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I nvention The present invention relates to
nanostructures and rel ated jnethods of fabricating
sane, and nore particularly to nanoneter scale
structures including controllably positioned and
control | ably aligned synthetic nanotubes. 5 Background
of the Invention Nanotubes are known in the art as

el ongat ed tubul ar bodies which are typically only a
few atonms in circunference. Typically, the nanotubes
are hollow and have a linear fullerene structure.
Advant ageously, the length of the nanotubes
potentially may be mllions of tines greater than the
nol ecul ar 10 sized di aneter. Nanotubes are currently
bei ng proposed for a nunber of applications since

they NANGSTRUCTURESINCLAUDING CONTROILABLIY POSITIONED
of AN AIGENED SYNTHETIC NANOTUBES, AND REENTED METHODS

strength and weight. Additionally, the nanotubes have

al so denonstrated uni que el ectrical properties in that

they may be fabri cat ed Fieldsefd¢he dnvemniiwaer so as to be

metallic or 15 sem conductjng. Because of th bove

or oper e presgnf BVgHtnR Elatesia nanRs RS A (P gt ethods of
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g S i n nanoscal e

in scannin robe m croscopy “( ,

pria¢ledingtcontiataply| posdioped arwégthabM@ig@ed systhgtic nanotubes.
bi onol ecul ar systens), nanoel ectromechani cal systens
(e.g., sensors, actuators, and other nechani cal

conponents. As an 20Bg¥ Lad oFVeey Bveation M and Han,
J.., Buckytubes in a Nanoworl d, rototé in

TechnolN@potubeeareknowain thesait as glongate b&@' hodiesyhich are
' anti heds.- i

PR P PR Filiicifbrdieky ity B fotdies are

PGBl IbeZArBhaned 8 Sinear fulleremepstouctare. | Advdritageoushotthé éength of

e SB0BHHen Rotea ey Bl TGRS o e et than BiE molecuar-

PrspRAFGiaRitd0 MahSubb o bre BGrregﬂPN%ﬁf‘g?%roﬂ_&éd’fd?ta nithber of

Dendr | nmer - Based Sel f-Assenbl e ayers as Resists
f @pplcalivnsgince they possess a very desirable and unique combination of

physical properties relating to, for example, 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
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
example, Meyyappan, M. and Han, J.., Buckytubes in a Nanoworld,
Prototyping Technology International, Issue 6, pp. 14 -19 (1998) propose

various conventional methods for producing nanotubes, one of which involves



5 Probe Lithography, Advanced Materials, Vol. 11, No.
4 (1999) pp. 314-319 propose nanotubes that are
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silicon substrates. Dai, H, Franklin, N, and Han J.,
Expl oi ting the Properties of_Garbon Nanotubes for

Nanol i t hography, Applied Physics Letters, 73 (11), ppl

5
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cleaved to yreld nanotube tips wt ose ends.
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t he ' r%l@tbl ) Nahblublstas Nbﬁé}ﬂ‘ébe@?n BBQnﬁfﬁQ\Fﬁ?obe Microscopy,
references, Dai et al. Exploiting the Properties of

cdvature, Viakriti4:(696) pp. NardbOtriepesgshihe foupatioppbpsingle

o el oo BPERIEY 64 BF B3I h BahayRF Jorifanping

syprce micerszopy(SFM ni ng dendri nmer nonol ayers as
resi sts_ havin def néd nanoscal e di nensjions. . Tull

al . al $9N8 dpox. 8l niyaaepibtMesQuiatans 2003y, 6554@2'7%9818 of
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VWN4atube 3956 706),pp @7 8§t (1998 rmhopose mabegéifa:rrformmg single-
Levpaqltegycarbon nanotubes on silicon wafers patterned with metallic islands. In
particular, the method involves first patterning iron (lll) nitrate islands on the
silicon substrates by employing a methane solution containing the metallic
material. Chemical vapor deposition (CVD) is employed in the deposition of
the methane. Nanotubes are synthesized and have roots in the iron (lll)
nitrate islands.

Of the above references, Dai et al. Exploiting the Properties of Carbon
Nanotubes for Nanolithography, supra propose the formation of
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
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J. Am Chem Soc. Vol. 120, (1998) pp. 10990- 10991
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attached to the focal point of convergent poly(benzyl
ether) dendriners. The end fuBctionalization of the
oligoner is reported to allow for their incorporation
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bwavage%pptﬁ:wem%w fya gifertive patalyst ia thereaftas ppsmm into the
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a substrate or on t ree end an atomc
nilheosetiod iselndes preparinga pieMScaubatrate seitabdé ésregrowth of a
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2B os AR REP oo iaibe dehgsior. eidcioolidation.

electroplating, sputtering, thermal diffusion and evaporation, physical vapor

deposition, sol-gel deposition, and chemical vapor deposition. Thereafter, a
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
same. A solution of Fe(NOs)3 in methanol, mixed with alumina nanoparticles,
is deposited on the surface of the resist and substrate. The substrate is
subsequently heated, decomposing Fe(NOs); to Fe,O3. The
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tenperatures. In general, the above references teach
maki ng nanot ubes using bul k 5 zechni ques. Mre

particul arly, such bulk techniques typically involve

pleaci . T

B opaIdH iflie BIGhEHPan BERE bardlysE AT
mivadalpzen tiefoematidio 0é tadloassanaiubés wheh @tposed to methane gas at

di ?advanta eous in that the nanotubes are synthesized
i Flevated feMperajuregndom and i ndi scri ni nate fashi on.

Accor d!l@@'e)ﬁeréﬁthb%t@%ﬁ@f@bﬁcé’é fé‘dicﬁ%%l/(ih? nafbtubiés using bulk

i npossi bl’e to control the physical an el ectrica

prteginiques More particuiailyosud@bulkmabniquae typicallyanvelee placing a
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pr e- desi pecific electrical and/or 15 mechani cal

prdigaciventageossindhat the nenetubescreisynthesizeddn siekively random
e AR5 (B 0 AR B o

mMikihoesiblt toastntro$ thes phyical lEmdioraelactriéfl propéries.ofsuch
cat al \é.pSt di sposed upon the surface of the
miN@&NGBIRES: r oni ¢ substrate and positioned thereupon

W LN N gy g fr?é\/(lﬁﬁ’é 8RR iAtNE ArtBlproVid& rdRbtubes hich have been
coor di nat es, erein the catalyst I1s activated wthin
a grewnrinl agnenecantrolledfashion relative &mprocesses thught @sthe prior art

def | Lt hi f f 1 ' | ect '
< eh Taptthe feholse st piicAeSbned: yeyiregacatanion
t hge@tdridapropsieend 25 predeterm ned set of X and Y

coordi nates defined within the surface of the
m croel ectroni c substrate, such th_at t he nanotube is

control | ably grown WMMMMOQ tion upon
the surface of said trate. At
| east anensedspettthé inventibe pgovides annntegtadted nahostrddture.

the disposjition according to the first predeterm ned .
sdiheghtegrated nanoshugtusg cempsisgs @igreglectpnig subsifateghaving a

0 pRPoSA LB, AGELE o e RGER SR, FIGEBIER st

prac posiionedh2 tpondsillta aPUst peiatahtitédsét 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
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
activation of the catalyst according to the second predetermined set of X and

Y coordinates is scaled with atomic precision.



I n anot her aspect, the invention provides an
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plurality of nanostructures. Each nanostructure within
the plurality is disposed in @ predeterm ned
positional relationship with respect to the 5
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mﬁﬂﬁﬁ Bk HEses 5 them Pércf’é\gct}/orﬁg th’st?%e%éﬁ hh%ﬁ #&Hanotube is

atom c precisiton. In another aspett,
[ romtrollalnlypgruwn Msa medetelnmnhen‘ ptlmthoe ttlye stirface ofthe

t { t
netRsetond sbsites rhesst g rae e 1BER i graupsonsisting o
St(@Pﬂ'\eO&sS@sﬂﬁéh btastdihC! tAb)Fét fredelenthind®séiof XUARD Y
said mcroelectronic substrate within a first

prosgedinaiasrantl ) theactivatignopfthe catalyst aceerding tnthe second

R AR5, T A B o
of X and anotmsradpest, éise imlehtios provides a nidtaod wf Seketiodly

the microelectronic substrate; and grow ng a, 25 single
ndAGRiEE BaNatHRe ab adHedplesmited pRsiien Yeen migroaigcteonic

Qs"&'bg{rﬁfg CPhe me‘fﬁ&; ggmgﬁtké? ('i}?%ét%?g%f %Egﬁ*'ﬁé? %b?gltyﬁtebeanng

tronship wt
_mrm)lety epgom saldcmrmbﬁlectmrac sUbstIrate withih adfiref preldetermined set of

S gl i RSB S, i
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the catal yst “i s carried out with atom c scale
prdefined awthlrrtf@eum oft thermigsgriectsonie gubsivatat ap@ grewisg a

ens‘fr?g Hanetub eyat tne seB6R3 %rr]édetg?/n?l%d ¥t 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
carried out with atomic scale precision.

