PENTAGON SHAPED PATCH ANTENNA

WITH EBG STRUCTURE FOR WLAN

| Prcess acuzs nuom ez |

APPLICATION
A PROJECT REPORT
Submitted by
RAMYA.K Reg No.:13BEC121
SARANYA.R Reg No.:13BEC132
VEERALAKSHMI.V Reg No.:13BEC160
SWATHIKA.R Reg No.:13BEC220

in partial fulfilment for the award of the degree

of

BACHELOR OF ENGINEERING

IN

ELECTRONICS AND COMMUNICATION

KUMARAGURU COLLEGE OF TECHNOLOGY

ANNA UNIVERSITY : CHENNAI

APRIL 2017



BONAFIDE CERTIFICATE
Certified that this project report “PENTAGON SHAPED PATCH ANTENNA FOR WLAN
APPLICATION” is the bonafide work of Ms RAMYA.K [13BEC121], Ms SARANYA.R [13BEC138]
and Ms VEERALAKSHMI.V [13BEC160], Ms SWATHIKA.R [13BEC220] who carried out the
project work under my supervision. Certified further that to the best of my knowledge the work
reported herein does not form part of any other project or dissertation on the basis of which a

degree or award was conferred on an earlier occasion on this or any other candidate.

SIGNATURE SIGNATURE
Ms. KARTHIKA. K M.E., Dr.MALARVIZHI. K M.E., Ph.D,
PROJECT SUPERVISOR HEAD OF THE DEPARTMENT
Department of ECE Department of ECE
Kumaraguru College of Technology Kumaraguru College of Technology
Coimbatore-641049 Coimbatore- 641049

The candidates with Register No: 13BEC121, 13BEC132, 13BEC160, 13BEC220 are examined by us in
the project viva-voce examination held on .........................

INTERNAL EXAMINAR EXTERNAL EXAMINAR



ACKNOWLEDGEMENT

We express our sincere thanks to the Management of Kumaraguru College of Technology and
Joint Correspondent Shri.ShankarVanavarayar for the kind support and for providing necessary facilities

to carry out the project work.

We would like to express our sincere thanks to our beloved Principal Dr.R.S.Kumar, Ph.D.,

Kumaraguru College of Technology, who encouraged us in each and every step of the project.

We would like to thank Dr.Malarvizhi .K, M.E., Ph.D., Head of the Department, Electronics and
Communication Engineering, for her kind support and for providing necessary facilities to carry out the

project work.

We wish to thank with everlasting gratitude to our Project Coordinator Dr.Ramalatha Marimuthu,
M.E., Ph.D., Department of Electronics and Communication Engineering for her consistent support

throughout the course of this project work.

We are greatly privileged to express our deep sense of gratitude and heartfelt thanks to our
Project Guide Ms.K.Karthika, M.E., Department of Electronics and Communication Engineering for her
expert counselling and guidance to make this project to a great deal of success and also we wish to
convey our regards to all teaching and non-teaching staff of ECE Department for their help and

cooperation.

Finally, we thank our parents and our family members for giving us the moral support and
abundant blessings in all of our activities and our dear friends who helped us to endure our difficult

times with their unfailing support and warm wishes.

ABSTRACT

The objective of this paper is to design and analysis the EBG structure based pentagonal
patch antenna. In this method, to overcome several limitations of patch antennas such as constrict
bandwidth, low gain, excitations of surface waves, the EBG concept is applied. The aim of this paper is to
design, simulate and fabricate the new EBG structure operating at WLAN frequency and to study the
performance of the pentagonal microstrip patch antenna in terms of the bandwidth and VSWR with and

without EBG structure which are characterized in terms of return loss and radiation pattern.



Impedance, bandwidth, VSWR, return losses and smith charts are observed and experimentally studied

using the high frequency structure simulator(HFSS).
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1.INTRODUCTION

With the drastic demand of wireless communicatgystem and their
miniaturization, antenna design becomes more aighg. Antenna is an
important part of any wireless communication systeamt converts the electronic
signals (propagating in the RF Transceiver) intcecEbmagnetic Waves
(Propagating in the free space) efficiently witmmum loss. Recently microstrip

patch antennas have been widely used in sateltitenwnications, aerospace,



radars, biomedical applications and reflector fdegisause of its low profile, low

cost, lightweight and conveniently to be integrateth RF devices.

