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Figs. 2A-2D show steps for imprinting a layer of masking material and
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[0013] The mold 10 can be patterned with protruding features 20, such pillars,
stripes, rectangular solids, or other three-dimensional designs. Protruding features
having a minimum lateral size of 25 nm can be obtained using electron beam
lithography, reactive ion etching (RIE) and other appropriate technology. Preferably,
protruding features of the mold will have a lateral dimension of 5 nm to 20 nm. A
mold 10 having the desired pattern of protruding nanoscale features at resolution

levels much less than that of the-state-of-the-art e-beam lithography can be made
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dep051ted on top of an underlying layer 110. The masking layer 100 should be a

relatively soft material capable of retaining an impression from the mold. For
example, the masking layer may comprise a thermoplastic polymer deposited by an
appropriate technique, such as spin casting. The underlying layer can be substrate, a
non-catalytic layer, or a catalytic layer.
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230; [0023] As shyon waltial %/H,utk;e malfeqregtasOa pajtepredvinablng layer 240

pl?r}f:ﬁk e¥i'by {;Q@s@%dﬁcwe %%@ ?éd d%ga‘én% %Hjof(n%% Q{a }Jﬁ' I’]ayer 210.

Al Blpinvﬂ ryxl an Mmhfcadpaieﬂtregzodsay dre r@me:atc')al)@ena{eahdeyhentdub)ected
t({%‘ll frélf}rglﬁg E p% £8rh an e?éh n- ca?aqytlc laye tZ%rO punct{lgtgcli %yae%osed
catalytic regions 270. Preferably, the etching step is conducted using a directional
etching process, such as reactive-ion etching (RIE), to avert undercutting portions of
the non-catalytic layer protected by the patterned masking layer 240. As shown in
Fig. 3D, the masking material can be removed by, for example, selectively dissolving
the masking material in a solvent, thefeby uncovering the top surface of the etched

non-catalytic layer.



procedures, such as a polynmer material, whereas the
materi al conprising the non- catalytic layer is
waemaepiokbl e to etching in suitably sel ected epPChas1083/032062
For exanple, a silicon oxite |ayer can be selectively
et chegh3j rl:l% WRL4B tdWaNepk Tt seeBiely REdify E1AYANo an exposed
fluorlde g F) or by dry etching in a fluorcarbon gas.
supfgerPip Reey dasise writhi a&?mvsrswgsof the grasentdnvention. eMoge particularly,
soR B I LLORA MBS r&gglng Cocedtds gﬂ)‘dﬂfé H%‘éﬁgngly Fﬁ%ﬁf% LOBF)
uncovering expose glons n-catal ytic yer
ptm:matedmsf rspionn exposiaE g. suﬁ"@;e ¢ fhem lmdpdssleg layey B@lhs Agfshowe in
tic I er .are,th en. s to an_ et chi
Fige W Pt R HERT A PEL R T Syph o SO o Rllohy
sp@wmcéat@%i‘ dlallil){sl&mﬁmﬁd:an batgaherited by egkately?ddpositing catalytic
Preferably, $ &chln ste f ndugb@d usi ng @, b
meferdan ﬁgrposg EHI4GS ﬁ e gader a&?é ayeg PR POt tiRuehout
thE pefdAc LR g 1ah&r. axﬁgrtowmelemgmn itROp ARk ARGL e la}teh%an
non-catal ytic | ayer protected by the patterned mask
themyher reppged A8 WisavH the unﬁ@fé;vm%rbwer»h@ot%swlhgﬁhalﬁ%YeFﬁe&qﬂed
Cdﬁ¥§t9§“£§53¥ed by, for exanple, selectively dissolving
Ing material in a solvent, thereby uncovering
t he opMidonrhpcesepdn arty ofdishust nanmak@acml}qqfccauaWQ matanal
2 04/ GLLY ]
arg %nmrg 8?91%%0 or Sg%%g%&@é%Qﬁgaﬁ?en{ Qrp \?t}% T(E g%ﬁitd n%ﬁ“ové’ ﬁes are
thexx peset bysctatzﬂ;amedmnmonmmd aﬁ aalmmhoamnmg/ gass slmhsasoeﬁlane

