;1" #$e3e~@89\ < =?6*@~@x 29 July 2004 1 ROBOTI C MANI PULATI ON SYSTEM

" UTI LI ZI NG PATTERNED GRANULAR MOTI ON BACKGROUND OF THE | NVENTI.ON FI ELD OF
THE I NVENTION This invention directs itself to the use of pa?9 04
granul ar nmotion for robotic manipulation of a plurality of objects. In
particular, this invention directs itséif to the use of patterned granul ar
noti on phenonena, Werein a plurality of standing Waves of particul ates are
positioned by controlling the waveform of energy transferred to the
particul ates. More in particular, this invention pertains to the use of
patterned granul ar notion where nol ecul es are used as the particul ates,
wherein the nolecules are agitated by the interaction between charges on

t he nol ecul es gggﬁﬁﬁgghﬁggg!i é*ild EEElled t hereto. Still further, this
i nvention dire E¥¥¥§$§E¥E%$3§B§§§%enbl|es or

systens, wherein nanonetersized conponents are dynami cally arranged by the

electric fields which are for mGRANULAR MoMTdNhg waves of particul ates that

are established when patterned granular motion is induced by the transfer

of energy to those parti@ﬂdﬁdﬁbUNDZSFJiﬁﬁ %ﬂ@%ﬂ%gon
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 iéself to
the use of patterned granular motion phenomena, wherein a
plurality of standing waves of particulates are positioned
by ccntrblling the waveform of energy transferred to the
particulgtes. More in particular, this invention pertains
to the use of‘patterned granular motion where molecules are
used as the particulates, whgrein 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
nancmeter-écale assemblies or systems, wherein nanometer-
sized 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.




PRI OR ART The evol ution of solid-state electronics fromdi screte devices to

packaged circuits and systens of ever-increasing conplexity ggs Eeg&
successful, in pa=t, due to the ability to produce the conpl %t ons

of circuit elenents en nasse. The ability to produce multiple identical
circuits sinultaneously provides an.effdciency that makes the costs of the
circuits attractive for industrial and comercial use. The evol ution of
such circuits utilizing ever smaller conponents and circuit patterns is
pressi ng mass production nethods for such solid-state devices to their
limts. Now that nanoscal e el ectronic conponents and circuits, forned by
singl e nol ecul es, have been realized, mass production techniques for the

assenbly of nanoscale circuits and systens are needed. Currently,
mechanosynt hesis utilizing a scan ing mcroscope or an atomc
force mcroscope is used to mani pul ate nol ecul ar wires and devi ces,

serially pro EngvomumMMD&ﬁmgblidcyhgtgté;égﬂgbnygélgrggggﬁgﬂyéggis
prom ses to produce a nmultiplicity ~of nolecular circurts sinultaneously,
produced have not

met hods JdedFi &8 €9ak! i it 29 July 2004 3 C

evol ved as 1yet . Thu%,he?c ﬁgr%ghicg'élcgﬂﬁ%cﬁgaPY of RYRBr eDEFCFEIRT e
mul tipl ggﬁpscaéf integrated-like circuit structures sinultaneously.

Li kew s€CHNSE-B¥ 238 BR8B! sumicersiukls dnaphait,e dur ass ethecabulltiityt e

naaoscal e nmechani cal assenblies or quantum systens sinultaneously.

Patter n§e gradiice tiei compies EﬁﬁﬁﬂﬂatiBﬁﬁoggrggréuéﬁié&@ﬁgﬁtgegganicm

behavi or, observed in this layers of granular nedia undergorng periodic
verticapaegel,l | sl oLy i 8..ppgnanenon is characterized by the formation of
st andi ng Waves OFW[hyfééﬁﬂlg R&& Feﬂﬂﬁik%Piﬁdiﬁgqﬁiﬂiieﬁ%?@%ﬁéﬁated by
t he appllca&%on of \ .

pat t er nSTR+ERTRAUTL MRV idas hanf effdciendcy thak pakied NsheScogUs’ €,

stri ped, .
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,
mechanosyntéésis utilizing a scanning tunneling microscope
or an atomic force microscope is used to manipulate
molecular wires and devices, seiially producing one
nanoscale circuit at a time. While chemosynthesis promises
to produce a multiplicity'qf molecular circuits

simultaneously, methods for segregating each circuit

ertical oscillation in the thin granular |ayers. Unique



oscillon, and hexagonal thus far having been identified. The granules are

typically formed by glass or netallic spheres having a di aneter, r Il ng
from0.05 - 3 mMm To date, the interest in patterned granulahsn%ﬁfﬁﬁbﬁas

been substantially academ c, Wthout significant industrial application.
29 July 2004 4 SUMVARY OF THE I NVENTI ON3lt is therefore an object of the
present invention to provide a system and nethod for bul k-effect robotic
mani pul ation utilizing the phenonmenon of patterned granular notion. The
system for robotic mani pulation of a plurality of objects includes a
container for receiving the objects therein. A plurality of particul ates
are di sposed in the container and as assenbly for applying energy to the
plurality of particulates is provided to establish patterned granul ar

noti on t BECsdicethdhaverndy évolvadplas atéty ofhagpeghiere \ias tasal |y
di rected standi ng waves. A signal generator is provided that is coupled to

(e ener pracuslait s ool Vool YRVALL S C08L0% WLl ot gfeterm ned

waveforms to dynamically position t fandrng viav : LEl
C andi o OBYEE SRNakR 1§ iareih oatime togyar (il bapeousdar ned
configuration. From another aspect, a nethod-for robotic manipulation of a
plurali thibewdspectthere mmyimtedrheteicala mitcis eivas10EAW ¢od and a
plurality of particulates are-provided in the container. A plurality of
obj ects 49sdfbile multiple nanoscale ﬁéchanical assemblies or

quantum systems simultaneéuély.

Patterned granular moﬁion is a recently discovered,
distinctive mechanical behavior, cbsérved in thin layers of
granular media undergoing periodic vertical oscillation.

This phenomenon is characterized by the formation of
stahding waves of the granular media. These standing waves
are generated by the application of vertical oscillation in
the thin granular layers. Qnique 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 interegt in patterned granular motion has been
substantially academic, without significant industrial

application.




29 July 2004 5 manipul ated are added to the container and the plurality of

particul ates are agitated with energy havi ng predeternined ef or o]
generate standi ng wave patterns therewith. The standing vavggéaﬁﬁéﬁagiof

particul ates dynam cally. arrange the oagects. A substrate is positioned is
the container, with the substrate bei ng%dapted for adhesion of the objects
t her et o. 29 July 2004 6 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
schematic illustration.of patterned . granular notion in particul ates of

mcron or mllimeter size; FIG 2 is a schematic illustration of patterned
granular notion utilizing Céa nolecules as particulates; FIG 3 is a
schematic bl ock diagramillustrating one enbodi ment of the present

invention; FIG, 3A is_a scfe ran1|IIustrat|ng an
LLDN system:

It is therefore an object of the present invention to
Provide a system and method for bulk-effect robotic
manipulation utilizing the phenomen;n'of fatterned granular
motion. The system for rgboéic manipulation of a plurality
of objects includes 3 cogt#iner for recéiving the objects
therein. a plﬁrality of pérticulates are disposed in the
container and an assembly for applying energy to the
Plurality of particulates is provided to establish
Patterned granular motion thereof and thereﬁy form a
plurality of repeating vertically direéted standing waves.
A signal generator is Provided that is coupled to the
energy application assembly_for supplying the energy with
predeétermined waveforms to d}namically position the
standing waves at predetermined positions one with respeét
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 pf a plurality of objects is provided wherein
a container is provided aﬁd-a plurality of particulates are

provided in the container. 2 plurality of cobjects to be




used in the invention of the subject Patent Application; FIG 4 is a
schematic illustration of ari object being nmanipul ated by th§ igyegﬁbgn of
t he subject Patent Application; FIG 5 is a schematic repres Sy f as
al ternate enbodi rent of- the invention of the subject Patent Application;
FIG5A is a schematic illustration of thg enbodi nent of FIG5 show ng
exenpl ary electric field em ssion el ectrode arrangenents of 'the present

i nvention; 29 July 2004 7 FIG 6is a schematic illustration of an object
bei ng mani pul ated by the alternate enbodi nent of the present invention;
FIG 6A is a three-dinensional plot illustrating Coulonmbic field

intensities derived froma conputer sinulation of the present invention; v
FIG 7 is a schematic block diagramof the alternate enbodi nent of the

present i|ReBApUdated hanesaddedate itheoiqutd ffedt andf khe! JIRCHION of
particulates are agitated with.energy having predetermined
waveforms to generate standing wave pattern; therewith.
The standing wave patterns of particulates dynamically
arrange the objects. A substrate is positioned in the
container, with the subs?rﬁ&e being ada?éed for gdhesion of

the cbjects thereto.