1.1. ANTENNA PARAMETERS

An antenna is an electrical conductor or systencasfductor. Transmitter
Radiates electromagnetic energy into space. Recé&odlects electromagnetic
energy from space.

The definition of an antenna as given by Stutziguaeh Thiele is, “That part
of a transmitting or receiving system that is desty to radiate or receive
electromagnetic waves”. The major parameters as®uCiwith an antenna are
defined in the following sections.

1.1.1. ANTENNA GAIN

Gain is a measure of the ability of the antenndittect the input power into

radiation in a particular direction and is measuaedhe peak radiation intensity.

Consider the power density radiated by an isotraptenna with input poweli?0 at

2
a distanc&r which is given bys= PO/4nR :
An isotropic antenna radiates equally in all dicets, and its radiated power

2
densitySis found by dividing the radiated power by the aoédhe sphere#R .
An isotropic radiator is considered to be 100%cefht. The gain of an

actual antenna increases the power density initgetidbn of the peak radiation

. PG _ |EP? _1 [PoGn _ o=
S-4nR2 o7 or |E| " RA 4m 51

Gain is achieved by directing the radiation aweynt other parts of the

radiation sphere. In general, gain is defined as dhin-biased pattern of the

antenna.



PnG(6, .
B(p) = Lz(m Power density
41R
PyG(6, . .
W o) = % Radiation intensity

1.1.2. ANTENNA EFFICIENCY
The surface integral of the radiation intensityeothe radiation sphere

divided by the input poweIPO Is a measure of the relative power radiated by the

antenna, or the antenna efficiency.

“C8) 5ind df dep

.. _Pr _ (2T T
Efficiency?e ~ P fo fo 2

wherePr is the radiated power. Material losses in the ardeor reflected power
due to poor impedance match reduce the radiate@mpow

1.1.3. DIRECTIVITY
Directivity is a measure of the concentration adiation in the direction of

the maximum.

_ . . maximum radiation intensity _ Umax
Directivity = . , -
average radiation intensity Uy

1.1.4. RADIATION PATTERN
10



The radiation pattern of an antenna is a plot hed far-field radiation
properties of an antenna as a function of the apaw-ordinates which are
specified by the elevation angl) @nd the azimuth angle). More specifically it
iIs a plot of the power radiated from an antenna et solid angle which is
nothing but the radiation intensity. It can be f@dtas a 3D graph or as a 2D polar
or Cartesian slice of this 3D graph. It is an axikety parameter as it shows the

antenna’s directivity as well as gain at various{sin space.

1.1.5.RETURN LOSS

It is a parameter which indicates the amount ofigrothat is “lost” to the
load and does not return as a reflection. HenceRihés a parameter to indicate
how well the matching between the transmitter anterasna has taken place.
Simply put it is the S11 of an antenna. A graplstf of an antenna vs frequency
Is called its return loss curve. For optimum wogksuch a graph must show a dip

at the operating frequency and have a minimum dBevat this frequency.

1.2. MICROSTRIP PENTAGON SHAPED PATCH ANTENNA

Microstrip patch antennas are relatively inexpemsiv manufacture and
design because of the simple 2-dimensional phygjeametry. They are usually
employed aUHF and higher frequencies because the size of themenis directly
tied to thewavelengthat theresonant frequency. A single patch antenna pro\ades
maximum directive gain of around 6&d8. It is relatively easy to print an array of

patches on a single (large) substrate using liq@yc techniques. The ability to

11



create high gain arrays in a low-profile antennane reason that patch arrays are
common on airplanes and in other military applmasi Such an array of patch
antennas is an easy way to makghased arragf antennas with dynambeam
formingability. An advantage inherent to patch antennasthis ability to
havepolarizationdiversity. Patch antennas can easily be designédve vertical,
horizontal, right hand circular (RHCP) or left hacidcular (LHCP) polarizations,
using multiple feed points, or a single feed peith asymmetric patch structures.
This unique property allows patch antennas to bedum many types of

communications links that may have varied requir@se

However, microstrip antennas also have disadvastageh as the radiation
of electromagnetic energy in different directionsni radiation source (i.e. patch)
which cause the electromagnetic energy due to #tehpand feed of microstrip
antenna, divide in all direction in the space thatsults to reduce directivity, gain

and wide radiation beam.

