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Background of the Invention
: L edy o e
Atomic Force Microscopy (AFM) is a well known form of Scanning
Probe-Microscopy (SPM) . AFM is conventionally employed in
range of surface imaging, nanometer scale analysis and
manibulation applications. Imaging is achieved via AFM by
detecting forces occurring between a sensor in form of a tip
at one end of a cantilever'and a sample to be imaged. The tip
and cantilever in combination will be herein after referred to
és a tip assembly in the interests of convenience. The tip is
a relatively reliable tool for providing highly localized
confinement of interaction. This property has opened up a

range of appllcatlons in the nanotechnology field. For

example, in “The “Mllllpede" - More than one thousand:- tipsbfeé '

future AFM data storage”, P. Vettiger et al, IBM Journal of
Research and Development. Vol.44 No.3, May 2000, there is
described a data storage device based on AFM probe technology

broviding smaller form factor, higher capacity, lower power,
and lower cost than conventional memory devices. The storage
density achievable in such a storage device depends on the
durability and quality of the tip. It would therefore be
Jesirable to provide such tips with optimal durability and
quality via a cost effective process. It would also be

desirable to produce highly integrated arrays of such sensors.
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quality via a cost effective process. It would also be desirable tol1 JyL 2006
produce highly integrated arrays of such sensors. 35 11 JUL 2006

" '03/ 060923 PCT/1B02/04853 - 2 In a conventional AFMinstrunent, the tip
assenbl y,wolb/edeizs responsi ble for the spatial resol uti®BCr/IB02/04863
i nstrument, contributes a significant portion of the total cost of
ownership (TCO of the instrunent.- The cantilever of the tip 5 assenbly is
typically hand-fabricated or batch mcrofabricated cantilever. In situ
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only to make the tip as sharp as possible, but also to make
the aspect ratio of the tip as high as possible. The aspect
15 ratio of the tip is an inverse function of the cone angle of
the tip. However, as the aspect ratio of a tip is increased,
so the tip becomes more fragile and subject to wear. Usually,
the shape of the tip is determined by way of tradeoff betweenv
. the tip robustness and the imaging quality.
20
An example of a conventional tip assembly comprises a
microfabricated cantilever with an integrated silicon tip.
While allowing for some economy of scale in production costs

f{é over handzfabricated cantilevers, this technology is

ek

.25 nonetheless still relatively expensive. In addition, the
silicon tip is subject to wear during normal operation.
Wearing of the tip can lead to inconsistent imaging results.
Wearing of the tip also makes the tip a consumable oﬁ the
instrument, introducing a need for regular tip monitoring and

30 replacement time costs. It would be desirable to reduce such

monitoring and tip replacement reguirements.

WO 99/56176 discloses a method of manufacturing a tipped
cantilever comprising forming a tip-like indent in a
35 substrate, depositing a photoresist layer which fills the



Wearing of the tip also makes the tip a consunable of the instrums}n]tJUL 2006
introducing a need for regular tip nonitoring and 30 repl acenent tine
costs. |t wowsdedogs desirable to reduce such nonitoring apdriBpoispl acenent
requi renents. WD 99/56176 di scl oses a nethod of manufacturing a tipped
cantilever conprising fornming a tip-tike indent in a 35 substrate,
depositing a photoresist layer which fills the 1 1 Jul 2006 WO 03/ 060923

PCT/ 1 BOZ24 0483331 hadat | &8 | QGledits ad COMar § Yarlcedst saiBakhnetrsedd
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15 The fabrication process 1is a batch process in which the

integrated tip and the lever are defined in one

photolithography step.

Applied Physical Letters, vol. 77, no. 21, 20 November 2000,

- 20 R. Stevens et al., “Improved fabrication approach for carbon

nanotube probe devices”, discloses an improved process for -
simple and efficient fabrication of carbon nanotube probe
devices. The process requires two steps. First, a nanotube

cartfidge is created using chemical vapor deposition. Then,'

25 the nanotubes are transferred from the cartridge to a device

uging an electric field.

Carbon nanotube mounted Si and/or silicon nitride tips are
commercially available, for example, from PIEZOMAX
30 Technologies Inc. The nanotube is grown and then mountedlon
such tips manually. The length of the attached nanotube is
. then iteratively tuned via a series of alternating shortening
and re-inspection steps. It will be appreciated that this
serial production process is both time consuming, expensive,

35 and unsuitable for batch fabrication. Additionally, the



commercially available, for exanple, from PIEZOVAX 30 Technol ogies | hd. JUtn2os
nanotube is grown and then nounted on such tips manually. The | ength of

t he attachwo opaén9tube is then iteratively tuned via a sePCEEB0YP4853
alternating shortening and re-inspection steps. It will be appreciated
that this serial production process 4 5 both tinme consuni ng, expensive, 35
and unsuitable for batch fabrication. Additionally, the I 1 JUL 2006 WO
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15 Summary of the Invention

Tn accordance with the present invention ,there is now
provided a method for forming a microstructure, comprising: _
depositing a seed material on a substrate; growing a nanotube
20 from the seed material; depositinglmicrostructure material on .
" the substrate to embed the nanotube in the microstructure

material; and, detaching the substrate to release the

microstructure.

95 The method preferably further comprises shaping the
microstructure material prior to release of the
microstructure. The microstructure material may comprise any

. one of a polymer, a dielectric material, a metal, and
polysilicon. The substrate may be formed from any one of

30 gilicon, glass, quartz, ceramics, and plastic. The seed
material preferably comprises alternating layers of a first
and second precursor materials. The first precursor material
.preferably comprises a fullerene material, and the second
precursor material preferably comprises field sensitive

35 material. The fullerene material may comprise any one of



pol ysilicon. The substrate may be formed fromany one of 30 Silicon!TgUas406
quartz, ceram cs, and plastic.. The seed material preferably conprises :
alternating layers of a first and secopd precursor materials. The first
precursor material .preferably conpri SeS 3@ fullerene material, and the
second precursor material preferably conprises field sensitive 35

material . cIbBof Ush eh s B igd, BRY EREPELSEI 3h NG WS nbltelWn126@9 Carbon
60 and Carbon 82, and the field sensitive_ nmaterial nay _conprise any one of
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conprises N ckel. The growi ng of the nanotube preferably caqnprises:
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subst r at ecofhei ¥a& uBONdiftHeO RS -owli Rgdo £ PERE eid et &N eidRivaal, t he present
I nvention, conprise oxygen pressure gr eater than 10-5 nbar (1 nPa). The
heating pFefRY=HPy: MPHIMS ithes SEPSTERFRgH R NPT B &R FF it REYsubst rat e
to betwegppBPhand #i1l00d degr eebsCeatéi gaee. vakianappindd ibhel, dinmay
conprise a netjc field. The netic field is .preferably applied

ort hogonab LTI adh eyt ienbof] RES REREE o tV i SPer BT ERDOE Bt s of

t he presentessurentdrantehs thwn megneatbar f{ielnbd)s. dreatherattham mwre Bepatbly o 50
Gauss, L 0. 005 Tesla).. . Additiqnal Ly or_alternatively, .th pl.ied field may
conpri%e OGS & elveﬁ(l?fngT%g eelté‘ré1 ‘rglr%t‘frleéelogg it\slf]eprs,é“fb ésrtgfﬁl%% §8p| i ed

or t hogonabétwaen t9 surd dce 1600t Hegrabst Certter idgive .dShac liprd iegr Efetdbl vy
conpri ses pPosi t . ifi.ci al y A rfhace .of the substrate
prior to %%gocg%éﬂolr%%o% t ?nggﬁf%i ?Lé\‘?%‘?' efnré?gnr%%ee&%n ier%T%rle?LsSi ng the

sacri fi cipFefenayly mrml iedl eathopynally tter Wepesinfase of thé microstructure

mat eri al . gyJhe-sacr ifd grdlerauar REeE Sl Y HOMRId $8es@RtanadensYsa| ayer
and a cat hode sub-|ayer. The anode sub-layer may conprise any 25 one of Al,

Zn, O3 Fdie FAEKHC 3hald HE gatHSde tRub-Frageral Conpl iEessa Ao TREYHI. The
cat hode sadpiitRialMBY GOBPLtesaataRY1Pf the dPH1ika fAgldamdyCdomprise
a electric field. The electric field is preferably applied
orthogonally to the surface of the substrate. The detaching
preferably comprises depositing a sacrificial layer on the
20 surface of the substrate prior to deposition of the cantilever
material; and immersing the sacrificial layer in an
electrolyte after deposition of the microstructure material.
The sacrificial layer preferably comprises an ancde sub-layer
and a cathode sub—layer.'The anode sub—layer may comprise any
25 one of Al, Zn, Cr, Fe, and Co, and the cathode sub-layer
comprises a noble metal. The cathode sub-layer may comprise

any of Au, Pd, Pt, Ag, and Cu.

