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A small dual-band monopole antenna with coplanar waveguide (CPW) feeding structure is presented in this paper. The antenna is
composed of ameanderedmonopole, an extended conductor tail, and an asymmetrical ground plane. Tuning geometrical structure
of the ground plane excites an additional resonant frequency band and thus enhances the impedance bandwidth of the meandered
monopole antenna. Unlike the conventional monopole antenna, the new resonant mode is excited by a slot trace of the CPW
transmission line. The radiation performance of the slot mode is as similar as that of the monopole. The parametrical effect of the
size of the one-side ground plane on impedance matching condition has been derived by the simulation.Themeasured impedance
bandwidths, which are defined by the reflection coefficient of−6 dB, are 186MHz (863–1049MHz, 19.4%) at the lower resonant band
and 1320MHz (1490–2810MHz, 61.3%) at the upper band. From the results of the reflection coefficients of the proposed monopole
antenna, the operated bandwidths of the commercial wireless communication systems, such as GSM 900, DCS, IMT-2000, UMTS,
WLAN, LTE 2300, and LTE 2500, are covered for uses.

1. Introduction

Because of the recent demand to incorporate more commu-
nication services, multiband antennas that are designed with
sufficient bandwidths to cover operating bands are presently
very important topics of research. Among these antennas, the
monopole antenna, especially theCPW feeding structure, has
received much attention owing to its attractive advantages
such as lowprofile, lightweight, broad impedance bandwidth,
and easy fabrication [1–6]. A compact rectangularmeandered
monopole, which has a dual-frequency bandwidth operation,
is proposed to work at GSM 900 and DCS 1800 systems
[1]. The utilization of the meandered topology results in
the reduction of the operated frequencies, including the
fundamental band and harmonics. However, due to a high
quality factor resulting from the meandered topology, the
impedance bandwidth is quite narrow. A novel single-layer
planar monopole for dual-band operation is shown in [3].
The effect of the impedance matching condition on size vari-
ation of the ground plane has been extensively investigated.

In [5], a dual-band CPW-fed monopole antenna with an
asymmetrical ground plane structure is presented. By tuning
the width of the CPW ground plane, it is found that the
impedance bandwidth with dual-band operation is achieved.
A triple-band antenna with a LI-shaped radiating topology
and coplanar waveguide (CPW) feeding is presented in [6].
Both resonance numbers and impedance bandwidths are
easily improved by utilizing the monopole structure.

In this study, a dual-band meandered monopole antenna
with the CPW feeding structure is fabricated and shown.The
use of the meander-shaped topology reduces the operated
frequency so that the antenna dimension can be miniatur-
ized. By tuning the geometrical parameters of one side of
the CPW ground plane, an additional resonance appears.
An extended conductor tail is added at the end of the
meandered monopole antenna so that the lower resonant
band around 900MHz is excited. Furthermore, the har-
monics of the meandered monopole antenna also shifts
down. The antenna’s performance is simulated using com-
mercial simulation software prior to its fabrication. Details of
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Figure 1: Geometry of the proposed antenna with asymmetrical
ground plane.

the antenna design are studied, and the proposed antenna
is experimentally examined to demonstrate the antenna
performance. The radiation mechanism of the proposed
antenna is also explained by the distribution of the electric
and magnetic current distributions.

2. Antenna Design

The schematic diagram of the proposed CPW-fed mean-
dered monopole antenna is shown in Figure 1. The pro-
posed antenna is composed of a meandered monopole, an
extended conductor tail, and a CPW feeding structure with
the asymmetrical ground plane.The geometric parameters of
the antenna are listed in Table 1. This antenna is fabricated
on one side of the FR4 substrate with a dielectric constant
𝜀

𝑟
of 4.4, thickness of 1.6mm, and no metallization on the

other side. The width and gap of the CPW feed line are
determined to be 2mm and 0.2mm, which corresponds
to the characteristic impedance of 50Ω. The meandered
monopole, which is a basis of the antenna structure, has
the dimensions of 15mm in width and 37mm in height. A
conductor tail of length 20mm is connected to the end of
the meandered monopole. This conductor tail is adjacent
to the meandered monopole, where the space between the
tail and meandered trace is 1.5mm. In order to improve
the impedance matching condition, the width of the top
segment of themeandered trace is varied. Very different from
a conventional structure, the CPW structure of the proposed
antenna has two asymmetrical ground plane segments. As
depicted in Figure 1, the arrangement of different size of
the ground planes results in a new current path and thus
excites a new resonant mode. These techniques enhance the
impedance bandwidth of the meandered monopole antenna.
The simulation andmeasurement results are given in the next
section.

Table 1: Geometric parameters of proposed antenna.

