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ELECTRIC AND MAGNETIC DIPOLE FOR QUASI-OMNIDIRECTIONAL
ULTRA HIGH FREQUENCY TAG DESIGN

ABSTRACT

A compact tag antenna with a size of 45 mm x 45 mm x 3.379 mm (0.1374 A x 0.1374
A x 0.0103 1) is proposed for a metal-mountable applications in the UHF RFID band.
The compact tag antenna consists of two bowtie like dipoles. These dipoles are
designed by using the concept of electric and magnetic dipoles. The first dipole
(electric dipole) is aligned vertically onto the first foam while the second dipole
(magnetic dipole) is aligned horizontally onto the second foam. This combination of
dipole configuration enable the tag antenna to radiate in quasi-omnidirectional
direction. The compact tag antenna is made up by three layers of metal patch which
are electric dipole, magnetic dipole and ground. Conjugate match is achieved between
the tag antenna and the Monza-5 chip. The realized gain of the tag antenna is 2.554
dB. The tag antenna has a readable distance of 13 m with EIRP power of 4 W. The
resonant frequency of this tag antenna is 0.916 GHz which complies with the UHF
RFID band. The power transmission coefficient of the tag antenna is 0.9047. The tag
antenna is attached onto a 20 cm x 20 cm metal plate in the measurement process. The

operating frequency is stable and insensitive to the changing of backing metal size.
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CHAPTER 1

INTRODUCTION

1.1 Background

Radio frequency identification (RFID) is a sort of rising innovation that utilize the
electromagnetic field to recognize and read the labels that are attached on a specific
object. A complete RFID system comprises two parts: a tag and a reader. RFID reader

come with a transmitter and a receiver to transmit and receive data.

RFID tag is a little microchip attached to a small antenna to support wireless
data transmission. It is usually attached to objects like a conventional glue sticker. The
microchip size can be somewhere around 0.4 mm?. A RFID tag transmits signals that
contain information over the air in light of cross examination by a RFID reader.

RFID is an innovative technology for mechanized distinguishing proof of items
and individuals. People are apt at recognizing objects under an assortment of test
conditions. RFID can be used as a methods for labelling objects. For instance, every
object in a warehouse is attached with a RFID tag containing the information of each
object and this can help to reduce the workload of the worker. RFID tags are used as a
part of numerous enterprises. For instance, a RFID tag is attached to an automobile
during production phase in order to track the progress of the assembly line. Besides
that, an embedded RFID microchips in the animals and pets are able to distinguish the

proof or identification of the creatures.

According to some studies, the RFID global market was worth 8.89 billion
USD in 2014. The RFID global market is expected to rise to 18.68 USD by 2026
(Raghu, 2018). From these studies, | can foresee that the application of RFID
technology is becoming an integral part in our daily life. Hence, | had chosen RFID

technology as my final year project.



1.2 Problem Statement

In this modern era, technologies are keep on improving. One of these technologies is
RFID technology. RFID technology is a rising technology that utilizes the
electromagnetic field to recognize and read the labels of the RFID tag. RFID
technology is becoming an integral part in our daily live. However, designing a RFID
tag is a very difficult task since the RFID technology is keep on improving along with
the modern era. In this modern intelligent world, almost everyone has a smart device
such as smartphone and etc. These smart devices can emit signal thus RFID devices
are prone to different signal distortions from the environment. Hence, many studies
have been carried out to design a RFID tag that is able to overcome different distortion
caused by different environment. A lot of researches also have been carried out to
design a RFID antenna with a high gain, read distance and power transmission

coefficient.

1.3 Aims and Objectives

The objectives of this project are:
e To design an UHF RFID tag antenna for a metal-mountable applications in the
UHF RFID band.
e To study the properties of the tag antenna.
e To design a tag antenna that is able to function perfectly in different
environments and conditions.
e To design a tag antenna that has high gain, long read distance as well as good
impedance matching.
e To design a tag antenna that meets the global RFID pre-requirements.
Gain <-3dB

Resonant Frequency Between 0.86 GHz to 0.96 GHz

Power Transmission Coefficient | 2 0.7

Read Distance >10m

Microchip Used Monza 5

Table 1. 1: Pre-requirements in designing the RFID tag antenna



1.4 Thesis Organisation

Chapter 1 briefly discusses about the background of the radio-frequency identification

tag as well as the aims and objectives of the project.

Chapter 2 briefly discusses on the antenna parameter. Besides that, it also
discusses about literature review on how to enhance the antenna gain, bandwidth,

impedance matching, read distance and power transmission of the antenna.

Chapter 3 discusses on the design methodologies and work flow on the design
process of the RFID tag antenna. It also describes the 2-D and 3-D configurations of

the tag antenna.

Chapter 4 focuses on the results collected from the project and explains the

collected measured results compared to the simulated results.

Chapter 5 summarises and concludes this projects, followed by some

recommendations that need to be carried out for future works.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The design process of RFID tag is a difficult task since many factors need to
be considered. Hence, a study of relevant knowledge about the RFID tag had been

carried out to design a perfectly working RFID tag antenna.

2.2 Antenna Parameter

There are a few antenna parameters that we need to take care about. Those parameters
include radiation efficiency, antenna gain, S-parameter, bandwidth as well as the
resonance frequency. Each of these parameters will heavily affect the performance and

properties of the antenna.