In a preferred embodiment of the present invention, the

30 depositing of the seed material comprises: depositing a
photo-resist layer on the substrate; forming an aperture in
the resist layer; masking the substrate with a resist layer to
locate the seed material at a site on the substrate defined by
the aperture; and, removing the resist layer to remove surplus

35 seed material. The forming of the aperture preferably



In-a preferred enbodi nent of the present invention, the 30 deposi ti1n1gJUIf 2006
the seed material conprises: depositing a photo-resist |ayer on the
"substrate; formng an aperture in the resist layer; nmasking the substrate
wWith a resyghsdeay8r to |ocate the seed material at a siperepozossssubstrate
defined by the aperture; and, renoving the resist layer to renove surplus
35 seed material. The form ng of the6aperture preferably 11 JUL 2006 WO
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image; and, removing the resist layer to remove surplus seed

material.

15
Viewing the present invention from another aspect, there is
provided a microstructure comprising a body portion and a
nanotube embedded in the body portion.

20 '

The body portion may comprise a cantilever beam with the
nanotube embedded in and extending laterally from one end of
_ the beam. Equally or additionally, the body portion may
(—" comprise a laterally extending tip with the nanotube embedded
.25  in and exfending from the apex of the tip. The body portion
may comprise any one of a poiymer, a dielectric material, a

metal, and polysilicon.

Tt will be appreciated that the present invention extends to a
30 micromechanical sensor comprising a microstructure as

hereinbefore described. The present invention also extends to

a data storage device comprising an array of such sensors for

reading or writing data onto a storage surface.

35 The present invention advantageously provides a much stronger



It will be appreciated that the present invention extends to a 30 11 JUL 2006
m cr omechani cal sensor conprising a mcrostructure as herei nbefore
descri bed. The present invention also extends to a data storage device

conpri si ngoa3agebfy of such sensors for reading or witpogmshbmsonto a
storage surface. 35 The present invention advantageously provides a much
stronger 1 1 JUL 2006 WD 03/060923-PCT+1B02/ 04853 - 7 tip assenbly than
the conventional tip assenblies herein before described because the

nanotube is e dded in _the ti pat er Anot her. .advantage is that the
nanot Ub&® FHRA é%aﬁajt&ﬁe FH'B?S%?’@H# agﬁl %@’%’lee%l%lﬁr gﬁ because it
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prOtrqg§§EJQPQh%g§FQB%§aBQ EHBHa?frBﬂﬁéﬁﬂébs_QHE(EﬁﬂdeﬁﬁeEog%ﬁghnay

conprise an astic materi al 20 metal, and polysilicon. The
prisertorian dist itdre &Il%aéﬁt?@héis' tﬁtalhaflar"sfﬁﬁn&@”@rdé\/ln@émté Rpr #§i Ag an

array ﬁcﬁﬁr{bﬁ%rcmés 3 3'.1@9 &39661&@35 rpRed fip1d eadicEd ol £¥Ei tipg data -

onto a storage surface. her advantages of the present invention may be

appar éitnato onsHdza tdep P@dOFHGFhI@O%??%%%recFW &5 &ENSE ©5f 2t he fol | owi ng

biochemical nature, allowing the production of scanning probe
chemical and biological sensors.

15
Preferably, the sensor comprises a bundle of nanotubes
extending from the apex portion of the tip. The bundle
preferably protrudes from the apex portion of the tip. The
cantilever beam may comprise any one of photoplastic material,

20 metal, and polysilicon.

The present invention also extends to a data storage device
comprising an array of sensors as hereinbefore described for
reading or writing data onto a storage surface.

25
Other advantages of the present invention may be apparent to
those skilled in the art based on a perusal of the following

description of preferred embodiments.

30 Brief Degcriptiom of the Drawings

Preferred embodiments of the present invention will now be
described, by way of example only, with reference to the
accompanying drawings, in which:

35



description of preferred enbodi ments. 30 Brief Description of the E{gmm
Preferred enbodi nents of the present invention will now be described,
“way of exanple only, with reference to the acconpanying draw ngs, in

whi ch: 35 wlp 33/66b8232006 WO 03/ 060923 - 8 PCT/1B02/ 04853 Ppcgun@n4dsdh to 1J
depict steps of a nmethod of fabricating a mcrostructure according to the
present invention; Figures 2A to 2% depict steps of another nethod of
fabricating 5 a mcrostructure according to the present invention; and,

Figure_3 is a p]l ock djagram.of a | ocal_p t ey incl udi ng an
array Efg’ﬁ%%.ﬁbett%i}d% & i ﬁtepgnggfalﬂﬁ%%?éeﬁf g%?%%lee/réet%?lg fo An exanpl e
of a neibesstict s iasddriyny mioctbst pueseme ilmegwriimg to the present

i nvention will now be described with reference to Figure 1. The Figure 1
method will be described wth reference to fabrication of a mcrostructure

in theriguped2nfta I cianechatiepal of aahdteeerneifipdssensby iivariing an

carpon_ nanotube crystal e dded i ' _ : ldabl e
mater i 8l ML ERRVEIC ETES vﬁﬁﬁor}%gmgpgroegth %J(’jg%%lg% f Eegr{neﬁrg;drg?ls " equal |y
appl i cebyers o3 fiadra datddn dfagaelenhctoset ustelpess tdradan JavaF6t ubes

enbedded therein, t rr.ing first to Figure 1A a layer 2.of a
photor(lagfg‘flgl%t%r?iaaﬁ?zoﬁlge%%it{ﬁpgl'l y deposited on a substrate 1. In a

preferred enbodi nent of the present invention, the substrate 1 is

for ”Edngéag é&%%c%cﬁ{ of BrRAlFRet-8MBadbaBRlSeH! the 25 present

I nvent ; may be 1orned ol a ITferent material, such as

gl Hss, quartz, ceramcs, plastic,

- An example of a method for fabricating a microstructure

| according to the present invention will now be described with
reference to Figure 1. The Figure 1 method will be described
with reference to fabrication of a microstructure in' the form

15 of a micromechanical cantilever tip assembly having an carbon
nanotube crystal embedded in a tip formed from a moldable
material. However, it will be appreciated that the method is
equally applicable to fabrication of other microstructures
having nanotubes embedded therein.

