
;!"#$e3e~@889\< =?6*@T~@ x 29 July 2004 1 ROBOTIC MANIPULATION SYSTEM
UTILIZING PATTERNED GRANULAR MOTION BACKGROUND OF THE INVENTION FIELD OF
THE INVENTION This invention directs itself to the use of patterned
granular motion for robotic manipulation of a plurality of objects. In
particular, this invention directs itself to the use of patterned granular
motion phenomena, Wherein a plurality of standing Waves of particulates are
positioned by controlling the waveform of energy transferred to the
particulates. More in particular, this invention pertains to the use of
patterned granular motion where molecules are used as the particulates,
wherein the molecules are agitated by the interaction between charges on
the molecules and an electric field applied thereto. Still further, this
invention directs itself to the formation of nanometer-scale assemblies or
systems, wherein nanometersized components are dynamically arranged by the
electric fields which are formed by the standing waves of particulates that
are established when patterned granular motion is induced by the transfer
of energy to those particulates.   29 July 2004 2 



PRIOR ART The evolution of solid-state electronics from discrete devices to
packaged circuits and systems of ever-increasing complexity has been
successful, in pa=t, due to the ability to produce the complex combinations
of circuit elements en masse. The ability to produce multiple identical
circuits simultaneously provides an.efficiency that makes the costs of the
circuits attractive for industrial and commercial use. The evolution of
such circuits utilizing ever smaller components and circuit patterns is
pressing mass production methods for such solid-state devices to their
limits. Now that nanoscale electronic components and circuits, formed by
single molecules, have been realized, mass production techniques for the
assembly of nanoscale circuits and systems are needed. Currently,
mechanosynthesis utilizing a scanning tunneling microscope or an atomic
force microscope is used to manipulate molecular wires and devices,
serially producing one nanoscale circuit at a time. While chemosynthesis
promises to produce a multiplicity ~of molecular circuits simultaneously,
methods for segregating each circuit   29 July 2004 3 produced have not
evolved as yet. Thus, there is no practical method available to produce
multiple nanoscale integrated-like circuit structures simultaneously.
Likewise, there are no practical methods available to assemble multiple
naaoscale mechanical assemblies or quantum systems simultaneously.
Patterned granular motion is a recently discovered, distinctive mechanical
behavior, observed in this layers of granular media undergoing periodic
vertical oscillation. This phenomenon is characterized by the formation of
standing Waves of the granular media. These standing waves are generated by
the application of vertical oscillation in the thin granular layers. Unique
patterns of standing waves can be formed, with such patterns as square,
striped, 



oscillon, and hexagonal thus far having been identified. The granules are
typically formed by glass or metallic spheres having a diameter ranging
from 0.05 - 3 mm. To date, the interest in patterned granular motion has
been substantially academic, Without significant industrial application.
29 July 2004 4 SUMMARY OF THE INVENTION It is therefore an object of the
present invention to provide a system and method for bulk-effect robotic
manipulation utilizing the phenomenon of patterned granular motion. The
system for robotic manipulation of a plurality of objects includes a
container for receiving the objects therein. A plurality of particulates
are disposed in the container and as assembly for applying energy to the
plurality of particulates is provided to establish patterned granular
motion thereof and thereby form a plurality of repeating vertically
directed standing waves. A signal generator is provided that is coupled to
the energy application assembly for supplying tie energy With predetermined
waveforms to dynamically position the standing waves at predetermined
positions one with respect to another. 'The predetermined positions of the
standing Waves dynamically arrange the objects in a predetermined
configuration. From another aspect, a method for robotic manipulation of a
plurality of objects is provided wherein a container is provided and a
plurality of particulates are provided in the container. A plurality of
objects to be   



29 July 2004 5 manipulated are added to the container and the plurality of
particulates are agitated with energy having predetermined waveforms to
generate standing wave patterns therewith. The standing Wave patterns of
particulates dynamically. arrange the objects. A substrate is positioned is
the container, with the substrate being adapted for adhesion of the objects
thereto.   29 July 2004 6 BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a
schematic illustration.of patterned . granular motion in particulates of
micron or millimeter size; FIG. 2 is a schematic illustration of patterned
granular motion utilizing C6a molecules as particulates; FIG. 3 is a
schematic block diagram illustrating one embodiment of the present
invention; FIG., 3A is_a schematic block diagram illustrating an
alternative configuration for the energy application system 



used in the invention of the subject Patent Application; FIG) 4 is a
schematic illustration of ari object being manipulated by the invention of
the subject Patent Application; FIG. 5 is a schematic representation of as
alternate embodiment of- the invention of the subject Patent Application;
FIG.5A is a schematic illustration of the embodiment of FIG.5 showing
exemplary electric field emission electrode arrangements of 'the present
invention;   29 July 2004 7 FIG. 6 is a schematic illustration of an object
being manipulated by the alternate embodiment of the present invention;
FIG. 6A is a three-dimensional plot illustrating Coulombic field
intensities derived from a computer simulation of the present invention; v
FIG. 7 is a schematic block diagram of the alternate embodiment of the
present invention with a substrate incorporated at a first location; 