2.3 Radiation Efficiency and Antenna Gain

Radiation efficiency is a measure of the electromagnetic energy radiating from an
antenna. It is the measure on how well an antenna can convert radio-frequency

electrical signal into radiated power.

Antenna gain is how well an antenna can direct the electromagnetic energy
towards a particular direction. Many wireless communication devices suffer losses in
term of radiation efficiency and gain due to the surrounding objects that will absorb
some of the radiating energy and convert it to heat energy and causing a decrease in

the efficiency and gain (Sangaran et al., 2016).



2.4 UHF RFID Frequency Band Allocation

Universally, each nation has its unique frequency band allocation for UHF RFID
application. Table 1.1 below shows the frequency allocation in the UHF RFID
application for different nations (Chen et al., 2009).

Country Frequency Band
Malavsia 919 MHz ~ 928 MHz=
China 840.5 MHz ~ 844.5 Hz and 920.5 MHz and 924 .5 MHz=
America 902 MHz ~ 928 MHz
Europe 866 MHz ~ 869 MHz
Singapore £66 MHz ~ 869 MHz and 920 MHz ~ 925 MHz
Japan 952 MHz ~ 955 MHz

Table 2. 1: Frequency band allocation for different nation in the UHF RFID

application.

2.5 Resonant Frequency

A radio frequency antenna is consist of inductive and capacitive elements which
determine the resonant frequency. Resonant frequency is found when the capacitive
reactance and inductive reactance cancel each other. The antenna’s size is strongly
correlates to the antenna’s resonant frequency. The larger the antenna, the lower the
resonant frequency. Figure below illustrates on where is the resonant frequency located
at.

Antenna Antenna
impedance impedance
capacitive inductive

N v

Impedance

Frequency

Resonant
frequency

Figure 2. 1: Resonant frequency location when the capacitive reactance and inductive
reactance cancel each other.



2.6 S-parameter and Bandwidth

Scattering parameters (S-parameters) is a technique to evaluate the performance of a
system in terms of reflection and transmission of power. It is dependent on the number
of port of the system. There will be 4 parameters to be considered in a two port systems
which are S11, S12, S21 and Sz. Each parameter carries its own description. Assuming
that Port 1 is the input while Port 2 represents the output, then Sy is insertion loss
while S12 is reverse isolation. For instance, if So1 is 0 dB, it means that the power is
fully transmitted from Port 1 and is completely received by Port 2. If Sz1 is -10 dB,
then 1 W of power supplied to Port 1 will then be received by Port 2 at 0.1 W. On the
other hand, Si1 and Sy» represent the reflection coefficient because it represent the
power reflected from the load back to its own source. Thus, when Si; is said to be 0
dB, then all the power is fully reflected without any power being transmitted. All of

these S-parameter can be represented in mathematical form.

Iin = S11 (2.1)
Toue = Saz (2.2)
IL = —20log;,|S,,| dB (2.3)
ey = |20logy0lS,1| dB (2.4)

Where

I'in = Reflection coefficient (input port).
I'out = Reflection coefficient (output port).
IL = Insertion loss.

lrev = Reverse isolation.



The antenna’s bandwidth is the working frequency range of the antenna. The
bandwidth is strongly related to the S-parameter since the bandwidth of the antenna
can be found in the S-parameter curve. Frequencies range for Si1 below -10 dB are
considered as the bandwidth of the antenna. Figure below illustrates how bandwidth

of an antenna can be found from the S-parameter curve.
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Figure 2. 2: The bandwidth of an antenna found from the S-Parameter curve.



2.7 Read Range of the Antenna

Read range is define as how far in term of distance a signal emitted from a tag antenna
can be received and identified by the tag reader (Rao et al., 2015). Read distance is
relatively important for a tag antenna. The longer the read distance of a tag antenna,
the easier the signal emitted from a tag antenna to be received by the tag reader.

The read range of the antenna can be calculated and obtained by using the Friss

Formula for free space:

A PyGiGyT
41T Pth

(2.5)

Ttag =

Where

r'ag = Read range

A = Wavelength

P; = Transmitting power of reader
P = Sensitivity of tag

Gt = Gain of the tag antenna

G: = Gain of the reader

T = Transmission coeflicient

Read range can be affected by many factors. For instance, the orientation of
the tag antenna, the material on which the tag antenna is attached to and the
electromagnetic wave characteristics in different environments. Thus, various factors
that will affect the read range of the antenna should be taken into consideration during

the design process.



2.8 Review on How to Choose the Manufacturing Material of the Antenna

The materials used to manufacture the antenna are relatively important since every
material has different conductivity and performance. Traditionally, etched copper and
aluminium are used to construct antennas. Etching is a subtractive procedure that
utilizes the synthetic substances and it can makes squander. Recently, most of the
antennas are constructed by silver ink. However, silver ink has many disadvantages.
One of the disadvantages is silver ink suffer from relatively low conductivity. Besides
that, it will also cause environmental issues. These issues led to development of newer

technologies like vapour-deposited aluminium and electro-less deposited copper.

There has been movement where highly-conductive copper is stacked onto a
PET layer. This copper additive process can significantly minimize the wastage as well
as reducing the environmental issues. From a research, they found out that the
conductivity of the silver ink is much lower than copper (which is only 1/10
conductivity of copper). Besides that, the research also states that the performance of
aluminium is almost the same as the copper. However, aluminium requires more
thickness to achieve the same performance with copper. From the above results, we
can conclude that copper is highly recommended for manufacturing antenna since it
has high conductivity and much less deposited material (thinner) compared to other

materials (Huang et al., 2008).

