Design and construction of a micro-milled fluidic device as part of a DNA biosensor
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Under the Optonanogen project (EU contract IST-2001237239), a novel biosensor has been developed, which incorporates a disposable acrylic (PMMA) fluidic header [1].  This biosensor relies on a micro-cantilever array which is etched into a silicon chip and contained within the header.  Nucleic acids are immobilised on one side of each of the 20 cantilevers, then upon injection of a biological sample over the cantilevers, hybridisation of DNA contained within the sample (and complementary to the immobilised nucleic acids) generates surface stresses on the cantilever and causes bending.  The cantilever deflection is then detected optically using laser and micro-lens arrays.  The sensor was initially designed to detect human gene mutations, particularly those associated with breast cancer, and miniaturises this form of diagnostic test [2].  This paper, however, concentrates on the fluidic design of the header, its ease of use and the ability to deliver the test sample to the cantilevers.
The initial stage involved the design of a header to deliver a single sample to the sensor chip (and cantilevers), where the main channel was wide enough to feed all 20 cantilevers.  The assembled disposable header is pictured in Figure 1 together with its manifold onto which it plugs.  As a single chip supports 20 cantilevers, each with an associated optical sensor, an alternative manifold and header design has also been tested, which permits the simultaneous processing of 20 separate test samples over each cantilever.  This would significantly decrease the time taken to process a set of samples.  Although all 20 cantilevers are etched into a single silicon chip, the header has been assembled such that the fluid channels remain isolated from each other.  The assembled header and manifold are pictured in Figure 2.


    (a)



    (b)

[image: image5.jpg]


  [image: image1.jpg]


        [image: image2.jpg]



Figure 1:  Acrylic construction of (a) single channel fluid header and (b) inlet/outlet manifold.
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Figure 2:  Acrylic construction of (a) 20 channel fluid header and (b) inlet/outlet manifold.

The headers are fabricated from acrylic which is mechanically milled using a Datron micro-mill, comfortably achieving channel dimensions down to 150μm wide and 100μm deep ±10μm.  Direct milling of components permits rapid turn around of new test devices and design modifications are handled by simple adjustment of the CAM macro.  Multiple acrylic layers are then aligned using simple steel dowel pins and bonded using MMA, together with an applied pressure and elevated temperature.  Fluid sealing is aided by the use of a silicone elastomer gasket, formed using custom moulds which are again fabricated using the micro-mill.  The layers encasing the fluid channels then screw down to an acrylic base which clamps over the gasket and forms the disposable part of the device.  This then plugs onto an acrylic manifold which is a permanent component within the sensor instrument.  Figure 3 illustrates schematically how these parts simply plug together and can repeatedly form a seal.  The header can also be disassembled making it easy to change various components, and which is a useful feature at the development stage.  Injection moulding of the acrylic components has also been investigated as a low cost alternative for high volume production.


Figure 3:  Schematic of disposable header and manifold

Even when priming using, for example, an IPA solution, reliable priming of the cantilevers without a visual check is challenging, due mainly to the cantilever geometry and stagnant region beneath the cantilevers.  Systems which are difficult to prime do not necessary lend themselves to automation, and although priming with the aid of CO2 may be a consideration, it was felt good practice to first improve the geometric design.  To address this in the 20 channel header, dead-volumes, steps and cross-sectional changes within the channels were removed where possible, which significantly removed the likelihood of a bubble becoming trapped.  However, the chip and cantilever geometry is formed by dry etching processes, which inherently forms angular geometry, and is important for the mechanical properties of the cantilevers.  Therefore a novel valve has been designed and tested which permits fluid to pass down through the chip to a common priming port under certain conditions, thus removing any bubbles beneath the cantilevers, but maintains isolation between the 20 channels under normal operational conditions.  The valve has been designed with the aid of the finite element package, ANSYS, to investigate the effect of geometric modifications.  
In general, a micro-milled fluidic header tested and has been refined to limit the dead volume, ease priming and conveniently interface with a manifold within the sensor instrument.  The header also has the ability to process multiple samples, thus reducing fabrication costs, and biological sample processing time and complexity.  Novel design of a valve eases priming of the cantilever chip and fluid channels. 
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Acrylic layer retaining gasket and attached using screws to upper layers
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