pre i nv iQn. More particularly, sone
(SQQS§?8W§(%99¥W%8£$é§€ding procedures produce a
pat t[@bﬂﬁ%gﬁﬁ@s@gsﬂw 8Eps3b nakRUNEdgliRt @faPYf ﬁﬁx@jrﬁﬂlﬁ spaced

exposi ng a surface of an underlying |ayer 300.
napRpaficlenusiFg gnawmpmm@g detiee Wrfgeqriange Misth aagider ‘tfé%@l ofohe

pre Qi arhﬂenﬁo& at gl yai ﬁ{htﬁ‘xgr aNiRT cdreg! ﬁBWedb%Qﬁg efteviousiy

cat al yst nanol s can be generated

deserfitedt tlev@WleeléHo%lﬂaﬁ n@osc S298569.c0.30BR B fugd 66ﬂ7 4 and US
PH&ROR i8S ﬁ]‘&ougﬁEO(Slbﬁ)&w 141(9)\‘;50@9[:3(!1 RA¥fedn §9 fference]

I nterposed t he patterned masking | ayer
stohavin Higy 54, g mdig, 400he cpmtrndediend grosikg nlgddpayeng cahlrahty of

ol Tl PR Ry MR bn e Y e v

arldOD Rddr (bfnsea(md BasHal 420, & ﬁar)ollcofsutﬁtrae 4g0e gmamuaﬁakr% layers
regl on cat teria ar e at. the

formgcac n%”tEI &eéﬁwhréaoge?ﬁcle ey éﬂfmw%ﬁnﬁwqmwnwwle

difRASBH RS spdcthg. t’hﬁﬂcaﬂl Hﬁﬁ\éhsfws ad adaytd &e@eﬁ@rm%o tnlernThe
of a silicon- contalnln%jqas such as sil ane or
)

stafkewilohayeia myer fusfarppgraliel tq figbef thesypsirata, §E36§ﬁswssctl%w§d

arfdPorNRHBh&l hOSH a6 Bl hFYr ShrfdeBith AkpPbst ®PaL@Hlity of alternating
nanoparticles using a nanoinprinting device in

laygersorldrg rresosgH tidyesnde ean sjehicd o psentiepthpysingegy ctchant that
etk GRY h&nmaénﬂfm QSR LR hB ShaleNd SRofPRaRBPHRYb Y ating a

usi ng previously
pattern of recessed strips 440 on the edge of the stacked structure.

[0026] As shown in Figs. 5B, the edge structure can then be used to form
nanoimprinted lines 450 in a layer of masking material overlying a layer of catalyst
440. The material not protected by the pattern can be etched at this time, creating

nanoimprinted lines, as described previously (supra).



descri bed techniques [U. S. Pat. Nos. 6,294, 450,

6, 365, 059 and 6, 407, 443; and US Patent Application
wOlorba1r002901/ 0044300, incorporated herein by PCT/US2003/032062

reference]. As shown in Fig. 5A a nold 400 is

con ted by drow n L1 ' £

PTG RLyRh s o 8 bl RgRL Al o one
veEos 1 thi Pgesantl iayetionf Afier the finatser ofdined 380 isafodneal, hairelrig.

of second material 420, on | d substrate 430. The
SERhRARS FrpRtFagsthen opfed 1 B SRichr SR Ceted) SRAELE: of
urgf; AR A RUERS mABL A HoReFatkynstdag ealRBhéEH RARRBARE hatesial
I mensi on and spaci ng. Typical dinmensions and spaces

before eching the underiyipg dovike materdlk onthel deﬁggénaéer%jcar} be etched
af&yg;ﬁ%%%ngiz,{pqﬁnhﬁ% b that of the substrate. The stack
'S C and

eave or polished normal to its major i
sur f[8028]t Thee Rpo ssetst dfe intdreacting tlinepfcan| beofhpgangl, creating a

| ayers. The gxpose r e d X e
ret G, et igo R ARARS TankE RRpRhE, 12 ) FAEnC Br nnRache
pithosalydiokitpte@nit nahe-pdnamdichlar sangben dereiingr 2 atkeweh eqretyy of