Table below shows the conductivity and skin depth for different materials.

Material Conductivity Skin Depth (um)
(S/m) = 108 at 915 MHz

Bulk copper (BC) 58 2.18
Deposited copper (DC) 50 2.35
Bulk silver 61.8 2.1

Bulk Aluminivm 36 2.8
Silver ink A 5.1 7.31
Silver ink B 4.2 8.11

Table 2. 2: Conductivity and skin depth for different materials.
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29 Review on Methods to Enhance the Realized Gain of the Antenna

The realized gain of the antenna is always an issue during the design phase. The gain
of the antenna depends on its size compared to wavelength. It is found that the aperture
type antennas have a higher gain compared to other types of antennas (Harrington,
1960).

Another method is using a stacked microstrip antenna which consist of two
parasitic elements. From the experimental study, the gain of antenna will be increased
by at least 3.7 dB ~ 5.7 dB by setting the parasitic element between the intervals of
0.25 2 ~ 0.35 7 onto the fed element. By doing this, the bandwidth of the antenna will

also be increased (Egashira et al., 1996).

Furthermore, another method to increase the gain is by stacking up a layer of
superstrate into the substrate. This is a resonance gain method by using a superstrate
method (Jackson et al., 1985). Superstrate is a kind of material that will increase the
gain of the antenna and without changing the resonant frequency of antenna (Qiang
etal., 2008). To further increase the gain, the thickness of the antenna can be increased

through the addition of number of superstrate layers (Yang et al., 2018).

Other than that, gain can be increased by using photonic band gap (PBG)
technique. It is a technique that enclose the patch antenna with a square lattice of tiny
metal plates with grounding vias. By doing this, massive suppression of surface waves
will excite the substrate result in increasing of gain (Qian et al., 1998). Figure below
illustrates the PBG technique.

Dielectric Substrate Ground Plane

Ground

}fiﬂ

Figure 2. 3: PBG lattice technique on microstrip antenna.



11

2.10 Review on Ways to Broaden the Bandwidth of the Antenna

Narrow bandwidth is always an issue for many microstrip antenna. There are several
methods on increasing the bandwidth of antenna. The most common way is using a
relatively thick substrate. This is because thicker substrate has lower Q factor which
result in broader bandwidth. However, this method will support surface waves which
results in deterioration of the radiation patterns and causing the decrease in radiation
efficiency (Pozar, 1992).

Besides that, broadband impedance matching is also a method to increase the
bandwidth. This method is used since it does not change the radiating element by itself.
A reactive matching network is included to reimburse the frequency fluctuations of the
input impedance (Pues et al., 1989). On the other hand, adding more resonant elements
like patches and feedline into the antenna can also increase the bandwidth (Abdelaziz,
2006).

There are some other examples of increasing the bandwidth of an antenna. For
instance, a U- shaped slot applied onto the patch has successfully broaden the
bandwidth (Sze et al., 2000). Another example is from (Liu et al., 2015) in which two
coin-shaped patches surrounded with a ring shape strip has successfully enhance the
bandwidth. Figure 2.4 below illustrate how the U —shaped slot look like while figure

2.5 shows how the two coin-shaped patches look like.
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- { -
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] ’ rounc

Figure 2. 4: U-shaped slot on the patch.
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Review on Factors that will affect the Resonant Frequency Shift of the

During the design phase, tuning the frequency to the desired range is always a difficult

task. Hence, several studies had been carried out to tune the frequency. There are

several factors that will cause the shifting of resonant frequency in an antenna. The

first factor that will affect the resonant frequency is the size of the patch antenna. The

larger the physical size of the antenna (length), the lower the resonate frequency

(Trembly, 1985). This can be explained from equation 2.6 below.

Where

f = Frequency.

C = Speed of light (3 x 10% m/s) _

A = Wavelength.

> a

(2.6)
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Usually, wavelength is considered in determining the length of antenna. From
the above equation, we know that frequency is inversely proportional to the
wavelength. Hence, we can conclude that the larger the antenna patch size (in term of
length), the smaller the resonant frequency. Other than that, increases in the overall
size of the patch antenna will also increases the inductance of the antenna and result
in lower resonant frequency.

Another factor that will affect the resonant frequency is the dielectric constant,
¢ of the material. Generally but not all cases (since it is depending on the temperature),
the dielectric constant decreases as the frequency increases (Yadav, 2010). Figure

below shows the graph of the dielectric loss versus frequency for copper.

(Cu-Cu SYSTEM) (FREQUENCY)

0.5 7 500 Hz
- ZkHz
0.7_| 10kHz
] —
b""'u‘g 0.5 | 100kHz
S _
O S500kHz
% 0.3 — 1000kHz
|
L —
O
0.1 -
0.8 —
0.6 _

40 50 &0 70 80
TEMPERATURE {D{:]

Figure 2. 6: Graph of the dielectric loss versus frequency for copper.
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212 Review on Impedance Matching of the Tag Antenna

Impedance matching is very important for designing an antenna since poor impedance
matching will result in poor power transfer. Besides that, poor impedance matching
will also causing poor gain and narrow bandwidth. To achieve maximum power
transfer between the chip and the antenna, impedance matching must be achieved
between microchip and the tag antenna. Figure below illustrates the read range reaches
a peak value when the impedance of antenna, Xa matches the impedance of microchip,
Xc (Rao et al., 2005).

