A METHOD FOR FORM NG METAL CAPPED SUBSTRATE | MPRI NTS Techni cal Field The
present invention generally relates to netal capped substrate inprints and
to a net hwo 20fo/dser76i ng inprints on a . substrate that arersapmewdoss7sh a
netal |ayer. The capped netal inprints are useful in the reflection of
light in sensors used in surface plasnon resonance. Background The ability
to deposit or pattern various kinds of conductive naterials on a substrate
is an inportant technique in the field of electronics . Organic el ectronics
is a branch af Melrgaobr FORC FORNINGI SEETATWCAPREDN GURSTRATE ITMBRINTOne of the
key steps for the realization of advanced organic electronics is the
ability to deposit or pattern various kinds of conductive materials onto a

pol ymer substrate. EXisting patdgiihidaiephaigues include photolithography,
el ectron beam |ithography and rigid shadow mask technol ogy. Conventi onal
phot ol i t hogr aphiget ephmseuies Empéoyibhghgenesaalyy ralehesf ok ofetal

ul trayi ol et radiation, to selectively.radiat redetin i on of
alig tseﬁ%ﬁ)é% %‘%%?ﬁ%aa?e kﬁ%r]a%t%hoaf%# edi%t 2 iegﬁefjs §§e€po§g{ﬁe{g£én a

substrat eigyriace. Jhe st epoetratlecthue radeatdappds wsudl | y amedapl i shed
t hrough the use of a photomask to shiel d/ expose respective regiong of the
phot or esi 52Y8Font t o' ithe QPRI MSton. TR B Gce LS s USEEAH y ol FBfed by

the parti ?&fi@ﬁ?%‘h Qfe t Q?gggot%egé{sgl@/eﬁsgad £n Plethera ob1depesi tion
processes, such aschem cal “vapor deposition (CVD) or physical  vapor
deposi ti one§PvEhce.
10
Background

The ability to deposit or pattern various kinds of
conductive materials on a substrate 1s 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 conductive materials onto a
polymer substrate. Existing patterning techniques include

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

Conventional photolithography techniques employ
light, usually in the form of ultraviolet (UV) radiation,
to selectively radiate a predefined portion of a light-

. 25 sensitive chemical known as photoresist, which is
deposited on a substrate surface. The step of selective
radiation is ‘usually accomplished through the use of a
photomask to shield/expose respective regions of the
photoresist from/to the UV radiation. This process is

30 usually followed by the partial removal of the photoresist

layer and a plethora of deposition processes, such as



A probl em associ ated with photolithography is that selective deposition of
a netal cannot be achieved without the use of a photomask or a rigid shadow
mask. Furwbenmoueg7eét he rigi d shadow mask used in the precess200/0barh
expensive and tinme consum ng to produce, thereby, increasing the capital
costs associated with photolithography. Simlarly, there are also

di sadvant ages associated with the other conventional patterning techniques.
One of the disadvantages is that these conventional techniques require
mul ti pl e phemkessing weps, wepokiitdonur n(CWRi eases t paysdskd i nvabeed.

Anot her di sadvant age E hat these conventional techniques are either

unabl e tod§8?§%F?9gl§ g@ osit metal on a substrate w thout the need of a

phot omask, or Reqiidiel &xt eRsbVE adRd elabRr gl Bdl HHERtapHl, order thet
sel ectively deposit a metal on a substrate. Furthernore, these, techni ques

are unsui sabpetive fabPFéhiPBnOSf 2a matedl FRAME PROVRELEETIBR- BLERaRT
substrzate , Wty espect to 5ggmagpip?§ far e&ggghe t orp,yse.in
préev

surface plasSmon resonance spectroscopy PR, Ious nethods o
manuf act uFingharmetal lagerrion dsutheddi peabiveskeerdn nefd i premesands
expensi ve, Typically, . sensor ﬁgl s have relied on a Kretsc

h
confi gur aPPBR FoFPEMet e used er?o?ﬁ%mk?gt§5%nﬁﬁﬁd@6ﬁ?igﬁggf?gﬁ'is

limting whther83RECt tenthe ophpgakipropepkies of akBecsuppart subshrate
and the requirenent for a reflective material within a specific range.

Typi cal | yphhaFeli&RgerPBRYFom 46nm to 50nm of gold. It has been previously
demoRey rated 8k, 40¢ yse OloOlating Goup ed;auAneRlR3M0s3BEgLERRCOPY

can Be used whérein su ate 1s
with 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 need of a
photomask, or require extensive and elaborate alignment in
order to selectively deposit a metal on a substrate.
Furthermore, these techniques are unsuitable for

20 fabrication of a metal ©pattern over a non-planar
substrate.

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

25 chips have been inefficient and expensive. Typically,
sensor chips have relied on a Kretschmann configuration
for their use. However, the Kretschmann configuration is
limiting with respect to the optical properties of the
support substrate and the requirement for a reflective

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

demonstrated that the use of grating coupled surface



coated with a reflective material, for exanple gold, at a thickness of
about 1O0Onm This has enabled an increased in the efficiency at which the
subst r at ewof20r0/8RR6can be nmade and has al so | ower ed t helPCTSG2009/0biBARV er ,

t hese gratings have all consisted of grating structures to which a unitary
nmetal coating has been applied. There is a need to provide a nmethod of
formng an inprint on a on a netal layer in which the inprint has a netal

| ayer di sposed thereon. Summary According to a first aspect, there is
provi ded @l asthdwdspertiosmopy amn fpr i nsednwacsebst ridtce hebdtigptee nesal

| ayer thereon, the pethod conprjsing the steps of: (a).praovidin nol d
havi ng an°PApre n‘(’litg‘raﬁ‘i n?@tﬁ%cvee Hg"ﬁ?‘nﬁl%ifi ?gf Fé%‘f%r]f%ar%)léi’sg%%n
region, sghf-thest a0 Mbbei ngodhrensipnednse kaweladgreat eficsuatade area

relative to said second region and wherein a nmetal coating is provided on
sai d firsinahbesafiidciayondt yhdchb)theor st Rt ePpEPEt S6R <&@ PPrst
substrate contacting saj e w.th saild.mol dgowaerei n sakdei nprint
form r% c%%%?tiag%nog Earllra% s%?%gt ?ﬁ%%%tﬁge&?heé%gﬁ of gai grenét al cogti ng on
sai d firsgraeghgs abveaiad Inulothsisteubstanttatinyg t stams¢zures ont ehsahd

formed inprint while said netal copati on _sai.d second region substantially
remai ns of Y& HEHYI H?tﬂ&vﬁﬁ?géé‘gugf“ﬁ g%ﬁ@ fBPLHEYreat er surface area on

the first regieneet the polibas eoMmarRd do hhatetafod hersewond Heghan of
the nold, a greater work of adhesion is generated between the first region

of the nolwpandttlee coreespoféitdg regicoh ba VhécBubder AP ridt hereby
promoteor fachlitate the transtgr. g the metal layer onto the

