WO 2004/ 03, 5462 PCT/ US2003/ 031094 1 NANOSTRUCTURES | NCLUDI NG CONTROLLABLY
POSI TIONED AND ALI GNED SYNTHETI C NANOTUBES, AND RELATED METHODS Fiel d of
the | nventwonodihes4ae esent invention rel ates to nanostructrressangoriedsat ed
nmet hods of fabricating sanme, and nore particularly to nanoneter scale
structures including controllably posLtioned and controllably aligned
synt heti c nanotubes. 5 Background of the Invention Nanotubes are known in
the art as elongated tubul ar bodies which are typically only a few atons
in circunference. Typically, the nanotubes are hollow and have a |inear
full erene structure. Advantageously, the length of the nanotubes
potentially may be mllions of times greater than the nol ecular 10 sized
di anet er. Nanot ubes are currently being proposed for a nunber of
applications since they possess a very desirable and uni que conbi nati on of
physi cal properties relating to, for exanple, strength and wei ght.

Addi tionally, the nanotubes have al so denonstrated uni que el ectri cal
properties in that they may be fabricated in such a nmanner so as to be
metallic or 15 sem conducting. Because of the above properties, it is

proposed that nQANGSPRUTHURESUNTL UDIRGCORNTROLLABLY POSAIONED at i ng
totips for USANG AYBNED S RTAETICNARBPAPSESND REL AREPRETHEDE CS,

to mani pul ate or i nage nanosystens (e.g., cul ar “systens),

nanoel ectronechani cal systens (e.g., sensors, actuators, and other
mechani cal conponents. As an 20 exgighl ef théeyweaptian, M and Han, J..,
Buckytubes in a Nanoworld, . Prototyping Technology International, |ssue 6,

pp. 14 -19 (1998) [ReORESENt MEPHRIS TelBiRFia ARl URRITRS @Rdsraled GeribpAg Of
nanot ubes, 0%@@?@'%&%@ M e)ége éﬂ;@%ﬁéﬁrﬁ%%@é&@éﬁ%“ 2 a

process-in whi ch nafiotubes are fo , transpo y a heated 1 nert gas,
and deposi t ethdlidiag cookretlat lp paisitomedSavk cahtroléfhdy ehgrsd pyrtpete nasbhies. f or
form ng nanot ubes. Tully et

5 Backaround of the Invention

Nanotubes are known in the art as elongated tubular bodies which are
typically only a few atoms in circumference. Typically, the nanotubes are
hollow and have a linear fullerene structure. Advantageously, the length of
the nanotubes potentially may be millions of times greater than the molecular-

10  sized diameter. Nanotubes are currently being proposed for a number of
applications since they possess a very desirable and unique combination of
physical properties relating to, for exampfe, strength and weight. Additionally,
the nanotubes have also demonstrated unique electrical properties in that
they may be fabricated in such a manner so as to be metallic or

15 semiconducting. Because of the above properties, it is proposed that
nanotubes may be used in a number of applications relating to tips for use in
scanning probe microscopy (SCM), in nanoscale probes, to manipulate or
image nanosystems (e.g., biomolecular systems), nanoelectromechanical
systems (e.g., sensors, actuators, and other mechanical components. As an

20  example, Meyyappan, M. and Han, J.., Bﬁckytubes in a Nanoworld,
Prototyping Technology International, Issue 6, pp. 14 -19 (1998) propose

various conventional methods for producing nanotubes, one of which invoives



al . Dendriner-Based Sel f-Assenbl ed Monol ayers as Resists for Scanning 5
Probe Lithography, Advanced Materials, Vol. 11, No. 4 (1999) pp. 314-319

pr opose néﬁgtzﬂfbé?S{GHat are present in arrays for patterni RgIYSHEIBOHEOP4Ti | N5
on silicon substrates. Dai, H, Franklin, N, and Han J., Exploiting the
Properties of Carbon Nanotubes for Nanoifi2 hegraphy, Applied Physics
Letters, 73 (11), pp 1508 10 1510 (1998) propose form ng carbon nanot ubes
into atonic fHpeRe’s RGP MansibesCrBTbAGed WA I HE B HERARY ifdrPgas, The
nanot ubes are allegedly nmade from both as-grown and oxidation-purified

nul ti-wal | ed afshéeresitedeing ceelsr loppHPResi zed by arc-di scharge. Dai et al.

further proposes t | eav; to vi.el n tips
wi th dome cl osed e%‘%\égr%?%f%’ﬁ%ég lbzﬁg)?%r%ﬁa‘g%Eorggﬂwgﬁo%%rb%g%g$n?g&§%i ng
Probe M cr oschpPendiiienBRisedabe/f-384ehROb Mdrwiajers atRe B8 Seahhitig
formati on_of a single nanotube attached to_the Pyram’ al tip of a silicon

d

cantil eve? fdroBedihoamprhvecanced datepals Sl 11, imgt (1099) g 314319
Ca 1 AM [ ' )i :
Singl e val | o8B EoneRaEPS inat fe pBkBhDRS Y forBReGRinY kB mer fims o
(6705), pp. onSsiERh $0I94Btespr opose net hods for formi ng single- walled

b tub Spli f tt i th tallic jsl I
A TR P PN SN T O S TR M =
on the sl 8RioHbSs IGHNONNSTRAY! RBDRedPHSRE SR 120} CONpA s8I0 | he

metallic 25 material. Chem cal ‘vap I's enployed I n the

deposi ti th ofl510{#988) penposeNarvingoeybaneanyhtthesinte dtanid fheneemicossopy t he 3

iron (111) ni 'Ejrate i sl ands,. O .the abO\{.e relterences Dai et al n Exgl oiting
the Properti 8897 €81 5 ““%%MB@&_CPBV 'Hﬁn_olr?('i ﬂ%@?tHBﬁﬁ,ar%@Bfﬁe%VdB d8 ¢ he
formation of f3th PaMOSEGHEVE R Midiftidh-pullféd et Xvaliedl Bidiadd Reaterials

m cron-scal e dinensions. Tully et al. supra propose patterning dendri ner

nonol ayer s aSyrlassized Magicndiscliaddene Pai ghak durtbepriopeses tiaat thginapokubes .

al so proposeyg) g ARk 1831 nRAARHDS RIS iR §31094 3

15 Dai et al., Nanotubes as Nanoprobes in Scanning Probe Microscopy,
Nature, Vol. 384 (1996) pp. 147-150 proposes the formation of a single
nanotube attached to the pyramidal tip of a silicon cantilever for scanning
force microscopy (SFM).

Kong, J., Soh, HT., Cassell AM., Quate, CF., Dai, HJ,, Synthesis of

20  Individual Single-Walled Carbon Nanotubes On Patterned Silicon Wafers,
Nature, 395 (6705), pp. 878-881 (1998). propose methods for forming single-
walled carbon nanotubes on silicon wafers patterned with metallic islands. In
particular, the method involves first patterning iron (IHl) nitrate istands on the
silicon substrates by employing a methane solution containing the metallic

25 materiai. Chemical vapor deposition (CVD) is employed in the deposition of
the methane. Nanotubes are synthesized and have roots in the iron (lil)
nitrate islands.

Of the above references, Dai et al. Exploiting the Properties of Carbon
Nanotubes for Nanolithography, supra propose the formation of
30  nanostructures within a defined X-Y area having micron-scale dimensions.
Tully et al. supra propose patterning dendrimer monolayers as resists having

defined nanoscale dimensions. Tully et al. also propose using nanotips to



sel ectively expose a surface underneath the dendrimer nonol ayer. Mal enfant
et al. Well-Defined Triblock Hybrid Dendrinmers Based on Lengthy

d i got hi ophen®+Geses and Pol y(benzyl ether) Dendrons, J. yu$3ennsiSoc.
Vol . 120, (1998) pp. 10990- 10991 propose the synthesis of oligothiophenes
5 that may be attached to the focal point pf.convergent poly(benzyl ether)
dendrimers. The end functionalization of the oligomer is reported to allow

for  their i neqeRfich bRt BuRRBE RGBS ﬁ%ﬁ%@ﬂ&hﬁ{é@i&&%&% JMalsniant

Addi tionally, a nunber of references teac
nanot ubes. Faat aéx&r‘qﬂl-@efrmcsmmckm#ybw DénpdiZmepOBated Woskangthp et al . 10

f b | | b
P oertreal 1y Okg&tnisieBe dioras Whd BRBISETS Shitsl Rgndions, s chenstoE o i n
an effectlva/&amot@%BP HCW@QU%QQ‘T rﬁf‘oé@é@!@@r}fhéﬁs%%g&@ e;}ﬁén%fs pores

each having a pore dianeter. An effective catal ther deposi ted
into the SportBat mgy heraitaghes tedhedapainaint of npesshttpohgbeatflathéne

hydr ocar bon 5 0 i,h t or.es

o’ 16 227t o el Rt AL ERE R o8 Rlinet iniansgtechiazlpw for

nanot ubes as tﬁmﬂﬁd@p@btn@h@cﬁt@ﬂi@d@ﬁet@%ed@é’ﬂd?ﬁ@ moﬂﬁ@smi‘t hod i ncl udes

preparing a MEMS substrate suitable for growth of carbon nanot ube. A

nanosi ze hol e or rixafitignally, éMQ@tOfrr@f%[BﬁcﬁﬁﬁgfﬁchlﬂIhar metiBodNERProidscingen

fab ted t ub wt h
catalyat 1's JENSUER, A SARAEYD S Rl EINe, BT bR Gy oRR B ahent cal
deposi ti th, prm’osml a dmmscﬂ famodabmgtrﬁamtub‘l@é vialcataRsesirofRiat Mige

sputtering, ther | i on an evapor ation, physical vapor deposition,
sol - gel olepo§P?F'§ﬁl ally, H&P#‘ﬁ’ H?@éﬁ \PIPBPSeRARRYiZINgAN FlwaniauRt substeatesn an

nanot ube is @ff@l’?ﬂlé"béth'ta drBSué@gﬁ%léﬁlﬁE’{e?n?tggwﬁHly tﬁ?é it?%f Egresv%cgﬁ/ 09443

proposes maki ng several nanotubes using ca ose
substrate orhéwngrﬁepmee(bae’rﬁﬂeroff\naiﬁeatiwnata‘lmcethareaﬁec@m@mdlhtdew I'n

