
using is installed with the single-port Myrinet cards. It may be
another reason why we can see the efficiency decreases when both
processors on a node are involved in the simulation.

As the number of processors increases in the simulation, the
simulation time for each step decreases and each processor will
communicate with its neighbors, hence, a heavier burden will be
pushed on the networking system. Although the data passing
amount decreases when the number of processors is large, each
processor will establish the communication with its neighbors
frequently; therefore, networking system will become a bottleneck
of simulation for both the Myrinet and Ethernet, and consequently,
the efficiency of the parallel processing will decrease dramatically.
Though we did not present the efficiency of a parallel 3-D FDTD
code in this communication, the efficiency of a parallel 3-D FDTD

code is 30% lower than the BOR-FDTD due to heavier data
passing and more delay in the 3-D case.

5. CONCLUSIONS

In this communication, we have investigated the efficiency of the
BOR-FDTD code on a PC cluster using two typical networking
systems. Numerical experiments have demonstrated that the effi-
ciency of a parallel code strongly depends not only the method and
code structure but also on the type of networking system. A
reflector antenna is used to verify the parallel code we developed.

REFERENCES

1. W. Yu et al., Parallel finite difference time domain method, Artech
House, Norwood, MA, 2006.

2. B. Wilkinson and M. Allen, Parallel programming: Techniques and
applications using networked workstations and parallel computers, 2nd
ed., Prentice Hall, 2004.

3. G. Karniadakis and R. Kirby, Parallel scientific computing in C�� and
MPI: A seamless approach to parallel algorithms and their implemen-
tation, Cambridge University Press, Cambridge, 2003.

4. T. Sterling and J. Salmon, How to build a Beowulf: A guide to the
implementation and application of PC clusters, MIT Press, Cambridge,
MA, 1999.

5. W. Gropp and E. Lusk, et al. Using MPI: Portable parallel programming
with the message-passing interface, 2nd ed., MIT Press, Cambridge,
MA, 1999.

6. P. Pacheco, Parallel programming with MPI, Morgan Kaufmann, San
Francisco, CA, 1997.

7. http://www.foundrynet.com/products/family/edgeiron.html
8. http://www.myri.com/myrinet/overview/index.html
9. http://www.dell.com/content/products/compare.aspx/rack optimized?

c�us&cs� RC956904&l�en&s�hied

© 2007 Wiley Periodicals, Inc.

SMALL BROADBAND DISK-LOADED
MONOPOLE ANTENNA WITH A
VERTICAL GROUND PLANE

Myungbum Kim,1 Nguyen Khang,1 Insang Woo,1

Hosung Choo,2 and Ikmo Park1

1 Department of Electrical and Computer Engineering, Ajou University,
5 Wonchon-dong, Youngtong-gu, Suwon 443–749, Korea
2 School of Electronic and Electrical Engineering, Hongik University,
72–1 Sangsu-dong, Mapo-gu, Seoul 121–791, Korea

Received 5 November 2006

ABSTRACT: A small broadband monopole antenna with a vertical
ground plane and an electromagnetically coupled feed is presented in
this paper. The antenna was formed by positioning a probe with a
folded stripline under a shorted square disk. A resonance of the shorted
square disk was coupled to a resonance of the probe with a folded strip-
line, so that the antenna had a wide bandwidth of about 37% at the
center frequency of 2.313 GHz based on a VSWR � 2. The antenna had
dimensions of 11 mm � 11 mm � 11 mm and rectangular slits were
inserted into the vertical ground plane to improve distortion of the radi-
ation pattern. © 2007 Wiley Periodicals, Inc. Microwave Opt Technol
Lett 49: 1401–1405, 2007; Published online in Wiley InterScience (www.
interscience.wiley.com). DOI 10.1002/mop.22422

Key words: small antenna; broadband antenna; disk-loaded monopole
antenna; electromagnetically coupled feed

Figure 5 Comparison of simulation time of the BOR-FDTD code for
1000 time steps on the Beowulf cluster using the Ethernet and Myrinet
networking systems. [Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com]

Figure 6 Efficiency comparison of the BOR-FDTD code using the
Ethernet and Myrinet. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com]
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1. INTRODUCTION

With the recent development of various kinds of broadband wire-
less communication services, small and broadband antennas have
become necessary for the handheld transceiver units capable of
operating on wideband communications [1, 2]. The most widely
used antennas for handheld transceiver units are planar inverted-F
antennas [3, 4] and monopole antennas [5, 6]. A planar inverted-F
antenna can be made in a compact form, but has a narrow band-
width and a broadside radiation pattern that may introduce direc-
tional sensitivities for signal reception. A monopole antenna, on
the other hand, has an omnidirectional radiation pattern that is
suitable for receiving signal from any direction. However, the
length of the conventional monopole antenna makes it too long for
internal use. Folding and meandering schemes are commonly used
techniques for making monopole antennas more compact, so that
they can be used as an internal antenna in handheld transceiver
units. However, as the physical size of the antenna decreases with
these methods, the bandwidth of the antenna becomes narrower.

Figure 1 Proposed antenna structure: (a) perspective view, (b) front view, (c) top view, (d) side view

Figure 2 Measured return loss of the antenna with and without slits on
the vertical ground plane. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com]
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Thus, folded and meandered monopole antennas are unsuitable for
a wideband communication and are used for dual- and triple-band
antennas by connecting these monopoles that have different reso-
nance lengths.

