WO 03/ 096123 PCT/ SG02/ 00084 1 REVERSAL | MPRI NT TECHNI QUE Technical Field
The present invention relates to mcro-/nano-scale structures and 5

met hods fwo d3gwei2eg such structures by reversal inprintingeciBsmikgoesynd Art
The demand to rapidly and economi cally fabrijicate nanoscale structures is a
maj or driving force in the devel opnent of nanoscience and 10

nanot echnol ogy. Nanoi nprint |ithography ¢NIL), also known as hot enbossing
| it hography, in which a thickness relief is created by deform ng a pol yner
resi st through enbossing MSEQEQKSZLQ@Eﬂ@@uﬂiﬁg&ﬂﬁkﬂgafffers sever al

deci sive technical advanta cost nmethod to

defi ne nanoscale patterns (S. Y. Chou, P. R Krauss and P. J. Renstrom
Sci ence, 272, 85 15 (1996) S. Y. Chou, U S. Pat. No. 5,772,905). It has
al ready been denonstrated that NIL is capable of patterning features with
a lateral rdé&shpicabnieldionn to < 6 nm(S. Y. Chou, P. R Krauss, W Zhang,
L. J. GQuo and L. Zhuang, J. Vac. Sci. Technol . % 15, 2897 %1?9;%; S., Y
Chou and P. R KTB@S@TGSGWCWéP%@rWeEnéo migjo-/paHo-s¢ale7)strugiureg gad; |

Maxi mov ngﬁrtethgﬁﬂ fbHﬁmp‘]sucﬁ%t%rggﬁgcregﬁ%gpﬂn%nrﬁ‘ngw 3557 (2000); A.

Lebi b, ourne L. Couraud and H.
Launois, Mcroelectron. Eng., 46, 319 (1999)). In conventional NL, a
substrate needs to be spi n-coated with a pol ymer | ayer before it can be

enbossed w % ihﬁo Egrglrml d. Borzenko et al. reported a bonding process in
whi ch both d nold were spin-coated 25 with polyners (T.

Sor 2ok, M T S5 S AR e e

nanoi npri nt llsﬂg at efmafirdUuesvimg egemcel yin athel I@éﬂ@opmba’seof enhnosmeme:aandave
one or nore of a nunber of disadvantages resent re,stric

| i m t at i1Bns ne@RotasdNEiRey. dﬂa@@mrmthtéﬁomaﬁwa'éir@'ﬁ% kﬂ‘%’& a%ﬁ?@ﬂ’“@ﬂ??nﬂl at
hard substr ghe, SURAGE VAN aRRickABSS RliRfis created by deforming a polymer resist

through embossing with a patterned hard mold, offers several decisive
technical advantages, in particular as a low-cost method to define nanoscale
patterns (S. Y. Chou, P. R. Krauss and P. J. Renstrom, Science, 272, 85

15 (1996) S. Y. Chou, U. S. Pat. No. 5,772,905). |t has already been
demonstrated that NIL is capable of patterning features with a lateral resolution
down to < 6 nm (S. Y. Chou, P. R. Krauss, W. Zhang, L. J. Guo and L. Zhuang,
J. Vac. Sci. Technol. B, 15, 2897 (1997); S. Y. Chou and P. R. Krauss,
Microelectron. Eng., 35, 237 (1997); B. Heidari, I. Maximov and L. Montelius, J.

20 Vac. Sci. Technol. B, 18, 3557 (2000); A. Lebib, Y. Chen, J. Bourneix, F.
Carcenac, E. Cambril, L. Couraud and H. Launois, Microelectron. Eng., 46, 319
(1999)). In conventional NIL, a substrate needs to be spin-coated with a
polymer layer before it can be embossed with the hard mold. Borzenko et al.
reported a bonding process in which both substrate and moid ‘were spin-coated

25  with polymers (T. Borzenko, M. Tormen, G. Schmidt, L. W. Molenkamp and H.
Janssen, Appl. Phys. Lett., 79, 2246 (2001)).

Although there are a number of nanoimprinting techniques presently
available, these techniques can have one or more of a number of
disadvantages. At present, there are strict limitations on the type of substrate

30 that can be used; often only flat hard substrate surfaces can be imprinted.



WO 03/096123 PCT/ S&2/ 00084 2 Furthernore, unduly high tenperatures and/or
pressures are often required which can |imt the type of nanostructure
produced wo osemyi2pot enti al substrates. N L has al ready beerm/stenoomsir at ed
as a high-resolution, high- 5 throughput and | ow cost |ithography

techni que. However, to extend the application range of this technique, it
is attractive to enable nanoinprinting of three-dinmensional structures on
non- pl anar surfaces since they are often desired for conplex m cro-devices

and for newRpiersdtd, onsduly Migh Neivp@ratovey BeA/@ pressumy bes eftehamequired
previ ously been studied using several techniques 10 that rely on

pl anari zat i ahieh eam-limintie dypeagk Ranostrupiuer peadused oAy dpary gootential
mul til ayer rsﬁﬁggé %pproaches (X. Sun, L. Zhuang and S. Y. Chou, J. Vac.
Sci. Technol". tf,' (1998)). These techniques not only require many

process steps, | SO J % e ' o.Le L ' .

pl anari zation pollﬁw‘re?]agl %;'Ieé\rla(a&r g’gt%gd gﬁéﬁr%%?%dr n%%i (%rgvrﬁ%%?%%&@%n hcll%hgr ades
the resobut itledughguf iRl iléw-cokb Ihographfi rehnipiet er Hoaevet, r tectaxtend otheed.
The present inventors have devel oped a new jnprinting technique that is

adapt abl e f @PpHeaiPrrands ehthis igainigiedt isnattaghve (e ehabish NRRRIMRNNYRE. OfThe

bresent | Ve Ofnfatidie) CARIdELsObh HBAGata"RlihESP ALY RSy 2id RERASUT €5

t han presently use e reversal 'ITnprinting nmethod ac ing to the
20 present ideswretli for cbfimplex Trices-devicas qamd afiv anéwgepplicationsonviengrirdimgl NI L

by allow ng inprinting onto ngn-planar bstrate d subst t hat
cgnnot be %&@Wﬁgﬂ-e Inﬁ-géH&?%%s ?%r%"'%‘cﬁ@ S”E*Vﬁi‘%%é&?”ﬁﬁfﬁ%f@%&l yner

substratgs. h YR Lib1k ARV i [ d can
o 1 abr 105 dy A UTTBRerSuce bf ROR HbA, SUIAGH B MiEleRolyhlerclaydr B

condi ti ons. nadtiBysc Iresisr appoaches(Xi Sonj h. £hfiang tandsPedt Chove JpMase Fici.
| nventi on proyi dgs @ Nt PekelP” HIRE! Rditbs RLELRY PBINFS A Phéedtd 2

substrat e,
steps, but also involve deep etching to remove the thick planarization polymer

layer created during formation, which often degrades the resolution and fidelity

15  of the final pattern or structure formed.

