
SUMMARY
We present a case study describing the design, fabrication, and application of a hybrid microfluidic-optical device 
that integrates an array of diffractive lenses into an injection-molded microfluidic droplet generator device.  As a 
microfluidic feature, droplet generators can create single or parallel channel streams of single cell suspensions or oil/
aqueous droplets containing cells, reagents or beads used as a tool for research and diagnostic testing.  One example 
of this is the emerging use of digital-droplet polymerase chain reaction (dd-PCR) techniques for molecular diagnostics 
in which fluorophores are used as a means of optical detection.

The benefits of an integrated lens within such a device enable:

 § Improved detection efficiency - collecting and amplifying low-level optical signals (e.g. fluorescence) with an 
enhanced signal/noise ratio (SNR) and capable of magnifying micron-scale elements,

 § Increasing throughput - allowing designs that accommodate massive parallelization for sample manipulation/
delivery and optical detection, e.g., up to 10,000 droplets per second,

 § Reducing overall cost - using low cost, reproducible injection molding techniques to create features in consumable 
parts that substitute for complex and costly optical detection elements as part of a larger system.
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INTRODUCTION
Microfluidic platforms for in-vitro diagnostic applications are emerging from research applications into broader 
commercial acceptance, delivering on the benefits of reduced reagent costs and relocating testing from larger 
laboratories to remote testing facilities, e.g., Point-of-Care/Need.  One factor restraining the growth of these microfluidic 
applications centers on the premise that the smaller liquid volumes utilized (micro-, nano- and pico-liters) often do not 
provide a sufficient and detectable amount of the target entity to produce a reproducible signal for a result.  Techniques 
such as digital droplet-PCR and fluorescence-activated cell sorting (FACS) on a flow cytometry platform demonstrate 
that while it is mechanically feasible to miniaturize the sample size, the challenge of measuring low levels of signal and 
discriminating signal from background remains.
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