DESIGN AND ANALYSIS OF
TRIANGULAR ARRAY ANTENNA FOR UHF
RFID READER

MUHAMMAD FIRDAUS BIN ZAWAWI

B.ENG (HONS) ELECTRICAL
ENGINEERING (ELECTRONIC)

UNIVERSITI MALAYSIA PAHANG



UNIVERSITI MALAYSIA PAHANG

DECLARATION OF THESIS AND COPYRIGHT
Author’s Full Name  : MUHAMMAD FIRDAUS BIN ZAWAWI
Date of Birth : 15 JANUARY 1999

Title : DESIGN AND ANALYSIS OF TRIANGULAR ARRAY
ANTENNA FOR UHF RFID READER

Academic Session : 2021/2022

| declare that this thesis is classified as:

00 CONFIDENTIAL (Contains confidential information under the Official
Secret Act 1997)*

O RESTRICTED (Contains restricted information as specified by the
organization where research was done)*

M OPEN ACCESS | agree that my thesis to be published as online open access
(Full Text)

| acknowledge that Universiti Malaysia Pahang reserves the following rights:

1. The Thesis is the Property of Universiti Malaysia Pahang

2. The Library of Universiti Malaysia Pahang has the right to make copies of the thesis for
the purpose of research only.

3. The Library has the right to make copies of the thesis for academic exchange.

Certified by:

Ferdaus Hisyam

(Student’s Signature) (Supervisor’s Signature)

990115-03-5859 Mohd Hisyam Bin Mohd Ariff

New IC/Passport Number Name of Supervisor
Date: 25/6/2022 Date: 25/6/2022

NOTE: * If the thesis is CONFIDENTIAL or RESTRICTED, please attach a thesis declaration letter.



THESIS DECLARATION LETTER (OPTIONAL)

Librarian,

Perpustakaan Universiti Malaysia Pahang,
Universiti Malaysia Pahang,

Lebuhraya Tun Razak,

26300, Gambang, Kuantan.

Dear Sir,
CLASSIFICATION OF THESIS AS RESTRICTED

Please be informed that the following thesis is classified as RESTRICTED for a period of three
(3) years from the date of this letter. The reasons for this classification are as listed below.

Author’s Name MUHAMMAD FIRDAUS BIN ZAWAWI
Thesis Title DESIGN AND ANALYSIS OF TRIANGULAR ARRAY ANTENNA FOR
UHF RFID READER

Reasons 0)
(i)
(iii)
Thank you.

Yours faithfully,

Kohd Hisya in Mohd Arff

Lecturer

Faculty of Electical & Elecironics Engineering Technalogy
Universili Makaysia Pahang

26600, Pekan, Pahang

Malaysa,

(Supervisor’s Signature)
Date:25/6/2022

Stamp:

Note: This letter should be written by the supervisor, addressed to the Librarian, Perpustakaan
Universiti Malaysia Pahang with its copy attached to the thesis.



Universiti
Malaysia
PAHANG

Engineering = Technology * Creativity

SUPERVISOR’S DECLARATION

| hereby declare that | have checked this thesis and in my opinion, this thesis is
adequate in terms of scope and quality for the award of the degree of Electrical

Engineering (Electronics) with Honours.

Mohd Hisya in Mohd Arff

Lechurer

Faculty of Electical & Elecironics Engineering Technalogy
Universiti Maksysia Pahang

28600, Pekan, Pahang
Malaysi.

(Supervisor’s Signature)

Full Name : MOHD HISYAM BIN MOHD ARIFF

Position : Lecturer Faculty of Electrical & Electronics Engineering Technology
Date : 25/6/2022

(Co-supervisor’s Signature)
Full Name

Position

Date



Universiti
Malaysia
PAHANG

Engineering = Technology * Creatlvity

STUDENT’S DECLARATION

| hereby declare that the work in this thesis is based on my original work except for
quotations and citations which have been duly acknowledged. I also declare that it has
not been previously or concurrently submitted for any other degree at Universiti

Malaysia Pahang or any other institutions.

Fendans

(Student’s Signature)

Full Name : MUHAMMAD FIRDAUS BIN ZAWAWI
ID Number : EA18112

Date : 25/6/2022



DESIGN AND ANALYSIS OF TRIANGULAR ARRAY ANTENNA FOR UHF
RFID READER

MUHAMMAD FIRDAUS BIN ZAWAWI

Thesis submitted in fulfillment of the requirements
for the award of the
B.Eng (Hons) Electrical Engineering (Electronic)

College of Engineering

UNIVERSITI MALAYSIA PAHANG

JUNE 2022



ACKNOWLEDGEMENTS

I am sincerely grateful to ALLAH “S.W.T” for giving me wisdom, strength,
patience, and assistance to complete my “Projek Sarjana Muda”-PSM. If it had not been
due to His will and favor, the completion of this study would not have been achieved.

This dissertation would not have been possible without the guidance and the
help of several individuals who contributed and extended their valuable assistance in
the preparation and the completion of this study. | am deeply indebted to my supervisor,
Mr. Mohd Hisyam Bin Mohd Ariff for his patient, guidance, comment, stimulating
suggestions and encouragement which helped me in during my research on this topic,

writing of this thesis and assistant throughout my project work.

I also like to thank the Kolej Kejuruteean (KEJ) for providing the laboratory
facilities for this research. My sincere appreciation also extends to all my friends,
lecturers, technical staff, and others who provided assistances and advice, including the
crucial input for my planning and findings. The guidance and support received from all

was vital for the success of this research.

Lastly, I would also like to address my unlimited thanks to my family for their
unconditional support, both financially and emotionally throughout my studies. My
deepest gratitude goes to my family for their support, patience, love, and trust during
my study. Finally, I would like to thank everyone who had involved in this study either

directly or indirectly



ABSTRAK

Dalam Dalam kertas kerja ini, tujuan kajian ini adalah untuk mereka bentuk dan
menganalisis antena tampalan jalur mikro tatasusunan segitiga untuk aplikasi Frekuensi
Radio (RFID) Frekuensi Ultra Tinggi (UHF). RFID ialah teknologi yang menggunakan
gelombang radio secara automatik mengenal pasti dan membaca maklumat daripada tag
dengan jarak. Reka bentuk tampalan pada projek ini terdiri daripada tampalan segi tiga
dengan tatasusunan. Antena tatasusunan digunakan dalam aplikasi RFID kerana ia
menawarkan keuntungan tinggi dan kearah arah untuk membolehkan julat bacaan jarak
jauh. Tampalan jalur mikro disusun dalam susunan 2 x 1 dan bahan yang digunakan
ialah FR-4 dengan pemalar dielektrik 4.7 dengan ketinggian 0.16 cm. Bahan untuk
tampalan adalah tembaga dengan ketinggian 0.035 mm dan digunakan untuk mereka
bentuk segi tiga. Reka bentuk tampalan antena 919MHz hingga 923MHz direka, dibina
dan diukur untuk aplikasi RFID UHF di Malaysia. Kajian teori dan pengiraan
parametrik dijalankan untuk menganalisis perubahan dalam operasi dalam aplikasi
pengenalan frekuensi radio (RFID) (UHF). Simulasi antena dijalankan menggunakan
CST Studio Suite 2019 sebagai perisian utama untuk memodelkan dan mensimulasikan
keputusan, terdapat beberapa parameter yang akan dianalisis termasuk pekali pantulan
(S11), Nisbah Tetap Voltan (VSWR), kearaharah, keuntungan , corak sinaran dan lebar

jalur.



ABSTRACT

In this paper, the purpose of this study is to design and analysis the triangular
array microstrip patch antenna for application of Radio Frequency (RFID) Ultra High
Frequency (UHF). RFID is a technology that uses of radio waves automatically identify
and read information from tag with distance. The patch design on this project consists
of triangular patch with array. Array antennas are used in RFID application as it offers
high gain and directivity to allow a long distance read range. The microstrip patch is
arranged in 2 x 1 array and material used is FR-4 with dielectric constant 4.7 with
height of 0.16 cm. The material for patch is copper with height 0.035 mm and used to
design triangular shape. Design of antenna patch 919MHz to 923MHz is designed,
built, and measured for UHF RFID application in Malaysia. Parametric theory and
calculation studies are conducted to analysis changes in operations in radio frequency
identification (RFID) application (UHF). The antenna simulation was run using the
CST Studio Suite 2019 as the primary software to model and simulate the results, there
are a few parameters that going to be analyses which includes reflection coefficient
(S11), Voltage Standing Ratio (VSWR), directivity, gain, radiation pattern and
bandwidth.
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CHAPTER 1

INTRODUCTION

1.1  Background

In telecommunication, Radio Frequency Identification (RFID) system have
become very popular in many industries such as services, purchasing, distribution
logistics, and manufacturing companies. RFID systems are consisted of a tiny
transponder, a radio receiver and transmitter. The ability to detect object by radio wave
frequency in several range using tags and reader and sent the information to the host

Server.

