A METHOD FOR FORMING METAL CAPPED SUBSTRATE IMPRINTS Technical Field The present
invention generally relates to metal 5 capped substrate imprints and to a method of forming imprints on
a substrate that are capped with a metal layer. The capped metal imprints are useful in the reflection of
light in sens¥i@ tded4Burface plasmon resonance. 10 Background — THEI&&R)AEERBosIt or pattern
various kinds of conductive materials on a substrate is an important technique in the field of
electronics. Organic electronics 15 is a branch of electronics that deals with conductive polymers. One
of the key steps for the realization of advanced organic electronics is the ability to deposit or pattern

various kinds of soRguGlife SkeHARRRifapehimeraubsIAleyEXiatagPatiesringrdechniques
include 20 photolithography, electron beam lithography and rigid shadow mask technology.
Conventionalphotolithographytechniquesemploy light, usually in the form of ultraviolet (UV) radiation,
to selectively radiate a predefined portionreatight 125 sebaitive chemical known as photoresist,
which is deposited on a substrate surface. The step of selective radiation_is ‘usuall complished
through the use of gkb%otB%eass%% sh%&%?e&%lc’)%% regﬁggtlrvaéiéébioﬁs'a(l)F%]%Sphc%%reé%%ﬁqom/to the UV
radiatiod. Thisproséssssi3ustally fotowidisy trengartizd removes Bttt phdtorésistiayer and a

plthora of depgstion progesses: syl A, elemisalanarlepasijen (GYL)Pr ghysielvapor
deposition (PVD).
layer. The capped metzl imprints are useful in the
reflection of light in sensors used in surface plasmon
resonanée.
10 7
_ Background

The ability to deposit or pattern various kinds of
conductive materials on a substrate 1s an Important
technique in the field of elsctronics. Organic electronics

15 is a branch of electronics that deals with conductive
polymers. One of the key steps for the realization of
advanced organic electronics is the ability to deposit or

' pattern wvaricus kinds of cenductive materials onto a
polymer substrate. Existing patterning technigues include

20 photolithography, electron beam lithography and rigid
shadow mask technclogy.

‘Conventional photolithography technigues  employ
light, usually in the form of ultraviclet (UV) radiation,
to selectively radiate a predefined portion of a Ilight-

. 25 gensitive chemical known as photoresist, which is
depesited on a substrate surface. The step of selective
radiation is ‘usually accomplished through the use of a
photomask to shield/expose respective reglons of The
photoresist from/to the UV radiatlon. This procesg 1is

30 usually folilowed by the partial removal of the photoresist

layer and a plethora of deposition processes, such as

—



A problem associated with photolithography is that selective deposition of a metal cannot be achieved
without 5 the use of a photomask or a rigid shadow mask. Furthermore, the rigid shadow mask used in
the process is both expensive and time consuming to produce, thereby, increasing the capital costs
associated WRpHEEIography. 10Similarly, there are also disadvantagded’aSetiat8e ith the other
conventional patterning techniques. One of the disadvantages is that these conventional techniques
require multiple processing steps, which in turn increases the costs involved. Another disadvantage is
that these 15 conventional techniques are either unable to selectively deposit metal on a substrate

without the peed ofkaphotegpask, ol eexiensivearns elakarateligamerit in orgerto selectively
deposit a metal on ,atsubstr%%) urthermore, these techniques are unsuitable for 20 fabrication of a
metal patteriGVaT R HGA-planar substrate.  With respect to sensor chips, for example those for use

in surface plasmorresorsricerspestroscepye(S PR threvibas midthbas oiphanufiettufinga metal layer
on such 25 %@E%@%’.e&}o@ﬂfﬁ?ﬂ and expensive. Jypicallypsensar chipsihave relied on a

Kretschmann configuration for their use. However, the Kretschmann configuration is limiting with
respectito tHeepticRrop&dies df therSUpPBrELubstiate dhd thé FeGuirePiemt¥Br a Féfdttive 30
material within a-spesiic-eange.d ypically this sarge isfsm 46am tm5anra of gotek dhassbeen
previously demonstrated that the use of %rating cougled Islurface WO

2010/042078BET/STEIHIIT0603 73 Blasiion spectrosco

TOo  prodnce, th re%%, :
on spéc roscop? can be used“lwﬁereln the substrate is
coated with aneftectivenmaterialnfor exaraplégold, at athickness eFalvcuElBohm. THis™Has enabled an
increased in tgg. gi%%%ggggyWh the substrates for SFR can be a made and has also lowered their

L

cost. However, thesé gratings have all consisted of grating.structures to which a unitary metal coating

has beh applied. Simifisrblis a RBEAT0 FrEvIde d FRetHbEGbTmATE &R infitit Oh°d 6 a metal
layer in whichithe ippednthasa 104netad tayer disposeddhereon. Supmmatues. Cne of

the disadvantages is <that these conventional technigues
reguire multiple processing steps, which in turn increases
the costs invelved. Another disadvantage 1s that these

15 conventional technigues are either unable to selectively
deposgit meta on a substrate without the need of a
photomask, or require extensive and elaborate alignment in
ordar to selectively deposit a metal on a substrate.
Purthermore, these Lechniques are unsuitable for

20 fabrication o¢f =z metal pattern owver a nen-planar
substrate.

With respect to sensor chips, Ifor example those for
use in surface plasmon resonance spectroscopy (SPR),
previous methods of manufacturing a metal layer on such

250 chips have been inefficient and expensive. Typlcally,
sensocr chips have relied on a Kretschmann configuration
for their use. However, The Kretschmann configuration 1is
limiting with respect to the optical properties of the
support substrate and the reguirement for a reflective

30 material within a specific range. Typically this range 1is
from 46nm to 50nm of gold. It has been previously

demonstrated “hat +the use of grating coupled surface



According to a first aspect, there is provided a method for forming an imprint on a substrate having a
15 metal laver thereon, the method comprising the steps of: (a) providing a mold having an imprint
forming surface having a first region and a second region, said first region being dimensioned to have
a greater suwacd@HreR&lative to said second region and wherein a metaPRUESHAGHE Frovided on
said first and second regions; and (b) forming an imprint on said first substrate by contacting said
'substrate with said mold, wherein said imprint forming conditions are selected such that the part of
said metal coating on said first region of said mold is 25 substantially transferred onto said formed

imprint Whi'epaadigrgeﬁtagg%tﬂlgseeéﬁd secondJegionsupstantially remaingon saidameld.
Advantageously, due to the greater surface area on the first region of the mold.as corgpared to that of
the 30 secortPrEdeN Bi-ie MofE alGreaterwak ot auresion s gehaTated b&tween the first region of
the mold and the-gerespangingyegionanthe substate todberebyrgremote: of faciktatesthe transfer of
the metal layer onto the substrate. Advantagequsly, the disclased metho ay result in the
formation of B iMPRAnEor te Stisstrate a‘é‘%ﬁe %agC %ydse%%ssh%%'“gfs a?n%%al ‘%a%/’\iar %%S—Z ée ected region
on the ifiprintaaf¢hessubstrate atfhecsalmevimed Advamitageoasty itispossitie®provideaseflective

substrate for yise in g detection system, such a5 ap suface blasmon/esgnsance, systern, where only a
selective part, namely the micro-sized or nano-sized sized imprints, are provided with a reflective

material, thefeByFgieadly erhiamtiriPthei s fetheSsRaly&iEbf Sor example, multiple biomiolecules
discretely conjugateghia-a singlesSeAs@d to provide a method of forming an

imprint on a on a metal layer in which the imprint has a

10 metal layer disposed thereon.

Summary
According to a first aspect, thers i1s provided =z
method for forming an imprint on a substrate having a
15 metal layer thereon, the method comprising the steps oI:
(a) providing a mold having an imprint forming
surface having a first region and a second region, said
first region being dimensioned to have a greater surface
arez relative to said second region and wherein a metal
20 coating is provided on said first and second regions; and
(b} forming an imprint on said first substrate by
contacting said substrate with said mold, wherein said
imprint forming conditions ars selected such that the part
of said metal coating on said first region of said mold is
25 substantially transferred onto said formed imprint while
szid metal coating on said second region substantiall
remains on said mold.
Ldvantageously, dus to the greater surface area on
the first region of the mold as compared to that of the
30 second region of the meld, a greater work of adhesion is
generated between the first regilon of the mold and the

corresponding region on the substrate to thereby promote



Advantageously, the disclosed method may provide a conductive pathway between a substrate
comprising a polymeric bipolar plate and a catalyst of a polymeric fuel cell. Currently, the metal bipolar
plate is up to 7096 of the total weight of the fuel cell. This weight can be significantly reduced by using
a polymeric bipolar plate with conductive material that has been applied to a selected area of the plate
in accBfdant@ithithatdisclddetl mEHRES L e Advaftagebtsly, RéE HisclosRdSheth8d Hray 4186 provide
controt@haispeetic behavior of a fluid flow, using the selective metal patterning of a substrate. In
particular, flujd.flow,can be cantrolle 'nea mi riqjluj{jossa plicaréié)&od According toe%%f@bocyzrlnent,

X VAantageo %} . %P . & ) el r .
there is provi edan m?prln%e gubstra e, sald substrate aving a mICI’O-SIZéa or nano-sized |mpr|nt

integréiieforietntthersurfake therectaRd HavingPa méthklayetepasited orpat ledstpart e said
imprinthe ARSOEdng 103 sesendaspgek dherelis peavidedha syibstate-mady in theymethog,according
to the recedin%gsgect wherein the substrate has an array of micro-sized or nano-sized imprints

extendifig frofR s%%tr%?@cgﬁﬁ}ﬁﬁg?ﬁ@tae gPting5ri&fioh Sr8Rged to form trenches between
adjacent imphigtss miteegeinusinetal layertcaps ome of spidsiaigrings or saml trenghesy i.de a

Advantagequsly,.fhe farmatiop.gfan imprint g the sypstrate and selective depasitign of a,mefal layer

onto the imprint occurs at the same time. According to a third aspect, theré is provided use of a
subst@fe aSHefinE¥EbBTE, in & FGER, suHBEERERAGN spachostopy, HREhR elé¥tronics?
MEMs/NEMS; avmicretiusidic devieesara ptasemonic device i zedAceardingdaansgmbadimantsthere is
provided a slIJRstrate as defined abé)é/gl, Wh%ﬁ{” sgid subsirate isv%btained kiy E—Qf me;_[}?g a%defined

LR g, are TOV . iy mat ; x ) .
above. 3 i\ccordlng to an gm%oﬁlment, ‘ﬁ1ere is provided a sul%strate as efiLned above, w e‘—\Feln said

substigte ktdhtainedrB\pmelmgthod &S Hefinedsdovel for usdii a fadiecENSsgrfac® plasmérr
spectrossapyl. Organic etesioaicspMEMe/NEMS s Micieliddicrdemice anplasaasic device.a
According to a fourth aspect, there is provided a sensor chip having a substrate body comprising an
array 8&’&%@%-338& DF hano-sized imprints extending from said substrate and arranged to form
trenches betddenmdiEmentmiprints, wiereinda seflectivd meted tayed capsagne opsaidiidgprints or said

trenchesy 4, Aecding fa aifth. aspegl there s proyided g sirfaceplasmenfesonange systgm

comprising: a light source;_a sensor chip as defined above; a light detector for receiving light reflected
from SR KBHEEEGe MaBPESEr oPS&itSserfddt chip; &ithan ¥pticafrhodlla®P fofHifetling MGdulated
light oatigaid semsepeehipy, the metal bipolar plate 1is up to 70% of

the total weight of the fuel cell. This welght can be
significantly reduced by using a polymeric Dbipolar plate
with  conductive material that Thasg been applied to a
selected area of the plate in accordance with the
disclosed method.

Advantageously, the disclosed method may also provide
control of a specific behavier of a £luid flow, using the
selective metal patterning of a substrate. In particular,
fluid f£low can be contrcolled in a microfluids application.

According to an embodiment, there is provided an imprinted
substrate, said substrate having a micro-sized
or nano-gized Imprint integrally formed on the surface
thereof and having a metal layer deposited on at least

part of said imprint.



