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Abstract: In digital microfluidics, discrete liquid droplets move on a dielectric surface with the help of
AC or DC voltage. Digital microfluidics system has extended the scope of microfluidics by providing
automated, precise flow control for point-of-care devices capable of medical diagnostics, environmental,
and chemical sensing platforms. In this paper, we introduce a digital microfluidics platform based on
electrowetting on a dielectric using PCB substrate designed on Easy EDA software. The platform’s
performance was analyzed at various DC voltages between 200 V and 400 V for droplet actuation. PCB
fabrication, the utilization of easily accessible and cheap materials such as cooking oil and grafting tape
as a dielectric layer, allowed the fabrication to be affordable and simple. The results indicate that droplet
actuation takes place at 220 V. The droplet velocity obtained was 2.6 mm/s and 1.51 mm/s using silicon
oil and cooking oil, respectively, at 400 V. Our proposed digital microfluidics platform will play a vital
role in droplet actuation and can be used for diagnostic applications such as DNA analysis and cell
culture due to its simple fabrication and cost-effective technique.

Keywords: digital microfluidics; electrowetting; contact angle; lab-on-a-chip

1. Introduction

Microfluidics refers to the behavior and control of liquids constrained to volumes
near to the microlevel range. The behavior of liquids in the micro domain differs greatly
from macroscopic fluids in terms of surface tension, diffusion, and fast thermal relaxation.
Electrowetting-on-dielectric (EWOD) is a technique in which we manipulate droplets on a
dielectric surface with the help of an electric field developed via the potential difference
between electrodes. EWOD applications are suitable for a variety of lab-on-a-chip applica-
tions. This capacity makes it possible to manage complex protocol needed for laboratory
applications. It is also referred to as digital microfluidics (DMF), which has two types of
configurations, i.e., open configuration and closed configuration [1]. The objectives of this
platform are to actuate microliter droplets, automate the fluid transportation, and detect
protocols for biological and chemical processes. For a variety of droplet activities, closed
DMF devices are usually preferred due to their higher functionality and control compared
to the open platform. Overall, DMF has the advantages of less reagent usage, quick heat
transfer, and simple integration with other analytical methods [2].

There are different configurations used for DMF devices. For instance, a multilayer
PCB configuration has been previously implemented using a replaceable membrane of a
dielectric layer. The authors used an electrode array, with an ITO glass plate on top, and a
replaceable hydrophobic Teflon membrane, which played a critical role in enhancing the
reliability of the device [3]. A decade ago, microfluidics devices were not commercially
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available and were only used for research purposes. However, over the last few years, many
researchers have asked the question whether a true lab-on-a-chip device is possible or not.
At present, these devices are entering the commercial sector and are being used for a number
of applications, most of which are in the field of diagnostics and cell culture [4]. Some
researchers have recently considered using high-voltage metal-oxide-semiconductor field-
effect transistors (MOSFETS) to overcome its limitations, like reducing power dissipation
and increasing switching speed between ON and OFF voltages for electrodes [5].

In this study, we have used a grafting tape dielectric layer with silicon oil and cooking
oil as hydrophobic layers, respectively, for the smooth actuation of a droplet on printed
circuit board. The oil layer was used to slide the droplet on the PCB substrate with
minimal thickness for the smooth movement of the droplet. Using two-dimensional digital
microfluidics platforms can provide dynamic configurability and simplicity in automation.
The key advantages of DMF devices are the use of a minimum sample volume to limit
reagent usage and processing time. Moreover, it enables full automation using Arduino
without requiring any manual input.

2. Theoretical Background

External electric field counteracts the surface tension forces, which affect the contact
angle of a liquid droplet on a solid surface. The Young–Lippmann equation provides this
change in contact angle, θV :

cos(θV) = cos(θ0) +
εrε0V2

2γd

In this equation, the contact angle, following the application of voltage, is denoted as
θ; ε0 and εr are the permittivity of vacuum and the relative permittivity of the material,
respectively; d is the thickness of the dielectric layer; γ represents the surface tension of
liquid; and V stands for the applied DC voltage to an electrode. The variable θ0 is the initial
contact angle of the droplet before it is placed under the influence of the electric field.

3. Materials and Methods

Distilled water was used in all experiments. Printed circuit board (PCB) was purchased
from Smart PCBs (Rawalpindi, Pakistan). The size of the electrodes was 2 × 2 mm and the
gap between two successive electrodes was 0.2 mm. Grafting tape acting as dielectric layer
was used with a thickness of 0.03 mm. Power supply having DC 1000 V and 0.5% ripple
maximum current of 1 milliampere was supplied by Qosain Scientific (Lahore, Pakistan).

First, we prepared our sample by pouring the cooking oil on the surface of the elec-
trodes. Afterward, grafting tape was placed on top of the electrodes. The oil layer helped
remove any air between the grafting tape and electrodes. For smooth droplet movement,
sliding layers of either silicon oil or cooking oil (purchased from the local market) were ap-
plied. By applying DC voltage between two electrodes, the droplet actuation was observed
with the help of a mobile phone camera. We found contact angles and the velocity of the
droplet by performing image analysis using ImageJ software.

4. Results and Discussion

Figure 1 shows the results and validation of droplet movement by applying DC voltage.
We found that the droplet movement starts at 220 V. The experimental results further prove
that the droplet actuation speed increases with an increase in voltage (Figure 2). To observe
other factors affecting speed, we changed the hydrophobic coating from silicon oil to
cooking oil and repeated the same experimental procedure. From the scatter-line plot of
the two oils, we can observe that for voltages up to 250 volts, the droplet speed on both
oil surfaces is roughly the same; however, from 250 volts onward, there is a clear gap
between them. The cooking oil yields better results for droplet speed reaching 2.6 mm/s
at 400 V compared to 1.51 mm/s when the droplet is on silicon oil. Similar experiments
were conducted while changing the electrode size and ultimately, the droplet volume. It is
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observed that a droplet with lower volume has better actuation results with higher voltages.
Moreover, at higher voltages, the difference in droplet speed increases when comparing the
three droplet volumes.
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We attribute this change in velocity to the viscosity of the oils used. The viscosity of
silicon oil was comparably higher (around 3 times) compared to cooking oil. Since cooking
oil is less viscous, it is therefore easy for the water droplet to slide across the electrodes as
compared to silicon oil.

5. Conclusions

In this paper, we fabricated a digital microfluidics platform that uses electrowetting
as a mechanism for the precise manipulation of microliter volumes of liquid samples.
We conducted experiments to analyze the performance of the DMF platform at different
voltage levels, ranging from 200 V to 400 V. The fabrication involves an open configuration
design that allows for flexibility and versatility. Additionally, we utilized easily accessible
materials such as cooking oil and grafting tape, which makes the platform cost-effective and
practical for implementation at an industrial scale. Furthermore, we successfully achieved
our targets, including developing a cost-efficient platform, achieving linear actuation for a
precise liquid manipulation, and merging various components to create a functional system.
The droplet velocity ranges from 0.5 mm/s to 2.6 mm/s under various conditions. The plat-
form shows promising results and potential for future development for applications related
to medical diagnostics, environmental monitoring, and chemical sensing applications.
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