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Electrowetting-driven droplet shrinkage with tunable 
focus property*
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In this paper, a non-conductive droplet driven by electrowetting (EW) with planar electrode in surrounding fluid is 

studied. COMSOL is employed to simulate the evolution of droplet shrinkage and the relative experimental setup is 

established to monitor the evolution of contact angle and height at different voltages. The droplet contracts inward and 

the corresponding contact angle/height increase when voltage increases. When the voltage ranges from 50 V to 140 V, 

the variation of the relative contact angles and height reach up to 118.78° and 3.194 mm, respectively. The system of 

silicon oil and surrounding liquid propylene glycol (PG) acts as a positive lens, whose focal length varies from 

87.153 mm to 42.963 mm. 
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In recent years, microfluidics has been widely used in 

biomedicine[1], electronic printing[2], droplet driving[3] 

and energy harvesting[4]. Due to the characteristics of 

easy manufacturing, adaptability to various geometric 

shapes, short response time, low power consumption, 

high reversibility, etc, microfluidics-driving droplets 

have received extensive research and attention. At pre-

sent, thermal capillary method[5], surface acoustic wave 

method[6], light induced drive[7], shear air flow drive[8], 

electrostatic force drive[9], magnetic force method[10] and 

electrowetting (EW) technology[11-15] are mainly used in 

microfluidic technology to achieve the purpose of ma-

nipulating droplets. Among them, the EW technology has 

advantages such as faster driving speed, lower power 

consumption and flexibility, and become the important 

method for processing surface fluids. 

In 1875, LIPPMAN[16] discovered that the position of 

mercury meniscus in capillary can be controlled when 

voltages were applied between mercury and an aqueous 

electrolyte, which is assumed as the basis of EW. In 2004, 

KUIPER[17] successfully developed a liquid lens com-

posed of two immiscible liquids and applied it in minia-

ture cameras. In 2008, Louisiana State University pro-

posed a planner liquid lens driven by EW[18]. In 2011, 

MALK et al[19] used a coplanar electrode geometry to 

observe the rotating flow in an oscillating droplet. The 

results showed that the increasing oscillation frequency 

can reduce the oscillation amplitude during the oscilla-

tion process. In 2015, WANG[20] reported an annular 

folded EW liquid lens, its optical power is tripled. In 

2019, LEE et al[21] proposed a multifunctional liquid lens 

driven by EW, which provides both variable focal length 

and variable aperture function. In 2021, WEN et al[22] 

introduced the correlation of dynamic contact angle into 

the numerical model, and studied the droplet detachment 

process and critical conditions in the EW process. 

In this work, a non-conductive droplet on planar elec-

trode is actuated by EW in surrounding fluid. The contact 

angle and height of the droplet at different voltages are 

monitored in experiment and are simulated via COM-

SOL. Series of experiments are carried out to verify the 

simulation of COMSOL. The results show that the cor-

responding contact angle and height increase linearly 

with voltages. When voltages are modulated from 50 V 

to 140 V, the variation of contact angle achieves 118.78°, 

and the variation of the droplet height reach up to 

3.194 mm. As the system of droplet and surrounding 

liquid acts as a positive lens, whose focal length varies 

from 87.153 mm to 42.963 mm. Relevant research will 

promote the development of EW and further provide 

reference for the research of liquid lens. 

The structure of EW system is shown in Fig.1. The 

planner electrode is a photoetching indium-tin oxide 

(ITO) glass (19 mm×24 mm) shown in Fig.1(a). 

~5-μm-thick SU8 is spin-coated on the electrode as a 

dielectric layer, and then ~7 mm diameter fluoropel cy-

top is coated on the dielectric layer to reduce the friction 

during movement of the droplet. About 30 μL phenyl-

methyl silicone oil droplet is dropped onto the specific 

area, which is surrounded by immiscible conductive 
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liquid (propylene glycol (PG) containing with 1wt% 

tetrabutylammonium chloride (TBAC)). The relevant 

parameters are listed in Tab.1 (at room temperature 

20 ℃). 