Summary

According to a first aspect, there is provided a

method for forming an imprint on a substrate having a
15 metal layer 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 surface
area 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 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 while
said metal coating on said second region substantially
remains on said mold.

Advantageously, due to the greater surface area on
the first region of the mold as compared to that of the

30 second region of the mold, a greater work of adhesion is
generated between the first region of the mold and the

corresponding region on the substrate to thereby promote



substrate. Advantageously, the disclosed nethod may result in the formation
of an inprint on the substrate as well as the deposition of a netal |ayer
on a sel ewpaedivgi7en on the inprint of the substrate at PCESGE09®0E3T8E.
Advant ageously, it is possible to provide a reflective substrate for use in
a detection system such as an surface Plasnon resonsance system where
only a selective part, nanely the mcro-sized or nano-sized sized inprints,
are provided with a reflective material, thereby greatly enhancing their
use in therarfalcjdiisaafe, fhe exanpfsr nuftigdle betailol bzydes oditscrehel y
conjugated to a single sensor. Advantageously, the disclosed nethod nmay
provi de a° AR tFve pat hway between a substrate conprising a polyneric

bi pol ar plate aRd-Arsqtahysy, oftie paliyeebised uebtkel! .mdpr rentlly, the nmetal
bi polar plate is up to 70% of the total vveiﬁg]lht of the fuel cell._ This

wei ght cahh®e foirgwitfiomamt yapedmad By @B ffea PISHerTe BSpdIArl pRéte with
conductive, nmateri al. . t.hat S bqgn ppi | tQa sekeetedar eaofod henpl ate
in acg’lor dg%%edv?jpto%lttﬁg%diggl 8se rf% h%%fgﬁd\%gnt ageousl y,e t he d(;lioscl oged

met hod mayhal seppinvi dé that sabsokadespecihecsbehRavioe.of a fluid flow,

using the selective netal patterning of a sub;tﬁate. tl n partic Iear,afl uid
fl ow can be coREVBNFRESPHSAYm crifl uitl apidti%n. PRecoPdiPig o a®second

aspect, thgeecL8;pEOAied and NPeinhied Sypsirakeecsaioh Siypstem) eshawi ng a
m cro-sized or nano-sized inprint integrally forned on the surface thereof
and havi ngsa aret fluifpee gdépesioredrepoasanegstsystem, where only a

10 selective part, namely the micro-sized or nano-sized sized
imprints, are provided with a reflective material, thereby
greatly enhancing their wuse in the analysis of, for
example, multiple biomiolecules discretely conjugated to a
single sensor.

15 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 70% of
the total weight of the fuel cell. This weight can be

20 significantly reduced by using a polymeric bipolar plate
with conductive material that has been applied to a
selected area of the plate in accordance with the
disclosed method.

Advantageously, the disclosed method may also provide

25 control of a specific behavior of a fluid flow, using the
selective metal patterning of a substrate. 1In particulér,
fluid flow can be controlled in a microfluids application.

According to a second aspect, there is provided an
imprinted substrate, said substrate having a micro-sized

30 or nano-sized imprint integrally formed on the surface
thereof and having a metal layer deposited on at least

part of said imprint.



part of said inprint.According to a third aspect, there is provided a
substrate having an array of mcro-sized or nano-sized inprints extending
from sai dweubsvmai7e conprising a grating formation arramrgesG2e9foos3Ts
trenches between adjacent inprints, wherein a netal |ayer caps one of said
inprints or said trenches. Advantageously, the formation of an inprint on
the substrate and sel ective deposition of a netal |ayer onto the inprint
occurs at the sane tine. According to a fourth aspect, there is provided a
substrate as detcoedinpove; faor thised nafpectise thenef uet ¢eldvidag f ace

pl asnon spectroscopy, organic electronics, MEMs /NEMs, a m.craofl uyidic
devi ce orgHbBrFﬁ@ ni xaner?/q c&D AREGAHI Tt SVEEY f?%zeg%pé)(ﬁ , nfaﬁgr gﬁkgd
provi ded appubstEat @xaendehigneds abevesawher ejubssait s ubsbtipt esisgobkai ned

by the nethod as defined above. Accordi\rll\lfg1 to a sixth aspect, there is
provi ded grstibsfr aferastden nedradoved wher eifiP@hi dt5emSkEeat e PESVE6Tai nabl e

by the ne def | bo rdingyte a_seventh aspect orthereg is
provi ?ed %ng\ g Fa?@bgggggfi \r?glde a %\g/)eéI V\%erei na?%i d substrat eoi S ot:)Lt ai ned
by the nethopdiassdefi neddaboeechkesr. use in a fuel cell, surface plasnon

spectroscopy, organic el ectronics Vs / NEMs, m croflui.dic device or a
pl asnoni ¢ %vi é@ga%éaﬁa}lﬁ Yro BB g’%Eﬂ“ﬁ“aécslﬁé]ct ?%t (8t e O THFSvi Ged T2°

substr at esagsdebined aboyel cwbevei s rSWIstsat @ infetllt ai agbke by ot he
met hod as defined above for use in a fuel cell, surface plasnon

spect r oscspy, 1@pgantcoerEEsr aii e NEWS /NEWs, a microfluidic device or a
plasqﬂplc dev'ﬁ%cording to a fourth aspect, there 1is 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.

According to a fifth aspect, there is provided a

15 substrate as defined above, wherein said substrate is
obtained by the method as defined above.

