A METHOD OF REDUCING THE DIMENSION OF AN IMPRINT STRUCTURE ON A SUBSTRATE
Technical Field 5The present invention generally relates to a method of reducing the dimension of an
imprint structure on a substrate. The present invention also relates to a substrate with imprint
structures thereon obtained by said method. 10 Background Therearemanyindustrialapplicationsfor

techniques that enable goptrolled @tmﬁéugﬁeﬁxﬁg@ﬁ@%@bﬂ@%f semiconductor

wafers and 15 data storage media. Advances in patterning technology (including techniques like
electron-beam lithography, two-photon®pi B ektroH§diedyamic lithography and nano-imprint
lithography) have also enabled new functional materials and smaller, more complex features, 20
opening up new markets in areas ranging fr%@c%gLQngllgﬂ}gddisplays to antibacterial coatings for

r

consumer products. Opticallithographyinparticularhasbeen established as a cost-effective method for
paﬁernszﬂi The present invention generally relates to a method

of reducing the dimension of an imprint structure on a
substrate. The present invention also relates to a
substrate with imprint structures thereon obtained by
sald method. .
10
Background
There are many industrial applications for
téchnigues that enable controlled patterning of surfaces,
suych as 1in the fabrication of semiconductor wafers and
15 data storage media. Advénces in patterning technclogy
{including techniques like electron-beam lithography,
two-photon processing, electrohydrodynamic lithography
and nano-imprint lithography) have alsc enabled new
functional materials and smaller, more complex features,
20 opening up new markets in areas ranging from sclar cells
and displays to antibacterial coatings Ifor consumsr
products.
Optical lithography in particular has been
established asz a cost~effective method for patterns with
Z25 feature dimensions of more than 100 nm. However, methods
for econtrolled patterning in the nanoscale range {and in
particular less than 100 nm) are still expensive and
inefficient. In particular, methcds like electron beam
lithography require expensive eguipment investments and
30 have low <throughput, especlally for " writing dense

patterns over large-area substrates.



25 feature dimensions of more than 100 nm. However, methods for controlled patterning in the
nanoscale range (and in particular less than 100 nm) are still expensive and inefficient. In particular,
methods like electron beam lithography require expensive equipment investments and 30have low
throughput, especially for writing dense patterns over large-area substrates. Since its introduction,
nanoimprint Lithography ('NIL") has emerged as a simple alternative .with law and high throughput
that lends itself to three- i*fﬁgﬁsio%gf paﬁg%nﬁﬁg %ﬁ%&uogﬁ various Jfﬁngdgiﬁréétio%§ %‘r?:? 5 aﬁ%gess.
Furthermore, rapid 88¥eloprient ereiigeechpiqueSiite pastgasade Has'éxpanded aeSpotential to

fabricate features smallerthan 100nm;Hgwever; Nk is nehwihout-its deawhacks; whieh for example
include expensive consumables, hi'aqt error-rateg and ap inherent 10Iimci}a£ion to.about 1.1 pattern
| nodil |

replication.  NICHeTHEsPatterRing tHrotugh defdrmidtion of iatarials Under suitable pressure and

temperature? In a khewrpprocess for NTRT althimianer ofmmgrint Fesist @heanbplastic golymer) is

spin-coated onto & samplel5 substrate sAJnelghavingniedefined, tepolegicalpatigens is brought into
contact with the sample and pressgd into the gr(r)% r coatlngﬂ%der a certain pressyre, gnd ata

e
temperature abov&thé E@Wéss‘sc ransi ?@h“?éﬁ]spera lrrgeolf tF\Eéapﬂolf/”merF% affow tive pattefn'on the mold to

be pressed 20 intaithe melt polfmertfim cAfieb bekiy codleddowrithe maotdlis séparated from the

sample and the patterpsesist is-leftopdhe-subsyrate. A paiern fransferprogess, sich-as reactive ion
etching (RIE) is used to transfer the pattern in the resist to the underneath substrate by 25removal of

residue front the stb&frate.-°" EBnveRtibnal phBtolithograpiy ¢aA be Felied upon for low-cost
fabrication of imprint moldsifor pafierres withadibtensions largerttEn thesfanostadlerangé, and in

particular above 100.nm. Howeyer. malds withs nangscalg 30feafures.require the use,of methods such

as electron-beam lithography, which are often relatively expensive. | , ,
known process for WNIL, a thin layer of imprint resist

{thermoplastic polymer) i1s spin-coated onto a sample
15 | substrate. A meld having predefined topolcgical patterns
is brought into contact with the sample and pressed into
the polymer coating under a certain pressure and at 2
temperature abowve the ¢lass transition temperature of the
poiymer to allow the pattern on the mold to be pressed
20 into the melt pelymer film. After being cooled down, the
mold is separated from the sample and the pattern resist
is left on the substrate. A pattern transfer process,
such as reactive ion etching (RIE) is used to transfer
the pattern'in the resist to the underneath substrate by
25 removal of residue from the substrate.

Conventional photolithography can be relied upon for
low-cost fabrication of imprint melds for patterns with
dimensions larger than the nanoscale range, and in
particular above 100 nm. However, molds with nanoscale

30 features require the use of methods such &z electron-beam

lithography, which are often relatively expensive.



Currently, NIL is 'carried out by first imprinting a polymeric etch mask and etching a pattern onto the
substrate, before subsequently patterning the substrate with metals, metal oxides, semiconductors or
semiconductor oxides. This may result in an increased level of defects resulting from the use of an
elaborative lithographic process. There is a need to provide a method of preparing a substrate with
dimensions in the nanoscale range, 10 particularly 100 nm or less, gqatﬁg_vercomes or at least

B n

ameliorates one or more GFHHE disadvantagas destAined abbve™ ~There &R Tésd 1§ pfovide a
method to directly, palters metalsmth metat bxidestructuresgs well astlis: semicorrdudtde and

semiconductor oxidg.stryctires, qaip.a substrate, Summary Accopding to afirst.aspect tbere is

provided a 20method of reducing the dimension of an imprint structure on a substrate, the method
comprising the step&t6f  EB95Providing B5istrate®abty at le&SFUABRRPSRructufé thereon,
said structuresbeing farned 0f @cinorganieorganit compound:eainprising an inergasxe edoiety and a

polymer molety, sal.polymer molely. having.a lower yapgrization temperafure than.the grelting point o

said inorganic moiety; and .Kb) selectively removing at least part of the polymer moiety while
enabling at least part &F #1¥& BDiGrgaifi€ #isiety to form a substantially continuous

There iz a need to provide a method of preparing a

substrate with dimensions in tThe nancscale range,

10 particularly 100 nm or léss, that o#ercomeé or at least

ameliorates one or mors of the disadvantages described
above. _

There is a2 need to provide a method to directly

pattern metal and metal oxide structures, as well as

15 semiconductor and semiconductor oxide structuress, onto a

substrats.

Summaxy
According 1o a first aspect, there is provided a
20 method of reducing the dimension of an imprint structure
ori @& substrate, the method comprising the steps of:

a3t on

M
®

(a) providing a substrate having at 1

Hh

imprint structure therson, said structure being formed o

an  inorganic-organic compound comprising an inorganic

ko
ort

meoiety and a polymer moiety, sald polymer meisty having a
lower vaporization temperature than the melting point of
said inorganic moisty; and '

(b} selectively removing aft least part of the
polvmer moiety while enabling at least part of the
30 inorganic moiety to form & substantially continuous

inorganic phase in said imprint structure, whersin the



inorganic phase in said imprint structure, wherein the removal of the at least part of the polymer
moiety from the imprint structure reduces the dimension of the imprint structure. Advantageously, the
method allows for the reduction 5 in dimension of the imprint structure to the desired dimension
without the need to use molds having imprint forming features of that desired dimension. This

beneficially reduces thevc?st fo pgggucgoq as the cgs% oc1; ;noi_!g% uggagl%ér}cr%cq?g% wit Epncreased
resolutions of 10 the miprintformity featire: Even moré advantageously, the method affows imprint

structures of inorgahic niateriahto betformed-withoatitite neetifor divertetéhing, whicliimay
unnecessarily intradplce gich,defects, In one embodiment, the selectively removing step (b)
15comprises the step of heating said imprint structure.  In one embodiment, the inorganic moiety is
bound to the polymer m&igly & fiiryahic Mbief)al be saBEtantidily hofmdgetisisiytispersed
throughout said polymermmietyen ol obecembgdioment,stheygdlymeer oiety:és réamvedifrom the
inorganic-organic gempaung, by, at least one.of oxidation or vapgrzation,.; I ong.embediment, the

method comprises the step of providing said polymer moiety being comprised of at 25 least one of an

ally', a vinyl or an 28I polyAferFHe alrylatt 5oty et ay Contpriée idtomers of Afrylates and
methacrylates. Prefenalilycthé agrytatdipelymeras podymethacrydtestion heorieembodiment,

"K"ganm'nomﬂycgguﬂg¥3§ahsually increases with increased resclutions of
' 10 the imprint forming feature. FEven more advantagecusly,

the method allows imprint structures of inorganic

=

aterial to be formed without the need for direct
etching, which may unnecessarily introduce etch defects,

In one embodiment, the selectively remcoving step (b)

15 comprises the step of heating said imprint structure.

In cne embodiment, the inorganic molety is bound to
the polymer molety. The inofganic molety may be
substantially - homogenously dispersed throughout said
polymer moiety.

20 In one embodiment, the polymer moiety 1s removed
from the incrganic-organic compound by at least one of
oxidation or vaporization.

In one embodiment, the method comprisss the step of
providing said polymer molety being comprised of at

25 least one of an zllyl, a vinyl or an acrylate polymer.
The acrylate polymer may comprise monomers of acrylates
and methacrylates. Preferably, the acrylate polymer 1is
polymethacrylate.

In one empodiment, incrganic molety comprisges at

30 least one of a metal or metalloid., The metal may be a

transition metal. The metal may be selscted from the



30least one of a metal or metalloid. The metal may be a transition metal. The metal may be selected
from the group consisting of Group 4, Group 5, Group 8, Group 10, Group 11 and Group 12 of the
Periodic Table of Elements. In one embodiment, the metal is selected from the group consisting of
Titanium, Zirconium, Niobium, Tantalum, 5Iron, Copper, Silver, and Zinc. In another embodiment, the
metalloid is Silicon. In one em%)odimoept,th%im%ringﬁs‘_t%ctUﬁe igg&en%yallg%oungqtg imprint having
a length dimensior? parailei 16 4 orgitidinal axis That is generally 10 parallel to said substrate, said
length dimension Beingrefinethbetweam algroximahend o d distbd 'ehel. 9% dihbtRéereémbodiment, the

imprint structure is;in the foup0f & pegjection baying:a langitinakaxs thakisgenerallynormal to said
substrate and wherein the 15 projection extends from a proximal end from said subsitﬁ%te to a distal.

end. The length diff@HSIST I8t 18ast w6 181 sr af fé:csgrfﬁ%ﬁé folte grater thah the Width dimension
of the impririt. In ode@mbactiprent, thedisint stktlierafter Said20 Setectivehe reimeving step has
substantially the same aspectratie as the imprnt before the selectively removing step.
Advantageou_sly, aIthougilh'the imprint size is reduce:_d, the ;%s}g)e_cr'g: ratio of the imé)rin},itsis rgtained.. An
array of imprints may be-8isp3&d GT-38i 98" Substrate. I Bh& érhbotimhent the arriy i an ordered
array of a series ofroves ahdycokiheng of ¢mphints beingrdispogedaon lszid Substigteratian approximately
equal distance from.gagh other, In ope emphodiment,.each.imprint has a gentrg paint.defined along a
central ' parallel to said substrate, said length dimension belng
defined between a proximal end and a distal end. In
another embodiment, the imprint structure is in the feorm
of a projection having a longitudinal axis that is
generally mnormal te sald substrate and wherein the
15 projection extends from a proximal end from said
substrate to a distal end. The length dimension is at
least two folds or at least three folds greater than the
width dimension of the imprint.
In one embodiment, the imprint structure after said
20 selectively removing step has substantially the same
aspect ratio as the imprint befcre the selectively
removing step. Advantagecusly, although the imprint size
iz reduced, the aspect ratic of the Imprint ié retained.
An sarray of imprints may be disposed on said
25 substrate. In one embodiment, the array 1s &n ordered
array of a ssries cof rows and columns of imprints being
disposed on said substrate at an approximately eqgual
distance from each other. In one embodiment, each
imprint has & c¢entre point defined along a central
30 longitudinal axis and between said proximal and distal

ends, and whersin the center point betwsen adjacent



30longitudinal axis and between said proximal and distal ends, and wherein the center point between
adjacent imprints does not substantially change during said selectively removing step..
Advantageously, the overall pattern of the imprint array is kept substantially the same. 5In one
embodiment, wherein after said selectively removing step, the dimension of the imprint reduces by at
least 30% of the diggﬂer}sigg of t eémprirgct) Mbef%(iebgggjn%gIggtivelycremo%ing asggp. In aggyéer
embodiment, whergin after Sai gel%ctivelil removing st"‘ép”,"ﬁ"\(e 1&€ii‘rﬁensmn ot the imprint reduces by
30% to 80% of the HHAftisian bf thesingprintbefd A saidlSetedtiiety vemoving stepyAdvahtageous, the
selectively removing. step-alloyys sulstantiakradugtion of the sizewof the dmprintd0:6ecyre15In one
embodiment, the providing step comprises the step of coating a monomer-composite composition
comprising an admixiure of a polymerizable monomeric composition and the inorganic moiety on said
substrate. If one embodirmert; thesinorgarie ihoiety i stbstantially 20hHomoegerously dispersed in said
polymerizable monameti¢.compasition.with dittle 05 noninselubility. Advantageauslysthe,y
monomer-composite cpmpositi%rg; may be polymerised to Qajr%en and form the_imprint structures', while

the presence of théa?ndreg%%?c moiety retiins tHe 25508ra shapee of rél%pﬁﬁf after the Selectively

removing step. selectively removing step. In another embodiment,
wherein after sald selectively removing step, the
10 dimension of the imprint reduces by 30% to 80% of the

dimension o©f the imprint ©befcre sald selectively
removing step. Advantagecus, the selectively removing
step allows substantial reduction of the size of the

imprint to occur.

.y
o

In one embodiment, the providing step comprises the
step of coating a moncemer-~composite  compositlon
comprising an admixture of a polymerizable monomeric
composition and the inorganic moiety on said substrate.
In one embodiment, the inorganic moiety is substantially
20 homogenously dispersed in szid polymerizable moncmeric
composition with littie or no insolubility.
Advantagecusly, the monomer-composite compositicon may be
polymerised to harden and form the imprint structures,
while the prasence of the 1lnorganic meclety retains the

25 overall shape of the imprint after the szelectively
removing step.

In one embodiment, the method comprisss the step of
contacting a mold having an imprint-forming surface with
said moncmer-composite composition. In one embodiment,

30 the method comprises the step of polymerizing said

monomer-conposite composition while in contact with said



In one embodiment, the method comprises the step of contacting a mold having an imprint-forming
surface with said monomer-composite composition. In one embodiment, 30the method comprises the
step of polymerizing said monomer-composite composition while in contact with said mold to form the
array of imprint structures formed of said inorganic-organic compound on said substrate. The
polymerization ma%(i,}ri%(e@ge ygj r§trgggth{_ic}p‘riém; ig&pr%g}r&{urg%gi&&@g%%% ingrganic moiety
therein. 5 In one embodiment, the polymerizing step is'undertaken at a temperature sufficient to
induce .free radicaFpéRymitfzztn 6f e HbrionterEE RO SItE compositiBhs it Adther@mbodiment,
the polymerizing stepris-#ideriaken atatemperatise af-froratl-degree Eetsies tedbddegree 10
Celsius. In yet another embodiment, the method comprises the step of removing said,mold after the
temperature of Said ormédrimprlnt IS less than the fempérature of sai poﬁy%e‘r’i*zatlon step. In one
embodiment the pélynt&rzirgistsh ke aarriethGuthin tHagrésénee of BRralvioletdadiation: In one
embodiment,the selectively:terpeving.cempsisesithesstep elheating said inpsint - lgng:embodiment,
the heating step is ca{ried qut at.a temperature of from 300 Igle%(gg% Celsius to 900 degrees 20
Celsius. Advantagéousgly® this ensures tha ‘sub‘stantlaeil“y alr ot e*organlcé) pré’sentni’n the imprint
structures are remévedner TéRCipapAREBeloté SakiPseleetivelrenidving Step AieF havera dimension in
micro-scale size rapge:whilgtbes-ure of from 60 degree Celsius to 150 degree

10 Celsiug. In yet another embodiment, the method comprises
the step of removing said mold after the temperaturs of
said formed imprint is less than the temperature of said
polymerization step. In one embodiment, the polymerizing

step iz carried out 1in the presence of ultra-violet

st
(&3]

radiation.

