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Abstract of the thesis presented to the Senate of Universiti Putra Malaysia in 
fulfillment of requirement for the degree of Master of Science 

PAPER-BASED DISPOSABLE ELECTROWETTING CHIP FOR 
MICROFLUIDIC APPLICATION 

By 

NOOR FAEZAH BINTI ISMAIL 

October 2018 

Chairman : Associate Professor Nurul Amziah Md Yunus, PhD 
Faculty : Engineering 

In biology and chemical industries, there are lots of works to do in a laboratory 
with micron and nano-sized of samples, therefore these industries need low- 
cost disposable chips to able to repeat the testing frequently without consuming 
high cost. One example of a low cost chip is an electrowetting chip which using 
the electrowetting technique where it is one of the microfluidic system 
techniques. It is used to manipulate the microdroplet such as transportation, 
mixing, separation and microdroplet generation. 

In this work, the development of a microfluidic chip is demonstrated using an 
electrowetting technique to automate the microdroplet transportation. The 
volume of droplet used is 5 µl. 

The shape of the electrode is designed and fabricated using a few layers of thin 
sheets consist of flexible cellulose thin sheet, adhesive transparent thin sheet, 
double-sided pressure-adhesive sheet and Aluminum, Al, thin film. The 
dimension of electrode is 0.2 cm x 1.5 cm (width x length). The lubricant oil is 
used to smoothen the surface of the electrode and become a dielectric medium 
in between electrode and droplet. The droplet used is made from potassium 
chloride (KCl) solution with conductivity of 1400 µS/m. 

During the experiment, the chip is connected to the AC power supply where the 
voltage and frequency are controlled. The result and analysis are made of the 
contact angle of droplet analysis, the velocity of droplet flow analysis and 
displacement of droplet analysis. With a power supply range of 8 Vpp – 14 



© C
OPYRIG

HT U
PM

ii 

Vpp, using 10 Hz of frequency, the droplet is able to flow along the activated 
electrode track. 

In conclusion, this work has successfully opened the window  towards 
improving the transportation of microdroplet flow with automated transportation 
system under the operation of low voltage and frequency. 
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CIP ELEKTROPEMBASAH PAKAI BUANG BERASASKAN KERTAS 
UNTUK APLIKASI MIKROBENDALIR 

 

 
Oleh 

 
NOOR FAEZAH BINTI ISMAIL 

 

Oktober 2018 

 

Pengerusi : Profesor Madya Nurul Amziah Md Yunus, PhD 
Fakulti : Kejuruteraan 

 
 

Dalam industri biologi dan kimia, terdapat banyak kerja yang perlu dilakukan di 
makmal dengan sampel bersaiz mikro dan nano, oleh itu industri-industri ini 
memerlukan cip pakai buang berkos rendah untuk dapat mengulangi ujian 
dengan kerap tanpa memakan kos yang tinggi. Salah satu contoh cip berkos 
rendah ialah cip elektropembasah yang menggunakan teknik elektropembasah 
di mana ia merupakan salah satu daripada teknik sistem mikrobendalir. Ia 
digunakan untuk memanipulasi titisan mikro seperti pengangkutan, 
pencampuran, pemisahan dan penjanaan titisan mikro. 

 
 

Dalam kerja ini, pembangunan cip mikrobendalir ditunjukkan dengan teknik 
elektropembasah untuk mengautomasikan pengangkutan titisan mikro. Jumlah 
titisan yang digunakan adalah 5 μl. 

 
 

Bentuk elektrod direkabentuk dan diperbuat menggunakan beberapa lapisan 
kepingan nipis yang terdiri daripada lembaran nipis selulosa yang fleksibel, 
kepingan nipis pelekat telus, lembaran tekanan pelekat bermuka dua dan filem 
nipis Aluminum, Al. Dimensi elektrod adalah 0.2 cm x 1.5 cm (lebar x panjang). 
Minyak pelincir digunakan untuk melancarkan permukaan elektrod dan menjadi 
medium dielektrik di antara elektrod dan titisan. Titisan yang digunakan 
dibancuh daripada larutan kalium klorida (KCl) dengan kekonduksian sebanyak 
1400 μS/m. 

 
 

Semasa ujikaji, cip disambungkan kepada bekalan kuasa AC di mana voltan 
dan frekuensi dikawal. Hasil dan analisis dibuat dari sudut hubungan analisis 
titisan, halaju analisis aliran titisan dan anjakan analisis titisan. Dengan 
rangkaian bekalan kuasa 8 Vpp - 14 Vpp, menggunakan frekuensi 10 Hz, 
titisan boleh mengalir sepanjang trek elektrod diaktifkan. 
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Kesimpulannya, kerja ini berjaya membuka tingkap ke arah meningkatkan 
pengangkutan aliran titisan mikro dengan sistem pengangkutan automatik di 
bawah operasi voltan dan frekuensi yang rendah. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

1.1 Background  

 

Nowadays people are exposed to so many types of diseases over the world. 
The number of patients in the hospital increasing day by day. This situation 
caused the hospital treatment and diagnosis become a high demand especially 
in medicine production, clinical laboratory and operation machine. In clinical 
laboratory, the technology of biomedical such as microfluidic chip and Lab-on-
Chip (LoC) is the field that has been studied until now to improve and simplify 
the protocol of laboratory works. The development of this technology has been 
running over a decade by a scientist and researcher. 