According to a sixth aspect, there is provided a
substrate as defined above, wherein sald substrate is
obtainable by the method as defined above.

20 According to a seventh aspect, there is provided a
substrate as defined above, wherein said substrate is
obtained by the method as defined above, for use in a fuel
cell, surface plasmon spectroscopy, organic electronics,
MEMs/NEMs, a microfluidic device or a plasmonic device.

25 According to a eighth aspect, there i1s provided a
substrate as defined above, wherein said substrate is
obtainable by the method as defined above for use in a
fuel cell, surface plasmon spectroscopy, organic
electronics, MEMs /NEMs, a microfluidic device or a

30 plasmonic dévice

According to a ninth aspect, there 1is provided a

sensor chip having a substrate body comprising an array of



According to a ninth aspect, there is provided a sensor chip having a
substrate body conprising an array ofm cro-sized or nano-sized inprints
ext endi ngvbrorwvea7d substrate and arranged to form trenebesGhevwees

adj acent inprints, wherein a reflective netal |ayer caps one of said
inprints or said trenches. According to a tenth aspect, there is provided a
surface plasnon resonance systemconprising: a |light source; a sensor chip
as defined above; a light detector for receiving light reflected fromsaid
refl ecti wei ged-aditayeromf nsaicd ssienssbr iopirgntandeaheopiingal frotul a2sd f or
directing nodul ated light onto said sensor, chip, Definitiaons | ow n
wor ds ands¥e? et e@ Rerd TR | FOunt % BFﬁ%&&?Ee STAEES %%5%‘3%%8 °
meani ng indicated; Theddamrn ai meintctand glcamtisgbrvagdsdi one tber eof
in the context of this specification, is intended to cover any form of
physi cal $apdesspohnthaerhagidebhenatiésin a pliable solid body, such as a

t her mppl asti c pol F_Su rate ic an i nt; d s 398kl by
el ongrrgt e str ucztgﬁcr:éegﬁﬁ%? te)% e%dstF-}[%% t%ébéﬁ}cf acil‘ekl;]gg)]}%é a lsubgt roat e along a
| ongi t udi alraxés pxtemdhngreeoneereca pryetdeml empdisposed an 6ighdj acent

to the substrate and a distal,end opposite to the proxinmal, end. Typically,
the | ongi TAEFREF &xiTSHP[enetBl BF n‘g‘? °q ePBPYVE tao)ﬁalr%?%ngcretg%iy‘grof t he
substrat echut the ang tudinal 1S IFY berymr kaddsian fdeantd ymeuah as at

an angle of 45 froma planar axis of the substrate. In an array of inprints
that havelbpen orfdesdydf semseraschiser if@sl o r eRE16Ad ANUMRE DR &°T

substat ey, L enehes, may, be.fof 7ed bef ween b adjagent ous.  The i mpri nt

may sca

Definitions
The following words and terms used herein shall,
15 unless otherwise stated, have the meaning indicated:

The term "imprint" and grammatical variations
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

20 polymer substrate. Typically, an imprint is a generally
elongate structure that extends from the surface of a
substrate along a longitudinal axis extending Dbetween a
proximal end disposed on or adjacent to the substrate and
a distal end opposite to the proximal end. Typically, the

25 longitudinal axis is 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

30 columns on a substrate, trenches may be formed between the
adjacent rows. The imprint may be in the nano-scale or

micro-scale size range both in their length dimension and



m cro-scal e size range both in their |ength dinmension andthickness di

ensi on

and hence the trenches may al so be in the nano-scal e or

m

m cr o- scaWe 28i0z@207ange. Unl ess stated ot herw se, in thePCorsGes/006378 hi s
specification, the term"surface area”, when referring to the first region
and/ or second region of the inprint formng surface of a nold is to be

i nterpret
that is c

area of t
substrate

word "sub
is "subst

t he i nvention.

ricessary. e st el oL

conpri ses
Typical ly
st anpi ng

ed as referring to that part of the nold which has a netal

ayer

ontactable with a substrate to be inprinted. Hence, when the nold
i s cont actkedchntlsst ki rsumssitongt end Heerter miisur facehas emdyr eflepsbeo imhat

inprint formng surface of . the nold that is._ inh contac ith the
BBt TR e Ang tor Herar BRALEr HIRF mbPAGEAi SRR for e any
metal |ayeenbhenaen bt wvhd cBoRB¥xbe oifn 1o asded £ cd heosbsheaterm The
stantially" does not exclude "conpletely” e.g. a conmposition which

ARtirdplop faxea” f rowely rafebslrenploetidly fieelf remiyn. apfe e

y
erm integra r%e ans that the substrate,
tbheéae nhnketrpardetihesretatetrayey it® atlsangbertinidfaryheodyld

,.the integrally formed substrate may be de.in_.an inprint
WBERBA 1 Swhitch TS LAY d ﬁ‘é(\?irngtg‘aﬁet 2 | &9 a&ité% Eod "orttan 3

2,0 tegh £ amd be; deLiai tion o

whi ch

npri nt

form ng supbaceaite appl i e t o subsdd at enengel cpndhti ens t aofier mithe
inmprint while at the same tine transferring the netal |ayer thereon.
t er m " nangempeicHEchg vititbho§haphyuibssrabebe tig erfp @t ed HIdEASY BFSacl ude

any WRShOQef %Fggd“{ﬂgko rggegkig%eaﬂﬁﬁgﬁﬁ#]f%rﬁ%%%C%#ESaBQ E%ethe

m croscal € an nanoscal € Sl ze range

15

20

25

30

e sur substrate
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.

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” may be omitted £from
the definition of the invention. The term “integrally
formed” means that the substrate, which comprises the
imprint and the metal layer is a single unitary body.
Typically, the integrally formed substrate may be made in
an imprint stamping method in which a mold having a metal
layer disposed on an imprint forming surface is applied to
a substrate under conditions to form the imprint while at
the same time transferring the metal layer thereon.

The term “nanoimprinting lithography” is to be
interpreted broadly to include any method for printing or
creating a pattern or structure on the microscale and/or
nanoscale size range on the surface of a substrate by
contacting a mold with the defined pattern or structure on

the surface at certalin temperatures and pressures.