FIG. 8 is a schematic block diagram of the alternate embodiment of the
present invention With a substrate incorporated at a second location; FIG.
9 is a schematic illustration of the present invention Wherein the objects
being manipulated are disposed in a gel; FIG. l0 is a schematic
illustration of .the present invention wherein the object being manipulated
is a carbon nanotube;   29 July 2004 8 FIGS. 11A, 11B and 11C are schematic
illustrations of a carboy nanotube being deformed in various ways by the
present invention; and, FIG. 12 is a schematic illustration of the present
invention incorporating feedback.   29 July 2004 9 DESCRIPTION OF THE
PREFERRED EMBODIMENTS 



Referring to FIGS. 1-11, there is shows, robotic manipulation system l00,
100' for dynamically manipulating objects utilizing patterned granular
motion. As will be seen is following paragraphs,robotic manipulation system
l00, 100' isspecifically directed tothe concept ofbulkmanipulationof
objects to 'fabricatea multiplicityof structures in parallel. Robotic
manipulation system l00' is particularly directed to application of
nanometer scale assemblies or systems, such as the dynamic arrangement of
molecules to provide a circuit patters, position a molecular electronic
device. form a mechanical structure or sort molecules by positioning one
type relative to another. Referring particularly to FIGS. 1 and 3, system
100 is shown wherein a plurality of particulates 110 are disposed within
the container 120. The energy application system 140 applies energy to the
container l20 to vibrate at least one wall thereof, such as the bottom wall
122. The vibrations of wall 12Z establish patterned granular motion is the
particulates 110 to form a plurality of repeating vertically directed
standing waves 112. Multiple walls can   29 July 2004 10 be vibrated in
order to achieve a particular pattern of standing waves l12. Within
container 120 there is also provided a plurality of objects l30 which are
to be 



manipulated. Collisions between the particulates 110 of the standing waves
1l2 with the objects 130 dynamically arrange the objects in correspondence
with the standing waves. Where the standing ,raves are formed as "stripes",
rows of objects can be realized. By forming standing wave patterns
utilizing energy applied with complex waveforms, standing waves can be
located at predetermined positions. The energy application system 140 may
include one or more vibratory actuators 142 which are driven by a signal
source 150. A vibratory actuator 142 may be an electromechanical or
piezoelectric device, for example, that is mechanically coupled to the
container wall 122. Alternately,-piezoelectric devices may be incorporated
into the structure of the bottom wall in the form of an integral structure.
The signal source 150 includes at least one signal generator 154 having the
capability of output of electrical signals having-predetermined waveforms
for driving a vibratory actuator 142a The signals output from   29 July
2004 11 signal generator 154 may be non-sinusoidal oscillatory signals to
form non-uniformly spaced standing waves of the particulate media l10. As
shown in FIG. 3A, the energy application system 140 



may be formed by a plurality of vibratory actuators 142a142n, each
respectively driven by the signal source 150. Signal source l50 may be
formed by a single signal generator having multiple outputs or, as shown,
is formed by a plurality of signal generators 154a-154n, each having an
output 145a-145n respectively coupled to the vibratory actuators .42a-142n
. In order to coordinate the resultant vibratory patterns formed by the
media within container 120, the signal generators 154a-154n are coupled
into a controller l52 which provides command signals to each of the signal
generators 154a-154n and may receive status therefrom. Controller 152 may
be a microprocessor or personal computer programmed to control the signal
generators. The plurality of vibratozy actuators 142a-142n may be discrete
devices or integrally formed in one or more walls of the container. '
Referring back to FIG. 3 and additionally to FIG. 4,   29 July 2004 12 the
energy applied to the particulates 110 within container 120 establishes
vertical standing waves 112' which simultaneously mechanically manipulate
the plurality of objects 130, by collisions therewith. ' Multiple
collisions occur between the particulates is each of the standing waves
with respective objects 130, applying forces thereto, represented by the
directional arrow Z02, to position an object dynamically in
correspondence.with a standing Wave. Thus, where the standing waves
establish particular patterns (e.g., stripes, squares, hexagons, etc.); the
objects I30 can be arranged, dynamically, in. correspondence with those
patterns: The patterns can be established, as desired, by controlling the
waveform and frequency of the energy applied to the particulates I10. The
objects being manipulated can be integrated circuit chips, discrete circuit
components, conductive elements, or mechanical components, for example. The
dynamic arrangement of the objects can represent a plurality of
substantially identical circuits or patterns formed simultaneously.
Similarly, the objects manipulated can be mechanical components that are
assembled into a plurality of   29 July 2004 13 substantially identical
mechanical assemblies or systems. As will be described with respect to the
embodiment of FIG. 7. a substrate l34 is positioned in the container 120
and adapted for adherence of the objects 130 thereto. The granular behavior
of particulates through vertical vibration is the container 120 down to
micros scale by the addition of energy to micron-scale particulates has
been established. However, is order to manipulate aaaometerscale objects,
it will be aeceseary to establish patterned granular motion in
nanometer-scale particulates, which heretofore. has not been accomplished.
with respect to inducing patterned granular motion among aaaometer-scale
particulates; there are a number of 



