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Radio Frequency Identification, (RFID) is one of emerging technology
nowadays. It is capable to handle more than one object in one time. Each object will
be attached to the tag or transponder which is very small and thin. The tag is one of
the important components in RFID system. It consistsof a dipole antenna anda tiny
chip that will be used to store the data of the object. The problem in RFID system is
whenever the tag is placed near to onto the metal surface (or object) it become
invisible. The tag is failed to be detected by the readers antenna because of the
behavior of the metal that will reflect all signals received by the tag. Hence, it will
change the return loss, gain and efficiency of the tag. In this project, the Artificial
Magnetic Conductor, (AMC) is designed to overcome the problem caused by the
metal object. AMC is placed at the back of the RFID tag to redirect back the reflected
signal. Three types of AMC are designed at frequency of 920 MHz, 2.45 GHz and 5.8
GHz by using different types of substrate and structure. The process started by
designing and simulating the design by using CST Studio Suite 2011. After getting
the desired result, the design is fabricated onto the substrate using manual etching
process. At the end of the process, the fabricated design will be tested using the actual
RFID system from the manufacturer to get the maximum read range of the tag when

applied to the AMC and metal object.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Artificial Magnetic Conductor (AMC) is categorized as one of the
metamaterial structures. It has been use in most antenna design to enhance the gain
and improve radiation pattern [1-4]. AMC is designed by manipulating the Perfect
Electric Conductor (PEC) patch into a structure until it meets the requirement of zero
reflection phases at resonant frequency. PEC is a material that exhibits intrinsic
electrical conductivity while the Perfect Magnetic Conductor (PMC) is a material that
exhibits the novel electromagnetic properties. However, PMC does not exist in nature,
so the artificial term is used in AMC to act as a PMC. PEC reflection coefficient is
define is magnitude of -1 while the AMC have the opposite value of +1. AMC is a
structure that built on a layer of substrate with copper cladding on both sides.
Compare with other metamaterial structures such as Electronic Band Gap (EBG) and
Frequency Selective Surface (FSS), the AMC gives more advantages in term of cost
and fabrication process. Moreover, the AMC provide good impedance matching for
the antenna. AMC can be used in any telecommunication device that requires longer
range of detection such as Radio Frequency Identification (RFID), Wireless LAN and
wearable antenna [5-6]. The use of AMC in RFID system can solved the problem of
metallic object detection while for wearable antenna it can reduce the exposure of

electromagnetic wave to human body.



1.2  Objective

The objective of this project is to design, simulate, fabricate and test the
Artificial Magnetic Conductor at frequency of 920 MHz and 2.45 GHz with an
improvement of gain, directivity and efficiency of the dipole RFID tag.

1.3  Scope of work

The project started by designing the one cell of AMC at each frequency 0920
MHz and2.45 GHz Each AMC is designed using different types of substrate and
structure. For 920 MHz AMC, the new structure called Wafer AMC is designed using
Rogers RO3010 with thickness of 1.28 mm and dielectric constant of 10.2. Half ring
AMC is designed at 2.45 GHz AMC using Rogers RO3003 with thickness of 1.52
mm and dielectric constant of 3. Then, each of the single unit cells will be combined
with the low-profile dipole antenna and optimized at the each frequency represented.
Once the design is confirm, it will be fabricate using chemical equipment. Finally, the
AMC will be tested on the actual RFID system. The fabricated AMC will be attached

to the RFID tag and the performance is measured.

1.4 Problem Statement

In modern world nowadays, the demand of a device with compact size and
low cost is very high. The RFID system is one of emerging technology that offer
wireless object detection. The RFID reader can detect more than one object at one
time within certain distance (up to 3 meters). However, the use of RFID system is
limited to certain types of objects. When the RFID tag is attached onto the metal
surface/object, it will become invisible to the reader. In other words, the existence of
metal substance will change the gain, directivity and efficiency of the low-profile

RFID tag which may lead to cause total malfunction to it.



