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Abstract: A spiral fork shaped hexagonal micro strip patch
antenna is designed to operate at different frequencies, which are
in ultra-wide band range (3.1-10.6GHZz). The newly presented
antenna is simulated on a Flame Retardant - 4 (FR4) epoxy
material with dielectric constant 4.4and overall size of structureis
28*28mm?. Coplanar waveguide feeding (CPW) is used in this
design for easy simulation. This proposed triband structure
resonates at 1.36GHz, 5.74GHz and 8.8GHz The proposed
pentaband antenna resonates at 2.38GHz, 3.64GHz, 6.76GHz,
7.36GHz and 8.98GHz with corresponding impedance
bandwidths are 200MHz, 70MHz 170MHz 520MHz and
420MHz. The peak gains at their resonant frequencies are
1.77dB, 2.45dB, 3.53dB, 4.54dB and 2.28dB respectively with
good radiation characteristics. These antennas are suitable for S-
, C-and X - band applications.

Index Terms: Spiral fork shaped antenna, CPW feed, UWB,
Triband, Pentaband, Peak gain.

. INTRODUCTION

Wireless communication is one which transfers information
between two or more points without any contacting medium
from source to destination. It is easier to provide connectivity
and accessing to the network from anywhere. Multiple
members can access the communication through wireless
connectivity simultaneously. From few years onwards, there
isdatatraffic dueto large number of wireless devicesreleases
into markets. There is a necessary to implement short range
wireless communication systems, which supports data and
voice simultaneously [1].

Antennaplaysanimportant rolein wirel ess communication
systems. It is used in both transmitting and receiving sections
for transmission of radio frequency signals. In fact antennais
used to convert high frequency current into electromagnetic
waves and vice versa. A transmitting antenna converts
electrical energy into EM waves.
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A receiving antenna converts Electro Magnetic waves into
electrical energy. In general wireless antenna is required to
available to extend a wide frequency bandwidth. An antenna
expected to bein small size.

The micro strip patch antenna (MPA) consists of pattern on
top of dielectric substrate and ground plane on opposite or
bottom side of it. MPA isoperating at microwave frequencies.
It has several advantages such as smaller in size, low profile,
easy to fabricate, low cost and low spurious radiation [2].
Microstrip antennas are able to supporting number of
frequency bands and support dual polarization types .These
are resistant to shock and vibration. There are different
irregular shape microstrip antennas are available such as
rectangular [3], square [4], circular [5], triangular, modified
triangular [6] and elliptical [7] etc.

The main aspect in the microstrip antenna design is
impedance matching to transmit information. There are
several impedance matching techniques such as transmission
line feed, coaxial feed, inset feed, aperture coupled feed and
proximity coupled feed methods [8-9]. Compared with these
methods, Coplanar Waveguide feed has several advantageous
like broad bandwidth, high gain and radiation pattern, circular
polarization and good radiation efficiency [10-11].

Inthispaper, initially six sided microstrip antenna has been
designed with CPW feeding. The UWB antenna design
methodology and its working principles are explained in
section 11. Section Il explains the triband antenna design.
Section 1V expresses the miniaturized pentaband antenna
design. The simulated results of al these antennas are
illustrated in section V. The performance results of various
designed antennas are described in section VI. Findly, the
overall work is concluded in section VII.

Il. ULTRA WIDE BAND (UWB) ANTENNA DESIGN
METHODOLOGY REVIEW STAGE

Initially hexagon shaped microstrip patch antenna has been
simulated on FR4 epoxy dielectric material having relative
permittivity 4.4, loss tangent is 0.02 and thickness of its
material is 1.6mm [12-14]. The miniaturized size of antenna
is28mm x 28mm x 1.6mm.

Figure 1 shows the designed hexagon microstrip antenna
design. In this design CPW feeding method used for wide
band (3.1-10.6GHz) to cover UWB wireless applications.
The simulation results of this design are shown and explained
insection V.
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The dide length Ljcomputed from the rectangular
microstrip antenna design area. This can be expressed as

33
Rectongular microstrip antenno area = ?L,_‘

(1)

Lsub

| |
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Fig 1. Hexagonal shaped Microstrip antenna design

I11. TRIBAND ANTENNA DESIGNMETHODOLOGY

Multiband antenna is necessary in some wireless
communication streams. In the literature reviews, multiple
resonances can be produced by PIFA antennas [15], modified
circle shaped antenna [16], Log periodic array antennas [17]
and modified triangle antennas [ 18] etc.

A triple frequency CPW feed modified hexagonal patch
antennais designed for multiband applications. The proposed
tribands antenna has been implemented in three steps. The
hexagon shape modified into U-shape with long stubs and it
will consider asfirst iteration as shown in figure 2(a). Figure
2(b) & 2(c) shows the second and third iteration structures.
Finally, antenna — 3 resonates at three different resonant
frequencies. All the simulated resulst are depicted in section —
V. The design parameters of designed antennas are
represented in figure 2(c). All these parameters are described
intablel.

