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A METHOD OF REDUCING THE DIMENSION OF AN IMPRINT
STRUCTURE ON A SUBSTRATE Technical Field 5 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 said method. 10
BackgroBntETHSR HF REDUDTNGtBHEpPIMERNAT OB OFCIARNYURLPRINT

enable controlled patternj ]am suc %li brication of
semiconductor wafers a?%)l%? ata stgﬁge mgeﬁag v%%]ies in patterning
technology (including techniques like electron-beam lithography,

two-photon processing, electrolﬂ]ég@grgyg%@icr_.g_tgjcg%raphy and

nano-imprint lithography) have also enabled new functional materials and
smaller, fbfe somplextfeatures; 20coperingup hew mardketsh dreag method

ranging fram-solar cells and-displays to.antibacterial cQAiNAS L4y re on 2

consumer products. Optical lithography in particular has been
establishéd 63-a casteffaelive phidthod Toepdtietis withs25 fegtupdes to  a

dimensionsof more:than; 100 oy Haweyer, methodsdarcontrollgd . s g by

patterning in the nanoscale range (and in particular less than 100 nm) are
stifl &kpef&ive &hd inefficient. In particular, methods like electron beam
lithography require expensive equipment investments and 30 have low

throughput, especially for writing dense patterns over large-area
substrates. 1 Background

There are many industrial applications for
techniques that enable controlled patterning of surfaces,
such as in the £fabrication of semiconductor wafers and
data storage media. Advances in patterning technology
(including technigues like electron-~beam lithography,
two-photon processing, electrohydrodynamic lithography
and nano-imprint lithography) have also enabled new
functional materials and smaller, more complex features,
opening up new markets in areas ranging from solar cells
and displays to antibacterial coatings for consumer
products.

Optical lithography in particular has been
established as a cost-effective method for patterns with
feature dimensions c¢f more than 100 nm. However, methods
for contreolled 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 eguipment investments and
have low throughput, especially for writing dense

patterns over large-area substrates.
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Since its introduction, nanoimprint Lithography ("NIL") has emerged as a
simple alternative with low cost and high throughput that lends itself to

three- dimensional patterning through various modifications of 5 the

process. Furthermore, rapid development of this technique in the past

decade has expanded its potential to fabricate features smaller than

100nm. Howewer, Niisis nottwithbut it$ drawbacksowhichifor exampleography
incly expensive consumables, high error-rates and an.inherent, 1

iritatoh 16 0ot T i SR, Aot At A odgH <°5¢
defornation ©f mdteralsqinuet suitabée pressurésand tgrmpératureécin athree—

kn er!ﬂe%ré’%%% for Nib...a thin Jayer, of imprint R?@Pio@@e”ﬁg%f‘?!ﬂ% ations of
polymer) is spin-coated onto a Sample 15 substrate. A mold having

predefingd topoisgical patteirs: igtorotight #sto contastwatotessampte.  this
and.pressed inta fhe palymer coafing.under a.cectain pressureand atas e o)
temperature above the glass transition temperature of the polymerto '
allow thelpatens dnihée WalE 3o Bedpréssed 20 intb tReeltigolgiver filM Il 1s

Af%é)eiﬂg@qe@g dQLWQ’ t@m@gé§§?p%§gﬁmr@cﬂi‘e S@Mﬁﬁé‘d %clude

pattern resist is left on the substrate. A pattern transfer process, such as
reS&RA DA ECHING BRI %S Bged foltPansfer: the patiein itthe rédistigherent

the undemeath substiate by 2oremoval of residue; fram the substrate.

Conventional photolithography can be relied upon for low-cost fabrication
of imprint'mblds ¥6r patfetns with tirfehdions 1argerHan the hanBscaler  °f

range <andins particalar abave 0@ Ny However, Jpelds withhaneseale 1n a
30 features require the use of methods such as electron-beam

litHoYtEphyS Wi dre Often.Yefativély dipensivéyes ©Ff <mprint resist

{thermoplastic poclymer} 1s spin-coated onto a sample
substrate. A mold having predefined topological patterns
is brought into contact with the sample and pressed into
the polymer coating under & certain pressure and at a
temperature above the glass transition temperature of the
polymer to allow the pattern on the mold tTo be pressed
into the melt polymer film. After being cooled down, the
mold is separated from the sample aznd the pattern resist
is left on the substrate. A pattern transfer process,
such as reactive icon etching (RIE) 1s used to transfer
the pattern in the resist to the underneath substrate by
removal of residue from the substrate.

Conventional photolithography can be relied upon for
low-cost fabrication of imprint molds for patterns with
dimensions larger than the nanoscale range, and 1in
particular above 100 nm. However, melds with nanoscale
features reqguire the use of methods such as electron-keam

lithocgraphy, which are often relatively expensive.
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2 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 5

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 pravidera:methatrof preparing-d esubstrateowittf dimensions-intheng a

nanoscale range, 10 particularly 100 nm.or less, that overcomes or at

Iegscif meell%lr“gtesegnceh%r Hn%%sr'eﬁ of ?hnegdis%aegﬁtﬁges%es%ﬁgg a ovoer.ﬁ_'O the

There ssaaeed toprovide a&nmetzod:tonditectly patiern imetal @nd netdlstrate

oxid.eE%tructuresd as wellas 1 $micondu8tor and semicondu%tor Qxide
WL metals merd QXLOAES . Semlconau rs

structures, onto a “substrate.”Summary ﬁccordlng to a first aspec%, there

is provideth 20anethod of feducingthe dimensiare efan imprintastructurereased

on %%Qs%aé%@fe@?ﬁ‘%%%%%%g the steps of (@) PEVIdING & -y 2+ 5 ve

substrate having at least one Imprint structure thereon, said structure

belrig: foramedcdfi anhisrgaar-organic compound comprising an inorganic

25 moietyand 2 nalymer,moiety, said.nalymer moiety having,a 1oWeLaring -

vaporization temperature than the melting point of said inorganic moiety;

anti (b} seRsetively teoving BEleasepart ofithe polymermbiebfwvhile range,

enabling at least part @f they, 3¢ inorganic maigly tofrm-a substantially 1 east

continuous inorganic phase in said imprint structure, wherein the
ameliorates one or more of the disadvantages described

or

above.,

There 1is & need to provide a method to directly
pattern metal and metal oxide structures, as well as
semiconductor and semiconductor oxide structures, ontc a

substrate.

Summary

According to a first aspect, there 1is provided
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
imprint structure thereon, saild struciure being formed of
an inorganic-organic compound comprising an incrganic
moiety and a polymer moiety, said polymer moiety having a
lower vaporization temperature than the melting point of
sald inorganic moiety; and

{by  selectively removing at least part of the
polymer moiety while enabling at least part of the
inorganic moiety to form a substantially continucus

inorganic phase in =aid imprint structure, wherein the
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3 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 the
costabpretuectibntasstheicosk of mojds-usually inceeases withrinereased from

resglutions ot 10 the imprint forming feature, Eve more sdvantageously,
the methad ‘atiows Imprint’structures of Inorganic "material to pbeforme

withowt the:need fardineet etching, which may unnecessarily introduce

etch defegts, In one embadiment, he, seleiively remaving stepb) 8., .. ;o
comprises the step’of heating said impfint Structure. In oné embodiment,
the morgiamenmoiety is bourntteto the polymeismoiety iFige inarganie desired

moiehmay ke spbsiantally homagenously dispersed troughout said: o ¢
polymer mmety.%) In one embodiment, the polymer moiety Is removed

frofw#ﬁeimrga‘?ﬁ@-‘ovgamc corhpodid by aﬂ@aét@dg of! gxidationror This
vaporizatiqr In pne embpdiment, the fpethod somprises.the SR of ne cost
providing said polymer moiety being comprised of at 25 least one of an

allgit alinyik or af eehdatepolyines Thevadilate solgmee thaycompriseons of
menamers of acrylates - andmethagrylates. freferably,the gerylate s geousiy,

polymer is polymethacrylate. In one embodiment, inorganic moiety .
coRiftise At Berleast-orfe"st a MERF 6P metalloit! THe e al May béprganic

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

In one embodiment, the selectively remcving step (b)
comprises the step of heating said imprint structure.

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

In one embodiment, the polymer moiety is removed
from the inorganic-organic compound by at least one of
oxidation or wvaporization.

In one embodiment, the method comprises the step of
providing said polymer moiety being comprised of at
least one of an allyl, a wvinyl or an acrylate polymer.
The acrylate polymer may comprise monomers of acrylates
and methacrylates. Preferably, the acrylate polymer is
polymethacrylate,

In one embodiment, inorganic molety comprises at
least one of a metal or metalloid. The metal may be a

transition metal. The metal may be selected from the
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transition metal. The metal may be selected from the 4 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, 5
Iron, Copper, Silver, and Zinc. In another embodiment, the metalloid is

Siligenuhn anenembodiment fthedmpsint stracturgpisf genetally®lomyaiep 10,
imprint having a length dimension parallel to a longitudinal axis that.i

Qo1 16 harATl X5 SH Lot B Br g Himen G oding Fements.
definedcbetweeri adginoximal endesandee: distal end.clhe anether embodimentroup

the imprint structure is in,the form_of a_projection having a longitudipnal _ .
N
projection eXtarwisfronta preximakend ffomsaidl substratertora distald iment,

enq.h'léh%qlgpgmgi ! 'Sé(_)réﬁ%tc!%?ﬁ two folds or at least three folds

greater than thé ‘width dimension of the imprint. In one embodiment, the
imprint stractureaftercsdid 20selectivél temoving istép has substantiallyis a

the saime 3spect Latio, gs the imprnt before the Selectively, LemEVINg; $IERs s on

Advantageously, although the imprint size is reduced, the aspect ratio of
thediniptint fslretdined 3An afray of WApHAts maybé didgosed onsaigersrally

subsfrate 110,0ne.embodiment, the grray isan QVd?é%%taf! ray;Qfc86rigs ¥eing
rows and columns of imprints being disposed on said substrate at an

approkim&tely BfuHP tistafcedForn Eath offef Ifdfe embddmiént, eaefl- 10
imprinthas.a centre;peint definedbalopg &¢enttdl ~ycture is in the form

of a projection having a longitudinal axis that is
generally normal to said substrate and wherein the
projection extends from a preximal 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
selectively removing step has substantially the same
aspect ratio as the imprint before the selectively
removing step. Advantageocusly, although the'imprint size
is reduced, the aspect ratio of the imprint is retained.

An array of imprints may be disposed on said
substrate. In one embodiment, the array is an ordered
array of a series of rows and columns c¢f imprints being
disposed on said substrate at an approximately equal
distance from each other. In one embodiment, each
imprint has a centre point defined along a central
longitudinal zxis and between said proximal and distal

ends, and wherein the center point between adjacent
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30 longitudinal axis and between said proximal and distal ends, and

wherein the center point between adjacent 5 imprints does not

substantially change during said selectively removing step.

Advantageously, the overall pattern of the imprint array is kept

substantially the same. 5 In one embodiment, wherein after said

selectively: remoximgsstepcthe dimensiontaf4id imprintaeduacesihy iatg  said
least 30%.qf {he dimension,of he. Imprint pefore said. selecively femoying
step.’ In another gmbod?men?,gwherem'a er said sefective yyr’emovmg
stepattiezl@ dimensions of theribgrint reduces by B@¥tto 8@¥6 bhthelally the
dimension of the imprint before said selectively removing step.

Advantageous, the selectively removing step allows substantial reduction

of the siz&rof thies infprine tb-oecur, 15meormelemBodimentsthedproddiagt 1vely
stepspmprises the. step.gf.coating a.mopomer-composite compPositigN ccs by

comprising an admixture of a polymerizable monomeric composition and

thetihorgamic-méltty 8h saitesubistrite 1 fiord effbddimBAL Tite ofgarfc said
moigty ds-substantially. 20 homegenqusly dispersed insaid polymerizable, o .+ |

monomeric composition with little or no insolubility. Advantageously, the
mMORBRTE ‘ComMpo5ie Eompdsiion FfEEE Pilyirierisetidhditlen ahgp,  the

formsthe dmpsint structures, swhile the presence-of e inerganic maiely or the
retains the 25 overall shape of the imprint after the selectivgelé/c removing
stepiFaie Bmbodiment: tfe mefhudcdmpriceE & stepdf Ccontietifiga vely

moid-havingan krprnt-fosmingsudacauwith the selectively removing

step allows substantial reduction of the size of the

rall

imprint to occur.

In one embodiment, the providing step comprises the
step of coating a monomer—-composite composition
comprising an admixture of a polymerizable monomeric
composition and the inorganic meiety on said substrate.
In one embodiment, the inorganic moiety is substantially
homcgenously dispersed in saild polymerizable monomeric
composition with little or no insolubility.
Advantageously, the monomer-composite composition may be
polymerised to harden and form the imprint structures,

while the presence of the inorganic moilety retains the

t

overall shape of the imprint after the selectively
removing step.

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,
the method comprises tThe step of polymerizing =aid

monomer-compcesite composition while in contact with said
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said monomer-composite composition. In one embodiment, 30 the method
comprises the step of polymerizing said monomer-composite composition
while in contact with said 6 mold to form the array of imprint structures

formed of said inorganic-organic compound on said substrate. The
polymerization may increase the strength of the imprint structure while
trappihg thecindrgamicteietyzthereim S Inmgmeiembaodiment,thes formed of
Polymegzing siepfs,underiaken At.a femperafurs suficient lo indeg frge gy,
radical polymerization ot the monomer-composite composition. [n

angthéyambodinent;: theapolymerizing stepris underaka: abd the Imprint
temperaturg of irom.60.degre jus 19150 degree 19 CEISIUS IN Y8e 1o i,
another em%odimen%, tﬁe metﬁgﬁsgmprises the s!%p o%remm%ngyga)& sre

mold afteiehectepssErarié of Sarl fomiethagintiis less tianithe undertaken

temperatpre,of said- polyrerizatiopstep ln ong,embodiment, the. o 545 ¢z

polymerizing step is carried out in the presence of ultra-violet 15
radretor §F bAé entBoditent the Belstlivély FeRBVMY: Compiisesiieion. In

step.of heating said{mpeint. In ope  embodiment.ithe heating stepisidertaken
carried out at a temperature of from 300 degrees Celsius to 900 degrees

20 Teldus ARRFRAGEGUSRE this FhsbresIRar§fostantiaty Salf 6f the® degree
organicsipresentdn e inprintatriciies Jaedemovede The HapHnthelare ses
said selectively removing step may have a dimension in micro-scale size

rangeSwiiife™he °F5 TPt diter Sditcsehsttivel§ rémbvingstésRRg Hature of
dimensiorrin-theanasealesizesranges Advantageeuslynfhis alows orf said

naggfgﬁggggg@gg%u%%gﬁ}ofﬁa%ggug%%odiment, the polymerizing
step 1s carried out 1n the presence of ultra-viclet
radiation.

In one ambodiment, the selectively removing
comprises the step of heating said dimprint. In one
embodiment, the heating step is carried out at a
temperature of from 300 degrees Celsius to 900 degrees
Celsius. Advantageously, this ensures that substantially
all of the organics present 1n the imprint structures
are removed.

The imprint before said selectively removing step
may have & dimension 1n micro-scale size range while the
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 wnolds having imprint forming features of wmicro-
sized dimensions.