FIG 8 is a schematic bl ock diagramof the alternate enbodi nent of the
FI G

present invention Wth a substrate incorporated at a second Iocaﬁig&‘
9 is a schematic illustration of the present invention Waer e#H Qﬂects

bei ng mani pul ated are disposed in a gel; FIG 10 is a schematic
il lustration of .the present i nventi orf wherein the obj ect bei ng mani pul at ed

I s a carbon nanot ube; 29 July 2004 8 FIGS. 11A 11B and 11C are schematic

illustrations of a carboy nanotube being deforned in various ways by the
and, FIG 12 is a schematic illustration of the present

present invention;
29 July 2004 9 DESCRI PTION OF THE

I nvention incorporating feedback.
PREFERRED EMBODI MENTS

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'c; molecules éé 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 appiication system
used in the invention of the subject Patént Application;

FIG. 4 is a schematic illustration of an object being
manipulated by the invention of the subject Patent
Application;

FIG. 5 is a schematic representation of an 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;




Referring to FIGS. 1-11, there is shows, robotic manipul ation system |00,
100" for dynamcally mani pul ati ng objects utilizing patterned _gran h@
notion. As will be seen is follow ng paragraphs, robotic nanigghgﬁ&g éysten1
| 00, 100" isspecifically directed tothe concept of bul kmani pul ati onof
objects to 'fabricatea multiplicityof sfructures in parallel. Robotic
mani pul ati on system 100" is particularly directed to application of
nanonet er scal e assenblies or systens, such as the dynam c arrangenent of
nol ecules to provide a circuit patters, position a nolecular electronic
device. forma nechanical structure or sort nolecul es 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 di sposed within

the container FI®. fhisecacsgenppliccdililistysteshlde anPbbSectHB&yng0 the
container 120 to vibrate at | east one wall thereof, such as the bottom wal l

122. ThemdhbHall83 Oby Vehd 1P Iiﬁp tterned_granular notion is the
particul at esbi%tlo t0 fofma p uraﬁ%’?f%o e%g:a?ﬁg %r%‘ﬁﬁapﬁgsﬁqfect ed
standingimavegéllg. Mul tiple walls can 29 July 2004 10 be vibrated in
order to-BERPEFERS particul ar pattern of standing waves |12. Wthin
container 120 there is also provided a plurality of objects |30 which are
to be FIG. 6A is a three-dimensiocnal plot illustrating

Coulombic field intensities derived from a computer

simulation of the present i;vention;

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. 10 is a schematic illustration of the present

invention wherein the object being manipulated is a carbon

nanotube;



mani pul ated. Col lisions between the particulates 110 of the standi ng waves
112 with the objects 130 dynam cally arrange the objects in §8;éﬁs§6&$ence
wi th the standing waves. Where the standing ,raves are forne

rows of objects can be realized. By form ng standi ng wave patterns
utilizing energy applied with conpl ex ®aveforns, standing waves can be

| ocated at predeterm ned positions. The energy application system 140 may
i ncl ude one or nore vibratory actuators 142 which are driven by a signal
source 150. A vibratory actuator 142 may be an el ectronechanical or

pi ezoel ectric device, for exanple, that is nechanically coupled to the
contai ner wall 122. Alternately,-piezoelectric devices nmay be incorporated
into the strgﬁigée the_bottomwall in the formof an integral structure.
The signal 1

capability of output of electrical signals having- predeternlned wavef or s

for dri mprban manotybacbedy deifsrmide HhoPaks ovd Rdyd roy £h@9 July
2004 11 signal generator 154 nay be non-si nusoi dal OSC|Pfatory signals to
forn1n05fgyg ing waves of the particulate nedia | 10. As
shown in FIG 3A enefgy Pplication systen1140 ‘

FIG. 12 is a schematic illustration of the present

invention incorporating feedback.

pes",

r neFBd &Rt 131G aaxe opehemghic dorakoatienshading the



may be formed by a plurality of vibratory actuators 142al42n, each
respectively driven by the signal source 150. Signal source |§o na¥ ﬁg
formed by a single signal generator having nultiple outputs é :h@% Q wn,
is formed by a plurality of signal generators 154a-154n, each having an
out put 145a-145n respectively coupled% o the vibratory actuators .42a-142n
In order to coordinate the resultant vibratory patterns forned by the
media within container 120, the signal generators 154a-154n are coupl ed
into a controller |52 which provides command signals to each of the signal
generators 154a-154n and may receive status therefrom Controller 152 may
be a m croprocessor or personal conputer programred to control the signa
generators. The plurality of vibratozy actuators 142a-142n- may be di screte
devi ces or integrRESGRIBFTON OF (PHE (PREBERRRED| EMBODIMENTESNt ai ner .
Referring back to FIG 3 and additionally to FIG 4, 29 July 2004 12 the
energy appli gdsberibg R trfabal §51310 eMdrll N £ WHAWAS! réBB A% abl i shes

vertical standing waves 112" which sinmultaneously nechanically manipul ate

the plurality.of ,objects 130, by |.Lisiong therewith. ' Miltiple

col Ii si ‘Bﬂ%‘lﬁéﬁi’-%}t M&F%é%&r 180y £e2 Fé’&&ﬁg&hﬂ ﬁ?%’f%‘h%%’gn%aves
W th respective objects 130, applying forces thereto, represented by the
direct i ohakechsrotnili2ingm gaisteérnedagramdar dptimmal | &si will be
correspondence. w th a standi ng Wave. Thus, where the standi ng waves

est abl | §BeRald i g4l AR Z;rd&sadﬁ%%hs . S ol o M 1aBesa0eREtedi C.); the

obj ects 130 can be arrang cally, in. correspondence with those
patterns..The, patterns cap,be stgﬁ%gshed~ S sired, by copty ing the
wavef oPir?%dﬁ&edL?erﬁ@aﬁT'E?ﬁél;?(e %ﬁbfp?‘ﬁeg"t Fh@°ﬁ§ﬁﬁ/%d? t%’gﬁf 10. The
obj ects being mani pul ated can be integrated circuit chi s, discrete circuit
conponégraripubaticni of @b@unts,torfabr&aﬂteah.uudpnhﬁhfs;thPfexanple. The
dynam c arrangement of the objects can represent a plurality of

subst anit Ahé i @NLACRLEI1TGEH [ S RELHRLES AR bHIMRL: Srh "By EREBE0TD0Y
Simlarly, the objectS manipul ated can be nechani cal conponents that are
assenbled into. a plural ity of 29 Julvy.2004 .13 substantially i i cal
nechani’tsaIP%@%Je‘%ﬁ7§iyofhéf§%.t%sa#f"‘llcﬁ'%l&@s# MW‘FL?E essggg to the
embodi nent of FIG 7. a substrate 134 is positioned in the container 120
and ad@&Reepbbiesdonr systenis t auchj ast thesdynaadst ATIRRIEHEAL 8% behavi or
of particulates through vertical vibration is the container 120 down to

M Cr os piwkduls the podivide) PlcLr@idy patkesngnpomwltiear ki cul ates has
been established. However, is order to mani pul ate aaaoneterscal e objects,

[ il bl i sh d I ] '
nanome PR (o 4P ERPRLSS SSVAGR: nEDERoRoPBCHRIEIRT BEEREREE,SF, shed.

with respect to inducing patterned granular notion anong aaaoneter-scal e
parti c@caedmokentkear byapoaifsioning 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 applie; energy to the contaimer 120 to vibrate at least
one wall thereof, such as the bottom wall 122. The
vibrations of wall 122 establish patterned granular motion
in the particulates 110 to form a plurality of repeating

vertically directed standing waves 112. Multiple walls can



. brobl ens associated Wth the addition of energy to the collection of
nanonet er-scal e particul ates through collision with the contgég&r 2 @%Ils.
| nperfections in the oscillating wall of the container can c 4P tropy
in lateral rebound velocities of the particul ates sad the noxzaal force of
the oscillating walk will not likely HEOdistributed evenly, on a manoneter
scal e, over the particul ates, causing particulates wth low fracture rn
29 July 2004 14 energies to break upon collision. Further, the precision of
control of the physical oscillating wall needs to produce standi ng waves
w t h nanoneter-scal e spacings. which is not easily acconplished with
transducers of current technology. In order to overcone those probiens, a
spatial&g unjformelectric field, represented by the lines 105, is applied
to a pot® JF-RPBLEA donEFdesT tro(achaevel aspaatddukaF| gatSernt idf zi ng
particulates 110", which are charged, the oscillating electric field

enul at estandind cubirgsyv1lRat | KG i a&@ntxghlb&cqldd/. ALELL e1 8t hAgd he

particul ates. Using particul ates of such- small size 1 ntroduces other

I
nter - pRFE A dor PESALERECH: sHiRier 10 Bl aemera,Beand the

particul ates thensel ves have to be' of ~sufficient structural strength to
survi veRasimuianedw t Gellisiopse tetiwern €he pamdmienciatsssl Elpaofi cul ates
selected for use, particulates in which patterned granular notion is to be

o s meocene| shoug eid et spigal ey e o
arrange the objeéts in cqfr;spon&ence-with the standing
waves. Where the standing ;aves are formed as “stripes”,
rows of objects can be realized. Bf forming standing wave

