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ABSTRACT

The design and implementation ofhhgain 2.4GHz patch antenna array
for wireless communication application in rural aris designed. Aside from
having a high gain the antenna should have goodgindirectivity to ensure the
reliability of communication from one point to ahet can be maintained properly.
By attaining the patch antenna array with high gaml good directivity it is
expected to minimize the need of tower that almesjuires high cost of
construction. In order to achieve high gain, theppsed antenna is constructed by
4x4 rectangular patches fed by coaxial feed. Therara structure is then deployed
on a Flame Retardent 4 Epoxy dielectric substvaitéech has the dielectric

constant 1.6mm.
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1. INTRODUCTION

Recently, the demand of antennas for numerous esgsel
communication systems including wireless local aretwvork (WLAN), cellular
phone, and satellite communication has rapidlydased. An easy to build, low
cost production, and sufficiently high gain are sowf requirements usually
needed by the systems. Sometime#jer characteristics such as multi-band
support andelectrically-small size are also required for sospecific wireless
communication systems. In fulfilling thosequirements, a patch antenna is one of
antenna typewhich may answer for the application due to itsemr@mtcapabilities

such as low cost, light weight, low profile amdilti-band support.

In spite of a fact thhe gain andandwidth response levels of
microstrip patch antenna remaimsatisfactory to the expectation, however, in
recent year®ther facts have shown that the microstrip patderara waswvidely
implemented for various applications with high gaamd large bandwidth.
Furthermore, for wireless communication applicationrural area, aside from
having a high gain the antenna sholbéVe good enough directivity to ensure the
reliability of communication from one point to another can be taaed properly.
By attaining the antenna with high gain and gatcctivity, it is expected to
minimize the need of tower mural area communication that usually requires high
cost of construction. Some attempts to achieve those deaistecs are by

configuring some patches in an array, known ashttenna array.

10



2. HARDWARE DESCRIPTION
2.1 PROJECT DESCRIPTION

In this project, aghigain patch antenna array for 2.4GHz
wireless communications system is proposed forlraraa application. The
proposed patch antenna array which is designed dréram thick FR4 Epoxy
dielectric substrate is constructed of 16 rectaggpéatches arranged in 4 rows x 4
columns formation to obtain the high gain charastiertEach of patch is fed using
a microstrip feeding line in which each feedingelimakes a configuration of
corporate feeding network. In order to have annogtn design of patch antenna
array, at first, a single patch is investigatedotmain its characteristics. After
optimizing the separation between patches, thehpatttenna array is then

characterized to satisfy the design requirement.
2.2 PROJECT EXECUTION PLAN

In this project we dgs a 4x4 patch antenna using HFSS

software. HFSS is a commercfalite element methodolver for electromagnetic

structures. It is one of several commercial taged forantennadesign, and the

design of compleRF electronic circuitelements including filters, transmission

lines, and packaging. In HFSS we can choose theedesype of dielectric
material, vary the dimensions of various elemaktsgubstrate, patch etc.. We can
also specify the type of feed needed to be used.cEveanalyse the radiation

pattern and various other characteristics of artelve can vary the dimensions
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and analyse to observe varying results. After ianad) the desired dimensions and
type of the materials being used we can fabridaseantenna. After fabrication we

can test it to obtain the practical results.

2.3 COMPONENTS AND ITS USES
Substrate:

It acts as a foundation fog phatch that we desigAs the antenna is
loaded with a dielectric as its substrate, the tlerof the antenna decreases as the

relative dielectric constant of the substrate iases.

Rectangular Patch:

They are mostly used natrowavefrequencies An individual
microstrip antenna consists of a patch of metdl dbivarious shapes {aatch
antennaon the surface of a PCB, with a metal fpibund planen the other side
of the board.