Pentagon microstrip patch antenna supports botkaidinand circular
polarization. It gives better performance compatedthe rectangular patch
antenna. The pentagonal patch antenna gives airpolarization with only one
feed whereas a rectangular patch antenna requinéigole feeds to get circular
polarization. The pentagonal patch antenna canuwdsomultiple feeds. And this

type of antenna multiple feeds can also give maiftcboperations.
1.3. ELECTROMAGNETIC BAND GAP

EBG structures are periodic structuhed are composed of dielectric, metal
or metallo-dielectric materials. These structurem @revent or assist wave
propagation in special directions and frequencesefore they can be used as

spatial and frequency filters. Electromagnetic Bdpap structures produced a

12



wide variety of design alternatives for researchesmsrking in the area of
microwave and photonics. Focus is now towards oulifig real applications

combined with detailed modelling.

There are several configurations of EBG streguaccording to their

application in antenna. Two main configurations are

» EBG structures are placed on antenna substratéyhateation band gap in
certain frequency range Suppress from propagaticsudace wave. This
configuration is defined as EBG substrate. In ttamfiguration both of
mushroom-like EBG and uniplanar EBG is used.

» EBG structure place at certain distance above tiadiaource of antenna i.e.
patch and by creation ultra-refraction phenomemongcentrate radiation in
various direction normal to EBG structure. This foguration is defined as
EBG superstrate or Metamaterial superstrate angltbel uniplanar EBG is

used in this one.

The characteristics of EBG depend on the eshagze, symmetry and the
material used in their construction. Surface waaes reduced by using EBG
substrate which leads to increase the directivitgndwidth and radiation
efficiency. EBG were realized to reduce and elirrersurface waves, which leads
to an increase in directivity, bandwidth and radmatefficiency. It is also useful to
reduce the side lobes of the radiation patternfrartte radiation pattern front-to
back ratio and overall antenna efficiency are imptb This proposed antenna
gives better performance compare to the convertimi@ostrip patch antenna. A

substantial gain and bandwidth enhancement hasdieaimed.

The birth of the electromagnetic band gapcstre has triggered many
novel antenna applications. Electromagnetic bampdsfrauctures can be defined as

13



artificial periodic (or sometimes non-periodic) ets that prevent or assist the
propagation of electromagnetic waves in a specibadd of frequency for all
incident angle and polarization state. Two commoaiypployed features are
suppressing unwanted substrate modes and actiag adificial magnetic ground

plane.

The main advantage of EBG structure is theilitgbio suppress the
surface wave current. The generation of surfaceewadegrades the antenna
efficiency and radiation pattern. Furthermore hitreases the mutual coupling of
the antenna array which causes the blind anglesofaning array. EBG structures
are usually realized by periodic arrangement ofedteic materials and metallic
conductors. In general, they can be categorizedtimee groups according to their

geometric configuration:
(i)  three-dimensional volumetric structures,
(i)  two-dimensional planar surfaces, and
(i)  One-dimensional transmission lines.

The parameters that are affecting the pevdmice of EBG structures are

directly dependent on the operating wavelength.

1.4. FEEDING METHOD

Microstrip patch antennas can be fed by a varmtymethods. These
methods can be classified into two categories-amtimy and non-contacting. In
the contacting method, the RF power is fed diretilyhe radiating patch using a
connecting element such as a microstrip line. la tlon-contacting scheme,

electromagnetic field coupling is done to trangfexver between the microstrip

14



line and the radiating patch. The four most poptgad techniques used are the

microstrip line, coaxial probe , aperture couplargl proximity coupling.
1.4.1. COAXIAL FEEDING

The Coaxial feed or probe feed is a very commohrtgue used for feeding
Microstrip patch antennas. The inner conductorhef ¢coaxial connector extends
through the dielectric and is soldered to the tadgapatch, while the outer
conductor is connected to the ground plane. Thexradvantage of this type of
feeding scheme is that the feed can be placedyatlesired location inside the

patch in order to match with its input impedance.

However, its major drawback is that it providesroa bandwidth and is
difficult to model since a hole has to be drilledthe substrate and the connector
protrudes outside the ground plane, thus not makiogmpletely planar for thick
substrates. Also, for thicker substrates, the mm®d probe length makes the input
iImpedance more inductive, leading to matching moisl. It is seen above that for
a thick dielectric substrate, which provides brdehdwidth, the microstrip line

feed and the coaxial feed suffer from numerousddigatages.

2. SOFTWARE DESCRIPTION

2.1. INTRODUCTION

The software simulations of this project focuseddesigning and testing of
pentagon shaped patch antenna with ebg structurg seftware ANSYS HFSS.