creating a  pattern of eces%ed tsttrirgﬁ 44 on tigetoed%qe
paspllelogzaras. o MAWOLTy et BPK. CioB2 A7 1RIRE WHOIRIFT Ei1gd° CE
pd1sonBAgRp&d Mbkkiny Rerfedts. t hen be used to form

nanoi nl printed l'ines 450 in _a | ayer o{

at clODa9) 4% EhPyR 8 e | 3By eratibyst aippoiplyags 48l 6en g greated by

etgiﬂhg Fd,3bsda0tedirdt S€ 1R chivlykthendatheying CB histebivehafsidhg
this tine, creating nanoinprinted |ines, as described
elpments.o ddleynafiselpr i pon-venly oo magtig54ge PaTiySEedIporIYEtands
8 100271,Fig.. 5C resu f

o BO0EIH D YRR ARG, | R bERoRL ARG cp e acce
ciph@c@Rtby seleerid aiditioAtd the idldres fornst irsBitg. 56T anldi ik or AbBicaly

at ed and theﬂ ese

se

formed,.as in Fig. t.he | d J,s rQ
USing, Iﬂ?eeﬂlf&(‘ie”f Haéevé’g?rﬁ C%SHT'E ‘Q@%({gﬁ?n%c th alfal‘:}rﬁ%mlénds econa
cﬁﬁlyeg'n%ﬂ&§lgﬁd& cbﬁlﬁaems Kikeﬂgas ORbEEts &trl.naﬁxgﬁii‘e gatvtter ns can
e defined in the sking materia efo etchin he
undeldyPhiiesfA-6R- sharetoRIer VEFIopRE adEVF’%CL?Mf‘%?Si‘%g Ca&%#t
régﬁmets&rfa&%de@t)y%rnoﬁ@h@nytr&aagrmrsisn&\ivm BieCBbA LROAS L T8 of
two sets of intersecting |ines can be orthogonal

theraatalytivglla act}vggpq;?féj{y |SQQ Isaforagd o 2 SeRFdAlE q,}gswdn@la’yer that is

n§ c%[ﬁﬁ){ucgllﬂ 1Qived30 i fobthél oRCuR caldMANaFARRE 1ayRH5RRSEL Y6 A
oriented at a non-perpendi cul ar angl e, creating a

sisleevibat baforyfonfing er rrintaafabficalarer S8y bgvegthod; dpscripst gbove,

ST R P B
regataabyrsy ofriydoss artbismdgingmatend, i tedorpya mas er the
dﬂegirpagslset3 r.eg ?r?g of ?he %%?alenyzﬁ%n;ﬂg eo[g‘grl?ywqg \Jo fu ir:gude a
B9 68 uphyE hetelhretodr o AR Al Ve LEF UM

hirder caslahy taerigbieieilghs agoe masking ddyey wisddis hfe of material

BTN RN RN T ——
layer of hard masking material by etching. Fig. 6B shows the surrounding areas being
covered by the noncatalytically active material 530, which is not deposited on (or
removed by, e.g., chemical-mechanical polishing from) the protected regions of the
catalyst. As shown in Fig. 6C, the masking material is then removed, leaving
nanometer size exposed regions of the catalytically active material 540 surrounded by

material that is not catalytically active.



chemcally by selective addition to the islands forned

in Fig.5C and 5D, or physically wusing the different
web@datioans of the islands and the background PETUSINS3/032062

These catal yst nanoi sl ands? can then be used as

cat al £ 6

Shot A36[ oy PreRRIRdES LR et AP broskBTnvchlrbve many

ad‘@gltagns Iopartisulad abke rh)ythadsmfrﬁmrasteyt m@edt@yxeare capsale;hbfmmng

d 6B, a la t he. cat tically .
sidyinsdipst SR dSaros T B et P8 s evapyitn
e?cir@ygéanﬁ h&i’ogtﬁghy rﬂ)ﬂiel radent ?nlemead tan aasfblt fovie cﬁglgts)ti 1§l[§nds more

or.Ime er the cata ytlca Ilve ayer i
rapacly GO NESS erpRTSsE Ghas e r%a'flﬁé %%Phé@%auﬁ wwrralgré}tmg
lﬁggara‘ll@epﬁ@ésgQﬂmﬁﬁ@%é@eﬁat@%%@ the Sanfe tim®f, rathR' it k RBrial

irst set of lines, then rotating and reapplying the
Prasees (fomingpatiemy sequé@fmlla} likgr qlepgropfoepm ljhgpgraphy.n” t he
maski Y
deSI GI%Zgﬁ{ltg{S% the g/éégggllv%@l reg{ﬁ‘o@% %%cn?%g 4 @Drnsﬁgr%ble
deflatl evitherteforence Moter&hmnnt)enm utrdionsmtered§ other hexrsidey are possible.

