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Abstract. This work proposes the electro-wetting on
dielectric (EWOD) design for manipulating the movement
of 5 microliter DI water droplets on a T-shaped electrode
layer. The fabrication methods for open-type EWOD are
mentioned in detail. With the attached voltage and
frequency control equipment, the created EWOD device
could precisely manipulate the droplet movement on top of
the device as expected.
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1. Introduction

An open typed electro-wetting on dielectric (EWOD)
device can manipulate and control the movement of
droplets as small as micro to nano liters by utilized the
induce electrical force between two parallel electrodes to
disturb the wet contact angle of droplets; thus causing the
droplet to morph and move in Fig 1. An open type EWOD
device is composed of substrate layer, positive and negative
electrode layers, dielectric and hydrophobic layer as shown
in Fig. 2.

Because of the structure is not complicate and the
ability to manipulate tiny droplets, an open typed electro-
wetting on dielectric technique is widely used in many
applications especially in biochemical engineering (-i.e. in
Lab on a chip PCR [1], enzyme assays [2] and proteomics
[3] in mechanical micro-actuation [4] and on-chip cooling
for electronics circuit pad [5]. The common EWOD
fabrication is composed of three processes: the fabrication
of electrode layers by light photolithography and sputtering
technique, fabrication of dielectric layer by spin coating,
and fabrication of hydrophobic layer by Teflon-AF spin-
coating. In this work, silver due to its high electrical
conductivity and cheap prices was used to replace the
precious materials [6] such as gold [7] and platinum [8] to
create the electrode layer. The paralleled positive and

negative electrodes in Fig. 1 are the crucial component used
to create the induced electrical force. Parylene [9] and
Polydimethylsiloxane [10] are two materials with high
dielectric constant and are commonly used to create the
dielectric layer. The hydrophobic characteristics of EWOD
surface are normally created by spin-coating of Teflon-AF
[11], which can improve the wet contact angle of the
droplet to be greater than 110 degrees.

In this work, the suitable electrode design for manipulate
the liquid droplet with the volumetric size of 5 microliter
was designed to have T-shaped pattern in order to
demonstrate the capability of EWOD devices to move the
droplet in 90 degree turn condition. The fabrication of such
device is mentioned in details.
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Fig. 1: the droplet movement on an open typed electro-
wetting on dielectric (EWOD)
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Fig. 2: configuration of an open-type EWOD device
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2. EWOD Fabrication

An open-type electro-wetting on dielectric device is
composed of three layers: first is the silver electrode layers
deposited on top of a glass substrate. Second is the
dielectric layer and finally is the hydro-phobic layer. The
fabrication steps could be done as follows.

2.1Fabrication of electrode layers

2.1.1 Design of electrode layout on top of light
protecting mask for photolithography

In this step, the size of electrodes and gab between
each electrode must be appropriately designed to match the
droplet size. Of course, the tiny electrodes cannot handle
large droplets, while the oversize electrodes cannot create
the appropriate connection of electrical field between two
adjacent electrodes. Therefore, the size of each electrode
depends directly on the size of wetted area of liquid droplet
with spherical shape as in Fig. 3. The relation between the
wetted area (the cut-sphere area) and the electrode area is
shown in Eq. (1),
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Figure 2 also shows the geometrical relation of the droplet
wetted on top of a flat surface as follows,
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Substituting Eq. (4) into (1) leads to
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By using Eg. (5) to design the electrode size for
handle 5 micro-liter droplets with wetted contact angle of

110 degree, we have the wetted area radius of 1.16 mm or
the wetted area of 4.22 square-millimeters, while leads to
the electrode size of 2.05 mm as demonstrated in Fig. 4.

The suitable gap size between two adjacent electrodes
can be selected from the relation in Fig. 5 [12]. In this
work, the ratio between gap size and electrode size is kept
at 5% and applied voltage should be use between 120-500
V to avoid the dielectric breakdown.

Fig. 3: the geometrical relation of wetted area for spherical
shape droplets
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Fig. 4: the selected electrode size
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Fig. 5: the relation between wetted contact angles and
required applied voltage at various ratios of gap and
electrode sizes [12]
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From the geometrical relation as mentioned, the light
protecting mask for photolithography was created as shown
in Fig. 6, given that the gap size is 50 micron and the
electrode size is 1 mm.

