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A micro-manipulation technique is in high demand because of recent development of engineering
technology. In this study, the electrostatic method using a single probe is focused. The manipulation system
consists of three elements: a conductive probe as a manipulator, a conductive plate as a substrate, and a
micro-dielectric particle as the target object for manipulation. The objective of the present study is to
clarify the mechanism and improve the reliability of electrostatic manipulation of a micro-dielectric
particle using a single probe. A model considering surface conductivity and adhesional force is proposed.
Detachment voltage, the voltage to detach a micro-dielectric particle, is evaluated by comparing the
Coulomb force due to surface charge and adhesinal force. Time constant for the surface charge induction is
obtained from the multiplication of surface resistance and surface capacitance that are evaluated
respectively by surface conductivity and geometry of the system. The theoretical analysis clarify that the
model is able to predict a dielectric-micro particle’s behavior and surface current. To identify the
specifications of the theoretical model, an experimental setting of the electrostatic manipulation is
configured. A tungsten wire with hemispherical tip is employed as the probe. A flat stainless-steel plate is
employed as the substrate plate. Four kinds of particles are used: amorphous silica particle, soda-lime glass
particle, polymethyl methacrylate particle coated by conductive polymer, and polystyrene particle coated
by surfactant. The detachment voltage and the time constant are obtained from the experimental
measurments. Moreover, the surface resistance and the surface capacitance are individually obtained from
the experimental measurement and the numerical analysis. These results clarify that the model is valid, and
the specifications are identified from the measurements of mechanical and electric behavior of the particle.
On the basis of the model and the variances of the specifications, success probability of the electrostatic
manipulation is obtained, and it is compared to the result of manipulation experiment of the particle by
applying a rectangular pulse voltage. This comparison clarify that the model predicts the behavior of the

particle, and provides the effective methodology for the electrostatic manipulation.
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