METHOD OF FORM NG A NANOSTRUCTURE FI ELD OF THE | NVENTI ON [ 0001] The present

invention elates to a nethod of form ng nanostructures. DESCRI PTION OF THE
RELATED ART [0002] Nanostructures such as nanopartiel es and nanow res may be
formed on a substrate by, for exanple, first ['mning themin an

envi ronment away fro b guent |y depositing
them on the sub}s/t r at @@Eﬁﬁég’ﬁﬁk&ﬂ{ﬁ{ié@rﬁiﬁ@ﬁﬁﬁeﬁy nanostruct ures
may be nucl eated and grown directly on a substrate Nanoparticles and
nanov, ares may for exanpl e bEI E{&pﬁéﬂé@ INYENTION f ace directly froma
vapour of material. 100031However, conventional processes are unable to
form d00bHve dht piesedttiyvention edlites tog methop af fareliesnambstnaneed. r es at
predeterm ned | ocations or form ng ordered arrays of nanoparticics or

nanow res. SUMVARY OF THﬁEgb}(@ﬁb@thﬁ@gklgLA}sE@gij ect of the present
invention to at | east partl y mti gate at | east one of the above-nentioned

pr obl 100 ther o enbadi nent.s f the in ion to
b ovi dB0%lvor NaE SReRR il T heRGHER: it G FFR0R Bt it FESEEER on a
structure.

for example, first forming them in an environment away from a surface of a substrate and

subsequently depositing them on the substrate as discrete entities. Alternatively, nanostructures
may be nucleated and grown directly on a substrate. Nanoparticles and nanowires may for
example be nucleated on a surface directly from a vapour of material.
[0003] However, conventional processes are unable to form or have difficulty in forming
nanoparticles or nanowires at predetermined locations or forming ordered arrays of nanoparticles
OT nanowires.

SUMMARY OF THE INVENTION
[0004] It is an object of the present invention to at least partly mitigate at least one of the
above-mentioned problems.
[0005] It is a further object of embodiments of the invention to provide a method of forming
a nanoparticle at a predetermined location on a structure.
[0006] In a first aspect of the invention there is provided a method of forming a discrete
nanostructured element at one or more predetermined locations on a substrate comprising the
steps of: forming a mask member over said substrate; forming a window in said mask member at
each of one or more locations at which it is required to form said nanostructured element thereby
to expose a portion of a surface of said substrate; removing a portion of said substrate exposed by
said window at said one or more locations to form one or more recesses in said substrate;
forming a layer of a nanostructure medium over a surface of said recess; and annealing said

structure thereby to form said nanostructured element in each of said one or more recesses, said
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100061l n a first aspect of the invention there is provided a nethod of
formng a discrete nanostructured el enent at one or nore predeterm ned

| ocations on a substrate conprising the steps of form ng a mask nenber over
sai d substrate; foinnng a window in said nmask nenber at each of one or nore
| ocat i eARosHuCHiadiFlgment SOMBERINg & §oRign b pai SANQFHEMESPedIpmysadnanogipred
thereby to expose a portion of a surface of said substrate; renoving a

por t i orledfenshivingatbsdt¢railalinxpisedoy atdedsttwe substantallysatho o dections ef

| ocations to formone or nore recesses in said substrate; formng a |ayer
of a nanealhuGhisRialpdbowmover a surface of said recess; and annealing said
structure thereby to form said nanostructured el enent in each of said one

or nor esses, said nanestnic . S ion of said
nanost m@?ﬁr esﬁeaaﬁeﬁ?ﬂd as?g?cgoﬁtznﬁ 6%‘feﬁlﬁé1?glregédﬁgf (;el;lrr%n ﬁﬂg{\}}?g ggg%nie]% EIer nal

di nension along at |east two substantiallyorthogonal directjons of.|ess
than s@BRAPAFIGSHORe QDAIORE Preddermined localins g aa?gb-% ¢ RGP Yn t her e
is provided a nethod of forming a nanoparticle at one or nore predeterm ned
| ocat i doxsninga aaskibetmbat ever saipsulsituaty; forming epinfow neridimapkaneralek aheashef over
said substrate; formng a window in said mask nenber at each of one or nore

| ocat i @gs oot loEdtioht at WhitE @S F@irt®td oRMssidindnsanepartetedl to etppseby to
expose a portion of a surface of said substrate; etching a portion of said

substrat e. expos ! ' e I gﬁ% . Pwiidw one
or mor& 0?5’8 eogges gg?%yosf%lglg Cgls1 %&@gcgbﬁﬁl%&aﬁfdai@éﬁ%{? pgcfﬁ %atil(gwﬁrredi um
over a. surface of iai d recess; and annealige%.sai. truc'gg)re.the]tr?et}yfto

f or m s&f PihaRARPIEEP@IPRS WALHN BRC QHTATCIREFSHP Hit 8 SYWHaEs Waming gyerota
nanoparticle conprising a portion of said particle nmedium[0008]In a third
aspect peftictdhmedinmerver osurface pésdid rasessy prfbanngaling ststacturo theiehy talomateid re at
one or nore. predeterm ned | ocations on a substrate conprising the steps

of 1 f omEhértRcl dRSICHBIDRT oY@ mSRirebesdebssatdaiamopdraclaicogprsing h pogahesiiddow
in said mask nenber at each of one or nore |locations at which it is

requir m said nanowi re thereby to expose a portion a surface of

sai d s%grsttc?ea{ng(;hmgfchi ng a portion of said substrate exposed by said w ndow

at said TIC or_nore. locatipns.to formone or.nore ooV, in sad .

Subst r APWSTt or i i apReget B¢ inyeygaruirey prvisld e iactho ¥ Rmmie Adiafomise By,
and annealing said structure thereby to fom said nanowire in each of said
one or omepemgropvésermingddopativanion @ subatista eomnyistg e stepTPioformige Hatk i cl e
medi um [ 0009] Sorme enbodi ments of the invention have the feature that a
nanost rkhber @ vemyidaabiterterdormaing an ploagst ermlawenh dankradskaneroberat sachfedoge of a
structure. In sone enbodi nents an arny or nanostruetures is fornmed by this

met hod.,, 18 ?O%E&M “ﬁlliéholWF BHRAEE (@] SYEnRowIRNRGEEHGIMPER a fOiGbh 852
nanow res and nanoparticles to be fabricated having predeterm ned spacing
and | OCs%t ac?enof%gidasugs%rra{e?%ﬁ:hlqg aapo%tricgnug sald™ s'ubs%rRzlteE gxp%%%}ll 51]_& %dg@ A ShaReW NGS

or more locations to form one or more grooves in said substrate; forming a layer of a wire

medium over a surface of said groove; and annealing said structure thereby to form said

nanowire in each of said one or more grooves, said nanowire comprising a portion of said

particle medium.