RFID is depends on radio communications for mark and recognize objects. The
system work based on the alternating electromagnetic fields are mostly made up from
two major component which are transceivers (tag readers) and transponders [1]. The
transponders (tags) of RFID are included with a small complex circuit to capture data
and antenna for connection medium. Generally, an RFID tag consists of an Application
Specific Integrated Circuit (ASIC) microchip connected to an antenna. The small
microchip and the antenna used to transmit and receive the radio signals from the
transceivers (reader) in the same frequency within same time. The antenna produces
radio signal to enable the tag, write and read data. Tag and reader communicate each

other using the antenna.

Antenna also plays a big role as conduits between the tag and the reader for RFID
system to manage data receiver and transmitter. Many easier shape and sizes for antenna
depends on operating frequency and application. Antenna can be design for many remote
sensor systems such as a mounted-on toll booth to avoid heavy traffic on a highway or
door frame to act as a transceiver from human or anything that passes through the door.
The reader will capture the data using antenna and sending to computer host for process

purpose



1.2 Introduction to Project

To RFID (Radio Frequency Identification) is one of the identification
technologies which can realize contactless intercommunication using wireless channel.
RFID technology used in many applications in the world such as barcode system, door
access control, healthcare industry and transportation. The purpose of this project is to
develop and analysis antenna for RFID reader using substrate material such as FR-4
with triangular shape of patch. The frequency range of this project is 919 MHz to 923
MHz that legally in Malaysia [2]. The microstrip patch antenna consists of patch plane
on one side and ground plane on the other side. The advantages of microstrip patch
antenna are high gain and high signal strength, low profile configuration and suitable

for many RFID application.

1.3 Problem statement

The microstrip patch antenna has certain weakness based on the low gain of
antenna. The microstrip patch antenna produced low gain and it affected the read range
between antenna and reader. The challenge in the RFID application is to have a perfect

communication between tags and antenna.

Many of UHF RFID antenna produce low gain. The gain of antenna reflects the
capability of the antenna to radiate its energy in a specific direction when it connected
to the power sources. The value of gain is importance in UHF RFID antenna. The
antenna cannot detect the tag in long range with high value of gain, while the antenna

that produce high value of gain can easily detect the tag in long range.

Other than that, microstrip patch antenna have a problem to detecting UHF
RFID frequency due to low efficiency (S11) of antenna. The bandwidth size may affect
the scanning process between tag and reader. The microstrip that have a wide
bandwidth can detect many tags at the same time. The normal antenna datasheet does
not specify the bandwidth details related to the S11 graph. Thus, it will affect UHF

RFID antenna performance.



Lastly, the range of operating frequency for UHF RFID reader system is
between 860 MHz to 960 MHz with appropriation frequency from other countries also
cause some problem. The UHF RFID frequency range in Malaysia is between 919 MHz
to 923 MHz. Most of commercial antenna reader that sell in Malaysia is normally
operate in different operating frequency region and not comply with Malaysia rules and

laws.

1.4  Objective of Study

The primary goal of this project is to develop, design, and analyse the
performance of a microstrip patch antenna for a UHF RFID antenna reader that can
work in Malaysia's allotted frequency range of 919 MHz to 923 MHz. The purpose is
also to see how different microstrip antenna shapes and parameters affect the microstrip
patch antenna. Aside from that, we have additional goals in mind for this research, such

as:

I. To design a long detection range of microstrip patch antenna for UHF RFID
Reader using array technique.

ii. To increase the antenna efficiency by decrease the return loss S11 value
compare single patch antenna and triangular array antenna.

iii. To verify and validate the design antenna between range of 919MHz to 923
MHz for RFID using tag and antenna reader.

1.5  Project Scope

The major goal of this research is to construct and analyse a triangular
microstrip patch antenna that can function at frequencies between 919 and 923 MHz
with a return loss of less than -10dB. To satisfy specification criteria and improve the
performance of design antennas, an optimization is applied. The antenna will be
designed, developed, and analysed using the CST Studio software. To boost the
bandwidth of the design antenna, a triangular microstrip patch antenna will be

developed. Finally, the antenna will be made from FR-4 and tested using a network



analyser to ascertain the real value of S11, as well as field testing with an actual RFID

reader module.
1.6 Thesis Outline

There are six chapters in this project thesis. Each chapter's explanation is as
follows: Provide an overview of RFID, the project's goal, and the scope of work in
Chapter 1. Chapter 2: This chapter is devoted to a survey of the literature on microstrip
patch antennas, their properties, and RFID. 4 Present the approach for designing and
developing microstrip patch antennas in Chapter 3. The antenna parameter is calculated
using a theoretical equation. This chapter also demonstrates how to use CST Studio

software to build a microstrip patch antenna and describes the fabrication process.



CHAPTER 2

STYLES

2.1 Introduction of Antenna

An antenna is a device that interfaces the RF circuit of the transmitter or
receiver to free space. At the beginning of a system design project, the antenna
specifications should be developed in concert with the full system specifications. If the
system is designed without consideration for the antenna, there may not be adequate
volume allocated to the antenna for it to meet performance specification. The antenna
must gather information on the system parameters and should participate in system
specification writing for the project at hand. There are many shapes of antenna become
popular because of it easy to analysis and fabrication. Other than that, the triangular
shape of microstrip have good characteristics of radiation particularly low cross-

polarization radiation.
2.2 Microstrip Patch Antenna

Microstrip antenna means an antenna fabricated using photolithographic
techniques that printed on circuit board (PCB). It mostly used at microwave
frequencies. An individual antenna consists of a patch of Copper of various shapes on
the surface of PCB, with a Copper ground plane on the other side of board. The antenna
is usually connected to the transmitter or receiving through microstrip transmission
lines. Printed circuit board (Copper) is main material to produce low cost microstrip
patch antenna. This antenna basically consists of dielectric substrate, in which one side
of substrate comprises of the radiating patch and another side with the ground plane [3]

as show in figure 2-1.



Microstrip Feed

Patch

Substrat

Ground Plane

Figure 2.1 Microstrip Patch Antenna Dimension

2.2.1 Advantage and Disadvantage of Microstrip Patch Antenna

The microstrip patch antennas raise the number of users because of the
popularity of wireless applications because of its low-level structure. Microstrip patch
antenna usually used in wireless device such as cell phone, barcodes technology. The
major advantages and disadvantages of microstrip patch antenna are:

Advantages:

* High gain.

* High signal strength.

« Low profile configuration.

« Power wastage reduced.

* Better performance.

* Increase reliability.

« Feedline and matching network can be simultaneous with the antenna structure.
Disadvantages:

* Narrow bandwidth.

« Limited scanning range.



« Low frequency agility.
 Heavy weight.
* High fabrication cost.

However, RFID applications do not need much bandwidth, and it turns out to be
an advantage, because the antenna rejects the signals that are out of the band and

accordingly the quality factor increases [4].
2.2.2 Array Technique

An antenna array (also known as an array antenna) is a collection of many
linked antennas that transmit and receive radio waves as a single unit. Individual
antennas (known as elements) are commonly coupled to a single receiver or transmitter
by feedlines, which deliver power to the elements in a phase-synchronized manner as
shown in figure 2.2. Each antenna's radio waves combine and superpose, enhancing
(interfering constructively) the power emitted in desired directions while cancelling
(interfering destructively) the power radiated in other directions. An antenna array can
achieve higher gain that is narrower beam of radio waves, than could achieved by a
single element. The larger number of individual antenna elements used, the higher the
gain and the narrower the beam. There are some antenna arrays are composed of
thousands of individual antennas such as military phased array radars. Figure 2.2 show

the example of patch antenna array.

(@) (b)

Figure 2.2 Example Patch Antenna Array



2.3  Feeding Method
2.3.1 Microstrip Line Feed

A microstrip line on an indistinguishable plane from the patch for microstrip
feeds the patch. The feeding line and patch frame are both attached to the same
structure. In comparison to other feeding methods, the microstrip line feed is simple to
construct. Aside from that, it's excellent for usage in a sustaining system for accepting
wire exhibits. However, microstrip line feed has a flaw in that it has a low data

transmission capacity and emits some unwanted radiation.

Ground Planc

Figure 2.3 Microstrip Line Feed

2.3.2 Coaxial Feed

The coaxial feed also known as probe feed is a common technique used for
feeding microstrip patch antenna. the outer conductor of coaxial connector is connected
to the ground plane, while the inner conductor is soldered to the radiating patch. The
advantages of this feed method are feed can be place at any desired place inside the
patch to match with input impedance. However, this feed method has several
weaknesses which is provides narrow bandwidth and difficult to fabricate because the
hole must be drilled in the substrate and the connector protrudes outside the ground

plane, making it not completely planar for thick substrates.