oot ece o PG EIIE SRR BRSSP Rl nidetnorachen)
i n net ha]rﬁ)! ,gmvxadnmubgsaﬂ]m?@ré@nopart i cl es, I s deposited on the surface
of the resist and substrate. The substrate is
U.S. Patent No. 6,146,227 to Mancevski proposes a method for
manufacturing carbon nanotubes as functional elements of MEMS devices.
The method includes preparing a MEMS substrate suitable for growth of a
carbon nanotube. A nanosize hole or nanoscale catalyst retaining structure
20 (NCRS) is then fabricated in a layer on the MEMS substrate in which a
nanotube growth catalyst is deposited. The catalyst may be deposited by
electrochemical deposition, chemical deposition, electrooxidation,
electroplating, sputtering, thermal diffusion and evaporation, physical vapor
deposition, sol-gel deposition, and chemical vapor deposition. Thereafter, a
25 nanotube is grown within the nanosize hole.
PCT Publication No. WO 00/09443 proposes making several
nanotubes using catalyst islands disposed on a substrate or on the free end of
an atomic force microscope cantilever. in particular, the reference proposes
disposing a layer of resist on the top surface of a substrate and patterning the
30 same. A solution of Fe(NOs)s in methano!, mixed with alumina nanoparticies,
is deposited on the surface of the resist and substrate. The substrate is
subsequently heated, decomposing Fe(NOs)sto Fe,0;. The



subsequent |y heat ed, deconposing Fe(NO3)3 to Fe203. The WD 2004/ 035462
PCT/ US2003/ 031094 4 Fe2O3/ nanoparticle mxture is taught to be an active
cat al yst WHPCROMASF462 cat al yze the formation of carbon nanBETUBELNAMGEIRo4
exposed to nmethane gas at elevated tenperatures. In general, the above
ref erences teach maki ng nanot ubes using b k-5 techni ques. Mre

particul arly, such bulk techniques typically involve placing a relatively

non-di screet ReIDNarfpaadie hyiRfuré® %ugfﬂtt@rbeaaﬁaetwer@étaay@w/haémwmafter

growi ng one or nore nanotubes Nonet hel ess, such net hods are

di sadvant agedialyze theformationaf saubes nanetuhas when estosed to mathans ghy at
random and |é]%, AN nat fashion. Accordingly, it is extrenely difficult
if not 10 i nposs pée[pge K%l the physi cal and/or electrical properties

of such nanot ubedn gBnésal, theedisoves réfef@fibsl tBabRendltitg hanBfubdsdesingpealubes
whi ch have been grown in a nore controlled fashion relatlve to processes

taught in théegﬂnlaue%r Morg pariquiady.tsyshrulls tesiniaues brpé:ailyanea Plagiegiaf i c
| ect | |
Sspect the TRkl hEASEREE AmBiARR st AURIR b PG | Dot at e

nanost r uct ur ¢hewafier grswviag viner Graineed hanbtutsshshioadtheleas] sgclametfoduat@ace, a
catal yst di spgsed upon the surface of the mcroelectronic substrate and
posi tioned t KEsalYgPiRdRQUsiin thatithediangtdbes areswathesiged in axelgityely random

coor di nat es &@% t

predeterm neg‘f‘f&gé?fsg? ?@’%@or’d g‘?'hg tﬁlgr?\g( E{Sha'fﬁﬁﬂgﬁglggf ace of the
m cr oel et r ofthpossibiestorainérol mﬁjphymaabamdﬂer edotiddl pedpertiespdsedhupon t he \
activated second, 25 predeterm ned set of X and Y coordinates defined within
the surface OPPHE®Sni croel ectronic substrate, such that the nanotube is

control | ably growypgk, &er@rseg%%ﬁ”‘hrtﬁg PR ?#M@H%thﬁés%:&ﬁ%%v@fbe%ﬁ' d

m croel ectroni ¢ subst rat e. | east one selected fromth group consi sti ng
of : (1) the @rewod ﬂlmre %m’ttmllaﬁrfgSh@rtmﬁwert@tprpceM%haugﬂnem thet piodr a¢t and

Y coordi nat egugﬁ%ét%ke nanotub_e has pre-designed, specific electrical and/or

15 mechanical properties.

Summary of the Invention

In one aspect, the invention provides an integrated nanostructure.
The integrated nanostructure comprises a microelectronic substrate having a
20  surface, a catalyst disposed upon the surface of the microelectronic substrate
and positioned thereupon within a first predetermined set of Xand Y
coordinates, wherein the catalyst is activated within a second predetermined
set of X and Y coordinates defined within the surface of the microelectronic
substrate; and a nanotube selectively disposed upon the activated second
25 predetermined set of X and Y coordinates defined within the surface of the
microelectronic substrate, such that the nanotube is controllably grown at a
predetermined position upon the surface of said microelectronic substrate.
At least one selected from the group consisting of: (1) the disposition
according to the first predetermined set of X and Y coordinates and (2) the
30  activation of the catalyst according to the second predetermined set of X and

Y coordinates is scaled with atomic precision.



30 activation of the catalyst according to the second predeterm ned set of
X and Y coordinates is scaled with atom c precision. WO 2004/ 03, 5462

PCT/ US2003¥@3%0845465 | n anot her aspect, the invention preadi/gesoz0s1094

i ntegrated nanostructure array. The array conprises a mcroelectronic
substrate having a surface and a plurality _of nanostructures. Each
nanostructure within the plurality is disposed in a predeterm ned

posi tional relati F?H%Wo@e‘é'iatsﬁeﬁﬁ%H@%vér&io‘h?ﬁo?idé@%i iﬂlé@ﬂ]af%@ deitefci s
within the plurality. Each nandstructure conprises a croelectronic
substrat e haermy. dsuafrag eonricasa yétrodiesroseds uipsdrate havingus Sadacetintihe

m croel ectroni ¢ sybstrate and positioned thereupon wi.thin a fjrst

predet er mi ne@ Féhlfalﬁgf Og@%{?ﬂfm“%‘ﬁﬁﬁdi qb@?”@ﬂ@f‘%‘i”ﬁ W'\#E”éllé? Qﬁi@l’tyi% acti vat ed
within a sec ' e X | [ wi thin the
10 surface of9 i’%ﬁ%&%ﬁ@%ﬁg%g%’eﬁom cd EE’%‘?F f\ggrg}(atgﬂ%hgﬂ \ﬁgﬁ?ﬁts@?ﬁe’%t i vely

di sposed 5 uprmamingoanesttiedtussositbindheddumrality. néacts sanostroctaredecomprises
coordi nates defi neq rf.ace of .t he ej%g.ct r oni, c sugét rat e,

vvit.hintEes he m ¢r
such that th8 RERFIEHEORS SUPSHRiEfaYRP,? ﬂf'&%ﬁ?-acaﬁagﬁ 8Pared HRAN ARSI ti on
upon the sur&aggc®bs fHaamdﬂgge@ggﬁrctﬁmtﬁatélahatﬁq%ﬁtﬁmeatthle orPRRhivEA REted

fromthe group consisting : the di sposition according to the first
pr edet er m nefresstemningd sgt oV X asbY diceidieatem avhiezpin the catalyshisiashivated he

catal yst acc my he_s . predetermn set.. of X Y. rdi nat es
Is scaled w %%ﬁ%ﬁ%g{)éﬁl é&q{eﬁ%&ﬁjm ﬁ%%&fﬁé?”‘éﬁ%%‘%f?‘”%ﬁ X gﬁ@g%q Y‘@ﬁﬁb&@vi des
a nethodi(of se@ifeed bvglymidresietnaniz Nt earal a daPORMR] SSI6tNANY BRPosEEN
upon a mcroel ectronic 20 substrate. The nmethod conprises the steps of

deposi ting atReR H15 aetivabed sreondrpredstenpiiedsatol K arddl erardbiates dafited at e
wthin a !k REFEEEIIG RicRleiedirdf YibSRRIISNAN fRardREIRRBId [ N t he
surface the substrate; activating the catalys garrng nol ety at a Second
pr edet er m necobrstetliably groanmdatya poedetenaires] posfiomegdonithdisarfabe ofthd ace of the

TN T AN AT SN T M N N
predet enmi ned ) trb AidpRRRBLAMOENING 28 RAEHrsth @ delcdMneFI8&t 4o apy  he
m croel ectronic substrate. In the nmethod of the invention, at
coordinates and (2) the activation of the catalyst according to the second
predetermined set of X and Y coordinates. is scaled with atomic precision.
In another aspect, the invention provides a method of selectively
forming a nanotube at a predetermined position upon a microelectronic
20  substrate. The method comprises the steps of depositing a catalyst bearing
moiety upon said microelectronic substrate within a first predetermined set of
X and Y coordinates defined within the surface the substrate; activating the
catalyst bearing moiety at a second predetermined set of X and Y coordinates
defined within the surface of the microelectronic substrate; and growing a
25 single nanotube at the second predetermined set of X and Y coordinates
along an axis having a predetermined relationship with respect to a plane
defined by the microelectronic substrate. In the method of the invention, at
least one of the steps selected from the group consisting of: (1) depositing a
catalyst upon the microelectronic substrate and (2) activating the catalyst is
30  carried out with atomic scale precision.
These and other aspects and advantages are encompassed by the

present invention.



| east one of the steps selected fromthe group consisting of: (1)
depositing a catalyst upon the mcroel ectronic substrate and (2)

activati ng¥Vporeogutsllyst is 30 carried out with atom ¢ scaberpsesizss s
These and ot her aspects and advantages are enconpassed by the present

I nvention. WD 2004/ 035462 PCT/ US2003/ 031094 -6 Brief Description of the
Drawi ngs FIGS. | A and 1B depict enbodi nents of nanostructures defined
according to the invention; 5 FIGS. 2A and 2B depict enbodi nents of
nanostructure arrays defined according to the invention; FIGS. 3A through
3C depi ct enbodi nents of a netBdef Beserilongofdherdmednasict ure according to
t he invention; and 4A theough 4C depi ct .enpodi ments of t hod of
making a 10 nanosfﬁ%s%@ngc{%tdﬁ%% %b?(ﬁ@qnﬁ%gﬁﬁ?wﬁmﬁst@e%‘%f{%éitrat es
t he assenbly sdcordifigrnednth&mivedtionat t achment of three branched buil di ng

blocks to _a trifunctional core. FIG 6 illustrates an exanple of a
synt heti cSroute fOFlGS.RA@HME depips emragimentDekrangstiusturef arrays dMefafest r ed

Enbodi nment Se%&’%@éﬁ%’&’%{w}%bf’ﬁpw be described with respect to the

preferred ts sé herein in the detailed specification and
the drawings. It FIGSI3A Hercagh3e dapit ehibtdirbBakeorARRLhOB BF faXisg Bor the

purposes of illustrating the invention and are not neant to limt the
scope of the NaNpsHUCBIE asgowling &g theemveytiemeand ai ns. I n one aspect, the

i nvention provide i : b LLE The. int d, .
nanost ruct ur e coms Pases SHbBLAAC APREE EHEBeri I AR B Flatinae, -
cat al yst 1di spasedtruptme sceosding tectheoihvehgomi cr oel ectroni ¢ substrate and
posi ti oned thereugﬂﬂ_‘ \tg/i.@hi n.a first predeterm ned set of X and Y 25
coordi nates, wher &if7- PHUSEAER (herassenablyiaf & dendiimer by attasbeeat of three

predet er m negragdledbuilling Blotis 8 HirfdiGdndftbRed Wi thin the surface of the

m croel ectronic

FIG. 6 illustrates an example of a synthetic route for a dendrimer.

