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ABSTRACT 

This work investigates DEP actuation of deionized water within a vertical 

microchannel using parallel plate electrodes to provide a non-uniform alternating electric 

field. In particular, the effects of applied voltage on the fluid height of rise and the fluid 

velocity during actuation are analyzed. The voltage used to actuate the fluid in this 

experiment are between 18 and 19 Volts—much lower than the voltages used in 

previous DEP actuation studies, which are on the order of 100 Volts. The measured 

height of rise over the range of applied voltage is compared to height of rise values 

predicted by the theoretical model provided Jones (
1
) 

The experimentally measured height of rise values across the 18 to 19 Volt range 

were found to be greater than the height of rise predicted by the theoretical model for 

each corresponding applied voltage. Finally, this work contains a comprehensive review 

of the methods and results of previous research studying DEP actuation as well as a 

discussion of the physical phenomena driving the fluid actuation. The derivation of the 

existing theoretical model for the height of rise as a function of voltage for a fluid 

undergoing DEP actuation is also presented in detail. 
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1. Introduction 

With the rapid advancement of microfabrication techniques, the field of 

microfluidics is becoming increasingly important field as novel microfluidic applications 

developed. Microfluidics has already enriched industry with many efficient and higher 

quality applications such as liquid crystal displays (
1
), microfluidic bio chips for DNA 

analysis, liquid microlenses (
2
), lab on chip devices (

3
), and micropumps (

4
). This growth 

in microfluidic applications has created a need for the development of more efficient 

methods to effectively control fluids at the microscale. Of particular importance is the 

precise control of microfluidic actuation. 

 The controllability of the actuation of a microfluid within a microchannel can be 

judged by the fluid’s height of rise, velocity, and switchability(
2
),(

3
),(

5
),(6),(

7
),(

8
). One 

method of actuating fluid in a microchannel is the application of a non-uniform electric 

field across the fluid and channel. Various studies have been conducted in this area 

investigating the effects of using insulating and conducting fluids with AC and DC 

controlling voltages on the controllability of fluid actuation. The two driving phenomena 

behind the non-uniform electric field method of microfluidic actuation are 

dielectrophoresis and electrowetting (
5
), (

7
). 

1.1 Dielectrophoresis (DEP) 

Dielectrophoresis is a phenomenon in which a net force is induced on a fluid when 

the fluid is subjected to a non-uniform electric field. The net force produced through 

dielectrophoresis can be exploited to actuate dielectric fluids. The experimental setup 

shown in Figure 1 illustrates a method of DEP actuation (
9
) in which two parallel 

electrodes separated by a known distance are used to apply a non-uniform electric field 

on the dielectric fluid contained between them. The applied field causes molecules 

directly at the surface of the electrodes to form dipoles, and attractive electrostatic forces 

between the dipoles and the charged electrodes cause these dipoles to move along the 

plate surface. Then, electrostatic forces from the dipoles attract the individual fluid 

molecules, inducing a net force on the fluid in the channel (
9
), (

10
), (

11
) . 
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Figure 1 Mechanisms of DEP Actuation  

 

Another experimental setup that exhibits DEP actuation of a fluid droplet is shown 

in Figure 2. In this setup a droplet of fluid is placed on two electrodes that are covered 

with a dielectric layer to prevent electrolysis (
5
). When a voltage is applied across the 

electrodes, a small “finger” of fluid protrudes from the droplet as a result of the forces 

induced by DEP. The protrusion of the fluid finger on the horizontal electrodes in 

resembles the movement of the fluid at the interface of each vertical electrode in    

Figure 2 .(
5
),(

7
), and is a result of the same phenomenon. 

 

 

Figure 2 DEP Effect. Notice Moving Finger of the Liquid  
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1.2 Electrowetting 

Electrowetting is defined as the reduction in the contact angle between a fluid and a 

solid that occurs as a result of decreased interfacial surface energy between the solid and 

fluid when the fluid is subjected to a non-uniform electric field (
2
), (

3
),(

5
),(

10
). Consider 

the setup shown in Figure 3, which is comprised of a droplet of fluid placed on an 

electrode with a hydrophobic and dielectric coating. A wire is inserted in this droplet to 

allow for the application of a voltage across the droplet. When no voltage is applied 

across the droplet, the surface energy at the interface of the fluid and the solid is at a 

maximum resulting in a large contact angle as shown in the top photo (
12

). When a 

voltage is applied across the droplet, charge accumulates on both sides of the dielectric 

coating resulting in a decrease in surface energy (
13

), (
14

). The decrease in surface energy 

causes a reduction in the contact angle between the fluid and the solid as shown in the 

bottom photo (
2
). 