Substrate

Coaxial
Connector

Ground Plane

Figure 2.4 Coaxial Feed



2.3.3 Proximity Coupled Feed

Proximity couple feed method also known as the electromagnetic coupling
scheme. Two dielectric substrates are needed to construct this feed method since the
feed line placed between two substrate and the radiating patch is on top of the upper
substrate. This feed method has several advantages which is provides very high
bandwidth (as high as 13%) and it’s also eliminating spurious feed radiation. In
addition, this method provides choices between two different dielectric media, one for
the feed line and one for the patch to level up the individual performance.

Microstrip Line

Substrate |

Substrate 2

Figure 2.5 Proximity Coupled Feed

2.3.4 Aperture Couple Feed

In aperture couple feed, the microstrip feed line and the radiation patch are
separated by ground plane. Coupling between the patch and the feed line is made
through a slot or an aperture in the ground plane and variations in the coupling will
depend upon the size i.e., length and width of the aperture to optimize the result for
wider bandwidths and better return losses [5]. The position of coupling aperture usually
centred under the patch. The advantage of this feed method is it can minimize the

spurious radiation and provides wide bandwidth.

upper
substrate

lowrer
substrate

Figure 2.6 Aperture Couple Feed



24 Antenna Parameter

To determine the performance of an antenna, several parameter and
characteristic of antenna need to be considered such as directivity, gain, bandwidth,

axial ratio, radiation pattern, and polarization.
2.4.1 Directivity

The directivity of standard microstrip patch antennas is roughly 6-7dB [6]. An
antenna's directivity is defined as "the ratio of the antenna's radiation intensity in a
particular direction to the averaged radiation intensity in all directions.” In other words,
antenna directivity indicates how well an antenna radiates in various directions.
Directivity may be estimated from the antenna’s highest radiation in the same way that
gain can be measured in each direction. In theory, a linear polarisation antenna can only
emit 90 degrees in one direction and can detect tag from long distance than circular

polarisation.[7].
2.4.2 Gain

When an antenna is connected to power sources, its gain represents its capacity
to transmit power in a certain direction. It demonstrates how a transmitting antenna may
radiate the anticipated power into space in a given direction. The antenna's potential
then indicates how it converts incoming electromagnetic waves into electric power. In
general, antenna gain contains efficiency and directivity. The gain is easily expressed in
decibels (dB), which shows the direction of highest radiation, and the gain may be

determined using equation 2.1.

G =nD 2.1

Where n_ is represent the efficiency of antenna and D is represent the directivity of

antenna.
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2.4.3 Bandwidth

The bandwidth of an antenna is defined as “the range of frequencies within
which the performance of the antenna, with respect to some characteristic, conforms to
a specified standard” [1]. The bandwidth of the antenna is a key parameter of the
antenna that can be labelled as the frequency range over which the antenna fulfils the
desired characteristics. The percentage of bandwidth depends on the size of bandwidth
which can be mathematically expressed:

fH-fL 2.2

Percentage of bandwidth, BW% = | e ] x 100%

2.4.4 Axial Ratio

The result of axial ratio can determine polarization of an antenna whether its
linear polarization, circular polarization, or elliptical polarization. For linear
polarization, the value of axial ratio must be greater that 3dB, while the value of axial
ratio for circular polarization must lower than 3dB. The linear polarization antenna can
be better when the value of axial ratio approximates greater than 3 dB to declare its as

linear polarization.
2.4.5 Radiation Pattern

Radiation pattern of antenna also known as antenna pattern. Radiation pattern is
defined as “a mathematical function or a graphical representation of the radiation
properties of the antenna as a function of space coordinates [7]. In most cases, the
radiation pattern is determined in the far-field region and is represented as a function of
the directional coordinates. Radiation properties include power flux density, radiation
intensity, field strength, directivity phase or polarization [7]. Radiation pattern can
determine the energy radiated and received by the antenna which can be measured
using CST Studio simulation. The typical radiation pattern of an antenna illustrates by

figure 2-7.
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Side lobes

Main lobe

) 270°
Minor lobe { —

Back lobe

90°

Figure 2.7 Antenna Radiation Patten

In radiation pattern of antenna usually consist of several lobes such as major lobes,

minor lobes, side lobes, and back lobes that represent the power radiated of antenna.

2.4.6

Major/main lobe: major lobe also known as main beam is defined as the lobe
that contains the maximum power radiation at specific direction and its pointing
in the © = 0 direction. In different antenna type such as split beam, it may
consist of one or more major lobe.

Minor lobe: minor lobe is any lobe except major lobe (main beam) can be
classified as minor lobe. the minor lobe typically represent radiation in
unwanted direction and should be minimized.

Side lobe: Side lobe is radiation lobe from any direction other than
recommended lobe. Usually, side lobe is adjacent to the main lobe and occupies
the hemisphere toward the main lobe.

Back lobe: Back lobe whose axis makes an angle of approximately 180 degrees
with respect to the beam of an antenna. It usually refers to a minor lobe, which
occupies the hemisphere in the opposite direction to that of the main lobe.

Polarization

Polarization of an antenna in each direction is defined as “the polarization of the

wave transmitted (radiated) by the antenna [1]. One of the ways to improve gain is

coordinated the transmitting polarization and receiving polarization of the antenna.

Polarization describes the orientation movement in the plane opposite to the transverse

wave bearing. Other than that, polarization coordinating help to reduce transmission

loss by adjusting wave spread orientation in transmitting and receiving patch antenna.
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polarization can be categories in three types which is linear polarization, circular
polarization, and elliptical polarization. Linear polarization will occur when the
electromagnetic waves are transmitted on single plane either in vertical or horizontal
direction. To get a consistent read, the linear polarization antenna must have same
orientation as RFID tag orientation. Circular polarization produces electromagnetic
fields shaped like corkscrew and electromagnetic waves are broadcast on two planes
and make a complete revolution in a sing wavelength. Generally, read range of circular
polarization antenna is shorter than linear polarization antenna. The common
polarization state of patch antenna is elliptical polarization. When the end of the electric

field vector follows an ellipse at a fixed point in space, the antenna is elliptical.

l Linear +\ Circular + Elliptical
Figure 2.8 Type of Polarization

2.5 RFID Component
2.5.1 Basic Operation Of RFID

RFID is a system consist of two main components namely tag and reader [8].
Normally the tag is attached to the objects to identified. RFID tag contained read and
write function to updated and protected user data and stored in RFID tag. For the RFID
reader, it consists of transmitting and receiving segments. A simple RFID operating
system starts when the reader sends the carrier signal and receives a scattered signal
from the tag via their antenna. The reader communicates simultaneously with the tag
and provides the power to operate the integrated circuits on passive tags. The tags react
with a unique identifying code assigned to the reader. Then, the reader transmits the

data to server.
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Figure 2.9 Illustration RFID system

252 RFID Tags

RFID tags are electrical devices that use radio frequency to identify and track
objects. With the use of a radio wave, it transfers data with an RFID reader. An antenna
and an integrated circuit are the two main components of RFID (IC). The antenna
serves as a receiver for receiving radio waves, while the integrated circuit (IC)
processes and stores the information. Active and passive RFID tags are the two types of
RFID tags. [10]. To operate, active tags require a power supply or an inbuilt battery.
Because of their high cost, inadequate size, and short lifespan, active tags are
impractical in many applications. Another example is passive tags, which are used in
many RFID applications since they do not require embedded batteries. The tags are also
long-lasting and tiny enough to fit 15 in many RFID applications. the most important
feature of tags in the tag range the greatest distance at which RFID scanners can read or

write information on a tag is referred to as tag range.

Figure 2.10 Tag
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2.5.3 RFID Reader

RFID reader is electric component that receive radio wave (data/information)
from RFID tags to detect specific object. RFID also consist of radio frequency module,
and it can operate as transmitter and receiver to collect radio wave (data/information)
sent it to the host server (the necessary supporting infrastructure, including software and
hardware). The RFID reader most popular is barcode detection in the world. However,
the communication protocol of UHF RFID readers inherently exposes them to strong
interference signals due to transmit leakage and antenna reflection [11]. The level of
distraction in the reader affects the sensitivity of the receiver, limiting the reading

range, and reducing the overall performance of the RFID reader.

Separating the transmit and receive antennas would reduce the interference but
it will increase the size and the cost of the reader [11]. RFID reader can be classified
into three types which is stationary reader, mounted reader, and handheld reader.
Stationary reader Stationary RFID readers require power efficiency as well as high
output power since the power amplifier consumes the highest power in the transmitter
[12]. Usually, it’s mounted on divider, wall or any suitable surfaced. The high output of
power amplifier should produce low harmonics in desired frequency to eliminate
interference from other application frequency. For handheld reader, it’s a mobile reader
and required power supply to operate. Other than that, (a) (b) 16 handheld radio
frequency identification (RFID) reader units become increasingly important with the
adoption of passive ultra-high frequency (UHF) RFID systems in supply chain,
warehouse, and retail store management [9]. Lastly mounted reader, it’s usually
attached on truck or other vehicle to record vehicle movement information and this
system required a few frameworks to operate.