Definitions The following words and terms used herein shall, unless otherwise stated, have the
meaning indicated: Theterm"imprint"andgrammaticalvariations thereof, in the context of this
specification, is intended to cover any form of physical impression that has been made in a pliable
solid body, such as a thermoplastic polymer substrate. Typically, an imprint is a generally elongate
structure thafégtehds Fdntthesufface st adiibdfrate ABRFA |6FgiRiME ARD ExtEnthA§ Hrlfeen a
proximal@nd dispesed ansenradjacest -thensubsate aad g distalantopposie ¢ thgpeeximal end.
Typicatléxéthe Ign%ituq;)nallgxis IS Igenera:%/ noEmal relative. to a{?planar axis of the substrate but the
longitudinal Sélf(lssmlé?/ e vaarlseda‘&gnai‘ﬁ[é:aa Iyosucﬁ”a%racf asnlazneg e of 45Fom glpﬁnarla{?( X g thad
substrakt ¢ndhrarray opimpratsdhat hies baea ordenp furmetbasa sered ohmws andzbirnns on a
substrate, drenches may be farmed betweengheadjacent rows.-Ehe ifpRrint may be ip the,nano-scale
or micro-scale size range both in their length dimension and WO 2010/042076PCT/SG2009/000373
thickn889 BmT&tision™&Hd Rrice tHEF&fcies May 56 be it ERan53R e BPficrdiscaiéd e range.
Unlesd stated otherwises imdthereontixt=of this specification, the term "surface area", when referring to
the first regiqg&rﬂg&%ggﬁgq%fegi%(g the-imprint forming surface of a ngﬂ% to integl;{gted as
referring to that part of the mold which has a metal layer that is contactable with a substrate to be
imprinfétP$erces wheRdhe Rfol§ i éorftacteRth thecStbsttate, the i Surfade afea" AB-efers to
that argaeof the impentiosning surfage-ofdhadMeldH#hat is in contact with the substrate but excludes

any other areas of the moldtv(_yhich (jtt%ffré]ot have any me%lal Iaﬁye|rithereonvbiugl chich may % ig contact
stantially

with the substrate. - word"sub '%So%‘%ﬁot’excﬁuc?er com%lepellﬁ)?' e.g?a cé‘lrﬁreJosﬁlon which is

substantigityirée” from Yasay be copletaly free frombPev@here necéssary, theword "s@bstantially”

may bg.omitted fegprifiedefiniiqnghthe inygatien-dheiepm "integrally;20 fotiets meansithat the
substrate W[IiCh comprises the imprint and the metal layer s a single unitary body. Typically, the

integrgi% MEYSubRrEEThay batfiade 15 4n S phint St fietfod i khAfth a mold having a
metal layer disposedoncantimpent femaing sueface istapplied ie2pasubstdte anderoonditions to

form the impringwhile af the sag}?oq'}rg? transferring the metal layer thereqq,;. . The term

"nanoimprinting lithography" is to be interpreted broadly to include any method for printing or creating
a pattétEStRICIE ot Rlcrost e afi@folBochaHsetsle size range on the surface of a substrate
by contacting.a ¢aatd with the definedmatiermernstyuctireren the syface akeertaindamperatyees and
press%{gs'defined above, wherein said substrate is obtained by the
method as defined above, for use in a fuel
cell, surface plasmon spectroscopy, organic alectronics,
MEMs/NEMs, a microfluidic device or a plasmonic device.

According to a fourth aspect, there is provided a sensor

chip having a substrate body comprising an array of



The terms "microscale” and "microsized" are to be used interchangeably and are to be interpreted to
include any dimensions that are in the range of about 1 (gm) to about 100 gm. 5The term "nanoscale”
and "nanosized" are to be used interchangeably and are to be interpreted to include any dimensions
that are below about 1 gm. The term "three dimensional” is to be interpreted broadly to include any
structireST Srdtarsl feaftfes, TRMAPHHEST pattehrd tHat have Pos e varibliohs (thi&hess) as
well agwaHatienswithdapthaThe tejsa"glass transition tempatatare” (TRtmdehe inierpsetedto
include anégitrelpgeratu%(le of e}Lgonmer at v%qlch EQ%BOWEQSEQ‘?LS be_Ltwegn the_rubbery and gla%s 15

states. This means that above the To the po?ycmer becomes rubberi}%nrd caﬁal,%%erg%neelasti% or plastic
deformgatlsh imprints or said trenches.

According to a fifth aspect, there 1is provided a surface
plasmon resonance system comprising: a light
source; a sensor chip as defined above; a 1light detector
for <zreceiving light reflected from said reflective metal
layer of said sensor c¢hip; and an optical modulater for

directing modulated light onto said sensor chip.

Definitions

The following words and Lerms used herein shall,
unless otherwige stated, have the meaning indicated:

The term "imprint® and grammatical variations
therepof, in the context of this sgspecification, is intended
to c¢over any form of physical impression that has Dbeen
made 1in a pliable golid body, such ag a thermoplastic
polymer substrate. Typically, an imprint is a generally
elongate gtructure that extends from the surface of a
gubstrate along a longitudinal axis extending between a
proximal end disposed on or adjacent to the substrate and
a distal end opposite to the proximal end. Typically, the
longitudinal axis i1s generally normal relative to a planar
axis of the substrate but the longitudinal axis may be
varied significantly such as at an angle of 45° from a
planar axis of the substrate. In an array of imprints
that have been orderly formed as a series of rows and
columns on a substrate, trenches may Dbe formed betwesen the
adjacent rows. The imprint may be in the nano-scale or

micrc-scale size range both in their length dimension and



without fracture.Above this temperature, such polymers can be induced to flow under pressure.When
the temperature of the polymer falls below the Tv generally, 20 the polymer will become inflexible and
brittle such that it will break when a stress is applied to the polymer. It should be noted that the Ta is
not a sharp War8KiEH2EmMperature but a gradual transition and is subjectio’$&N/AHdN depending
on the experimental conditions 25(e.g., film thickness, tacticity of the polymer, and the like).The actual
Ta of a polymer film will vary as a function of film thickness. The Ta will be defined herein as being the
bulk glass-transition temperature of the polymer substrate. The bulk glass transition temperature 30 is
a specific vajug thatds widelyagrees: ypendn the literatuee. Glass-tiassitian temperatarelvalues of

the nanc-gcale or micro-scale size range. Unless stated
otherwise, in the context of this specification, the tTerm
“surface area”, when referring to the first region and/or
5 second region of the imprint forming surface of a mold is
to be interpreted as referring to that part of the mold
which has a metal layer that 1s contactable with a
substrate to be imprinted. Hence, when the mold 1is
contacted with the substrate, the term “surface area”

10 refers to that area of the imprint ferming surface of the
mold that is in contact with the substrate but excludes
any other areas of the mold which does not have any metal
layer thereon but which may be in contact with the
substrate.

15 The word “substantially” does not exclude
“completely” e.g. a composition which 1is “substantially
free” from Y may be completely free from Y. Where
necessary, the word “substantially” mav be omitted from
the definition of the invention. The term “integrally

20 formed” means that the substrate, which comprises the
imprint and the metal layer is a single unitary body.
Typically, the integrazlly formed substrate may be made in
an imprint stamping method in which a mold having a metal
layer dispcsed on an imprint forming surface is applied to

25 2 substrate under conditions to form the imprint while at
the same time transferring the metal layer thereon.

The term “nanoimprinting lithography” 1s to be
interpreted broadly to include any method for printing or
creating a pattern or structure on the microscale and/or

30 nanoscale size range on the surface of a substrate by
contacting a mold with the defined pattern or structure on

the surface at certain temperatures and pressures.



polymers may be obtained from PPP Handbook rm software edited by Dr D. T. Wu, 2000. The
expression "work of adhesion" refers to the amount of interactive force acting through a contact area 5
between the mold and the substrate and is expressed in units of Nm-1.  Unless specified otherwise,
the terms "cBMBHSIAL End "comprise”, and grammatical variants thereoff QFeFHEAAYE T represent
"open" or "inclusive” language such 10 that they include recited elements but also permit inclusion of
additional, unrecited elements.  As used herein, the term "about", in the context of concentrations of
components of the formulations, typically means +/- 5% of the stated value, more typically +/- 4% of
the stated value, mmie typically +/Am% of the statechvalue, marertypicadly, +/a2% of theistated value,

even more typically, +/- 1% of the stated value, and eyen more typically. +/- 0,5% gf the stated value.
Throughout%g%islépo%%%z,h@enr aﬁﬁ%ﬁboa |#1e%fsem§§ 20 be disclo%e Tr?a rangelformat. It should be

understood that, idike:deserpiionythe range formatis meredyefor Coralerence afdibrevity and should
not be construed as an inflexible limitation on the scope of the disclosed ranges. Accordingly, the
description cf’l‘kéf’%gjeoghéﬁ}d be 25 considered to have specifically disclosed all the possible

sub-ranges as well@as:indivighal nemesical vdluasdvithim that sangel "Foxexampléghe glescription of a

rangeSUdWintarchaﬂgeably and are to be interpreted to include any

dimensions that are below about 1 um.

The term “three dimensional” 1is to be interpreted

broadly to include any structures, structural features,
10 imprints or patterns that have both lateral variations
(thickness) as well as variations with depth.

The term “glass transition temperature” (Ty) is to be
interpreted to include any temperature of a polymer at
which +the polymer lies Dbetween the rubbery and glass

15 states. Thig means that above the Ty, the polymer becomes
rubbery and can underge elastic cor plastic deformation
without fracture. Above this temperature, such polymers
can be induged to fiow under pressure,. When the
temperature of the polymer falls below the Ty, generally,

20 the polymer will become inflexible and brittle such that
it will break when a stress 1is applied to the polymer. It
should be ncted that the Ty 1s not a sharp tTransition
temperature but a gradual transition and 1s subject to

some variation depending on the experimental conditions

25 (e.g., £ilm thickness, tacticity of the polymer, and the
like) . The actual Ty of a polymer film will vary as a
functien of film thickness. The Tg will be defined herein

as being the bulk glass-transition temperature of the
polymer substrate. The bulk glass transition temperature
30 is a specific wvalue that is widely agreed upon in the

literature. Glass transition temperature vwvalues of



as from 1 to 6 should be considered to have specifically disclosed sub-ranges such as from 1 to 3,
from 1 to 4, 30 from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 and the like, as well as individual
numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies regardless of the breadth of
the range. D@ RS8O ptional Embodiments 5Exemplary, non-limitingP€ATBEIMEM378f a method
for selectively depositing a metal layer on a first substrate will now be disclosed. The method
comprises the step of providing a mold having an imprint forming surface having a first region and a
second region, said first region 10 being dimensioned to have a greater surface area relative to said
second regigy apglavherein a metal cogtingisarovides onsaid firatansbseédndskegions:<lhe method
also comprises the st,eg of fcr)Trﬁnin an#&npr% on said first substrate by contacting said substrate with
said 15 mold® WHérain €aidimprint forfiing coAditions are selected such that the part of said metal
coating on said firsTregior:xfsakkmuid is'substantdlly srdhsfeiet ontossaid formted impent while said

metal coating,on said secqnd regian sybstaptially temains op.said mold. 20The inventors have found

that, by using a mold in which the imprint forming surface can be visualized as having two regions of
differen®surfae&reds, e regiorfthatiths dargetikERe ared ComparctFirthaitherrégion
selectively trapstets fre metal layer from the mold 25 to the substrate when the mold is applied onto

the substrate. Without being bound bé theo%/t, the irwentorgﬁBelie\éee that thjs s?[!ectjv% trgpsfer or
deposition of the metai&yer 6R e SubStrafe-18°de T the hith work 5F adhB8Ioh whichis generated
between the zedion"af-greater=3Q sudace ageaondheaadld aesd treCerrespending regioreon the

substrate. Dyg fo. fhis highwork of adhesion, 1 selgetive depasition of a mefallayecgaihe substrate
® 10 that they include recited elements but also permit
inclusion of additional, unrecited elements.

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

15 /= 4% of the stated wvalue, more typlcally +/- 3% of the
stated wvalue, 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.

Throughout this disclosure, certain embodiments may

20 Dbe disclosed in & range format. It should be understcod
that, in the description, the range Iformat is mersly for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be

25 considered to have specifically disclosed all the possible
sub-ranges as well as individual numerical values within
that range. For example, the description of a range such
as from 1 to & should be considered to have specifically
disclosed sub-ranges such as from 1 to 3, from 1 to 4,

30 from 1 to 5, from 2 to 4, from 2 to &, from 3 to 6 and the

like, as well as individual numbers within that range, for

W



WO 20101042076PCT/SG2009/000373 promoted. In comparison, the region of the mold which has a
smaller surface area does not result in the high work of adhesion required for transfer of the metal and
hence, the metal layer on this region of the mold is not transferred 5 to the corresponding region of the
substrate WA AH&/MElEbis applied to the substrate.  The surface areal§THRERAHEFTdN of the
imprint forming surface may be 50% greater, preferably, 60% greater, preferably, 70% greater,
preferably, 80% greater, 10 preferably 90% greater and most preferably 95% greater than that of e
second region. More preferably, the first region may be greater than the second region by at least 2

fold, or at leasthfold, orat leasts10 fold ar, atdeastdls fold or apleast20 feld or @t deast 26 fold. 15The
mold may have an imprint forming surface provided thereon and may be patterned. The patterns may
comprise hole& C}BRﬁﬁﬁ‘sf’“piﬁérsEgﬁmﬁ?é%?%rojections, gratings or trenches. The patterns may have

defined heights, widths or lengths that are in the microscale or in the nanoscale. 20 The patterns may

be in a spaced apart relatiorgggpcg[gghg%cl%gt +1 18 PAtterns may. pe three-dimensional structures.