These and other aspects and advantages are encompassed by the

present invention.



WO 2004/ 035462 PCT/ US2003/ 031094 6 Brief Description
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FI GS. 2A and 2B depi ct enbodi ments of nanostructure
arrays defined according to-the-invention; FIGS. 3A

t hrough 3C depict enbodi nents of a nethod of making a
nanostructure according to the invention; and FIGS. 4A
t hrough 4C depi ct enbodi nents of a nethod of meking a

10 nanostructure adriefdeasgriptio mbéthmDeawihgg FIG 5

of "t hr GG TR A e eH af gl B B nanbs Pt antined

cog&or(ﬁhgzto@hé H\,@ﬁ{,é,@t es an exanple of a synthetic
route for a dendrinmer. 15 Detailed Description of the

Pr ef er @ S=RA ana@R depinkemhodimenta ofinanostructuke arrays defined
t to the preferred enbodinents
C%Pwﬁﬁ t%ﬁ%ﬂﬁﬁﬁgﬁhe detail ed specification and the
df awi noFIGS.t3A giroughl 309dém©tf émbadifterity of atrhéthed of making a
enbodi nents are for the rposes of illustrating the

i MAnestryptuse @cspingto W@dﬂ\’efit@ﬂ,laﬁfjt t he scope of the
i nvent igsg %ﬁﬁog h 4eede é’t%rﬂﬁo&b‘?é of5 %?'ﬂ?éﬂmga

t he |nvent|on prov des a egra nanos ruc ure.
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(r:na:: ;F;Lﬁ&j B{ﬁi@ie raqtsggl x,p?gééngﬁlun{qf{ yattachmentofthree

M thAGhES bURAIhG bidtRS th A RifuritfienBP&rki oned ther eupon
wthin a first predetermned set of X and Y 25

coor di rfiGe$, illusteates anterample of passyntheticoouteafor@ derdninrer.
a second predetermned set of X and Y coordi nates
defined within the surface of the mcroel ectronic

substrate; &Dgtatled DECHPROrP6f el Pictéiyed ERSIRACHRON
the actjvated second predetermned set of X and Y

coor di nEe:vastiomud! ppw herreseabed withcrespect tedhe preferred

OB ST U kNl e s 1
t rehosild batappcécmtbd thatcthes¢ eatbodimentsudretforthe purbbses of

B8 S e i e o SRS P e o h yentin
sefs qéfinedPh\the Qapkgli nates and the (2)

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
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 controllably grown at a
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)
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preci sion. In another aspect, the invention provides

an integrated nanostructure -ajray. The integrated
nanostructure array conprises a mcroelectronic 5
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qulo@ltiﬂmed Qeéreaponwithida fﬁsm’edetettmn%dttettdfa( ahdJW coordinates,
nanot ube is controllably grown at a predetern ned

pddarerihe satalystds aahyated Vi aisecand prelatermipRAset of X and Y
SBBldifhtes d%?in!e? ﬁfhn?ﬂ’?e sl &coedid hﬂ@?otegﬁtr%rnw&thsgate, and a

consi st ng he di sposition accor
f masmtub;ermled:tmem disposed upédn lheaachvated)secbmdapmiedmmmed set

ok v Ptaor Dbl e e Sl B S THigiokedonic

S %@b%ateZQU&% tHat#e Hhﬁof@!b@qé %bﬁﬁ‘ollélﬂy me ata @)‘F@d’étérmlned
the invention provides a net of seélectivel

f @aomtlng upamcthetsupiacetof gajst moelemrﬂele spibstrateo nKUpeat ene

c Bl RheiarHe 2hh8blon (T AReE B FEHG to the frst

Sipréldétenﬁmeki@ét b Xi ancb Yixdordihatesidnd (2) 2hé abﬁtat@ﬁ of the catalyst
predeterm ned set of X and Y coordi nates_define

widCRPIINGhto thersacopdaredelermingdssat of & ang | Qﬂﬁf‘#lﬁgtqsﬁg scaled
?\f@ @Qﬁﬁgd,g] nrml ety at a second predeterm ned set
0 an

coordi nates defined within the surface of
sai d mlrmanethen:aspeck;thsmbenhm provides gnwethad oh si ngl e
X and Y

nanpt ub t the seco determ ned set of

c aaftiely 2ormaing oyttt f ARreAgeRRmeiestion el a

r %léﬁde%tﬁhidib Yibdirail. "r%ﬁﬁéﬁxoﬂcbo%pms%%eth@%ftéﬁheéf depdsitihg a

m croel ectroni c substrate. | east one
catalyst bearing moiety upon said mlcroelectronlc substrate within a first
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
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
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activating the catalyst is carried out wth atomc
scal e precisi on. For the pur poges of the invention,
the term"atomc scale precision” refers to either or
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di f% han the first set of X and Y coordi nates.
rigbibitsy

ed enbodi nent, at | east 15 one of the

f irst Msaﬁéﬂn%eﬁélﬁdl@éﬁ rthéledtaﬂyﬁt% dispdséditpdn the surface of
coordi nates has atomc scal e di hensi ons as defined

b)ﬁ e pisrogirctionitssykstiate within a figstoredeterrpinad satisdweandhy
P&ﬁafé%sc'lf ebé‘éluv'aﬂoﬁ %? ﬁﬂé cé&SIy%'t BccdrE ‘%vnﬁ*hﬁ 8%-%'cbh8”

an or actlvalon carried a var

ofpredetermmedsset led X mmo&),rdlnatesn wrmitmdyl’rmm;a same or d|fferent

di.sposi tij.o n r ato carried t h
1888 Tha BTSSR Rafl Y coaiiatet s iCA PreR B A AabCdimERt. at least
Vfﬂrieoéﬁhg‘f ?ét%ﬂdeé“édoﬂﬂ' ﬁe&é‘l‘&?ﬁﬁn’ﬁoeé%@ an X%dﬁ’%drd‘inates has
accordance with the invention, the selection of which

aratomimseale dimensiens as defined byabutnaticoastrained to, those set forth

o e s PR ek AT Ao . 1€ Sispeshih Hufgor livation
s yady belcafiet sut mhgldel,arw bogthhiquies anﬁ@xaﬂ\%le m one
silicon, silicon dioxide, silicon nitride, sil

c &npeimegt. 48 esspogaqqn. qnﬁ/oea%te@ﬂa@ is gairied gyt through integrated
ar&r‘cﬂf?% 8rd+ n?lr gg s i ndi um anti noni de,
um nu Y,

germani u aPi ous ot her el emental and
conpour\danosxsnnmmulemrrm'ﬂs substeateschade wded imeaccordance with the

e R B A6 5 R S T Bk s, or

t RAEHA® Semiconductor substrates. The substrates can be formed from a
number of materials. Examples of such materials include, without limitation,
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.
In one embodimenit, 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
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t he nanot ube di sposed thereon. In a preferred
enbodi nent, at least two of 1 YWD 2004/035462
PCT/ US2003/ 031094 - 9 the plurality of distinct

s %Héémtﬂ*aﬁﬁl d"f?f&m‘cf‘@ul%%%éé‘ RavE s ﬁéﬁ upk disposed at a

predetermned position thereupon. Inations of the
alpredetemnmintidpodition theneuwpan Berréxmt@y\ecbfftm abave embodiments

pur es.of the i ion. ln a ef.erred enbodi nent,

P HAORs pBerbpoved Yo e aieete o ibe LA Pac e 5 15 of

uni f or MhigbreErdd embRdirh&ft, e Safdse 6f the ifictdBIEEtdrie substrate
the term"uniform integrity" refers to the surface be

cdaan Hoderen integrity h For the RUfPoses £F theinyentien,Bbe deim auniform

e oy’ Pofe el Ut Y oBnthuon8%h S8 BB, 4088 to be
swu‘b@tawtuaﬂgz treediomgldiscontintities ce.gihotespetforatidme, and the like,
invention 1s disti ngw shed fromother prior art

t dBAhMgY e presentiip tie subsliateSWEaEEe AGCRIAIRGYhIN these
S ‘tfrﬁ@&ﬁ nt$ th RRentbh i€ Hiﬁlﬁ{;ﬂéhé‘d HoRt OfHe {rbﬁ"ibf' ﬁrt techniques for

rmed theréin to assi st grow ng o
n agromrtgelsandthbes mbablchethe ssicfate af gesubsﬁbtecd:exﬁamsfa discontinuity

sin Il e rgx wal | ed ar st uctures. As

¢ HoenSL I eRG oI it e Stowina shedeh BeeStuRES ot Lbes oo

be cr e@ﬂ&%tﬁbé’é"‘ré}‘)réé‘éhteé yeﬁ%raf‘@lfa% bfSinglesWalled®r multi-walled
carbon, boron, nitrid conbi nat i ons t hereof, and

