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Toward Repeatable Assembly of Polymer, 
Modular Multi-scale Fluidic Systems 

Michael C. Murphy 
Micro- and nanofluidics have the potential to greatly accelerate the time to 

an answer for clinicians, escaping the paradigm of waiting for blood or fluid 
samples to go and return from a clinical laboratory, and leading toward an 
era of truly personalized medicine. While many of the instruments used in 
molecular analysis are similar, the software – the reagents, sequence of steps, 
and time required for each assay - are frequently different. A modular approach 
to device and system architecture will allow the assembly of a toolkit of 
different devices into disease- specific instruments, for more precise 
knowledge to serve as the foundation for clinical decisions. Polymer modules 
are mass producible, potentially lowering the cost of the information and 
making it more widely accessible. 

Development of a modular system architecture requires repeatable, 
precise assembly technology which is more challenging when working with 
polymers. There are three facets to any assembly process: alignment, sealing, 
and bonding. We have used passive kinematic alignment structures to exactly 
constrain polymer modules with better than 20 μm)  accuracy. Monte Carlo 
methods were used to propagate manufacturing variations through the 
assembled modules and estimate the accuracy of the final assembly. Modularity 
requires fluidic seals and interconnects to transport analytes between modules. 
Many proposed solutions either introduce additional parts such as gaskets, or 
alter the precision of the assembly by introducing either over- or under-
constraint. The combination of the micro- and the nanoscale provides an elegant 
solution. Gasketless seals, based on capillary forces, do not affect the alignment 
of adjoining components and are virtually dead volume free. Parallel 
superhydrophobic interfaces – produced by nano-imprinting or deposition - 
around a fluid port facilitate the transport of fluids between components and 
can be used in single port or highly parallel formats, like microtiter plate-based 
microfluidic systems, with equal ease. Measured rupture pressures for the liquid 
bridges have verified models based on the Laplace equation and the attainable 
pressures are within the range encountered in microfluidic devices. Bonding 
should be fast, repeatable, and not affect device performance. We have 
demonstrated a method of pressure-assisted boiling point (PABP) thermal 
fusion bonding (TFB) which bonds in 15 minutes by immersing stacks of 
polymer chips in boiling water, which ensures uniform temperature and 
pressure boundary conditions. A closed loop controller was implemented to 
remove the operator from the process and channels with aspect ratios down 
to 1:100 were successfully bonded and rupture tested. 

These methods have been applied to high flow rate modules to capture rare 
target cells from whole blood and the differentiation of the type of stroke. 

 