In one embodiment, the first region may refer to'the patterns that protrude from the surface of the mold
such 25%as, for exabfstEréaiiynnsn projéélisisiaNgraifgs rSecond réyidieinayteféPo the patterns

that do not pratiude from thesswiage ofthesmald: stch ag<for xample; hglesstigrehes er the mold
surface itself. The first region may also refer to the mold surface itself. 30 In another embodiment, the

first region nf&y'Tefer Y thepalteins I5Edo notprotilde o WBStMfate bPthe Th6H, Siich as, for
example, holesodindples, trencties orathe.mokdhsurface itselff Theisecoadrégion rhay iefer to the

e S T e s LS T LI o ol alos prjctons

10 being dimensioned te have a2 greater surface area relative
toc said sscond reglon and wherein a metsl coating is
provided on said first and second regions. The method
alsc comprises the step of forming an imprint on said
first substrate by contacting said substrate with said

15  mold, wherein said imprint forming conditions are selected
such that the part of said metal coating on said Iirst
region of said moid is substantially transferred onto said
formed imprint while said metal coating on said second
regilon substantially remains on said mold.

20 The inventors have found that, by using a mcld in
which the imprint forming surface can be visualized as
having two regions of different surface areas, the region
that has a larger surface arsa compared tTo the other
region selectively transfers the metal layer from the mold

25 to the substrate when the mold 1s epplied onto the
substrate. Without being bound by theory, the inventors
believe that this selective transfer or deposition of the
metal layer on the substrate is due to the high work of
adhesicn which i1s generated between the region of greater

30 surface arsea on the mold and the corresponding region on
the substrate. Due to this high work of adhesion, the

selective depesition of a metal layer on the substrate is

10



The patterns may be formed on the mold by a method selected from the group consisting of
photolithography, deep reactive ion etching, holographic lithography, e-beam lithography, ion-beam
lithography and combinations thereof.  In one embodiment, the patterns on the mold may comprise
gratings and¥&HWEHEIEE The gratings and/or trenches may extend alond $&§5Ee8Y/a%rigitudinal axes
of the mold. The width of the gratings and/or trenches may 15 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 20The
width of the gratings.and/or frepshes mayhe indepensently selected from thesgrouip ¢omsisting of

about 5 microns to_about 50 microns, abouf 5 microns to about 40 microns %o&%%inigrpns to about
30 microns,%b%?i?%%ﬁi%rc?ﬁ?%%oﬁff@ mcl{gl%%s?ggoﬁe?%%ro}% t%ga g?,l% 25 microns, about 10

microns to abtiue SO>micregsiabdut20 nicronstembolt Bamitednas, aiout 38 HaRro<® about 50
microns and about 40 mécgo%%(ta% 98“&%%5_‘}&9{083? lpane gmlodiment-the width-gf-the.gratings and

correspondinS channeld may be about 10 microns. 30The grating formation may have a grating
constarft in the rahge of TOORRPESLDE0RPINRD 961070826 PP ETISE 265087063737~ The height of

the grating formation may be inthe range-0k1@1to 100nm.  The grating formation may have a shape,
when viewed in cross-section, selected fron%thg royp cogsistir&g]% sig%sqciggl V\{,Laversﬂ]abpe, square
wave, trapezoidal SHipe SBzR A shape and triangular shape” - ° The gratings and/or frenches may
have an aspest-ratiocselectetifrem thegrobe consistingiokabeut 0. 1noebor 310, abok? .1 to about

2.5,about 0.1 to about 28ﬁ39895%9¥0.17t@%a%ayé 4:3,8boyt OFL 19, about %8 apd about-0.1 to about
= ¥ t LS < ¥ r

0.5. In one embo imeht, thé aspect tatio of thé gratings and/or trenches ma gbe about 0.5. In
anothérlembodiientie pafsrnsis #i€ moffayHiprisé eoiifimAs andiof cirdfat hofes. The

diameter of +y5n tnat of the second region. More preferably, the first
region may be greater than the seccond region by at least 2
fold, or at least 5 fold, or at least 10 fold or at least
15 fold or at least 20 fold or at least 25 fold.

15 The mold may have an imprint forming surface provided
thereon and may be patterned. The patterns may comprise
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 nancscale.

20 The patterns may be in a spaced apart relaticnship from
each other. The patterns may be three-dimensional
structures.

In one embodiment, the first region may refer to the
patterns that protrude from the surface of the mold such

25 as, for examplie, columns, projections or gratings. The
second region may refer to the patterns that do not
protrude from the surface oI the mold, such as, for
example, holes, trenches or tThe mold surface itself. The
first region may also refer to the mold surface ltself.

30 in another embodiment, the first region may refer to
the patterns that do not protrude from the surface of the

mold, such as, for example, hcles, dimples, trenches or

11



15 the columns and/or circular holes may be in the microscale. The patterns on the mold may also
comprise pillars and/or dimples. The diameter of the columns and/or circular holes may be
independently selected from the group consisting of 20 about 1 micron to about 10 microns, about 1
micron to a8 iEibles, about 1 micron to about 6 microns, about 1 nFEFBHAYP U E microns,
about 1 micron to about 2 microns, about 2 microns to about 10 microns, about 4 microns to about 10
microns, about 6 microns to about 10 25 microns, about 8 microns to about 10 microns and about 4
microns to about 6 microns. In one embodiment, the diameter of the columns and/or circular holes
may be aboukz migrons.sthegelkimnss gillars, dimples @ndier cireglasholes ;3 mayrhave an aspect
ratio selected from the group consisting of aboqut 0.1 to about 2.0, about 0.1 to.about 1.5, about 0.1 to
about 1.0, ahttabBat 0.1 18 abstE G.SP%Hﬁng/gfféE?G %:el'/§8508§ﬁ)08]§73t??1 on%%eﬁrﬁbodiment, the
aspect ratio of the calumnsepillaesatipiples and/omeisculap hblesrmay bewbott 0BiEn avother
embodiment {he gspect ratie.of the salmns, pilars, dimples andloe giroular hales maycbe about 1.0,
5 The metal'in the metal layer may be a metal selected from the group consisting of Group 1B and
Group 1A of e Pefiodiestable of Elements, as well as their alloys and combinations thereof. In one
embodiment, the mgtal maybe Ametal pelested hanfiem dhe arosp:eonsisting af atwmintin, copper,
gold, silver, nickel and chrome agg combinations there%f, In %”%%@ngﬂim%m the Q_ﬁtal is gold.In

ogra
another selected ILrom e group consisting © grab
deep reactive ion etching, holographic lithography, e-bsam
lithograpny, lon—-beam lithography and comblnations
10  thereof.

In one embodiment, the patterns on the mold may
comprise gratings and/or trenches. The gratings and/or
trenches may extend alecng respective longitudinal axes of
the mold. The width of the gratings and/or trenches may

15 Dbe in the micrescale or nancscale. When both gratings and
trenches are present on the meold, the gratings and
trenches may be placed parallel to each other. The
patterns on the mold may also comprise line and space
patterns.

20 The width of +the gratings and/or trenches may be
independently selected from the group consisting of about
% microns to about 50 microns, about 5 microns to about 40
microns, about 5 microns to about 20 micrens, about &
microns to about 20 microns, about 5 microns to about 10

25 microns, about 10 microns to about 50 microns, about 20
microns to about 50 microns, about 30 microns to about 50
microns and about 40 microns te about 50 microns. In one
embodiment, the width of the gratings and corresponding
channels may be about 10 microns.

30 The g¢grating formation may have a grating constant in

the range of 100nm tc 1000nm.
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embodiment, the metal is silver. The metal may be deposited on the surface of the mold 15 by
thermal evaporation, electron beam evaporation or sputtering.  The thickness of the metal layer on
the surface of the mold may be in the range selected from the group consisting of about 50 nm to
about SOO Wi 28986280 nm to 20 about 400 nm, about 50 nm to aboutPSTRRAFIAMIETH0 nm to
about 200 nm, about 50 nm to about 100 nm, about 100 nm to about 500 nm, about 200 rim to about
500 nm, about 300 nm to about 500nm and about 400 nm to about 500nm. In one embodiment, the
thickness of the metal layer may be 25 selected from the range of about 100 nm to about 200 nm.

The metal layer mayrhe selectively deposited of transterredtedhe dmpriatof the substrate during the
contacting step. After the mold has been applied to a first substrate, 30 the remaining metal layer that
is not selectWﬁaﬁgfei ed1d tp%cm'@t'substrate remains on the second region of the mold. The
remaining metal layerorpthet WO 20401642076 REiK SB2069/8063 > secoritregioredfttie mold may

be selectively frapsferted I3 sgtond bstialg by coptacting the sold [0, he seqond sypstrate in

order topsimuﬁan‘éoagﬁfform an imprint and to selectively deposit thé metal layer from the second 5
region of thesiold 8- tel sebe subsaafo. It WlFBEappiatiated By Rfoaelofskill Fr#Erelevant art,

that the firstiand.second-gantacting-stepsarednteighanrgeable. The first and/or second substrates
may be a polymer substrate such as a thermoplastic polymer substrate. 10The therm%glgstic polymer

substrate may compse Hricadt Ghe MBNBMerSeiectad oM thie §oup ctdisting 5F

selected from the group consisting of about 0.1 to about
3.0, about 0.1 to about Z.5,abcut 0.1 to about 2.0, about
10 0.1 £o about 1.5, about 0.1 te about 1.0, and about C.1 to
about 0.5. In one embodiment, the aspect ratic of the
gratings and/or trenches may be about 0.5.
In another embodiment, the patterns on the mold may
comprise columns and/or circular holes. The diameter of
15 the «columns and/or circular holes may be 1in the
microscale. 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
20 about 1 micron to akout 10 microns, abcocut 1 micron to
about 8 microns, about 1 micron to about ¢ microns, about
1 micron to about 4 microns, about 1 micron to about 2
microns, about 2 microns te about 10 microng, about 4
microns to about 10 microns, about & microns to about 10
25 microns, about 8 microns to about 10 microns and about 4
microns to about 6 microns. In one embodiment, the
diameter of the columns and/or circular holes may be about
5 microns.
The columns, pillars, dimples and/or circular holes
30 may have an aspect ratic selected from the group
consisting of about 0.1 tec szbout 2.0, azbcout {.1 toc about

1.5, about 0.1 to about 1.0, and about C.1 te about C.5.



acrylates, styrenes, halogenated 15 butadienes, combinations In one phthalamides,ac alkyls,alkyl
alkenes, amides, ketones,esters, thereof. embodiment, oolycarbonate.Exemplary monomerstoform
the thermoplastic polymer may be selected from the group 20 consisting of methyls, ethvienes,
propylenes it Hisacryiates, methylpentenes, vinylidene, vinylidenBdité6rtie/@Hé&timides,
ethylenechlorinates, urethanes, ethylene vinyl alcohols, fluoroplastics, carbonates,

In one embodiment, the aspect ratic of the columns,
pillars, dimples and/or circular holes may be about €.5.
In another embodiment, the aspect ration of the columns,
pillars, dimples and/or circular holes may be about 1.0.

5 .Th@ metal in the metal layer may be a metal selected
from the group consisting of Group IB and Group IIIA of
the Periodic Table of Elements, as well as their alloys
and combinaticns thereof.

Tn one embodiment, the metal may be a metal selected

E=

10 from the group consisting of aluminum, copper, gold,
silver, nickel and chrome and combinations thersof.

In one embodiment, the metal is gold. In anocthern
embodiment, the metal is silver.

The metal may be deposited on the surface of the mold

15 by thermal evaporation, electron beanm evaporation or
sputtering.

The +thickness of the metal layer on the surface of
the mold may be in the range selected from the group
consisting of about 50 nm to about 500 nm, about 50 nm to

50  about 400 nm, about 50 nm to about 300 nm, about 50 nm to
about 200 nm, about 50 nm to about 100 nm, about 100 nm to
about 500 nm, about 200 nm to about 500 nm, about 300 nm
to about 300nm and about 400 nm to about 500nm. In one
smbodiment, the thickness of the metal laysr may be

5 gselected from the range of about 100 nm to about 200 nm.

The metal layer may be selecti#ely deposited or
transferred to the imprint of the substrate during the
contacting step.