.patterns utilizing energy applied with complex waveforms,
standing waves can be located at prédete:mi#ed positions.
The energy ap?lication system 140 ﬁay 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 142. The signals cutput from




29 July 2004 15 found in the Cso nolecule, which structure is substantially

spherical. Other nolecules with similar properties, such as ﬁgo C£084 d BO
and Cs~o0. al so could serve as naaoneterscale particulates. T %ﬂ%

nol ecul es, - known as buckninsterfullerfie nol ecul es. or "buckybal | s" can be
charged sad have sufficient.. strength*to survive the multiplicity of
col i sions which occur when patterned granular notion is established. As
illustrated in FIG 2, .the buckm nsterfull erene nolecules are used as the.

particul ates 110' and by the application of one or nore oscillating
electric fields establish vertical standing waves 112. corresponding to
that which is seen Wth larger particulates that are nechanically

accel er ag£gnahn el erat.e the particul | 10, . yertically, the
particul at %gallggag%%%aﬁégd% k?ﬁensme‘ﬁéngﬁﬁefc%ﬁ?iﬂnx?}:&ré’m | 40 of -
system | cludes an electric field em ssion system 145 having a '

00" |
plural i t%/’-%zﬁagﬁeépr Sgcm gompsndfammlby ospaiced atamtizg neavédOotforthe

establishing one or nore oscillating elettric fields therein. The

parti culpmesicilteameddihspgecd between at | east two el ectrode plates to _
VWhi ch el ectrical signals a 29 July 2004 16 havi ng predeterni ned wavef or ns

are applied f he_si.gn soyrce ,150. That arrangenent enul ates a
vertically vi%gg%#%nsh‘ﬁf gtgt E“est | SRepTY 8PRdG CRtERR FYREEFOA40s t he
particul ates. The vertical stianding waves 11Z of particulates 110" wil|
dynani cEBYy 28 rkermeedsbpnet plusadliéom£cribiatoryoaettiatdnst 2adaof bei ng
mani pul at ed by nechani cal collisjon&, t he. nanonet er - scal e obj ects, objects
- 142n, each respectively driven by the signal source 150.
-vSignal source 150 may be~fo£med 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 1l45a-145n respectively coupled to the vibratory
actuators 142a-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 152 which provides command signals. to each of
the signal generators 154a-154n and may receive status
therefrom. Centroller 152 may be a microprocessor or
personal computer programmed to control the signal
generators. The plurality of vibratory actuators 1l42a-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,




each, of whose size, dianeter or snmall est outside contour dinension is | ess

'than'lo mcrons, are mani pul ated by Coulonbic fields .
el ectrode arrangenents.for use in establishing the reqU|red gpéﬁﬁgab84lelds

wi thin container 120, reference is now made to FIG 5A. The accel eration of
charged particulates 110" is achieved B2 the electric field fornmed between
the oppositely charged el ectrode plates 144 and 146 surroundi ng contai ner
120. Wiile plates 144 and |45 are depicted as being annular, such is only
exenplary and may be fornmed in. a nultitude of different contours Wthout

departing fromthe inventive concepts enbodied therein. Referring
the oscillating 29 July 2004 17 field

additionally to FIG 6,
establis@g Qﬁtmeen th tes 144 cad 146 adds energy to the charged
particul at es- 110y GFF g§°aEthPéntbGM&}tnﬁn1latwiyh1huhommm1ne*

necessarllg peri odi c.
establishes vertical standing waves 112 which

. Simultaneously mechanically manipulate the plurality of
objects 130, by collisions therewitﬁ.' Muitiple colligions
occur between the particulates in each of the standing
waves with respective objects 130, applylng forces thereto,
represented by the d;rectlonal arrow 102, to position an
object dynamically in correspondence with a standing wave.
Thus, where the standing waves establish particular
patterns (e.g., stripes, squares, hexagons, étc.), the
objects 130 cah be arranged,‘dynamicallf, 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 110. The objects being
manipulated can be integrated circuit chips, discrete
circuit components, conductive elements, or mechanical
compeonents, 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

cocxmponents that are assembled into a plurality of



Each of the standing waves that are thus forned establish respective fields

106 that exert appreciable Coul onbic forces on respective ob5§cfi.é§8'
"whi ch objects thensel ves have fields 104 that interact with 4ive
field 106. The objects to be mani pul ated 130 may be uncharged, or charged

with a polarity either the same or oppdite to that of the charge polarity
of the granular standing waves 112, in order to establish a predeterm ned
arrangenent of objects or deformation thereof. Were as object 130 has a

charge, having a polarity opposite to that of the representative standing
wave |12, as attraction is established therebetween. As will be discussed
Is foll owm ng paragraphs, the Coul onbi c charges established by the pattern

of standj ves_generated within container 120 can be utilized to deform
obj ect sd%‘%?%*?%nﬁieg e Gohifechanical AssemivtiaB torj aystens.
arraagi ag-themin particular patterns, or for utilizing differences in

charge 8 stkilthe dbjscetibed witl rébpaty 2804hkS dRaicifmddt begkrtre.Fl G
5A. the electrode plates |44 and 146 are electrically coupled to the signal

source I50.gt ' r AN} s¢il lLator ignals wth

pr edet éz7§ i .aaeﬂﬂ’v\g{\:/gfggérrg g:és q'gr g@r%t%oggﬁébf‘?s ﬁg& &\éﬁiagti‘eﬁ a#aé nPHave
pattern%a=d§gé;§ulatgﬁ | 10' within the container 120. As discussed with
respect X6 Lor RdhsEencreof e chiiects1380mkkeretior red by one or

e The granular behavior of'particulates through vertical
vibratiop in the'contain§¥;i20 down to micron scale by the
addition of energy to micrdg-scale particulates haé been -
established. However, in order to ménipulate nancmeter-
scale objects, it will be necessary to establish patterned
granular motion in nanometer-scale particulates, which
heretofcrg.has not been accomplished.

With respect to inducing patternmed granular motion
among nanometer-scale partiqulates; there are a number of
problemé 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 and the
normal force of the oscillating wall will not likely be
distributed evenly, on a nanometer scale, over the

particulates, causing particulates with low fracture



signal generators which can. be prograaaned, internally or through the use

B

of an external controller, to synthesize the required waveform
wavef orm of the signal generated may be expressed as a Fouri @9

wherein the coefficients are selected to provide as output signal

wavef orm

of a desired shape. 8y controlling thggshape of the wavefoxza of the signal

applied to the plates 144, 146, the |l ocations of the standi ng waves of
particul ates can be controlled. therefore, the shape or topol ogy of the
field generated by the standi ng waves can al so. 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

predet erm ned patters,

conbi nation of nmultiple electric fields .established w thin container

In ad
and. |

di bE0Boherbhe olf itk G5 PRLESTCYRE 1R A% S TOHEANE Rift oS 144

-produce standing waves with nanometer-scale spacings, which

is not easily accomplished with transdiicers of current

~ technology.