e Eateore feeharePecue B8P LoPetRER Ribnslh i FrvEE »

pIﬂﬂcen @A trécssed Waidsd cdvealts Ba sﬁeelr toefdrrh ant inerigdiee noldgaving a

er of ar maski ng mat e et chi . Fig. 6B
o ! aPEBTR AT PG T hE PTG PoLER el Snallydpgigiands can
tﬂh‘ﬁnlgeafo'l\ﬁ%ﬂ i3 dF |0M aﬂcﬁddﬁﬁylﬁgtnﬁftérﬁl'l 1r5 3e imMpreSsion. S AMefnatively,
deposi t ed onw£ renoved
peﬂt@’mdéémmﬁ@é kit te«ﬁwq@h Fqﬁ)gber vssﬁ) mvch} paneseadipattern is
RN 8n Qlfldetrl?ﬁl late'ra‘lsen‘r:th\)ga\@ﬁoh gvthh Qny BGteriblRposited
maski ng nat § I'S t en renove nanonet er
ogitere obthp petteinr dgewfrae,dhe shet oult wbye oChE Iaypeadtd «vlelms should

& nat
SRS B ALY ERe e M i o0 s BePhel B3] 052062
9 [0031] The previously described versions of the
present invention have many advantages. In
particul ar, the nethods of the present invention are
capable of formng smaller catalyst islands than are
possi bl e with conventional |ithography or even with
el ectron-beam | ithography. The present nethods can
al so formcatal yst islands nore rapidly and | ess
expensi vely than el ectron-beam |ithography because
nanoi nprinting is a parallel process (form ng many
patterns at the sane tine), rather than a seria
process (formng patterns sequentially) |ike
el ectron-beam | it hography. [00321 Al though the present
i nvention has been described in considerable detai
with reference to certain preferred versions thereof,
ot her versions are possible. For exanple, the
techni que descri bed above, of rotating a nanoscal e
nold having a pattern of recessed strips, can also be
used to forman internediate nold having a regular
array of polygonal protrusions. The entire pattern of
smal I nanoi sl ands can



then be formed in or on an underlying material in one
inpression. Alternatively, pattern definition and
wo pdosadfolto t echni ques can be used, in which a NPODESAN®032062
pattern is formed in an underlying material and | ater
n%cg eh%pngnth any naLerlaI deposgted on top of
ern ore, the s and sc
appe e eftigd gl bRaRiecn wEE BEMtninif BinepaREfe B 4 Whstrate
celgpidingdt i on of the preferred versions contalned
herein. WO 2004/ 040049 PCT/ US2003/ 032062 at.is
cl ai Med i Brovifinge heldRyth BRofaiEpreigisions ags esired pattern;
cat aljyt i ccanmngpRIprbtElsRRs Ath@aBHES bladdrial; af®@NPr i Si ng: i)
providing a nold with nanoscal e protrusions formng

fesi #iDd piasErFng e deseRupitieg) ohe iR PESEs HRLRTaCe by
cat Ayl TREEk B ghd bih ihe ABSIEE T g the desired

patterno cat a terial to a substrate by
cont dctThegmethed @étcaiuynt 1 duntheer epingfising tthe stap of (gyewingt slicon

nsqovareg\&nﬁg (‘S%?a}lftbc Catgrl azlbg; \%}cl:'lorrrg IgelElO{cl: ﬁg}) Ccaotnaﬁog a& Sg S ! ep
mat eBj arhebyetdmmlmmal itwiterein theshdid mfab@@maajyrﬁmgmg@saphy
3. The netho gf claim!| where

