Actuating Nanoparticles
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Ove rVi ew Nanoparticle sorting scheme

Nanoparticles in laminar flow in microfluidic device
Detector measures size or other characteristic

Detector triggers actuator: high-speed piezoelectric
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BaCkgr()und A smaller FACS

Fluorescence-Activated
Cell Sorting (cells: ~10 pm)

» Single file, spaced
» Measures fluorescence
» Applies charge to divert
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BaCkgrOund > Applications

Fill role of FACS at smaller scale (~100 nm)
Rapid medical diagnosis, drug delivery
Secondary analysis and processing

Nanoparticle characterization

A. N. Cleland

Jeffrey M. Vinocur



BaC kg rou nd \ Microfluidics as a platform

Inexpensive

Quick prototyping
Final device can be miniature

Small volumes, high throughput




Chan nel design Crossing geometry

Actuation transverse to flow




Chan nel design Crossing geometry

Actuation transverse to flow
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Chan nel design Crossing geometry

Actuation transverse to flow




Chan nel design Crossing geometry

Actuation transverse to flow
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Channel design

Actuation transverse to flow

Crossing geometry
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Channel design Features

Geometry allows measurement,
air removal, variable impedance

Central, symmetric flow; can bias
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Fabrication  Method
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i | Si
Clean Si wafer. Apply photoresist. Perform lithography.
Isaiaked L N POMS T N |
| ] | | |
Finalize mold pattern. Pour and cure PDMS device. glass
Bond glass substrate.
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EXperiment design External coupling

PDMS: polydimethylsiloxane

channel




EXperiment design External coupling




EXperiment design> Internal coupling>

Direct contact with fluid, no PDMS layer drawbacks
New setbacks: PZT greatly loaded, can leak

Huge displacement gain
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Measurements & Data  Displacement

x10 " Peak—to—peak displacement at 1 Hz
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Measurements & Data Hish frequency




Measurements & Data Frequency Dependence

Frequency Roll-off at 45 Vi
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Measurements & Data Sinste pulses

device! EMBEDAZ




Measurements & Data Auto-triggering

151511 839 348250 Logging frame 1435,
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iAverage elapsed trigger time is 11 ms.
Auto-pulsed (£76)

Auto-pulsed (877)




Measurements & Data Auto-triggering

device: EMBEDBZ




For the future...

Recover resonance in embedded devices
Use simulations with observations to understand the physics
Optimizations: smaller, quicker, more controllable

Explore scalability

COMSOL models of velocity streamlines and particle paths around intersection 22
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The End
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Actuator design process flow

Optimize

e Thinner PDMS
« Smaller PZTs, higher resonance
 Improve features (better fabrication)

<

External
placement

Improve contact method
Provide structure for consistency

%

Internal

placement

Improve release chemistry
Increase displacement gain
 Recover resonance amplification
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Channel geometry design process flow

e Channel widths N
 Size of contact bubble

Optimize | o |ntersection Size ratio y
 Central symmetry )

| Adj_ugi Impedance

approach | * Facilitate bubble removal y

« Understand intersection physics, compare to observation'
 Fully optimize current design

Model, : -
» |nvestigate push-pull, alternate designs

test
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Measurements & Data  Particle Tracing
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