In order to overcome those problems, a spatially
uniform electric field, rep?esented by the lines 105, is
applied to a portion 108 of-containéf 120, as illustrated
in FIG. 5. Utilizing particulates 110‘, which are charged,
the oscillating electric field emulates a ve#tically
vibrating surface, vertically accelerati#g the
particulaﬁes. Using particulates of such small size
introduces other problems wh;ch must be overcome. Brownian
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-cage structure. Such a cloged-cage structure is

] or othezw se mani pulated in a known way. i 29 July
2004 l9emmygiesatticoradk stpodi eplMdedoniny PerfHekhe e PraddLibRy a

120.



additional fields can be established between respective opposing pairs of
side electrodes 143, that may be added in proximty to container 120, The
plurality of side electrodes 143, together, substantially su ol 2004

contai ner 120, each being separately %Eirgized by signal s having
predet erm ned waveforns. As another alt®ernative, the plates 144.,' 146 can
be subdivided into a plurality of sections, each being separately

energi zed. That arrangenent can be used alone, or in conbination with a
plurality of side electrodes 143, and is anal ogous to the use of the
plurality of vibratory actuators of the enbodinent of' FIG 3A. As an
Illustration of the degree of control that is achievable, reference is now

made tofd L6101 Nensj |..pLot _sho in FIG 6A, The plot illustrates a
di stri but Pg‘r?t g“f”e ?‘.Eegf EE"‘P ﬁ‘*“gggﬂﬁ& aﬁm eﬂQB?CEuESNﬁEt SUbSEANEIRLAY The
sinulatiog shog; tat_ the Coul onbic fields can be 29 July 2004 20 :
di st ri IRBETRE 3 pr Adiesy Mok phesems th aimeisnn dhrgpeptibe, digaidh but i on

of standing waves. of particulates, wherein . the distribution of standing

vaves 13 CORL @150 O Bl €551 WTad | Eb1A"BERVe boP UdiilleaL 2D | Shed
scale particulates. The Ceo nwlecul;s,'known as
buckminsterfullerene Qoleculéé.or “buckyballs” can be
charged and have sufficieﬁt”strength to Qurvive,the
multiplicity of collisions ;hich occur when patterﬁed
granular motion is estaﬁlished. As illustrated in FIG. 2,
.the buckminsterfullerene molecules are used as the.
particulates 110’ and by the application of one or more
oscillatigg electric fields establiéh‘vertical standing
waves 112:corresponding to'that»which is seen with larger
particulates that are mechanically accelerated.

In.order to accelerate the particulates 110’
vertically, the particulates 110 are charged and the
energy application system 140 of system 100’ includes an
elect:ig fiéld emission system 145 having a plurality of
electrodes disposed in 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



Nanonet er-scal e objects likely to be mani pul ated by the nmethod and system
di s¢l osed herein-include nol ecul ar di odes, nol ecul ar transistQr Q cul ar
| ogi ¢ devices or other circuits forned by a single nolecul e, i%ﬂﬁ@%gﬁ ;
structures which function as "wires"; nol ecul es having

medi cal / phar macol ogi cal significance; &6c: Conponents of quantum conputers,
ot her novel types of nanoconputers, and nanomachines also are likely to be
mani pul at ed and assenbled by this nmethod. Wile there is great interest is
devel opment of electronic devices and circuits forned from single

nol ecul es, there is also great interest in structures that can serve as

i nterconnecting conductive elenents for conbining the nol ecul ar sad ot her
nanoneteg-scale circuits {ntQ nore conplex functjons. One prom sjng
conduct i ¥8VEPEnPRedet s RIReR hEA VLSS areyapp] dsdnfFomithnagionadg July
2004 21 location of standing waves of particulates |10, objects such as -

nanot ubescuanebd 54r.r et | Arpapgesiehe EnXhtdLCAT et iGaIay t pattern. In
order to make use of that circuit pattern,the naaotubes 130aee'ti to

mor e cong SR b g, e Taed 0 AR TARh RO RO RN AL A The

objects 130 to a substrate is shown: In _this’'exanple, the substrate 134 is
di sposedtB®RITEAEUBtES s Bl wastdral mtandisrg swavese 132 ofe substrate
| 34 is adapted for adherene of the objects thereto. Such adaptation nay be

in the foamddubatest 109 awills Gydinid Pl ahr¥hhele Matnahetbsl fbiYef or the
conposition of the objects 130, the application of a coating that provides

a bond ygg%%t obj qgg ‘he .su rate 134, .0r.the | i cation of
a partigﬁ%ar C a?%g'to%%%%vé%%St ?%ei§4°?gEE?{%%&FE?hBuéﬁfgéﬁggl30_ The
substrate 134 pmay_be positioned is or on container 120 prior to the
est abl i %Fé’rﬁmoqa% h‘é°g&tlﬁépﬁ’@d dikeuranonsties seale hekjecss ot BbIGCES Once
the objects 13 0 have been positioned on the bottom substrate surface, the
substr atacmypbhahepar aiee,f Gimmdies obtabnall1bdd dtsifie?dodBod Y 2004

dimensicn, 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 éharged electrode plates 144

and 146 surrounding container 120. While plates 144 and

146 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



passed on for further processing, which may include the separation of the
subgtrate into a plurality of individual segnents, not unlike the
separation of a wafer due to a plurality of integrated circuﬁ@-&ﬂYBQQ4
Thus, a plurality of substantially identical and.separable nanoscale
circuits or circuit patterns can be f@med sinultaneously: The space 124 in
whi ch. the objects are di sposed, between the plurality of particulates 110
and the bottom surface of the-substrate 134; nay be filled with a medi um
such as a vacuum a gas, a liquid, or a gel. Such a nediumwould facilitate
processi ng or take advantage of a particular characteristic of the objects
bei ng mani pul ated, or facilitate the use of a particular material as the
particul ates. Referring nowto FIG 8, there is shown another nethod by

whi ch t féedis} @atahbished betiweiematheaplatesi 244t and Idestadde. In this
arrangenment, the substrate 134 is positioned between the objects 130 and.

the par eheHggt ap 2, o N h i ' ¢ g t he st andi ng

waves 112 acting (])trjlﬁéthceﬂ\%%?ggt ga?gg%ré(}u%%eis’g%s't gf%a%gr%he obj ects 130
can be sg t.0 a&%&re Eﬁyéﬂﬁ substrate 134 29 July 2004 23 by the

met hodsgg FrERs REIRS lagpryy o DUty DAt negessarilyopexiadify: of the
objects in order to . affix themto substrate |34. The substrate 134 can

form a Bagbupé the tstaniing owavést khatorird ndud 2owhege estaHIaldgh cul at es
| 10° are disposed. Therefore,~ the space 124 between the particul ates 110

o remettate BAmy oGt SR TR o <
R N R A (L TR e W
bave fields 104 that interﬁgt with a respective field 106.
The objects to be ﬁanipulated 130 may be uncharged, or
charged with a polarity either the same or opposite to that
of the chérge polarity of the granuiar standing waves 112,
in order to establish a predetermined arrangement of
objects or deformation thereof. Where an object 130 has a
charge, having a polarity opposite to that of the
represeﬁtative standing wave 112, an attraction is
established therebetween. As will be discussed in
folloﬁing paragraphs, the Coulombic charges established by
the pattern'of standing waves generated within container
120 can be utilized to deform cbjects into a predetermined
configuration, as opposed to just arranging them in
particular patterns, or for utilizing differences in charge

to sort the objects.



the substrate 134 the space 126 may be filled with the sane or a different
medifum For instance., if the objects 13D are nolecular circuits m&bganare
formed by bulk processing in a liquid, that liquid may be mai4% 9K i thin
the space 126 until the objects 130 are positioned in the desired
configuration. The particul ates, on tiggother- hand, may be di sposed in an
evacuat ed space to reduce resistance to their novenent. \Were nol ecul es are
bei ng sorted for nedical/pharnaceutical applications, the mediumw thin the
space 126 is likely to be a gel. As shown in FIG 9, the gel 136 is

di sposed 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 standi-ng .wave |12-of particuiates 110', the particul ates

| 10° bei ng i RRefermipg baxmk un FIGh §R) s the adbctroedei pihyeasddsin

el ectrophoretic processes. The patterned granular notion established in

nanome! Smgcal e ARl SARLAIGY | URILAN e e CQUNLSL gbutDE 150

el ectrcphoretic process, an ty to per at process’in two
or three.dimensions. Referring nowto FIG _10, there s shown an

i |1 ustr A10BIREL c BPHSC o AFevisins esei- s pasaryorsigrakg pditht e 134. In

addition to positioning the nanotube 130c at-a precjse |location on the
fngt raweﬁhtemmedamowinlb’&dﬁrpabt etalilieh 1 ' désdwred utilized
standing wave pattern of particulates 110’ within the
container 120. As discuséeé with respedé to FIGS. 3 and
3A, the signal source 150 m;y be formed by one or more
signal generators which.can.be prcgrémmed, internally or
through the use of an external controller, to synthesize
the required waveform pattern. The wavefo:ﬁ of the signal
generated may be expressed as a Fourief series wherein the
coefficients are selected to provide an output signal
~waveform of a desired shape. By controlling the shape.of
the wavéform.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 Sy 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 patterm, or otherwise

manipulated in a known way.



di stort the nanotube 130c. The distortion may range froma slight angul ar
of fset or translation, where the electrical characteristics of the _naaotube
are unaffected, to a kink, where the electrical characteristi28sJWy 20

aanot ube are changed as a result. Thus, where' the standing waves take the
formof stripes 112', as shown in FIG% 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 112" has an accurate shape,. the aaaotube 130C

will likewi se be bent into that arcuate contour. .\Where~the radius of the
arcuate contour is snmall, as illustrated in FIG 11A, the nanotube 130c
will be bent to the extent.of kinking~~, wherein the electrical

characteristThe Dbchitdonzaoifutdridahdeonhods mby didifi@hde such
deformati ons, the_nanotube 130c can be translatéed fromone position to

anot her, | I ) ere the andi ng.\\yes arge. itioned in
m)re~cgr?p exégg eiraﬁs!; t #&gﬁ%&fé%ﬁi%&ﬁ&ﬁ %&Kﬁ‘%@""ﬁe %’e?gaﬁed into
more conpl ex shapes. Thus, predeterm ned topol ogi cal configurations of.