[0009] Some embodiments of the invention have the feature that a nanostructure may be

formed at a predetermined location on a surface of a structure. In some embodiments an array of

nanostructures is formed by this method. The method allows ordered arrays of nanostructures



[00101FIGS. | to 5 show structures formed during a process of formng an
ordered array of natioparticles on a substrate according to an enbodi nent
of the invention which a square-base pyram dal recess is forned. in the
substrate. [00111FIGS. 6 and 7 show structures in which a. square-base

psTam dal recess is fottued. jn substrate at the end of a passage

ext en auﬁ}@ a3 ST a‘%‘LB%“[OP 3‘?‘8166 é‘?}@ %Bflﬁatﬁiﬁi)vé%f’r@ ﬁFtS?mPS‘I %pagglgfa gggoc\é\ﬁg? he
substrate. 100 121FIGS. 8 to 10 show structures {brined during a process of
f or m g asvredef egrentyray of nanoparticles on a substrate according to an
enbodi nent of the invention in which a recess is fornmed having a generally
cubi c or enboid shape. BROEFIIEFGSIPTIONaGDE THE BRAWENGHct ures according to
an enbodi ment of the invention having a generally hem spherical recess

f'm neqopfp2 SHIGECeY sid S Brmd QRN (75ecsd 3 BRfhinktanShiaWes hirligbiur es
a é nb

forme ccording to an enbodi nent of the invention during a process of

o SRS A Lo AR M SR S R AR Rl @

plurality of nanoparticles formed al ong an apex of a groove forned in a
subst rrsremidaEEa¢ss EopESCR thy saNterR. THE | NVENTI ON

[0011] FIGS. 6 and 7 show structures in which a square-base pyramidal recess is formed in a

substrate at the end of a passageway extending into the substrate generally perpendicular to a

surface of the substrate.

[0012] FIGS. 8 to 10 show structures formed during a process of forming an ordered array of

nanoparticles on a substrate according to an embodiment of the invention in which a recess is

formed having a generally cubic or cuboid shape.

[0013] FIGS. 11 and 12 show structures according to an embodiment of the invention having

a generally hemispherical recess formed in a surface of a substrate.

[0014] FIGS. 13 and 14 show structures formed according to an embodiment of the invention

during a process of forming an ordered array of nanowires on a substrate.

[0015] FIG. 15 shows a structure formed according to an embodiment of the invention

having a plurality of nanoparticles formed along an apex of a groove formed in a substrate.
DETAILED DESCRIPTION OF THE INVENTION

[0016] FIG. 1 is a cross-sectional schematic illustration of a structure 100 formed during a

process of forming an ordered array of nanoparticles according to an embodiment of the present

invention. The structure, as shown, comprises a substrate 102. The substrate, in one

embodiment, comprises a semiconductor wafer, such as silicon. The substrate, for example, is a

p-type (100) substrate. Other types of substrates are also useful.



100161FIG 1 is a cross-sectional schematic illustration of a structure 100
formed during a process of formng an ordered array of nanoparticles
according to an enbodi ment of the present invention. The structure, as
shown, conprises a substrate 101 The substrate, in one enbodi nment,

conpr i K947k sdniose pabedigientivathard maskch 048 privided syver thesubstrptst rihe dardfmaask,
exanple, is a p-type (100) substrate. OQther types of substrates are al so
usef ul for ex@plé1¢ammises sitibadoxigat In anelearbddinmsik, thd Bard snask w/dodlaeld oy tierrhdle
substrate. The hard mask, for exanple, conprises silicon oxide. In one
enbodi gRRktior, BEchAatiiStke sdbstfeTR dn BYyd QEHBIphErE 4 85 duRD008Y ChhedRickEAL | NY
the substrate in an oxygen atnosphere at about 900C. The thickness of the
hard ng kS.. for .e | e. .about IOt Or.her types of hard sk .materi al,
depos: 01 b5 dnRl 5B Bisfmd, A0t Bup FG S YBE Rk PR RSP cF e

| ayer 115 is forned over the hard mask |ayer. The sacrificial |ayer serves
as a strhnigyeskorBickpessescaniplig upHl nard mask. In one enbodi nent, the
sacrificial |ayer conprises photoresist. Various types of photoresist, such
as pol j08@8hy| Areachifictay layerel ISRMmed ovanthbbandseask [dfee Photaorifsinkihyaaarvbe
deposited on the substrate by spin-coating. The thickness of the soil mask,

for exapioh mhsk fé??&&enliﬁgfthé_rhag hask. Ui gk Rebeesndt, thd@icifisihl hi&iBmpkidyer are
al so useful. An antireflective coating (ARC) can be provided beneath the

phot or .10 i I, i |t : 01 , the

sacri fﬁ?:(%tg‘iemﬁtay\é%gé%gégnﬁ%g?‘t% ge}ghglo? h%‘%%”ﬁ‘*ﬁﬁéa{a"ghaf%}ag? @E@Q@t &% 0rm a
plurality of windows li 7 therein. The wi ndows 117 are forned to expose
por t i oWSdothe pROteragiEhcap be depasitanak thesebstiichy sriwaeating. dine tHeknssnelithaselt 102
at whichparticles are forned. For purposes of sinplifying the discussion,
only omesksifercramipte, sshadvant 10Dh@. viDtheiothicktdsses afitheseanificia] lagampe dlsesseduls guar e
shape. O her w ndow shapes are al so useful, 100201l n sone enbodi nents, the

Wi ndovgntiéfRectil @ batding QAR®) civ BEproRwided BeReth G pBStotdsRit & iproreaithidgrapiae
i nstance, in sone enbodi nents the wi ndows are from around 50nmto around 1

m cr on. Wihidgo, 100211Referring to FIG 2, the hard mask is patterned,
renovi ng portions exposed by the

[0019] As shown, the sacrificial layer has been patterned by a lithographic process to form a
plurality of windows 117 therein. The windows 117 are formed to expose portions of the layer
of hard mask over each location of the substrate 102 at which nanoparticles are formed. For
purposes of simplifying the discussion, only one window is shown. The window 117, for
example, comprises a square shape. Other window shapes are also useful.

[0020] In some embodiments, the windows are around 200nm wide, but other sizes are also
useful. For instance, in some embodiments the windows are from around 50nm to around 1
micron wide.

[0021] Referring to FIG. 2, the hard mask is patterned, removing portions exposed by the
windows of the soft mask to form a plurality of windows 112. The patterned hard mask exposes
portions of the substrate 102.

[0022] In one embodiment, the hard mask is patterned using an isotropic etch, such as a wet

etch. The wet etch can employ a first etch solution having, for example, 0.1 weight percent
4



wi ndowsof the soft mask to forma plurality of windows 112, The patterned
hard mask exposes poftions of the substrate 102. 100221l n one enbodi nent,
the hard maXk is patterned using an isotropic etch, such as a wet etch. The
wet etch can enploy a first etch solution having, for exanple, 0.1 weight

per cent .. buffer hydr.qf ric.aci HF) .in dei oni sed er.at r.o

t enpe E’éﬁﬁﬁ¥ea.hy%°§'€’ron¥ f}ﬁgs(hg ?1 ‘f%‘?fnﬁ%o‘%aé?)saé §oorg E%Weé n;@b?rrt&ﬁsé) fS&E h,
including reactive ion etch (TUE), are also useful in patterning the hard
mask. PrOGesp-Tweh saatipdtiapicttch, apdpding sapiive ina gtohd Fbe dreati fogisefhén har d nask
is patterned. In one enbodi nent, the photoresist |ayer is renoved by a wet
et ch. pattetiny t@é asirdadaskrbodi ment, the photoresist layer is renmpved by
exposing it to a second etch. solution having, for exanple, 30 weight

perce t asgy I (sK i i I e
tenpegg(tﬂuaﬁe. ?’8%5%10 Fg{agtégglfldlgﬁ?eﬂe\?\jrglﬁggéggdﬂ(g?nbﬁ%d}%%ﬁlt%%% pta'gr?éeyﬂitﬂl%veﬁlat??ieon, t he
second etch sql uti al sp. ani.sotropi,cally etches the. exposed,.portjons of
Cho_ o BRERLRET. i pBletaRD A R e cub Bl o8 porTaro v e £ BBm o
recess 120 having walls 125 defining an inverted pyram d shape. The

i nver trbatosssitihdyeT ishiaipeveddineipesiag itfte e seseadiste soliionmpingetyr sxupple-Yase
pyram d shape. In sonme enbodi nents, the walls correspond to

cryst aldigigrpepiehcpphsaigs hafrotide (KOBY i ddienisédwstenitabentrodinnempseratuhe wal | s
correspond to (ii I) planes. In sone enbodi nents, walls are provided

corr eg@eﬂgi ngpf &c§>ﬂd;9%e \Pitﬁﬂﬁéemb&iﬁﬁﬂieoﬁﬂ@ﬂl%m fhe MBdddSet@! QIRIAIGed
pon 100) p

corre ing to anes or any other unable crystall ographic plane.

