance frequency thus increases when
the width of the rectangular patch decreases, and the input
resistance of the rectangular patch varies inversely with
[6]. Therefore, the experimental results were agreed very well
with 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-patch antenna and
(b) single-rectangular-patch antenna.

Fig. 4 shows the measured input impedances of the pro-
posed back-to-back rectangular-patch antenna and the con-
ventional single rectangular-patch antenna as shown in Fig. 1.
From these results, it is clear that the 2 : 1 VSWR bandwidth
is about 1.7% in both patch antennas and these bandwidths
are almost the same as that of a conventional patch antenna
fed by coaxial pins. Furthermore, the input resistance of the
proposed back-to back rectangular-patch antenna is lower than
that of a conventional single rectangular-patch antenna.

III. A RRAY ANTENNA

A. Configuration

Fig. 5 shows the four-element linear array antenna that
uses the proposed back-to-back narrow-width rectangular-
patch antenna. Each back-to-back rectangular patch is series-
fed by a CPW with a characteristic impedance of 50. This
array antenna has a two-layered configuration, making it easy
to fabricate an array antenna due to its simple structure. Here

is the element spacing and is the distance between the
CPW lines.

The experimental model was fabricated on a substrate with
and mm. The width of the back-to-back

rectangular patch and the width of the substrate were
both 20 mm, and the length of the patch was 47.3 mm.
The length of the substrate was mm. The element
spacing was 100 mm, which corresponded to 1 by using
the 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

between the CPW lines [7]. The value ofwas 5 mm in
this experiment. The amplitude distributions of each element
shown in Fig. 5 were #1 0.3, #2 0.2, #3 0.15, and
#4 0.35.
B. Experimental Results

Fig. 6 shows the measured radiation pattern at 1.91 GHz in
the -plane ( plane). The gain variation is within 1 dB.
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Fig. 5. The four element linear array antenna using the back-to-back rect-
angular-patch antenna.

Fig. 6. The measured radiation pattern of the array antenna in aH-plane.
f = 1:91 GHz.

A good omnidirectional pattern was thus obtained in the array
antenna as well as in each antenna element. Fig. 7 shows the

-plane ( plane) pattern. In Fig. 7(a), the maximum
direction is the plane, which is the horizontal plane.
The 3-dB beamwidth is 18.

The second sidelobe is 8 dB. This level is relatively
high and reduction of the sidelobe level is necessary for
microcellular or wireless LAN applications.

In addition, a beam tilt in the vertical plane is necessary for
the reduction of interference between cells. In order to achieve
this, nonuniform phase illumination is required. Fig. 7(b)
shows the measured radiation pattern with the element spacing

mm. A beam tilt of 6 was realized by increasing the
length of the CPW line relative to the case of Fig. 7(a). The
calculated beam tilt angle was 8. The experimental result was
almost agreed the calculated result.

The measured gain was about 6 dBi at 1.91 GHz for both
cases.

IV. CONCLUSION

This paper has described the experimental results for the
proposed back-to-back rectangular narrow-width patch an-
tenna element fed by the CPW and for the array antenna con-
sisting of the proposed back-to-back rectangular-patch antenna
element fed by CPW lines to obtain an omnidirectional pattern
in the horizontal plane. Using this array antenna configuration,
a gain variation of less than 1 dB in the horizontal plane
and a beam tilt of 6 were achieved. Also, a gain of 6 dBi
was obtained. This array antenna meets the requirements for a
simple, small-size, and low-cost antenna for base stations. The
proposed antenna is suitable for microcelluar, wireless LAN,
and indoor radio systems.

(a)

(b)

Fig. 7. The measured radiation pattern of the array antenna in a E-plane.
f = 1:91 GHz: (a)d = 100 mm and (b)d = 110 mm.
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