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More specifically, the invention concerns a nethod

whi ch uses a thermal control harrier and, optionally,
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The existence of NSs is well documented in academic literature and is
widely investigated. The NSs is reported to be synthesised by numerous
techniques. An example is the carbon nanotube where the synthesis technique
includes arc discharge, laser vaporisation, electron beam and catalytic pyrolysis.
Other known methods are to use chemical vapour deposition (CVD) and plasma
enhanced CVD (PECVD). Background information discussing carbon nanotubes is
disclosed in prior art document 'Nanotubes for electronics' in the December 2000
issue of Scientific American (P. G. Collins et al. ) pp. 38-45. This document
discloses a method of CNT production, wherein a substrate is placed in a vacuum
oven or flow tube, heated to temperatures of the order of 500°C to 1200°C and a
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catal yitmtiaf%oh%%dss%to dfc;raé{)ﬁ[rolled patterning and growth of single wall and
multi-wall carbon nanotubes are known from US 6,858,197. A substrate is coated
with a first layer of a first selected metal and a second layer of a catalyst.
Provision of the first layer enhances electrical conductivity associated with the
carbon nanotube and also helps prevent lift-off of the catalyst in the second layer
from the substrate. The gas temperatures are typically in the range 800-1100°C.
An alternative carbon nanotube fabricating system and method is known
from US 2005/0109280. The nanotubes are formed in a substrate supported in a
temperature regulated chuck. Immediately after the nanotubes have been formed,

a cooling cycle is initiated to cool the back of the substrate.
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US 2005/ 0109280. The nanotubes are fornmed in a
substrate supported in a tenperdture regul ated chuck.
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SUMMARY OF THE INVENTION

Viewed from a first aspect, the present invention relates to a method of
forming nanostructures or nanomaterials comprising providing a thermal control
barrier on a substrate and forming the nanostructures or nanomaterials. The
thermal control barrier helps to ensure that the temperature of the substrate

remains at a relatively low temperature and thereby increases the range of
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conprising providing a thermal control barrier on a
substrate and form ng the nanegit+uctures or
nanomaterials. The thermal control barrier helps to
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The thermal control barrier preferably has a thickness of greater than or equal to

3nm; 5nm; 10nm; 20nm; 30nm; 50nm; 100nm; or 200nm. The thickness of the
thermal control barrier may be increased in applications where additional
protection is required. The thickness of the thermal control barrier may be 500nm
or more.

The thermal control barrier is preferably a metal (such as titanium),
semiconductor or dielectric material.

The method according to the present invention preferably comprises the
further step of providing a catalyst on the thermal control barrier to facilitate
formation of the nanostructures or nanomaterials. The catalyst may be applied
before the nanostructures or nanomaterials are formed; or simultaneously with the

formation of nanostructures or nanomaterials. The catalyst may, for example, be
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500nm or nore. The thermal control barrier is
preferably a netal (such as ti-thani un), sem conduct or
or dielectric material. The nethod according to the
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The step of cooling the substrate is preferably
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The cooling of the substrate could be initiated immediately the
nanostructures or nanomaterials have been formed. Preferably, however, the
cooling of the substrate is performed while the nanostructures or nanomaterials
are formed. Thus, the thermal control barrier can maintain the substrate at a
relatively low temperature whilst allowing the nanostructures or nanomaterials to
form.

The plasma will cause the surface of the thermal control barrier and/or the
catalyst to be heated. However, the method may comprise the step of performing
additional heating of the thermal control barrier and/or the catalyst. The additional
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substrate is preferably at a maxi mumwhile the
nanostructures or nanomateri al-$-are being fornmed. The
cooling of the substrate could be initiated
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The temperature of the substrate is preferably less than 350°C while the
nanostructures or nanomaterials are formed. The thermal control barrier may
provide sufficient protection to maintain the temperature of the substrate at less
than 350°C without actively cooling the substrate. In certain embodiments,
however, the method may comprise the step of cooling the substrate. The
substrate is preferably cooled while the nanostructures or nanomaterials are
formed. The substrate is preferably cooled uniformly.

The method may include the step of heating the thermal control barrier.
Although the plasma used to form the nanostructures or nanomaterials will result in
heating, additional heating may be appropriate.

The thermal control barrier is preferably provided in a substantially

continuous layer. The thermal control barrier may be applied using any
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barrier over at |east one device provided on a
substrate and form ng said nandstructures or
nanomat eri al s. The nanostructures or nanomaterials are
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t 0]
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by sai ﬁiht her mal
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resent invention relates to a net hod armn
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>R oPsB, e Gy e dBRET) G s e nanostructures
nanpaméraaiefibls are formed. The second surface is preferably cooled by
introducing a coolant into a cooling well. The method may include the additional
step of introducing a gas at the interface between said second surface and a
surface on which the substrate is supported. The gas may be hydrogen or helium.
The method may include the additional step of heating the thermal control
barrier. Although the plasma used to form the nanostructures or nanomaterials will
result in heating, additional heating may be appropriate.
At least one device is preferably provided on a first side of said substrate.
The at least one device is preferably at least substantially covered by said thermal
control barrier. The at least one device is preferably an electronic component,

such as a transistor.
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surface. This helps to ensure uniformformation of the
nanostructures or nanonmateri al-8- The tenperature of
the substrate is preferably |Iess than 3500C while the

nanost Migivetl #6ma futthep BBH&t] tﬁb%)réééhtfmfelﬁﬁdn rdlBRs to a method of
thermal control barrier %/ provi de sufficient
ar

pefRg NBROStBIGHER 5 NANeMatarals, dheymgthodpgonaprising forming the
S%Qﬁ&ét@ﬁcﬁu@s dr‘ﬁ%ﬁoﬁ"n'&?éha?ssgr?a"ﬂréthéwfac@%tf H’eeél)bs‘ﬁ%?% %ﬁ‘@ cooling a

he substrate. I'n certal n enbodi nents, ovvev
msebontl swjaceoofithe substraie sweeretf a gaslis m@;odheedsatbm inderéace

F BB S sBebi SR ALY SR80 n Whlicrfig Mibgateds sypported.
s Theaee inBoguceidestahe shieadecid dwferartily pgehel. a cool ant
into agﬁooll wel l.. The method may include th

addi t i GR&ISY @8% o high ﬂ@oﬁ}asﬁstea'sgsagp%eq iR fRrably gogled to
befeBEdholiny Of BRCKIGNA Lguf‘@@@ o@ﬂ% éhb%%féﬂ dé’éhr’fﬁl’!e%a& B8 cooled

substrate Ts supported. rogen or
héviinfreduring aeeelgat intg/a |caelllrlwwall hBreafd@uth, theasecondsusface is

BB % RAARINERTE 8 nBAbHL R A b gAY t he

pl'asa e nanos Fuc ure
nanorratl’ helméthodﬂ; désaribediHerein rhayatomgriseathdl ddditierlal step of applying

o PRI Yo B BT bATISE, ThP G relanabe ARl o

TEﬁnmaHe%%I}/ vﬂﬂﬁth@%#n@@udn%fﬁﬁ@ﬁﬁh@&?dbt@bs lo@8homaterials or it may
substantiall[y covered by said thernal control barrier.

Tike applied hefore e arResiviciue penaneipaierials asedenmeshi ¢
conpon tvg]eeosff&lﬁ urfhel b tst‘ngrpr%/ %ﬁ@%enﬁf}mé\?{]eg JB %ﬁrassembly

aspect, resent I nve |on re to a ne
f or B‘(rugureafwsﬁmwng naaestmcturaa omateomatesials deempridingd substrate

o APH o e el Bere®, RRS Bty Lol pBiaf oy s &

Sﬂﬂ@lmbsstdffga@éieﬂﬂlahfm eguBBior e, 5rwﬁe’f0?inﬁ? ZOr@@Sori3®nm.
introduced at an interface between said second surface

and a 4XfeestensAevirecHiohias ansleciabie conRangpbmaybe pravided on

&% bhtdiegkiced at the interface is preferably
hydr ogen. The surface on which the substrate is

suppor Viawedfromefet stilbfuptheo espert: heqirésart inventipn gelefes to an

ng%%rﬁﬁg(ggr ﬁ)lr'ﬁﬁnabcﬁanogstrhgﬁlréc'éjgrsﬂér?otrﬁatepi-glg, ﬁ%rgsggﬁbwagomprising a
substrate and at least one device; wherein a thermal control barrier at least
substantially covers the substrate and said at least one device.