problems associated With the addition of energy to the collection of
nanometer-scale particulates through collision with the container s walls.
Imperfections in the oscillating wall of the container can cause anisotropy
in lateral rebound velocities of the particulates sad the noxzaal force of
the oscillating walk will not likely be distributed evenly, on a manometer
scale, over the particulates, causing particulates with low fracture   r n
29 July 2004 14 energies to break upon collision. Further, the precision of
control of the physical oscillating wall needs to produce standing waves
with nanometer-scale spacings. which is not easily accomplished with
transducers of current technology. In order to overcome those probiems, a
spatially uniform electric field, represented by the lines 105, is applied
to a portion 108 of.container 120, as illustrated is FIG. 5. Utilizing
particulates I10', which are charged, the oscillating electric field
emulates a vertically vibrating surface, vertically accelerating the
particulates. Using particulates of such small size introduces other
problems which must be overcome. Hrownian motion has to be minimal,
inter-particle collisions need to properly dissipate energy, and the
particulates themselves have to be'of~sufficient structural strength to
survive collisions without fragmentation. The nanometer-scale particulates
selected for use, particulates in which patterned granular motion is to be
established utilizing oscillatory electric fields, are single molecules
having a closed-case structure. Such a closed-cage structhre is 



29 July 2004 15 found in the Cso molecule, which structure is substantially
spherical. Other molecules with similar properties, such as Ceo, Cl,o, ClBO
and Cs~o. also could serve as naaometerscale particulates. The Cso
molecules,- known as buckminsterfullerene molecules.or "buckyballs" can be
charged sad have sufficient.. strength to survive the multiplicity of
collisions which occur when patterned granular motion is established. As
illustrated in FIG. 2, .the buckminsterfullerene molecules are used as the.
particulates 110' and by the application of one or more oscillating
electric fields establish vertical standing waves 112. corresponding to
that which is seen With larger particulates that are mechanically
accelerated. In order to accelerate the particulates l10' vertically, the
particulates 110' are charged and the . energy application system l40 of
system l00' includes an electric field emission system 145 having a
plurality of electrodes disposed is proximity of container 120 for
establishing one or more oscillating electric fields therein. The
particulates- 110' are disposed between at least two electrode plates to
Which electrical signals   a 29 July 2004 16 having predetermined waveforms
are applied from the signal source 150. That arrangement emulates a
vertically vibrating surface to establish patterned granular motion is the
particulates. The vertical standing waves 11Z of particulates 110' will
dynamically arrange naaometer-scale objects 130. However, instead of being
manipulated by mechanical collisions, the.nanometer-scale objects, objects'



each of whose size, diameter or smallest outside contour dimension, is less
than 10 microns, are manipulated by Coulombic fields .  As an example of
electrode arrangements.for use in establishing the required electric fields
within container 120, reference is now made to FIG. 5A. The acceleration of
charged particulates 110' is achieved by the electric field formed between
the oppositely charged electrode plates 144 and 146 surrounding container
120. While plates 144 and l45 are depicted as being annular, such is only
exemplary and may be formed in. a multitude of different contours Without
departing from the inventive concepts embodied therein. Referring
additionally to FIG. 6, the oscillating    29 July 2004 17 field
established between the plates 144 cad 146 adds energy to the charged
particulates 110', the energy addition being oscillatory, but not
necessarily periodic. 