The present inventors have developed a new imprinting technique that is
adaptable for many different substrates and substrate configurations. The
present invention can be carried out under lower temperatures and pressures
than presently used in NIL. The reversal imprinting method according to the

20 present invention offers several unique advantages over conventional NIL by
allowing imprinting onto non-planar substrates and substrates that cannot be
easily spin-coated with a polymer film, such as flexible polymer substrates.
Furthermore, either positive or negative replica of a mold can be fabricated

using reversal imprinting by controlling the process conditions.
25

Disclosure of Invention

in a first aspect, the present invention provides a method for imprinting a

micro-/nano-structure on a substrate, the method comprising:

(a) providing a mold containing a desired pattern or relief for a micro-/nano-

30 structure;



(a) providing a nold containing a desired pattern or relief for a

m cro-/nano- 30 structure; WO 03/096123 PCT/ SG02/00084 3 (b) applying a
pol yner cwatodngem2se the nold; and (c) transferring the pol yr@avsaoadisag from
the nold to a substrate under suitable tenperature and pressure conditions
to forman inprinted substrate having a desired mcro-/nano-structure
thereon. 5 Preferably the nold is a hard3nold fornmed fromthe group

consi sting of sem conductors, dielectrics, netals and their conbinations .

Typi cal 'y, opt ?@Eﬁ"@a[ﬁﬁ d‘atﬁ' Q8 tRé n%ldoé'né' licon (Si) wafer and

patterned b eI ectron beam |ithography and

subsequent (é@yh ehRsRY |n¢tthw %&lx%r %)Q%hgcfr%eﬂwé tPrf’?('ilgofoh‘Té'losﬂi%tf’jaté rcan

be used for presen nven Mers suita r use In
present i nveuttabie temmraturefandebeessuee wondmlbnsrmﬁernnaas lrrmmph&cbdubetratlae
nmol d, includin

5 Iast C %{c% E'{F therrralllrradlatlve curabl e

pr epol ymer s NaY g8ik Q)Fn'ErQ e-SHUGh{re {p1E0N. po) y (et hyl  net hacryl at e)
bortt bl B Ihyasm) {Piciueégblav%ﬁerg{g&sﬂfeéh@rqe ol orined roMihel SHUP cpsiiling of

appr eci at edgq tor’sh%elgéﬁi% PRetSes! §||1§ tﬁ@h” @brﬁbﬁ’\@tl@ﬁs sui Tghikally, | theor der

to assist int ease e polynmer fromthe nold to the substrate
the nold camndld lSrfeemed ini SI0n0e &roml@osuﬁlh&\tﬂﬁt enﬂrpaitemed Rpppiicalg t he

becn Tound SRS O elaolplpecth ioplos) avd SUGRERIER chbefefy i BB "

will be appra%k@é@@d thavrsher mald afp e(std'éﬁfbé%é@fdr&ﬁéfbréﬁmaﬁ\véﬂh@n with the
pol ymer used woul d al so be SU|tabIe The polyner is preferably applied to

the nol doby spi nmﬂ@hér@su@m féplu@e |ﬁ0tﬁtelmseﬁplnveaho@rcotreehr@fqemvalye
wel | known to the art and suitabl e exanples can be found in various

convent i onalsofti thrigrialshycomasarad qiestheTmeoldhdnelidiiig Abegvoplastic ceelymers,
i mportant t ' a..sub i i_for o] r .¢o
surfact ant - SRATEEIRLT BEBRl Bropolishe PhE GRS of PekRfie Hsefrsorsio nox
Poly(methyl methacrylate) (PMMA) with a molecular weight of at least 15,000
was found to be particularly suitable for the present invention. It will be
15  appreciated, however, that other materials would also be suitable.

In order to assist in the release of the polymer from the mold to the
substrate, the mold can be treated with one or more surfactants prior to
applying the polymer. The surfactant, 1H,1H,2H,2H-perfluorodecyl-
trichlorosilane, has been found to be particularly suitable for the present

20 invention. It will be appreciated, however, that other surfactants compatible

with the polymer used would also be suitable.

The polymer is preferably applied to the mold by spin coating. Such spin
coating application techniques are well known to the art and suitable examples
can be found in various conventional lithography techniques. The choice of

25 solvent can be important to achieve a substantially uniform polymer coating on
a surfactant coated molds. Polymer solutions in polar solvents usually do not
form continuous films on a surfactant-treated mold. The solvent, toluene, has
been found to be particularly suitable for the present invention. However, other
non-polar solvents compatible with the polymer used would also be suitable.

30 Examples include but are not limited to xylene, and tetrahydrofuran.



formcontinuous filnms on a surfactant-treated nold. The sol vent, toluene,
has been found to be particularly suitable for the present invention.
However, whssrvemnen-pol ar sol vents conpatible with the polpmscouasewss+woul d
al so be suitable. 30 Exanples include but are not limted to xyl ene, and
tetrahydrofuran. WO 03/096123 PCT/ SG2/ 00084 4 Polished Si wafers and
flexible polyimde filns (Kapton(5) were4found to be suitable substrates
for the present invention. It will be appreciated, however, that other

substrates woul d fjigRedSispepOLAd _ﬂ%&ﬁﬂ@bﬁ%ﬁﬂ&@ AR QEptoA®PweR fdundl foed to

pol ymers, sem conductors, dielectrics, ne s and their 5 ‘conbi nations.
The nmet hod dfe shitgblensuhsiratesi foraphd iprasstrd inveptianar lanwillnbe- pppresiated,

substrates, ,including, substrates, which already confai n_sone, patterni or
Felter t nefiaievonbon it daiae ol d alyo e shRebR.: ERAGRH mgtidE ot

contai n one gr8f ndPlifhiledY & SpYmBA, Y&hiconadutiogs, briledtnss, aneRalst BAd MBidod
can be used to 10 create a latticed structure in which nultiple |ayers of

pol ymer feg cpow3ingfonsgr ati ngs) are formed on the substrate. Step (c) is
preferably carried out in a pre-heated hydraulic press under a desired
pressure and t engdeametbod Tofethis dewantionatsd appligabiattor planeedngi Non-plapaid on

than about SooRpatcs, HARLAG o BeBRHOT airaddl b sofle Rl R rydllef °°°
found to be thaigbht Ul'laé Invethud tcabl Ise bpplidd e salbstrataB nitith agreB¥/SopRdit oRie
Tenperatures from about 30C bel ow to about 90C above the glass transition

t enper at ur e A TEPreotayerE opsrlimer eqaiinge Tk stanaendhe maetbpt Gan batyssd. to