The at least one device may be an electronic component, such as a
transistor. The assembly may further comprise a catalyst for forming
nanostructures or nanomaterials.

The processes described herein may be repeated to build up a multi-
layered structure, such as a microprocessor. Intermediate polishing steps may be
performed to provide a suitable surface for providing a further thermal control
barrier on which additional nanostructures or nanomaterials may be formed.

According to preferred embodiments of the present invention, there is

provided a method of forming carbon nanotubes by plasma enhanced chemical



by introducing a coolant into a cooling well.
Preferably, the second surface is cooled while said

wWo200682044ct ures or nanomateri als are forned. TPET/GB2006/001726
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nmet hods descri bed herein may conprise the additional
step of applying a catalyst te&-+he thermal control
barrier. The catal yst may be applied sinultaneously

Wb Po e os itk sy @f:aﬂbbﬁ o@ﬂfﬁiﬁhg g;@ts Wlé%,‘in@rwherem the carbon
nanomaterials or it may l'ied before the

nBaBeiupas Al Bat fermedAB r?a%lézsrfra esatx terparate 39D Enerabove. The
f EQoR donkdi nﬁ‘ﬁé g%%ﬁﬁﬂ be HEeompgg&péx.gﬁusﬁm %ow éﬁﬁﬁmmem but

to an asse ucture ructu
oenteasl tlmagr@mmarmmrm frpan emitydaoréhnbiqctlasma sdatet saich hlwtntaiamhtates
trol rrier. t.hermal control, barrier
o Pl BB i it dBire §BuliCated Bhih s fomg et igsma
3bsamb brplaéAianarc 26 mibleeulad VapourAitt @ﬂﬁﬁed%ﬁodiﬁbm ®r radicals.
s h as aMgglectronlc component provi ded on

AR SV Man BB, BE ConfTol oer oRheaidp selective areas
t Eﬁd Pﬁeﬁéﬁé]tstl‘u%ﬁﬁ@'ié ihShiaL Ssuld Be ¥iRRATE Y dsPbf o he)r/ materials

form ng nanostructures or nanomaterials, the asse
canprapplieajioassubstrat e and at | east one devi ce;

subst anpe etGoRR e RbH Herdfalibfra e SBRieais.or N tq be caried

ooet, dptionaly UBirey Qélest@SHeamng fbe adeatayurce aatd contamment of heat
el ectr nlc co a atran i st or

S USRI ial SO THEP TV thETHA pUpormonil Finegprocess s

ngansid fdﬁtthé §fowh oFéW%’fﬁfs%f'r@n%maTéWal@éﬁ& ﬁﬁﬁ@s‘atructures such as
descri bed herein may be repeated to buil

nmppeiules aad nanpwiesreomeasen cﬁén%tawpcsamp@a@g%log or insulating
: Pr{a%rgﬁgg' #he. n?&b{)é&é%ﬁfaﬁ%?fomar&?a é;oé %%nd integrated

rovi a sdita riace row
t bmcm’esl Timpreeénitiaveritbn asnde!ﬂmedmaeidus; hot) abwever, to be interpreted

nan nan erial ma be forned.

AR DRI Bref PRRCIE BBPIRBE o "t he. pr esent

i nvent The nahbﬁhﬁ:turésryr@cmdé@dn achBidante Withfthe MdlBods described
car bon nanot ubes by plasma enhanced chem cal vapour

dBREEN My Qjﬁxﬁ@p&? dogrq%hort paneiukeHgr g%f@omna@ﬁwlres formed by

o D el P A A S o siE ERbeR b oRtaiping oas

cphl_smanl ng gas nmay be deconposed ex-situ of the growth

cxei t ogec g o bR Ssnt e dftobr fileRoh FoiBe to apparatus for
forming nanostructures or nanomaterials, the apparatus comprising a plasma
chamber, at least one heat source and a chuck for mounting a substrate; wherein
the chuck is interchangeable.

Viewed from a still further aspect, the present invention relates to apparatus
for forming nanostructures or nanomaterials, the apparatus comprising a plasma
chamber, at least one heat source and a chuck for mounting a substrate; wherein
a cooling well is provided for uniformly cooling the substrate. The cooling well is
preferably adapted to provide uniform cooling of the substrate while nanostructures
or nanomaterials are formed. The apparatus preferably also comprises an outlet
for supplying a gas to the interface between the chuck and a substrate mounted
therein. A supply of gas, such as hydrogen or helium, is preferably provided.



the growm h process. The Carbon source would also be in
the formof a plasma beam or plasma arc, or nol ecul ar

wo 2poazo4wd t h excited carbon ions or radicals. PCT/GB2006/001726
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Qoviously, with this invention, where the control over
both heat to selective areas af@-material structure is
attai nabl e, could be extended to a host of other

mat er i &he opperaAiplsi p?@fér@ﬂﬂg provVigedRith RISafte DO ;bch/@éI supplies for
herein allow for the synthesis of NSs to be carried

ogelechyRlY SHBPIYIPI RIS t§ tecehicke Ané‘é('l“?hw@‘aflrb@rﬁrﬁV'ﬁéﬁtto allow the
h I I
bgppf@rr%@p&gg,g@wmbé) @@@P using thermal contro

s for ve thermal budget control. The
pr oces$ hedempmibeiroal ecantrohbagicoand thrmell bafrier wsedherein have the

s and nanostructures, such as nanotubes
a%gﬂ%ﬁ}hg% ﬁé conposed of net al I i c, sem conducting or
i nsul afr he@reﬁrﬁinv@haon firthemeélatedso @bmp‘wEh&Ms%eﬁwhes/apparatus
manu acturin senstg| ﬁ and i nt e% rated circuits. The
p acgoEdance withthg sretheds AesibgdinereiB:  however,

to be interpreted as being limted to these particul ar

appl i cati ons. The nanostructures produced in
aERIEFDBCRIRHOMEFBIRARAVNES bed herein may, for
exanpl e, be carbon nanotubes or carbon nanow res

formed by plasnma enhanced chem cal vapour deposition

usi ng & omebdrat¢hmtnabnimgn@&$eﬁllu&ttﬁed,\éirﬂvmdre‘eaw’ﬂyappreciated

- BpArEal REfeq iionErEe nBess aKlich e arh aiistraents taereof wil
t RpwasPassdribed & dy §Mt£h mnﬁlln %&Enfﬂl@ﬂﬁl?rwnmefb@fézb to the
one heat source and a chuck for hounting a substrate;

wREENRAaRYieg drANIROS 1 WhICBr changeabl e. Vi ewed from a
still I—'Eijyr%orls ?Ss%ﬁéltn’atlﬁ ﬂﬁsﬁ%ﬁ&? a TSI LBt & r%h?gllatsﬂ\a

appar at RANGSE T UCT UT 88 OT - NARONBAL
t bbambpafmtttlusfarmrm aml popvdng tresscarboh aabetubeatupbp astubstrate
at source, and a ing a substrate;

mﬁg?%'"%H‘gamcad‘o‘FTH&d'\IIE’It °F§‘ed?r8§?'bté'&"‘?'{3'|°“un| formy

cool i ngidune 28Ub stgchbmatic lRisGrandn Bbthealitkdl satanet 6 altitiinium
adapted to provide uniformcooling of the substrate

WATEE RIS 1A)er (ACSSTUIRG HoxAlo RENRORITEPRE o tae PEReRBHINVETioN:
appar aFiRir@ RS i§ %%?E%h ot fife P’Pa'tl'gﬁ%? RN tePer&lur eéntamn?jent effect

supplying a gas t he I nter bet ween 't he chuck an
a of thsstheemal hesten asdan effect of barrier thickness;