1.5 Project Methodology

Figure 1.1 shows the flowchart of project methodology. The process started by
searching and studying on the literature review on RFID system and metamaterial
structure. Next, the low-profile printed dipole antenna is designed at 920 MHz by
using Rogers RO3010. The dipole antenna will represent the RFID tag antenna. Then,
the single unit cell of AMC is designed at 920 MHz using the same substrate. Both
design are designed and simulated using CST Microwave Studio 2011. After that, the
final design will go through fabrication process using sticker and manual etching

process. The fabricated design will be tested using actual RFID reader from

Literature review on RFID, and
metamaterial structure

Design dipole antenna at 920
MHz, and 2.45 GHz

!

Design and optimize AMC at
920 MHz and 2.45 GHz

!

Fabricate and test the AMC
using actual RFID system

manufacturer.

N

Publish journal and write full
report

}

Figure 1.1: Flowchart of project methodology.




CHAPTER Il

LITERATURE REVIEW

2.1 History of RFID System

Radio Frequency Identification or RFID is one of emerging technology today.
RFID is an evolution from the barcode scanning system. The special feature of RFID
system is that it can read or detect the object contactless without the need of direct
line of sight between the reader antenna and the object/s. This make RFID system as a
big potential to attract many kinds of industries that related to item tagging and

labelling such as inventory control, supply chain and library management.

The first application of RFID system developed by the British Royal Air Force
during World War II by the “Identify Friend or Foe” (IFF) system which can detect
enemies aircraft by the sending the RF signal. In 1980 shows the first implementation
of full RFID system in world class country such as United States, Europe and Spain.
The study of electromagnetic theory by R. F. Harrington stated in his paper “Theory
of Loaded Scatterers” is one of the early researches on RFID in 1960s. Research on
RFID is continued by J. H. Vogelman in his invention of ‘“Passive data transmission
technique utilizing radar echoes”. In 1970s the RFID system successfully attracts the

intention of developers, government and some academic institutions [7].

Full implementation of RFID technology system recorded in 1980s and has been used
in various types of industry such as transportation, personal access, tolling system and
short-range system for farming. At this time, the custom CMOS integrated circuit is
used to build the tag while EEPROM is use for large scale identification. The
explosion of RFID usage continues until today. In 2001 the use of RIFD for US
electronic tolling collection has extended to 3500 lanes of traffic. Now the RFID tag
can be found designed on a very this plastic sheet. The combination of the CMOS



integrated circuit and antenna on the RFID tag make it more useful especially for

large-scale industry.

2.2 RFID Components

The basic components of RFID system consists of a tag, a reader and an
antenna. The tag is a combination of programmable chip and dipole antenna. The
RFID tag can be an active of passive types depending on the application. Mostly the
users prefer to use passive tag because it is cheaper and smaller. However, the active
tag may be good for large-scale industry that need security feature to their system
such as supply chain. Table 1 shows the comparison between the active and passive
RFID tag. The second component of RFID system is the reader. The reader is the one
that will process all the data sent/receive to/by the antenna. It can be categorized into
two types; fixed reader and handheld reader. Fixed reader comes with larger size and
will be mounted at one point so it can read any tag that pass through it. While for
handheld reader the size is smaller and it is supported with rechargeable battery.
Usually the handheld reader is use to detect individual item at one time.The third
component of RFID system is the antenna. The antenna communicates to the tag

before it can send the data to the reader.

Figure 2.1 shows the components of RFID system. The RFID system needs at
least one host processing system that can process and store all the data from the
reader. Today, the RFID system already comes with application interface for the
users. They can easily monitor the data from the reader by displaying the detection
list. This user interface also come with read and write feature for the user to edit data
of the tag. Some system has additional security feature added so the data stored in the
tag will not be easy to manipulated by others. For example, the cloth tagging in
shopping mall may need the security feature into their system or else buyers can

easily kill the data stored in the tag and make it invisible to be detected by the reader.



RFID reader

RFID antenna

Host processing unit

i RFID ta
Figure 2.1: The component of RFID system.

Table 2.1: Table of comparison between active and passive tag.