Dependi ng onrihie AABREEA' UrecRd it NAERTRERPY IG5 BBNAR Blg BBRmd0

pol ymer coatl ng rnprinting e I"eved:
a preferred geatirgd) meatforoied e thergeldtraie. i ncl udes a method for inprinting a
m cro-/ nano-structure on a substrate (as descri bed above), wherein the

appl i ed pol ymer Stepi(opisiprefarbisiyaatiied byt imcn prd-hoatedamdirbbkic ptesspardera e i s
substanti al Idy hi gher than the %I ass trar_ﬁ]ition t enperat ure ST% of )
esired pressure and temperature. e pressure and temperature used will
depend on the choice of mold, substrate and polymer. Typically, pressures of
15 less than about 10 MPa are used. A pressure of about 5 MPa or less has been
found to be particularly suitable for reversal imprinting PMMA polymer.
Temperatures from about 30°C below to about 90°C above the glass transition

temperature (Tg) of the polymer can be used in the present invention.

Depending on the temperature and the degree of planarization of the
20 polymer coating, different imprinting effects can be achieved.

Accordingly, a preferred embodiment of the invention includes a method
for imprinting a micro-/nano-structure on a substrate (as described above),
wherein the applied polymer coating is substantially non-planar and the
temperature is substantially higher than the glass transition temperature (T,) of

25 the polymer. Under these conditions, the behaviour of reversal imprinting is
similar to that of conventional NIL in that considerable polymer flow occurs as
the polymer material moves in accordance with the shape of the mold. Also,

the resultant molded polymer coating is a negative replica of the moid.

According to an alternative embodiment of the invention, the applied
30 polymer coating is substantially non-planar and the temperature is substantially
equal to, or below, the glass transition temperature (Tg) of the polymer. In this



25 the polyner. Under these conditions, the behaviour of reversal
inmprinting is simlar to that of conventional N L in that considerable

pol yner fWwow3moeenss as the polyner material noves in accaudaswe/omsth t he
shape of the nold. Also, the resultant nol ded polyner coating is a
negative replica of the nold. According to an alternative enbodi nrent of the
i nvention, the applied 30 polyner coati®mg is substantially non-planar and
the tenperature is substantially equal to, or below, the glass transition

tenperat ur & 14%8?1 inntt h]elsoﬁlsuélelrhat Ighiy fhé pHRISKH Q)SPGLF@?’IIIRF:W@@%/rQQQMhe 5

enbodi nent , I's usba at only the portions of the filmwhich are on the
prot rudi ng ;wodmshrtgf alteIas ofthd mmIdIWIb@etbr@rnﬁfeﬁedé@Iﬂn@ stibeiratebdnrthisesense. t hi s
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coating haviRgnfethed I@)‘P%Ié iensoddhpkht resRits il heRlolded\pelhtirnating &nmtrI@ea

alternative enbodi nent of this invention, the applied polyner coating is
subst anta al pgsitiveareplicamd theérgraldnperature is subst ant | ally equal to, or
bel ow, the glass transition tenperature (Tg) of the In this
enbodi ment of t hAcconding |t0nan®hhprIaItarngtl\cﬁ:cﬁmbocx‘Imqmu@f a\%}ﬁ inyestien: dhei al

| at I I t dth I

{rans er r ocHpgiedh AL ; st 16 ShpPEi SR sTnaD A RS ¥ihpbiyre s,

resul tant n@utﬁ’sﬁténmyyaﬁualcwatdrngelow ah@eNads weansitiphi anmsrature (ﬂ’g) d)f the thl s
enmbodi rent 1 n which the whol e ¥rrer coating is transferred t

substrate, palymer: hks tm%reémqulmgn ehtthe W@@@ndw@pf'ﬁt'w%w% W'IBEHI 80%d. 15
The met {bOd g%bﬁttﬁréﬁal IQ?éiQIt b&gm(é?r?n rR&R Oérﬂﬁaﬂweg% ﬁfé" oé’ﬂeHEéo r%\%br'%ﬁ% sane

substra structuré naving nu I pl'e pol s can
be forned. fransfexadpte theesﬂbsnetamaldnderyms rmynbodlmamtnofathmmmgntloh gheal | el

tsz);l Itoﬁe(I Sa;é?ﬁrur'gaﬂtggmqlgrl ] y?rtgtﬁsr&gjagnmgh%% gg%{.@%@%ﬁg %&é n?ctgg[,l thha.angl es
structure Wpijp, HW&%Y] whigh gﬁé”?/vh%lé EB{yhfé? doRlifBlis @ansidired RaRERAbAGARS! |

t he present "I nvention provides a su rate
a further benefit is that low residue thickness is achieved.

15 The method of this invention can be performed several times using the
same substrate, so that a layered structure having multiple polymer layers can
be formed. For example, each polymer layer may contain a number of parallel
strips (ie forming a grid pattern) which are transverse (eg at right angles to) the
parallel strips of an adjoining polymer layer. The resulting structure will thereby

20 have a lattice formation.

In a second aspect, the present invention provides a substrate
containing an imprinted micro-/nano-structure produced by the method
according to the first aspect of the present invention. This micro-/nano-
structure may be formed of a single imprinted polymer layer. Alternatively, it

25 may be formed of a number of polymer layers resulting in a relatively complex

3-D structure, such as a latticed structure.