 

Figure 3 Electrowetting effect of applied voltage on the contact angle  

 

It has been observed that there is a limit to the degree of electrowetting that can be 

undergone by a fluid. The contact angle continues to decrease with increasing potential 

difference until a saturation voltage is reached, after which, increasing voltage has no It 
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has been observed, especially in insulating liquids such as deionized water, that when the 

saturation voltage is crossed, instability in the contact angle occurs accompanied by the 

emission of satellite droplets (
16

), as shown in Figure 4. 

 

Figure 4 Satellite droplets emerging due to contact angle instability 

 

When the potential difference across a fluid undergoing electrowetting is removed, 

the contact angle reverts back to its original value. This ability to revert enables fluid 

contained in a microchannel that has been actuated by a non-uniform electric field to be 

easily switched back and forth between its original and actuated positions through the 

removal and application of the electric field. Thus, electrowetting is a favorable 

phenomenon that results in increased switchability of and decreased stiction of actuated 

fluids (
2
). 
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1.3 Electromechanical Force 

The electromechanical force used to actuate the fluid in this experiment is due 

primarily to DEP. The magnitude of this force is a function of the density of dipoles in 

the fluid and the strength of the non-uniform field to which the fluid is subjected (
17

). 

Electrowetting effects on the other hand, have been shown to have little influence on the 

force causing the fluid to rise (
5
),(

8
),(

7
),(

18
). When dealing with AC voltages, it has been 

found that the electromechanical force is frequency dependent, where increasing 

frequency leads to decreasing actuation force (
18

). In conducting fluids there exists a cut-

off frequency, above which the electromechanical force is zero and the fluid can no 

longer be actuated (
18

). Many studies have been conducted investigating the 

enhancement of the electromechanical force through the use of Ac and Dc voltages and 

through the use of insulating and conductive fluids as shown in references 

(
1
),(

5
),(

8
),(

11
),(

18
). 

 

 

1.4 Previous Work Review 

The first experiment demonstrating the use of a non-uniform electric field to actuate 

fluid within a microchannel was conducted by Pellat using the setup shown in Figure 5. 

In this experiment two parallel electrodes generate a non-uniform electric field causing 

the dielectric liquid (transformer oil) contained between them to rise (
5
),(

8
),(

18
). 
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Figure 5 Pellat’s experimental setup 

 

It was later proven that conductive fluids can also be actuated in the same manner as 

Pellat’s using the setup shown in Figure 6 (
5
). This setup is identical to that of Pellat’s 

experiment, except the electrodes are coated with a dielectric coating to prevent 

electrolysis of the conducting fluid (
5
),(

6
),(

7
),(

18
). It was also determined that smaller 

electrode spacing results in a larger height of rise (
5
),(

6
),(

19
). 
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Figure 6 Modified Pelat’s experiment for conductive fluids 

 

Later, Jones and Wang (
6
) found that the effects of the electromechanical forces on 

height of rise are dominant compared to the effects of angle reduction for fluids actuated 

with non-uniform electric fields. This was demonstrated through the experimental setup 

in Figure 7. by the fact that even after the contact angle is fully saturated, the 

electromechanical force acting on the fluid is able to overcome the angle saturation, and 

the fluid “jumps” up when reaching the upper end of the channel where the electric field 

is stronger.   
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Figure 7 Experimental setup used to show electromechanical force dominance over 

electrowetting effects 

 

The use of AC voltage to actuate microfluids was first investigated by Kumari and 

Garimella (
18

). This setup used by Kumari, shown in Figure 8, consists of a fluid droplet 

placed between an upper plate containing a ground electrode and a lower plate 

containing two actuation electrodes. Both plates are coated with parylene C as a 

dielectric layer to prevent electrolysis (
5
),(

18
). In this study it was demonstrated that AC 

actuation minimizes potential chemical reaction of the droplet (
20

) and reduces contact 

angle hysteresis, which in turn reduces threshold voltage for AC actuation (
21

). This 

work reported for the first time that actuation force and fluid velocity are both frequency 

dependant (
18

). It was also observed that at high frequencies conducting fluids act like 

insulating fluids due to electric field penetration of the fluid (
22

). 
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There are many Researches that have been done before on microfluidic actuation by 

electrowetting such as the work that was done by Song and Evan (
13

) , in their work they 

modeled the microfluidic actuation by electrowetting, to show the effect of contact angle 

hysteresis, drag from the fluid and channel walls on the actuating force as the fluid 

travels in the microchannel, the objective of that study is to define the threshold 

actuating voltage of the fluid (
13

). 

