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● New paradigm for combining microfluidics, logic synthesis, physical design, 
and synthetic biology. 

● New architecture for microfluidics based on the placement of genetic circuits 
in discrete chambers for computation 

● Fluigi as a framework for a design flow going from a behavioral input file to a 
chip level behavioral simulation.

● Demonstrate Fluigi on all two and three input boolean functions as well as 
four specific example circuits. 

● Next milestone is to fabricate a chip using the photomask generated by Fluigi 
and demonstrate control of the fluid flow through the generated control code.

● Future work includes optimization of the place and route algorithm to 
maximize chip utilization and further development of additional benchmark 
circuits for synthetic biology applications. 

● The integration of microfluidics and synthetic biology has the capability to 
increase the scale of engineered biological systems for applications in cell-
based therapeutics and biosensors, and produce new rapid prototyping 
platforms for the characterization of genetic devices. 
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● Hypothetical chip 
structure used in Fluigi

● Chip C is composed of 
three types of tiles, 
logic, input, and output.

● Each tile is composed 
of a network of valves 
and chambers

● Input tiles highlighted 
in green.  Output tiles 
highlighted in red.

Logic circuit composed of inverters 
and NOR gates representing the 
function XOR

The same XOR gate implemented as 
genetic circuits in a single cell.  Red 
arcs indicate the cross talk between 
proteins.

Separating the complex circuit into 
multiple cells will not eliminate issues 
caused by crosstalk. 

Compartmentalization by microfluidic 
chambers will allow for precise 
application of input molecules to the 
circuit and potentially eliminated 
crosstalk. 

● Demonstrate Fluigi on all 2 input (Table 1)  and 
3 input (Table 2) boolean functions.

● Use of Fluigi reduces the number of control 
lines needed for both 2 input and 3 input 
benchmark circuits.

● Control line reduction most evident in larger 
chips, with chips size 6x6 or larger showing a 
minimum reduction of 50%.

● Demonstrate Fluigi on  four sample circuits: half 
adder, 4 input AND gate, 3 input XOR gate, 8-3 
encoder

● Output of Fluigi used both as a GUI for high 
level behavioral simulation and as a first 
approximation for photomask for chip 
fabrication

4 Input AND 3 Input XOR

Half Adder 8-3 Encoder

module half_adder (a, b,
 sum, carry );

input  a;
input  b;
output sum;
output carry;
assign sum = a^b;
assign carry = a&b;
endmodule
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