It excels at a wide variety of frequency. It useslltiple advanced solver

15



techniques to simulate not just the antenna amul thks effects of its interaction
with the entire system. This software is the legdBDb electromagnetic simulation
tool for high frequency and high speed electromenponents. With multiple
simulation technologies and powerful automated adapmesh refinement

provides the standard accuracy.

HFSS can help antenna designers who are constah#lilenged with
implementing designs across more and more frequieacygs inside a smaller and
smaller footprint. With these additional technicalallenges along with the ever
shrinking time to market, simulation with HFSS israst-have in the antenna
design and integration process. Miniaturizatiorthed antennas, achieves limited
bandwidth, reduces design time HFSS gives accaradeefficient solutions. The
basic characteristics of the antenna are returs, logut impedance, gain,

directivity and variety of polarization can beafyzed in HFSS.
2.2. ANSYSHFSSSIMULATION SOFTWARE

ANSYS is the leading developer of electromagndield simulation
software used by engineers to design electronic edeckromechanical products
across a broad range of industries. The electroatagmproduct focuses on
improving the physical design by leveraging adeah@lectromagnetic field
simulators dynamically linked to powerful circuihc system simulation. This
methodology allows users to design and optimize r@namore automated,
efficient and mobile electronic and electromechahigroducts without costly

physical prototypes.

ANSYS electromagnetic solutions allows to gairuaderstanding of:

16



Y

Device performance characteristics under applieaddexcitations and
boundary conditions

Visualization of the electromagnetic field in andund a device

Joule heating effects and resultant temperatures

Force distribution and resulting deformation

YV V VYV V

Key design parameters: torque, force, resistammhjctance, capacitance,
impedance, S-parameters and radiated fields anssems

e -
3-D Electrical Layout 1 3-D Modeler

- ANSYS HFSS now includes two interfaces optimized for easy design

Fig 2.1. HFSS Software

2.3. ANSYSHFSSSIMULATION

Electromagnetic Field Simulation HFSS sets thendsied for accuracy,
advanced solver and high-performance computingntolyy, making it the ‘go

to’ tool for engineers designing high-frequency dmgh-speed electronics found

17



In communication systems, radar systems, satelldesart phones and tablet
devices. Rigorous Validation Sign-off quality higlequency EM results that
allow customers to simulate and go straight to rfecturing. Using HFSS,
engineers can extract parasitic parameters (S, ,Yigualize 3D electromagnetic
fields (near- and far-field) and generate Full-W&®ICE models that link to
circuit simulations. This software is easy to usasatile and fast features such as
automatic adaptive meshing, versatile design earid/advanced high-performance

computing technology put analyst-quality solvershie@ hands of the designer.
2.3.1. SMULATION- SWEEPS

This frequency sweep used to generate a solut@moss a range of

frequencies. The sweep types are:

» Fast. Generates a unique full-field solution focrealivision within a
frequency range. Best for models that will abrupdgonate or change
operation in the frequency band. A Fast sweep obtiain an accurate
representation of the behavior near the resonance.

» Discrete: Generates field solutions at specifiaqdfiency points in a
frequency range. Best when only a few frequencytpare necessary to
accurately represent the results in a frequenayeran

» Interpolating: Estimates a solution for an entiregtiency range. Best
when the frequency range is wide and the frequeesyonse is smooth,

or if the memory requirements of a Fast sweep ekgear resources.
2.3.2. SIMULATION- EXCITATIONS

Assigning excitations to an HFSS design enablespexify the sources of

electromagnetic fields and charges, currents, llages on objects or surfaces.

18



Wave port
Lumped port
Incident wave
Voltage source

Current source

vV V V V V V

Magnetic Bias source
2.3.3. SSIMULATION- BOUNDARIES

Boundary conditions specify the field behavior tre surfaces of the
problem region and object interfaces. This aredhef technical notes includes

information about the following boundary types:

Perfect E

Perfect H
Impedance
Radiation

PML

Finite Conductivity
Symmetry

Master and Slave
Lumped RLC

Layered Impedance

vV V.V V V V VYV V V V V

Infinite Ground Planes

2.34. SIMULATION- MATERIALS
Linear material properties

» Relative Permeability
19



» Relative Permittivity
» Bulk Conductivity
» Dielectric Loss Tangent

» Magnetic Loss Tangent
Ferrite material properties

» Magnetic Saturation
» Lande G Factor
> Delta H

2.35. SSIMULATION- SOLUTIONS
» Driven Modal Solution

Choose the Driven Modal solution type when you wWHRSS to calculate the
modal-based S-parameters of passive, high-frequesityctures such as
microstrips, waveguides, and transmission linese Bamatrix solutions will be

expressed in terms of the incident and reflectedeps of waveguide modes.
» Driven Terminal Solution

Choose the Driven Terminal solution type when yaniwHFSS to calculate the
terminal-based S-parameters of multi-conductorsimaasion line ports. The S-

matrix solutions will be expressed in terms of t@@hvoltages and currents.