20 |
Referring first to Figure 1A, a layer 2 of a photoresist
material is initially deposited on a substrate 1. In a
preferred embodiment of the present invention, the substrate 1
is formed. of Silicon. However, in other embodiments of the

25 present invention, the substrate 1 may be formed of a
différent material, such as glass, quartz, ceramics, plastic,
and the like. Other suitable materials will be apparent to
those skilled in the art. The photo resist layer 2 is
deposited, in a particuiarly preferred embodiment of the

30 present invention, by spin coating. However, in other
embodiments of the present invention, the resist layer 2 may
be deposited by a different techniqgue, such as physical vapor
deposition or chemical vapor deposition. An aperture 3 of
about 300 nm in diameter is opened in the resistllayer 2 to

35 expose the underlying Silicon of the substrate 1. In a



and the like. Oher suitable naterials will be apparent to those skilj|Jed0is
inthe art. The photo resist layer 2 is deposited, in a particularly
preferred enbodi nent of the 30 present invention, by spin coating. However,

in other ywadpaRboents of the present invention, the resistThB)pREassd my be
deposited by a different techni que, such as physical vapor deposition or
chenmi cal vapor deposition. An apertuPe-3 of about 300 nmin dianeter is
opened in the resist layer 2 to 35 expose the underlying Silicon of the

substrate_1. In a.11 JUL 20 2 2/ 04 - rneferred
enbodi HﬁﬁfeBFeSh%mbpor &9 vetxgl g’%/egtggg gﬁg%[é%@% %%%pegne(fegy

phot ol i khegeaphyby Hiwenedri thicgraiphly . bdowppeeci at edi 1l hee anny astitpdred

enbodi pents of the present. | nt dj t. L &S LUES Ry he enpl oyed
f or opgﬁF%g fﬂeog%%$f% égéﬁmgxge g???ﬁgb%%ﬁéﬁg E'Qure 1B, a conical cavity
4 is thesnhogues mdwn suksirlayed] foeneaehintiethesaertwger3 2. The cavity 4

i substantially the image of the tip of the sensor to be produced. In a

is

par?icularly preferred enbodi nent of the 10 present invention, the cavity 4
i s for redebyingdeow et Higprehd B, sebsonarallcaehbat b thethssikarnegyer 2.

| SOt T OPLCRhet ANLS Of BRI AHIARLARENG YBY. De SHDI OxpeLy @ prdvi de such
under chﬁlng. ferent techniques for forming the cavity 4 may be

enpl oyedbehant hellvedudiimagss off thife tpPe8ENERE NYBRTPONEC B Referring to

Fi gure,1Gq,aeRaN0! Ubg, 545411348 Brietcthen oMBpashéed on dile resist |ayer
2. In 8§ particularly preferred " enbodinment of the ﬁégsent i,nvention, the
ofr.

setd | RyeseBti snPentHiIbsithed WY iteAmdF E05HDT Py HovesRERY R her

enbodi QBALS rtet NerdHOIaNtt Hveliisen 1albe seelsbeyepisd smy be deposited by~
a different technique, such_as physical vapor de$ositiqﬂaqﬁlgpenical vaport
deposi BPéROLISPIH RGN &G i MENETBECYRG pY RER IHvEtTon in which

under etching. Different techniques for forming the cavity 4

may be employed in other embodiments of the present invention.

15

Referring to Figure 1C, a nanotube seed layer 5 is then
deposited on the resist layer 2. In a particularly preferred
embodiment of the present invention, the seed layer 5 is

20 deposited by thermal evaporation. However, in other

embodiments of the present invention, the seed layer 5 may be
deposited by a different technique, such as physical vapor

deposition or chemical vapor deposition.

25 In a preferred embodiment of the present invention in which
the subétrate 1 is formed from.Silicon, a protective layer is
disposed at least at the apex of the cavity 4. The protective
layer prevents diffusion of materials constituting the seed
layer 5 into the substrate 1. In a particularly preferred

30 embodiment of the present invention, the protective layer is
formed from Silicon Dioxide. In another preferred embodiment

of the present invention, the protective layer is formed from

Molybdenum.

35



tﬁe subétrate 1is formed fromSilicon, a protective |layer is dif@g@iﬂgﬁt
| east at the apex of the cavity 4. The protective |ayer prevents'di on
of materials constituting the seed _Jq¥pg 5 into the substrate 1. In a
particularly preferred 30 enbodi nent of thé present invention, the
protective layer is formed fromSilicon Dioxide. In another preferred
embodi methe $ded MBS HonipRiedEi anfitse predwciory makaysalis formed from
Mol ybdenum 35 11 JUL 2006 - 10. The seed | r co i ses Lrst

precur sofoMREEFRg £ G W@Q?ﬁPig?eﬁ%g%ﬂﬁﬁgufgg'sggh’C%B,gagé: C82, or
Cl16, aafld a Seseh phectinsor fmterial canprisimgaacaatayygst. Thn
particularly, preferred enbodi.nents.of the ent _invention .the first
precurso?a¥g&£§%%ﬂ (Rﬁﬁﬁéﬁﬁ?g Pg?@ﬁggﬁﬂgéc %agﬁﬁsengnﬁnY%%éég?alyst
conpri seshéa fiagnetpedmtisarr aktsuthlasconer Dyes Morld emehal sodeteteet6drom t he
group Ni Fe . In preferred_e ients of .the sent _jpvention,
the fi rs?ngigl%ndftgﬁgfntd &‘“@Eﬁ?g%ran‘a rrg‘la% % Hgﬁtgréégogﬁégdg?nog t(glgnati ng

| ayers. wref el dedtawden firos thd geoup dNjer $oof FeacMopr ecursor nateri al
are interlaced in this manner. In a particularly preferred enbodi nent of

the present invention, each layer of precursor material has a thickness of
bet ween Bn I efimr 30 rembodiiengsdeposihe | bressnt Haveasdonaykhe 5 pyst

evapgy at &&i"ﬁé&ﬁd gﬁ::&turls%%?ﬁ\agef@ags aézre?lééﬁdél‘ﬂe@aﬂﬂ aftégediNgya portion

of the seed | ayer n the formof a p et 6 to the apex of the cavity 4.
Condi t i obevens. Rxsfierdiled Rahveebelrovi Sifth layeseett narehi al

| ocal i g 0, 20,206 H¥:83AN 68 0f nBe Al &8N Stal sdahagbrarenthus optim zed in
the apex of the cavity 4. The evagoratl on of the precursor materials my be

per f or mERPHE L CWraEd YU MR SFrTAPGuRPADIBE R 9t ((PS3BX RS RRPEY Ve ottt ol of such
evapor atém clalydie o35 packive¥ed MaBedia Blient raomedbankesal oS twseit h an in

sit u15 baalm%%eo fn%. uq_jitn%r idg O.E_‘»E.] igr?pgéi tgkileonsere%t %.a?r]:ert er)pl’ ecursor
evaporation, the resist layer 2 acts as a shadow mask
directing a portion of the seed layer 5 in the form of a
pellet 6 to the apex of the cavity 4. Conditions for
controlled nanotube growth such as seed material localization
20 and presence of a micron scale defect are thus optimized in

the apex of the cavity 4.

The evaporation of the precursor materials may be performed at
pressure of around 10°° Torr (1.33x10 *mPa). Control of such evaporation can be

25 achieved via an electromechanical shutter with an in situ
balance for monitoring the deposition rate of the precursor
materials. The evaporation can be thus regulated such that the
thickness of the layers decreases with their distance from the
gubstrate 1. This decreasing thickness increases the yield.

