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ABSTRACT

In this article, a circular-slot dual band antenna fed by a coplanar waveguide (CPW) for WiMAX/C band
applications is presented. The antenna mainly encompasses a ground with a wide circular slot in the centre, a rectangular
feeding strip and two pairs of asymmetric planar inverted L (APIL) strips connecting with the slotted ground. By
introducing the two pairs of APIL's, two resonant frequencies, 3.70 for WiMAX, and 6.75 GHz for C band applications are
agitated. The simulated results show that the proposed antenna has two good impedance bandwidths (VSWR less than 2) of
and 1250MHz which make it easily cover the required bandwidths for WiMAX (3.4-3.6GHz) and 4-8 GHz C band
applications. Moreover, the obtained radiation patterns demonstrate that the proposed antenna has significantly directional

and Omni directional patterns in both E-plane and H-plane.
Keywords: dual band, CPW, L slits, WLAN/C band.

INTRODUCTION

Now the present research activity of the multiple
or broad bands operation and miniaturized size for current
antenna have become one of a highly competitive topic
and are mounting superbly, because of rapid development
of modern wireless communication system technique. The
planar monopole antennas (Anguera et al., 2010; Azim,
Islam, Misran, Cheung, and Yamada, 2011) can attain
broad bandwidth but have a large size whose configuration
do not meet the miniaturization requirements of RF units.
However, printed microstrip antenna (MPA) could be a
good candidature for their attractive features such as low
profile, ease of fabrication, compact size, integrating with
active devices and nearly Omni directional radiation
characteristics. But narrow bandwidth and low gain are the
limiting factor of MPA (Balanis, 2012). Different
techniques have been applied to overcome these
limitations. Advances in wireless communications have
introduced tremendous demands in the antenna
technology. It also the paved the way for wide usage of
mobile phones in modern society resulting in mounting
concerns surrounding its harmful radiation(Faruque, Islam,
and Misran, 2011; Mohammad Tariqul Islam, Faruque,
and Misran, 2011). Specifically in order to satisfy the
WLAN standards of 2.4-2.484 GHz/5.15-5.825 GHz and
WiMAX standards of 2.5-2.69 GHz/3.4-3.69 GHz/5.25-
5.85 GHz (Pei, Wang, Gao, and Leng, 2011) concurrently
many MPA have been extensively studied (Lee, Kim,
Park, and Kim, 2009; Pan, Horng, Chen, and Huang, 2007;
Shakib, Islam, and Misran, 2010; Tiang, Islam, Misran,
and Mandeep, 2011; Yoon et al., 2009). A dimension of
61mmx51.5mm antenna has reported (Jan and Wang,
2009) where a pair of parasitic strips introduced to achieve
an operating bandwidth of 108.7%. A parasitic U shaped
open stub (Lee et al., 2009) and a trapezoidal ground (Pan
et al., 2007) are also used to the design of the antenna for
WLAN/WiIMAX applications. Another compact multiband
antenna (Mobashsher, Islam, and Misran, 2011;

Samsuzzaman, Islam, and Mandeep, 2012) has designed
length, the feed point position where the authors only
varying the slot’s construction, width, and length, the
CPW gap and feed point position. A CPW-fed dual
wideband antenna formed by a triangular monopole and a
U- shaped monopole is acquired (Chu and Ye, 2010). A
conducting triangular section for dual band operation and
a multiband inverted-L monopole with zigzag wire (Chen,
Chen, and Cheng, 2003) and a microstrip fed printed
double-T monopole antenna (Kuo and Wong, 2003) has
mentioned to deliver dual band characteristics to cover the
2.4/5.2 and 5.8 GHz WLAN bands. A dual broadband slot
antenna (J.-W. Wu, Hsiao, Lu, and Chang, 2004) is
narrated, in which the two wide resonant frequencies were
achieved by using a U-shaped strip inset at the centre of
the slot antenna of dimensions 75 mm X 75 mm on a
substrate of relative permittivity 4.7 and thickness 0.8 mm.
The dual-band WLAN dipole antenna (Zhang, Iskander,
Langer, and Mathews, 2005) is reported that is fabricated
on FR4 substrate with dimensions 12 mm X 45 mm and
uses an internal matching circuit to cover the three WLAN
bands properly. Anyway, most of them have large
dimensions and do not pay consideration on the
interference repression, because there are many other
existing narrowband services such as c¢ band satellite
communications that have engaged some licensed
frequency bands, which may result in lower performance
of interference suppression. To keep away from the
problem several antennas with multi resonated frequency
are studied (Nithianandam, 2009; Vyas, Sharma, and
Singhal, 2012; C. M. Wu, 2007; Yoon et al., 2009) which
have good impedance bandwidth and radiation pattern, but
these antennas have also either large size or inadequate
frequency constraint.

In this article, a dual band resonant antenna for
WLAN/C band applications is proposed, which is fed by a
coplanar waveguide (CPW). The antenna mainly
comprises a ground with a big circular slot in the centre,
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rectangular feeding strip as radiating patch, and
introducing two pair of asymmetrical planer inverted L-
shaped slits connecting the ground. Compared to those
designs shown in the literature, the antenna not only better
performance of interference suppression but also compact
size, large bandwidth and high gain. The simulated results
about impedance bandwidth, radiation pattern and gain are
discussed in detail in the next section.