» Eigenmode Solution

20



Choose the Eigenmode solution type to calculat@idpenmodes, or resonances, of
a structure. The Eigenmode solver finds the redoftaquencies of the structure

and the fields at those resonant frequencies.
24. HFSS FEATURES

3-D full-wave EM field simulation
Tangential vector finite elements
Automatic adaptive mesh generation and refinement

S-,Y-, Z-parameter extraction via transfinite elatse

YV V V VYV V

Model healing, automatic feature recognition, mestolution control and
fault-tolerant meshing for CAD import

Low-, medium- and higher-order basis functions

Direct and iterative matrix solvers (64-bit capai)l

Eigenmode matrix solver (64-bit capability)

Generalized multi-mode port definitions includirmgsy and Floquet ports

Auto-assign for terminal-driven ports

vV V V V V V

Multiple incident field sources including small cent loop, dipoles and

arbitrary plane waves.
2.5. HFSSAPPLICATIONS

» Passive Components
» Antenna feed structures
» Filters, circulators, connectors, waveguide tramsgt
 Embedded passives (i.e., spiral inductors, MIM &M capacitors)
 MEMS

» RF PCBs
21



* Wireless devices, guidance systems, mobile basersta
* MRI devices, SAR studies
> High Speed ICs
 Embedded passives
» Spiral inductors
» Transformers
« MOM and MIM capacitors
 Critical interconnects
* Vias
» Clock trees
* Transitions
* MMICs, RFICs, MEMS
» | C Packages
* SiP, PoP, CSP, BGA, LTCC, MCM, LTCC, MCM
» Lead-type (QFP, QFN, DiP, SO)
 PGA, BGA (wire-bonded, flip chip)
» Printed Circuit Boards
* Vias, lands
* Transmission lines
* Gridded power/ground planes
* Rigid/build-up/flexible PCBs.

3. DESIGN OF ANTENNA GEOMETRY
22



A pentagonal microstrip patch antenna gives beigformance than the
rectangular patch antenna; in particular, it suggpdioth linear and circular
polarizations. The pentagonal patch antenna prevaecular polarization with
only one feed whereas rectangular patch antennaresgmultiple feeds to get
circular polarizations. Hence the proposed antege@metry is chosen to be a
pentagonal patch antenna and fed with a 50 ohmialoaable for better

impedance matching.

rl

Fig 3.1. Geometry of regular pentagonal shape

The relationship between the circles (rl) to thde sarm of the regular

pentagon (r2) is given in equation

2

2 I

side arm of the pentagonr,=1.1751r

In the derivation of the eq (1), the pentagondtipas assumed to be a

resonant cavity with perfectly conducting side wall

23



The resonant frequency of the dominant as welfoasthe higher order

modes can be calculated from the formula givenvelo

f _ X;lpc
"P T 2mrie,

where X,'lp are the zeros of the derivative of the Besseltfang,,(x) of the order

n, as is true for TE mode circular waveguides, hawéor the lowest order modes

X,,= 1.84118

3.1. DESIGN SPECIFICATIONS

The proposed pentagonal patch antenna has beigneits
using following specificatiorns

Geometry Pentagonal
Side arm length 8.9mm
Substrate(FR4) & =4.4,h=1.6mm
tand = 0.002
Centre frequency 5.8GHz
Feed location Xf=1mm Yf=0.7mm
Coaxial cable dimension Inner radius: 0.5mm
Outer radius: 0.7mm

Table 3.1 Design specification

24



Fig 3.2. Designed antenna without EBG

Fig 3.3. Designed antenna with EBG

25



4. SSIMULATION RESULTS OF ANTENNA

4.1. FR4 SUBSTRATE WITHOUT EBG

4.1.1. RETURN LOSS (S11)

S5 Tools Window Help

o, it =1

2000 -| U S | 1 | S S MY N S —

(Circtea_T1 Circle_T1)