After the mold has been applied to a first substrate,

30 the remaining metal layer <that 1s not selectively
rransferred to the first substrate remains on the second

region of the mold. The remalining metal layer on the
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acrylonitrile-butadiene-styrenes,etheretherketones, 25
ionomers,butylenes,phenyieneoxides,sulphones, ethersulphones, phenylene sulphides, elastomers,
ethylene terephthalate,naphthaleneterephthalate, naphthalene and combinations thereof. During each
of the contaBhy K& 7¢h 30 imprint patterns on the substrate are of corhpfeRERtEA) Edhfiguration to
those on the mold. For example, if the pattern on the mold comprises gratings, the gratings may WO
2010/042076PCT/SG2009/000373 result in channels of complementary configuration on the
respective substrate when the mold is applied to the substrate.  In one embodiment, during the step
of contacting thesmold-tythenfirstrangder secoad palymesr sabstsate] thel methodmbycorprise the step

of selecting a temperature that is above the glass tran ig n femperajure T9) of the first and/or second
T
polymer sub%?ra?e.%ﬁ%ﬁ%gtesrﬁ%égr%fuarg?thl%ypéiyc/}r%%?%%Sﬁe s and may conform to the 10 shape of the
mold such thatiastinapent is created ork thessurfacessftpiepalynferwhereby- e patterfat the imprint
may be of C%’%p'%@f&%%%%ﬁw@giem the;patteen gn theJpald whesthe- palymekisreooled and
subsequently hardens. Furthermore, the mold may be preferably applied :
5 region o¢f the mold to the second substrate. IT will be
appreciated, by those of skill in the relevant art, that
the first and second contacting steps are interchangesable.
The first and/or second substrates may be a polymer
substrate such as a thermoplastic polymer substrate.
i0 The thermoplastic polymer substrate may comprise at

least one meonomer selected from the group consisting of

acrylates, phthalamides, acrylonitriles, celliulosics,
styrenes, alkyls, alkyl methacrylates, alkenes,
halogenated alkenes, amides, imides, aryletherketones,
i5 butadiensas, ketones, esters, acetals, carbonates and

combinations thereof.
I one embodiment, the thermoplastic polymer 1is a
polycarbonate. Exemplary  monomers to form the

thermoplastic polymer may be sélected <from tThe group

20 consisting of methyls, ethylenes, ©propylenes, methyl
methacrylates, methylpentenes, vinylidens, vinylidene
chioride, etherimides, ethylienechlorinates, urethanes,
ethylene vinyl alcohols, fiucroplastics, carbonates,
acrylonitrile-butadiene~styrenes, etheretherketones,

2%  ilonomers, butylenes, phenylene oxides, sulphones,

ethersulphones, phenylene sulphides, elastomers, ethylene

terephthalate, naphthalens terephthalate, ethylene
naphthalene and combinations thereof.

During each of the contacting steps, the resultant

30 imprint patterns on the substrate are of complementary

configuration to those on the mold. For example, i1f the

mattern on the mold comprises gratings, the gratings may



15 at a pre termined pressure for a certain period of time to form an imprint on the surface of the
polymer substrate. The temperature and pressure to be applied will be dependent on the polymer
used. The method may comprise the use of nanoimprinting 20 lithography.The method may
result in cha¥i§iAtj #é2fékture or three-dimensional structure of a surface 553 HE>  The molds
may be made of any suitable material that is chemically inert and may be harder than the softened 25
substrate when used at the temperature that is above the glass transition temperature of the substrate.
The molds may be made of silicon, a metal, a glass, quartz, a ceramic or a combination thereof. The
temperaturedsed wher coipagting thegmolddarsi 3gsttfaee ottherfirstandfiossecondgyalymer

substrate may be independently selected from the group consisting of about 120G to ahout 200C,
about 140C 15 ¥BBGE286C, S tT04 5 7RPC G I0001D003 Y3 %Bagu%%é}oc to about 200C, about
180C to abat200€= about 120C to about 140C, about 120C to about 160C and about 120C to about
180C. The temperayyre sglacted is pieferahly:a lemperature greater than that ok therglass transition

temperature of the first and/or second polymer substrate. Preferably, the temperature selected is
approxifnately dtledst 20ErdatEFthaf i glasSanstiorPhBsatufdbFthe?fiat and/dr second
polymer subgtraig,d0%he prassyre ysed-whenseentacting ke smaldiig az temperature

that is above the glass transition temperature (Tg) of the
first and/cr second pelymer @ substrate. At this
temperature, the polymer scoftens and may conform to the
10 shape of the mold such that an imprint is created on the
surface of the polymer whereby the pattern of tThe imprint
may be of complementary configuration to the pattern on
the mold when the polymer i1s cooled and subsequently
hardens. Furthermore, the mold may be preferably applied
15 at a predetermined pressure for a certain period cf time
to form an imprint on the surface of the polymer
substrate. The temperature and pressure to be applied
will be dependent on the polymer used.
The method may comprise the use of nanoimprinting
20 lithography. The method may result in changing the
texture or three-dimensional structure of a surface of a
substrate.
The molds may be made of any sultable material that
is chemically inert and may be harder than the softened
25 substrate when used at %the temperature that i1s above the
glass transition temperature of the substrate. The molds
may be made of silicon, a metal, a glass, Qquartz, a
ceramic or a combination thereof. |
The temperature used when contacting the mold to a
30 surface of the first and/or second polymer substrate may
be independently selected from the group consisting of

abour 120°C %o about 200°C, about 140° to about 200°C,
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surface of the first and/or second polymer substrate may be independently selected from the group
consisting of about 10 bar (1 MPa) to about 50 bar (5 MPa), about 10 bar (1 MPa) to about 40 bar (4
MPa), about 10 bar (1 MPa) to about 30 bar (3 MPa), about 10 bar (1 MPa) to about 20 bar (2 MPa),
about 20 baW@ WM¥a¥ 28 @bout 50 bar (5 MPa), about 30 bar (3 MPa) to RSUsEBBAI(ERPa), about
40 bar (4 MPa) to about SO bar (5 MPa) and about 20 bar (2 MPa) to about 30 bar (3 MPa). In one
embodiment, the pressure 20 used is about 22 bar (2.2 MPa)  The time period used when
contacting the mold to a surface of the first and/or second polymer substrate may be independently

selected fronythgranggcet-aboyt 3 punutes tyyd20 minutes. Rayadolyearhonate substrate, the 25 time
used during the first contacting step may be a bout 15 minutes.and the time use% urlr%the second

contacting stEpPmay e’ aﬁoﬁ%ﬁﬂﬂﬁes‘qﬁ} §to BEApprectated, by tROSEG sKAFiry tHe flevant art,
that the tlmeaﬂmﬁduamahedlrﬁmnwoaseeond contacting step depends on 30 the type of substrate

used as well as on&t&e p ttern gLLeorT netry an %?he lgvoo%%g% %%GPCT&@%(QQ%QQ%R The

relationship with reSpect o the surface area an fime’c fst ahd ‘second contacting steps is
empiricdl. Howewére withbatwishimg te be borind 16 any parictlarempirealsiservasonat as a general

rule, when 5¢the surface.arga 9f the fiustragion s substantially-95%:greaterthan dhatofthe second
region a period of time of, for example, 15 minutes is required. A longer perlod of t|me gf for example,

90 mlnutes%%n&ém%ﬁﬁﬁélg?ep selected is approximately &t least

greater than the glass transition temperature cf the first
and/or second polymer substrate.

10 The pressure used when contacting the mold to a
surface of the first and/or second polymer substrate may
be independently selected from the group consisting of
about 10 bar (1 MPa) to about 50 kar (5 MPz), about 10 bar
(1 MPa) to about 40 bar (4 MPa), about 10 bar (I MPa) to

i5 about 30 bar (3 MPa), about 10 bar (1 MPa) to about 20 bar
(2 MPa), about 20 bar (2 MPa) to about 50 bar (5 MPa),
about 20 bar (3 MPa) to about 50 bar {5 MpPa), about 40 bar
{4 MPa) to about 50 bar [ MPa) and about 20 bar ({2 MPa)
to about 30 bar (3 MPa). In one embodiment, The pressure

20  used is about 22 bar (2.2 MPaj

The time period used when contacting the mold to a
surface of the first and/or second polymer substrate may
pe independently selected £from the range of about 5
minutes to 120 minutes. For a polycarbonate substrate, the

25  time used during the first contacting step may be about 15
minutes and the time used during the second contacting
step may be about 90 minutes., It is to be appreciated, by
those of sgkill in the relevant art, that the time used
during the first and/cr second centacting step depends on

30 the %ype of substrate used as well as on the pattern

geometry and density.
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10The method may comprise, step or second contacting step, the step of providing an adhesion
promoter on said first substrate and said second substrate. Preferably, the adhesion promoter is
applied as a surface coating on each of the first and second 15 substrates. The adhesion promoter
may aid to iN@Peds&I87adhesion of the metal layer to the first and/or sedSrS§EbEHEBE HEfter the metal
has been selectively transferred from the mold to the first and/or second substrate. The adhesion
promoter may be a silane-containing compound. 20The silane-containing compound may be selected
from the group consisting of 2-mercaptoethyl trimethoxysilane,

3-mercaptopropyltimethqxysilane, 2imercantapropyl risthexysilgae 3umercaptapeopyltriethoxysilane, 2-
mercaptoethyl tripropoxysilane, 2-mercaptoethvl tri sec-25 butoxysiIane,,3-mercaptoprogg/l

b

tri-t-butoxysitdife, 3= Fiércaptopidy ltrfsdpiopdidiSilané LR re EHprspy tfoctoxyRitan
2-mercaptoethyktri:2-athylhexexysilane, 2-maraptoeihyl dimethoxysthaxysitane;3-mengaptopropvl

methoxyethoxypropoxysilane,3-mercaptopropyldimethoxy 30 methylsilane, 3- ercapton opyl methoxy
dimethylsiIaﬁg%-lr%%jr‘ggptc%ﬁ%bﬁgﬁ?ox?/g |r€f}1)e ﬁ)ﬁ%"i?e{lnse', S%r%e?ca%%ggr%%%l 5i‘”g%hedxy methylsilane,
3-mercdptoprbpylsurface area of the first region is substantially 95%

greater than that of the second region a period of time
of, for example, 15 minutes is required. A longer period
of time of, for example, 90 minutes i1s reguired foxr the
second contacting step.

10 The method may comprise, before the first contacting
step or second contacting step, the step of providing an
achesion promoter on said first substrate and said second
substrate. Preferably, the adhesion promoter is applied
as a surface coating on each of the first and second

15 substrates. The adhesion promoter may ald to increase the
adhesion of the metal layer to the first and/or second
substrate after the metal has been selectively transferred

rom the mold to the first and/or second substrate. The
adhesion promoter may be a silane-containing compound.

20 The silane—contalning compound may be selected Ifrom
the group consisting of Z2-mercaptoethyl trimethoxysilane,
3-mercaptopropyl trimethoxysilane, Z-mercaptopropyl
triethoxysilane, 3-mercaptopropyl triethoxysilane, 2~
mercaptoethyl tripropoxysilane, 2-mercaptoethyl tri sec-

25 butcoxysiliane, 3-mercaptopropyl tri-t=-butcxysilane, 3-
mercaptopropyl triisopropoxysilang, 3~mercaptopropyl
trioctoxysilane, Z2-mercaptoethyl tri-2'-ethylhexoxysilane,
2-mercaptoethyl dimethoxyethoxysilane, I-mercaptopropyil
methoxyethoxyprepoexysilane, 3-mercaptopropyl dimethoxy

30 methylsilane, 3-mercaptopropyl methoxy dimethylsilans, 3-
mercaptopropyl ethoxy dimethylsilane, I-mercaptopropyl

diethoxv methylsilane, 3-mercaptopropyl
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cyclohexoxydimethylsilane,4-mercaptobutyl trimethoxysilane,3-mercapto-3-
methylpropyltrimethoxysilane,3-mercapto-3-methylpropY1-
tripropoxysilane,3-mercapto-3-ethylpropyi-dimethoxy 5 methylsilane,3-mercaoto-2-methylpropyl
trimethoxysi&Metstefdapto-2-methylpropyldimethoxy phenylsilane, ~ FCT/SG2009/000373

3-mercaptocyclohexyl-trimethoxysilane, 12- mercaptododecyl trimethoxy silane,12-mercaptododecyl
- triethoxy silane, 18-mercaptooctadecyl trimethoxysilane, 10
18-mercaptooctadecylmethoxyaimethylsilane,2-mercapto-2-
methylethy1dtienePexysilanewemeytapto-2-methyletbYk trioctoxysilanie; 2 merpapiophehyl
tr!methoxysnanefng;_ OexrcggfggeenyItrletho_xyS|1ane,2-mercaptotoly1 trimgthoxysil &_%mer_captotolyl
trlethoxysnarrrer,i- 15 me?’cap omethyltolyitrimethoxysilane, 1-mercaptomethyltoly1triethoxysilane,
2-mercaptoetiydplényldrimiatitosygsihane, 2- hssreaptoethypheagPietiodyaiiane PZOoPY L -
nnﬂcapKXﬂh¥§9£¥%£ﬁ§§g¥¥9§ggne’anenﬁwm@¥E¥BQW13—ethylpropyl—dimethoxy
5 methylsilane, 3-mercapto-Z-methylpropyl
crimetheoxysilane, 3~mercapto-Z-methylpropyl dimethoxy
phenylsilane, 3-mercaptocyclohexyl-trimethoxysilane, 12-
mercaptododecyl trimethoxy silane, 12-mercaptododecyl
triethoxy silane, 18-mercaptooctadecyl trimethoxysilane,

