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I nvention The present invention. relates to
nanostructures and rel ated nmethods of fabricating
same, 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 bodi es 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 times greater than the
nol ecul ar 10 sized di aneter. Nanotubes are currently
bei ng proposed for a nunber of applications since
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that ~they may be fabrigg ecq’thé‘! off Manner so as to
be netallic or 15 sem use of the above
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bi onol ecul ar - systens), nanoel ectrorre
(é.g., sensors, act uat ors, and ot her nechani cal
conmponents. As an 20,¢ a an, M and Han,

J.., Buckytubes in aNat 5£3bi ng

Tec hnoll\twmtdbﬁsemﬁamowrﬁin, thleSawss 610 atedlﬂjbuia? Hol#Which are
ose varlous conventional nethods for producing
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transport eat e
dﬁ]msamceidbeﬁ patemﬂal!ys mdyotc@mlmans of times greater than the molecular-
sized diameter. Nanotubes are currently being proposed for a number of
applications since they possess a very desirable and unique combination of

physicaf properties relating to, for examble, 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 pfoperties, it is proposed that
nanotubes may be used in a number of applications relating to tiﬁs'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 Nanoworid,

Prototyping Technology Intefnationai. Issue 6, pp. 14 -19 (1998) propose

various conventional methods for producing nanotubes, one of which involves




Several references propose nethods for form ng
nanot ubes. Tully et al. Dendriner--Based.
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Probe Lithography, Advanced Materials, Vol. 11,
(1999) pp. 314-319 propose nangtubes that are present
in arrays for patterning dendri"mer filnms on silicon
subst r at es.

rankl in,
ExPPAESHY wmﬂ@wpgﬁégr%for@%éﬁanﬂa%e@ by heated inert gas,
% ysics Letters, 73 (11),
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hDaeI s Rd S ASPe DR MPID e s Resisly o Scanming

nap%ut@ H@@gnﬁmv&mwWtéﬁsusbvcﬁrﬁ gqbésmgg)ogﬁ?am-m

et al. proposes that the nanot _
cl wapese nangiu@r—:a thahareytresenips anrays fdopatteinigpderdritser films
Nanotubes as Nanoprobes in Scanning

15 R
Pr?fb%'i"ﬁﬁ?’bﬁﬁgitﬁ; “Nature, Vol: 384 (1996) pp. 147-150
pr oposasait be, mhm QN aﬁH }@aﬁu n@@:@wtwpr@éfﬁé%ﬂcmon

to the pyram dal tlpo a silicon cantilever for

soNamatges ferdVame/thegreppy, M@Mwﬁ@&s&ﬁ (18 pp1508-
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di mensi ons et 'al. supra propose patterning
deiduey %g@r@a&eg Garbpadvancatiibas OnPademeddiicon Wafers,

e Sod (6T BB e Tt Y1 B0 brosisS TRl RR YBr Wity single-

s akaiteid oerbyn eepoftbes GniEliosR walsier prttdried Rathdpstiliowelands. In
nonol ayer Mal enfant et al. Well-Defined Triblock

WI@J it MAthed ilvesoirst aaeming ton G Ritepadsiands on the
SR T O B SRR S oo G et
synaiaaaal sChémidal yapbr dppesitisn (CVD) is employed in the deposition of
the methane. Nanotubes are synthesized and have roots in the iron (l1l)

" 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




5 that may be attached to the focal point of
convergent poly(benryl ether) dendrimers. The end
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for their incorporation into nanoneter-size den
nmoi eties. Additionally, a nunbgr of references teach
ot her met hods for produci ng nanot ubes. For exanpl e,

U. t t al :
or s B e & sifed Mhabthel e e disiuetimenglavar., Matenfant
pyemny Wel-DdMiried Tapleck Hybmid DendMakvisased &4 Lahgthy

0 nodi zi ng an al um num substrate 1 n an

ot PlgetiphereiCares Feduel(banzil effen-Dendrphs£ At Bham. Soc.
| t
e e T

5. pdhas mayche ditmdiemmaetfemﬂmﬁrﬁ dfToRVEREAS

b | eth
effec lve h roca gas to 15 %row nanoF l?ies |Zr¥ ether)
Listiopalization of the oligaroeniskeppried ds aiow for

2 tﬁékhr%rf)@(atloﬂ%fw G ha ARRRleS s

functional elenents o VI ces t hod-
i ncl ude%dcljh@'[ailyl agqiumbends refdrehces teashiotisdt! Refi@ids for producing

et i Rec DS PR NouBaB.SGiut Moskress et

10

t haBpbses &
Wi OpoSE & R 1ot FrodBKiMg rihokifed (EaBR RS skl More
c @pﬁcfw"hé\ﬁlosﬂ@vde &b ai.tproposes aﬂ!cahzlngtameatunﬂthum substrate in an

S B 0L ARG RSl b S Sibiores coc

15

20

25

30

e\rmvirigas ipore diahystes ahn \GHeetive ¢ id o
dﬁﬁ)?y ti alth, and chem cal vap org%qdwto& t f%%gr%05|ted into the

e%8pd the glupning famplate is gxrmsmmm ¢ffectiveehydaocasbar gas to
rfa%tdﬂé%'.h‘{ﬁéb% 5I'\Io WO 00/ 09443 proposes nmaki ng

vera nanot ubes "usirig catal yst islands disposed on

a substU St Patent dlo. 19)$46 007 te Marﬂfevslﬁ@r@%@%é?afn%tﬁ@d for
ofoe cant,i | ever n particul ar e reference :
akllingg §a8%%@a%°tv Eﬁséﬂnﬁ@gﬁé elegients of MIPMS devices.
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m xture is_taught to be an active ca
c glegtrpebemical depesitippnchemical deposition etdmmoxdstion,

eé%ﬁ%ﬂléﬁg%&@?ﬁ]g‘?ﬁerﬁai% uvsallcgnegn e”BSér% lgneShySIcal 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 makmg 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(NO;); in methano!, mixed with alumina nanoparticles,

_ is deposited on the surface of the resist and substrate. The substrate is
subsequently heated, decomposing Fe(NOs)s to Fe,Os. The




In general, the above references teach naking
nanot ubes using bulk 5 techniques. Mre particularly,

wousdyd3sdelk techni ques typically involve placi ngca/us2003/031094

rel atively non-di screet anobunt of catalyst material on
a substrate and thereafter grgwi_ng one or nore
nanotubes Nonet hel ess, such nethods are

nt ageous in t hat the t ubes .are nt.hesi zed
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cat al yst di sposed upon the surface of
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coor di nat es I'n the sur _
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m croel ectroni c substrate. At

| east one selected fromthe group consisting of: (1)

the disposition according to the first predeterm ned
set of X and Y coor di Shimsannef the)nyemioR0 activati on

o b U Aect R e PGSR
prfee sitegrated nanostructure comprises a microelectronic substrate having a
surface, a catalyst disposed upon the surface of the microelectronic substrate
and posiﬁoned thereupon within a first predetermined set of X and Y
coordinates, wherein the catalyst is activated within a second predetermined
set of X andY coordinates defined within the surface of the microelectronic
substrate; and a nanotube selectively disposed upcn:the activated second
r'predetermined set of X and Y coordinates defined within the surface of the
michelectronic 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.
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the invention provides an int egrat ed nanostructure
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having a surface and a plurality of nanostructures.
Each nanostructure within the plurality is disposed
in a predeterm ned p05|t|onal elationship with

respect tothe 5 re nanostructures within the

plural i p@noﬁg@s;qg% Iqa ptign @6%;!@%@@ intggrated nanostructure
m
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coordi nates defined. wt the surtace the “substr
apredetermigedset oﬁataanewtcmnateg isscaleg with atosmcqmeblsmn
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ot her aspects and advantages are enconpasse
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along an axis having a predetermined relationship with respect toa plane
defined by the microelectronic substrate. In the method of thé 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.