2500 - -

X B

35,00

w00
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XY Plot 21 HFSSDesign 4
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4.2. ROGER SUBSTRATE WITHOUT EBG
4.2.1. RETURN LOSS (S11)

XY Plot 21 HFSSDesign1 &
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ANSYS Electronics pentagonco - HFSsDesignl - XY Plot 23 - SOLVE
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4.25. DIRECTIVITY
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4.3. ANTENNA WITH EBG (FR4 SUBSTRATE)
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4.3.1. RETURN LOSS (S11)

XY Plot1 HFSSOengn] &
|

e
— dBISHCirded T1 Girdied 1))
Setup0 Sweep

XY Plot2 HFSSOengn] &

T
— VswRiCwa T
10" Swecp

30000 |

2
oy | \

32



4.3.3. BANDWIDTH
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4.3.4. GAIN
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4.3.5. DIRECTIVITY
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4.4, COMPARISON OF RESULTS

PARAMETERS FR4 FR4 ROGER
OBTAINED SUBSTRATE SUBSTRATE SUBSTRATE
WITHOUT EBG WITH EBG WITHOUT EBG
RETURN LOSS -44.03dB -21.13dB -17.62dB
VSWR 1.0126 1.1924 1.3030
BANDWIDTH 286.3 MHz 269.4MHz 271.1 MHz
GAIN 3.3dB 5.91dB 5.78dB
DIRECTIVITY 5.5dB 5.95dB 5.8dB
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Table 4.1. Comparison of results

5. FABRICATION

5.1. ANTENNA DESIGN AND SIMULATION

During the past four decades, microstrip antefaag attracted a great deal
of attention due to their low profile, ease of fahtion, low cost, and
conformability. In this work, the antenna is chostenoperate at a resonant
frequency of 5.8 GHz since this band is very common and widely uf®d
WLAN applications. The transmission line model ised for calculating the
dimensions of the patch. Three essential paramdtergiency of operatiory ),
height of dielectric substrate (h) and dielectmmstant of the substrate, must be

selected appropriately to design a microstrip patgienna.

The chosen substrate in this project is FR4 cdlative permittivity,er, of
4.4 and thickness of 1.6nm. The size is of ground plane isf3@m x 30 /mm.
The feed point must be located where the input dapee is 50ohms at the
resonant frequency. The location of the feedingtp@ achieved by a trial-and-
error method by selecting a distance 30% from tgee@nd moving is a small step
to Xf = 1limm,Yf = 0.77mm), locate the optimum feed point where $i4 is

minimum.

These antenna parameters are fed to simulatiotwaef based on the
technique, Finite Element Method (FEM) formulat@ihAnsoft's High Frequency
Structure Simulator (HFSS), which is chosen foridalon purposes. The

simulation results of softwares are compared éotleasured ones.
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For printed antennas designed using HFSS follovang the steps for

antenna fabrication

» Click Modeler in the Menu bar of HFSS and thenkckxport.

» Select the file type to be .dxf and provide namethe file and
location.

» Then the dxf file can be opened using some CADwsok or Corel

Draw.

Follow the conventional PCB fabrication process. iscreen printing,

masking, etching etc.

After exporting the Gerber file of the simulatessan to the printer, loading
the substrate and adjusting the nozzles distansedistussed previously, the
printing order is given to print the SNP-based squymatch. Next, thermal curing is

applied and feed is applied afterwards.

A coaxial feed is used to excite the microstripeana using a microdriller,
silver paste, and soldering station to fix thelJ8@m subminiature version A
(SMA) port. The SMA is connected to the antennadmefully drilling the antenna

at the specified position.

The inner conductor of the coaxial cable is cores@nd soldered to the
patch, and the outer conductor of the coaxial ceb$®ldered to the ground plane.
The inner conductor of the SMA port is connectedthe patch through the
substrate using silver paste while the inner cotafuaf the SMA is soldered to the

copper patch. For both patches, the SMA port idesed to their ground plane.
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5.2. SMA CONNECTOR

» SMA Connector are coaxial RF connectors developedd60ss and SMA is
the abbreviation of SubMiniature version A. SMA nentor has a 50 ohm
iImpedance, 1/4-36 thread type coupling mechanisanthis RF connector
offers excellent electrical performance from 0 80G@Hz.