Figure 3 is a typical scanning electron micrograph (SEM) of carbon
nanotubes produced at below 350°C temperature in direct current
acetylene/nitrogen/hydrogen plasma on Ni catalyst particles, according to an
embodiment of the present invention;

Figure 4A is a typical transmission electron micrograph (TEM) of a direct
current PECVD produced nanotube, produced according to an embodiment of the
present invention;

Figure 4B is a typical TEM of a direct current PECVD produced nanotube
showing aligned graphene layers along the nanotube axis, produced according to
an embodiment of the present invention;

Figure 5 shows a Schematic diagram of an alternative setup of PECVD

system comprising multiple power sources;



therein. A supply of gas, such as hydrogen or helium
is preferably provided. The apparatus is preferably

w@eweitzigdd wi t h RF and DC power supplies for seP@UGB2®bY01726
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suppl ying power to the chuck. A switch may be provided
to allow the appropriate powerqpupply to be sel ected.
The terns thermal control barrier and thermal barrier

Hﬁsgnthﬁgﬁllr? ?égf;h%‘@?g?[eﬁgs{@?dﬁ Hhsinld'€aBbf #&Rbtubes as a ‘cross

cwmﬁarhmat(mtasennﬁdtsk)ea hdiproetextrosicspihe thernaal dayetdsulating the
with th hods descyi bed erej n. BRI EF DESCRI PTI ON
CHeYipes REXCPHEIY IREYP]AY®®:he i nvention may be

i 'l ust Frjupsl7 |§Q%cﬁ@fhﬁu@ﬂl%birdtlcﬂp@ﬁéipéﬂirﬁﬂemré eafbstvuctures are
carried 1nto effect by those skilled in the art

e Hpd PRErRensingaplalizrmyand theodvivieg d@@@e ARdgubsiratays protected by
N theFhhi mng gﬂghe only, with reference to the

acconpanyi ng s in which: Figure 1 is a
schemaFigure BI|$JatS|claemat|c dliustratian ofabbdtatile plesmauwshaentier with

plsrmcaefrthefom’ and car bon
PR Eh hetna e o she T pEd B ThsCRrBRe
ohahbi@bgs @penta dubseate sutordih@td 8n dfbodlirestidTe@ piedent invention;
illustration of the nickel catalyst on a titanium

t BBfmal barrier | ayer, according to an enbodi nent of

the present 9'|§‘¥%%ér%t|c MutaforPSt 4 ShdbkFopHe @é%rinﬁg: amber

si mul ati"on of tenperature contai nnent ef

t Bhowhdn ﬁwure)&rrl er as an effect of barrier thickness;
Figure 3 is a typical scanning electron m crograph
(SEM of carbon nanot ubes produced at bel ow 3500C

t @FIAIREDBESCRIPTION OFUPRERERRED EMBODIMENTS
acetyl ene/ ni trogen/ hydrogen plasma on Ni catal yst
particles, according to an enmbodi nent of the present

| B RETION GF”FEPRé”F EMB®OIMENRI transm ssion
el ectron m crograph (TEM of a direct current PECVD

produced nanot ube, produced according to an enbodi nent

o e PR ol B TN P S B oSt eve

akcadpoach ayodydiesn Ehdughemd; saéanﬂ@llyhet Inwrmlbsbateetrerrmerature below

pggg%qgsﬁouﬁg rbg crlleqar to a skilled person that the invention can be extended to
other materials.

Referring firstly to Figure 1, the plasma chamber 1 of a home built direct
current PECVD system 3 is used as shown. A vacuum chamber housing is
capable of evacuation with the pressure being controlled by a manual leak valve
(not shown) at the vacuum pump inlet 5. The chamber has a gas inlet 7 for
receiving a flow of the required gas or gaseous mixture, typically a hydrocarbon
gas such as acetylene, C;H,. It should be obvious to a skilled person that any
carbon containing gas could be used.

An earthed electrode (anode) 9 is also part of the shower head is provided
in the upper part of the chamber 1, whilst a powered (negatively biased) electrode
(cathode) 11 is provided in the lower part of the chamber and connected to the
appropriate power source 13. In this embodiment, the power source used is a
600W Glassman power supply unit (PSU).



an enbodi nent of the present invention; Figure 5 shows
a Schematic diagramof an alternative setup of PECVD
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schematic illustration of using carbon nanotubes as a
'cross wafer' via (interconneet?) in mcroel ectronics,
the thermal |ayer isolating the devices fromthe

exces SA\&IbbﬁéﬂéeTa%lﬁpaﬁer d:'deuekﬂ with d 50Ghrs GRMIBH itlermal barrier layer
ustratlon of wher e nangstructures

uéécﬁo tow By sicxkel thg\ fﬂv@mﬂﬂ amtlustiatedin Jowg Zfevibe rnmkal film layer
S*l'@?é é%?alysst & tﬁﬁ ?&h’?ﬂloﬁ FINYS, TRESUBStrDaMS s & g?@{ness of

gure 8 enmat | C Iustrat ion of a sult
pﬂ@@%ﬂcmmcahalvﬁ 1ha chlatesd ob gOnmallhe dlaerimal ceptioldmrrier 17

= 00 B G B A S B RO AT o Bt Tt tower

i theenmhl condutiditypropedies. The aulsﬁl‘mgﬁtii&eﬂhh ue$ eaibodiméit is a
BT B T BN DEro DML R ERSR AP any ofher substrate

Dy <N TRE dhiblRe lof @i%t NGNhdl tﬂeFrﬁélsqa(?ﬂ@rggyéﬁ ' is not limited

the’invention allows the deposition of |ow

| &/@pk@m(iﬁamiamw&léoe ohvdeightormskilgbperspeal |y, at

I 20

ol ear {0 Sabfra 895 BREEA ofithe Yoy Hiensds GHMEYR gE and the

eghambed1 isoe\mduatedmmiyiai@ mtniagba ranidriyydfogest gasetscare allowed to

CHiWiRe e elaBelT B aTARISHE choanEiaRaen lyntintits! fespectively

chsirger suianr @@mesSmp@@émgs fRVASHHREJIIBR W th the
pressure bei ng controlled by a nanual |eak val ve (not

shown) Diect qusrans pawa isuivitchad on a8 a vilage satinerof @9 Van order to
988ikk Y Rhsrhal Rﬁelr tﬁ%%lé’érﬁ'@ |s|a:?t dc?"‘wgf ocarv%?aqé' hd §ﬂu9@ﬁ to provide

or gase€eous m Xt on gas ‘su
as vmrbmgtpasmure::of-ﬁppmkmsatewl ‘:'dT dme anU\tIn@ disec¢tacuaresk pbivedsupply is

s M S N TR
sbiffersndectaGonte @xient ddrmines the direction of growth and alignment of the
carbon nanotubes.

It is the very high temperature of the plasma that provides the necessary
energy to produce the required reaction of the gases in the chamber 1, thereby
allowing the PECVD system to transport the disassociated hydrocarbon species
and carbon ions to the substrate and initialize the CNT growth from the catalyst.
Similarly, the heating of the surface is not limited to only the plasma and can be in
the form of hot filament, infra-red lamps, laser, etc, as should be obvious to a
skilled person.