Brief Description of the Drawings FIGS. 1A and 1B
depi ct enbodi-nents of nanostructures defined

woseeRr@didsg to the invention; 5 FIGS. 2A and 26@&;5%03,031094

enbodi nents of nanostructure arrays defined according
to the invention; FIGS. 3A thrqugh 3C depi ct

enbodi nents of a nethod of making a nanostructure
according to the invention; and FIGS. 4A through 4C

~depi ct enbodi rents of a nethod of making a 10

" nanostructure accorBi,i,éfg:}éQ;r @nidﬂl@é‘UrQﬂm BlG 5
illustrates the assenbl'y o endrimer at t achment
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%fcor&h&tg% W?e%hgﬁ 15 Det ail ed Description of the
Pr ef er r PIGSNDRGNAEDB depictembodithents d‘ﬂddnoaﬁ%ﬂwe arrays defined
described with resgect to the preferred .embodinen

seRcqasding tadheinventiobhe detail ed specification and the

dr awi ng t t th ' .
Crbod! JE1GS 3& BHldn 3R BRRCE e BBinbNE ofafiBfad of making 2
i nnmﬂstmtwradmbmm@toﬂwmehﬁb:hIamd the scope of the = -
inventi 20 as defined by the. clainms. In one

aspoct  FIGS 4A hiauob 4G denithembagimantsgta method of making a
V”aﬁ‘é’rﬁfs‘i%iﬁéeaccoﬂiﬁ%'tc?{ﬁe%@%@% jlanostructure.

conprises-a mec roni c strate havi ng a
sur f aceFIGh Sihusitajes thii agpsesably gf @deridrimenby attactohentof three

i STRAENES bifdnG Hiakke o TiArosar 8prex and v o5 0"
coor di @B iNERARS At %ﬁﬁ%@fﬁéydtﬁe@%u‘f@?&d&x Bbhdifer.

a second predeterm ned .set of coor di nat es
defined wthin the surface of the m croel ectronl C
substrat e; ) sed upon

coor di ”ﬁﬁ@hv@ﬂﬁbtﬁl Wi'll Hb%é“déé‘&lb‘édf\hﬁﬁ ?esﬂfeci Tt?the preferred
m croel ectroni c substrate, such that the nanotube is
c dambedimants sgt @ik harew inthe detatled specification and the drawmgs It
“should be appreciated that these embodiments are for the purposes of
illustrating the invention and are not meant to limit the scbpe of the invention
as d.eﬂned by the claims. _
In one aspect, the invention provides an infegrated nanostructure.
The integrated nanostructure compﬁses a microeiectronic 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
~ setof Xand 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
microelect_ronic substrate, such that the nanotube is controliably grown at a
predetermined position upon the surface of fhe microélectronic 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)




30 predeterm ned position upon the surface of the
m croel ectronic substrate. At |east one selected from
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and the (2) WD 2004/ 035462 PC;/ US2003/ 031094
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mccmdirgpwmelwcsubvé@ét@mm R oI o0as®@YEdor8inaldiSs scaled
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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




upon the mcroel ectronic substrate and (2) activating
the catalyst is carried out wth atomc scale

wOheSiRR. ... For the purposes of the inventi efyr/ish&siozioos

term"atom c scale precision” refers to either or
both of the deposition and actiyvation of the catalyst
bei ng 5 carried out in the sub-nanoneter range. In
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germanium, aluminum and various other elemental and compound
semiconductors. The 'surface of the microelectronic substrate can be eitherr
substantially planar in topography br substantially non-planar in topography.
In one embodimenit, the integrated nanostructure may comprise a plurality of
distinct substrates and at ieast one of the plurality of distinct substrates has
the nanotube disposed thereon. In a preferred embodiment, at least two of
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metallic conductivity or semiconducting conductivity, depending on its helicity
and whether it is single-walled or multi-walied.

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 molecuie




- 10 by covalently binding a set of catal yst atons
into a configuration of catalyst atons. |In other

w@rmmbgm@ts the arrangenment of catalyst atomecifusz003/031094

10 &

_atdﬁi‘ﬁpleféé é@ble@@m@b&e

space may be held in place in a nore relative softer
fashion by forces believed to 3¢ associated with, but
not |i mted to, hydrogen bondi ng, coordination 5

st.ahl e surf er_ noie
ol e hiRnG S85! b SR ks 2 confiSuralion ot sfavst
aSat@rrearrﬁrahéﬂ émeoamémyl e arrangé%%rﬁ'dr%fae.ﬂy&%hewépace
with catalyst atons at specrflc . defi ned

nongy bezheld st pigiceris a mere raieﬂvaﬁsﬁter#eshrpu rhycfsmeSthEIrehed to be

t d with
; apetieted Wil Lot TR phtatndioidi ocititation o
?r@hgaew ret@inhkr th@ﬁé%P#r'a? include the
clusters could include ferrocene Fe(C5H5) 2

melasy efometa) cliséer euvpouRiEEShBErganametaliigmalegules or

SRS LS P GIEREABINT S cps e ciped. e

cdoeations| Rer instanoenFoapliiposeel of thd p&astrnt mrﬂrbnarr@rbtues could
conpl exes_could include nmul ;%fol e netal atons such as
Pijipyeal t

@é»vrlﬁr respestiic the o be cﬁéametﬂaetaéﬁm ag géms. For
xﬁcﬁ@ﬂ? %ﬁa’néﬁté&glhe KleCRBRRIES ¢ w:r&m%ﬁhc@[‘rgm

usi ng vari ous Pethni ques know :
t I”EE{ESHG)BJ eetallochtborangs sE:xleasI(h&BGHﬁéé(mOr)ﬁiear nickel based

e s B e g o

15

20

2

30

-passj vat i g’ﬁé An enbodi nent whi ch enconpass

orm§eht~,e ATFURNO, thé Brghrfdrharaﬁrc 'T'ec up ccgr éb%‘?@iﬁhfédoébmplexes

Chem cal Vapor Depositlon, eam epl t axy

( Bmid mllﬂmmuﬁlﬂlavatalaiomgummﬂM(I@Obt%|ctr| moultipie types of

.ass%l] @E Vi du {gtil catal yst atoms can

bé"Eth P ﬁSUF'?]aSr?Be’é S ‘E&/ HFES ity probe

manl PUlFHe eatafist bitthy nthiebe ?éb?léﬁteﬁi uérﬁb%‘rr&&@é)(eérﬁwques known
enperatures. The fixing of the atons and

sdﬁﬁh@%%ﬁb‘ﬂe@fn theart. kxoewmiary teehmmesimtaeewmpuahmltahon
0 BitoRl RSB BaRer g TPy o, 5 MLPHFA B3 pagring or

drselfeasseeablgp dindimar intedfaee aepositiony Chantcal Vallpor Deposition,
aci n

at/BRigcylar heapreritaxy{MBELenatoss iasserﬁwrtanb .(/i\lhgr nThe sosnttonal
Paés%ﬁrnl%? of dRidual bf nﬁ@lgﬁ( %’@a@é\x% céﬂ“ﬁe gcﬁ@v%ﬁ ufneone

I'S I'ncor por at ed” her el y re erence 1 n
er&mbed:merﬁ,(bwpmxd'elty prafienmaniputetiorodf rndlva:lqesatdmaat rejatively
ses 0

ORI sCRREENG,P! dhe AIATER B1d TRAGHRPISS SEo! their

s g |
e i K YO by e

Pmlu&mah@.simtatlonlbpmhy orsyrfags emvmsegregatien of atoms

e rchitectural t r_the desi arran nt.
SRR sy G i efrBclSnt Whlch Bheofinapesn dlating
sr&éﬁu&éﬁt@ared&éﬁﬁmemoeéu@ﬁ iglaes forltemy U PR NBS510831316t0
can be enployed include, without linmtation,

i néargada et aht E; da:s@!oswegﬁrvdneh | Inccrpma@dr bgrein by waremce in

Wby |
- A wrde ranging number of catalyst bearing moieties may be employed
for the purposes of the invention, the selection of which is known by one -

 skilied in the art. Although not intending to be bound be theory, it is believed




5 such as dendrinmers, bionol ecul es, and conbi nati ons
thereof. In one enbodinent, as an exanple, the
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. conpounds are conceivable, particularly mmcking the
f SHieensies size, shage andoliepray| 48 variexs eatpoghiraestsathe dendrimers

e i . i r . .