15 Detailed Description of the Preferred Embodiments

The invention will now be described with respect to the preferred
embodiments set forth herein in the detailed specification and the drawings. It
should be appreciated that these embodiments are for the purposes of
illustrating the invention and are not meant to limit the scope of the invention

20  as defined by the claims.
In one aspect, the invention provides an integrated nanostructure.
The integrated nanostructure comprises a microelectronic substrate having a
surface, a catalyst disposed upon the surface of the microelectronic substrate
and positioned thereupon within a first predetermined set of X and Y
25  coordinates, wherein the catalyst is activated within a second predetermined
set of X and Y coordinates defined within the surface of the microelectronic
substrate; and a nanotube selectively disposed upon the activated second
predetermined set of X and Y coordinates defined within the surface of the
microelectronic substrate, such that the nanotube is controliably grown at a
30 predetermined position upon the surface of the microelectronic substrate.
At least one selected from the group consisting of the (1) disposition

according to the first predetermined set of X and Y coordinates and the (2)



substrate; and a nanotube sel ectively di sposed upon the activated second
predeterm ned set of X and Y coordi nates defined within the surface of the

m croel ectw@RbgzeS4st rate, such that the nanotube is cont];(lgllfhgﬂwog5gm at
a 30 predeterm ned position upon the surface of the mcroelectronic

substrate. At |east one selected fromthe group consisting of the (1)
di sposition according to the first predetermned set of X and Y

coordi nates and the WD 2004/ 035462 PCT/ US2003/ 031094 .7 activation of
the catal yst 3Z0¥8IH) %@?&%ﬁﬁ%@%‘fm ’”ﬁrtegg?éﬁ‘ﬁpﬂ dredetegpinedsspf of X and

coor di nat es ivscséalrRfedst deAEPWith RbRHE pIisiohn anot her aspect, the
I nvention provides an I ntegrated nanostructure array. The integrated

nanost ruct ure arr #yapotheriaspech tie drvestion trovides Bndotegrataiendranstngtuae
surface and |l ual ity of. nanostructures. Each .nanostructyre wiithin the
Slurality is HRYpddisitleg el B e rCPomBRERS 5 ARSI i ¢ h
respect t® tRabsteadimiviig &30PRCE EHdE PRurditl rhanBetabirés.| Fuch Each
nanostructure conprises a mcroelectronic Substrate having a surface; a

catal yst di spagesfrugiaie witkindhefpleralibf istdispatiast ivel peadedainsinedistsitinal and 10

oor di nates, Eiafitiih Withdoodetto el BaThg LRLAEHy Efies wibif BiRcpluraity.
predet er m ne@askhanbsiuctare YormpoigediawigseldefronRbuMstRitd hhbﬁ},gsgl 6fi13&&e;Of

said mcroel ectronic substrate; and a nanotube selectively di sposed upon
the acti vat efl SRR EiIShsest ¢pon theysudace ofthr micoslesanisi pibstrateiand ned

thin t . . o \ : |
hanot Ube' T s Eorr s Lisreue T Ui AP adR AP AL SELA R and P RobfhateS”
surface of swhdreain threehtabist énactivaibd withirea sticohdgsedeteemisel setf efdX Brary t he

ro consisting. of: (1) the.disposition accqording to the fiyrst
gr eggt erm Ine(aclugrgpagqs &e@?ﬁﬂ]v'@kbﬁm é}g{‘a&e ‘3&?"(’ @IY‘C’th?ée%Fﬁ‘?f?'Q&If-'[’%fﬁa@ﬁ apd @
catal yst — ace@idiLpg sbRclilelyASSEPLLESC IR Att\RHed §bcBhd ¥réfteimfRar ditnat es

is scaled 20 with atomc precision. |In another aspect, 'the invention
provi des a neftheadof coerdinaies defipet ovithimihensndace obsaiak micrpeledoeicni ned

P hepoaat P WitfralB, YRR RE Y hdn HiBE 1 Bbtroiby BRONR St SPBELRT S S °P°
position upon the surface of said microelectronic substrate. At least one
selected from the group consisﬁng of: (1) the disposition according to the first
predetermined set of X and Y coordinates énd (2) the activation of the catalyst
according to the second predetermined set of X and Y coordinates is scaled

20  with atomic precision.
In another aspect, the invention provides a method of
selectively forming a nanotube at a predetermined position upon a
~microelectronic substrate. The method comprises the steps of depositing a
catalyst bearing moiety upon said microelectronic substrate within a first
25  predetermined set of X and Y coordinates defined within the surface of the
substrate; activating the catalyst bearing moiety at a second predetermined
set of X and Y coordinates defined within the surface of said microelectronic
substrate; and growing a single nanotube at the second predetermined set of
X and Y coordinates along an axis having a predetermined relationship with
30 respect to a plane defined by the microelectronic substrate. At least one of
said steps selected from the group consisting of: (1) depositing a catalyst



catal yst bearing noiety upon said microelectronic substrate within a first
25 predeterm ned set of X and Y coordi nates defined within the surface of
t he substWéted4/adstsvati ng the catal yst bearing noi ety atprarsscemndsioos
predeterm ned set of X and Y coordi nates defined within the surface of
said mcroelectronic substrate; and grawidg_a single nanotube at the
second predeterm ned set of X and Y coordinates along an axis having a

ot oel ect 1 onfi EEaRFpeBotbA sSEVERER 2 Pa R PRTnEEat i ek i ont

group consi stwitfyatfmic(stiledemeatsion.ng a catal yst WO 2004/ 035462

PCT/ US2003/ 031094 .8 . upon t he %r gel ectroni ¢ substrate and (2) activating
the catalyst is cdr?itB8PHROSES PHNgIBHEIQD dhe terpe Catomia sCrigr PrERBIONT poses

of the inventg St g @&%-r b ShQ kil S i or
both of the é%?gi |t(% iﬁgﬁérgc?] %tgtcig\rfgfgi o} %ﬁ'oph%%ca%tgjléyso{] cﬁéﬁ%%a&@y%tatﬁ?ﬁ d out
in the sud- nzaohed eut indhgeublmarweetarebrge edn enb guekerdd embediahent, thescal e
precision is_po qgreater than about 5 ?ngﬁtroms fA)' I n anotg{mr preferred
enbodi ment, CRETETS PIEHSIANAT BP Yeatsrdbagebort bianastioms )-8 anethethe
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the surface #te seale rangingdrarotabenit c1 skt thapgstiarns (Axtd abett 10ed5) er 50 ned
set of X andaE( sff&’r%rsgh ates. The activation of the catal yst occurs within a
second prede 2Py et of X and Y coordi nat es, which may be the sane or

differentd than t e detfeith beteinbibdva e CAMQEHE s Rsed o Heb@ra@dor -
enbodi ment, at |least 15 one of the first and second predeterm ned sets of X )

and Y coor di Kit B¥crpglectranisriubsteade avithimmarfsbiredetermined et b9 X and Ynot
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herein, the disposition an activatro using a
vari ety of tprehietermised Bet cbXanpl ¥, coordinates;Mitich Wy be the saieposditieamt
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accor dange Wohd of tH first and second predetermined sets of X and Y coordinates has
atomic scale dimensions as defined by, but not constrained to, those set forth
above. As further described in detail herein, the disposition and/or activation
may be carried out using a variety of techniques. For example, in one |
embodiment, the disposition and/or activation is carried out through integrated
20  circuit vapor deposition processing.
Various microelectronic substrates can be used in accordance with the
invention, the selection of which are known to the skilled artisan such as, for
example, semiconductor substrates. The substrates can be formed from a
number of materials. Examples of such materials include, without limitation,
25  silicon, silicon dioxide, silicon nitride, silicon carbide, glasses, gallium
arsenide, gallium antimonide, indium arsenide, indium antimonide,
germanium, aluminum and various other elemental and compound
semiconductors. The surface of the microelectronic substrate can be either
substantially planar in topography or substantially non-planar in topography.
30  In one embodimernit, the integrated nanostructure may comprise a plurality of
distinct substrates and at least one of the plurality of distinct substrates has

the nanotube disposed thereon. in a preferred embodiment, at least two of



invention, the selection of which are known to the skilled artisan such as,
for exanple, sem conductor substrates. The substrates can be forned froma
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homogenous and mostly comprised of single elements, such as carbon or
boron for example. Alternatively, the composition of a nanotube may be
heterogeneous with varying stoichiometries of more than one component
element. Examples include boron nitride, tungsten disulphide, molybdenum
20  disulphide, and SiO*[x<2] or SiO*-carbon composite nanotubes. The
elemental composition and the helicity of a nanotube will be factors in
determining their macroscopic qualities. For example, boron nitride
nanotubes behave as electrical insulators- exhibiting a band gap of
approximately five volts. For instance, a carbon nanotube may exhibit
25  metallic conductivity or semiconducting conductivity, depending on its helicity
and whether it is single-walled or multi-walled.

