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ABSTRACT

A compact CPW-fed fractal circle monopole antenna with
dual wideband is presented for simultaneously satisfying
wireless local area network (WLAN) for 2.4/5.2/5.8 GHz
application. The antenna consists of irregular shape circles
based on the Descartes circle theorem. The simulated -10 dB
bandwidth for return loss is from 2.04 to 3.35 GHz and 4.96
to 5.9 GHz, covering all the 2.4/5.2/5.8 GHz WLAN Bands
obtained. It is observed that the gain of proposed antenna for
2.4 GHz and 5.2 GHz is 3.606 dBi and 5.96 dBi respectively.
This antenna gives stable monopole-like radiation patterns.
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1. INTRODUCTION

Recently, the ability to integrate more than one communication
standard into a single system has become an increasing
demand for a modern portable wireless communication device.
However, it is difficult to simultaneously set the dual or
multiple antennas and a diplexer into such a device due to the
limited space of device. This indicates that a modern antenna
requires not only the function of providing a dual- or
multiband operation, but also a simple structure, compact size,
and easy integration with the system circuit. For this, many
promising dual- or multiband planar antenna designs such as
the as microstrip-fed printed double-T monopole [1], dual loop
antenna [2] and reduced size PIFA [3] were proposed to
provide dual-band characteristics to cover the 2.4/5.2 and 5.8
GHz Wireless local area network (WLAN) bands . However,
these antennas could not provide uniform omnidirectional
coverage. The printed dipole antenna reported in Ref. [4]
incorporates two separate dipoles of different arm lengths
printed on both sides of the dielectric substrate for dual band
operation. The longer and shorter dipoles were designed to
generate resonant radiation at 2.4 and 5.2 GHz bands. The
primary limitation of this kind of design is large size of
antenna and limited bandwidth. In dual-band dipole antenna
reported by Su et al. [5], two resonances were obtained by
cutting a U-slot in arms of the dipole. Other dual-band antenna
reported by Yang, F et al. [6], the two resonances were
obtained by cutting an E-slot in arms of the antenna. Wu et al.
[7] reported a dual broad band slot antenna, in which the two
wide resonances were obtained by using a U-shaped strip inset
at the center of slot antenna. The dual-band WLAN dipole
antenna proposed by Zhang et al. [8].

In fractal electrodynamics, fractal geometry is used to
investigate a new class of radiation, propagation, and scattering
problems. One of the promising researches is antenna theory
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and design using the fractal concept [9]. Most fractal objects
have self similar shape, with different scale [10, 11]. The
fractal shape carried out by applying the infinite number of
iteration using multiple reduction copy machine (MRCM)
algorithm [12]. On the other hand, a circular generator with a
non-constant fractal ratio dependent on the Descartes Circle
theorem in CPW-fed structure is reported for dual and
wideband antennas [13-15].

A simple and compact design of a dual band printed
antenna operating at 2.4/5.2/5.8 GHz band is proposed for in
this paper. The proposed antenna, designed for the WLAN
applications, retains the advantage in terms of size when
compared to the ultra wide band slot antennas tailored for the
FCC approved UWB band (3.1-10.6 GHz), in spite of the
lower frequencies of operation [16]-[19]. The design of the
antenna was performed and optimized using CST Microwave
Studio Suit ™ 2010 based on three dimensional finite
integration time-domains (FITD) method. This antenna also
provides the detail study of different iteration, radiation
pattern and gain and the EM characteristics by surface current
distribution.

2. ANTENNA DESIGN

The proposed dual wideband Circular fractal antenna is shown
in Fig. 1. The classical fractal circle shape antenna is reported
in [19]. The following design is based on the principle of
Descartes circle theorem with different radius [15].

If four mutually tangent circles have curvatures k; (for
i=12....4),

Then, the curvatures satisfied the relation [13-14]
(k+k2+kg+ka)=2(K 1Ko +Kg k)
Where, kl:l/Rkl, K2=l/Rk2, kgzllegy k4:1/Rk4

And radius of the circles are Ry; ,Ryz,Ris,. Ra-
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Fig.1 Geometry of proposed circle Fractal Antenna

Fig. 1 shows, geometry of the proposed irregular circular
fractal slot antenna with Descartes circle theorem for dual
wideband (2.4/5.2 GHz WLAN) application. The design
procedure of the antenna consists of four stages. For, first
stage configuration four circles are obtained by DC theorem
without common tangent of different circles radius. Hence,
next stage is to specify the size of circles from any set of the
four original circles. Using the following set of circles in
second stage eight circles are obtained. Similarly in third
stage, a set of all eight circles with different radius are iterated
for next stage. At final stage total seventeen circles are
obtained using second and third stage of the modified
irregular circles fractal slot antenna. Detailed of the iterative
model which is satisfied the curvature is reported [17].