Each of the standing waves that are thus formed establish respective fields
106 that exert appreciable Coulombic forces on respective objects.130;
'which objects themselves have fields 104 that interact with a respective
field 106. The objects to be manipulated 130 may be uncharged, or charged
with a polarity either the same or opposite to that of the charge polarity
of the granular standing waves 112, in order to establish a predetermined
arrangement of objects or deformation thereof. Where as object 130 has a
charge, having a polarity opposite to that of the representative standing
wave I12, as attraction is established therebetween. As will be discussed
is following paragraphs, the Coulombic charges established by the pattern
of standing waves generated within container 120 can be utilized to deform
objects into a predetezauaed configuration, as opposed to just
arraagiag-them in particular patterns, or for utilizing differences in
charge to sort the obj ec is .   f 29 July 2004 18 Referring back to FIG.
5A. the electrode plates l44 and l46 are electrically coupled to the signal
source I50. the signal source providing oscillatory signals with
predetez~i.aed waveforms is order to establish a desired standing wave
pattern of particulates l10' within the container 120. As discussed with
respect to FIGS. 3 and 3A, the signal source 150 may be formed by one or
more 



signal generators which can. be prograaaned, internally or  through the use
of an external controller, to synthesize the required waveform pattern. The
waveform of the signal generated may be expressed as a Fourier series
wherein the coefficients are selected to provide as output signal waveform
of a desired shape. 8y controlling the shape of the wavefoxza of the signal
applied to the plates 144, 146, the locations of the standing waves of
particulates can be controlled. therefore, the shape or topology of the
field generated by the standing waves can also.be controlled. By
controlling the shape or topology of the field generated by the standing
waves of particulates 110`, the objects 130 can be arranged in a
predetermined patters, or othezwise manipulated in a known way.   i 29 July
2004 19 The locations of standing Waves may be further controlled by a
combination of multiple electric fields .established within container 120.
In addition to the field established between the electrode plates I44
and.l46, 



additional fields can be established between respective opposing pairs of
side electrodes 143, that may be added in proximity to container 120. The
plurality of side electrodes 143, together, substantially surround
container 120, each being separately energized by signals having
predetermined waveforms. As another alternative, the plates 144.,' 146 can
be subdivided into a plurality of  sections, each being separately
energized. That arrangement can be used alone, or in combination with a
plurality of side electrodes 143, and is analogous to the use of the
plurality of vibratory actuators of the embodiment of'FIG. 3A. As an
illustration of the degree of control that is achievable, reference is now
made to the three-dimensional plot shown in FIG. 6A: The plot illustrates a
distribution of field intensities obtained by a computer simulation. The
simulation shows tat the Coulombic fields can be    29 July 2004 20
distributed is a predetezmined patters, corresponding to the distribution
of standing waves. of particulates, wherein . the distribution of standing
waves is controlled by the electric field intensity pattern established
within the container. " . 



Nanometer-scale objects likely to be manipulated by the method and system
disclosed herein include molecular diodes, molecular transistors, molecular
logic devices or other circuits formed by a single molecule, molecular
structures which function as "wires"; molecules having
medical/pharmacological significance; etc: Components of quantum computers,
other novel types of nanocomputers, and nanomachines also are likely to be
manipulated and assembled by this method. While there is great interest is
development of electronic devices and circuits formed from single
molecules, there is also great interest in structures that can serve as
interconnecting conductive elements for combining the molecular sad other
nanometer-scale circuits into more complex functions. One promising
conductive element is the carbon nanotube. By adjustment of then    29 July
2004 21 location of standing waves of particulates l10', objects such as
nanotubes can be arranged in a predetermined electrical circuit pattern. In
order to make use of that circuit pattern,the naaotubes 130aee'ti to
beapplied to asubstrate, as domolecular circuitelements tobe combined into
more complex.circuits. Referring to FIG. 7, one method for applying the
objects 130 to a substrate is shown: In this example, the substrate l34 is
disposed above the objects 130, wherein the Lower surface of the substrate
l34 is adapted for adherene of the objects thereto. Such adaptation may be
in the form of selecting a substrate material which has an affinity for the
composition of the objects 130, the application of a coating that provides
a bond between the objects 130 and the substrate 134, or the application of
a particular charge to the substrate 134 to attract the objects 130. The
substrate 134 may be positioned is or on container l20 prior to the
establishment of the patterned granular motion or subsequent thereto. Once
the objects 13 0 have been positioned on the bottom substrate surface, the
substrate may be separated from the container 120 and   f 22 29 July 2004 