In one embodiment, the substrate i1s composed of

material selected from the grcoup consisting of silicon,
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from molds having imprint forming features of micro- sized dimensions. 30

In one embodiment, the substrate is composed of material selected from

the group consisting of silicon, 7 glass, metal, metal oxide, silicon dioxide,
silicon nitride, Indium Tin oxide, ceramic, sapphire, and combinations

thereof. In one embodiment, the method comprises the step of 5

proyitingsa minmem, amaentof inesgiaddG maiaty inthe iaQrganit=0rgainia i con
compound.such that after sagiqugolymer moiety has been selectively

removets- 1 shape oHtfle imprint & SUBStant &y e Same. P epor 20

prowiging aamintmemtaraeuntfaf inorganic 10 moiety in the

inorganic-organic compound comprises reacting an inorganic compound -
with ot 1640k SISO AT SIS Uyl 2 eleic e of A AGYIE abee SoP ©F

onecembodiment: theimadélanratierof the inoManiccopzpound ranctthe atn  the
least ane of an allyl, a vinyl, a methacrylic 15 or.an_acrylic acid, is .

depehdent on The olidation StALe.of e inorjanic Bompaund. 17 ng 2°17me
embodiaient,the ihgrganic cdmpbund and therat’tdast one ofaadlylcd the
vin;ill,ﬂsﬂ%tpa%glig]_% an.acrylic acid are reacted in a molar ratio of about

1:8 to about 1:2. Advantageously, 20 this allows the imprint structure to
maintain s eovigrald indgrity aftersald selantivelyeemevingistemiTheorganic
inopganic compound-may be at least ope pf ametal alkoxide.gra - opp i ses
metalloid alkoxide. According to a second aSpect, there is provided a 2
substiaté €BMpASing RARBABEMiCFOISIgEd thorgdnic structefstthereonct an

obtginediby theymethod as diselgsed v 1:ic or an acrylic acid. In one

embodiment, the molar ratic of the inorganic compound
and the at least one of an allvl, a vinyl, a methacrylic
cr an acrylic acid, is dependent on the oxidation state
of the incrganic compound. In one embodiment, the
inorganic compound and the at least one of an allvl, a
vinyl, a methacrylic or an acrylic acid are reacted in a
molar ratio of about 1:8 to about 1:2. Advantageously,
this allows the imprint structure tTo maintain its
overall integrity after said selectively removing step.
The incrganic compound may be at least one of a metal
alkoxide or a metalloid alkoxide.

According to a second aspect, there is provided a
substrate comprising nanc- or micro- sized inorganic
structures thereon obtained by the method as disclosed
herein.

According to a third aspect, there is provided the

use of an iImprinted substrate in one of: (1) a
semiconductor device; (i1} nancoimprint mcld fabrication;
(111} an anti~-microbial coating: {iv) solar cells; (v)
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herein. According to a third aspect, there is provided the use of an

imprinted substrate in one of: (i) a 30 semiconductor device; (ii)

nanoimprint mold fabrication; (iii) an anti-microbial coating; (iv) solar cells;

(v) 8 sensors; (vi) displays; (vii) bit-pattern media; and (viii) ferro-electric
random access memory, wherein said imprinted substrate is made in a
methotkas defined iherein. &pDefivitionsvThe foldwingavardsanduteims; and
used herejn shall have the meaning indicated: The term "imprint’ and. L
gra imatical Vafiatiors 10 t]rﬁl:’éf:eolf,‘—’lian')fen context of this" ﬁ:é/c’lfic%kﬁ%ﬁ?i]sn saic
inteindeditotcover suny form o physicakstigctuie: that has: bieed made higdined
moholé T glcally, an imprint is a generally elongate structure that extends

from the Suiface of a substrate along a longitudinal axis extending

between a 15 proximal end disposed on or adjacent to the substrate and

a distal end opposite to the proxirB%Ife_ngigyg%g%IIy, the longitudinal axis
is generally normal relative to a planar axis of the substrate although the

longitudifdleaxis mayba geverally pardlldl eetative ted planarlaxisk@ ol have
th@ﬁgbﬁtég&@iq{dn%gge/ﬁigg significantly such as at an angle of 45

from a planar axis of the substrate. In an array of imprints that have been ’
orderly foffrfed ase dfseriesiBrowstand coldmnegdarsiibstrate, tréfehaes-ions

may, Deformed hetween the adjacent rows. The,imprint may:be 250 the 4
nanoscale or micro-scale size range both in their

intended to cover any form of physical structure that has
been made by a mold. Typically, an imprint 1s a generally
elongate structure that extends from the surface of a
substrate alceng a longitudinal axis extending between a
proximal end disposed on or adjacent to the substrate and
a distal end oppcsite to the proximal end. Typically, the
longitudinal axis is generally normal relative to a
planar axis of the substrate although the longitudinal
axis may be generally parallel relative to & planar axis
cf the substrate cor may be varied significantly such as
at an angle of 45° from a planar axis of the substrate.
In an array cof imprints that have been crderly formed as
a serles of rows and columns on a substrate, trenches may
be formed between the adjacent rows. The imprint may be
in the nanoscale or micro-scale size range both in their
length dimension and thickness dimension, and hsnce the
trenches may also be in the nanoscale or micro-scale size

range.
The term "bind", "bound” or grammatical wvariants

therecf as used herein, refers to the interaction between
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length dimension and thickness dimension, and hence the trenches may

also be in the nanoscale or micro-scale size range. The term "bind",

"bound" or grammatical variants 30 thereof as used herein, refers to the
interaction between 9 a corresponding pair of molecules which may be
physical or chemical. The term "nanoimprinting” is to be interpreted

breadiy to-metusleddmymethiod ferfprintihgoar breatingiacib padtermer physical
strgcturg oqq.tggﬁmicroscale and/or nanoscale size range on the surface of

a SUbstrate ﬁy c%)htacting a mold with the defined pattern or structure on

the surfat@&<at cestain tehnperatiures andiprgdsures. Theterms interpreted
"micro-sized”, "microscale” or the like .10 are to be interpreted to include .

any CinnGionS that are-m (8 fange SF about 1 (o) 16 abeuCTOO b "% 2
Thestetrar 'microstrticturastzas used beeeimrefers te imprint dstructuresoscale
comprising."micro-sized" or_"microscale’ feat e term :
g e hanoscalS: G INE TRE ars 18 b6 MEIprAIdd to mGIGAE 3y 29 2
dimehsions thattdre Belolgisomratsmr The terdi ariostrictureshgs surface
used herein,;are imprint stugtutes.comprising :pano-sized" or

"nanoscale” or "submicron" features. 20 The term "Spin-coating" as used
herein gerietally Sretérs tora processafiierein apslymesaoritiorris the like
dispersed,ona surfaceded: .4 mald) and thesutface s fapidhyspun pa+ 2 re
centrifugally forcing the solution to spread out and forming a thin layer of
detgol @dﬁawﬁ%rququé%nﬁeégm} to about 100 pm. The ferm

"microstructures" as used herein, refers to imprint
structures comprising T“micro-sized” or microscale”
features.

The terms “nano-sized”, "nancoscale" ¢r the like are
to be interpreted to include any dimensions that are
below about 1 um. The term "nanostructures" as used
herein, are imprint structures comprising “nano-sized” or
"nancscale" or "submicron" features.

The term “3pin-coating” as used herein generally
refers to a process wherein a polymer solution is
dispersed on a surface (e.g., a mold) and the surface is
rapidly spun centrifugally forcing the solution to spread
out and forming a thin layver of de-solvated polymer in
the process.

The term "mold" disclosed herein generally refers to
a mold structure or a master mold that is used for
shaping or fzbrication cof a specific article or product.

The term "polymer”™ as used herein denotes a moclecule
having two or more units derived from the same monomer

component, so that the "polymer" incorporates molecules

10
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The term "mold" disclosed herein generally refers to a mold structure or a
master mold that is used for shaping or fabrication of a specific article or .
product. The term "polymer" as used herein denotes a molecule 30

having two or more units derived from the same monomer component, SO

that the "polymer" incorporates molecules 10 derived from different
moramerdomjonrents wifdfmr eopolymersyterpolymerns; anegltiicomponentf orm
polymers, graft- co mers, block-co olymers and the like. The term
sff\réfgcei3 gtefern as us}é J??jenﬁeln Qenerg) y re?ers 1 an go ?:ir perlplgw(-:-raﬁmft
surface ©f any structborecdisclosed ciereit SThe @e‘rfm "vaporizatien The term

temperatyre, when useaio, QGS&EQS 3roperty ok, 89@? pee e %rf?‘? o an

the temperature at which that substance change om eit gr al
phasesdirecty 1o alvapet phase befiguidphasens a vapocpvase ordisthlosed
at,a.given pressure. The word "substantially” does not exclude

"completely” e.g. a composition which is "substantially free" from Y may

be complEtely fige-from Yauvhdrealbladce SSuiy cthe tdie “"substtntiallyed  to

may. be orpjited from, the defiition of the inveplion, Linless,specified ¢ the

otherwise, the terms’’ compnswggl and "comprise", and grammatical
va?i%‘ﬁ&etﬁ‘%?é&?al%tlﬁ*{éﬁ&@d Pépré%ﬂ@%ﬁéﬁ" erardasivérafiggageer @

sueh1204that they include recited elgmenischut alsospergiit inclusion I?'Ease to
additional, unrecited elements. As used herein, the term "about", in t

COMtERDF FCati@AfafiénS 8F Bompbnénts ot tie BrRtfatichs, typically
means +£15% of therstatedalgs BB 211v”  does  not  exclude

“completely” e.g. a composition which is “substantially
free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from
the definition of the invention.

Unless specified otherwise, the terms "comprising”
and "comprise", and grammatical variants thereocf, are
intended to represent "open" or "inclusive" language such
that they include recited elements but also permit
inclusion of additicnal, unrecited elements.

LAs used herein, the term "about", in the context of
concentrations of components of the formulations,
typlically means +/- 5% of the stated wvalue, more
typically +/- 4% of the stated value, more typically +/-
3% of the stated wvalue, more typically, +/- 2% of the
stated wvalue, even more typically +/- 1% of the stated
value, and even more typically +/- 0.5% of the satated
value.

Throughout this discleosure, certain embodiments may

be disclosed in a range format. It should ke understood
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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 even more typically +/- 0.5% of the stated

value. 30 Throughout this disclosure, certain embodiments may be

disclosed in a range format. It should be understood 11 that the

deseeiption irerangesformat isomerely for coaeeniénceand brevityandly for

should not. nstr 0. inflexible_limitati the scope_ of th
e et of X AnbE shoq baga 2= 2o
cohsideted kd have Spétifitaly diselosedrall thecpossiblefsub-nangesiaslosed

well.as individual umerical valyes within that range, FoL example, oy o114 be

description of a range such'as from 1 to 6 should be considered to have
speeificaily diséloséd sub-faifyes 0eR a5ffom 1o 3¢10Fom a%o 4afrbm the

119.3.drome2 o4, from 2106, fram 319 6 et asswgll as ipdividugh, e v a1

numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies
refjardieéss df thé breatfits bf the'tafige. iG DEEREP Disclosafs i ption of a

Ernbadiments-Exemplany,on-limiing embodiments otamethedof +o have
reducing the dimension of an imprint structure on a substrate, will now be

dis&i6sed: il@fjelﬁﬂléth%%%?p?@ngst%}@‘s?@ﬁﬁﬁﬁ(a)gﬁﬁﬁidﬁ% azpn 1 to 3,
substiate: having therimprint structyire thesgor, sald sfruetuse beings 6, from
formed of a inorganic-organic compound_comprising an inorganic_ moiety

amtl & Polymé& motety? Saitipolyfer mofsty haVing aloWervapdiizafion that
tempesaturer thandhenpeling poinkof sajd ingrganic meiety, anthf) applies

regardliess of the breadth of the range.

Detailed Disclosure of Embodiments

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
substrate having the imprint structure therecn, sald
structure being formed of & inorganic-organic compound
comprising an inorganic moiety and a polymer molety, said
polymer Hwiety having a lower vaporization temperature
than the melting point of said inorganic moiety; and (b)
selectively removing at least part of the pelymer moiety
while enabling a2t least part of the incorganic moiety to
form a substantially continuocus inorganic phase in said
imprint structure, wherein the removal of the at least
part of the poclymer moiety £from the imprint structure
recduces the dimension <f the imprint structure. The

selectively removing step may be a heating step and may
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25 selectively removing at least part of the polymer moiety while enabling

at least part of the inorganic moiety to form a substantially continuous
inorganic 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 imprint structure. The selectively removing step may be

a heatngestephand mayyri@remaove the polyawr byvatdeastone:ofdation or

oxidaatié)niozravell%%rizatig o The %(?Llec iv.g% {emO\:/r:i%% s%eipnmaysbg carrieg be
out & aﬁemperatur‘e of from about 200 degVees elsius to about1000°Y
degrees. Eglsiust alzout 30 degrees HiCelsius taabout H00degiees degrees

C%si s, about 300.degre elsjus to abo 0.degrees Celsi bout
S S R A A A eeb O o fbbrees
Célsius 1o about 600dsgreed) CelsiuseabolitSD0idegreed Qelsiad o degrees

a 00 degrees.Celsiu 0] iment, 10 the ing step is
e e A e T o elggwees
about 400degreesbCelsiusl Theldiseiosed Gethod fnayedorprisedthe dtaprees

of ceaaling.a MONOME-COMPYSIlE.COMPASIQM COMPNsiNg AN 150 segrees

admixture of a polymerizable monomeric composition and the inorganic

mbielFen Saitcsubfrate. The cdaling step- Mayibe carkiedBik byrae fsbistent,

ong.@f themethods selectedfromythe;groun.cansigting 0f spin cealing, 450
dip coating and vapor deposition. 20 The disclosed method may also
comssrethe St ot BonRtacting a RidvTd RARRG afGmpridtRihingSurfaggrees
with: said; mmonomer-composite composition. The contacting step may

comprise contacting the mold at a gressure of from .
The disclosed metnod may comprise the step of

coating a monomer-composite composition comprising an
admixture of a polymerizable monomeric compositicn and
the inorganic moilety on sald substrate. The coating step
may be carried ocut by at least one of the methods
selected from the group consisting of spin ceoating, dip
coating and vapor deposition.

The disclosed method may also comprise the step of
contacting a meld having an imprint-forming surface with
sald monomer-compesite composition. The contacting step
may comprise contacting the mold at a pressure of from
about 500 kPa to about 8000 kPa, from about 800 kPa to
about €000 kPa cor from about 1000 kPa to about 5000 kPa.
The contacting step may occur from about 25 seconds to
about 1500 seconds, from about 50 seconds to about 1200
seconds or from about 70 seconds to about 1000 seconds.
The contacting step may also be carried out at room

temperatures.
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about 500 kPa to about 8000 kPa, from about 800 kPa to 25 about 6000

kPa or from about 1000 kPa to about 5000 kPa. The contacting step may
occur from about 25 seconds to about 1500 seconds, from about 50

seconds to about 1200 seconds or from about 70 seconds to about 1000
seconds. The contacting step may also be carried out at room 30
temperatire: 13iEhel diseldsed: ntethibodrmay alseccompriseithe stépofstep of
Polymerizing sajdmanomer; composite composition while n  eaniget gt
said mold to formthe array of imprint strictures formed of said-
inarganicstrganic conmpound or Elsaidsubistrate. iheneambgdineent, therint
Pobumerizing step: s, ypderiaken.atia temparglyie suficient o indugg fiegs o
ra |cailpolymer|zat|on of the monomer-compadsite composition. In another
embodimeat, Polyrherizidg stepds auidettakentat atemperatureesfifrfomg step

ahout 50 gegregs 10 Celsius to.ahout 200 degrees, Gelsius, from abolt60¢ o

degrees Celsius to about 150 degrees Celsius, from about 80 degrees _
Célsiis18 - aboutRvaegieés Tedsius, frof abditel00 degreeseCelsigsrosite

ahout 410 degrees Galsitls,, chfiemethod may also camprize the:sigp Of o 45

removing said 15 mold after the temperature of said formed imprint’is less

thaR #56 ferifratiife of thé PoRpRErZaidn Step. i Bfle elBBEImant, hacrees

method:comprises thestep ofp providipg.a minimun amountefdporganicc 60
moiety in the inorganic-organic compound such that after said polymer 20

moiety RES be&n Selettiveély fétitved, the SRAPE BFthe Sikddrititis Trom about

substantialbythe samesThe step obpreviding>a miigwiee ameuntafus, from
inorganic moiety in the inor%anic- organic compound may comprise

,egéﬁﬁ}a&ﬁﬁnéﬁﬁgees elsius te about 110 "degrees Celsius.