The micro-/nano-structure is suitable for use in lithography, integrated
circuits, quantum magnetic storage devices, lasers, biosensors, photosensors,
microelectromechanical systems (MEMS), bio-MEMS and molecular

30 electronics.



containing an inprinted mcro-/nano-structure produced by the method
according to the first aspect of the present invention. This mcro-/nano-
struct ur ewoans/der28 or ned of a single inprinted pol ymer | ayect/sdozenesatively,
it 25 may be fornmed of a nunber of polymer layers resulting in a relatively
conplex 3-D structure, such as a latticed structure. The

m cro-/nano-structure is suitable for us€ in |ithography, integrated
circuits, quantum magnetic storage devices, |asers, biosensors,

photosensors,  njLrOEiRE HPEEC ABI g@seﬁvsﬁ@mmhlvﬁhﬁ)desbiu@elv&vaw@mdethod
nol ecular 30 electronics. WO 03/096123 PCT/ S@2/00084 6 In a third

;;spe;:t , the apf:;e@m tonthentiren appesti @E@fag@tofnvﬁﬁﬁoj‘re@h&f m & dBICIPMIANG t he

i rst aspect i i or o- )

non- pl angrec8#%?‘2%?’%?%@%‘@’!%%@3?'éﬂﬁ#%g‘%kﬁgotﬁﬂtg{ hi s speci fication. unlese the
t ext [ t ' . the .. N i " i j

oot i seor or - EBIENGUR s ShBrcalEH niERCHs St e es Riheied I8, %5,

a st at edsel QRAt"conpPriee! oPvasibidns Suchr & Pcombrietsnent’somprisiagtr #ilbbe
steps, but not the exclusion of any other elenent, |nteger or step, or
group of el amgatsood e dyplydheindusips of Anstatacs elegerininteged T et &, JraePs

mat eri al s, Vi r i r ' 16 baqﬁ,n' I kn the
pr esent speg?féll%g"? P’E)Sﬁ |bgeﬁlseg§sec19yst{e§§, %) tﬁ[o)tugc@%\gg(bo 'd}f;?)(f)w iﬂtgh%g éégﬁ%git(,t for
t he present intagendr step, bt gictipraftelémehts, imtkgersasr steps.adni ssi on that any or
all of these matters formpart of the prior art base or were comon

general know edganyniiddissionedfctioctinesrdstadts, mhaterials sienicesparictesoor the like
exi sted before the priority date of each clai, agif t.his ggﬁlgl cation. 15 In
iqaligp|is sgle

order tAAt tuchhagdeeniindaded shthepresenispes R BUrPQSeSTer r ed

forms will scrLb ' r ep%r%%t- ol | I gaM

exanpl es. B??%ﬂgﬁésér%t%ﬁ%gf ﬁ]Iehg a\tm"ﬂ\éésmg) 'Fil{gﬂérlméﬁ? tghgé\/\\n/stag%?lgén%gtainc

i |l ustrati omsinuésipatihatranyt oreaibbithepe aaattere $oiinm part of the prior art base or were
common general knowledge in the field relevant to the present invention as it

existed before the priority date of each claim of this application.

15 In order that the present invention may be more clearly understood,
preferred forms will be described with reference to the following drawings and

examples.

Brief Description of the Drawings

20 Figure 1 shows schematic illustrations of pattern transfer processes in
(a) conventional nanoimprinting; (b) reversal imprinting at temperatures well
above Tg; (c) “inking” at temperatures around transition glass temperature (Tg)

with non-planar mold; (d) “whole-layer transfer” around T4 with planarized mold.

Figure 2 shows an Atomic Force Microcopy (AFM) section analysis of a
25 300 nm deep grating mode coated with 6% PMMA solution at 3000 rpm.

Figure 3 shows average peak-to-valley step height in grating molds with
different depths after spin-coating with different solutions at 3000 rpm. Regions
of different pattern transfer modes at 105°C are specified, with the dotted lines

indicating the transition region between the two modes.



(a) conventional nanoinprinting; (b) reversal inprinting at tenperatures
wel | above Tg; (c) "inking" at tenperatures around transition glass

t enper at uw® @30gg123wi t h non- pl anar nold; (d) "whol e-1ayer trcamadoeniosar ound
Tg with planarized nold. Figure 2 shows an Atom c Force M crocopy (AFM
section analysis of a 25 300 nmdeep grating node coated with 6% PMVA
solution at 3000 rpm Figure 3 shows averfage peak-to-valley step height in
grating nolds with different depths after spin-coating with different

sol utions at 300Figure 4 Bagiverdepearidedicé fofrrenérsphirhprimtirg Arsicerormragsntaig 105C
are specified, with the dotted lines indicati ng the transition region
8

bet ween t he teMpParaiER . apd sterodeioht miTienopaigdsnold. Fi Jhiee symhidssare
d q n ST : JOX t
P ont Cor *; RwleHfErRa daERind e SoRPfifes R bERabAbtdbon ol Lirdaf o =0

| i nes are exnodesl at ed boundaries for different nodes. 5 Figure 5 shows a
scanni ng el ectron m crography of the result of reversal inprinting at 105C

using a 350 nm dédgurgrishows adchnninghelétirBivviiceoraping of thEheesBIitef reedieak
inprinting was 75 nmand the whol e-layer transfer node occurred. Figure 6
shows a scarlPhigtiag &t {1087 Hsihg sapHyN steeprarating neldoxith K RYIMA coatingosc

e ' 0 ' d = | 7,.sh
& Scanning o et e a0 e Bihe s, 28, b0 gt PR ol e "o

reversal i nmwdcotiedg at 175C on a 50 mthick Kapton film The 350 nm deep
nol d was spin-coated wwth a 7% solution. Figure 8 shows a schematic of

i nprinting over Figuresho\es assoahalig ¢leciren niibrdghaphy esRtresol eninking af a)
PMVA spin-coated on a nold prior to coating on a patterned substrate; (b)
pri nt i ng%nt @& with APOsamdaan grating anald%rcaaiing anstRew=985 NMe) PMVA
pattern transferred onto substrate. Figure 9 shows a scanning el ectron

m crograph ( SEM Rigweodr shewsfa ssanningd elaainiang miciogeapivr o ribie cpatéernsoina

patterned 1I§Mm,£{j %?epatccag EHglnreelvle%dal imprinting at 175°C on a 50 pm thick Kapton film.

The 350 nm deep mold was spin-coated with a 7% solution.

Figure 8 shows a schematic of imprinting over a structured surface using

15  the present invention: (a) PMMA spin-coated on a mold prior to coating on a

patterned substrate; (b) printing onto patterned structure at a temperature
below Tg; (c) PMMA pattern transferred onto substrate.

Figure 9 shows a scanning electron micrograph (SEM) micrograph of

- printed PMMA grating perpendicular to a patterned 1.5 um deep channelied

20  SiO; substrate surface: (a) viewing along the transferred PMMA grating; (b)
viewing along the underlying SiO, grating pattern on the substrate.