(a) Stationary
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(b)Handheld (c) Mounted

Figure 2.11 Type of RFID Reader
2.5.4 RFID Antenna

The RFID reader antenna transmit information using radio wave. The
information needs to change first to radio eave before transmitting. The Figure 2.10
shows the example of RFID reader known as patch antenna. While Figure 2.8 illustrates
the radiation pattern has been transmit by antenna through radio wave. The antenna
transmits electrical field of radiation pattern, and the wave will travel in opposite ways

called as polarization which is in linear polarization or circular polarization.

While the tag of antenna used to receive the radio wave that transmitted from
antenna reader and convert the radio wave into electrical signal. The UHF microwave
antenna can be divided into three type which is dipole, dual dipole, and folded dipole

antenna.
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2.5.5 RFID Frequency Range

RFID system used radio frequency wave to communicate between the tags and
reader. RFID frequency have four fundamental classes which is Low Frequency (LF),
High Frequency (HF), Ultra High Frequency (UHF) and Microwave Frequency. The

following table shows the outline of RFID frequency characteristics.

Table 2.1 RFID Frequency

Band Regulation Range Data speed
LF:120-150kHz Unregulated 10cm (4in) Low
HF:13.56 MHz ISM band 0.1-1m (4in- Low to
worldwide 3ft 3in) moderate
UHF:433MHz Short range 1-100m(3- Moderate
devices 300ft)
UHF:865-928MHz ISM band 1-12m  (3- Moderate to
40ft) high
Microwave:2.45GHz- ISM band 1-2m (3-7ft)  High
5.8GHz
Microwave:3.1-10Ghz Ultra-wide band Up to 200m High
(700ft)
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CHAPTER 3

METHODOLOGY

3.1  Microstrip Patch Antenna Design

This chapter covered the procedure required for the microstrip patch antenna
design. This project has been divided into five main tasks including antenna research,
antenna design, simulation of antenna, fabrication of antenna and antenna testing.

Figure 3-1 shows the procedure to design the microstrip antenna.

Start

Fabrication process Troubleshoot
antenna design

Antenna research

Antenna design
using CST

CST
simulation

NO

End

YES

Figure 3.1 Flowchart of Designing Microstrip Patch Antenna

Due to their compatibility and ease with integrated microchip technology,
microstrip antennas, also known as patch antennas, are particularly popular in the
microwave industry. Rectangular patch antennas are commonly used in industry
because they are suited for direct integration with microstrip circuits and can be 20
fixed on the same substrate. However, this project requires the construction of a
triangular microstrip antenna array, and numerous characteristics must be addressed
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before beginning to build the microstrip patch antenna, including operating frequency
(fo), substrate dielectric constant (r), and substrate height (h).

Antenna requirements include operating frequency, which indicates that the
antenna must operate at a specific frequency. This project's operational frequency is 921
MHz, which is allowed in Malaysia. Aside from that, the dielectric constant value has a
significant impact on the antenna's design and performance. For antenna design, the
dielectric constant value required for FR-4 substrate material is 4.7 (loss-free). The
height of the substrate (h) must be considered to achieve optimum or maximal antenna
performance. The antenna in this project was designed using the height of substrate
value given using FR-4 substrate material, which is 1.6mm. The size of antenna must
same with the value of substrate which is length x width.

3.1.1 Antenna Research

Microstrip patch antenna research has been explored in all aspects, including
articles, conference papers, books, journals, and the most recent websites in the field. It
also highlighted the importance of improving wireless innovation. RFID innovation has
been chosen to be the focus of this section. In this study, a variety of project-related

frameworks from around the world were compared.
3.1.2 Antenna Design with CST Studio Software

CST Studio Software was used to create the microstrip patch antenna design.
This programme is a three-dimensional electromagnetic simulation tool for high-
frequency components. CST Studio enables the analysis of high-frequency devices,
particularly antenna devices, in a quick and precise manner. CST Studio provides an
analysis result of EM behaviour for antenna devices quickly and with excellent
simplicity of use. CST Studio included a time domain solution and a frequency domain

solver to assist users in antenna design.
3.1.3 Simulation Process

The design of a microstrip patch antenna is required to simulate an antenna
utilising CST Studio Software. The CST simulation will display accurate analysis 21

results of antenna performance, including 1D results, s-parameter (S11), gain, radiation
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pattern, efficiency, directivity, bandwidth, and antenna polarisation plots, as well as a
rectangle diagram. The s-parameter (S11) analysis result will indicate if the antenna is
effective or not. To function efficiently at a given frequency, the S-parameter must be
less than -10 dB. The radiation pattern should higher than 3dB to get the higher gain
and long-range antenna. as well as the Voltage Standing Wave Ratio (VSWR) must
nearly to zero for efficiently radio-frequency power from power source through a

transmission line into a load.
3.1.4 Fabrication Process

The printed circuit board (PCB) will be used in this process for print the
antenna. To fabricate the antenna, PCB prototyping machine will be used to create
shape and pattern of patch antenna that have been design before using CST Studio.
Before starting the printing procedure, exported the latest simulated design from CST
Studio to AutoCad into a .dxf format, 2D format file and front view of antenna which
contain all measurement of patch design. PCB prototyping machine will print the shape

according to previous patch design.
3.1.5 Antenna Testing

After fabrication process is complete with accurate parameter for microstrip
patch design, it will be soldered with SMA connector. After that, it will be tested
whether the antenna performance same as simulation that execute from CST Studio
software. Testing on the performance of different types of tags has shown that different
tag types have different performance, especially in terms of detection coverage,
maximum identification distance and return signal. The result from the testing is very
importance to determine the suitable position to optimise the detection size, separation,

and execution.
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3.2 Design Specification

First, before determining and design the patch antenna, the importance step is
considering the several antenna parameters that suitable for UHF RFID application.
After performing research and study, the suitable antenna parameter for UHF RFID

application were recorded in the table below.

Table 3.1 Microstrip Patch Antenna Specification

Operating Frequency, fo 921 MHz
Dielectric Substrate FR-4
Dielectric Constant, &, 4.7
Substrate Height, h 0.16cm
Loss Tangent, & 0.019
Patch Thickness, t 0.035cm

Theoretically, the operating frequency, s-parameter (S11), radiation pattern,
directivity, and gain describe about antenna performance. The suitable feeding
technique and Array technique can affect the performance of antenna because of two
element was used. Then the accurate physical measurement must be finding because it
will affect the performance of antenna. The UHF used the frequency range from 300
MHz toward 3 GHz and this project are using UHF RFID frequency from 919 MHz
toward 923 MHz. Along the frequency bands, the microstrip patch antenna should be
capable to operate along the frequency range. The dielectric constant affecting the size
of antenna. other than that, dielectric constant value affecting the radiation power,

efficiency, and bandwidth of the antenna
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3.3  Design Procedure

The purpose of this section is to describe the proper ways to design triangular
array microstrip patch antenna. A triangular patch is outlined for the patch antenna plan.
For this design 50 Q surface mount connector will be used to make connection between
feedline and microstrip connecter, the value of feedline will be a 50 Q feedline. The

microstrip connector is placed at the feedline of patch.

ZIN
1

Figure 3.2 Single element of Triangular patch antenna

3.3.1 Design Simulation

The key software for this project is CST Studio, which is used to model the
antenna design. CST Studio is capable of simulating antenna designs with precise
analytical results. As a high-frequency device (HF), it is user-friendly and simple to
operate, and it includes a solver module for a certain technology. Operating frequency,
dielectric substrate, dielectric constant (&,), substrate height (h), loss tangent (8), and
patch thickness must all be considered (t). This is because all parameter values have an
impact on the antenna’s effectiveness. The return loss (S11), radiation pattern, voltage
standing wave ratio (VSWR), and gain of an antenna are all determined by simulation

results.
3.3.2 Array Design

In some applications, a single microstrip element may be sufficient to provide
acceptable antenna properties. However, much like with traditional microwave

antennas, high gain, beam scanning, and steering capabilities are only attainable when
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discrete radiators are coupled to form arrays. An array's components can be dispersed
spatially to form a linear, planar, or volume array. A linear array is made up of pieces
that are separated by finite lengths along a straight line. The array type is frequently
chosen based on the application's requirements. The parallel and quarter-wave-
transformer feeding techniques are used to feed the microstrip array in this study. For
array 2x1 design, the antenna must use T-junction to make the patch connected each
other. The T-junction will connect at feed each patch and the SMA connector will
connect the ground with patch.

Figure 3.3 T-junction

For two element patches, the T-junction 50 is needed to divide for both patches. Figure

3.3 shows for the power divider to connect to triangular patch microstrip antenna.
3.3.3 Calculation of Patch Dimension

3.3.3.1 Single element

& PIN

v T
—

a
Figure 3.4 Simulation Single Element

The triangular patch antenna has been chosen to be design and analysis to

predict the performance of antenna. The triangular patch antenna needs to operate at
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921 MHz with 50 Q of input impedance, 1.6 mm of substrate (h) and 4.7 of dielectric

constant. The mathematical expression to figure out the length of the patch antenna (a):

_ 2¢c
 3ave,

£.