TS oA THRED S PRGOSt et

emhuén@arthi;lmig)phr;mnﬂiﬂeianpd;qrtgmrﬁ,&'dé;idmhg‘aﬁléculépdy;?ic?jliy have
macr ecul ar. cheni stry. . The dendrimers may include a

15 palbaeted e G SoRa] siES aid Rugpes. ey dise Bind 1o possess a

’ i :
O RO o nd 140 B PSA ia
- 1idemlizal ar sipplar Bligregegviiargadt. Bsievtel their aructural homogeneity

ol.i got hi pphengesdescvi bed .in P, R L. Ml enfant, et al..,

B T3 eV Hasae Syl Propaes alafenshiakt
 dedegidiifie solBYled eaf beCRtioAfiZedtin R ré picisémanner. In various
accor dance usin known and accepted techni ques such

20 aembedimentsslesdrimessican piscmimigsertain prasstes of micelles and

RO A IS i s

pesntewable, partidutariyi rmimiekiagtthe fsctivndsdflaige bidmelecules such
manners. . | n anot her._enbodi nent

vari ety  of . > t he ,
sasf%reie'@fewemﬁ DENERNPSARS. ThisHew braack g "gipramolecular
gf%bﬁﬁsw-tého%lcﬂg&éwm 2hd TR ifting @6 eRpBAE hBW S

25  bioorganic and macromolecular chemistry.

" The dendrimers may include a number of compounds such as, without
limitation, poly{benzyether)dendrimers such as thoé_e, for example, disclosed
in D.C. Tully et al., Advanced Materials, 11, No. 4, pp. 314-318 (1999) as well
as oligothiophenes described in P.R.L.. Maienfant et al., J. Am. Chem. Soc.,

30 1998, 120 pp. 10990-10991. |
' The dendrimers may be placed on the substrate in accordance using

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




5 dendriners covers the substrate surface. In a
preferred enbodi nent, such a layer is in the form of

wo 20mnskayer. The monol ayer preferably has a t!pbgmg(ﬁ,gm?,w%
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ranging fromabout 1 or 5 nmto about 10, 15, or
nm In a preferred enbodinent,,the lateral and
vertical dinmensions are simlar or the sane for the
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‘achi eved by using nethods accepted in the art. For
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dRETaRle| B ATBHSORAY I SUSIat o, MG ATIONNR! cakalyst hat may be

gré%WbBy% ehAs P aclSdind dddgR tbhSiderations. 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 resuiting nanotube. Thus,
various catalyst sizes 'can be used. In various embodiménts, the catalyst
diameter can range from one atom (i.e., about 4 A), to about 5b 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.

o 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




Exenpl ary techni ques for activating the catalyst
bearing noiety include, wthout |imtation;
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Subsequent to deposition, the catale’t bearing mdiety may be removed
from the substrate using various techniques, such as, but not fimited 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




5 length of up to about 10 : m Such a | ength however
may differ fromthis range depending on the

wpambd/gsedear application. Preferably, the nanot wamdas3i004

a helicity defined according to at |east one sel ected
fromthe group consisting of _ {he_first predeterm ned

set of X and Y coordi nates and the second
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be within the skill of one in the art. The nanot ube

t ympg_gtqrmim%d seirofegang (ynctgqldfﬁmies.l Acggr@if;g;y;. it is believed that the
o R B e phfentiBe i Rafidipe oy B Afiisnced

Thecooading tb the halicilye inrepefiérres emlsidiabat, e hadotube is defined
nar]ot ube or a nulti-walled nanotube. The nanotube may
be?lPRg APEXis Hiah Interegcts theuifncs of the paierealscienic substrate. As

[ SR Pl N Ron LB ey Be, SRR DAY an s FED 2

- mepreteterminestpositenal atigdmenit withyrespecigo, thé sarfaab afithe

-15.

a

> Bidiodorte STES e, The BaRatie Rey pRdomee gkt Veridis

| ?*«‘rﬁéﬁer@@s%éﬂ&é‘, foPexarhple, tatiforién Htﬁée,fb&ﬁﬁoéiﬂ:elsxthereof, and

m-~), or an approximtely i1nsulating electrica

~ conthecmalenials asd gombfinations the selectioncof whkitbmilbbe within the skill -

20

25

30
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These estimated resistivity values are sonewhat | ower
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sem conductor and conductor ranges. _
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 abbut 3.3x10* (=

X cm)™ tc) about 2 x 10° (Z x cm)™), a semiconducting electrical conductivity
(e.g., from-about 5.0 x 10" (£ x cm)™ to about 1.25 x 10° (=xcm)™), oran
approximately insulating electrical conductivity (e.g., for boron nitride '

- nanotubes having an electrical conductivity from ébout 10°2 (E'x cm)™ for

- voltages of 10 volts or less to about 10"-‘f (£ 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




Advant ageousl y, the nanotubes can be possess certain
physical properties such that they are capabl e of

wo Y86/ N9 1 n various applications. For aﬂ%fﬁsmb;}@sw%

nanot ube may conprise a tip nenber. The tip
be 5 selected from a nunber of possible choices such

as, for exarrple a probe tip nber (e.g., for
rretrol 0g appl i cati ons) a patterning tip rrerrber and
a Sendpengucter andheerskic OVCEW?GPSexaan es for uses of the

[ PRAARRAEN: 0, ndhodPE cah B P GoetR cx A METal properties
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adughthat thdy acs eapatde of furiationireinh Weloue epplitdtiors. For
dlnen5|on | engi neered networks, 90 architectures, and
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neur ol ogl C sys |on1net I C an I'oconpa
stmember ¢sg., axsaglsologampheatmtsn)rapattemhgi’ep meamber, and a
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el ectrical 15 conductivity, a nechahi ca stress re
nshmete and mtegﬂatenlule\swese§I3raeedlnm‘nssmm'agmearaﬂnmtworks

HOHees, o S BBNSs hdvibl HtomeiSrdl hilechlarscate control,

| Cbridgé@ of integ4eatowitl Basigicapaed Hbﬁﬁaldg@g s‘nyénﬁ’Qttﬁéﬁwirﬁétlc and

“to. exhibit sonme flexibility and coul
t bieeampatible psudurass assays, Hngtemi ptoragmamkdglyery and fiiters

osSi b serve
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deposi tion of nanotuybes. Resi st technol-ogies |nclude
auq.tl\q:tyng {MRGNGRIC ﬁgp@ reljet mmbefo mgladﬁerrga, (girass relief

p ;ﬁéﬁ r gl
I nduc gé,e c@gél}géeéém}sﬁd ﬁéer?n gcﬁ‘re%agﬂﬂgﬁ g@ﬁf e. %%f B nanotu bes

| mepdokie empdoyeatbto eiecthloaliy caﬁnéatra clap itoa, pa@EtﬁSTlWhese
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okeh/tttoReReRithe dtREsRNGAtRIZ ETRY t@@a&ﬁé&e EsridclibRg to

-various technlques I n one aspect one oOr nore

i ndi vi Examplesatnanaiube synihesin ieshnigues dnclude, fwithdut gmitation,

e e LB PeBafioh S EU Y RSB e G L

| nn&hemb@% Rddistdechriclogies angllde, withsutdinfiriiod] emsigy, Beam, .
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gnnl ng t&;nel ing mcroscope (STM may be used to
elom ARG AFesIUe SRNSitve raateRalsanthaiogeases whichinduee

| ‘235??%%5@%@%%%8&?@% Aok b6 FPhBUE RS pithout

Stimtation, ADM/STMdithagraphy Anaprint relatedvpaiterningy, and the like.

~ '‘Man tion t cnnn Tunnel i ng M crosc
S encd Reugnoiiatand Gof TnagiAlen fapesrugUE preNs Shie Present
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1HREhtiBR mé@ﬂ@h%a@é&dﬁ?%ﬁfqgao@s é%hrﬁ quéd. _IJn on asﬁ%ect, one

"Positioning Single Ato canni'ng Tunne _
Mor noyedpdividuakbatoms, thebhre aventuaiyuséd i formirPOe opmore

> hendties 4 4 Rietate eediibd e mahs plascdlantposiioned on
(ﬁaegsubéttdié%y%sﬁurﬁbéﬂofjmfeﬁ‘t@dso”F&r@kar?blbdln%e embodiment,a

- processes), perpendi cul ar processes

t saaRMIag tgmealing migroscoped STMpmay desesed thiplack and/or position

eﬁﬁ?&i?@f’ér%“hd@Fﬁ*ﬂaﬁ%@mﬁ%ﬁﬁﬁﬁé?{@bﬁﬁ t%?%eﬁeﬁﬁe@m@e' teghniques

to formone or nore nanotubes




10 therefrom by enpl oyi ng any of the synthesis
t echni ques descri bed herein. The i nvention will now

W@Qg(ﬂﬁﬁ%hbed in greater det a|I in reference t @cttRR2003/031094
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drawi ngs. It shoul d be enphasi zed that the draw ngs
are merely set forth to illustyate the invention, and
do not limt the scope of the invention as defined by

CrRIBAoREHped Ky SHARGR, ¥t thals AleiE AngEMBgcular MSRbulation wit

T Qﬁé%hﬁﬁigﬂ"@%e‘l@@ MRfoddpe, B@fewc@ N@ve88Rks P&l 254, Issue

the nanostructure 100 co rises a
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nonGEARRR WA 3 Bobh i THARRE MoiftschipB APl o4, (Apri

i, ehgsn?smﬁ 5200508 . "afbné eehnifudsAvaling STRECATHE 086€ such

substrat'e and is controllably positioned thereon.