The

by



contacting a nold with the defined pattern or structure on the surface at
certain tenperatures and pressures. The terns "m croscal e" and

111 m crosozeho4207€¢ t o be used interchangeably and are ®POTIS€20091000338 et ed t o
i ncl ude any di nensions that are in the range of about 1 (mm) to about 100
mm . The term "nanoscal e" and | nanosized" are to be used interchangeably
and are to be interpreted to include any dinensions that are bel ow about 1
nm. The term"three dinensional” is to be interpreted broadly to include
any structuresThst rustns alnfleatosced e”i nord nt's' mercnestitzadis ehat Yraveebot h

| ateral variati,ons hi ckness) as,well as vyari.ations wt epth, term
gl ass tralsf i&HtFéﬁﬁéﬂ%ﬁﬁE}J(ﬁn%)a¥% ?8 %&i%ﬁ%ﬁ&ﬁ%%%ﬁéﬂﬁkiﬁ% &gggany
tenper at up g, ofy AU  Bhaphi:ch the PALYMRIndd esebelupen £ haufibbery and
gl ass states. I'S neans that §Bove the T , the polymer becones rubbery and
can under ggogtasbocpur, plastic deformation without fracture. Above this

t enperature, such polyners can be,induceg“to fl ow under pressure. Wien the
t enperlat ure of ThRe tsaiynEranestaldel @Rt NENTHOSEEREr alase EhePBolgREr will

I e

applied to the po be note the T 1s not a sharp

transiti opikhenpebaturehutyd Weadwalkpbi@ngi umQn and is subject to sone
vari ati on dependi ng on the experinmental conditions (e.g., filmthickness,

tacticity of tKeepotgwer, Emeee helilerpeyionatfie 46t ubP TP of P&SPHBIPREA il m
Vo Lol N 4 N ks, Tbe Ll dettaed el o
nperature of the polyner substrate. The
bul k g assmpransist i on tenpesatsir ehat 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. This means that above the Ty, the polymer becomes
rubbery and can undergo elastic or plastic deformation
without fracture. Above this temperature, such polymers
can be induced to flow 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 is applied to the polymer. It
should be noted that the Ty is not a sharp transition
temperature but a gradual transition and i1s subject to
some variation depending on the experimental conditions

25 (e.g., film thickness, tacticity of the polymer, and the
like). The actual Ty of a polymer film will vary as a
function of film thickness. The Tq will be defined herein
as being the bulk glass-transition temperature of the
polymer substrate. The bulk glass transition temperature

30 is a specific value that is widely agreed upon in the

literature. Glass transition temperature values of



is a specific value that is wdely agreed upon in the literature. G ass
transition tenperature val ues of polyners nay be obtained from PPP

Handbook (wWo)omaitovar e edited by Dr D. T . W 2000. Theprexscesmioons73 wor k of
adhesion” refers to the anount of interactive force acting through a
contact area between the nold and the substrate and is expressed in units
of Nm 1 . Unless specified otherwi se, the terns "conprising" and
"conprise", and grammatical variants thereof, are intended to represent
"open" orpbimméusi viedy| anguagetsimédt hiton heyPP nciamdbeekit edodtersat s but

al so permt, jinclusion aof additional, unrecited elenents. As used herein,
t he ternleﬁb%ﬁ "?Yi&rtﬁe @Onﬁ@th§pOConcentrations of conponents of the

fornul ations, &ypicakpyeAB@BE +FWoB% Obft hedrtated”valku€ereor ot ypheal |y
+/- 4% of the stated value, nore typically +/- 3%of the stated value, nore
typi cal | yamepnt oofofintpragtsied) falee, 28VeRIMSHE TN cal FYRIECT 1946R t he

stat ed: va d.even e 1yP cald Yodhst P2 DY fnd hegstated val ye
Throug%ou%gﬁﬁ?gﬂdﬁgé ogggg, cé?tgﬁﬁ éﬁgggfﬁ%nts ﬁ%y bg digggzsed iﬁna range
format. |tinsheubdl K@ understood that, in the description, the range format

is merely for convenience apnd brevity and shquyld not be gonstrued _as an
i nflexible IinﬁPE?FSn MEEh légo&¥h§EW%ﬁF@i3¥F%séﬁﬁ%ﬁ@e§9mﬁééég89ng|y,
t he descr phi Onceifnpairsén?e shaul drbemeenskder edrianhave tspeeiofi,cakbhy
di scl osed all the possible sub-ranges as well as individual nunerical

val ues wi LhEANEREL toarkRRTFRRNexAAPPR, Phe "dEXTITHTDN HRNEURERGESHCh as
fromdy toRashoukd pe cobnigered.Lo-bave sefehiiscally di agbgsegdestiier anges
such as from1l to , From1 to i ,

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

15 +/- 4% of the stated wvalue, more typically +/- 3% of the
stated value, more typically, +/- 2% of the stated value,
even more typically +/- 1% of the stated wvalue, and even
more typically +/- 0.5% of the stated value.

Throughout this disclosure, certain embodiments may

20 be disclosed in a range format. It should be understood
that, in the description, the range format is merely 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 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



fromlto5, from2to 4, from2to 6, from3 to 6 and the Iike, as well
as individual nunbers within that range, forexanple, 1, 2, 3, 4, 5,
and 6 . TWOD=o0mppki7es regardl ess of the breadth of the raogsc209900303ur e of
Opti onal Enbodi nents Exenplary, non-limting enbodi nents of a nethod for
selectively depositing a netal layer on a first substrate will now be

di scl osed. The nethod conprises the step of providing a nold having an
imprint formng surface having a first region and a second region, said
first regéemambeépgldi Bensi,oned To hndeba Fheéat epmirdaceegredlessabfve to
sai d second regi on_and erein a netal coating is provided on said first
and secoth?eagﬁﬂg?hTﬂg Fhod"8Fso conprises the step of formng an

inmprint on said first substrate by contacting said substrate with said
mol d, wherein said inprint formng conditions are_selected such that the
part of said netal coRdissdoswreaiof QRtonadyiFbPedinentE nold is

substantially pLapsierred nta sald for BRdoLIRELEL Wi e spichd@t gbpcoating
on said second réegron Ubstantia y remains on sald nold. The inventors
have foundeibativbyyusipgsatinlgd 4 nmebathleheri wpriant£inshi agbstrtaee can

be visualiz as having.t regions of different surface_ _areas, the_region
that has ﬁlﬁirdﬁﬁvs ?fgééggpég%coggg?eango YRt ST R2giTHT BTt Pvel y
transferspthe;Aehgl o avard fuomtdeanolichpha ntcher stbistg ateryhes hheinmpl d is

applied onto the Substrate. Wthout being bound by t.eo%%j the inventors
bel i eve thatfihsls gelgdeni vendr ehsi@cagd dépesPhr onSdidt He 4t aFePaysdr on