passed on for further processing, which may include the separation of the
substrate into a plurality of individual segments, not unlike the
separation of a wafer due to a plurality of integrated circuit chips.'
Thus, a plurality of substantially identical and.separable nanoscale
circuits or circuit patterns can be formed simultaneously: The space 124 in
which. the objects are disposed, between the plurality of particulates 110'
and the bottom surface of the-substrate 134; may be filled with a medium;
such as a vacuum, a gas, a liquid, or a gel. Such a medium would facilitate
processing or take advantage of a particular characteristic of the objects
being manipulated, or facilitate the use of a particular material as the
particulates. Referring now to FIG. 8, there is shown another method by
which the objects 130 are positioned and applied to a substrate. In this
arrangement, the substrate 134 is positioned between the objects 130 and
the particulates 110', with the electric fields generated by the standing
waves 112 acting on the objects 130 through substrate 134. The objects 130
can be made to adhere to the substrate 134    29 July 2004 23 by the
methods previously discussed, or treated subsequent to positioning of the
objects in order to . affix them to substrate l34. The substrate 134 can
form a closure for the portion of the container 120 where the particulates
l10` are disposed. Therefore,~ the space 124 between the particulates 110'
sad the substrate 134 may be filled with a selected medium that promotes a
desired characteristic, such as utilization of a vacuum to reduce
resistance that the molecules of a gas or liquid would introduce. -Above 



the substrate 134 the space 126 may be filled with the same or a different
medium. For instance., if the objects 13D are molecular circuits which are
formed by bulk processing in a liquid, that liquid may be maintained within
the space 126 until the objects 130 are positioned in the desired
configuration. The particulates, on the other- hand, may be disposed in an
evacuated space to reduce resistance to their movement. Where molecules are
being sorted for medical/pharmaceutical applications, the medium within the
space 126 is likely to be a gel. As shown in FIG. 9, the gel 136 is
disposed above the substrate 134 with the    29 July 2004 24 objects 130a
and 130b being displaced in different directions as a result of the field
formed by the standing .wave l12 of particuiates 110', the particulates
l10' being in a non-gel medium, Such gels already are widely used in
electrophoretic processes. The patterned granular motion established in
nanometer-scale particulates provides much finer control of the
electrcphoretic process, and the capability to perform that process in two
or three dimensions. Referring now to FIG. 10, there is shown an
illustration of a carbon nanotube 130c disposed on the substrate 134. In
addition to positioning the nanotube 130c at a precise location on the
substrate 134, the standing waves 112 of particulates l10' can be utilized
to 



distort the nanotube 130c. The distortion may range from a slight angular
offset or translation, where the electrical characteristics of the naaotube
are unaffected, to a kink, where the electrical characteristics of the
aanotube are changed as a result. Thus, where' the standing waves take the
form of stripes 112', as shown in FIGS. 11A, 11B and 11C, a nanotube 1.0c
that is charged negatively will assign   29 July 2004 25 itself with a
respective stripe 112' of opposite charge polarity. Thus, as is FIG. 11C,
where a respective stripe 1l2' has an accurate shape,. the aaaotube 130C
will likewise be bent into that arcuate contour. .Where~the radius of the
arcuate contour is small, as illustrated in FIG. 11A, the nanotube 130c
will be bent to the extent.of kinking~~, wherein the electrical
characteristics of the aaaotube is affected. 'In addition to such
deformations, the_nanotube 130c can be translated from one position to
another, as shown is FIG. 11E. Where the standing Waves are positioned in
more~complex patterns, the aanotubes 130c can likewise be deformed into
more complex shapes. Thus, predetermined topological configurations of.
patterned granular formations can be selectively formed by the application
of oscillating signals having predetez~ined waveforms to the electric field
emission system 145. Electric fields established,.by the electric field
emission system l45, in turn, add energy to the charged particulates 110'
disposed in container 120, the energy being sufficient to establish
patterned granular motion in the particulates. The patterned granular
motion of charged particulates 110` 



29 July 2004 Z6 consists of respective standing waves, with the standing
waves generating electric fields that are. used to arrange . objects
dynamically. Through the use of electric fields to establish patterned
granular motion, nanometer-scale particulates, such as Cso can be utilized
to manipulate nanometer-scale objects.~~Naao~meter-scale objects such as
conductors defined by carbon naaotubes or poiyphenylene molecular wires,
molecules defining molecular electronic devices, quantum computer
components, or nanomechaaical components, can thereby be manipulated en
masse. For larger, micron and millimeter acale~devices, the energy can be
added to particulates utilizing vibratory transducers to displace a wall of
the container 120 and thereby establish patterned granular motion. The
standing . Waves formed by the patterned granular motion then may be
utilized to manipulate objects by virtue of the collision between the
particulates is the standing waves and the respective objects. Like the
arrangement shown in FIG. 7; With respect to the placement of a substrate,
the objects manipulated by the standing waves generated by the vibratory
displacement of a container wall, can be made to   29 July 200a 