t Hubulak etrucmée&;omtmeteu smlleﬂ inghe anlcarbappregiate, nanotubes can

o I CEaRE B URTeny by SRR RESudt 8 B Bt fifiges.
t rsomitsinaiions thereoff amd tanlike! th@&Mﬂi@@sntlbﬂtdrmow may be
wi th varying stoi chionetrjes of nore than on

d?ﬁﬁ'ﬁ‘?&fmouseﬂ%@ﬁﬁﬂy ES?'EWHF@@ of singinielemsands wehran@arbon or
hi
Si ?xz% or 8OI(A‘er Fr)] C%gﬁ@g%&ﬁbé%&%ﬁﬁ&ﬁgu@@ ebe

elheterogeheowsrpithiviarying ataichibmeltrigs of mypreotham oreecompenent
will be, f cto

o EPTeft < EXampies, Beiyfe bordh Biide. cHgsten s R8s olybdenum
bQﬂé\MBmﬁé ghé Sﬁ@"[@] St 8xbbsitd RAnGtuBaSd THAP

of approximately five volts. For instance, a carbon

n&iemental nampesmonuandztbemﬁhaltv of:a oanatube willie factors in

S SBERDAG 8P FEOGHE L ks P L8 B ol Y
nanotubes behave as electrical insulators exhibiting a band gap of
approximately five volts. For instance, a carbon nanotube may exhibit
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"
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
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used for the purposes of the invention, the selection
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pur poses of the invention, the term"catal yst bearing
noiety" 30 is defined as a-sulpstance or sanple that
contains the catalyst, i.e., the catalyst may be

:;bynﬁ‘vg%qt&a&édlggé n%éot ddl? %é%qyst %thzrllt%n% Séﬁfﬁagrtf Qﬁon of ca%talyst
nrm;c/nﬂsr e oflgaeaggmdmm%mlgeamaegfmemaﬂg@t&d@twatoms |nt space
PCT. - coval.en . in

ofMRAP&INAN MRIBRe I AI90T TN SOME FRshiast by kes biheved to be
atd%@'éma{éﬂ RAtASH utSHER ‘Hﬁ'ht'éar’tbshyd rgﬁﬁglrbrgﬂﬁm%rd?ﬁatlon

catal yst atons in space nay in a
rmuom ple)keet istable stitface fegibhsnetsy Qiheretszohaéiesemayd inctudecthe

00| h but not limted to drogen b
5 dtaietal ol targmltiinds, SUeT B ofaniiae B aBRtlesr
Oto%fd.ﬁa!eatw?ﬁp@ﬁds With | catlyéthtoms! é%%%e@ffc”%ﬂ'deﬁhé@trﬁblecular
conpounds, such as organonetal | ic nolecul es or

cé@@‘ailqli\ét fou ingance xEer piPRSeachhespresephiovantiepaupieties could
pur 0 o(ggfwn e%sggB t%“tHE?ﬁoblitg%?ttﬁ@ @3ta|1%s? g\étgf’é@ﬂ?ﬁr at'c:)gr{s For

es O resent enton
r legtadmpte,tdsrgaﬁemcélhd moldutilerolusters coafd inblRidedeabysre

THeEaME 2| metalpsaBomes %Sqrféé‘%‘%' S HSEENC O egraniples| pased
TRORIGIASRAAIANERS UGk B3 dERBRIRRAIERYBoe NRCHIRS)2 for

coordi nated conp
deénstanceéry Oficoksen tremergdnOaitaliy mdlecules os caordinateli complexes
I lic nol ecul

c SRpICinglud® BRI el atbrha FLehes Fra oG et ETple bypes of

F@ﬁéié%hsgsuéﬂ ag‘ébéblﬁb ﬁ‘oh}fﬁéﬁel @bmbiexit al atons such
as specific iron-nicke exes. The catal yst atons

may be Thebeatalystatoms m@y\b@rnpabugauegmmgque@oumtmhmqugs known

| A8 e Sl i, Phtmele!y R lsisb 0 S o intaton,

pélitﬁdg”raplﬁrﬁ maskiespatierning, idpent @0gl; & dfiadte paitaraing or
or self assenb thin filmor interface dvp05|t|on
ciselfr %séﬁ Fh"ﬂ)g'kﬂﬁrﬂ’?t%ﬂac‘?geﬁ%'@%@ﬂ G@hempicah appPt Qgposmon

gg@gb I?I)E?rg am a&gSMB{g'd@i t| : gwqm_%)ggfs@c%osmonal

b@saembw/eﬂlndlvrduah er natiple icatalyst aﬂxymprl be aghipvexhan one
rra&%tgchat ' yoé;ﬁg%*&vﬁ!)r% %Id'ﬂg%“??g}s {@IdﬁﬁLXtoms gY relatively
S YGW tEmpefdtufts, T fi xm@%’l’ﬁ’f@%nﬁﬁn@ ﬁwé@ﬁbpﬁ\é%ﬁoh)& their
variety of techniques. enpl ary techni ques
movement can be achieved by a variety of techniques. Exemplary techniques
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.
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



25 include, without limtation, topography or surface
driven segregation of atons and/or surface
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atons at predetermned locations is set forth in U S
Patent No. 5,981,316 to Yammda et al., the disclosure
of which is incorporated herein by reference in its

sl fiblie miblefla bRAIASA A1 ReTARN sObp6RLS tpdeaget! N
[ rarmltgementtdﬁ catalys atoros imspate tchbeé transfanreddy the esubstrate

b(l.E o P§ of ¢ t%'@bgﬁpgbﬂgﬁ%aﬁm' Al %ndl n8lotyed mclgé)e without
P(initdadR0 Qﬂnatenél% or‘g'éﬁbrﬁéi@lﬁé nﬂ&éﬁ&lbeérg@n%’ﬂnﬁ%nals

the architectura support desired arrangenent
ofsuchtas qmdrmnenss biomodpeui@s taﬂdo@ombem thateoh Inrane

ot o A Blihaf, (SRl bRy PpH 6 ok s 06

| isradkicale®électedl flom B gfvmm@idlstmg@mﬂAaDNA QTrGt@ihsﬁ and
materials, 5 such as dendriners, bionol ecules, and

c Gopbinationsstherrafeof . | n one enbodiment, as an
exanpl ?’refé}ﬁb@a %ééaﬁép@?@é%rﬂ% ARicties éocmﬁ’ﬁ éseéﬁéz?éi&ﬁ&

bi onol ecu rom group consi &5 ng o
DidéndpimareiFos thapdrposes‘mf ithoet mveatldm cthedérm Pderidrimén” ys defined

th t al yst | east  .one
| G ket Sore Nl B%@”Bsﬁp* Sab i tweromolesues o -
t%f‘rﬁbn%ﬂ%ié‘f%fha 2 keBPml%% ‘iﬁvQﬂSuQérﬂ’B&Hﬁn@ht@h{h\é dendrimers

branched, fracta nol ecul es of three-’
dicaprks pneparedswltbhmys narrdwtmplelcu@] welght\/dashnbutjon In contrast to
enbodi nent endr i ner,s

h
o aBRY i fralE R e o Emers HerG e HoES et inied§ Rave
C QdiedéfirdtPihré® AinémsiomallsiZzeadnPshapey. Thef it tdnddo possess a
nol ecul es typically have 15 wel |l -defined three

dilzreeiusnber efi yntanglad chaipenrds ane pudpee funatignabgroups with an
- |
DR B bR TP, BUE G Bl e hohsbenery
siamdl regularity, dt isrbelie veartivt th@s&utturaltrﬁopeﬁy relationship of

ho eit nd requl arit it. is believed that the

s debdfts midigsugs ooy Dedrlipnalizer ip aymoreiBrRfi3e menner. In various
"@n%dﬂlﬁr‘én?sarbe%nﬁ@ré @8R al irh{® ébrgg?ﬁ grdﬁé?ﬁé§8f micelles and
manner. |n various 20 enbodiments, dendriners can al so

mieveo these af bhiomaleeiries.eMuoferaus applicationg of dhese cdvmpeunds are
bi_ onp i.cati ons

c GRABBENAL Ea PerLIAB AT PGS e AT e eiBpleg Uigsesuch

f Wi, &tizynOandimiihegehs sTHis!BBw branch of "supramolecular
chemistry" should spark new and more exciting developments in both
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., J. Am. Chem. Soc.,
1998, 120 pp. 10990-10991.

