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(7) ABSTRACT

A method and apparatus for laterally deflecting and/or
separating a flow of particles using a static array of optical
tweezers. In an array of optical tweezers with a lattice
constant larger than the size of a particle of interest, particles
driven past the array by an external force experience an
additional interaction with the array of traps. By altering the
angle of the array of traps relative to the external force, the
particles’ movement from trap to trap inside the array can be
biased away from the direction of the external force, thereby
enabling selective deflection and/or separation of particles.

20 Claims, 10 Drawing Sheets
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FIG. 2B
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FIG. 4
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APPARATUS AND PROCESS FOR THE
LATERAL DEFLECTION AND SEPARATION
OF FLOWING PARTICLES BY A STATIC
ARRAY OF OPTICAL TWEEZERS

This invention was made with U.S. Government support
under Grant No. DMR-9730189 awarded by the National
Science Foundation and through the MRSEC Program of the
National Science Foundation under Grant Number DMR-
9880595. The Government has certain rights in this inven-
tion.

FIELD OF THE INVENTION

The present invention relates generally to a system and
method for achieving a fractionation of particles. More
particularly, the present invention relates to a system and
method for achieving a lateral fractionation and/or separa-
tion of particles through the use of a static array of optical
traps

BACKGROUND OF THE INVENTION

A number of techniques are conventionally known that
are capable of fractionating particles in limited circum-
stances. For example, one such technique involves the use of
a microfabricated sieve consisting of a two-dimensional
lattice of obstacles or barriers for DNA separation. The
asymmetric disposition of obstacles or barriers rectifies the
Brownian motion of DNA molecules that pass through the
sieve, causing the particles to follow paths that depend on
the respective diffusion coefficients of the DNA present.
Although moderately effective, this technique includes a
number of limitations. For example, because the lattice is
microfabricated, the overall structure is capable of neither
tuning nor adjusting the types and sizes of particles that are
fractionated. Furthermore, such lattices tend to suffer from
clogging, requiring flushing of the system and restarting.

Further, many conventional techniques for fractionating
particles achieve physical separation of the various fractions
along the direction of an applied force. For this reason, they
operate on discrete batches of samples, and do not operate
continuously.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide an
improved system and method for the lateral deflection of
flowing particles that is both tunable and continuous.

It is another object of the invention to provide an
improved system and method for laterally deflecting par-
ticles that does not become readily clogged with particles.

It is still another object of the invention to provide an
improved system and method usable for particle purification
and separation.

It is yet another object of the invention to provide an
improved system for laterally deflecting particles that can be
used for the purification and separation of proteins.

It is another object of the invention to provide an
improved system that is capable of physically separating
small particles by size, shape, dielectric constant, surface
charge density, magnetic susceptibility, nonlinear optical
properties, and index of refraction.

It is yet another object of the invention to provide an
improved system and method employing a minimal number
of moving components for laterally deflecting flowing par-
ticles.

It is still another object of the invention to provide an
improved system and method for laterally deflecting par-
ticles that is usable for the separating of chromosomes.
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It is yet another object of the invention to provide for an
improved system and method for laterally deflecting par-
ticles that can be used for DNA sizing.

It is another object of the invention to provide an
improved system and method for laterally deflecting par-
ticles that can also be used to purify and/or separate mac-
romolecules and/or nanoclusters or other nanosized mate-
rial.

Further advantages and features of the present invention
will be apparent from the following specification, claims and
drawings illustrating the preferred embodiments of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic of a holographic optical tweezer
system projecting an optical tweezer array onto a flowing
colloidal particle suspension; FIG. 1B is a schematic view
from the CCD camera of FIG. 1A; and FIG. 1C is a
perspective representation of a 10x10 optical tweezer array
for laterally deflecting flowing particles in accordance with
the present invention;

FIG. 2A is a plot showing the channeling of particles
through an aligned, 10x10 array of optical tweezers; FIG.
2B is a plot showing the trajectories of particles flowing
along the axes of a 10x10 array of optical traps oriented at
a tilt angle of five degrees relative to the flow direction; FIG.
2C is a plot showing the trajectories of particles that are
laterally deflected by a trap array oriented at a tilt angle of
thirty seven degrees with respect to the direction of flow; and
FIG. 2D is a plot showing the substantially undeflected
trajectories of particles flowing past an array of traps ori-
ented at a tilt angle of forty-five degrees with respect to the
direction of flow;

FIG. 3 is a first representation of the movement of
individual particles through an array of optical traps offset
from the direction of an external force by a tilt angle 6;

FIG. 4 is a second representation of the movement of
individual particles through an array of optical traps offset
from the direction of an external force;

FIG. 5 is a plot showing the ratio of transverse velocity to
forward velocity of a particle relative to the angular orien-
tation of the trap array for two different experimental runs
under comparable conditions; and

FIG. 6 is a representation of a static array of optical
tweezers used in conjunction with a microfluidics channel
for particle separation.

DETAILED DESCRIPTION OF THE
INVENTION

In order to illustrate embodiments of the invention, an
explanation is provided to describe the methodology and
function of one embodiment of the present invention.
Although the manner in which the phenomenon is described
is one rigorous approach which explains the operation of the
invention for those skilled in the art, other explanations also
can be used to describe similar results which characterize
embodiments of the invention. The invention is therefore not
limited to the description of its operation by the following
specification and drawings.

For a comprehensive understanding of the present
invention, it is helpful to consider a holographic optical
tweezer system 10 as shown in FIG. 1A and a resulting
square array 110 of individual optical tweezers 112. The
system 10 includes a laser beam 20 which is passed through
a diffractive optical element 30, then processed by relay lens