Modified antenna is constructed through four iterations and
printed on an FR-4 substrate (thickness h=1.6 mm and relative
dielectric constant £=4.4). The 50 Q CPW-fed (f,,xW) is used
for impedance matching. It is calculated using equation (2)
and (3).

el | g1 1
Eeff = 75 + P \/m 2
w
120
Z, = i for —=1

@[%H.s% +0.667 ln(%+1.444)]
3

The antenna is having overall size of WxL (44x44 mm?). In
front surface of the substrate consists circular inner conductor,
circular aperture, feed-line, and ground plane. Radius of the
circular aperture (Ground size) of the antenna is R=17.2 mm,
gap between the ground and microstrip line is g=0.5 mm. In
proposed geometry seventeen different radius inner circle is
obtained. The circle radius are

R1>R;>R3>R;>Rs>R¢>R7;>Rg>Rg>R10>R11>R1,>R13>R14>15
>Ri>R;7 is shown in fig. 2. The values of total seventeen
circles are R;=7.59mm, R,=6.92mm, R3=5.7mm, R,=4.56mm,
Rs=3.49mm, Reg=3.23mm, R;=2.31mm, Rg=2.2mm,
Ro=1.5mm, R19=1.3mm, R1;=1.25mm, Ri,=1.21mm,
R13:1.2mm, Rl4:1.1mm, R15:1 mm, R15:0.9mm, R17:0.8
mm. Fig. 3 shows the design steps and its simulated return
loss characteristic for different iterations. It is observed that
the value of impedance bandwidth and resonant frequency is
decreases with increase the number of circle in the geometry.
At the final stage it is set to be a dual wideband (2.5/5.2 GHz)
application.
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Fig.2 Geometry of proposed circle Fractal Antenna

3. RESULT AND DISCUSSION

3.1 Return loss characteristics

Fig. 3 shows the return loss characteristics of modified
irregular circles fractal slot antenna for dual wideband
application. The design of the antenna was performed and
optimized using CST Microwave Studio Suit ™ 2010 based
on the three dimensional finite integration time-domains
(FITD) method. Proposed antenna is resonating at two
frequencies. For first frequency 2.4 GHz (WLAN 802.11 b/g)
-10 dB impedance bandwidth from 2.04 to 3.35 GHz and for
the second frequency 5.9 GHz for 5.2 GHz (WLAN 802.11
a).-10 dB impedance bandwidth is from 4.96 to 5.9 GHz.
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Fig.3 Return Loss of proposed circle Fractal
Antenna

3.2 Radiation Pattern Characteristics

The radiation patterns of modified irregular fractal antenna are
shown in Fig. 4. The radiation pattern is Omni-directional
characteristics. The main cuts E plane at ¢=0° and ¢=90° of
proposed fractal antenna are simulated at the frequencies 2.4
GHz and 5.2 GHz. The 3 dB beam width at these two
frequencies are 81.9°and 82.3°.

3.3 Surface Current Distribution

The total surface current distribution of proposed modified
irregular circle fractal slot antenna at frequencies 2.4 GHz and
5.2 GHz are shown in Fig. 5. The surface current density
spreads over the whole patch (up to end of antenna). It
radiates strongly at desired WLAN and shows the EM
characteristics of proposed antenna.

3.4 Gain

When the antenna is used for wideband application frequency,
the impedance mismatch must be taken in to account for
defining its characteristics. Especially, while calculating gain
of the antenna. Fig. 5 shows the gain of the propose antenna at
dual wideband (WLAN) application. it is observed that at 2.4
GHz gain of the antenna is 3.606 dBi and in the range of 5.2
GHz gain is 5.96 dBi.

Fig.4 Radiation of proposed circle Fractal
Antenna (a) 2.4 GHz (b) 5.2 GHz

Fig.5 Surface Current Distribution (a) 2.4 GHz
(b) 5.2 GHz

4. CONCLUSION

This study proposes an alternative dual wideband approach to
obtain a CPW-fed slot antenna with irregular circular fractal
geometry. The effects of the various iterative irregular circles
parameters on the Antenna performance are studied.
Simulated results show the antenna is suitable for the WLAN
2.4/5.2 GHz in IEEE standard 802.11 b/g and 802.11 a. the
radiation characteristics shows the omnidirectional pattern at
E-field and gain of the antenna is 3.606 dBi in the range of 2.4
GHz 5.96 dBi in the range of 5.2 GHz. The EM chacteristics
is defined by simulated surface current distribution.
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