10025] & her orjentations of substrate ar |.so . useful .in addition t 100)
subst PseEoRgel GuR oS Rne o tihEba B ED g PRt aeo BBttt f+ o

etch andi or second etch solutions _are also useful, as are recesses having
ot her pattemed to fosmtagpise 129 bavips Bels s2xdefineng geimyertedpaenil Sapodient s of

the invention. [0027] As shown in FIG 3, a device |layer 130 is deposited on
t he nlistdraideyrabhid sHepe coenpridye for example, an inverted square-base pyramid shape. In some

embodiments, the walls correspond to crystallographic planes of the substrate. In some
embodiments the walls correspond to (111) planes. In some embodiments, walls are provided
corresponding to (110) planes. In some embodiments, walls are provided corresponding to (100)
planes or any other suitable crystallographic plane.

[0025] Other orientations of substrate are also useful in addition to (100) substrates such as
(110) and (111) oriented substrates.

[0026] Other first etch and/or second etch solutions are also useful, as are recesses having
other shapes. Isotropic etch processes are useful in some embodiments of the invention.

[0027] As shown in FIG. 3, a device layer 130 is deposited on the substrate. The device layer
lines the surface of the hard mask and the walls of the recess. The device layer, in one
embodiment, serves as a particle medium. The device layer, for example, comprises gold (Au)
and may have a thickness of about 10nm. Other types of device layers are also useful. For

example, the device layer can include but is not limited to Ni, Al, Co, Ti, other metallic



lines the surface of the hard mask and the wails of the recess, The device
| ayer, in one enbodi nent, serves as a particle nedium The device |ayer, for
exanpl e, conprises gold (Au) and may have a thickness of about | Onm O her
types of device |ayers are al so useful. For exanple, the device |ayer can

i ncl udeatartals, metdrlloysntaregpunds ictuaing seaticopiducter #nskmetelligicompountist erd al s,
nmetal alloys, conpounds including sem conductor and netallic conpounds, or
a conbimabinanon there@df [ 0028] Ot her t hicknesses of the |ayer of particle

medi um 130 are al so usethi. For exanple, in sone enbodinents the |ayer of

parti C'[(g)rzi di L@h@?’@lid(?xgsspseoﬂ( tﬁ% fﬁ?gr (;f})aﬂ?c‘f(gm@dihﬁf- IS 81sb Usdfie ForBLgnME, from

ar ound to aroun onm | one ‘enbodi nents, the layer of particle
medi um 130 nay, be a di.scontinuous, | ayer r.ather .t han continyous |ayer, for
el 81 SEa Spe e Phaks of BRR e 2b 3% Rsc 38y S Bl pess T e o
medi um 130 may be !brined by physical vapour deposition at a pressure of

ar oundrange ¢f pm doendoinme fo ek hrsemg) esppodirenty, thedaygs of peatiglgdgedypm

deposition are al so useful such as chenical vapour deposition or

ctropl as6 n@y bt AGRLdAMIGoud laybioaghet than atconitiuoue laybr, Fdr@xadpfepbhlgning the pr ocess
of annealing the structure to cause aggloneration (or 'breaking up') of the
ne al | y.098f ineyeuss. | ayer of particle nedium 130. Annealing of the structure
ay be perforned in a nitrogen anbi ent atnosphere at a tenperature of from

par 1 clE; ufvSlBaF st e o8 el e Bl R R OB R pa B o oo

of particle nedium 130 are forned. 10031]1n the enbodinent of FIG 4 it can
be seenrese obargand il Torduhathepprepsuresanplsausely. @ aglhedseh depmitym 1 our
wal | s 125 defining the recess 120 in the substrate 102. The intersection

129 of atetadsostsefut sucheaseherkic@l vapoinsdaposition deelectwipldtingn apex of the
squar e- base pyram d shape defined by the walls 125. [0032] Fol | om ng the

anneal {GiBoPr 0SS 4 shGNRIhRsRECtRRIJIFAGS3 RflloWies 4 BMREss R afBakingBdistitthidomay
be renbved by exposure of the substrate to ahaving 10 wei ght percent

buf f er ga(ljuse agglomeration (or ‘breaking up’) of the generally continuous layer of particle medium 130.

Annealing of the structure may be performed in a nitrogen ambient atmosphere at a temperature
of from around 600°C to around 1000°C. During the process of annealing, the layer of particle
medium 130 breaks up due to surface tension whereby nanoparticles of particle medium 130 are
formed.

[0031] In the embodiment of FIG. 4 it can be seen that a particle 140 has been formed at an
intersection 129 of four walls 125 defining the recess 120 in the substrate 102. The intersection
129 of the structure of FIG. 4 is coincident with an apex of the square-base pyramid shape
defined by the walls 125.

[0032] Following the annealing process, remaining portions of the layer of mask medium 110
may be removed by exposure of the substrate to a solution having 10 weight percent buffered
hydrofluoric acid (HF) in deionised water at room temperature. In some embodiments, the layer

of mask medium 110 may be removed before annealing the structure.



hydrofluoric acid (I1F) in deionised water at roomtenperature. In some
enbodi nents, the |ayer of mask nmedium 110 may be renoved before annealing
the structure. recesses in the formof four rows of five colums of
recesses 120 each with walls 125 defining a PYra idal shape have been
fornme t o ro f.or of arra be used ingtead.. Other sizes of array
are aﬁggy‘ﬂsef H}? 3 o5 tae %ﬁﬁéﬁ? ﬁgﬁﬁ 43p Pf eVlfvﬁvéﬁtsﬁ%‘ﬁn’(fins%&%ﬁ gaaya?f?ays of
recesses nmay be fornmed, 100341FI G 6 shows a structure having a substrate
202 i riegdssesin thefers 9§ fap gownel FHreolyrapnigecepsrs 1@@@@@13%12@/%1}1&32516@%& all el
wal | s 225 defining a pyram dal shape simlar to that of the structure of
FI G 4yeamlidbl BapShawsiHebn fdmmedddlit bilen &medbuaemah bt utddenstedd. Oh2sSsizsef
provi ded at one end of a channel 226 defined by a set. of four generally

par al | £layWad 4150 d2ful. N s@hdehbyMidsts ot iR iheGRiDA dddRidr&l drtS8bf rdceiessey bel ow
a surfacé of the substrate. 100351The channel 226 of the enbodi nent of FI G