A wide variety of catalyst bearing moieties can be used for the
purposes of the invention, the selection of which are known to one skilled in
the art. For the purposes of the invention, the term "catalyst bearing moiety"

30 is defined as a substance or sample that contains the catalyst, i.e., the
catalyst may be attached, carried, or bonded by the moiety. For example, in

one embodiment, a catalyst bearing moiety may serve as a carrier molecule



el ement. Exanples include boron nitride, tungsten disul phide, nolybdenum 20
di sul phide, and Si Ox[ x<2] or Si Ox-carbon conposite nanotubes. The

el ement al WOrRHEEE#Gn and the helicity of a nanotube wi || rhw/dfSaeimsmoin
determ ning their macroscopic qualities. For exanple, boron nitride

nanot ubes behave as el ectrical insulatorsaiexhibiting a band gap of
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The catalyst atoms may be fabricated using various techniques known
to those skilled in the art. Exemplary techniques include, without limitation,
lithography, maskiess patterning, imprint (e.g., step-and-flash patterning or
self-assembly), thin film or interface deposition, Chemical Vapor Deposition,

20  molecular beam epitaxy (MBE) or atomic layer epitaxy (ALE). The positional
assembly of individual or multiple catalyst atoms can be achieved, in one
embodiment, by proximity probe manipulation of individual atoms at relatively
low temperatures. The fixing of the atoms and the suppression of their
movement can be achieved by a variety of techniques. Exemplary techniques

25 include, without limitation, topography or surface driven segregation of atoms
and/or surface passivation, An embodiment which encompasses placing
atoms at pfedetermined locations is set forth in U.S. Patent No. 5,981,316 to
Yamada et al., the disclosure of which is incorporated herein by reference in
its entirety.

30 A wide ranging number of catalyst bearing moieties may be employed
for the purposes of the invention, the selection of which is known by one
skilled in the art. Although not intending to be bound be theory, it is believed



The catal yst atons nay be fabricated using various techniques known to
those skilled in the art. Exenplary techniques include, without Iimtation,
| i t hogr aphyo 20misdskess patterning, inprint (e.g., step-andedt/asiopaiioer ni ng
or self-assenbly), thin filmor interface deposition, Chem cal Vapor
Deposition, 20 nol ecul ar beam epitaxy (MBEy ar atom c |ayer epitaxy (ALE).
The positional assenbly of individual or nmultiple catal yst atons can be
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Pref erably, e cat al yst bearing s conpri
dendri ner. Foan ﬂieaepqwlamﬂ; wﬁhozfery hemowmlmﬂemnar whight digtnibiutenrdia eentrasisto
defined as one or
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dendri mefs well-defined three dimensional sizes and shapes. They also tend to possess a
large number of untangled chain-ends and surface functional groups with an
identical or similar micro-environment. Due to their structural homogeneity
and regularity, it is believed that the structural-property relationship of
dendritic molecules can be rationalized in a more precise manner. In various
20 embodiments, dendrimers can also mimic certain properties of micelles and
even those of biomolecules. Numerous applications of these compounds are
conceivable, particularly mimicking the functions of large biomolecules such
as protein, enzymes and immunogens. This new branch of "supramolecular
chemistry" should spark new and more exciting developments in both
25 bioorganic and macromolecular chemistry.

The dendrimers may include a number of compounds such as, without
limitation, poly(benzyether)dendrimers such as those, for example, disclosed
in D.C. Tully et al., Advanced Materials, 11, No. 4, pp. 314-319 (1999) as well
as oligothiophenes described in P.R.L. Malenfant et al., /. Am. Chem. Soc.,

30 1998, 720 pp. 10990-10991.
The dendrimers may be placed on the substrate in accordance using

known and accepted techniques such as, for example, Atomic Force



can be prepared with very narrow nol ecul ar wei ght distribution. In contrast
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have 15 welP2HE(®HEd t hree di mensional sizes and shapes. HHEYPS03B3RND to
possess a |arge number of untangled chain-ends and surface functional
groups with an identical or simlar mecrd=environment. Due to their
structural honpgeneity and regularity, it is believed that the
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The dendtd nepfienamamdter. mani pul at ed accordi ng to known
| Preferably, the catalyst is disposed on the surface of the substrate by
the catalyst bearing moiety. Materials that may be employed as catalysts are
numerous. Non-limiting examples of catalysts include, but are not limited to
iron or nickel. The catalyst may be of various sizes. In one embodiment, for
20  example, the catalyst may be one atom. The amount of catalyst that may be
employed can vary according to design considerations. Although not
intended to be bound by theory, it is believed that the amount of catalyst has a
functional relationship to the diameter of the resulting nanotube. Thus,
various catalyst sizes can be used. In various embodiments, t_he catalyst
256 diameter can range from one atom (i.e., about 4 A), to about 50 atoms). In
general, the catalyst diameter can range from about 1 nm to about 20 nm,
although it should be appreciated that other sizes can be employed.
The activation of the catalyst bearing moiety may be achieved by using
methods accepted in the art. For the purposes of the invention, the term
30 “activation” is defined as aprocess by which the catalyst occupies the desired

configuration of catalyst atoms in space and the catalyst entity is located at



10 techni ques to possess any nunber of properties. For exanple, the

catal yst bearing noieties conprising the dendriners may possess

resi st-1ikeo2p0sapeiti es. Preferably, the dendrinmer may be®@fyant/euses

di mensions. In one preferred enbodi nent, for exanple, the dendrimer has a
di aneter of at least 15 one nanoneter. _Pyegferably, the catalyst is

di sposed on the surface of the substrate by the catal yst bearing noiety.
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catal yst may dghdfibarari ous sizes. In one enbodi nent, for 20 exarrpl e, the
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bearing noiety nmay be defined as noving the noiety to a desired | ocation
on a subst r afeimberof factors. For example, such an area or size may depend on the

15 size of the catalyst bearing moiety (e.g., dendrimer) along with the distribution
of catalyst functionality within the catalyst bearing moiety. Inone
\ embodiment, it may be desirable to optimize the spot size of the catalyst
bearing moiety to accommodate the growth of a predetermined number of
nanotubes needed to grow from the spot of the catalyst bearing moiety. As
20  an example, a dendrimer having a diameter ranging from three to eight
nanometers is expected to provide enough exposed catalyst to be capable of
facilitating the growth of roughly one or more nanctubes, depending on the
particular application. In general, the number of nanotubes should grow
according to spot size and concentration of catalyst bearing moiety. In one
25 embodiment, clusters of nanotubes may be grown using a suitable process
(e.g., chemical vapor deposition) on an catalyst bearing moiety having a
diameter ranging from about 10 :m to about 100 :m.
Subsequent to deposition, the catalyst bearing moiety may be removed
from the substrate using various technigues, such as, but not limited to field
30 induced chemistry, photolysis, thermal degradation, and the like.
Various nanotubes can be grown on the catalyst bearing moieties. For

the purposes of the invention, a “nanotube” is defined conventionally, and is a



I n one enbodi nent, an exanple of "inducing a change" in the catal yst
bearing noiety may be the rel ease of the catalyst onto the substrate, such
10 that thWOP&8EIN42 atons retain the configuration requi PEW/ISG0BBmot t he
desired nanotube growth. The area or size of the catal yst bearing noiety
on the mcroelectronic substrate can be sel ected by one skilled in the
art, and can vary based on a nunber of factors. For exanple, such an area
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has a 15 microelectronic substrate. The nanotube may be formed from various
materiafs such as, for example, carbon, boron nitride, composite's thereof, and
other materials and combinations the selection of which will be within the skill
of one in the art. The nanotube typically is formed from carbon. In such an
embodiment, the nanotube is formed as a fullerene molecule containing a
20 hexagonal lattice structure. The nanotube may be present as a single-walled
nanotube or a multi-walled nanotube.

The nanotube may be formed such that it displays a variety of physical
and/or electrical properties. For example, the nanotube may be fabricated
such that it has a metallic electrical conductivity (e.g., from about 3.3 x 10* (=

25 xcom) ' to about 2 x 10° (EZxemY", a semiconducting electrical conductivity
(e.g., fromabout 5.0 x 10" (= x cm)™ to about 1.25 x 10° (= x em)™), or an
approximately insulating electrical conductivity (e.g., for boron nitride
nanotubes having an electrical conductivity from about 1042 (£ x cm)™ for
voltages of 10 volts or less to about 1041 (£ x cm)™) for voltages between 20

30 vand 80v. These estimated resistivity values are somewhat lower than one

would expect for a true insutator, and fall somewhat between the



5 length of up to about 10 :m Such a length however may differ fromthis
range depending on the particular application. Preferably, the nanotube

has a hek§®bdadosiQE4 ned according to at | east one sel ect g @FFdigosdr oup
consisting of the first predeterm ned set of X and Y coordi nates and the

second predeterm ned set of X and Y coor](t]lé nates. Accordingly, it is
believed that the 10 physical and/or electtical properties of the nanotube
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t he nanotubesﬁg"%? "éﬁpg?@&éq Ll Y hat |nt er sects the surface of the

m croel ectro l‘h%%‘d HRX P gga,]gg}g bRk d
al ong an axi S@«:ﬁlg\?}l g é’gyt‘egﬁg?%@ned posllg? §‘? ali ﬁo?)%srﬂpl)ée%t to
the surface sfich Iﬁmttﬂ:éymrecamwetofduncticsungm aaeous'rappinmﬂonabecamay be

comosi tea 1 REPERS. R REBPHES REVGAGP IS AdPCRRINRL /1O e adBeY K of

whi ch wi l$ baeltictdl flofr8 nBkider of pos8itfe fiolodS stich asT Rt dxagsiba pratwd ! | v

is formed fromcarbon. In such a mbodi nent, the nanotube is fornmed as a
ful | erene noheaber Eomt é@rmwatgo@gmmfcagme)l al pattaroingdipr membes, anthe

nanot ube may be -esent si nal e-wal nan ube Q |

nanot b, | ThESHAINGS EENAES St SR e vt Of bedfaiubs Medde M,
physi cal  anfi@atiehesdvdreal imeeesindds, d:EWctrﬁ?@a&ﬂH%erﬁlbﬁnmotwb@vﬁﬁ&edJe
fabricated such that it has a netalljc electrical conduct|V|ty eg , from

about 3.3 x dgrete apsl integipted devigen dbree dimersippalengigeergd ngtworks

t E
cem conchst| BRgi gl COMJUSHL g o LOARRU Pt >
el ectrical cbridges ovirterfdeesowith Mm!ogmebanmrielumiegmaamam bimmrrm;umnd

el ectrical conductivij from about 10"2 for wvolta

Sores or | ecBRebmnible siuiieR Agsats  rstarial syupeaaEd dibeBb ARS0IBES v and
80v. These e H?é’"ﬂ I wwul d
expect for aéf?drjue |§ t%’ké{hbﬁwgwﬁéﬁﬁ{eﬁ%@? betaea%ﬂgg}éﬁen%ego\gm%%Z

PCT/ US2003/ Olnaaton, -ameiectrem mamwnect sadn et B r.rredg@gmmed electrical

Advant ageoust ¥ adiie) 2 HlethgRicT R8s PORIIREMBRT & 4 e GRbsBTORE U1 e

member. in one embodiment, for example, a brush-like array of nanotubes
may be employed to electrically connect a chip to a package. These -
nanotubes have the pofentiai to exhibit some flexibility and could possibly
serve to relieve the stress of this chip to package connection.