The method may also comprise the step of removing said
mold after the temperature of said formed imprint is less
than the temperature of the polvmerization step.

In one embodiment, the method comprises the step of
providing a minimum amount of i1norganic moiety in the
inorganic-organic compound such that after said polymer
moiety has been selectively removed, the shape of the
imprint is substantially the same. The step of providing
a minimum amount of incrganic moiety in the inorganic-
organic compound may comprise reacting an inorganic
compound with an organic acid in a molar ratio of about
1:8 to about 1:2. The inorganic compound may be at least
crnne of a metal alkoxide or a metalloid alkoxide. The
crganic acid may be selected from the group consisting of
an atlyl acid, a vinyl acid, a methacrylic acid and an

acrylic acid.

Polymer molety
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compound with an organic acid in a molar ratio of about 25 1:8 to about
1:2. The inorganic compound may be at least one of a metal alkoxide or a
metalloid alkoxide. The organic acid may be selected from the group
consisting of an allyl acid, a vinyl acid, a methacrylic acid and an acrylic
acid. 30 Polymer moiety 14 In one embodiment, the polymer moiety is

being comprisegof @& pplymersetected from the group censisting of an peing
allyl polgmer, a vinyl polymer and an_acrylate polymer. Exemplary vinyl or

allypBiymhersinciudd, Bt §4re n8Fﬂ1%ﬁ§8%, iRimSIcBRGIP consisting
potyallydalcohol, yandpdnyhether capotyimers. Exemplany aspdate:polymersl ate
include, but are_not limited to, polymers of ethyl. acrylate, polymers of

G TRlac B B ormEThat oo o ORARdrs brehgie. b
acaytate and methyldimetbacrylaie;and/hethacnylate copolyaigrs withcohol,

trime@y@m}ml%nio-aekt%:ré%lme@ac:&ylatez_@_ontE embadiment, the ﬁ_g:{yelate

po ynmer IS Sg Ct% rom t%lep&og%e(:onsis |ﬁ<gegﬂp %‘Fﬁ’op%ﬁ/ﬁyers andp(ﬂymers

heteropolymersloomprsing mariomérsioft acryldates ancemetiracsylates ofethyl

ey, eliyd, n-propyl I5sopsonyl niyv SODU. ferkul gl o

cyclohexyl, dihydrodicyclopentadienyl, trimethylammanio- ethyl,

2-gityidafetind a3<and 4-vinylhenzylsand 2- ethithbxyt.dnolretgartioufar methyl

embadiment. the polymer,may 20.comprise palymethagrylate. Mongmers, ;.

In one embodiment, the method may further include
trimethylammonio-ethylmethacrylate In one embodiment, the
acrylate polymer is selected from the group congisting of
homopolymers and hetercopolymers comprising monomers of
acrylates and methacrylates of methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, tert-butyl, aliyl,
cycliochexyl, dihydrodicyclopentadienyl, trimethylammonio-
ethyl, Z-allyloxyethyl, 3- and 4-vinylbenzyl and 2-
ethylhexyl.

In one particular embodiment, the polymer may

cemprise polymethacrylate.

Monomers

In one embodiment, the method may further include
the step cof cross-linking functicnal monomers te form at
least one of allyl, wvinyl or acrylate polymers. The
cross~— linked polymers enhance the strength of the formed
imprints. Exemplary functional monomers that form the
acrylate polymer include acrylates and methacrylates and
combinations thereof. In one embodiment, the monomer that
forms the acrylate polymer is a methacrylate. In another

enmbodiment, the methacryvlate monomer is selected from the
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the step of cross-linking functional monomers to form at 25 least one of

allyl, vinyl or acrylate polymers. The cross- linked polymers enhance the
strength of the formed imprints. Exemplary functional monomers that form

the acrylate polymer include acrylates and methacrylates and

combinations thereof. In one embodiment, the monomer that 30 forms the
acoyfaterpolymeeissa methacrylaterdn another embedimentathe, zirconium
methacrylate monomer is selected from the 15 group consisting of
Tit%ﬁ%%ng%re\f%gr%rate, Zircoh urlﬁlethac:ryi%{?(g;%ﬁi%g}’u]rﬁ‘Y}‘?e!thacryla@ntalum
Tantaltiac methaerylaté,deon methaciylate,:Gepperanetbaerylater Silver 1ate,
methacrylate, Zinc methacrylate and. Silicon 5 methacrylate. Crosslinker _ .
10 ile‘ﬂc%/é:lym]l(”-:‘ﬂre r%%?§§¥il§} §iso bnéjjfgrcmecﬂﬁ%ﬁ‘g “Yré 52& ofang >ilicon
crosstlinkery tratdend 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 15 polyalkyiene
glycol diacrylates and methacrylates, including ethylene glycol

dimethacrylate (EDMA) and ethylene glycol diacrylate, vinyl or allyl

acrylates or methacrylates, divinylbenzene, diallyldiglycol dicarbonate,

diallyl mafeze sdialiyigtimarate, diallyl 20 itaconate, vinyl esters such as

divinyl oxaiate, dninyk 9alepate. diplvlsucenale.trialld isasyapuates the o

dimethacrylates or diacrylates of bis-phenol A or ethoxylated bis-phenol

A FREhGIRAR orfolyfiettilere Hisactylamidé or bisiethakeylamide, to the
inGluding 25 hexamethylene hisacrylamide.or bexametlylene ., e group
consisting of di-, tri~ and tetrafunctional acrylates or
methacrylates, divinylbenzene (DVB) , alkylene glycel and
polyalkyviene glycel diacrylates and methacrylates,
including ethylene glycol dimethacrylate (EDMA) = and
ethylene glycol diacrylate, vinyl or allyl acrylates or
methacrylates, divinylbenzene, diallyldiglycol
dicarbonate, diallyl maleate, diallyl fumarate, diallyl
itaceonate, vinyl esters such as divinyl oxalate, divinyl
maldénate, diallyl succinate, triallyl isocyanurate, the
dimethacrylates or diacrylates of bis-phenol A or

ethoxylated bis-phenol A, methylene or polymethylene

bisacrylamide cr bismethacrylamide, including
hexamethylene bisacrylamide or hexamethylene
bismethacrylamide, di{alkene) tertliary amines,
trimethylol prcpane triacrylate, pentaerythritol

tetraacrylate, divinyl ether, divinyl sulfone, diallyl

rphthalate, triallIyl melamine, Z-isocyanatoethyl
methacrylate, Z2- isccyanatoethylacrylate, 3w
isocyanatopropylacrylate, 1~  methy:L-Z-isocyanatoethyl
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bismethacrylamide, di(alkene) tertiary amines, trimethylol propane

triacrylate, pentaerythritol tetraacrylate, divinyl ether, divinyl sulfone,

diallyl phthalate, triallyl melamine, 2-isocyanatoethyl 30 methacrylate, 2-
isocyanatoethylacrylate, 3- isocyanatopropylacrylate, 1-
methy:L-2-isocyanatoethyl 16 methacrylate, 1,1-dimethyl-2-

iIsocyanaotoeibyl @crylaté - detraethylene glytekdigerylaie ctetiagihyleney late,
glycol dimethacrylate, triethylene glycol djacrylate, , triethylene glycol
P TS an SIS tim A s afd heXaraTol ot ate oy <ol
ongéieatbogiment thke crosslinkeristethylene glycaf ldimethacrylatéacrylate,
(EPM%)ﬂLn one eembodin@n(t_j tlge crossalilrgrll(e{%mcay 81% gelected igq%g; anediol
amount to €nsure that agsu%s?a‘ntially stmiooth fifni f is obtained uring
spil-vedting-ay Wetlsas to ensure therstrapéicfithe idiprint jsirstained dfter one
sald palymer,,moiety bas been selecively sgmoved for example alter sgid, o1
heating step. The amount of cross-linkers to functional monomer by 15
welghernhg aF e fehgeEaldbout 0.5% to about 50. Free Radical Initiator

The polymer mpiety,max also he farmed hy free radical polymerjzation in . o

the presence of free radical 20 initiators. The free radical initiator may be
antiltra Viofst{UVy of thefmalffée Fddical mitfatdrs Bemplaryy fré@eadigal f11m

initiators, mayhe:selgcted fram the group; consisting.ofibenzoylpergxides e
acetyl peroxide, lauryl peroxide, azobisisobutyronitrile, t-butyl peracetate,

2558 peroxiddl$-butfPperokidet :-butfiIRfSserokidesr  said polymer

moiety has been selectively remcoved for example after
sald heating step.
The amount of cross-linkers to functional monomexr by

weight may in the range of about 0.5% to about 50.

Free Radical Initiator

The polymer moiety may also be formed by free
radical polymerization in the presence of free radical
initiators. The free radical initiator may be an ultra-
violet (UV) or thermal free radical initiator. Exemplary
free radical initiators may be selected from the group
consisting of benzoyl peroxide, acetyl peroxide, lauryl
peroxide, azobilsiscbutyronitrile, t-butyl peracetate,
cumyl peroxide, t-butyl peroxide, t-butvl hydroperoxide,
bis (isopropyl)peroxy-dicarbonate, benzoin methyl ether,
2,2' —azckis (Z,4-dimethylvaleronitrile) , tertiarybutyl
peroctoate, phthalic percoxide, diethoxyacetophenons, and
tertiarybutyl peroxypivalate, diethoxyacetophenone, 1-
hydrexyeyclohexyl phenyl ketone, 2,2-dimethyoxy-Z-phenyl~

acetophenone, and phenothiazine, and diisopropylxanthogen
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his (isopropy-i)peroxy-dicarbonate, benzoin methyl ether, 2,2' -azobis
(2,4-dimethylvaleronitrile) , tertiarybutyl peroctoate, phthalic peroxide,
diethoxyacetophenone, and tertiarybutyl peroxypivalate,
diethoxyacetophenone, 1 30 hydroxycyclohexyl phenyl ketone,
2,2-dimethyoxy-2-phenyl- acetophenone, and phenothiazine, and
disopropyixpathagenoh 2 disutfidei the one entbodiment, thedftee tadicalt iator
initiator is azobis- |sgbu ronltrlle Ihe choice of monomer, co-monomer
andscrossl’fnl%ers may 8efLerm|ned by the chemical and physical
propertieshs Otﬂ"[&dﬁﬁll’@ﬁ rm&nitam:pplytrmfrﬁommmmtlagdlnomgmrml* nkers

m0|e hecpqcr anic m i Lom rise a etal 10 me&allmd In
% t cllemica éjgng ﬁ ertles
one odlme ﬁﬁe met rans ion” me aI tal may

s@éctédjéromm&mupe suﬂtslslmg pbGyoupr4,fGrouprs, rGroup g, Group
10, Group 11 and Group 12 of the Periodic Table of Elements. In one
embodiment, the metal is selected from the group 15 consisting of
Titanium, Zirconium, Niobium, Tantalum, Iron, Copper, Silver, and Zinc.

In a”Othefn%?B%?fE@%o the inorganic moiety is a metalloid selected from
the groumunsrsrmg‘of”svro‘g Silicon, Germanium, Arsenic and
AntimonyE 120 Iriaprdicstiucturetmieie/enibodimeptiateé fprint stiattuke i§T 2

a jgenerally;elonggte %BV'%M@%@@FW@J@%@@@ paralle] 0.8, 55+ 1 0n
longitudinal axis that is generally 25 parallel to said substrate, said length

diftfehdion béfy defined bBfveerR aftoxifal éﬁé%‘é@éidétﬁpé‘ﬂd?ﬁ? group
consisting of Group 4, Group 5, Group 8, Greup 10, Group

11 and Group 12 of the Periodic Table of Elements. In one
embediment, the metal is selected from the group
consisting of Titanium, Zirconium, Niobium, Tantalum,
Iron, Copper, Silver, and Zinc. In another embodiment,
the inorganic moiety 1s a metalloid selected from the
group consisting of Boron, Silicon, Germanium, Arsenic

and Antimony.

Imprint structure

In one empbodiment, the imprint structure 1is a
generally elongate imprint having a length dimension
parallel to a longitudinal axis that 1is gesnerally
parallel to said substrate, said length dimension being
defined between a proximal end and a distal end. In
another embodiment, the imprint siructure is in the form
of a projection having a longitudinal axis that 1is
generally normal to said substrate and wherein the
projection extends from a proximal end from said

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

strctitres 1S provided: The atrgymay becamordered amay ofia series@fment,
rows and columos of Imprints being disposed on said substrajg atan 5.
approxma%éﬁy equainé’is%ance%rom each other: The imprint struc Urés ma Y
béeithen connected wilr reachather os ésolated fromrmeach aiher. Théumns of
imprint. Sfructures. may haye shapes,that are selected fiom the grgup
cons%ting of holes, columns, pzljl ars, dimpfés, 10 projections, gratings or
trenghesxThe mpeinkestructuréss aydraverdefineddieigis swidths or
|engﬂ5t@%%mgﬁrg@g{n@gﬁﬁg@&yégt%%_a%gﬁg%%ﬁ%gn%onn ﬁ%gd with

embodiment, prior to the selectively removing step, at least one o

hesglits, mﬁdtthsjrlen@ms had didmédteriifapplicable) 1@151\‘69@@ ipent imerint
stiycures e in the yange.of fram.ahout 50.nm to,abouts MIEons. 4he, +he
at least one of the heights, widths, lengths and diameter (if applicable) of

sdid AHprinEStRsctEfes efore said sélectively remibving Fstep aidy depengles,
0%%@9@%?@; '%9@9%@”&“‘!@@%@5@“%%9 %{:%ii}ﬂ%')’structures

removing step, at least one of the heights, widths, lengths and diameter .
(if%pplicaoi&) stedaifl Fhpiftstrtictured afe ihSthe Fargeef-ficsm abdat fore in

nraite abaut-loaucrea. g one embadiment dhe imparint theferesaidnoodiment ,
selectively removing step may have a 25 dimension in the micro-scale
Qﬂgﬁ%@eRﬂﬂ%nﬁeﬁﬁﬁﬁﬁtlvely removing step, at least one of

the heights, widths, lengths and diameter (if applicable)

an

of said imprint structures are in the range of from about
50 nm to about 5 microns. The at least one of the
heights, widths, lengths and diameter (if applicable) of
sald imprint structures before sald selectively removing
step may depend on the mold used. In another embodiment,
after the selectively removing step, at least one of the
heights, 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 embediment, the imprint
before said selectively removing step may have a
dimension in the micrc-scale size range while the imprint
after said selectively removing step has a dimension in
the nanoscale size range. In one embodiment, the imprint
structure after said selectively removing step has
substantially the same aspect ratic as the imprint pefore
the selectively removing step. The length dimensibn may

e at least two folds or at least three folds greater
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after said selectively removing step has a dimension in the nanoscale

size range. In one embodiment, the imprint structure after said selectively
removing step has substantially the same aspect ratio as the imprint

before 30 the selectively remaving step. The length dimension may be at

least two folds or at least three folds greater 19 than the width dimension

of theimprint. Thediiprintistuctives mdy benim aispacéd@apart The imprint

relationship from each %ther. In one embodiment, each '@E”%tlmr?é’hhﬁ\)/e from

a Séeﬁﬁ%“puoj?ﬁtsdeﬁr?gd a gngla{1 cearlltrasl};fongltuding?arms and betwaen

saich proximidlcand distal @mels, carebthereeriter peinhbetweenradjacamnt have a
impyints, does g é“_t?;%é%”ltha?”é{ Cé‘f‘é‘gg dHr_'”ge%%‘%éﬁ'_eﬁ%’ﬁé\&@%‘&%\{{ﬁg axis
step. In one” embodiment, after said selectively removing step, the
dimeasiortofaha imprint redoses by atlehst 3096 df thedk0 dimehsidieofrenter

the imprint;before said selectively remaying, steps After said selectively: < .11

removing step, the dimension of the imprint may reduce by 30% to 80%
of thé dirfiensiohl BEtheSRABTINtISE6 - SaTE séledteRV rehtoviRg Step. 15 one

Substiate T he-subsirate may. e conpriged of.an organin patelialssueh  the

as a polymer, or an inorganic material, such as silicon. The substrate ma
be&lpARBEF bP RorkpldrsR. EXEMpRTFy SHskifRs naterrils iheRde silfeon 2o the

glass, Qyariz, mica, CeEamies - pelymess sueh as ipolyethwlensve 1y removing
polypropylene, polyesters such as polyethylene terephthalate,

polyisiylehé t8rephiniate s wohfanifes, fiGrapsiknters ara pdisulphddision
angemetals iswehas-gold.silver coppek; Iy one embotiment, #1€:2%imension

substrate is composed of material selected from the group
of the imprint before said selectively removing step.