 

Microfluidic is defined as “the science and technology of systems that process 
or manipulate small amounts of fluid, using a channel with dimensions of ten to 
hundreds of micrometers” [5]. Microfluidic has the potential to diverse on areas 
from chemical synthesis and biological analysis to optics and information 
technology.  

 

A smart chip as an integral microfluidic analytical device has been developed in 
microfluidic technology, where it able to perform standard laboratory functions 
such as sample handling, mixing, transportation and separation. Those process 
are supported by microfluidic components including micropumps, micromixers, 
and microvalves. This has led to the miniaturization and commercialization of 
fully integrated microfluidic systems [8, 9]. 

 

The technology has a wider field of application including DNA amplification 
[10], clinical and forensic analysis [11], optical sensing systems [12], 
microfluidic mixing device and system [13] and biological analysis [14]. The 
technology has evolved and one promising fluidic actuation method in digital 
microfluidics has emerged and it  is known as Electrowetting-On-Dielectric 
(EWOD) which using electrowetting effects principles  [15, 16].  

 

Previous work has discovered the potential and  capability of EWOD 
microfluidic and it gives a variety applications of a microfluidic system, which 
helpful for the advancement of the technology [17]. It has also been reported 
that the fluidic behavioral properties variable enable the development of various 
devices and systems such as valves, pump, and flow sensor as a single 
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function device and as an integrated complex device. Microfluidic research has 
undergone development process and produce a complex microfluidic handling 
systems which has been used in  Lab-on-a-Chip (LoC) devices. This 
technology can be  directly involved with chemical analysis, bio-chemical and 
medical analysis where usually would take place in a laboratory and take 
longer time for the sample to be analyzed.  

 

Electrowetting is one of the most promising and famous methods used to 
manipulate the fluid in shape of the droplet. Electrowetting is a combination 
from electro and wetting where the electrical is used to manipulate and control 
the wettability of droplet [18]. Electrowetting first discovered by the Gabriel 
Lippmann in 1875 in his work where he observed the mercury and other fluid 
behavior to the changes of surface tension [3]. In 1981 the term of 
electrowetting has been introduced based on the proposed designed that was 
a new type of display device using bare electrode to manipulate the droplet 
controlled by the electrical source [1].  

 

In recent works researcher has been trying  to develop flexible and transparent 
electrowetting chip using various material for electrode and dielectric [19, 20]. 
This is because of the demand of this technology  in display and optical 
applications. This technology will be able to  produce superior flexible 
electronic display technology [21] and for the tunable high definition of optical 
lense [22].  

 

1.2 Problem Statement 

 
Most of the biomedical laboratory works is done  manually. It is tedious and 
prone to human error. For example, to do a separation from a mother droplet or 
mixing of two different solvent, the process would require it to be done one by 
one and time consuming to go from one step to another. This work is trying to 
automated the system.  The system will have the ability to control and 
manipulate the microdroplet. This is what we called as miniaturisation of 
biomedical laboratory instrumentation and it leads to the creation of integrated 
microfluidic device and system. Thus, the EWOD chip is one of the 
miniaturised and automated microfluidic device that used for those 
applications.  
 

The current EWOD device need to utilise  under a relative high voltage of 100 
V [16, 23]. This is considered high in this field. This range of voltage can 
cause  electrolysis and excessive heating of the device. These has led to 
limitations of the device.  Therefore the need of low voltage EWOD device is 
very crucial to improve performance and reliability of the device. 
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This work will produce a low voltage automated microfluidic transportation 
system to solve the electrolysis and heating problem and reduce time 
consumption of the laboratory works.  

1.3 Aim and Objectives 

The aim of this work is to produce a low voltage electrowetting disposable chip 
using a low-cost material and simple fabrication method. This work proposed to 
study the efficiency and performance of the disposable chip in term of droplet 
velocity and displacement.   

The objectives of this work are: 

a. To fabricate a disposable paper-based electrowetting chip platform
using a material with low voltage.

b. To automatically transport the droplet on the paper-based chip using
electrowetting technique.

c. To study the efficiency using contact angle, C.A. and performance of 
the designed disposable chip based on the droplet motion.  

1.4 Overview Of Thesis 

The thesis is divided into 5 Chapters, which starts from a general elaboration 
on the field of microfluidic and Lab-on-a-Chip (LoC) in Chapter 1. Chapter 2 will 
present about the background of the microfluidic systems. This  chapter will 
explain  on Electrowetting (EW) and Electrowetting-On-Dielectric (EWOD), 
which is the main technique used for this research work. This chapter will also 
discuss on the  application available under EWOD technology. Chapter 3 will 
explore the method used to run the work and also present the setup for the 
experiment. It will elaborate in a very specific for each step that has been done 
throughout this research progress. Chapter 4 will discuss on the result of each 
experiment and the theoretical simulation. This chapter will also analyse the 
results obtained in Chapter 3. Chapter 5 will conclude the overall research 
work. Some recommendations for improvement and possible future works will 
also  be highlighted in this Chapter. 
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