Resonance of . . At
antenna with =~~~ | X WA
§ 50 Ohm load i : Seli-resonance ‘I‘,.‘:mI‘I
m | |r .' R
| i ] | | ) a
§ o f1y )
: e !X Y
- I.-XG | A i L Re
I; i b ;
| |

L
N

~ /== Frequency

— Tag

--------------------- resanance

Range

Range
baniljwidth
L

Figure 2. 7: Performance of the power transmission when impedance matching is

Frequency

happened.
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One of the method to have a good impedance matching is using non-Foster
impedance matching concept. This concept uses a group of passive elements such as
inductors and capacitors to bypass the restriction of gain-bandwidth theory (Sussman

et al., 2009).

Another method to improve the impedance matching is by using an elliptical
antenna. The axis of the elliptical current distribution will keep on changing with
frequency and results in wider impedance match bandwidth (Huang et al., 2005).

Figure below shows how an elliptical antenna looks like.

W W

-

) W
L
_____ / \\ v
T 1
/ Ll T
Wi
ground plane (back) micrastrip line (front)

-

Figure 2. 8: An elliptical antenna.
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CHAPTER 3

METHODOLOGY AND WORK PLAN

3.1 Introduction

The software used to design the tag antenna is CST Microwave Studio 2018. It is a
powerful software in 3D electromagnetic simulation of high frequency components.
CST help us to design RFID antenna, microstrip antenna and etc. Besides that, it also
helps us to monitor the electric field distribution and the magnetic field distribution of
the antenna. Moreover, it also allows us to monitor and calculate the surface current,
S11, impedance, power transmission coefficient and etc. All of the simulation and

design processes of this project are completed using CST Microwave Studio 2018.

Voyantic Tagformance measurement system had been used to measure the

performance of the prototype tag antenna. The performance parameters include read

range, gain and etc of the tag antenna. To avoid interference, the tag antenna is inserted

into an anechoic cabinet during the measurement.

3.2 Chip used in this Project

The chip applied in this experiment is Monza 5 tag chip. It has a high read sensitivity.

The impedance of the Monza 5 tag chip is 14.56 — j161.25 Q.

3.3 Dimension of the Tag Antenna

The tag antenna is designed to have a length of 45 mm, a width of 45 mm and a
thickness of 3.379 mm.
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3.4 Configuration of the Tag Antenna (Layer view)

The proposed tag antenna of this project is used for metal-mountable application. In
this project, the overall design of the tag antenna is made up by 3 layers of conductive
patch and 2 layers of foam. The figure below shows the configuration (layer by layer)

of the tag antenna in layer view.

Layer 1:(copper)top bowtie patch

Layer 2:(Foam) cover by PET

% Layer 3:(copper) bottom bowtie slot

Layer 4:(Foam) cover by PET

Layer 5:(Copper) ground plane

Figure 3. 1: Configuration of the tag antenna (layer by layer)

35 3-D Configuration of the Tag Antenna

Figure 3. 2: 3-D configuration of the tag antenna.
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3.6 2-D Configuration of the Tag Antenna.

Top patch Middle patch
‘ 11'3 ) ( ‘nt"4 ’
~
'
chip d 11 I3
v "s >
v
¢ >
d Ground
Bottom view
Top patch > n
|
Middle patch___ 4, i Stub foam
f a
Ground ] L
o 1‘_ﬁ F
Side view
Top patch » -
n O
Middle patch > — foam
i
Ground > —

Figure 3. 3: 2-D configuration of the antenna.
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3.7 Parameters and Values.
Symbol Value (mm)

d 45

W1 38

W2 1

W3 21

Wa 11

Ws 40

We 20
[1 22
P} 17
I3 6
l4 40
Is 3.379
t1 1.6
01 0.15

Table 3. 1 : Parameters and values

3.8 Location of Monza 5 Chip.

The Monza 5 chip is placed at the centre of the top patch. Figure below shows the
location of the Monza 5 chip.

\umu

Figure 3. 4: Location of Monza 5 chip.

Monza 5 Chip
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3.9 Prototype

Figures below show the prototype of this project.

Figure 3. 5: Overview prototype for the top patch.

Figure 3. 6: Overview prototype for the middle patch.
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3.10 Measurement Setup

The performance of the tag antenna is measured by using Voyantic Tagformance

system inside an anechoic cabinet. Figure below illustrates the measurement setup of

the tag antenna.

Figure 3. 7: Measurement setup.

From figure 3.7, the reader antenna is in the fix location and this reader antenna is used
to measure the performance of the prototype tag antenna for y-z plane. Beside y-z
plane, the tag antenna also must be measured for x-y plane as well as x-z plane. Hence,
the tag antenna is placed under three different reader antenna in different locations to
measure the performance of the tag antenna in x-y, X-z, and y-z plane. Figure below

illustrates how the tag antenna is measured for x-y, x-z, and y-z plane.

Reader Anterna
(at frwed location)

)

v P Badking metal plate

= Tag Antama

AN

E(for x==

= b/‘ —_

/ ; A(for y-= plane)
x

Figure 3. 8: Tag antenna measured for x-y, x-z, and y-z plane.
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3.11 Fabrication

Flowchart below shows the process of fabrication.

i !

Antenna 1z desizned uzmg C5T
Microvave Stodio.