In one embodiment, the selectively  removing
comprises the step of heating said imprint. In one
embodiment, the heating step is carried out at a
temperature of from 300 degrees Celsius to 900 degrees
20 Celsius. Advantageously, this ensures that substantially

all of the organics presant in the imprint structures
are removed.
The imprint before said selectively removing step
may have a dimension in micro-scale size range while the
25 imprint after said selectively removing step has &
dimension in the nanoscale size ranges. Advantageously,
thiz allows nano~sized imprint structures to be produced
from wolds having imprint forming features of mnmicro-
sized dimensions.
30 Iin cne embodiment, the substrate 1s composed of

material selected from the group consisting of silicon,



25 imprint after said selectively removing step has a dimension in the nanoscale size range.
Advantageously, this allows nano-sized imprint structures to be produced from molds having imprint
forming features of micro-sized dimensions. 30in one embodiment, the substrate is Composed of
material selected from the group consisting of silicon, glass, metal, metal oxide, silicon dioxide, silicon
nitride, Indium Tin oxide, ceram}jc,_sapglhi{eland c_pé‘nbinatio{\s thereof. 1,%1 one embodiment, the
method comprises & §tep dProvidinga Ainimant &modit oriRdrganiinofety iR the® "
inorganic-organic compodad suthdhat aftéd saidgpolgmer meietyhas bespselectivelyeremoved, the
shape of the imprint is,substantially-the-same. The step of providing a minimum amount of inorganic
10 moiety in the inorganic-organic compound comprises reacting an inorganic compound with at least
one of an allyi, a vinyl, a Refidtryiic 8f HRTacrylic ARid"In B EMBudifent, the moTar ftio of the
inorganic compoungrard dheat keast onewf aarallyita vinyli acnethderylicoran acrylictacid, is
dependent on the oxidation state.of the-inorganic,corpaund.|n.one-embodiment, the-inprganic

compound and the at least one of an allyl, a vinyl, a methacrylic or an acrylic acid are reacted in a
molar ratio of abouf?:6td aB6at 12 AdVantageolsly, 26%h Gflowd bife iMiEAT Structdl® to maintain
its overall integrity afiersaid $electiveharemeving step.sEmeinorganic compound may be at least one

‘of a metal alkoxide or a m@galéqigpalggxiggoégg%gng tq.a.second aspect, gge%aeraqlvfged az25

substrate comprising nano- or micro- sized inorganic structures thereon obtained by the method as
disclosed hétein. T9A&&Srding'to &fird ASPEEE HHEFE IEprovideF I TSR Of AP THRpiAted substrate in
one of:(i) a 30semicenductoy device;¢itzpaneimprntcmotd fabrication;lezst one of an

allyl, a wvinyl, a methacrylic or an acrylic acid. In one
embodiment, the melar ratio of the inorganic compound

and the at least one of an allyl, & wvinyl, 2z methacrylic

i_)
Ul

or an acrylic acid, is dependent on the oxidation state
o¢f the dincorganic compound. In one embodiment, the
inorganic compeound and the at least one of an allyl, a
vinyl, a methacrylic or an acrylic acid are reacted in a
melar ratio of azbout 1:8 to about 1:2. Advantageously,
20 this allows The imprint structure *o maintain. its
overall integrity after said selectively removing step.
The incrganic compound may be at least one of a metal
alkoxride or a metalleld alkoxide,
According to a sscond aspect, there is provided a
25 substrate comprising nane- or micro- sized inorganic
structures thereon obtainad by the method as disclosed
herein.
According to a third aspect, there is provided ths

=

use of an imprinted substrate in cone of: (1) a
30 semiconductor device; (i1} nanoimprint mold fabrication;

(iii} an anti-microbizl coating; {(iv) solar cells; {v)



(iif) an anti-microbial coating; (iv) solar cells; (v) sensors; (vi) displays; (vii) bit-pattern media; and (viii)
ferro-electric random access memory, wherein said imprinted substrate is made in a method as
defined herein. 5 Definitions The-following words and terms used herein shall have the meaning
indicated: The term "imprint" and grammatical variations 10 thereof; in the context of this specification,
is intended to cover any form ofphgsi%glqstguctune that has been made by a mold. Typically, an imprint
is a generally elongat8 thicturé that eXtERAS Fom the Surfacs ora &bt atd aforg a: 1BAgitudinal axis
extending between & 15iprokimat entedisposed onionadjacent tothe substiate aid adistal end

opposite to the proximal:endsTypiaally,the longitudinal axjs is genarally pormal relative fo a planar
axis of the substrate although the longitudinal axis may be generally parallel relative to a planar axis
20 of the substrate ‘0r'may be varied significantly such as at an angle of 45 from a planar axis of the
substrate. Irban array of imprints that have been orderly formed as a series of rows and columns on a
substrate, trenches may be formed between thg adjgeentws. The imprint may be 25 in the
nanoscale or micro-scale size range both in their length dimension and thickness dimension, and

hence the trenches may Hi€o Bt the Hal6SCale o MG ScaesizE7aRgB. 37211 "PHE term "bind",
"bound" or grammatiealeariants 30thereofds used herein, refers to the interaction between

The term Timprint" and grammatical variations

10 thereof, in the context of this specificatioh, is

intended to cover any form ¢f physical structure that has

been made by a mold. Typlically, an imprint is a generally

elongate structure that extends from the surface of =z

substrate along a longitudinal axis extending betwsen a

15 proximal end disposed on or adjacent to the substrate and

a distal end opposite to the proximal end. Typically, the

longitudinal axis 18 generally normal relative to a

planar axis of the substrate although the longitudinal

axis may be generally parallel relative to a planar axis

20 of the substrate or may bse varisd significantly such as

at an angle of 45° from a planar axis ¢f the substrate.

Inlan-array of imprints that have been crderly formed as

3 séries of rowé and doluﬁns cnn & substrate, trenches may

be formed between the adjacent rows. The imprint may be

25 in the nanoscale or micro-scale size range both in their

length dimension and thickness dimension, and hence the

Lrenches may also be in the nanoscale or micro-scale size
range.

The term "bingd", “bound" or grammatical wvariants

30 therecf as used herein, refers to the interaction between

o



a corresponding pair of molecules which may be physical or chemical. The term "nanoimprinting”
is to be interpreted broadly to include any method for printing or creating a 5 pattern or structure on
the microscale and/or nanoscale size range on the surface of a substrate by contacting a mold with the
defined pattern or structure on the surface at certain temperatures and pressures. The teims
"micro-sized", "microscale” or the.like are to be interpreted o include dimensi t are in the
range of about 1 (‘E‘)mﬁg“aebsc?uotnl%‘(gJ % “fhe %?rmr&gr%ﬁ:?é%%éct%%gasgggeﬁe%g Q%%% to imprint
structures compristig “AfBic-3ized" or "microscale” features. 15The terms "nano-sized", "nanoscale"
or the like are to be interpreted-torinclude amegdimensions thatare below aboutck-pae cHae term
"nanos_tructures" as us he{eini gégd%)riarg stwc%rgg %orrgpri%ig ;;plgno-g,:izeg; orm ngscale" or
"submicron” featurés. 20 Fhe term pln-coaﬁng as used herein gene?alfi/ refers to a process wherein
a polymer sélutiorristdispersed orf austiface (@1g.temdid)Eihthe saidde Ts FpiaRFSpén centrifugally
forcing the solution {9 spread outand.formipg a-thin fayer afkle-sebated polymet i1 25the process.
The term "mold" disq%sc‘eq thﬁr%g] ggngalleydrefg;scto?a mold structure or a master mald that is used for
shaping or fabricafion of a speci ic articie or p?odu%ﬁnrﬁétesffn 1“poILflrﬁ'er ‘as'used fierein denotes a
molecule 30having twosortmore iuttitsderived framdhersarRgTABnomer component, so that the

"polymer” incorporates malecyles s “micro-sized”, "microscale" or the like
10 are to be interpreted to include any dimensions that are
in the range of about 1 {um) to about 100 um. The term

"microstructures” as used herein, refers tTo imprint

structures  comprising “micro-sized” or "microscale”
features.
15 The terms “nano-sized”, "nanoscale" or the like are

to be interpreted to include any dimensions that are
helow about 1 pm. The term "nanostructures" as used
herein, are imprint structures comprising “nano-sized” ox
"nanoscale” or "submicron" Isatures.

20 The term “Spin-coating” as used herein generally
refers to a process whereln a polymer solution iz
dispersed on a surface (e.g., a mold) and the surface is
rapidly spun centrifugally forcing the sclution to spread
cut and forming a thin layer of de-sclvated polymer in

25 the process.

The term "mold" disclesed herein generally refers to

a mold structure or a master mold that 1is used for
shaping or fabrication of a specific article or product.

The term "polyvmer™ as used herein denotes a molecule

30 having two <r more units derived from the same nonomer

component, so that the "polymer™ incorporates molecules

10



derived from different monomer components to form copolymers, terpolymers, multi-component
polymers, graftco-polymers, block-co-polymers, and the like. The term "surface pattern” as used
herein generally refers to an 5outer peripheral surface of any structure disclosed herein. The term
"vaporization temperature” when used to describe a property of a substance refers to the temperature

at which that substance g@ang%%g;ron}i either a 10sqlid. phase di&%ﬁ 1Q avapor phase.or liquid phase

to a vapor phase or both, at a given pressure. Theword"substantially"doesnotexclude "completely” e.g.
a composition whigAHS *ElBSEmtisyFrée™iom Yihay 56 CORTpIRtdly Frae oS v . 4khere 15necessary,
the word "substantialycmayebe omitted ifram-theigefinition efthedneertion:. Thlalessspecified

otherwise, the term, comprising. and. comprisecad arammaieal yerianis. hiergol, rg ntended to
represent "open” or "Inclusive” language such
5 cuter peripheral surface of

any structure disclosed
herain.

The term “vaporization temperature” when usad to
describe a property of a substance ‘refers to the
temperature at which that substance changes from either a

10 sclid phase diﬁectly to a vapor phase or ligulid phase to
a vapor phase or both, at a given pressure. _

The word “substantially” does not excliude
“completely” e.g. & composition which is “substantially
free” from Y may be completely free from Y. Where

15 necessary, the word “substantially” may be omitted from
the definition of the invention.

Unless specified otherwise, the terms "“comprising™
and "comprise”, and grammatical variants therecf, are
intended to repressnt "open™ or "inclusive" language such

20 that they include recited elements but aiso permit
inciusion of additional, unrecited elements.

As used herein, the term "about", in the context of
concentrations of components of the - formulations,
typically means +/~- 5% of the stated wvalue, more

25 typically +/- 4% of the stated value, more typically +/-
3% of the stated wvalue, more typically, +/- 2% of the
stated value, sven more typically +/- 1% of the stated
value, and aven more typically +/- 0.5% of the stated
value.

30 Throughout this disclesure, certain embodiments nay

be disclosed in a range format. It should be understood



20that they include recited elements but also permit inclusion of additional, unrecited elements. As
used herein, the term "about", in the context of concentrations of components of the formulations,

typically means +/- 5% of the stated value, more 25 typically +/- 4% of the stated value, more typically
+/- 3% of the stated value, more typically, +/- 2% of the stated value, even more typically +/- 1% of the

stated value, and eyep moye typically +/(z 0.5% Qgthgggl%tgd @yﬁagmﬂoulgggg%tﬁisfgirsclosure,

certain embodiments may be disclosed in a range format. It should be understood that the description
in range format is FREEH 6FEGnFeRierta and bradity and-shotid mst KEehsHER IS ah ble
limitation on the seape ©f the disclosetranges.Accargingly - the destription otiasahgesshould be 5

considered (o have spegficallydiselgned allihe possible sufyjanges as.ell asndividugl numerical
values within that range. For example; description of a range such as from 1 to 6 should be considered
to have speéificalljHi§&dsedsubtrangedSuch™as from 1°t0'3, 10FGmPEEE 4, from 1165, from 2 to 4,
from 2 to 6, from 3ta 6ieltes aswel-as.individual esnbersswithimthatirange, fenexample, 1, 2, 3, 4, 5,
and 6. This applieg regardiess of the breadth of.the fange. 15Detailed Disclosyr of Empodiments

range such as from 1 to & sheculd be considered to have

gspecifically disclcecsed sub-ranges such as from 1 to 3,

10 Ffrom 1 to 4, from 1 to 5, from 2 to 4, from 2 to &, from
3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies

regardless of the breadth of the range.

Detailed Discleosure of Embodiments

]
[83]

Exemplary, non-limiting embodiments of a method of

reducing the dimension of 21 4imprint structure on a
substrate, will now be disclosed.

The method comprising the steps of (a) providing a

20 subgtrate having the imprint structure thereon, sald

structure being formed of a inocrganic-crganic compound

ceomprising an incrganic meoiety and a pelymer molety, said

polymer moiety having a lower vaporization temperature

than the melting point <¢f sald inorganic moliety; and (b}

Rl
(&1

selectively removing at least part of the polymer moiety
while enabling at least part of the inorganic moclety to
form a substantially continucus incorganic phase in said
imprint structure, wherein the removal of the at least
part of the polymer moiety £from the imprint structure
30 reduces the dimension of the dimprint structure. The

selectively removing step may be a heating step and may

12



Exemplary, non-limiting embodiments of a method of reducing the dimension of an imprint structure

on a substrate, will now be disclosed. The method comprising the steps of (a) providing a 20 substrate
having the imprint structure thereon, said structure being formed of a inorganic-organic compound
comprising an inorganic moiety and a polymer moiety, said polymer moiety, having a lower
vapori_zation temperature thgpethg gﬁ%@g p%i{;]t.oal: tsaigégggganig emoé%ty;o?ngdg@i 25 sglgcti\_/ely
removing at least part of the polyfner moiety Whilé enabiing at Teast part of the inorganic moiety to form
a substantially cortimeeas #icrganic phase #F 5ait iiptirit sFGERITENWheféifPthe oAl of the at least
part of the polymes4neiaty from thecimprintspueiurer30redugesthe:-dimension ofithe dmprint structure.

The selectively remaving step may, be  heaiing siep andJmay, temove fhe polymer by at least one of
oxidation or vaporization. The se ec?lvely removing step may be ¢arfied ouf at a temperature of from

about 200 degree§ Celsiss teraotit 00 degieescealsiis, about 3T dégrees Celiesto about 900

degrees Celsius, aheut 300 gegrees Celgius to abouit 800 degrees Srlsiusz about 300degrees Celsius
to about 700 degrgg Celsius, about 30 quggéees %%Isi&lg to.about 600 gegﬁa&s %elsiléss, about 300

degrees Celsius t0 5boUt 500°dégrees Celsius: in one embodiment 10 the ieating step is carried out

at about 350 to 45B:dedrees CelBesandin ofecambodiraent dbouttd00dedPEesiCrisis.  The

disclosed method #ray campeise the step of eagting & Monemer-camposite £pRosition, comprising an
admixture of a polgmerizable, monomeric ,(:Omgositlon and the inor%%nic m%ig{%/ aQn salid gubstrate. The
Ou S h*o >

coating ste]pOmay Bcartféd ot byS 5fleasfone®sf the méthods sel8cd from e group consisting of
spin coating, dip ctatirgeandvapordeposition. 20Fhemdiscidsed Mmethodtmay alse: eofiprise the step of
contacting a moldhawving an imprint-forming surface with said monomer-composite composition. The
contacting step may comgrise contacting the mold at a pressure of from about 500 kPa to about 8000

kPa, from about 800 kP15 25°a56uf8600 KB4 bt oM abodt 600 kPa (6'&boiit 5B00KFa. The
contacting step mayacow frem about25-seeonds: teeaboutd $00tsecondsifrons about 8O seconds to

about 1209 secondsar.from.about 70 seeonds f0.abaut 1000-seconds  Iecontagting step may also
be carried out at room , ‘

the incrganic moiety on sald substrzte. The coating step

may be carried out by at least one of the methods

selected from the group consisting of spin coating, dip

ceoating and vapor deposition.

20 The disclosed methed may also comprise the step of
contacting a mold having an imprint-forming surface with
sald monomer-ccomposite composition. The contacting step
may comprise contacting the mcld at a pressure of from
about 500 kPa to about B000 kPa, from about BOO kPa to

25 about 5000 kPa or from about 1000 kPa to about 5008 kPa.
The contacting step may occur from about 25 seconds to
about 1500 seconds, from about 50 seconds to about 12060
seconds cr from about 70 seconds to about 1000 seconds.
The contacting step may &1s80 b@ carried out at room

30 temperature.



