APPLICATION NOTE 4:
LASER WELDING MICROFLUIDIC DEVICES

Situation

A promising analytical tool for biochemical analyses is a microfluidic device
commonly called a "lab-on-a-chip." These devices are fabricated using photolithographic
processes to create circuits of tiny chambers and channels to direct the flow of chemical
reagents in a quartz, silica or glass chips. Uniquely suited to small-scale analyses,
microfluidic devices can be fabricated with many channels, allowing for massively
parallel analyses at reasonable cost.
Mass production of these chips is key to driving down both manufacturing and
testing costs. As a result, silicon-based fabrication technologies are being replaced
with technologies based on plastic components. Plastic-based chips with integrated
circuits are less expensive than their silicon counterparts, and are easier to manufacture and handle, enabling the development of lower-cost, more robust and flexible
devices.
Typical methods of bonding:
• Adhesives create a bond between the parts rather than a true weld. However,
they can degrade, require long cure times and create aesthetic problems. In
addition, they can contaminate channel areas.
• Solvent bonding uses chemicals to attack and melt the plastic to form a bond. In
addition to aesthetic problems, use of large volumes of solvents in the work
place can give rise to environmental and safety concerns.
• Diffusion bonding creates a bond between two parts by applying high pressure
at an elevated temperature over an extended period of time. Excessive pressure
can deform the materials being joined.
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Laser Welding Microfluidic Devices
Laser Welding

Laser welding uses high-density, near-infrared (NIR) energy that passes through an IRtransmissive substrate to an IR-absorbing substrate, where it is converted to heat, producing
hermetically sealed welds with minimal material displacement and thermal and mechanical
stress. It does not involve vibration, so it does not cause mechanical damage to a part or generate
particulates. Nor does it pose environmental concerns. The process requires near-infrared-absorbing
materials in the form of coatings, resins or the more traditional carbon black. Factors to consider
include:
• Part design - The most significant challenge associated with welding microfluidic devices
is the maintenance of channel integrity. In any heating process, the edges of a channel
can collapse, and reducing its diameter. The Clearweld process provides for better
control of material displacement than other welding methods. .
• Infrared Absorbers - Carbon black, Clearweld coatings and Clearweld weldable resins all
absorb infrared energy. Carbon black and weldable resins accommodate welding of duallayer microfluidic devices, but not multiple-layer devices. In addition, these absorbers
become encapsulated in the channel geometries, causing overheating and compromising
their integrity. Coatings permit more localized heating and welding of multiple-layer devices.
• Laser - The surface areas to be welded indicate use of a scanning or curtain type laser.
• Solution - Since the spacing between channels is very small, and it is extremely difficult to
apply coatings without affecting the edges of the channels, the optimum method of
forming a laser-weldable microfluidic device is to apply a thin, uniform coating of Clearweld
to the non-channeled portion of the device. This is best achieved by spraying a coating
with low absorber concentration onto the entire surface. The low concentration prevents
over-heating of the edges of the channels. When the parts are exposed to laser energy,
the areas of plastic-to-plastic contact will form a weld. The areas above the channels will
not weld, and the coating will be dissipated by the laser energy. The coating is typically
applied by means of an EFD 781S spray valve.
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