(he Supstrahe i duRssanthe Ju gh.york of-aduesiqnMieha s, ogageated
gion of greater surtface area on the no d and the

correspondbngs&egi feawnd region and wherein a metal coating is
provided on said first and second regions. The method
also 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 first
region of said mold is substantially transferred onto said
formed imprint while said metal coating on said second
region substantially remains on said mold.

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

25 to the substrate when the mold is applied 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
adhesion which is generated between the region of greater

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

selective deposition of a metal layer on the substrate is
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the substrate. Due to this high work of adhesion, the selective deposition
of a netal |ayer on the substrate ispronoted. In conparison, the region of
t he nol d wbi2etv/daaewéa smal | er surface area does not resulPCTiSG20d0@0¢878h wor k
of adhesion required for transfer of the netal and hence, the netal |ayer
on this region of the nold is not transferred to the correspondi ng region
of the substrate when the nold is applied to the substrate. The surface
area of the first region of the inprint form ng surface nay be 50% greater,
pr ef er ablpyrofi®% @t eater coppetesahl y the0Wegrieat erf, ipreefrer bl whigQokhgseat er,

preferably 90% greater _and nost preferably 95% gr.eater than th of -t he

second reyi BAH3L FeSPréperaBFr§e £RES R rreesd}]t}% Jrlrjm)ﬁbee lbjr%ét‘%?%}t(héﬁ t he
second reghons bynatchfastq2rhel drafisrlr lgasind dald. Hid ateheast thd fol d
or at least 15 fold or at least 20 fold or at |least 25 fold. The nold may

have an imptaht lhgen og diriffaceeprovi dédthRemeds! arfd BRly BEAPaEEEFREd. The
patterns may, conprise_hol cal , S i , ] i QRS A

grati r?gs of Ffr% rr]rg 55?5?888%8& %re%sq%?flay e#vkger el%k?én%%iﬁe;i% %rg,%édt hs or

| engt hs thatappeied tbetnecsobssakater in the nanoscale. The patterns may be

in a spaced apart relationship frgmeach_other. The patterns na
&2 Rond

: b
t hr ee- di mensi oRBf SIFECE &S | bt hehEI1PRe H rt_sl'ieréﬁl?%ﬁ%ﬁay

refer to %Qfmﬁﬁ?tersﬂ%fraeg REQL T yde feom theesuef aceppérébepipl d soeh as,
for exanple, cofumms, projections or gratings. The second region may refer
to the pagteahsrthatrederabl vpr d0rRude a3t + Her sty of 80 he9RBPESTsuch as,

o SR Oy SRR e DL 2 EB 1381 - oW Gkt reaton
than that of the second region. More preferably, the first
region may be greater than the second 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 nanoscale.

20 The patterns may be in a spaced apart relationship 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 example, columns, projections or gratings. The
second region may refer to the patterns that do not
protrude from the surface of the mold, such as, for
example, holes, trenches or the mold surface itself. The
first region may also refer to the mold surface itself.

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, holes, dimples, trenches or

11



I n anot her enbodi nent, the first region may refer to the patterns that do
not protrude fromthe surface of the nold, such as, for exanple, holes,

di npl es, woenotaz076rt he nol d surface itself. The secondPregiGaomorvays7s ef er to
the patterns that protrude fromthe surface of the nold such as, for
exanple, colums, pillars, projections or gratings. The second regi on may
also refer to the nold surface itself. The patterns nay be forned on the
nold by a method sel ected fromthe group consisting of photolithography,
deep reacthwemodnd etwhiawg hosebf aphiThd itdoonaphggienbaay |Tefegraphy,

ion-beam|jtho

patt or s, DR 1 RGBT Sy ConB e Grat TEE. SR8 of L TSHenes. The BPALI ngs

and/ or trgnehessdmy Rt eBdanb08y respests ye diongitdidi pabjaxed oafs t be nol d.
The width of the gratings and/or trenches may be in the mcroscal e_or
nanoscal e9ThengBoet h Prat SRESNENFITITE B3 Y ard S5t e5RReT o/t Ot He Srola1% he

gratings ancl

t he no may  a

i

gnebes pay be placed parallel to each other. The patterns on
So conprise line and space patterns . The width of the

gratings and/ oTher grdhescrmmynde bedepemisht by s#lecheddf boma heeghodp

consi stin egf about 5 mcrons to about 50 m cron

t.5.m
40 micronselg6o6e PR Rr t BEEBBUtCHT 1 T ohs © abgﬁggglﬁhtg]f)gﬁgp

cronﬁ t o about
¢’ about

20 ni crongeepboul cB iWcCHRS di@raheyt HoL &Y €4 9Msc abobgi8pRi Frenbeta about
50 microns, about 20 microns to about 50 microns, about 30 mcrons to about
50 ni cronélahdoabpiy 40 MHCEr®REm o APdROBEMRYXr ond3nd| n ERECERBEAPRENt, the

w dt t’id)f %ngg[)%t.i ngs and correspondi ng

I

n one embodiment, the patterns on the mold may

comprise gratings and/or trenches. The gratings and/or

trenches may extend along respective longitudinal axes of

the mold. The width of the gratings and/or trenches may

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.

20

The width of the gratings and/or trenches may be

independently selected from the group consisting of about

5 microns to about 50 microns, about 5 microns to about 40

microns, about 5 microns to about 30 microns, about 5

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 to about 50 microns. In one

embodiment, the width of the gratings and corresponding

channels may be about 10 microns.

30

The grating formation may have a grating constant in

the range of 100nm to 1000nm.

