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Microfluidics is defined as experiments or analysis using very small quantities of liquids or gases.   Microfluidic chips are small devices used in a wide spectrum of experiments and range in size from 1 to 50 cm2.  In the current investigation, a protocol for fabricating microfluidic chips was designed in order to provide a method to model gas embolisms that occur in the bloodstream.  Microfluidic chips are well suited for this type of investigation because they contain tiny rectangular channels with cross-sectional dimensions in the 5 to 500 micron range depending upon the fabrication procedure.  The channels are molded out of a polymer called polydimethylsiloxane (PDMS) by first making an inverse mold.  The inverse mold is a glass slide with a polymer optical adhesive fixed on top in the desired configuration.  Making the reusable mold involves several steps.  First, a 2x3 mask is designed using a computer program in which the desired configuration is white and the rest of the rectangle is black.  The mask is printed onto a transparency permitting light to transmit through only to the configuration geometry.  Then, the polymer optical adhesive is poured into a PDMS frame and a glass slide is placed on top.  The mask is placed on top of the glass slide and UV light is applied for a fixed amount of time so that the configuration polymerizes onto the glass slide.  The height of the channels are controlled by regulating the time of exposure to the UV light source.  The rest of the optical adhesive can then be cleaned off, resulting in the completed mold.  PDMS is then poured on top on this mold and cured in an oven overnight at 70 °C.  The glass slide mold is then pealed back, resulting in a block of PDMS with imprinted channels.  The chip is then completed by sealing off the channels by attaching a glass slide to the PDMS.  Finally, a range of fluid access ports and fittings are used to provide access to the channels to perform experiments.  Plasma cleaning is essential in several steps of the protocol including the cleaning of the slide for the master as well as the cleaning of the slide and PDMS layer to bind them together.  The designs of the channels are limitless and allow for a wide range of experiments including the mixing of chemical solutions, filtering of solutions, liquid chromatography and microchemical reactors.  The advantages to these devices are their low cost, small sample size, high sensitivity and quick analysis.  With this fabrication protocol created and tested, undergraduate engineering students in a wide range of disciplines will now be able to perform laboratory exercises involving microfluidics.  