Megative mazk of the antenna
dazien was printed.

. -ﬂ- o
-~ ~
Polymmide fibm was laminate with
UW film
e, -y

- :
The lammated polymuds fibm

was shine throueh the mask.

JL

-
The pebnimide film was zoak
with dry film solubon to remova
excess dry film.

. "y

E
The polymmide film 15 etched with
fermie chlonde soluton.

d

After 10 mimutes, the polymmids film was
ramove from ferrie chloride solution and wash
with sodium hydroxide.

L1

Uze f1zsue to wipe off excess water on the
polyimide film and solder the mucrochip onto
the desired location on the film.

=,

Figure 3. 9: Flowchart for the fabrication of the tag antenna.



3.12 Summary

Flowchart below illustrates the overall process of this project.

Requirement and criteria to design the
EFID tag antenna i3 set.

P
Ll

Y

Antenna iz designed using CST
Microwave Studio.

Checlk: whether the zimulation
resultz of the antenna meet the

design requirements?

[ Tag antenna iz fabnicated ]

L
Y

Measured the antenna using Vovantic

TazFormance zystem in an anschoic cabinet.

Checl: whether the simmlation
results meet the measurement

resylts?

l Report writing ]

Figure 3. 10: Flowchart for overall process of this project.
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Simulation Results of the RFID Tag Antenna by using CST MWS

All the simulated results are collected from CST Microwave Studio 2018.

4.1.1  Simulated Reflection Coefficient and Resonant Frequency

Figure below shows the graph of the simulated s-parameter (S11) and the simulated

resonant frequency.

11
0]

1
2
3
4
5
6 ]
7
8 -10.22 dB

S- Parameter (dB)

O
ey S 0.916 GHz

111 I/

-12 T T T T T T T T T T T T T T T T T T T 1
0.80 0.82 0.84 0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00
frequency,f (GHZz)

Figure 4. 1: Graph showing the simulated reflection coefficient, S11 and simulated

resonant frequency.

From the above graph, the simulated resonant frequency of the tag antenna is 0.916
GHz which complies with the universal UHF RFID frequency band between 0.860
GHz ~ 0.960 GHz. The simulated reflection coefficient, S11 of the tag antenna is -10.22
dB. This results shows that the impedance matching is achieved between the chip and

the antenna.
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4.1.2  Simulated Input Impedance

Figure 4.2 shows the real part simulated input impedance, while figure 4.3 shows the
simulated input impedance for imaginary part.

Z-Parameters [Real Part]

2000
1800 -
1600 -

_

= [ =

= o 2

[=I ==
| | |

800 -
600 1

Impedance / Ohm

400 1
200 1

0.8 0.85 0.9 |0.916 0.95 1 1.05 1.1
Freauency / GHz

Figure 4. 2: Simulated input impedance (Real part).

Z-Parameters [Imaginary Part]

1200
1000 A
800
600
400
200

-200 1
-400 1
-600 -
-800 1
-1000

Impedance / Chm

0.8 0.85 0.9 |0.916 0.95 1 1.05 1.1
Frequency / GHz

Figure 4. 3: Simulated input impedance (Imaginary part).

From the above results, the simulated real input impedance for the antenna is
7.77 Q while the simulated imaginary input impedance is j162.39 Q. The total
simulated input impedance (real + imaginary) is 7.77 Q + j162.39 Q. Meanwhile, the
input impedance of the Monza 5 chip is 14.56 — j161.25 Q. This shows that good
impedance matching is attained and maximum power transfer between the Monza 5

chip and the antenna is achieved.
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4.1.3  Simulated Power Transmission Coefficient
Good matching and maximum power transfer achieved between the tag antenna and

the Monza 5 chip can be further proven from the below figure. Figure below shows

the simulated power transmission coefficient of the antenna.

Real part

|51,1_1D_ScaleAxis : 0.90470248

0.8 0.85 0.9 {0916 0.95
Frequency | GHz

Figure 4. 4: Simulated power transmission coefficient.

From the above graph, the simulated power transmission coefficient is 0.9047.
The power transmission efficiency is 0.9047 x 100 % = 90.47 %. With this high power
transmission efficiency, it proves that good matching is achieved between the tag

antenna and the chip.
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4.1.4  Parametric Analysis of the Tag Antenna.

A few changes of crucial parameters on the antenna will affect the behaviours
as well as the properties of the tag antenna. Hence, some parametric analyses
have been carried out in order to understand the changes in the performance of
the tag antenna.

Firstly, the length of the slot on the top patch, I, has been changed from
15 mm to 20 mm with a constant step size of 1.25 mm. Figure 4.5 below shows
the effect of varying parameter | on the power transmission coefficient.
From the results, the resonance frequency shifts gradually from 0.908 GHz to
0.919 GHz when Iz is decreased from 20 mm to 15 mm. Reducing the length
of slot, l> will reduce the capacitance of the antenna thus increases the resonant
frequency of the antenna. From the graph below, it is clear that the average
simulated power transmission coefficient is maintain at around 0.90, meaning

the impedance of the antenna is conjugate matched with the chip impedance.