Substrate

The substrate may Dbe comprised of an organic
material, such as a polymer, or an Iinorganic material,
such as silicon. The substrate may be planar or non-
planar. Exemplary substrate materials include silicon,
glass, gquartz, mica, ceramics, polymers such as
polyethylene, polypropylene, polyesters such as
polyethylilene terephthalate, polybutylene terephthalate,
polyamides, fluropolymers and polysulphone and metals
such as gold, sgilver, copper. In 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, c¢eramic,

sapphire, polymers and combinations thereocf.

Mold
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consisting of silicon, glass, metal, metal oxide, silicon dioxide, silicon
nitride, Indium Tin oxide, ceramic, sapphire, polymers and combinations
thereof. 30 Mold 20 The mold may have a defined surface to create three-
dimensional imprint structures during said contacting step. The
three-dimensional imprint structures may be dimensioned in at least one

of the micrescale ahdihe Spanoscate: The-molkd.may havea soligkhedyt hree—
Wigliu}an arra(¥ of conduits .extendin ghrqugh thegsr;%alid body. Tp mold ,
ma&y BE a8 8t any SHitabls mateHAT that i chémicaly inéft The bl <t 119
mayt ke made dromiarmatetiahselected:from ribe graup consistnge©f may be
siicon, metal, glass, quariz and 10 ceramic, In one embodiment, fne mold
may be'made’of sificonhitride, “The nold may have an imprint forming
surface previded thereomand may Despatternesh Thé patternsiay an array
comprise holes, columns, pillars, dimples.. projections, gratings or ...

g@ coqgﬁlﬁs ex{%hg%%%e%g¥k%ﬁh Vhe séﬁ%ﬁigga The mold

trenches. The patterns may ed heights, widths or lengths
thatzare irethea dricrodcalen or inthe Mahosoale ke pattéras may behiara cally

spaged apartrglationship from eagh other, The pajlems May B8 ocreq £rom

three-dimensional structurés. In one embodiment, the patterns on the
maliemay QPconpAse §iatings andicritrenchess The gratirfgssandfoprtz and

trenches may exiend glong.raspective longitudinal axes of the mold. The, ¢

width of the gratings and/or trenches may be in the microscale or .
naheséslel Wheh botit grafiigs dhel trerithes ars’reseht 6fHe-fold’ thgning
gratings.and 2p frenches may-e-placedharallel 1 eagh othere Theneq.  The

patterns on thé mold may also comprise line and space
patterns may comprisze holes, columns, pillars, dimples,

projections, gratings or trenches. The patterns may have
defined heights, widths or lengths that are in the
microscale or in the nanoscale. The patterns may be in a
spaced apart relationship from each other. The patterns
may be three-dimensional structures.

In one embodiment, the patterns on the mold may
comprise gratings and/or trenches. The gratings and/or
trenches may extend along respective longitudinal axes of
the mold. The width of the gratings and/or trenches may
be in the microscale or nanoscale. When both gratings and
trenches are present on the mold, the gratings and
trenches may be placed parallel to each other. The
patterns on the mold may also 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 50 microns, about 50 nm to about 30
microns, about 50 nm microns to about 20 microns, about

-

80 nm to abcout 10 microns, about 80 nm to about 5
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patterns. The width of the gratings and/or trenches may be independently
selected from the group consisting of about 50 nm to about 50 microns,

about 50 nm to about 30 30 microns, about 50 nm microns to about 20
microns, about 80 nm to about 10 microns, about 80 nm to about 5 21
microns, about 90 nm to about 1 microns, about 100 nm to about 500 nm,
abett 108 am trabeut AD0HM and Abhout 5O rMde @absut 250 0m. Inonem to

embodiment, the width of the tings and corresponding channels ma
be“alidtit 1 @m?é?bn&bﬁ]%tgrgéng %?m%ﬂor? %%ﬁl@ha%%a éhmapeé{lc\}vsh%%gut >0
viewed:in cibss:section, selected fronethergrodpreortsisting<of sintispidal the

wave _shape, square wave, trapezqidal shape, blazed shape and

ritgLiAr Sapé The BrARGS ERAo ton ey Tay havi oh atpect 267" 10
ratid selected frofihthe greup cansistingadfiaboutr@d thzabout3.0halpeut when
0.1 tg abaut 2,5, abouyt 0.1 to about 2.0, ahouyt 0.1 tg aboyt 1.5, about 0.

10 SRR, Aok cBAA DL IS 2005, PAT it lent g Jeoup
patierssi ef ther mofofmay 11816ormgerde colamnas aatopeirculachcles. Theave,
diapeter of ; thecolymps andiar cirgular holes.may be.in.the microg }%é%%@:

The patterns on the mold may also comprise pillars  and/or dimples. The
diameter & ¢he €ohimng andfsrdiretlarticles Eemayshe ifdependentlya spect

selected, from the.group £oRsising of aboui-19Q nato.about 10,mickons, 1 ¢

about 100 nm to about 8 microns, about 100 nm to about 6 microns,

ab&R® U0 hrf to aButi % miiefon§ CabBBPEG0 AmIo aBEWIE nficreng;© about
abpug 10Q ngy to abqutd micrens, abgut 300, 25 to abow O miciors, andg
about 100 nm to about 500 nm, about

about 0.1 to about 0.5.

In ancther embodiment, the patterns on the mcld may
comprise columns and/or circular holes. The diameter of
the columns and/or circular hcoles may be in the milcro-
scale. The patterns on the mold may alsc comprise pillars
and/or dimples.

The diameter of the columns and/or circular holes
may be independently selected from the group consisting
of about 100 nm to about 10 microns, about 100 nm to
about 8 microns, about 100 nm tco about € microns, about
100 mm to about 4 microns, about 100 nm to about 2
microns, about 100 nm to abkout 10 microns, about 300 nm
to about 10 microns, about 100 nm to abdut 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 ratic selected from the group
consisting of about 0.1 to about 3.0, about 0.1 toc about

2.5, about 0.1 to about 2.0, and about 0.1 to about 1.5.
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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 ratio
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. 22 The
patterns may be formed on the mold by a method selected from the group
consisting oé phetotithographyy deep reaciive iametchingmbolegiaphie method
lithography, e- heam lithography, ion-beam lithography and combinations

5 TSV A SE Ao Ao E T neGLr iy AN oS8 e L 3P
apphang ae antiistictioncagentantorthe defiechsurfacepattennhdgrefithe, e-
mold {9 redice the surface energy and tq enhance subsequent mold ;1
release. xempcigry Antistiction agenf% may e delsctéd from tihe group
conbisting Of diamond, diamond-like carbon, silicon carbide, vapor phase
deposited fluorinated polymer, a self-assembled monolayer 15 comprising
silane coupling agents such as dichlorodimethylsilane, '
octadecyhichiloSitane; idaderyftrichlorosilane, or

perfluorodecyltrichlpsasilane. and alkanethjals. Jg.ong embodiment, the, .
anti-stiction agent is pertluorodecyltrichlorosilane. 20 Cleaning step Thé
method gl feifther tomprsEetHe step:of dléaniniy the sdrfacerdfthe pattern
supstratg befpre coating.with the iﬂ%noéﬁgf%%p%%@g%?ﬁ]%'%o Th8hance

step of cleaning may 25 comprise applying a cleaning ion such as a

pirARRACSHIBHGN BhE sUBSIRRE SN ahBfiEr ehfbbdinént, filelction agents

may be selected £from the group consisting of diamond,

diamond~like carbon, silicon carbide, vapor  phase
deposited fluorinated polvmer, a self-assembled monolaver
comprising silane coupling agents such as
dichlcorodimethylsilane, octadecyltrichlosilane,
dodecyltrichlorosilane, or perfluocrodecyltrichlorosilane,
and alkanethiols. In one embodiment, the anti-stiction

agent 1s perflucrodecyltrichlorosilane.

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
comprise applying a cleaning solution such as a piranha
gsoluticon to the substrate. In another embodiment, the
cleaning step comprises applying a plasma gas onto the
surface of the substrate toc which the imprints adhere.
The plasma gas may be applied as a cleaning agent cof the

surface o©of the substrate o aide in adhesion to the

polymerised composition. Exemplary gasses that may be
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cleaning step comprises applying a plasma gas onto the surface of the
substrate to which the imprints adhere. The plasma gas may be applied

as a cleaning agent of the 30 surface of the substrate to aide in adhesion

to the polymerised composition. Exemplary gasses that may be 23 used
include oxygen, halides such as fluorine and chlorine and noble gasses
such@s argan andanixtiegchereof8 Couplingsstep Thesmethbdanayie and

further comprise the ste gf applying a coupling agent to assist in .
OGS i LG sOBLIaRs THY St Ao mag b anixtures
silahezbaséd coupling agent. The choice of silane coupling depends on

10 the chemistry of the substrate and the imprinted polymer. Exemplary
silane-based coupling agents may be selected from the list consisting of
methyltridethoxysitare; eethyltrimethoxysilane, propyltrimethoxysilane,
butyltrimethoxysilans dimethyldimethpxysiane 18 tpe step of apply:
diethyldimethoxysi ane,l\g%r(\?élt%et 03<ysiIaneJT%g\l/l?ﬁyltrimeteﬁo;ysen%ng, SPPAYERY
trimethylmethogysilasat triethyiméthokysilanea dirgatis Ymethoxydthgyts to
S”@H%’ g{f%%@}‘%@@rosflﬁgeaé@ﬂ?ﬁ@ﬂ%m!{lﬁ’éﬂﬁn%ay he a silane-based
glycidoxypropyltrimethoxysilane, 20 glycidoxypropylmethyldiethoxysilane,
(eﬁ@%ﬁ%@@%e%ﬂﬁﬁﬁﬂﬂﬁﬁﬁh@%ﬁ%@ﬁePf silane coupling depends on
m%ﬁfﬁ@%@ﬁyp&&»ﬁwwtm@@@%tm@%@xxmpm@gmwﬁla 8iymer.
divinyldimethoxysilane and Chloropropyltrimethoxysilane, triethoxysilane,
ZWﬁmﬁi@@Ym@ﬁéﬁy@ﬁ@ﬁ@%ﬂaﬁ@%llng agents may be selected

methagryloxypropyltdmethoxysilane; ¥y of methyltrimethoxysilane,

ethyltrimethoxysilane, propyltrimethoxysilane,
butyltrimethoxysilane, dimethyldimethoxysilane,
diethyvlidimethoxysilane, vinyltriethoxysilane,
vinyltrimethoxysilane, trimethylimethoxysilane,

triethylmethoxysilane, vinyltris (methoxyethozy} silane,
trimethylchlorosilane, trimethylaminosilane,
glycidoxypropyltrimethoxysilane,
glycidoxypropylmethyldiethoxysilane,
(epoxycyclohexyl)ethyltrimethoxysiiane,
methacryloxypropyltrimethoxysilane,

methacryloxypreopyltriethoxysilane, divinyldimethoxysilane

and chloropropyltrimethoxysilane, triethoxysilane,
vinyltris {(B-methoxyethoxy) silane, =
methacryloxypropyltrimethoxysilane, Y=
glycidoxypropyltrimetheoxysilane, R- {1, 1-

epoxycyclchexyl) ethyltrimethoxysilane, n-p- (aminocethyl)

~-y=- aminopropyvltrimethcoxysilane, N-f- (amincethvl) ~vy-
aminopropylmethyldimethoxysilane, v
aminopropyltriethoxysilane, N-phenyl—y-
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glycidoxypropyltrimethoxysilane, R (1, 1- epoxycyclohexyl)
ethyltrimethoxysilane, n-R- (aminoethyl) -y- aminopropyltrimethoxysilane,

N-n- (aminoethyl) 'y 30 aminopropylmethyldimethoxysilane, y-
aminopropyltriethoxysilane, N-phenyl-y- 24 aminopropyltrimethoxysilane,

y- mercaptopropyltrimethoxysilane, y- chloropropyltrimethoxysilane, y-
aminoprapytinmethaxysitane, wsamimepropyl-tris (2 5 methoxy-ethoxy) V-
silane, N-methyl-y- aminopropyltrimethoxysilane, N-vinylbenzyl-y- _
i ST EGySHAE, BAmPobropyrimethoxysiane, v
3-uteidoprppyitrimethoxycsitanes i lane, v~
3-4.5-dihydroimidazolepropyltriethoxysilane, 10 hexamethyldi ilazane, _
It b e e Nt e et i eaine, 12
epoxysitaness tghexethylmethyldichioresilaaeadivinyldichloroailabe aadhy 1 -y -
RV SIhoElene EXRIRIALY agligosiiane and ePOXYSIaDER R enzy1 - -
y-amino rop)él’\éﬁlethoi@s)if[_ané?’£ N-a 15 (aminoethyl) ﬁ snEyETY
-yZarainopopy it ethokysitaries ¥ 1 glyeidoxypropyltrimethoxysilane, and

1-(3. 4= gRoxycysiohexyliethyitimethoxysilane s Rolymerisation step:2Q. - ok -
The polymerising step may be controlled according to one or more .
cohtrbfie@ conditions' séleeted frofthérgrear ofprassuré ehsieratiye 1 Lane,

ancLtime - The pressure conditionyduting the pelymerisationstep may:ke  and
in the range selected from the group consisting: about 1MPa to about 25

10'MIPa AP OLE HRPA 10- ABeut'S MR andeabot 115 R to abetivsilanes,
MBa<fhe temperatureconditiondyringithe divinyldichloresilane and

trivinylmethoxysilane. Exemplary aminosilane and
epoxysilanes are y-aminopropyltriethoxysilane, N-p-
(aminoethyl) -y—aminopropyltriethoxysilane, Sy
glycidoxypropyltrimethoxysilane, and P=1{3,4-

epoxycyclohexyl)ethyltrimethoxysilane.