Figure 10 shows a SEM micrograph of PMMA grating transferred onto a
patterned substrate at 175°C where dewetting has removed the residual PMMA

layer.
25

Mode(s) for Carrying Out the Invention

Experimental

Two kinds of patterned molds were used in our study. The molds were

made in SiO2 on silicon (Si) wafer and patterned by optical lithography and



20 Si 02 substrate surface: (a) viewing along the transferred PMVA grati ng;
(b) viewing along the underlying Si02 grating pattern on the substrate.

Fi gure 10wshovwmweia3 SEM mi crograph of PMMA grating transfer reed/samooess
patterned substrate at 175C where dewetting has renoved the residual PMVA
| ayer. 25 Mode(s) for Carrying Qut the Invention Experinental Two kinds of
patterned nolds were used in our study. The nolds were nmade in Si02 on
silicon (Si) wafer and patterned by optical |ithography and WO 03/ 096123

PCT/ SG02/ 000&4bseBuerbasasteRingdrOnéinsdld had fearIre® k/drm%frbﬁaiz 46 89 MArAHIS
from2 to 50 mand a nom nal depth of 190 nm The other nold had uni form

gratings w tRoRinabdepth oht90 om.ahbiepthepmeld hadiungorm gratigs withéas00@mm Al |

| d it .
24 21t por PR i et catiibo REERO 1€ 650mimo Al el mredroated ydth ot
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polyimde filns (Kaﬁ)_ton(r)). Pol y( et hyl rr.ethacrél ate) (PMVA) with a
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15  RESULTS AND DISCUSSION

In conventional NIL, a polymer film needs to be spin-coated on the
substrate before it can be imprinted by a hard mold. However, spin-coating is
rather difficult on flexible substrates such as polymer membranes, which limits
the capability of conventional NIL in patterning such substrates. Furthermore,

20 as conventional NIL relies on viscous polymer flow to deform the polymer film
and create the thickness contrast, elevated temperature and pressure are
required (L. J. Heyderman, H. Schift, C. David, J. Gobrecht and T. Schweizer,
Microelectron. Eng., 54, 229 (2000); H. C. Scheer, H. Schulz, T. Hoffmann and
C. M. 8. Torres, J. Vac. Sci. Technol. B, 16, 3917 (1998); S. Zankovych, T.

25  Hoffmann, J. Seekamp, J. U. Bruch and C. M. S. Torres, Nanotechnology, 12,
91 (2001)). To achieve reliable pattern transfer, imprinting is typically
performed at temperatures between 70 to 90°C above Ty (glass fransition
temperature) and under pressures as high as 10 MPa (L. J. Heyderman, H.
Schift, C. David, J. Gobrecht and T. Schweizer, Microelectron. Eng., 54, 229

30 (2000); H. C. Scheer, H. Schulz, T. Hoffmann and C. M. S. Torres, J. Vac. Sci.
Technol. B, 16, 3917 (1998); F. Gottschalch, T. Hoffmann, C. M. S. Torres, H.
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pattern transfer can be achieved at temperatures as low as about 30°C below

15 Ty and pressures of less than about 1 MPa.

Figure 1 schematically illustrates the three reversal imprinting modes in
comparison with the conventional NIL. In conventional NIL (Figure 1(a)), the
mold is pressed against a flat polymer film at a temperature well above T,.
During imprinting, considerable polymer flow occurs as the material deforms in

20 accordance to the shape of the mold. At temperatures well above Tg, similar
polymer flow can also occur in reversal imprinting. Even if the polymer film is
not planarized as shown in Figure 1(b), the material on the protruding areas of
the mold can be squeezed into surrounding cavities during imprinting. Under
such conditions, the behaviour of reversal imprinting is very similar to that of

25 conventional NIL. As the underlining mechanism for imprinting in this situation
is the viscous flow of the polymer, we term this imprinting mode as

‘embossing”.

A distinct advantage of reversal imprinting over conventional imprinting

is that patterns can also be transferred to the substrate at temperatures around

30 or even slightly lower than Ty. Within this temperature range, the imprinting
result is significantly dependent on the degree of planarization after spin-
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planarization of the coated polymer film and the imprinting temperature are
15 important factors in determining the final imprinting result. In the sections
below, the quantitative correlation between imprinting conditions and final

results are discussed.

Surface planarization after spin-coating

20 It is generally adopted in conventional NIL to treat molds with an anti-
adhesion agent to promote polymer release in separation. It is also preferable
to modify the surface energy of the molds in reversal imprinting in order to
promote transferring the polymer layer to the substrate. 1H,1H,2H,2H-
perfluorodecyltrichlorosilane, a release coating in conventional imprinting, (T.

25  Nishino, M. Meguro, K. Nakamae, M. Matsushita and Y. Ueda, Langmuir, 15,
4321 (1999)), was used as the release agent in our study. However, a
technique for spin-coating PMMA onto an anti-adhesive treated mold needed to
be developed. Because of the low surface energy of the treated mold, PMMA
solution in polar solvents, such as chiorobenzene, will not form continuous films

30  after spin-coating. In contrast, PMMA solution in toluene can be successfully
spin-coated onto the surfactant treated molds. Spin-coating of PMMA toluene
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coated nold is shown in Figure 2. After spin-coating, the step .
average peak-to-valley height of the coated mold, Ryax. Figure 3 summarizes

15  the change in Ryax as a function of solution concentration in grating molds with
different depths. For a given feature depth, a higher solution concentration
gives a thicker film and results in a lower Rmax, or higher degree of

planarization.

The different degrees of planarization in Figure 3 have been correlated

20  with the final imprinting result. At an imprinting temperature of 105°C, which is
the same as the Ty of PMMA, when Rpax is below ~155 nm, whole-layer
transfer mode occurs, while the inking mode occurs with Ryax above ~168 nm.

For Rmax between 155 and 168 nm, a combination of these two modes may
occur. The regions of different imprinting modes at 105°C are indicated in

25 Figure 3.

Different Modes of Reversal Imprinting

When the two important imprinting parameters, i.e., degree of
planarization and imprinting temperature are both considered, a map of the
30 imprinting modes can be constructed as shown in Figure 4. The symbols

represent experimental data with different molds and different film thicknesses.
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same concentration are used, the residue thickness after reversal imprinting at

a temperature around T4 is comparable to conventional NIL at a much higher

15 temperature. Furthermore, reliable whole-layer transfer has also been

achieved with pressure as low as 1 MPa.

While the whole-layer transfer mode requires adequate surface
planarization of the coated mold, larger step height after coating is
advantageous to successful inking. This is because when the step height is

20  small, the film on the sidewalls of the features is usually relatively thick. When
such a film is inked, the tearing of the polymer film near the sidewalls will result
in ragged edges of the printed features. Figure 6 shows the inking result at
105°C with a step height of 305 nm. Such a large step height is formed by
coating a 650 nm deep grating mold with a relatively thin coating (6 % solution).

