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We present an all-fluidic universal logic family1 operat-
ing at low Reynolds number in a two-phase flow in micro-
channel geometries. A bubble traveling in a channel rep-
resent a bit, providing us with the capability to simulta-
neously transport materials and perform logic operations.
Nonlinearities are introduced in the system by hydrody-
namic bubble-to-bubble interactions. We demonstrate
nonlinearity, bistability, cascadability, feedback and sig-
nal encoding, all the necessary attributes for a scalable
microfluidic computer.

Due to lack of droplet-level control mechanisms,
segmented-flow micro-reactors heavily depend on exter-
nal control. Bubble logic provides an internal flow-
control mechanism utilizing physical fluid dynamics pro-
viding a route to large scale droplet processors.

Previous attempts at all-fluidic computation used iner-
tial effects2 (high Reynolds number) or polymer blends3
(non-Newtonian fluids). Bubble Logic operates at both
low Reynolds number and in Newtonian fluids, allowing
us to operate at small length scales using common fluids.
Nonlinearity in laminar, reversible stokes flow in Bubble
Logic is introduced via bubble-to-bubble hydrodynamic
interactions.

Figura 1. Universal logic and memory. Top row depicts a
universal logic gate (AND and NOT) with a plot depicting
gain. Bottom row depicts one bit bistable memory, imple-
mented as a toggle flip-flop with a plot of bistability (in sur-
face energy) as a bubble traverses the microfluidic geometry.
Scale bar ∼ 100 µm.

Figura 2. Microfluidic ring oscillator depicting cascading
and feedback. Top inset depicts the schematic with three mi-
crofluidic AND gates connected in a ring configuration. Righ
column depicts a time series of steady state operation of the
oscilator at ∼ 10 Hz. Scale bar ∼ 200 µm.

The devices consists of 2D planar microchannel geome-
tries fabricated using soft-lithography in PDMS bonded
to glass. The data presented here is with Nitrogen as
a gaseous phase and water (with 2% Tween20 as a sur-
factant) as the liquid phase. Figure depicts device ge-
ometries for universal AND-NOT logic gate and a toggle
flip-flop. Propagation time for the logic gates and flip-
flop is ∼ 10ms. Figure depicts a ring oscillator consisting
of three AND gates and a delay line, demonstrating cas-
cading via a feedback circuit.

Bubble Logic provides an all-fluidic means of manip-
ulating both materials and information, merging chem-
istry and computation.
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