12



channel s
const ant

may be about 10 m crons. The grating formati on may have a grating

in the range of |OOnmto | OCOOnm The hei ght of the grating

f ormat i orworyida2076 t he range of 10 to | OOnm The grati RgTSGROM@IODEH3 May
have a shape, when viewed in cross-section, selected fromthe group
consi sting of sinusoidal wave shape, square wave, trapezoidal shape,
shape and triangul ar shape. The gratings and/or trenches may have an
ratio selected fromthe group consisting of about 0.1 to about 3.0, about

0.1 to about 2 The, a&lkduthtD.dft adhabontai2i®y fbowat@oh treiabbat ih Sthabout

0.1 to about 1.0 ﬂ@d abgﬁépo.l to about 0.5. In one enbodi nent, the aspect

rati o of ¥%%g%r%fi

st8n Tt renches may be about 0.5. In another

bl azed
aspect

enbodi ment, t he,palt@rns,PNedRLa Db RBY GRRY | Se seebemsyasid/ eiewkdcul ar
hol es. The dianeter of the columms and/or circular holes may bhe in the

ni croscal &0 THeSsatItiionn cheerbPd nBscmI §5ScoaPPIBe GRS gt "enhdPEr
The dia er t u o] i.rcu
e%%?%gséﬁg%té%£§?02§Fﬁ§ibroulﬁﬂ%! nae, kgggggbgaaﬂaysﬂgpe

di npl es.
indepgid

10 m cronslaab@ushdpai andnttrdaaboaltr8shipeons,

m crons,
m Crons,
m crons,

m crons and about 4 m crons

di anet er
10

15

20

25

30

consisting o

about 1 micron to about 4 m crons,

about TOe nPEREAEIE0 SRR T S

m cron to, abo

out 1 mcron to about
about 1 micron to about 6

bout 1 t 2
TELHATE 42T APRREE { B abSut 10

about+ Mt RNS KO ?QQH W EiEans @&bodbodtmocronso t gbabeut 10

of 0t hebeulturthsl arel/ @poet r duParbhbled -Aay- Deak®idut 2 50 ni 2PBHS.
0.1 to about 1.5, about 0.1 to about 1.0, and about 0.1 to

about 0.5. In one embodiment, the aspect ratio 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
the columns and/or circular holes may Dbe 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
about 1 micron to about 10 microns, about 1 micron to
about 8 microns, about 1 micron to about 6 microns, about
1 micron to about 4 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
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
may have an aspect ratio selected from the group
consisting of about 0.1 to about 2.0, about 0.1 to about
1.5, about 0.1 to about 1.0, and about 0.1 to about 0.5.

13
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The columms, pillars, dinples and/or circular holes nmay have an aspect
rati o selected fromthe group consisting of about 0.1 to about 2.0, about
0.1 to abwotot/d207about 0.1 to about 1.0, and about O0.1PCo/S&ha9t00675. |1 n one
enbodi ment, the aspect ratio o f the colums, pillars, dinples and/or
circular holes may b e about 0.5. In another enbodi ment, the aspect ration
of the colums, pillars, dinples and/or circular holes may b e about 1.0.
The netal in the netal layer may b e a netal selected fromthe group

consi st i non of o ougmb Bl amen G ouphé | | Aspedtt heaPeei cdf ¢ Tadl ecol fmES enent s,
as wll a s their alloys and, conbinations thereof,  |n, one.enhodinent, the
net al naypbf%aﬁs nefjéf“pgérsecat%%&flf oﬁ%?ﬁ‘égﬁfowa@osnsl?a |H§ oafboarq{un‘el) g%fn
copper, gphdansih¥er ebickalerdnd eheorgpard coabisat b@nsHdecedimnbp one
enbodi nent, the netal is gold. In another enbodinent, the netal is silver.
The netal Phayabse AEPRLESedNShorheizgriasehatephBaipPg BRPUCher ful

evaporal i on, elect 00 beam ayaPYALL PN OFc SPHLCLENG: Jheat hickeessqo T the

nmet al 1 ayer e surface the nold y b e’in the range selected from

t he groupfeomsitsii ngrafp aboutsis@ inm taf aboatp50® ramg &bour 50l ¥m pfo about
400 nm about 50 nm.to about 3Q0 about 50 nm.t.o about, 200 n out 50
nmto aboE?elﬁﬁrﬁﬁplébdﬁ?bE%OC%hﬂgﬂ%n%%%%t §50Vﬁﬁf'a38uﬁjﬁﬁﬂ:nﬁ1 89§bout
500 nm appyt -399:i A8t @nabeHtr88@nm and about 400 nmto about 500nm In one
enbodi nent, the thickness of the netal layer may b e selected fromthe
range of about I200ngmembeddmant 200harmeTae RavYals &y drchay BeéeSEPEcti vel y

dGDO%k}edfggmtrgﬂgfe&£89ptocgggigg9£5ntogf L nensHRAL r abspduri nggbhe,
silver, nickel and chrome and combinations thereof.

In one embodiment, the metal is gold. In another
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 500 nm, about 50 nm to

20 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 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 may be selectively 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
transferred to the first substrate remains on the second

region of the mold. The remaining metal layer on the
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contacting step. After the nold has been applied t o a first substrate, the
remai ning nmetal layer that i s not selectively transferred to the first
subst r at evoenaimag7en t he second regi on of the nold. ThePCess2oongo3Tet al

| ayer on thesecond region of the nold may be selectively transferred to a
second substrate by contacting the nold to the second substrate in order to
simul taneously forman inprint and to selectively deposit the netal |ayer
fromthe second region of the nold to the second substrate. It will be

appr eci at edcohy tregienofofSkihé molichenael bearstelaativdlat thensifestednd

second contacting steps, are i nterchangeahl.e. The fir and/or secon
subst r at e§°néy 56 OﬁdngVﬁéFagﬁbgykéF5g§ﬁb Q%;%b?rﬁﬁﬁ%b?%sfgg 58F§ﬁ§r
substrat esyhherhber meplasidc pol Wikt 1isddadie, My raorpr i Sepaint east one
nononer sel ected fromthe group consisting of acrylates, phthal am des,

acryl oni t £P| essleaiiunlosi 6§postr ebes, nmatiadl slayrky| LHehadty| 8Feend
al kenes, gg' 988”%@%%‘;%% ag1 des, gg?cgﬁ& A Ether kegenes, 1 pui,adi enes,