25 Under such conditions, the film on the sidewalls of the recessed features on the
mold is extremely thin and will easily break during imprinting. As a resul,
reliable pattern transfer with relatively smooth edges can be obtained.

Reversal imprinting PMMA onto a flexible substrate

30 In a reversal imprinting process, there is no need to spin coat a polymer
layer onto the substrate. This unique feature makes it possible to create
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pol ymer substrates, We have successfully enployed this reversal

nanoi npri nti Ay 8¥R$HYGe to transfer PMVA patterns onto a 50 pm thick

polyimde film (Kapton(r)), which is widely used as substrates for flexible

circuits. 5 Figure 7 shows PMVA patterns created by reversal inprinting at
rating nold with a 7 % sol ution.

‘}'Egci ?rfp£ ieII:lt sﬁg{‘igrﬁ%ﬁﬁ‘w ?%3§W£drﬁglto%g§ﬁﬁwqﬁ gHbgHAI®r nity over the
entire inprinted 'Eljrrlg %rés:enzt'igvention can be used to facilitate nanoimprinting on non-
15  planar surfaces, without the need for planarization. Previously, techniques for
nanoimprint lithography over non-planar surfaces have generally relied on
planarization of the non-planar surface with a thick polymer layer and multilayer
resist approaches. These techniques require numerous steps and involve
deep etching to remove the thick planarization polymer layer (which can
20 degrade the resolution and fidelity in imprinting lithography). The present
invention can be used to facilitate nanoimprinting on non-planar surfaces,

without any planarization.

Figure 8 shows a schematic of imprinting over a structured surface using

the present invention. Figure 8(a) shows PMMA spin-coated on a mold prior to

25 coating on a patterned substrate. The coated mold is then applied to the

patterned structure (Figure 8(b)) under appropriate temperature and pressure

conditions. When the mold was released, the substrate had a polymer pattern
attached to the existing patterned substrate.

Figure 9 shows polymer patterns transferred onto a non-planar
30 substrate. The substrate is an SiO, grating with 700 nm period and has a

depth of 1.5 ym. The mold also has a grating pattern with the same period and
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due to the |theqsrediolteawirc Higferis &atulti-layer latticed structure.
Whereas Figure 9 shows the patterned polymer layer being applied so
15 that the gratings are at right angles to the gratings on the substrate, it is also
possible to have the polymer gratings applied onto and in alignment with the
gratings on the substrate. This would enable the depth of the gratings to be

varied (ie increased) as desired.

If the temperature at which the printing of PMMA coated mold onto the

20 grating substrate is raised to 175°C, the residual layer disappears (Figure 10).

This could be due to the polymer dewetting behaviour on a surfactant coated
surface.

This polymer printing technique solved the problem encountered in
nanoimprint lithography over non-planar surfaces. This technique can be

25 extended to create various three-dimensional structures.

SUMMARY

We have successfully demonstrated a reversal imprint process by
transferring a spin-coated polymer layer from the hard mold to the substrate.

30 Three different pattern transfer modes, i.e., embossing, inking and whole-layer



energy at the interfaces. Good pattern transfer is observed, and the
residual PMVA is very thin as shown in SEM m crographs taken at two

di fferentwangleesi23(Figure 9). It is straight-forward to ravsGEnysthi n
residual PMVA [ayer by a 02 RIE process as used in typical nanoinprint

|'i thography. 10 The nmethod shown in Figure 9 can be repeated several tinmes,
thereby resulting in a multi-layered stfficture. Each sequential |ayer of

t he pol yner (which contains the nolded grating pattern) can be applied at

ri ght - angl esrdrisfert lean eeadconsplishedrby dotitslifrey ifprintifigl tempetatere had degesk
structure. Whereas Figure 9 shows the patterned polynmer |ayer being applied
so 15 that erﬁé"'@cﬁtmﬁ@%”%ﬁ o9 thegirin-sagiass mald.t Fdfhgr s posjtiverar ngative

bstrate, i Is LRl : td RG: ' t
and i n al gueBlce 8 Ffe pRAFEaRLf SReRFACIIRRINGE; Witld Sefaitieafee B P, |
dept h of thesugfagkei @anarizdtien, vaucesksfule pattereatradsfens cdasibeedachievadhe at

tenperature at which the printing of PMVA coated npld onto the 20 grating
substrat & i dempesaiyresang pressunas psdow s 394y below Sappddr MParregpastively,
This coul d nt | avd Y- at ed
sur face. Thitd tgipkila' R RACKTRYCL Bkl Mottt le A idhban A de ™, -
nanoi npri nt dver iog capisntionat Nhlonvpichragquises aadeapriniliig terhpefatirguecicaboe 25
extended to create various three-di nensi ?Qﬁl structyres. SU&M&R@}%V‘E have
successf ul | yladeniPoVEaEe8S ditfievBpement,gf ithe RRIYIES s Fpaulred H8: E1eseniva

spi n- coat ed Dol¥eirahdé rrrnBHQg,' tr@@clarlégf qn@ﬁﬂbﬂnéoist EssS WP 1o Wﬁ%oﬁi@’n?&

different pattern transter nodes, I1.e., 0sSing, 1nking and I'e-1ayer
WO 03/ 09812 ZaseaTiaga) pitoqadyned Bowr ansfer, can be acconplished by
controlling inprinting tenperature and degree of surface planarization of
t he spi n-coat ed nitheal prdseniténventprsshaves developeda new im@pitingatechnigoe timat d
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was spin-coated directly on a mold, and transferred to a substrate by imprinting
under suitable temperature and pressure conditions. The reversal imprinting
15 method according to the present invention offers a unique advantage over
conventional NIL by allowing imprinting onto substrates that cannot be easily
spin-coated with a polymer film, such as flexible polymer substrates.

Previous efforts to apply NIL to non-planar substrate often rely on
planarization of the non-planar surfaces with a thick polymer layer. These

20 techniques involve multiple process steps. Furthermore, the deep etching step
to remove the thick planarization layer degrades the resolution and fidelity. The
current invention offers a simple technique to pattern over a non-planar
surface without the need for a planarization procedure. Under suitable process

conditions, three-dimensional structures can be conveniently fabricated.