10 18-mercaptooctadecyl methoxydimethylsilane, 2-mercapto-2-
methylethyl-~tripropoxysilane, 2-mercapto-2-methylethyl-
trioctozysilane, Z-mercaptophenyl ‘trimethoxysilane, 2-
mercaptophenyl triethoxysilane, Zz-mercaptotolyl
trimethoxysilane, 2-mercaptotolyl triethoxysilane, i-

1% mercaptomethyltolyltrimethoxysilane, l-mercaptomethyltolyl

triethoxysilane, 2-mercaptoethylphenyl trimethoxysilane,

2-mercaptoethylphenyl triethoxysilane, 2-
mercaptoethyltolyl trimethoxysilane, Z-mercaptoethyltolyl
triethoxysilane, 3-mercaptopropyliphenyl
20 trimethoxysilaneand, 3-mercaptopropylphenyl
triethoxysilane, and the aminosilanes 3-

aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane,
© 4-aminobutyltriethozy-silane, N-methyl=-3-amino-2-
methylpropyltrimethoxysilane, N-gthyl-3-amino-2-

25 methylpropyltrimethoxysilane,N-ethyl-3-aminc-2-

methylpropyldiethoxymethylsilane, N-ethyl-3=-amino=-2-
methylpropyltriethoxysiliane, N-ethyl-3-amino-2-
methylpropyl-methyldimethoxysilane, N-butvi-3-aminc-2Z-~

methylpropyltrimethoxysilane, 3~ (N-methyl-Z2-aminc-l-methyl-

30 l1-ethoxy)~propyltrimethoxysilane, N-ethyl-4~amino-3, 3-
dimethylbutvldimethoxymethylsilane, N-ethyl-4-amino-3, 3-
dimethylbutyltrimethoxy—silane, N-(cyclohexylij=~3—
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triethoxysilane,3-mercaptopropylohenyl 20 trimethoxysilaneand,3-mercaptopropylphenyl

triethoxysilane,andtheaminosilanes3- aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane,

4-aminobutyltriethoxY-silane,N-methy1-3-amino-2- methylpropyltrimethoxysilane,N-ethy1-3-amino-2-

25 methylprdi$yRtifedHERysilane, N-ethy1-3-amino-2- PCT/SG2009/000373

methylpropyldiethoxymethylsilane,N-ethy1-3-amino-2-

methylpropyltriethoxysilane,N-ethy1-3-amino-2-
methylpropyl-methyldimethoxYsilane,N-buty1-3-amino-2-
met?"prODYB&&ﬁ@Q&%@ﬂaﬁ%&@&Wé{ﬂﬁﬁn hm%%nmmysbeaayl) ~3-

Lethoo) oplineeysiaeNeidso 33 i (2maninosciyt -

dimethylbutydtrimetbaxygilame A=(oyciotreixyd)3, N- (2-amincethyl) -3~
aminopropylmethyldimethoxysilane,

5 aminopropyltriethoxysilane, pis-(3-trimethoxysilyi-2-
methylpropyl)amine and N-(3'-trimethoxysilylpropyl)—-3-
amino-Z-methylpropyltrimethoxysilane.

Iﬁ one embodiment, the silane-containing compound is
3-mercaptopropyl trimethoxysilane (MPTMS).

19 Without wishing to be bound by any particular theory,
it is believed that MPTMS is & gold adhesion promoter due
£o 1ts chemical properties, wherein the thicl groups of
the compound adhere to gold and the Lrimethoxysilane
functional groups adhere to the PC substrate.

15 In one embodiment the surface coating of the adhesion
promoter is less than 10nm.

There is provided an imprinted substrate, said
substrate having a micro-sized or mnano-sized Imprint
integrally formed on the surface thereof and having =&

20 metal laver depcsited on at least part of said imprint.

There 1i1s provided a substrate having an array of
micro-sized or nanc-sized imprints exitending from said
substrate comprising a grating formation arranged to form
trenches between adijacent imprints, wherein a metal layer

25  caps one of said imprints or said trenches.

There is provided a substrate as defined above, for
use in for use in a fuel cell, surface plasmon
spectroscopy, crganic electronics, MEMs /NEMs, a
nicrofluidic device or a plasmonic device.

30 There is provided a substrate as defined above,
whersin said substrate 1s obtained by the method as

defined above.
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aminopropyltrimethoxysilane,N-(2-aminoethyl)-3- aminopropyitrimethoxysilane,N-(2-aminoethyl)-3-
aminopropyltriethoxy-silane,N-(2-aminoethy1)73- aminopropylmethyldimethoxysilane,
aminopropvltriethoxysilane,bis-(3-trimethoxysily1-2-
methylpropy&raitiEeditN-(3'-trimethoxysilylpropy1)-3- amino-2-methylpr@gyitFiaiethdsissiane. In
one embodiment, the silane-containing compound is 3-mercaptopropyl trimethoxysilane (MPTMS).
10Without wishing to be bound by any particular theory, it is believed that MPTMS is a gold adhesion
promoter due to its chemical properties, wherein the thiol groups of the compound adhere to gold and

the trimethoxysilane fupctional groups aglhere fo the,PG- substrates15k-ene embedimest the surface
coating of the adhesion promoter is less than |IOnm,  There is provided an imgrgntgd substrate, said

substrate halitff§ Hicroatted BrR&nHXized imprit ifegraiyForfed A The™SUrace tHdteof and

having a 20 seetahlayerdepasited on at least part of said imprint. There is provided a substrate
having an array of microsized or nano;sized imprigts extending from said substrate, gmprising a
grating formation arranged to Torm tren§1es between adjacent imprints, Wherein a metal layer
5 wherein said substrate 18 obtained by the method as
defined above, for use in a fuel cell, surface plasmon
spectroscepy, organic electronics, MEMs /NEMs, 2
microfluidic device or a plasmonic device.
There 1s provided a substrate as defined above,

10  wherein said substrate 1s obtalinable by the method as
defined above for use in a fuel c¢ell, surface plasmon
spectroscopy, organic electronics, MEMs /NEMS , a
microfiuildic device or a plasmonic devic

There 1s provided a sensor chip having a substrate

15  bedy comprising an array of micro-sized or nano-sized
imprints extending from said substrate and arranged to
form trenches bebtween adjacent imprints, wherein a
reflective metal layer caps one of said imprints or said
Trenches.

20 Thers ls provided a surface plasmon rescnance system
comprising: a light source; =2 sensor chip as defined
above; a light detector for receiving light reflected from
sald reflective metal layer of said sensor chip:; and an
coptical modulator for directing modulated light onto said

25 sensoxr chip.

Brief Description of Drawings
The accompanying drawings illustrate a disclosed
embodiment and serve to explain the principles of the
30 disclosed embodiment. However, it 1s to be understood that

the drawings are designed merely for the purposes of
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25 caps one of said imprints or said trenches. There is provided a substrate as defined above, for
use in for use in a fuel cell, surface plasmon spectroscopy, organic electronics, MEMs/NEMs, a
microfluidic device or a plasmonic device. 30There is provided a substrate as defined above, wherein
said substra¥é K EtEfEd by the method as defined above. There isPprovit@ePAaréin said
substrate defined above. There is provided 5 wherein said substrate defined above, for use
spectroscopy,organic microfluidic device or a plasmonic device. There is provided a substrate as
defined above, 10 wherein said substrate is obtainable by the method as defined above for use in a

fuel cell, surface, plasgon speciroscapy aiganicelecironicss MfMs/NEMs, aiaficroftuidio device or a

plasmonic device There is provide% a sensor chip having a substrate 15 body comprising an array of
micro-sized S n&hd-siz8d Tipfnts EXtending fréfM said substrate and arranged to form trenches

between adjacent iEr:g—pgrintsiwhgrsein 2 reflective metal layer caps one ofsaigdmpriats epsaid trenches.
selectively depositing a metal layer on a first substrate

5 and subsequently selectively depositing a metal layer on a
second substrate in accordance with a disclosed

embodiment.

Fig. 2 shows a scanning electron microscope (SEM)

image of one embodiment of a& silicon mold.

10 Fig. 3 " shows an optical mlcroscope image
(magnificatiocn: 50x) of the silicon mold of Fig. 2 after
the first simultaneous imprinting and selective deposition

of a metal on a first substrate.

Figs 4a and 4b show optical microscope 1images
15 (magnification: a) b0x b) 5x) of the first substrate after
the first simultaneous imprinting and selective deposition

of a metal from the mold of Fig. 2.

Fig. 5 and Fig. & respectively show the corresponding
elemental mapping image and corresponding SEM image of

20 Figs 4a and £b.

Figs 7a. and 7b show optical microscope images
(magnification: a) 50x b} 20x} of the second substrate

after <the second simultaneous imprinting and selective

depcsition of a metal from the mold of Fig. Z.

25 Fig. 8 shows & scanning electron microscope {SEM)
image of a second embodiment of a silicon mold for use in

a discleosed embodiment.

Fig. 9 shows an optical microscope image

imagnification: 50x) of the silicon meld of Fig. B after
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20There is provided a surface plasmon resonance system comprising: a light source; a sensor chip as
defined above; a light detector for receiving light reflected from said reflective metal layer of said
sensor chip; and an optical modulator for directing, modulated light onto said 25sensor chip. Brief
Description SPHYLThe accompanying drawings illustrate a disclos&§ er38HH8Hand serve to
explain the principles of the 30 disclosed embodiment. However, it is to be understood that the
drawings are designed merely for the purposes of WO 2010/042076PCT/SG2009/000373 illustration,
and are not to be construed as a definition of the limits of the invention.  Fig. 1 is a schematic
diagram of a method fer ssledlivelv depesiting aimetaldayaidnsa fiesi stbstratepd andisabsequently
selectively de ositingca,metal layer on.a se?f)o d s%bstrate in accordance with a disclosed
embodiment™ @ Fi§ 5 shdfis®a séarhing &fection microscope (SEM) image of one embodiment of a

silicon mold. 10FigF§:i:;Sshovﬁ?anOp§-§§|mifb@ascoﬁ%maggptical micrescope  images
(magnification: &) 50x b) 20x) of *he first substrate
5 after <+the first simultaneous imprinting and selective

deposition of & metal from the mold of Fig. 8.

rig. 11 and Fig. 12 respectively show the
corresponding elemental mapping 1mage and corresponding

SEM image of Figs 10a and 10b.

" 10 Fig. 13 shows a scanning electron microscope (SEM)
image of a third embodiment of a silicon mold fox use in a

discliosed embodiment.

Fig. 14 shows an optical microscope image

(magnification: 50x) of the silicon mold of Fig. 13 after

15 the first simultaneous imprinting and selective deposition
of = metal on a first substrate.

Figs 15z and 15b show optical microscope 1mages

(magnification: a) 50x b) 20x) of tThe first substrate

frer the first simultanesous imprinting and selective

AL

20 deposition of a metal with the mold of Fig. 13.

Fig. lc6 and  Fig. 17 respectively show  The
corresponding elemental mapping image and carresponding

SEM image of Figs 1Ca and 10b.

Figs 18a and 18b show optical microscope images
25 (magnification: a) 50x b) 20x) of the second gubstrate
after the second simultanscus imprinting and selective

deposition of a metal from the mold of Fig. 14.
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(magnification: 50x) of the silicon mold of Fig. 2 after the first simultaneous imprinting and selective

deposition of a metal on a first substrate. Figs 4a and 4b show optical microscope images 15

(magnification: a) 50x b) Sx) of the first substrate after the first simultaneous imprinting and selective
deposition GVa MEXREIGM the mold of Fig. 2. Fig. 5 and Fig. 6 respdéiNVeh?dligfpife

corresponding elemental mapping image and corresponding SEM image of 20 Figs 4a and 4b.

Figs

7a and 7b show optical microscope images (magnification: a) 50x b) 20x) of the second substrate after
the second simultaneous imprinting and selective deposition of a metal from the mold of Fig. 2. 25Fig.

8 shows a scanning electron microscopa:-£3RMY imageakaseeond embodiment of a silicon mold for

use in a disclosed embodiment. Fig.9showsanopticalmjcroscopei e (magnification
silicon mold of Fig. B-8fter- thé fir sin%ultsa%%é ST nlg S%ag? e

2 O

BUL imprinting and selective

: gQX) of the
deposition o? a metal on a

first substratee 1l edigs4Da aiebi@h show opticalmmicrésgope images {rhaghifisakie:x@™B0x b) 20x) of

.F

the frst subsicaie g, afir e vt Smutanaaus mariing v selecib denpsiin obg metl from the
i9.1 . [ enta i

mold of Fig.

landFig.12respectivelyshow the corresponding elem

correspandifg SEM hangE GFFigs 20ail fofpstrate (Steps (di-(Z)).