Array:

An antenna array is a set of multiple connectedrards which work
together as a single antenna, to transmit or receigdio waves. The
individual antenna elements are connected to desiregeiver or transmitter by
feedlines that feed the power to the elementsspegific phase relationship. The

antenna array helps in increasing the directivityol further increase the gain.
Coaxial cable feed:

Its a very common technique used for microstrigipantenna. The
inner conductor of the coaxial connector extendsuph the dielectric and is

12



soldered to the radiating patch, while the outemdecmtor is connected to the
ground plane. The main advantage of this type eflifeg scheme is that the feed
can be placed at any desired location inside thehpa order to match with its

input impedance.

SMA Connector:

SMA (SubMiniature version A) conrast are semi-precisiacoaxialRF

connectorsleveloped as a minimal connecitaerfacefor coaxial cablewvith a

screw-type coupling mechanism. SMA is designedita fromDC to 18GHz, but
is most commonly used for hand-held radio and meot@lephone antennas, and

more recently with WiFi antenna systems.
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2.4 DESIGN :
2.4.1. SIMULATED DESIGN :

14



Fig 2.1. 4X4 rectangular patch antenna array

Name Length Width Thickness
Substrate 200 200 1.6
Ground | 200 200 -

Patch 32 28.5 -

Table 1. Dimension of the Antenna
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2.4.1.1.FREQUENCY vs VSWR :
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Fig 2.2.Frequency vs VSWR

The parameter VSWR is a measoae numerically describes how
well the antenna is impedance matched to the raditransmission line it is
connected to. VSWR stands for VoltageStanding V\Ra®o, and is also referred
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to as Standing Wave Ratio (SWR) . VSWR is a fumctmf the reflection

coeffecient, which describes the power reflectedhfthe antenna.

The VSWR is always a real and fasinumber for antennas. The
smaller the VSWR is, the better the antenna is lne@t¢o a transmission line and
the more power is delivered to the antenna. Thamoim VSWR is 1.0. In this

case, no power is reflected from the antenna, wisidateal.

S.No Frequency | VSWR
1 2.1 1.85
2 2.2 7.62
3 2.3 3.69
4 2.4 3.02
) 2.5 7.78

Table 2. Frequency vs VSWR

The VSWR is 1.85 for a frequen€y®.1Ghz is the value nearer to the
ideal VSWR.

2.4.1.2 FREQUENCY vs RETURN LOSS
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Fig 2.3. Frequency vs Reflection Coeffemt

In practice, the most commonly qdgt@rameter in regards to antenna is
S11. S11 represents how much power is reflected fiee antenna, and hence is
known as reflection coeffecient or return loss.S861=0dB, then all the power is
reflected from the antenna and nothing is radiafe§11=-10dB, this implies that
if 3dB of power is delivered to the antenna, -7dBthe reflected power. The

remainder of the power was "accepted by" or dedgeto the antenna. This

19



accepted power is either radiated or absorbedss®dowithin the antenna. Since
antennas are typically designed to be low lossaligléghe majority of the power

delivered to the antenna is radiated. VSWR is tiyeelated to S11.

SNo Frequency S11
1 2.4 -5.67
2 2.3 -4.34
3 2.6 -2.78
4 2.1 -10.50

Table 3. Frequency vs S11

The S11 is -10.5 for a frequency of 2.1Ghz is takei® nearer to the ideal S11.

2.4.2. PRACTICAL DESIGN :

20



2.4.2.1.FREQUENCY vs VSWR:
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Fig 2.4. Frequency vs VSWR(practical)
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The VSWR is 1.38 for a frequency 1083Ghz which vary from the
simulated result because of the used substratevdfvary the substrate we can

obtain more accurate results.

2.4.2.2. FREQUENCY VS RETURN LOSS :

MR <11 Log g 20,008/ Raf 00008

Fig 2.5. Frequency vs Reflection Coefficient(practal)
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The S11 is -16.13 foregiency of 1.33Ghz which vary from the
simulated result because of the used substratevdfvary the substrate we can

obtain more accurate results.