pat t er féFahbhehed VoEhani spntedmear 120 ect Inchdditdond toy the Sheldcation
of oscillating signals having predetez~i ned.waveforns to the electric field

em ssi estalisl PshddSbeElveeh khel edldisA54abpiaked. 1k bha elagfric field
em ssion system |45, in turn, add energy t0 the charged particul ates 110

pat  or RoT A S EERH A8 orh Brc SRR TP EPd cbe A reaRRAE Hranul ar
motion of charged particulates 110-- i :

: opposing pairs of side e;ectrodes 143, that may be gdded in BN
proximity to container 120.i The plurality of side
electrodes 143, together, substantiaily surround container
120, each being separately energized by signals having
predetermined wavefiorms. As another alternative, the
plates ;44,‘146 can be subdivided into a plurality of
sections, each being separately energized. That
arrangement can be used alone, or in combination with a
pluraliﬁy of side electrodes 143, and is analogous to the
use of the plurality of vibratory actuators of the
embodiment of FIG. 3A.

Ag 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 cbtained by a computer simulation.

The simulation shows that the Coulombic fields can be -



.29 July 2004 Z6 consists of respective standing waves, with the standing
waves generating electric fields that are. used to arrange . obj%céﬁ
dynam cally. Through the use of electric fields to estamifﬂ1%%HQ¥ Q4
granul ar notion, nanoneter-scale particulates, such as Cso can be utilized
to mani pul ate nanoneter-scal e obj ects. 20Naao~net er-scal e obj ects such as
conductors defined by carbon naaotubes or poi yphenyl ene nol ecul ar wres,
nol ecul es defining nol ecul ar el ectronic devices, quantum conputer
conponent s, or nanonechaai cal conponents, can thereby be mani pul ated en
masse. For larger, mcron and mllineter acal e~devices, the energy can be
added to particulates utilizing vibratory transducers to displace a wal
t he contgLner,éZO and thereby establish patterned granular notion. The

st andi ng@+SHEFPN RS it ypredepermsnedd parttruss, GdrrespgdIidpde .

utilized to mani pul ate objects by virtue of the collision between the

par) cul Shesdioereuai o8 geusa: BBy SRIHNEAIELS dudtdle

arrangenment shown in FIG 7,
ndi ng waves generated by the vibratory

the obj i d_by the st
di gp?a{&g?é%tggghgg%:’g‘%gﬁ%# \é‘?g?géﬁﬁ Bevedddst sontmoliled okhe

electric field intensity pattern established within the

of

container.

Nanometer-scale objéét; likely to:béamanipulated'by '
‘the method and system disclgsed herein include molecular
diodes, molecula: transistors, molecﬁlar-logic devices or -
other circuits formed by a single molecule, molecular
structures which function ag “wires”, molecﬁles having
medical/pharmacological significance, eﬁc; COmpcnents'af
quantum éomputers, other novel types of nandcomputers, and
nanomachines also are likely to be manipulated and
gssembléd by this method.

While there is great interest in 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 and other nanocmeter-scale circuits
into more complex functions. One promising conductive

element is the carbon nanotube. By adjustment of the -



. 27 adhere to the lower surface of a substrate to provide a plurality of
substaatially identical patterns thereon. As previously discg%ﬁﬁg,
predet ermi ned standi ng wave patterns of particul ates are est %ggoﬁy
speci fying predeterm ned coefficients of one or nore Fourier aeries
representing waveforns supplied by the2gower source |150. The mani pul ation-
of objects may be carried out in .discrete steps, wth the waveforns of
signals from power source |50 being changed over time in accordance with a
predet erm ned Program The nanipul ati on of the objects, however, can be
made nore precise if the waveforns output from power source |50 are
actively nodified in response to the mani pul ati on. Such a feedback
arrangenmgnt is schepatically illustrated for system 100" in FIG 12. As
di scussedYFEERRISsPY, stABRASRgnWAVes ke Mt hrulaties 110MHAl ebavitsy
waveforns established to provide predeterm ned standi ng wave patterns of

parti cul steh ﬁlmmweér@ﬁpﬁwhﬁﬁjﬁg if%f/@#g{:gg}nﬁ%eg'e ener gy,

application system 140. for transferring.the ene romine power source

out put t | CLi s.,wWithin container |20. As discussed previously,
t he enér'é%gggzﬁﬁ'?{:éajt i%‘l"nzaéc‘g%t l:%a"e{:?mr meEh &FGex to M%I?S%@f@%ﬁf o
electrical. Additionally, robotic maaipul ation system 200" includes a
sensi ng Sy3FEAtIEREIEIR ohie Hamdbablsf A3 tadjesl e thef appeiede w dore
wavef orms out put from power seurce |50, to thereby adjust the positions of

st andi ngsubyesatie!, hias Qo inii &y ;ﬂg? < \hisle @gﬁ ~ QRN Co
a plurality of objects 130 in p}}ira Igl",rg\gg%sie}g SYS %%ﬂ#wﬁ Ib%%ﬁ he

4

Tors
Beone. HeS 5rS, BRI ANrHTRa "o other measured characteristic,
sassing system | 60 provides an output to power source 150 to alter the one
or nore wavefReASrEdRgutor FIGebyT, Semei ngthps €orl@pplying the

objects 130 to a substr;te is shown.. In this example, the
substrate 134 is disposed above the objects 130, wherein

the lowef surface of the substrate 134 is adapted for
adhérencg-cf Ehe 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 substraﬁe 134 to attract the

objects 130L The substrate 134 may be positioned in or on
container 120 prior to the establishment of the patterned
granular motion or subsequent thereto. Once the objects

130 have been positioned on the bottom substrate surface,

the substrate may be separated from the container 120 and




i ncl yde optical /i magi ng or scanni ng probe m croscopy equi pnent to sense

'position of the objects. Electrical and/or optical sensing L.ngl uded
to nmonitor other characteristics of the objects that changengéaﬁﬁﬁbaﬁﬁects

are mani pul ated. Thus, probes of an atom c force m croscope' can be used to
make contact faith a carbon nanotube tI22 is being atanipul ated, the probes
being coupled to electronic nonitoring equi pnment for nmeasuring the

el ectrical conductance, for exanple, of the nanotube 29 July 2004 29 and
detect the formation of a kink"™ therein. One use of feedback, for exanple,
IS to provide nore. preci se nmani pul ati on of objects. The nethod for robotic
mani pul ation of a plurality of objects includes the steps of providiag a
containera t he contai ner being capabl e of generating-rapid granul e rebounds
at a hi gR2FPEGuERc OB NEupEberdprocessing, iwkich payt isidlaids thet he

container: The objects to be mani pul ated are added to the container and the

parti cul @epsratdoagidt e Wiibs£L8ERY 1B %P%I&E&%%@;ﬁpe%%d :‘9415@1'[ °

generate standi ng Wave patterns therewt rned granular
e the objects, where

tion). d| patierns dynamical
motion) sddifedtan 2% SR, h%i Ren n% O ohi walirm Ao tor Sbj ect s

t he arrangenents’ can

defi ned Qy ) _ .
plurality of integrated eircuit chips.” Thus, a plurality

of substantially identical and separable nanoscale circuits
or ecircuit pattefns can be Eormed simulﬁgneoule;