20 Examples of nanotube synthesis techniques include, without limitation,
catalyzed Chemical Vapor Deposition (CVD) growth or the deposition of
nanotubes. Resist technologies include, without limitation, energy, beam,
photon, and/or pressure sensitive materials and processes which induce
changes in chemistry or structure. Patterning methods include, without

25 limitation, AFM/STM lithography, imprint related patierning, and the like.

The nanotubes and and integrated nanostructure arrays of the present
invention may be made according to various techniques. In one aspect, one
or more individual atoms that are eventually used in forming one or more
nanotubes on a substrate described herein may be placed and positioned on

30  the substrate by a number of methods. For example, in one embodiment, a
scanning tunneling microscope (STM) may be used to place and/or position

one or more individual atoms on the substrate surface. Exemplary techniques



such that they are capable of functioning in various applications. For
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I nvention may be nmade according to various techniques. In oné aspect, one

or nore indi Viugtrate Kreoprention, anddenehtiog thg sgope afithe dnvemipnascdefinatbr e
nanot ubes ong tﬁé’gfsatiﬁwgte descri bed herein may be placed and positioned on
30 the substrate by a nunber of nethods. For exanple, in one enbodi nent, a

scanni ngld unnel i nFIGSEC 1 Hs aodet B SlUdratayiffetents@dbbdirpéseofaihostrupReed i on
one or nore indivi (%ual atons on the substrate surface. Exenpl ar‘y t echni ques
VO 2004/ 035487eped 1ocesrotyeihas 100 and 100°. Referring specifically to FIG. 1A, the

nanostructure 100 comprises a microelectronic substrate 110 having a
surface 115. The surface may be either substantially planar or non-planar in
topography. Catalyst bearing moiety 120 is disposed upon the surface of the

20  microelectronic substrate and is controllably positioned thereon. Positioned
on the activated predetermined set of X and Y coordinates is nanotube 130.
As shown, the nanotube has a width wy, which is equal or substantially equal -
to the width w, of the catalyst bearing moiety 120. In this embodiment, the
nanotube 130 is defined along an axis z which intersects the surface 115 of

25  the microelectronic substrate 110. It should be appreciated however, that the
nanotube may be defined along other axes. In this embodiment, the z-axis
has a predetermined positional alignment with respect to the surface 115 of
microelectronic substrate 110.

Referring now to FIG. 1B, a nanostrubture 100’ is depicted having

30 nanotube 130 present on an activated portion 135 of catalyst bearing moiety

125 in a similar fashion to FIG. 1A. The catalyst bearing moiety 125 may be

deposited and activated on the suirface 115 of microelectronic substrate 110



16 are described in Stroscio, J. A et al., "Atom c and Ml ecul ar

Mani pul ation with the Scanning Tunneling M croscope", Science, New Series,
Vol . 254, wesmm/035@36 (Nov. 29, 1991) pp. 1319-1326 and Eiglesaoodnzidds et
al., "Positioning Single Atons Wth a Scanni ng Tunneling Miroscope"”,
Nature, Vol. 344, (April 5 5, 1990), pp. p£4-526. Various techniques

I nvol ving STM can be used such as, without limtation, parallel processes
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of catal yst bearin
within‘ the plurality. In one embodiment, for example, the nanostructures 230

may be positioned at equal distances from each other, although other
embodiments are contemplated for the purposes of the invention. Each
nanostructure comprises a catalyst 220 disposed on the surface 215 of the

20 microelectronic substrate 210 and a nanotube 230 disposed upon the catalyst
220.

In FIG. 2A, each of the catalyst bearing moieties 220 is controliably
positioned on the surface 215 of the microelectronic substrate 210 and is
activated within a predetermined set of X and Y coordinates defined within the

25  surface 215 of the microelectronic substrate 210.  Similar to the
embodiments depicted in FIGS. 1A and 1B, the width of each catalyst bearing
moiety is approximately equal to the width of the corresponding nanotube
present thereon. In this embodiment, the catalyst bearing moiety is deposited
on the surface 21§ of the microelectronic substrate 210 within a first

30 predetermined subset of X and Y coordinates with nanometer scale positional
precision. Additionally, and as illustrated in FIG. 2A, each catalyst bearing
moiety within the plurality selectively applies catalyst to a predefined area



125 in a simlar fashion to FIG 1A The catal yst bearing noiety 125 may be
deposited and activated on the surface 115 of m-croel ectronic substrate 110
WO 2004/ 03%Q8904PEHFUS2003/ 031094 - 17 by enpl oyi ng, w t FGUUSI003PI14L4 on,
techni ques set forth herein. Simlar to FIG 1A the width w' of the

nanot ube 130 is equal or substantially equal -to the wdth w, of the
activated portion 135 of the catal yst bearing noiety 125. Al though not
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15 defined along an axis (in this embodiment, the z-axis) having a predetermined

—

poéitionai alignment with respect to the surface 215 of the microelectronic
substrate 210. In FIG. 2A, the z-axis is positioned perpendicular or
substantially perpendicular to the plane of the microelectronic substrate 210.
It should be appreciated that the z-axis may be defined at a different angle

20  with respect to the plane of the microelectronic substrate 210 without
departing from the scope of the invention,

An additional embodiment depicting an integrated nanostructure array

200’ comprising a microelectronic substrate 210 and a plurality of nanotubes
230 present thereon is illustrated in FIG. 2B. Although similar to the

25  integrated nanostructure array 200 illustrated in FIG. 2A, the catalyst bearing
moiety 225 is present as a layer disposed on the surface 215 of the
microelectronic substrate 210. In this embodiment, each of the catalyst
bearing moieties are activated at a second predetermined set of X and Y
coordinates of the microelectronic substrate 210, with the activated portions of

30 the catalyst bearing moieties being denoted as 235. In this embodiment, the
width of an activated portion 235 of the catalyst bearing moiety 225 is equal or
substantially equal to the width of the nanotube 230 present thereon. The



‘present thereon. In this enbodinent, the catal yst bearing noiety is
deposited on the surface 215 of the mcroelectronic substrate 210 within a

first 30 predaluriiisned subset of X and Y coordinates w t hapoRBl@hoscal e
positional precision. Additionally, and as illustrated in FIG 2A, each

catal yst bearing noiety within the pluraljty selectively applies catalyst
to a predefined area WD 2004/ 035462 PCT/ 003/031094 - 18 defined by the
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and cat al yst | et 0 al or substantially equal to each
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nanot ubes5al ong t arh@puspdsesyof the itventiods thd rakthafbostritiiliredfiday he 10
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in the art. se ances same or “different, accordin
i nt enti ons ofembduimekt, |the draaytdepriseAstwahomnmore aahosfruttoeesanodarbgs 230

within the pluraljty is 15 defi ned %I ong an axis (in. this enbodi nent, the
z-axis) havi ﬁ@b&daﬂearép OPRi HeBOreRLhE FastacigRmUAhiInherata¥ fary corfaihe

surface #15 ffe bigsidaIG, @él‘é&f??&b?gro?)‘é?ﬁéé ﬁ%ﬁfo?tﬁ%eréf?\ FIG 2A the z-axis

i s positioned perpendicular or substantia perpendi cul ar to the plane of

t he ni croel ect r onFéGBuBétthanugh3B. ddpictshodtiodhef agipctivdlpfenningat the z-axi s
may be defin t.a different angle 20 with respect to -the plane of the

T or ool ot r ofaobiB Al pEBTy e bestondision p RYERERANS SLBRERE °t ne
invention. Anendted aena0) abeshaBAte daf Hid Hrésant indERGEMT otk MaBRatdduat ur e
array 200" conprising a microel ectronic substrate 210 and a plurality of

nanot ubes 2B phAse ratalyheaingsnpictydRb4s depositad apon e picieslapirosivn | ar
to the 45 gsubstrate 110. In this particular embodiment, the catalyst bearing moiety 125

is in the form of a spherically-shaped dendrimer, although other embodiments
may be employed such as, without limitation, those described above.
Subsequently, the catalyst bearing moiety 125 is activated at the
predetermined position according to any suitable technique and thus is

20 transformed into activated catalyst bearing moiety 120. As depicted in this
embodiment, the activated catalyst bearing moiety 120 is present as an
essentially rectangular structure having a top surface s. Other embodiments
and shapes of catalyst bearing moiety 125 and activated catalyst bearing
moiety 120 are within the scope of the invention.

