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Particle positioning and uniform electrical fields are enabling features for electrorotation experiments.
Different approaches have been proposed so far to position particles inside a chamber. Schnelle et al.
introduced the use of optical tweezers [1] while Han et al. showed that by modulation of two electrical
signals particles can be rotated while they are trapped by dielectrophoresis [2]. In both cases, additional
equipment is required, thus increasing both cost and complexity of the setup. For what concerns the
homogeneity of the electric field, vertical electrodes would bring clear advantages with respect to planar
electrodes[3]. Here we propose a microfabrication process for an electrorotation chamber consisting of
vertical electrodes with planar extensions at their base, to achieve particle rotation and cell positioning
with only four electrodes.

3D electrodes have the advantage that the electrical potential can be applied over the full channel
height. Therefore, the resulting electric field and the rotational torque will be homogenous, with the
torque independent from the z-position [3]. In the absence of dielectrophoretic forces in the direction
orthogonal to the chip surface, the cell would only be subjected to the torque and to the gravitational
force which might cause sedimentation in the time frame of the experiments. For this reason, we
propose to include planar electrodes, placed at the base of the vertical electrodes, extending toward the
center of the rotation chamber. These features would serve to induce levitation forces on the particles
and therefore enable the control of its z-position. We performed finite element simulations of the
structures represented in figure 1a, featuring parabolic electrodes of 50 um height and 60 um facing-
electrode spacing, in order to study the electric field generated. Planar electrodes extend from the 3D
structures by 10 um. We found that the resulting DEP forces in z-direction mainly affect the bottom part
of the rotation chamber (Fig. 1b). Furthermore, changes in the rotational torque along the z-axis are
minimal as there is less than 1% difference between the top and the bottom of the chamber (Fig. 1c). By
making use of negative DEP forces particles will automatically be placed in the center of the
microchamber, while the height of the particles can be adjusted with the amplitude of the applied
voltage, making use of the DEP levitation principle [4] (Fig. 1d). With such electrodes, it is thus possible
to achieve particle trapping in the center of the electrorotation chamber without the need for additional
signals and electrodes.
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Fig. 1: a) top view of the extruded 3D electrodes (green) and their planar features (blue) b) simulation of
DEP forces, the color indicates the z-component of the gradient of the electric field square (legend on
the right), while the arrows indicate the direction of the DEP forces c) electric field square along the
chamber centerline d) z-component of the gradient of the electric field square along the chamber
centerline for different applied voltages.



	Combination of vertical and planar electrodes for electrorotation and cell positioning in microchambers