PES, wtbﬁutjIsmttﬁl%@&i@ﬂﬁﬁ@@%ﬁﬁé@@ clieltirassisted diffusion and

ﬁ}ﬁg“gﬁ% )\Aﬁ%f:p%n@ﬁ%\%{ Lbk?ﬁcés}%gq&é:ﬁ gg%m?ér-éljp 8r near-contact

s retestiasafi bm atich, tHnd electidmigraiidn pliccesésy. YRiereafter,
bearing nmoiety 720. In this enbodinent, the nanotube

130e atorg ar.at@asan%h geacthiied sp ahiatormenrs semasenaaotubes

L

may be Tdef nnedtloli mgnmmd@cﬂbed lim grdater detaiidn refetence to the

e S S RAVE B8 o e
Syl &éﬁQenR% eéﬁd 58 nB?MYngQRé: E&J&@g&%e lnvengon as 891‘ ined

. nhanostructure 100’
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epi ct ed havi ng nanot u
prydtbatclaimsan actlvat ed. portion 135 of catalyst

e carifu A anti TR "ﬂa?fefeyg’ﬁsar f asﬂ%é" s of Faasdstres

. aghferridetd reBpéttvehras 400 ahtb160 PGy to F%G 1A, the
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- one O :
1 ey glaown I the mamptame rabadvidtiv, which e9<equﬂlezr salbst%aaliy equal -
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substrate 110 VIO 200x/ 035462 PCT/ uszo 3/'031094 " -
bwamﬁtrwtmg 10Qjicommprisesi ainicieplestroniscsuhsyiade 190thaving a

iftalle 1150 slyfadd iy e o iy Bfaddior nop-planar in

witdipdigraphpf Catelysichéaririceaholity 120N dapostdtiponcthbaluyfate of the
beari ng? noi ety 125. Al though not illustrated, the

nireIE RS RN §Hb§t[ﬁ;§tamﬂ i cpn OH%VY?C@HWS@EEPOR Positioned
Pla tﬂk: afcﬁlvgfedjb bfé‘rﬁ"uﬁé{ﬁ %tr gt)géﬂgxgoﬁ%tgg id ﬁél%c}ube 130.

strat es
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array _corrprl se$ a mcroélectronic substrate avi ng
a theimiagreelertmnicssubsteatetid 0t Heshaid dienapprecietechvhowaver, that the

5y e Bt B 3, S SRR P
S HastAptddrtrmined 1 m@aﬁl élfgrfn@é]ﬂgﬁlﬂpfb’speﬁt B tHeAduriaeef15 of

nanostructures 230 are present on m croel ectronic
smﬁ@@tqei@@rqn@suh@tr@mo . each nanostructure is

ospost AR G, 8Tk 0o ek 2300 B heg navin

plnanatitie/130 prevesit @:ﬁ’@-‘rﬂaaﬁfated ?Qﬂloﬁxﬂ@bﬁcatb%t bearing moiety
nanostructures 230 nah% 120 i oned at equal
r

di1284A @similap fashiemtie m ham@alyat braringhmeirtydRBdmay be

et St tiol IR BRI R G v@efoa%‘@ﬂicb siate 110

on the surface 215 of t he




wbﬁ@o_;%gﬁhyst bearing noieties 220 is cont r-ol |

20 mcroel ectronic substrate 210 and a nanot ube 230
di sposed upon the catalyst 220. In FIG 2A, each of

positioned on the surface 215 of the m croel eg@rﬁﬁgmasmsmw
substrate 210 and is activated within a predeternined -

set of X and Y coordinates defthed within the 25

surface 215 of the m croelectronic substrate 210.

si by emplaying, withaw fmitatien stegbpiqyes set forth Igsein ASimiler to FIG.

1 I [ _
Lo 5 01 4SO SRR e o
nawidthiiag of ties avtivate perion 136 bhine ehREi BEitng r‘hb%ty 125.
cat al ysé bearing .noi ety i s deposited on the surface

215 of Alfoughndiustiatedh;the siszaalestronig substrate 418 may
f
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cal e posi
AoBﬂhstratal has aasatotbe 13mdispased the’reEhGn @épedft mbodiment,
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20NRRRAC RSB ggréctj%rpg 031094 : 18 defined by the
set o

predeterm ned. su X and Y coordinated present

‘upon t H"dG Séx llusteates Qmﬁtegnatem ranostrecture aray ddnstadbyg 200.

be forned

2 e 28, oS R RSES b IR B o sbhs ot AFRVInG Besualeiie 215.

assinlal t@meOéthbamé]t&hénﬁvm FiesTh& amfMBeRRsu ace 215 of the
nanot ube 230 is present on correspondi ng cat al yst

bestibstigtend] (bmamelthweeunmntanmmhn mugramw aBsubstantially

SRRl P oBERY, TPLlli Y pihSs{FibPiee a0 are present on
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enmcbs'mttomc sabstvate 1@, JAS EROWA, @@éw\ﬁﬁrﬁbétmtlﬂ@@@l%'ﬂiosed in a
nanot ubes. al on theYaX|S|s§ g., less than

atRiggetsmingd refationship with fo esllem%@mamm@tmcmﬁes

£ AR Rio RO o R, o1 Sclinl ine Fargprucfi®s 200

8trmy be ipgsi;‘med at lequmbmftlamestfrdmeeauhmﬁm ﬁmﬂughe@thas

esire ers [ art. The
RS Rt imp e Finthe ulboseR e sheiimepnton, féach

| MapBtiroSteret

e S gplioes B Catdife! 220 U8 BPsed Sn L Mina(F 215 8 the
almvisEPeigrteonie subsiratai2d Ocarsba |rmantubet 230 dispréed upan theg catalyst
a edet.erm ned positional alignment with respect to

‘thé surface 215 of the microelectronic substrate 210.

I n Fl GInFG. me eéch>ﬁf$he eaffyit beaniag rﬁﬁéﬁ@@dmw &ntfSliably
substanti al | endi cul ar to the plane of

mPestiened p@ @E§t2r1§t‘%f the anicraelectronic autm.trate 210 and is

BBy Bl St B LUl v e

-misorfaed 245 of the nicroslechbai?dithsiatd @40, Spaat fortBef r om

t he ,scope of ,the i An addi tional enbodi ment

QT RE G AGr e A FUSn ARG §8: tawisdh af cagipoatalyst bearing

C r S _

Sl BT BIAL63r G146 SRR R SaBRAng nanotuee

i present therdonn birthds _eBandmehD tigdh cataiyst deating inhsiety 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_piurality selectively applies catalyst to a predefined area




25 integrated nanostructure array 200 illustrated in
FIG 2A, the catalyst bearing noiety.225is present as

w 2b@¥8E468li Sposed on the surface 215 of the PCT/US2003/031094

m croel ectronic substrate 210. In this enbodi nen

each of the catalyst bearing ieties are actlvat ed

at a second predeterm ned set 'of X and Y coordi nates
210, with the

ac5Thee B B AreaRETBNech o3 3L & il XicomiainplRgt present upon the
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bemoletigs 220 efngry be3oirsed andladtivated drsioadibg 4b Inyethqdsibet forth
V\d dth t he, nanot ube 230 present thereon. The WO
X‘@il BEPEE003/ 031094 - 19 average di stances
bet memmmz&ﬂ IiheF:G X2ANEadh hafStibB2 IS iphesk D!
forth in A. Positioned upon each acti vat ed
pmqrtaspo.@@sgdratalastab@mngometm @20ndihe widthes of sach nanotube 230

- o ERAPE SR s 28 ere SR B SUESETRY  F Bhen

. PUWthes da thik dribodime] ihelaverige ditAK b &Ween two adjacent
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nanostructure arra enconpasses the enbodi nent

dewnotuhas alergithe Yoaxis iy (R-ggriasethamabe. §d'm)r@d the
oI SRR (3B TS B IRROARH e 6t

na(e@stles&sthﬁreaboutm SemhRi i shew s aﬁm’e&mtémmaﬂotmr(ﬁstances
of the nanostructures within the array may contain

t r@%ﬁ?@ neaPiubee mBRY BPITPIoYaS apdssieditys @@fsmwlled in the

r?"f’hes%: l@%ﬂéé rﬁggﬁlé%n?@oﬁ féntaa dﬂﬁ'@rt‘&fthe iptentions of

ective orm ng nanot u
pdbe iskitled lapmara As shoeheetcioof m&smmmtuae:e 230d-atlmu the plarality is