The temperature of the substrate 15 on the electrodes 9, 11 during a
plasma in this embodiment is less than 350°C. This low substrate temperature
allows for a wide variety of previously unused substrates to be used for carbon
nanotube deposition. The substrate in the present embodiment is not subjected to
deliberate cooling. Therefore, it will be obvious to a skilled person that with a
suitable cooling mechanism, the substrate temperature could be brought down to

room temperature or below as illustrated in figure 2B.



in the upper part of the chanber 1, whilst a powered
(negatively biased) el ectrode (cathode) 11 is provided

wo pooshzo4kower part of the chanber and connect eRICT/GBRIV6/001726

10

15

20

25

30

appropriate power source 13. In this enbodi nent, the
power source used is a 600W G-48sman power supply unit
(PSU). A substrate 15 is sputter coated with a 500nm

titani Ourin PQT ﬁ@bnmbbeﬁ rungafriet’odtolarustty ﬁé‘tﬁr‘es ranging from
thin film as il Iustrate in figure

ni2eRdP 420f QnWQi? élﬁe(ig‘\lt?pug dawillbegleardp qs{@lqddq%@n Bﬁﬂt higher or
OfI abg P%?atﬁ#é@sédi@d Be iﬁﬁe@ Rsé Jﬁ?ﬁ%%?&&s%ﬁwﬁ%%&??ﬂ ysed from 10

I cknes's o
cdmﬁﬁcmlnb’m V\é?f have ysed typisal workingf pressunes winl+ )y Torri But, this

t Aol O8I i o AFRIANEH o' merBSE skilEd P tart g eq

ibn t hi/sr hs;dht@ghdéti@iﬁﬁtllb?z gf mgll%ﬁgagm@d Wetr]dg?érfbrﬁne’d bh a Hitachi
o Se000.FER arpisPan SeapnerRIECHAB M S COBR S YIS And @ Rilips CM 200
t RRhERisSH élb@frorh ﬁi{@f{)ségpé GFEM) Thb"é'a é SuBicts/ T[EM%ere

titaniumas w | obvious to a ski person.
s PERRared @ymtras;onp: @ta@@rsm affes growey semeasrl@mthanol a drop of the

{
SO s Hh SSosHEREN ndicl SaRRHA] Sibported op 4 gopper arid.
f Mve dantples here:ﬂwrﬁmibwlad&b@yrate of 3, 100 and 100
eem (c¢nB nute) re ctjvel ing a t abl e
Govi o A SRMIEEaras B PP b elibeS Brows P Shtisiais kept at
DQ%Pcllﬁa%iwebﬁélﬁFbrﬁ'P@iV@ |é/ llotvﬁ&ﬁ |ﬁ¢‘ig{dr8@ Phe 28606 Manotubes
order to strike | asnma. ter asnma is struc

t Ibélng@stogﬁﬂsw fQitSé‘pp@.I't éHFQMQ'b@MIbb@pbwpu%tqia sisilled ﬁgrson that the
curgﬁMEﬁt &n B@BB f@at\fr‘é flgﬁi%g \/gﬂg éhe di rect

ent power su perate at
const aﬂ'EMSE’(Mletsd'lavm s1rlowrrtherbaunpleaﬂrthe pm.‘rm;cpdtrmnbtwdes. A typical

di rence t ternine i rect of :
oG AT Ak e RO pratiBp RatoR eds shubf  FRleg aa. Figure

t A8 stryws tlheghgn ﬁmgﬂrf@bmm d bRthglcagsth hdritulsd, euvdlfing the

t he necessary energy to uce the required react on

ofMylfidayesee granhens é"%‘ﬁ&ﬁﬁ%ﬁ‘ "Q"Ott‘%r%‘lf)e@\m @i tyhe @pris- The
E&%&?f%@%@ g%f*of:mﬁ@ ﬁlcélh‘ﬁr Qﬁa@ﬁéﬁ@%h t%%lo ng the CNT axis was

eci es and” car bon ns to t S rate
afieurichiThedypizal Ieh@hmcgﬂbomrranbtmtmedmualay@d from 0.5 to Spm,

Sl e DGR e B UG4Sk BB gt sucn

f ideposition tinels! gas fiolvs auntalystl pastitle cohditioss gab@ehdetiteations, etc

o?ﬁ/éyoye?ryttl?e ﬂangth and thickness of carbon nanotubes.

It has been shown from the discussed method that direct current plasmas

can produce carbon nanotubes, which grow on a substrate 15 kept at a
temperature below 350°C and possibly down to room temperature while
maintaining low defect levels. This low temperature plasma enhanced CVD
method is suitable for growing well aligned carbon nanotubes selectively by using
the metal catalytic effect, where the temperature at the point of carbon nanotube
growth permits the use of temperature sensitive substrates or where low defect

carbon nanofubes are desired.



skill ed person. The tenperature of the substrate 15 on
the electrodes 9, 11 during a plasma in this
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tenperature allows for a wde variety of previously
unused substrates to be used {®4-carbon nanot ube
deposition. The substrate in the present enbodi nent is

not suhjsaetighis®bd ebiieas ads g skimed Ip@@sonTthaf mfecb"e‘?up istnot limited to
Il be obvigus to a skilled person that wt

sifie sahie d@é@uh%ﬂgnﬁ@é re&rm#menh Eiguip Sishaws 3 mﬁ»g%egtaguao where

T BoRePHSites Bt ) rd Al TR A BUE In e He g while
c aomswimgoazfta cmimgcmech&mqm 24t lnr@ber possiblg sémpmmﬂesmbed in

SR FBy e e e §Alet oM e S Sptormt pial e

b Pasefs; thaloepdamyp8s) ét8)) Sesisreisating ey, Rinteris estcy dmiother forms.
to 30 m nutes. We have used typical working pressures

of 1-10 Torr. But, this could be varied to suite the

a@@S@@I@W@NWF%E@?NWEmBHmMEW the art. The

characteri sations t he nanot ubes forned were
performed on a Hitachi S-4000 field em ssion scanning

£+ amsr 08 MYEEFE 8 Sortiath 18 Seforidérabpimialt Aty . deposition of
stowddefecblevalEddrioen la:gmt:ages a?lghzﬁdﬁra%tempeg?ﬂusegZelawo%mc in
e SR hat P inckoa Bee BrmicrarlPeynics. BB anngets are

SUBEPIH lﬁﬂegﬁé‘tea cﬁr@@i@@for%fr?mgm@eﬁﬁ!ﬂﬂé‘n?aeﬁﬁf &. W&iltable material
al | oned t SEM m cr ogr aph of carbon nanot ubes

gheuld l@ﬁh”’@ @ﬁ!é@'ﬂ nanefukepduato #sgowlent sirugturedrot subsasibing to

Fi . d
oo SRR, hBp kB Pedryild Bab R Yo ARk Wctron
obansport capabilities|didng pee swlow teststivities &bri ldgimeurtrentflowse
L L T O
TEM)‘Qf tApRIVERLEXCREENE RiiffUSRSAVEY ﬁﬂéﬁt&ﬁ%dﬁﬂﬂbﬂﬁﬁea%d creation of
shown in Flsglur e 4A. Figure 4B shows the

N¥@FANGIRSIN HiFoNmage of the carbon nanotube, revealing
the mukfyyrd @%‘%Wg tﬂé 2B0BPR %@Fﬁapé ﬁdﬂ@ti\ﬂgqﬁéfékﬁﬁls Plsolate the

aligned™to the tube axis. I nt er ayer spacing o
0 heating fropdhe aleighbougna ghines 288 eock aaltrangistdie, adNTT ke losation of

\gfnzedihgeiggn\;ge;&? Zatc%ﬁ i?f%acﬁ)e_flar\%p gﬁ @?f‘ﬁ‘ﬁ fesz%B %h o@?éb%y%%gﬁniq ues.

The thermal barrier layer 17 can be laid down using standard deposition
technique and effectively covers the area to be protected. The catalyst 19 is laid
down at the location where the carbon nanotubes are to be deposited.

Plasma or top heating techniques are employed to synthesise the carbon
nanotubes. The thermal barrier layer 17 creates a thermal gradient which prevents
excessive heat from reaching the neighbouring devices.