Active RFID Passive
RFID
Battery on-| Yes No
board
Cost High Low
Tag life-span | Need to be | Unlimited
replace
Size Large Small

2.3 Operational Frequency of RFID

The RFID frequency lies under radio wave spectrum placed between the
Electric waves and Infra-red in electromagnetic spectrum. The smallest frequency in
radio wave is 9 KHz (very low frequency, VLF) and the highest frequency is 3000
GHz However, the RFID frequency only categorized into four groups; low frequency
(LF), high frequency (HF), ultra-high frequency (UHF) and super high frequency
(SHF). The frequency band can be different in some frequency. For example the LF
band in Europe is between 865-868 MHz while in North America is between 902 —
928 MHZ. Different frequency represent different ranges of detection. Adhering to
the concept A= 1/2I1f, means that at lower frequency band the range of detection is
higher. However, it is difficult to design a system at low frequency due to size
limitation. Figure 2.2 shows the frequency band for RFID in electromagnetic

spectrum line.
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Figure 2.2: RFID frequency band in Electromagnetic Spectrum

2.3 Problemin RFID System

The passive tag need to be placed near to or passed through the antenna will
become active. The tag will receive the electromagnetic wave from the antenna and
resent some of it back. This process is called backscattering modulation. The
characteristic of RFID system is defined by the performance of the antenna. Good
antenna can give longer reading distance so it can capture more tag at one time.
However, goodRFID tag also can help to increase the performance of the RFID
system by increasing the possibility to be detected by the antenna.

RFID Anten

Detection Aregd
\ Tag A

Tag B

TagC

Metal object

Figure 2.3: RFID tag detection with antenna.

The use of passive tag is limited to some object or surface. The passive tag

cannot be used for metal object identification because of the behaviour of the metal



that will reflect all the electromagnetic wave sent by the reader. Therefore, the chip
inside the tag is not activated and it will stay invisible to the antenna. For metal object
identification users are recommended to use the active RFID system but the cost is
very high. Figure 2.3 shows three RFID tags at three different conditions. Tag A is
placed within the detection area of antenna so it will receive the electromagnetic
wave. Hence, the communication between the tag and antenna is success ful. While
Tag B is placed out of the detection area so it failed to receive the electromagnetic
wave from the antenna. For Tag C even that it is placed within the detection area, but

the tag is attach to the metal object. Therefore, the communication is failed.

2.4 The Use of Artificial Magnetic Conductorin RFID System

Artificial Magnetic Conductor or AMC is one of the metamaterial structure
that been use in antenna design to increase the performance in term of gain and
directivity. For RFID system that use of AMC can be applied to the reader's antenna
or tag's antenna. AMC act as a ground plane of the antenna. For reader's antenna the
AMC is use to replace the conventional ground plane. While for tag's antenna the
AMC will be added at the back of the tag because it does not have ground plane.
Figure 2.4 shows why the tag should not be attach to the ground plane (or metal
layer). When tag is applied to metal object the antenna current and image current will
cancelled out to each other. However, when AMC is use at the back of tag, image

current flows in the same direction of the antenna current. This situation is called in-

. Antenna Current
phase reflection. e \

N

Anti-phase In-phase

Image Current

Figure 2.4: Reflection of antenna current and image current for metal object and AMC
when attach to the RFID tag.
2.4.1 Characteristics of Artificial Magnetic Conductor

The term Artificial Magnetic Conductor is use because Perfect Magnetic

Conductor (PEC) that exhibits novel electromagnetic properties is not exists in the



real world. Sometimes, it is also called as High Impedance Surface AMC (HIS-AMC)
structure because its produce very high impedance at resonant frequency. The
character of AMC is defined by the reflection phase graph with zero reflection phases
and +1 magnitude at resonant state. The use of AMC can help to remove the
unwanted signal to reduce amount of wasted power at the back hemisphere. Another
character that defines AMC is the value of bandwidth. The bandwidth is defined by
the shaded are in Figure 2.5 which is fall between £90°. The value of bandwidth can

be calculated using equation (1).

Bandwidth =

fu=fL
e 1
fr 1

Wheref,is the upper frequency at -90°, 17 is the lower frequency at 90° and f, is the

resonant frequency at 0°.

90°

> Bandwidth

00

-90°

2.45 GHz

Frequency (GHz)
Figure 2.5: Reflection phase graph

Other terms that also been use for AMC are EBG (Electronic Band Gap) and
FSS (Frequency Selective Surface). However, each of them has different
characteristics. FSS is a metamaterial structure that acts as a filter and it did not have
ground plane [9]. EBG structure is designed with ground plane which is connected to
the substrate through the ,,via hole™ Figure 2.6 shows the illustration of AMC, EBG
and FSS structure.