27 adhere to the lower surface of a substrate to provide a plurality of
substaatially identical patterns thereon. As previously discussed,
predetermined standing wave patterns of particulates are established by
specifying predetermined coefficients of one or more Fourier aeries
representing waveforms supplied by the power source I50. The manipulation
of objects may be carried out in .discrete steps, with the waveforms of
signals from power source l50 being changed over time in accordance with a
predetermined Program. The manipulation of the objects, however, can be
made more precise if the waveforms output from power source l50 are
actively modified in response to the manipulation. Such a feedback
arrangement is schematically illustrated for system 100" in FIG. 12. As
discussed previously, the signal source 150 provides signals having
waveforms established to provide predetermined standing wave patterns of
particulates. The output from power source 150 is coupled to the energy
application system 140. for transferring the energy from the power source
output to the particulates within container I20. As discussed previously,
the energy application can be either mechanical   29 July 2004 28 or
electrical. Additionally, robotic maaipulation system 200" includes a
sensing system 160 to provide feedback for adjustment of the one or more
waveforms output from power source l50, to thereby adjust the positions of
standing waves within container 120... While system 100" manipulates . . ,
a plurality of objects I30 in parallel, sensing system 16a monitors the
position and/or other characteristics of a portion of .the objects, as few
as one. Based on the sensed position or other measured characteristic,
sassing system l60 provides an output to power source 150 to alter the one
or more waveforms output thereby. Sensing system 160 may 



include optical/imaging or scanning probe microscopy equipment to sense
position of the objects. Electrical and/or optical sensing may be included
to monitor other characteristics of the objects that change as the objects
are manipulated. Thus, probes of an atomic force microscope'can be used to
make contact faith a carbon nanotube that is being atanipulated, the probes
being coupled to electronic monitoring equipment for measuring the
electrical conductance, for example, of the nanotube   29 July 2004 29 and
detect the formation of a kink" therein. One use of feedback, for example,
is to provide more.precise manipulation of objects. The method for robotic
manipulation of a plurality of objects includes the steps of providiag a
container, the container being capable of generating-rapid granule rebounds
at a high frequency, and providing a plurality of particulates in the
container: The objects to be manipulated are added to the container and the
particulates are agitated,with energy having predetermined waveforms to
generate standing Wave patterns therewith (i:e. " patterned granular
motion). The standing wave patterns dynamically arrange the objects, where
the arrangements can be predetermined circuit. configurations of objects
defined by 



electronic devices or electrical circuit patterns of objects defined by
electrically conductive structures, for example. The arrangement of objects
may also form other types of assemblies as well. The method also includes
the positioning of a substrate is the container, Wherein the substrate is
adapted for adhesion of the objects thereto. The positioning of the
substrate can precede the agitation   29 July 2004 30 of the particulates,
or be subsequent thereto. The agitation of the plurality of particulates
may be achieved by vibrating a Wall of the container. Another method of
agitating particulates, where the particuiates are charged with a
predetezmi.aed polarity, as to establish as oscillating electric field
within the container. The objects to be manipulated have a size less than
10 microns, i.e., a diameter less than 10 microns, or the smallest
dimension of the object's outer contour being less than 10 microns, and the
objects may be single molecules. The particulates may themselves be
individual molecules, wherein such molecules have a closed-cage structure,
e.g., a buckminsterfullerene molecule. Both the particulates and objects
can be provided is a medium independently selected from the group
consisting of a vacuum, a gas', a liquid, arid a gel. Using this method, a
plurality of substantially identical aaaoscale structures (e.g.,
electrical, quantum, or mechanical) can be foxed on a substrate. Thus, the
fabrication of the plurality of circuits, circuit patterns, systems,
machines, or assemblies takes place in parallel; constituting a bulk   



