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Microfluidics
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Microfluidic chip
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Microfluidic mixing
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Cilia in nature

Dartmouth Electron Microscope Facility
Mammalian lung SEM

Nikon MicrosopyU digital video gallery, Paramecium (protozoan)
Khatavkar et al. in Phys. Fluids (2007) doi:10.1063/1.2762206
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Goal

— use artificial cilia to achieve
pumping & mixing in microfluidics
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Goal

— use artificial cilia to achieve
pumping & mixing in microfluidics

How?
high aspect-ratio
polymer material

magnetic actuation



Magnetic artificial cilia

Actuation by magnetic field RS e
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Magnetic actuation forces
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Induced versus permanent

superparamagnetic material, ferromagnetic material,
induced magnetic moment permanent magnetic moment

M=XxH, M=M




Induced versus permanent

superparamagnetic material,
induced magnetic moment
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ferromagnetic material,
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scale-invariant
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Large artificial cilium - fabrication

Polymer polydimethylsiloxane
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Large artificial cilium - fabrication

Polymer polydimethylsiloxane (PDMS)

... made permanently magnetic by doping with

ferromagnetic particles, 70nm Fe@C




Large artificial cilium - fabrication

Polymer polydimethylsiloxane (PDMS)
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Large artificial cilium - response
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Micro-fabrication

High aspect-ratio for high deflection

Horizontal fabrication by
sacrificial layer lift-off technique




Micro-fabrication — procedure

PDMS 1N

sacrificial layer

Horizontal fabrication by
sacrificial layer lift-off technique
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Micro-fabrication — procedure

photoresist Il
photosensitive PDMS I
sacrificial layer




Micro-fabrication — result
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Micro-fab
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Micro-fabrication — result
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Micro-fabrication — long cilia




Conclusion

Permanently magnetic artificial cilia bend in a
perpendicular magnetic field

scaling independent

p3 aspect-ratio dependence

perform better than cilia with induced moment

Experiment confirms order-of-magnitude theory

Micro-fabrication of artificial cilia was shown




Outlook

* Details of fabrication procedure

ifhage cbuesy of Braics Fabimi— . -
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- parameters

* Multiple cilia in a
microfluidic channel

- mask design

* Actuation for mixing and pumping



thank you for your attention
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