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ABSTRAK

Sensor gelombang mikro adalah pilihan yang sangat menarik untuk banyak aplikasi
elektronik, bioperubatan dan perindustrian. Mereka menawarkan banyak kelebihan
termasuk sensitiviti tinggi, kekukuhan dan kos fabrikasi dan pengukuran yang rendah.
Sensitiviti yang tinggi dan pengenalpastian tepat bagi sampel cecair kimia dan biologi
menggunakan resonators dielektrik dan silinder ketebalan telah dikaji dan ditunjukkan.
Dalam kajian ini, bahagian utama peranti ini adalah mikrostrip yang ditambah
“complementary split-ring resonator” (CSRR). CSRR menghasilkan medan elektrik
yang kuat dalam jurang dan cincin. Peranti ini direka untuk beroperasi pada frekuensi
di sekitar 2 GHz. Oleh itu, 1a memenuhi keperluan alat-alat sensitiviti tinggi yang kos
rendah dan padat dalam aplikasi sensor microstrip mikro. Untuk mengukur dengan
cara menitiskan sampel cecair pada cincin mengubah frekuensi resonans dan puncak
pengurangna CSRR resonans. Sensor microstrip memerlukan sampel yang sangat
kecil. Konsep sensor gelombang mikro yang dicadangkan adalah serasi dengan

platform “lab-on-a-cip” kerana ketepatannya.



ABSTRACT

Microwave sensors are very attractive choices for many of electronic, biomedical
and industrial applications. They offer many advantages including high sensitivity,
robustness and low fabrication and measurement cost. High sensitivity and accurate
identification of chemical and biological liquid samples using microwave dielectric
and cylindrical resonators have been studied and demonstrated. In this paper, the main
part of the device is a microstrip coupled complementary split-ring resonator (CSRR).
The CSRR produced a strong electric field in a gap and the ring. The device is designed
to operate at around 2 GHz. So it, satisfies the need for low-cost and compact high
sensitivity devices in microwave microstrip sensor applications. The liquid sample
drop at a ring modifies the resonance frequency and peak attenuation of the CSRR
resonance. The microstrip sensor requires a very small amount of sample. The
proposed microstrip sensing concept is compatible with lab-on-a-chip platforms owing

to its compactness.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

The material properties at microwave frequencies develop and start at the
1950s. Along the development of the characterization, there new technique and
measurement methods had formed. Several techniques were designed based on
materials that want to measure (LF Chen, 2004). Material characterization currently
used in industrial development with a precise measurement. It because highly accurate,
more compact, being cost effective and also used to assess the quality and identify in
the bio sensing, food industry and agriculture. The bio sensing was to determine the
properties of cells and tissues in human body. To meet the needs of consumers, the use
of precise measurement methods is indispensable in the food industry. And lastly for
agriculture, it help to improve the quality of agriculture based on the determination of
bulk density and moisture in the soil composition. All the industry relate with the
dielectric properties based on content of moisture in the food and agriculture. The
investigative work or researchers will analyses the permittivity of the glucose solution
based on changes in the glucose concentration. There have some techniques that can
be designed include the non-resonator and resonator methods that state by (AA
Boybay, 2012).

The non-resonant methods, it can used to determine the electromagnetic
properties (PM Narayanan, 2014). It more accurate to measure the dielectric properties

with any frequency on it. For the resonant method, this technique can measure



dielectric with a higher degree of accuracy (AK Jha, 2014). It also can provide a better
sensitivity.

For this paper work, investigated a design of sensor for materials
characterization. The single split ring resonator (SRR) that combine with microstrip
transmission line is the basic sensor for the materials characterization. It designed
based on a high Q factor. In this paper work, the design that used is Complementary
Split Ring Resonator (CSRR). It produced a powerful electric field in a small area. It

also can produced a high sensitivity of dielectric property surrounding the materials.

1.2 Problem Statement

Health care is very important nowadays. People can get negative impact based
on what the kind of food that they eat or drink. There is not have a specific sensor the
measure the composite of materials. Each material have a permittivity, so the sensor
have to develop the measure it. There have a difficult part to measure the permittivity
of material. The microwave microfluidic sensor is proposed in this paper. The
complementary split-ring resonator (CSRR) is appropriate to design for sensing
applications. This device also is very useful because it have engaged in various system
and applications but more to microfluidic sensing. In addition this device can used in
medical industry to control and monitor the specific chemical. So, microwave
microfluidic sensor provides a very useful information that can improve the design,

processing, quality and control of product.



1.3 Objectives

The aims of this projects were to study about microstrip sensor and to develop
a device that can identify material or a sample of liquid properties. Therefore, the
objectives that should be achieved is:
e To design and simulate the microstrip sensor by using Computer
Simulation Technology (CST) software.
e To fabricate the microstrip sensor for various liquid measurement sensing.
e To analyze the material properties based on measured on electromagnetic

in terms of frequency, return loss and quality factor (Q-factor).