15

20

25

30

In Step {(a) of Fig. 1, a silicon (Si) mold 12 having
an impriﬁt forming surface comprising a first region (l4da,
14b, 14c) and a second region comprising projections (loa,
16, 16c, 16d) is coated with a reflective metal, such as
gold (Au), by electron beam evaporation. The mold 12 1s
attached inside an electron beam evaporator (not shown) at
a2 distance from a Au target, such that the evapcration is
unidirectional, resulting in & gold coating layer (18a,
18b, 18¢) being formed on the first region (14a, 1l4b, ldc)
and a gold coating layer (20a, 20b, 20c, 20d) being formed
on the second region (16a, 16b, 16c, 16d). The first
raegion (ita, 1l4b, l4c) nas & greater surface area
(ESD,DOOum% compared to the second region (10,000um%
{l6a, 16b, léc, 1éd).

Pricr to Step {ay, &a first ©polycarbonate (PC)
substrate 22 i1s treated with an adhesion promotexz, (3-
mercaptepropyl) trimethoxysilane {(MPTMS), to form a surface
coating Z4 of the adhesion promoter.

In Step (b) of Fig. 1, the Si mold 12 is pressed into
the surface of the PC substrate 22, at & temperalture above
the glass transition temperature of 180°C of <the PC
substrate 22, at a pressure of 2.2 MPa for 15 minutes to
form an imprint on the PC substrate 22.

In Step (c) of Fig. 1, the PC substrate 22 1s cooled
to a temperature of 100°C for a time period of 1-5 minutes

before demolding the PC substrate 22 from the Si mold 12.

24
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Fig. 13 shows a scanning electron microscope (SEM) image of a third embodiment of a silicon mold
for use in a disclosed embodiment. Fig.14showsanopticalmicroscopeimage (magnification: 50x) of
the silicon mold of Fig. 13 after 15 the first simultaneous imprinting and selective deposition of a metal
on a first suB¥%eaeel/E=565a and 15b show optical microscope images (HEEFWEONES 50x b) 20x)
of the first substrate  after the first simultaneous imprinting and selective 20 deposition of a metal
with the mold of Fig. 13. Fig.16and Fig.17respectivelyshow the corresponding elemental mapping
image and corresponding SEM image of Figs 10a and 10b. Figs 18a and 18b show optical microscope

images 25 (magnifigatiof;;g) H0X P20 of the seeond:subsirateafter the sesprd sivaultaneous
imprinting and selective deposition of a metal from the mol%gf Fig %4 Detailed Descril[?tjon Fig. 1,
shows a schEifatic drEgranT of 4 nfdtRed 10 1oF Seldéiirly d&Bosit &5:1 nfetal 18yer on 4 first substrate
(Steps (a)-(Prandsubsequentbsselectively depositifg a 2 tietabliayer 8A &) sectme substrate (Steps
(d)-(). In, Step (a), of Fig. .1,.a silj (Si). mpld 12 haying.an imprint-formin rfa mprising a
first region (r}fa\t’f 3:élb,((i) ¢y an %sgc%}d r%%ioﬁ{lceorﬁ[%s%r% %ggﬁlonélglég, %6 ,'16%2; %gd) is coated
with a réflectie bl &elbh a2 is transferred to the corresponding first

region of projections (26a, 26b, 26c) on the PC substrate
22. This is due to the greater surface area on the first
region {1l4a, 14b, 1l4c) of the mold 12 as compared to the
second region of projections (16a, 16b, 1l6c, 16d) of the

10 mold 12, which results in & greater work of adhesion
between the first region (l4a, 14k, l4c) of the mold 172
and the corresponding first region of projections (26a,
26b, 26c) formed on the PC substrate Z2Z.

In Step (d) of Fig. 1, the same 51 mold 12 with the

15 gold coating layer (20a, 20b, 20c, 20d} on the second
region of projections (16a, 16b, 16c, 16d), is used for
the simultaneous imprinting and selective deposition of a
metal onto a second PC substrate 30. The second PC
substrate 30 i1s also treated with the adhesion promoter

20 {3-mercaptopropyl) trimethoxysilane (MPTMS) , to  form a
surface coating 32 of the adhesion promoter.

In Step (e} of Fig. 1, the Si moid 12 is pressed into
the surface of the‘PC substrate 30, at a temperature above
the glass transition temperature of 180°C of the PC

25 substrate 30, at & pressure of 2.2 MPa for &0 minutes to
form an imprint on the PC substrate 30.

In Step (f) of Fig. 1, the PC substrate 30 is cooled
to a temperature of 100°C for a time period of 1-5 minutes
before demolding the PC substrate 30 from the 51 moid 1Z.

30 The imprint fermed on the PC substrate 30 comprises a
first region of projections (34a, 34b, 34c} and a second

region of recessed portions (36a, 36b, 36c, 36d). The gold
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10 gold (Au), by Electron beam evaporation. The mold 12 is attached inside an electron beam
evaporator (not shown) at a distance from a Au target, such that the evaporation is unidirectional,
resulting in a gold coating layer (18a, 18b, 18c) being formed on the first region (14a, 14b, 14c) 15 and
a gold coatif12YBYa20%, 20b, 20c, 20d) being formed on the second redi6b/$4:B86091BB3 86c, 16d). The
first region (14a, 14b, 14c) has a greater surface area (250,000um2) compared to the second region
(10,000)=2) (164a, 16b, 16c, 16d). 20Prior to Step (a), a first polycarbonate (PC) substrate 22 is treated
with an adhesion promoter, (3- mercaptopropyl)trimethoxysilane (MPTMS), to form a surface coating
24 of the adhgsign promoter: i Step £) ofokig. LotherSi meldskaisHergssead inta=25 thersurface of the
PC substrate 22, at a temperature above the gliss trfgsition te@LperatéJre of CJlr80i§: of tbgePC substrate
22, at a pressifte of 2P MP& for 8 intites BFofm artimprint o the PE-&iBStrate 22 In Step (c)
of Fig. 1, the-BErauhsirate 22 iscoated 3@4a arterrperatubenf 106€,foB adimeperog oPT-5 minutes
before demol%&ggéhgtPC $ bstrate 22 from the Si mold 12. WO 2010/042076PCT/SG20091000373
The imprint formed on the PC substrate 22 comprises a first region of projections (26a, 26b, 26¢) and
a second region of recessed portions (28a, 28b, 28c, 28d). The gold layer (18a, 18h, 18c) on the first
region (14a, 14b, 14c) 5 of the mold 12 is transfered & the corresponding first region of projections
(264, 26b, 26¢) on the PC substrate 22. This is due tQ the greater surface area on the first region (14a,
14b, 14c) of the mdl@L 2 AL coiare 5 §&cond egi%ﬁ%f pfé}ga?oﬁsofmafv%b, 16¢; 16d) of the
10 mold 12, whietheesultgqn axgieater Wwark ef:adhesion betweeh thefirstrrelgore(tda, 14b, 14c) of the
mold 12 and the correspandingfirst region.of projecti 2 ac) formed on the PC substrate
22. In Step (&) 6F Fig- 1, The s: e Si nbgé%q T2 %}%8%%%Ogo?§eco%%ﬁé T%éra(Z%%, %b,gzdgc, 20d) on the
second fegioreof projddtions (16a, 26breeellsdieisiased fordhe simultaneous imprinting and
selective deposition of a metal onto a second PC substrate 30. The second PC substrate 30 is also

treated with the adhesion promoter 20(3-mercaptopropyl)trimethoxysilane (MPTMS), to form a
Materials and Methods

Gold Deposition
A gilicon {8i) meld was coated with golid by electron
15 Dbeam evaporation at a pressure of 3.8 x 207% mbar (3.8 x
1077 kPa), a current of 100mA and a deposition rate of
0.llnm/s. The $i meld was attached inside an Edwards Auto
306 electron beam evaporatoz at a distance away from The

gold target to ensure that the gold was deposited

]

20 unidirectionally on the silicon mold. Gold was not
deposited on the sidewalls of any recessed areas. The
thickness of the gold layer was in the range of about

100nm to Z00nm.

25  Surface Treatment of Polycarbonate
A polycarbonate (PC) £ilm was treated with an
adhesion romoter, {3-mercaptopropyl) trimethoxysilane
(MPTMS), to enhance adhesion between the polycarbonate and
the gold layer during the imprinting process. The
30 polycarbonate films were soaked in a solution of 5ml MPTMS
mixed with 240 ml ethanol and 10ml de-ionized water. The

films were left overnight in the soclution to enable the
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surface coating 32 of the adhesion promoter. In Step (e) of Fig. 1, the Si mold 12 is pressed into
the surface of the PC substrate 30, at a temperature above the glass transition temperature of 180C of
the PC 25 substrate 30, at a pressure of 2.2 MPa for 90 minutes to form an imprint on the PC
substrate 3B Of Fig. 1, the PC substrate 30 is cooled to a temBEFAIGREBIHHIE for a time
period of 1-5 minutes before demolding the PC substrate 30 from the Si mold 12. 30 The imprint
forr_ned on the PC substrate 30 comprises a first region of projections (34a, 34b, 34c) and a second
region of recessed portions (36a, 36h, 36¢, 36d). The gold layer (20a, 20b, 20c, 20d) on the second
region (16ay160516¢,16d):atthe $i moldd2is transfessddathe cartaspordingfsecondiregion (36a,

36b, 36¢, 36d) on the PC substrate 30. 5 Examples _ Non-limiting examples of the invention will be
further desc?i‘bﬁﬁaiﬁegrgﬁﬁeﬁjcfé?aif’ﬁy i’@f%ré%%g o Spedific IEgjgéfﬁngp'les, which should not be construed as
in any 10 way ligniting: herecope of the invention.

Imprinting was carried out with a gold-coated siliceon

5 mold and a MPTMS—treated polymeric substrate utillizing the

classic nanoimprint lithography process. The gold-coated

mold was placed on top of the polymeric substrate on an

Dbducat imprinter. The heating temperature was then

increased ©To a tempsrature above the glass transition

10 temperature (180°C) of the polymeric substrate and a

pressure of 22bar {(Z2.ZkPa) was applied for 1% minutes. The
silicon mold was then demolded from the polymer at 100°C.

After imprinting, the gold layer was transferred from

either the protruding region or the recessed region of the

15 mold, to the corresponding recessed reglon oI protruding

region of the polymeric imprinted substrate. The reglon

where the gold transfer occurs can be controlled by the

géometric pattern of the mold. In particular, the gold

transfer will occur in the region with a larger suriface

20 area compared to the other region. The surface area of

rhe first region is approximately 95% greater than the

surface area of the second region.

The remaining gold attached on the silicon mold was

used for a subseguent new imprinting step. The heating

25 temperature was again increased to a temperature above the

glass transition temperature 1180°¢C) of the polymeric

substrate and a pressure of 22 bar (2.2kPa) was applied

for 90 minutes. The exact imprinting time depends on the

pattern geometry and density. At the end of the cycle, the

30 silicon mold was demolded from the polymer at 100°C. After

imprinting, the remaining gold layer was transferred from
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Materials and Methods Gold Deposition A silicon (Si) mold was coated with gold by electron 15 beam
evaporation at a pressure of 3.8 x 10-6 mbar (3.8 x 10-7 kPa), a current of 100mA and a deposition
rate of 0.11nm/s. The Si mold was attached inside an Edwards Auto 306 electron beam evaporator at
a distance RAJHUPA2KE gold target to ensure that the gold was depositBEEEH R iEFdnally on the
silicon mold. Gold was not deposited on the sidewalls of any recessed areas. The thickness of the gold
layer was in the range of about 100nm to 200nm. 25 Surface Treatment of Polycarbonate A
polycarbonate (PC) film was treated with an adhesion promoter, (3-mercaptopropyl)trimethoxysilane
(MPTMS), te gnhanee aghesiondetweeamthe-palygarbonate:aed ihe golthayerduringt e imprinting
process. The 30 pglycarbonate fiIFmis were soaked in a solution of 5m1 MPTMS mixed with 240 ml

er

ethanol and T teSionfzed \atet - The HifRE Were left overnight in the solution to enable the WO

2010/042076PCT/SG2009/000373 MPTMS to react with the polycarbonate film to form a surface
coating on t agheéiopi%ré) OIET. Gold Transfer Imprinting was carried out with a gold-coated silicon
5 mold and & MPTRIS-treate polymeric substrate utilizing the classic nanoimprint lithography process.
The gold-coated mbtd was priced Bictop df theFBlymerr Substate Gt &R Sbducat imprinter. The
heating temperaiwe-was thenjncreasedto ghemperature abeye the:glass trapsitionckhtemperature
(180C) of the polymeric substrate and a pressure of 22Par (2.2kPa) was applied far 15.minutes. The
silicon mold %%gﬁl%n‘ﬂ%ﬁ‘?oidé%efﬁorﬁ?hecﬁ‘cﬁ%%%?%fjlaﬁcge CO%SlSté)IPCY B e

selective gold transfer. In the optical microscope images,
the “brighter” regions represent the regions covered with

10 gold, whereas the “darker” regions represent the regions
‘without gold.