30temperature. The disclosed method may also comprise the step of polymerizing said
.monomer-composite composition while in contact with said mold to form the array of imprint structures
formed of said inorganic-organic compound on said substrate. In one embodiment, the polymerizing
step is undertaken at a temperature sufficient to induce free radical polymerization of the
monomer-composite comfosi ion. lIn an ther, %rcpgborgimeg_glt£ ;olymeril;iz{\sgestgpeis undertagen ata

temperature of from abou B0 décrees 10 Celsius to about 200 Cdoégfees Ce"lsiius,sﬁg% about 60

degrees Celsius to~alpar 1507 degreésd CEIBRIES Froffir@issUu B0 6GRES-ChIsiugté sbotit 120 degrees
Celsius, from about.100.degrges.Celsius tnabgutckl0dagreas Celsivsa T he methed may also
comprise the step ofrrerr%oving sgid 15mold after the, temperature of said formed imprint is less than
the temperature oth“eu%olllf%eriz‘“gt%ﬁste%f *flioné ® bo&imentﬁ?hé“me‘tﬁo% comprises the step of
providing a minima#idnfourittefdnergaiiic aisieyuirrtherfivtgaiticcorganic evhfdcund saeh that after

said polymer 20 malefy,hasheemselectvelyremaved.theshape ehthe inprdtis-substantially the

same. The step of pro,vidilng a minimum amount of inoﬂgganic_moiety in the inog%anic-ortganic compound
. Yadical. OLVIEerizatlgn . O The qonomer -~ WO LE .
may comprise reacting an inorganit compoundwith an orgariic acid it a motar ratfo 6f about 25 1:8 to

about 1:2. The incrganic cofmpounthmaydid at leastoheneha metal allkoXiderar & hratalleid alkoxide.

The organic acid may-he selected from the-group cepsisting of an allylacid 3 vigyLaeid, a methacrylic
acid and an acrylic acid. 30 Polymer moie In one embodiment, the polymer moi%’% is being
I

comprised ot a poljinar s2leéfad ﬁ%ﬁ%he%\fgupdggﬁgﬁﬁngcgf%ﬁ%ﬁyl polyier>a3thyl pBlymer and an
acrylate polymer. Exemspglaryvirsd os atlyl polyntersipchie; et Celsius, from about
20 degrees Celsius to about 120 degrees Celsius, from
about 100 degrees Celsius to about 110 degrees Celsius.
The method may alsc comprise the step of removing saild
15 mold after the temperature of said formed imprint is less
than the temperature of the polyvmerization step.

In one embodimsnt, the method comprises the step of
providing a minimum amouht of inorganic molety 1in the
incrganic-organic compeund such that after said polymer

20 mcisty has been selectively removed, the shape of the
imprint is substantially the same. The step of providing
a wminimum amcunt of inorganic molety in the inorganic-
organic compound may comprise reacting an inorganic
compound with an organic acid in a moler ratic of about

25 1:8 to about 1:2. The inorganic éompomnd may be at léast
one of a metal alkoxide or a metalicid alkoxide. The
organic acid may be selected from the group consisting of
an allyl acid, a wvinyl acid, a methacrviic acid and an
acrylic acid.

30

Folvmer molety

14



5 are not limited to, polyvinylalcohol, polyallylalcohol, and vinyl ether copolymers. Exemplary acrylate
polymers include, but are not limited to, polymers of ethyl acrylate, polymers of methyl methacrylates,
polymers of methabrylates, copolymers of ethyl acrylate and methyl 10 methacrylate, and
methahrylate copolymers with trimethylammonio-ethylmethacrylate In one embodiment, the acrylate
polymer is selected from_the group consisting of homopolymers and heteropolymers comprising
monomers of acrylates and mMéthacTates Bf ifethyt Ethyt S+-6P6py1, TSosTopyl f-bdt§t 18obutyl,
tert-butyl, allyl, cyclohexyls dihydrodicyclopentaskemy stdmetbylarhmanioeth v o2-allytaxyethyl, 3- and
4-vinylbenzyl and 2xethylhexyl,; 142 pne particylar eg%qqﬁ(igyengr{ge palymer.may 20comprise
t

polymethaerylate. Monomers In one embodiment, the method may further include the step of

cross-linking functRaITRENOMETERG T Bt 2Bhedst Gie 8 alfi, ViliyF r aBisAdSpolyiiers. The
cross- linked:polymaees enhancerthesstrength péthe forrmed dnipsings. &=Xemplaryfunctional monomers

that form the acryl%edqulyg}gr inchude ag 'QE%@QQ.mﬁk@%Xlﬁﬁs gg@fpﬂginggg% dhereof. In one

embodiment, the monomerthat 30forms the acrylate polymer is @ methacrylate. In another
embodiment, the matHat§lateThoncmér is'§électéd FiSin the® groBf corRtsting of THam
methacrylate, Zircanityn anethasceylate; Niobifimemethacpdate; 3 antalues metbagndate, iron

methacrylate, Copper methacrylate, Silver msthacrylate,.Zine methagrylate and Sjlicon, smethacrylate.
Crosslinker 10The polymer moiety may also be formed in th .
10 methacrylate, and methacrylate copolymers with

trimethylammonio-ethylmethacrylate In one embodinent, the

acrylate polymer is selected from the group consisting of

homopolvmers and heteropolymers comprising monomers of

acrylates and methacrylates of methyl, ethyl, n~propyil,
1

isopropyl, n-butyl, isobutyl, tert-butyi, allyl,

IS
o

cyelohewyl, dihydrodicyclopentadienyl,  trimethylammonio-
ethyl, Z2Z-allyloxyethyl, 3- and 4-vinvlibenzyl and 2-
athylhexyl.

In one particular embodiment, the polymer may

20 comprise polymethacrylate.

Monomers
In one embodiment, the method may further include
the step of cross-linking functiocnal monomers to form at
25 least one of allyl, wvinyl or acrylate polymers. The
cross=- linked polymers enhance tThe strength of the formed
imprints, Exemplary functional monomers that form fhe
acrylate polymer incliude acrylates and methacrylates and
combinations thereof. In cone embodiment, the monomer that
30 forms the acrylate polymer i3 a methacrylate. In ancther

embcdiment, the methacrylate monomer is selected from the



presence of cross-linkers that lend rigidity to the imprint structure and may be selected from the group
consisting of di-, tri- and tetrafunctional acrylates or methacrylates, divinyloenzene (DVB) , alkylene
glycol and 15 polyalkyiene glycol diacrylates and methacrylates, including ethylene glycol
dimethacrylate (EDMA) and ethylene glycol diabrylate, vinyl or allyl acrylates or methacrylates,
divinylbenzene, diallyldiglycol dicarhonate, diallyi maleate, diallyl fumarate, diallyl 20 itaconate, vinyl
cotors such as VL Sraratd nanst faldnate. AN Buotlaans SHaTo Sbcy AN ate: e
dimethacrylates orgiberfates of bis-pheNolA bitethoxylated:his-phenst A, metRiehelon

polymethylene bisaen#amide of bismethacryamide, ineluding copper methacrylate,
25hexamethylenebisacrylamideorhexamethylene bismetha rXIadeeL,di(alker%e)tertigryamines,
trimethyloipropane%ﬁggry?ate,ﬁbeet 2SR thRTol tetraadtylatd Gy StReF divinyl sutfons: giallyl
phthalate, triallylmetaphiner-isdeyanatoethyl methacrylate,2-isocyanatoethylacrylate,3- isocyanatoproa
rylate,l- methy:L-2-isocyanatoethyl methacrylate, 1,1-dimethy1-2- isocyanaotoethyl acrylate,
tetraethylene glycol diacrylate, tetraethylene glycol dimethacrylate, triethylene glycol diacrylate,
triethyleneglycoldimethacrylate,hexanediol

Crosslinker
10 The polymer moiety may &alsc be formed in the
prassnce of cross-linkers that lend rigidity to the
imprint structure and may be selected from the group
consisting of di-, tri- and tetrafunctional acrylates or.
methacrylates, divinylbenzene (DVB) , alkylene glycol and
i5 polyalkyiene glycol diacrylates and methacrylates,
including ethylens glycol dimethacrylate ({EDMA) e&and
ethyvlene glycol diacrylate, vinyl or allyl acrylates or
methacrylates, divinvlbenzene, diallyldiglycol
dicarbonate, diallyl maleate, diallyl fumarate, diallyl
20 itaconate, vinyl =sters such as divinyl oxalate, divinyl
malénate, diallyl succilnate, triallyl isocyanurate, the
dimethacrylates or diacrylates of Dbis-phencl A or

ethoxylated Dbils-phencl A, mnethylens or polymethylene

bisacrylamide or bismethacrylamide, including
25 hexamethylene bisacrylamide or hexamethylene
bismethacryiamide, dilalkene) tertiary amines,
trimethvylol propane triacrylate, pentasrythritoel

tetraacrylate, divinyl ether, divinyl sulfone, diallyl
phthalate, triallyI melamine, Z2—-itsocyanatceethyl
30 methacrylate, 2 isocvanatcethylacrylate, 3=

isocvanatopropylacrylate, i~  methy:L-Z-isocyanatoethyl

ok
<H



dimethacrylate, and hexanediol .diacrylate.In one embodiment,the -crosslinkerisethyleneglycol
dimethacrylate (EDMA). In one embodiment, the cross-linkers may be selected in an amount to
ensure that a substantially smooth film 10 is obtained during spin-coating as well as to ensure the
shape of the imprint is retained after said polymer moiety has been selectively removed for example
after said heating steg. tTheﬁamgunt of crass:linkers to junctjonalﬁmpnomerlb% 15weight may in
the range of abouf0.59% 16 ABoUT'50- Free Badicat iifiatbP °CY *TRS Polymér niciely iy also be
formed by free radical polymerizatiorvirvthel presencevotfree ratdical 20-imtiatoes. Thedree radical

initiator may be anultraviqlet (W¥) or thermalsfree, adical initiatar, Exemplary:free gadical initiators may
-be selected from the group consisting of benzoyl peroxide acety? peroxide, lauryl peroxide,
azobisisobutyronitrife: 1BttyFB&racetae 8 cumyl p%lri’i%?a}é?‘ffb‘iﬁ?fcﬁeroxideFﬁﬁﬁﬂﬁ%operoxide, bis
(isopropyl)péroxy-dicaebbnate; Izerszoin erethyl ethern &i2'chzobis {2@-tirnethylvateronitele)

tertiarybutyl perocigate sphthalic peroxide, diethoxyacetophenane, and.tertiarybutyl;peroxypivalate,
diethoxyacetophenbne, 1- 30h droxycuyclohexyl phenyl ketone, 2,2-dimethyoxy-2-phenyl-

acetophenone, and"pheristhfaziaé e andisopropyixanthogen

In one emboediment, the cross-linkers may be selected

in an amount to ensure that a substantially smooth film

10 is obtained during spin-coazting as well as to ensure the

shape o©f the Imprint is retained after said polymer

' moiety has been selectively removed for example after
said heating step.

The amgount of cross-linkers to functicnal monomer by

15 welght may in the range of about 0.3% to about 50.

free Radical Initiator

The polymer molety may also. be formed by free

radical polymerization in the presence of free radical

20 initiators. The free radical initiator may be an ultra-
viclet (UV) or thermal free radical initiator. Exemplary

free radical inltiators may be selected from the group
congisting of benzoyl peroxide, acetyl peroxide, lauryl

peroxide, azcbisisobutvronitrile, t-butyl peracetate,

25 cumyl peroxide, t-butyl peroxide, t~butyl hydroperoxids,
bis {isopropyl)peroxy-dicarbonate, benzoln methvyl ether,
2,2' -—azcbils (Z,4-dimethylvalerconitrile) , tertiarvbutyl
percctoate, phthalic peroxide, diethoxvyacetophenone, and
tertiaryvbutyl peroxypivalate, diethoxyacetophenone, 1-
30 hydroxycyelohexyl phenyl ketone, 2,2-dimethyoxy-Z-phenyl-

acetophenone, and phenocothiazine, and diisopropylxanthogen



disulfide. In one embodiment, the free radical initiator is azobis-isobutyronitrile. The choice of
monomer, ‘co-monomer and cross-linkers may be determined by the chemical and physical properties
of the desired resultant polymer for imprinting. Inorganic moiety The inorganic moiety may comprise a
metal or a 10 metalloid. In one embodiment, the metal is a transition metal. The metal may also be
selected from the group consisting of Group 4, Group 5, Group 8, Group 1Q, Group. 11 and Group 12
of the Periodic Tagfésbl?l]élledr%éngglr? %%eeg%n%%ﬁ?r%%ﬁt tﬁ%emg)traﬁ éIS g%?egc & f%onn%utfﬁé%r%up 15
consisting of Titank#ma Zikgonidwe Niobiani Takhtalum, Iron, Copper, Silver, and Zinc. In another
embodiment, the inorganrigdneiety is adretalloighselected fromthe grgup consisting.at Boron, Silicon,
Germanium, Arsenic and Acptimony. 291 l%‘fri—rl]nt structure . In ,oneﬁembO(Eimeri th%jm%)rint structure
is a generally elongate FRpTnT HAVIRG & Bhgth dirmension pafdiic! 26 & forgiuthitiaxs that is generally
25 parallel té saidstibstratd esaiveienytis ditnensiomn bty défineddrativeama-proximal end and a distal
end. In another embodiment, the imprint structure is in the form of a projection having a longitudinal
axis that is generally normal to said substrate and wherein the 30projection extends from a proximal

end from said substrate to a distal end. The imprint structure may be a
Inorganic molety

The inorganic moiety may comprise a metal or a
10 metallcoid. In one embodiment, the metal is a2 transition
metal, The metal may also be selected from the group
consisting of Group 4, Group 5, Group 8, Group 10, Group
11 and Greoup 12 of the Pericdic Table of Elements. In one
embodiment, the metal is selected from the group
i5 consisting of Titanium, Zirconium, HNiobium, Tantalum,
iron, Copper, Silver, and Zinc., In another embodiment,
the inorganic molety is a metalloid selected from the
group consisting of Boron, Silicon, Germanium, Arsenic
and Antimony.
20

Imprint structure

In one embodiment, the imprint structure 13 a
generally elongate imprint having a length dimension
parallel to a longitudinal axis that 1s generally

25 parallel to said substrate, sald length dimension being
defined between a proximal end and a distal end. In
another embodiment, the imprint structure is in the formm

that is

ur

of a projecticn having =2 longitudinal axi
generally normal to sald substrate and wherein the
30 projection  extends  from a proximal end from said

substrate to a distal end. The imprint structure may be a

18



spatially distinct imprint structure. In one embodiment, an array of imprint structures is provided. The
array may be an ordered array of a series of rows and columns of imprints being disposed on said
substrate at an approximately equal distance from each other. The imprint structures may be either
connected with each other or isolated from each other. The imprint structures may have shapes that
are selected from the groyp consisting of holes, columns, pillars, dimples, 10 projections, gratings or
trenches. The impfiAt stiictired May have Gefindd heights widths Igﬁath%mt%% 46" i the microscale
or in the nanoscalen Ir-oneembodimeht priortocthe selectivelscraredingiSteps atdeasteone of the
heights, widths, lepgths,and diametey {if applieable); 150 said impript sirugtures arg dn the range of
from about 50 cm to about 5 microns. The at least one of the heights, widths, lengths and diameter (if

3 ( 9
applicable) of sai&Wﬁﬁ&tﬁruc‘f&fe%gbefgﬁeggﬁ?degeIe&r?velysF’éﬁ\oviﬁ‘d,b&‘éﬁ%%y depend’dn the mold
used. In andther empbodmient; 20yafter the setectivedy femovirgstep, fatdeast one of the heights,

widths, lengths and diameter (i applicable).of said gmpgipt structures are in therange of,from about 10

cm to about 1 micron. In one embodiment, the imprint before said selectively removing step may have
a 25 dimension in?ﬁ%%i&%b%leoﬁzelr%‘f%gaetﬁﬁ\iléﬁ%limﬁ_ﬁﬁPaffé?“%d s&ggtivéW@rﬂ6ving step has
a dimension in thesnanoscalessize:fangey# che mbodiatent; tike Frprnt stiucturenafteresaid
selectively removipg step hag substantially the same agpeclfatio as theJmprint.bgfore 30the

selectively removing step. The length dimension may be at least two folds or at least three folds
greater thaf the Witth Hinerion of tie IAprint. TREMTDMt strdétut88 Thay be-in"4 spated apart
relationship from each ather. kedneembedighent, eathtimprint niaynbae attentre peintdefined along

a central longitudipglLaxis gpglsggty\ége&sai'g pEQ?SmQLF}QQ distal e@gs, Aand tg%)%%g}g&gp'int between

adjacent imprints does not substantially change during said selectively removing step. In one

embodiment, afteF$aitfseléctively fsmBGing step, IREUhBAsHITST thetimsifitre@lteSby at least 30%

of the 10 dimensiam.ef the impent betoressaitselentivelydemavingsiepi Aftessaid selectively

removing siep, the dirpengion.atne npdnt s (Pduge by 3% t0.49% Qe dimegsion of the imprint
S

before said selectively removing step.
5 nm to about 5 microns. The at least cone of the

. neights, widths, lengths and diameter (if applicable) of
said imprint structures befcre sald selectively removing
step may depend on the mold used. In another embodiment,