30 Also, the reduction in thickness may also lead to less of the
catalyst being transported towards the tip of the growing
nanotube crystal. The evaporation of some desirable catalysts,
such as Nickel for example, is technically difficult. This

difficulty makes it desirable to utilize only the minimum

35 necessary amount for the manufacturing process. Hence the



materi als. The evaporation can be thus regulated such that the mi_ﬁpgslﬁ%
of the layers decreases with their distance fromthe substrate 1
decreasing thickness increases the yield. 30 Also, the reduction in

t hi ckness may also lead to | ess of Thél tatalyst being transported towards -
the tip of the growi ng nanotube crystal. The evaporation of sone desirable

cat al yst RUGE égtia\&%@' %E’érf‘éla@alr?bé vdRehal 63 tedihiigadt. This

di ffi cul® y rrakes I esirable to utilize only the m ni mum 35 Ecessary

amount flayerse RBanahaet tre ngrovdeess. t%rﬁﬁsttﬁ‘é Peo3tE 2B0Ee PRSHount of

cat al yst, gt er iah 1 6anes be; L edusedebyal ftefatﬂypraﬂer frbAyens. 18peatise the growth
of the crystal begins at the base of the pellet 6, |ess ter al Eransport

from t herdremyer §romehbe esbafra b kutrduss &ithotog, %aMF’Eﬂ

reduged lﬁh}gglleggness Referring to Figure 1D, the resist Iayer 2 is then
noved ereby lifting-off the bulk of the seed layer 5. However, the

peIIet 6 remains in the apex of the cavity 4. In a 10 particularly

preferfey%f%@q%neetp,%uf@emre@%tréﬁwma@@r ot e ERehSteayel 2 is
removed by wet or dry etchi ngaeD fferent tecg%ngues f%)r I%erré)‘yel ng the
resi st |tdigseby n’ényén%ﬁﬁ%y i ot He ChE566 e AY §F of  t R present

i nventi ome Ja1peef er tedaigebodi tientaped dfheher esentyi Avehtion, the pellet 6

has a 15 di aneter of ..300 nm e o] di nents of
t he 18r esi?e?ﬁtﬁcl’f\}é‘ﬁwoﬁre?%’ér %‘ge%f“%eq]lmein% I_t’%h\geé%sgﬁari%?én%@gml ler -

di amet erchdNtes isef eagace2 t bs A gured BY, veEtnamrotiWeeéﬁ?%Jtl@I iffenemdn 20
grown fromt h g el %et 888 ng% @rPee)&eqiclé@q_a?% tzymgy pheefp il in My
A HEre T3 REhot S

conpri 56 nor e erably, a single nanotube.
G owt h ojtnéieembyduaénﬁsusf loe i zgsant mm@éﬂ@ﬂr edleRbREE eIt s of the

present |oventi.g o?ytﬂga%f@sgeﬁ@eirﬁ}g?ﬁ:tf&ltetiae' BeY@éHUGnIQ&ﬂdsltl ons and in

the 25 presence o a magnetic or_electric field. or n;g)kl) cia,tlon of
magrét | A icmb tebeof  Fboe | pEAER, 0F B Kb efoUEREN L s 8Ffe iments

of the present invention, the seed pellet 6 may have a larger

or smaller diameter.

With reference to Figure 1E, a nanotube crystal 7 is then

20 grown from the pellet 6 at the apex of the cavity 4. The
crystal 7 may comprises a bundle of nanotubes or, more
preferably, a single nanotube. Growth of the crystal 7 is
activated, in preferred embodiments of the present invention,
by heating the substrate 1 in vacuum conditions ahd in the

25 presence of a magnetic or electric field or in combination of
magnetic and electric fields. In some embodiments of the
present invention, the substrate 1 may be heated in

substantially an inert gas atmosphere.

30 1In preferred embodiments of the present invention, the
substrate 1 is heated to between 900 and 950 degrees
centigrade. The vacuum conditionsg, in a preferred embodiment
of the present invention are provided by a oxygen pressure
greater than 10 ° mbar (10 'mPa). In a preferred embodiment of the

35 present invention, the heating is performed in the presence of



present invention, the substrate 1 may be heated in substantialll1dt]i2008rt
gas atnosphere. 30 In preferred enbodi nents of the present invention, the
substrate 1 is heated to between 900 ang,950 degrees centigrade. The
vacuum conditions, in a preferred enbodifrent of the present invention are
provi ded by a oxygen pressure greater than 10-6 nbar (10-1nPa). In a
preferredephgdétmntsieidt he 3h pregsent of AErkLeS, (6 eoharkiay ¢ Hehter med
in the presgn;‘%e of 1% J'#l!l_ 20]?6 - 1% a madn tiﬁ f'el,g%in thetrle? on of 50
Gauss (0. GF5PPESPE) B? HigHRt R orthdgthal ™ rE PRe %ran C ot ¥hésubstrate I.
The cryst glroks gnowvke i ditdxet b ecf i dre afppiliedappbnedioafineltd.c dhvel d, t hus
extending in a.direction.normal ta the .plan f sups t L.n

anot her eﬁ%ﬁ&?ﬁ%ﬁg of ?kﬁffﬁ%ﬁiﬁﬁ THVen f%n?hgrg&gﬁeogptﬁégs%%%%%éte7 is
perforpgedii.n the presence of an electric field extending perpendicular to

the plane of substrate 1 to pronote 10' growth of the crystal 7 in a
direction perpendicular to the plane of the substrate 1. In a particularly

preferred reniodi-ARAt epbod et €SN he IJNERRLEONNVEROVEH, Qfrdteh GEyshal 7 is
stinmulated by heating 15 the substrate to 950 degrees centigrade_in a

vacuum of C¥s&ator rig PFamehPd) Hifd AneseReepPEs@ncel ¥t E DdriFddi cul ar
nmagnetic %g@égd&ﬁ@l?@rﬁgd%mr bﬁi%@p@éﬁﬁ”dfh @ﬁ]_@@tfétf@_utlﬁa:oarl%d-oﬁbﬁlénd 30
m nuteg. 2 er , adequat rowt h..can,be obt ai ned. wt ting tinme
" hdri AREY Chanbette GGt eat iy 10HS SRELOR DR PRI Bebrhve the
resul t. | planet bertis eh@sgtechtesrodi ment of the present invention, a vacuum
of 10-9 Torr (1.33x10-4nPa) is used. 25 The dinensions of the pellet 6

determ ne the total anount of the precursor materials that are involved in
t he growt inof phetiaarotlbexafistrald 2mbrHenpet | ef ©Bhe egamdvi des a

reservoir ig,t,e P 664 0T @l Jré&@a%bcbst_g@iméﬁ)%f@é%tt@hgmt erial
i's supplied. The predeterm nation of the material supply I'n
15 the substrate to 950 degrees centigrade in a vacuum of 107

Torr (1.33x10 'mPa) and in the presence of a perpendicular magnetic field for

a period of between around three minutes and around 30

minutes.

20 Generally, adequate growth can be obtained with a heating time
in the minute range. Longer heating does not significantly

improve the result..In another preferred embodiment of the

present invention, a vacuum of 107° Torr (1.33x10*mPa) is used.

25 The dimensions of the pellet 6 determine the total amount of
the precursor materials that are involved in the growth of the
nanotube crystal 7. The pellet 6 thus provides a reservoir of
precursor materials from which the nanotube crystal material
is supplied. The predetermination of the material supply in

30 the pellet 6 has the effect that the different precursor
materials used in the growth of the nanotube crystal 7 are
predetermined in terms of amount and position. The movement of
the molecules of the precursor materials is hence confined
within the pellet 6, thereby leading to more defined growth

35 and location. The relative concentrations of the precursor



30 the pellet 6 has the effect that the different precursor mateﬂqu? 2omed
in the growh of the nanotube crystal 7 are predetermned in terns o
anount and position. The novenent of the nol ecules of the precursor

mat eri al s\,@@o%ﬁ{)}fgg confined wthin the pellet 6, therebychgasigagst o nore
defined grow and |l ocation. The relative concentrations of the

precursor 11 JUL 2006 WO 03/ 060923 B@T/d B02/ 04853 - 13. materials can

af fect growt h of nanotube crystal 7. Again however, the confinenment of the
precursor materials in the pellet 6 leads to a nore defined ratio between

the tweAterieky soan AdftfacitapgowEhTRE BePehYgee FRESHPhIT ed93%81 d, the | arger

the peldgt & thale &AIEiRRMBHOWBEI BhE bPecGr¥st ahatebRCRyISE) the force t hat
directs t‘ﬁe second precursor material is stron‘g%éIi The shape of the

t :
pel | etP®LIrled netadie YTodndosF §Gﬁg}’-@@ ERREP RAY ar® 19" Dossi bl e.