2.5 TESTING :
2.5.1 NETWORK ANALYZER :

A network analyzer is mstrument that measures thetwork

parameter®f electrical networksToday, network analyzers commonly measire

parameterbecauseeflectionandtransmissiorof electrical networks are easy to
measure at high frequencies, but there are othemorle parameter sets suchyas

parametersz-parametersandh-parametersNetwork analyzers are often used to

characterizéwo-port networksuch as amplifiers and filters, but they can bedus

on networks with an arbitrary numberpdrts

Network analyzers asedimostly at higfrequenciesoperating
frequencies can range from 5 Hz to 1.05 THz. Spégees of network analyzers

can also cover lower frequency ranges down to 1 Hz.
Architecture

The basic architectufeaonetwork analyzer involves a signal

generator, a test set, one or more and display.

Signal generator

The network analyzer reeadest signal, and a signal generator or
signal source will provide one. Older network amahg did not have their own
signal generator, but had the ability to contretand-alone signal generator. High-

performance network analyzers have two built-inrees. Two built-in sources are
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useful for applications such as mixer test, where source provides the RF signal,
another the LO, or amplifier intermodulation tegtinvhere two tones are required

for the test.
Test set

The test set takes the digigmerator output and routes it to the
device under test, and it routes the signal to basured to the receivers.It often
splits off a reference channel for the incident &valn a SNA, the reference
channel may go to a diode detector (receiver) wiongput is sent to the signal
generator's automatic level control. The resulto&tter control of the signal
generator's output and better measurement accuhacg. VNA, the reference
channel goes to the receivers; it is needed tees#s\a phase reference.

Directional couplers or twesistor power dividers are used for
signal separation. Some microwave test sets indedront end mixers for the

receivers (e.g., test sets for HP 8510).
Receiver

The receivers make the measents. A network analyzer will
have one or more receivers connected to its ta$s.pbhe reference test port is
usually labeled R, and the primary test ports arB,AC,.... Some analyzers will
dedicate a separate receiver to each test porgtbets share one or two receivers
among the ports. The R receiver may be less semshan the receivers used on

the test ports.

For the SNA, the receimly measures the magnitude of the
signal. A receiver can be a detector diode thataips at the test frequency. The
simplest SNA will have a single test port, but maezurate measurements are

made when a reference port is also used. The neferport will compensate for
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amplitude variations in the test signal at the messent plane. It is possible to
share a single detector and use it for both thereate port and the test port by

making two measurement passes.

For the VNA, the receiveeasures both the magnitude and the
phase of the signal. It needs a reference chaR)dio(determine the phase, so a
VNA needs at least two receivers. The usual mettawin converts the reference
and test channels to make the measurements atea fmguency. The phase may
be measured with a quadrature detector. A VNA meguat least two receivers, but
some will have three or four receivers to permmdtaneous measurement of

different parameters.

There are some VNA architees (six-port) that infer phase and

magnitude from just power measurements.
Processor and display

With the processed RF signalilable from the receiver / detector
section it is necessary to display the signalfiorenat that can be interpreted. With
the levels of processing that are available todayme very sophisticated solutions
are available in RF network analyzers. Here thiecgbn and transmission data is
formatted to enable the information to be intergaeds easily as possible. Most RF
network analyzers incorporate features includimgdr and logarithmic sweeps,
linear and log formats, polar plots, Smith chagts, Trace markers, limit lines and

also pass / fail criteria may also be added in mastances.
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3.SOFTWARE DESCRIPTION:
3.1HFSS:
The acronym originally stood Fagh frequency structural simulator.

It is one of several commercial tools useddntennadesign, and the design of

complexRF electronic circuitelements including filters, transmission lines,and

packaging.

ANSYS HFSS software is the indysttandard for simulating high-
frequency electromagnetic fields. Its gold-standarduracy, advanced solvers and
high-performance computing technologies make iessential tool for engineers
tasked with executing accurate and rapid designgh-frequency and high-speed
electronic devices and platforms. HFSS offers sthtie-art solver technologies
based on finite element, integral equation, asytgptand advanced hybrid
methods to solve a wide range of microwave, RF &ngh-speed digital

applications.