- (feroe? 2 P 3 i ebadingint e B g Apyedstgrmined
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. In this particular enbodi nent, e catal yst
béalbistﬁgten%ﬂbt fig% 2A dhetz-axie iS DﬁMIOﬂE(il perpendicular or

Bt ERI e R B R fgrte T iand of RRURL B fonic substrate 210,
| ilnéticaid be appresiatedrmat itheg-arkavay beSidTrRdustd Bifferéﬂ’t%ngle

catal yst beari ng noi et%/ 125 is actlvat ed at the

vétheiespaeifedhe plane ehthecwinreelrglrenicampstrate a9 without

t rmed into activated
%%%? %efé‘g'g'ﬁ?%%%ﬁ%{e?ifm‘i%ﬂﬂsﬁdep. cted in this
errbodl nintadditivaabelrbegiiredntdépittireg abhdsteyragedwaabsirdétlre array

esent, as an entially rectanqul ar structure
hS0h §0mPris o Misrogleconsd sibstiabe &1 Bemdca plialiyiof pagotubes

.ofzs@aarakaﬁttth%yd |§QIIL§Ei}a%dtrﬁ 28, mwaragﬂ?g@%'mét

bearing nolety are W scope
i vtegrated nanostructure array 200 |Iiustrated 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 setof X and Y
coordinates of the microelectronic substrate 210, with the activated portions of
the catalyst bearing moieties being denoted as 235. In this émbodiment, 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




25 Subsequently, as shown in FIG 3C, a single
nanot ube 130 is grown wupon the activated catal yst

wbeaw3gisnoi ety 120 according to an accepted perus2003/031094

techni que. The width w' of the nanotube 130 is equal

. or substantially equal to the yidth w- of the

- ndlEeIRassES thee
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correspondi ng catal yst bearing noiety 120. As shown

[ 130 I

et e Astaricl 508 ARG d ol Hiabe ARfaPt 55 set fort

r éh&Go A Roskiidted eporeebch actvaitbanpris! 285 er Qéﬁah)%? bearing
fronic substrate 11.0, i.e., the plane being

m cr oel
cdﬁﬂﬁtﬂgiﬁ is 8 coFespandipg aselihmn?30.s The Naspbibeumaydave any of

14k @eg@%ql z-axis is WD 2004/ 035462
PCT?EJ%%%%’H/%% H%gfnaeéggntl al ly perpendicular. to .

t he pl dror the fpunsokdsyofithe invenitioal ﬂﬁmmyrﬁte‘dtt’m‘ﬁds%@ture array
110. It shoul d. Mﬁrem ted however that the

ihgdherenier therintegratedons
irichosREEEAS. heldayin8) 2ofiblin B89 fifabelpe nenestrycturgs: in one
i lanpkodiaent, athetammg t:m'nhmés(cjﬂm)saﬂ ?me nahystruotaiesy 1A certain
n redaet er e ositiron u

A Rthels, A GHot G Beihdndstrlishilas hin e array may contain
i e phi/sital dhd)'bﬁé%@{r%l bﬂﬂdéinééig?ﬁfb Rhheldil. | S provi ded

as shown in a cat st bearl ng noi ety

125 is Fd§§®§r‘°t ﬂsmouqi'o'aBtdapzctm mezﬂamdaof seiectoledwﬁ:snmag a

o TRoBRHE R b iy o8B S Bl bt

i rﬂdeﬂnﬁeﬂmsmm) in aceyanca toHeSsebeMientith. SWs ifGrated in -
11:?60 the m croel ectronic substrate 110. Referring
t

for aca %!Yﬁrl?ﬁﬁﬂ"'@rfﬂplﬁ?élmgé i$ depogited Wmﬁlga‘hwaoelectromc |
ﬁﬁsfﬁﬂtﬁm B ERNELEE etboliinen! In EAGHE: BRahS rfbjet 125

WAL ¢ thza f?zm iofig spmnedw-eh?pmgen@ﬂl?‘ﬁr ,CBBLigh }Utﬂiét]' embodiments
.re e 0.a | ne e mcroelectronic
A0S eirbidedsudh 3 Gubiaitiriaton, Buiseidascoed Rbove.
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‘the pu

c@f@@@ﬁnmd dpositisn acnoeding do winyrsuitable tethhigae amidathys is

ARG oo b BRSO P 2 A4 o e

defriboeiimbnit, the atiivitee CatdlystHearidg meivhs
simlar to FIG . 3C It sh%ul b'egg?)prgﬁlﬁa?e Hﬁ%ﬁg{/%sran :

t REsentialy rectapouise strugture élagmg\m tamswifaner s.o Otker embodisnents

ehd SHERBEO! cotanlstBeRiAdIndlSY T4 ani holiiied satayst being

bmmmm withih thespesé of thel ingeAtdd.owi ng  exanpl es.

It sho g ergg,ha& ed that these exanples are. for
E‘H sgque PSP G 3§, arringlenanotube 138 és grown

ggg%rg .ﬂée %&IM&& Aty Baffighaikly 150 bBSordidd B U 8Cepted
technique. The width w, of the nanotube 130 is equal or substantially equal
to the width w, of the corresponding éatalyst bearing moiety 120. As shown
in FIG. 3C, the éingle nanotube 130 is grown along an axis (depicted as z)
which has a predeterrmineld réfatibnship with respect to a plane defined by the
microelectronic substrate 110, i.e., the plane béing coincident to the
microelectronic substrate surface 115. In this embodiment, the z-axis is




STM Atom ¢ Placenent (Field Assisted Di ffusi on) 30 An
atom used to grow a nanotube is deposited on substrate

“wosbegsssz STM fiel d assisted diffusion procesecriisens3o31094

atom is present on a probe tip, and a tunneling gap
spacing of 5 ,4 and a potentiaggdifference of from1l V
to 10 Vis WD 2004/035462 PCT/ US2003/031094 - 21

e -

- sty AerpRabE to, the PeEAd Pl BlrGRRkltonip gubstrate
cat @l Kehbelddrephppyrediated hoasventtidt the nhhotiubetran be grown -
those ranging in strength from3 to

. gl . . 5V A-". Agrobe
-t Posding §o thes @rigniRIQNS; Wit Fespechigeriane defipgd by dhe

s i [ se-an atom positioned thereon
t;‘:ﬁfcﬁ‘&tﬁﬁgﬁ%ﬂggﬂpg aetgsﬁqj'ace. - 10 Exanple 2 STM Atomic

Pl acendFiGS. @i tmstigh 40nillGsinatecindthecmethodof selectively forming a
L b S eSS e Sulin et SRt R R B i

_%ac&:ﬂ?&c%\éviitﬁ tHROPVENESh. h%msaebnsniersﬁbstré{é)1@sggbemvaded as

tch the atomi1s present and the substrate surface. _
ThehdwreindGe ¢A, anda catalysibeasinguoeiety t12fiid deposited3ipon the
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cogydbbdifitnt, the katalyst bhringfeley 325 is present in the form of a layer
- 125 present over the surface 115 of the microelectronic substrate 110.
-Referring to FIG. 4C; a predetermined portion of the catalyst bearing moiety |
{depicted as 135) is activated ahda single nanotube 130 is grown along an
- axis (i.e., the z-axis) having a predetermined reiatidnship with respecttoa’
~ plane defined by the microelectronic substrate 110 at a pfedetermined |
- position of the substrate 110. The width wy, 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 embodirhenf illustrated in FIG. 4C,
the relationship of the z-axis to the plane defined by the microelectronic
substrate is si.mi_lar to FIG. 3C. It should be éppreciated 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 thét these examples. are for the purposes .
~of illustrating the invention, and are not to be cbnstrued as limiting the
invention. |

Example 1

~ STM Atomic Placement
(Field Assisted Diffusion)

An atom u_séd to grow a nanotube is deposited on substrate usi.ng an
STM field assisted diffusion process. The atom is present on a probe tip, and
a tunneling gap spacing of 5 Aanda potential difference of from 1V to 10V is




- STM Atom ¢ Pl acenent (Field Evaporation) An atom or

mounds of atons are transferred froma probe tip to a

waboausigee by a field evaporation techni que u?bi‘/hﬁioﬂ%slow
ul'se

10

15

20

25

30

a voltage pulse. As an illustration, a 600 ns
of +3.6 V applied to a substrat s_urface in an STM
wWth an Au probe tip operated ™ air at room

t enper.at yr resul s.in the rmati on of mounds_of
At gy @Es% t4tf§ﬁ%}r3ﬁ'if@rﬂfe3d pirapethaanoen frappm2tg 2VA ™.