The dendrimers may be placed on the substrate in accordance using
known and accepted techniques such as, for example, Atomic Force



as protein, enzynes and i nmunogens. This new branch of
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macr onol ecul ar chemi stry. The dendriners may include a
nunber of conpounds such as,- wiz hout limtation,
pol y(benzyet her)dendriners such as those, for exanple,

d'm&'r&%%gy (AF'W &s&ﬂdwplganﬁénng rﬁf&@g&g;g . Pl

314-319 99)
oldegmlnmejp Ia:aneba piesitiondston the Midkoklectvahizrdubstraée ineh variety of

J. Am_Ch Sace. . .30,.1998,. 120 pp. 990-10991, The
adnaiors: I1 anp s embRiuEh oA 3 gREs of Memrostectrond®
acPsfatcoart bk REatdd RN adshdritter g%‘ﬂ:chﬁtﬁ&%ﬁ’é’ BF noé€ Mayers of
as, for exanple, Atom c Force WO 2004/ 035462

P@Hrldgmsposqwhe supstratecswianspyin(@ypefersed smbadimgnt, such a

s e e hihohBEYr, TE mORHRq PpferhRTBE a thickness
varanghg fdm abeateios 5 i teabbber10emBodi 2@ him. 1M preferred
surface of the microelectroni¢c substrate can be

c&rmkediment, the datreal iane \estica simensiaps gfe similargrdhe same for
' "’EHS rrﬁ'orﬂic e)% rd¢Rd rd'e'ﬂgﬁﬁ\e?{%‘] C%@ ?a?ﬁméfe?f &ecotdi E’uﬁgs known

red enbodi nen 1S 1n
f deohnmﬂues tmm:&se;ssranyTﬁmnhmmﬂ pa‘;apertipsefFexraalxbmme,stha catalyst

i ckness anging fro nmto about kB 10,
DRSPS TRoialiES B risierbR andrEnes e Rpssasador Ut
affopétiescal dinensions are simlar or the sane for
t he rmnol ayer. The dendriner(s) may be mani pul at ed
accor diRrgferablynthederirireemay besofiarioos sirmensiops nimbae

B T I A R

remesrﬁadomaerpropertl es. Preferably, the dendriner may
be of various dinensions. In one preferred

enbodi figterablyy f@(‘éﬁiﬁh’ét istdigpQsadan ther surfaceofthgsubstrate by
f
o inElolfS boghi 5e62 MERAEls B e bl oo catgyas are

by'numéreusai\hjrylﬂmtlbgmang)ln oécatalybtu mclud&s bubhate netylintited to
nupe

I t |
oA toRs. RS dBhat i bRIGr VaRUS sigS D ane e Badiment, for
' 'Xanfle, Whé‘&%‘talyé‘ihﬁaﬁ%%d@étoﬁﬁy Pe Gmolm | bPHétaWs% t may be
i

In one enbodi ment, for 20 exanpl e, the catalyst may

oremployed camyaphaterrdiog toaieaigrscorﬁhdﬂrattalys bAithough 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, the catalyst
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
“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
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Al t hough not intended to be bound by theory, it is
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relationship to the dianeter of the resulting
nanot ube. Thus, various catalysst- sizes can be used.
I n various enbodi nents, the catal yst 25 dianeter can

r t [ ) :
el B\GRoR A g s b e ot biditne desiec
frramodlidmeit 1 nmto about 20 nm al though it should be

appreci ated, that ot her sj.zes can be enpl oyed. The .

2ot FYSTPIARY trchiuies- 105 AStiaig e catalis haA g mpIsty include,
aGRtHUR dndtatigs ) rﬂgniﬂﬁl’éth@dﬁle%‘feﬂ?ét%bdrihgtrhSieW,tindlE@ﬁg a change
the purposes of the invention, the term 30 _ i

" dothe catatyst bearing Maiety, o5 paitervingthematalystbearing moiety

cahBuR ACHSHS TR .65 ihinSRl0d e a5 thearing moiety
| anay 8e dRIfin¥@a_0A4(IRGTHE IndieTy/ toRAEIPBIBRSton on E3subishate.

desired |l ocation on the substrate, such that the

gr owt h Ipioseembediment; ara;exarnal%@fuhmuqn@manaeyln the catalyst
: : . At ! ey,
SR P IR B RS R Y

c ghat thetcdbalpsti atgmsoietdin the sdnfigurgtion cdguiggel toteffett tHeedesired

catal yst bearjng noiety, or patterning the catal yst
b} ngqog\ftb. t hrough AFM or STM The term

" Mani puprd 5 orldife ﬁﬁ‘ﬂ@ dﬁt&l}){/?ﬁ@éé fRlety )6|n tAB¥niefoelectronic

defined as noving the noiety to a desired | ocation on

a subistrateacan be setactedhp onerskilled intheadnphd cah vary based on a
"i nduci n atchan e' in t@e catalyst  beari ng noi et th
melrie ot Actr Lo Eer eraRle: sich Ay &rea of iRy dgbEd op the
SUfize oflhet daaly$tsediigomibidty ?e%.gmﬂernﬁﬁﬁid?) g with the distribution

configuration required to effect the desired nanotube
grd\eakalystifenctionalipr withipdhe catalyst bgasing spoigbsr imgne

oo tbgffhot By HeBr SEIE N fpuideThETps S8 e catalyst
orbearingunbiety fof ad¢contrandatetbe grawtipbfa pseddteaminedaanaser of
ks G RTERGOTh Spokpt hesras LR PO, As
¢ ; ; ! hott:d .
RS 8 deReRe ey dtidihdter REIGRR RorT o e bithe
optanometetshie expettesi toeprotideranatighaxposed isatalystdo tei aapable of

AR UG e oA P B R BSOS i B e

basrtiedanBpRicktioRSin general, the number of nanotubes should grow
according to spot size and concentration of catalyst bearing moiety. In one
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 techniques, such as, but not limited to field
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
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the growm h of roughly one or nore nanotubes, dependi ng
on the particular application.g In general, the nunber
of nanot ubes should grow according to spot size and

ngﬁ@m ATy tﬁ%&&bﬁﬁich%%ié‘&r&}?h%gé(ncé Sh H¥atomic scale.
enbodi nent, Gt ers of  nanot ubes nay Deé grown using a
s Un ionel embodiness, a {ypical diarheter ¢arl widtipasf adeproctube oangesnfrom

£ OGOt 26 0T MBS BRRHC .06 OrriD rnn St ety may B
]9?)??néﬁtLdIIWon%é}%FﬁﬁﬂLWéﬂe@ﬁﬁﬁbﬂ&e@ i/ﬁ&béfé‘ﬁé’d hﬁnbﬁ!ﬁg\g@s a

the subStrate using various techhi ques, suc ,
b uengthtof lupniotaddut d0f:mel Suctsa lémgth dedveviee mast differ from this range
photolésis, her mgl radatj on,_and i ke. i ous

de , e | Var
n&ePenHing eniheea %'ﬁthH"‘iaW@"c ﬁ’&f?@é’&bg‘@r ri‘?fbo"u ehasa
- - . t 1 1 - .
THAEARETAA kB0 SRR ISRl el ) B gyp consisng o
2@be ficsd peedeteaning8 2@0 of XD X coordinatesiand the, second

S rEeenniee S o K ShoRlnhaies Aol Tar Befiiad Fat tne
( gihysicd! Bha/ef eRciRapbHRRerties ethel idtbtuBS Mty K fhiluéncéd

nmto about 5, 7, or 10 nm The dianeter may be
p&centdiag g theoheisity f &t arprefarregaembadimerd: inegwanatube is defined
P[%%@Jéﬁ%gﬁa@%{ h‘g&ﬁgé‘é tite iu'rﬁeg.toff gr?é '&o&%cﬁBRiéts&%trate. As
. g owever may | er romtnrs range

deﬁmees;ndaimglegthe{1 |hmqmllb$1 n‘lmy loes degn?ajl améigcnn aﬂg ta@irRd v,

t he nanotube has a helicity defined according to at

| Piedetsrpings Resitionaf Plﬂﬁ"ﬂﬁ@y\j{ftﬁ iBSRestdQ the siyfage °fttﬁ6

fi SRS ' S h@ SSmaRtiotee
séﬁ%ﬁ%ﬂé pre gtg g‘?ﬁlﬁﬁgd q’(shee?é %%tgpgr@%@ cgcgr i nat eas)‘).?:\(;j ol
Acuatedialsgduch as, forsexamhpley earbonabotdmenifritiep kpsiposites thereof, and

" b et afd e Hiphsiige Reldctibr o Wi ey witfin e sk
ergr QTR the akth eTHeaiEHOtBe typiclyi 9 e6tmet ROG GHibaM! $n such an

that intersects the surface of 'the mcroelectronic
s @mabediment, Ase nanotbenigifermed as dliergne melgcule ettaining a

e PeRBer 1RGNS PR BEPlesgBiaL g singie-wale
Mranetlcor @ multi-wallet mainetubdle nanot ube may be forned
fromvarious nmaterials _such as, for.