20 after the selectively removing step, at least one cf the
neights, widths, lengths and diameter (if applicable) of
said imprint structures are in the range of from about 10
nm to about 1 micron. In one embodiment, the imprint
before said selectively removing step may have a
25 dimension in the micro-scale size range while the imprint
after said selectively removing step has a dimension in
the nanoscale size range. In cne embodiment, the imprint
structure after said selectively removing step has
substantially the same aspect ratic as the imprint before
30 the selectively removing step. The length dimension may

be at least two folds or at least three Icids greater



15Substrate The substrate may be comprised of an organic material, such as a polymer, or an
inorganic material, such as silicon. The substrate may be planar or non-planar. Exemplary substrate
materials include silicon, 20glass,quartz,mica,ceramics,polymerssuch as polyethylene, polypropylene,
polyesters such as polyethylene terephthalate, polybutylene terephthalate, polvamides, fluropolymers
and polysulphonet%réd metals sugh.as gold, silver, ggppﬂelni%eﬁggpodin&%%t, %@%éybstrate IS
composed of material selected from the group consisting of silicon, glass, metal, metal oxide, silicon
dioxide, silicon nitfitle} FditHF TRASXidE céFanﬁc,Wﬁre??ﬁﬁﬁn&%%Eﬁﬁ%'lﬂiﬁaﬁ%?%'“thereof.
30Mold The ragldhmayrhave adefined stfagedtorerpatestiiee-gdimensional inariat structures
during said c_ontacgér}gc%gepﬁglklg%hr%%}di@ee siaolnO | imgrir%]éslg%catgr% mgxpd%gj}{g?nsggggd in at Iea_lst
one of the microséalé and fhe nanoscale. The mold may have a solid body with an array of conduits
extending tHroughathie 56l borlys THe motd Hidy bemhatieStfanyBtiftabfe thatefiaf a8 chemically
inert. The mold may he-made.fram aJmaterakselecied-ftem the grouprconsisting.et silicon, metal,
glass, quartz and 10 ceramic. In one embodiment, the mold may be made of silicon nifride. The mold
may have an imprTniafO?mingusu“‘r?a?ce prowdeé3 fhereon -and may be 'gatterned. The patterns may
comprise holes, coftrmasrpiliars, difiples, ProfeciEAsCHidtings of tehiched. THéPattéi® may have 15
defined heights, widths.ar lengths that aredn the misroseale oy inthelparescale. The padterns may be
ina spaceg Dapart nglation§hri1p frgm ,%aﬁacgl Otpfrr"‘“nge ﬁq:téerggirgagebieetcr]crgg-Qimg:r\%%jg‘rfqul structures. In
one embo iment,cfﬁg%pa%f‘ecrnsoon ﬁﬁe’jmoITH‘mé? fcomprlse gratings and/ortrenches. The gratings
and/or trenches meneextenttalonprespeetivetiongitudirataxbsofthenmold.eTHENFE ®F the gratings
and/or trenches may be dn the migroscale prnanoseale,)Whes bath gratings andrsepches are present
on the mold, the gratings and 25 trenbchgsrmagl pngIaEgd , araﬂel to e%%h gth%@&he patterns on the
mold may also coﬂﬁ)r' eliﬁ"g%}ﬁﬁlg‘pa@e %a?terﬁé. R& Width of the 6?%:IIHQLS And/or trenches may be
independently selected from the group consisting of about SO nm to about 50 microns, about 50 nm to
about30 ;5 Supbstrate

The substrate may be comprised of an‘ organic
material, such as a polymer, or an inorganic material,
such a3 sillicon. The substrate may be planar or non-
planar. Exemplary substrate materials include silicon,

20 glass, gquartz, mica, ceramics, peclymers such  as
polyethylene, polypropylene, poliyesters such a8
polyethylene terephthalate, polybutylene terephthalate,
polvamides, fluropclymers and polysulphone and metals

such as gold, silver, copper. In one embodiment, the

25 substrate is composed of material selected from the group
consisting of silicon, glass, metal, metal oxide, silicon
dioride, =ilicon nitride, Indium Tin oxide, ceramic,
sapphire, polymers and combinations thereot.

390 Mold

20



30microns, about 50 nm microns to about 20 microns, about 80 nm to about 10 microns, about 80 rim
to about 5 microns, about 90 nm to about 1 microns, about 100 nm to about 500 nm, about 100 nm to
about 400 nm and about 50 nm to about 250 nm. In one embodiment, the width of the gratings and
corresponding channels may be about 10 5 microns. The grating formation may have a shape, when

viewed in cross-section, ngalectegl from the group 80@sisting of sinusoidal wave shage, square wave,
. he mold %Fﬁ.;a ? & ln? surface to create three-~
trapezoidal shape, blazed shapé andtriangular shapé. The gralings ahd/or trenchés may have an

aspect 10 ratio selécted fiomzthe growpiednsistingcOft abdut 9:1 10abouti3l0, abdut .19 about 2.5,
about 0.1 to about2.0, abey0.1 to-aboyt 1.5,-akeut 0.1 19, abeut 1,0,-and ahaut .1 toabout 0.5. In

another embodiment, the patterns on the mold ma%éS camprise columns and/or circular holes. The

diameter of the coftMAEAITAIGY cirdlldt hole€ fay BE inthe migroTscais > Thepattétns 8 the mold
may also cofmprise: pillars ared/of dimple$d The Widmeterzof thé cdlumns and/or eircarholes 20 may

be independently selecied:from. the.group;censisting, of abeut 100,Am tg about Q.microRs, about 100
nm to about 8 microns, about 100 nm to about 6 microns, about 100 nm to about 4 microns, about 100

nm to about 2 micP5i¥s, ZbdlR 1D0Hm 18 %bdht 1 hicrdRs cabsdt 566 hm 25fd"8B56f 188 microns,
about 100nm to abowtr500 Time, abddt 186 rim toabo 400 aAmand:@kdutsE5@ o do about 250 nm.

the group consisting of silicon, metal, glass, guartz and
10 ceramic, In one. embodiment, the moid may be made of
gilicon nitride. The mold may have an imprint forming
surface provided therecon -and may be patterned. The
patterns may comprise holes, columns, pillars, dimples,
prejections, gratings or trenches. The patterns may have
15 defined heights, widths or lengths <that are in the
microscale or in the nanoscale. The patterns wmay be in a
spaced apart relationship from each other. The patterns

may be threse-~dimensicnal structures.
In one embodiment, the patterns on the mold may
20 comprise gratings and/or trenches. The gratings and/or
trenches may extend along respective longitudinal axes cf
the mold. The width of the gratings and/or trenches nmay
be in the microscale or nanoscale. When both gratings and

trenches are present on the mold, the gratings and

N
o

trenches may be placed parallel to each other. The
patterns c¢n the mold may alsc comprise line and space
patterns. The width of the gratings and/or trenches may
be independently selected from the group consisting of
about 50 nm to about 30 micronsg, sbout 50 nm to about 30
30 microns, about 50 nm microns to about 20 micreons, about

80 nm to about 10 microns, about 80 nm to abkout 5
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The columns, pillars, dimples and/or circular holes may have an aspect ratio selected from the group
consisting of about 0.1 to about 3.0, about 0.1 to about 302.5, about 0.1 to about 2.0, and about 0.1 to
about 1.5. The patterns may be formed on the mold by a method selected from the group
consisting of photolithography,, deep reactive ion etching, holographic lithography, e-beam
lithography, ion-beam I|thogra|?ft)1i}§//Ji ﬁng Oco}_mblgatlogg %thgireof. Antl-Stlc%%ngggE?B The method may

further comprise tfie ST& df appiying an anti-sticion agent 6nto tha ‘defined surface pattérn 10 of the

mold to reduce the:sadfacénemyy axiehto-edlR@ncerstibsedqurerit bl refedsel Bemplar) anti-stiction

agents may be Selgcted frgm the group.consisting of. giamends, diamend-likegarben-silicon - carbide,
vapor phase deposited fluorinated polymer, a self-assembled rgonolaﬁer compr,_ising si%abne coupling

agents such as diéHidrodiftethyiSiiarfe GGaHEE tfichIcsianes ddddisHrichforasigne, o
perfluorodecyitrichidrositane, arithalkanethiols. ivoneteatbodaueritz tite antsstction agent is

perfluorodecyltrichjorgsilane ;20 Cleaningstep; o, Thesmethed may-figther eqmprisedhg step of
cleaning the surface of the substrate before coating with the mgnomer-composite composition. The

step of cleaning m&y25°EoRpris8appling 3écaning 88fition §titfr as & Pirdrha BiGHon to the
substrate. In anothersgmbotiane i theecléahing steph.comprises applying arplasapa gas onto the

surface of the substrate 19 which_the imprintsadhere. The.plasma gasmay be applied as a cleaning
t of th T
agent o ?G ratio selected from the group consisting of about 0.1 to

about 3.0, about 0.1 to about 2.5, about 0.1 to about
2.0, about 0.1 to abeout 1.5, about 0.1 to about 1.0, and
about 0.1 to about 0.5,
In another embodiment, the patterns on the mold may
15 comprise columns and/or circular holes. The diameter of
the columns and/cr circular holes may be in the micro-
scazle. The patterns on the mold may also comprise pillars
and/or dimples.
The diameter of the columns and/or circular holes
20 may be independently selected from the group consisting

=

of about 100 nm to about 10 microns, about 100 mm to
about 8 microns, about 100 nm to about & microns, about
100 mnm to about 4 microns, about 100 nm to about 2

microns, about 100 nm to about 10 microns, about 500 nm

By
i

to about 10 microns, about 100 nm to about 500 nm, about
100 nm to about 400 nm and about 150 nm to about 250 nm.
The columns, pillars, dimples and/or circular holes
may have an aspect ratioc selected from the group
consisting of about 0.1 to about 3.0, about 0.1 to about

30 2.5, about 0.1 to about 2.0, and about 0.1 to about 1.5.



30surface of the substrate to aide in adhesion to the polymerised composition. Exemplary gasses that
may be used include oxygen, halides such as fluorine and chlorine and noble gasses such as argon
and mixtures thereof. 5Coupling step The method may further comprise the step of applying a
coupling agent to assist in adhering the imprints to the substrate. The coupling agent may be a
silane-based coupling agent. The choice of silane coupling depends on. 10 the chemijstry. of the
substrate and the imprin que p8®ﬁ§ﬁr§xeﬁfﬁﬁla%f si%fﬁeﬁ-%%sga c%%%liﬁgl a%“igelﬁbfs ?narit/et%%elected from
the list consisting ekdethyitrinetioxysiare; ethylttimetioxdsiland, propyitrinmsthoasiane,
butyltrimethoxysilagg.dimethyldimethoxysilane, 1odiethyldimethoxysilane yinyltriathoxysilane,
vinyltrimethoxysilane, trimethylmethoxysilane; triethylmethoxysilane, vinyltris nggnethgxgethoxv) silane,
trimethylchlorosilaf& flimethy farnioeitané CGiyeiidky propyi in%g?%x%l ang, oA IPNS
20glycidoxypropylethyidisthoxysilane, .(epoxycyclohexyl)ethyltrimethoxysilane,
methacryloxypropyltrimethoxysilane, methacryloxypropyitriethoxysilane, divinyldimethoxysilane

andchloropropyltrimethoxysilane,triethoxysilane,
Anti-Stiction” agent

The method may further comprise the step of appliving

an anti-stiction agent ontce the defined surface pattern

i0 of the mold to reduce the surface energy and to enhance
subsequent mold relezse. Fxemplary anti-stiction agents

may be selected from the. group consisting of diamend,
diamond-iike carbon, siliceon - carbide, vapor  phass

deposited fluorinated polymer, a self-assembled monclayer

bt
o

comprising  silane coupling agents such as
dichlorodimethylsilane, octadecyitrichlosilane,
deodecyltrichliorosilane, or perfluorodecyltrichlorosilane,
ard alkanethicls. In one ambodiment, the anti-stiction
agent is perfluorodecyltrichlorosilane.

20

Cleaning step

The method may further comprise the step of cleaning
the surface of the substrate before coating with the
monomer-composite composition. The step of cleaning may

25 comprise applving a cleaning solution such as a piranha
solution to the substrate. In another embodiment, the
cleaning step comprises applying & plasma gas onto the
surface of the substrate to which the IiImprints adhere.
The plasma gas.may be applied as a cleaning agent of the

30 surface of the substrate tc aide in adhésion tc the

polymerised composition. Exemplary gasses that may be
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vinyltris(E-methoxyethoxy)silane,y- metnacryloxypropyltrimethoxysilane,y-
glycidoxypropyltrimethoxysilane, p- (1, 1- epoxycyclohexyl) ethyltrimethoxysilane, n-E- (aminoethyl) -y-
aminopropyltrimethoxysilane, N-p- (aminoethyl) -y- 30aMinopropylmethyldimethoxysilane,y-
aminopropyltriethoxysilane,N-phenyl-y- aminobropyltrimethoxysilane,y-
mercaptopropyltrimethoxysilane,y- hloropropyltrimethoxysilane,y- . \
aminopropyltrimetH(S)%isiIalnne?é;}la&r%inoop%gé?/ -fris(g}%%ngé?t oxy@-%c%%oxf)?’siIar%%—%’&%yl-?ﬁg
aminopropyltrimethbkysifarie, Novinylivenzy|-gaasdropropyitriethorysifdheand  mixtures

thereof.

5 Coupling step

The method may further comprise the step of applyving

a coupling agent to assist in adhering the imprints to

the substrate. The ccupling agent may be a silane-based
coupling agent. The choice of silane coupiing depends on

i0 the chemistry of the substrate and the imprinted polymer.
Exemplary silane-based coupling agents may ke selected

from the list consisting of methyltrimethoxysilane,

ethyltrimethoxysilane, - propyltrimethoxysilane,
butyltrimethoxysilane, dimethvldimethoxysilane,
i5 diethyldimethoxysilane, vinyltriethoxysilane,
vinyltrimethoxysilane, trimethylmethoxyszilane,

triethylmethoxysilane, wvinyltris {(methoxyethoxy) silane,
trimethyvichlorosilane, trimethylaminosiiane,
glycidoxypropyltrimethoxysilane,

24 glycidoxypropvimethyldiethoxysilane,
(epaxycyclohexyl)ethyltrimethoxysiiane,
methacryloxypropyltrimethoxysilane,

methacryloxypropyltriethoxysilane, divinyldimethoxysilane

and chloropropyitrimethoxysilane, triethoxysilane,
25 vinyitris (B-methoxyethoxy) silane, ¥
methacryioxypropylitrimethoxysilane, v
glycidoxvpropyltrimethoxysilane, R {1, 1-
epoxycyclohexyl) ethyltrimethoxysilane, n-8- {aminocethyl}
~y- aminopropyltrimethoxysilane, N-$- (aminoethyl; -~y-
30 aminopropylmethyldimethoxysilane, Y

aminopropyltriethoxysilane, N-phenyl-y-

24



triaminopropvltrimethoxysilane, :
3-ureidopropyltrimethoxysilane,3-4,5-dihydroimidazolepropyltriethoxysilane, 10 hexamethyldisilazane,
N,O- (bistrimethylsilyi)amide and N,N-bis(trimethylsilyl)urea; aminosilane, epoxysilanes,
phenethylthethyldichlorosilane divinyldichlorosilane and trivinylmethoxysilane. Exemplary aminosilane
and epoxysilanesarey-aminopropyltriethoxysilane,N-- 15(aminoethyl)-y-aminopropyltriethoxysilane,y-
glycidoxypropyitri%”éf;}/?&%%ﬁ’éfrllg%lnﬁéeﬁ%ﬁSej“’goax%/”cyclohexyl)ethyltrimethoxysiIane. Polymerisation
step 20The polymerising step nay belsehiroledidcourding to one or more controlled ¢onditions

selected from the graup-of pressure; Jemparatyre.and time. The pressure condition dugjng the
polymerisation step may be in the range selected from the group consisting; apout 1NLPa to about 25

10 MPa; about 1 MBR{FAS5S MBS ARt Aboal 5 MPa {6 AbBTE 2°KPa. The tempéfature condition
during the pdlymerngation:stepimay be in the range sélested from the grouptconsistidgyabout 50

degrees Celsius tq aboult 200 degrees; (zelsius; ahout 60 degrees Celsiys {0, about 1560, 30degrees,

about 100 degrees Celsius to about 150 degrees -and about 100 degrees Celsius to 120 degrees.
amincopropyltriethoxysilane,

triaminopropyvitrimethoxysilane, 3-ureidopropyltrimethoxy-

silane, 3-4,5-dihydroimidazolepropyltriethoxysilane,

funt
[se]

hexamethyldisilazane, N,0- (bistrimethylsilyllamide and
N, N-bis{trimethylsilyl)urea; aminosilane, epoxysilanes,
phenethylmethyldichlorosilane, divinyldichlorosilane and
trivinylmethoxysilane. Exémplary aminosilane and
epoxysilanes are yv-aminopropyliriethoxysilane, N-B~-
15 {aminoethyl) -y-aminopropyltriethoxysilane, Ly
glycidoxypropyltrimethoxysilane, and B-(3,4-

epoxycoyclohexyl)ethyltrimethoxysilane.