PasirgéoaBsriR 9058%7%
S ubsr?r at e r\/\geg%%%gggw %@% c%% %élg\gﬁ\%t g?itaticg\ those
sURngieg iastrengihnigoma3 tche VFAH 0di probe ltlpdemlmga 180tAipositioned 5

c n from. 1 x

o5 8Bte LR SiraiE Bitnde §5 0854 fp e fn o assipned thereon to
mike dubsiege stifaeed- | oop conditions across the surface
of the substrate at a .speed of 4 Alse to the desired .
destination on the surface for placenent of the atom
The tip is withdrawn by reducing the tunnel current to
a value used for imaging. This reduction effectively
term nates the attraction between the atom and the
probe tip, |leaving the atom bound to the substrate
surface at the desired |ocation. Exanples 5-8:
Activation and Nanotube Growh The aton(s) positi oned
on the substrates set forth in Exanples 1-4 are
activated and nanot ubes ar Exanple 2 her ef r om by

- enpl oyi ng a Cheni cal XWAtOI?I?g%?I tion éCVD)

acement
(Transfer-On-Contact Process)

techni que. 15
An atom is fransferred to the surface of a substrate by employing a
transfer-on-contact process. A voltage barrier of —0.75 eV is employed .
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™.

Example 3

STM Atomic Placement
{(Field Evaporation)

| An atom or mounds of atoms are transferred from a probe tip to a
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 ST™
with an Au probe tip operated in air at room_temperaturé results in the

- formation of mounds of atoms.

Example 4
STM Atomic Placement

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




The i nventi on has been described in reference to the
enbodi nents set forth above. It should be understood -

wbhabssEeh enbodi nents are provided for il ustpcatidszos1oos

pur poses onIy, and do not limt the scope of the
invention as " defined by the clains that follow 20
WD 2004/ 035462 PCT/ US2003/ 031 - 23 THAT WHICH IS

CLAI VED: 1. An i ntegrated nanostructure conpris . a,
g 18 LN ATHRGUEE < b Hace o s i gjag from

gi 'ER%adA '1‘6’@'& jgeAsy 'Hré&@ntgf kﬁééﬁ’ sBHaEe %'nﬁ I"ci:;i-)f Zﬂ?&ftﬂ% Js then

strate and positione ereupon wt

. prradesd urrdeeclosedl -ladp eonrditions across dhe sudace ohthessubstrate at a

10

Z?Q?&%gfﬁfarﬂ] Xl to3n8 Yot s UhAaT o8 13 E085er for plapement of the
it C}'Elh'l1 tripe tﬁijlgfvﬁﬂﬁir%n\f‘/t? l‘éd’ﬂibe?{IgQEbgﬁﬁﬁ&rHLﬁren?Pc?ﬁ%ﬁk?used for

a nanot ube se 'y di sposed upon the activated
s eiﬂ'mglhg. OThispeddetiosr erifemtdreb,eterminateame attragtion betwesn the atom

def i h|n he.surface o [ nm cr.oel ctr ni c

< and iy lobg i, eivintd e SOmE oL 18 SRR BUSRGF at the
or @¥iredtiodatigh, €det er m ned position upon the surface of
said mcroel ectronic substrate; wherein at |east one
sel ected fromthe group consisting of: (1) the

di sposition according to tgg-filr st5 Er edet erm ned set

of X and Y coordinates 1 he activation of

t he cat al yst accorn&mgaﬁ@hhq N@ﬁembepeedmlerm ned

set of X and Y coordinates is scaled with ato

preci si bie atem(shppaitioped vadhraubstratrs eatdor %EH?W@‘Q%" 4 are
C iiated Y08 fnﬁh&uﬁ?k Gre @2&{35 ngrekr%g? Bgee%[ﬁg%ﬁé %@)ﬁ@ﬁncai Vapor

group consi' s e-wal not'u

- miDépositdh ecwlaxtmmes An integrated nanostructure
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according to Claim1l, wherein said nanotube has a
helicity defl ned according to at |east one sel ect ed

fromt Hﬁoﬁ ﬂB§'b%ténrk%é2fngth ﬁ'é tefePdndd BARE Unbdtifhents set

set - of an Y coordi nat es

forth above. It should be understood that such embodim.ents are provided for
ilustrative purposes only, and do not limit the scope of the :nven’non as

defined by the claims that follow.




25 second predeterm ned set of X and Y coordi nates 4.
An integrated nanostructure according to Caiml,

wohesqisucsai d  nanotube has an el ectri cal CondBE‘iﬁhféE&dmslom
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‘acuicrabledrdmc SlizEtrats, swétettait 8aik narlctalsd ist sentafllaBRi grown at a
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selected fromthe group consisting of netallic
el ectrical conductivity, sem cpnducting electrical
conductivity, and 30 insulating electrical

c [vity. 5. _nt egrated nanostructure according
¢ o AT WHICH s AR 3" Vo 20041 031462 |
PCT/ US2003/ G PRdoratsifnafiGtitionlts capidings a tip

menber sel ecte omthe group consisting of a- probe
ti p nerébmigrogleptionicrsyibstrate baviegtaesurfazegd a repair tip

gsg‘io?nr £ g%ﬁl@%&{dﬁtpsgé E@gg 3$$ gﬁtgégé: E} rgrflelg %:i%%gcie&?or{ig substrate

M gHAOSO S hEréUpdT Within & first BRdABIHiAbY ¥ePbPR 3N Y

topography. 7. An'integrated nanostructure according
t coordingies, whetsie said ¢crtalystistactivated withid a second predetermined

" reet BEGHH RSt el S s 81 S e SEREctronic
acubsttategand Claim 1, wherein said. mcroelectronic.

substrate conprises a plurality of distinct
subst r & @aotybe pelgstivelyslispasedainprtherastivatedgecond

plural,ity. of distinct substrates have sai d nanotube
d ipéﬁ‘g%@ﬂ%mé’fj POSHIOEIRQA} HighBxrTasssel Saith migleelaghionic substrate;

wherein at least one selected from the group consisting of: (1) the
disposition according to the first predetefmined 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. '

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. Anintegrated nanostructure according to Claim 1, wherein said
nanotu_be 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 10. An integrated nanostructure according to Claim-.
1, wherein said nanotube is defined along an axis that

Wbrig Alsegbs the surface of said mcroel ectronipgrus2003/031004
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strate. 11. An integrated-nanostructure according
to Caim1, wherein said 25_39 ypot ube is defined al ong
an axis havi ng a predeterm ned positional .alignnent
with respect to the surface o [ i croel ectronj

IR COmpIISeh & R BB eSSl aR 1o e osB conaitige of a
t -
{ g PSP thepiter & pBustida | é??é"??%fnd”?oao RPN

- PCT/ US2003/ 031094 - 25 13. An integrated

2 Z? gf; Ct ur g‘a @geCEﬁgﬁo§ Ig[nér% .er eiigg}Ialm q wherein the
mﬂr%%b%%aﬂi‘hﬁcr%&%ﬁrbﬁk%dﬁét@te i@é@dsﬁ(&ﬁﬂaﬁ?iﬂér@ in topography.

nolety. 14. An I ntegrated nanostructure ac din
G aim 13, wherein the catalyst bearing noiety is

et or s, ol EaidH RrBORB b Aohabh RS 1. wherein the

b'éﬂﬂﬁc@%f's%iid nﬁéf@ele%ﬁ&’ﬁic@lbs@r%%e ishﬁﬂ%?éntlahg nbﬁ-pléﬁar in

i ntegrated nanostructure according to ai m
wiepegrapbai d cat al yst bearing noiety |s at Ieast one
dendri mer having a dianeter of at |east one nanoneter.

8. An integrated nanostructu_fe according to Claim 1, wherein said
microelectronic substrate comprises a plurality of distinct substrates, at least
one of said plurality of distinct substrates having said nanotube disposed

thereupon.