1.5 Motivation 

It has been well established that non-uniform electric fields can be used to actuate 

fluid within microchannels. Research has shown that the case of a dielectric fluid 

actuated by an AC voltage has advantages over other methods of microfluidic actuation 

for two main reasons. First, AC voltages require a smaller threshold voltage for actuation 

than DC voltages (
5
),(

7
),(

18
). Secondly, dielectric fluids are more compatible for use with 

electronic components and typically less corrosive than conducting fluids (
18

). However, 

this method of actuation has yet to be optimized and the effects of different setup 

parameters such as applied voltage on the controllability of the fluid actuation process 

are not well understood.  

Figure 8 Setup used to study frequency dependence of actuation velocity 
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1.6 Objectives and Approach 

This research will analyze the controllability of non-uniform electric field induced 

actuation of a fluid contained in vertical a microchannel formed by parallel electrodes. 

The case of a dielectric fluid actuated by an AC voltage will be considered here  because 

of its advantages over other actuation methods. The degree of control over the actuation 

process will be judged by measurements of the height of rise of the actuated fluid within 

the microchannel and the velocity at which the fluid is actuated under an applied voltage. 

Specifically this research aims to relate height of rise and fluid velocity to applied 

voltage. Another objective is to relate the capacitance of the overall device to gap 

spacing and applied voltage. 

Two parallel electrodes mounted vertically and separated by a known distance will 

be used to create the microchannel. The actuated fluid will be an insulating fluid 

(deionized water) with a fluorescent dye added for imaging purposes. The fluid 

movement within the microchannel will be recorded with a 15fps camera in conjunction 

with image processing software. Using this setup, fluid height of rise, fluid velocity, and 

device capacitance will be measured at varying applied AC voltages. 

In the subsequent chapters, theoretical modeling will be introduced to show the 

relation between the applied actuating voltage and the miucrofluidic height of rise, the 

results from the experimental investigation will be compared to the results from the 

therothical model to examine the accuracy of the derived theoretical model. Velocity of 

the microfluidic actuation will be investigated with respect to the applied voltage. 
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2. Theoretical Modeling  

DEP actuation is based on the experiment that was done by pellat (
11

) in 1985, 

which shows an insulating fluid between two electrodes rises up against gravity when a 

potential diference is applied between the two electrodes.  

The investigation that was by Jones (
5
) demonstrated that the of rise of the fluid due 

to the application of the potential difference is due to DEP actuation, in his investigation 

he related the height of rise of the microfluid in the mircochanel due to DEP actuation 

while he defined electrowetting as a the reduction of the contact angle between the fluid 

and the walls of the microchannel.  

Later on Jones and Wang (
8
) studied DEP actuation of insulating and conducting 

microfluids in vertical microchannels, they demonstrated in their work the dependency 

of the height of rise of the fluid on the frequency of the applied AC voltage. Kumari and 

Garimella (
3
) investigated the relation between DEP fluid actuation in a horizontal 

microchannel and the frequency of the applied AC voltage, in their work they also 

demonstrated experimentally the dependency of the microfluidic velocity on the 

frequency of the actuating AC voltage. 

The setup shown to be used in the present DEP actuation study can be modeled as 

described in Ref (
8
) and as shown in Figure 9. In Figure 9, ��represents the capacitance 

of the two electrodes coated with a dielectric layer, ���� represents the capacitance of the 

air gap between the two electrodes, and �� represents the capacitance of the fluid 

contained in the channel. Even though the fluid will used in this experiment is an 

insulating fluid (DI water), it will still have some conductivity, which will lead to some 

current leakage through it. Therefore, a resistor �� is placed in parallel with a capacitor  

�� to represent the fluid behavior under applied electric field (
8
),(

18
). 
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Figure 9 Circuit diagram of experimental setup 

. 

 

 

Figure 10 Boundary condition used for upward force acting on the fluid 
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As a result of applied voltage between the two electrodes, an electric field is created 

between the two electrodes as shown in Figure 10. The electric field exerts a force 

directed upward on the fluid at its air interface which can be expressed as (
8
),(

17
) 

 

       

 

Where        

         is the force due to the applied electric field, 

                                      

        is the tress tensor coupled with   , and 

 

       is the unit normal on the nth face of the closed boundary Σ. 

