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Abstract— A multiband fractal coplanar waveguide
(CPW)-fed slot antenna loaded with a dielectric resonator
conforming to multiple wireless standards is presented in
this paper. The fractal geometry is utilized to generate
multiple frequency bands. The dielectric load is used to
enhancing the impedance bandwidth of the antenna and
improving the overall gain of the antenna. The proposed
antenna exhibits a multiband performance.
Keywords— Fractal antenna, Dielectric loading, multi-
frequency antenna, slot antenna.

I. INTRODUCTION

Mobile communication system demand increased bandwidth
for data and voice applications. Also with most systems
supporting multiple wireless standards, Multiband antennas
cater to these needs by radiating at discrete frequencies only.
THE primary design constraints of such antennas include
maintaining gain and radiation pattern over different
frequencies. The most of the research papers have been
focused on designing multiband antennas [1]- [10] of which
the most popular technique is etching slots on the radiating
patch or the ground plane. 1]-[3]. Care has to be taken while
etching slots on the patch as it reduce the effective radiation
aperture resulting in lower gain values The primary intention
of this work was to design a multiband antenna for multiple
wireless standards. Fractal antennas, however, reduces the
overall size of the antenna and producing multiple resonant
bands. The disadvantage of etching multiple slots on a patch
antenna is that it reduces the overall gain of the antenna
because major portion of the antenna are etched out. The
principal idea behind reduction in resonant frequency lies in
the increase of the current path due to the fractal design of the
structure.

A fractal shaped CPW fed slot loop antenna has been
designed to cover five different wireless standards among
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others. However, it is difficult to maintain the gain of the
antenna at a near constant value over different frequencies. To
overcome this, the slot antenna is loaded with a square-shaped
dielectric resonator (DR) to obtain almost constant gain at all
discrete frequencies. This antenna conforms to Global System
for Mobile Communications (GSM) 900 (890-960 MHz),
Personal Communications Service (PCS) 1900 (1850-1990
MHz), WiMAX 3.5 (3.4-3.6 GHz), IEEE 802.11b/g/n (2.4-
2.485 GHz), and IEEE 802.11a/h/j/n (5.15-5.85 GHz) among
others. An eauivalent model of the antenna is provided

Fractal slor

-«
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Fig. 1. Layout of the fractal slot antenna with dielectric loading.
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II. ANTENNA DESIGN PROCEDURE AND PARAMETRIC STUDY

The antenna design has been undertaken in two steps. In the first part,
a rectangular loop slot fed by a coplanar waveguide was designed and
fractal geometry applied on its boundaries to obtain multiple bands
[16]. Fig. 1 shows the configuration of the fractal loop antenna
which has been etched on an FR4 substrate with thickness t = 1.6
mm relative permittivity Esub = 4.4 and having dimensions L x W =
100 mm % 100 mm. The 50-Q coplanar waveguide feed line is
designed to have a central conductor width of S = 4.2 mm and a gap
width of g = 0.4 mm. Considering a frequency of operation of 2.4
GHz applying the formula
£

A, =—

g f\.‘E
where Ag is the guided wave-length, Cc is the speed of light in
vacuum, f is the operation frequency, and €e is the effective
permittivity of the slot line [17]. it is observed that a second-order
fractal is sufficient to meet the application requirements. The
generation of the fractal is shown in Fig. 2 [18]. The fractal design is
formed by shifting the middle one-third of each straight segment
(indentation length) by some fraction value called the indentation
width. Indentation factor i is defined as the ratio of indentation width
to the indentation length.

Inttiator Qﬁrst iteration

B

— |4 Indentation

width

Generator

Fig.2. Generation of fractal island

Design parameters and corresponding values

TABLE |
PARAMETER VALUES
Ground plane size (L*W) 100mm*100mm
Loop Slot Dimension (LO*WO) 25mm*25mm
Stub length (L) 3mm
Slot width (S,) 0.4mm

ISSN 2319-4863

1% indentation factor @i,) 0.9

2" indentation factor (i,) 0.5

Dielectric Slab Dimensions 33mm*30mm*5mm
(A*B*H)

Fractal antenna designed with first iteration:

Antenna is designed with first iteration and results plotted
between reflection coefficient and frequency.
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Fig.3. antenna designed with first iteration

The fractal antenna designed by using indentation factor 0.9 as shown
in fig.3.
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Fig.4. s-parameter plot after first iteration

After first iteration design, the antenna radiates at frequency
1.6Ghz,4.2Ghz and 5.6Ghz as shown in fig4. where three
frequencies at S11< -10.
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Fractal antenna designed with 2" iteration:

Fig.5.Fractal antenna designed with second iteration

The fractal antenna designed by using indentation factor 0.5
as shown in fig.5.