29 July 2004 31 fabrication process. . . , Although this invention has been
described in . connection.with specific forms sad embodiments thereof. it.
will be appreciated that various modifications other than those discussed
above may be resorted to without departing from the spirit or scope of the
invention. For example equivalent elements may be substituted for those
specifically shows and described, certain features rosy be used
independently of other features, sad is certain cases, particular locations
of elements may be reversed or interposed, all without departing front the
spirit or scope of the invention as defined in theappended Claims.   29
July 2004 32  I . (AMENDED) A system for robotic manipulation of a
plurality of objects, comprising; a container fe~ee~~e-el~es~~; a plurality
of particulates disposed in said container; a plurality of obiects to be
manipulated disposed in said container said plurality of objects being
distinct frosaid plurality of particulatess means for applying energy to
said plurality of particulates to establish patterned granular motion
thereof and thereby forming a plurality of repeating vertically directed
standing waves said standing waves of said plurality of articulates
respectively imparting displacement forces to said talurality of ob'ects;
and, signal means coupled to said energy application means for supplying
said energy with predetermined waveforrns to dynamically position said
standing waves at predetermined positions one with respect to another, said
predetermined positions of said standing waves dynamically displacing and
arranging said objects in a 



predetermined configuration.   29 July 2004 33 2. The system as recited in
Claim 1 where said energy application means includes means for vibrating a
wall of said container. 3. The system as recited in Claim 1 where said
energy application means includes means for establishing oscillatory
electric fields in said container. 4. The system as recited in Claim 1
where each of said plurality of particulates is a single molecule. 5. - The
system as recited in Claim 4 where each said single molecule is a molecule
having a closed-cage structure, 6. The system as recited in Claim 5 where
each said closed-cage structural molecule is a buclcminsterfullerene
molecule. 7. (AMENDED) The system as recited in Claim 4 where said energy
application means includes means for establishing oscillatory electric
fields in said container, said standing waves of molecules respectively
generating fields that perform   29 July 2004 34 said dynamic displacement
and arrangement of said objects in said predetermined configuration. 



8. {AMENDED) The system as recited in Claim 4 where fide said obj ects are
electrically conductive and said predetermined configuration defines a
plurality of substantially identical nanoscale circuit patterns. 9.
(AMENDE15} individual molecules, The system as recited in Claim 4 where tie
said objects are 10. The system as recited in Claim 4 where said
particulates and said objects are each in a medium independently selected
from the group consisting of a vacuum, a gas, a liquid, and a gel. 11.
(AMENDED) The system as recited in Claim 4 where said objects are molecular
circuit elements and said predetermined configuration defines a plurality
of substantially identical nanoscalc circuits.   29 July 2004 35 12.
(AMEN]~ED) The system as recited in Claim 4 where the said objects are
mechanical structures and said predetermined configuration defines a
plurality of substantially identical nanascale machine assemblies. 13,
(AMEND)rD) The system as recited in Claim 1 where ~e said objects are
electrically conductive and said predetermined configuration defines a
plurality of substantially identical circuit patterns, 14. .- The system as
recited in Maim 1 where said particulars said obj ects 



are each in a medium independently selected from the group consisting of a
vacuum, a gas, a liquid, and a gel. 15. (AMENDED) The system as recited in
Claim 1 where said objects ace individual molecules.   29 July 2004 36 1 C.
(AMENDED) A system for robotic manipulation of a plurality of obj ects ef
reef, comprising. a container ~~~~~ a plurality of ionized molecules
disposed in said container; a lurali of ob'ects to be mani ulated di osed
in said container each of said lurali of ob'ects bein distinct from said
lurali of ionized molecules andless than 10 microns in size' means for
applying oscillatory electric fields to said plurality of ionized molecules
to establish patterned granular motion thereof and thereby form a plurality
of repeating vertically directed standing waves said standin waves of said
~iural_i,ty of ionized molecules respcctivelv imparting displa.eement
forces to said pluraIi of obi ects ; astd, signal means coupled to said
oscillatory electric fields application means for establishing said
oscillatory electric fields with predetermined waveforms to dynamically
position said standing waves at predetermined positions one with respect to



another, said standing waves of ionized molecules respectively generating
fields that dynamically displace and arrange the objects into a
predetermined configuration.   37 29 July 2004 17, (AMENDED) The system as
recited in Claim 16 where tie said objects are electrically conductive and
said predetermined configuration defines a plurality of substantially
identical nanoscale circuit patterns. , 1$, (AMENDED) The system as recited
in Claim 17 where said objects are carbon nanotubes. 19. (AMENDED) The
system as recited in Claim 18 where said carbon nanotubes are bent by said
standing wave generated fields. 20. (AMENDED) The system as recited in
Claim 1$ where said carbon nnnotubes are distorted by said standing wave
generated fields. , 21. (AM ENDED) The system as recited in Claim 1$ where
said carbon nanotubes are translated by said standing wave generated f
ells.   29 July 2004 38 22. The system as recited in Claim 16 where said
ionized molecules and said objects are each in a medium independently
selected from the group consisting of a vacuum, a gas, a liquid, and a gel.
z3. (AMENDED) The system as recited in Claim 16 where said objects are
molecular circuit elements and said predetermined configuration defines a
plurality of substantially identical nanoscale circuits. 24. {AMENDED) The
system as recited in Claim l6 where the objects are nanometer-scale
mechanical elements and said predetermined configuration defines a 