Polymerisation step

The polymerising step may be controlled according to
cne or more contrelled conditions selected from the group
of pressure, temperature and time. The pressure condition
during the poclymerisation step may be 4in the range
selected from the group consisting: about 1MPa to about
19 MPa; about 1 MPa to about % MPa; and =zbout 1.5 MPa to
about 4 MPa. The temperature condition during the
polymerisation step may be in the range selected from the
group consisting: about 50 degrees Celsius to about 200
degrees Celsius, about 60 degrees (Celsius to about 150
degrees, about 100 degrees Celsius to zbout 150 degrees

and about 100 degrees Celsius tc 120 degrees.
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polymerisation step may be in the range selected from the group

consisting: about 50 degrees Celsius to about 200 degrees Celsius,

about 60 degrees Celsius to about 150 30 degrees, about 100 degrees

Celsius to about 150 degrees and about 100 degrees Celsius to 120

degrees. 25 in one embodiment, the polymerisation step is carried out at
about 110:degrees CelsivsdThetime congitionghiringthepolymerisadions  is
step _may he in the range selected from the group.consisting 5 of: about
30%erc%ln%s to %%oﬁft 15&? g%c:)irfc?s; <§%%5§§§ sgg}ﬁ&sutso' about 1200
seconds;Tand abont70:secondsda about 21600 geconds] ymenesation step
embodiment, the fime condition dyrin ghif pﬁgl /merisation step is 180 . .
seconds. The mthod may comprise the turthér gfep o?all%ww%‘é) 10tha*=++"d
foried ariscortmaoté pelymendnprints teloookto a7A0ld seleasés; about 50

temperatute range, before releasing the removing step, The mpldyglease .
temperature may be in the range <elected from the group consisting o
aboup20 degieds Ceisiusts150 dedrees QedsiugmabolidOrdegreésie  time
Celsiis 15;10.129.degrees r%e'gjg_%g;%dr abgyt;50 degrees Gelsitis @ 100, 5
degrees Celsius. In oné embodiment, the mold release” temperature Is no
more thahisbhout 6D Uegrees Celiust 38 diecembodimentstiee of allowing

polymensing stenmay comprise radiating the mopgmercomposite, ., 4 ne14

composition with 20 radiation. The radiation may be ultraviolet light having
a WavERRAGth I e BiHge 6t abdlEs 400 Kanoffdters: IResitilie removing

remaving step The methad may compyrise the further,stepyof removing. 25, 14¢
residue from the formed one or more polymer imprints. The removing
reSRILBSIES may Womprite MRy GSIRG aGfldsiHa ot about 20 degrees

Celsius tc 150 degrees Celsius; about 40 degrees Celsius
to 120 degrees Celsius; and about 50 degrees Celsius to
100 degrees Celsius. In one embodiment, the mold release
temperature is no more than about 60 degreez Celsius. In
cne embodiment, the polymerising step may comprise
radiating the monomer-composite cemposition with
radiation. The radiatiocn 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
residue from the formed one c¢r more polymer imprints. The
removing residue step may comprise etching using a plasma
gas. Exemplary gasses that may be used include oxygen,
halides such as fluorine and chlorine and noble gasses
such as argon and mixtures thereof. In one embodiment,
the etching is carried out using oxygen or argon. The

method may comprise the use cf nanoimprinting
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gas. Exemplary gasses that may be used include oxygen, halides such

as fluorine and chlorine and noble gasses such as argon and mixtures
thereof. In one embodiment, 30 the etching is carried out using oxygen or
argon. The method may comprise the use of nanoimprinting 26

lithography. The method may form imprint structures with high patterning

yiald amndgnay e .highly reprodueibles BriebBescription Of Rramings belhewith
accompanyin Qrawin s i|lustrate a disclosed embodiment anddservei to
xRS e BHAGP I DH NG discbSed GibGTiMet ttis 15 be iderstose,
however, that the drawings are designed for purposes of illustration only,

and not as a definitio%xqiter}e Bng%rjio %thg igygiogwfi .51 isa

schematic diagram illustrating the méthod in accordance to one

embodimEmnt of the: disclosgdnmethiodvFEigg2a is & scanmiageleetrodisclosed

MICrosc pe (SEM) _15 imag\tf-:- at 10,000x magnification of a trat h
e e oo mat oot TBa i €1
strlicturés of abcut250imm tine width eemprisinges polymerizéd Tianiliwwever,

methacrylajg, beforg heatstreatment, Figd%@i%ﬁé&?””%&e'e%%oses of

microscope (SEM) 20 image at 10,000x magnification of the substrate as
shoWwh1 it Fitf: Do afterlheatareatment. #g. Bads &isehhaiig aléctfere Limits
microscope-(SEM)- image at 30,000x magnification of the substrate as

shown in Fig. 2a. 25 Fig. 3b is a scanning electron microscope (SEM)

image at@P@QOO& manEliﬁQ@tiO&QféR@*§.’U@Str@t§a%ﬁ:§ﬁpwﬂl lustrating the
method in accordance to one embodiment of the disclosed

method.

Fig. 2a 1s 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 250 nm line width comprising

polymerized Titanium methacrylate, before heat-freatment.

Fig. Zb dis a scanning electron microsceope (SEM)
image at 10,000x magnification of the substrate as shown

in Fig. Za, after heat-treatment.

Fig. 3a 1s a scanning electren microscope (SEM)
image at 30,000x magnification of the substrate as shown

in Fig. Za.

Fig. 3b 1s a scanning electron microscope (SEM)
image at 20,000x magnification of the substrate as shown

in Fig. 2b.

Fig. 4a 1s a scanning electron microscope (SEM)
image at 10,000x magnification of a substrate according

to one embodiment of the disclosed method, with columnar
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in Fig. 2b. Fig. 4a is a scanning electron microscope (SEM) image at

10,000x magnification of a substrate according 30 to one embodiment of

the disclosed method, with columnar 27 imprint structures of about 200

nm diameter comprising polymerized Titanium methacrylate, before
heat-treatment. Fig. 4b is a scanning electron microscope (SEM) image

at 1:8:000x-magnification-of thefsubstrate agshown Sinsrigt4a, aftenprising

heat-treatment. Fig, 5a is.a scanning electron microscope (gEIVé)_'ma
A0 GO RGANCATE S SUtiohiats 48 SRoWAE b Fig. 4°Fig. BRTEBert

scanning.electron.micrgscaope (SEM) .10 image at 30,000x. ification
of the sut%?éte gé" shown Iél?l Figgca 7)]1‘—‘?5 6agl ?seacagggﬁlninﬁ(lggg%ﬁ {% (SEM)
mitrgscope (SEM) CithayeratB0i00@a magnificatidim of & shbstratee as shown
acggrdﬂ% 1o Ape %@pggi%eég@j {%Ql&g@gd method, with linear 15

imprint structures of about 100 nm line width comprising polymerized

Titanium methackylate, befgre heatsiteatment Jzig-6h is @;9cANRINGLe  (sEM)
electron microscope (SEM) image at 30,000x magnification of the

subSitdfe as shdwr YA Fig a4 afteFRéatitedtment 20°EGS Fa@ris £5 shown
scapning.£leetzon microscope (SEM) image at 10,000x magnification of a
substrate according to one embodiment of the disclosed method, with

linear impzigt strestures of abait 10PNALIine wadthecomprisidgoscope  (SEM)
polymerized Zirconium methacrylate. 25 Fig. 7a(ii) .is a scanning electron
ibFSEDPE (SEM ThApd 30,006 mughifiation 8f (RerSUbTate &5 570"

showreEig. 4b.

Fig. 6a 1s a scanning electron micrcoscope (SEM)
image at 30,000x magnification of a substrate according
to one embodiment of the disclosed method, with linear
imprint structures of abcout 100 nm line width comprising

polymerized Titanium methacrvlate, before heat-treatment.

Fig. 6k 1s a scanning electron microscope (SEM)
image at 30,000x magnification ¢f the substrate as shown

in Fig. 6a, after heat-treatment.

Fig. 7a{i) 1s a scanning electron microscope {(SEM)
image at 10,000x magnification of a substrate according
to one emboediment of the disclosed method, with linear
imprint structures of about 100nm line width comprising

polymerized Zirconium methacrylate.

Fig. 7a({ii) 1is a scanning electron microsccocpe (SEM)
image at 30,000x magnification of the substrate as shown

in Fig. 7a(i).
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in Fig. 7a(i). 28 Fig. 7b(i) is a scanning electron microscope (SEM) image

at 10,000x magnification of the substrate as shown in Fig. 7a(i), after
heat-treatment. Fig. 7b(ii) is a scanning electron microscope (SEM) 5

image at 30,000x magnification of the substrate as shown in Fig. 7b(i).

Fig. 8a(i) is a scanning electron microscope (SEM) image at 10,000x
magnificatiof. of arsubstrate accerdingie.gne embogimentaf thecope  (SEM)

disclosed method, with linear 1Q imprint structures of about 100nm line
Wi G rising Oy e S NObRTh ethéry . Mg Ba(iy i == Shown

scanningelectron micraseepe (BEM) tmagemir30,000x magnification of
the substrate as shown in Fig. Ba(i). 15 Fig. 8b(i) is a scanning electron
microscopedSER) (imageiat ¥0,GG0xmagpificdtart ofthersubstratecase  (SEM)

sho in Eig. 8a(i), after t-treatment. Fig. 8b(ii).is a_s i lectro
L2803 (SEM) Miege SI0L000% Mg eation of f1s CUbSt e s 50
shownE" 20 in Figli8b(i). Fig. 9a(i) is a scanning electron microscope (SEM)
image at 10,000x magnification of a substrate according to one
embodiméht of thé disclosed netised wifslirehe Ginprint Stiuctaresere  (SEM)

abﬂHé%QOQﬂlm?@$@ﬁﬂ§°ﬁﬁ%§ﬁfﬁgéﬂ%&ﬂ“%ﬂ?egTgﬁﬁgg?ate.according
methacrylate. Fig. 9a(ii) is a scanning electron microscope (SEM) image

at 80,0008 naBRificati6n of the stbstrate 85 ShSGA MFiG (). pg-h Linear

imprint structures of about 100nm line width comprising

polymerized Niobium methacrylate.

Fig. 8a(il) 1s a scanning electron microcscope (SEM)
image at 30,000x magnificaticn of the substrate as shown

in Fig. 8a{i).

Fig. B8Bb(i) i1s a scanning electron microscope {(SEM)
image at 10,000x magnification of the substrate as shown

in Fig. 8al{i), after heat-treatment.

Fig. 8b(ii) is a scanning electron microscope (SEM)
image at 30,000x magnificatien of the substrate as shown

in Fig. 8b{i}.

Fig. %a{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 100nm line width comprising

polymerized Tantalum methacrylate.

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

in Fig. %a{i}.
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Fig. 9b(i) is a scanning electron microscope (SEM) image at 10,000x
magnification of the substrate as shown in Fig. 9a(i), after heat-treatment.

Fig. 9b(ii) is a scanning electron microscope (SEM) 5 image at 30,000x
magnification of the substrate as shown in Fig. 9b(i). Fig. 10a(i) is a

scanning electron microscope (SEM) image at 10,000x magnification of a
substrateraecording itp ohe embedinentof the disclosed method onithe  (SEM)
linear 10 imprint structures of about 100nm line width comprisin

poﬁ%‘ﬁgﬁze Ir(r)inO moeﬁé{cr%%ﬁ:%.cf&a](ﬁ)nis% SC %in%%%étﬁ?n € as shown
microscope (SEM)) image at 30£L00xmagnifieation of the substrate as

shown in Fig. 10a(i). 15 Fig. 10b(i) is a scanning electron microscope

(SEM) iriage aP1Q,000x nragnifieation bhthessubstraterasishawn dppig. (SEM)

10a(i),-after heat-tr e [ j)isas ing e ICroscop
(SEN A ot 40 000x abrication of the SUbSHate ae Sha 20 1y -he
Fign161(D - Figl Ha(i)-is a scanning electron microscope (SEM) image at
10,000x magnification of a substrate according to one embodiment of the
disclosed fethod! #ith linkar AmpARTSHIturest &bt T0OHA fiReRFdthSEM)

cormpyiaing; 25 pelymerized 3jlicon methagrylate. Rig.dialids a-3canpingrqding
electron microscope (SEM) image at 30,000x magnification of the

subBtr&teas SRBRM- Ry, fai). SoPrigRStY R°& Scarfiing electigh  Linear

micreseope (SEM) cimagsasatslo,000x meaanification of the.substiale A rising

shown .
polymerized Iron methacrylate.

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

in Fig. 10a(i).

Fig. 10k{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. 1Cb(ii} 1s & scanning electron microscope (SEM)
image at 30,000x magnification of the substrate as shown

in Fig. 10b(i).

Fig. 1lla{i} is a scanning electron microcscope (SEM)
image at 10,000x magnification of a substrate according
to cne embodiment of the disclosed mesthod, with linear
imprint structures of abkout 100nm line width comprising

polymerized Silicon methacrylate.

Fig. 1la(ii} 1s a scanning electron microscope (SEM)
image at 30,000x magnification of the subkstrate as shown

in Fig. 1la(i).
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in Fig. lla(i), after heat-treatment. Fig. llb(ii) is a scanning electron

microscope (SEM) 5 image at 30,000x magnification of the substrate as
shown in Fig. lib(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 gy invéhban. )Witlsout bemgnbdund i theoryrit s believedthat (SEM)
the gunent ipvenfion roceeds yiathe following reaction. 19 paLINAY, - <p,q.y,
wherem Titanium’met acryfaqe monomer is po ymerlzedutosform imprint
striuctufeg colprising a agdlgmettrscylate=palysrer moiety in which

Titanium is evenly distributed. Said imprint structures are subsequently
treated withcheak 1& siibstahtially rEPAGVELRO titel polyrTer rAGIBHsS feavityy (SEM)

Imprnt strugtures of gaduced, dipenpsions in which Jltanium and its oxidesy o
form a_ substantially continuous phase. 31} 91 Gt. [A.f7 + ACOH - Ct
'Lilitid aS-_abi®4aéres', n-buL na: Fitantum Mel haerV6to htFxiium

n-buioxde } M1 ehi ieneglycnl dimelha tp$ate i~crossl'raker) 4.

aWbis-tscbrtyrarx Me tiriitialcO
Example

Non-limiting examples of the dinvention wilil be
further described in greater detall by reference to
specific Examples, which should not be construed as in
any way limiting the scope of the inventicn.

Without being bound by theory, it 1s believed that
the current invention proceeds via the following reaction
pathway, wherein Titanium methacrylate monomer  is
polymerized to form imprint structures comprising a
polymethacrylate polymer moiety in which Titanium is
evenly distributead. Said imprint structures are
subsequently treated with heat to substantially remove
the pelymer melety, leaving imprint structures of reduced
dimensions in which Titanium and its oxides form. a

substantially continucus phase.
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S Pl "-coating r n aats nn wafor Nanoimp,ming&idnagraghy, 10 bars, 110
C if roe fadieai potyrneinneun, caasslinking) ":: HeaWreatrn&riL
Imprmited 1002 tanatasaj A) Metal Methacylate Synthesis TiIMA is
prepared by reacting Titanium n-butoxide 5 (Ti(OBun)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. T|(O§un)4 and MAA are used without furt}ggr purification, while
EDMA is first passed through an 10 alumina coldmri‘in order to remove
any skal;mz&l%m&lex;ﬁﬂ(pﬁw MAA and EDM%qrq)mI“éthggheg
(molar ratio of Ti (OBun ) 4/MAA: EDMA = 1:42). A redisolution resulfé!
After mixing, gzobls(lsobuwf@@ﬁifﬁ@)f (AIBN) is ad%w the amo(ft8f2

wt% of MAA and EDMA. This mixture is 15termed ah "imprintable
TIMA-EDMA fixture." B) Metal Methacrylate Hfipfiritigr 82 Prior to
imprintifgSifi¢sH*§ubstrates and molds are cleaned, mold treatment is
performed and films formed using spin coating. The| fuII procedure is as
follows. First, silicon substrates are cleaned with plra:nﬁa%eﬁ? setion et (uossinker;
C for 2 hours, followed by rinsing with deionized WaEer arﬁ&@wﬁwm@bwmu
nitrogen air gun. The substrates are placed in a drymg oveR 0. IeMAVE . weter
any remaining moisture on the surface. The dlmensson of substrates

usedis1cmx 1 cm. 10 Second, three,ggg&gﬁ&gg@ggmﬁg%gggymlds
with different patterns are prepared fmfwaiifﬁhafﬂﬂﬁ_ﬁmﬂﬂﬁimmﬁgﬁ

Pyl rag ot
i

¥
lpprided Ti0, [analpeed

A) Metal Methacylate Synthesis

TiMA 1is prepared by reacting Titanium n-butoxide
(Ti(0Bu"}4) and methacrylic acid (MAA) in a ratio of
melar ratio of 1:4. Ti{(OBu")y, MAA and ethylene glycol
dimethacrylate (EDMA} are procured from a supplier such
as Aldrich. Ti{CBu™ s and MAA are used without further
purificetion, while EDMA 1s first passed through an
alumina column in order to remove any stabilizers. Next,
Ti{OBu") 4, MAA and EDMA are mixed together (molar ratio
of Ti(OBu");:MAA:EDMA = 1:4:2). A red solution results.
Bfter mixing, azobis{isobutvronitrile) (AIBN) is added in
the amount of 2 wt% of MAA and EDMA. This mixture is

termed an “imprintable TiMA~EDMA mixture.”