Energy dispersive X-ray spectroscopy (EDS elemental
mapping) was also used to validate the results obtained
from the optical microscope images. Similariy, EDS

15 elemental mapping permits a specific element such as ¢gold
to appear “brighter” at the regilons covered with gold,

whereas other regions without gold appear “darker”.

Example 1
20 This example describpes the method 10 as illustrated
in Fig. 1 using a 51 mold with a 10 pm (A/R = 0.5) pillar
pattern as shown in Fig. 2. The S5i mold has an Imprint
forming surface comprising a first recessed region 40 and
& second protruding region 42 coated with gold as
25  described above. A PC substrate was also treated with an
adhesion promoter as described above.

During the first imprinting step, the gold (hu) layer
in the first recessed region 40 of the S5i mold was
transferred to the corresponding protruding region 50 of

30 the PC substrate (Figsréa and 4b'}, whereas the gold layer
oh the protruding region 42 remained on the Si meold (Fig.

3). The corresponding recessed region 52 on the PC
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After imprinting, the gold layer was transferred from either the protruding region or the recessed region
of the 15 mold, to the corresponding recessed region or protruding region of the polymeric imprinted
substrate. The region where the gold transfer occurs can be controlled by the geometric pattern of the
mold. In parfiéuPatdREYsld transfer will occur in the region with a larger XFRiE620@ /4863 tompared to
the other region. The surface area of the first region is approximately 95% greater than the surface
area of the second region. The remaining gold attached on the silicon mold was used for a subsequent
new imprinting step. The heating 25 temperature was again increased to a temperature above the

glass transitigndemparature {180C) 0f thespolymerigisubstiate and apressika of 22 bar(2.2kPa) was

applied for 90 minutes. The exact imprinting time depends on the pattern geometry and density. At the
a6 of the cJUTE SHELTS sTCort AT et BamBiact ok 176 BOR e BAoCo s Miinting. the

remaining gaéld layeriwas trassferredifsane the silicdarolddadhe polymernedubstratetil¢he region
Opposite to-ggggiﬁltdmpéin&g&agﬁctq&zaté% the 81 mold which promotes or
5 facilitates the transfer of the gold layer from the
recessed region 40 of the 51 mold onto the substrate.

EDS elemental mapping was carried out to validate the
presence of gold on tThe substrate. Fig. 5 shows the
elemental mapping image of the substrate and Fig. ¢ shows

10  the corresponding SEM image. As can be seen, the gold is
present on the protruding region 50 of the PC substrate.

Subsequently, a second Imprinting step was then
carried out on a2 second substrate as described above. The
remaining gold layver on the second protruding region 42 of

1%  the Si mold was Lransferred to the corresponding recessed
region &0 of the second substrate. The protruding reglion
62 of the second substrate does not have a gold layer

(Pigs 7a and 7b).

20 Example 2
This example describes a method for selectively
depesiting a gold layer using a silicon mold with a 5 pm
(A/R = 1.0) dimple pattern as shown in Fig. B. The silicon
mold has an imprint forming surface comprising a first
25 protruding region 70 and a second recessed region 72. As
shown in Figs 8 and 8, the first protruding region 70 of
the 3i mold has a larger surface area compared to the
second recessed region 72 of the 51 mold.
The silicon mold was coated with a gold layer as
30 described above. A PC substrate was also treated with an

adhesion promoter as described above.
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As there was a significant difference in the reflectivity of the polymer and gold, optical microscope
images were used to characterize the consistency of the selective gold transfer. In the optical
microscope images, the "brighter" regions represent the regions covered with 10 gold, whereas the
"darker" regfoh3WeIHa8Ent the regions without gold. Energy dispersive XHal/¥r88t¥ésby (EDS
elemental mapping) was also used to validate the results obtained from the optical microscope
images.Similarly, EDS 15 elemental mapping permits a specific element such as gold to appear
"brighter" at the regions covered with gold, whereas other regions without gold appear "darker".

Example 1 20This gxample describes the method.$0:as ilkistatedria Figo ldisingya Si rhold with a 10
um (A/R = 0.5) pillar pattern as shown in Fig. 2. 'Bhe Si mold tgas angmprinéforming sgtggce comprising
a first recesS&6 reghon46 B4 secbRd PiBtruding re§idh 42 soated goid-as 25 described above. A PC
substrate was alsedeatet-with ansadiesiarepromoted asestebéd above tDaking A fifst imprinting

step, the gold (Au) layer nfhe firstrecessed region49 of the 3i moldhwas ansfepeddadhe
corresponding proﬁu%mg region %610 %the PC sﬁ)strate (Figs 4a and 4b), whereas the gold layer
5 region 72 remained on the 5i mold (Fig. 9). As such, the
corresponding protruding region 82 on the PC substrate, as
shown in Figs 10a and 10b, does not have a gold layer. The
larger surface area of the protruding regien 70 of the Si
mold, compared to the recessed region 72 of the 81 mold,
10 promotes or facilitates the transfer of the gold laver
from the protruding region 70 of the Si mold onto the
substrate.
D3 elemental mapping was carried out to validate the
presence of gold on the substrate. Fig. 11 shows the
15  elemental mapping image of the substrate and Fig. 12 shows
the corresponding SEM image. As can be seen, the gold is

present on the recessed region 8C of the PC substrate.

Exzample 3
20 Thnis example describes the method 10 as illustrated
in Fig. 1 using a silicon mold with a 10 uam (A/R = (.3)

grating pattern as shown in Fig. 13. The silicon mald
having an imprint forming surface comprising a first
recessed region %0 and a second protruding region 292 was

25  coated with gold as described above. A PC substrate was
alsc treated with an adhesion promoter as described above.

During the first imprinting step, the gold layer in

the recessed region 20 was transferrad to the
corresponding protruding region 100 of the PC substrate

30 (Figs 15a and 15b), whereas the gold layer on the
protruding region 92 remained on the Si mold (Fig. 14). As

such, the corresponding recessed reglon 102 on the FC
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oh the protruding region 42 remained on the Si mold (Fig. 3). The corresponding recessed region 52
on the PC substrate (Figs 4a and 4b), does not have a gold layer. Referring to Figs 2 and 3, the
recessed region 40 of the Si mold has a larger surface area compared to the protruding region 42 of
the Si mold WHiti§i#éihttes or 5 facilitates the transfer of the gold layer fPéhHe@assed region 40 of
the Si mold onto the substrate. = EDS elemental mapping was carried out to validate the presence of
gold on the substrate. Fig. 5 shows the elemental mapping image of the substrate and Fig. 6 shows 10
the corresponding SEM image. As can be seen, the gold is present on the protruding region 50 of the
PC substratem s tSuhsequeptlsasseconsd impsiating stepnwas hen cassed avtomassecand substrate

as described abgve, The remaigin}g gfq:lg Iage.r on {.he second profrugding r%gion 42 of 15 the Si mold

was transferf&d fo t%g-‘é%¥respon%ineg fecedsed region 60°6f the second substrate. The protruding

region 62 of they second Gubsfrate deesdiot maveda goid layer (Figs?a anslZif)a 20Exanssle 2 This
example desciibs.Amethod for sglacliyely,depaslig. dokd layersinga silgon melduyth a 5 pm

(A/R = 1.0) dimple pattern‘as shown in Fig. 8. The silicon mold has an imprint forming surface
compristhg PFIEPESFotRIdingAredioh PG ehd Bl clridFetedEedregibn® 2 SRS Shovi# fFFigs 8 and 9,
the first protraging regien 2Qettha-8i mald has adargessuriace arga capparediiadhetsesond
recessed region 72 of the Si mold. The silicon mold was coated with a gold layer as 30 described
above. A PCSti5Etraté Was also treated with an adhesion promoter as described above.

EDS elemental mapping was carried out teo validate the

presence of gold on the .substrate. Fig. 16 shows the

10 elemental mapping image of the substrate and Fig. 17 shows
the corresponding SEM image. As can be seen, the gold is
present cn the protruding region 100 of the PC substrate
and is absent from the recessed portion 102 of the
substrate.

i5 Subseqguently, a second imprinting step was then
carried out on a second substrate treated as described
above. The remaining gold layer on the protruding region
92 of the 81 mold was transferred to the corresponding
recegsed reglion 200 of the second substrate. The

20  protruding region 202 of the second substrate does not

have a gold layer (Figs 18a and 18b).

Applications
The method disclosed herein provides a process for
25 selectively depositing a metal layer on at least part of a
substrate.
Advantageously, selective deposition cf a metal onto
a substrate in accordance with the disclcosed method can be
achieved without the use of a photomask or a rigid shadow
30 mask.
Advantageously, the method disclosed herein is more

cost effective and less time consuming than conventional
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WO 2010/042076PCT/SG2009/000373 During the first imprinting step the gold laver in the
protruding region 70 was transferred to the corresponding recessed region 80 of the PC substrate
(Figs 10a and 10b), whereas the gold layer on the recessed 5 region 72 remained on the Si mold (Fig.
9). As such,We28HiEaiénding protruding region 82 on the PC substrate PA3/SREWH PPEIGs 10a and
10b, does not have a gold layer. The larger surface area of the protruding region 70 of the Si mold,
compared to the recessed region 72 of the Si mold, 10 promotes or facilitates the transfer of the gold
layer from the protruding region 70 of the Si mold onto the substrate. EDS elemental mapping was

carried out tg Malidate the presenee of golgkan thes substeate: Frigs ddishowstherkelefental mapping
image of the substrate and Fig, 12 shows the corresponding SEM image. As can be seen, the gold is

present on tAEY&CdSE& r&ion Ot the PEEDBER SRS Example 3 20This example describes the
method 10 as illustrateghibaigot asing acsikicomenoloiwithia ¢DaradA/RED) gratireppatiérn as shown

in Fig. 13. The sjlicon_mold having an imr[l:)ri% Qlr ing.surface comprising a first [eeessed region 90
and a seconﬁnpr% r%dlzn%r%%%r? 92 Was 25 cog;tegl with gon as described above. A PC substrate was
also treated With ateadiseésibaprorioter &sdedcribedaibove. & selected region on

the imprint of the substrate at the same time. MNore
advantagecusly, the method discleosed herein 1is able o
selectively deposit a metal laver over a non~planar
substrate.

10 Advantageously, the use of a mold as disclosed herein
can be used for subseguent imprinting of similar or
different substrates. This 1s Dbecause the metal layer
which remains on the mold during the first simultansous
imprinting and selective metal deposition may be used for

15 & subsequent simultaneous imprinting and selective metal
deposition on a further substrate.

Advantageously, the substrate according to the
invention may be used in a fuel c¢ell, surface plasmon
spectroscopy, organic electronics, MEMs /NEMs, a

20 microfluidic device or a plasmonic device.

Tt will be apparent that various other modifications
and adaptations of the inventicn will be apparent to the
person skilled in the art after reading the foregoing
disclosure without departing from the spirit and scope of

25 +he invention and it is intended that all such
modifications and adaptations come within the scope ¢f the

appended claims.
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During the first imprinting step, the -gold layer in the recessed region 90 was %55895‘8
corresponding protruding region 100-of the PC substrate 30 (Figs 15a apd 1ok} Whereas. I g@pld
layer on the Protruding region 92 remained on the Si mold (Fig. 14). As such, t e corresponding
recessed region 102 on the PC substrate, as shown in Figs 15a and 15b, does not have a gold layer.
Referring to Figs 13 and 14, the recessed region 90 of the Si mold has a larger surface area compared
to the protruding region 92 of the Si mold which Sesivates or facilitates the transfer of the gold layer
- from the recessed region 90 of the t%l m %d on;orthe substrate. EDS elemental mapping was
cartied out to vallt%ate the presence ot goldon the sUbsfrate BIgL 1k Howss thidPEd eleental mapping

“image of the substrate dnd'Fi§® ﬁ%sh%’\‘%’ihé‘%??é@poﬁﬂiﬁg BENACih aefamAs Gaug belseen, the gold is
present on the protrG8inG¥egion 100 of the PC substrate and is absent from the recessed portion 102
of the substrate. 15Subsequentiy i sgconshbimprinting step was-than g@gﬂgqigoggppag second substrate
treated as described-abpva. The remaining.gold.jayer c;rggg,emprog%q@g reglog 9% of the Si mold was
transferred to the garespanding recgssed teqion 200 of the second substrate. The 20 protruding
region 202 of the sgfondvsutgstrate 0es not have ago \fi Iayer (ﬁf:gs f8asgﬁﬁafgb)“ﬁﬁpllcatlons

The method disclosed hereir provides a processg’fé’FZ%’%Ié’Eﬁ\F@I’y“dépﬁ'ﬂmb aqametablayer on at least
part of a substrate® P*RUVARTaGRoBRN SéRttividierosiienasiuametakonto a substrate in accordance
with the disclosed methB caiepeiachievediwithiout the use of aphatomasiser & Hgid,shadow 30 mask.
Advantageously, thevaetiiod disslesedirereinds mare cost effeclive and less fime,gopsuming than

conventional- - imprint forming conditions are selected such that the part
-0f said metal coating on said f}.rst region of sdid mold is
'substant.‘gal_ijr 'tx}ansferred onto said formed imprint while -
said metal éoating on said second 'region} substantially‘:
remains on said mold. ' '

2. The lmethod as claimed in claim 1, wWherein the’
| imprint is a generally | e},ongate 1mp}::x,nt having = a
‘ langltudlnal axis and a proxa.mal end that is proximal to-
the substrate and a dlstal end that is opposz,te to sald.
pzoxlmai end.