9.. An integrated nanostructure according to Claim 8, wherein at
~ least two of said plurality of distinct substrates have said nanotube disposed
at a predetermined pc;sition thereupon.

10.  Anintegrated 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.




16. An integrated nanostructure according to Caim 14,
wherein said 15 catalyst bearing noiety is at | east

wong4psepl ecul e that is selected fromthe gr OPBT/US2003/031094
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consisting of RNA, DNA, proteins, and conbinations
thereof. 17. An integrated nangostructure according to
Claim 14 wherein said cat al‘ys')t5 beari ng noi ety

conprisgs at |least one nolecule that is selected from
20 t he bt oufrtiirgraigd panastaiciaemocarding toBlaigut cgherein said

C ' | ' VSt - . .

G o SR B I shirap 8 B iR B Bl Rty 2

t loetadpét beBingAnoielt. egr at ed nanostructure according to

Caim1, wherein the. 25 atomic scale precision is no

greater .than about 5 angstrons (A): 19. An integrated .

nanost r4ct ur, ' ' | e T
ML Ul ﬁfé&é@%rﬁ&tlgcm@%g?@tﬁ%% &!éi& 13, wherein the

surface of the m=croe Fronic su 1S O

i watajystthearisg Roietytis selectgd dtoen theagrosipreotisistiag of inorganic

' Gaim.1, ' ai.d | | d
Relin® oot costgos Senarae, BivplBRdiEscandi ng

-t @onidifafidisshefdgtdet er m ned set of X and Y coordinates

and the activation of the WD 2004/035462 -
PCT/ US2003/ 031094 - 26 catal yst according to the

second edgt er m et of X and Y cpordi pates,js L
carri e(}%g)ut %{rﬁ-@%ﬁﬁ% ae'bq%'iugﬁ'”@iarcgafﬁnglg%ggnm 1"{ Wherein said
deptsystibzaring eneies/ iBGt Iddst ofe dénriRiatRlintpa AFamBEr oF 8t least
according to Claim 1, wherein said 5 nanotube is
pPEERNOMELEr.sj ngl e nanotube. 22. An integrated
nanostructure according to Cairm1, wherein the

di sposition of the catalyst is scaled with atom c

preci sil@n. An integrated nanostructure according to Claim 14, wherein said

catalyst bearing moiety is at least one biomolecule that is selected from the
- group gonsisting of RNA, DNA, proteins, and combinations thereof.

17.  Anintegrated nanoétructure according to Claim 14 wherein said

catalyst bearing moiety comprises at least one moleculé that is selected from

- the group consisting of organmetallic mol'ecules, coordinated complexes with

catalyst atoms at well defined spéciﬁc molecular Iocations,'and combinations
thereof.

18. An integrat'ed nanostructure according to Claim 1, wherein the
atomic scale precision is no greater than about 5 angstroms (A).

19.  Anintegrated n'énostructure according to Claim 1, wherein the
surface of the microelectronic substrate is of uniform integrity.

20.  Anintegrated 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




10 23. An integrated nanostructure according to Claim
1, wherein the activation of the catalyst is scaled

WOl 200 /@E4i ¢ precision.. 24. An integrated PCT/US2003/031094

nanostructure array, conprising: - a mcroelectronic
substrate having a surface; and.15 20 25 a plurality
of nanostructures, wherein each nanostructure within

t he urality..i .SP d,in r edet.er m ped . .
ooSrBSl Ardaniingtehg RRRS0 preduBitioed Sebof R hepprdigates is
nagifibd Wit HirdGghintBhrated irblik Vapor dep ARth processin?. \
nanostructure conprising: a mcroelectronic subsirate
having a surface; a catalyst disposed upon the
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of nahdiiibe ¥ preeedt agbasingldhirin®tibesal d catalyst is
activated wthin a second predeterm ned set of X and
Y coordinates. defined withi.n the surface of said

m cr oel ¢t roﬂh%ﬁéﬂpa?t%&waﬁg%ﬁ@&u% QQ&S?E@:?S@IE%Q YhkYein the

di sposed'upon the¥actrva secon erm ned se€

-of dipesitiory of they chitalystis staledwith witémiopredisionir f ace  of
.said mcroelectronic substrate, -such that said

nanotube is controllably grown at a predeterm ned
ibstr s | 0" SMEORHEN AaRpSinucials abhdfi GRS I pherein the
gractivatiom of tie catalyst is $cbled Withditemicspreicigioraccor ding to
the first predeterm ned set of X and Y
24.  Anintegrated nanostructure array, comprising:
& microelectronic substrate having a surface; and
, a plurality of nanostructures, wherein each nanostructure within
the pluraiity is disposed in a predetermined positional reiatiénship with respect
to the. rqmaining_nanostrubturés within the plurality, each nanostructure
. comprising: ' o
| .a microelectronic substrate 'having a surface;
_ a catalyst dESposéd upon the surface of said
microelectronic substrate and positioned theretjpon within a first
' predetermined set of X and Y coordinates, wherein said catalyst is activated
within a second prédetermined 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; | ' 7
wherein at least one selected from the group consisting
of: (1) the disposition according to the first predetermined set of XandY




WD 2004/ 035462 PCT/ US2003/ 031094 - 27 coordi nates
and (2) the activation of the catalyst according to

wbheosfeegnd predeternined set of X and Y coor gdinaksssios1004
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is scaled with atomic precision. 25. An integrate
nanostructure array according to Caim23, wherein
said plurality of nanostructures conprises two or nore

RONHES e e s ShBaioh 0P 2Bl Befaitiug I 8 seephe

MpTaesteraMBiasaldf 0 aie YT rdinatdss seBRBAKith é%n?i@-prég%\sion.

i ntegrated nanostructure array according to Caim 23,
wherei n each nanotube within the plurality conprises a

nanot u sel Ssistin i .

o gl oamai | & el IR A et eim2e,
1viibfeinfsaid pluerglityiof hanosPeiurey ¢irfp Ases A EEMoR: Ng t O
daim V\énerein each nanotube within the plurality

h&@"&sﬁgﬂﬁtﬁ selaeied feum dhe graumepnsisting: of 2 agnotyhe probe tip
SHERHER o FAPABE BSR4 Bt o

seoemblepr edet ermi ned set of X and Y coordinates.. 20
28. An integrated nanostructure array according to
C aim 23, wherein each nanotube within the plurality

- I € an _
as an gl eciap |ﬁ%gg§@rﬂr|e%ﬁqs;ﬁgkg1re%ﬂa?‘%ﬁ%r%lhgu'ﬁé?i?@ﬂ 1)2/3,

group consi sting ectrrcal ¢

- swHeseinckashi nanotuke withireihequralitt comprisesaa chanotbleatalegted

15

AREL I BgP B biat o singlegratsLnatatiBs And i walled

_ openotub@dre nanotubes within the plurality operate as

an electrical interconnect nenber having a
predeterm ned el ectrical . conductivity. 30 30. An

e A B e

- opdrentia emshanametiizenivthin thetpl@asity' Idd & heliBilpasfined 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.
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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, o

semiconducting electrical conductivity, and insulating electrical conducti_vity.

29. An integrated 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.  An integrated nanostructure array according to Claim 23,
wherein one or more nanotubes within the plurality operate as a mechanical
stress relief member. | ' '




WD 2004/ 035462 PCT/ US2003/ 031094 - 28 31. An
i ntegrated nanostructure array according to C aim 23,

Wolpeo#i3R6oNe or nore nanotubes within the pl uradmys2003/031094

operate as a thermal stress relief nenber. 5 32. An

‘integrated nanostructure arraysgccording to C aim 23,

wherein each nanotube within the plurality is defi ned
al ong an axis having a predeterm ned positi-onal
alignment wth respect to the surface of said

m cr oel 1t r oAndnteghsied aizpostrlctdde afiayiaeceaiing &siClaim 23,
nangstruct ure arra%@ accordi n ‘to Calm 23, erein

salVhereinPAL RIMELe fRnQldhes wﬁ inHberpunalibt opgrateas @ thaenal

-‘Caét?é%sf:e"@;ﬁ@gf . An integrated nanostructure array
ing to daiim

accor 23, 15 wherein said catalyst is

5 di sposed upon the surface of said m croel ectroni c

substr t bearing noiety An

i nt egr ?éid n’éﬂéétgts%éaméngﬁ W&t Eﬁséﬁﬁuuaﬁ@f’%ﬂﬁ%%"@a??*
V‘@ﬁél‘é’irpeaéﬁhﬁnSﬁIb@ \Mﬁﬁlnl%ﬁé‘ﬂ!.gght?ﬁorﬁéﬁné& aﬁﬁ'{gaéﬁ S]Qts having a

fromthe group consistin anit ¢ nmater|l

| or predetestuned gnalttenalaalgnmmm d\nihmpectﬁodhelsen:ﬁabeszf saigd

- arPEyOHEE
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conbi nations. th 0 36. An integrated nanostructure
@?’&'Fﬁé’%tsﬁ' ‘aim 34; wherein said catal yst

bearing moiety is at |east one dendriner having a 25

di aneter of at |east one nanoneter. 37. An integrated

nan ost rdft urdn integiated aanasingctuce m‘ray mceardlngvtceﬁﬁrm 23, wherein said
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proteins, and conbinations thereof.