(a) (b)

- Structural PEC layer
- Substrate layer via hole

- Ground planelayer

Figure 2.6: Side-view of (a) AMC (b) FSS and (c) EBG structure.

width,W

(a) (b)
Figure 2.7: (a) Basic structure of AMC (b) equivalent circuit of basic AMC structure

The basic AMC structure show in Figure 2.7(a) is called one unit cell of AMC.
The lump element circuitof the unit cell is show in Figure 2.7(b). The value of

inductance (L), capacitance (C) and resonant frequency (f;) are given by these

equations:

L
= uch (1)

C

We.(1+ 2W +
g
fr
1
(3)

"~ 2nVLIC



Wheren?, éPlanduflare impedance, permittivity and permeability of free space, W is
width of patch and g is gap between substrate and structural PEC patch layer. 2.5
Study on Artificial Magnetic Conductor with Dipole Antenna

This session will discuss about the effect of applying AMC to improve the
performance and efficiency of the antenna. Three types of antenna will be discussed

with different types of pattern and design approach.

2.5.1Split-Ring Resonators AMC with Dipole Antenna

RFID tag is designed using low-profile dipole antenna with minimized size
and reduced cost. At the beginning of this research the effect of applying the AMC of
dipole tag is studied. Previously in [10], the Split-Ring Resonator (SRR) is designed
in with two ring patch with a split each ring. This paper shows that when the dipole
antenna is placed on metal (or PEC) plane, the return loss dropped to -0.4 dB. By
applying 7x7 SRR AMC, the return loss increased (in negative side) to -25.6 dB.Later
in [11], the Multiple Split-Ring Resonators (MSRR) in square shape is designed at
resonant frequency of 2.4 GHz with 7x7 and 9x9 cells array. Dipole antenna is
designed at the same frequency with dimension of 2.4 mm x 56.37 mm. The use of
MSRR AMC increased the return loss from-0.35dB (when applied to metal) to -15.2
dB and -13 dB for 7x7 and 9x9 cell array respectively.Figure 2.8(a) shows the 2.4
GHz dipole antenna with 7x7 cells MSRR AMC and (b) shows the return loss graph
when dipole antenna is applied to PEC and MSRR AMC.

Figure 2.9 shows the two unit cell of SRR and MSRR AMC as discussed
above. These papers proved that by increasing the number of inner split-ring the
amount capacitance dissipated between each rings are increased. Hence, it can reduce
the resonant frequency of the AMC. However, both designs placed the dipole antenna

at certain distance from the AMC surface which can lead to increase of thick ness.



(€)) (b)
Figure 2.8: (a) 7x7 cell array MSRR AMC (b) return loss for dipole when applied to
PEC and AMC (reprint from[10])

(a) (b)
Figure 2.9: (a) 7x7 cells MSRR AMC with dipole antenna at 2.4 GHz.

2.5.2 Square AMC with Wide-band Patch Antenna

In [12], dual ground plane is used; the AMC ground plane and conventional
ground plane. The AMC is placed at the back of the antenna to cover the patch side
while the PEC ground plane is placed at the back of antenna feed line. This method

can reduce the width of feed line and can avoid unwanted spurious radiation.
Therefore, the conventional ground plane (or PEC) is raised with the same height of
the AMC (Figure 2.10(b)). Firstly, 3 x4 square AMC is used as a ground plane for
single patch antenna and the realized gain increased by 18.48% and bandwidth by
66.32%. Figure 2.10(a) shows the simulated result of gain and return loss on single
patch antenna when applied to AMC and PEC accordingly. Then, 2x2 array patch
antenna is designed to further increase the gain and bandwidth ofthe antenna element.
The comparison between single antenna and 2x2 array antenna is shows in Table 2.1.
Again, the AMC is applied with 8x3 arrangement at left and right side of antenna
ground plane. Now, the PEC ground plane is placed at the middle of antenna(at the
back side of feed line) as show in Figure 2.10(b)