25 It will be appreciated by persons skilled in the art that numerous
variations and/or modifications may be made to the invention as shown in the
specific embodiments without departing from the spirit or scope of the invention
as broadly described. The present embodiments are, therefore, to be

considered in all respects as illustrative and not restrictive.
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5 tenperatures and pressures as |ow as 30C bel ow Tg and 1 Mra,
respectively, in the inking and whol e-layer transfer nodes. This is a

si gni fi camo @awens age over the conventional N L, which r aqa/Scie/oens4
inmprinting tenperature well above Tg. Mreover, as little novenent of the
polymer is required in these two pattern transfer nodes, reversal
inprinting is less sensitive to problens 1610 associated with pol yner flow
The present inventors have devel oped a new i nprinting techni que that
avoids the n O spin-coat polynmer |ayers on the substrate. A polyner

| ayer was sgfqiﬂ\%-bated directly on a nold, and transferred to a substrate
by imprintin e bIete erature an ssure condltlon T
Feversal i mpfi nt 1 AgMER R Rb A BRGNS MRS IgHFe [ an ergn ey dfe o
uni que advanﬁ@gﬁ,cp(y&h risiggventional NIL by allowi ng inprinting onto
substrates that cannoF be easily spin-coated with a polynmer film such as
f1exible polggyer ﬁﬂ@hﬁiqm@b%oldDémam 8fdeaireq ﬁa@te?fﬁ)BPYeIMflfoﬁé’nﬁi@FbHia?ﬁar
substrate often rely on planarization of the non-planar surfaces with a

t hi ck polfynestruciyee;. These 20 techniques involve nmultiple process steps.
Furthernore, the deep etching step to renove the thick planarization |ayer
degr ades t he(b)es capplying apdlymetsoating tathe mold;aadt i nvention offers a
sinple technique to pattern over a non-planar surface w thout the need for
a pl anari zat(@n plraesfacring th.dmdmlymei icabtirg p‘ramet*hg medchddt 4 osubstrate under

t hree-di nensiapnal structyres c be conveni abricated. 25 It wll be
appr oo at ed By s SRERLHLFET ah8 hreSa AR fidhe 1o i8R T IhRenER: wirstatey of
nmodi fi cat i ongaViby alfedidenicPostitidaBidgn) as shown in the specific
enbodi ments wi thout departing fromthe spirit or scope of the invention as
broadly gescri bed. The present enbodi nents are, therefore, to be
considered in all respects as illustrative and not restrictive. 30 WO

03/ 096123 PG/ Sm?ﬁé"?ﬂ%odlﬁzco%ﬁg% cldim A WBERSS the mdlaME f8tnh&d fdm the
m cro-/ nano-structure on a substrate, the

group consisting of semiconductors, dielectrics, metals, and combinations

thereof.

15 3. The method according to claim 2 wherein the mold is patterned by
optical lithography or electron beam lithography and subsequent dry eiching.

4. The method according to claim 1 wherein the polymer is selected from
the group consisting of thermoplastic polymers, thermall/irradiative curing

20 prepolymers, and glass or ceramic precursors.

5. The method according to claim 4 wherein the polymer is poly(methyl
methacrylate) (PMMA).
25 6. The method according to any one of claims 1 to 5 wherein the polymer is

in a solution of a non-polar solvent to achieve a substantially uniform polymer

coating on the mold.



met hod conprising: (a) providing a nold containing a desired pattern or
relief for a mcro-/nano- 5 structure; (b) applying a polynmer coating to
t he nol d; wan/opei3t ransferring the polymer coating from trewsdod/ovas4a
substrate under suitable tenperature and pressure conditions to form an
inprinted substrate having a desired mcrostructure thereon. 10 2. The
met hod according to claim1 wherein the fdld is fornmed fromthe group
consi sting of sem conductors, dielectrics, netals, and conbi nati ons

thereof. 15 3. ThEhgahbihddagesdrdingdiot claiph & Whéraihanei goldht i8®elbdtéd from
patterned by optical |ithography or electron beamlithography and
subsequent dihg ¥ELRiGEGSISHNG Phéolandoylens @nditaliabydreflem 1 wherein the
polymer is selected from the group consisting of thernoplastic polyners,
thermal /irradiative curing 20 prepolynmers, and glass or ceramc
precursors. 5. The nethod accordi n? to claim4 wherein the polyner is

pol y( et hyl 8net hhbe ynethey acemding ipgan 7wileerein theasdlv@drigitelged® any one of
claime 1 to 5 wherein the polyner is in a solution of a non-pol ar sol vent
to achi e a substantially uniformpolymer coating on the nold. WO
03/096123 PCT/ SQ02/00084 17 7. The nethod according to claim®6 wherein the
sol vent is s@l ect tbemethodtaseomling o amnens of algiros 1t tolJiwhereir e pelymards

t et rahydrofu . 8. Jhe t.hod .according to claim7 wherein the solvent is
toluene. 5 é&ﬂlﬁgﬁoﬁg?ﬁg@ﬁa@lcﬁ"&cﬂa{'@% any one of clainms 1 to 8 wherein the

polymer is applied to the nold by spin coating. 10. The nmethod according
to any one of clains 1 to 9 wherein the nold is

10. The method according to any one of claims 1 to 9 wherein the mold is

10  treated with one or more surfactants prior to applying the polymer.

11. The method according to claim 10 wherein the surfactant is

1H,1H,2H,2H-perfluorodecyl-trichlorosilane.

15 12. The method according to any one of claims 1 to 11 wherein the
substrate is selected from the group consisting of polymers, semiconductors,

dielectrics, silicon components, metals, and combinations thereof.

13. The method according to claim 12 wherein the substrate is a silicon

20 wafer.

14. The method according to claim 12 wherein the substrate has one or

more patterned structures on the surface.

25 15. The method according to claim 12 wherein the substrate is a flexible

polymer film, such as polyimide or polyester.