Recently, it was shown that the bandwidth of the small mono-
pole antenna can be improved by introducing a mutual coupling
between two radiators located in close proximity [7]. In this article,

a small electromagnetically coupled broadband monopole antenna
in a vertical ground plane was designed by using this technique.
Measurements show that the antenna with dimensions of 11 mm �
11 mm � 11 mm had 870 MHz of the impedance bandwidth for
VSWR � 2 with the center frequency of 2.313 GHz, which is
�37% of the fractional bandwidth. Rectangular slits were inserted
in the vertical ground plane to improve the radiation pattern.

Figure 3 Measured radiation patterns of the antenna with and without
slits on the vertical ground plane at 2.0 GHz: (a) x–z cut and (b) y–z cut.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

Figure 4 Measured radiation patterns of the antenna with and without
slits on the vertical ground plane at 2.3 GHz: (a) x–z cut and (b) y–z cut.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]
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Measurements showed that the radiation in the direction of the
ground plane is reduced significantly when slits are introduced into
the vertical ground plane.

2. ANTENNA STRUCTURE AND CHARACTERISTICS

Figure 1 shows the structure of the proposed antenna. A rectan-
gular disk of length L � 11 mm and width W � 11 mm was placed

at a height h � 11 mm from the top edge of the vertical ground
plane. The rectangular disk was connected to the vertical ground
plane with a shorting pin of diameter �1 � 1.6 mm The antenna
was excited with a 50-� microstrip feedline of width wf � 1.2 mm
through a probe pin with a diameter of f2 � 0.86 mm, which was
in turn connected at the end of the folded stripline located at a
height of hf � 8.5 mm from the top edge of the ground plane. The
length and width of the folded stripline were ls � 21.9 mm and ws

� 0.3 mm, respectively. A small square patch with size a � 1.4
mm was formed at the end of the folded stripline to connect with
the probe pin. The shorting and probe pins were spaced d � 4.8
mm apart. The rectangular disk was placed on a substrate with a
dielectric constant of �r1 � 10.2 and a thickness of h1 � 1.27 mm
(RT Duroid 6010). The size of the substrate was 13 mm �13 mm.
The substrate for the ground plane had a dielectric constant of �r2

� 3.38 and a thickness of t � 0.81 mm (RO 4003). The size of the
ground plane was chosen to be A � 80 mm and B � 90 mm. The
length and width of the slit were lgs � 25.5 mm and wgs � 2.5 mm,
respectively. Slits were symmetrically positioned with respect to
the z-axis, and located Lg � 30 mm below the top edge of the
vertical ground plane.

Figure 2 shows the measured return loss of the antenna with
and without slits on the vertical ground plane, which was measured
using an HP 8510C network analyzer. The measured bandwidths
of the antenna with and without slits were from 1.90 to 2.682 GHz
and from 1.878 to 2.748 GHz, respectively. As the figure shows,
the return loss value did not change appreciably in the presence of
the slits on the vertical ground plane.

Figures 3–5 show the measured radiation patterns for three
different frequencies within the bandwidth of the antenna. The
solid line denotes the measured results for slits on the vertical
ground plane and the dotted line shows the measured results for no
slits. The radiation pattern in the xz-plane did not vary significantly
with frequency. However, the radiation pattern in the yz-plane did
change significantly for the antenna without slits on the vertical
ground plane. Especially, at 2.0 GHz, the radiation was very high
in the direction of vertical ground plane. The radiation pattern in
the yz-plane was distorted by a return current that formed on the
vertical ground plane. To remedy this problem, narrow slits are
added to the vertical ground plane so that the return current was
concentrated on the ground plane above them. As shown in the
figures, the addition of slits greatly improved the characteristics of
the radiation pattern. The measured gain of the antenna in the
direction of maximum radiation was about 2.6 dBi within the
bandwidth.

3. CONCLUSION

A small electromagnetically coupled broadband disk-loaded
monopole antenna in a vertical ground plane has been presented. It
has a very small size, a broad bandwidth, and a relatively high
gain. The effects of the vertical ground plane on the radiation
pattern were studied, showing that the addition of slits on the
vertical ground plane greatly improves the radiation characteristics
of the antenna.
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ABSTRACT: A wideband circularly polarized 2 � 2 sequentially rotated
patch antenna array is presented. This array applies the wideband circu-
larly polarized elements to the sequential rotated feeding to realize wide band-
width by a simple structure. A measured �10-dB return loss bandwidth of
102% and an AR � 3-dB bandwidth of 43.7% are obtained. © 2007 Wiley
Periodicals, Inc. Microwave Opt Technol Lett 49: 1405–1407, 2007;
Published online in Wiley InterScience (www.interscience.wiley.com).
DOI 10.1002/mop.22409

Key words: circularly polarized antenna; antenna array; sequentially
rotated

1. INTRODUCTION

Circularly polarized (CP) microstrip antennas are widely used in a
number of radar, navigation, satellite, and mobile systems because
they can combine the good characteristics of microstrip antennas
and CP waves, such as light weight, low profile, simple structure,
ease of construction, the ability to reject multipath reflections, and
rain interference. One drawback of the CP microstrip antennas is
their limited bandwidth. Sequential rotation feeding technology
has been shown to increase both the impedance and the circular
polarization bandwidths [1–8]. However, previous applications of
sequential rotation have been focused on narrow band radiating

Figure 1 Geometry configuration of the proposed antenna array [Color
figure can be viewed in the online issue, which is available at www.
interscience.wiley.com]

Figure 2 Geometry configuration of the wideband radiating element
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

Figure 3 Equivalent circuit of the serial feeding network [Color figure
can be viewed in the online issue, which is available at www.
interscience.wiley.com]
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