1.1
11— f_, = 20.00 mm
104 — 1/ =1875mm
0.9 - J,=17.50 mm
CI.S _- —I'F-1= 16.25 1nimn
1—/,=15.00 mm

0.7
0.6
0.5
0.4 -
03-
0.2 -

FPorsaa Tiaransaon Coethiaat, o

0.1 4

[].[] T I T l T I T I T l T I T I T l T I T
086 087 088 089 090 091 092 093 0% 095 095

Frequency, f(GH=z)

Figure 4. 5: Parametric analysis on varying parameter I, (power transmission

coefficient).
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From figure 4.6, the resistance and reactance become lower in value when |,
decreases gradually. This is because reducing in I will decreases the inductance of the
antenna and results in decreasing in input impedance. Inductive reactance is directly
proportional to inductance. This statement can be proven from the equation below.

Equation below shows the relationship between inductive reactance and inductance.

X ===QL (4.1)
Where
XL = Inductive reactance
V = Voltage
| = Current
L = Inductance
2500
_ I2:20.00 mm
2000 __1,=1875mm
— Iz:17.50 mm
o 1500 -
e ~_ 1,=16.25mm
N
s 10009 T =1500 mm
(&)
Q ]
C
8 500 H
o
E L = === B = =
- 0
-
o
=
-500 -
-1000
0+ 7T T T T 1

0.89 0.90 0.91 092 093 0.94 095 096 097 0.98 0.99 1.00
Frequency, f (GHz)

Figure 4. 6: Parametric analysis on varying parameter I, (input impedance).
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Next, the width of the stub connecting top patch to the ground, we has been
changed from 19.10 mm to 21.90 mm with a constant step size of 0.45 mm. Figure 4.7
below shows the effect of varying we on the power transmission coefficient. It shows
that the resonance frequency shifts gradually from 0.908 GHz to 0.921 GHz when ws
is increased from 19.10 mm to 20.90 mm. When the stub width we increases, the
inductance will decrease, results in increasing in resonant frequency of the antenna.
From the graph below it is clear that the average simulated power transmission
coefficient is maintain at around 0.91. As usual as the above scenario, conjugate match

between the impedance of the antenna and the chip is achieved.

1.1
W= 19.10 mm
1'0'—11'6 =19.55 mm
t 094 ,=20.00 mm
= -
) — 1, =20.45 mm
E " 2090
1+——w, =20.90 mm
g 07- ¢
Y 06‘
= 6 -
G .
if)
E 0.5 -
= ]
L 04 -
-
= 034
Q ]
2 0.2-
a )
0.1+
""" T T T
0.86 0.87 088 089 090 091 092 093 094 095 0.96

Frequency, f (GHz)

Figure 4. 7: Parametric analysis on varying parameter we, (power transmission

coefficient).
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From figure 4.8, the resistance and reactance decrease when the width of the
stub, we increases gradually. This is because reducing in we will decrease the

inductance of the antenna and results in decreasing in input impedance.

2500
~_w,=1920mm
2000 - W, =1955mm
- W, =20.00 mm
1500 -
g _w5=20.45mm
N_ 10004 —w,=20.90mm
Q - -
&)
-
3 5
O i
Q
E ---l"‘--
- 0
>
Q
£
-500 -
-1000 | -
B e e o e e e S B m s e e

089 0.90 091 092 093 094 095 096 0.97 0.98 0.99 100
Frequency, f (GHz)

Figure 4. 8: Parametric analysis on varying parameter we, (input impedance)
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The width of the slot on the middle patch, ws has also been taken into account
for parametric analysis. The slot width, ws has been changed from 39 mm to 41 mm
with a constant step size of 0.5 mm. Figure 4.9 below shows the effect of varying
parameter ws on the power transmission coefficient. It shows that the resonance
frequency shifts gradually from 0.880 GHz to 0.945 GHz when ws is decreased from
41 mm to 39 mm. Shorter slot width, ws will decrease the inductance of the antenna
thus increases the resonant frequency of the antenna. From the graph below it is clear
that the average simulated power transmission coefficient is 0.95. It proved that

conjugate match between the impedance of the antenna and the chip is achieved.

1.1
| ——, =41.00 mm
10 - w, =40.50 mm
. w, =40.00 mm
o 09 o4 ——w =30.50mm
ﬁ T = =30} mm
.= l
S 074
L]
S l
— 064
i=) ]
@ 05 -
E -
L 044
= .
= 034
S l
= 02-
(=W 4
0.14
D-Dfl | 1 I T I T I 1 | 1 | 1 |
0.86 087 0.8%8 089 090 091 092 0093 094 095 096

Frequency, f(GHZ)

Figure 4. 9: Parametric analysis on varying parameter ws, (power transmission

coefficient).
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From figure 4.10, the resistance and reactance increase when the width of the
slot on the middle patch, ws decreases gradually. This is because reducing in ws will

increase the inductance of the antenna and results in increasing in input impedance.

2500

T w,=4100mm

w, = 40.50 mm
20004"°

w, = 40.00 mm ﬂ ﬂ

W= 39.50 mm

1500 A ”

(€2)

n

1000

500

Input Impedance, Z.