Fig. 6: the designed light protecting mask for
photolithography

2.1.2 Creating the electrode layout

In this work, a glass slide was used as the perfect
substrate. The light sensitive AZ film (liquid photoresist)
with 10 micron in thickness was coated on the glass slide
by spin-coating at 1,250 rpm for 30 seconds. After spin-
coating to create the AZ film, the designed light protecting
mask was attached to on top of the film. The UV light was
then applied on the mask aligner machine for 3 seconds.
Then the AZ solvent was applied; thus leaving the electrode
layout on top of the glass slide as shown in Fig. 7.

Fig. 7: the electrode layout on top of glass slide

2.1.3 Creating electrodes by sputtering

To deposit silver on top of glass slide, chromium was
selected as bonded material between silver of 99.995%
pureness and glass surface. The silver media was coated
with chromium before sputtering on glass slide in order to
prevent the oxide layer between silver and chromium. The
duration for sputtering was set at 30 min to create the silver
electrode with the thickness of 3 microns. After completing
the sputtering process, the un-desired deposited silver was
cleaned by acetone in ultrasonic bath. The complete
electrode layer is presented in Fig. 8.

Fig. 8: the created silver electrode

2.2 Fabrication of dielectric layer

Polydimethylsiloxane (PDM) prepared by mixing
silicon elastomer base with silicon elastomer curing agent
with the ratio 10:1 was spin-coated on the electrode layer at
4,000 rpm for 30 seconds by spinner. Then the coated glass
slide was baked on heat plate at 95°c for 60 min. The 5-7
um polydimethylsiloxane layer was left to be dielectric
layer.

2.3 Fabrication of hydrophobic layer

Teflon AF was spin-coated at 1,000 rpm for 30 second
to create hydrophobic layer with the thickness of 100 nm.
To stabilize the layer, the coated glass slide was baked on a
heat plate at 95°c for 60 min and. The Teflon coated
surface could provide the large wetting contact angle of
droplet, thus increasing the hydrophobic property of the
surface and reducing the surface tension of the droplet.
After completing the fabrication of hydrophobic layer, the
created EWOD device is ready for manipulating droplet
movement.

3. Component of EWOD Controlling
Devices and Testing Conditions

EWOD controlling devices are composed of three
important devices connecting in series as in Fig. 9. Those
three devices are

1. Function/Arbitrary Waveform Generator
2. Power Amplifier
3. Switching Transformer

The EWOD device was tested at the supplied
frequency of 400 Hz and at the voltage of 250 V. (The
testing conditions comply with a relation between Viscosity
of droplet and minimum applied voltage required to
manipulated droplet [13] as show in fig.10.) A size of DI
water droplet was 5 pL.

Fig. 9: diagram of EWOD controlling devices
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Fig. 10: the minimum applied voltage required to disperse
diluted viscous liquids [13]

4. Test Results

The created T- shape open type EWOD device with
silver electrodes as shown in Fig. 11 was under
experimental test. During the test, a DI water droplet was
applied and moved along the T shape configuration of
EWOD device.

Fig. 11: water droplet movement on top of created EWOD
device

5. Conclusion

Figure 11 shows the effectiveness of EWOD device to
move 5 microliter DI water droplets along the electrode
shape. The device could successfully move the droplet to
the left and right direction of the T-shaped junction.

6. Acknowledgement

Authors would like to show sincere gratitude to the
financial supports from National Research University Fund
(NRU) and Faculty of Mechanical Engineering King
Mongkut’s University of Technology Thonburi. Also we

would like to thank a Technical and Machine support for
fabrication from Nanoelectronic and MEMS laboratory at
Thai National Electronics and Computer Technology
Center (NECTEC).

7. References

[1] Chang Y-H, Lee G-B, Huang F-C, Chen Y-Y, Lin J-L
(2006) “ Integrated polymerase chain reaction chips
utilizing digital microfluidics”. In: Biomed Microdevices
8:215-225.

[2] Taniguchi T, Torii T, Higuchi T (2002) “Chemical
reactions in microdroplets by electrostatic manipulation of
droplets in liquid media”. In: Lab Chip 2:19-23.

[3] Wheeler AR, Moon H, Kim CJ, Loo JA, Garrell RL
(2004) “Electrowetting-based microfluidics for analysis of
peptides and proteins by  matrix-assisted laser
desorption/ionization mass spectrometry”. In: Anal Chem
76:4833-4838.

[4] Kang H, Kim J (2006) “EWOD (Electrowetting-on-
Dielectric) Actuated Optical Micromirror’’. In: Proceedings
of IEEE International Conference on Micro Electro
Mechanical Systems (MEMS), 2006, IEEE Inc.,
Piscataway, 742-745.