B) Metal Methacrylate Imprinting
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are grating molds with line widths of 250 nm and 100 nm, generating line
and space imprint patterns. The third is a dimple mold that generates a
pillar and line pattern 15 with pillars of 200 nm diameter by 100 nm height.
The molds are treated in oxygen plasma (100RF, 200 tort) for 10 min.
After plasma treatment, the mold is cleaned by piranha solution at 140 C

for 2 hours; fellowed by ninsing with deionizedwater ane-Rlowedryingdy molds
nitrogen 20 air gun. They are placed in a drying gven to remove an .
el FAdEtire Bt e SOHALE A 20 MVFEGHOMG 273 Filhs formed
penfiiiergdeeyltrichtosositane (BLETS)iba yacutwa desiccaterswas used $a

silanize tl%c? 3gréolds for?irg:oour{s.ST esﬂ%r%izationgreatrwﬂeg%isgs%d %% i ranha
reduce the Strtdce 25 energy 5t'the moldsto faciitate e’ d mor%llng P

precdsst 1thirdga uniformdilmaof tiie imprirtablé TIMAYEDMA mikturéns with
coggeld onto t%e Substrate b&/ %ﬂn‘g?:gtrlgja Hf the li u.i(% TIMA-EDMA
[ inal

mixture &t 80 rpm for 30 'seconds. ,%eb%prlﬁ able TIMA-EDMA "~ The

filmtdl_ffstheaBe:sutwtﬁategédlmpdnf[edlwiﬂj the migld. Theeimprhuingfeslysmn any
used,ls apre Suﬁﬁ%‘i?gﬂ?%r with isqtropic 33 pressure, which allows; ., ¢

pressing force to Ivered to a large area substrate effectively and
unifebralyr Thiss precessiwas caffied dutdan Obducat imprinter

(Obd‘_lc%g%WSQ?”)tEQ%émRrJIESE‘Q was caried QuLin lwo steps pihe . ivn
mold is initially brought into contact with the imprintable TIMA-EDMA film

forl30G sE6s ht PRANSErature 16t 30 CRAd ahrésstire’sfeLo Bars, first two
Subseqyenthy, nWwithoutygleasing the pressuse ribe fitm and the mold afeg np,

heated to 110 Cfor 180 secs in order to induce 10 polymerization.
TTQ?@%%%?&W@C&&@@(Rﬂﬂ1ﬁﬁ@ﬁ§ imprint patterns. The third is

a dimple mold that generates a pillar and line pattern
with pillars of 200 nm diameter by 100 nm height. The
molds are treated in oxygen plasma (1C0RF, 200 torr) for
10 min. After plasma treatment, the mold is cleaned by
piranha solution at 140 °C for 2 hours, followed by
rinsing with deionized water and blow drying by nitrogen
air gun. They are placed in a drying oven toc remove any
remaining moisture on the surface. A 20 mM solution of
perfluorodecyltrichlorosilane (FDTS) in a vacuum
desiccator was used tc silanize the molds for 5 hours.
The silanization treatment is used to reduce the surface
energy of the molds to facilitate the demolding process.
Third, a uniform film of the imprintable TiMA~EDMA
mixture is ccated cnto the substrate by spin-coating of
the liguid TiMA-EDMA mixture at 800 rpm for 30 seconds.
Finally, the imprintable TiMA-EDMA film on the
substrate is imprinted with the mold. The imprinting

system wused 1s a pressure chamber with isctropic

33



10

15

20

25

before the pressure is released and the mold removed. Following a clean
demolding, 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 The results were analyzed by a scanning electron microscope
(SEM) as shown in Fig. 2 through 6 described in more detail further

belove ddper further exaaminasien of the eioss sectier by oatbmiej@meze red to

micros it was found that both the 20 polymerization s

MERAES e o ey A L A St

st@n@ausedxﬁeatu&shrﬂ@(ag@m hietween33%aand 734;9@156]&&‘@& tothelucat,
%rlnt structures before hea%treatment as_summarized in the oIIowmg B

tab Sg aap omiralc TOtU8r i T dRaIR#G 1 8 v ¥ a3FEs7E 15°

ptiitaSzaMAYY, 1M, finit B FMia diyG49' aﬁ4b1*0i3ﬁ88p¢l3ﬁu{ﬂh the

Ozkk to.a htB Slf[%{ t ul3rrwt t nxeat4rekSn| of|n

Nt E)drszrlltu%tﬁu s a‘?’&é%ﬁ% v%ie 9 h of AMU X zpt\NadI of 19 rature

Fgagimits jf Quaswi Widi3ortsgSurr't to oleatishaypry 82z irtxEving emysnt 1y,

as»m‘é%éé, ap.&% avyIW IWS| teducwm.rt mold S€ &, SYZik 'cre mold are
iJttrIM...I"*rs 4mi- 3tt 33%, WIK LuLS'2'+ nm "t 9% 60 74W 6%

Lbvrs0ech 7iin 73%R Tablefb34 Detdlilecs Bescription Of Brawirigs induce
R%Sﬁfﬂﬂget&':z'gtloﬁl?ereﬂ’%@%vé‘%%é‘ schgmatic Sdiagram illystating, ;qec

the method in accordance to one embodiment of the disclosed method. In

st&s BoBSsilideh BUBSHAER0 S provideddraviyfatlBastsneinsmved.
structure ZJanwhichds part of an array.bane aEMoren i nting vield of

>90% was observed. The imprinted substrate is then heat
treated at a temperature of 400 °C in a furnace in air.
The results were analyzed by a scanning electron
microscope (SEM) as shown in Fig. 2 through € described
in more detail further below.

Upon further examination of the cress section by
atomic force microscopy, 1t was found that both the
polymerization step and the heat-treatment step caused
shrinkage Iin feature sizes. The heat-treatment step
caused feature shrinkage of between 33% and 74% relative
to the imprint structures before heat-treatment, as

summarized in the following table.

Susary of she o imaE Tortae siee roducion 3tavary sigeof the T, puersing weing iopead lithosmphy

e s of 1he denprint aftey Onide Realiy sl ooy they
e rdied palymertration best-trentment of tmprinied feuchoes

Tk S s

W Festure sl Vadd ol the Fostury aige fednegion widh respest
fpokst danry mducton 08 ouids Somtere fundy soduction 0B mold ebees shee 0%
126 HEE £ FrE oo
EE 8- & THE TR
¥ it i T B

Table 1
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imprint structures 21. 10 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 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 ttoa
temperature of 110%%%‘?‘1%8%%8# 5 ié%gﬁ%%aﬁ%yee{rgf%;%%%ergoes
polymeriZzatibarto form said Fdrray dfimpriatstructures 2t iAethispoisthematic
referring 19 step D, the mold, 10 is .25 remoyed, leaying.substiate 30 with o,
one ormore imprint structures thereon, said imprint structures 21
compristigrertitanitint bemponentatissersed irpa polymetiigarylate 2 silicon

polymer.moigty. hstepE, impyntsiruciuces 21 arg. heatlreated AL 400,65 o
in a furnace in air to 30 selectively remove the organic matter from the 3
pobjriethaenAate palyrier Bhoiét by dXidatién afd 3/apdiizatibn WhRiler more
leaving. bghind.titanium-@xide in imprint structures of reduced size, 22.
Individual imprint structures 22a are now reduced in dimension 5 relative

to imprintrstruciures.befereihgattreatment,c 2LaRefesing tonkig. 2a andeps A

2b, there are provided scanning electron microscope (SEM%]im?%es at eo 2

10&ﬁﬁ8pgh C, from a Bilicon substrate 3 step '
initially spin coated with a layer 20 of a monomer-
composite composition comprising an  admixture of a
titanium methacrylate, ethylene glycol dimethacrylate
(crosslinker), azcobis-isobutyronitrile (initiator). 1In
step B, a silicon or a guartz mold 10 with an imprint-
forming surface 10a is contacted with layer Z0 under
pressure of 1000kPa for 300 seconds, such that the
monomer~composite composition takes the shape of the mold
10 in layer 2C. In step C, the assembly of 10, 20 and 30
are brought to a temperature of 110°C for 180 seconds

such that laver 20 undergoes pcolymerization to form said

array of imprint structures 21.

At this point, referring to step D, the mold 10 is
removed, leaving -substrate 30 with one or more imprint
structures thereon, said imprint structures 21 comprising
a titanium component dispersed 1in a polymethacrylate
polymer moiety. In step E, imprint structures 21 are
heat~treated at 400 °C in a furnace 1in air to

selectively remove the organic matter from  the
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magnification of a substrate comprising polymerized 10 Titanium
methacrylate and having linear imprint structures with line widths of about
250 nm in accordance to one embodiment of the disclosed method,
before and after heat-treatment respectively. Significant shrinkage in
feature dimensions can be seen, from line widths of 15 about 250 nm

before-heatieatpent 40 reducedhline widihseefabouty70 naxafter-ion  and
heat-treatment, It will also _be noted from the images in Fig. 2a and Fig.

2b RELtE® 3hapd of e mprints Heforelan® Sher the heatifeatfherits@p 2
remainechsubstantially the: same £20 Refergag to Fig: Sa aneb3b thesel ave dual
provided scanning_electron microscope (SEM ima%es at 30,000x a4 .
madiifction GTThE SubState 67 Fig, 2hand P, obs ekpectvaly, dimension
Signrifieantshrinkageinfedture dimensions ccan be Seen, froneline: widihgent ,
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 p%@%@?ﬁg a‘Q%CQE‘E?‘.p“@taSU%ﬁt&reébo,'oe noLehange .y ovided
substantially after said heat-treatment. That is, it can be seen from the
imagesin-Fig. 3alawk 30 Figaly thas @ shapé dflthe iipriiits befdre and 000x

af?ﬁé&H%@f@é‘&@@ﬁ“?@ém%re”HﬁB%@?H.‘E%ta“@%JR{ﬁPEsﬂ?ﬁ%e- 36,A50: +1 zeq
the center to center distances between adjacent structures do not _ N
suBé@@iéWchaﬁ@é@éTéﬁWt% Figsﬁﬂlﬁl and@@‘.%theréé@@@?ovidé@m int

scanning:gleciton,microseope (SEM) inages.at.10,000x 5 magnification gance
of a substrate comprising polymerized Titanium methacrylate and having

coftimnaif fmgtie Cstrdeires ®ith cOlBmAdrsdameters BE20GHm incefore and

aceerdanCReat ~treatment respectively. Significant shrinkage
in feature dimensions can be seen, from line widths of
about 250 nm before heat-treatment, fo reduced line
widths of about 70 nm after heat~treatment. It will also
be noted from the images in Fig. Za and Fig. Zb that the
shape of the imprints before and after the heat-treatment

step remained substantially the same.

Referring to Fig. 3a and 3b there are provided
scanning electron microscope (SEM) images at 30,000x
magnificaticon of the substrate of Fig. Za and Fig. 2b
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 70 nm
after heat-tTreatment. Furthermore, it can also be seen
that the center point between adjacent imprint structures
dees not change substantially after said heat-treatment.
That is, 1t can be seen from the images in Fig. 3a and
Fig. 3b that the shape of the imprints before and after

the heat-treatment step remained substantially the same.
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with one embodiment of the disclosed method, before and after
heat-treatment respectively. Significant shrinkage 10 in feature

dimensions can be seen, from columnar diameters of about 200 nm

before heat-treatment, to reduced columnar diameters of about 70 nm

after heat- treatment. Referring to Fig. 5a and Fig. 5b, there are provided
15:Scamning ledectren icroscope ESENY iméges:at 30:000x tmagnificatipncent
pf tr%% S%QSFE%g oécl):i%.o4ta aﬂ%?{% rflbi éﬁipec(t:ixgll){. Si.gnificant shrinkage

in featdre dimensions ' ¢an‘be seen, from cdlumnar diameters of about

200 nm E%ff’é%P%ﬁg”‘%%t”ﬁr&utozfsd%]%%d calumngr diameters of 20, 1 geqg
about 70 nm after heat-treatment. Furthermore, it can also be seen that
the centek pointhetwbsnadjadent Ciadivg striehifes doesdt changell, 000x

substantially. after, said heat-treatmeut, Thatis, Itca Pfss_ﬁﬁt&‘ oM e rized

images in Fig. 5a and Fig. 5b that the shape of the 25 imprints before and
aftel thé hegt-treafmearstepa femairsdrsubStartally theSamenalso, theprint

centento.cenier distapcesihetween adiacent stuciEres,da Aot n accordance
substantially change. Referring to Fig. 6a and Fig. 6b there are provided

30"éddhniifel 6RRATHIGBSCope (SEM) fhagesapd0,006ksy before and

magnification of a-substrate compdsingPohymerized; Jitamiulint shrinkage
methacrylate and having linear imprint structures with line widths of about

1087not P accdrancd i6bRé EnibodfifiBnt ot the disEidsed frigthbd, ©Otumnar

beforaand 3 aftes heattreatmeptirespestively rSignificand sheinkagendnt, to
feature dimensions can be seen, from line widths of about 100 nm before

hé&ﬁ@ﬂﬁﬁﬂeﬁfQ%Wgaﬁéedqﬁﬁgﬁters of abcut 70 nm after heat-

treatment.

Referring to Fig. 5a and Fig. b5b, there are provided
scanning electron microscope (SEM) images at 30,000x
magnification of the substrate cof 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
about 70 nm after heat-treatment. Furthermore, 1t can
also be seen that the center point bstween adliacent
imprint structures does not change substantially after
sald heat-treatment. That 1s, 1t can be seen from the
images in Fig. 5a and Fig. 5b that the shape o0f the
imprints Dbefore and after the heat-treatment step
remained substantially the same. Alsc, the center to
center distances bhetween adjacent structures do not

substantially change.