 

�	
�  can be evaluated using the Maxwell stress tensor expression shown in Eq (2), where 

�and �
 are the tangential and normal components of the electric field vector ��, 

respectively (17). 

 

       

   

     can be obtained by substituting the result of  Eq (2) into Eq (1). The evaluation of 

the closed boundary condition Σ can be approximated by summing the electric fields 

within that boundary (
18

).  

Electric field can be expressed as a function of capacitance for the case of a parallel 

plate capacitor (
23

) as follows, 

 

                                 C=
�.�
�                 Eq (3) 

 

                                 � � Κ. ��                    Eq (4) 

 

Eq (1)

Eq (2)
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Where C is the capacitance, ε is the medium permittivity, A is the area of the plate 

and d is the gap distance between the two plates. The permittivity of the medium is 

expressed in Eq. (4) as a function of � the dielectric constant of the medium and ��, the 

permittivity of air. 

 

Substituting Eq. (4) into Eq. (3), the capacitance C can be written as a function of 

dielectric constant: 

                                � � �.��.�
�                      Eq (5) 

The capacitance per unit area of the dielectric coating and air, respectively, can be 

expressed as follows 

 

                                �� � ��.��
�                    Eq (6) 

                                ���� � ��
�                  Eq (7) 

Where d is the dielectric coating thickness and D is the air gap between the two 

electrodes. In case of series capacitors as shown in Figure 9. The capacitance of the 

dielectric coating and the air can also be expressed as a function of the electric field E 

through the medium and stored charge as shown below, where E! is the electric field 

through the portion of the dielectric coating that is not immersed in fluid, and E"#$ is the 

electric field through the air between the electrodes. 

                                c! � &
'(.!                       Eq (8) 

 

                                c"#$ � &
')*+.,                Eq (9) 

Total voltage V across capacitors can be evaluated by summing the voltage across each 

individual capacitor as shown below. 

                                      

                                 .�+.���+.�=V              Eq (10) 
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The voltage across each capacitor can be expressed as the product of electric field and 

separation distance as shown below 

                            

                                    ��./+���� . 0+�� . /=V               Eq (11) 

 

Simplifying Eq. (11) yields Eq. (12). 

 

                               2��./+���� . 0=V                Eq (12) 

 

 

The electric field per unit area in the dielectric coating above the fluid surface and 

air gap can be expressed in terms of charge and permittivity as shown in Eq. (13) and 

Eq. (14) respectively. 

                               �� � 1
��.��                 Eq (13) 

                               ���� � 1
��                 Eq (14) 

 

Since the charge across capacitors arranged in series is constant, ���� can be expressed 

in terms of �� by rearranging and equating Eq. (13) and Eq. (14). 

 

                               ���� � �� . 2�                       Eq (15) 

 

Substituting Eq. (15) into Eq. (12) and dividing the result by d yields Eq. (16). 

 

                               (2+K
�
�3�� = 

4
�                       Eq (16) 

 

Solving for d and D in equations (6) and (7) respectively, substituting into Eq (16), and 

rearranging yields Eq. (17) 

                               ��  = [
5_���

7589:;5�< 4�              Eq (17) 
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The same procedure used to arrive at Eq. (17) can be used to arrive at Eq (18). 

 

                               ����= [
5�

7589:;5�< 4�               Eq (18) 

 

To evaluate the electric field across the fluid and the portion of the dielectric coating that 

is immersed within the fluid, the impedance of the fluid must be considered. The 

impedance of the fluid is composed of two components: the resistive portion due to the 

resistance of the fluid and the reactive portion due to the capacitance of the fluid. The 

equivalent impedance of the fluid can be expressed as shown in Eq. (19) where => is the 

resistance of the fluid and ?@>is the reactive component of the impedance. 

 

                               ?>==> A ?@>                      Eq (19) 

 

Total impedance Z of the portion of the circuit below the fluid surface can be expressed 

shown in Eq. (20) by adding the impedance of the two dielectrics to the impedance of 

the fluid, where ?�>is the impedance due to the capacitance of the fluid and ?�� is the 

impedance due to the capacitance of a single dielectric. 

