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ABSTRACT

This paper describes an antenna structure thaticemsiyagi-Uda array concept and Micro strip Patcliefina.
This may be used for mobile and satellte commuitoa global positioning system and radar applaai The
comparative simulation study of an Omni-directioda¢élement Yagi-Uda micro strip patch antenna hesnbdone on
HFSS software in C-band and X-band configurati@isa central frequency of 5.2 GHz and 10.2 GHz eetsyely. A
maximum power gain of 35dB was obtained for C-b@menna. Thus simulation results obtained from vsaie

implementation were studied and analyzed comprébalgs
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I. INTRODUCTION

A large number of research activities have beerdeatied on the subject of wireless communicatiolas tises
microwave bands [1, 2]. Most of the wireless netgoemployed today are using Omni directional ardaer{8]. The first
Yagi-Uda antenna design in micro strip structuress wuggested by Huang in 1989 [4]. The antennaopeapby the

researcher had four patches that were electromagigttoupled to each other.

A maximum gain of 8 dB was achieved. This kind obgosed arrangement has a number of advantages over
single micro strip antennas like increased gain @inectivity. The components of a simple micro striagi antenna are
shown in Figure 1. This includes a driven patchmelet and a few parasitically coupled reflectors dirdctor patch

element [5].

In a conventional Yagi-Uda dipole array, the driwd@ament is responsible for coupling of electronsignenergy
through space into the parasitic dipoles to ob#adtirectional beam. In micro strip Yagi array thlsctromagnetic energy
is coupled from the driven patch to the parasititches through both space and surface waves suthgrate [5]. In this
paper an attempt has been made to design a Yagivifta strip patch antenna that operates at a aefinéquency of 5.2
GHz and 10.2 GHz for C-band and X-band respectivelgh a high directivity. The power obtained for-b@nd

configuration was 35 dB.
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Figure 1: Micro strip Yagi-Uda Configuration

This value of powegain obtained quite higher than the estimated gain valoEa number of similar desigi
proposed earlier [7, 10]. This higlower gain is a desirabcharacteristic for mobile anshtellite communication, glob
positioning systemrad radar applicationA software simulation of the Yagi-Uda micstrip patctantenna in both X-band
and C-band was carried out usilySYS HFSS (high frequency structural simulatdt)has capability to model RF a
microwave frequency and offer multiple solutions fiigh frequency electromagnetic field simulatioRadiation piaerns
and polar plots for simulated desigaik obtained depicting the bandwidth, central frequepower gain of the desic

under consideration.

The Yagi-Uda micrcstrip patchantenna has been simulated in thédadd obtaining a central frequency 5.2
GHz and in the Xsand obtaining a central frequency10.2 GHz. This design workonsiderabl both as a transmitter
and receiver with high gaim the next section, the design parameters foouarcomponents of the antenna used in H
simulation aredescribed in detail. Further, section Il explaihe HFSS simulation results of the antenna bottiné X-

band and C-band configurations.
II. DESIGN AND CONSTRUCTION

Table 1: Design Parametersfor Different Components in C-Band

Position (X mm, | X-Size | Y-Size | Z-Size
R Ymm, Z(mm) (mm) (mm) (mm)
Substrate 0,0,0 16 20 0.50¢
Feed Line 8, 0, 0.508 0.5 20 0.0f
1°' Reflecto 3.8, 6, 0.508 9 0.5 0.0t
2" Array 4.5,9,0.508 7 0.5 0.0F
39 Array 5.5, 12, 0.508 5 0.5 0.0F
4" Array 6.6, 14, 0.508 3 0.5 0.0F
Airbox 0,0,0 16 20 4.79¢

Similar to the conventional Ye-Uda dipole antenna, the micro strip Yagila antenna has a driven elem
which is also called a feed element. Apart frons tiiere is a reflector element and a number ottirelements. A 3-
Dimensional representation of the antehas been shown in Figure 2 that vimplemented on ANSYS HFSS softwa
This figure clearly shows the substrate, feed Inedlector elemel and 3 arrays which act as the director eler The
function of reflector element is to force the electronsignenergy generated from feed line towardsdirector elements

which increase the overall directivity of tantenna design.

Impact Factor (JCC): 3.1852 NAAS Rating: 2.23
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Reflector element

Figure 2: Antenna Desigh on HFSS Software

The Yagi-Uda micro strip patch antenna design wgsdémented on HFSS software in both C-band and i¢tba
The simulation results obtained are described éticge I1l. The design parameters were differentfoth X-band and C-
band implementations. The design parameters foar@@bhmplementation are summarized in Table 1. I'88F'Rogers
RT/duroid 5880” was selected as the material faasgate formation. This material has a relativenptivity of 3.2 and
relative permeability of 1. For feed line, reflecelement and the 3 arrays, the material used was”“with a relative

permeability and permittivity of 1. The air box isade up of air with a relative permittivity of 1@® and relative

permeability of 1.0000004.