6 is So%fftan ially square in cross-section. However, other cross-sectional
shapes PE%%t'so useful. In some enbodi ments, the channel may be
substantially rectangular in cross-section, the recess 220 having a

roof - AR pEFEi LHOWBECEEFIREhavVaE Hibsrate BB2 Ehwhisk(a rozss LAhbBessRRe t he
depth at which the non-parallel walls 225 are fornmed) may be varied

accor dbnmged. dTldhrecese G20 hesmemtsardiel saallpa?§ defuling a pphiidd shape.sihdQ37 ks ofan be
seen fromFla 6, a plurality of intersections 228, 229 between two or nore

non- Capt aR@ture Wi FaG efard FiaNg! fh R Q10RicAADIRGFe @ht the$alls hasak§Roviaéeat
presind. For exanple, four intersections 228 of walls are present between

" cobsconssfa S h e B dcinehy el dlel RE BRA G 1DR gl dl”

preferential nucleation |ocations for the formati on of nanoparticles 240 of
part i dherqeawidahia deell spessedipglow agufpcefdhs sibsiralect i on 229 between wal I's 225
of the recess 220 provides a preferential nucleation site for the fornmation
of narf0P35]t i clTas cRatdel 22 tsafitbe embadimeeindfFIGE 6 ihaibstant@ailyi sqnark 00 8®%s-pecsiome
enbodi merts of the invention, preferential nucleation occurs at the

I Nt er Gk ERR DtRAERrosd28ctRPG RIS estré 816 65df@IN Th BoAY emdblinfehRetiRNARENE] Bfayt he
structure can be obtained, This is at least in part due to a reduction in
surf aGk s%gairilt?ari'lytrgaangiu?arqg Er%issrlgé%tigx, € FetcgéerZB%raMn%Iaefgof-shaped portion.
[0036] The length of the channel 226 (and hence the depth at which the non-parallel walls
225 are formed) may be varied according to the requirements of a particular application.
[0037] As can be seen from FIG. 6, a plurality of intersections 228, 229 between two or more
non-coplanar surfaces at angles to one another of less than 180° are present. For example, four
intersections 228 of walls are present between respective adjacent walls 227 of the channel 226
and walls 225 of the recess 220. In some embodiments, these intersections 228 provide
preferential nucleation locations for the formation of nanoparticles 240 of particle medium 130.
Similarly, a single intersection 229 between walls 225 of the recess 220 provides a preferential
nucleation site for the formation of nanoparticles 240 in some embodiments of the invention.
[0038] In some embodiments of the invention, preferential nucleation occurs at the

intersections 228, 229 because a reduction in overall free energy of the structure can be obtained.

This is at least in part due to a reduction in surface tension that is obtained by certain particles
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when an increased area of contact between a particle and one or nore walls
of the structure occurs. [0039]1In sone enbodi nents, a reduction in surthee
t ensi on obt ai ned when a size of an area of contact between a particle and a
wal | of the structure is reduced. Consequently, in sone enbodi nents of the
i nvent wbmn paincieabeskartpeivoptast betwaer apar;igla\na@ ofg onmptetvedksed theotgictpg, 229,
100401FIG 7 is a plan view of the structure of FIG 6 showi ng an array of
recessgscug0 forned in the substrate 202. A plurality of nanoparticles 240
can be seen within each of the recesses 220 at | ocations corresponding to

the i ng(ﬁl][}gf(:t iIﬁ@&Hg 2Bibodidtknfe 3 & duREsh ARV ECe BRSIGRAR JBRIRRSPhenARAPAH i Cl es

240 ma mat the Intersecfions 228 or away fromthe intersections 228.

[ 0041] FI G .8 sh an alternpative ructure to.that of FIG 2 followng a
br oces &b 0T LA AR SepRIFs T B! o e SiresRit erd Sonstadat in G he
shape of a cuboid rather than the square-base pyramd of FIG 2. In the
enbodi awhedinfentsiobtheginy¢nsiogtparfidlasfermareierentiatly apyy FopeigtarsegionsetSn? iy (R P)
process. [0042]By cuboid it is cant a generally rectangul ar parall el epi ped.

[ 0043] F040] 9 FHIOWS id Hiplad tvidwcdithe swictire Gf FBG tddhoomgun argyrodcessses2® or mi ng a
| ayer of a particle nmedium 3:30 over the structure. In the enbodi nent of

FI G 9fo&n'38 ilpﬁ{etshsétﬁtégm. W%%fﬂzﬁloﬁaﬁi@l& 280 gart sk RWAhi @¥h betHeor med by
ut ot her

t her mal evaporati on, t hods of depositing the particle nmedium

above tieber EApudberfmd RurhiindloinS s BB fosy B0 BB APy AR oS o

fromFIG 9 that the |ayer of particle nmedium 330 forns primarjly ov

er
| at er abecsupangparsiclss 2¢0aiay domp atthe Intgrseetiopy, &8 ar givay So8 B MEFRFttiPIBaLS | el to
a plane of the substrate 102. [0045]FIG 10 shows the structure of FIG 9
fol | owj0ug1p prRIGeS shannaniliamptivh etredtunead tirag of BIG dfsowigglagmeseas oletclofig t he

| ayer of particle medium 330 to forma plurality of n nparticies 340. In

t he enppdifente HFIG Gto Borml 4 re6@R 306 h8ARY tHehBhp FNAURABSdir&ih@Sthd thegue-
nucl eated at non-
base pyramid of FIG. 2. In the embodiment of FIG. 8 the structure was formed by a reactive ion
etching (RIE) process.
[0042] By cuboid it is meant a generally rectangular parallelepiped.
[0043] FIG. 9 shows the structure of FIG. 8 following a process of forming a layer of a
particle medium 330 over the structure. In the embodiment of FIG. 9, the particle medium may
be gold (Au) and the layer may be formed by thermal evaporation, but other methods of
depositing the particle medium 330 are useful. Other materials are also useful such as those
described above with respect to the embodiment of FIGS. 1 to 7.
[0044] It can be seen from FIG. 9 that the layer of particle medium 330 forms primarily over
lateral surfaces of the structure, i.e. over surfaces generally parallel to a plane of the substrate
102.
[0045] FIG. 10 shows the structure of FIG. 9 following a process of annealing the structure to

cause agglomeration of the layer of particle medium 330 to form a plurality of nanoparticles 340.

In the embodiment of FIG. 9, it can be seen that nanoparticles 340 have nucleated at non-
8



coplanar intersections of surfaces, such as at intersections 328 of basal
wai | 325a and sidewal | s 325. 10461Nanoparticles have al so nucl eated at

| ocations of a basal wall 325a distal any such intersections 328. In other
wor ds, nanoparticles 340 have al so nucleated. at l|ocations of a. wall 325a

of a recess 320 away fromany intersection 3 of. . sajd 325a w th

oi dewsioRI2gginfeFseE ety ol sugacesyeh 2%)@?4‘?tf¥§r3%1°nf%§§§f hasa} wgﬁgéﬁﬂ%&%ﬂwaﬁsew of
a structure 400 forned by a nethod according to an enbodi ment of the

i nventi2dn. In. the enbodi nent of Ha 11, a mask medi um 410 has been forned
over a substrate 402 and an ordered array of wi ndows 412 forned in the nmask

medi unodd4é). WNademstiddZhhe uesohReRattl ki 1estidng of RBadskll TReA diRlaftdl) duehexpose
a portion of the surface of the substrate 402. [0048] The structure has then

b ' | d
cen_SHRRRSHLAAN ELA LARSTHbAuL s 1D PSSR RPN AGE iunled

concave S exanpl e corre to a portion o

structure of FIG_11 the recess is hun .an | ropj c. wet_ e ocess.
Ot her 08 ﬁ?ﬁf%fe AWAYTON 2By (epgsfion %gga%@wa@?% with Sideyyaps @@Bsen
formed. in the recess by annealing a |layer of a particle nmediumfolioed

over trmaeessB2Ucture in a similar manner to that described with respect to
ot her enbodi nents of the invention. [O050]FIG 12 is a plan view of the

structpo7]of Fl@ 1143 afcedssQuétiarar @ew\eh saficti@MR0ToRgedI! 4 inesd atcdriigg i@sK.
medi um 41. 0. 100511While the figures have shown, for exanple, pyramdal,

ctibo a% é?ﬁ%d?rﬂgﬁroif% in{&ftfonS §i¢ the embodiment of FIG. 11, a mask medium 410 has been

formed over a substrate 402 and an ordered array of windows 412 formed in the mask medium
410. Windows 412 have been formed in the mask medium 410 to expose a portion of the surface
of the substrate 402.