 

                         Z= 

B CDEFGE3CD�HCDEFGEFCD�BCDEFGE3CD�CDEFGEFCD� ;I5�
            Eq (20)        

Eq. (20) can be simplified to yield Eq. (21) 

 

                          Z= BI5>;J>3I5�7I5E;7JE;I5�                    Eq (21) 

 

Because AC voltage is being used, the impedance must be expressed in terms of jK and 

Eq. (21) can be written as shown in Eq. (22). 
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                        Z= 
BLM5E;JE3LM5�
LM75E;7JE;LM5�                    Eq (22) 

 

The electric field �N� in the dielectric below the fluid surface can then be represented in 

terms of impedance as shown in Eq. (23) (8). 

 

                              �N� =O� P LM5E;JE
LMB75E;5�3;7JE

. /Q R                     Eq (23) 

 

The electric field through the fluid �> can be expressed as shown Eq. (24) (8). 

 

                        �> =O� P LM5�
LMB75E;5�3;7JE

. 0Q R                           Eq (24) 

 

The force on the fluid S�	 can be expressed in terms of electric field by rearranging Eq. 

(1) and Eq. (2) and substituting values the values for electric field determined previously 

as shown in Eq. (25) (8), where w is the width of the channel. 

             

S�	= wPT2�. ����7/ T ��U89:H
7 D A 2� . ����7/ A �E��UEH

7 DR        Eq (25) 

 

The weight of the liquid contained in the microchannel can be expressed as shown in Eq. 

(26) 

 

                        W=X>=YZ0                        Eq (26) 

 

where h is the height of rise, w is the width of the fluid, D is the separation distance of 

the electrodes , g is acceleration due to gravity and X> is the fluid density. 
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The height of rise can then be expressed as a function of voltage by equating Eq. (25) 

and Eq (26) and rearranging for h as shown in Eq. (27). 

 

                               h= [\(K).7                                                    Eq (27) 

The value of [\ is shown in Eq. 28 

 

[\=
��]�H^��HMHB_E`>3a_E!;]�� 7Q b;cEH!<

deEJB7�;]��3^��HMHa_E!;]�� 7Q bH;cEH�H                         Eq (28)      

 

At frequencies much lower than the critical frequency theory predicts that the fluid 

between the electrodes will behave as a pure conductor. This can be shown by analyzing 

the electric field across the fluid, expressed in Eq. (24). Eq. (24) can be rewritten by 

multiplying the numerator and the denominator by jKB2�> A ��3 T 2=> as 

                             �> � jK�/^jKa2�1A�/bT2=1<
Tω2B2�1A�/32T4=12                               Eq (29) 

 

which can be reduced to 

 

                             �> �  TK�/a2�1A�/bT2jK�/=1TK2a2�1A�/b2T4=12                        Eq (30) 

 

Only the real part of Eq. (30), 

 

                             �> �  K�/a2�1A�/b
K2a2�1A�/b2A4=12                              Eq (31) 

 

is considered because the real part is related to the conductivity of the fluid (
8
). 

Eq. (31) can then be manipulated to arrive at 
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                                   �> � M5�B75E;5�3
kMH;l HGEmHDEFD�mn

HoB75E;5�3H
                           Eq (32) 

 

The 
7JEm75E;5� m term in the denominator of Eq (32) is defined as the critical frequency (

8
) 

                               K5 � 7JE
75E;5�                                                    Eq (33) 

Therefore, Eq. (32) can also be written as 

                               �> � M5�B75E;5�3
^MH;MDH<B75E;5�3H                                    Eq (34) 

 

 

For K<<K5, K5 dominates K and Eq. (34) becomes 

 

                               �> � M5�B75E;5�3MDHB75E;5�3H                                          Eq (35) 

 

After multiplying the numerator and denominator of Eq. (35) by 2=> and manipulating 

the result, the electric field can be rewritten as 

 

                               �> � MMD
5�
7JE                                                   Eq (36) 

 

Again considering the case where K<<K5, it can be seen from Eq. (36) that �> equals 

zero. If the electric field across the fluid is zero, the voltage across the fluid must also be 

zero. Therefore, when the applied frequency is much less than the critical frequency, all 

the voltage is theoretically dropped across the two dielectric layers while the fluid 

behaves as a pure conductor and height of rise in Eq. (27) will be the same as the height 

of rise estimated from the electrowetting model shown in Eq. (37) (
8
). 

 

                               Y � ����pH
deEJ��                                                             Eq (37) 
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3. Experimental Setup 

 

Figure 11 Experimental setup 

 

The experimental setup to be used in the present DEP study shown in Figure 11. 

