
DJCM ‘t Mannetje, SJ Otten, R Lagraauw, AM Pit, D van den Ende, and F 
Mugele, UT

Drops moving across solid surfaces are a ubiquitous sight. We encounter 
them as rain drops on windows, windshields, and aircraft wings, in microfluidic 
devices, in cleaning, coating, and printing technology, and also in immersion 
lithography systems in the semiconductor industry. Frequently, it is desirable 
to remove drops from the surfaces by exposing to some driving force such as 
gravity, centrifugal forces, and drag forces from an ambient phase. Yet, wetting 
defects such as topographic heterogeneity and chemical heterogeneity can trap 
the drops and prevent them from being removed. The goal of this project is to 
understand the balance of forces that governs the attachment and the release 
of drops from wetting defects. The work is part of the FOM-IPP Contact Line 
Dynamics in collaboration with ASML and Océ.

We consider the generic situation of drops sliding down a plane of 
variable inclination angle. The surface consists of a flat polymer film with two 
submerged electrodes separated by a small gap. This electrode configuration 
creates a wetting defect for drop as it slides downhill and passes the gap 
between the electrodes. The resulting potential well is approximately parabolic 
as long as the drop overlaps with both electrodes. Its depth scales with the 
square of the applied voltage U, as usual in electrowetting. As drops slide 
down the inclined plane they either get trapped or pass the defect, depending 
or whether not the applied voltage exceeds a certain critical voltage Uc (see 
Fig. 1). Uc depends on the inclination angle, the drop size, and the viscosity. 
For highly viscous liquids, the drop motion is overdamped: the momentum 
equilibrates on a length scale small compared to the size (i.e. the width of the 
potential well). 
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Drop sliding down an inclined plane past a wetting defect of electrically tunable strength.
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In this case, drop trapping depends exclusively on whether or not the 
trapping voltage is strong enough to create a local minimum in the energy 
landscape experienced by the drop. For low viscosity liquids, however, the 
momentum does not equilibrate while the drop passes the trap. In this case, 
inertia can help the drop pass the wetting defect even if there is a local energy 
minimum. Upon normalizing both the gravitational driving force and the electrical 
trapping force by a characteristic viscous damping force, all experimental 
data can be summarized in a single trapping diagram as shown in Fig. 2. The 
straight line represents boundary between trapping and non-trapping in the 
purely viscous regime, the curved line represents the full model including inertia, 
which turns out to be crucial for aqueous drops of millimetric size. (The shifted 
lines take into account a specific reduction of the intrinsic contact angle due to 
AC electrowetting within the trap.) 

Additional experiments suggest that the electrically controlled traps 
discussed here can be used as very flexible tools to control the motion of drops 
in microfluidic two-phase flows.

Trapping diagram. Normalized driving force vs. trapping force. Green symbols: passing 
drops. Red symbols: trapped drops. Inset: highly viscous glycerol drops.