ket ones, ers, ace . carbonates and conbinations thereof. In one
enbodi mentpptrbeithedpoplyasticsgobynerkiild aimpotizearsdratat Bxehpl &hpt

nmononers to faormthe thernoplastic polynmer may be sel ected from.t.-he group
consi st i n§P&f ThefhypRY %?ﬁ?ggnggP%BFgﬁépeﬁ5§P%n§FﬁyP Ié%ﬁ%ﬂ%ﬁbsﬁ'
met hyl pent enespnui Bldsdens,d vbAykiedene clwyi dese £t hayi Wddes, polymer

et hyl enechl ori nates, urethanes, ethylene vinyl alcohols, fluoroplastics,
car bonat esubatirpltensreh| esbat abiesRerdBypitdre 01 VEEHe Fefeiadtones

onorg =, butYhgges, BIEIN 1a 0% esmentl s ot sy suaippes. ghory! ene
least one monomer selected from the group consisting of
acrylates, phthalamides, acrylonitriles, cellulosics,
styrenes, alkyls, alkyl methacrylates, alkenes,
halogenated alkenes, amides, imides, aryletherketones,
15 butadienes, ketones, esters, acetals, carbonates and
combinations thereof.

In one embodiment, the thermoplastic polymer 1is a
polycarbonate. Exemplary monomers to form the
thermoplastic polymer may be selected from the group

20 consisting of methyls, ethylenes, propylenes, methyl
methacrylates, methylpentenes, vinylidene, vinylidene
chloride, etherimides, ethylenechlorinates, urethanes,
ethylene vinyl alcohols, fluoroplastics, carbonates,
acrylonitrile-butadiene-styrenes, etheretherketones,

25 lonomers, butylenes, phenylene oxldes, sulphones,
ethersulphones, phenylene sulphides, elastomers, ethylene
terephthalate, naphthalene 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, 1f the

pattern on the mold comprises gratings, the gratings may

15



t erepht hal ate, napht hal ene terephthal ate, ethyl ene naphthal ene and

conbi nations thereof. During each of the contacting steps, the resultant

i nprint paoterme2@R t he substrate are of conpl enentary eomfSGguwan3csH t o
those on the nold. For exanple, if the pattern on the nold conprises
gratings, the gratings mayresult in channels of conplenentary configuration
on the respective substrate when the nold is applied to the substrate. In
one enbodi nent, during the step of contacting the nold to the first and/or
second patys®rt substatememetheofetdrogp lenercoany | senfhgusagpoonf el Bkeing a

tenperature that,is abave the glass transitiaon, tenperature (Tg) o he

first andiotPSechbhd p%l(fa?/‘??é'rag%bs"f Helt Whoﬂsdt&r%peﬁgpurlgé tgé p%]fl%rrer
sof tens angspys€onformto the shape of the nold such that an inprint is
created on the surface of the polyner whereby the pattern of the ipnprint

may be of conplemensacpbeshfiegiratdenitd Fhe §arPerdt oiPTHRCHOPY WhEn the
pol ymgr 15 cool.ed and subseguentd y,.hacdensy Fﬁ%%ﬁﬁéf‘”s%bét&%t@' depmy be

pref erabl’y applied at a predeterm ned pressure for a certain period of tine
to form anethpdi mayonctherssef ade oftehe @bl pakectihgt reat eenmPhsatemper at ure

and pressure to be applied wi.ll be dependent on the pol sed. e
met hod mayPRbnpPi §80§ﬁet§§e g&PSr?a?Fo‘? k ?Ihgt?q‘?%%%f%]b%;ﬁq'ﬂegge?ﬁ%d may
resul t inschapgi nghdher t exddiROr bbneexdi mepsbepaktst ruct ure of taisurface
of a substrate. The nolds may be nmade of any suitable material that is

cheni cal | yeperetand, miyhhePharaer t3u-ehe 367t & SOBSPFEL & WhéRCused at
the H%npegﬁggéeégughéSmgfgvguEﬂethat an imprint 1s created on the

surface of the polymer whereby the pattern of the imprint
may be of complementary configuration to the pattern on
the mold when the polymer is cooled and subsequently
hardens. Furthermore, the mold may be preferably applied
15 at a predetermined 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 changing the
texture or three-dimensional structure of a surface of a
substrate.
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 temperature used when contacting the mdld to a
30 surface of the first and/or second polymer substrate may
be independently selected from the group consisting of

about 120°C to about 200°C, about 140°C to about 200°C,
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glass transition tenperature of the substrate. The nolds may be nmade of
silicon, a netal, a glass, quartz, a ceramc or a conbination thereof. The
t enper at we 208d20then contacting the nold to a surface eCTiSlkeodionat3 and/ or
second pol ynmer substrate nmay be independently selected fromthe group

consi sting of about 1200C to about 200 0C , about 1400C to about 2000C

, about 1600C to about 2000C , about 18C00C to about 200 OC , about 120 OC to
about 1400C , about 1200C to about 1600C and about 1200C to about 1800C .
The tenpesabdute Is3i%ct ed izbqref 20abty abbernpel 80U etgr edbe@unt t RAP°Chat of

t he glasstran5|t|gnte rature of the firs /.or seco Lymne

subst r at e3PPFEf é?Qb?ytotﬁg) FenpetGlur & %soé‘}teci @Qf t%p?)?%&?n‘&?@li‘j/ anI east
200C greaggtuthanothe: gl assut ramsid.i on tenperature of the first and/ or
second pol ynmer substrate. The pressure used when contacting the nold to a

surface of theTher Stemmeyadrunseconte Porgnp PusFiarad ey BeTPRIBHERGent | y
| ected f t 1 50 b
(5 wod) . EBSOFCTo T (TiRpart o hatk 230 bAF A ) | AR 0 bl (1 Nt