h
f abr frcatamBiHof jof laimy ﬁo"tjt}eé‘ﬁﬂy{len figd q%ﬁ%@p@yﬁadﬂqﬁmn beam

litloRtdphg. Wherein the fine lithogr aphy is electron beam
it hography. 5. A nethod of form ng an array of
cat aPysh mFéhPé‘pS’zﬁfoF”é‘Pge@ argay ph F?t§1Wﬂ@an°Ha§t‘°%Fép‘i9§?HriSW§ a
| ayegy of LskR3 Bl 9 b YAdRBy @Y Sfer 1 1)
provi )dl ng lﬁg ﬁ“nrgnsgg%a ee protrusions ?oﬁ%’r ng a
desi iig¢d patdvehngampidnyltlpmaeassqa}eg)r@tn@lqais frmgrigondesséd paiem;
g?ledf b?:rg8¥£sﬁn% Sé pr&gf(lont eflrtglglénroi? lrl:t?ﬁjl:e tags%mlgelﬁgtetqa so that
pat t eepressions ae%pmsadng titeheasﬂimgéa)leylmge Hiawyred patrent;he

depr essi ons; acalizing catal ytic I terial in

the d¥preS%H °8W§(gh36“”?d %Latyﬁr 1B%b‘af eBTeé M5 Wherein the

underd yi neocaliditg éa@dlﬁnmmb@almstlkhlepregsainal yt| c material.
aim>5 wherejin t

7. The netho f cl

it oty a1 Feuel, 08 5 VHEBOE FOFH T G oS ip the
cSalylioendi®idrod of claim5 further conprising the step

of ‘growi ng silicon nanowres on the catal

mat erli aFheymedwdopi ki | Drivisreisthe cghlisnmg %éﬁﬁlngs gelgctively

laim5 wherein the nold is
d?%%sg-tlg(gg{@gggg S?foﬁg | ithography.

8. The method of claim 5 further comprising the step of growing silicon
nanowires on the catalytic material by decomposition of silicon-containing gas.

9. The method of claim 5 wherein the mold is fabricated by fine lithography.

10. The method of claim 9 wherein the fine lithography is electron beam
lithography.

11. A method of forming an array of catalytic material circumscribed by non-
catalytic material, comprising:

1) obfaining a substrate;

i) providing a catalytic layer on the substrate; .

iii) forming a non-catalytic layer over the catalytic layer;

1v) depositing a layer of maskirlg material on the non-catalytic layer



10. The nmethod of claim9 wherein the fine |ithography
is electron beam |ithography. 11. A nethod of form ng

wa@npooanumys of catalytic material circunscribed bgT/HSI003/032062

catalytic material, conpriding: i) obtaining a

subshr at &rodilihg RERYA fHiRaridsCAd Glotthdisns f@x‘:ﬁ%ﬁ @QedifR@ pattern;
substrate; 11 |§ form ng a non-catal ytic ayer over the
cat a¥iyt i oré¢saipgihe proyrusiensadithe mgldaintoathe magkingriakariagso that

e GeB IR AOBER TR Pt bie o HLRAHA G004

nanogal expositg usinoseslef aegivnsg of d@3|noe¢aq@aatiperlaryer wi )the
pres .the protrusions of the nold into the nasking
nat € Pﬁﬁg SI8>that depressions are formed in the
nmaskvifly | ety the ckpsed @sh-caalypatégomio skpbje Epaslenggions
nanoscal e regions of the non-catalytic layer in the
depr%fég? eyt pYeryandt ching the exposed non-catal ytic

reg'x%‘ t GeRY RS CeARRTE Mderla€0i ONs  of the catal ytic
| ayer; and ix) renmoving the masking material. 12. A

met hid Aomethodl 19f depmang agesuar aray Af Wbl foryaly fspRGer ynagpesticdes,

‘ﬂﬁ}gﬁ%rtlcles conprising i) providing a plurality of
ating layers of a first material and a second

mat ei)i al fpmvrrdm@ aaalwahtdkofoﬂtepmagll@{ers ofyerfigst materieli and a
Ergte eﬁf,elccgrrsdt mrég%aﬁ f?rgn%g ﬁtagl( Sté)aralie?{a érs eeh%hrl] efcrgtnmatenal 1s

