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Letters

Coplanar Waveguide-Fed Uniplanar Bow-Tie Antenna

Yu-De Lin and Syh-Nan Tsai

Abstract—The design of coplanar waveguide (CPW)-fed bow-tie an-
tenna for the 2.4-GHz ISM band is described in this letter. A coplamar
waveguide-to-coplanar strips (CPW-to-CPS) balun is used to obtain the
balanced feed line for the printed bow tie. Analysis method based on the
mixed potential integral equation method is used to characterize the input
characteristics of the bow-tie antenna. Obtained numerical results are in
good agreement with experimental data. Through experiments with bow-
tie antennas of various extended angles, the bow-tie antenna with a 90°
extended angle exhibits the widest bandwidth in the desired frequency
band which has a bandwidth of 17% for VSWR <1.5:1.

Index Terms— Coplanar waveguides.

I. INTRODUCTION

Due to their advantages of easy fabrication, no need for via holes,
and being compatible with solid-state devices, uniplanar circuits have
been under intensive investigations. Recently, the realizations of both
passive and active circuits such as combiner, divider, frequency
doubler, baluns, and hybrids were reported in [1]-[3]. In [4], a
coplanar waveguide fed coplanar strip dipole antenna is investigated
experimentally. A wideband coplanar waveguide-to-coplanar strips
(CPW-t0-CPS) balun is used to transform the unbalanced CPW feed
line to a balanced CPS feed line for the dipole antenna. Yet, the
bandwidth is limited by the dipole antenna. In this letter, a printed
bow-tie antenna is proposed to improve the bandwidth. The uniplanar
feature is retained by using a CPW-to-CPS balun similar to that
in [4]. This antenna is designed for the mobile station antenna for
the 2.4-GHz ISM band. The substrate used is the FR-4 substrate,
commonly used in printed circuits and is much less expensive than
the microwave substrates such as Duroid. This feature, combined with
the advantages of uniplanar circuits, makes this antenna suitable as a
low-cost mobile station antenna in the mobile communication system.

II. ANALYSIS AND DESIGN OF THE UNIPLANAR BOW-TIE ANTENNA

The CPW-fed printed bow-tie antenna is shown in Fig. 1. The
CPW-t0-CPS balun is slightly modified from that in [4]. An additional
quarter-wavelength transformer is used to transform the 50-{2 CPW
to the 92-C CPW. This is due to the fact that the facility for a precise
50-2 CPS is not available. Two back-to-back transitions provide
an insertion loss of less than 2 dB from dc to 3 GHz. The entire
circuit is fabricated on an FR-4 substrate (¢, = 4.8). The substrate
thickness is 63 mils. The bandwidth of bow-tie antennas with various
extended angles (6 in Fig. 1) of 0° (dipole), 30°, 60°, 90°, and 120°
is investigated. We find that the printed bow-tie with 90° extended
angle results in the widest bandwidth. For the printed bow-tie of 90°
extended angle, the length of the bow-tie (W4 in Fig. 1) is 965 mils
for the 2.44-GHz band.
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Fig. 1. Circuit configuration of the CPW-fed uniplanar bow-tie antenna.
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Fig. 2. Measured and calculated return loss of the CPW-fed uniplanar
bow-tie antenna.

To assist the design of the printed bow-tie antenna, the input
characteristics of the antenna is analyzed by the mixed-potential
integral equation method [5]. Triangular bases are used to model the
currents on the feed lines and on the bow-tie antenna. Both numerical
and experimental results of the return loss of the bow-tie antenna with
2 90° extended angle are shown in Fig. 2. They are in good agreement
as shown, which confirmed the validity of the analysis. The return
loss of the bow-tie antenna was measured with an HP8720 network
analyzer, with the antenna immersed in a box filled with absorbers to
simulate the anechoic environment. The results show that the antenna
circuit has a return loss of 23 dB at 2.44 GHz, a bandwidth of 17%
for VSWR < 1.5:1, and a bandwidth of 36% for VSWR < 2.0:1.
For comparison, a printed resonant half-wavelength dipole (with the
extended angle ¢ in Fig. 1 being 0°) built on the same substrate
shows a bandwidth of 13.6% for VSWR < 2.0:1.

Radiation patterns of the antenna were measured with an HP85301
antenna measurement system in an anechoic chamber. E-plane radia-
tion patterns of both copolarization and crosspolarization are as shown
in Fig. 3. Typical sine pattern of dipole antenna is observed and
radiation in the substrate side is 2 dB higher than radiation maximum
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Fig. 3. [E-plane radiation patterns of the CPW-fed uniplanar bow-tie an-
tenna.

[0} M

B+
) P
= 10} .
, SR
z -15 "" '
) .
9] : i
= 20
@
N
Té 25 ¢ i
S 30k

-35 H

L 1 i —L i 1 1 1

0
-180 -140-100 -60 -20 20 60 100 140 180

Azimuth (degree)

—— Copolarization
Crosspolarization

Fig. 4. H -plane radiation patterns of the CPW-fed uniplanar bow-tie an-
tenna.

in the air side. H -plane radiation patterns of both copolarization and
crosspolarization are shown in Fig. 4. Typical omnidirectional pattern
of the dipole antenna is observed. Gain variation is much smaller
than that obtained in [4].

III. CONCLUSIONS

Analysis and design of a uniplanar bow-tie antenna on an inexpen-
sive PC substrate for the 2.4-GHz ISM band is described in this letter.
Numerical results based on the mixed potential integral equation
method were validated by measurement. By comparing the properties
of bow-tie antennas with various extended angles, we found that the

antenna with of 90° extended angle exhibits the widest bandwidth.
With its features of uniplanar, low-cost, wide bandwidth, and dipole-
like radiation patterns, the proposed uniplanar bow-tie antenna is
suitable as the mobile station (handset) antenna in the personal mobile
communication.
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Slet-Coupled DR Antenna for Dual-Frequency Operation

Z. Fan and Y. M. M. Antar

Abstract—To achieve dual-band operation or wider bandwidth, a new
configuration of dielectric resonator antenna is proposed. This structure
consists of two rectangular dielectric resonators displaced near two edges
of a single slot in the ground plane of a microstrip line. The measured
impedance and radiation patterns for two cases are presented. The results
for typical examples indicate that impedance bandwidth twice that of a
single element or dual-frequency operation at two separate bands can be
achieved.

Index Terms—Dielectric resonator antennas.

I. INTRODUCTION

In recent years, there has been continuing interest in investigations
of dielectric resonator (DR) antennas due to their advantages, such as
high radiation efficiency, ease of fabrication, and ability of coupling
to commonly used feeding schemes. The basic dielectric resonator
antenna (DRA) structure is composed of a DR element of a specific
shape (hemispherical, cylindrical, rectangular, or triangular) excited
by a single feed such as a microstrip line, coplanar waveguide,
aperture, or coaxial cable [1], [2]. For this simple configuration wider
bandwidth can be achieved by decreasing the permittivity of the
DR and by optimizing the geometrical ratios of the DR. However,
using dielectric material with a smaller value of permittivity results in
larger structural dimensions of the DR. To widen the bandwidth, the
use of stacked or parasitic coplanar structures have been suggested
and studied experimentally for cylindrical DR antennas [3], [4]. The
purpose of this paper is to propose a novel DRA structure consisting
of two DR elements located near two edges of a single slot in the
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