After the carbon nanotubes are grown, the top surface can be removed by
chemical mechanical polishing (if required) for further deposition of the top contact
layer. Mixed carbon nanotube-metal interconnects too could be used for
enhancement of the conduction process from the current state of the art. This

would be achieved once the aligned carbon nanotubes are grown, a back fill of a



with dianeters ranging from5 tol5nm Adjusting the
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concentrations, etc may vary the length and thickness
of carbon nanotubes. It has be&d-shown fromthe
di scussed nethod that direct current plasmas can

peaitatsle nestalie epositsdoetalp With e g6 RIvdBBN aumé?snﬁ@t@nrl&ts 27 to
kept at a te;nperature bel ow 3500C and possi bly down

r GBMM e RIBFEOR PEYVERR) ﬁY%f?rﬂnr?bs'F‘B\ﬁ ‘B@Qé@?d cEGf §an Y also be

T t I r
Sglhﬁségé\d Iﬁmgrcgémé‘ ntﬁe %W%car gYn nanE %éi%ed vias (holes
sgeeernally dligd wych @smawl sueh ascapparhtveigreificster harder layaewdl be put

B SREY TS B f SRR 30 SRR BB B8 Panotues

Waerow ienvpeiaflm@ts depdsited. nm@mm@lsgrawm crsd bedid & solution process
sho kq?grgeovlous oaskllle rson that the
s&H a?@ PAEPAFIHRNY oF B t/ﬂealﬁ%?ﬁso%@grasowtﬂeﬁne I9F §vaporation.
egdi iMBble IEhGHS Of éa%ﬁ%netdﬂé@Halve%eéﬁtgw@wwﬁ%ehamcan
mul tiple power sources 2 1, 23 are deployed to provide
t n@hsmlm gachaaGMIy mayi heeregiuiied 4o plagagse thecaiafacegA further metal
t
i t | lay n_%ége r@g}@é}ﬁg &%ﬂéb@df%\%ﬁﬂ%&ﬂ& toﬁ@%ﬁ%éélpeeodmetal tracks
poovhe édegnatécheirduitr m of optical (e.g. |asers, hal ogen
| anps, etc), resistive heating (e.g. filaments, etc)
and other forns. DESCRI PTI ON OF SECOND EMBODI MENT The
| DESTRPY|@ACOFAHIRD EMBTGDIRMEIYNd enbodi ment al | ows
t he deposition of |ow defect |evel carbon nanotubes at
| ow substrate tenperature bel ow 35Q0C in the
appl i cihk Yivetioh %ﬁéﬁﬂ{gﬁﬁ%é tifird &RBHdinEnt allows the d%f)os ifion of
m croel ectronics nte nnects are used In
c icaxhoint rmrfommsmrrqhengatlva m@paowires éma lajen 28tat ém/v sAbstrate

I BB B Pl ik R PSR, Edfoor?

ehanbtubes oF athied Manbiviibs atd ntflized @armatierigisdopésarhitaR ifkchanical,

ballistic electron transport capabilities givi ng rise
W

t 619 $RNSOES Aug f heiradniqus PIRPgRissANdetigh ARRRR ratio (which results in
Mrﬁ:rré’ﬂe%cédr%%bcar%)oﬁﬁﬁﬁseém%aiﬁ%rﬂeﬂt&nﬁﬁerﬁﬂ}i’ékéﬁélﬁve substrate 15

tenperatures to be kept bel ow 4500C to prevent
e2Ues 85 plasticlis useh pitralibpefdeyvicasrafligie nrhwded @nndbs sdbstrate 15.

CprﬂgtL{\sgrbf%mégr%?ur} 's%?msi ile ?‘Htéﬁﬁg is Eétqfﬁﬁlredatf) o?ttg?gand can be

use ["ow con uct
t brtended to active devices such as organlc transistors used in the application.

Referring to figure 7, the thermal barrier layer 17 can be described as
enclosing the device region. The catalyst is laid on the required region and NTs
are deposited using a similar technique as the first embodiment. A contact layer 18
is provided for connecting the devices 29 provided on the substrate 15.

The top down heating and bottom cooling method effectively protects both
the device region and the substrate. The NT thus deposited can now be utilised in
its present form or by functionalisation of the surface via a chemical process. With
suitable functionalisation, it may be used to detect viruses, antibodies or gases. It
may also be used for harvesting of energy via the surrounding environment in

chemical batteries, or harvesting of solar energy with suitable coating layers.



heating fromthe nei ghbouring devices 29 such as
transistors, etc. The |l ocation of the interconnect 27
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techni ques. The thermal barrier |layer 17 can be laid
down using standard depositionqgechni que and
effectively covers the area to be protected. The

¢ arcgés\rgﬁ% g%g?d eésré‘g%é/daﬂw Bé‘tfa él?:ggéa?tﬂgf Wgﬁ(as nﬁ{eosr'élﬁf) associated
hwdthithe detarmatiqo ef ther NTEFff:ﬂG)N@Sl may alymbbeskddo thasmit RF signals,

c not.ube thermal barri a 1 Crea

20 AR Biorolfrlal Shehre df 2o EEGL &Y S et i persor
r emum irothieht esilg iMvent ey device &tructiré€that bﬁllé@ﬂhbﬁﬂatform
n not upbes are grown, the top surface can be renoved by

E’ 9y fRng Y@BP“‘{?&'PP%hl ng (if required) for
f urt he‘i‘h@%@@%‘fEﬂéfﬁegf]afﬁb‘?rléﬂaxépﬁ Bffdwd I%Y%éu rglxl diaep%smgn of the

car bon nanot ube- net i nterconnects too C

f DT savirieln eBaetivelyincraases thedefficienoy pf theeensér.om t he
current state of the art. This would be achi eved once
the aligned carbon nanotubes are grown, a back fill of

asui t aDESCRIPAIONOE SR TIEMBODHVENT t h t he
conduction further. Interconnects 27 to communi cate
"electrons' between | ayers on a single integrated

Ci I cUi Thé fiventis® abEor8in b't@@l@@?burllhrbngb?tﬁm% §§Hov¥l§‘?'h (fe‘vposmon of

car bon nanotubes are grown I n pre- I'ned vias
glﬂwgfppyleveh qasomnamptubes thoughuedt specifioplhe af lowbidrstrate

d .
SR S50 i B L 2 RS e B B mventin
ceambe eorhenndedhe:oﬂa&r rhaterialsnper qﬁtméhéailr@méé MEeTbﬁrﬁ of one or
process such as

met al ro C via a solutio

efné)é? \A@%et(ﬁaﬁ'psd? eRveddn this & 'B%'%th as

sput t eRefgriRy tEFGNRY 81the PECYD 8yStdit e&hsr|ée%rwbh§meér 31 which
carbon nanot ubes have been grown, nechanical polishing

sheysestheppmponepis qféa@ ﬁV%ith d hgmﬁmhesm twedl cany bexwermed or
o)
Ceb A B9 g oc B8RSR TS By s

up the nan
i gaiplett3Sdand outidt37. mmdé‘ﬁs QsisE¥-efidr R tRYROBL 3&BAd are evenly

A RN PSR, ok SR BBPy 8-S wrovor

nmeCIWercﬁSa fhifottle |vab0@f412l8c§{bd|a<wh§?§>§bﬂtﬁt%7t Bfmﬁ #Hep@mping
sensi n attorns.

%égc %E%‘iipe afg{aﬁ'@ﬁﬂilagg@n?\d%&efam@mﬁdl bysr@nield pumping
n@;ttﬁélp%(%sfsqghaﬂlﬁm cal, nechanical,

Power is delivered to the plasma via an electrode 43 which allows the
sample to be thermally attached to a cooling stage. The power delivered can be in
the form of RF 45 or DC 47 supply, which is controlled via a power switch 49. The
cooling stage can be driven by any coolant gas or liquid and therefore the
substrate temperature is controlled by the coolant flow 51. The transfer of heat
from the substrate to the cooling stage can be further optimised by control of a
thermal interface gas such as hydrogen 53. The heating source is in the form of
optical heating which is provided by Infrared Red (IR) lamps 55. The optical

heating can be further optimised using reflectors 57 to direct the IR to the sample.



etc sensors due to their unique properties and high
aspect ratio (which results in increased surface
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substrate 15 such as plastic is used. A plurality of
devices 29 are provided on thetpubstrate 15. The use
of tenperature sensitive materials is not limted to