Homvgrglreggsggr}{@gerryiarlgasons a Ci _rcul ar shape is pref errepl. Th_e bundl e
may range fromone to several mllion nanotubes. A nucleation site may be

pl aced on the substrate 1 to enable 15 controlled positioning of the

nanot ubhe crystal 7. .The nucl eatl Si C t f | e by
evapor@?? n‘tjélr?rf‘ﬁeorugwet ﬁgprﬂgglssﬁgggérkgeg?%{rﬁ %rri%f@srﬁ%hléggs 6?&?%& en.

' Becausean Hee reasivet drencerth2 haysaadhddoeiagsef teetfoxer twatporiaesicsfor the
nucl eagj on. fRies i alocsidualgd SULET €L eBLLYn20- PRI Sigm idie waporators
for the precursor material s can - autonmatlca y generate the nucleation site
near tpelbet|®inged rat be devhfabresgvareca®eneheskarfporativors for the

pr ﬁcurﬁ%si@é erp'% S hoseyhhgelhereasoRessi ®l Lol taAviihd aker al

m sal i'gnnent” of e alternate precursor layers in the pellet , 25 6. As

i ndi caref erred erThewedienBakakprBdr SKOPt 8PP NP R R MWilt¥2an in situ
quartz, gryst@ls mcro-balance to nonitor

A nucleation site may be placed on the substrate 1 to enable
L5 controlled:positioning of the nanotube crystal 7. The
nucleation site may be created for example by evaporating
through the résist layer 2 a material such as tungsten.
Because the resist layer 2 has a shadowing effect, an
evaporator for the nucleation material, situated sufficiently
20 apart from the evaporators for the precursor materials can
‘automatically generate the nucleation site near the pellet 6.
It is desirable to locate the evaporétors for the precursor
materials as close together as possible to avoid lateral

misalignment of the alternate precursor layers in the pellet

15 6.

~As indicated earlier, electromechanical shuttering combined

with an in situ quartz crystal micro-balance to monitor
deposition rates, may be used to ensure that both fullerene

30 and catalyst materials are evaporated sequentially to produce

the desired structure of the pellet 6. This techniqgue produces
the pellet 6 at a site determined by the relative position of
the aperture 3 and the substrate 1. The choice of substrate 1
can be influenced by the choice of fullerene and catalyst

35 materials.



deposition rates, may be used to ensure that both fullerene 30 and1qamlm?5t
materials are evaporated sequentially to produce the desired structure o
the pellet 6. This technique produces 14he pellet 6 at a site determ ned by
the relative position of the aperture 3 and the substrate 1. The choi ce of
substrate 1 can be influenced by the choice of fullerene and catal yst 35
materials. 11 JUL 2006 - 14 Accept abl e results can be achieved with the
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al ternaticng, rhon HQ and; Nogkehsop the substrate 1, the
ar r angenent |£s eat e?to 95?00 |%n a vacuum of 10-6 mbar (10-3nmPa) for a 10

time Which is chosen to lie between a few m nutes and an hour. G owth of
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substrate 1 by 1mmersing the substrate in a _nmagnetic field oriented
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e: eCI({3 i Ctim@hﬂlmn ike C@l@fségl gb Dle fhetweerd he ﬁlve(irtﬂrﬁwnahﬁcanf hehg. can

al so be an optical near fi suc S s tomc
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of novensutfafe tde thecantbsprecdr $opy natmsrsilng s:heg@\u@smrdtbymhe applied

field. ttﬁgceé e di8ld.30d,th8 §ngmdl&ﬁaq{ft%urt%%r s%%@t%gt %epﬁs‘é@te in

that the second precur sof mater 'S noveabl e by the
pr opertydmaxndaelﬁaﬁattretah@eeecohdfm@mfsmngmt@rﬁ alroundmagheTeelar bears an

el ecfq i C, ONALAE: Hesd rGRARI PALLPAS T NANLApp 108D QTR 2Rt BEECEric,

' electromagnetic or magnetic field directs the self-assembly
and organization of the single-walled carbon nanotubes. The
electric field can be an AC or DC field. The electromagnetic
field can also be an optical near field such as that of a

20 laser. Also, atomic forces or Van der Waals forces may be

applied during growth.

The direction of movement of the second precursor material is
governed by the applied field. Hence the field and the second
25 precursor material cooperate in that the second precursor
material is moveable by the field. Such a property can be that
the second precursor material is magnetic or bears an
electric charge or a combination thereof, or has some other

property that is influenced by the applied field to exert a

30 moving force.

The nanotube bundle 7 produced in preferred embodiments of the
present invention typically has a diameter between 40nm and
900nm with length up to 2 microns. The nanotubes therein are

35 straight are single-wall carbon nanotubes forming straight
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this technique are provided in our co-pending patent

application reference CH9-2001-0071.

Turning now to Figure 1F, a sacrificial layer 8 is now
deposited on the substrate 1. The sacrificial layer 8 may be
deposited by any of a range of techniques, including physical

vapor deposition or chemical vapor deposition.

The sacrificial layer 8 comprises two electrically conductive
electrode materials having different oxido-reduction
potentials. The deposition of the two materials constituting
the sacrificial layer 8 is performed in such a way that an
electrical contact is present between them. The materials
cooperate to form a galvanic cell, with each material forming

a different electrode of the cell. The electrode with the

- higher oxido-reduction potential forms the cathode and the

30

35

electrode having the lower oxido-reduction potential forms the
anode. The cell is of sufficiently high electrochemical
potential that one of the materials is electro-etched away
when the sacrificial layer 8 is immersed in a suitable
electrolyte. In a preferred embodiment of the present
invention, the cathode is deposited first, and the anode is

subsequently deposited on top of the anode so that the cathode

o



a different electrode of the cell. The electrode with the higher 11 JUL 2008
oxi do-reduction potential forns the cathode and the electrode having the

"I oner oxido-reduction potential fornms the 30 anode. The cell is of

suf fici entwWyoedmnegdrsel ectrochem cal potential that one of pchrgBoemuessi als is

el ectro-etched away when the sacrificial layer 8 is imrersed in a suitable
electrolyte. In a preferred enmbodimelt ©f the present invention, the
cathode is deposited first, and the anode is 35 subsequently deposited on

top of .Lhe ggggfe%eé Naterd hc%ec%telill%%g \J,cvi%t %QtLRZQQQCéJ)@. 0Bh 060843 rodes
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olyte

el ectr may be introduced in the formof_either a I%Jg%i?d or a vapour

envi r oteniike #efd nvhe FRAhicOPESeRi ehmghalefBLerFedl EhSE&"%hi gh

enough -bRpet shngraenhance:t here eicehicrgthe Lhreanedea dspedparticul arly
preferred enbodi nent of the present invention, the electrolyte used is an
acl®i cSePdceBAYEF YR known to etch the anode material. The anode and cat hode
ean be very thin (in the range of about 10 nm yet neverthel ess produce a

Y BT PLLE0Le 0 250 ROSL o £0k09e: 88 FYELRELatliaY el (hs
- anode and the cathode should be as large as possible to
achieve the maximum electro-etching efficiency. The
15 electrolyte may be introduced in the form of either a liquid
or a vapour environment to form a galvanic cell with an
electrical potential high enough to etch or enhance the
etching of the anode. In a particularly preferred embodiment
of the present invention, the electrolyte usea is an acidic
20 solution known to etch the anode material. The anode and
cathode can be very thin (in the range of about 10 nm) yet

nevertheless produce a highly controllable and fast under

etching.

25 Furthér details of this sacrificial layer release technique
are provided in our co-pending patent application reference
CH9-2000~0081. An advantage of employing the sacrificial layer
release technique hereinbefore described for release of

. microstructures from moulds is that the technique is well

30 suited to releasing microstructures from pre-structured

substrates.

