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Abstract

Electrowetting on dielectric devices use a conducting (water) and insulating (oil) liquid
phase, in conjunction, on a dielectric layer . In these devices, the wetting properties of the
liquid phases can be manipulated by applying an electric field. The electric field can rupture
the initially flat oil film and promotes further dewetting of the oil . Here we investigate a
problem in the operation of electrowetting on dielectric caused by a finite conductivity of
the oil. In particular, we find that the voltage at which the oil film ruptures sensitive to the
application of relatively low DC voltages prior to switching. Here, we systematically
investigate this dependence by controlled driving schemes. The mechanism behind these
history effects point to charge transport processes in the dielectric and the oil, which can be
modeled and characterized by a decay time. We used COMSOL Multiphysics 5.2a as the
finite element modeling (FEM) solver to simulate the rupture behavior of oil film. Based on
the charge transport equation and Gauss's law, electrostatic field calculations are
performed on a hydrodynamically resolved fluid-fluid interface. In addition, a simplified yet
accurate equivalent circuit model is developed to analyze larger data sets more
conveniently. The experimental data support the hypothesis that each pixel can be
characterized by a single decay time. We studied an ensemble of pixels and found that they
show a rather broad distribution of decay times with an average value of about 440ms.
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Figure 1: Electric field on a log-scale as obtained in the finite element simulation based on
COMSOL. The meniscus position is indicated by the white line.
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