S-PARAMETER AND VSWR PLOT
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Fig.6.s-parameter plot after second iteration without dielectric
resonator loaded

After second iteration design, the antenna radiates at
frequency 2.4Ghz,3.5Ghz,4.8Ghz, 6Ghz and 6.9Ghz as shown
in Fig.6. where S1;< -10.

k2 Sanding Ware o (VSWR)
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Fig.7.VSWR PLOT

VSWR(voltage standing wave ratio) is the ratio of maximum
amplitude of a standing wave to the minimum amplitude of a
standing wave.

DIELECTRIC RESONATOR LOADED ANTENNA
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Fig.8. dielectric resonator loaded antenna

In the above fig.8 ,after second iteration the dielectric
resonator loaded on the antenna
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Fig.9. S-parameter plot with dielectric resonator loaded

When dielectric resonator loaded

frequency

6Ghz and 6.9Ghz as shown in Fig.6.,where Si;< -10dB. A
wave experiences partial transmittance and partial reflectance
when the medium through which it travels suddenly changes.
The reflection coefficient determines the ratio of the reflected
wave amplitude to the incident wave amplitude.

Photograph of the designed antenna (a) Fractal slot loop

, the antenna radiates at
0.9Ghz,1.6Ghz,2.2Ghz,2.9Ghz,3.65Ghz,4.8Ghz,

antenna and (b) dielectric loaded fractal slot loop antenna
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Phi=270 — farfield (f=.9) [1]

120 Frequency = 0.9

Main lobe magnitude = 3.89 dBi
Main lobe direction = 180.0 deg.
Angular width (3 dB) = 84.7 deg.

—— farfield (F=1.6) [1]

Frequency = 1.6

Main lobe magnitude = 6.46 dBi
Main lobe direction = 34.0 deg.
Angular width (3 dB) = 55.4 deg.
Side lobe level = -9.0 dB
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Frequency = 2.2

Main lobe magnitude = 5.72 dBi
Main lobe direction = 13.0 deg.
Angular width (3 dB) = 67.8 deg.
Side lobe level = -1.3 dB
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Main lobe magnitude =  6.11 dBi
Main lobe direction = 1.0 deg.
Angular width (3 dB) = 65.2 deg.
Side lobe level = -2.2 dB
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Main lobe magnitude =  4.97 dBi
Main lobe direction = 49.0 deg.
Angular width (3 dB) = 54.7 deg.
Side lobe level = -5.9 dB
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Main lobe direction = 16.0 deg.
180 Angular width (3 dB) = 61.9 deg.
Side lobe level = -6.1 dB
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The Simulated radiation patterns at (a) 0.95 GHz; (b) 1.6
GHz; (¢) 2.2 GHz; (d)2.9 GHz; (e)3.65 GHz; (f)4.93 GHz
(9)5.2 GHz (h)6.4Ghz (i)6.8Ghz

TABLE II
FREQUENCY(GHz) | GAIN(dBi) | DIRECTIVITY(dBi)
0.9 3.89 3.894

ISSN 2319-4863

1.6 6.46 6.456
2.2 5.72 5.718
2.9 6.11 6.108
3.65 7.04 7.018
4.93 3.72 6.25
5.2 4.97 5.796
6.4 8.21 8.213
6.8 3.91 6.525

V. MEASURED RESULTS AND DISCUSSION

All S-parameters are measured using network analyzer.
Sufficient gain is achieved in 0.9GHz, 1.6 GHz (GPS), 2.2Ghz
(IEEE 802.11b/g/n),2.9GHz, 3.6GHz(Wi-Max), 4.93 GHz,
5.2GHz, 6.4GHz, 6.8GHz bands as shown in TABLE II. The
simulated s-parameter results of the dielectric loaded fractal
slot loop antenna is shown in Fig. 9.

V1. CONCLUSION

The dielectric loaded fractal slot loop antenna is used for
multiband performance in this paper. Fractal boundary slot
etched on an FR4 substrate fed by Co-planar waveguide. The
fabricated fractal antenna yields a multiband performance for
a —10 dB reflection coefficient. The overall directivity
improved by placing the dielectric slab on top of the slot
antenna.
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