» SMA connectors are available in various qualityss&s for different
applications with different material options .Varso SMA connectors are
widely used in Vehicle Tracking System, Wireless NLA WiMax,

Telecommunication, Aero and precise testing insémniiation.

-

“G 3.
N

N

Fig 5.1. SMA connector

5.3. MATERIALS
5.3.1. FR4 _EPOXY

FR-4 glass epoxy is a popular and versatile higisqure thermoset plastic
laminate grade with good strength to weight rati¥éith near zero water
absorption, FR-4 is most commonly used as an eattmsulator possessing

considerable mechanical strength.

37



The material is known to retain its high mechaniues and electrical
insulating qualities in both dry and humid condiBo These attributes, along with
good fabrication characteristics, lend utility tast grade for a wide variety of

electrical and mechanical applications.

"FR" stands for flame retardant, and denotes shédty of flammability of
FR-4 is in compliance with the stand&td94V-0. FR-4 was created from the
constituent materialsepoxy resin, woven glass fabric reinforcement, bnated
flame retardantetc.) byNEMA in 1968

Fig 5.2. FR4 _epoxy
NEMA is the regulating authority for FR-4 and other iating laminate
grades. Grade designations for glass epoxy lansreate G10, G11, FR4, FR5 and
FR6. Of these, FR4 is the grade most widely intaday. G-10, the predecessor to
FR-4, lacks FR-4's self-extinguishing flammabilitharacteristics. Hence, FR-4

has sincere placed G-10 in most applications.

5.3.2. ROGER RT/DUROID 5880
RT/ duroid® 5870 and 5880 glass microfiber reinémr PTFE composites
are designed for exacting strip line and microsttipcuit applications. The
randomly oriented microfibers result in exceptiodiglectric constant uniformity.
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The dielectric constant of RT/duroid 5870 and 5&&finates is uniform from
panel to panel and is constant over a wide frequeange. Its low dissipation
factor extends the usefulness of RT/duroid 5870 %88D laminates to Ku-band
and above.

RT/duroid 5870 and 5880 laminates are easilysha#ared and machined to
shape. They are resistant to all solvents and néggeot or cold, normally used in

etching printed circuits or in plating edges antebo

5.4. FABRICATION PROCESS
This antenna is fabricated using the Eleven Ldtridation device. It
involves three process.
1. Drilling
2. Milling
3. Routing
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Fig 5.3. Eleven Lab Device

5.5. FABRICATED ANTENNA

FRONT VIEW

Fig 5.4. Front view of fabricated antenna

BACK VIEW

Fig 5.5. Back view of fabricated antenna
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6. TESTING

6.1. NETWORK ANALYZER

Anetwork analyzels an instrument that measures tleéwvork
parametersf electrical networksToday, network analyzers commonly measde
parameterbecauseeflectionandtransmissiomf electrical networks are easy to
measure at high frequencies. Here, the measurenofe®l1 and VSWR are
performed using KEYSIGHT FieldFox Microwave Analy$¢9915A (9 GHz)

Fig 6.1. Network analyser

6.2. KEY FEATURES AND FUNCTIONS OF N9915A

» 9 GHz maximum frequency.
» Carry the worlds most integrated handheld and miax@ analyser.
Standard model includes cable and antenna analyser.
41



» Expand capabilities with optional VNA, spectrum lgsar, built in
power meter, vector volt meter and more.

» Save time by measuring DTF and TDR in the same gwee

» Simultaneously measure all four S-parameters.

» Make accurate spectrum analyser measurements (5/-dB)without
needing warm up.

» Calibrate simply with quikCal

» Lightest all in one analyser at only 6.6 Ib (3.0 kg

6.3. PRACTICAL RESULTS

6.3.1. EXPERIMENTAL SETUP
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6.3.2. RETURN LOSS

FRef 0.00 dB Return Lo

Ctput Power High

6.3.3. VSWR
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Ref 1.000

Cutput Poweer High

/. CONCLUSION

The pentagon shaped patch antenna is designquktate at 5.8 GHz with
good return loss. The corresponding return los44sdB and VSWR is 1.01 while
the resulted gain is 3.8 dB. EBG structure has lmatessfully designed and
incorporated with the designed antenna. After ipocating, the gain has been
significantly increased to 5.9 dB. The proposectand is aggressive miniaturized
to meet requirements of the wireless communicasipstems. It was concluded
that the hardware and software results we obtametched the theoretically

predicted results.
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