Polymerisation step

20 The polvmerising step may be controlled according to
one or more controlled conditions selected from the group
of pressure, temperature and time. The pressure condition
during the polymerisation step may be in tThe rangs
selected f£rom the group consisting: about 1IMPa to about

25 19 MPa; about 1 MPa to abceut 5 MPa; and about 1.5 MPa to
about 4 MPa. The temperature condition during the
polymerisation step may be in the range selected from the
group consisting: zbout 30 degrees Celsius to about 200
degrees Celsius, about 60 degrees Celszsius to about 150

30 degrees, about 100 degreess Celsius to about 150 degrees

" and about 100 degrees Celsius to 120 degrees.



In one embodiment, the polymerisation step is carried out at about 110 degrees Celsius. The time
condition during the polymerisation step may be in the range selected from the group consisting of:
about 30 seconds to about 1500 seconds; about 50 seconds to about 1200 seconds; and about 70
seconds to about 1000 seconds. In one embodiment, the time condition during the polymerisation step
is 180 seconds. The method ma comBrige the__furtheg step of allowinsga%o the formed one or more

. . inN oo embogliment the olymeri 100 tep i3,
polymer imprints to cool 10 a mold reWeasejtempérature ranBe‘B’&ore releéasing fhe Tfemoving step. The
mold release temperattiedmeytbe in gherange Seleeted froft e group consisting of: about 20

degrees Celsius to 150 degrees £:£lsius,;about40:degrees Celsids 19420 degrees Gelsius; and about
50 degrees Celsius to 100 degrees Celsius. In gne embodiment, the mold release, tem%erature is no

more than about 80°degraes Celsls. A tiTe Embodiment 1R8 pblm&iSing stepiay tafnprise
radiating theemonaorher-edriposited coraposition with 20radiation CThesradidtion atay:be Graviolet light

having a wavelengtb.n.the range of gboutpdo 400-panometess. fResidue semoving step, The method
may comprise the further step of removing 25 residue from the formed one or more polymer imprints.

The removing resitftid"Stephay coffiFRse etching Using a%laSMRCGAS ERempiaR) gasSés that may be
used include oxygepn fiatides suchiag fluetinecandehiorne andsisleigassés sachrassargon and
mixtures thereof. In one gmbadiment, 30the giching.is.carried .quf Using Oxygen ok argen. The method

may comprise theuse of nanoimprinting lithography. The method may form imprint structures with
i0 the formed cne of more polymer imprints to cocl to a meld

release temperature range before releasing the removing
step. The mold relesse temperature may be in the range
selected from the group consisting of: about 20 degrees
Celsius to 150 degress Celsius; about 40 desgrees Celsius
15 to 120 degrees Celsius; and about 50 degrees Celsius to
100 degreses Celsius. In one embodiment, the mold release
temperature is no more than about 60 degress Celsius. In
cne  embodiment, the polymerising step may conprise
radiating The monomar-composite composition with
20 radiation., The radiation may be ultraviolet light having

a wavelength in the range of about 5 to 400 nanometers.

Residue removing step

The method may comprise the further step of removing

25 resicdue from the formed cone or more polymer imprints. The
removing residue step may comprise stching using & plasma

gas., LExemplary ¢gasses that may be used include oxygen,

halides such as {luorine and chlorine and noble gasses

such as argen and mixntures theresof. In one embodiment,
30 the etching is carried out using oxygen cr argon. The
method may comprise the use of nancimprinting



high patterning yield and may be highly reproducible. Brief Description Of Drawings 5The
accompanying drawings illustrate a disclosed embodiment and serves to explain the principles, of the
disclosed embodiment. It is to be understood, however, that the drawings are designed for purposes of
illustration only, and not as a definition of the limits 100f the invention. Fig. 1 is a schematic
diagram illustratin_, the method in accordance to one embodiment of the disclosed method. Fig. 2a is
_a scanning electran MIGRIEEOpE (SER) UF5 agh™at 16 BBox Tragniticafish orH stbstrafe according to
one embodiment afithie disctesed method ] witrinearyimpribtistrdctures ialvodt250 nm line width
comprising polymerized Titanium methacrylate, before heat-treatment. Fig. 2b is a scanning
electron microscope (SEM) 20image at 10,000x magnification of the substrate as shown in Fig. 2a,
after heat-treatment.  Fig. 3a is & SeEANMFERROE hiGH SLEPEEEEM) image at 30,000x
magnificatioh of the substrate asc«shgwen yrifdgg. 2a: 25k4g. 3 1S asscamingzeletiror nierbscope (SEM)

embodiment and sarves to explain the principles. of the
disclcsed embodiment. It is to be understcod, however,
that the drawings are designed for purpcses of
illustration only, and ncot as a definiticn of the limits

10 of the inventicn.

I’TJ

ig. 1 is a schematic diagram illustrating the
method in accordance to one embodiment of the disclosed

method.

Fig. 2Za& is a scanning electron microscope {SEM).

15 image at 10,000x magnification of a substrate according
to one embodiment of the disclosed method, with linear
imprint structures of about 250 nm line width comprising

polymerized Titanium methacrylate, before heat-treatment.

Fig. 2b is a =scanning electron microscope (SEM)
20 image at 10,000x magnification of the substrate as shown

in Fig. 2a, after heat-treatment.

Fig. 3a is a scanning electron microscope (SEM)
image at 30,000x magnification of the substrate as shown

in Fig. Za.

25 Fig. 3b 18 a scanning electron microscope (3SEM)
image at 30,000x magnification of the substrate as shown

in Fig. Zb.

Fig. 4a 1is a scanning electron microscope (3EM)

image at 10,000z magnification of a substrate according-

30 to one embodiment of the disclosed method, with columnar
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image at 30,000x magnification of the substrate as shown in Fig. 2b. Fig. 4a is a scanning
electron microscope (SEM) image at 10,000x magnification of a substrate according.... 30to one
embodiment of the disclosed method, with columnar imprint structures of about 200 nm diameter
comprising polymerized Titanium methacrylate, before heat-treatment. Fig. 4b is a scanning

electron microscope (rS3I_EI¥I) isrg%%% &E 10 OOOf( rggggjgic%%n %f th% subs.trage ggé%hown 5in Fig. 4a, after

S q=3 mEre resin e
heat-treatment. i6-5a iS a'scanning electron micrascope (S WB image at ;000X %agnlflcatlon

of the substrate ashpwit e Fi. Yehan L unFig Ui5 i3 dlsdemiRg KeCtr6R MICFESE6PETSEM) 10image

at 30,000x magnification gf the substrate as shown in Figl 4bt Fig., bais a scanni glectron
microscope (SEM) image &30 T00x Mafnificaioh of a SUBSrAR actordingto-one sribbdiment of the
disclosed method,iwithdingar 1%ihptint streretuiresaof abo w100 e live widts compising polymerized

Titanium methacrylate; :heforg heat-treatment. « - Hig8b is-a scanning electron microscope (SEM)
image at 30,000x magnification of the substrate as shown in Fig. 6a, after heat-treatment.
Fig. 5a 4is a scanning electron microscope (SEM)

image at 30,000% magnification of the substrate as shown

in Fig. 4a.

Fig. 5b is & scanning electron microscope (SEM)
10 image at 30,000x magnification of the substrate as shown

in Fig. 4b,

Fig., ®a Ls a scanning electron microscope (SEM)
image at 30,000x magnification of a substrate according
to one embodiment of the disclosed method, with linear

15 imprint structurses of about 100 nm lins width comprising

polymerized Titanium methacrylate, before heat-treatment.

Fig. &b is & scanning electron microscope (3SEM)
image at 30,000x magnification of the substrate as shown

in Fig. 6a, after heat-treatment.

20 Fig. 7a{i) is a scanning electron microscope (SEM)
image at 10,000x magnification of a substrate according
o one embodiment of the discloszed method, with linear
imprint structures of about 100nm line width comprising

polymerized Zirconium methacrylate.

25 Fig. 7a(ii) is a scanning electron microscepe (SEM)
image at 30,000x% magnification of the substrate as shown

in Fig. 7a(i}.
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20Fig. 7a(i) is a scanning electron microscope (SEM) image at 10,000x magnification of a substrate
according to one embodiment of the disclosed method, with linear imprint structures of about 200nm
line width comprising polymerized Zirconium methacrvlate. 25Fig. 7a(ii) is a scanning electron
microscope (SEM) image at 30,000x magnification of the substrate as shown in Fig. 7a(i). Fig.
7b(i) is a scanning electron microscope (SEM) image at 10,000x magnification of the substrate as

shown in Fig. 7a(i), afterhiéat-trédtient® 2 ¥§7HD i€ a3Tarfind elBdrGit ificrostope (SEM)
5image at 30,000x.magniticatidn of the sabstrate-as showntin:kig. ¢ rackigiBagh)dsra scanning

electron microscog% (§FCB\/I) i?rgagﬁa at_10,000x magnification of a substrate according to one
iscldsed methi ith linear 10impri '

embodiment of the disclosed method, with linear 10imprint structures of about 100nm line width
comprising polymerized Nighium methacgylates canfigg8a(ii i3 ascanining elegtson saicyoscope (SEM)
Image at 30,000x magnificationy of the, substrate; ag shown in Eig 83M)ccvace 25 shown
: in ?ig. To (i) .
Fig. Bz2{(i) is a scanning electron micrescope (SEM)
image at 10,000x magnification of a substrate according
to -one embodiment of the disclosed method, with linear
10 imprint structures of about 100nm line width comprising

polymerized Nicbium methacrylate.

Fig. Ba(ii} is a scanning electron microcscope (SEM)
image at 30,000x magnification of the substrate as shown

in Filg. 8a{iy).

15 Fig. 8k(i) is a scanning electron microscope (3EM)

-

)
image at 10,000x magnification of the substrate as shown

in ¥Fig. 8a{i), after heat-treatment.

Fig. 8k{ii) is a scanning electrcn microscope (SEM)
image at 30,000x magnification of the substrate as shown

2G in Fig. 8bh(i).

Fig. %a(i) is a scanning electreon microscepe (SEM)
image at 10,000x magnification of a substrate zccording
to one embodiment of the disclosaed method, with linear
imprint structurss of about 100nm line width comprising

25 polymerized Tantalum methacrylate.

Fig. %al(ii} is a scanning electron micrcscope (SEM)
image at 30,000z magnification of the substrate as shown

in Fig. Sa{i).
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15Fig. 8b(i) is a scanning electron microscope (SEM) image at 10,000x magnification of the substrate
as shown in Fig. Ba(i), after heat-treatment. Fig. 8b(ii) is a scanning electron microscope (SEE)
image at 30,000x magnification of the substrate as shown 20in Fig. 8b(i). 9a(i) is a scanning
electron microscope (SEE) image at 10,000x magnification of a substrate according to one
embodiment of the discI%sgd t?pd, with linear irgl rint sétﬁuctur%% o;ﬁgggggégggmjg&%width
comprising 25polymerizéd Tantalii methdcryiate. " oFig- Balii is 4 Scanning slectron microscope
(SEE) image at 30;060% magniificafion oftheisUbstaterascshdwn is Fig.t9a@lE 25 Rgo9b(i) is a
scanning electron mictascopsg (SEM). imageat 10,000xmagaification of the substrate as shown in Fig.
9a(i), after heat-treatment. Fig. 9b(ii) is a scanning electron microscope (SEM) 5image at
30,000x magnification offthe. sulbstidte as shownanrEigg 9b(ikrct rdrigmlOatyisoascadiiiig electron
microscope {SEM} jmage at 10,099% magnification.of a substrate acearding to goe gmbadiment of the

disclosed method, with linear
in Fig. 9b[i).

Fig. 10a{i) 1ls a scanning electron microscope (SEM)
image at 10,000x magnification of a substrate according
to cne emboediment of the disclosed method, with linesr

10 imprint structures of about 100nm line width comprising

polymerized Iron methacrylate.

Fig. 10a(ii} is a scanning slectron microscope {(SEM)]

image at 30,000x magnification of the substrate as shown

frie

n Fig. 10a(i).

15 Fig. 10b{i} is a scanning electron microscope (SEM)
image at 10,000x magnification of the substrate as shown

in Fig. 10a{i), after heat-{reatment.

Fig. 1iCb(ii) is a scanning electron microscope {(SEM)
image at 30,000x magnification of the substrate as shown

20 in Fig. 106b{i).

rig. lla{iy is =z scanning electron microscope (SEM)
image at 10,000x magnification o©f a substrate according
to cne embodiment of the disclosed method, with linear
imprint structures of about 100nm line width comprising

25 polymerized Silicon methacrylilate.
Fig. lla({ii) is a scanning electron microscope (SEM)
image at 30,000x% magnification of the substrate as shown

-

in Fig. 1ia{i}.
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10imprint structures of about 100nm line width comprising polymerized Iron methacrylate.

10a(ii) is a scanning electron microscope (SEM) image at 30,000x magnification of the substrate as
shown in Fig. 10a(i). 15Fig. 10b(i) is a scanning electron microscope (SEM) image at 10,000x
magnification of the substrate as shown in Fig. 10a(i), after heat-treatment. Fig. 10b(ii) is a
scanning electron micro (g%pe ﬁgl\@ irqaﬁge“ at EQQIQ% mggg{ijicationm% t@gs%ubstraégﬁ shown 20in
Fig. 10b(i). Fig. 11a(i)’iSa scannlhg electron mlcr‘osgcopé (Séﬁ)/lr)l image at fé),%o X magnification of
a substrate accordingde orie émidimem @fihe thisclosed Mmdthods With-lindar infprintostiuctures of

about 100nm line width;comprising 25pohunerized -Siliconraathaorylate. Fig. 11a(ii) is a scanning
electron microscope (SEM) at 30,000x magnification of the substrate as shown in Fig. 11a(i). Fig.

11b(i) is a scanning electron. mid¢ioscopel(SEM) dmage gt £0800xcmaghificationpef tif&dubstrate as
shown in Fig; ila(i); after heat-freaimenty . gn: Fig-4LR() isa scanaing.electronMicrgsgape (SEM)
Cdin Pig. 1Ib(1). '

Exzmple

Non-limiting examples o¢f the inventlion will be
10 further described in greater deatail by reference to
speclfic Dxamples, which should not be construed as in

any way limiting the scope of the invention.
Without being bound by theory, it is believed that
the current invention proceeds via the following reaction
15 pathway, wherein Titanium methacrylate monomer is
polymerized to form imprint  structures comprising a
polymethacrylate polymer moiety 1In which Titanium is
evenly distributed. Said imprint structures ara
subsequently treated with heat to substantially remove
20 the polymer moiety, leaving imprint structures of reduced
dimensions in which Titanium and its oxides form a

substantially continucous phase.
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5image at 30,000x magnification of the substrate as shown in Fig. 11b(i). Example Non-limiting
examples of the invention will be 10 further described in greater detail by reference to specific
Examples, which should not be construed as in any way limiting the scope of the invention.

Without being bound by theory, it is believed that the current invention proceeds via the following
reaction 15 pathway, wherejn Titanium methacrylate monomer is polymerized to form imprint
structures comprising a pol){methacryl_ate polymer moiety in which Titanium is evenly distributed. Said
imprint structures are subse\fquently treated with heat to substé‘nﬁ%ll / remove 20 the polymer moiety,
leaving imprint struc;ugg;ﬂoffteq,uggd\di,rmd siBns in which 'tanﬁjrg_%mj its oxid§§ form a substantially
continuous phase. Nahtegfgﬁ?nting irnogphy 40 bars, 1 H‘_Iog\&vée ‘@diféﬁ bwd\fi/m%ff 2 A) Metal

s, s-taolars

Methacylate Synthesis ; methacetic skt

ﬂ@‘”
% . H

f‘g Hianhre maiheoryizis
tiksritmn i-bultnide

affydene gheool dimetfaorylsie [orassinker)
W
probissobulyroniiriie {inliain

Spin-chating o sikcen el

Masnirp peinting Bibogragtoe. 10 bars, 110 "%
{frag radieal oobsatization, croaslinking)

3 Hem et
#

tegeriniia THD, Barvalase)

A) Metal Methacylate Synthesis
TiMA 1is prepared by reacting Titanium n-butoxide
5 (TLi{0BU s and methacrylic acid (MRA) in a ratio of
molaer ratio of 1:4. Ti(OBu"},;, MAA and ethylene glycol-
dimethacrylate (EDMA) are procured from a suppliier such
as Aldrich. Ti(OBu") s and MAA are used without further
purification, while EIDMA is first passed through an
10 alumina column in order to remove any stabilizers. Hext,
Ti{OBU™ 4, MAA and EDMA are mixed together (molar ratio
of Ti(CORu™ ,:MAA:EDMA = 1:4:2). A red solution results.
Efter mixing, =zzobis(iscbutyronitrile) (AIBN) is added in
the amount of 2 wt% of MAA and EDMA. This mixture is=s

15 termed an “imprintable TiMA~EDMA mixture.”