The electrodes are constructed by coating glass slides with ITO, a conductive material 

that is transparent to allow for imaging. The side of each electrode that is interfacing 

with the fluid is coated with 2 microns of Parylene C, an insulator. A 70 micron thick 

plastic sheet with a 2 mm vertical gap through its center is placed between the two 

electrodes to create a microchannel as shown in  

Figure 12 and Figure 13. The electrodes and plastic sheet are held together with a 

clamp.  The bottom of the electrode assembly is dipped into a fluid-filled glass beaker as 

 

Microchannel 

LEDs used for  

Dye excitation 
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shown in Figure 11. Space is left between the electrode assembly and the bottom of 

the reservoir to ensure that the fluid flow is not interrupted. 

 

 

Figure 12 3 Dimensional blown up representation of electrode assembly 

 

 

 

Figure 13 Cross sectional view of electrode assembly 

Parlyene C Coating 

ITO Coating 

Glass Slide 

Wire clamping site 

Plastic Sheets 
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The fluid used in this experiment is DI water with a fluorescent dye for imaging 

purposes. An array of LEDs emitting light at the excitation wavelength of the fluorescent 

dye is used to excite the dye while imaging. When filling the reservoir with fluid, it is 

advisable to fill the reservoir completely. If the reservoir is not filled completely, light 

emitted from the fluid surface when the dye is activated will reflect on the reservoir 

walls and interfere with imaging. A 15 fps camera connected to a DAQ system is used to 

image the fluid movement within the microchannel. 

To generate a non-uniform electric field across the parallel electrode, a function 

generator connected to a power amplifier is connected to the electrodes as shown in 

Figure 11. The function generator is used to generate a sinusoidal signal with a known 

amplitude and frequency. Because it is difficult to solder on ITO, the lead wires were 

attached to the electrodes using wire clamps. A thin sheet of foil is placed between the 

clamps and the electrodes to avoid scratching the ITO coating. 

Results discussed in the coming chapter have been taken from running tests at 

different voltages and same other parameters. 
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4. Results and Discussion 

 

The experimentally measured height of rise as a function of applied voltage is 

shown in Fig. 14. Also shown in Fig. 14 is the theoretical prediction for liquid height of 

rise given by Jones (
1
)  : 

 

h= [\(K).7 

 

Where [\=
��]�H^��HMHB_E`>3a_E!;]�� 7Q b;cEH!<

deEJB7�;]��3^��HMHa_E!;]�� 7Q bH;cEH�H  

 

��= 8.85*10`d r sQ  is the permittivity of air, κ>=3.2 is the fluid dielectric constant, 

t>= 1.5*10`d s/m is the fluid conductivity, X>= 1000 �g/su is the fluid density, 

[�=3.1 is the Parylyene coating dielectric constant, == 9.81s v7Q  is the acceleration 

due to gravity, d= 2 µm is the dielectric coating thickness, D= 120 µm is the distance 

between the two electrodes,  . is the applied voltage, K = 565.49 Rad/s is the angular 

frequency of the applied AC voltage and w= 2 mm is the microchannel width. 
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Figure 14 Height of rise versus applied voltage 

 

 

As can be seen from Fig. 14, for all applied voltages, the experimentally measured 

height of rise is larger than prediction by almost threefold. Moreover, the slope of the 

theoretical curve is much smaller than that of experimental curve. A possible  

explanation for the discrepancy between the experimental results and the theoretical 

predictions is that the dielectric coating (d) and the separation distance between the 

electrodes was not determined accurately.  

The slope of the theoretical curve is smaller than the experimental curve by 95%. A 

possible explanation for this difference is that the thickness of the dielectric layer is 

thinner toward the center of the glass slide which may lead to increase in the electric 

field at locations where the dielectric coating is thinner. Another explanation  is that two 

electrodes were clamped together as shown in Figure 11, which might lead to 
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compression of the separation sheets between the two electrodes, causing the 

capacitance of the device to increase from the bottom to the top.   

An important finding of this study is that the voltages used in this experiment are smaller 

than voltages used in previous experiments examining microfluidic actuation between 

vertical plate electrodes by around 90%. For example, in Jones experiments (
1
) with 

setup shown in Figure 6, the maximum height of rise measured experimentally was 6mm 

at 200V at 2 kHz. The smaller actuation voltage may be associated with the small 

separation distance in present configuration 120 microns vs. 1 mm in Ref.  (
1
). 

 

It is worth noting that initially, the experiment was performed for an electrode width 

of 24 mm. However, the height of rise was not uniform. The liquid was observed to 

spread uncontrollable along the glass slide as shown in Figure 15. This was thought to be 

due to non-uniformities in the capacitance due to misalignment between the two 

electrodes as well as the presence of the spacer in the middle of the wet are.  