exanpl e, carbon, i
bor on it RaRotBS FRcRe amasksusdy thah fdisids @ wariewiclRbysical
20 AL bRsS o laPibIE theHefotitid o beabibdted
such that it has a metallic electrical conductivity (e.g., from about 3.3 x 10* (=
x cm)™ to about 2 x 10° (T x cm)™), a semiconducting electrical conductivity
(e.g., from about 5.0 x 10" (£ x cm)™ to about 1.25 x 10°® (= x cm)™"), 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 104-1 (E x cm)™") for voltages between 20
v and 80v. These estimated resistivity values are somewhat lower than one

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



of one in the art. The nanotube typically is forned
fromcarbon. In such an enbodi ment, the nanotube is
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hexagonal lattice structure. The nanotube may be
present as a single-walled _ngmotube or a nulti-walled
nanot ube. The nanot ube may be forned such that it

dlsgm %ﬁ%l&tg%éoeg%%@{%?hggl and/ or electrical
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V‘Pébéiﬂ ﬁ? nﬁ’émﬁ@r VOtHeT eXamfiss fdr%s%@%ftthéﬂ ndtubk itclude, without
or voltages between 20 30 v and 80v. These

eilmltaérpedadwwu intergonngicts: sieleetrics nandhsemiconductaisradvanced
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- albhitettiifies 0aRd eb®hositék Ravifly tlamonigt8gesmolecular scale control,
Advant ageousl , the nanotubes can be possess certain
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nanot ube | ncI ude, without Tlimtation, advanced
i membennkrcone etibetiment, for,example carbousidiike airay of nanotubes

SiAR 68 Gmloed f3 SeplitallbRANEL ot ifckaBhy Thesg g

C rApdRIBedshavaihep otatizined exhibit sopheflakibilitysarl €ould possibly
control, bridges or interfaces with biological and

n&6F& tayieligye §§%§fé$ﬁss ofghisnehie to pagkage sprnasiont i bl e
struct Lﬁﬁ?nr%éé %?Kéno@é%@gﬁﬁ faﬁcﬂﬂﬁbu%r@qn& Jié Wﬁu"tl{oourtfl‘iﬂﬁtation,

filter wavequi i'cations

t lvatalyzredt Chemical Mapde Depiositiont(CVD)groath ontheadeposition of
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n&hanges in chemistry or structure. Patterning methods include, without
limitation, AFM/STM lithography, imprint related patterning, 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
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



may be enployed to electrically connect a chip to a
package. These nanotubes have the potential to
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relieve the stress of this chip to package connecti on.
20 Exanpl es of nanotube synthegi s techni ques incl ude,
wWithout imtation, catalyzed Chem cal Vapor
h Wi . . .
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t he su rate surf ace. eml a t echni ques )
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Sdllustrate theeinventiorg gndvdd notdiimit thes scepe 6f)the igwention2as defined

199 pR.. 1319-1326 and Eigler, DD M et al.
%é’i‘f‘?‘cgﬁﬁ*ﬁg Si ngl e Atons Wth a Scanni ng Tunnel i ng

Mei 1 0s QES., 1 ANandr B ilMetrate3differdnteibodimentsl&nosiictures
524-526. Various techniques involving STMcan be used
stieferreglsto reppectively asil08andi005a Refersingsipgsifisaliy to FIG. 1A, the
( %aglostrﬂbl;ﬁ}éj’lﬁﬁ %bﬁ{ﬁgeg' fr“b?bé’l@cf?&% sﬂb'sgéfégﬂo having a
Sses pr ocesses, (€. g.,
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or at lectromg.r processes
YD SHrAphY, Casiksarine BPEh 1AL HBPSEEd Uaoh the surface of the
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hendhea activated; mdetermmeni seat af ovane Yoesardinates ismanotube 130.
great.er d ai | ference,to t edravvlns oyl d
@S S é%d‘af‘ﬂ AN W WhCh | ogavbﬁtarﬁaﬂlv equal
t ¢o the M&thwcﬁthé@atdwlbbbﬂn n%ietydvzmotlnkhumefmﬂdajﬁnent the

scope of the invention as defined by the clains.
nanotube 130 is defined along an axis z which intersects the surface 115 of

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 nanostructure 100’ is depicted having
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 surface 115 of microelectronic substrate 110



15 FIGS. 1A and 1B illustrate different enbodi nents of
nanostructures referred to respectively as 100 and
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nanostructure 100 conprises a mcroel ectronic
substrate 110 having a surfage 115. The surface may
be either substantially planar or non-planar in

SR g, Pl et 1B LSS Yot ol derElnp SREC o Fic.
antA i the wioth wi, bfithe/naastube dB0ds bhaab@‘rsub%@hﬂallv eqdal torthe
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defrecaedy BariphigeS@ miedlodeoric ubstraten210Ravifg a surface 215.
activated portion 135 of catalyst beari ngBm)l ety

i rSIEnilar i therembedinggnts shewasin FAGSTAA angd 3By the %ﬁaqeragﬁ of the
BRI e SN pREt L5 B subsantaly

20@# ﬂaﬁléﬁm uaﬁagtm@om( Em&lw of naﬁd?nhr;tumsrﬂ&ﬂlamg)resent on
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thereon. In a specific enbodinent, for exanp
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sﬁ\(;:/vlqgl o EiFK e the gataivRt bedring Jaogtes GR0 s gontrolably
o G heTBERE, 218 Gte HRRIABRIGHi KuBbRRR 210 i

pogr aphy or su st ant |
actlvated within a predetermined set of X and Y coordinates defined within the

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 215 of the microelectronic substrate 210 within a first
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
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nanostructures 230 are present on mcroelectronic
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di sposed in a 15 predeternmined relationship with
respect to the renai ni ng nanostgructures wthin the
plurality. In one enbodi nent, for exanple, the

n t ¢ i

Gl B/ HE BredeimiTRY bsBPBf X fA°F oBbrcifkiBH present upon the
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2HeraiRdag wanet sthere2 30 di sposed upon the catal yst
220. In FIG 2A, each of the catal yst bearing noieties
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subset of X and Y coordinated present upon the )
s nosHiesabalignsnentivitirespest tectheswirtace @i ofthe mictpeleutronic
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cSBkate PR (WG, A Ghé 2 Bided PR o

\g@gbsmtiaHWpemenﬂiomafStbdhe piane;d)fCﬂweZﬁicrmsdftl rcsbr&@ subdteate 210.
i S esent qn correspondi ng. cat st bearin

n& @?%P"ggé.appﬁ%c'%e@ttﬁét the %gé'ﬁ rﬂ%ﬂ@?@@%’%@@t ﬁere%t angle
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c vl #3pe 2R PIY 6t theBlorFIBcRIME buBErAEHERIGN,

didspparting foemtbe iscope ohthaitwentiomanot ubes al ong t he

2ver agehrbphBaPempadiRent R a AR PRl Batos e amay

t IB0Xcabising aXphicroelectronic substrate 210 and a plurality of nanotubes
230 present thereon is illustrated in FIG. 2B. Although similar to the
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
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



(e.g., less than about 0.5 nnm). It should be
appreci ated that other distances between nanotubes
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art. These di stances may be sane or different,
according to the intentions-ofig tthe skilled arti san.
As shown, each of the nanotubes 230 within the
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catalyst bearing noieties are activated at a second .
pr{dereted @sitt0)Jvacesrdanae with thequeskmtdnesntion. ¢ A illustrated in
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oGIET Bhe B sEral St e g by 198 5 HheosibR. A Wuicsoelectronic
denbseateP1 & 3 thigparficalae BRbddimahnt, thd eatalystibBafihg Afbiety 125
activated portion 235 of the catalyst bearing noiet

2355in thedgum of grspharisaliyabargd Jeadiiaer,athongh \mmweragodiments
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FIG ,2A. Positioned upon. each activate ortion 50
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array coanr ises two or nore nanostructures. In certain
moiety 120 are within the scope of the invention.

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 wy, 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)
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. In this embodiment, the z-axis is



enbodi nents, one or nore of the nanostructures within
the array may contain 10 the physical and/or
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t hrough 3B depict a nethod of selectively formng a
nanot ube at a predeterm ned-p@gi ti on upon a
m croel ectronic substrate (denoted as 110) in
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examples. It should be emphasized that these examples are for the purposes
of illustrating the invention, and are not to be construed as limiting the
invention.