B} Metal Methacrylate Imprinting
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TiMA is prepared by reacting Titanium n-butoxide (Ti(0Bun)4) and methacrylic acid (MAA) in a ratio of
molar ratio of 1:4. Ti(OBun)4, MAA and ethylene glycol dimethacrylate (EDMA) are procured from a
supplier such as Aldrich. Ti(0Bun)4 and MAA are used without further purification, while EDMA is first
passed through an 10 alumina column in order to remove any stabilizers. Next, Ti(OBun)4, MP A and
EDMA are mixed together (molar ratio of Ti(OBun)4:MAA:EDMA = 1:4:2%. A red solution results. After
mixing, azobis(isobutyrofftrifdy (ABNYTE Gdtied*fr thé dmb(fit T 2RIGE6f Mkt EBNE This mixture
is termed an "imprintabte MAEDMA tixturer By Metal Methaendate: rapfinting £ori#tor to

imprinting, silicon E%bﬁt&a%?iﬂng é'gg%sdqrepg aned, @dicgggggeggisageggﬁq]&gsqnd films formed

using spin coating. The full' procedure is as follows. First, silicon substrates are cleaned with piranha 5
solution at 14.0 C for 2 Wotif§ folléwet By rif s with"deiciged WatERAnd bibw Ryt By nitrogen air
gun. The substrates: ate placed:inia dryingrever: to:remeoye aslyLkenairigg meistiire on the surface. The

dimension of subsiigies used ia o X .o, 10Second. tee ypes of standa,siicgp nolds with
|

different patterns are prepared for use. The first two ‘are ‘grating molds with Tine widths of 250 nm and
100 nm, generating-iie aftisspaédImpPrAEpattetfis. aThdRkirdds & tiplecmdlERfEe gerierates a pillar
and line pattern 1bawith piltars ef-200@nm diameterdy 300 nmadeighk.eThemeldsiate treated in oxygen
plasma (100P.F, 200 t _rg)iog 10.min. Q;te{ p(ljgsr}paltrgatment, the mold is cleaned by piranha solution
at 140 C for 2 hours, o 6\7v”edsby rinsing with deiorized water and blow drying by nitrogen 20 air gun.
They are pldted in a dryfiFeven t& FERfoVEERF rethaifimPrioistufe ohche stifate. W20 mM solution
of perfluorodecyltrichtewsitane (EDIShin avacyuadesiecatorwas sisedite sifanize thednolds for 5
hours. The silanization treatment is used to reduce the surface 25energy of the ds to facilitate the
demolding process.”* g‘Ff?i%?g u“ﬁ?f%grrsn firht of the Tm“ﬁ%iﬁr#tcaib e%h/?&%%ﬁ%xtrg% is'Coated onto the
substrate by spin-ésatig of tige ligufd TivAEDMATIXIUTE ap 800 for B0ssddonys. 13

a dimple mold that generates a pillar and linme pattern
1% with pillars of 200 nm diameter by 100 nm height. The
molds are treated in oxygen plasma {(100RF, 200 torr) for
10 min. After plasma treatment, the mecld is cleansd by
piranha solution at 140 °C for 2 hours, followed by
rinsing with deilonized water and blow drying by nitrogen
20 alr gun. They are placed in a drying oven to remove any
remaining moisture on the surface. A 20 mM solution of
perfluorodecyltrichlorosilane (FDTS) in a vacuum
desiccator was used to silanize the molds for 5 hours.
The silanizaticn treatment 1s used tTo reduce the surface
25 energy of the molds to facilitate the demolding process.
Third, a uniferm film c¢f the imprintable TiMA-~EDMA
mixture is coated onto the substrate by spin-coating of
the liquid TiMA-EDMA mixture at 800 rpm for 30 seconds.
Finally, the imprintable TiMA-EDMA £ilm on the
30 substrate 1is imprinted with the meld. The imprinting

system used 1s a pressure chamber with isotropic
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Finally, the imprintable TIMA-EDMA film on the 30substrate is imprinted with the mold. The imprinting

system used is a pressure chamber with isotropic pressure, which allows pressing force to be

delivered to a large area substrate effectively and uniformly. This process was carried out in an

Obducat imprinter (Obducat,. Sweden). The imprinting was carried out in two Steps - the mold is

initially brought into contact with the imprintable TIMA-EDMA film for 300 secs at a t§m erature of 30
n

C and a pressure BF 1053 Stibsdquehtl” withbit Fefehsiny fife predetiré *the fitik And the mold are
heated to 110 C far 168rsecsdnarderto:induce ¥polymerizhtionnThereafterpitys cddléd down to 20C

before the pressurg,isJeleased angd:the.mold removed. o, Fallowing.a glean desaplding, imprinting

yield of >90% was observed. The imprinted substrate is then heat treated at a temperature of 400 C in
a furnace in air. 15 THeSEsults Werd BHaljzéd by *§ Scariring Eedtitn micro&Cope (EEM) as shown in.
Fig. 2 through 6 deseribedid mose detail faither belowgihit Upon furthversextamimation iofdhe cross

section by atomic farce; mIcroscopy it wag found thathoth dhe 20 polymerization.step.and the

heat-treatment step caused shrinkage in feature sizes. The heat-treatment step caused feature
shrinkage of betw&én 33% and 7496 r&lafivé 15 tHE infirintStrutiires befrePRgatirdatirent, as
summarized in thesfollowingtable 25 P WieaMmgie:re, the film and the mold are

heated te 110 °C for 180 secs in order to induce
id polymerization. Thereafter, it 1is cooled down to 20°C
before the pressure is released and the mold removed.
Following a clean demolding, imprinting vield of
>90% was observed. The imprinted substrate 1s then heat
treated at a temperature of 400 °C in a furnace in air.
15 The results were analyzed by & scanning eleciron
micrescope (SEM) &8 shown in Fig. 2 through €& described
in more detail furthsr below.

Upon further examination of the cross section by

atomic force microscopy, it was found that both the
20 polymerization step and the neéat-treatment step caused
shrinkage in feature sizes. The heat-treatment step

caused feature shrinkage of between 33% and 74% relative

ey

to the imprint structures Dbefore heat-treatment, as
summarized in the fcllowing table.
25
. Syrneery o the ayseon topel Teate sios redGriton & Sy s pod the TSy et mang vadng: fawpeind Nithopmntn
Fodwre siee oF e logaint afier  Onide foten s after the

fre vedica) poyemcsiation beat-troutmen oF iprinksd svechies P Tt ehve
Wdhth o Fealube s width ol e Feater 408 ey writh Poddient b
Moid shopeibe  imprinioml  wiwcton 783 onids Salure et eduiion £95 Ry
Dimles. 00w 120 H 1 g
L, ENGnm ko 8% ot THE
LAy, Hk kG 3R uF TEE
Tabie 1
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Eftwnt WAO11bulthMOtt MglimeXj mddkammst(17:4 Table 1 Detailed Description Of Drawings
Referring to Fig. 1, there is provided a schematic Ddiagram illustrating the method in accordance to
one embodiment of the disclosed method. In step Di a silicon - substrate 30 is provided having at least
one imprint structure 21a which is part of an array of one or more imprint structures .21. The array
of imprint structures is formed by steps A through C, from a silicon "substrate 30 in step A, initially spin
coated with a layer 20 of a monomer-composite composition comprising an admixture of a titanium
methacrylate, ethylene glycol dimethacrylate

Detailed Description Of Drawings
Referring to Fig. 1, there is provided a schematic
5 diagram illustrating the methéd in acccordance to one
embodiment of the disclosed method., In step D, a silicen
substrate 30 is provided having at least cne imprint
structure 2Zla which is part of an array of one or more

imprint structures 2i.

10 The array of imprint structures is formed by steps A
through €, from a silicon substrate 30 in step A,
initially spin coated with a layer 20 of a monomer-
composite composition comprising an  admixture of a
titanium methacrylate, ethvlene glycel dimethacrylate

15 (crosslinker), azobis-ischutyronitrile (initiator). In
step B, a silicon or a guartz mold 10 with an imprint-
forming surface 10a is contacted with layer Z0 under
pressure of 10060kPa Zfor 300 seccends, such that the
monomar-composite composition takes the shape of the mold

20 10 in layer 20. In step C, the assembly of 16, 20 and 30
are brought to a temparature of 110%C for 180 seconds
such that layer 20 undergoes polymerizstion to form said

array of imprint structures 21.

At this point, referring to step D, the mold 10 1is

25 removed, leaving substrate 30 with one or more imprint
structures thereon, said imprint structures 21 comprising

a titanium component dispersed in a polymethacrylate
polymer moiety. In step E, imprint structures 21 are
heat-treated at 400 °C in a furnace 1in =air to

30 salectively  remove the organic matter from  the
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15 (crosslinker), azobis-isobutyronitrile (initiator). In step B, a silicon or a quartz mold 10 with an
imprint-forming surface 10a is contacted with layer 20 under pressure of 1000kPa for 300 seconds,
such that the monomer-composite composition takes the shape of the mold 20 10 in layer 20. In step
C, the assembly of 10, 20 and 30 are brought to a temperature of 110C for 180 seconds such that
layer 20 undergoes polymerization to form said array of imprint structures 21. At this point, referring to

step D, the mold 10Fi5¥2% FEATRER TEavirf stbstrate™0 ®ith onB%r mofe SRprit strddres thereon,
said imprint structurgso21 comprisingsa titaniumacomponest tispersedaniapolymetleaciylate polymer

moiety. In step E, ‘:l-LrHngmtrugt&{_rg&ergge hgat-treated at 400, g:eip a furnace,in ait to, 30selectively

remove the organic matter from the polymethacrylate polymer moiety by oxidation and vaporization,
while leaving behir@REaAiumTxXide i ffprirt Strudtfes o Yedtiggt Size, 32, Ifdilefit Smprint
structures 22a aremowredeiced-in dimension 5relative e smprinficsteuctuses befere-heat-freatment,
21a. Referringtg Fig. 2a and 2b, there are provided scanning electron microscope (SEM) : images
at 10,000x magnification of a substrate comprising polymerized 10 Titanium methacrylate and having
linear imprint structures watheling madths ofmalkaut 250 aruin accordapee ta:pae embadiment of the

disclosed method, before and after heat-treatment resepec}ié/ﬁ%. Significant shrinkage in feature

dimensions can be %%Z‘%?rﬁ%m meec\yvjfcﬁﬁs of 15 abobt 250 nm befbrg%esat-treatmeht, to reduced line
widths of about 70"aRTaftéF hehttreatrhent It WHPEISEAHE nofc@Hbhs Hi€ imagesnin FHge2a and Fig. 2b
that the shape of thedmprints befere andatiecthe heat-treatment step remained substantially the
Same. ZOReferrlngsIcoxlEégdu%%gnvgi '%t%'}]eea&%@{%‘gdgg about 250 nm in accordance

to one embodiment of the disclosed method, before and

after heat-treatment respectively. Significant shrinkage

in feature dimensicna can be seen, from line widths of

15 about 250 nm before heat-treatment, to reduced line

widths of about 70 nm after heat-treatment. IL will also

be noted from the images in Fig. Za and Fig. 2b that the

shape of the imprints before and aftsr the heat-treatment

step remained substantially the same.

20 Referring to Fig. 32a& and 3b there are provided
scanning electron microscope (SEM) images at 30,000x
magnification of the substrate of Flg. Z2a and Fig. Zb
respectively. Significant shrinkage in feature dimensions
can be seen, from line widths of about 250 nm before

25 heat~treatment, t¢ reduced line widths of about 70 nm
after heat-treatment. Furthermore, it can alsc be seen
that the center point between adjacent imprint structures
does not change substantially after said heat-treatment.
That is, it can be seen from the images in Fig. 3z and

30 Fig., 3b that the shape cof the imprints hkhefore and after

the heat-treatment step remained substantially the same.
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scanning electron microscope (SEM) images at 30,000x magnification of the substrate of Fig. 2a and
Fig- 2b respectively. Significant shrinkage in feature dimensions can be seen, from line widths of about
250 nm before 25 heat-treatment, to reduced line widths of about 70 nm after heat-treatment.
Furthermore, it can also be seen that the center point between adjacent imprint structures does not

change substantigll.after sald hegtlreatment. Thats. t can be.seefi gL ihe Jnagas,i Fig. 3a and
S r Lt i |- - - R e =~ 4 *

30Fig. 3b that the shape of the imprints before and after the heat-treatment step remained
substantially the SHRESTESE tHe detiteF ¥ EentdrdistancésBeween adjacent structures do not -
substantially change. eferr,l%%tQOFl%.l% an Iéllg. A;Pitger%gr%gé%ldgg scanning eeAectron

microscope (SEM) imag%% at £0,600x magﬁl'fica?lon of a Substrate compri"“élneg Sﬁ/%erlzed Titanium

methacrylate and $resivig tolubrhas trprintrstrrsta fee with! 8MimnAReanetéls ot 200 in accordance

with one empodiment ofithe-disglosedimethods hefere and afterheal:tgatmentrespectively.
Significant shrinkﬁge 10,in featuregirpg_nﬂ%ns can he seen, from Coéq@naé giam%te;spg about 200 nm
before heat-treatrhent 16 Fadudstr ¢5timnar Biameters of about 70 Airn atter heat-treatment. Referring
to Fig. 5a and Figs by therecare/prdvided UB scaniisgeslerironimidroseope (SEM) dakfes at 30,000x

magnification of thg substrate.ofFig: 4a.and Fig. Ab respectively. signifigantshrinkage.in feature
dimensions can be seen, from columnar diameters of,abqut 200 rim Pefore heﬁ%}it[ggtment, to reduced

columnar diametets 52075550t F6 Firfi Bliter a2t treatifent; Farthariore it cAn ales B8 seen that the
center pointthetween adjcemempditstractures dogs ndtchasgersubstantiallycafiersaid

heat-treatment. Thatis. it.Gan bgssegn fram thedmages in Fig.5a:and Fig..h thatthe shape of the 25
imprints before and after the heat-treatment step remained,substa}ntiall the same. Also, the center to

center distances D&t adidcERt &futardas riot Sabstaftially chafge.25-%F ®etérring to Fig. 6a

and Fig. 6b there are provided 30scanning electron microscope (SEM) images at 30,000x

Referring to Fig. 5a and Fig. 5b, there are provided

15 scanning electron microscope (SEM) iImages at 30,000x
magnification of the substrate of Fig. 4a and Fig. 4b
respectively. Significant shrinkage in feature dimensions

can be seen, from columnar diameters of about 200 nm
before heat-treatment, to reduced columnar diameters of

20 about 70 nm after heat-treatment. Furthermeore, 1t can
alsc be seen that the center point beatween adjacent
imprint structures does not change substantially after

said heat-treatment. That is, 1t can be seen from the
images in Fig. 5a and Fig. 3b that the shape of the

25 imprints before and after the heat-treatment step
remained substantially the same. Alsc, the center to

center distances between adjacent structures do not

substantially change.

referring te Fig. 6a and Fig., €éb there are provided

30 scanning electron microscope (SEM) images at 30,000x
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magnification of a substrate comprising polymerized Titanium methacrylate and having linear imprint
structures with line widths of about 100 nm in accordance to one embodiment of the disclosed method,
before and 5 after heat-treatment respectively. Significant shrinkage in feature dimensions can be
seen, from line widths of about 100 nm before heat-treatment, to reduced line widths of about 30 nm
after heat-treatment. Furthermore, it can also be seen that the center point between 10 &aldjacent
imprint structures G888 Hot@hange sibstantialfaReF 357 hESEraatmant. FRALIE it car be seen from
the images in Fig. Bacandd®ig. 6bethatthe Shape ofthe imprrtsrigeforé andhafter thieehgat-treatment

step remained substantially-the same.1Als0, fhe centefstolacentardistances:hetwesn, adjacent
structures do not substantially change. Referring to Fig. 7a(i) and FL%. 7h(i), there are provided

7
scanning electron Micr3sBopeRSEN ages at'19, 0003 haghTickionBt'a stibstrate EBprising 20
polymerizedsZirconifrm méthacrylate amdriaving fineal raprpint Strocturésamth ke Widthys: of about 250
nm in accordance {9 opg_embodiment,af thedisglosed method, befgre and.after fisat-tigatment at 400

degrees Celsius respectively. Significant shrinkage in feature dimensions 25 can be seen, from line

fa)

widths of about 258 fithbefore hedt-tretrient, i Féaicad ifERidths bf A5CAS nnt Hter
heat-treatment. Furthermsoresf it=tanalsethenseenthat the:centerpoint between adjacent, imprint

structures does nat,change substantially after, said heatstygatment. QQT% rectangular. sections of the
substrate as indicated in Fig. 7a(i) and Fig. 7b(i) are further magnified in Fig. 7a(ii) and Fig. 7b(ii),

respectively®  RteRfitg to B 7a(i) Hnd Big “Asif i5ete™ale prévidéd Seanning efectfon
microscope (SEWsagessati 30,000x-magaification aftie sidstrate of frigy</ agig andikign 7b(i)
respectively. Significant shrinkage, in-feature. dimensions can b, seen, from line widths,of about 250
nm before heat-treatment, to reduced line widths of about 70 nm after heat-tréatment. Also, pitch
mmﬁhsexpandﬂoﬁ¥@ri“ts before and after the heat-treatment step
remained substantially the same. Alsc, the center to
15 center distances between adjacent structures do not

substantially change.

