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In the microfluidic design space, there are different considerations that impact the ability to 
go from concept to a functional device with the expected performance. In some microfluidic 
designs, the geometry of the channel, the sharpness of features, and the materials and 
method of manufacture all impact the device performance. This is particularly true for 

generating droplets that are less than 100 
microns in diameter, where the size and 
sharpness of the nozzle is important for 
consistent droplet sizes. For acoustic 
microfluidics, the sharpness of corner features 
enhances the acoustic forces that create fluid 
flow and separations in the device.  

However, there are many applications for which the geometry of the channels is not 
important for the performance of the device, but provides a means for transporting and 
combining fluids to execute a workflow. An example of this would be the execution of a 
standard sandwich immunoassay where sample, detection antibodies, washes and readout 
reagents are combined, mixed, and delivered sequentially to a detection region where a 
capture antibody is bound to a surface. 

One could think of these two different design regimes in microfluidics as the very small 
features that are critical for function being similar to microprocessors in an integrated circuit, 
while the latter, which involves toggling fluids around in a circuit, and is more akin to printed 
circuit boards that often support the function of integrated circuits. In fact, the equations 
used to describe pressure drops in fluid circuits are parallel to the resistance in electronic 
circuit boards. (historically, however, the development of the concepts and equations for 
electrons moving in bulk copper traces was borrowed from fluid dynamics…we have come full 
circle!) 

Much of the development that is done for point of care products 
involves the application of a ‘fluid circuit’(FC) to move small 
volumes around that are controlled by considering pressure drops 
in the system, while life science tools (including the study of cells) 
often make use of ‘integrated fluid circuit’ (IFC) where geometries 
and surfaces are critical to function. As with electronics, the 
microfluidic ‘integrated fluid circuit’ is managed using a ‘fluid 
circuit’ to interface liquids and reagents from the bulk (or, to use 

the electronics analogy, plugging into the wall to get a source of electrons).  
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Manufacturing considerations can now be segregated into those processes that are suitable 
for a ‘fluid circuit’ (FC) and those for an ‘integrated fluid circuit’ (IFC).  

When the need for moving fluids and combining them to transition from a benchtop workflow 
to a Lab on Chip consumable, designs should remain in the realm of FCs. For regulated 

products, the shortest path to commercial product will be those for 
which instrument control is used to verify and provide control. The 
term ‘passive control’ is an oxymoron. In the FC regime, the 
manufacturing options are greater and designs should focus on 
standard manufacturing processes including injection molding, 
where standard tooling is used to get to minimum feature sizes of 
~250 microns in the x-y plane, and ~50 microns in the z-axis, and 

stamping or laser cutting with eventual roll to roll processing, 
where minimum features in the x-y plane are ~500 microns, and 
~50 in the z-axis. Typically, a combination of manufacturing 
methods will be needed to achieve all the functional 
requirements of the device, including an electrochemical or 
optical detection component, reagent storage and any on-board 
valves and vents or other porous membranes.  

For life science tools where IFCs are typically implemented, the manufacturing methods  
become more exotic, highly specialized and hence expensive, with long cycle times for the 
design build test process. These manufacturing processes include glass etching, nanoimprint 
lithography, MEMS processes, and specialized injection molding processes. In this regime, 
confining the IFC to a small footprint and considering how it will integrate with an FC will lead 
to manufacture at scale with a cost of goods compatible with commercial constraints.  

To develop products that implement IFCs, ALine has developed a standard methodology to 
integrate small, specialized components into FCs. Our approach is to design and implement a  

‘fluidic motherboard’ in which small pop-on modules are 
integrated with a fluid circuit that manages the workflow to and 
from the smaller, more specialized component. This is a handy 
was to optimize components of the system such as reagent 
dispense and dry down as well as for sample collection or 
detection components which undergo a number of rapid changes 
early in the development process. 

Here at ALine, we understand the complexities from the 
viewpoint of the type of microfluidic  and the 
manufacturing processes available, along with the 
requirements for integration. We guide our customers to 
consider device architectures that will produce products 
that can be manufactured at a price point consistent with 
the market need.  