25 Subsequently, as shown in FIG, 3C, a single nanotube 130 is grown
upon the activated catalyst bearing moiety 120 according to an accepted
technique. The width w, of the nanotube 130 is equal or substantially equal
to the width w, of the corresponding catalyst bearing moiety 120. As shown
in FIG. 3C, the single nanotube 130 is grown along an axis (depicted as z)

30 which has a predetermined relationship with respect to a plane defined by the
microelectronic substrate 110, i.e., the plane being coincident to the

microelectronic substrate surface 115. [n this embodiment, the z-axis is



25 integrated nanostructure array 200 illustrated in FIG 2A, the catalyst
bearing noiety 225 is present as a |l ayer disposed on the surface 215 of
the m cr o®0et+ @i substrate 210. In this enbodi nent, each/ushouslweios4

catal yst bearing noieties are activated at a second predeterm ned set of X
and Y coordinates of the mcroel ectroni-c2gsubstrate 210, with the activated
portions of 30 the catal yst bearing noieties being denoted as 235. In this
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t he features described hereinabove. 5 For the purposes of the invention,
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limtation, those described above Subsedquent |y, the catal yst Dbeari ng
moi ety 125 i s(daplctada@%mé)t1Sta¢évatﬂ@aed@rsmgmmmwbedBOascgmownrajom@aany
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. bearing 1®i etptade@efifedtb e ERNMi@BeRittronic substrate 110 at a predetermined
position of the substrate 110. The width w, of the nanotube 130 is equal or
substantially equal to the width w, of the corresponding activated portion 135
of the catalyst bearing moiety 125. In the embodiment illustrated in FIG. 4C,
the relfationship of the z-axis to the plane defined by the microelectronic

20  substrate is similar to FIG. 3C. It should be appreciated however that the
nanotube may be grown in other orientations with respect to the plane defined
by the microelectronic substrate 110.

The invention will now be described with respect to the following

examples. It should be emphasized that these examples are for the purposes

25  ofillustrating the invention, and are not to be construed as limiting the

invention.
Example 1
STM Atomic Placement
(Field Assisted Diffusion)
30 An atom used to grow a nanotube is deposited on substrate using an

STM field assisted diffusion process. The atom is present on a probe tip, and
a tunneling gap spacing of 5 A and a potential difference of from 1 Vto 10V is



‘essentially rectangul ar structure having a top surface s. O her enbodi nents
and shapes of catal yst bearing noiety 125 and activated catal yst bearing

noi ety 12¢:@s@imslabi n the scope of the invention. 25 Subseguenbdiduzi@s Shown
in FIG 3C, a single nanotube 130 is grown upon the activated catal yst

bearing noi ety 120 according to an accepted technique. The width w' of the
nanot ube 130 is equal or substantially equal to the wdth w, of the

di I b ' iety. : in Fl C i ngl
nanot ube. 130 RSl s IR Bri e Bo¥ adhe shange Hnoss Tam a2 fing LA™ M9 ©
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however tHhat tHehsubiraed shgao®y be grown according to other orientations
with respect to the plane defined by the mcroelectronic substrate 110. 5
FI GS. 4A through 4C illustrate another method of selectively formng a
nanot ube at a predeterm ned position upon a mcroelectronic substrate in
accordance with the invention. A mcroelectronic substrate 110 is provided
as shown in FIG 4A, and a catal yst bearing noiety 125 is deposited upon
the mcroelectronic substrate 110 as depicted in FIG 4B. In this
particular 10 enbodi nent, the catal yst bearing noiety 125 is present in the
formof q@ | ayer 125 present over the surface 115 of the mcroel ectronic
substrate 110. Referring to FIG 4C, a predeterm ned portion of the

catal yst bearing noiety (depicted asEx@B)ple activated and a single

nanot ube 130 i-s grown al ong an % A .e. p t he z-gxi s) having a

predeterm ned rel ationship w P‘g'eé?’%% é:%?dﬁp ne defined by the ,
m croel ectronic substrate 110'&#N3 Preteren 0Cc658) t i on of the substrate
110. The wi dth W'AQktdrhes RaRStetRed d3fhd Sudsiebs Qéub%@@éh@léﬂn@ﬂum to

the width w, of the corresponding activated portion 135 ‘of the catal yst
beari ng 19oi drgnsfesoncantant peaessi. ndvoltage harrier efd-0.75 E\Gis amployed
between the probe tip upon which the atom is present and the substrate
surface. The frequency factor is approximately equal to 10> s and a
temperature of 300 K is employed. The atom transfer rate to the substrate
, surface under these conditions is 1 s™. |
20
Example 3

STM Atomic Placement
(Field Evaporation)

An atom or mounds of atoms are transferred from a probe tip to a
25 surface by a field evaporation technique utilizing a voltage pulse. As an
illustration, a 600 ns pulse of +3.6 V applied to a substrate surface in an STM
with an Au probe tip operated in air at room temperature resuits in the

formation of mounds of atoms.

30 Example 4
STM Atomic Placement

An atom is positioned on a probe tip and is deposited on a substrate



the relationship of the z-axis to the plane defined by the m croel ectronic
20 substrate is simlar to FIG 3C. It should be appreci ated however that
the nanotWbeoishe grown in other orientations wth respettiseertchmopl ane
defined by the mcroelectronic substrate 110. The invention will now be
described with respect to the follow ng. exanples. It should be enphasized
that these exanples are for the purposes 25 of illustrating the invention,

and are not t C, i L nv
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ised o di F (SEo. aTBRBRuSOT AHACHRY i e et Ses: e e 10
Exanpl e 2 STMf @@l srob 35S Biing (HE a%h %buﬁﬁ*t@?ﬂé%%stpéfécﬁﬁ?&ce% tRBOM i s
transferred to the surface of a substrate by enploying a

t r ansf er - on- clesiradtlogatocess. A vol t age barrl er of -0.75 eV |s enpl oyed

bet ween the probe tip upon which the atomis present and the substrate
surface. The frequency factor is approximately equal to 1013 s-1 and a
tenperatype of 300 K is enployed. TheEgdmpdsrspsfer rate to the substrate

surface under these conditions is 1 s1I.
Activation and Nanotube Growth

The atom(s) positioned on the substrates set forth in Examples 1-4 are

activated and nanotubes are grown therefrom by employing a Chemical Vapor
Deposition (CVD) technique.
16 _

_ The invention has been described in reference to the embodiments set
forth above. it should be understood that such embodiments are provided for
illustrative purposes only, and do not limit the scope of the invention as
defined by the claims that foliow.

20



20 Exanple 3 STM Atom ¢ Pl acenent (Field Evaporation) An atom or nounds of
atons are transferred froma probe tip to a 25 surface by a field
evaporation technique utilizing a voltage pulse. As an illustration, a 600
ns pulse of +3.6 V applied to a substrate surface in an STM with an Au
probe tip operated in air at roomtenperature results in the formation of
mounds of atonms. 30 Exanple 4 STM At oni-c2%t acenent An atomis positioned on
a probe tip and is deposited on a substrate WO 2004/ 035462

PCT/ US2003/ O34394HicAds cemmEace according to the follow ng procedure. A
tunnel current ranging from 1 x 10-8 Ato 6 x 10"8 A is present between
surface and tip. THe tifn dtegated RBNRYrUsHIECUNREEAg] oop condi ti ons across

t he surface of tr}fnﬁ&@éfaﬁﬁ&ﬁicaéu tratd fig n@ia %{h@g%e to the desired

destination on the surface for placenen atom The tip is
wi t hdr awn by r eductcatglyshdispbosed uponrthestrfaoe af gaildunicuseldctronic submafyateg. Thi s

reduction effectivel rmnates the attraction between . the atom and the
brobe i p, 1ASAeRaneel BEBRHIBEUNINTG Ft PERETAEC S PREANE Ve he desi r ed
| ocation. 1QoExARR8Swhefoin Atld &*!e?ttalyéf‘isaéﬁiiv‘éf?ét%v?{ﬁﬁ 50660 PRAIAE PThEY
positioned on the substrates set forth in Exanples 1-4 are activated and
nanot ubes arset gf ¥vand Yieoefdinatesydafimedoyithig the ehdade af saidpoicrodlegiodiici on

(CVD) technisgﬁgt.ratg ?;He i nvention has been described in reference to the
enbodi nment s oPt'H above. It should be understood that such enbodi nents

?L g PL \% In?:eg nf g; a handighé abiecBvaydasRRdAoh tharsbilatdtPeddrd t the scope of
10 predetermined set of X and Y coordinates defined within the surface of said
microelectronic substrate, such that said nanotube is controllably grown at a
predetermined position upon the surface of said microelectronic substrate;
wherein at least one selected from the group consisting of: (1) the
disposition according to the first predetermined set of X and Y coordinates
15 and (2) the activation of the catalyst according to the second predetermined

set of X and Y coordinates is scaled with atomic precision.

2. An integrated nanostructure according to claim 1, wherein
said nanotube is selected from the group consisting of a single-walled

20 nanotube and a multi-walled nanotube.

3. An integrated nanostructure according to claim 1, wherein
said nanotube has an electrical conductivity selected from the group
consisting of metallic electrical conductivity, semiconducting electrical

25 conductivity, and insulating electrical conductivity.

4, An integrated nanostructure according to claim 1, wherein
said nanotube comprises a tip member selected from the group consisting of
a probe tip member, a patterning tip member, and a repair tip member.
30
5. An integrated nanostructure according to claim 1, wherein the

surface of said microelectronic substrate is substantially pianar in topography.



defined by the clains that follow 20 -23- THAT WHICH IS CLAIMED: 1. An

i ntegrated nanostructure conprising: a mcroelectronic substrate having a
surface; a catal yst di sposed upon the surface of said mcroelectronic
substrate 5 and positioned thereupon within a first predeterm ned set of X
and Y coordinates, wherein said catalyst is activated within a second
predeterm ned set of X and Y coordinatedt defined within the surface of
said mcroelectronic substrate; and a nanotube sel ectively di sposed upon
the activated second to predeterm ned set of X and Y coordi nates defined
wthin the surface of said mcroel ectronic substrate, such that said

nanotube is contr®l | abl yA\HBeEratRd Banpyteberer 3RaREENEIQ BN .upRreimibe
surface of sgid B #96] ﬁﬁérB?l@c?‘g?%ﬂsﬁgfé Es"@lﬁfa‘i’éﬁ’riaﬁ’tg Adfashngff Sel ected

fromthe group consisting o Isposition according to the first
pr edet er mi nddpsgtapbf. X and Y coordinates is and (2) the activation of the
catal yst according to the second predeterm ned set of X and Y coordi nates
is scaled with atonic precision. 2. An integrated nanostructure according

to claiml, wherein saigh ﬁﬁé@%k@ﬁnéﬁo&ﬁ]o@?&%&?&ﬂ?ttb%lﬂwmwaﬁi sting of
a single-walled 20 nanotube and a nulti-walled nanofube. 3. An integrated

nanost r uct urs@ichgi@ediestonts substratd comingses @ plgeslity olaistintsubsates, at

el ectrical tivit ted fromthe grou consi.stin f lic
ol octrical Somati s BELARLER ala AR S s ReuPORAE bafuBle Mg ted
insul ating eh@eupbeal conductivity. 4. An integrated nanostructure

according to claim1l, wherein said nanotube conprises a tip nenber
sel ect®ed fromthe group consisting of a probe tip nenber, a patterning tip

menber, and a repair tmm@%heggaéost%td@tﬂbﬂiﬁg O 2NANT Yt at

according to claim1, erel
least two of said plurality of distinct substrates have said nanotube disposed

at a predetermined position thereupon.