Example 1

STM Atomic Placement
(Field Assisted Diffusion)

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 10 Vis



accordance with the invention. A mcroelectronic
substrate 110 is provided as shown in FIG 4A and a

W@ a10ab3=62 beari ng noi ety 125 is deposited uponpd1res2003/031094
m croel ectronic substrate 110 as depicted in FIG 4B.
In this particular 10 enbodi_nent,- the catal yst bearing
noi ety 125 is present in the formof a layer 125
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defined by the mcroelectronic substrate 110 at a

5 prteesubstmtesdrfasesi ti on of the substrate 110. The
wi dth wn of the nanotube 130 is equal or
substantially equal to the width we of the
correspondi ng activated portion 135 of the catal yst
bearing noiety 125. In the enbodinent illustrated in
FIG 4C, the relationship of the z-axis to the plane
defined by the mcroelectronic 20 substrate is simlar
to FIG 3C It should be appreci ated however that the

10 nanot ube may be grown in other orientations with

respect to the plane defin b he m croel ectronic

substrate 110. The inventi g‘ﬁw‘ﬁvl&tznow be descri bed

with respect to the fgl-ﬂmw’.tg,g“cﬁﬁm{@ﬁt I't should be
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25 of illustrating tron, and are not to be
const r Wadatam Is transfeged e the sumne oina stlstratbdylerSpidying a

Al P| d.Di f 30
15 SRR CoMBEbRIReR S A (P Ao 1B 45 &Y S hsabloued
U iIoa 1nSSToR ) 0o b 8 2R he sUbSlate

atomls g_esent on proetlp, and atunnel+ dp
sacfang. dhedrequendy dagtor isapripximatelyrasuabtaf 0Frshand &

el A0 G oT A A el P pubstate

r Jngfase fuhder thesetconditténd is'1 s*. Larger electric fields
can al so be enpl oyed such as, ‘without limitation,

20 those ranging in strength from3 to 5 VA -". A probe

tip having a 100 A positi O@QD@ oA above the substrate

surface is used to diffuse positioned thereon
to 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 results 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



5 the substrate surface. 10 Exanple 2 STM Atom c
Pl acenent (Transfer-On-Contact Process) An atomis
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a 15 transfer-on-contact process. A voltage barrier
of -0.75 eV is enployed betwggn_the probe tip upon
which the atomis present and the substrate surface.
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PCT/ US2003/ 031094 - 22 surface according to the

foll owi ng procedure. A tunnel current ranging from 1

x 10"8 Ato 6 x 10"8 A i sEpaafifed 518t ween surface and
tip. The tip is then noved under closed-I oop

condi ti ons acr oss Activationr and Nanatybe Grewthat e at a

speed
surf acgﬁ}eorﬁrf(g)c eﬁs&%c?\“?ec?&? lﬁﬁegg %?&é&%&gﬁﬁhgﬂiés&%ples 1-4 are
vviatchdataWrarWnar&dubes@rd govnitheséfromrbyeernploying a @heenical Vapor
i?dfor r{ﬂ:g)l%g This reduction effectively
‘?ﬁq"f'gtoé’sq PRIQUE; on between the atom and the
probe tip, leaving the atom bound to the subst rate

surface at the
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 follow.



desired |l ocation. 10 Exanples 5-8 Activation and
Nanot ube Growth The aton(s) positioned on the

wenignsabes set forth in Exanples 1-4 are actPOBUSIN03/031094
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and nanotubes are grown therefrom by enploying a
Chem cal Vapor Deposition (C¢B) -techni que. 15 The
i nvention has been described in reference to the

?ﬁ&tﬁﬁiéH%gLné@{iébz above. It shoul d be understood

enbo S are provided for illustrative
pur posds onlAn integtatda mariodtiucture tomprisiqge of t he
i nvention. as  defi.ned b% {Rr;@%/d ai ”B,-E hat follow. 20 WO
2004/ 0 BSSOPRFTORIS HHBPBAFIIANVING asprfagRAT Wi CH | S
CLAI MElg cé‘talg@?dibﬁé@éﬁ Bp6H tRASQFAELISH $HiF nSierBElédtidMic sulistrate
m croel ectroni ¢ substrate having a surface; a catal yst

diasgzasitianedithe reuponrwitlva adfirstpiegieterorined set ofokiand Y

bst r. 5 d it . Wt hj f .
=B e, 0B BB S NSEs RSB Sl rhibreminea
s @letl of Riady'® cobflifetel \GefiRed Withini theds i@ 6f said microelectronic
predeterm ned set of X and Y coordi nates defined

wisuhptiatenhandur f ace of said microelectronic substrate;

q el ! . ’
econd ot SEleEfibary BishdssRRRA Ry 18G dicohta ©
dpirédetermiriedi set ohX and Yaoordihatesi definedavitidh ¢lod soface of said

substrate, such that said nanotube is contraolla

OB oI SR LGS SPCk it 13 s Aplvarowp at a
S : s @1 )
PSRRI S L3185 AP Bbid ABH At
di sposiwhesainatdeastiong selectied flam the grasgetansistingdofs €d) the

iShcRir 25 R vk bl o BEK 7 ABafliates
seindaR) theastivition oF theraalyst acesdirftothekedbAdipfedetermined
precision. 2. An integrated nanostructure according to

Cisgt af X angh¥ ceprdirateq is pealied with atomie peraigians r om t he
group consisting of a single-walled nanotube

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

and a multi-walled nanotube.

3. An integrated nanostructure according to Claim 1, wherein said
nanotube has a helicity defined according to at least one selected from the
group consisting of the first predetermined set of X and Y coordinates and the
second predetermined set of X and Y coordinates

4. 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 conductivity, and

insulating electrical conductivity.

5. An integrated nanostructure according to Claim 1, wherein said



20 and a multi-wall ed nanotube. 3. An integrated
nanostructure according to Claim1l, wherein said

woacansdae2 has a helicity defined accordi ng to PCT/USESS/031094
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one selected fromthe group consisting of the first
predeterm ned set of X and Y ea@ordi nates and the 25
second predeterm ned set of X and Y coordi nates 4. An

: o ot . , o

o e EoriBReRs B epirHERbRY Olecidttirh (b il colinShi & -
f prabé tip naember, @patterhingttipmenmerabhd @ repairtipimember.
conductivity, sem conducting electrical conductivity,

and 30 insulating electrical conductivity. 5. An

i ntegrag ed ' i i PRER&H

sai 4w 20047 DI SR RLTS MSRING 1 Palm 1 et the
c supface @f said mjcroelebisonic slubstrate isrsubstandially plapar in topography.
consisting of a probe tip nenber, a patterning tip
menber, and a repair tip nenber. 6. An integrated

nanost ruct urgh mtégratidwandstidefird abcordifg & CTldime1, Wherein the
surface of said mcroel ectronic substrate is )

s susfaga of saidymisreglgetrenicsypstiatedr substantially nemn-gignarde

n ture according to Claim1l, wherein the
sggﬁéiré%}[ said mcroelectronic substrate is

substantially non-planar in topography. 10 8. An

i ntegrated nanostructure according to Caim1l, wherein
said ® crodVtittegaled nanestiustre AGeprding {0 Slaimyt.avhergin said
of i S . e

oIl GHRnE 646 TomPies 2 Ruralfy Br oA fibstrates, at least
dioneafesaid phuealdy pbdistihst Substratésihayjngtsail namdgbe ditposed
aqﬁordin to Caim8, wherein at |east two of said
pl'UF"&UPPY- of distinct substrates have sai d nanotube

di sposed at a predeterm ned position thereupon. 20

10. An integrated nanostructure according to Claima1l,

wher ei 9-sai d\n integrataskenanpsiicturedcepesing & Claimss, twherein at

B 5 shltFo R BF Bl Pav Bl BRCHAE RebGipe sposed

t &t @ predetermiiet positierathéreupon.

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

microelectronic substrate.

11.  An integrated nanostructure according to Claim 1, wherein said
nanotube is defined along an axis having a predetermined positional

alignment with respect to the surface of said microelectronic substrate.

12.  Anintegrated nanstructure according to Claim 1, wherein said

catalyst is present in the form of at least one catalyst atom.
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predeterm ned positional alignnment with respect to

wo be4msssbace of said m croel ectroni c substrat ePCT/RS2008/031094
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i ntegrated nanstructure according to Claim1, wherein
said catalyst is present in formof at |east one
catal yst atom 30 WD 2004/ 035462 PCT/ US2003/031094 -