The space-124 in whichfthe objects are disposed,
between the plurality of particulateé'llo’and the bottom
surface of the.substrate 134, may be filled with a medium,
such as a vacuum, a.gaé, a 1iquia.,of a geI; Such a medium
would facilitate Processing or take advéntage‘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
llOf, with the electric fields gemerated 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




el ectronic devices or electrical circuit patterns of objects defined by
“electrically conductive structures, for exanple. The arrange quof gjects
may al so form other types of assenblies as well. The nethod gﬁ% 'Y@QB des
the positioning of a substrate is the container, Wierein the substrate is
adapt ed for adhesion of the objects tHeteto. The positioning of the
substrate can precede the agitation 29 July 2004 30 of the particul ates,
or be subsequent thereto. The agitation of the plurality of particul ates
may be achi eved by vibrating a Wall of the container. Another nethod of
agitating particul ates, where the particuiates are charged wth a
predetezm .aed polarity, as to establish as oscillating electric field
within t.al The objects to be manipul ated have a size |less than
10 m cr%ﬂg,t(ﬂlg.]e:&‘é,%é%‘? a&@?‘é?‘é}lﬁ ¥ fﬁa’?f"l%??ﬁcr%s?rgﬁtﬁﬁe sythgequent

di mensi on of the object's outer contour being | ess than 10 m crons, and the
obj ect stRaposd tdhoring nof cthe eebj et gaint | sxdet eSo MaE L ke Rl a5 be

i ndi vi dual nol ecul es, wherein such nol ecul és have a cl osed-cage structure,

e.g., estbskraty gl | enpneubLecdhe H%qgh; gﬁgé%%%gﬁ#gtﬁg%e? obj ects

can be provided is a nediumindependently sele
consi sty .V ac aqgas', aliquid, arid a gel. Using this nethod, a
pl ural |t%1$go$£§§6'\56?1 atﬁﬁnﬁq%%%ﬁ%’éﬁF 2o dhare tthe @articudakes
el ectrical, quantum or nechanical) can be foxed on a substrate. Thus, the

fabri ca}%n a¥e tdbspraed) i t hetediarms) t She Copadit 102t biitifees YERHENS,
machi nes, or assenblies takes place in parallel; constituting a bulk

particulates 110’ and the. substrate 134 may be £illed with

a selected medium that prombtes a desired characteristic,
such as utilization of % 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'diffgrent medium. For instance, if the objects 130
are molecplar circuits which are formed by bulk processing
in a liguid, 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 movemént. |

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 31 fabrication process. . . , Although this invention has been
deseribed in . connection.with specific forns sad enbodinentggénﬁréﬁh. It.
wi |l be appreciated that various nodifications other than th Y dsed
above may be resorted to without departing fromthe spirit or scope of the
I nvention. For exanple equival ent el eggnts may be substituted for those
specifically shows and described, certain features rosy be used

i ndependently of other features, sad is certain cases, particular |ocations
of elenments nay be reversed or interposed, all wthout departing front the

spirit or scope of the invention as defined in theappended C ai ns. 29
July 2004 32 | . (AVMENDED) A system for robotic manipul ation of a
plurality of objects, conprising; a container fe~-ee~~e-el~es~~; a plurality

of partebjeates 1di0spaaed 1301 dbdingnddispdiaced pinrdi EEprentobi ects to be
mani pul at ed di sposed in said contalner said plurality of objects being -

di stincg;fepsapgsp! i PREt Leul at appl yi e y to
said pl uzr'aF?fs' y o? Sgﬁ czfﬁ/sa"ge% ?g ggg agls'?’é% %aﬁ?%géyg%l%%%n

t her eof and ih rey forming a plurality of repeating vertica}ly directed

st andi RV es4sFd PEEHEHR RS c310f, the pautirnlptes ak10CHeing
respectively inparting displacement forces to said talurality of ob'ects;
and, siignaa neangelomelddtini.0 Suchege1syadppaidiAldd EAB Y Ased/EH Vi NG
said energy with predeterm ned wavetorrns to dynamcally poOsition said

st andi ngy Jay. e ) osifions_one w th respect _to another, said
predeterm neP %éftgfeg%sbg%@seg%égt an#ﬁgpﬁ/gﬁgpﬁaﬁﬁ%’gﬂﬁﬁrdp?%ﬁgé ng and

arranggg%éﬁﬂfgéggegésnggogeter{écéle particulates provides much
finer control of the eledtr;phoretic process, and the
.Capability to perform that process iﬁ two or three
dimensions.

Referring now to FIG. 10, theré is shown an
illustration of a carbon nanotube 130c disposed on the
gubstraté 134. In addition to positioning tﬁe nanotube
130c at a precise location on the substrate 134, the
standiné waves 112 of particulates 110’ can be utilized to
distort the nanotube 130c. The distortion may range from a
slight angular ofiset or translation, where the electrical
characterisﬁics of the nanotube are unaffected, to a kink,
where the electrical characteristics of the nanotube are
changed as a result. Thus, where the standing waves take
the form of stripes 112’, as shown in FIGS. 11a, 11B ﬁnd

11C, a nanotube 130c that is charged negatively will alfgn



, predeterm ned configuration. 29 July 2004 33 2. The systemas recited in

Claim 1 where said energy application means includes neans faqr ylbrgb ng a
wal | of said container. 3. The systemas recited in Claim1

energy application nmeans includes neans_for establishing oscillatory
electric fields in said container. 4. e systemas recited in Caim1l
where each of said plurality of particulates is a single nolecule. 5. - The
systemas recited in Caim4 where each said single nolecule is a nolecule
having a cl osed-cage structure, 6. The systemas recited in Claim5 where
each said cl osed-cage structural nolecule is a buclcm nsterfullerene

nol ecul e. 7. (AVENDED) The systemas recited in Claim4 where said energy
shing oscillatory electric

appl i catittge JEaRs thngl for esta
dshe sai I¥§ mg s f oppesites changetively

fields in said container,
perforn1 29 July 2004 34 said dynam c di spl acenent

gener at i fields t
TGeHEhtY of E&Fﬁ' oBPedns AL s 10 prederer gi pegpetiivar §t+0Pe

and arr

_ 11;’ has an arcuate shapg,.the nanotube 130C will likewise
be bentviéto that arcuate contour. .Where':he radius of the
arcuate contour is sﬁﬁll, as }llustrated in FIG. 11a, the
nanotube 130c will be bent to the extent of “kznkzng”
where;n the electrlcal character;stzcs of the nanotube is
affected. .In addition to such deforﬁations, the nanotube
130c can be translated from one position to another, as
shown Ln FIG.Ille Whe:e the standing waves are positioned
in mdre'cogplex patterns,_the_nanotubes 130c can likewise
be deforﬁgd into more compiex shapes.

Thus, predetermined topglogical configurations of
patterned granular formations can be selectively formed by
the appl;cation of oscillating signals having predetermined
waveforms to the electric field emission system 145.
Electric fiélds established by the electric field emission
system 145, in tgrn, add energy to the charged particulates
;10’ disposed in container 120, the energy being sufficient
to establish patterned granular motion in the particulates.

The patterned_granular motion of charged particulates 110’




8. {AMENDED) The systemas recited in Claim4 where fide said obj ects are
el ectrically conductive and said predeterm ned configurationéﬁgfinia 2
plurality of substantially identical nanoscale circuit patte July 200
(AVENDELS5} individual nolecules, The systemas recited in Claim4 where tie
said objects are 10. The systemas reciged in Claim4 where said

particul ates and said objects are each in a nediumindependently sel ected
fromthe group consisting of a vacuum a gas, a liquid, and a gel. 11.
(AVENDED) The 'systemas recited in Caim4 where said objects are nol ecul ar
circuit elements and said predeterm ned configuration defines a plurality
of substantially identical nanoscalc circuits. 29 July 2004 35 12.

(AMEN] ~ED) The systemas recited in Caim4 where the said objects are

mechani cansitstetof eseapdctdive pteged Bidi wateeQNWitH athengdghiliag a
plurality of substantially identical nanascal e machi ne assenblies.

13
( AMEND) ' | neCal ere ~e said objects are
el ectri {c’%%?oeﬁyﬁ%’géaﬁg%ﬁg%%ﬁfﬁ% o ini i‘iﬁﬁ‘%t 'F%néﬁﬁﬂnﬁgs a
pluralitﬁ,of substantjally identical circuit patterns, 14. .- The system as
reci t ed®PA epkiSmAyR#Rieatlyd pFhronghirthe suseobf edtemtric fields to

establish patterned granular motion, phnuﬁeter-scale
‘particulates, such as C; can be utilized to manipulate
nanometer-scalelbbjects.:.N;nameéer-scaié objects such as
conductors defined by carbo; nanotubes or polyphenylene
molecular wires, molecules defining ﬁoleculaf electronic
devices, quantum computer components, or nancmechanical
components, can thereby be manipulated en masse.