Referring to Fig. %a and Fig. &b there are provided

scanning electron microscope (SEM) images at 30,000x
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widths of about 30 nm after heat-treatment. Furthermore, it can also be

seen that the center point between 10 adjacent imprint structures does not
change substantially after said heat-treatment. That is, it can be seen

from the images in Fig. 6a and Fig. 6b that the shape of the imprints

before and after the heat-treatment step remained substantially the same.
Alsedhe tentartord5 centerdistances:heineen adigeent stigcturesidmaet zed

squtantla{Il}/nchan%e. Referr ngErto Fig. 7?50) and Fig. 7b(i), there are

proviagtrui scanninge Sction’ mic Gscope’ EMTW&&@S at Jlbn(ﬁﬁf( imprint

magnification=ef arsubstiate €omipiising 2@ pelymerizetlZirconiumaccordance

methacrylate and having inear. mprint syuetyres with ine widths of about

250°nnY ih- accordance to one embodiment of the disclose méthog,

befdresandrafter heat-dtreatmentat A00cdegreey Celius réspectivelgphrinkage

Si%gifi%a%g,égjrﬁjgka ein featCLJJIrleS digwaegsﬁggs %5 can bgrsgen,lfrom line
ofa

. ’ . dch £
widths out 25 lrl%ﬂrﬁraﬂosejfore heat-treatment, to re ucéﬁd Ilnleﬁv?/ldtvﬁléo s ©

aboet 70 nth@ftemheatﬁ@é&;mntﬁEaﬂh@m‘eMman also bersegncttat 1ine
the cepter point betweensadjagent ipprint Sttuctyres . does, pot Ghange, o -,

substantially after said heat-treatment. 30 The rectangular sectipns of the
substrateigs indieatediin 38 &G 7d{h)@hd Fige7b@patesturthies Mdgnified-ween

in £ig., Zafii) andFig.,Ab(l), respectively Reterdng t%l‘fégqg@@g%&'élgt ially
7b(ii), there are provided scanning electron microscope (SEM) images at
5 86,000x fradhificaAdn bF Are-8iibstratel 6fEig 17a(i) ahd Fg. #bii) seen from
regpectively, Significart shrinkage in;feature dimensions.can b@n%%?é"’ of the
from line Wigths of about 250 nm
imprints bkefore and after the Theat-treatment step
remained substantielly the same. Also, the center to
center distances between adjacent structures do not

substantially change.

Referring to Fig. 7a{i) and Fig. 7b{i), there are
provided scanning electron microscope (SEM) images at
10, 000x magnification of a substrate comprising
polymerized Zirconium methacrylate and having linear
imprint structures with line widths of about 25C nm in
accordance to one embodiment of the disclosed method,
before and after heat-freatment at 400 degrees Celsius
respectively. Significant shrinkasge in feature dimensions
can be seen, from line widths of about 250 nm before
heat-treatment, *to reduced line widths of about 70 mm
after heat-treatment. Furthermore, 1t can also be seen
that the center point between adiacent imprint structures
does not change substantially after said heat-treatment.

The rectangular sections of the substrate as indicated in
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before heat-treatment, to reduced line widths of about 70 nm after
heat-treatment. Also, pitch widths expand from 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
seéndron thel images i Fig. 7ati) and#ig. 15 2b(liethatthershiapedofthe Fig.
impgints. efore aﬁ]d afte%tt?% JI_?geat-treatmeril‘t.%[,ee remained substantially

the sél%nle. /i%%, le-center fo center distances between adjacent

structures do nat substantially change;as well, After said heat-treatment, ..

imprint structures show shrinkage of 20 about 72%, while pitch widths
betweEh defhcertampHAY stRictfresBhow Ak iNcGrease of M0l Refdrings at

to 9. Ba(l) apd -9 -8k there are pravided seanning gleckon. 7a(1) and

microscor?e (SEM) images at 10,000x magnification of a substrate

comprising 25 poRméisgd Nivbium Theihheryae and Havidg ifedm feature
imprint steuciyreswith fine widths ot abauti2bnn) iR +accortancedaoneso nm
embodiment of the disclosed method, before and after heat-treatment at

40tPdEGTReE THISIBS SREPESvely: BigRTEaRSNREgY Hifdaturet about 70
dimensiens 30 gan berseen; front linexwigkhs of ahoyt 25 pAKbefareing from
heat-treatment, to reduced line widths of about 140 nm 39 after
hesteatrhant. Birthermidre, teahais6pERERR that fHeEntérfoif™ after
between aehacant aprintstruciuies rdoes not.changessubstandiadly aftest the
said heat-treatment, The rectangular sections of the substrate as
NGRS in Y EY T 850 4RE Fig BbY are furthet tidgrifidd in Fig®Batf "ot

anthkigg8b@)respectivelyly after said heat-treatment. That is,
it can be seen from the images in Fig. 7a(ii) and Fig.
7b(ii) that the shape of the imprints before and after
the heat-treatmsnt step remained substantially tThe same.
Blso, the center to center distances between adjacent
structures do not substantially change as well. After
said heat-treatment, imprint structures show shrinkage of
about 72%, while pitch widths betwesen adiacent imprint

structures show an increase of 72%.

Referring to Fig. 8a{i) and Fig. 8b(i), there are
provided scanning electron microsceope (SEM) images at
10,000x magnification of a substrate comprising
poclymerized Niobium methacrylate and having linear
imprint structures with line widths o©f about 250 nm in
accordance to one embodiment of the disclosed method,
before and after heat-treatment at 400 degrees Celsius
respectively. Significant shrinkage in feature dimensions
can be seen, from line widths c¢f about 250 nm before

heat-treatment, to reduced line widths of about 140 nm
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Referring to Fig. 8a(ii) and Fig. 8b(ii), there are provided scanning

electron microscope (SEM) images at 30,000x magnification of the

substrate of Fig. 8a(i) and 10 Fig. 8b(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
heaf-treatneritt Alsog pitcte widthstexpane froneabout 25 nm dbefare be  seen
heghteamentlo Ahout 300.am 45 aflernealrrealment FUIIEIMOIE, e ures
can also be seen that the center point between adjacent imprint

stridretures cdoesinot ¢hange stilbstantalhvafeet said eatdreatment. “Ehgment .
IS-if,can. be.seen, fram the images.in i, 8a (i), ad Fig. 8(D thatthereq 1n
shape of the imprints before and 20 after the heat-treatment step
refisihedCsubstaritiafly ke samb (Also2tife centdite ey distascesin Fig.
befween ,adjacent;siructyres dp natsubstantially change as well. After

said heat-treatment, imprint structures show shrinkage of about 44%,

while pitchewidths hetweenr2g adjagent imprind structuressHow anthere are
increase of 44%. Referring to Fig. 9a(i) and Fig. 9b(i), there are provided
scaRRt EIEctrB Rt rdseope (SEMSimales 4P A8°B00x hghificatiifsr 2%
a subsirie camprising: pelymerized Tiantalumanethasrydate ang.haying ;  and
linear 30 imprint structures,wé%ﬁtline wijdths of about 250 nm in ,

aCtORdarite [ o GRBOMHIE: Bf thi ARGLCa Mre ot AP Bor a2 = 22
after heat-treatmentrat 400 gdegreesrCelsiusi respectively. Signdicant: 250 nm
S rin%a e inhfeatu_[e dimensions can be s§en, f(rjo line widtfflj%gf abogﬂJt
25071 eeforgaﬁegt-rt?éaattrrrﬁ%rﬁiﬁ to réducéd e widths 'of apout 86 nf's
aftet heatstreatiment. Bathermorefitean alshbecseepitch widths expand

about

from about 250 nm befcre heat-treatment to abeut 360 nm
after heatwtreétment. Furthermore, it can also be seen
that the center peint between adjacent imprint structures
does not change substantially after said heat-treatment.
That is, it can be seen from the images in Fig. 8a(ii)
and Fig. 8b{(li) that the shape <¢f tThe imprints before and
after the heat-treatment step remained substantially the
same. Also, the c¢enter to center distances between
adjacent structures do not substantizally change as well.
After said  Theat~treatment, imprint structures show
shrinkage of about 44%, while ©pitch widths between

adjacent imprint structures show an increase of 44%.

Referring to Fig. %a{i) and Fig. Sb(i}, there are
provided scanning electron microscope (SEM) images at
10,000x magnification of a substrate comprising
polymerized Tantalum methacrylate and having linear
imprint structures with line widths of about 250 nm in

accordance to one embodiment of the disclosed method,
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that the center point between adjacent imprint structures does not change
substantially after said heat-treatment. The rectangular sections of the
substrate as indicated in Fig. 9a(i) and Fig. 9b(i) are further magnified in

Fig. 10 9a(ii) and Fig. 9b(ii), respectively. Referring to Fig. 9a(ii) and Fig.
9hb(ii), there are provided scanning electron microscope (SEM) images at .
30;600x magnificatibhaf thessubstrate0fuBigt 9a&(l) add OFigiGb(ges Celsius
respectively. Signjficant shri inf re 15 di S] b :
e WS O b0t 350 o bt ReACSathont 15 rodtoa g =07
widgts obabaoit 80, nni after HeldtareathidritsAlSS, pirbtpwidths éxpand before
from .abqut 250 nmibefore heatreatmenttp about A20-nmaftery o- 50 nm
heat-treatment. Furthermore, it can also be seen that the 20 center point
between adijgeénttiffprintsittcturesdoes st réhangé sGlsstantially afisr seen
sajd heat-yreatment. Thatjs it Gandhe seen from-theimages in £ig9a, ;res
and Fig. 9b(ii) that the Shape of the imprints before and after the
heltdieatiiéntdtép ¥éméained 'stbsishtially the'sdme P5°AIRE Afhetdatément -

to-eepterdistances betwean-adjacenis struetures de pet subsiantialycated in
change as well. After said heat-treatment, irgg{rint structures show

shririkage Bf ‘aboff68% Jwhile’Pitch witifits HetweBR adfireRt Gt Fia-

structures shew an increase: af 68%e 3@ Kefering,to Fig. 10a(i) and Fig.
10b(i), there are provided scanning electron microscope (SEM) images at

41 10,000% feagrification of agsubstateicoraprdsing polynedrized Iramere are
methacry atg and having linear imprint structures with lin é{ﬁ'%hs of about .
250" firif ccordance 15 one emboditent ot the diddiosed methotd " 9°° <

beforel@nid magnification of the substrate of Fig. %a(i) and
Fig. 9b (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 B0
nm after heat-treatment. Alsc, pitch widths expand from
about 250 nm bhefore heat-treatment to about 420 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 1is,

'ig.

j

£y

it can be seen from the images in Fig. %a(ii) and
9p{ii) that the shape of the imprints before and after
the heat-treatment step remained substantially the same.
Also, the center to c¢enter distances between adjacent
structures do not substantially change as well. After
said heat-treatment, imprint structures show shrinkage of
about 68%, while pitch widths between adjacent imprint

gtructures show an increase of ©8%.

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

provided scanning electron microscope (SEM) images at
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5 after heat-treatment at 400 degrees Celsius 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 70 nm

after heat- treatment. Furthermore, it can also be seen that the 10 center

point between adjacent imprint structures does not change substantially

afted salitheat-treaiment cEhel gectangilar sectionsibfthesubstratecag rising

indicated in, Fig.. 10a(i) and Fig. 10b(i) are further magnified in Fig. 10a(ii) . .
i OB espetivel 15 Reteting 010, T0MH SnciFiG. E60( -7 1%
thererare preagded. starining electronamicfostope{SEM) images atccordance

sotgooérgageg%ggg%gﬁﬁ ec%‘ bs%rﬁ’:lée %{i@g'ld%%%@ a%%t@gdlobg%f ore and
respectively. Significant shrinkage'in” featuré dimensions can be seen,
from line Widthsdf abotn20 250t beforedteat4reatment; to redycedtlinesly .

Wigﬁh;;n%ffﬁ‘g%ttsosﬂ@ﬂ%ﬁéjga&He%té‘A%’Hré'SBi%ﬁ’s%%s &xpand seen,
from about 250 nm before heéat-treatment to about 430 nm after
heattreatast. Fadidenord, ieémidlsgbe seenlihdcthe ceardy poliatment,

between agjacent impript 23 siiuglres goegnot change syfstantially. aftgr, , -

said heat- treatment. That is, it can be seen from the images in Fig.
10aXimPditERy: 1006Nthatthrershape bf tR@imprirts bel6re afdaftérthe the

heattrealment steppamaipgd sybstantally the-same Alsp heLanteplos not
30 center distances between adjacent structures do not substantially ‘
changB A’ weélliatiet ShicPheat-reatineft, 42 printstrbctuFéssAgnt .  The

shrinkage gf ahout £2%; while pitch widthshetweenadjagent MRtz ted  in
structures show an increase of 72%.
Fig. 10a{i} and Fig. 10b (i) are further magnified in Fig.

10a(ii) and Fig. 10b(ii}, respectively.

Referring tec Fig. 10a{ii) and Fig. 10k(ii), there
are provided scanning electron microscope {SEM) images at
30,000x magnification of the substrate of Fig. 10a(i) and
Fig. 10k (1) 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 80 nm after heat-treatment. Alsc, pitch widths
expand from abcut 250 nm before heat-treatment to about
430 nm after heat-treatment. Furthermcore, it can also be
seen that the center point between adjacent imprint
structures does not change substantially after saild heat-
treatment. That 1s, 1t can be seen from The images 1in
Fig. 10a(ii) and Fig. 10b(ii} that the shape of the
imprints befcre and after the heat-treatment step
remained substantially the same. Also, the center to
center distances between adjacent structures do not

substantially change as well. After said heat-treatment,
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Referring to Fig. lla(i) and Fig. lIb(i), there are 5 provided scanning

electron microscope (SEM) images at 10,000x magnification of a

substrate comprising polymerized Silicon methacrylate and having linear
imprint structures with line widths of about 250 nm in accordance to one
embodiment of the disclosed method, 10 before and after heat treatment

at 4Q0:degreestGelsiusreaspectively.ssignificantshemkage i feature, while
dimensions .can be seen, from line widths of about 250 nm before
heat-trRAteft i rédftic8d Tie Widfhs Dt aboliF8a i Afepc-ures show an
heattreatment. £urthermore, it can also be seen 15 that the center point
between adjacent imprint structures does not change substantially after

said heaRegatmenty The réctangulas sedtiomsof fhgrsubstiateé as there are

indi in _Fig. lla(i Fig. Ilb( furt ified in.Eig, lla(i

Fi%.%lﬁ)t%l C,iﬁragsp%é%(é%yi%% R% eJEr?‘l(lrli)éac'[gog Fligl.quil) an% Lﬁig. %%kg) thzir%)agt%% At
pré@idé@ %annkng%lé@imhrﬁms_copef(_SEM) iméglé&éﬁf B0000xcompr ising
magnification of the substiate of Fig, Yjad).and Fig. IRArespectively. 1inear
Significant shrinkage in feature dimensions can be seen, from line widths

of Elplt 25 250 At before heattreatrint, 1ol ddueed inexRiiis of*Abgut  in

80, pafter heat-reatment. Ao pichawidths -expand from abouL 45064,

before heat-treatment to about 420 nm after heat-treatment. Furthermore,

it €4 8156 bé"see thatthd eaftet poitbellechtadfdcentdfprneso Celsivs

_S’t'}’@gﬁ@§@9@§f59:[ CB%@Q@_, §9Q§tﬁgti@ljy@f;§{a$§aéd bﬁa%éeea&@_@naﬂmsions
is, it can be seen from the images in 43 Fig. lla(ii) and Fig. lIb(ii) that the
shape ofthe SRMints Detdre ahB&fterthe heatteafieh te2p% nm before

heat-treatment, to reduced line widths of about 80 mm
after heat~treatment. Furthermore, 1t <an alsc be seen
that the center point between adjacent imprint structures
does not change substantially after said heat-treatment.
The rectangular sections of the substrate as indicated in
Fig. 11a{i) and Fig. 11b{i) are further magnified in Fig.

1la(ii} and Fig. 1ib(ii}, respectively.