Where:

f, = resonance frequency

A= length of the side triangular patch
e.=relative dielectric constant of substrate

After substituting the above equation with the given value for f,=921MHz as the centre
frequency for WLAN, velocity of light=3x108ms~! and &, =4.7, the length of a can be
calculated. To determine the height of triangular patch L, the Eq. 3.2 is utilized.

H=L,= a—(—xa)2 3.2

The width and length of substrate can be calculated by using Eq. 3.3
Wy=6+h+a 3.3
Ly=6+h+L,
The size of substrate of substrate and ground are same but different of thickness.
3.3.3.2  Array (2x1)

To make fair comparison, the same substrate used in single element is used in
2x1 array. Figure 3. Shows the configuration of 2x1 linear triangular patch antenna

array.
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Figure 3.5 Simulation Triangular Array Antenna

The triangular patch antenna array has been chosen to design and analysis the
performance of antenna. The mathematical expression to figure out the length and
width of feeding and the distance between two elements.

Length of feeder

L = Ag 34

T4
To maintain the input impedance 50Q, i)\transformer is needed. The i)\transformer is

an impedance matching technique by providing transmission line impedance between

two non-match transmission channels.

Width of feeder
2h & —1 0.61 35
sz—(B—l—ln(ZB—1)+ In(B — 1) + 0.39 — ]) -
T 2¢&, &
Distance between two elements
C
d=" 3.6
2f



The distance between both patches should be calculated, this due to the
electromagnetically coupled effect. The mathematical expression above affected the
performance of antenna. The suitable feeding technique also can be found by using

optimizer.
3.4  Design Microstrip Patch Antenna Using CST Studio Software

CST Studio is the main software in this project to design and simulated the
microstrip patch antenna. It able to design and analysis the antenna with accurate result
of high frequency devices especially antenna. CST consist of specialist tool to produce
accurate analysis result for antenna design. CST Studio software is very popular
software for modelling several types of antennae for example RF, Optical, EMC/EMI

etc.
The step below shows the right ways to design the antenna using CST studio.

STEP1: Run CST Studio software > Click New and Recent > Click Create Project

CST STUDIO SUITE
New Project from Template Recent Files
Project Template
% Create a project template with settings tailored to your application area [:3 Shmbrn It S
8 Projectis
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MW & RF & OPTICAL Time Domain
trytst -
Antenna - test2 = =] CAUsers\User\Desktop\CST_Studio_Suite_2019x64\CST_Studio_Suite_2019x64\FYP

MW & RF & OPTICAL, Time Domain

stot 5 CAUsers\Usen\Desktop\CST_Studio,_Suite_2019x64\CST._Studio,_Suite, 2019x64\FYP
MW & RF & OPTICAL, Time Domain

[ siotest -
Aateans - pianac 6 2] sersvsenesiion s St Sute 20136 St Sute 201364V
MW & RF & OPTICAL, Time Domain

[ ot -
second - 2] Cserssenesitopics. St Sute 201969 Studo Sute 2019652
MW & RE & OPTICAL Time Domain

[ isitest -
first -, P s sen Desicop) CST St Sute 201MEACST Stuio Sute 201HEAFYP
MW & RF & OPTICAL, Time Domain

E test2.cst =
array . CAUsers\Usen\Desktop\CST._Studio_Suite_2019x64\CST._Studio_Sute
MW & RF & OPTICAL Time Domain

2ust -
testt - ] Cisers usen esiion\CST Studio Sute 2019KE4\CST Studio Sute 201SKEQFYP
MW & RF & OPTICAL, Time Domain

[ e 20t >
Antenna - Planar 5 % 3] C1serssenestop\CST.Studio_Sute 2019KEA\CST.Studio_Sute 201SxEAFYP
MW & RF & OPTICAL, Time Domain

=9 trisngularr.cst o>

Modules and Tools

M B N o B &% ¢ e H ¢

CST Filter CST Chip FESTID SPARK3D Syste: IdEM

Figure 3.6 Creating New Project
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STEP 2: Click New template >Microwave & RF/Optical > Click Antenna > Click Next

New Project fram Tamnlata

New
Anteni
MW &

Anteni
MW &

stot
MW &

Anteni
MW &

secont
MW &

first
MW &

amay
MW

testt
MW &

Anten|

Modules {

| — ) —
3D Creama || KBk
Simulation + || Systems + || Packages

@ Create Project Template

Mwa EmMc/emt

CST STUDIO SUITE

Darant Cilac

Templste | Choose an application area and then select one of the workflows:

‘ "% Circuit & Components -

‘ {qf Radar Cross Section

‘O Biomedical, Exposure, SAR
=

'0“‘ Optical Applications 5

‘ § Periodic Structures
=

Next > Cancel
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Figure 3.7 Creating New Template

STEP 3: Click Planar (Patch, Slot, etc.) > Click

New Projert fram Tamnlata
R

Waveguide (Hom, Cone,
etc.)

Mobile Phone, Integrated

armay
testt
w &l

Antent
MW &

Modules {
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Figure 3.8 Selecting Workflow
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STEP 4: Click Time Domain > Click Next

CST STUDIO SUITE

New pmjeiumm Tamnlata Dacant Eilac
[

@ Create Project Template
New
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Figure 3.9 Selecting Suitable Solver for Workflow

STEP 5: Select the unit > Click Next
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Figure 3.10 Selecting the Suitable Unit for The Project
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STEP 6: Key in the information of the project > Click Next
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Figure 3.11 Selecting the Frequency, Field to Monitor and Define at

STEP 7: Click Finish
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Figure 3.12 Creating the Project Template
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STEP 8: Select Modelling on the Toolbar to design the propose microstrip patch antenna
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Exchange Materials Shapes Tools Curves Picks Edit WCS

Figure 3.13 CST Toolbar to Start Designing Microstrip Antenna

STEP 9: Click at navigation tree > Select Antenna > Select Patch > Pick point >Select
Pick Face Centre > Align WCS
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STEP 10: Click Patch > Select Define brick > Enter point value
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Figure 3.15 Create the Slot
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Note: This step to determine the actual size of antenna after modelling.
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Figure 3.17 Determine the Dimension of The Antenna

35 Fabrication Process
3.5.1 Brush Cleaning Machine 305 mm Model RBM300

Figure 3.17 shows a brush cleaning machine that is suited for use in small
companies and labs. The main objective of this machine is to clean PCB boards and
other metal surfaces to verify that the material's surface is free of dust and debris before
proceeding to the next step. This machine can also remove the oxide layer from the
PCB board. Aside from that, this machine is controlled by a conveyor. The conveyor
speed has been set to 0.2 m/min, and the PCB board must be placed on the conveyor to

begin the cleaning process and wait for it to finish.

Figure 3.18 Brush Cleaning Machine
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3.5.2 PCB Board Drying Machine

Figure 3.18 shows the PCB board panel drier machine that was used to dry the
PCB board after it had been cleaned. This unit's chassis is composed of high-quality
stainless steel and has characteristics that allow it to extract and eliminate water from
the PCB board after cleaning, preventing any problems during the creation process.
This machine can handle panels with a maximum width of 610 mm (24 inches) and a
thickness of 6 mm. The PCB board must be placed on the conveyor to begin the drying
process, and the procedure must be repeated until the PCB board is completely dry.

Figure 3.19 PCB Board Panel Dryer Machine

3.5.3 Dry Film Photoresist Sheet Laminator

Figure 3.19 shows a dry film photoresist sheet laminator that is ideal for small
laboratories. This equipment has a tiny control panel where the user may choose the
appropriate temperature and roller speed for applying dry film on the PCB board. In the
lamination process, choosing the right temperature and roller speed is crucial to avoid
burning the dry film. To avoid any problems during the etching process, make sure the
dry film and PCB board adhere together without any bubbles after the lamination

process.
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Figure 3.20 Dry Film Photoresist Sheet Laminator

3.5.4 UV Double Sided Exposure Units with Vacuum

The UV double sided exposure devices shown in figure 3.20 are ideal for double
sided PCB panels. A tiny control panel and digital display were also included in this
device, allowing the operator to select the process time. The UV exposure units have
been set at 30 seconds for this operation, which involves employing UV beam to
transfer the antenna configuration from PCB film to PCB board. Furthermore, this
procedure must be carried out in a dark environment to prevent damage to the dry film

prior to the etching process.

Figure 3.21 UV Double Sided Exposure Units with Vacuum
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3.5.5 Rota Spray Developer Machine

In the developer process, the Rota spray developer machine, as illustrated in

figure 3.21, was employed. To eliminate the undesired dry film that coated the etching

region on the PCB board, the developer technique must be used. Using a hand glove

and a face mask when handling this procedure is important for safety precautions before

and after the operation is completed to avoid any accidents. The following steps will

show you how to utilise a developer machine correctly:

a > w0 DN

ON main power switch.