With reference to Figure 1G, a layer of cantilever material 9
is then deposited onto the sacrificial layer 8. The cantilever

35 material 9 may be deposited by any of a range of techniques,



are provided in our co-pending patent application reference CHI-20d0l 0182006
An advant age of enploying the sacrificial |ayer release technique

her ei nbef ore described for release of mcrostructures fromnoulds is that

t he technivaoesesso2sel | 30 suited to rel easi ng m crostruct peaaBh/ea8’s3
pre-structured substrates. Wth reference to Figure 1G a |ayer of
cantilever material 9 is then deposifed onto the sacrificial |layer 8. The
cantilever 35 material 9 nay be deposited by any of a range of techniques,

WO 03/ 060923. PCT/ 02/ L.udi i deposition or
chem cépciﬁgb?g BephosT o‘gasp%ef rC%Srr}Ctl%gl I@?gggéﬁ%@it %R%antr | ever materi al
is théapsbdlpédn TRefenging gmgelm LHa Bbdycporileved naterhel Tantilever
is the Posit 0, yer Y1 HOLE is then
shapedghﬁ"ﬁe }éﬁgggngrpg%gﬁ}sgcﬁ{e% eI% orlg eggrigbg%é\cr\nﬂtﬁg jFd’eféefr eﬁr??:lee to Figures
1H andcahtihgves is rrprhemmmjsnbsedamn ¢fhea crahgéever t Bavelr quiesThe ncl udi ng

li t{ogggg ygo%@iogt f%u 0%n f%gapﬁécﬁs %eets‘h'%bn ;Qelggl }Eéféfﬁ]&@f’of@b()d' ment s

he pres ' Aventi on, dy ~portion 1 e cantilever layer 9
ar e fofeedribed vheh seeker e |ﬂ<E\Fer9W¥@tSeﬂﬁaﬁndThﬁtm@éri?¢l ever material may

COMDT 1 $690fendLaTByCall I AN JRLelchdl SuosiCinandolyrer s, diel ectri ¢

materi a net a ysilicon. In particularly preferred 15 enbodi nent s
of thelptbsen@phiﬂve‘ﬁﬂ o?rtchllf@rca’mq rdpemangtePLaY- conprises a

phot o-structurabl e pol ymer such as SU-8. Referring to now Figure 1J, the
coga)l eted cantilever 11 js then released fromthe substrate 1 by inmersing

subst Pag&evped 1embpo eI et 1370 Y% PERFEPENARRER HHP el ©2% rR¥f ching t he

sacri fbék&hohaymaﬁdaﬁh@%@hﬁl&ﬁf&r & a§escoi bed fa'hhéd [ £t @AStthe PEAGELSS o
exposes 7 _and | eav the cantilever |ayer 9

fnd of the nazq Li'tetr gl sant
and boﬂ?nie BRET FBREeT 2 Thet i cqi‘yﬁ‘z:sl eVSF PRESERR |I?"i‘36|%? REyEr g€
det er nbpefot8eot ea]gfdm@é\daﬁ s 25 ateG hanicbabs ppolgnéres dieldmtmanot ube

crystal . The, ! algtals, oA Aah sl dobyoole LR PP SR S & T

15 embodiments of the present invention, the cantilever material

comprises a photo-structurable polymer such as SU-8.

Referring to now Figure 1J, the completed cantilever 11 is
then released from the substrate 1 by immersing the substrate

20 .1 in an electrolyte ehvironment and eleetro—etching the
sacrificial layer 8 as herein before described. This release
process exposes an end of the nanotube crystal 7 and leaves
the cantilever layer 9 and body 10 unaffected. The thickness
of the sacrificial layer 8 determines the length and thus

25 mechanical properties of the nanotube crystal 7. The lateral
mechanical rigidity of the nanotube crystal 7 depends on its

length and the aspect ratio.

In a preferred embodiment of the present invention

30 hereinbefore described, a sacrificial layer 8 was employed in
the release of the cantilever 11. However, in other
embodiments of the present invention, other release techniques
may be employed. For example, release may also be achieved
simply having a adhesion lost while drawing the cantilever 11

35 out of the substrate 11. The length of the nanotube crystal 7



| ength and the aspect ratio. In a preferred enbodi nent of the presegti L. 2006
i nvention 30 hereinbefore described, a sacrificial |ayer 8 was enpl eJH zrq
"the release of the cantilever 11. However., in other enbodinents of the
present i GxEdlodseas Ot her rel ease techni ques may be enpl pgedBo2kes3 exanpl e,
rel ease may al so be achieved sinply having a adhesion | ost while draw ng
the cantilever 11 35 out of the substrate 11. The length of the nanotube
crystal 7 11 JUL 2006 1 1 JUL 2006 WO 03/060923 PCT/1B02/04853 - 18 nmay

be tuned the thickness agEi - 1dernativel y
howev &Y % "B"rﬁj{] %t 58%15%% u egér&g‘% %#ﬁﬁrl%e tat?ned by depositing a
buf f eI’A]ltEezrﬁfat(mtﬁlys hmme)reluet tkenlentieh saﬁrﬂﬁeﬁ cm@;’llotilé;@rcrs’séﬁé 'he

til t £h chift of f.
T s G ST o SrEeR AR Bl S P ue Y AT "B ST, ek e

buf f erthd ageefrm&craaio\lad'ebyBeanﬁl hge eknhileecxt ambemiadr 911 ThP€nai ni ng
&f f %:tf]fjeﬁ yla%er atd Cf% - rLR-BB4t hetopref e rege erodi rﬂ%’ﬁtl@hlaﬁfh’!? present

entq 0 He "buf fer Tayer 1s omtted and, after 10 liftoff, the
cantl | Eefrei e A edritiskiatenity of hERACET SOSRT binveRERat the SHIESE t he enbedded

nanotu}ta SLYSL a_nnlen?cvé%ln%g,h%&cﬁiﬁgplﬁl% gnaethod: {oFesf alr reakiingng
m cr os ct ure accord eg to the present invention wll nqw be d%SCI’I bed
G gW"é’rfl

with MBafideethdy ttheriegghand . %eaFPE)]Eu?Jé Dr AR R | TR toR*of the

mst hod, 1&@{%@}%&%{@&\@&%@6%@ bhreefergpse 10 Htel hnd,nafaddi tion, the
gure w |-l be described wth referﬁ%e cxgaciabrlcatlon of a

mwr ost¥fafiff e Hifniqrntd leNery E)Fnﬁlﬁ?-llaer%%}% WL K¥i | ever tip

assemil yoiav NG kg @he2Bmpanetabraks ysibal cepdeslder in a nol dabl e
imat erial. However, it wll also be appreciated that the Figure 2 nethod is

equal ly appli cabl e to fabrication of other mcrostructures having
nanot uestesib asetath therfeianmethod for fabricating a microstructure

according to the present inventiqn will now be described with

15 reference to Figure 2. The Figure 2 method is variation of the
méthod hereinbefore described with reference to Figure 1. In
addition, the Figure 2 method will be described with reference
to fabrication of a microstructure again in the form of a
micromechanical cantilever tip assembly having an carbon

20 nanotube crystal embedded in a moldable material. However, it
will also be appreciated that the Figure 2 method is equally
applicable to fabrication of other microstructures having

nanotubes embedded therein.

75 Referring to Figure 2A, the photo-resist layer 2 is again

deposited on the substrate 2.

Turning to Figure 2B, the aperture 3 is again formed in the

resist layer 2 by, for example} exposure and development of
30 the resist layer 2. However, the aperture 3 is now

under-etched to form a cavity in the resist layer 2 having a

necked opening.