-500 4

-1000

g LUV e o B S B N L B e
089 090 091 092 093 094 095 096 097 098 0.99 1.00

Frequency, f (GHz)

Figure 4. 10: Parametric analysis on varying parameter ws, (input impedance).
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415 Simulated Realized Gain

The simulated realized gain of the tag antenna is 2.554 dB. Figure below shows the

simulated realized gain of the tag antenna.

farfield (f=0.9161) [AC1]

Type Farfield
Approximation enabled (kR == 1]
Component Albs

Cutput FRealized Gain
Frequency 0.9161 GH=
Rad. effic. -3.072 dB
Tot. effic. -15.828 dB
Systerm [ACT]:

Rad. effic. -3.072 dB
Tot. effic. -3.506 dB
rlzd.Gain 2.554 dB

Figure 4. 11: Simulated realized gain of the tag antenna.
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4.1.6 Electric Field Distribution

From the below figures, it show that the current flow from bottom towards top of the
patch and create a current loop. The current at the centre of dipole is the strongest since
the surface current distribution is densest at the centre. Figure 4.12 shows the electric-
field distribution for top patch while figure 4.13 shows the electric-field distribution

for middle patch.

Figure 4. 12: Electric-field distribution for top patch.

Figure 4. 13: Electric-field distribution for middle patch.



4.1.7  Magnetic Field Distribution
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According to the Right hand grip rule, right thumb represents the direction of current

while curl fingers represent the direction of magnetic field. The current is flowing from

bottom to top of the dipole which mean the thumb is pointing upward. When the thumb

Is pointing upward, the curl fingers will curl to the right. Hence, the magnetic field

flows from left to right which can show in figures below. Furthermore, the magnetic

field at the centre of dipole is the strongest since the current at the centre is the strongest.

Figure 4.14 shows the magnetic-field distribution for top patch while figure 4.15 shows

the magnetic-distribution for middle patch.
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Figure 4. 14: Magnetic-field distribution for top patch.
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Figure 4. 15: Magnetic-field distribution for middle patch.
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4.1.8 Surface Current Distribution

The current at the centre of dipole is the strongest since the surface current is densest
at the centre. The current at the end of the patch is weaker since the surface current is
less dense. Thus, the magnetic field at the end of the patch is weaker. Figure 4.16
shows the surface current distribution for top patch while figure 4.17 shows the surface
current distribution for middle patch.

A/m

[Firaaiesna ]

A
o f)
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\

&858 8823

Contour View Arrow View

Figure 4. 16: The surface current distribution for top patch (Arrow View on Left,

Contour View on Right)

Figure below shows the surface current distribution for middle patch.
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Figure 4. 17: The surface current distribution for middle patch (Arrow View on Left,

Contour View on Right)
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Measured Results of the RFID Tag Antenna

All of the measured results are measured by using Voyantic Tagformance

measurement system in an anechoic cabinet.

421

Measured Resonant Frequency, Tag Sensitivity and Realized Gain

The measured resonant frequency of the tag antenna is 0.910 GHz. The measured

realize gain of the tag antenna is 1.845 dB. The measured tag sensitivity is -19.645

dBm. Figure below shows the measured realize again and tag sensitivity of the tag

antenna.
5 5
= =Measured Tag Sensitivity

1= =MeasuredRealized Gain , R
— (- y i \ GE/-U
= AR L
=\ R /| 0w
RNl RN / : N p N ;
2 “ / ! \ =
E ", / : , /s g
= > : X ~
210 - s N : /N --10 &
=T ’ \ : f N E
[3e1 {4 “ i B —
= b \ i / N =
o 15- . ! N \--155
2 | 19645Bm R
[ 1
5 |7 ST
B R : - 20

0910 r:ﬁz\‘l :
-1 —TT T T T 1 -5
08 087 088 089 090 091 092 093 094 095 096
Frequency, f(GHz)

Figure 4. 18: Measured realize again and measured tag sensitivity.



4.2.2

Measured Input Impedance
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The measured real input impedance for the antenna is 7.02 Q while the imaginary input

impedance is j180.13 Q. The total input impedance (real + imaginary) is 7.02 Q +

j180.13 Q. The figure below shows the measured input impedance of the tag antenna.
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Figure 4. 19: Measured input impedance of the tag antenna.
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4.2.3 Measured Read Distance

The antenna’s read distance is measured in three different orientations which are x-z
plane, y-z plane and x-y plane at 0.910 GHz. The measured read distance of the
antenna in x-z plane is 14 m and the read distance in y-z plane is 15 m. The read
distance of the antenna in x-y plane is 13 m. Figures below show the measured read

distance of the tag antenna in the x-z and y-z and x-y plane.

Read Distance (m)
20 10 O 10 5,

30

-60
-70 70
-80 80
-90 90
-100 100
-110 110
-120 120

Figure 4. 20: Measured read distance in the x-z and y-z plane.

Read Distance (m)
340350 O 10 5

200 199 180 170 160

Figure 4. 21: Measured read distance in the x-y plane.
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4.2.4  Effect of the Tag Antenna on Different Size of Backing Metal Plate

For all of the above results, the tag antenna is attached onto the metal plate with a size
of Lx W = (20 cm x 20 cm).

Figure 4. 22: Antenna attached on the backing metal.

In order to verify that the tag antenna can works well in different condition, we
try to measure the tag antenna on different sizes of backing metal. Firstly, we vary the
length, L of the backing metal from 8 cm to 24 cm, while keeping the width, W of the
backing metal constant. Then, we vary the width, W of the backing metal from 8cm to
24 cm, while keeping the length, L of the backing metal constant.
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Figure below shows the behaviours of the tag antenna by varying the length, L

of the backing metal. The results show that the resonant frequencies of the tag antenna

on different sizes of backing metal are almost the same. This phenomenon shows that

the tag antenna can works well in different condition.