[5] Paik P, Pamula VK, Chakrabarty K (2005) ‘‘Droplet-
based hot spot cooling using topless digital microfluidics
on a printed circuit board”’. In: Proceedings of international
workshop on thermal investigations of ICs and systems,
Tima Editions, Grenoble, 278-284.

[6] Sukthang K, Wechsatol W, Tuantranont A (2009)
“‘Droplet Movement on Top of Silver Electrodes’’. In:
International Conference on Science, Technology and
Innovation for Sustainable Well-Being (STISWB), 23-24
July 2009, Mahasarakham University, Thailand

[7] Roux J-M, Fouillet Y, Achard J-L (2006) “3D droplet
displacement in microfluidic systems by electrostatic
actuation”. In: Sens Actuators A 134:486-493.

[8] Kwang-Seok Yun, II-Joo Cho, Jong-Uk Bu, Chang-Jin
(CJ) Kim, and Euisik Yoon (2002) “A Surface-Tension
Driven Micropump for Low-Voltage and Low-Power
Operations”. In: IMEMS, VOL. 11, NO. 5: 454-461

[9] Pollack MG, Fair RB, Shenderov AD (2000)
“Electrowetting-based actuation of liquid droplets for
microfluidic applications”. In: Appl Phys Lett 77:1725-
1726.

[10] Kuo JS, Spicar-Mihalic P, Rodriguez 1, Chiu DT
(2003) “Electrowetting-induced droplet movement in an
immiscible medium”. In: Langmuir 19:250-255.

[11] S. Chang, V. Schaller, B. Raeissi (2010) “An
Electroewtting-based microfulidic platform for magnetic
bioassays”. In:14th  International Conference on



MAHASARAKHAM INTERNATIONAL JOURNAL OF ENGINEERING TECHNOLOGY, VOL. 2, NO. 1, JANUARY-JUNE 2016 5

Miniaturized Systems for Chemistry and Life Sciences 3 - 7
October 2010, Groningen, The Netherlands

[12] Ui-Chong Yi and Chang-jin Kim (2006)
“Characterization ~ of  electrowetting actuation on
addressable single-side coplanar electrodes”. In: J.
Micromech. Microeng.16: 2053-2059.

[13] Sukthang K, Pongsomboon C., Wechsatol W,
Tuantranont A (2012) “Amplitude of Applied Voltage
Required to Disperse Viscous Droplets on Top of a Closed-
typed Electro-wetting on Dielectric Device with Silver
Electrodes”. In: The 3rd TSME International Conference
on Mechanical Engineering October 2012, Chiang Rai.

Bibliography

Kreeta Sukthang received his Master
Degree in Mechanical Engineering from
King Mongkut’s University of Technology
Thonburi (KMUTT), Thailand, in 2009. He
is currently PhD Candidate at the Faculty of
Mechanical Engineering. King Mongkut’s
University of Technology Thonburi. His
research interests include lab on a chip for
diagnosis, computational of fluid dynamic
and energy conversion

Chadchawarn Pongsomboon received his
master degree in Mechanical Engineering
from King Mongkut’s University of
Technology Thonburi (KMUTT), Thailand,
in 2012. He is currently researcher in
MMDE laboratory at the Faculty of
Mechanical Engineering King Mongkut’s
University of Technology Thonburi. His
research interests include microscale fluid
dynamics, energy conversion and storage
technologies

Pantakan Jiartaweesin received his
Bachelor degree in Naval Architecture and
Marine  Engineering  from  Kasetsart
University Si Racha Campus, Thailand, in
2013. He is currently master degree student
in  Mechanical Engineering at King
Mongkut’s  University of Technology
Thonburi (KMUTT), Thailand. His research
interests include EWOD printing, energy
conversion and storage technologies.

Wishsanuruk Wechsatol received his
Ph.D. in Mechanical Engineering from
Duke University, United Stage of
America, in 2005. He is currently an
Assistant Professor at the Faculty of
Mechanical Engineering from King
Mongkut’s University of Technology
Thonburi  (KMUTT), Thailand. His
research interests include electro-wetting
on dielectric, control criteria for energy

systems and clean engine development.

Adisorn Tuantranont received his Ph.D.
in Electrical Engineering from University
of Colorado, United Stage of America, in
2001. He is currently the Lab director of
Naonelectronics and MEMS Laboratory,
National ~ Electronic and  Computer
Technology Center (NECTEC) in
Thailand. His research interests include
Micro-Electronic ~ Mechanical ~ system,
microfabrication, and Advanced Material.



