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Abstract 

Early computing devices were mechanical, but have since been far superseded by 

microelectronics. The field of microfluidics has endeavored to bring the advantages of 

integrated circuits to chemical and biological processes. However, true monolithic 

integration in microfluidics has been stymied by the need to control on-chip pumps and 

valves with off-chip electronics and pneumatic components that negatively impact 

system cost, usability, and size. Pneumatic microfluidic valves are similar in many ways 

to electronic transistors, suggesting the possibility of constructing mechanical 

computers out of microfluidic circuits. Following this strategy, we have demonstrated 

oscillators, flip-slops, counters, programmable logic arrays, and a programmable finite 

state machine. These have been employed for the control of peristaltic pumping, serial 

dilution, and sequential dispensing, mixing, and washing operations. Our approach 

allows liquid handling circuitry and all associated control logic to be integrated together 

on a single microfluidic chip. These devices contain no electronics and are powered by 

a static pressure differential. We envision that this technology will be attractive for point-

of-are medical applications. 
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