Referring to Fig. 1la(ii) and Fig. 1lb(ii), there
are provided scanning electron microscope (SEM) images at
30,000x magnification of the substrate of Fig. 1lla{i) and
Fig. 11k (1) 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 80 nm after heat-treatment. Alsc, pitch widths
expand frem about 250 nm before heat-treatment to about
420 nm after heat-treatment. Furthermore, it can also be
seen that the center point between adjacent Imprint
structures does not change substantially after sald heat-

treatment, That is, it can be seen from the images in
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remained substantially the same. Also, the center to center distances

between adjacent structures do not 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%. 10 Applications The disclosed method of reducing the dimension

of angimprintstructure. ea a sybstrateris @ simplewet effeetiveswayof of the
obtaining imprint structures in the nanoscale range, particularly 100 nm or

les< A5 Advantageotsfy, thd discidsetThethddTs cdpable of direlfiy -  SteP
forraing impdnt struetuses otmetal/metallaidrand nmetalimetalioid oxigeser to
on a silicon substrate withoyt the step of etching. More advanta eous%/,

thé SlibStrate “haviig e imprint Stricturd Jo?%?geﬁ*a/m%%%%aﬁg& 20 “°¢
metal/mietalloick dXides fermed bysthecdiscloget:methodimay: dze- used:mt ment ,
solar cells, sensars, displays, hit pattern_media and ferroelectric random . .
LB Ao (AN Siton 1he SR of the dBated ethod "<
tomirectty patteirs sémiconductar prides sucimas silicon dioxide: 26 {SKI2)pw an
makes, it glgg %sgftélggr_ fabricating nanopatterned molds. Accordingly, the
fabrication of nanofeatured molds may be carried out by the disclosed

method without relying on relatively more expensive methods like
electron-beam etching and focused-ion beam etching. 30 As the disclosed
method is able to directly patternafiie1substate with metals and metal

oxides without the 44 need of additional steps such as etching, defects

arising fron® efaboratReSMetiods Gt etching ey B& abBitled: mension of an

imprint structure on a substrate 1s a simple vyet

not

effective way of obtaining imprint structures in the
nanoscalie range, particularly 100 nm or less.
Advantageously, the disclosed method is capable of
directly forming dimprint structures of metal/metalloid
and metal/metalloid oxides on a silicon substrate without
the step of etching. More advantageously, the substrate
having the imprint structures of metal/metalloid and
metal/metalloid oxides formed by the disclosed method may
e used in solar cells, sensors, displays, bit pattern
media and ferrcelectric random access memory (FeRAM). In
addition, the ability of the disclosed methced to directly
pattern semiconductor oxides such as silicon dioxide
(5102) makes it alsc useful for fabricating nanopatterned
molds. Accordingly, the fabrication of nancieatured molds
may be carried ocut by the disclesed method without
ralying on relatively more expensive methods like
electron-beam etching and focused-ion beam etching.

As tThe disclosed method 1s able to directly patfern

the substrate with metals and metal oxides without the
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Furthermore, the disclosed method requires relatively less steps to form
nano-sized structures than known 5 methods, thus enhancing throughput
relative to such 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. 10 Advantageously, this
transtates fo everal iopesationad peosts: savings asthe moldsiwdthcsmalterising
forming features are relatively more expensive than those with larger . . .
o foriig T3atirec WATE FEakonabie off G nide Haah effgloyedt62e
15 desdribereguivalenhembbdiméntssaf thegpresent ineemtiors sit wikbetively
apparent to.the person skilleg in the art afer jeading the foregoig., . 10
dlsg‘iosure, %hrft various other modifications and a aptations of the
inveritiopcmay the! sade thersin yvithout departing feoi the spitic and 20 known
scope,of the invention and it is intended that all such modifications and
adaptations come within the scope of the appended claims. 45 Claims 1.

A method@f sduciifptheldimentdion ofisgcihipimd stiitblrecon alsubstrateo Lds
theg method comprising the. 5 steps of:{a) providing a substrate haung at.y «

least one imprint structure thereon, said structure being formed of an
in&PRAIEErgantic- BémpoukdbhiPrising taitinergdfic méiéty afigae  size.
polymer maiely..said 10 polymermoiely haying aloweryaperization -2+ i onal
temperature than the melting point of said inorganic
costs savings asz the molds with smaller forming features
are relatively more expensive than those with larger
imprint forming features.

Wnile reascnable efforts have Dbeen employed to
describe sguivalent embodiments of the present invention,
it will be apparent to the person skilled in the art
after reading tThe foregoing disclcsure, that varicus
other modifications and adaptations of the invention may
be made therein without departing from the spirit and
scope of the invention and 1t i1s intended that all such

modifications and adaptations come within the scope of

the appended claims.
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moiety; and (b) selectively removing at least part of the polymer moiety
while enabling at least part of the 15 inorganic moiety to form a
substantially continuous 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. 20 2. The
method as claimed in claim 1, where@ilthemselectively removing step (b)
comprises the step of heating said imprint structure. 25 3. The method as

claimed in claim.1 or 2, wherein the inorganic moiety is bound.to the . .
e B e B b a Y dmprinc
inorganicsmoiety isrsubstarriabyhemogenpusiy <30rdispersed dhwoughouty the

said polymer moiety. 46 5. The method as claimed in claim 1, comprising

the step o %?gvi ing said polymer moiety being comprised of at least one
of an allyl, a viniy or am cacryglatey polynser, 516; Jhe niethod @as ehimed F-  one

claim 5, wheiein fhe SERERAYMER SOmBHSes Bunemere Al A eSpe ng
and methacrylates and combinations thereof. 10 7. The method as .
claimed ihcolEifT6, Wheprsin sdig racrylate polyaTerds golymetiatrylaergising
The methoq as claimed in. any one-of the preceding,, elgims, whereln the 554
inorganic moiety comprises at 15 least one of a metal or metalloid.
polymer moilety having a lower vaporization
temperature than the melting point of said incrganic
molety; and
{b) selectively removing at least part of the
polymer moiety while enabling at least part of the
inorganic moiety to form a substantially continuous
inorganic phase in said imprint structure, wherein
the removal of the at least part of the polymer
molety from the iImprint structure reduces the

dimension of the imprint structure.

2. The method as c¢laimed in c¢laim 1, wherein the
selectively removing step (b} comprises the step of

heating said imprint structure.

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

inorganic meoiety 1s bound tc the polymer moiety.
4, The method as c¢laimed in c¢claim 3, wherein the

inorganic molety is substantielly homogenously

dispersed throughout said polymer moiety.
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9. The method as claimed in claim 8, wherein the metal is a transition

metal. 20 10. The method as claimed in claim 8, wherein the metal is

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. 25 11. The
method as claimed in claim 10, wherein the metal is selected from the

grokip comaistingsafndifanasm, Zireoniken, Nobivha, iFanfalundraingising  the
Copper, Sié\éer, andiZinc. SOVJiZdiThe meth_gL)g as clo'm%% in cl%im_. %‘t bein
wherein the”hetalioid i$’Silidon. 47 13. THe method 48 tlaimed in aﬁ’y ong 9
of the preceding. ctaimsfwherdindlse impentsiructurelis algererallynyl or an
elongateéggriﬁgt%aevingif I%g%th dimension parallel 5 to a longitudinal axis

that is genergl y paraﬁ)e 1" said substrate, said length dimension being

defined between a proximal end and a distal end. 14. The method as

claiged in,any gne ptejains 1 19,12, 10 whegein the imprigt stryewe sin .

the form of a projection having a longitudinal axis that iIs generally normal
to said sdisstiate aRdRvHersmthecprsjéstich extapdsironra preximbiead and

from said, substrate tg.a.distal gnd. 45 2. The Juethod asglaimed in

claim 13 or 14, wherein the length dimension is at least two folds greater
than the width dimension of the imprint. 20 16. The method as claimed in

claim 15,wherein the, dength dimensienis atleast thige falds gieaterin  saig

acrylate pclymer is polymethacrylate.

8. The method as claimed in any one o¢f the preceding
claims, wherein the inorganic moiety comprises at

least one of a metal or metalloid.

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

is a transition metal.

10. The method as claimed in claim 8, wherein the metal
is selected from the group consisting of Group 4,
Group 5, Group 8, Group 10, Group 11 and Group 12 of
the Periodic Table cof Elements.

11. The method as claimed in claim 10, wherein the
metal is selected from the group consisting of
Titanium, Zirconium, Niobium, Tantalumn, Iron,

Copper, Silver, and Zinc.

12. The method as claimed in claim 8, wherein the

metalloid is Silicon.
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than the width dimension of the imprint. 17. The method as claimed in any
one of the preceding 25 claims, wherein the imprint structure after said
selectively removing step has substantially the same aspect ratio as the
imprint before the selectively removing step. 48 18. The method as
claimed in any one of the preceding claims, wherein an array of imprints
is disposed on said substrate. 5 19. The method as claimed in claim 18,

wherein the array, is an %rgerggaaﬁf%%vd"ff‘nseé'% OEﬁ%’é"?oan&%’é”mpr}?e N aing
imprints being I(?lsposed on said substraté at an “approximately equa
distance from.each siter=10: 26h€he mpethod astclaimedria any enegehierally

claims 13 to 19, wherein each irﬂgrint has_a entreﬁHoiatidefined Slonagr%llel
ala

central Io%gﬁagi%%ieaxﬁgl %ﬁé%%twe%%%d%ro% n d?setgfé”r?ds,%nd

wherein the center point $etwdermadjacehtimprintydoes adi ysparallel to
Substant@ﬁsg&has% e.dyring said selectively. temaving step., 24, The 4. ¢:neq

method as claimed in any one of the preceding claims, wherein after said
selectiveljarentsving: 20cstepinthe diensivh of thesmplineredluces by at
least 30% of the dimension of the imprint before said selectively removing
step. 22. The method as claimed in claim 21, wherein after 25 said
selédtiveRrenmitvirigp stepstheldifiendiohof3he iRfpfintiedtead By 3b% fo 12+
80% of t%@%@%'%@ tbﬁﬂrf'ﬂﬁ'@t Qq!serfc%@@@elsgtw@w removing.stesr
23. The method as claimed in any one of the preceding
preiection having & lengitudinal axis that 1is
generally normal to said substrate and wherein the
projection extends from a proximal end from said

substrate to a distal end.

15. The method as claimed in c¢laim 13 or 14, wherein the
length dimension is &t least two folds greater than

the width dimension of the imprint.

16. The methoed as <¢laimed in claim 15, wherein the
length dimensicn 1is at least three folds greater

than the width dimension of the imprint.

17. The method as c¢laimed in any one of the preceding
claims, wherein the imprint structure after said
selectively removing step has substantially the same
aspect ratic as the imprint before the selectively

removing step.
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30 claims, wherein the providing step comprises the step of coating.a
monomer-composite composition 49 comprising an admixture of a
polymerizable monomeric composition and the inorganic moiety on said
substrate. 5 24. The method as claimed in claim 23, comprising the step

of contacting a mold having an imprint-forming surface with said
moh8&mefftempesitesconzpositibai2sdThenmethod as<lainfed:ineclaime24;ding

comprising the 10 step of polymerizing said monomer-composite, .
compositar WIS ineRSat Wil sad Aold 1 foriF I ey of gmReed o0

structures farnedhbfsaid timorganic-organic compound on said substrate.

15 26. The method as claimed in claim 25, wherein said polymerizing

step is undertaken at a temperature sufficient to induce free radical
polymeriZationTsft thedmaaomez-coapobite cbmiposition. 202% Mhethe array

method asclaimed.ip claim 23, wherein said polymerizing Siep ISy columns
undertaken at a temperature of from 60 degrees Celsius to 150 degrees
Celsius. 28. THebmethict dseélainedlifrRtaiAt2 R eomptiding the 2z sepat an

of removing aid mold after the temperaile of saidformed,imprint s less

than the temperature of Said polymerization step. 29. The method as
claimed in any one of the preceding 30 claims, wherein the selectively

remayvingrstep;is 30.carsied out ahademperatyre.glfroyp 300.degrees o 19,

Celsius to 900 degrees Celsius. 30. The method as claimed in any one of

the;xecéﬂﬁifein gach imprint has a centre point defined
along a central longitudinal axis and between said
proximal and distal ends, and wherein the center
point between adjacent inmprints does not
substantially change during said selectively

removing step.

21. The method as claimed in any one of the preceding
claims, wherein after said selectively removing
step, the dimension of the imprint reduces by at
least 30% of the dimension of the imprint before

sald selectively removing step.

22. The method as claimed in c¢laim 21, wherein after
sald selectively removing step, the dimension of the
imprint reduces by 30% tc 80% cof the dimension of

the imprint before said selectively removing step.
23. The method as claimed in any one of the preceding

claims, wherein the providing step comprises the

step of coating a monomer-composite composition
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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 10 imprint after said selectively removing step has a
dimension in the nanoscale size range. 32. The method as claimed in any

one of the preceding claims, wherein the substrate is composed of 15
material selegtedsfion the grap eansistingfofssilicoiygiass; aletal, metameric
oxide, silicgrp d{_}i}g)ﬁ?ﬁbgilicon %itridehlendiurp}gj:n gxiglg, cercce)tr.lné(;d sapghire,Said
and combinations thereof. 20 33. 'Fhe method as aal-mednln anyyone of the

preceding u¢laitas; tcomprising 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

25 id substemtiaiytihedsante. 34 aimemethod asalaimed in claip83sing the

wherein the_step, Of providing:a, minimypn amaunt, of jnarganic moiety i, - m: ng
the inorganic-organic compound comprises reactingan 30 inorganic
compourfthwith & leakst bné of AniiyRiee 51HIE 08 MEtha6FRE B AACN -
acrylic acid in a molar ratio of about 1:8 to about 1:2. 35. The method as
claimed in claim 34, wherein the 5 inorganic compound is at least one of

a metal akoxidé br afnetallofd alkBRide. 136, Thé Hethdd asclimeding the

claim 25 qwherein the polymeyizing:step is carded gut inthe presencs@icsite
10 ultra-violet radiation. , _ . .
composition while in contact with said mold to form
the array of imprint structures formed of said

inorganic-organic compound on sald substrate.

26, The method as c¢laimed in claim 25, wherein said
polymerizing step 1s undertaken at a temperature
sufficient to induce free radical polymerization of

the monomer-composite composition.

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.

28. The method as claimed in claim 27, comprising the
step of removing said meld after the temperature of
said formed imprint is less than the temperature of

gald polymerization step.

29. The methoed as c¢laimed in any one of the preceding

claims, wherein the selectively removing step 1is
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37. A substrate comprising nano- or micro- sized inorganic structures

thereon obtained by the method of any of the preceding claims. 15 38.

Use of an imprinted substrate in one of: (i) a semiconductor device; (ii)
nanoimprint mold fabrication; (iii) an anti-microbial coating; (iv) solar

cells; (v) sensors; (vi) displays; (vii) bit 20 pattern media; and (viii)

ferro-electdc rardbmeatcess memogpwvhereinsaidimprinted salistratisigrees
made in %&%9%% aécglaji%ad in any on %fl%l%iﬁs,l to 36. 25 52

degrdes
30. The method as claimed in any one of the preceding
claims, wherelin tThe imprint hefore said selectively
removing step has a dimensicon in micro-scale size

range.

31. The method as claimed 1in claim 30, wherelin the
imprint after said 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 is composed of
material selected from the group consisting of
silicon, glass, metal, metal oxide, silicon dioxide,
silicon nitride, Indium Tin oxide, ceramic,

sapphire, and combinations thereof.

33. The method as claimed in any one of the preceding
claims, comprising the step of providing a minimum
amount o©of inorganic molety in the inorganic-corganic
compound such that after said polymer moiety has
been selectively removed, the shape of the imprint

is sukstantially the same.

34. The method as claimed in claim 33, wherein the step
of providing a minimum amount of incrganic moiety in
the incorganic-organic compound comprises reacting an

inorganic compound with at least one of an allyl, a
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35.

36.

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 c¢laim 34, wherein the
inorganic compeound is at least one c¢f a metal

alkoxide or a metalloild alkoxide.

The method as claimed in claim 25, wherein the
polymerizing step 1s carried cut in the presence of

ultra-violet radiation.

A substrate comprising nanc- or micro- sized
inorganic structures thereon ocobtained by the method

of any of the preceding claims.

Use of an imprinted substrate in one cf: (1) a
semiconductor device; (i1) nancimprint mold
fabrication; (iii) 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 claimed in any one of claims 1

to 36.
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