Referring to Figure 2C, the pellet 6 is now deposited on the

35 substrate 1 via the necked opening in the resist layer 2 using



25 Referring to Figure 2A, the photo-resist layer 2 is again depos1ﬂéHLJm5
the substrate 2. Turning to Figure 2B, the aperture 3 is again forned in
the resist layer 2 by, for exanple, exposure and devel opnent of 30 the
resi st | aweo o2ocobidnever, the aperture 3 is now under - et chati/iso2/b4853n a
cavity in the resist layer 2 having a necked opening. Referring to Figure
2C, the pellet 6 is now deposited enlfhe 35 substrate 1 via the necked
opening in the resi st Iayer 2 using 11 JUL 2006 WO 03/060923 PCT/1B02/ 04853

- 19 the s OM/HHS hni rei fore reference
to Figurg % a Wn?ﬁa FF%%P%& %ﬁaf%%&s? Igggégébggd?ﬁ%n removed from
5 the gubstente 2ol payung the peIIet 6 remaining on the substrate 2. Wth
reference to Figure 2E, the nanotube crystal 7 is then grown according to
t he techni que herei nbefore described with 10 reference to Figure 1.

ReferrmagniﬁgFEQUFEgﬁfé leath wds icantlisyexel fat eheal rOndged tfieym deposi t ed
ubst n qu e cantil ever
nat r|5 é %?%%%rgb eav 1? &Q%ggby%gﬁﬁﬁg¥§ggpng t Qgsubstrate 1. In a

partlcahhstpaEéeBred enbodlnent of . the present invention, the cantilever
material is a photo-structurable polymer such as SU-8. Referring to Figure
2G, the cantilever material 9 is then 20 structured in situ on the
substrﬁuehlrefarﬁnﬂg howWigure Rife the nemetukat FrEGERL nht &5 i@e™, toget her

with t §o E!:‘Qfdﬁfl?egge@héh@écﬁ{rﬁ%iesHe@e%ﬁ%%@ofréoﬁéébﬁlbé&bﬁitmte 1. The

rel eas e cantiTever materi al may be 25 effected, for exanple, by
onéoofrﬁﬁérﬁéP@a§@ Fégwreqhes hereinbefore described with reference to
Figure 1. In the event that sacrificial |ayer release technique

her ei nbefore, described with reference to Fi Ere lis enPIfyed
Referring to Figure 2F, a layer of cantllever material’9

then deposited on the substrate 1, engulfing the nanotube

crystal 7. The cantilever material 9 is prefefably deposited
15 by spin coating the substrate 1. In a particular preferred

embodiment of. the present invention, the cantilever material

is a photo-structurable polymer such as SU-8.

Referring to Figure 2G, the cantilever material 9 is then

20 structured in situ on the substrate 1.

Turning now to Figure 2H, the cantilever material 9, together
with the nanotube embedded therein, is released from the
substrate 1. The release of the cantilever material 9 may be
25 effected, for example, by one of the release techniques
hereinbefore described with reference to Figure 1. In the
_event that sacrificial layer release techniqgue hereinbefore
described with refereﬁce to Figure 1 is employed, the
sacrificial layer is preferably deposited on the substrate 1
30 prior to deposition of the resist layer 2 referred to in

connection with Figure 2A.

with reference to Figure 2I, the face of the cantilever
material previously in contact with the substrate 1 is now

35 thinned to expose an end of the nanotube crystal 7. The other



sacrificial layer is preferably deposited on the substrate 1 30 prior to
deposition of the resist layer 2 referred to in connection with FibdtHMZEmﬁ
"Wth reference to Figure 21, the face of the cantilever nmaterial

previ ousl ywd gyfgv3sact with the substrate 1 is now 35 thipgnesh2ioessexpose an
end of the nanotube crystal 7. The other 11 JUL 2006 WO 03/060923
PCT/ | B02/ 04853 - 20 end of the crysi@l- 78 remni ns enbedded in the
cantilever nmaterial 9. Wth reference to Figure 3, a cantilever

nanufactured 5 accordlqﬁéhgﬁgwgﬁggggpgﬁdggée&gbgﬁgrgagg§féwgpd may find

appl i c&Pfoffi A8 TWeSHR €Ver sensor arra for a |local
probe datarshorage device 21. In such a device 21, the sensor array 20 is
scanned relative to a storage surface 22 in orthogonal di rections parall el

to the_surfac 10 _1 entation f 2 and
repres@HF t 6 eﬁ?nc?eE%nﬂﬁﬁld%ta %Tc3§@?28b§ ﬂ§n§ﬁ££@§%§¥23 in the array
20 §S atheydane scaaneetlasd css Hdreigbeface QQSCEQD@@IWaYtﬁﬂﬁﬁl ps 23 can be

d.t dent at ; dat
R A 1 S P S g A

provi dédri a Lbeahfprebenddonestorvaet dguicet 234} . Tar shehea ‘@ﬁtqel éler sensors
prOd”Ct%gls' A %ccgrggpg)g %tfstﬁgarﬂfe%s%&atwen&boa at6resdesidae useful in
ecause

such s age evi ces aving a tip of only fewtens of nano-neters
_in di aget én, osubbgonal @F0™G eons @@éﬁlﬂrﬁéhéﬁ’ pheaEpEtacfatio than

COEBE“& Wﬁ@ﬂkakwﬁs EQPmé@dﬁmtc& rg%&&la@e padendi Pephes@otytmre W | not be
en using a thicker (¥ f|In1 t hick pgg%ner film neans better

ad baekosdadi grbitgye d%&e%ﬁ |%§rhﬁg WwRSr 28f *EhEPRanbt the WidS not
‘af ect (he LesokHLHLRBd AEAEkHNGHD sh&@a&bOBQQEEdﬁﬂ$lirY tH¢ soipst 128 t her nal

25 conductivity of the nanotube c rable to that of a silicon
tip. PF@PePFeﬂnéﬁﬁba?ﬂeﬁ?sg%ﬁm *ﬂé%giggéﬁ % FoR" gﬁ%eﬁggn

thereby recording data in the surface 22 Further details of

15 such a storage device 21 are provided in the aforementioned
Vettiger et al. article. Cantilever sensors produced in
accordance with the present invention are especially useful in
such storage devices because, having a tip of only few tens of
nano-meters in diameter, such tips provide a much highexr

20 aspect ratio than conventional tips. The indent dimension made
in the polymer will not be wider when using a thicker polymer
film (thick polymer film means better read back sensitivity).
As for imaging wear of the nanotube will not affect the

resolution, leading to the storage density. Also, the thermal

R

25 conductivity of the nanotube crystal is preferable to that of

a silicon tip.

preferred embodiments of the present invention have been
hereinbefore described with reference to microstructures for
30 microscopy and data storage applications. However, it will be
appreciated that the present invention is equally applicable
to microstructures for a range of other applications. For
example, the present invention is equally applicable to charge
emissive microstructures such a field emission tips. Such tips
35 inay be employed in a range of different application, includiﬂg

display devices.



