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A ° TABLE I. RESULTS OF FLUIGI FOR TwWO INPUT BENCHMARK
CIRCUITS * Demonstrate Fluigi on all 2 input (Table 1) and
Chip Number Average Average Average Average 3 input (Table 2) boolean functions.
P
Size of 2 Input | Tile Unoptimized Optimized Line
B ;“‘“ Circuits E;?gﬂ Control Lines | Lines ﬁ;‘;‘”““““ * Use of Fluigi reduces the number of control
tiles) lines needed for both 2 input and 3 input
. i . . . 4x4 4 23.44 10.75 8 25.89 I I
Logic circuit composed of inverters The same XOR gate implemented as 55 | 4 31.00 1525 2 3376 benchmark circuits.
and NOR gates representing the genetic circuits in a single cell. Red ox6 |2 S > U 200 « Control line reduction most evident in larger
function XOR arcs indicate the cross talk between chips, with chips size 6x6 or larger showing a
proteins_ TABLE II. RESULTS OF FLUIGI FOR THREE INPUT BENCHMARK minimum redUCtion Of 50%
CIRCUITS .
5‘;,5‘5,5‘ 5}-‘35}‘ Chip T Number [ Average | Average [ Average [ Averags  Demonstrate Fluigi on four sample circuits: half
0 & o, ¢ go s g0 1Z¢ O ree 11e Ile[lII‘llZE p[lIl’llZ.E me . .
"F N A e (tiles Input Usage Control Lines Lines Reduction adder, 4 |npUt AND gate, 3 |npUt XOR gate, 8-3
C 8( i ] i ; " > " X Circuits (%) (%) encoder
| - g &7 % 7 Ko tiles)
0 A A % A 4x4 12 23.44 10.75 8.00 25.89 o - .
N~ LIz : : a ot sl L - s Output of Fluigi used both as a GUI for high
6x6 125 3453 4318 20.81 51.09 level behavioral simulation and as a first
X7 57 41.28 72.05 28.86 59.45 . . .
’:? o T3 42.50 100.00 29.80 70.22 app.rOX|_mat|on for photomask for chip
T 4 . fabrication
| a T
CEA_-i ( A—@ 'ﬁ‘ TABLE III. RESULTS OF FLUIGI FOR EXAMPLE CIRCUITS
558
F- Circuit Chip Size | Gates % Tile Usage | IO % 10 Usage Unoptimized | Optimized %  Control Average Channel
(tiles x | Used Locations Control Control Line Channel Length
. . T . ) . Lo tiles) Used Lines Lines Reduction Length (px) Variation (px)
Separating the complex circuit into Compartmentalization by microfluidic — — = — = — = = — = =
multiple cells will not eliminate issues chambers will allow for precise HALF 6x6 5 167 8 40.00 51 07 75 244 144
. . . ADDER
caused by crosstalk. application of input molecules to the XOR3 X7 26 53.06 [ 4583 90 29 67.78 219 120
Circuit and potentia”y eliminated 8-3ENC 8x 8 30 46.88 15 53.57 102 17 83.33 227 156
crosstalk.
4 Input AND 3 Input XOR
Tile ¢t
CHIP C ouTPUT| | . - N
- Gate g =NOT Nor, oy O
i I‘jeﬁhark n * Hypothetical chip oUTPUT
o+ @ 4 | structure used in Fluigi
T Chip Cis composed of im NOR NOR :]. :I"
B —tt @ three types of tiles,
logic, input, and output. - = :]' :]'
NOT . _NOT ~ NOR N\
* Each tile is composed :]. :]. :]. ':].
@ - - Network n of a network of valves L e 1 1
NOR NOT and chambers
* Input tiles highlighted .. OUTPUT =
_ _ OUTPUT =
e D i aroen. Ootond ties SR ST | o o | e |
highlighted in red. Ir
; @ Valves V={v, v, v, v, V] Half Adder 8-3 Encoder
@+ Chambers H=1{h_, h,, h } - - - T = N :]‘,l
module half _adder (a, b,
sum, carry ); Y e o0
input a am | —EH
input b; A I|>” —
output sum; |
output carry;
assign sum = a’b; \: o1
assign carry = a&b; . " :]‘
endmodule USER . k/ 2 4
SPECIFICATION svnTHESS (T T 0-ariasiasiar | <N
53 NOR SUM=A"B o1=d7|d6|d3|d2
CARRY=A&B 02=d7 | d6 | d5 | d4 <
Place Route Optimize Valve Control . B _ i o, . @

sy e @& ! @ DISCUSSION AND FUTURE WORK
m i‘ = \ N digm f b fluidics, | h h | d
- o ) * New paradigm for combining microfluidics, logic synthesis, physical design,
O Eon_ e T oe [ and synthetic biology.
0+-"le: HE:":E: L e D * New architecture for microfluidics based on the placement of genetic circuits
o T |TH|TH T I In discrete chambers for computation
— — — e . . . . .
o & & & & me o % P b 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
SIMULATION four specific example circuits.
E ® 8 ®E B oo * Next milestone is to fabricate a ch.ip using the photomask generated by Fluigi
and demonstrate control of the fluid flow through the generated control code.
0 B O * 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.
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* The integration of microfluidics and synthetic biology has the capabillity to
iIncrease 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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