Press the main button.

Press the heat button.

Wait until the temperature level reach 40°C - 43°C.

Ensure the PC board is clean and clear from any plastic, then

PCB board

Set the conveyor speed at 2 for the first process.
Set the conveyor speed at 4 for the second process.

Check and ensure the dry film have been removed.

Main Switch

Main Button
ON / OFF

Conveyor
Speed

Process Button

Conveyor
Button

Figure 3.22 Developer Machine
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3.5.6 Acid Remover Machine / Etching Machine

The acid remover machine, also known as an etching machine, as illustrated in
figure 3.22, was used in the etching process to remove undesirable copper from the
PCB board that was not covered by a dry film, resulting in the formation of an angled
slot. This machine had acid in it, which readily removed the copper layer on the PCB
board. To limit the risk of an accident during the procedure, personal protection
equipment (PPE) such as hand gloves and face masks should be used. The following

steps will show you how to utilise a developer machine correctly:

1. ON main power switch.

2. Press the main button.

3. Press the heat button.

4. Wait until the temperature level is reach 40°C - 43°C.

5. Make sure the PCB board is clean and clean from any plastic material,
then insert the PCB board into the machine.

Set the conveyor speed at 2 for the first process.

Set the conveyor speed at 4 for the second process.

Repeat the step until the unwanted copper fully removed.

© © N o

Clean the PCB board after the etching process in 2 minutes.
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Main Switch Insert Board
Main Button
ON / OFF Reset Button
Co
NVEYOF Stop Button
Speed
Process Button Heat Button

Conveyor
Button

Figure 3.23 Acid Remover Machine

3.6 Antenna Testing
3.6.1 The Vector Network Analyzer

The network analyser, as illustrated in figure 3.23, will be utilised to assess the
performance of the microstrip patch antenna after the fabrication process is completed.
The microstrip patch antenna must be modified using CST Microwave Studio 2019 if
the intended results are not attained. This phase is critical for identifying any
inconsistencies between the simulated structure, manufacturing defects, and the impact
of the lead used to link the PCB layer to the feed joint. The antenna must then be
redesigned until it meets all of the requirements for the intended antenna.

Figure 3.24 Microstrip Patch Antenna Tested Using Network Analyzer
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3.6.2 UHF RFID Reader Antenna Length Detection Performance Field Test for
Difference Tag Types

The microstrip patch antenna was created to detect a passive tag of different
lengths. Then, to determine the maximum recognition length between the antenna
reader and the RFID tags, this test must be performed. RFID tags are a type of tag that
may be used to an illustrated in figure 3.24, the antenna reader and passive RFID tag
were placed at the same height, and the maximum recognition length was tested and
reported. Then repeat the procedure until all scope designs for various RFID tags have

been recorded.

Last Minute
ENGINEERS .com

RFID Tag ﬁ

Antenna RFID Reader/Writer

Figure 3.25 The Antenna and Tag at the same Position

The antenna reader illustrated in figure 3.25 was used to conduct the antenna
testing and is appropriate for ultra-high frequency (UHF) coordinates. The RFID reader
is a device that tracks RFID tag data through radio waves. When compared to barcode
scanners, the RFID technology is more sophisticated. The RFID tag does not require a
visible passage to the reader or the detection of a specific portion. To be detected, the
tag must be inside the radio wave range.

Figure 3.26 RFID Reader
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Table 3.2 Reader Specification

Categories Specification

Frequency Range UHF 860MHz — (960MHz)
Interface RS -232

Sensitivity -84 dBm

Total Antenna Port 4 Female Ports

Operating Condition -20°C to +50°C

3.6.3 UHF RFID Reader Antenna Angle Detection Performance Field Test for
Difference Tag Types

To evaluate the antenna performance when the location of the tag varies in
various angles, the antenna angle detection test must be performed. The angles to be
evaluated in this test are 30°, 45 , 60°, 90°, with the tag placed on the field. We
employed five tags in this experiment, which showed the largest distance in length
detecting test we've ever done. Figure 3.24 shows how the antenna angle test is carried

out.

Tag at90 degree

& Tag at60 degree

» Tag at 45 degree

® Tagat30 degree

=
Tag at0 degree

RFID Reader

Figure 3.27 The Position of Antenna and Tag
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

This chapter will focus on the performance of the proposed antenna, with the
goal of comparing simulated and observed losses and s-parameters (S11). The
manufacturing antenna will be tested to see if it meets the proposed operating frequency
of 921 MHz and has an s-parameter (S11) of less than - 10dB, which matches the
modelling result. This chapter also includes a simulation of the proposed antenna's
voltage standing wave ration (VSWR) and gain. To ensure that the antenna can work,
the VSWR simulation result must be less than 2. In terms of detecting range, the gain of
the microstrip patch antenna is critical. It also plays an essential part in the parametric
research to determine the antenna's performance in various parameters. The prototype
antenna's performance in terms of near-field tag detection range at various distances and
angles of RFID tags. The entire result is incredibly useful in determining the ideal

antenna position for optimising detection range and execution.

The design of patch antenna discussed the development and analysis of the
antenna reader work carried out on the basic triangular patch antenna to produce linear

polarization antenna.
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4.2  The Geometry of Purpose Triangular Array Antenna

The angular slot antenna's geometry is shown in figures 4.1 and 4.2. The
antenna's angled slot is made from a single patch on top, and the ground patch is fully
coated with copper in the rear. The whole design size specification of an antenna to
function at the requisite resonance frequency of 921 MHz is presented in Table 4.1.
Based on the operating frequency, each antenna parameter plays a significant role in
generating a good efficient radiation pattern with acceptable gain and directivity. The
antenna was designed using the equipment that was available at CST 2019. After that,
the antenna will be examined with a Vector Network Analyzer (VNA) to determine its

performance. W

P
<

v

A
v

Figure 4.1 Front View of Antenna

A
v

Figure 4.2 Back View of Antenna
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Table 4.1 Specification of Antenna Design

Parameter Symbol Segement Dimension
Patch a Length Patch 100.5 mm
L, Height Patch 86.5 mm
Substrate W Width 266.2 mm
L Length 143.6 mm
h Thickness 1.6 mm
Ground W, Width Ground 266.2 mm
Lg Length Ground 143.6 mm
Slot W Width Slot 2.0 mm
Ly Length Slot 10.0 mm

4.3 Simulation Result

4.3.1 Simulation Result of Return Loss

Result of return loss (S11) is very important to know the power level of the
antenna is reflected. It also known as the reflection coefficient. The antenna can operate
when the value of return loss is lower than -10 dB at certain frequency. Other than that,
the antenna might operate when the value of return loss is higher than -10 dB. From
return loss (S11) simulation result, the total radiated power to the antenna can be

determined. The Figure 4.3 shows the antenna operate at frequency 921 MHz and -

24.44 dB. So, the higher return loss than -10dB is consider good result.
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Figure 4.3 Simulation Result of Return Loss (S11)
4.3.2 Simulation Result of VVoltage Standing Wave Ratio (VSWR)

S-Parameters [Magntude in dB]

—51,1(2)

The result of voltage standing wave ratio (VSWR) is related between

transmission line and patch antenna. The requirement VSWR value for microstrip patch

antenna is less than 2. Other than that, the value of VSWR is indicate how much the

power of antenna in term of reflection coefficient. It also indicates the power level can

be delivered to the antenna. Generally, the value of VSWR must less than 2 to produce

the antenna that have a good performance. The figure below shows the simulation result

using CST MWS for antenna design in this project. It shows the value of VSWR s less

than 2 at the frequency 921 MHz and it considers good result.
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Figure 4.4 Simulation Result of VSWR

43

— VSWRI



4.3.3 Simulation Result of Radiation Pattern

Simulation result of radiation pattern can determine the information about
radiated energy. Generally, radiation pattern results of antenna in 360 degrees in polar
form. The red area of the radiation pattern is indicating the good detection area for long
detection range. The antenna can be detected in all direction based on the positive value
of gain. In figure 4.5 below shows 3D radiation pattern, where the patch antenna design
with 8.45 dBi at 921 MHz is demonstrated. The antenna radiation energy also can be
determined by E-plane and H-plane as shown in figure 4.6 and 4.7. The H-plane and E-
plane is illustrated the quantity of electric and magnetic field vector produces by the

antenna.

farfield (f=921) [1]
Type Farfield
Approximation

Figure 4.5 Simulation Result of Radiation Pattern

E field
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30 30

60 60
90 90 — field

120 120

150 150
180

Figure 4.6 Simulation Result of E-Field
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H Field

30 30

60 60
90 90 e H Field

120 120

180

Figure 4.7 Simulation Result of H-Field

4.3.4 Simulation Result of Gain

This simulation result is also important for describing the performance of
antenna whether its working or vice versa. From the simulation result, the antenna gains
capable to transmit power in specific direction when connected to the power source.
Antenna could be powerful if the gain value is high, and the assumed power can be
transmitted into space at a certain angle or direction. The red line is represented of main

lobe as shown in figure below.