Parameter 𝑊

𝑔1
𝐻

𝑔2
𝐿

𝑚3
𝑔

𝑚2

Unit: mm 9.5 30 13 6
Parameter 𝑊

𝑔2
𝐿

𝑓
𝐿

𝑚4
𝑔

𝑚3

Unit: mm 27.5 7 20 1.5
Parameter 𝑊

𝑓
𝐿

𝑚1
𝑔

𝑚1
𝑔

𝑓

Unit: mm 2 4.5 2 0.2
Parameter 𝐻

𝑔1
𝐿

𝑚2
𝐻 𝑊

Unit: mm 13 9 67 38

Re
fle

ct
io

n 
co

effi
ci

en
t (

dB
)

0

−5

−10

−15

−20

−25

−30

−35

−40

−45
0.5 1 1.5 2 2.5 3

Frequency (GHz)

Proposed (sim.)
Proposed (mea.)
Symmetrical ground (sim.)

f1

f2 f3

f4

Figure 2: Simulated and measured reflection coefficients of the
proposed antenna.

3. Results and Discussion

In our experiment, the design and simulation of the proposed
CPW-fed monopole antenna were conducted by using the
EM software ANSYS High Frequency Structure Simulator
(HFSS). With the assistance of this commercial software, the
expected characteristics of the antenna can be fully achieved.
A comparison of the simulated and measured reflection
coefficients of the proposed meandered monopole antenna is
shown in Figure 2. In order to clarify the difference, the sim-
ulated reflection coefficient of the conventional meandered
monopole with the symmetrical ground plane is also added
into the figure. In the following discussion, the impedance
bandwidth is defined by the reflection coefficient smaller than
−6 dB, which is enough to receive and transmit the signal
power for commercial wireless communication systems. For
the conventional antennawith the symmetrical ground plane,
there are three resonant frequencies, radiated by the funda-
mental mode and first harmonic and second harmonic of
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Figure 3: Simulated current distribution of the proposed antenna. (a), (b), and (d) electric current. (c) magnetic current.

the meandered monopole trace. Their corresponding reso-
nant lengths are 1/4, 3/4, and 5/4 wavelengths long.The oper-
ated frequency bands are at 0.93, 1.62, and 2.98GHz. From the
results of this figure, the measured impedance bandwidths
of the proposed antenna are 186MHz (0.863 to 1.049GHz,
19.4%) and 1320MHz (1.490∼2.810GHz, 61.3%) correspond-
ing to the simulated impedance bandwidths which are
94MHz (0.848 to 0.942GHz, 10.5%) and 1317MHz (1.432∼
2.749GHz, 62.9%). The discrepancies between the simulated
andmeasured results might be attributed to fabrication toler-
ances and material parameter uncertainty. To compare with
the frequency-characteristics performance of the conven-
tional monopole antenna, it is seen that enhancement of the
impedance-matching condition and bandwidth is achieved.
The simulated result shows that four resonant frequencies of
the proposed meandered monopole antenna are excited at
0.92, 1.57, 2.02, and 2.51 GHz, and merging of three upper
resonant frequencies causes the broadband operation. A new
resonant band around 2.02GHz is excited and the resonance

frequencies of the harmonic modes decrease. The design
of utilizing an asymmetrical ground plane does not only
increase the resonances but also significantly improve the
impedance bandwidth at the high frequency band.The reason
will be explained by the surface electric current distribution.

Figure 3 presents the simulated surface current distribu-
tions of the proposed meandered monopole antenna for the
four resonant modes. In Figure 3(a), the simulation result
shows that the first resonant mode (𝑓

1
) of the proposed

antenna is mainly dominated by a quarter-wavelength path
along themeanderedmonopole with the extended conductor
tail. In Figure 3(b), owing to a current null on the meandered
trace, it is determined that this resonant mode (𝑓

2
) is the

first harmonic of the meandered monopole. Observing the
distribution of the equivalentmagnetic current in Figure 3(c),
it is seen that the third resonant mode (𝑓

3
) is excited by

the right-side slot of the CPW transmission line. Compared
to the symmetrical-ground plane topology with cancellation
of the opposite slot current components, the antenna with
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Figure 4: Comparison of simulated reflection coefficients of the
proposed antenna with various𝐻

𝑔1
.

the asymmetrical ground plane can excite one quarter-
wave slot mode, which is not cancelled by the other slot
component. The distribution of the surface electric current
in Figure 3(d) shows that the forth resonant frequency (𝑓

4
) is

the second harmonic of first resonantmode (𝑓
1
). Two current

nulls are observed along the meandered path.
A parametric study of the proposed monopole antenna

is accomplished for understanding the mechanism of the
asymmetric ground plane.The geometrical dimensions of the
left side of the ground plane are varied in order to analyze the
frequency characteristics of the proposed antenna. Figure 4
shows the dependence of the reflection coefficients on the
height (𝐻

𝑔1
) of the left ground patch varied from 13 to 25mm.