plurality of substantially identical nanoscale machine assemblies. _ 25. A
method far robotic manipulation of a plurality of objects, comprising the
steps of a, providing a container; b, providing a plurality of particulatcs
in said container, c. adding said objects to be manipulated to the
container;   29 July 2004 39 d, agitating said plurality of particulates
with energy having predetermined waveforms to generate standing wave
patterns therewith, said standing wave patterns of particulates dynamically
arranging said objects; and, e, positioning a substrate in said container,
said substrate being adapted for adhesion of said objects thereto. 26. The
method as recited in Claim 25 where the step of exciting said plurality of
particulates includes the step of vibrating a wall of said container. 27. -
The method as.recited in Claim 25 where the step of providing a plurality
of particulate5 includes the step of providing particulatcs where each
particulate is a single molecule. 28, The method as recited in Claim 27
where the step of agitating said plurality of molecules includes the step
of establishing and applying oscillatory electric fields thereto. 



29 July 2004 40 29. The method as recited in Claim 28 where the step of
establishing and applying oscillatory electric fields includes the step of
generating predetermined waveforms for establishing said oscillatory
electric fields and thereby dynamically arranging said objects in a
predetermined pattern. 30. A method for robotie manipulation of a plurality
of objects, comprising the steps of a, providing a container; b. providing
a plurality of ionized molecules in said container; c. adding said objects
to be manipulated to the container, said objects having a size less than 10
microns; d. agitating said plurality of ionized molecules with electric
fields having predetermined waveforms to generate standing wave patterns
therewith, said standing wave patterns of ionised molecules dynamically
arranging said objects; and, e, positioning a substrate in said container,
said substrate being adapted for adhesion of said objects thereto.   29
July 2004 41 



31, The method as recited in Claim 30 where the step of positioning a
substrate includes the step of locating said substrate above said objects.
32. The method as recited in Clai m 30 where the step of positioning a
substrate includes the step of locating said substrate between said ionized
molecules and said obj ects. 33. The method as recited in Claim 30 where
the step of adding said objects includes the step of providing individual
molecules as obj ccts to be manipulated. 34, The method as recited in Claim
33 where the step of agitating includes the step of generating said
predetermined waveforms to dynamically arrange said objects in an
electrical circuit pattern. 35. The method as recited in Claim 33 where the
step of providing molecules includes the step of providing carbon
nanotubes.   29 July 2004 42 35. The method as recited in Clairn 30 where
the step of providing a plurality of ionized molecules includes the step of
providing said molecules in a medium selected from the group consisting of
a vacuum, a gas, a liquid, and a gel, 37. The method as recited in Claim 36
where the step of adding said objects includes the step of providing said
objects in a medium selected from the group consisting of a vacuum, a gas,
a liquid, and a gel. 38. The method as recited in Claim 30 where the step
of adding said objects 



includes the step of providing molecular circuit elements as objects to be
manipulated and the step of agitating includes the step of generating said
predetermined waveforms to dynamically arrange said molecular circuit
elements into a plurality of substantially identical nanoscale circuits.
39. The method as recited in Claim 30 where the step of adding said objects
includes the step of providing manometer-scale mechanical elements as
objects to be   29 July 2004 43 manipulated and the step of agitating
includes the step of generating said predetermined waveforms to dynamically
arrange said mechanical elements into a plurality of substantially
identical nanoscale machine assemblies. 40. A system for robotic
manipulation of a plurality of objects, comprising: a container for
receiving the objects therein; a plurality of particulates disposed in said
container; means for applying energy to said plurality of particulatcs to
establish patterned granular motion thereof and thereby forming a plurality
of repeating vertically directed standing waves; signal means coupled to
said energy application means for supplying said energy with predetermined
waveforms to dynamically position said standing waves at predetermined
positions one with respect to another, said predetermined positions of said
standing waves dynamically arranging the objects in a predetermined
configuration; and, means for monitoring at least one characteristic of at
least one of the 



plurality of objects being manipulated, said monitoring means having an
output   29 July 2004 44 coupled to said signal means for providing a
feedback signal thereto for altering said predetermined waveforms and
thereby adjusting said predetermined configuration. .A.A.Afh.A.Ay&.A,h.A@
.Ah+.AY.Alh.A
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