10 treated with one or nore surfactants prior to applying the polyner. 11.
The met hod according to claim 10 wherein the surfactant is 1 H 1

H, 2H, 2H perdd3wosadecyl -trichl orosil ane. 15 12. The net hod raauswodionag4t 0 any
one of clainms 1 to 11 wherein the substrate is selected fromthe group
consi sting of polyners, sem conductors, dielectrics, silicon conponents,
nmetal s, and conbi nations thereof. 13. Thé8method according to claim 12
wherein the substrate is a silicon 20 wafer. 14. The method according to

clai m 12 whet@i n The methetiradoerding tormyasne BPCRIMBL1 &5 NEdvhéreit btepe)as t he
surface. 25 15. The nmethod according to claim 12 wherein the substrate is a
flexible pofdfied PHE N gudeatpd pyidiawicydoress pendals dedesifed o presssie 3and

PCT/ SQ02/ 000@?,., ri}g: The nethod according to any one of clains 1 to 15
wherein step cg I's carried out in a heated hydraulic press under a
desired pressure and tenperature. 5 17. The nethod according to claim 16
wherein the pressure is |ess than about 5 MPa. 18. The nethod according to

The. met hl acfordi 16 Tt ~aiding B LR 4o mnd, 1l BPe iEss e o

is from abouab@itG M¥aow t he gl ass transition tenperature (Tg) of the

pol ynmer to about 90C above the Tg of the polyner. 15 20. The net hod
according to claim19, wherein the applied polyner coating is
substantially non-planar and the tenperature is substantially higher than

the gl ass tt&nsi Themdtaoyeicabrdity (Jelkinf16 Waekh Y& brestlre TforEabOG 1
according to claim?20, wherein the tenperature is about 20 90C above the

gl ass transiMP@rFot%?%ﬁdvlﬁﬁe (Tg) of the pol yner.

10

19. The method according to any one of claims 1 to 18 wherein the
temperature is from about 30°C below the glass transition temperature (Tg) of

the polymer to about 90°C above the Ty of the polymer.

15 20. The method according to claim 19, wherein the applied polymer coating
is substantially non-planar and the temperature is substantially higher than the
glass transition temperature (Tg) of the polymer.

21. The method according to claim 20, wherein the temperature is about

20  90°C above the glass transition temperature (Tg) of the polymer.

22.  The method according to claim 19, wherein the applied polymer coating
is substantially non-planar and the temperature is substantially equal to, or
below, the glass transition temperature (T,) of the polymer.

25
23.  The method according to claim 19, wherein the applied polymer coating

is substantially planar and the temperature is substantially equal to, or below,

the glass transition temperature (T,) of the polymer.



22. The nmethod according to claim19, wherein the applied polyner coating
is substantially non-planar and the tenperature is substantially equal to,
or bel owwa dsagizass transition tenperature (Tg) of the pdowsso2088423. The
met hod according to claim 19, wherein the applied polyner coating 1is
substantially planar and the tenperature is substantially equal to, or

bel ow, the glass transition tenperature 1@Tg) of the polyner. WD 03/096123
PCT/ SQ02/ 00084 19 24. The nethod according to claim 19 wherein the

tenper at ure 24. at Tabonéthothecaphrding tbrakaiai t10omhdreim tiatamperatigk iefattdiut

pol ymer. 25. The net hod_ according to_claim 19 wherein the tenperature is
about 5 30chsdlase iraesifordemperatuia (Tahot BIRga¥eFe (Tg) of the pol yner.
26. The nmethod according to claiml1l, wherein the substrate is non-planar
and the tenperature is |lower than the glass transition tenperature (Tg) of
the polynmer. 10 27. The nmethod according to claim26, wherein the

non- pl anar s@Bst r lhe mefheduaeeording a ickimp A8t whereimdhe dempegature ds raiavi d

ol d 153 gr i GBOIsR e HEE S Ak I A B R PR - ik 25, wher of n
the grating pattern on the substrate has a period of about 700nm and a
depth of about 1.5 m and the grating pattern on the nold has a period of

bout 700 d th,of about. 20 350nm 30. The method according t
i m 29, wEbei nTERENSOY ATt ae R R T iherelt Dt SHPRAIErS OTAATSY: e

substrate atgadid HSREhBEHIErek [BRRF AP therBhisa trai<hfor féinSbraRUtr gy ¥rane 25
31. The nethod according to any one of clains 28 to 30, wherein the

polymer.
10

27. The method according to claim 26, wherein the non-planar substrate
includes a grating pattern thereon.

28. The method according to claim 27, wherein the desired pattern or relief

15  of the mold is a grating pattern.

29. The method according to claim 28, wherein the grating pattern on the

substrate has a period of about 700nm and a depth of about 1.5 pm, and the

grating pattern on the mold has a period of about 700nm and a depth of about
20 350nm.

30. The method according to claim 29, wherein the polymer coating is
transferred from the mold to the substrate at a temperature of about 90°C and a

pressure of about 5MPa.
25

31. The method according to any one of claims 28 to 30, wherein the
polymer coating is transferred to the substrate so that the grating pattern of the
substrate is transverse to the grating pattern of the polymer coating.



pol ymer coating is transferred to the substrate so that the grating pattern
of the substrate is transverse to the grating pattern of the polyner
coating. WO @3%0@6123 PCT/ SG02/ 00084 20 32. The met hod acmarstimgoise any
one of the clans 28 to 30, wherein the polynmer coating is transferred to
the substrate so that the grating pattern of the substrate and the grating
pattern of the polyner coating are in al ?Bnment. 5 33. The net hod accordi ng
to claim31l, wherein steps b) and c) are repeated one or nore tines so as

to forma | @] ceﬂwesmeihbdlra%;co&ﬂng/%o%ﬂyst)m@tcﬁ therdlamei 2@ tars0, Widralre the
m cr o-/ nano-structure roduce nmet hod according to any one of

clains 1 toPRYMEpcaatingy ‘?%igfé t%H?ﬁ sibstraje &6 thapthengrating pattern of the
mi cr o- / nano-sebkttale Ad m@ﬁegag Péttets BPIHERACIDMEP ollind B th MERLR, | e

inprinted structure is a ive replcao ubstrate
containing an inprinted mcro-/nano-structure produced by the nmethod of
claim22 wherein the inprinted structure is a positive replica of the

mol d. 375 Aggubstyf LU ' it ; no- sty uctrure

b oduced by 50 (e e AUl AR ST o if I EIAE FhRtad | <
a positive omel oronord timebesorad . foR.a Mticedfstidvtureet hod according to any one
of claine 1 to 33 to forma mcro-/nano-structure on a surface.

34. A substrate containing an imprinted micro-/nano-structure produced by
the method according to any one of claims 1 to 33.

10

35. A substrate containing an imprinted micro-/nano-structure produced by

the method of claim 20 wherein the imprinted structure is a negative replica of
the mold.

15 36. A substrate containing an imprinted micro-/nano-structure produced by
the method of claim 22 wherein the imprinted structure is a positive replica of
the mold.

37. A substrate containing an imprinted micro-/nano-structrure produced by
20  the method of claim 23, wherein the imprinted structure is a positive replica of
the mold.

38. Use of the method according to any one of claims 1 to 33 to form a
micro-/nano-structure on a surface.