HFSS delivers 3-D full-wave accyrd@r components to enable RF and
high-speed design. By leveraging advanced elecgost& field simulators
dynamically linked to powerful harmonic-balance drahsient circuit simulation,
HFSS breaks the cycle of repeated design iteratimnd lengthy physical
prototyping. With HFSS, engineering teams constteachieve best-in-class
design in a broad range of applications includingeanas, phased arrays, passive
RF/mW components, high-speed interconnects, coorgctC packaging and
PCBs.

Design sign-off accuracy is providedy HFSS through its
groundbreaking and industry-leading adaptive meghéthnology. Its powerful
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meshing and solver technologies enable you to desith confidence, knowing
the results provided by HFSS can be relied on. Gih@s simply give answers
without any feedback regarding the accuracy of #wution, leading to
uncertainty. When combined with ANSYS HPC technmeg like domain
decomposition or distributed frequencies, HFSS ssanulate at a speed and scale
never before thought possible, further allowing youmore fully explore and

optimize your device’s performance.

3.2. HFSS ADVANTAGES:

HFSS is a 3D which meansoives all of Maxwell's Equations.
The limit on accuracy is basically dependent onriesh size. HFSS is very good

at extracting s-parameters and fields.

HFSS is an interactive @imtion system whose basic mesh
element is a tetrahedrone. This allows you to salng arbitrary 3D geometry,
especially those with complex curves and shapes fumction of the time it would

take using other techniques.

Ansoft pioneered the useha finite element method(FEM) for
EM solution by developing / implementing technokxgysuch as tangential vector

finite elements, adaptive machine.

HFSS has evolved over a period of years wiput from many
users and industries. Ansoft HFSS is the tool dafiah for high productivity

research, development and virtual prototyping.
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3.3. SIGNIFICANCE OF PROJECT:

The main aim of our project is to design an antewhi&h has
the centre frequency 2.4Ghz.The reason we choasé&éguency is we don’t need
to have license to use that frequency. This frequas license free. Licensed
frequency costs more and we can’'t use a partiduéjuency without getting

license. Using an unlicensed frequency is illeghht's why we choose 2.4Ghz.

This model is used umat area application and this will avoid
the use of tower(Repeater). We have designed angualar patch antenna array
that has high directivity and so we don’t needlampa repeater which costs more.
The entire rural area can be covered using thglesiantenna.We don’'t need to
have repeater which strengthen the signal which tressmitted. That's why
specifically we are designing it for rural areglgation. In case of urban area the
area will be more.We can’t cover the whole areagisl single antenna without
having repeaters. Its other inherar@pabilities are low cost, light weight, low

profile andmulti-band support.
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3.4. ENCHANCEMENT OF THE PROJECT :

In this project we use FR4 epoxy dielectric sultstrén simulated
design we get better results at 2.1 GHz. But praltyi we get better results at
1.33GHz. This variation is due to the type of stdistused.

This drawback can be overcomeding Bakelite as substrate.
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4. WORKING MODEL :
4.1 EXPERIMENTAL SETUP :

Fig 4.1 Experimental Setup

After fabricating an antenna,we test tmeana using network analyzer.
Initially connect the antenna at port 1.We measwa parameters using network

analyzer using calibrate option.They are
1.VSWR

2.Return loss
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The VSWR is 1.85 for a frequency of 2.1Gtizich is the value nearer to
ideal VSWR in simulation and VSWR is 1.38 for agiuency of 1.33Ghz.

The S11 is -10.5 for a frequency of 2.1Ghz whglthie value nearer to the
ideal S11. The S11 is -16.13 for a frequency of8GI& which vary from the

simulated result because of the used substrate.

By varying the substrate used ,we cdrbgter results.

4.2. ANTENNA FABRICATION
4.2.1. FRONT VIEW

Fig 4.2 Front View
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5. CONCLUSION

The design and implementation of high ga#Ghz patch antenna array for
rural area application have been presented. THzedgatch antenna array has
been constructed by 4x4 rectangular patches andyepon a 1.6mm thick FR4
Epoxy dielectric substrate. We get better resuttsl.83GHz practically. This
variation is due to the type of substrate and tistadce between the patches.

Better results can be obtained by varying the abbogntioned parameters.
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