1.4 Project Scope

The main purpose for this project is to develop a device which is by using
microwave microfluidic sensor to identify a material properties based on
electromagnetic simulation in terms of frequency, permittivity and quality factor. This
device sensor is to determine the permittivity of liquids based on changes in the peak
attenuation and resonance frequency of the transmission response which is S>1 on
resonance. Design a metamaterial-based microfluidic sensor with single split-ring
resonator (SRR) coupled microstrip line and it designed to operate at around 2.1 GHz
and by do the simulation on Computer Simulation Technology (CST) software,
fabrication in laboratory and measurement by using Vector Network Analyzer (VNA)

that are going to be performed in this case study.



1.5

Thesis Structure/Organization

This thesis is organized as follows:

ii.

iii.

1v.

Chapter 1: Introduction — This chapter presents a general introduction of this
projects, the objectives of this projects and also about microstrip sensor will be
discussed.

Chapter 2: Literature Review — This chapter presents a detailed background of
microstrip sensor and methods that used to identify material properties. It also
provides information about microstrip sensing and also methods that are used
to characterize material properties.

Chapter 3: Methodology — This chapter presents about the methods and
procedure that to use for design this projects in details. This chapter will
consists a flow charts, discuss about technique and also processing technique.

Chapter 4: Results and discussion — This chapter presents illustrates and
analyzes the simulation and experimental results of this projects and discusses
the possible further improvements for developed this device.

Chapter 5: Conclusion and recommendation — This chapter presents the
conclusion of the project. It also have some recommendation for future to

develop the device.



CHAPTER 2
LITERATURE REVIEW
2.1 Introduction

Microwave are radio waves that have a specifics frequency at each wavelength
from at the range as a short as one millimeter (frequency of 300 GHz) to given that
one meter (300 MHz). The microwave frequency band or frequency spectrum
allocation based on Figure 2.1 which is the framework of the whole electromagnetic
spectrum. The wavelength, A in free space that can be derived to ¢/f. Based on the
derivation, ¢ is represent speed of light in vacuum which is 3 X 108m/s, and f
represent of frequency. However, the velocity can be reduced by the factor 1/4/¢,, this

is condition when in a medium other than free space, where &, represent to relative

dielectric constant of the medium. So, the wavelength, A can also form (\/ig_) (;) that

can be defined and for the phase form it can use 2x radians (360°).

Figure 2.1: The frequency spectrum or electromagnetic spectrum for electronic
engineering.



There have a two oscillating wave fields in the transverse electromagnetic
waves which is electric and magnetic. The oscillating is perpendicular to each other

and on the propagation direction based on Figure 2.2.

Figure 2.2: Electromagnetic waves that have a propagating electric and also magnetic
fields.

Based on Figure 2.2, it show electromagnetic wave. The electric field vector
will be exist on x-axis so it will become Ex has a finite value, but the value of E, and
E. are zero. For the z-axis, noticed that there is no field component. The wave for the
direction of propagation (z-axis) is called transverse electromagnetic (TEM). For the
electric field component, £x and magnetic field component which is H, it will vary

sinusoidal in space and also in time, represented by:

E, = E,sin(wt — Bz) (2.1)

H, = E—Zsin(wt — B2) (2.2)

Where Ey is represent to the electric field amplitude, wave impedance, Zo and

wavenumber (rad/m), f can be expressed by following equation respectively:



Z,= |2 =3770 (2.3)

p=" 2.4)

Where p, and g, are permeability and permittivity of free space, respectively.

This method which is microwave signals have been used for a various scientific and
in industrial applications for the innovation. These include control and sensing,
material processing, wireless communication, pharmaceutical applications and
biomedical engineering.

There have some reason why the microwave resonators is used in sensing and
application. Firstly, there have no physical contact. So, it have advantages compare
with traditional techniques for the dielectric properties of a sample under test (SUT).
Besides that, the sensors do not have any requirement for markers or labels and it fast
and non-invasive. Furthermore, it totally fully compatible. After that, it can penetrate
deeply inside material or it called high penetration depth except for iron or metals.

Lastly, for the low power levels, microwave sensors are safe and non-destructive.

2.2  Fundamentals of Wave Propagation

By Maxwell’s equation can be describe for wave phenomena and can be described in

general form:

aD
VxXH=]+-==]+joD =0E+jwsE =] +]q (2.5)
0B
VXE= —a—?z —jwB = —jouH (2.6)
VD =p, 2.7)



2.8)

The quantities electric field intensity, V/m (E), magnetic field intensity, A/m (H),

electric flux density, C/m? (D), magnetic flux density, Wb/m? (B), conduction current

density, A/m? (J), displacement current density, A/m? (Js) and volume charge density,

C/m? (pv) that are related by the following relations:

|
I I
= [
= It

I~
I
Q

| o

2.9)
(2.10)

(2.11)

Formula for free space is g = g = 4w X 107’H/m and permittivity, € = g, =

8.854 X 10712 F/m, and furthermore ¢ = 0,/ = 0 and p,, = 0. Wave equation can be

performed by combine the Maxwell’s equations that leads to another set of equations.

These wave equations is for lossless and lossy media are:

0%E

VZE = pog 5z (Lossless media)

V2H = pye, a;Tg (Lossless media)
V2E = uo %—% + e % (Lossy media)
VZH = uo z—% + pe 602% (Lossy media)

(2.12)

(2.13)

(2.14)

(2.15)