[0048] The structure has then been exposed to an etch process to form a recess 420 having a
rounded concave shape, for example corresponding to a portion of a sphere. In the structure of
FIG. 11 the recess is formed by an isotropic wet etch process. Other etch processes are also
useful.

[0049] Nanoparticles 440 have been formed in the recess by annealing a layer of a particle
medium formed over the structure in a similar manner to that described with respect to other
embodiments of the invention.

[0050] FIG. 12 is a plan view of the structure of FIG. 11 following removal of remaining
portions of the mask medium 410.

[0051] While the figures have shown, for example, pyramidal, cuboid and spherical recesses,
other shapes of recess are also useful. In some embodiments, some recesses may be formed to
overlap one another at least partially.

[0052] FIG. 13 shows a structure 500 formed during a process of forming a nanowire or a

linear arrangement of a plurality of nanoparticles according to an embodiment of the invention.

9



ot her shapes of recess are also useful. In sone enbodi nents, sone
recessesbe fornmed to overlap one another at |east partially. [0052]FIG 13
shows a structure 500 forned during a process of |oaning a nanowire or a

I inear arrangenent of a plurality of nanopartieles according to an

enbodi Thastraftutetes b svtestraiedii2 in Fhechst groovey2d Haainga welise crpses@0Rn has bdench a
groove 520 having a v-shape cross-section has been fornmed. Although the

gr 00V € fdrned € 2Athbo BETtHR St @eseribe B4 IRIng 05 SiaB € Eilob O Bkctibd, it 18 té be be
understood that an apex of the groove nay be rounded rather than angul ar.
Furt he HSEe6L)

100531 e geod Pl R TpRAEbh ANy BERRRTC gl BN EANS, TR i
menber 510 forned over .the substrate ?02 to expose a portion of a surface
of t he &§HSEHAL Sﬁ@fﬁofﬁgmﬁﬁgﬁ”ﬁﬁh%@ﬁl510 and the wi ndow 512 in the nmask
menber 510 may be fointed in a simlar manner to the mask menbers and

wi ndow§00885 cr | Begratre B 0vis farmed Hyepening ap eleagate wiyskoivhel is aghaskieembsf SAPi on.
1005410nce the wi ndow 512 has been fainter: etching of the exposed portio f
t he sulasidedioRet the pestrateBdd th¥xgosp aFortipnt dfa satfhat sfahesubstrata 56ni Thd magk ¢ et ch
process. In the enbodinment of FIG 13 the anisotropie etch process invol ves

exposupe. of g-h@amlﬂg glﬁ&nﬁfi 2 g{thsh&?li %%llﬂ%ge} O HAY bORrmb@n £3ANTRI ﬁl’amgé% fo

wei ght percent pota xI de I n del oni sed water. 1005

| ayer qf a nanosiructure nmedium hen .ne forped . over .the str ure and
the st ﬁl?c‘f‘%ﬁkem%m 2E) WP@"E@&&%@%P@ r‘%@l %FPeSF%t%gerlegﬁpé’alnB?&sn%ﬁ%%t ructure
medium FIG 14 shows a structure follow ng annealing of the nanostructure
medi uminmMeaielby nanowi res 545 are forned al ong an apex 529 of each groove
520. 100561For the present purposes,by nanowire is neant a discrete el enent
havi ng [605d] menSh&rthalvdmiywesidhhafbetniorord oddnadf the expsedpstivhaf the s
generally less than or equal to around 100am In sone enbodi nents, anow res

are fOEMa%]ay})%ﬂ{em b B AHRRALMR @%H%ﬁi@bﬂrébi@%&ﬂ9%@@sl Th¥he Y)

directions ess than around 5thimIn sonic enbodi nents, nanow res are

rmay haSBRRERGOR B and Gt P oRpan S o TR T W R O FRAREL €

(x, y) directions of at least | 50nm |In saone enbodinents,,ape leggth of
t he wi seluiign Baving et expmple; BB aveight percent potassium hydroxide (KOH) in delonised water.

[0055] A layer of a nanostructure medium may then be formed over the structure and the
structure annealed to cause agglomeration of the layer of nanostructure medium. FIG. 14 shows
a structure following annealing of the nanostructure medium whereby nanowires 545 are formed
along an apex 529 of each groove 520.

[0056] For the present purposes, by nanowire is meant a discrete element having a dimension
along each of two orthogonal directions that is generally less than or equal to around 100nm. In
some embodiments, nanowires are formed having dimensions along two generally orthogonal (x,
y) directions of less than around 50nm. In some embodiments, nanowires are formed having
corresponding dimensions of less than around 10nm. A nanowire may have a length along a
third direction (z) mutually orthogonal to the (x, y) directions of at least 150nm. In some

embodiments, the length of the wire is at least 1 micron.
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[0057] I n the enbodi ment of FIG 13, Au may be used as the wire nmedium
wher eby nanowires of Au may be fornmed. Qther wire nedia are al so usefu
including netallic materials, nmetal alloys, and conpounds i ncl uding

sem conductor and nmetallic conmpounds. [0058]1n sonme enbodi nents, annealing

condit]j simlar to.those i bed ahove with respect to,particle nedia.
or o udbB o B hehuimeator 12 by RS Bed B el iebe A RRERh SBREY or °: he
nanowi res may be controlled at |east to sone extent by control of the size
and sMhapevigés aflyeu mag ha fethedr 68lrer v@pomedinare Hsa e snchgdingmetaljcemalsfialy r e
medi um the annealing time, annealing tenperature and anbi ent conditions
dur i ngnasingls, ngd coapoidids n@edsg senibaciiopuadd preesisucenmnddconposi tion of
backwound gas. 100591Nan.ow res formed according to sonme enbodi nents of the

i nvent[bﬁg'sf] g??nhfsg)rﬁ@ﬁlﬁﬂ%%tg,ym@ﬁﬁn}gQ:onwif)ﬁb QR aPl TN RIE Rtk %BoWigﬁ ials in

order to quired nano wre neteria n sone eﬁbodlnents, th
nanow res may he caused to act with..the, s trate.in,order to f.grma
Fequ MEReHA P mEna Aol fopepTenevines T RUTES Bkttt BhEResife Hibon
anneal ing the layer of nanostrueture nediumfornmed over the structure of
FI G I8newireonay be ponirodledl aileatt to soopertentdlysonsdpidhoniee a shpesoBhovof t he
groove 520, rather than a nano wire 545 (as shown in FIG 14), In other
wor ds,shapedasto@fe 3P0s i gliiekmsHn opime ayet ebwirs nfediummegdhairmrglidgteme paxeaingt he
groove 520. 100611Qx her shapes of the groove 520 are useful including
cur veqearaaNes ienttohfiohd @f AcfRtihQDdifh ghseodd brifional pREsRE AR
concav% ?ounde surlgcef geﬁerg?? i%tfboﬁg gr&o%gsezr anybgthep S%itable
shape. 10062] Mul.tipl e grooves may be formed i nmedi ately adjacent one
anothépympﬁ%£89£gﬁﬁﬁﬁﬁﬁ fit's of the invention a serrated groove structure
is formed. By the termserrated is included a structure in which a
pl ur allP®39lof ~ denwivises farmed aearting i9 someambadimentnolihe inysptioremay bee plurality
of grooves touether having a generally sawtooth shaped cross-section.
subsequently reacted with one or more further materials in order to form a required nanowire

material. In some embodiments, the nanowires may be caused to react with the substrate in order
to form a required nanowire material.