Read Distance (113

16
15
14
13
12
11 4

0 T T T T T T T T T T T T T T T T T T T
086 087 088 08 090 091 092 093 094 095 0596

9 -

L =24 cm (W=20cm)
—+— L =20 cm (W=20cm)

L =16 cm (W= 20cm)
—v»— L =12 cm (W=20cm)
L= 8 cm (W =20cm)

EE-S S

Frequency. f (GHz)

Figure 4. 23: Behaviours of the tag antenna by varying the length, L.

Figure below shows behaviours of the tag antenna by varying the width, W of

the backing metal.
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Figure 4. 24: Behaviours of the tag antenna by varying the width, W.
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425 Tag Antenna attached on different Household Product.
To further ensure the tag antenna can work perfectly in different situations, the tag
antenna is also tested on different household product such as container of biscuit and

etc. Figure below show the tag antenna attached on different household product with

different dimension.

Mooncake Container ~ Munchy Container ~ Milo Contammer  Jacob Container

Base Base Base Base
(LxW=21x21 cm) LxW=10x10cm) @DO=135cm) (@LCxW=233x17.0cm)

Munchy Container Jacob Container
Side Side

(LxW=205x10.0cm) (LxW=235x17.0cm) '

Figure 4. 25: Tag antenna being tested for different dimension of household product.
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Graph below shows the behaviour of the tag antenna being attached on
different products. From the figure below, it shows that the resonant frequencies of the
antenna still looks the same. Besides that, the read distances of the tag antenna also do
not vary much. Hence, we can conclude that the tag antenna can work perfectly in
different situations.

16 - —&— Mooncake Container (base)
151 Lx =210 cmx21.0 cm)
14 _. —#— Munchy Contatner (base)

- (Lx W=100cmx 10.0 cm)
13 1 —r— Jacob Container (base)
122 (LxW=145cmx 17.0 cm)

Munchy Container (side)

(Lx W=205cmx 10.0 cm)
=4 Jacob Container (side)

(LxW=235cmx 17.0 cm)
=== Milo Container (base)
(Diameter =155 cm)

0 1 I L | I I ! I I I 1 I I I I I I I 1
0.8 0387 088 0.8 09 091 092 093 094 095 096

Frequency, f (GHz)

Figure 4. 26: Behaviour of the tag antenna being attached on different household

product.
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4.3 Comparing Simulated Results and Measured Results

In order to make sure the tag antenna is suitable for mass production, simulated results

and measured results must be compared.

4.3.1 Compared Realized Gain and Resonance Frequency

From the collected results, the simulated resonant frequency for the tag antenna is
0.916 GHz while the measured resonant frequency is 0.910 GHz. The difference of
resonant frequency is only 0.006 GHz and the percentage error is only 0.0066 %.
Besides that, the simulated gain is 2.554 dB while the measured gain is 1.845 dB.
Hence, we can conclude that the actual tag antenna can work perfectly since the
simulated results and the measure results are not much different. Figure below shows
the difference of the resonant frequency and gain between the simulated results and

measured results.
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Figure 4. 27: Resonant frequency and gain of simulated results and measured results.
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4.3.2

Compared Input Impedance
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From the collected results, the simulated input impedance is 7.77 + j162.39 Q while

the measured input impedance is 7.02 Q + j180.13 Q. There is not much difference

between the simulated input impedance and the measured input impedance. Besides

that, figure 4.28 also shows that the simulated input impedance and measured input

impedance are almost the same. Hence, we can conclude that the conjugate match is

achieved between tag antenna the Monza 5 chip. Figure below shows the comparison

between simulated input impedance and the measured input impedance.
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4.3.3 Summary for Comparison between the

Measured Results.
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Simulation Results and

Simulation Results Measured Results
Resonant Frequency 0.916 GHz 0.910 GHz
Input Impedance 7.77 +j162.39 Q 7.02Q +j180.13 Q
Read Range 12m 13m
Realized Gain 2.554 dB 1.845 dB

Table 4. 1: Summary for Comparison between the Simulation Results and Measured

Results.

4.4 The Achievement of the Designed Tag Antenna

Table below shows the whether the designed tag antenna meet the pre requirements.

Parameters Pre-requirements Achieved
Gain <-3dB v
Resonant Frequency Between 0.86 GHz to 0.96 GHz v
Power Transmission Coefficient >0.7 V4
Read Distance =210m V4
Microchip Used Monza 5 J

Table 4. 2: Table of whether the designed tag antenna meet the pre requirements.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

In conclusion, all the objectives are achieved. The designed RFID tag antenna with a
simulated resonant frequency of 0.916 GHz and measured resonant frequency of 0.910
GHz can be used within the UHF RFID band from 0.86 GHz to 0.96 GHz. The read
distance of the tag antenna is able to reach a considerably long distance of 13 m. Its
application will allow object to be tracked by the RFID reader at far distance. All the
properties such as realized gain, read distance, parametric analysis and etc of the
antenna are studied in detail. The tag antenna can also work perfectly in different
situations and environments. This is important since the tag antenna must be able to
overcome different signal distortion caused by different environment. Last but not least,
the designed RFID tag antenna had matched all the pre-requirements of the project by

having a great realized gain, read distance and power transmission.

5.2 Recommendations for future work

A few recommendations needed are made here to enhance the project in the future.
Firstly, the bandwidth of the tag antenna can be further broaden so that the tag antenna
has larger bandwidth selection. Secondly, the tag antenna can be modified to work at

all the regions in the world.
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