avl a nan ScCa ness

i) dflﬁﬁaﬂaﬂg)nﬁmeeé@ﬁd afatdriab eadhalayer havin@h nir@s&aﬂ*@thlckness
parallel |ayers, wherein each IaYer of the f| rst and
secolld nefreaing a8 sdge of essgack normal o they paralley layersy Meherein

havi Hgh #y %ﬁtﬁénspinqué&awér&% i 6&%%&?0' and
protrudlng ines by etching the edge of the stack in

an eiig hargeneraieg at medk having afpatisin pht diematingtregessed and
di ff;tﬁ{)ﬁ'ﬁ‘am%ﬁﬁe% NadhiddRe 36 mh@&m{ ?aaln etéhlaﬁrtﬁayanac s the

creatil ng s attern on he ed ge o t he stack
pr oviit mgteaalaaata diﬁfqrq:rxt ritejhan the scbyd matenals thigesby ate@tmg said

said_ca ing coated with a masking
‘mat epa%ef" r%’th%?dge@f allgEorm ng a first set of

nanaivjrpr |mtvedmg|anﬂ$alytm lalger owmslyingga sebtseate,adaid agtelytic ldygr
re n rotruding lin of the nold into the
P SS gr\uf) tgxl rpu QE%ICI‘I Ff?ayer; ancs1 !

masky
v) formmg a first set of nanoimprinted lines in the masking material layer,

by pressing the protruding lines of the mold into the masking material layer so

that strips of the catalytic layer are exposed.

13. The method of claim 12, wherein the edge of the stack is created by
cleaving or polishing the stack normal to the parallel layers.

14. The method of claim 12, further comprising the step of:

etching the exposed strips of the catalytic layer to form lines of catalyst having

a nanoscale width.

15. The method of claim 12, further comprising the steps of:

i) rotating the mold; and



that strips of the catalytic |ayer are exposed. 13.
The nmethod of claim 12, wherein the edge of the stack

wo g00anembed by cleaving or polishing the stackRCTos1008/032062
to the parallel layers. 14.12The nethod of claim 12,
further C&fitﬁﬁf)ﬁgsih@g'oﬁatk_% DbRRo the RSN Balehi8l BERBS Tohming a
strips of the catalytic |ayer to formlines of,
cat afspand priif mgnoimpriaise dings enteipegting thesfirstTyes ofdinpoep gt a

The. g oo QR BB BB d ehrakBlRafabos, 12 1 1)

appl yé.nipeniethodatf atagd 1Apfudhe¢ragompasingtieisteg oftat er i al

t hereby. farmng.. ec et of Ale ] eno gl Loes .
it er ot Mieg R PGt B b hisR08, MRl BFoctl iR iy
thS th &k in@fm4veay gofosm icstafyeit mmebidlandshe maski ng materi al .
16. The nethod of claim 15, further conprising the

st ep1DfTheahthdder didit CRivabyin e MRS €dts af lihdsadanibe ordibgonal,
protected by the array of polygons in the masking
therebyrcreating prechnmylesAEn A SeUaREEnoi sl ands. 17. The net hod

of ChgiTRelRe ML LLLRIh NG WhBemehs Mt dnldNREorfdAEEtPBS lines are
orthogonal, thereby creating a rectangular array of

ogeiat ex. 218on-MBenitURId 2B8le.c [threhy1 STIRHBES ef nslehEd | prast of
paifleisgemRd sets of lines are oriented at a

non- per pendi cul ar angle, thereby creating a skewed

ar r ay9.0% mejhad af fosinograarastay ponanaisiasthesanfsingor ni ng an
array, of nanqi sl an ol sing:. i ). praovidi er
of  misii rCRaB P of b el e g e AV
obt aiipi ngotAaifidk da hivldhaginpah t gatlernofof aklte@ianag i Regessed and
recessed and protruding lines, said Lines havi ng a
nanoBRANEingf1pgsysad fings }F‘g't”ﬁiaﬁ‘@n%?c?i? Widthiset  of