Tablel: Parameter sdepicted on figure 2 (All theunitsare

in mm)
L sub Waip Lg L Wy Wi L,
28 28 7 2 11.5 3 8.8
g ol t Wi | Wg L2 L3
1 1 0.85 25 12 8 6

(a) Antenna-1

(b) Antenna—2
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Wsub

(c) Antenna-3
Fig 2: Implementation of triband antenna

V. PENTABAND ANTENNA DESIGN
METHODOLOGY

With dlight modifications in the tribands antenna design,
this antenna resonates at five frequencies with good radiation
pattern characteristics. The proposed pentaband antenna is
shown in figure 3. Parameters mentioned on design are shown
intablel.

Wsub

|

Lsub

¢ o

Fig 3: Pentaband antenna design top view
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V. SIMULATION RESULTSAND DISCUSSION

A. UWB antennaresults

Figure 4 shows the reflection coefficient characteristics of
hexagon shaped patch antenna. This antenna covers a wide
range of bandwidth over 3.15-10.75GHz with good reflection
coefficient. The voltage standing wave ratio (VSWR) plot for
this corresponding design is shown in figure 5. Figure 6 & 7
shows the far field reports of hexagon antenna design.
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Fig 4: Sy; characteristics of UWB antenna
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Fig 5: VSWR characteristics of UWB antenna design
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Fig 7: radiation pattern (Red — E - plane & black —
H-plane)

B. Triband antennaresults

Figure 8 shows the return loss characteristics comparison
between antenna— 1, 2 & 3. Finally, this antenna -3 resonates
at three frequencies such as 1.36GHz, 5.74GHz and 8.80GHz
with impedance bandwidths are 20MHz, 1.68GHz, 570MHz
respectively.
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Fig 8: Return loss characteristics comparison between
antenna-1,2& 3
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C. Pentaband antennaresults

By changing the dight modifications in antenna— 3, a new
structure has been introduced. It resonates at five frequencies
such as 2.38GHz, 3.64GHz, 6.76GHz, 7.36GHz and
8.98GHz with their corresponding bandwidths are 200MHz,
70MHz, 270MHz, 520MHz and 420MHz respectively. The
simulated reflection coefficient characteristics are shown in
figure 9 and VSWR is shown in figure 10.

010

2504

500

o 89“00 -13 9190

T T T T T T LI S e e e
100 20 300 4m 500 [ !KC ?.I&J 800 9 5[- 100

Frequency [GHz|
Fig 10: Return loss characteristics of pentaband antenna
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Fig 11: VSWR characterlsncsof pentaband antenna

The gains at their operated frequencies are 1.77dB,
2.45dB, 3.53dB, 4.54dB and 2.28dB respectively. The
radiation patterns at these resultant frequencies are shown in
figure 12.

a) 238GHz

€) 6.76GHz

e

b) 3.64GHz

d) 7. 36GHZ €) 8.98GHz
Fig 12: Graphical representation of E- & H- field
characteristics of pentaband antenna
(Red- E-plane & Black —H-plane)

Figure 13 shows the magnitude current distribution of
pentaband antenna at their resonant frequencies.
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Fig 13: Magnitude current distribution of pentaband 13
antenna at their resonant frequencies. '
VI. DESIGN SUMMARY u
All these designed antennas performances are presented in '
tablell.
15.
VIlI. CONCLUSION
This paper stated with UWB application obtained from
hexagonal shaped microstrip patch antenna with CPW 16
feeding on FR4 epoxy material, which covers 3.15-10.75GHz
range suitable for S-, C- and X- band wireless applications.
Later by applying severa iterations on hexagon, it results ;;
triple resonances at 1.36GHz, 5.74GHz and 8.50GHz with
good radiation characteristics. Finally, multiple resonances
obtained for pentaband antenna at 2.38GHz, 3.64GHz, 18
6.76GHz, 7.36GHz and 8.98GHz with maximum peak gains '
are 1.77dB, 24bdb, 3.53dB, 4.54dB and 2.28dB
respectively. This proposed antenna has impedance matching
and radiation efficiency. This antenna is suitable for
GSM1800, Bluetooth, WiFi, WiIMAX and Satellite
applications.
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Tablell: UWB, Triband and Pentaband antenna perfor mances

M ax.
S.No Design model Application | f,, (GHZz) I mpedance bandwidth S, dB | VSWR peak
gain
1 uwB 7.09 3.15-10.75GHz = 7.60GHz | -44.61 1.01 4.04dB
1.36 1.35-1.37GHz = 20MHz -13.77 151 2.93dB
2 Triband 5.74 4,58-6.26GHz = 1.68GHz | -15.53 1.40 3.19dB
8.80 8.55-9.12GHz = 570MHz -13.17 1.65 3.72dB
2.38 2.33-2.53GHz = 200MHz -20.59 1.20 1.77dB
3.64 3.59-3.66GHz = 7T0OMHz -17.79 1.29 2.45dB
3 Pentaband 6.76 6.59-6.86GHZ = 170MHz | -13.58 1.52 3.53dB
7.36 7.10-7.62GHz = 520MHz -14.71 1.45 4.54dB
8.98 8.79-9.21GHz = 420MHz -15.91 1.38 2.28dB
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