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Digital microfluidic systems (DMFS) are a new class of lab-on-a-chip sys-

tems for biochemical analysis. A DMFS uses electrowetting to manipulate discrete

droplets on a planar array of electrodes. The chemical analysis is performed by re-

peatedly moving, mixing, and splitting droplets on the electrodes. In this thesis, we

present an algorithm for coordinating droplet movement in batch mode operations

on DMFS layouts, particularly ring layouts, with bus-phase addressing. In bus-phase

systems, individual electrodes are not directly addressable, instead a set of electrodes

are all controlled by the same signal. Though this hardware design simplifies chip

fabrication, it increases the complexity of routing droplets. The presented algorithm

uses the structure of ring layouts to perform droplet collision detection and avoid-

ance, and to generate electrode activations. Droplet injection and mixing operations

are scheduled in a greedy manner. The algorithm allows multiple independent and

chain reactions to take place simultaneously on the chip and also addresses sensor

constraints under which droplets need to visit sensor locations for specified amounts

of time. This algorithm is scalable to different number of reactions within a limit

that depends on the size of the layout, placement of sources, and number of phases

used. Deadlock scenarios, that give an insight into the performance of the algorithm

for continuous mode operations, have been identified. We present simulation results

using our algorithm to coordinate droplet movement for example analyses on two

kinds of ring layouts: dual and synchronous. We also present performance evalua-

tions of the layouts with different number of mixers and different phase assignments.

We also present our preliminary work towards interfacing our algorithm with DMFS

chips designed and fabricated at RPI.
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