Nanokifypr i kBfhglal MSel 6F dahSimPrisitel Meled MBS thakirgd¥RErial 143¥r,
pressing the protruding Iines of the nold into the

mas k Phgresarsethp grotiugdingrlingg of the groldingq the mesking material layer so

unde j - .rotating the nold;
and E/ay%{ggﬁ %/f?%egﬁntdﬁgﬁp g?@{e gﬁg%‘?oﬁé?o t he maski ng

mat ef)al toretinglhe meldnandg a  second set of
R e s
i n t beondiskiofganetngringt . 1in2 intésarethod fior seexpdsengp that a
NaN0g e e al SR e8hs 1S Bl b e TRLERL Blarehiff " OUnded
20. A method for exposing nanoscale regions of catalytic material surrounded
by a noncatalytic layer, comprising:
i) providing a multilayered composite comprising;
a) a substrate
b) a layer of catalytic material covering the substrate, and
c) amasking layer formed over the catalytic layer;
i1) imprinting a first set of lines in the masking layer using a mold having
a patterned edge of alternating recessed and protruding strips, said strips
having a lateral dimension in the nanoscale range;

ili)  rotating and reapplying the mold to form polygons of masking material

in a regular array;



by a noncatal ytic |ayer, conprising: i) providing a

mul til ayered conposite conprising; a) a substrate b)
wa@200apern4of catal ytic material covering the subST/U&81083/032062

and c) a masking |ayer forded over the catalytic

layefyy i dovierig i &ﬂﬂy@c friafe%tal 88t isOhot! prbfesied byt i€ maskmg
maski ng | ayer ‘using having a patterned edge of

al temarfff‘iah‘@lﬂr éé@sg%@lm‘hﬂlaﬁﬂ@‘t Aifdi ng strips, sal d
stri 9)S - ;440091 athk %fsﬁ(mé ﬁiht@ﬁ&sﬂoo §1=: E%s (?40 of the

r ange; Eat I ng and reappl y|n the'
pol y goalstiomawrslkditegmeaibed bahon-tatalytiq @g!lqhalr ar r ay, V\D

0L TR SR B G e

n(&ﬁlhig gateritiisaitabdy swft tfor Bmpriming ahalayt urﬁleﬂﬁhgr]a)&lr ;of anadking
r enpyi nght he maski Sr;)g material to expose nanoscal e

nraé@rabwéwbr ider thagithg WPilayefat eri al circumscri bed by
non- QQtﬁJeYHe&oHH&ﬁElaﬁh 2121whetBig et Redaotangl 3dfn'b&9gons is

wherei n t he nmask |nEq l'ayer includes a top | ayer of

tigpsffaradgo thet wdpAYing (Ayersdf Wasking magesial pygielingi ng and an
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26. The device of claim 25, wherein the underlying layer contains catalytic
material.

27. The device of claim 25, further comprising catalytic material deposited
within the nanoscale depressions.

28. A device comprising:

i) a substrate:

i) a catalytic layer on the substrate;

iii) a non-catalytic layer over the catalytic layer; and

iv) a layer of masking material overlying the noncatalytic layer, said

masking material having a desired pattern of nanoscale depressions exposing

the non-catalytic layer.

29. The device of claim 28, wherein the nanoscale depressions also expose
nanoscale regions of the catalytic layer.

30. A device comprising:

i) a substrate; and



27. The device of claim?25, further conprising

catalytic material deposited wthin the nanoscale
woepras®ions. 28. A device conprising: 1) a sPOFUSEDE032062

ii) a catalytic |ayer on the substrate; iii) a

non- dpt al yitreguliray Ry ob¥AAlylidin6Rlaplydd e bdéBhte. @and i V)

a Iay%r g{ maski ng material overlying the noncatal ytic

| ayer’!- & eHweHﬂ§R?%@3naterlal having a desired pattern

of naposca&gbgﬁg;e53|ons exposing the non-catalytic

| ayer, 29. The device of claim28, wherein the

nanogBal e agaishaisdaxsnen Rlesubsetsord nanoscal e r egi ons
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i) éaviagalregulamatymof namtaledpetinpaaosihg tdatytichaer.
substrate. 31. A device conprising: i) a substrate;
ii) a catalytic layer on the substrate; and iii) a
non-catal ytic |layer over the catalytic |ayer, said
non-catal ytic layer having a regular pattern of
nanoscal e openi ngs exposing the catalytic | ayer.