Farfield Gain Abs (Phi=90)

0 farfield (f=921) [1]

Phi= 90 30 30 Phi=270

60 it Mg 60

Frequency = 921 MHz
Main lobe magntude =  8.32 dBi

180 Main lobe direction = 1.0 deg.
Angular width (3 dB) = 91.1 deg.
Theta / Degree vs. dBi Side lobe level = -11.2 dB

Figure 4.8 Simulation Result of Gain
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4.4  Result of Antenna Testing

The manufacturing antenna will be evaluated in this subchapter to determine its
performance and efficiency. Antenna testing using a vector network analyser, Antenna
Length Detection Performance Field Test, and Antenna Angle Detection Performance
Field Test are some of the tests that will be carried out. The results will then be

examined to determine the performance of the suggested antenna design.
4.4.1 Antenna Testing Using Vector Network Analyzer

The Agilent E5071C vector network analyser, which is available at the ICOE
lab in UMP, will be used to determine the performance of the actual antenna. This
instrument is appropriate for this test since it can handle any antenna that works
between 9 kHz and 8.5 GHz. The major purpose of this study is to compare the
performance of simulation and real-world antennas in terms of return loss (S11). The
vector network analyser must be calibrated before commencing this examination to
guarantee that the results from this instrument are accurate and that no data is lost. The
vector network analyser was calibrated using the calibration apparatus and techniques
shown in Figures 4.9 and 4.10. The calibration technique must be performed exactly as
shown in figure 4.11 to guarantee that the vector network analyser performs well during
antenna testing. After the calibration procedure is done, the vector network analyser is

ready to use.

g Agitemt

85033E

3.6mm
CALIBRATION KIT

Figure 4.9 Calibration kit
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Figure 4.11Vector Analyzer Calibration Process

Figure 4.12 shows the contrast between simulation antenna result (CST) and
actual antenna result (VNA) in terms of return loss (S11) value after completing
antenna testing using a vector network analyzer. At a resonance frequency of 921 MHz,
the real antenna result is -20.18 dB, which is higher than the simulated antenna result of
-24.44 dB.
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Figure 4.12 Comparison Result Between Simulation and Actual Antenna

4.4.2 Field Test of Length Detection Performance for Difference Tags Type

In general, there are many different types of RFID tags accessible in the
business. It also has various properties in terms of memory capacity, frequency,
detection duration, and tag size. As illustrated in the diagram below, this investigation
will employ eight distinct RFID tags: AD-641, AD-381, AD-232, A-9654, H-47, AD-
223, AD-828, and AD-833. The goal of this investigation is to figure out how far a tag
can be tracked by an antenna before losing signal strength. The tag may be tracked and
detected by radio wave using the RFID technology. Figure 4.20 depicts the proper

settings for running this test.

AD-641 NXP G2X

=
A3

276 x2.76 in (FfO x 70 mm)

Figure 4.13 AD-641 UHF RFID Tag
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AD-232

ALIEN

9640

Figure 4.14 AD-232 UHF RFID Tag

Figure 4.15 A-9654 UHF RFID Tag

Figure 4.16 H-47 UHF RFID Tag

AD-381

Figure 4.17 AD-381 UHF RFID Tag
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AD-828 Impinj Monza 3

WEB DIRECTION
=i —

59 x1.57 In (15 x40 mm)

Figure 4.18 AD-828 UHF RFID Tag

AD-833 Impinj Monza 3
WEB DIRECTION
R
[ - N
1.5x3.68in (38 x 93.5 mm)

Figure 4.19 AD-833 UHF RFID Tag

AD-223 Impinj Monza 3

Lo

3.74 x 321In (95 x8.15 mm)

Figure 4.20 AD-223 UHF RFID Tag

Figure 4.22 depicts the results of this investigation for all eight distinct tags.
AD-833 provides the greatest length of detection when compared to other tags, with a
size of 38 mm x 93.5 mm, and AD-828 creates the shortest length of detection when
compared to other tags with a size of 15 mm x 40 mm. The length detection area for the
AD-833 tag was 95 cm, followed by 65 cm for the AD-641 tag and 60 cm for the H-47
tag. Then, AD-232 and A-9654 reported has length detection area of 20 cm and 28 cm.
Finally, the AD-223 tag provides the smallest length detection area after AD-828 that is
15 cm. The length detection performance of the antenna to track and capture the data
from the tags is also affected by the design, size, and shape of the tag, according to this

investigation.
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Figure 4.21 Length Detection Performance Test Configuration

Antenna Length Detection Test
100

90
80
70
60
50 =
40
30
2
1

o o

AD-641  AD-833  AD-828  AD-223  AD-381  AD-232 A-9654

o

m Tag Reader

Figure 4.22 Result of Length Detection Performance Test Configuration
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4.4.3 UHF RFID Reader Antenna Angle Detection Performance Field Test for
Different Tag Types

The antenna angle detection performance field test was carried out to see how
the maximum length detection area changed as the antenna reader's angle changed. This
investigation also looks into the best antenna angle for capturing data from tags. Figure
4.23 depicts the proper settings for running this test. Then, to carry out this study, five
angles were chosen: 30°, 45°, 60°, 75°, and 90°. This investigation also employed tags

that produced the longest detection area, hence the AD-833 was chosen.

Figure 4.23 Angle Detection Performance Test Configuration

The outcome of this examination is shown in Figure 4.23. With a detection
length of 49.3 cm and 30 angles presented, the antenna can gather data from the tag.
The antenna was then rotated at a 45-degree angle, with the result that the antenna
successfully acquired data from the tag to a detection length of 66.8 cm before losing
the signal. When the antenna's angle is set to 60 degrees, the detection length gradually
rises from 70.7 to 75.3 cm, allowing the antenna to detect and capture data from the tag.
Finally, the antenna angles were changed to 75 and 90 degrees, respectively, resulting in
detection lengths of 82 and 95cm. The conclusion can be made after this examination,
the design, size and shape of the tag also affect the length detection performance of
antenna to track and captured the data from the tags.
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Antenna Angle Detection Test
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Figure 4.24 Result of Angle Detection Test

45  Parametric Study

The effect of modifications in the patch antenna geometric parameter on antenna
performance will be investigated in this subchapter. The parametric research looked at
the effect of changing the the thickness of substrate, symmetrical slot length,
symmetrical slot width, symmetrical height of triangular patch, symmetrical slit height,
side equal length equilateral triangular patch and comparison between triangular array
antenna and triangular patch antenna. on antenna performance when the operating
frequency and return loss were changed (S11). The CST Microwave 2019 programme
was used to adjust the parameters of the investigation. Figure 4.25 depicts the antenna

parameter structure that will be studied in this subchapter.

Patch
Width Slot -
-
T Substrate
Centre =
i ™ Height Slot

Figure 4.25 Antenna Parameter

53



45.1 Substrate thickness

This examination is the determine effect of antenna performance in term of
return loss (S11) and resonant frequency due to changing of substrate thickness. Many
PCB that available in market has different thickness of substrate. The 1.6 mm has been
used for original design before modification. All parameter such as patch diameter, size
of slot and slot diameter is fixed. The thickness of substrate has been used in this
examination which is 0.4 mm, 0.8 mm and 1.5 mm. The simulation results as shown in
figure 4.26 after changing the thickness of substrate to 0.4 mm, 0.8 mm and 1.5 mm
that represent in green line, blue line and orange line generated by CST. By adjusting
thickness of substrate to 0.4 mm, the antenna produces 904.74 MHz of working
frequency and -9.26 of return loss. In this condition, the antenna cannot function
properly because all of microstrip patch antenna start working when the value of return
loss is below -10 dB. Then, by increasing the thickness of substrate from 0.4 mm to 1.5
mm, the working frequency is rises up from 904.74 MHz to 916 MHz and it also
improved the value of return loss from -9.26 to -20.78 dB. Lastly, the working
frequency increasing from 916 MHz to 917.3. MHz when 0.8 mm of substrate thickness
was applied. It also improved the return loss from -20.78 dB to -25.78 dB. Based on this
examination, by increasing the thickness of substrate will improve the working
frequency and return loss (S11) and 1.6 mm of substrate thickness is most suitable for

proposed antenna design.