[0060] FIG. 15 shows a structure formed upon annealing the layer of nanostructure medium
formed over the structure of FIG. 13 to form a plurality of nanoparticles 540 along an apex 529
of the groove 520, rather than a nanowire 545 (as shown in FIG. 14). In other words, a row of
discrete nanoparticles is formed along the apex of the groove 520.

[0061] Other shapes of the groove 520 are useful including curved grooves (e.g. in the form
of a portion of a cylindrical or other concave rounded surface), generally cuboid grooves or any
other suitable shape.

[0062] Multiple grooves may be formed immediately adjacent one another. In some
embodiments of the invention a serrated groove structure is formed. By the term serrated is
included a structure in which a plurality of grooves are formed in parallel with one another, the

plurality of grooves together having a generally saw-tooth shaped cross-section.
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[0063] 1t will be appreciated that in sonic enbodi nents of the invention the
| ayer of particle mediumor wire nediumis initially faned to be

di sconti nuous and not continuous In sone enbodi nents, the |ayer may be
subsequently annealed to forma plurality of nan particles or nanow res.

For ex§fede, ilhwihée epmeciatkd b odsomnemsbadiments ofithaamentioethedayst pbpardde a
plurality of discontinuous nanowires may he fornmed in any one groove 520.

[ 0064] kfrda@iBr RiFe QEHANRRA tsSinRialll Mrmidd\e BE dRBoritiubd £1d 19 €or@inub®y. €n some
nanoparticles are formed at a predeterm ned | ocation on a substrate the one

or nor %m%g{ﬁ?rpe%{st ih%l 1§}$er %¥/ blg%uﬁs}éatg u ea%!ea‘{%dtjt%?ﬁla%g g{ugélfﬂ/ Bf haHo ge}‘ﬁ[‘,les or

nari ost’'ni cture such -as a”nanow a na or” exanp in some
enbodi nent s t he, nanowi.re or nanofube so forned js used as ' seed’ .
nanost RBRQIYIESSt §OF SXapRI&dn { aF%?éf%l?‘?%ﬁmS?tSH“P’ﬁ‘Ft‘ RETOVHER ¢ ﬁ)ﬁ‘ﬁ‘ié‘ lyelias a
nanowi re or nanotube by vapour-liquid-solid (VLS) growth or any other

sui t ablédigeawinhotssumnvreemay 00 68nrdrin exaens oowe@Onano wire or nanot ube may
be heated to forma further nanowire, nutopartiele and/ or other

nanost [eus4yr € Rndhelenthpdingats 6f0he Mvehtidrhia veiilisbiicdren@e nahdparticl gaseiused
[ 00671i n sone enbodi nents, an Au nanopartiele on a silicon substrate is

heatedf o gx%dét%ﬁ?ﬁ%&éio?ﬁﬁorpén leﬁiléﬂ‘gte tfi_’é;&;ecg)rinﬁbrg ;/15.15 %f&gﬁsirgﬁfbi Sibdeghéihly

at nosphere or orma silicon nanowre vapor - solid (VLS)
. S. Waper and WC.

%r IO:MS h hﬁ&?ﬁ? ,fgg%g@éffgL@%%gﬂ&L%gﬁgh gé?egilg)(évzr.ee%%ggg‘fetfl “some embodi nents, the
silicon nanowire is forned by exposing the structure to a flow of a gas
conpr i 490651 5% Edrleapaplesintsemedinbadéments the mangysise e nagotybe §¢ rrmed s WS apdror r
and a flowrate of 400 seemfor 10 m nutes. The structure is held at a
t enper ajedd enabsthfiice ducadpestie forinatibhef 4 fustheofiangstsucture such as a nanowire or
nanotube by vapour-liquid-solid (VLS) growth or any other suitable growth technique.
[0066] For example, the nanowire or nanotube may be heated to form a further nanowire,
nanoparticle and/or other nanostructure and/or by reaction with the substrate or with a gaseous
medium.
[0067] In some embodiments, an Au nanoparticle on a silicon substrate is heated to a
temperature of around 530°C in a flowing silane (SiH,) atmosphere in order to form a silicon
nanowire by vapor-liquid-solid (VLS) growth. For details of VLS growth, see for example R.S.
Wagner and W.C. Ellis, Appl. Phys. Lett., 4, page 89, 1964.
[0068] In some embodiments, the silicon nanowire is formed by exposing the structure to a
flow of a gas comprising 5% silane (SiH,) diluted in H; gas at a pressure of 850 mTorr and a
flow rate of 400 sccm for 10 minutes. The structure is held at a temperature of 530°C during
exposure to the flow of gas.
[0069] In other embodiments the nanostructure is heated in the presence of a vapour to form

a further nanostructure such as a nanocage (e.g. around an existing nanoparticle) or a nanotube

(e.g. nucleated/catalysed by an existing nanoparticle). In some embodiments the structure may

12



[0069] I n ot her enbodi nents the nanostnicture is heated in the presence of a
vapour to form. further nanostrucftre such as a nanoeage (c.a. around an
exi sting nank.pa nanotube be exposed to a vapour bearing at |east one

sel ected fromanongst a Goup Il elenent, a Goup element, a Goup IV
element, a Gooup V elenment and a Goup VI, el enent of_ the periodic.table. In
Son. GiSBAPTHAD & ERGIr PPN Gigs| e relicied o FRENES BERIR e&wgﬁ ufproup
conprising at |east one selected fromanongst a. carbon-bearing vapor, a

ni t r ogéreldyeant ngroragrelementsa GonprV blsarenhandea@orup Holerespappihe peds@issur e of
a nanoparticle of Co or other particle material to a carbon-bearing vapour
can raghlk! Id drid@nbaimaidts et difucRreRhemad nathetpuddencel df atvapodi compeibinghe
nanoparticle is sufficiently small (e,g, in. the range of from around | am

to ar Qe 616! r QHISL R Bbdatthg FairAgh § vORI. d
nanot ﬁg%g?r}ﬁ%/ ém%aoﬁrlg3%%9%]@%&%%%%&%&%@5?%%nts, %1 %@éd nanoparticle
formed according_to enbodi nents of the inpvention heated.inh the.presence of
FoR OB i
a vapolffiPR %Ry A $28Weh CAREUBot d‘r‘f‘a(lgpﬂ{.}dﬁé’ §oion8sher gariglymaateriqfio g,
nitride nanostrueture such as a boron nitride rianocage andior a boron hide
nanowi qagboarkatiog vepdvoconresilt ini e formabipubéa carhor aareteieh dbibaere of the seed
nanowi re forned according to an enbodi nent of the invention is heated to

-than ran le i duffidenthagies hfelg inithe rarige oS @iven &ohadli e nd srouhdi@0mAanost ruct ure
so formed is a nanowire. 1007110ne or nore nanocages may al so be forned

ar ound ety ABAAPAL 1 hBtpd Shih '8 GnBCRAINAnbAnORAY BE 8T erbodi ment s of

the invention in order to formfurt nanostructured material s.