Su%bmt@eso GuER gsrs%ﬁts@g@eq'n Erﬁg aﬂﬂﬂ\fwgyﬂi&%oéﬁégh
as organic anSISt rs use In the appliica on.
Rabgelength ¢an lhe tuned {7 provide optimoad hésdingi er | ayer 17

b devi iop. The, .
cat al y IS PBlivalgaiio SRR i edialRALaiedRe shavkrBeag & ths
démb‘@dtneéhtulih@gla%n% dfari o géﬁ@l’@[édl&@n@éltlﬁé\ﬁhélshSWerhead assembly
nbodi pent. A cont act Z%er 18 is prow ded fo

cé%ﬁéémeﬁbfsi REthgecharelersd 3 i anodeohhe Rl thistiastance would
é?? useg féﬂﬁe%ﬂgﬁkn%%ﬁtﬂs naﬂﬁtdaggt om cool i ng et hod

ecti vel cts both the device region and the
subst rﬁh@thermal santrol barrdgs o $his ethbodimerdwadd beiblased wn thermal

BobdbaPEF BB B0 BB o snoui o

f ultmgugttab ipeegonaskilledtin mlva'ahehartﬁhd ghmcd@ig ﬂ]scﬁrm‘al covstest using barrier
r

i 88T SbiGIeR 3 the heatng S bR iRy o e particular

' @wﬁbﬁ@lﬁw@rﬂ'w&ﬂ& HRIs RSabl8'to BRLiMRH hdt aBEorpAbAto HREEHNIyst while

with suitable coating |ayers. Pressure transducers nay

areflectieg {emicathatas detarding e kawrsfet elheat imtiessubstiata. at ed
Wi th “f QGB&FJ@HE&Q f&édlg?fﬁ)M& in {‘Shd\&%ﬁﬁg naslt 3ﬂd tégcond

used tO Transm Oofr act "as " mn
bclampingmendiers 66s65,xas shcmrymEEE@erQ Eme dl&t\mlc@fs is prbeided with a

CEhoBuvaL( Rayinfan el ahd s oftb 7T, CBRIRR G, sintroduced

MRy tHRPEdlid twarw thigHhe |ﬁl(et s9eant @dtgﬁ{rob@r‘i rheedsuﬂet 71 to
| ayer 17 al r area deposition of whi ch
epm&q '»&réf%rm, ﬁ@wé%lha%ie baek Hidle coplingcsf the Stlh%ir@@ ﬁ§o rThe chuck 61

P A el M S T e "

deposi Ag drsouéseobab@\ea‘ ¢l trhesfet ofctaadh dromthecsuldistrate to the chuck 61

h h
bERBF S8t s byl adfeiitiiefics S8 RE: T HicToroson
t meotlmentrth@ tHdronal maerfdve gad iemgarbgden 33 Which r@é@jpli@blsmo the
&%I cal heati ngssource in the formof one or

befiveed thesydstratediiyans) e hck i1 SheoweBcn s pupPly conduit 75.
R?gﬁgliéfrﬁﬁl ﬁrﬂer’féé&ﬁé@s 83 id prerdrabiyiduppRdLIY £ CEMFAITEFioR of the

substrate 15 and allowed {o vent into the chamber 31 at the outside edge of the
substrate 15. The thermal interface gas 53 is typically supplied at a pressure
greater than or equal to one and a half (1.5) times the process pressure inside the
chamber 31.

At least one temperature sensor 77 is provided to measure the temperature
of the lower surface of the substrate 15.

It will be appreciated that various changes and modifications may be made
to the apparatus and processes described herein with departing from the scope or

spirit of the present invention.



houses the conponents of the system The chanber 3 1
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inlet 35 and outlet 37. The process gases enter via

the inlet 35 and are evenly di48ri buted through a

shower head 39. Process pressure is then maintained

t loloms:t he use of a throttle valve 4 1 |ocated at the

gas outlet 37, before the punping system Gas

di stribution uniformty can be further inproved by

ni f ol |

g‘é\l L oR @itrHOBGtcﬂ%MmQ;hrgn%taﬂH&%an gfb@@?ﬁ%@atep %Y@\A;]orhﬁnsmg providing

alal tbasnalmnyawmreet on besubktraiesard/foantngdhe dianostauctures or
The power delivered can be in the form

oﬁghﬁﬁ%\lé[ﬁ@m 47 supply, which is controlled via a

povver svmtch 49. The cool i ng stage can be driven by

an tq%as ar UI d and therefore the substrate )
rrper MER saSc‘EJﬁ ne%aw,twf@re@dhammwawrspf theygubstrate is

: e3sth&h 396 @@\ﬁmeftﬁ@m&@rmnéé bﬁhsnérﬁafelﬁels%e'fbmed
stage can further optim sed control t her mal
interface gas such as hydrogen 53 The heatlng sour ce

| r e X

| 3t ar PRy e Bt Bt Golch fNeATR ol
f arieris ppvidadsiach sidistantiady bemimroslsﬂaydm d| rect the IR
to the sanple.lt should be obvious to a person skilled
in the art that the optical source wavel ength can be

t uned POMBIH diecifRidd ANy e dTDiaihiael, er@%\}he’i‘@iﬁtthé‘%ermal
source is integrated into the shower he in th

efBBHPIRaitier Fieppsitechen thensubstigiter at ed u5| ng elther
the shower head assenbly 59 or shield 6 1 or the

chanber 3 1 as the anode. The plasma in this instance
wdul d léematm)d dsoclaintesl iala’rgrunemf aldimisHetorvh wdtanbiashe Teamal
th er cont r ol arrler |n th

4O TRl i TGRSR o OreRie SR BF ol b gt onm: 20nm;
SehlBoam.em ssivity or absor ption. It should be obvious

to a person skilled in the art that the choice of

thermal control using barrier filmwould be subjected

te.t heAh%@fHo@lgasscﬂé'lH& ine Oﬁ?\@’ St chdims! 1 18 4, Qvﬁel?éfﬁ the thermal
particul ar enbodl nment hus be able’to optim se
heantraldsasrign isenlayer cnfrmef@htsehymndmtdr@r diléatie magerial.
(optically) or retarding the transfer of heat to the
substrate. The substrate 15 is fixedly nounted in a

clruck @ rhethodfds daindeatbinsewamé of the preceding claims further comprising

the step of providing a catalyst on the thermal control barrier.

8. A method as claimed in claim 7, wherein the catalyst is a metal, or mixture
of metals.
9. A method as claimed in any one of the preceding claims further comprising

the step of uniformly cooling the substrate.

10. A method as claimed in claim 9, wherein the substrate is cooled while said

nanostructures or nanomaterials are formed.



cl anpi ng menbers 63, 65, as shown in Figure 9. The
chuck 6 1 is provided with a cooling well 67 having an
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i ntroduced into the cooling well 67 through the inlet
69 and exits through the outle197 1 to provide

uni form controll abl e back side cooling of the
substrate 15. The chuck 6 1 is preferably

i nt erchangeabl e with other chucks (not shown)

dil $cus8dBetpg #é claimediin slimét Oroqla'mea@ ftffﬁ“&ﬁwcpﬁ*@ﬂsmg supplying a
S ther optim sed by
p%@%gﬁlgd g&atﬁgﬁllr@wl@m{g?é%{g@é]ag%tﬁé In the present
enbodi nent the thermal interface gas is hydrogen 53

ch regi.on bet n the -
odBet rAvaStiBE ek Tainghdn oB¥ obe %1k BESRARO s gy comrising
cﬂmlstep of heaflitethietheimadl dontrer barfier gredobthel catalystf er abl y
supplied to a central region of the substrate 15 and
allowed to vent into the chanber 3 1 at the outside
eq9e OA rhéod %%ﬂélﬁf’eﬁ i elairi", WhetdRthd tHefhh tﬂﬁ%aﬁ%r and/or
is typically supplied at a préssure greater than
etfieatatalysioare heatediframi gbave. . 5) tines the process
pressure inside the chanber 3 1. At |east one
tenperature sensor 77 is provided to neasure the
t édper Atretbodfastdaimedvie clatmri2aoreciaiin 13)avisarbistthatséepldi heating

e etgl o) E5Bk Selae Moo R Ry SLiE HErRTTSS Btg taser; an infrared

pligessg hofiMamienped herein with departing fromthe
scope or spirit of the present invention.CLAIMS: 1. A

met hod of form ng nanostructures or nanonmaterials

ggggr i ﬁirﬂ&heg%ﬁ)r u‘?l%da}n Eﬁ?roﬁ@lof‘fﬁ’é‘@fe%bdmarcrélﬂs MMertin said

trate an nanost ruct ur
ntheomat eonted| barriar |9\onmaﬂpdefmnueal med in claim1,
wherein the tenperature of the substrate is |ess than
3500C whil e the nanostructures or nanomaterials are

f 96medA mMethdd FetdMithedsn @hfioredfittie pledeting ckimel ahBteln the
wherein the thermal control barrier is prOV|ded in a

sUl%'F‘éh?‘P'HTQ'PaU@ﬁt'SF AdRrealigplatoy . A nethod as cl ai ned
in any one of clains 1, 2 or 3, wherein the thernal

control barrier is deposi ted on the substrate.
17. A method as claimed in any one of the preceding claims further comprising

providing at least one device on the substrate.

