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(7) ABSTRACT

C. Edwards;

An apparatus and method for manipulating, effecting inter-
action of, photochemically transforming and/or sorting
small dielectric particles or other materials. The apparatus
and method involves use of one or more diffractive optical
elements which each receive a laser beam and form a
plurality of laser beams. These laser beams are operated on
by a telescope lens system and then an objective lens
element to create an array of optical traps for manipulating,
effecting interaction of, photochemically transforming and/
or sorting small dielectric particles or other materials.
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1
APPARATUS AND METHOD FOR
FABRICATING, SORTING, AND
INTEGRATING MATERIALS WITH
HOLOGRAPHIC OPTICAL TRAPS

The portion of this invention relating to spatially
resolved photochemistry using holographic optical traps was
made with U.S. Government support provided by the
National Science Foundation through Grant Number DMR-
9730189 and by the MRSEC program of the NSF through
Grant Number DMR-9880595. The portion of this invention
relating to sorting nonabsorbing from absorbing particles
using optical traps was made with U.S. Government support
provided by the National Science Foundation through Grant
Number DMR-9730189.

The present invention is related generally to a method
and apparatus for manipulating and modifying small dielec-
tric particles or other materials using the intense illumination
and intensity gradients in strongly focused beams of light. In
particular, the invention is related to a method and apparatus
which uses focused laser light directed by a diffractive
optical element, such as a hologram or diffraction grating, to
create optical traps or traps and any one of a variety of
selectable optical intensity patterns to assemble or direct
particulate materials, or other affected materials, into a
desired spatial pattern for any one of a myriad of uses. More
particularly, the invention is related to methods for
manipulating, effecting interaction of, photochemically
transforming and/or sorting small dielectric particles or
other materials.

It is known to construct an optical trap (i.e., trap) using
optical gradient forces from a single beam of light to
manipulate the position of a small dielectric particle
immersed in a fluid medium whose refractive index is
smaller than that of the particle. The optical trap technique
has been generalized to enable manipulation of reflecting,
absorbing and low dielectric constant particles as well.
Likewise, U.S. Pat. No. 6,055,106, co-invented by the
inventor named herein and incorporated herein by reference,
discloses the manipulation of multiple particles with mul-
tiple traps. However, it was previously unknown to use
optical traps for the various applications of this invention.

Optical traps, originally described by A. Ashkin et al.,
have become an established method for trapping, moving
and otherwise manipulating mesoscopic volumes of matter.
See A. Ashkin et al.,, “Observation of single-beam gradient
force optical trap for dielectric particles,” Optics Letters 11,
288-290 (1986). Central to their operation is minimizing the
absorption of trapping light to avoid damaging the trapped
material. Optical scalpels operate on the opposite principle,
using the energy in a tightly focused laser beam to cut
through soft materials. This application discloses and claims
a novel hybrid system in which focused beams of laser light
operate as optical traps for some nonabsorbing particles in a
heterogeneous sample and simultaneously as optical scal-
pels for others.

Another application of optical trap technology of the
invention involves introducing foreign materials into living
cells by breaching the cell membrane without causing it to
fail entirely, and for moving the materials through the
breach. Various methods for accomplishing this have been
developed, including viral vectors for transfecting short
lengths of DNA, the gene gun and its variants for transfer-
ring larger sections, and electroporation for inducing trans-
membrane diffusion. None appears to be appropriate for
transferring physically large materials, particular if those
materials are themselves fragile. The present methods and
apparatus described herein solves this and other problems.
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In addition, holographic optical traps can be used to
effect spatially-resolved photochemistry having several
advantages over competing techniques for chemically defin-
ing small structures. For example, spatially-resolved photo-
chemistry implemented with optical traps facilitates the
creation of three-dimensional structures with features rang-
ing in size from a small fraction of the wavelength of light
to macroscopic scales. While techniques such as dip-pen
nanolithography and microcontact printing offer superior
spatial resolution, they are not amenable to three-
dimensional fabrication. A very wide variety of photochemi-
cal reactions are known, and any of these might be amenable
to spatially-resolved photo-fabrication. Thus spatially-
resolved photochemistry offers more flexibility than most
micro- and nano-fabrication methodologies. Performing
spatially-resolved photochemistry with holographic optical
traps greatly enhances the utility of the basic approach by
greatly improving its efficiency.

It is therefore an object of the invention to provide an
improved method and system for simultaneously establish-
ing a plurality of optical traps using a single and/or plurality
of devices, such as, for example, multiple holographic
optical trap implementations operating simultaneously on a
single sample and multiple optical traps and multiple inten-
sity regions operating simultaneously on a single sample.

It is an additional object of the invention to provide a
novel method and apparatus for using holograms for gen-
erating an optical gradient field for controlling a plurality of
particles or other optical media.

It is a further object of the invention to provide an
improved method and system for establishing a plurality of
optical traps for a variety of commercial applications relat-
ing to manipulation of small particles such as in photonic
circuit manufacturing, nanocomposite material applications,
fabrication of electronic components, opto-electronic
devices, chemical and biological sensor arrays, assembly of
holographic data storage matrices, facilitation of combina-
torial chemistry applications, promotion of colloidal self-
assembly, and the manipulation of biological materials.

It is a further object of the invention to provide an
improved method and system for using optical traps to
incorporate foreign matter into living cells.

It is yet another object of the invention to provided an
improved method and system to sort optically nonabsorbing
particles from optically absorbing particles.

It is yet another object of the invention to provide an
improved method and system to implement the fabrication
of heterogeneous structures using spatially resolved photo-
chemistry.

It is still another object of the invention to provide an
improved method and system for constructing a temporally
and spatially varying configuration of optical gradient fields
for various particle sorting applications.

It is also an object of the invention to provide a novel
method and system for using one or more laser beams in
conjunction with one or more diffractive optical elements for
constructing a selectable time varying and/or particular
spatial array of optical traps for manipulating a dielectric
metallic materials and other materials.

It is yet a further object of the invention to provide an
improved method and system using a single input laser
beam, a diffractive optical element, and a converging lens to
form a static or dynamic optical trap which, in conjunction
with other so formed optical traps can be used to manipulate,
effect interaction of, photochemically transform and/or sort
small dielectric particles or other materials.

It is also a further object of the invention to provide an
improved method and system employing a laser beam input


