[ 0072 rence to_a' anopac'  herein is intended . to include reference to a
part i éﬁ@;‘ﬁaw EFQY%IPMW%@%F‘%@S%@&&?“PWE@e E‘EHTt?QlaFW@r“EK%S‘Bh%‘%mﬁQ S °$ . 2)
axes not exceeding substantially 100nm 100731Reference to a discrete'

el enerthe inyeptereisdeated i the areseedecr @napotrdeanngnidiesen andReron (aHoraginents el y
bound. to a matrix conprising the sane material as which the elenent is
conposfem aHous nitréfeatagbgicti@e sudli S arteiken matdestanveiganadioed borenmitvidel d not
include reference to a grain of a generally continuous thin film having a
grai n §hg&irRhnd/BPh YotonMitrid€ S8notube. In some embodiments, a seed nanowire formed

according to an embodiment of the invention is heated to form a boron nitride nanostructure. In
some embodiments, the nanostructure so formed is a nanowire.

[0071] One or more nanocages may also be formed around other nanoparticles formed
according to one or more embodiments of the invention in order to form further nanostructured
materials.

[0072] Reference to a ‘nanoparticle’ herein is intended to include reference to a particle
having dimensions along each three mutually orthogonal (X, y, z) axes not exceeding
substantially 100nm.

[0073] Reference to a ‘discrete’ element is intended to mean reference to an element that is
not intimately bound to a matrix comprising the same material as which the element is
composed. Thus, reference to a discrete nanostructured element would not include reference to a

grain of a generally continuous thin film having a grain size of 100nm or less.
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10074 1't will be appreciated that grooves nmay be forned in a stnicture
such as a substrate, the grooves having bends, kinks, jogs and/or other

| ocations at which a |longitudinal axis of the groove changes its
orieiitation relative to other portions of the groove. [0075]1It will be
appr eci®7dl t Hawilyboanpesciatad that grovésonaabd nsedraya $eichuse sl aat supstfate; ent
depths of the structure and that connections between nano i es forned at

di f f er entorol@Rt haviagbelR, kiaké, gomRlantiRd othenlceaidhs @ ralth BE O gitudinat Hes bAwent i on
grooves may be fcmed at an angle to the plane of the surface whereby

Nanow L&y aBYanBEs i?@&l?&l@aﬁ?'ﬁ%laﬁ{?e&%héri#ggil sBkﬂ{éegrQ&fea' lel to the plane of

the substrate Surface, us I n sone e ments “of the invention nanow res

may be rmed th connect el.ements prqvided at .different depth f a

oty uct ST o itkbg St HREEReLeTan g i s ooriRg ot Gitefent

speci fication, the words "conprise" and "contain" and variations of the
wor ds, dénshs eficherpinecture ane tHas corgrectiong betymep nanewiresdpmeedo diffrsentidepths ean o |
and is not intended to (and does not) exclude other additives, conponents,
i nt egecsntehplatedpn sdrlOdnibddimenig b the ihtentide gedoves man bafdmel at asangle fohhs
specification, the singular enconpasses the plural unless the context

Ot her Whiihe b Eike ifbr R ah GUIrA! maP el imiol ik BOISE U s add Bkl & tiged,

the s Ication Is to be understood as contenpl ating ty as well as
singularit unl.ess. the. conf.ext requires..otherw.se. 0078] Feat ur e
"t oge e S BRI IEC TR i RS B R et d8 AR OTRS T | bec
nction with a particul ar aspect, enbodi ment or exanple of the invention are
to be fnmed shabsennest Yemepppiovidsiat didteseny dentheef a¥iveBee. enbodi nent or anpl e
descri bed herein unless inconpatible therewth.

[0076] Throughout the description and claims of this specification, the words “comprise” and

“contain” and variations of the words, for example “comprising” and “comprises”, means
“including but not limited to”, and is not intended to (and does not) exclude other moieties,
additives, components, integers or steps.

[0077] Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particular, where the indefinite article is used,
the specification is to be understood as contemplating plurality as well as singularity, unless the
context requires otherwise.

[0078] Features, integers, characteristics, compounds, chemical moieties or groups described
in conjunction with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment or example described herein unless

incompatible therewith.
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VWhat is claimed is: CLAIMS 1. A nethod of formng a discrete
nanostructured el enent at one or nore predeterm ned |ocations on a
substrate conprising the steps of: formng a nask nenber over said

substrat e; formng a window i n said mask nenber at each of one or
more | ocations at. which it is required to formsaid nanostructured el ement
t her ebyyP#1ds ERPBEESa portion of a surface of said substrate; removi ng

a portion of said substrate exposed by said wi ndow at aid one or nore
| ocations to formone or nore recesSealM® said substrate; forming a |ayer
of a nanostructure nediumover a surface of said recess; and

anneali.ng sRinftigldrofebiniitg b AecRIRYnin0sttined alethenaatasi v iows pddabetived i n
each of said one or nore recesses, said nanostructured. elenment conprising

a portjLaR i jfqum said nanostructured el enent havin
oy Pty SR ER G ol :

an externa east two substantially orthogonal

directionsjgess t han. or substanti I%g %qual to 100nm 2. A nethod as
cl ai medwherSHNE RISk AR erf)?f?ﬂ'—_slaf(ﬁ%’ U1'% one or nore recesses conprises the
3

step of etching said structure. . A method as clainmed in claim]l wherein
the step offounimgalwingow an spid glask member ¢ ehch phoneLirdnors fesstionscat e ibisement

is followed by the step of renoving said. mask nenber. 4. A nethod as

cl ai madquiredab dbrm daidhatosiroctiee eknemt dlerdbgnarengsa apetasfianusaiecbfsaist r at e

conprises formng a recess having one or nore walls defining a base shape

corregﬁgﬂgﬁ@g to at | east one selected from anongst a portion of a

pyrani dal structure, a portion of a square-base PYrl structure, a portion

of a cube, r%m%\glrntgia%r(])rt%n S seé\uL(lfJ s%ibgi'atg e)?p%rs]ec l\)/)? sdi uwrlllgcﬁ)gv a?tusglifdao%% ‘or thore
locations to form one or more recesses in said substrate;
forming a layer of a nanostructure medium over a surface of said recess; and
annealing said structure thereby to form said nanostructured element in each of said one
or more recesses, said nanostructured element comprising a portion of said nanostructure
medium, said nanostructured element having an external dimension along at least two

substantially orthogonal directions less than or substantially equal to 100nm.

2 A method as claimed in claim 1 wherein the step of forming said one or more recesses

comprises the step of etching said structure.

3. A method as claimed in claim 1 wherein the step of annealing said substrate to form said
nanostructured element is followed by the step of removing said mask member.