her ei nbefore described wth reference to mcrostructures for 30 m croscopy
and data storage applications. However, it will be appreciated that]thg fZUDS
present invention is equally applicable o4o mcrostructures for a range o
ot her applications. For exanple, the present invention is equally
applicable to charge em ssive mcrostructures such a field em ssion tips.
Such tips 3Wewinpe enpl oyed in a range of different application, including
di splay devices. 11 JUL 2006 21 W claim 1. Method for formng a
m crostructure, conprising: depositing a seed material on a substrate;
growi ng a nanotyhe, Lo At SeRkroReilcomieBwg] ting microstructure
material on the substrate to enbed the nanotube in the mcrostructure
mat eri al ; and dédpasitinpg se¢tbmgighsk orna subsiatee| ease the microstructure. 2.
Met hod as clained i.n claim.1l,.¢ risj ping the mcrostructure
material prior grf’B’“?gs?E%Oéch?fﬂ?lﬁgPen%egérlg%tte?%gtur e. 3. Method as clained in
ei ther one of cepobitihgQhicedsuouz; matesiabion thdsubrsirateost ¢roletduthe namatube jia|the
conprises any one of a polyner, a dielectric material, a nmetal, and
pol ysi |i conf.mQI?StN@E‘H%E}“&’é‘%Iaé}prred in any preceding claim wherein the
substrate is fogedifs @RsubAtBeeRhiseThd g@Bstnghass, quartz, ceranics, and
plastic. 5. Method as clainmed in any preceding claim wherein the seed
material conprises alternating layers of a first and second precursor
materials. §. ol L3l iR Haid 1CLathps i obtrichlire R A€M POT
mat eri al coﬁ‘pr :\/E/f;éa@wg a%?cllj g?ﬁgla%tlé%%ﬁ%gn%ﬁ&?rﬁ% tgeeg{ci)ﬁfd pr ecur sor rrg)t eri al
conpri ses fjeletbasesftht mieosmtetureal . 7. Method as clained in claimbé,
wherein the fullerene material conprises any one of Carbon 60 and Carbon
82, and the field sensitive material conprises any one of Ni, Co, Fe and
Mb. 8. Methed agpghda AaiiiedGh @itherTonendtaslgiin] helainil2, evhersn ithet @idradtructure
conpri ses Carbon 60, and the field sensifive material conpri es Nij.ckel . 9.
Met hod as cmatarelcomprisey 2py eeeeli heelvmar mAlsrrlre Mt agrdar Ay BY y?‘h%"“'
nanot ube conprises: heating the substrate in vacuum conditions; and

4. Method as claimed in any preceding claim, wherein the substrate is formed from

any one of Silicon, glass, quartz, ceramics, and plastic.

5. Method as claimed in any preceding claim, wherein the seed material comprises

alternating layers of a first and second precursor materials.

6. Method as claimed in claim 5, wherein the first precursor material comprises a

fullerene material, and the second precursor material comprises field sensitive material.

7. Method as claimed in claim 6, wherein the fullerene material comprises any one of

Carbon 60 and Carbon 82, and the field sensitive material comprises any one of Ni, Co,

Fe and Mo.

8.  Method as claimed in claim 7, wherein the fullerene material comprises Carbon 60,

and the field sensitive material comprises Nickel.

9. Method as claimed in any preceding claim, wherein the growing of the nanotube

comprises:
heating the substrate in vacuum conditions; and

applying a field to the substrate.

[RLIBQ2982.doe MIC



10. Method as claimed in claim9, wherein the vacuum conditions conpfilte 2006
oxygen pressure greater than 10,5 nbar 3 nPa). 11. Method as clained in
either one of claim9 or claim10, wherein the heating conprises elevating
the tenperature of the substrate to between 900 and 1000 degrees
Centrigade. 12. Method as clainmed in any one of clains 9 to 11, wherein the
applied field comprises . a nagnetic field. 13. Method as.claj d i m
12, whereinl@h el glained) ?agmélgplwﬁlﬁffnb oy F?Pd?ttl%llst%og;? Issjrhsf3 1&) 5@ @%f
the substrafa. . 14..-Met iad 185 ngdai BPa).n claim 13, wherein the magnetic
field is greater %han or equal to 50 Gauss (0.005 Tesla). 15. Method as
claimed in any one of clainms 9 to 11, wherein the applied field conprises
an electric,fie 6, : -as.: ' i gl - IehdleihN@eele@bhgi C
field is ap fie%ﬂﬁ¥$h%bgﬁgﬂggl$§m£%ﬁgﬁg&f#2%glgfaiﬁéugﬁggtrate. 17. N@t%od
as clai med pamprines plaatn g thajeraturelsT the subsatedit besieery 900 mpd i 1968 degrees
depositing a sacrificial |ayer on the surface of the substrate prior to
deposi ti on bfn%igade-cantil ever material; and i mersing the sacrificial |ayer
in an electrolyte after deposition of the mcrostructure material. 18.
Met hod as clainmed in claim17, wherein the sacrifjcial, |layer ri ses an
anode sub- LayeMetmdl as chaimed dbariene ofpkyms fdo | Me‘f’];‘ﬁﬁmége l%lpj’ieﬂg’(%ﬁ)ﬁo%?réﬁe iy
18, mhereinahgﬁﬁ Noflgqsub-1ayer conprises any one of A, Zn, G, Fe, and
Co, and the“cathode sub-layer conprises a noble netal. [R ".LIBQ"'"')82
doc: M C 11 JUL 2006 23 20. Method as clained in claim19, wherein the
cat hode sub-| ay conpri.ses .any., of : S
by FleGRRT R s el Hinadiic A0 Fappléd olfbithng

claimed in 3 _ i rtrng o e see
mat eri al coppfheS8Face of the substrate.

applying a field to the substrate. [R "--.LIBQ ~9K?.doc N9C 11 JULnﬁ?% 22

14. Method as claimed in claim 13, wherein the magnetic field is greater than or equal

to 50 Gauss (0.005 Tesla).

15. Method as claimed in any one of claims 9 to 11, wherein the applied field comprises

an electric field.

16. Method as claimed in claim 14, wherein the electric field is applied orthogonally to

the surface of the substrate.

17.  Method as claimed in any preceding claim, wherein the detaching comprises:

depositing a sacrificial layer on the surface of the substrate prior to deposition of the

cantilever material; and

immersing the sacrificial layer in an electrolyte after deposition of the

microstructure material.

18. Method as claimed in claim 17, wherein the sacrificial layer comprises an anode

sub-layer and a cathode sub-layer.

19. Method as claimed in claim 18, wherein the anode sub-layer comprises any one of

Al, Zn, Cr, Fe, and Co, and the cathode sub-layer comprises a noble metal.

[RILIBQJ2982 doc:MIC



depositing a photo-resist layer on the substrate; formng an aperture in
the resist layer; masking the substrate with a resist layer to | ocat e Jyiheons
seed material at a site on the substratesdefined by the aperture; and
removing the resist layer to renove surplus seed material. 22. Method as
claimed in claim21, wherein the formng of the aperture conprises

under - et chi p@ t MRtHodSs $laitmay af clhin P9, odheeeinaheeathdde sub-layee compriisss angpéAu, 23.
Met hod as clainmed in any claimpreceding claim21, conprising formng a tip
i mage in a Bd¥tp&ta@dGlproduce a mold for receiving the microstructure
material. 24. Method as claimed in claim23, wherein the formng of the tip
i mage conprises: depositing a photo-resist |ayer on the substrate, forcrin' ng
gn ape[1 t UL e21.n Methoghat olaireed] &t anypspcedimgdclaimgew heeihihsgdenositiag y thesee
eneath the_photp-resist. layer to create the tip inmage. 25. Method as
claimed in E’Iag’lr‘r?f?)zﬁpr\lﬂgge‘r ein the depositing of Itohe sged mat eri al

conpri ses: maskid@siting aphbsi-resiselayértdn thheusesiest | ayer to | ocate the seed

material in the apex of the tip inmage; and renoving the resist |ayer to
renove surpl us %@H‘%W@Te.‘“[t%FC.S‘EF%&“ZBZ doc MC d

masking the substrate with a resist layer to locate the seed material at a site on the

substrate defined by the aperture; and

removing the resist layer to remove surplus seed material.

22. Method as claimed in claim 21, wherein the forming of the aperture comprises

under-etching the resist layer to produce a cavity in the resist layer.

23. Method as claimed in any claim preceding claim 21, comprising forming a tip

image in a substrate to produce a mold for receiving the microstructure material.

24. Method as claimed in claim 23, wherein the forming of the tip image comprises:
depositing a photo-resist layer on the substrate;
forming an aperture in the photo-resist layer; and

under etching the substrate beneath the photo-resist layer to create the tip image.

25. Method as claimed in claim 24, wherein the depositing of the seed material

comprises:

masking the substrate with the resist layer to locate the seed material in the apex of
the tip image; and

removing the resist layer to remove surplus seed material.
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