It can be found that when the height increases, the lower
three resonances shift down, and the fourth resonancemoves
up. The reason of frequency reduction may be attributed to
increase of the capacitance caused by the separation between
the left ground patch and the feed line. On the contrary, the
resonant path at the fourth resonance shortens, thus giving
frequency increase. Figure 5 exhibits the effects of adjusting
the width (𝑊

𝑔1
) of the left ground patch on the frequency

characteristics.Theoperated frequency of the third resonance
mode shifts down because of the enhancement of the inner
capacitance, resulting from increase of the ground width.
However, the impedancematching condition of the proposed
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Figure 5: Comparison of simulated reflection coefficients of the
proposed antenna with various𝑊
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.

antenna is deteriorated so that the impedance bandwidth
decreases.

Due to the limit of the measurement system for our
chamber below 1GHz, the radiation patterns of the proposed
antenna at 900MHz will be not presented. The other radia-
tion patterns above 1 GHz will be shown in simulation and
measurement. Figure 6 is the comparison of the radiation
patterns of the proposed meandered monopole antenna in
the 𝑥𝑧 and 𝑦𝑧 planes. Although the excitation at 1.57GHz
and 2.51 GHz (see Figures 6(a) and 6(c)) is the higher order
mode, the 𝐸

𝜙
and 𝐸

𝜃
radiation patterns in the 𝑥𝑧 and 𝑦𝑧

planes are similar to those of the fundamental mode. The
horizontal components of the current are mutually cancelled
owing to the meandered topology, where only the vertical
components exist. Figure 6(b) is the comparison of simulated
and measured radiation patterns of the proposed antenna at
2.02GHz. In Figure 3(c), it is known that the power radiation
is dominated by the magnetic current inside the slot between
the feed line and the right part of the ground plane. Since the
direction of the magnetic current is the same as the electric
current of the monopole trace, the radiation patterns of the
slot mode are as similar as those of the monopole mode,
shown in Figures 6(a) and 6(c).
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Figure 6: Comparison of the simulated and measured radiation patterns of the proposed antenna in the 𝑥𝑧 and 𝑦𝑧 planes at (a) 1.57GHz,
(b) 2.02GHz, and (c) 2.51 GHz.

4. Conclusion

In this paper, we successfully demonstrate a compact mean-
dered monopole antenna with coplanar-waveguide feeding
structure. By eliminating the geometric dimension of one

side of the ground plane, a wide impedance bandwidth
with dual-band operation is provided. To compare with the
conventional meandered monopole antenna, one additional
resonance band by a slot path is excited and observed. This
proposed antenna may be a candidate for an RX/TX element
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of the commercial wireless communication systems, such as
GSM 900 (at 0.9GHz), DCS (at 1.8 GHz), PSC (at 1.9 GHz),
IMT-2000 (at 2.1 GHz), WLAN (at 2.4GHz), and LTE (at
2.3 GHz and 2.6GHz).

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

This work was partly supported by National University of
Tainan and National Science Council, Taiwan, under Grant
no. NSC 101-2221-E024-012-MY2. The authors are grateful
to the National Center for High-Performance Computing
of the National Applied Research Laboratories, Taiwan, for
supporting simulation software and facilities.

References

[1] H.-D. Chen, “Compact CPW-fed dual-frequency monopole
antenna,” Electronics Letters, vol. 38, no. 25, pp. 1622–1624, 2002.

[2] W.-C. Liu, “Broadband dual-frequency meandered CPW-fed
monopole antenna,” Electronics Letters, vol. 40, no. 21, pp. 1319–
1320, 2004.

[3] W. C. Liu, “Dual wideband coplanar waveguide-fed notched
antennas with asymmetrical grounds for multi-band wireless
application,” IET Microwaves, Antennas and Propagation, vol. 1,
no. 5, pp. 980–985, 2007.

[4] H. Wang and M. Zheng, “Triple-band wireless local area
network monopole antenna,” IET Microwaves, Antennas and
Propagation, vol. 2, no. 4, pp. 367–372, 2008.

[5] C. Y. D. Sim, “Dual band CPW-fed monopole antenna with
asymmetrical ground plane for bandwidth enhancement,”
Microwave and Optical Technology Letters, vol. 50, no. 11, pp.
3001–3004, 2008.

[6] Y. Jee andY.-M. Seo, “Triple-bandCPW-fed compactmonopole
antennas for GSM/PCS/DCS/WCDMA applications,” Electron-
ics Letters, vol. 45, no. 9, pp. 446–448, 2009.



International Journal of

Aerospace
Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Robotics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Active and Passive  
Electronic Components

Control Science
and Engineering

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 International Journal of

 Rotating
Machinery

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation 
http://www.hindawi.com

 Journal ofEngineering
Volume 2014

Submit your manuscripts at
http://www.hindawi.com

VLSI Design

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Shock and Vibration

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Civil Engineering
Advances in

Acoustics and Vibration
Advances in

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Electrical and Computer 
Engineering

Journal of

Advances in
OptoElectronics

Hindawi Publishing Corporation 
http://www.hindawi.com

Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Sensors
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Modelling & 
Simulation 
in Engineering
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Chemical Engineering
International Journal of  Antennas and

Propagation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Navigation and 
 Observation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Distributed
Sensor Networks

International Journal of