 

 
 

 
 

 
 

 

Fig.1 Structure drawing of EW system: (a) Structure of 
planar electrode; (b) The cross-section view of EW; (c) 
Initial state U=0 V; (d) Working state U≠0 V 

Tab.1 Parameters of liquid media 

 
Phenylmethyl 

silicon oil 
PG 

Density (g/cm3) ~1.08 ~1.035 

Dielectric constant ~2.6—3.0 ~22 

Refractive index ~1.48 ~1.43 

Surface tension 

(mN/m) 
~21—28.5 ~38 

Viscosity (mPa·s) ~50—80 ~56 

 

A sinusoidal alternating current (AC) signal generated 

by a function generator is amplified by a power amplifier, 

whose frequency is 500 Hz. When the voltage is zero 

(U=0 V), the droplet shape is assumed to be spherical 

since the two liquids have the same density approxi-

mately, which is shown in Fig.1(c). When voltage is ap-

plied, the droplet begins to contract inward shown in 

Fig.1(d). Fig.2 provides the schematic diagram of the 

contact angle measurement of droplet. 
 

 

Fig.2 Schematic diagram of the measurement system 
 

Column (a) in Fig.3 provides the profile evolution of 

silicon oil droplet captured by SCI3000F (shown in Fig.2) 

at 0 V, 60 V, 80 V, 100 V, 120 V and 140 V, respec-

tively, while column (b) in Fig.3 shows the correspond-

ing profiles of droplet at different voltages simulated by 

COMSOL. Here COMSOL Multiphysics 5.4(a) is em-

ployed to simulate the evolution of EW-driven droplet 

shrinkage, and the related parameters are provided in 

Tab.2. It is easy to find that the simulated profile of 

droplets at different voltage coincides with that in ex-

periment, the wettability of the conductive liquid on 

the solid surface is changed in term of EW theory, 

consequently the shape of the insulating droplet 

changes with it
[23]

. 

Fig.4 illustrates the contact angle and the height of 

droplet versus working voltage measured in experiment, 

which are repeated 3 times at fresh sample. When the 

voltage is in the range of 0—50 V, no obvious change 

appears in droplet profile. We define that the droplet is in 

the static state, and 50 V is the threshold voltage. The 

authors assume that the existence of threshold voltage is 

mainly caused by the pinning effect of EW[24]. Above the 

threshold voltage, the droplet starts to contract inward and 

visible change of contact angle and height for the silicon 

droplet can be observed. Continuously increase voltage, 

the contact angle and the height increase with voltage 

linearly. When the voltage is 140 V, the equilibrium 
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contact angle is 118.78° and the relevant stable height is 

3.194 mm. As shown in Fig.4, the variation of contact 

angle and the relative height increased by approximately 

72° and 1.68 mm, respectively when the voltage is in-

creased from 50 V to 140 V. 
 

 

Fig.3 Comparison of droplet profiles at different vol- 
tages in (a) experiment and (b) simulation 
 

Tab.2 Parameters of simulation model 

Parameter  Value Instruction 
θ (°)  45 Zero voltage contact angle 

γ (mN/m)   12.5 Surface tension 

εr 19 Dielectric constant difference 

 

 

Fig.4 The contact angle and height of droplet versus 
voltage 

 

Since the refractive index of silicone oil droplet is 

larger than that of the conductive liquid, and its profile is 

changed with the working voltage, the system of silicon 

oil droplet and surrounding liquid PG acts as a various 

focus positive lens.  

Fig.5 shows the sequential images “A” imaged by the 

system mentioned above at different voltages. As the 

voltage increases, the boundary of the silicone oil droplet 

shrinks, the contact angle and the height of the droplets 

are both increased. When working voltage is 60 V, an 

initially blurred image “A” is partially clear shown in 

Fig.5(a) and (b). The images “A” are both magnified and 

gradually clear when 80 V and 100 V are applied to the 

EW system in Fig.5(c) and (d). Its zoom performance is 

measured by the autofocus detection instrument[25]. 

 

 

(a)            (b)          (c)            (d) 

Fig.5 Captured images at different voltages: (a) U=0 V; 
(b) U=60 V; (c) U=80 V; (d) U=100 V 

 

Fig.6 is the variation of the relative focal length of the 

EW system at different voltages, where the line with 

hollow square is theoretical value while the line with 

hollow circle is measured in experiment. As expected, the 

focal length of our system decreases from 87.153 mm to 

42.963 mm when voltage increases from 50 V to 140 V. 

 

 

Fig.6 Relationship between focal length and voltage 
 

The focus of this work is to study the shrinkage of 

non-conductive droplet on planar electrode in surround-

ing fluid actuated by the EW. The profile evolution of 

droplets at different voltages is monitored in experiment 

and simulated by COMSOL. When the voltage is less 

than 50 V, the droplet is in a static state. When the vol- 

tage is in the range from 50 V to 140 V, the relative 

variation of contact angle and height reach 118.78° and 

3.194 mm, respectively. The various focal length of the 

EW system ranges from 87.153 mm to 42.963 mm. 
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