For larger, micron and millimeter scale-dgvices, tﬁe
energy can bevadded to particulates utiliziﬁg vibratory
transducers to displace a wa;l of the'contaiﬁer 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 thé particulates in 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




are each in a nmediumindependently selected fromthe group consisting of a

vacuum a gas, a liquid, and a gel. 15. (AMENDED) The system_gs re;i@Ld I n
Claim 1 where said objects ace individual nolecules. 29 Jul?fr9 Hy£088 1 c
ects ef

(AMENDED) A system for robotic manipulation of a plurality of obj
reef, conprising. a container ~~~~~ a Rurality of ionized nol ecul es
di sposed in said container; a lurali of ob'ects to be mani ul ated di osed

in said contai ner each of said lurali of ob'ects bein distinct from said
lurali of ionized nol ecul es andl ess than 10 mcrons in size' neans for
applying oscillatory electric fields to said plurality of ionized nol ecul es

to establish patterned granular notion thereof and thereby forma plurality
i rected standi ng waves said standin waves of said

of repeaty ert | Y. d

~iural i %‘Qﬁgfve i’%dn% HOVEE  FET fass &ff |a cFubshpate kg Dreptisearent
forces to_said plurali of obi ects ; astd, signal nmeans coupled to said
osci | | at BrpTalddst iof faebetanpphldyt iidentians (patestall kgbapmsai d

oscillatory electric fields with predeterm ned waveforms to dynamcally
with respect to

positian sai dast pRaviGUEPsahcREEER, ° PR 991443 5 0831y fralve
Patterns of particulates are established Sy specifying
Predetermined coeffiéients of one or more Fourier series
represepging waveforms sqépiied by the_pawer,source‘lsot
The manipulation of objects?may be carried out in ﬁiscretE-v
steps, with the waveforms of aignals'fromﬁpower source 150
being changed over time in accordancg wiﬁh a predetermined .
prog;am. Thelmanipulation of the objects, however, can be
made more.precise if the waveforms output f£rom power source
150 are actively modified‘in response to the manipulation.
Such a feedbackvarrangament ;s schematically illustrated
for system 100" in FIG. 12. as discussed previously, the
signal scgrce 150 provides sigmals having wavefor§s4
established to provide predete:mined_standing wave patterns
of particuiates. The:output from.pqwer source 150 is
cqupled to the energy.applicaticn system 140 for.
transferring the energy from the power source output to the

particulates within container 120. As discusgsed

previously, the energy application can be either mechanical




anot her, said standing waves of ionized nol ecul es respectively generating

fields that dynam cally displace and arrange the objects into a

predet er mi ned confi guration. 37 29 July 2004 17, (ANENDED)Zﬂﬂ#M§§@én1as
recited in Claim 16 where tie said objects are electrically conductive and
said predeterm ned configuration defi2gs a plurality of substantially

i dentical nanoscale circuit patterns. , 1%, (AMENDED) The system as recited
in Claim1l7 where said objects are carbon nanotubes. 19. (AMENDED) The
systemas recited in Caim 18 where said carbon nanotubes are bent by said
standi ng wave generated fields. 20. (AVENDED) The systemas recited in
Claim1$ where said carbon nnnotubes are distorted by said standi ng wave
generated fields. , 21. (AM ENDED) The systemas recited in C aim1$ where
sai d ca@boeleahvicads are transl ated by said standi ng wave generated f
ells. 29 July 2004 38 22. The systemas recited in Caim16 where said

I oni zed nol e ; b d | : J 4 | |
selected f ro%a?ﬁglg?%&%%tfong%#%g %ﬁésgg%l#&r%ﬁaggggwaiﬁ qui d,

gependent |y

and a geI;

z3. (ANENBED The s¥sten1as recited in Caim16 where_said gbjects are

TRt ® 8

nol ecul 3t

HFS SYRESR; 160 EacPErVidr Eerdbackatrsn defines a

plurality of substantially identical nanoscale circuits. 24. {AVENDED) The
syst emasdjustment of €ha mié ohaticrés wavkifernss anetpat ofELRr powalre :
mechani cal el enments and said .predeterm ned configuration defines a

source 150, to thereby adjust the positions of standing

waves within container 120. While system 100’ manipulates

A

a plurality of objects 130 in parallel, sensing system 160

monitors the position and/or other cﬁaracteristics of a
porﬁion of the objects, as few As one. Based on the sensed
position or otﬁer measured characteristic, séﬁsing system
160 provides an output to power source iSO to alter the Bne
or more waveforms output thereby. Sensihg system 160 may
inclﬁde optical/imaging or scanning probe microscopy
equipmeﬁt to sense position of the cbjects. Electrical
and/or optical sensing may be included to monitor other
characteristies of the objects that change as the objects
are-manipuléted. Thus, probes of an atomic force
micrbscope‘can be used to make contact wiﬁh a carbon
nanotube that is being manipulated, the probes béing

coupled to electronic monitoring equipment for measuring

- the electrical conductance, for.ex:ample, of the na'notube"



plurality of substantially identical nanoscal e machi ne assenblies. _ 25. A

nmet hod far robotic manipulation of a plurality of objects, c risi t he
steps of a, providing a container; b, providing a plurality ﬂaygﬂgﬁlatcs
in said container, c. adding said objects to be manipulated to the

cont ai ner; 29 July 2004 39 d, agitat2%g said plurality of particul ates

wi th energy having predeterm ned waveforns to generate standi ng wave
patterns therewith, said standing wave patterns of particul ates dynamcally
arrangi ng said objects; and, e, positioning a substrate in said container,
sai d substrate being adapted for adhesion of said objects thereto. 26. The

nmethod as recited in Claim25 where the step of exciting said plurality of
step of vibrating a wall of said container. 27. -

parti cul S.ipcludes the ] ]

The netﬁ%%fdéégﬁﬁgtggei&qﬁmﬁqﬁQEi%ﬁeﬂe“khakgt&pecEﬂMunMQnaguaepbirality

of particul ate5 includes the step of providing particul atcs where each -

par t i culfgashack, sfogl exampdeyl ds 3 f@vﬂaéhﬂgrgsg Gitgd in Caim27
e

where the step of agitating said plurality of nolec s 1 ncludes the step
of estghgbﬁgﬂmh@gghaggl¥£9gc%%EiIlatory electripkfie[ds_therepo._

The method for robbtic manipulation of a plurality of
objects includes the steps of providing a container, the
container being capable of generating-taéid’granule
rebounds at a high frequency, and providing a plur%lity*of'
Particulates in the cpnéainer. The 6bjécts to be
manipulated are added to the container and the particulates
a;e agitétedhwi:h energy having preéete:mined waveforms to
genefate standing wave pagterns therewith (i.e.,, patterned
granular motion). The standing wave patterns dynamically

~arrange the objects, where the arrangements can be
predeteimined circuit configurations of ocbjects defined by
electronic devices or electrical eircuit 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 in the container, wherein the
substrate is adapted for adhesion of the objects thereto.

The positioning of the substrate can precede the agitatibn"




29 July 2004 40 29. The nmethod as recited in Caim28 where the step of

"~ estdblishing and applying oscillatory electric fields includes hﬂe bip of
generating predeterm ned waveforns for establishing said oscidd M?@

electric fields and thereby dynam cally arranging said objects in a
predeterm ned pattern. 30. A nethod foggrobotie manipulation of a plurality
of objects, conprising the steps of a, providing a container; b. providing
a plurality of ionized nolecules in said container; c. adding said objects
to be manipulated to the container, said objects having a size |ess than 10
mcrons; d. agitating said plurality of ionized nolecules with electric
fields having predeterm ned waveforns to generate standi ng wave patterns
therewith_ said standing wave patterns of ionised nolecul es dynamcally

arrangi ngfskhe BBFasiaslates, eorpbel subdieisen s UbEEaES .| Noaal d cont ai ner
said substrate being adapted for adhesion of said objects thereto. 29 .
July 200dg#ifation of the plurality of particulates may be achieved
. by vibrating a wall of the container. Another method of
agitating particulates, where the p;rticuiates are charged
with a predetermined éolaritf}zis to establish an
oscillating electric field ;ithid the coﬁtainer. The
objects to be manipulated h;ve a size less than 10 microms,
i.e., a diameter less tﬁan 10 microné, 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 cldsed-cage
structure, e.g., a buckminsterfullerenme molecule. Both the
particuiates and objects can be provided in a medium
independently selected from the group consisting of a
vacuﬁm, a gas, a ligquid, and a gel. Using this method, a
plurality of substantially identical nanoscale structures
(e.g., electrical, quantum, or mechanical) can be formed on
a substrate. Thus, the fabrication of the plurality of
circuits, circuit patterns, systems, machineé, or

assemblies takes place in parallel, comstituting a bulk



.31, The nmethod as recited in Caim30 where the step of positioning a
substrate includes the step of locating said substrate above sahﬂ [.ects.
32. The nethod as recited in Clai m30 where the step of posi2t9 V%@bg
substrate includes the step of locating said substrate between said ionized
nol ecul es and said obj ects. 33. The nmeBbod as recited in Caim30 where
the step of adding said objects includes the step of providing individual
nol ecul es as obj ccts to be mani pul ated. 34, The nethod as recited in Claim
33 where the step of agitating includes the step of generating said
predet erm ned waveforns to dynami cally arrange said objects in an

electrical circuit pattern. 35. The nethod as recited in Caim33 where the

step of pEQgidin .ol ecul es includes the step of providing carbon
nanot ubesT3°T%§3%30R PRRFeEB35. The nethod as recited in Clairn 30 where
the step of providing a plurality of ionized nolecules includes the step of

provi di ng sai dAleheadhe THik ' t r L UPCONSi sting of
_ gheeHilk aresh ﬁ%ﬁgTﬁge%ze ﬁ?é(ﬁﬁﬂé& Pn

a vacuum a gas, a liquid, and a gel, ) ' as recited in Caim36
wher e t hesd:&0 dgi; i d.qhjects includes the step of providing said
objects’in a d%giﬁﬁrgéﬁgcggﬁ t%@“ﬁ?oﬁBgcﬁﬂbﬂﬁﬁmﬁPﬁﬁ ezeadm 1% gas,
a quuid,iggg a gel. 38. The nethod as recited in Caim30 where the step
of addi nd" '(P%kﬁﬁ@?@czated that various modifications other than
those discussed above may be:fESorted to without departing
from the spirit or scope‘éf'the invention. For example,
equivalent elements may be éubstituted for those
specifically shown and described, ceftain features may be -
used independently of other features, and in certain cases,
particular locations of elements may be reversed or

interposed, all without departing from the spirit or scdpe

of the invention as defined in the  appended Claims.




