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A new compact wideband Coplanar Waveguide (CPW)-fed balanced printed dipole
antenna combining multiple symmetric loops and One novel balun DC ground structure,
is presented here. This antenna is capable of generating several resonant modes to cover a
frequency band
Experimental results demonstrate that the proposed CPW-fed dipole antenna can operate
at a wide frequency band from 1710 MHz to 2700 MHz in which the return loss is better
than 14 dB. The proposed antenna has a high gain ranging from 2.5 to 3.0 dBi. The

including CDMA/GSM1800/1900/Wifi/Bluetooth  bands.

proposed antenna utilizes a simple planar compact structure and occupies a small area of
only 70.5>30.5 mm?. Details of the antenna design and experimental results are presented
and discussed. Therefore, the proposed antenna is very suitable to various applications for
high-performance receiving and transmitting.

1. INTRODUCTION

Modern communication systems often require to support
different communication standards in one setting. Typical
features of such communication devices are from mobile-
phone functionality and mobile data transmission supported
by UMTS network standards, to Global Positioning System
capabilities. Other examples are some local wireless network
support in the Industrial-Scientific-Medical (ISM) band such
as the WiFi or Bluetooth standards at 2.4/5.8 GHz. To
guarantee an appropriate working condition for all standards
special attention is needed when designing an antenna element
for such a communication system [1]. The ability to cover
multiple bands while minimizing the structure of slot antennas
is still a challenge for antenna designers. Furthermore, the
planar inverted-F antenna (PIFA) typically exhibits
performance limitations related to the radiating branches, not
only generating the lower resonant modes but also exciting
several higher order modes. These unexpected higher modes
will complicate frequency tuning of the multiband antenna.
Additionally, these unexpected higher order modes will affect
the power amplifier or low-noise amplifier’s performances and
in turn degrade multiband antenna’s radiation properties.

In modern handset communications, antennas like
monopole antennas and planar inverted-F antennas, some gain
degradation has been often observed when the user holds the
handsets at a talk position. This is caused by the current
variation on the conducting materials in the handset owing to
the human body effect. These applications require therefore a
common radiating element that is possibly selective yet
flexible enough to adjust the working conditions to the
required applications. A possible solution to cover all wanted
frequency bands is to use a broadband antenna [2]. Even better
is to selectively design the resonating frequencies of the
broadband radiating element so to meet the required
conditions for operation. The multiband antennas are therefore
the optimal solution, promoting the transmission and reception
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of signals within the bands of interest and damping
interferences and signals present in other frequency ranges. In
[3], one balance-fed antenna, such undesirable current
variation can be reduced remarkably. A folded loop antenna is
introduced as a balance feed antenna and the performance
analysed. The antenna is formed by two-wire transmission
lines which are shorted at the point to be a quarter wavelength
from the feed point, and provide infinite impedance. The
antenna forms a folded half-wavelength dipole antenna
equivalently, and has a one-wavelength structure so that no
unbalanced current may be produced on the feed line [4]. By
using the self-balanced structure, the current on the surface can
be reduced even though an antenna is fed by an unbalanced
line. A folded loop antenna has generally narrowband
characteristics that equal for both unbalanced and balanced
feed cases. By enlarging the strip width ratio, the bandwidth is
enlarged up to 45% for balanced feed. However, the same
wideband characteristics do not appear for unbalanced feed [5].
A wideband folded loop antenna, with a self-balanced effect,
is explained next. The latest trends in the cellular phone and
portable handy phone system are to reduce the size and the
weight [6]. Antennas used for such handsets must also follow
downsizing of the handset unit and wideband characteristics
while the antenna performance is unchanged or even improved.
Furthermore, built-in antennas are becoming a main
requirement for handset antennas. From these viewpoints, in
order to broaden bandwidth, a folded loop antenna is modified.
A wideband folded antenna is expected to maintain a self-
balanced effect even though the bandwidth characteristics are
enlarged.

In modern base station communication, one dipole antenna
element need be designed to have characteristics like
wideband, stable electronic pattern performance and omni
direction [7-10]. Some broadband antennas have been
designed to operate at the ultra wideband and the Wireless
Local Area Networks (WLAN) centered at 2.4 GHz or 5.8
GHz [11-14]. Planar antennas can use either microstrip-line
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fed [15-18] or co-planar waveguide (CPW)-fed [19-29]. The
CPW-fed has many impressive features such as no need of
soldering point, easy fabrication and a simple configuration
with the single metallic layer. CPW-fed antennas offer
satisfactory impedance matching over a wide frequency range
while maintaining omni-directional radiation characteristics.
As the antenna size decreases, the radiation resistance
decreases whereas the quality factor increases, resulting in low
efficiency and narrow bandwidth. Hence, how to reduce the
antenna size yet maintain the antenna electronic performance
is one of the major challenges in the antenna design area.

In this paper, we propose a CPW-fed wideband balanced
printed dipole antenna with multiple symmetric loops for base
station or handset from 1710 MHz to 2700 MHz. Firstly, we
investigate to optimize the antenna structure using the CPW-
fed mechanism to generate the maximum bandwidth. Due to
the use of the straight feed gap for a CPW-fed dipole antenna,
an additional resonant mode adjacent to the antenna’s
fundamental resonant mode (0.5-wavelength) can be achieved.
These resonant modes of the proposed antenna are established
the broadband characteristics. One novel DC ground structure
is introduced in this dipole antenna for generating more
resonant modes. Because of each loop corresponds to a
specific frequency response, multiple loops can generate the
multiple frequency response. All frequency responses of
multiple loops are coupled together to extend the wide
operating frequency range.

