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Abstract. An advanced combinational microfluidic multiplexer capable to address multiple 
fluidic channels for fuel cell reactors is proposed. Using only 4 control lines and two different 
levels of control pressures, the proposed multiplexer addresses up to 19 fluidic channels, at 
least two times larger than the previous microfluidic multiplexers. The present multiplexer 
providing high control efficiency and simple structure for channel addressing would be used in 
the application areas of the integrated microfluidic systems such as fuel cell reactors and 
dynamic pressure generators. 

1.  Introduction 
The micro fuel cell system requires simple and effective fluidic control system for the optimal amount 
of fuel delivery into multiple reaction chambers. Without effective fluidic control, the micro fuel cell 
requires numerous fluidic components in proportional to the number of the chambers, thus increasing 
costs for fuel cell systems. The effective microfluidic control system is essential to develop cheaper 
and more reliable micro fuel cell system.  
 
Several microfluidic multiplexers for channel addressing have been proposed. The binary multiplexers 
analogic to electronic multiplexers are based on digital operation of pneumatic valves. They addressed 
up to 2n/2 channels using n control lines [1]. Previously, we had reported a high-radix microfluidic 
multiplexer based on the ternary or quaternary operation of pneumatic valves [2]. The valves in the 
high-radix multiplexers have different threshold pressures according to the membrane areas, thus 
providing high-radix operation. The ternary and quaternary multiplexers were capable to address 3n/2 

and 4n/2 channels, using n control lines, respectively.  
 

In this work, the proposed advanced combinational multiplexer based on the pressure combination in 
the control lines. By using 4 control lines, the present advanced combinational multiplexer can address 
up to 19 fluidic channels, at least three times larger than the previous binary and combinational 
multiplexers capable of only 4 and 6 channels, respectively. Even the ternary multiplexer was able to 
address 9 channels, a half of the proposed multiplexer using the same control lines. The present 
advanced combinational multiplexer having the high efficiency and simple structure can be widely 
used in the application areas of the integrated microfluidic systems such as fuel cell reactors and 
dynamic pressure generators. 
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