Table 2: Design Parameters for Different Componenti X-Band

Components | Position (X Mm, Ymm, Zmm) | X-Size (mm) | Y-Size (mm) | Z-Size (mm)
Substrate 0,0,0 8 14 0.508
Feed Line 8, 0, 0.508 0.5 14 0.05
| 1" Reflector 3.8, 6, 0.508 5 0.5 0.05
2" Array 45,9, 0.508 4 0.5 0.05
3 Array 5.5, 12, 0.508 2.5 0.5 0.05
4" Array 6.6, 14, 0.508 1 0.5 0.05
Airbox 0,0,0 8 14 2.794

The design parameters for X-band implementationsaramarized in Table 2. The simulation results diaxd
working of antenna are described in section llcdfnplex fabrication techniques are available, lthéhproposed designs

can be fabricated easily.

A number of attempts to increase the directivityehaeen done in past like perturbation procedBgsaiid the

use PBG structures [12]. However, quite betterltesuere obtained by using an air box in the HR&Blémentation.

lll. SOFTWARE SIMULATION

ANSYS HFSS software was used to carry out the stiarl of proposed antenna design. HFSS is a high
performance electromagnetic field simulator for3«@umetric passive modeling. A very refined graplhigser interface is
presented to the user. It can be used to calcpkemeters such as central frequency, radiaticerpaand to judge the
directivity of the antenna. HFSS also gives theediem to select material for forming the various poments of the
antenna design. The results obtained from the sitonl of the antenna design in HFSS are shown atiose V.
Simulations of two antenna designs were perforneed, in C-band and another in X-band, as shown gurEi 4 and
Figure 5 respectively. Both the antenna designs veamulated extensively and XY plot to obtain cehfrequency,
radiation pattern, 3-D plot and polar plot werepsted. It was found that for X-band configuratitg central frequency
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obtained was 10.2 GHz.

For C-band configuration the central frequency migih was 5.2 GHz. From this it may be clearly st both
the antenna designs work properly in the intendedawave frequency bands. The XY frequency plob Blot and polar
plot for X-band configuration have been shown igufe 6, 7 and 8 respectively. Similarly for C-bamahfiguration, the 3
plots are shown in the Figure 9, 10 and 11 respsgti
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Figure 3: HFSS Antenna Design IN C-Band
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Figure 4: HFSS Antenna Design in X-Band
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Figure 5: XY Frequency Plot for X-Band Configuration
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Figure 6: 3-D Plot for X-Band Configuration
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Figure 7: Polar Plot of X-Band Configuration
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Figure 8: XY Frequency Plot of C-Band Configuration
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Figure 10: Polar Plot of C-Band Configuration

From the above results it can be seen that fo€thand configuration the central frequency is 5t2zGThis high
frequency of operation is suitable for a numbeRé&f applications. This frequency of operation isretgher than the
stable antenna designs proposed earlier, that werkking around 2.4 GHz in S-band and 1.5 GHz inand [9, 11 and
13]. The value of gain achieved is also higher tthensimilar designs proposed earlier, workingesrty same frequency
of operation [6].

IV. EXPERIMENTAL RESULTS

The results obtained from the software simulati@thoroughly studied in this section. The paransetieat were
considered for study of software simulation resalts central frequency of operation, maximum powftained and
directivity. The results from software implementatiwere accurate and similar to the proposed deSiga antenna was
reflecting in the range of 0-36thus behaving like an Omni-directional antennetlie C-band configuration and the range

obtained for the X-band configuration was 0-120

For C-band configuration, the implemented anteresgh was found to be an Omni-directional antemuasa it
may be widely used for mobile and satellite comroation applications. The central frequency obtaifed C-band
configuration was 5.2 GHz and that for X-band cgufation was 10.2 GHz. A total of 6 lobes were woigd from

Impact Factor (JCC): 3.1852 NAAS Rating:23
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radiation pattern that include 1 major lobe, 1 milodbe and 4 side lobes. While a total of 4 lobesenobtained for the X-

band configuration with 1 major lobe, 1 minor Iado®d 2 side lobes.

This result clearly depicts that the antenna radigierfectly for the C-band configuration with highin and
directivity but for the X-band configuration it slve a low directivity. The bandwidth that was ob&rfrom the radiation
pattern of the simulated results was 9 GHz for Xebeonfiguration and 12 GHz for C-band configunatidhis bandwidth
obtained is approximately 3 times higher than thedwidth resulted in planar micro strip Yagi areayenna proposed by
J. Huang [4]. Thus Yagi-Uda micro strip antennghie C-band configuration has a high bandwidth aspaored to X-band

configuration.
V. CONCLUSIONS

It may be seen from the above results that whertoheepts of Yagi-Uda dipole antenna and a Micipgtatch
antenna are interlinked, a much high performanterana in terms of gain and directivity is obtairiedt may be used for
wide range of applications in fields of mobile commitation, satellite communication, RFID,GPS, Ractammunication
etc. It is both light weight and high profile anld@does not involve a high manufacturing costttan the operational

parameters of antenna may be optimized by varigesithmic tools like GA etc.
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