includes the step of providing nolecular circuit elenments as objects to be
mani pul ated and the step of agitating includes the step of generating said
predet ermi ned wavefornms to dynamically arrange said mol ecul are%Pyly 4
elenments into a plurality of substanti3dally identical nanoscale circuits.

39. The nethod as recited in Caim30 where the step of adding said objects
i ncludes the step of providing nmanoneter-scal e nechani cal el enents as

obj ects to be 29 July 2004 43 mani pul ated and the step of agitating

i ncl udes the step of generating saGl:AEMS8et er ni ned waveforns to dynanically
arrange said nechanical elenents into a plurality of substantially

i dentical nanoscal e machi ne assenblies. 40. A system for robotic
mani pul ation of a plurality of objects, conprising: a container for
receiving the objects therein; a plurality of particul ates disposed in said
container; means for applying energy to said plurality of particulatcs to
establish patterned granular notion thereof and thereby forn plurality
of repeatindg.(AMENBED) di Am@mmmln@mwomf@ﬂprm&%s led to
sai d energy application neans for supplying said energy with predeterm ned
mavefor&ﬁnéﬁgi «nam cal |y position said standing waves at predetermn ned
positions one With respect to another, said predeterm ned positions of said
st andi ng waves dynam cal |l y,arr.a i i

configuration; and, né&ﬁgéﬂﬁ? {

| east one of the ‘ o ]
a plurality of particulates disposed in said container;

ngi ng. t

e ghjectis_L.p, a predeterm ned
T ea ohe characteristic of at

a plurality of objects to be manipulated disposed in said container,
said plurality of objects being distinct from said plurality of particulates;

means for applying energy to said plurality of particulates to
establish patterned granular motion thercof and thereby forming a plurality of repcaﬁhg
vertically directed standing waves, said standing waves of said plurality of particulates
respectively imparting displacement forces to said plurality of‘ objects; and, |

signal means coupled to said encrgy 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 displacing and arranging ¢he said objects in a

predetermined configuration.




plurality of objects being manipul ated, said nonitoring neans having an
out put 29 July 2004 44 coupled to said signal neans for proviﬂjﬂng g
f eedback signal thereto for altering said predeterm ned wav efést Y £944

t hereby adjusting said predeterm ned e@gnfiguration. .A A Afh. A Ay& A h. A@
. Ah+. AY. Al h. A

U AU. Ah. AY@. AUf . A@ A3S. AL. @. A@. AY_. AFU. AYur. AY. AAy . A3h. A . A .AAr.AT.A
A9.A A .AA .AA .AA .AAR AU A2 .A .AR

A LA LA 5@ - gQhe Kdtdm s nodtedi) Claim 1 whcAfe said encrgy application means
Ul c”aU] ca] ca] cal] ca] cal] ca] caU] cal] caU] cal] cal] caU] cal] caU] cal] cal] caU] ca
U cra Ul ehastheas fd ¢liRatdes Raltbe saliconanksalP: v AB34; n} xsmhc Ya

3. The system as recited in Claim 1 where said energy application means

includes means for establishing oscillatory electric ficlds in said container.

4.  The system as recited in Claim | where each of said plurality of particulates

is a single molecule.

.5. - The system as recited in Claim 4 where cach said single molecule is a

molecule having a closed-cage structure.

6. The system as recited in Claim 5 wherc each said closed-cage structural

molecule is a buckminsterfullerene molecule.

7.(AMENDED)  The system as recited in Claim 4 where said energy
application means includes means for cstablishing oscillatory electric fields in said

container, said standing waves of molecules respectively generating fields that perform
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12. (AMENDED)  The system as recited in Claim 4 wherc he said objects are
mechanical structures and said predetermined confi guration defines a plural ity of

substantially identical nanoscale machinc assemblies.

13, (AMENDED) The system as recited in Claim 1 wherc the said objects are
electrically conductive and said predetermined configuration defines a plurality of

substantially identical circuit patterns. ’

. 14. - The system as recited in Claim 1 where said particulates and said objects

are each in a medium independently sclected from the group consisting of a vacuum, a

gas, a liquid, and a gel.

15. (AMENDED) The systcm as recited in Claim 1 where he said objcots arc

individual molecules.
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a container in;

a plurality of jonized molccules disposcd in said container;

a plurality of obiccts to be manipulated disposed in said container,

each of gaid plurality of objects being distinct from said plurality of ionized molccules

and less than 10 microns in size:

means for applying oscillatory elcctric ficlds to said plurality of
ionized molecules to establish patterned granular motion thereof and thereby form a
plurality of repeating verti cally directed standing waves, said standing waves of said

plurality of jonized molecules respectively imparting displacement forces to said plurality

of objects ; and,

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 g said predetermined confi guration,
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19. (AMENDED) The system as recited in Claim 18 where the said carbon

nanotubes are bent by said standing wave generated fields.

20. (AMENDED) The system as recited in Claim 18 wherc ¢he said carbon

nanotubes are distorted by said standing wave generated fields.

21. (AMENDED) The system as recited in Claim 18 where the said carbon

nanotubes are translated by said standing wave generated fields.
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23. (AMENDED) The system as recited in Claim 16 where the 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 16 where the objects are
nanometer-scale mechanical elements and said predetermined confi guration defines a

plurality of substantially identical nanoscale machine assemblies.

25 A method for 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 objcots to be manipulated to the containcr;




& ()- YY 10% % & ()- YI0% % & ()- Y& "10¢ "()-iH
1 ] - A)O/& = H .
Y 110% % & ()- Y Y% 10% % & ()- YY,#Y'lO%%(z&'(QYIYJ E‘HT:)L\I/;"['VM1O Y

Ys!10% % & ()-  Y1910% % & ()-M11sJJILKI[:vUA10 Y Yy7:110% %§§U'§/)2004
| 39

d,  agitating said plurality of particulates with encrgy having
predetermined waveforms to generate standiﬁg wave patterns therewith,
said standing wave patterns of particulates dynamically arranging said
objccts; and,

e. positioning a substratc in said container, said substrate being

adapted for adhesion of said objects thereto.

76. The method as recited in Claim 25 where the step of exciting said plurality

of particulates includes the stcp of vibrating a wall of said container.

57, -The method as recited in Claim 25 where the step of providing a plurality of
particulates includcs the step of providing particulates where each particulate is a single

molecule.

58 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.
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applying oscillatory electric fields includes the step of generating predctermined
wavecforms for establishing said oscillatory electric fields and thereby dynamically

arranging said objects in a predetermined pattern.

30. A method for robotic manipulation of a plurality of objects, comprising the

steps of:
a. providing a container;
b. providing a plurality of ionized molecules in said cgntainer;
C. adding said objects to be manipulated to the containcr, said

objects having a size less than 10 microns;

4. agitating said plurslity of ionized molecules with clectric
fields having predetermined waveforms to generate standing wave patterns
therewith, said standing wavc patterns of jonized molecules dynamically
arranging said objects; and,

e positioning a substratc in said container, said substrate being

adapted for adhesion of said objects thereto.
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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.
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38.  The method as recited in Claim 30 where the step of adding said objects
includes the step of providing molecular circuit elcments as objects to bc_manipulatgd and
the step of agitating includes the step of generating said predetermined waveforms to

dynamically arrange said molecular circuit clements 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 nanometer-scale mechanical elements as objccts to be
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a plurality of partlculatcs disposed in said container;
means for applying cnergy to said plurality of particulates to
establish patterned granular motion thercof 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 reSpéct to another, said predetermined positions of
said standing waves dynamicallsr arranging the objects in a predetermined configuration;
and,

means for monitoring at least one charactristic of at least one of the

plurality of objects being manipulated, said monitoring means having an output
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