Referring to Fig. 7a{i) and Fig. Thi{i)}, there are
provided scanning electron nmicroscope (SEM) images at
10,000x magnification of & substrate comprising

20 polymerized Zirconium methacrylate and having linear
imprint structures with line widths of about 250 nam in
accordance to one embodiment o©of the disclosed method,
pefore and after heat-treatment at 400 degrees Celsius

respectively. Significant shrinkage in feature dimensions

r3
L

can be seen, from line widths o¢f about 230 mm bafors
heat-treatment, to reduced linese widths of about 70 nm
after heat-treatment. Furthermore, it can also be seen
that the center point between adiacent imprint structures
does not change substantially after said heat-treatment.

30 The regtangular sections of the substrate azs indicated in



10 about 250 nm before heat-treatment to about 430 nm after heat-treatment. Furthermore, it can also
be seen that the center point between adjacent imprint structures does not change substantially after
said heat-treatment. That is, it can be seen from the images in Fig. 7a(ii) and Fig. 15 7b(ii) that the
shape of the imprints before and after the heat-treatment step remained substantially the same. Also,
the center to center.distanc S, between adjag%r&E §tructurefg%g.neot substantially change as well. After

said heat-treatmer’it".‘,%fnprln Structares Show 8 rlnkgég of Sbabout %%lﬁ/ﬁﬁe pitch widths between

adjacent imprint stracturesashow s inCrdade of 72962t 1Re¥erring to Fig. 8a(i) and Fig. 8b(i), there
are provided scanning elec;ron microscope (SE]W fimages t 10,000x magnification of a substrate
comprising 25 polymeriZ&d Rifdbilif methadrylatd ‘dnd h%l%gtﬁ'r?éar imprint stictifes With line widths
of about 250 nm i actordance terorie:embodirmentof the disctesed metHod, befaresandtafter

heat-treatment at ggpﬁgg{egggc;glﬂ@@%gpque% Significant shrinkage c_g,n feature dimensions 30can
be seen, from line widths of about 250 nm before heat;t[eatmgnt,,to reduced line widths efabout 140
nm after heat-tredthfent, Blitherfiiates idan Atso bé seeh fHat the cahtaP point btiveaT adjacent
imprint structures doesmotchange:substaatially after said:heat-treatmehnt 2Fhe re€tahgutar sections of

the substrate as indicated in.3Fig. 8a(i-and Fig. Bh)are.durther magnified p Fig.8a(iand Fig. 8b(i),
respectively. Referring to Fig. 8a(ii) and Fig. Bt% i), there are provided scanning electron
microscope (SEMJn&gés at 86:000K rfdghification of theRsuisstrate Of Hig S§&8G and *°™

10 about 250 nm before heat-treatment to about 430 nm after
heat-treatment. Furthermore, 1t can alsoc be seen that the
center point between adjacent imprint structures dces not
change substantially after said heat-treatment. That is,
it can be seen from the Images in Fig. 7a(iil) and Fig.

ib b {ii) <that the shape c¢f the imprints before and after
the heat-treatment step remalned substantially the same.
Zlso, the center to center distances between adjacent
structurss do not substantially change as well. After
said heat-treatment, imprint structures show shrinkage oI

20 about 7T2%, while pitch widths between adiacent imprint

structures show an increase of 72Z%.

Referring to Fig. Bal{i) and rig. Bb{i), there are

provided scanning electron microscops (SEM) images at

10,000% magnification of a substrate comprising

b
o3

polymerized Niobium methacrylate and having linear
imprint structures with line widths of about 250 nm in
accordance to cone -embodiment of the disclosed method,
before and after heat-treatment at 400 dsgress Celsius
respectively. Significant shrinkage in feature dimensions
390 can be seen, from line widths of about 250 nm before

heat-treatment, to reduced line widths of -about 140 nm
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10 Fig. :810(i) respectively. Significant shrinkage in feature dimensions can be seen, from line widths
of about 250 nm before heat-treatment, to reduced% line widths of about 140 nm after heat-treatment.
Also, pitch widths expand from about 250 nm before heat-treatment to about 360 nm 15 after
heat-treatment. Furthermore, it can also be seen that the center point between adjacent imprint

structures does not change substantially after said heat-freatment. That is, it cap be seen from the
images 'in Fig. Sa&ﬁ'ﬁ% I%S?%b%b%ﬁgﬁﬁ% 'shaﬁgé ot?] tﬁe%&p’rints“be%re. and 20 after the
heat-treatment steép EEmaiifed substamiaiyithecSarfe Ao fHe Eentéiitt Cerfief thstahzes between

adjacent structureg o natsubstangally shangeras well. Aftessaich heat-reatment-ifaprnt structures

show shrinkage of ahout, 4%, whilg pitch.widths between 25adjacent Imprint struclyres show an
increase of 44%. E'Re?errmgg(to Elg. ﬁac(lt)“anﬁ Fig. FD there are provided scanning electron

microscope {REM¥irfiagés &t/102000x¢ Atagnificdtioreéta Substrate E8fiprising pdlyniédzed Tantalum
methacrylate and having linear 30impept structures with dinewidths of about 250 nm in accordance to
one embodiment of the disclosed method, before and after heat-treatment at 400 degrees Celsius

respectively. Significant Bhfinkagedn feafure difrehsionsican bessedty, fram line:evidtharéf about 250
nm before heat-treatment. fo reduged ine widths of ahout 80.am.S aftenheat-ireatment; Furthermore,

it can also be seerl that the center point between adjacent imprint structures does not change
substantially after 3id R&&t Fresitmert> Tha rettangtiar B &ids 6t fiie SaBstrafe‘as ifdiRated in Fig.
9a(i) and Fig. 9b(irare fuither magnified indig.. 109a(ii) &k Fig. Sh(i) hespettivélaturReferring to

Fig. 9a(ii) and Fig Qb there areproyided scanning electron micrescape (3EM)mages at 30,000x
magnification of the substrate of Fig. 9a(i) and Fig. 9b(i) respectiVely. Significant shrinkage in feature

15 dimensions caftbe“S&ert fom i withhs’of Abodt256 Titn Beftre hedittreatine it 18 reduced line
widths of about 801amh after heat-treatment.-Alsoppitch widths, expanchfromdabout 258:nrh before

heat-treatment to aboyt 420.nm affer heatreaiment. fudhermare. it ¢an alzo.be sgen.ihat the
15 after heat~treétment. Parthermore, it can alsc be seen
that the center point between adjacent imprint structures
does not change substantially after said héat_treatment.
That 1s, 1t can be seen from the images in FPig. 8a(il)
and Fig. 8k {ii) that the shape of the Imprints belore and
20 after the heat-treatment step remsained substantially the
s3me. Alsc, the center to center distances Dbetween
adiacent structures do not substantially change as well.
After sald heat-treatment, imprint structures show
shrinkage of about 44%, while pitch widths between

23 adjacant imprint structures show an increase of 44%.

Beferring to Fig. %a{i) and Fig. Sb{i), there are
provided scanning electron microscope (SEM) images at
10,000=% magnification of a substrate comprising
polymerized Tantalum methacrylate and having linear

30 imprint structures with line widths of about 2350 nm in

accordance to one embodiment o©of the disclosad method,
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20 center point between. adjacent imprint structures does not change substantially after said
heat-treatment. That is, it can be seen from the images in Fig. 9a(ii) and Fig. 9b(ii) that the shape of
the imprints before and after the heat-treatment step remained substantially the same. 25 Also, the
center to center distances between adjacent structures do not substantially change as well. After said

heat-treatment, in%)ript structures foDOW hrinkage of about 68%, i\é/gile gitch widths between adjacent

imprint structures SRoW &n Hetease of 68%%- 30RSTerTing to Fig. 10a( \'aid Eig. T0b(). there are
provided scanningrelsetor mridroscoper(SENMYimages ak d0:000xmagnificatisrmsfasubsiratecomprising

polymerized Iron methagrylateand havipg lingar impiintstruetures,with line widths,of ahout 250 nm in
accordance to one embodiment of the disclosed method, before and af%er eat-treafment at 400

degrees Celsius r8§5&ctiveld “EigHificant sRFARSGS in'featurd tithahsiShs 887 Be seen’ from line
-widths of abdut 250fherbéfore heatdteanient Frorrgtricetdine Widthseof about 70:nnsedter

heat-treatment. Fyrthermee, it.can alsg be.seen fhatthe1qQ centerpointhetween adjagent imprint
structures does not change substantially after said heat-treatment. The rectangular sections of the

substrate as indicA&tFinFig. T04(1F and Fig-10btij & farther myrindd it Fig.5f04f) and Fig. 10b(ii),
respectively. 15Réfeering ta &igrlea(ipend Pig X0b(ihsthere are provisediscamaineelectron
microscope (SEMY-images at 30,000xmagnification.otthe substrate, of Fig; 10a(),and £ig. 10b()

respectiveI@Signigicgmt. shrinkage in fegture dimensions can be seen, from line widths of about 20
250 nm befdte hedffréatment to'feduted ine widiiEor al6ut 80 nm after heat-treatment. Also, pitch

widths expand from aboyt 250 nm ﬁecf%repgggt-gg%@gené%apggt_ 430 nm )a}fte_rh@%t-tgggtment.
a

Furthermore, it can also be seen that the center point between adjacent imprint 25 structures does not
change substantigify aftélesaicF Reat treatnfe it THat isT Catrbekeen from the'iagesdh Fig. 10a(ii)
and Fig. 10b(ii) thattheoshape ef ie daptints beforr-and afierthe heat-ireatmeat sfep.remained

substantially the same. Afso, the center 1o, 30center distances between adiacent structyes do not
15 dimensions can be seen, from line widths of about 250 nm
before heat-treatment, to redu;@d line widths of about &0
nm after heaﬁ—treatment. A2lso, pitch widths expand Ifrom
about 250 nm before heat-treatment to about 4Z0 nm after
heat-treatment. Furthermore, 1t can also be seen that the
20 center point between adjacent imprint structures does not
change substantially after said heat-treatment. That 1is,
it can be seen from the images in Fig. %a{ii) and Fig.
9 (ii) that the shape of the imprints before and after
the heat-treatment step remained substantially the same.
25 Also, the center o center distances between adiacent
structures do not substantilally change as well. After
said heat-treatment, imprint structures show shrinkage of
about 68%, while pitch widths between adijacent imprint

structures show an increase of 68%.

30 Referring to Fig. 10a({i} and Fig. 10b{i), there are

provided scanning electron microscope (SEM) images at
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substantially change as well. After said heat-treatment, imprint structures show shrinkage of about
72%, while pitch widths between adjacent imprint structures show an increase of 72%. Referring to
Fig. 11a(i) and Fig. ilb(i), there are provided scanning electron microscope (SEM) images at 10,000x
magnification of a substrate comprising polymerized Silicon methabrylate and having linear imprint
structures with line wigths of about 250 nm in accordance to one embodiment of the disclosed method,

10 before and after héat-freatfisht at 400 d&Grees Eelsitis redpaetivaiy Sighificant Shfkage in
feature dimensionscambeseeh, from lime Widthy ot aboutr25Cart befolé dveat-tremtmiert, to reduced

line widths of about, BOQ-am after heat-{reatment, Furthermore. it can alsosbe seen. 1y that the center

point between adjacent imprint structures does not change substantially after said heat-treatment. The
rectangular section§ offtie SUBSEEHE inficatetfin Bi§ LLAA  arftPERY Y1bAT aré Furfiét magnified in
Fig. lla(ii) and Fig.alith(i) respectiveln20Referdng tadigettady land:Fig: dila(i#); theed are provided
scanning electrondmicrosgope {SEM).images af, 30.000x magnjification, of the substrate,of Fig. lia(i) and

Fig. 11b(i) respectively. Significant shrinkage in feature dimensions can be seen, from line widths of
about 25 250 nm betBretiést-tredimantto Adtiidedinte Witiths oF BHolf 8B heAftEFRkat-treatment.
Also, pitch widths expanebiromiabbut 250mnakbheforetheattreatment tavabaut 420 nm after

heat-treatment. Fyrthermote. it can also e seen that the, center, paint betwgen. adiaceqtimprint

30structures does not change substantially after said heat- treatment. That is, it can be seen from the
images in Fig. 11860 d Fig 156 that the Si&58 of tRe Trprints befsrer afiditer thie"
heat-treatment stefheemaineshsuhstantially the same. Alsaithe eenteriocenientistances between

euuacentschune§ég%Qg&ular sections of the substrate as indicated in
Fig. 1Ca(i) and Fig. 10b{i) are further magnified in Fig.

i0a{ii) and ¥ig. 10b(ii}, respectively.

15 Referring to Fig. 10a{ii) and Fig. 10b(ii), there
are provided scanning electron microsccope (SEM) images at
30,000x magnification of the substrate of Fig. 10a{i} and
Fig. 10k (1) respectively. Significant shrinkage in
feature dimenszions can be sezen, from lLine widths of about

20 250 nm before heat-treatment, to reduced line widths of
about €0 nm after heat-treatment. Also, piltch widths
expand from about 250 nm befcre heat-treatment to about
4320 nm after heat-treatment. Furthermore, it can also be
seen that the center point between adjacent imprint

25 structures does not change substantially after said heat-
treatment. That 1s, 1t can be seen from the images in
Fig. 10a(ii) and Fig. 10b{ii)} that the shape of the
imprints before and after the heat-treatment step
remained subsgtantlizlly the same. Also, the center to

30 center distances between adjacent structures do  not

substantially change as well. After said heat-treatment,
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5 substantially change as well. After said heat-treatment, imprint structures show shrinkage of about
68%, while pitch widths between adjacent imprint structures show an increase of 68%. 10Applications

. The disclosed method of reducing the dimension of an imprint structure on a substrate is a simple yet
effective way of obtaining imprint structures in the nanoscale range, particularly 100 nm or less.
Advantageously, the disclosed method is caggable c%f directl formin%himprintgguctur,eslof
metal/metalloid and Reim&tditsid bxidesoir Y siicon Siistrate witholt the stép oF etching. More
advantageously, thetstibstratéetrving theimprnt structures ofmetatmetaliofd ando20anetal/metalloid
oxides formed by the. disclosed method may be used in solar cells, sensors, displays, bit pattern media
and ferroelectric random access memory (FeERAM). In addition, the ability of the disclosed method to
directly pattern semiconductorxides sueh@s siliegn diexide F25 (5i02) makes iteadso auseful for

fabricating r@nop%té%@gge@olgéa%gg&di@gc%@bgg@t}% of hanofeafyyred malds may be carried

out by the disclos méthod without refying on relatively more expensive methods like electron-beam
etching and focused«i8A%eam™étehing: FFAS e dicloséd métHot:isable taifBEY baftern the
substrate with metals ang-metal oxides wdthoutthe sneed of addiional steps-suchlas.etehing, defects

arising from elabor%ti\é% qucetrslgg_,s 9{ E}g@ing pay be avo %%hlgurgkergpggtthgg)@is%gsqq method
requires relativelyjlegs steps to form nano-sized structures than known 5methods, thus enhancing

throughput relativé 6 $ERRfowrP métHod§mo o ABvahtageoUsly, tie 8isct§sed MeHiod allows molds
with imprintforming. features-ef micre sizedo-be tisethtorproduce:final dampring struetures=of nano size.

forming features A FERE tore apchaia Tt T i o b oo W urcs.

. can be seen, from line widths of about 250 nam before
heat-treatment, to reduced line widths of about éO nm

after heat-treatment. Furthermore, 1t can also be seen

15 that the center point between adjacent imprint structurss

does not change substantizally after said heat-treatment.

The rectangular sections of the substrate as indicated in

Fig. 1la(i) and Fig. 1ib{i) are further magnified in Fig.

11z{ii)} and Fig. 11lb(ii}, respectively.

20 Referring to Fig. 1la(ii) and Fig. 1lb(iil), there
are provided scanning electron microscope (SEM) images at
30,000x magnification of the substrate cof Fig. 1la{i} and
Fig. 11b({i} respectively. Significant shrinkage in
feature dimensions can be seen, from line widths of about

25 250 mm hefore heat-treatment, to reduced line widths of
about 80 nm after heat-treatment. Also, piltch widths
expand from about 250 nm before heat~treatment to about
420 nm after heat-treatment. Furthermore, it can also be

seer that the center polnt between adiacent imprint

(oY)
o
3]

tructures does not change substantially after said heat-

treatment. That is, 1% can be seen from the images in
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While reasonable efforts have been employed to describe equivalent embodiments of the present
invention, it will be apparent to the person skilled in the art after reading the foregoing disclosure, that
various other modifications and adaptations of the invention may be made therein without departing
from the spirit and 20 scope of the invention and it is intended that all such modifications and
adaptations come within the scope of the appended claims. Claims 1. A method of reducing the

dimension of an inipint struéture’ on® Substrate, tHE Méthod tBmpfighg 1hHéB%teds of ¢ (a)
providing a substratechaving atdedst-ene imgrintsiracturectiverebr asaid-stetetene bergformed of an

inorganic-organic compaund comprising.an irgprgia{{gc moiety and éaogolymgr rgg;ggg,rs% 10 polymer

moiety having a lower vaporization temperature than the melting point of said inorganic moiety; and
(b) selectively remo¥iHFat I€5t FaE S the pokARRr nicietyrfkile &vabiiig-at feastart®f the inorganic
moiety to forin a substandiadly cantincietssmorganie phaseinsaid imprinkstructtresmdrarein the

removal of the at l?%%&@ A1 ogm BVMQ? "QQL%Y f“,jrgg‘im{eag%]prigg strycture reeéiuce%];glg edimension of
i ) f '

the imprint structure. 2. The method as claimed:-in claim 1, wherein the selectw‘ély removing step (b)

comprises the step of FeatingtSaid TmiptRftstiiidess: THePmethod as ¢aimea if'etdinta or 2, wherein
the inorganic moiety.is-beasaddo thespolymer moiety. 4. The method as claimed in claim 3, wherein the
inorganic moiety is substantially homogenously 30dispersed throughout said polymer moiety.