15 9. An integrated nanostructure according to claim 1, wherein
said nanotube is defined along an axis that intersects the surface of said

microelectronic substrate.

10. An integrated nanostructure according to claim 1, wherein
20 said nanotube is defined along an axis having a predetermined positional
alignment with respect to the surface of said microelectronic substrate.

11. An integrated nanostructure according to claim 1, wherein

said catalyst is present in the form of at least one catalyst atom.

25
12. An integrated nanostructure according to claim 1, wherein
said catalyst is disposed upon the surface of said microelectronic substrate by
a catalyst bearing moiety.
30 13. An integrated nanostructure according to claim 12, wherein

the catalyst bearing moiety is selected from the group consisting of inorganic



surface of said mcroelectronic substrate is substantially planar in

t opography. -24- 6. An integrated nanostructure according to claiml1,
wherein the surface of said mcroelectronic substrate is substantially
non-planar in topography. 5 7. An integrated nanostructure according to
claim1l1, wherein said mcroelectronic substrate conprises a plurality of

di stinct substrates, at |east one of sad@%-plurality of distinct substrates
havi ng sai d nanot ube di sposed thereupon. 10 8. An integrated nanostructure

accordi ng t anglediam, brgah@neidlicahatdrRis tdendbintdrs Siioehaiddingd idrd of di sti nct
substrates have said nanotube di sposed at a predeterm ned position

t her eupon. BPMPINAlionsthegeel ed nanostructure according to claim1, wherein
sai d nanotube is defined along an axis that intersects the surface of said
m croel ectronic substrate. 10. An integrated nanostructure according to
claim1, wherein 1420 saiAh iregriatdabnasostiafctinedaaiopdiggdn cidmst havheargina

predeterm ned, positional . alignpent th respect to the surface of said
m cr o€l ect rcﬁ%‘@‘%@ﬁ)@?gﬁﬁaﬂg ﬂ(?qe%(dsiaﬁ a5t anedenshisarhaMing @ digesteliohgt t o
claiml, wheggdihneSfdbridler! Yst is present in the formof at |east one
catal yst atom 25 12. An Integrated nanostructure according to claiml,
wherein said catalyst is disposed upon the surface of said mcroel ectronic

according 10 cf ari 12, Qe et B ituge Yoartng BEMA F MRRR o " °
fromthe greupi 6aaRissbeaANGMAieYigaRidast She DIBhBIdcRlSthapidssesRbddrm

material s, dendriners, bionolecules, and conbinations thereof.
10 the group consisting of RNA, DNA, proteins, and combinations thereof.

16. An integrated nanostructure according to claim 13 wherein
said catalyst bearing moiety comprises at least one molecule that is selected
from the group consisting of organmetallic moiecules, coordinated complexes

15 with catalyst atoms at well defined specific molecular locations, and
combinations thereof.

17. An integrated nanostructure according to claim 1, wherein the
atomic scale precision is no greater than about 5 angstroms (A).
20
18. An integrated nanostructure according to claim 1, wherein the
surface of the microelectronic substrate is of uniform integrity.

19. An integrated nanostructure according to claim 1, wherein
25 said least one selected from the group consisting of the disposition according
to the first predetermined set of X and Y coordinates and the activation of the
catalyst according to the second predetermined set of X and Y coordinates is

carried out through integrated circuit vapor deposition processing.

30 20. An integrated nanostructure according to claim 1, wherein

said nanotube is present as a single nanotube.



14. An integrated nanostructure according to claim13, wherein 5 said

catal yst bearing noiety is at |east one dendriner having a dianeter of at

| east one nanoneter. 15. An integrated nanostructure according to claim 13,
wherein said catalyst bearing noiety is at | east one bionolecule that is
selected from 10 the group consisting of RNA, DNA, proteins, and

conbi nations thereof. 16. An integrated Z2@nostructure according to claim13
wherein said catalyst bearing noiety conprises at |east one nol ecul e that

is selected fromt.he grawmiegatddhingstfictaradacutriiablto ¢lai® SoMh&Bin the
coordi nated conplexes 15 with catalyst atons at well defined specific

nol ecul ar | SHERASHiRN obine calalysiiascales witl aéanic arecisivn. i nt egr at ed
nanostructure according to claiml, wherein the atomc scale precision is
no greater than about 5 angstrons (A). 20 18. An integrated nanostructure
according to clai2fd.1, wher mtegratesl nanwdtastuef addoedingdo etdiect, vemereirstilest r at e
is of uniform.i ntqeﬁ;rt&é. 19. An in%e rated nanostructure according to claim
1, whetein BASUEGJIYTP CRRYSLiS| SeRttVith GROMIEPIGEISIRN: consi st i ng of t he

di sposition according to the first predeterm ned set of X and Y

coordi nates and the activation of the catalyst according to the second
predet erm ned set23f X drdintegratacdnaratstsidtisre arsay, icedhwising:hr ough i nt egr at ed

circuit vapor deposition.processing. .3 0, An integrated nanostructure
Sccording Lo clarm 1. GRETERRCTORREURITER avING DrEem: ShY a s ngl o

nanot ube. -26- 21. Ang4 ﬁh@@ﬂ%bﬁﬂaﬁ@iﬂﬁ%#@& Wheeréik GlcHi rithostrueluaé Within
wherein the disposition of the catalyst is scaled with atom c Frem si on.

22. A® i nt edrapsdalitiiddispesedinaaredeterminacpesiional relatinestipwithespsct
ot eor at ed nafissro TR Aanedy iR Maf bRER Ry BEEE) BPniRelbst r e e
having a sukbagegisimpd a plurality of nanostructures, wherein each
nanostructure within , , _
a microelectronic substrate having a surface;
a catalyst disposed upon the surface of said
15 microelectronic substrate and positioned thereupon within a first
predetermined set of X and Y coordinates, wherein said catalyst is activated
within a second predetermined set of X and Y coordinates defined within the
surface of said microelectronic substrate; and
a nanotube selectively disposed upon the activated
20 second predetermined set of X and Y coordinates defined within the surface
of said microelectronic substrate, such that said nanotube is controllably
grown at a predetermined position upon the surface of said microelectronic
substrate;
wherein at least one selected from the group consisting
25 of: (1) the disposition according to the first predetermined set of X and Y
coordinates and (2) the activation of the catalyst according to the second

predetermined set of X and Y coordinates is scaled with atomic precision.

24. An integrated nanostructure array according to claim 23,
30 wherein said plurality of nanostructures comprises two or more

nanostructures selected from the group consisting of a nanotube probe tip



10 the plurality is disposed in a predeterm ned positional relationship
wWth respect to the remaining nanostructures within the plurality, each
nanostructure conprising: a mcroelectronic substrate having a surface; a
catal yst di sposed upon the surface of said is mcroelectronic substrate
and positioned thereupon within a first predetermned set of X and Y
coordi nates, wherein said catalyst is acd{vated within a second
predeterm ned set of X and Y coordinates defined within the surface of
sai d m croelmeinben £ nanbsbegiicraing th martdibend al et sepdiirstizpsed upon
the activated 20 second predeterm ned set of X and Y coordi nates defined
within the JOPMBEE of said microel ectronic substrate, such that said
nanot ube is controllably grown at a predeterm ned position upon the
surface of said mcroelectronic substrate; wherein at |east one selected
fromthe group cdifsi sti rn inkégrated Hanodthetaiesgrosy tccordmgctorakiing280 t he
first predeterm ned set of and.Y coordinates and (2) the activation of
t he caﬁp al ystwe}?ﬁr@B‘r%ﬁ ”%‘“HE@ %&%Hbe pwr%agpemﬂrﬁ@aas nQlpbesg tﬁ\"ii
coor di nat es f ' i ] ey ' i

nanost r uct urfgﬁg?tﬁggﬁghc%éﬁoﬁlﬁgﬁ%ﬁ%lgﬁgﬁ gxﬂgﬂ@d géﬁ%ugrée&?i& gg“:@hp u”regl ity of
nanost r uct un@sobdrpri ses two or nore nanostructures sel ected fromthe

group consi sting of a nanotube probe tip -27- menber, a nanotube patterning
tip nenber, and a nanotube repair tip nenber. 25. An integrated

nanostructure ar gy accardingsyrhedChandBtdtureSardieaidtdmach danPybe within
the plurality conprises a nanotube selected fromthe group consisting of a

si ngllé- wal | ¥dherginctanienanniube within theaplueality has enudlectriodl conduckvibyr at ed
t t i AJ : i p g t ub i t hi
oSt ot USRS HoRERRo0E RRYATY Ria B ArBPER BRI oL e i P

consi sti ng semisdradudting &lestticalcpindaotdiic aindiibsulating electrical conductivity.

27. An integrated nanostructure array according to claim 23,
15 wherein one or more nanotubes within the plurality operate as an electrical

interconnect member having a predetermined electrical conductivity.

28. An integrated nanostructure array according to claim 23,
wherein one or more nanotubes within the plurality operate as a mechanical

20 stress relief member.