18. A method as claimed in claim 17, wherein the thermal control barrier is

provided over said at least one device.

19. A method as claimed in claim 18, wherein said at least one device is at least
substantially covered by said thermal control barrier.

20. A method as claimed in any one of claims 17, 18 or 19, wherein the device

is an electronic component, such as a transistor.



5. A nethod as clained in any one of clains 1 to 4,
wherein the thermal control barrier has a thickness of

w@e@atiz4d han or equal to 3nm 5nm 10nm 20NnPCDGB2006/001726
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30nm 6. A nmethod as clained in any one of clains 1 to
4, wherein the thermal controt2Barrier is a |layer of
metal, sem conductor or dielectric material. 7. A

et hodAaﬁembala@aﬂlamrédamans) réfhlef thé prd@éamgcmmsc{mefsfn the steps
further coniprlsn ng the st@r provi di ng a cat al yst on
t BES fapsatas todarm agnultiayer St”@turﬁ met hod as cl ai med in
claim7, wherein the catalyst is a netal, or mxture
of nmetals. 9. A nethod as clainmed in any one of the
pr2écedAn’gembellassclalmwherangzmprof$h1mgre:cbdmgtcﬂmrrxsf wherein said
unj f ¥ Fl N ubstrate. 10. A nethod as
clsﬂtf’b ,ue $he rein the substrate is cool ed
while said nanostructur es or nanomaterials are
formed. 11. A nethod as clainmed in claim9 or claim10

{ 98¢ he %Wﬁﬂ'@. forgniag, panQstiigtues ebnammmwalf Q%nl%nsmg providing
c Q%ér%!al%h rof l?arﬁ@r%vérrf |e4PBhe E@lce %)?owd’e bifrate and
claimed in any one of the prece I ng alns urt
c farping baig naneskucipresformsaomagenadle t her mal contr oI
barrier and/or the catalyst. 13. A nethod as cl ai ned
in claim12, wherein the thermal control barrier
a@d/ or Atrhethodtaal cyaitn%lnn cmtzaj whieodin alhmt&npelféturé\of the substrate
nmet hod, as %Q%I mag. itn or claim 1:% wher e] Ee
stelESeaneny ffgvhilc herangs i iR g matals At tmerls
catalyst is perforned by a laser; an infrared |ight;
or a hot filament. 15. A method as clained in any one
025t heApn@@@duasch@mdnﬁ claimeseprclaig) ¢4 fuithermepmpsigingdhe step of

I flective. 16. A nmethod as

Hfb oly cﬁoﬂﬁf/ﬂh‘é@ub%trrélt%he precedi ng clains, wherein

the therrral control barrier is a thermal insul ator.

1%91 rrs ﬁg,a X %ﬁ]ﬁr&?ﬁﬁga 'B%% v@]eﬁéaﬁglgé E@%ﬁ{a"? cooged while said

dﬂ&h@ﬁrtﬁiﬁuﬁeb%rﬁ_ﬂhéh@tﬁrﬁls A fofmés@t hod as C! ai ”Pd in
claim1l7, wherein the thermal control barrier is

27. A method as claimed in any one of claims 23 to 26 further comprising the

step of providing a catalyst on the thermal control barrier.

28. A method as claimed in any one of claims 23 to 27 further comprising the

step of heating the thermal control barrier and/or the catalyst.

29. A method as claimed in claim 28, wherein the thermal control barrier and/or
the catalyst are heated from above.

30. A method as claimed in claim 28 or claim 29, wherein the step of heating
the thermal control barrier and/or the catalyst is performed by a laser; an infrared
light; or a hot filament.



provi ded over said at |east one device. 19. A nethod
as clained in claim18, wherein said at | east one

walewsaz04is at | east substantially covered by seCTGB2006/001726
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thermal control barrier. 20. A nethod as clained in

any one of clainms 17, 18 or 1921wherein the device is

an el ectronic conponent, such as a transistor.2 1. A

84 hod Adfetod dsBdaiiedan ang et cldifis 238680, Mefdif tHBthermal
wherein the steps are repéeated to forma nultilayered
scenlkelhasrierds proviged incysubstantiglnsantinuausyaysgte of t he
precedi ng clainms, wherein said substrate is a plasties
material. 23. A nethod of form ng nanostructures or
n&aomaAanethlod asalqimesl in@ngromei afictaima 23hte3talvhewsin tied thermal

e B St eSS R °
nanomaterials. 24. A nethod as clained in claim23,

wherein the tenperature of the substrate is |ess than

338C whi method@sdaimeadrio @ényone of claims @9t 2, whereip ghe thermal
f ) ' j ' : [ ) .
) SOHECh hafiter adBriHithe8S of R AR of LBUNS Snft, SPiE Bom; 20nm;
t be36omstrate. 26. A nethod as clained in claim?25,

wherein the substrate is cooled while said

nanostructures or nanonaterials are forned. 27. A

mgithod Aasettlodi a¥Rslaimzdan ang e ddt cidimis 23 1833t whéfein the thermal
further conprising the step of providing a catal yst on

t Renfreldiarer is grayey of pagtal. semicandugtonof Hisleciic mRigrabd
in any one of clains 23 to 27 further conprising the

step of heating the thermal control barrier and/or the
cdbal ydtmethod as claimeddn any cingi ofethimg 23| taidh, Merainsaid af least

t t ' / Lk .

 85p SASEED% o AL Lol Lo ROREDY RS BhE] ot blirss

or clain129,_mh¢rein the step of heating the thernal

" 3Ber - AdRelaF s AR RERy Ge: T2 et Wheton Abic at least
MBhBQRVRS i§ hiddrdnit @ipsitdit uchl A Afrarslsop. 30,

wherein the thermal control barrier is provided in a

substantially continuous layer. 32. A nmethod as

f?ZL g% ringth%ayof ?&ﬁ\iﬁé nﬁh@étf[ﬁ:tt?rés%? ngn&ﬂai’gf‘ﬁfse&d?nﬁrlfk‘?ng providing
a thermal control barrier on a first surface of the substrate and forming the
nanostructures or nanomaterials, wherein a second surface of the substrate is

cooled while said nanostructures or nanomaterials are formed.

38. A method as claimed in claim 37, wherein said second surface is cooled

uniformly.

39. A method as claimed in claim 37 or claim 38, wherein said second surface

is cooled by introducing a coolant into a cooling well.