 

 

Figure 15 Liquid spreading over the glass slides 
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However, after much of the electrode area was covered with insulating tape (see 

Figure 11 in experimental set-up chapter) and the channel width was reduced to 2 mm, 

the results presented in Fig. 14 were obtained.   

The velocity of the liquid was also determined by image processing of the pictures 

taken by the camera, since the frame rate is known (15fps), and height was measured by 

the scale next to the slides, by counting how many frames taken from the initial height 

till the end of the process and dividing it by total time taken by the frames to calculate 

velocity. 

For example in  

Figure 16 the liquid height of rise corresponding for a time interval of 9s.  

 

 

 

 

 

Figure 16 Snap shots for the fluid rising up in the microchannel 

 

 

 

 

 

 



Figure 

 

The measured velocity with respect to the applied AC voltage, is shown in 

17. This velocity range is comparable with values reported in the literature. For example, 

employing the configuration shown in

achieved. (
18

) The maximum velocity in current experimental setup is 0.6 mm /s. A 

possible explanation for the higher velocity obtained in Ref. 

electrodes, that were positioned horizontally. This would eliminate this eliminates the 

resisting force to actuation due to the fluid weight (see Eq. 26), leading to faster 

actuation. In addition, the voltage used in Ref. 

one employed here.   

Velocity is important in applications requiring switching of the liquid such as lab 

on chip devices (
18

). While more investigations are needed t

parameters that control liquid rising velocity, current results are encouraging suggesting 

that relatively fast rising can be obtained at low actuation voltages. 
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Figure 17 Velocity versus applied voltage 

The measured velocity with respect to the applied AC voltage, is shown in 

velocity range is comparable with values reported in the literature. For example, 

employing the configuration shown in Figure 8, a maximum velocity o

The maximum velocity in current experimental setup is 0.6 mm /s. A 

possible explanation for the higher velocity obtained in Ref. (
18

) is the orientation of the 

electrodes, that were positioned horizontally. This would eliminate this eliminates the 

resisting force to actuation due to the fluid weight (see Eq. 26), leading to faster 

actuation. In addition, the voltage used in Ref. (
18

)was also 50 V, much higher than the 

Velocity is important in applications requiring switching of the liquid such as lab 

While more investigations are needed to determine the main 

that control liquid rising velocity, current results are encouraging suggesting 

that relatively fast rising can be obtained at low actuation voltages.  
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velocity range is comparable with values reported in the literature. For example, 

, a maximum velocity of 8 cm/s was 

The maximum velocity in current experimental setup is 0.6 mm /s. A 

is the orientation of the 

electrodes, that were positioned horizontally. This would eliminate this eliminates the 

resisting force to actuation due to the fluid weight (see Eq. 26), leading to faster 

was also 50 V, much higher than the 

Velocity is important in applications requiring switching of the liquid such as lab 

o determine the main 

that control liquid rising velocity, current results are encouraging suggesting 
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5. Conclusion 

 

Dielectrophoretic actuation is important to a variety of applications such as lab on 

chip devices (
3
), and micropumps (

4
).This study investigated DEP actuation for 

electrically insulated electrode and water as working liquid.  

It has been found that DEP actuation can be conducted effectively at low applied 

voltages (from 17 to 19 Volts).This values are significantly lower than previous 

actuation data reported in the literature. Moreover, the measured   height of rise varies 4 

to 7.5 mm it appears to be larger than that predicted by theory by as much as three times.  

Further studies are required to fully understand the discrepancy between the 

experimental results and theoretical results. The velocity of the liquid rising varies from 

0.45 mm/s to 0.62 mm/s for the given voltage range. These values are comparable, less 

than velocity data reported in literature; however the actuation voltage used in this study 

was also significantly lower.   

Factors that should be considered in future studies are the effects of the dye particles 

used in the microfluid as well as the effects of the non-uniformity of the dielectric 

coating that covers the electrodes. Ideally, the dielectric coating should be uniform, and 

therefore different techniques to achieve a uniform coating should also be investigated. It 

is also desirable to prevent stiction and reduce friction between the fluid and the 

microchannel walls, so it is advised that future investigations use a Teflon or silicon oil 

coating on the electrodes. Another consideration of interest to many application  is the 

effect of joule heating on the actuated fluid, especially at higher applied voltages, which 

could also be part of future investigation. 