4. A method as claimed in claim 1 wherein the step of forming a recess in said substrate
comprises forming a recess having one or more walls defining a base shape corresponding to at
least one selected from amongst a portion of a pyramidal structure, a portion of a square-base

pyramidal structure, a portion of a cube, a portion of a cuboid, a concave rounded surface, a
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portion of a surface of a sphere, a portion of a surface of a cylinder and
a groove of substantially v-shaped or u-shaped cross-section. A met hod
as clainmed in claim4 wherein at east one of said walls of said base shape
is generally defined by a crystal plane of said substra 6. A nethod as

cl ai megoitionaif aismfdcewtfarsphere sapatioeobssurfoapf & sgmdar peissggewanf shbstanigllsai d
base shape provided at a first end of said passageway, a second end of the
passag@ymgpéagﬂ(ﬁsghtaﬁe(pébg g‘ebﬁ&{ end having an opening at said surface of

sai d substrate. A nmethod as clainmed in claim6 wherein said passageway
has a | ongitudinal axis generally normal to a plane of said surface of said
substrate. 8. A nethod as clained in clain1l mherein t he nanostructured

el ement conprlses a nanopartiele. pethod %hneg i. nwher ei n .sai d

r ecess Sconp#l Bekodas @Pmrgidpélag%b%erelw CASLABER a"“ Pg 35F SR4P4in 9
wherein said goove has a portion having a substantially v-shaped or

u- shapegeheralsdefmed by anryswbpneahmidsubscatar ed el enents bei ng provi ded al ong
an apex of said v-shaped or u-shaped portion of said groove. 11. A nethod
as claimed in claim9 wherein the nanostructured el enent conprises a
nanowire. 12. A nmethod as clainmed iii claim1l wherein said ask nenber
conpri ges s Aﬁl(é@lgd?§(l:19§x1ed R4 '4a\lvhere1§1‘§a1dpr‘e¢5@% s & QésH%ﬂv yhaQin IsBRgL
wher ei n” sai d nanostructure ne Ium conprises a st one s ted Trom

anongst a net al met a conpound, a s uct or conpound, and a
met a?l ﬁ)esecsgﬁm}'ﬁ ed ata hrst end 3/f sal% passangeway, a secon ?ﬂle passageway opposite

said first end having an opening at said surface of said substrate.

7. A method as claimed in claim 6 wherein said passageway has a longitudinal axis

generally normal to a plane of said surface of said substrate.

8. A method as claimed in claim 1 wherein the nanostructured element comprises a
nanoparticle.
9. A method as claimed in claim 1 wherein said recess comprises an elongate groove.

10. A method as claimed in claim 9 wherein said groove has a portion having a substantially
v-shaped or u-shaped cross-section, said nanostructured elements being provided along an apex

of said v-shaped or u-shaped portion of said groove.

11. A method as claimed in claim 9 wherein the nanostructured element comprises a
nanowire.
12. A method as claimed in claim 1 wherein said mask member comprises silicon oxide.

16



15. A method as clained in claim1l wherein said nanostructure nedi um
conprises at | east one selected fromanongst Au, Ni, Al, Co and Ti. 16..A
nmethod as clainmed in claiml further conprising the step of heating said
m nostructure thereby to form a. further nanostnacture, 17. A nethod as

Compr B tha i SIRELIN S5 AT PO R e P RRENGS (Rl

vapor. 18. A nmethod as clained in claim 17 vvher ein said vapour conprises a
vapor maarilng at | east one selected fromanongst a Goup H elenent, a Goup
H element, a Goup IV elenment. a Goup V elenent and a Goup VI el enent of
the periodic table. 19. A nethod as clained in claim 18 wherein said vapo,
conprises at |east one selected fromanobngst a carbon-bearing vapor, a

ni trogen- beﬁgﬂ%@’ﬁ% im@eh aaﬁ)ﬂ)g WicheREdid daRRAEture A diud Bosk AgeaGl @i med

inclaiml ereln the step o orm ng t he nanostnacture ne |um COITprISES

the step of formng a nerally co nuous Ia r of sai A
net hod® §e]€Ft§ﬁ I&q%g? fﬂe?alv%%lf’térﬂithgcg?g?) aP%‘P}%"H(g‘ En% com ﬂ%% 184 ur e
medi um conpri ses the step of formng a |l ayer of said nedium haV| ng a

t hi ckrmastgllisfcompormdr ound Snmto around 50nrn.  22. A nethod of forning
devi ce conprising: providing a substrate prepared with a recess; and

form ng a nanostructure in the recess herein the recess enables the
nanostructure to be precisely located in the substrate. 23. A nethod of

form ng a NANOWA&I a9 di4iREEHSE LERE T WIRFGH sARSatr@ckdSbdiBkomprises at least

one selected from amongst Au, Ni, Al, Co and Ti.

16. A method as claimed in claim 1 further comprising the step of heating said nanostructure

thereby to form a further nanostructure.

17. A method as claimed in claim 15 wherein the step of heating said nanostructure

comprises the step of heating said nanostructure in the presence of a vapor.

18. A method as claimed in claim 17 wherein said vapour comprises a vapor bearing at least
one selected from amongst a Group II element, a Group III element, a Group IV element, a

Group V element and a Group VI element of the periodic table.

19. A method as claimed in claim 18 wherein said vapor comprises at least one selected from

amongst a carbon-bearing vapor, a nitrogen-bearing vapor and a boron-bearing vapor.

20. A method as claimed in claim 1 wherein the step of forming the nanostructure medium

comprises the step of forming a generally continuous layer of said medium.
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conprising the steps of formng a nmask nmenber over said substrate.

formng an el ongate wi ndow in said nask nenber at each of one or nore

| ocations at which it is required to formsaid nanowire thereby to expose a
portion of a surface of said substrate; etching a portion of said
substrate eXpmstwdiay ckhanetl wicmow whersii the st obformreghé oerusiratteremeedivnm one
or nore noves in said substrate; form ngof a wire nediumover a surface of

sai d gompasesahdstep of forafigeahyar@f sdi thediunuBinhga tHekrebyoftforh Bfolhs 8ind to
nanowi re i n each of said one or nore grooves, said nanowire conprising a
portion Rfasehe W re medium 24. A nethod as claimed in claim23 wherein
sai d groove conprises a portion having a substantially v-shaped or u-shaped
cross-section, said mmowi re being fornmed al one an apex of said portion of
said groove. 25.A device conprising: a substrate with a recess;
nanostrulLture disposed in the recess, wherein the recess enables the

nanest 2édct ufemediogeof pradnsedgri¢enoapsisingn t he substrate.

providing a substrate prepared with a recess; and
forming a nanostructure in the recess, wherein the recess enables the nanostructure to be

precisely located in the substrate.

23. A method of forming a nanowire at one or more predetermined locations on a substrate
comprising the steps of:

forming a mask member over said substrate;

forming an elongate window in said mask member at each of one or more locations at
which it is required to form said nanowire thereby to expose a portion of a surface of said
substrate;

etching a portion of said substrate exposed by said window at said one or more locations
to form one or more grooves in said substrate;

forming a layer of a wire medium over a surface of said groove; and

annealing said structure thereby to form said nanowire in each of said one or more

grooves, said nanowire comprising a portion of said wire medium.

24. A method as claimed in claim 23 wherein said groove comprises a portion having a
substantially v-shaped or u-shaped cross-section, said nanowire being formed along an apex of

said portion of said groove.
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25. A device comprising;:
a substrate with a recess;
a nanostructure disposed in the recess, wherein the recess enables the nanostructure to be

precisely located in the substrate.
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