3. The method as claimed in claim 2, wherein the
part cf sald metal ccatlng that is t::ansferred from the

First region of salid mold is deposited onto tne dlstal.end
7 of imprint,

4. The method as claimed in claim 2, wherein .the .
part of said meta} _coat'i'ng- that 1is transferred f£rom the
first region of said mold is deposited onte the sidewall
dispased between the distel and proximal end of the
imprint, : _ ‘
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WO 2010/042076PCT1SG20091000373 methods as the method disclosed h Eggb%\%% mﬁ_}}eed for

additional equipment or processes.  Advantageously, the method discjgse 0 Lesulis Jppthe
formation of an imprint on the substrate as well as 5 the deposition of a metal layer on a selected -

region on the imprint of the substrate at the same time. More advantageously, the method disclosed
herein is able to selectively deposit a metal layer over a non-planar substrate. 10Advantageously, the
use of a mold as disclosed herein can be used for subseduent imprinting of similar or different
substrates. This is because theametahlayersvhictiremains o1y the mald ghlginfgrg}%gﬁgsimultaneous
imprinting and seleciivesmetat depositign-may be. ssed gqr@% S%S'e(%lrlgnts %mu(l)tagneous imprinting and
selective metal depositiQQ)ogcg]{ggplelggs%%téa;%l a éd\gan ageously the s’ﬂbs%r‘ate according to the
invention may be used in a fuel cell, surface plasmon Spec?Fofggpf,"éfgtéﬁfbeeI%‘thS, MEMSs/NEMs,

a 20 microfluidic device or a plagmonic F&ReT SUNEifiYe Apparensfrat varcusother modifications
and adaptations SfthE *eRfiof Wil berappfarericterthetpersahdskilteshén thenprt afierreading the
foregoing disclosie - fitrrrdepartingefrom the spirit and scope of 25 the invention and it is intended
that all such modifications and adaptations come within the scope of the appended claims. Claims

3h2 Qggt;o; .for forming &n imprint.Qn a.substrate, having a @gﬁt,alolgé/eg fhereon, the method comprising
L, .

comprising the step of providirig an adhesive laver on

said substrate before said contacting step (b}.

7. The method as claimed in any one of the préceding
claims, wherein said first ‘substrate and said second

-substrate is a thermoplastic polymer. . -

8. Tl_le methodl as- claimed in eclaim 7, wherein said

_the-;moplasti_c polymer comprises monémers selected ‘from the

-grogp ‘ consisting . of ’acrylates, phthalamides,
acrylonitriles, cellulcsics, styrenes, . alkyls, alkyls
methacrylates,  alkenes, - halogenated alkenes, amid'és‘

! . M '

imides, aryletherketones, butadienes, ketones, esters,

‘acetals, carbonates and co-monomers thereof.

. 9. The method as claimed in claim 7 or claim 8,
-comprising, dur‘ipg said contacting -stéps " {b) and | {c), thn
step of selecting a temperature that is aﬁove the g’léss

lransition temperature of said thermoplastic polymer,

10. The method as claimed in élai:é 9, wherein said
temperature during said contacting steps (b) and (¢) :Ls at
~least 20°C above the glass transition temperafﬁre of said

‘thermoplastic polymer.

34

. lAr’nended Sheet'
IPEA/AT



(a) providing a mold having an imprint forming surface having a first region and a second region said
first region being dimensioned to have a greater surface area relative to said second region and
wherein a metal coating is provided on said first and second regions; a nd (b) forming an imprint
on said first substrate by contacting said substrate with said mold, wherein said imprint forming
conditions are Sklected BicH®aERR Bt T ihidfidtal CodHg PrsaidfirsCredidifof saitsubstantially

transferredhonte.saichformad Imprint whi saidimetaleoaling an;said seeondyegign gubstantial remains
on said mold. 2.The method as claimed imprint is a generally elongate longitudinal axis and a
proximal BRE tiE&ibstateSinEs Bistal ehdRESSToXitat ERE The3. #eIfethdd A8 cBiVied in claim
2, whereinthgpast of saichmetal coadipg that is transferred from the first region of said mold is
‘deposited onto the distal end of imprint. 4. The method as claimed in claim 2, wherein the , part of
said metal coating that is transferred from the first region of said mold is deposited onto the sidewall
disposed between the distal and preximal enckaktbag iMprinkm33 one SoFhemethed as alaimed in any
one of the preceding claims, further comprising after step (h), the step of: (cécont cti)ng said mold
to. a sec&%’suﬁgf?ﬁf’elt%%ﬂn afhpHet d SECRFSUPSFaf B FandRt s H%ea{e?l coating on
said secofidaegieato safd fesDed tnpgnton saitesepend substraten  thé. Thamethod as claimed in
any one of claims 1 to 4, comprisin ége step of providing an adhesive layer on said substrate before

said contdiRy§Ep ). 120 M1t

13. The method as claimed in any one of the preceding
claims, comprising the step of selecting the metal of said
metal layer from at least one of Group IB and Group IITIA of

the Periodic Table of Elements.

14. The method as claimed in any one of the preceding
claimg, comprising the step of selecting the surface area
of said first region on said imprint forming surface as 95%

greater than the area of saild second region.

15. The method as claimed in any one of claims 6-14,
comprising the step of selecting a layer of a silane-

containing compound as said adhesive layer.

16, A gsubstrate made in the method according to any
one of claims 1-15, wherein the substrate has an array of
micro-sized or nanc-sized imprints extending from said
substrate comprising a grating formation arranged to fozm

trenches
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7. The method as claimed in any one of the preceding claims, wherein said first substrate and said
second substrate is a thermbplastic polymer.- 8: The method as claimed in claim 7, wherein said
.thermoplastic polymer comprises monomers selected from the group consisting of .acrylates,
phthalamides, aerVlonitrilesicellulosics,styrenes,. alkyl,alkyls methacrylates, alkenes, halogenated
alkenes, BEFIEESIMidEd 3G9 TEih R AES, DutdieTEs. Ketdndis edters 2t talsC #RfoRERS and

co-monoerssiieseqin, 1.9 dhe:method as caimedsin claim 7 or claim 8, comprising, during said
contacting steps (b) and (c), the step of selecting a temperature that is above the glass transition
temperature of said thermoplastic polymer; 10. The method as claimed in claim 9, wherein said

temperature during. saig CoRIaGNEHEPS(bl 806 (&g IS gbleast2(- aboye thealass ransition

temperature of said thermoplastic polymer. 3.4 11. The method as claimed in_any one of claims 5 to

10, comph&rdl daAn G Said VoRtating stips BF afd18), HEPLER T selechifg d pré&dtr@%om the
range of ), Bax{t Mi2a)o 50 Bar (5MPa). 12. The method as claimed in any one of claims 5 to 11,
comprising, during said contacting steps (b) and (c), the step of selecting a time period from the range
of 5 minutes to 120 minutes. 13. The method as claimed in any one of the preceding claims,
comprising the step of selesiingtihe tretalof saith metat layerfeom atileastwineref Groeg 4 and Group

Il A of the Periodic Table of Elements. , _14. The method as claimed in any one of the preceding
claime, SSTAm ARG (S bTT ST T LR At HRRRR Rt clfion B E&ih IRt orming
surface ag19b% gtéater thandhe area of saitl segppddepipnthe metal layver.

19. A substrate according to claim 16, wherein an
adhesive lavyer may be disposed between the imprints and the

metal laver.

20. A substrate according to claim 16, wherein the
trenches are individually capped by the metal layer while

the imprints are not capped.

21. The substrate according to claim 16, wherein an
adhesive layer 1s disposed between the metal layer and the

base of the trenches.
22. The substrate as claimed in ciaim 16, wherein
said imprint comprises a plurality of trenches, gratings,

columnsg and circular holes.

23. The substrate as claimed in claim 22, wherein the

dimensions of said trenches, gratings, columns
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15. The method as claimed in any one of claims 6-14, comprising the step of selecting a layer of a
silanecontaining compound as said adhesive layer. 16. A substrate made in the method according

to any ong,of C'@Jmkﬁrwf&%eﬂ@éhe-éygst@}?d@@%ﬂa&rl@yff nichq-sized ordanp-sizad imprints

extending from said substrate comprising a grating formation arranged to form trenches between
adjacent imhgits cwheredy arrpabR§EE caps one of said imprints or said trenches. 17. A
substrate according to claim 16, wherein the metal layer caps only one of said imprints or said
trenches but not both. 18. A substrate according to claim 16, wherein each of said imprints are

individually cappéd- by THeemetdpfelyer While thectk@ndiRd a8 nabvapped byfhe hdtBiclayer. 19. A

substrate,accerding#Q claim 16, whesein an-adhesive layer,mayha dispesed. betwran the imprints and
the metal layer. 20. A substrate according to claim 16, wherein the trenches are individually

capped by the metal layer while the imprints are not capped. 21. The substrate according to claim

16, wherein an adhesive layesigdispased bgiween themetal layer agdithehase gifbgdrenches.
22. The substrate as claimed in claim 16, wherein said imprint comprises a plurality of trenches,

gratings, E8ftthid S ERSRETHAeBOLYMSE. e BABIFRERE @S ed in claim 22, wherein the

dimensions of said trenches, gratings, columns and circular holes are independently selected from the
microscale or nanoscale. 24. The substrate as claimed in any one of claims_16 to 23, wherein said

substrate is a théfmopla&fic FAPREF2te 5F Thebtttattaseiim@dSn Shirfi 221 Wherdin said
thermoplasgic pelymehés-paliicagbenaitetal of said metal layer is selected

from at least one of Group IB and Group IIIA of the

Periodic Tabkle of Elements

27. The substrate ag claimed in c¢laim 26, wherein
said metal is selected from the group consisting of

aluminum, copper, gold, silver and combinations thereof.

28. The substrate as claimed in any one of claims 18
to 27, wherein said adhesive layer is a layer comprising

gsilane-containing compounds.

29. A substrate according to claim 16, wherein said
gaid grating formation has a grating constant in the range

of 100nm to 1000nm.
30. A substrate according to claim 29, wherein the
height of said grating formations is in the range of 10 to

100nm.

31. A substrate according to claim 29 or 30, wherein

said grating formation has a shape, when

37



26. The substrate as claimed in any one of claims 16 to 25, wherein the metal of said metal layer is
selected from at least one of Group IB and Group Ill1A of the Periodic Table of Elements 27. The
substrate as claimed in claim 26, wherein said metal is selected from the group consisting of
aluminum, copper, gold, silver and combinations thereof. 28. The substrate as claimed in any one
of claims 19 to 27, wherein said adhesive layer is a layer comprising silane-containing compounds.

29. A substats, aecording 1o claiguL6 suberein. saidsaid gratipodounaiongasa,rang ggnstant n the

range of 100nm to 1000nm. 30. A substrate according to claim 29, wherein the height of said
grating forratiors e &9 i ranyd ot 16 f6200nfduary] WA Sabstiafe REEsrdiRg toLt&T 29 or 30,

wherein sajch gratingferpatian has.a shape, whemagewed in cross-section, selected from the group
consisting of sinusoidal wave shape, square wave, trapezoidal shape, blazed shape and triangular

shape. 32. Use of a substrate according to any one of claims 16 to 31, in a fuel cell, surface
plasmon spectrosgopy, arganisrelectsames, MEMsINEDMS) ianmicrofluidie device-ar a piaisisonic device.
33. A sensqr_chjp having a,substrate body camprising an array of micro-sized or nano-sized imprints
extending f?ngm épgida%ébstrna?e ahd %Ll}%%gé: %(r)ﬁ form re%aéﬁgs g)e%vsé%%nadjsé%%ﬁ%Fr%Sﬁr?tg?;\'Nherein a
reflective metaklayer ecdpsconeont said iMBriatSarsaid arendhes: B4v AdsurfateRlasmon résonance
system corggggmghqggggggggg; a sensor chip as claimed in claim 337 a light detector for
receiving light reflected from said reflective metal layer of said sensor chip; and an optical modulator
for directing modulated light onto said sensor chip.

33. A sensor chip having a substrate body comprising
an array of micro-sized or mnano-sized imprints extending
from said substrate and arranged to form trenches between
adjacent imprints, wherein a reflective metal layer caps

one of said imprints or said trenches.

34. A surface Plagmon regonance system comprising:

a light socurce;

& sensor chip as claimed in c¢laim 33;

a light detector for receiving light
reflected from said reflective metal layer of
said senscr chip; and

an optical modulator for directing modulated 1light onto

sald sensor chip.
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