ANTENNA DESIGN

The microstrip patch antenna analysis is
represented by some models such as the transmission line
model, cavity model, full wave model and characteristic
mode. The cavity model is more accurate and gives a good
physical insight thus very complex compared to the
transmission line model that is the simplest of all models
and less accurate. The characteristic mode is typically
performed on electrically small to intermediate size
antennas for simplicity (M. T. Islam, Shakib, and Misran,
2009; Misran, Islam, Shakib, and Yatim, 2008). However,
the full wave model is the most accurate and complex of
the models and can analyze single elements, arbitrary
shaped elements and infinite antenna arrays. The
transmission line model is used in this work because of its
simplicity to implement and its output good performance
in antenna designs in terms of efficiency and return loss
and also it is well suited for microstrip patch antenna
design. By choosing operating frequency f and a substrate
with the required permittivity, and also defining the
substrate thickness h, the design starts. Based on the
transmission line model, the length L and width W of the
patch are calculated as (Balanis, 2012):

—
W= 1 (1)
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Where L is the length of the patch, W is the width of the
patch, f, is target resonance frequency, c is the speed of
light in a vacuum and the effective dielectric constant can
be calculated by the equation:
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Where h is the thickness of the substrate and ¢, is the
dielectric constant of the substrate. Because of the fringing
field around the periphery of the patch, electrically the
antenna looks larger than its physical dimensions. Al takes
this effect in account and can be expressed as:
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Geometrical layout of the proposed antenna is
shown in Figure-1. In this design the antenna structure is
based on a wide-circular-slotted ground, two pairs of
APIL's in the circular slot with the shorter end connecting
with the ground, and the CPW feeding strip, as can be
observed in Figure-1. The APIL's are applied to achieve
the two band performances with sufficient VSWR less
than 2. A rectangular is taken as overall design, and then
cutting a circular slot in the middle of the rectangular. The
antenna is imprinted on a 40 mm x 30 mm fibre glass resin
FR4 substrate with dielectric constant of 4.6, thickness of
1.6 mm and a loss tangent of .02, and fed by a 50Q2 CPW
transmission line two pairs of asymmetrical slots are
inserting in to the slotted area. Another rectangular slits
are inserting in to the circular slots as CPW feed. The
optimal geometrical parameters of the proposed antenna
are obtained by using Finite Element Method based
simulation software simulator HFSS. The optimal
dimensions are determined as follows (unit’s mm): L=40,
W=30, R=14, L1=17, Wl=4, L2=6.12, L3=12, L4=5,
L5=4.67, g=0.5, W2=1.

Figure-1. Proposed antenna geometric layout.

RESULTS AND DISCUSSIONS

The voltage standing wave ratio (VSWR) of the
proposed antenna is shown in Figure-2. The value of
VSWR is less than 2 that is found from the graph
apparently. The Gain of the proposed dual frequency
slotted circular antenna is shown in Figure-3. The obtained
average gains are 2.86 dBi for the lower band and 7.73 dBi
for the upper band. Cross-polarization level is higher at H-
plane at the lower band. As a result, the gain at the lower
band is lower than that at the higher band. Figure-4 shows
that the result of radiation efficiency of the proposed
antenna. The radiation efficiency is 89.45% in the lower
band and 97.97% at the higher band in the proposed
antenna. This efficiency is broadly appropriate for
WiMAX/C band applications.
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Figure-2. VSWR of the proposed antenna.
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Figure-3. Peak gain of the proposed antenna.
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Figure-4. Radiation efficiency of the proposed antenna.

The radiation patterns of the proposed antenna on
the E-plane and H-plane at resonant frequencies of 3.70
GHz and 6.75 GHz are shown in Figure-5. Good broadside
radiation patterns are observed, and the two frequencies
have the same polarization planes. The co-polarization
level in the E and H -plane at the both band is relatively
low, which is expected to be due to the diffractions from
the edges of the small ground plane. This cross-
polarization level may be decreased by enlarging the
ground plane size. It is shown from the results that
significant directional and omni directional radiation
patterns are obtained along the E-plane and H-plane
respectively. This characteristic is convenient because the
propagation environment of wireless communications
devices is usually very complicated in practice.
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Figure-5. Radiation pattern of the proposed antenna.

CONCLUSIONS

A CPW-fed circular-slot antenna with two
asymmetric pairs of planar inverted L strips has been
proposed and studied. The obtained two operation bands
of the proposed antenna are ranging from 3.35-3.85 GHz
and 5.90-7.15 GHz which are wide enough to cover the
required bandwidth of the WiMAX/C band applications.
The proposed antenna has a gain at 3.70/6.75 GHz is 2.86
dBi, and 7.73 dBi, respectively and achieve less cross
polarization in both the principal planes. Finally, the
proposed antenna has good performance of interference
suppression, excellent resonance character, nice radiation
pattern, and compact in size. This designate that the
proposed antenna is well suited for WiMAX/C band
applications.
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