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Controlling wetting properties of silicon-based digital microfluidics systems

Microfluidics is a field of science growing rapidly since 2006. The number of microfluidics-based LOC (Lab-on-a-Chip) systems in medical diagnostics is growing by the day. The most important advantages of these systems over present day devices are their small size, the low price per device and rapid analysis of samples. Furthermore, required sample amounts are also minimal. Based on these facts, in cooperation with the Research Institute for Technical Physics and Material Science of the Hungarian Academy of Sciences (MTA TTK MFA MEMS Lab.), development of a digital microfluidics-based LOC system for biological sample analysis has begun.

The phenomenon of Electrowetting on Dielectric (EWOD) was observed on silicon-based chip prototypes. Electric and wetting properties of structural materials (insulator, hydrophobic layer) were measured, then estimations were made on the voltage necessary to actuate water droplets. The first successful actuation experiments were performed on previously manufactured thin film microstructures. When using direct current, an electrical double layer formed, which decreased repeatability. Applying square wave signal led to better results. Furthermore it was seen that above an optimal voltage value of 60 V an increase in voltage does not entail a significant improvement of actuation. Using these results, silicon-based single-plate digital microfluidic test chips were designed, manufactured and wired to Printed Circuit Boards. The first actuation experiments revealed that alternating current is of better use, since the application of direct current causes the electric double layer to charge. Upon application of a square wave with an amplitude of 100 V, inter-electrode actuation was achieved.

Moreover, a thin film based superhydrophobic surface was implemented and measured with respect to wetting, which may, over a long term, be the means to extend the useful lifetime of bioanalytic chips. Such surfaces have an outstanding hydrophobic quality and may protect bioanalytic chips from the damaging effects of biological samples.

The short-term goal is the improvement of sample actuation and implementing new basic functions (mixing, separation). An additional goal is the development of a programmable current source for the digital microfluidic chips. Based on the results our long-term goal is to implement a chip to be integrated in a LOC system capable of automatically analyzing and evaluating multiple biological samples.