25 13. te no cture cor di t aim .
T whorfn A GEGH G2 ACoRATE IR Ll Lurhdel said
ofcawlyﬁ iSidegpoled Giponrthe stiHase batsaudbﬁuoaoeléaﬁr@w%hbstrate by a
bearing noiety. 5 14. An int egr at ed nanostructure
aceAlysiRparnIaNaiey- 13, wherein the catal yst bearing
noiety is selected fromthe group consisting of

inorganic materials, organonetallic materials,

dendri mey. s, An intejratad esnosindturecidedrdihg tmEldiet &aofherein the

15. An integrated n nostruct e according to Claim
&at%ﬁ%tr%?aﬁ'”@ pietyigsalocted from Lh?ggfr%'ipe%ﬂsi ingtof|iRefganic
ORRafefiaf! b@ln&?ﬁé’tbﬁ@ rﬁal@'nﬁ&%@ﬁd%e?g HiGiAdlecul¥dCan gnd
nanonet er I'ntegrat ed nanostructure accof I'ng

t cohkinatidns, theheofei n said 15 catal yst bearing noiety
is at | east one bionplecule that is selected fromthe
group consisting of RNA, DNA, proteins, and

conbi natg, onAA [egated ﬁe?nos‘ffﬂjctd‘rb%bafcﬁﬂg fRCRSAT Y4 Wi érein said
according to Caim 14 wherein said catalyst bear'i ng

meRéalysthnasingsagieli is| deastane drndsitgrchaving aidiameter of at least
S%%%&fﬁ%@?“ 20 the group consisting of

organnetal I'i'c nol ecul es, coordi nated conpl exes with
catal yst atons at well def i ned specific m)l ecul ar
| ocations, and conbinati ons thereof

| nt egr atbed mwgfa@%@@%%ﬂﬂﬁﬁgoﬂﬁ'éﬂ Y Qllalm ithevhgrgin said
tal?%’t EEa(PfSngCmEféﬂ} % aﬁﬁ%%ét% |bﬁ10'iléhﬁé gf’aﬁt]% sélB@fed from the

about angstrons Integrate anostructure
agroupl cngsnsmg:bﬁRhW, DNm,epr@ieﬂns hand sombanations thereof.

m croel ectronic substrate is of uniformintegrity. 30
20. An integrated nanostructure according to Caiml,

wher ei m7sai A\n intéfratedWarkteretifd a‘cb@muﬁ@ﬁ) G:'IaﬂHiOM wherein said
consi sting of the disposition accordin (ggc% the first

preétrlystrhfating roeletyeompeises at least enem thattie selected from
a%é \é%upogor%lst rib%f organmetallic molecules, coordinated complexes with

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

18.  Anintegrated nanostructure according to Claim 1, wherein the

atomic scale precision is no greater than about 5 angstroms (A).

19.  An integrated nanostructure according to Claim 1, wherein the

surface of the microelectronic substrate is of uniform integrity.

20.  An integrated nanostructure according to Claim 1, 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
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according to the second predeterm ned set of X and Y

w@ownaBsiat es is carried out through integrateBCTUSDN3/031094
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vapor deposition processing. 21. An integrated
nanostructure according to d aign_1l, wherein said 5
nanotube is present as a single nanotube. 22. An

| .

{ REER FSoRNGI0 e bl EREA 6] F X af Y EirBirbtes i
pro@zm@d out thtéu mtégrateu cpuithehondepssition prdcessing.
according to aiml, wherein the activation of the
catalyst is scaled with atom c precision. 24. An
i nt egr ai4ed CRUIBFdinh 19 : ;
mcr oeIa%act r gﬂ? @ﬁé%r’égétdr"gfn@ig@?unrg a Stdgﬁ%?%?l%w& ,1v%h%re|n said
plnanatutteyisqiresemices a soigle ranotwber ei n each
nanostructure within the plurality is disposed in a
predeterm ned positional relationship with respect to
the rempgl ni gy ﬁﬁé@%ﬁé&ﬁéh&s@ﬁ:c&%r&@c@omﬁ B Bt 4 Mwherein the
each nanostructure nprisin a m croel ectronic
s whisnasition Mdherc@t@lystus saaled wugroat@nmameaysmndu sposed
upon the surface of said mcroelectronic substrate
and positioned thereupon within a first predetermnm ned

set of 28 an(AnrimegratidRamsstrushieaidtording te iy §twhérein the
activated within a second predeterm ned set of X and Y

c @stivatinn ekthegatalyst ixiscaled W'H'éat%'ﬁfpdéé's@ﬂ said

m croel ectroni c substrate; and 25 a nanot ube

sel ectively disposed upon the activated second

pr edet @4 nekh BmQrate@mmwcuﬂeraﬁa}abemmmﬁmed
within the surface r oel ectroncsubtrate

theh that s 8 micanlschba’ aubshafa BRvisg A s {

predet er m nefpRefity bPHaﬁthdJ}%sSWhéftqﬁ e8th %thtructure within
m cr oel ectronl c substrate; 30 wherein at |east one

sdhe plusdlity s mspneegnmamre@ﬁermmedgooaﬂionad 1¢latiorship with respect

S G SBDRaYEs B Sl B A tBhre

ceonprizaigs and (2) the activation of the catalyst

according to the second
_a microelectronic substrate having a surface;

a catalyst disposed upon the surface of said
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
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
of: (1) the disposition according to the first predetermined set of X and Y



predeterm ned set of X and Y coordinates is scal ed
Wth atom c precision. 25. An integrated

woarassssert ure array according to Caim 23, 5 PIEUS2003/031094
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said plurality of nanostructures conprises two or nore
nanostructures sel ected from the-group consisting of a
nanot ube probe tip nenber, a nanotube patterning tip

MREBRIinaR8hr (25 HoRatiBAaIfthd thtalyseEeesrdindto’Pe s%:ond

I nt e&r ated nanoStructure array according to Caim 23,
winsedetarmined sedobXuand Yicoerdinates ipisgalediwith atompcipsecisian.
nanot ube selected fromthe group consisting of a

singl e-wal | ed nanotube and a multi-walled nanotube.

15 27. 260 | mreipteyratednearsitiugiure ieray dctording @6 Glaigh 28,
G aim 23,  wherein each nanotube within the plurality

haheseiRsaid plufalityaf RABOSIELHEESRPIARisas tWa-akMOkR e

S § ting. t j .
o ARG e AR O BR R Ekifting ol hafthpe probe tp
s examblenraeariatube pattesying tip mermber, Wndconanotabe espai fip

28. i ntegrated nanostructure array according to
CM&MPeR,  wherein each nanotube within the plurality
has an electrical conductivity selected fromthe

group consisting of netallic electrical conductivity,
sem co2Buct iAngintegrated ranostruintive irkayt acecosdidgito Sldiat 239

i aatat Wabit el Aty hablinssa Aefiftyos splected
O iR the'§rcRip sMeising of W éih@e-wmedohaw@tbbé andremittwatied
an electrical interconnect nenber having a

pnafetuberi ned el ectrical conductivity. 30 30. An
i nt egrated nanostructure array according to Claim 23,
wherei n one or nore nanotubes within the plurality
oper at @7as Amiatdyratedalancstiuetise ratayedcomedihgto Cliim 23,
2004/ 035462 PCT/ US2003/031094 - 28 1. An integrateq
alisse P RACT Rantg WIRORG Rl iy %2 hebely deigccageording to
)3 Lé%{st Bﬁé%eib’t‘?@d H’Bﬁfth@' drBhﬁgBH@isﬂhg' oftHd #irsP BRIGHEnTRed set
a thermal stress rellef” nehber.

of X and Y coordinates and the second predetermined setof X and Y

coordinates.

28.  Anintegrated nanostructure array according to Claim 23,
wherein each nanotube within the plurality has an electrical conductivity
selected from the group consisting of metallic electrical conductivity,
semiconducting electrical conductivity, and insulating electrical conductivity.

29.  Anintegrated nanostructure array according to Claim 23,
wherein one or more nanotubes within the plurality operate as an electrical

interconnect member having a predetermined electrical conductivity.

30. Anintegrated nanostructure array according to Claim 23,
wherein one or more nanotubes within the plurality operate as a mechanical

stress relief member.



5 32. An integrated nanostructure array according to
Claim 23, wherein each nanotube within the plurality

w0 200d@ss4ned al ong an axis having a predeter m PedUus2003/031094
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positional alignnment with respect to the surface of
said mcroelectronic substratyg 10 33. An integrated
nanostructure array according to Caim23, wherein
said catalyst is present in the formof at |east one
catal yst atom 34. An integrated nanostructure array
accor didtg t ArCirdegrags] nasosthetwienarssy dcaadmigytetClaim 23,

osed upon the surg{ce o; .Ssai d {ncroel ectronic
rein an 9r gmcrgtngpg "r'@“?rﬂ ué?lyy oggratg‘ﬁasathermal
| @,@gg@éﬁgﬁﬁéﬁ%}r ucture array according to C aim 33,

wherein said catal yst bearing noiety is selected from
the group consisting of 20 inorganic materials,

o SO A B ol e i 23

nawmém@écm Ravotuby WP THE pldrdlity (@ défifedalongBfrdlisihaving a
sai d catal yst bearing noi et%/ is at | east one dendri ner
W

hayedetesminsi msatﬂ@taélahgmmsﬂ dhsespand to the swfage obsaidn
[ ture array according to O aim 34,
mqé?g;ézégg?rgécaﬁgt{}%t bearing noiety is at |east one
bi onol ecul e that is selected fromthe group RNA, DNA,

pr ot ei and nati ons reof. 30

Pt eqr ok q” TN ELROTaRt PENGH U e R RGRS IO 1T 83, wherein said
[ ter than

A '%ES%%FS?J*‘(@%%“"% SE57 S8 s3ae Ah

PCT/ US2003/ 031094 - 29 39. An integrated

nanost ryct ur array.a cording,to ¢ a ein

the suthce A MrdREpalrautnid e Adoreing BTG 23,

UWHerEim s41d eatdlyst.is dé@osé@ upBh ¢8é sliFdce ansaitiTHicFdEl8ctronic

array according to Claim23, 5 wherein said | east one

s&ubgtratg byama?mstdqqamgdaﬂ@%u ng of the disposition

according to the first predeterm ned set of X and Y

coordi nates and the activation of the catal yst

accor di3fg t d\rt imtegratezhnanustdeteerdrrsdacoeirding t& Glaim 33,

coqr di hat carried out rough . in rated circuit
Vv g@}ﬁren 3 fag)hst bearing moie hﬁs se?ected }rogn the group consisting of

inorganic materials, organometallic materials, dendrimers, biomolecules, and

combinations thereof.