 

 

 

 

 

 

 



 

 29

6. References 

1
. Fluid Control in Multichannel Structures by Electrocapillary pressure. M.W.J.Prins, 

W.J.J.Welters, J.W.Weekamp. s.l. : Science, 2001, Vol. 291. 

2
. Fast Electrically Switchable Capillary Effects. Wim, J.J.Welters. s.l. : Langmuir, 

1998. 

3
. Electrical actuation of electrically conducting and insulsting droplets using as and dc 

voltages. n Kumari, V Bahadur and S V Garimella. s.l. : IOP Publishing, 2008. 

4
. Continous dynamic flow micropumps for microfluid manipulation. Lingxin Chen, 

Sangyeop Lee, Jaebum Choo and Eun Kyu Lee. s.l. : IOP Publishing, 2007. 

5
. On the Relationship of Dielectrophoresis and Electrowetting. Jones, Thomas B. s.l. : 

American Chemical Society, 2002. 

6
. Frequency Dependent bifurcation in electromechanical microfluidic structures. Jones, 

K-L Wang and T B.  

7
. Dielectrophoretic liquid actuation and nanodroplet formation. Jones, T. B. 2001. 

8
. Frequency Dependent Electromechanics of Aqueous liquids. T.B.Jones, K.-L. Wang, 

and D.-J.Yao. s.l. : Langmuir, 2004. 

9
. ELECTROSTATIC DROPLET MANIPULATION USING ELECTRET AS A VOLTAGE 

SOURCE. Tianzhun Wu, Yuji Suzuki, and Nobuhide Kasagi. Vols. Tokyo 113-8656. 

10
. Corona Enhanced Electrowetting and Dielectrophoresis in a Dielectric Fluid. 

Wilson, E. Capria and S. A. s.l. : IEEE, 2006, Vols. 1-4244-0189-5/06. 

11
. Mesure de la force agissant sur les di´electriques liquides non ´electris´es plac´es 

dans un champ ´elitrique. H, Pellat. Paris : s.n., Vols. 119 691–4. 

12
. Collected Works of J.W.Gibbs. Gibbs, J.W. NY, Vol. I. 

13
. A scaling model for electrowetting-on-dielectric microfluidic actuators. Hsu, J. H. 

Song Æ R. Evans Æ Y.-Y. Lin Æ B.-N. 2008. 

14
. Creating, Transporting, Cutting, and Merging Liquid Droplets by Electrowetting-

Based Actuation for Digital Microfluidic Circuits. Sung Kwon Cho, Hyejin Moon, and 

Chang-Jin Kim. 2003, s.l. : JOURNAL OF MICROELECTROMECHANICAL 

SYSTEMS, Vol. 12. 

15
. Becker, R. Electromagnetic fields and interactions. NY : Dover, 1982. 



 

 30

16
. Electrical actuation of electrically conducting and insulating droplets using ac and dc 

voltages. N Kumari, V Bahadur and S V Garimella. s.l. : IOP PUBLISHING, 2008. 

17
. Mesure de la force agissant sur les dielectriques liquides non electrises places dans 

un champ elitrique . H, Pellat. 1895, Vols. 119 691-4. 

18
. Limiting phenomena for the spreading of water on polymer by electrowetting. M. 

Vallet, M. Vallade, and B. Bergea. s.l. : THE EUROPEAN PHYSICAL JOURNAL, 

1999, Vols. Eur. Phys. J. B 11, 583{591. 

19
. Electrowetting: from basics to applications. Frieder Mugele1, 3 and Jean-Christophe 

Baret1,2. s.l. : JOURNAL OF PHYSICS, 2005. 

20
. Droplet based microfluids with nonaqueous solvents and solutions . Chatterjee D, 

Hetayothin B, Wheeler A R, King D J. 2006. 

21
. Variable focal lens controlled by an external voltage . J, Berge B and Peseux. s.l. : 

Eur Phys, 2000. 

22
. A numerical investigation on AC electrowetting of a droplet . Hong J S, Ko S H, 

Kang K H and Kang. 2008. 

23
. Electrostatic MEMES Converters with a Switchable Dielectric Constant for Micro-

Scale Power Generation. Borca-Tasciuc, Diana-Andra.  

24
. Young, T. Miscellanous Works. London : s.n. 

25
. An electromechanical interpretation of electrowetting. Jones, T B. s.l. : INSTITUTE 

OF PHYSICS PUBLISHING, April 2005. 

 