S-Parameters [Magntude in dB]

—— 51,1 (h=1.6)

— 511 (h=1.5)

— 51,1 (h=0.8)
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Figure 4.26 Return Loss and Resonant Frequency Effect Due to Changes of Substrate
Thickness
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4.5.2 Symmetrical Slot Length

This examination was executed to determine the effect of antenna performance
due to changing of slot length. By maintaining the other antenna parameter and
changing slot length value, the effect of antenna performance can be determined from
the changing on working frequency and return loss. Figure 4.27 shows the effect on the
proposed microstrip patch antenna due to slot length changes. By decreasing the length
of slot to 9.6 mm, the resonant frequency up from 921 MHz to 922 MHz and the value
of return loss also improved from -24.08 dB to -23.08 dB respectively. Then, the length
of slot changes to 9.4 mm, the resonant frequency up from 920 MHz to 923 MHz and
increase the return loss value from -24.08 dB to -22.91 dB. This examination also
decreasing the slot length to 9.8 and the result is shows by orange line that it same with
the length 10.0 mm. The conclusion can be made is, if the length of slot increase, the

value of frequency will be decreasing and the value of S11 will be improved.
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Figure 4.27 Return Loss and Resonant Frequency Effect Due to change of Length of
Slot

45.3 Symmetrical Slot Width

This examination was executed to determine the effect of antenna performance
due to changing of slot width. By maintaining the other antenna parameter and
changing slot width value, the effect of antenna performance can be determined from
the changing on working frequency and return loss. Figure 4.28 shows the effect on the
proposed microstrip patch antenna due to slot width changes. By decreasing the width
of slot from 2.0 to 1.8 mm, the resonant frequency rises from 921 MHz to 922 MHz and
the value of return loss also improved from -24.44 dB to -24.84 dB respectively. Then,
by increasing the width of slot to 2.2 mm, the resonant frequency drops from 921 MHz
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to 920 MHz and drop the return loss value from -24.44 dB to -21.31 dB. This
examination also decreasing the width of slot to 1.6mm and the result is shows by blue
line. The conclusion can be made is, if the width of slot antenna increases, the value of
frequency will be decreasing and the value of S11 will be improved depend on size of
width used.
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Figure 4.28 Return Loss and Resonant Frequency Effect Due to Changes of Width of
Slot

4.5.4 Symmetrical Height of Triangular

This examination was executed to determine the effect of antenna performance
due to changing of height of patch. By maintaining the other antenna parameter and
changing patch diameter value, the effect of antenna performance can be determined
from the changing on working frequency and return loss. Figure 4.29 shows the effect
on the proposed microstrip patch antenna due to height of patch changes. By decreasing
the height of patch to 86.4 mm, the resonant frequency rises up from 921 MHz to 922
MHz and the value of return loss also improved from -24.44 dB to -24.59 dB
respectively. Then, by increasing the height of patch to 86.6mm, the resonant frequency
drops off from 921 MHz to 920 MHz but improved the return loss value from -24.44
dB to -22.53 dB. This examination also decreasing the patch height by 89.3 mm and the
result is shows by orange line that the frequency and return loss increase. The
conclusion can be made is, if the height of the patch antenna deccreases, the value of

frequency will be increase and the value of S11 will be improved.
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Figure 4.29 Return Loss and Resonant Frequency Effect Due to Changes of Height of
Triangular Patch

455 Symmetrical slit height

This examination was executed to determine the effect of antenna performance
due to changing of slit height. By maintaining the other antenna parameter and
changing patch diameter value, the effect of antenna performance can be determined
from the changing on working frequency and return loss. Figure 4.30 shows the effect
on the proposed microstrip patch antenna due to slit height changes. By decreasing the
height of slit from 3.0 mm to 2.8 cm, the resonant frequency does not change but the
return loss improved from -24.44 dB to -23.69 dB respectively. Then, by increasing the
height of slit to 3.4mm and 3.2 mm, the resonant frequency moves a little bit but drop
off the return loss value from -24.44 dB to -25.03 dB. The conclusion can be made is, if
the height of slit antenna increases, the value of frequency will be decreasing and the

value of S11 will be improved but depend on the size of slit.
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Figure 4.30 Return Loss and Resonant Frequency Effect Due to Changes of Slit Height

4.5.6 Side Equal length equilateral Triangular patch

This examination was executed to determine the effect of antenna performance
due to changing of side equal length of equilateral triangular patch. By maintaining the
other antenna parameter and changing side equal length value, the effect of antenna
performance can be determined from the changing on working frequency and return
loss. Figure 4.31 shows the effect on the proposed microstrip patch antenna due to side
equal length changes. By decreasing the length of side from 100.5mm to 100.4mm, the
resonant frequency drops off from 921 MHz to 917 MHz and the value of return loss
also decrease from -24.44 dB to -22.35 dB respectively. Then, by increasing the
diameter of patch to 100.6 mm, the resonant frequency drops off from 921 MHz to 916
MHz but improved the return loss value from -24.44 dB to -25.10 dB. This examination
also decreasing the length of side equal triangular by 100.6mm and the result is shows
by green line. The conclusion can be made is, if the length of the side triangular patch
decreases, the value of frequency will be increasing and the value of S11 will be

improved.
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Figure 4.31 Return Loss and Resonant Frequency Effect Due to Changes of Side Equal
Length Equilateral Triangular patch

4.5.7 Comparison between Triangular Array Antenna and Triangular Patch

Antenna

This comparison has been done to study the impact of triangular array antenna
against triangular patch antenna in term of antenna performance. The triangular patch
antenna as shown in figure 4.32 has been set to operate at the same working frequency
of 921 MHz and used the same material as triangular array antenna. It also used 4.7 of
substrate permittivity (€r). The dimension of triangular array antenna is 266.2 mm x
143.6 mm x 1.6mm mm, while 110.5 mm x 119.8 mm x 1.6mm of triangular patch
antenna. The CST MWS 2019 has been used in this comparison test to generated the

simulation result for these two types of antenna.

I PN A

T

(@) (b)

Figure 4.32 Triangular Patch Antenna: (a) Single element (b) Array
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The comparison results between triangular array antenna and triangular patch
antenna as shown in figure 4.31. By referring from the result, the tringular array
antenna produces a good value of return loss (S11) which is -24.44 dB at 921 MHz of
working frequency compared to the return loss that produces by triangular patch
antenna which is -9.89 dB. By using the CST MWS 2019, another antenna parameter
for both design such as gain, directivity, radiation pattern, and vswr can be measured.
The conclusion can be made after doing this comparison, array antenna gave high
impact to return loss (S11). Other than that, the size of antenna will be decreased by

applying slot on it and it produces a good return loss (S11) at 921 MHz.
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Figure 4.33 Comparison Result Between Triangular Array Antenna (Red) and
Triangular Patch Antenna(green)
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CHAPTER 5

CONCLUSION

5.1 Introduction

On FR-4 with a substrate thickness of 1.6 mm and a dielectric constant of 4.7,
an efficient triangle shaped antenna with array method has been created. The antenna's
total dimensions are 14.36 cm x 26.62 cm x 0.16 cm. The 50 SMA connection is used
to pin feed this design. The many modifications of geometric dimensions on the
triangular patch and array method of the provided antenna have been investigated to
study the antenna reflection coefficient of S11. After analysing the results of all
simulations, we can conclude that the developed antenna structure is linear polarised
and may be used in a UHF RFID system in Malaysia with frequency bands ranging
from 919 to 923 MHz with return losses of less than -10 dB.

5.2 Future Work

This microstrip patch antenna with array technique need more
attention as there are many more important things need to be study at the frequency of
921 MHz. As a recommendation, the next study can explore deeper in UHF RFID.
Others can investigate the configurations antenna of UHF RFID reader from this
review. For this project, circular polarization can be suggested. Different kind of
energize either circular or linear polarization can be found in the antenna. The triangular
patch can be changed for single feed square polarization in form of square patch. There
are many types of technique can be used to determine the antenna performance by
keeping optimized parameter in action. In this study, the quality of the substrate has
been changed. Low cost types of substrate were chosen for this research. We need to
replace the high-quality substrate to obtain more precise and high efficiency result. A
better result of antenna testing can be achieved by using the new high precision
machine to fabricate the antenna. The efficiency and enhancing the impedance can be
focused from different design. The microstrip patch antenna has many designs such as

circle and polygonal circle. It can be applied and examined to give a solid execution of
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patch antenna with linear polarization and energizes more after this study. For this
study, low-cost substrates were used. To get a more exact and high-efficiency outcome,
we must change the high-quality substrate. Using the new high-precision machine to
fabricate the antenna will result in a better antenna test result. Different designs might
be focused on increasing efficiency and decreasing impedance. Microstrip patch
antennas come in a variety of shapes and sizes, including circles and polygonal circles.
It can be used and tested to produce a solid patch antenna with linear polarisation that

energises more after this research.
5.3 Impact to Society and Environment

Nowadays, microstrip antenna had been used in various applications that can
run at certain frequency. If the antenna match with their specification, it can operate
either low or high range frequency. If the frequency is too high like an UHF frequency
range and MF frequency range, the antenna will be light and small. These antenna
applications are capable to operate and integrated on form of linear or planar arrays. It
can be used to generate an antenna in pattern of linear, circular and elliptical
polarization of electro-magnetic radiation. These antenna specifications are already well
known for its performance and extent usage. The research and development of
microstrip antenna should be continued. It is expected that it can replacing the
conventional antenna for many other applications in this world. Some upgraded
application antenna gave a huge impact to the people, society and environment. This
can be seen in remote sensing system, satellite in communication system and direct

broadcast television system.
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