36. An integrated nanostructure array according to Claim 34,
wherein said catalyst bearing moiety is at least one dendrimer having a
diameter of at least one nanometer.

37.An integrated nanostructure array according to Claim 34,
wherein said catalyst bearing moiety is at least one biomolecule that is
selected from the group RNA, DNA, proteins, and combinations thereof.

38. Anintegrated nanostructure array according to Claim 23,
wherein the atomic scale precision is no greater than about 5 angstroms (A).



processing. 10 41. An integrated nanostructure array
according to Claim23, wherein said nanotube is

wEemsestid6ns a singl e nanotube. 42. An int egratBdI/US2003/031094
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nanostructure according to Caim23, wherein the 15
di sposition of the catalyst js¢gcaled with atomc
preci sion. 43. An integrated nanostructure according
to C ai4g 23, t t

o soar s wiAlTEgefed Renodtilculfd' 58y, Jhodiivd B ol 23

namlmsrtarrutttemwfawemﬁthamorrdéﬂétgrdrﬁc Slisstraté 3s of whiearai integrity.
said mcroel ectronic substrate conprises a plurality
of distinct substrates, wherein each distinct

substrajee of Ak fieaihdd géh%&rmewéc@agﬁ% CIaRh 93,

nanost ruct ures pose ereupon

| wihyedt said riaasismemﬂlented mmaagmpobm'@iﬁthmg@fahad&bpsition
wherein the,.su sai d | ect ronl C bst r at

" Sectilog IF 1 fis? fecbteined S5 RER 2L Y Saprainales and the

| rdctigafidedf mﬁw&&w&dmgqe ftﬁ’é BEco™ preetersined set of X and
wherein the 30 surface of said mcroelectronic

subseemlinates issosiedaut hroygh dntegrated circuit vapeiodergsition
r89$ 935462 PCT/ US2003/ 031094 - 30 47. A nethod
9 vel y form ng a nanotube at a predeterm ned

p03| tion upon a microelectronic substrate, conpri SI ng

t he st gf)s of : _depositing a catal yst bearing noie
upon sdtld nifn uﬁ%r@i%ﬂa@%wrﬁaaréammrﬁms tp.Glgtm 23,

\E’MF\@%’I' g5t ﬁIbeOIE ﬁgé’é}ﬂ ab & S| Hé‘ﬁ&ﬁg?ef i ned 5

e su ace S substrat actirvating the
cat al yst bearl ng noiety at a second predet erm ned set

g;i erri oeI o?'{t%é{gfe"e o M&e%g@ptg\?ﬁ? @é‘ rf n\@h%reln the
NP SRR PG mBQ:a‘Eﬁ%’tﬂé' sBAlRESYIEH Hlonfie prééisigh, X and Y

10 coordi nates al ong an axis having a predeterni ned
relationship with respect to a plane defined by the

ai o stbs o udARd BsieiE BBl Ty 28 wherein the

activation of the catalyst is scaled with atomic precision.-

44.  An integrated nanostructure array according to Claim 23,
wherein said microelectronic substrate comprises a blurality of distinct
substrates, wherein each distinct substrate of said plurality has one or more of
said nanostructures disposed thereupon.

45.  An integrated nanostructure array according to Claim 23,
wherein the surface of said microelectronic substrate is substantially planar in
topography.

46. An integrated nanostructure according to Claim 23, wherein the
surface of said microelectronic substrate is substantially non-planar in
topography.



of: (1) depositing a catal yst upon the m croel ectronic
substrate and (2) activating the catalyst is carried

WORd040834h2 at om ¢ scal e preci sion. 15 48. A net hOOUS1003/031094
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sel ectively form ng a nanotube according to Caim 46,
wherein the catalyst bearing npjety is selected from
the group consisting of inorganic nolecules,

and” corty nat' SRS 8aEotisgl fimiES iy P4 FSdetermined

s gpasitionvgpon amicroelectrorin subdteatacesrngrisiggtthe Stepsof: 47,
wherei n the catal st] beari.ng moiety is at | east one.
dendr i rASPOSHRGR C%'fa ¥t gﬁéf'@ ety URQrLgqid gpjgroelectronic

NaqiERLES witkm éﬁrst%tro éEQﬁirr;]eE ﬁ?bﬁﬁtéﬁﬁﬁbofo?&iﬁéfé% difined

nanot ube accordi ng erein the catalyst
bewithin ghersudage saidsgubistrates; one bi onol ecul e sel ect ed

fromthe,grpup,.consj st | of RNA . DNA protein and

conbi nAGAINY i GatelVsk Reanng Moty At segodd Rredeipmined set of
f X BhaY Sodriitfted Befifé®WithtOthbSudagkBf salt dferobleetr8hi

t he st eg of activating the catal yst conprises

megMbstrate;iamgl t he catal yst bearing moiety. WO

cel oct ER{e 3 Pdl aaRS atihe sedinergstefMhd RePhex ana v

Watordinatdsealohg RnCixishavingta predetermimddilelatiorship with @8spect to
i nduci ng, a change in, the catalyst bearing noiety. 5

53 PRngelatingd by hemiciosjertionie sHpSiEAtE: nanot ube ~
accor diyyg bty M @b ofbof ¥‘Q§ st §J|§%t§H‘?Fbrﬁfthé‘g['ddf?ééﬁbgsting
erfi ng e cataly

the catal yst conprises pat
beafr i(hpdemositing a Tatalystrapondtie anicemlecttonie substeateiang (2)

nanot ube ccordlyng.to Clgi n}: .%IB ?2 .wWherein the step
ofackiveting, fhe,catalyst is-faned PUt WitB AIBIc $La'e BreRiRgNt he

catal yst bearing noiety through AFM 55. A net hod of
selectively form ng a nanotube according to Caim 52,
wher ei 8. he /smgihcag ofigelegtively foriming eanarofghe acoprdingte Claim

5246, SIBPR e Setdurh e tbim B (hicef st HisgoRle Eolsisting
acsfanérgagic moldcaie®, organometallic materials, dendrimers, biomolecules,

and combinations thereof.

49. A method of selectively forming a nanotube according to Claim
47, wherein the catalyst bearing moiety is at least one dendrimer having a
diameter of at least one nanometer.

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

51. A method of selectively forming a nanotube according to Claim
46, wherein the step of activating the catalyst comprises manipulating the
catalyst bearing moiety.



46, wherein the atomc scale precision is no greater
than 5 angstons (A). 20 57. A nethod of selectively

wo o00ai0s8362 nanot ube according to C aim46, wheper/ns100&031094
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surface of the mcroelectronic substrate is of uniform
integrity. 58. A nmethod of segliectively formng a
nanot ube according to Caim 46, wherein at |east one

of steppf i 1] | . . .
i o1 ool 28t r aniotby 8P s@eERICH otmiHg Bharsfui pocorging o Claim
t M5, edleneingheistem of actddtingtthe tatalysy kontpeises ahduchmpa change in
deposi % [ oq. ) .

the catalyst bearing moiety.

53. A method of selectively forming a nanotube according to Claim
46, wherein the step of activating the catalyst comprises patterning the
catalyst bearing moiety.

54. A method of selectively forming a nanotube according to Claim
52, wherein the step of activating the catalyst comprises patterning the
catalyst bearing moiety through AFM.

55. A method of selectively forming a nanotube according to Claim
52, wherein the step of activating the catalyst comprises patterning the
catalyst bearing moiety through STM.

56. A method of selectively forming a nanotube according to Claim
46, wherein the atomic scale precision is no greater than 5 angstoms (A).

57.A method of selectively forming a nanotube according to Claim
46, wherein the surface of the microelectronic substrate is of uniform integrity.

58. A method of selectively forming a nanotube according to Claim
46, wherein at least one of step of depositing a catalyst upon the
microelectronic substrate or said step of activating the catalyst is carried out

through chemical vapor deposition.