In Section II, extensive parametric studies are implemented
to optimize the antenna impedance bandwidth and the
geometry of proposed CPW-fed antenna. In Section III, the
proposed CPW-fed antenna is fabricated to perform the
measurements of S-parameter, radiation pattern, and gain for
validation. Simulated and measured results are compared in
Section III. Finally, Section VI concludes the design of the
proposed antenna.

2. PROPOSED ANTENNA

The structure of the proposed DC-ground CPW-fed
balanced dipole antenna, which consists of the symmetric loop
dipole structure and one novel balun DC ground design, is
shown in Figure 1. The proposed CPW-fed dipole antenna is
composed of the symmetric dipoles with a rectangular shape
of 70.5mm*30.5mm radiation area which is printed on the 1.6
mm FR4 dielectric substrate. The printed-circuit board (PCB)
antennas are another type of commonly used antennas due to
their good stability, low-cost and easy integration. This FR4
board is with a dielectric constant of 4.4 and a loss tangent of
0.018. The radiating part of the proposed CPW-fed dipole
antenna is printed on at the same layer of the FR4 substrate.
The symmetric structures have a CPW-fed feeding structure
and one novel balun structure symmetrically disposed in the
middle of the board. The symmetric dipoles have multiple
symmetric loops structure which are composed of the radiated
strip lines.

The dimensions as shown in Figure 1 depicts the preferred
design parameters. With the antenna length of 70.5 mm, the
dipole antenna can generate a fundamental resonant mode
(0.5-wavelength) centered at about 1800MHz, admitting the
dipole antenna to cover the frequency up to 2700MHz. To
extend the frequency up to 2700MHz, there is a need of an
additional resonant mode that is activated by a straight feed
gap. As shown in the Figure 1., multiple loops are introduced

in the proposed antenna where resonant frequencies of
multiple loops are coupled to extend the impedance matching
in the whole band.

The CPW-fed dipole structure is connected to the feed port
through the feeding cable. The multi-resonance mode property
of the structure is determined by the generalized transmission
line theory. The radiating portion of the presented antenna as
symmetric loop dipole structure enables substantial control of
different resonance modes by adjusting the impedances and
electrical lengths of the symmetric loop dipole elements.

Feed cable

(b) Photo of the antenna prototype

Figure 1. Configuration of the proposed balanced antenna on
a 1.6-mm FR-4 substrate

3. EXPERIMENTAL RESULTS AND DISCUSSION
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Figure 2. Measured return loss for the proposed antenna



Figure 2 plots the measured S11 of the proposed slot
antenna with the dimensions given in Figure 1. The Sl11
parameters was measured in an anechoic chamber with
Agilent Network Analyzer ES063A. The wide band width with
a measured <1.5:1 VSWR (-14 dB return loss) bandwidth of
990 MHz (1710~2700 MHz) is obtained, which covers the

GSM1800/1900/Wifi operation.

X-Z plane (H-plane)

The measured radiation patterns of the fabricated prototype
in the anechoic chamber with far-field system at 1710, 2170,
and 2450 MHz are shown in Figure 3. The dipole-like
radiation patterns are achieved, and the radiation patterns for
frequencies over the whole wide band (1710~2700 MHz) are
also about the same as those plotted here. This pattern
characteristic is similar to those observed for the traditional
dipole-like antenna.
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Figure 3. Measured radiation patterns at (a) 1710 MHz; (b) 2170 MHz; (c) 2450 MHz.
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Figure 4. Simulated 3D radiation patterns at a) 1710 MHz; (b) 2170 MHz; (c) 2450 MHz
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Figure 5. Simulated current distributions

The measured peak gain and radiation efficiency of the
proposed antenna are good for practical applications. For the
whole band, the antenna gain varies from 2.5 to 3.0 dBi, and
the antenna radiation efficiency is larger than about 85% cover
the whole wide band. The simulated 3D radiation patterns of
the fabricated prototype at 1710, 2170, and are shown and
Figure 4 using the Ansoft simulation software HFSS. A typical
3D dipole-like pattern is achieved in this Figure 4.

An important issue to be examined for the proposed antenna
using a CPW-fed mechanism is the relationship between the
straight feed gap and the matching performance in the desired
bandwidth. To demonstrate the resonant modes, the simulated
surface current distributions of the proposed antenna at 1710,
2170, and 2450 MHz are shown in Figure 5. The simulated
current distributions are obtained using the Ansoft simulation
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software HFSS. At 1710 MHz, the surface currents flowing
around areas A and B are aroused at the direction antenna
excited at the fundamental resonant mode (half wavelength).
The excited surface currents of areas C at 2170 MHz around
with the straight feed gap go right and left in regions close to
the gap, respectively. This phenomenon is similar to the
conventional dipole antenna excited at the second resonant
mode. In the meantime, multiple loops with a topology similar
to concentric circles are introduced in the proposed design.
Each loop has a different length that generates a separately
resonant frequency. The resonant frequencies from these
multiple loops are interacted and coupled to generate a
wideband effect. Therefore, the proposed antenna is very
suitable to various applications for high-performance
receiving and transmitting.



4. CONCLUSION

As shown in this paper a new DC-ground CPW-fed
balanced dipole antenna formed the symmetric loop dipole
structure and one novel balun DC ground design is introduced.
The prototype of the proposed antenna has been successfully
designed and fabricated. The proposed design has the planar
structure of small area of only 70.5x30.5 mm?. This antenna

can

generate multiple resonant modes to cover

CDMA/GSM1800/1900/ Wifi/Bluetooth bands. The proposed
DC-ground CPW-fed dipole antenna has symmetric radiation
structure and a DC ground balun feeding structure. The
proposed antenna can have high radiation efficiency and
maintain their ultra wideband performance.
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