29, An integrated nanostructure array according to claim 23,
wherein one or more nanotubes within the plurality operate as a thermal

stress relief member,

25
30. An integrated nanostructure array according to claim 23,
wherein each nanotube within the plurality is defined along an axis having a
predetermined positional alignment with respect to the surface of said
microelectronic substrate.
30

31. An integrated nanostructure array according to claim 23,
wherein said catalyst is present in the form of at least one catalyst atom.



sem conducting el ectrical conductivity, and insulating electrical
conductivity. 27. An integrated nanostructure array according to claim 23,
15 wherein one or nore nanotubes within the plurality operate as an

el ectrical interconnect nenber having a predeterm ned el ectrical
conductivity. 28. An integrated nanostructure array according to claim 23,
wherein one or nore nanotubes within the2®turality operate as a nechani cal
20 stress relief nmenber. 29. An integrated nanostructure array according to
claim 23, wherein one or nore nanotubes within the plurality operate as a
thermal stress relief nmenpber. 25 30. An integrated na,nostrtllc_ture array
according to claith23, AhEteeRiehoanesifatwssANRY AFFPrERE IR 8y i s
defined alo A ' : g1 i al with
respect o tHLRITHE AR Biers B D S0 of AR AR e o,

i nt egrat ed rsubstbtaioy arcatalystdyeaigomdiatg to cl ai m 23, wherein said
catalyst is present in the formof at |east one catalyst atom -28- 32. An
i nt egriat ed nanostructure array according to claim23, wherein said catal yst

i s di sposed upon dhe SUW@%@eﬁﬁteﬁﬁhé‘ndﬁtﬂ!&@e%?éﬁé‘&ébrdﬁféﬁétd!é’ihﬁsby a
catal yst bearing moiety. 5 337 An integrated nanostructure array according

to cl ai m 31 whatgisy saie catalybtdesingsnoieaisi sejected étoyn the gelupceansistingrft he

dendri oo, TordpRipalleie HhbanRREI i B AR ok Sl R Pand. 1 o
nanost r uct urcengsinabbrackersbdfng to claim 32, wherein said catal yst bearing
noiety is at |east one dendriner having a dianeter of at |east one

nanonét er .
34. An integrated nanostructure array according to claim 32,

wherein said catalyst bearing moiety is at least one dendrimer having a

diameter of at least one nanometer.

15 35. An integrated nanostructure array according to claim 32,
wherein said catalyst bearing moiety is at least one biomolecule that is
selected from the group RNA, DNA, proteins, and combinations thereof.

36. An integrated nanostructure array according to claim 23,
20 wherein the atomic scale precision is no greater than about 5 angstroms (A).
37. An integrated nanostructure array according to claim 23,

wherein the surface of the microelectronic substrate is of uniform integrity.

25 38. An integrated nanostructure array according to claim 23,
wherein said least one selected from the group consisting of the disposition
according to the first predetermined set of X and Y coordinates and the
activation of the catalyst according to the second predetermined set of X and
Y coordinates is carried out through integrated circuit vapor deposition

30 processing.



15 35. An integrated nanostructure array according to claim 32, wherein
said catalyst bearing noiety is at | east one bionolecule that is selected
fromthe group RNA, DNA, proteins, and conbinations thereof. 36. An

i ntegrated nanostructure array according to claim 23, 20 wherein the atomc
scale precision is no greater than about 5 angstrons (A). 37. An

i ntegrated nanostructure array accordi mg®o claim23, wherein the surface
of the mcroelectronic substrate is of uniformintegrity. 25 38. An

i nt egrat ed nanost3aict ur eArainteyraded ahdb steLdtOreCarddyadsordinghier ¢taim 23) d | east
one selected fromthe group consisting of the disposition according to the
first predet¥reiespriddangtube ismreserlysy asingle sanpwbene activation of the
catal yst according to the second predeterm ned set of X and Y coordi nates
is carried out through integrated circuit vapor deposition 30 processing.
-29- 39. An integtated remimdegratadinenastrajur@écamodiing to @laima23nvsereinher ei n
sai d nanotu i S present_.as a,single nanotybe., 40. An | ntegrated

nanost¥ uct u?geeg&p(%rsgpﬂg‘)ftt e&pgﬁﬁqgg,scwﬁ r"?é'ﬂhatoémf’lﬁ’éeﬁﬁ'é’ﬁosi tion of the
catalyst is scaled with atom c precision. 41. An integrated nanostructure

according to claim23, wherein the activation of the catalyst is scaled
with atomic precidion. #0 inegrated narestaictererancosding do araima2d, avhereeor di ng

of i ot not e HEEYAIN (BT SEH B BN L IBEEREPE of "caid plural ity
has one or nore of said nanostructures disposed thereupon. 15 43. An

i ntegrated nanostructure array according to claim 23, wherein the surface
of sai®d m croel ed@ oni c AUbiadratesl nanesinstyatareay gegsrdingrtoigain ddogr aphy .
44, An inte 184 : i | ai ; I 20 the
surface of g\gﬁéﬁﬁ cr ogﬁé@;é ?%&nllrogKg%lgkg%tfdégg;olf'@r%&%s@%??l%%ga%ﬁgtpI anar in

t opogr aphy. sdbstrétespivhet:infeashldistirict slystraterof sgichpinaalay hibe crle @ more of

said nanostructures disposed thereupon.

15 43. An integrated nanostructure array according to claim 23,

wherein the surface of said microelectronic substrate is substantially planar in

topography.
44, An integrated nanostructure according to claim 23, wherein
20 the surface of said microelectronic substrate is substantially non-planar in
topography.
45, A method of selectively forming a nanotube at a

predetermined position upon a microelectronic substrate, comprising the
25 steps of:
depositing a catalyst bearing moiety upon said microelectronic
substrate within a first predetermined set of X and Y coordinates defined
within the surface said substrate;
activating the catalyst bearing moiety at a second predetermined set of
30 X and Y coordinates defined within the surface of said microelectronic

substrate; and



predeterm ned position upon a mcroelectronic substrate, conprising the 25
steps of: depositing a catal yst bearing noiety upon said mcroel ectronic
substrate within a first predeterm ned set of X and Y coordi nates defi ned
within the surface said substrate; activating the catalyst bearing noiety
at a second predeterm ned set of 30 X and Y coordinates defined within the
surface of said mcroelectronic substrai®: and -30- growing a single

nanot ube at the second predeterm ned set of X and Y coordi nates al ong an

axi s having a pregehfigr Reflé ﬁbﬁém@savtﬁe%b@ncﬂ 9$&%%érrhiﬁed%elﬂbﬁﬂ%rﬁﬁ‘?l ned
by the m croel ectronic substrate; wherein at |east one of said steps

sel ected fr deordisaigsalpne ansaxs haynga pledeterminesd saptionshin withtraspest tapon

out i tn at oy BB U Al RS o SRS O el Coc Vel Y T orming &

nanot ube accor di nghdrein @ﬂlaas‘néh‘ia of\bit stepd Selecriidtyratthgasumeomaistityy 1s
selected fromthe group 10 consisting of i n%&ranl c nol ecul es,
or gandnet aI quc("l)rﬁlﬁépﬁ'ﬁf‘g a crialyst weer the migrslestanisssubst@te 8ALI(Rht i ons

t her eof . "ﬁ\' aq]@.% @Jta a%cédrﬁg& But th’ﬂ&nﬁi eas?tpy&ﬁ gﬁcor ding to claim

45, wher e| n ring noiety 1s at one dendri mer having
15 a dianeter of at Ieast one nanoneter. 48. A nethod of sel ectlvely

f i t di th t al b
o oty i 6 a1 eadd-one_th ptedar SeEeHelRiartingG Sirnaties BtePibiasRert ng of
RNA, DNA, prepiigi 4% ,wﬁé}@;rpﬁl'@)ééiéﬁfbpﬁéanr?é)n{o@?‘?Q&eleéﬁad %Wﬁ@‘lﬁo%

selectively formng a nanotube according to "claim4 wherein the step of
acti vidting tChes1§tain@|0§/s*mrgamrprm@lesul@anotrgaln@maiglhcmh@eaatsarigasdrnn@e&,| ng

noiety. 25 %?dmée%fe@?gng o?neo ﬁé:tonsethgre c%rm ng a nanot ube according to

47. A method of selectively forming a nanotube according to
claim 45, wherein the catalyst bearing moiety is at least one dendrimer having

15 a diameter of at least one nanometer.

48. A method of selectively forming a nanotube according to
claim 45, wherein the catalyst bearing moiety is at least one biomolecule
selected from the group consisting of RNA, DNA, proteins, and combinations

20 thereof.

49. A method of selectively forming a nanotube according to
claim 45, wherein the step of activating the catalyst comprises manipulating
the catalyst bearing moiety.

25
50. A method of selectively forming a nanotube according to
claim 45, wherein the step of activating the catalyst comprises inducing a
change in the catalyst bearing moiety.
30 51. A method of selectively forming a nanotube according to

claim 45, wherein the step of activating the catalyst comprises patterning the

catalyst bearing moiety.



claim45, wherein the step of activating the catalyst conprises inducing a
change in the catal yst bearing noiety. 30 51. A nethod of selectively
form ng a nanotube according to claim45, wherein the step of activating
the catal yst conprises patterning the catalyst bearing moiety. -31 52. A
met hod of selectively form ng a nanotube according to claim50, wherein
the step of activating the catal yst comp3tises patterning the catalyst
bearing noiety through AFM 5 53. A nethod of selectively formng a

nanot ube according to claimb50, wherein the step of activating the

catal yst conprises patterning the catalyst bearing noiety through STM 10
54. A method of d8.ectivemethed of aglestivelnfromeg aceanalube aceordingiom 45,

A'method of Surels OFsT BiERsh I Aotivaln BeBughal HRpDsEL 83 Fg 48
y\/ner ei n t he mlgma}fng(ﬂneig@m@agﬁwmni c substrate is of uni fo_rm
integrity. 56. A nethod of selectively form ng a nanotube according to

clai m¥45, wherein at |east one of step of depositing a catal yst upon the 20

m croel ectronic strat I f L yat i t i's
carried out thr ?t#g?h chﬁn%é?&@gg%@[egﬁ%egg?%hg% ﬁ%tugga%&%m@sﬁ
claim 50, wherein the step of activating the catalyst comprises patterning the

catalyst bearing moiety through STM.

10 54, A method of selectively forming a nanotube according to

claim 45, wherein the atomic scale precision is no greater than 5 angstoms

(A).
55. A method of selectively forming a nanotube according to
15 claim 45, wherein the surface of the microelectronic substrate is of uniform
integrity.
56. A method of selectively forming a nanotube according to

claim 45, wherein at least one of step of depositing a catalyst upon the
20 microelectronic substrate or said step of activating the catalyst is carried out
through chemical vapor deposition.



