





The Micromechanical Revolution

Made possible by advances in integrated circuit
technology, not so much in electronic materialsasin
the photolithography & processing techniques used
their design & fabrication.

« MEMS - microelectromechanical systems

* Microdroplet systems

* UTAS- micro total analysis systems
—the Laboratory on a Chip
— the System on a Chip

MEMS (& MOEMYS)
microel ectromechanical systems

Since ~1980: ~10 um to ~1000 pm planar dimensions ; capacitive
elements; crystalline & poly Si; piezoelectric & other materials;
mechanical resonators; miniature cantilevered beams; membranes &

diaphragms.

Berkeley Sensors & Actuators Group, UC Berkeley

Applications. computer projectors; accelerometersfor air
bags; electrostatic motors; pressure & humidity sensors;
electrostatic charge/field sensors; piezo-€lectric linear drives.




Microdroplet systems

Since ~1970: ~10 picoliter droplets = diam ~30 pm; ~10° sec!

cooo

Microfab Technologies, Plano TX

Georgia Tech, Atlanta, GA

Applications: ink-jet printers; fabric printing & dyeing;
precision microprinting; flow cytometry & cell sorting;
physics of clouds; mass spectrometry. 7

UTAS - micro total analysis systems

Since ~1990: processing liquid inventories down to ~10
picoliters (the laboratory on a chip); chemical/biochemical
diagnostics; automated systems; fast, programmable operation

.

0Oak Ridge National Lab.

Applications: DNA analysis; drug
screening; combinatorial

chemistry; microbiological
diagnostics; automation of routine
wet chemical testing; sensing of
biohazards & toxic substances,
ionic mass spectrometers, liquid
chromatograph.
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Role of Electrostaticsin
Micromechanical Systems

* MEMS: usually capacitive sensors or electrostatic
actuators.

* Microdroplet systems:. use electrostatic induction
charging & coulombic force for trajectory control.

» UTAS:. many exploit electrostatic forces to pump &
manipulate liquid or for diagnostic measurement.

Why Electrostaticsin
Micromechanical Systems?

&al I ﬂg Rules
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Richard Feynman

"Why cannot we write the entire 24 volumes
of the Encyclopedia Britannica on the head

of apin?”

*...from Feynman' stalk entitied There’ s Plenty of Room at
the Bottom, presented at Caltech on Dec. 29, 1959.

Feynman showed that we could write the ~5M books in the British Library,
the US Library of Congress (~9M), the National Library of France (~5M), &
ALL OTHER PRINTED MATTER on ~3 sq. yards of recording medium.
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Quick quiz:
Which oneisRichard Feynman?

Alan Alda playing Feynman Feynman
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Galileo: 1564 to 1642

Thisvital scaling
principle, connecting
physical dimensions
& their weight, was
first elucidated by
Galileo in his Dialogue
on Two New Sciences.
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Some ant species can
lift & carry 50 times
their own weight.

A human of proportionate strength would
be able to lift an elephant!

e e e B0 o e 0N

Impossible! Our bones would fail under
such weight. Thisisan example of the lack
of symmetry in physical law.
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SO ---

WHAT DOES ANY OF
THIS HAVE TO DO
WITH THE

LABORATORY ON A
CHIP &
ELECTROSTATIC
FORCES?

Example of a
L aboratory on a Chip

Sessileliquid droplets --

each one atest tube --
integrated resde on the substrate
electronics

bl

f——~1lcm ——

substrate
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Microfluidic infrastructure

The laboratory on a chip depends upon
some sort of plumbing system to move
liquid around, to dispense and mix it, to
perform separations, etc.

Electrostaticsisideally suited to perform
such functions; there are no moving parts
& everything is controlled by voltage.
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Electrostatic
UPlumbing Systems

 Electroconvection - pumping
» Electroosmosis - pumping
 Electrophoresis - pumping, separations

 Dielectrophoretic (DEP) liquid actuation -
liguid manipulation & droplet dispensing

 Electrowetting - manipulation & transport
 Electrostatic attraction - transport & mixing
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Positive & Negative DEP of Cells
using 2D quadrupolar electrodes

Positive DEP effect Negative DEP effect

10 pm erythroleukemia cells Same cells attracted to low

attracted to high electric electric field region in the
field regions at 20 kHz. center at 80 kHz.
videos provided by P. Gascoyne, UT Houston 25

DEP-based sorting of living
from dead cells

Calcein-labeled 14
pm human lymphoma
cells (darker/red ones
aredead) in 0.3 S/m
balanced buffer
solution; electrodes
excited by 2.5 V-rms
@ 700 kHz)

video provided by T. Schnelle, Humboldt U. (Berlin)
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DEP Cell Manipulation

negative DEP focusing &
levitation

flow-based alignment of
10 pum beads

flow cell width =40 pm

electrodes channel
i / /
-+ -/
% .
—_—— e
= + e

Video & sketch provided by T. Schnelle, Humboldt U. (Berlin)

DEP with atraveling wave field

[T

nii

video provided by P. Gascoyne, UT Houston

~10 um erythroleukemiacells: (i) levitated above e ectrodes,
(i) propelled along axis, (iii) rotated in horizontal plane.

28




Electrophoretic/DEP Flow:

200 nm fluorescent particlesin 2D flow cell

flow & -E flow & -E

§|63um-
"
"

Flow through array of Flow through array o

cylindrical columns sguare columns
cell thickness ~ 10 um

29
videos provided by E. Cummings, Sandia Labs. in California (USA)

DEP force & rotational torque
dominate for ~1 um to ~100 pm

» Adequate force achieved with voltagesin ~10 V-rms
range

 Frequencies from DC to 100 MHz.

» Heating can be controlled, except for very highly
ionic solutions

» Simple, planar electrode structures provide great
design versatility
These phenomena would be difficult to achieve
on the millimeter scale & impossible on the
centimeter scale.

30




Dielectrophoresis of liquids

+
Uncharged dielectric

liquid massis v (i Z:)
attracted to region of C @

stronger E field. -

Profile of dielectric
liquid is controlled v e
by the E field vector.
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The Pellat effect (~1894)

o
Dielectric liquid rises NEN
upward against gravity g T
in region between the ¢ ol
electrode platesin i DEP
Ll
force.

response to the dipole ‘ € ‘
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~3 pliter droplet SR

5mm




Basic microDEP flow structure

strip electrodes

b\

large water droplet
(dispensed via micropipette)
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b\

large water droplet
(dispensed via micropipette)
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Fast distribution of liquid

600 V-rms @ 100 kHz,
relay-applied voltage

Electrode specifications
w =20 um, g = 20 pm;
circlediam. = 150 pm;
DL =400 pm

M. Gunji, Kyoto Univ, 2000

Structure fill time <70 ms; velocity ~ 30 cm/sec
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Electrowetting Phenomena
on dielectric-coated € ectrodes

scene recorded |ooking down
Transparent : , through a transparent electrode.
upper

el ems\ode
i,

dielectric coat

addressabl e electrodes

.J._..|_..|.

voltage = 25t0 200 V dc video provided by CJKim, UCLA (USA)
spacing ~ 100 ym
volume ~200 nliters 45

Electrostatic transport of droplets
(electrodes excited by 12-phase stepped voltage pul ses)
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ielectric layer guide 24mm(12f)
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A droplet SNItChyal’d droplet fusi on

12f voltage @ 300 V-rms; droplet volumes ~ 1 pliter

videos provided by M. Washizu, Tokyo Univ.










