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1. Abstract

Microfluidic and nanofluidic technologies have long sought a fast, reliable
method to overcome the creative limitations of planar fabrication methods, the
resolution limits of lithography, and the materials limitations for fast-prototyping.
In the present work, we demonstrate direct 3D machining of sub-micron diameter,
sub-surface fluidic channels in glass, via optical breakdown near critical intensity,
using a femtosecond pulsed laser. No post-exposure etching or bonding is
required; the channel network (or almost any arbitrary-shaped cavity below the
surface) is produced directly “from art-to-part’. The key to this approach is to
perform the femtosecond laser machining in the presence of liquid. Microbubbles
that expanding as a result of laser energy deposition gently extrude machining
debris from the channels. These bubbles are in a highly damped, low Reynolds
number regime, implying that surface spalling due to bubble collapse is
unimportant. We demonstrate rapid prototyping of three-dimensional “jumpers”,
mixers, and other key components of complex 3D microscale analysis systems
in glass substrates
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Ch a n n el ’ : "art-to-part" construction of micro- and nanofluidic devices with potential to dramatically accelerate
development of pTAS applications such as integrated HPLC devices, micro scale sensors, and
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