34. An mtegrated nanostructure array accordlng to Claim 23,
whereln said catalyst is disposed upon the surface of said microelectronic

substrate by a catalyst bearing moiety.

35. An integrated nanostructure array according to Claim 33,
.whereln said catalyst bearing moiety is selected from the group cons:stlng of
morganlc materials, organometallic materials, dendrimers, biomolecules, and

comblnatlons_ 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.

- 37An 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 accbrding to Claim 23,
wherein the atomic scale precision is no greater than about 5 angstroms (A).




30 38. An integrated nanostructure array according to
Claim23, wherein the atomc scale precision is no

wonRealeEbhan about 5 angstrons (A). WO 200/ 08848122003/031004
PCT/ US2003/03109; - 29 39. An integrated

nanostructure array according %ﬁ Claim 23, wherein
the surface of the mcroel ectroni ¢ substrate is of
uniforné'%nte ri,t%/e. %g An i ntegrated nanostructure
array actor dPAdniegrapdinanestructiife agpy agapdingteselan s,
S H a) -
R e S oL R B HEE SRSt eSs B RREH [ fEority.
coordi nates and the activation of the catal yst

“accordi . to,the.second predeterm ned set of X and Y
coor di ries Ab IEBiAted NalPSTHR IR AT AesPsNeH O S B3,

5 VaRpRéercie BaRpi b i i : -
 oRRerak® BaR IehStondsaeerd it thd oftfup Enatirloftng disposition
s aaerandinattoie fisst predetarminedzed ioh Y andhYromootinates 2anéthe

e B R BRI B B Brtheieop e arSidteffiined set f X and
W Y lzodtdinatesiis eiriddosut thbughnicarsgaatirdit %Blaﬁaééﬂéiiﬁr?
according to Caim23, wherein the activation of the .

cR'BFFSHNGs scaled. with atomic precision. 20 44. An
1p i ntegrated nanostructure array according to Caim 23,
wherein said mcroel ectranic substrate conprises a

pl ural i4¥. of Adiirtegratéd nanbsiructuRsarrip atebdirRAS Claim 23,
distinct substrate of said plurality has one or nore

of WReE ﬁ%'Hm&%Fé%fea%tpﬁﬁs%ln%PwQMQ 25 45. An
integrated nanostructure array according to Caim 23,
wherein the surface of 'said mcroel ectronic substrate

i s substant i A integiatedh nahostrdatpregacquinging46 Cléim 23, wherein the

4= 1 NEeqr at ed nostruct.ure accordi to O ajm 23,
15 |l sticih e Mot staRa iy aliteicrrpeBioton ¢
. 'substrate is substantially non-planar in topography.
43.  Anintegrated nanostructure according to Claim 23, wherein the
: ‘activation of the catalyst is scaled with atomic precision.

20 44, Ah integrated nanostructure array according to Claim 23,
wherein said microelectronic substrate comprises a biura[ity of distinct
- substrates, wherein each distinct substfate of said plurality has one or more of
~ said nanostructures disposed thereupon. |

' 525 _ ~ 45, Anintegrated nanostructure array aCCOrdfng to Claim 23,
- wherein the surface of said microelectronic substrate is substantiaily planar in
topography. - o

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




WD 2004/ 035462 PCT/ US2003/ 031094 - 30 47. A nethod of

selectively form ng a nanotube at a predetermn ned

WpQ@SiLG3ssszUpon a mcroel ectroni c substrate, comEmEE20/031094

the steps of: depositing a catal yst bearing noiety
upon said mcroelectronic subgfrate within a first
predeterm ned set of X and Y coordi nat es defi ned

cat al yst oari g e & SvEN Blbing ™ P htaregetermined

- of positier dp¥n canictberREREnRubRRHtaMcbphisintetheUste ps ef:of
“sald mcroel ectronic substrate; and gromng a single

' nanot ubdepgsitingasataiet Qﬁafmrepmtmugoaéalcbmlo(oalﬁatwmc .

5

L N P T

maﬁthmlthetsmrebe saitbsilisitate; wherein at | east one of
said steps sel ected fromthe group consisting of: (1)
deposi t a¢tyading dhe catalyst hearingdneicty alca seeenh ptedetenmned set of

ok Y, BoBRlindc@s ogfRU @it e Shid & 2 hpreid it

s esahstiabe] and or-m ng a nanotube according to Caim 46

- wherein the cat'alallét ri ngF noiety i s selected fr

10 0

the gr o¥PWIRG2isip libe, &t ermecong irsedptegmined setof X and Y
r gedtanaied éloﬁﬁrﬁﬂ %is ‘ﬂaﬁrlng%ﬂp%déf%ﬁﬁme rgfﬁ‘ﬁbﬁgﬁ’ib%th respect o

and conbi nati ons t ereof
s e@ planevdefinefdobynthegmicroelestrobie sabstraté;ng to Claim 47,

onar rebfeiS Ah okt opp ERiselfeigpe Spleclsiy Fom 5 Urolp Sonsisting

15

MaHP B} BEpositing a catalyst upon the microelectronic substrate and (2)

activating the catalyst is carried out with-atomic scale precision.

48. A method of selectively forming a nanotube according to Claim
- 46, wherein the catalyst bearing moiety is selected from the group consisting
of inorganic molecufes,_ organometallic materials, dendrimers, biomolecules,

and combinations thereof.
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49. A method of selectively forming a nanotube according to Claim
47, wherein the catalyst bearing moiety is at least one dendrimer havinga

diameter of at least one nanometer.

50. A method of selectively forming a nanotube accordmg to Claim
47, whereln 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.




25 50. A method of selectively form ng a nanotube
according to Caim 47, wherein the catal yst bearing

wé@do@foymkf at | east one bionvol ecul e sel ect ed Iféf?ﬁ%zto&ﬁeslo%
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‘the catal yst conprises patt

group consisting of RNA, DNA, proteins, and

conbi nations thereof. 51. A nmethod of selectively
form ng a nanot ube accordi ng 3 Caim 30 46, wherein
t he st of activati Fg the catal yst conprises

mani pulPg: i nd* Medhodat srigativahetariming avlasoiube geording to Claim
2R SR SRR ot o S TP e i

wike eatalysh beating nudietyct i vati ng the catal yst conpri ses

i nducing a change in the-catalyst bearing noiety. 5

53. A nethod of selectively form ng a nanotube

accordigag t ' ' : i yAali :
539 A fHetd oﬂ&le&ﬁl@ﬁrﬂ?ﬁ%ﬁ?ﬁ{aﬂggﬁ @és‘c{dréﬁﬁb t8Slaim

bd&; whereipitlee ptepbef. activatng thie cdtabst eomiprisey pitiemimgpthe

nan%téuﬁ) ac:cordi.ng( to Caim 10 52, wherein the step

of2LHY] &?F‘Hg PHEYC at al yst conprises patterning the

catal yst bearing noiety through AFM 55. ‘A net hod of

selectively formng a nanotube according to Caim 52,

wher ei 84t he Asinethast ofariestivelyniprming a maabiubte acnopding és Claim

LI 5 I b ety th h SIM
52 GRS e Siebler Bl o SRy SamRiter BBering the
acatdlylt beating Ghéiety thA®ughBRMEi N the atonic scale
precision is no greater than 5 angstons (A). 20 57.A

met hod of selectively form ng a nanotube according to
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
48, 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.




46, wherein the surface of the mcroel ectronic
substrate is of uniformintegrity. 58. A nethod of
selectively form ng a nanotube according to C aim 46,
wherein at |east orie of step of depositing a catalyst
upon the. 25 mcroelectronic substrate or said step of
activating the catalyst is carried out through

chemi cal vapor deposition.