40. A method as claimed in any one of claims 37, 38 or 39 further comprising
the step of introducing a gas at the interface between said second surface and a

surface on which the substrate is supported.



control barrier is deposited on to the thermal control
barrier. 33. A nethod as clainmed in any one of clains

wWQ200602@29 wherein the thermal control barri erP¢EHEB2006/001726
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t hi ckness of greater than or equal to 3nm 5nm 10nm
20nm or 30nm 34. A nethod as2Z}tained in any one of
claims 23 to 33, wherein the thernmal control barrier

is a layer of netal, sem conductor or dielectric
material. 35. A nethod as clained in any one of clains
2411 o B4nethpdasiclpimgddn glaim &fs wherrin gaigi gas i Sivdiogesast
substantially covered by said thermal control barrier.
36. A nmethod as clainmed in any one of clains 23 to 35,
WA2r ei A nsethdd as dadmet inaby daeiof elains alainal 3 dbrddniwherein the

¢ B b e R AL S 8 o e R o ggpres o

ph@Nd)rﬁIam:a&. aragomedd.control barrier on a first surface
of the substrate and form ng the nanostructures or
nanomat erials, wherein a second surface of the

sypstr ﬂtrﬁet‘héd "a@@leﬁlﬁl\eﬁ'ﬁh gﬁy %@é %£ Bﬁa@?ﬁtgzqs MQrfFﬁhéV cpmprising the

nanomateri al s are forned. as claine

cstepraf Providing ree¢atalysti ah thedbenalwohtrokbargec ool ed

uniformy. 39. A nmethod as clainmed in claim37 or

claim 38, wherein said second surface is cool ed by

| 84 r odAchehod as@idimet ih ahp ode @b elaimg 3Reb 43 fdlher’comprising the

met hod  as .cl e of cl 7. 38 or 39
( Steprimeatie e Hegnan @bl Bwer pReRsaaEb  gas «
the interface between sai d second surface and a
surface on which the substrate is supported.4 1.

nédhodAd8etbpdiagwipimeddn glaim4d, wheesieithe ﬂ@rmabwtwoé barrier and/or
h clained in any one of clains
}h%lf A8t & 42 A{]é%téf?\/\ﬁ%%b%% y

areln the tenperature of the
substrate is | ess than 3500C whil e the nanostructures
or,.nan rial s, are forped., 43. Ia'me .
86 any RGHEBH 38 AT TedS BT 44 9 SIAIREE SUiRSERS R Gigf e heating
StRAthefmar sinitdl Parriar 6Ad/at i cAtalysiie peferhiad by @Nks&t an infrared
barrier. 44. A nmethod as clained in any one of clains

3lghtoona hetfilement.conpri si ng the step of heating the
thermal control barrier and/or catal yst.

47. A method as claimed in any one of claims 37 to 46, wherein at least one

device is provided on the first side of said substrate.

48. A method as claimed in claim 47, wherein said at least one device is at least

substantially covered by said thermal control barrier.

49. A method as claimed in claim 47 or claim 48, wherein said at least one

device is an electronic component, such as a transistor.

50. A method as claimed in any one of the preceding claims, wherein the
nanostructures are carbon nanotubes or carbon nanowires formed by plasma

enhanced chemical vapour deposition using a carbon containing gas plasma.



45. A nethod as clainmed in claim44, wherein the
thermal control barrier and/or the catal yst are heated

wo eawatizlaave. 46. A net hod as cl ai ned i n cl ai m B&I/6B2006/001726
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claim45, wherein the step of heating the thernal
control barrier and/or the cat@dByst is perforned by a
| aser; an infrared light; or a hot filanment. 47. A

gt hod pAadietHodi aTeéknting ABNostRtREs ®F AABmateria®, 46 method
wherein at | east one device is provided on the first

sicampgsingfpemingdae panestruphlires oppaReMatesialy on Adigstisyrface of the

oLai ’ : . Ny I

SR AL et g RO buaae b O Rtk bl 2 P81

4éntrotuced labdn drtedhce helvden sslicisecotid sanfack ainch A8yrface on which
erein i | eagt one device is an electronic

%gﬁ%%fa?e g%%hm&?e "transistor. 50. A nethod as

claimed in any one of the preceding clains, wherein

thg nanostructureis_ are carbon nanotubes or carbon

narowi AeBeiGAASLIRNSH inGraimenhavhesain srichgasis Rydpaan.

deposition using a carbon containing gas plasma.5 1. A

nmet hod of form ng nanostructures or nanomaterials, the
n@ﬁhod%@ﬁﬂwﬁﬁwgamdihm@aim@ oclaim b2cwberein gaid second surface
n ' f] : te and
c SoPLE Ll SaRihahosll S by Aoraseliog B Rl o s
gas is introduced at an interface between said second
surface an surface .on which the substrate is -
S por uthed EREted aal Gre b HAS preres ing gty further comprising
WS Step cTRbHLrMAg tie LLERIRM adtdss he@itRadie?® HigaitAed
inclaim5 1 or claimb52, wherein said second surface
i SapeYreciurgsiaraasamateiialdst ruct ures or nanomaterial s
are fornmed. 54. A nethod as clained in any one of the
preceding clainms further conprising the step of
c 66t r oAl mathodhd ferindng napostrusturea or oapomatermldisy plasmat enhanced
al jgn.the nanostructures or nanpmaterials. 55 A
meP APl FaPH HaRgSHan sBihe R ods BESBI. MhRrHA R panastiyptures or
PInafomatstRa §RINSt TEMERoN WaRPsiralden Stelripeiatufd 850°T 8gbove.
pl asma, wherein the nanostructures or nanonaterials
are not formed on a substrate at a tenperature 3500C
OEBQbOAestru%re%r%"ﬁéé%B{yrrﬁa@é f@é&%@%%a@iﬂ?ﬂfeﬂnethod claimed in
accordance wth the nethod clained In

any one of the preceding claims.

57.  An assembly or structure for forming nanostructures or nanomaterials
comprising a substrate and a thermal control barrier.

58.  An assembly or structure as claimed in claim 57, wherein the thermal
control barrier has a thickness of greater than or equal to 3nm; 5nm; 10nm; 20nm;

or 30nm.

59.  An assembly or structure as claimed in claim 57 or 58 further comprising at

least one device.



any one of the preceding clains. 57. An assenbly or
structure for form ng nanostructures or nanonaterials

w@owpn2@Eing a substrate and a thermal control PEr/GB6065/001726
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58. An assenbly or structure as clained in claimb57,
wherein the thermal control ba24ier has a thickness of
greater than or equal to 3nm 5nm 10nm 20nnm or

36om AfR-asAemBRSBMYrninY r nﬁds%bﬂfr@s 8bn&hcthaldalsntie a?és@hqbly
57 or 58 further conprising | east one device. 60

a8QERHSINg RoFubslAlg ﬁHﬁé%tthlﬁ:@Q)ﬂ‘é% whergigrolihgtraal %qnirol barrier at
t t ne

e TRl LR th BuBstPR S et oretee?

subst antially covers the substrate and said at | east

0BT nehGReqreb.ad Haler i qitSe o faMiop dufe@ifid aPleast one

etledte tnar eleppicedinponeat) sBgh asty wamistber . 62. An
assenbly as clained in any one of clains 57 to 6 1

further conprising a catalyst for formng

ngpost Fafalpact nﬁ@p{

fggm néH?gﬁ%@? cstﬂfaes o?’eé ﬁ or%a?fg'??a 5 tohepgjp';%gt gorngnsmga
c eatahist fan gornipg asnesteuciues oy nanomatartalone heat sour ce

and a chuck for nounting a substrate; wherein the

chuck is interchangeable. 64. Apparatus for formng

n@Bost Appanatiesioo formimpnaiastivatses bhraagpateaiblss the apparatus

RS Rl A Gh e B R R bt et Bat oe 2B ek f5F mounting

ca@ubSGatéeivhetein HOM RS fritércHAhdaUidY cool i ng the
substrate. 65. Apparatus as clained in claim 64,

wherein the cooling well is adapted to provide uniform
li .
8 P e e R BB RN, B apparats

angmpnsmgfa pﬂasmamhémbeﬁébtwasmﬁnémeahemurcerapdiesd:mg:kFREr mounting
? gdsyﬁgqr ﬁgeren’i) B coang];c \%all?seé)r%(\:/}cie\éefloyur%yd?mly é:&%in%%‘grsubstrate.

65. Apparatus as claimed in claim 64, wherein the cooling well is adapted to
provide uniform cooling of the substrate while nanostructures or nanomaterials are
formed.

66. Apparatus as claimed in any one of claims 63, 64 or 65 further comprising
RF and DC power supplies for selectively supplying power to the chuck.