10 Applications
The disclosed method of reducing the dimensicn of an
imprint structure on a substrate 1s & simple vyet
effective way of obtaining imprint structures in the
nanoscale range, particularly 100 nm or iess.
15 Advantagecusly, the disclosed method is capable of
directly forming imprint structures oi metal/metalloid
and metal/metalloid oxides on a silicon substrate without
the sztep of etching. More advantagecusly, the substrate
having the imprint structures of metal/metalloid and
20 metal/metallicid oxides formed by the disclosed method may
be used in solar cells, sensors, displays, bit pattern
media and ferroelectric random access memory (FeRAM). In
addition, the ability of the disclosed method to directly
pattern semiconductor oxides such as silicon dioxide
25 (3102) makes 1t alseo useful for fabricating nanopatierned
molds. Accordingly, the fabrication of nancofeatured molds
may be carried out by the discleosed method without
relying on relatively more expensive methods like
glectron-beam etching and focused-icn beam etching.
20 As the disclosed methed- -1s able to directly pattern

the substrate with metals and metal oxldes without the
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5. The method as claimed in claim 1, comprising the step of providing said polymer moiety being
comprised of at least one of an allyl, a vinyl or an acrylate polymer. 6. The method as claimed in claim
5, wherein the acrylate polymer comprises monomers of acrylates and methacrylates and
combinations thereof. 107. The . method as claimed in claim 6, wherein said acrylate polymer is

polymethacrylate. 8The n}eth%gi@s claimed in an or}1e of the ﬁ{jlecedirﬁ1 claims, wherein the
&sH

inorganic moiety ¢ompri€ 51688F0n& of% mietalor metaliont 9. The methodas climed in claim

8, wherein the mefalds a &rbaisition: hvetal "2010 Fhedfetlsddasngaimed incelaimvg@ \Wwheérein the metal

is selected from the,greuR £onsisting, of Group 4. GHouR HGRoURS, Graup 10, Group.11 and Group 12
of the Periodic Table of Elements. 2511. The method as claimed in claim 10, wherein the metal is

selected from the GF8Gp COrdidting df TitAttunt 22RcSmtnT: NioBian: Fartalant Tror C8Bper, Silver,
and Zinc. 3¢12. Therhethod achtaméd@IaMQB,nlvhereihnhe metalividés Silicoreh known

methods.

Advantageously, the disclosed method allows molds
with imprint-forming features of micro size to be used to
produce final imprint structures of nano size.

iq Advantageously, this translates to overall operaticnal
costs savings as the melds with smallier forming features
are relatively more expensive than those with larger
imprint forming features.

While reasonable efforts have been emploved to

describe equivalent embodiments of the present invention,

ot
(821

it will be apparent to the person skilled in the art
after reading the foregoing disclosure, that wvarious
other modifications and adaptations of the invention may
be made therein without departing from the spirit and
20 scope of the invention and it 1is intended that all such
modifications and adaptations come within the scope of

the appended claims.
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13. The method as claimed in any one of the preceding claims, wherein the imprint structure is a
generally elongate imprint having a length dimension parallel 5 to a longitudinal axis that is generally
parallel to said substrate, said length dimension being defined between a proximal end and a distal
end. 14. The method as claimed in any one of-claims 1 to 12, 10 wherein the imprint structure is in the
form of a projection having a longitudinal axis thatc'f g%nerally normal to said substrate and wherein
the projection extends from a proximal end from said substrate to a distal end. 15 15. The method as -
claimed in claim 13 or 14, wherein the length dimension is at least two folds greater than the width
dimension of the imprint2 20E¢"PRe Riethothas cidimetrin efdifr 25 Whéreirfthe 18RgHPdimension is at
least three folds greater {handhewidth dimensionrafthe imprintel¥odhednptiiad ag ctaised in any one
of the precegling 25 claiS S, whgrgin the imprint structure after said selectively removing step has
substantially the same aspe%? rafio as the imprint before the selectively removing step. 18. The
method as claimed in any onel &f theTprecetling élainis sWhersin apvafdy eF inFafts idsposed on

said substrate. imprint structure thereon, sald structure Dbeing
formed of an incrganic-organic compound comprising
an inorganic moiety and a pelymer molety, said
10 polymer molety having a lower vaporization
temperature than the melting point of said inorganic

moisty; and
{b} selectively removing at least part of the

polymer moliety while enabling at leasst part of the

[a
(&)

ineorganic moiety to form a substantially continuous
inorganic phase in said limprint structure, wherein
the removal of the at least part of the polymer
moiety from the imprint structure reduces the

dimension of the imprint structure.

2. The method as claimed in claim 1, wherein ths
selectively removing step (b) comprises the step of

heating said imprint structure.

Mo
&3}
5%}

The method as claimed in claim 1 or 2, wherein the

inorganic meiety is bound to the polymer molsty.
4. The method as claimed in claim 3, wherein the

inorganic molety ig substantislly homogenously

30 digpersed thrcughout =zaid polymer moiety.
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519. The method as claimed in claim 18, wherein the array is an.ordered array of a series of rows and
columns of imprints being disposed on said substrate at an approximately equal distance from each
other. 1020. The method as claimed in any one of claims 13 to 19, wherein each imprint has a centre
point defined along a central longitudinal axis and between said proximal and distal ends, and wherein
the center point be weern, adjacent m(I:]prlnts gggg Ppeocg subst%g%%gychang:edurln%%aldse,clgcétlvely

removing step. 21.”The methdF a8 Faimiad ary one of the préceding clams. wherein after said

selectively removing 20sstep, thefdimensioriidf:the irfdtht reduceEeby atifesst B0% 6t fise dimension of

the imprint before said 'selggtively fenrovingstep 22r fhesmsthed asiclaimed:in claim 24, wherein
after 25 said selectively remaoving step, the dimension of the imprint reduces by 30% to 80% of the

dimension of the imprintBaforé said 8ald¥iively removing step.  23. The method as claimed in any one
of the preceting 30'claims, wherein the providing step comprises the step of coating a

monomer'compos'EE.CO'@}E’QS'E{%hod as claimed in claim 5, wherein the
acrylate polymer comprisss monomers of acrylates and

methacrylates and combinations thereof.

10 7. The method as c¢laimed in c¢lzim %, wherein said

acrylate polymer is polymethacrylate.

B. The method ag claimed in any one of the preceding
claims, wherein the inorganic molety comprises at

i5 least one of a metal or metalloid.

9. The method as claimed in claim 8, wherein the metal

is & transition metai.

20 10. The method &35 claimed in claim 8, wherein the meta
iz selected from the group consisting of Group 4,
Group %, Group 8, Group 10, Group 11 and Group 1Z of

the Pericdic Table of Elements.

25 11. The method as claimed in claim 10, wherein the
matal i1s selected from the group consisting of
Titanium, Zirconium, Niobium, Tantalum, Iron,

Copper, Silver, and Zinc.

30 12. The method as clalmed in c¢laim 8, wherein the

metalloid is Silicon.
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comprising an admixture of a polymerizable monomeric composition and the inorganic moiety on said
substrate. 524. The method as claimed in claim 23, comprising the step Of contacting a mold having
an imprint-forming surface with said monomer-composite composition. 25. The method as claimed in
claim 24, comprising the 10 step of polymerizing said monomer-composite composition while in
contact with said mold to form the array of imprint structures formed of said inorganic-organic
compound on said substrate. 1526. The method as claimed in claim 25, wherein said polymerizing
step is .undertaken. &t a @rapearithrs safficieht ig:dtduce frRee rachical polywhierizatoreet e
monomer-composite compgsition..203Z {Fhe methqd-as claimed-in.claims25, whersimsaid
polymerizing step is undertaken at a temperature of from 60 de rees Celsjus to 150~de%rees Celsius.
28. The method as clainfed P &laim 37 “cothpriging the 25 Stap of telifoving said moldafter the
temperaturebof said formed mmprint is lgssthar thie téhperature ofsaid polymetizagibntstep. 29.
The method as claimed i,any onesef the-preceding 30¢laims; wherein, the-selectivelyremoving step is

petween a proximal end and a distal end.

14. The method as claimed in any oneg of claims 1 to 12,

[
[en]

wherein the imprint structure is in the form of a

projection having a longiltudinal axis that is

generally normal to sald substrats and wherein the

projection extends from a proximal end Zfrom said

substrate to a distal end.

15

15. The method as claimed in claim 13 or 14, wherein the
length dimension is at least two folds greater than

the width dimension of the imprint.

20 1€6. The method as claimed in claim 135, wherein the
length dimension is at least tThree folds greater

than the width dimensicn of the imprint.

17. The method as claimed in any one of the preceding

25 claims, wherein the imprint structure after saild
selectively removing step has substantially the same

aspect ratic as the imprint befcre the selectively

removing step.
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carried out at a temperature of from 300 degrees Celsius to 900 degrees Celsius. 30. The method as
claimed in any one of the preceding 5 claims, wherein the imprint before said selectively removing step
has a dimension in micro-scale size range. 31. The method as claimed in claim 30, wherein the
10imprint after said selectively removing step has a dimension in the nancscale size range. 32. The
method as clalmedllg.an%/h%n% gft &% pgecedin?gé.cléacl{m%hwhereln the S%bstrﬁlte IS comcp.onsed of 15

material selected from the group consisf?ngco fﬁcon, glag“sf},ymé)fla?, cetaFo?id%’,‘r%ﬁﬁ:ojh 8ioxide, silicon

nitride, Indium Tin oxideséeraraic, sapphite, ahdecormbirafiohstherdsf. 20331 Tiesaretkod as claimed
in any one of the preceding glaims; €emprising the step of providing a minimum amount of inorganic
moiety in the inorganic-organic compound such that after said polymer moiety has been selectively
removed, the shape of the imprint 25is substantially the same. 34. The method as claimed in claim 33,
wherein the step oflgrovidingeeriiniinam arourtofinorganit méietyire the indfganic-organic
compound comprises reagting ap-3QiRosganic-gompound with.at least ope afan allylid s

of imprints being dispcsed on said substrate at an

approximately eqgual distance from each other.

10 20. The method as claimed in any one of claims 13 to 19,
wherein each imprint has a centre point defined
along a central longitudinal axis and between salid
proximal and distal ends, and wherein the center
point between adjacent imprints does not

15 substantially change during said selectively

removing step.

21. The method as claimed in any one of the preceding
claimg, wherein after said selectively removing

20 step, the dimensicon of the imprint reduces by at
least 30% of the dimension of the imprint before

sald selectively remcving step.

22, The method as claimed in claim 21, wherein after
25 said selectively removing step, the dimension of the
imprint reduces by 30% to 80% of the dimension of

the imprint before saild selectively removing step.

22. The method as claimed in any one of the preceding
30 claims, wherein the providing step comprises the

step of coating a monomer-composite composition



vinyl, a methacrylic or an acrylic acid in a molar ratio of about 1:8 to about 1:2. 35. The method as
claimed in claim 34, wherein the 5inorganic compound is at least one of a metal alkoxide or a metalloid
alkoxide. The method as claimed in claim 25, wherein the polymerizing step is carried out in the
presence of 10ultra-violet radiation. 37. A substrate comprising nano- or micro- sized inorganic
structures thereon obtained bP" the method d?rf any of thef preceqin%clgirg .115 38.0%%% og‘: an imprinted
substrate in one of:a sefMicONdUCtor device; (ﬁ)}{naﬁ%irﬁpriﬁt mold tabrication; friﬁ)nan Anti-microbial
coating; (iv) solar cells; G)eersbrs ofvi) displayshgvii) bito2Gpatterraiedia; amd: (viipafetro-electric
random access memory, wherein said imprinted substrate is made in a method as claimed in any one
of claims 1 to 36. 25

5 24. The method as claimed in claim 23, comprising the
step of contacting a mold having an imprint-forming

surface with said monomer-compesite composition.

25. The method as claimed in claim 24, comprising the

bk
fen3
o

tep cf polymerizing said monomer-composite
composition while in contact with said meld to fomm

the arrav of imprint structures formed of said

inorganic-organic compound on sald substrate.

15 26. The method as claimed in claim 25, wherein sald
polyvmerizing step 1s undertaken at a temperature
gufficient to induce free radical polymerization of

the menomer-composite composition,

20 27. The method as claimed in claim 25, wherein said
polymerizing step is undertaken at a temperature of

from 60 degrees Celsius to 150 degrees Celsius.

2%. The method as claimed in claim 27, comprising thes
25 step of remcving said mold after the temperature of
said formed lmprint is less than the temperature of

said polymerization step.

2%, The method as claimed in any one of the preceding

30 @laims, wherein the selectively removing step is



A METHOD OF REDUCING THE DIMENSION OF AN IMPRINT STRUCTURE ON A SUBSTRATE
Abstract A method of reducing the dimension. of an imprint structure on a substrate, the method
comprising the steps of: (a) providing a substrate having at least one 10 imprint structure thereon, said
structure being formed of an inorganic-organic compound comprising an inorganic moiety and a
polymer moiety, said pol mer&mé)ieé)q@a\éigg a qugr%r g@ggri;gtiogfte@%p%at%% thaa@n trtwge%nelting point of
said inorganic moiety; and~ EA( ) selectively rer‘ﬁ()v?ng at east part of the polymer ?noiety while
enabling at least part of #ifé fricrgakic Abietipts forin EesEbstantially continuous inorganic phase in said
imprint structure, wherein the removal of the at least part of the polymer moiety from the imprint

SUUCuHereducesIQSfM%§QS££Qﬁng£QpQ?£fgggugg.any one of the preceding

5 claims, wherein the imprint before said selectively
removing step has a dimension In micro-scale size

range.

31. The methed as claimed in c¢laim 30, wherein the

!—.—‘
<

imprint after sald selectively removing step has a

" dimension in the nancscale size range.

32. The method as claimed in any one of the preceding
claims, wherein the substrate 1s compossd of

15 ' material selected from the group consisting of
siticon, glazss, metal, metal oxide, silicon dioxide,

silicon nitride, Indium Tin oxide, ceramic,

sapphire, and combinations thereof.

20

(2
L

The method as c¢laimed in any one of the preceding
claims, comprising the step of providing a minimum
amount of incrganic moiety in the inorganic-corganic
compound  such that after said_ polymer moiety has
been selectively removed, the shape of the imprint

25 is szubstantially the same.

34. The method asz claimed in ciaim 33, wherein the step
of providing a minimum amount of inorganic molety in
the inorganic-organic compound comprises reacting an

30 inorganic compcund with at least one of an all 1L, a
g D ¥

LN
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35.

37.

38,

vinyl, a methacrylic or an acrylic acid in a molar

ratio of about 1:8 to about 1:2.

The method as claimed in claim 34, wherein the
incrganic compound 1is at least one of & metal

alkoxide or a metalleid alkozide.

The method as claimed in claim 25, wherein the
polymerizing step ls carried cut in the presence of

ultra-violet radiation.

B substrate comprising nanc- or wicro- sized
incrganic structures thereon obtalned by the method

of any of the preceding claims.

Use of an imprinted substrate in one cof: {1} a
semiconductor device; (11 nanoimprint moid
fabrication; {(i1ii) an anti-microbial -cocating; (iv)

solar cells; (v) sensors; (vl) displays; (vii) bii-

—

pattern media; and viii) ferroc-electric random
access memory, wherein said imprinted substrate is
made in a method as claimed in any ons of c¢laims 1

to 36.



A METHCOD OF REDUCING THE DIMENSION OF AN IMPRINT
STRUCTURE ON A SUBSTRATE

Bhstrach

& method of reducing the dimension of an imprint
structurse on a substrate, the method comprising the steps
of:

{a) providing a substrate having at least one
10 imprint structure - thereon, said structure being
formed o©f an incrganic-corganic conmpound comprising
an inorganic meiety .and a pelymer moiety, said
polymer moiety  having a lower  vaporization
temperature than the melting point ¢f said incrganic
15 moiety; and

by selectively removing at least part of the
polymer moiéty while enabling at least part of the
inorganic moiety to form a substantially continuous
inorganic phase in sald imprint structure, wherein
20 the removal of the at least part of the polymer
moiety from the imprint structure reduces the

dimension of the imprint structure.
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