(5 MPa r a) t ut 10 ar (1 MPa)
to about BhRebafifsk I\/Bal)j,/oaboglécdlﬁ)db@rol@heMDambstabbat 20Pbarfet2b\Ppa) ,

about 20 bar (2 MPa) to about. 50 bar (5 MPa), about. 30 bar._(3 4.0 about
50 bar (5 Wa)tem%%%?uﬁ% 55 SCA 9Pat St & LI 0¥ g I\/b%? gp?o out 20

bar (2 NP§}e59e§bQ%%n3QH¥3 ﬂé%gw%?an51ﬂh6met@ﬁ@@ﬂéﬁ@ﬁé,ofh@h@rﬁi&@ke used
is about 22 bar (2.2 MPa ﬁ1et|rre peri od used when contacting the nold to

a surfacec':ll:n‘i/plﬁeS\f%iClO@td @@dlymers@@@ﬁ&rﬁ(tleyrrer substrate may be independently
sel ected f10m e 1 300e 0L abQULLS JADK! @5oALad2hd WSS nd 2o a

pol ycar bonat e
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
15 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 30 bar (3 MPa) to about 50 bar (5 MPa), about 40 bar
(4 MPa) to about 50 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 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 skill in the relevant art, that the time used
during the first and/or second contacting step depends on
30 the type of substrate used as well as on the pattern

geometry and density.
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time used during the first contacting step may be about 15 m nutes and the
time used during the second contacting step nay be about 90 mnutes. It is
to be appwecnanmey7éby those of skill in the rel evant ar PCTISGa009t0hes781 e
used during the first and/or second contacting step depends on the type of
substrate used as well as on the pattern geonetry and density. The
relationship with respect to the surface area and the tinme of the first and
second contacting steps is enpirical. However, wthout w shing to be bound
to any particulies eapaticakhapsedvht respecasta dgéreralrfade, andwemnande
surface area of the first reglon is substanti %596 reateé t han. t hat of
& o a §

|1
the second® edildif aOper o 1¥Phe F9 5651 nﬁ%@, 5N uPEEPPs T2qui r ed.

A longer peripgd.of ting,plvefor yaxaspke, whidqutes vs pegdar ad fanyt he
second cont'acting step. The nethod may conprise, before the first

cont act i ngestbpubar sevphticent abSenyasteps t BE &t FRFAL DY VI ngRARR
adhesion pronoter_on said first, su t nd _sai ongd. rab By
PrefePabI ,etﬁgrgaﬁ%sﬁgﬁapfgao %% ?EEéﬁp Fgéggsq§g§%§face %%%?Fﬁg on each
of the figséavad secendisabsbratiess Jbeondhesigdmpranpeer onay @i dine

i ncrease the adhesion of the netal |layer to the first d/ or secondd

subst r at ePhf t EPTt REFBLE, hias BERRCeR] &8t FFERY TE ansferT¥E T oRFFhe%mol d to

the firstoangigr seeondosubstimite, THe adhesiean DsomRLER rdRy 8 athe
si | ane-cont ai ni ng conmpound. The sil ane-contai ni ng conpound may be sel ected
fromt he geoopdconststinggokt2pner capt oet hyl tri nethoxysil ane,

T g o oo R LaBes e SaRb0R i L honei e
2- mer capt gegpybrt rdeseebutexysckang, 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 increase the
adhesion of the metal layer to the first and/or second
substrate after 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.

20 The silane-containing compound may be selected from
the group consisting of 2-mercaptoethyl trimethoxysilane,
3-mercaptopropyl trimethoxysilane, 2-mercaptopropyl
triethoxysilane, 3-mercaptopropyl triethoxysilane, 2-
mercaptoethyl tripropoxysilane, 2-mercaptoethyl tri sec-

25 butoxysilane, 3-mercaptopropyl tri-t-butoxysilane, 3-
mercaptopropyl triisopropoxysilane, 3-mercaptopropyl
trioctoxysilane, 2-mercaptoethyl tri-2'-ethylhexoxysilane,
2-mercaptoethyl dimethoxyethoxysilane, 3-mercaptopropyl
methoxyethoxypropoxysilane, 3-mercaptopropyl dimethoxy

30 methylsilane, 3-mercaptopropyl methoxy dimethylsilane, 3-
mercaptopropyl ethoxy dimethylsilane, 3-mercaptopropyl
diethoxy methylsilane, 3-mercaptopropyl
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3-nercaptopropyl tri-t-butoxysilane, 3- nercaptopropyl triisopropoxysilane,
3-ner capt opropyl trioctoxysilane, 2-nmercaptoethyl tri-2

' - et hyl hewoxyrid420me, 2- nmer capt oet hyl di met hoxyet hoxysi | 0&/SG2009/000373

3- nmer capt opr opyl net hoxyet hoxypr opoxysi | ane, 3-nercaptopropyl di methoxy

met hyl si | ane, 3-nercaptopropyl nethoxy di nethyl silane, 3- nercaptopropyl

et hoxy di net hyl sil ane, 3-nercaptopropyl diethoxy nethylsilane,

3- mer capt opr opyl cycl ohexoxydi nmet hyl sil ane, 4-nmercaptobutyl
trinethoxyybﬂahexoSydémeabVé-3- met hybpilepgl t ri net hoxy-sekgaptobutyl

mer capt Itrlpropoxy5|lane,
S—nercaptg émg§h9¥§$685¥ di met hoxy net hyl sil ane, 3- nercap?brfaﬁgthylpropyl
trimet hOXMéth?mﬁroﬁ MereaptdoZyRetaykenr OpyB—ﬂéﬁ@éb@&¥3pﬂelﬁ}&|y&ph:ap§,l*
S-nercaptocyclo exy -triinethoxysilane, 12- nercaptododec trimet hoxy
silane, 1PTABFERPRBESUEEGF tri et hoRyMSFFaREC- iseﬁgyéaﬁpaa radBeyRoxy

tr|negpox%ﬁkbgﬂgll;ﬁenercaptooctadecyl ”Eth9xMQkE§FQXL§Lh%@% v 121BBkaapt o- 2-

nmet hyl et hy i propoxysi | ane, 2-nercapt o-2-net hyl et hyl trioctoxysilane,

2- nercaptmmhmayhokysméahexﬁsmbameptbr2mmanmyhmﬂﬂ§nﬂ trlethdxwgth@%@
2- nercapto si |l ane |ethox 5|Iane

nercaptonﬁ &bﬁﬁ&%ggﬁnet 6%?%??Qﬁﬁ§§mi$h§%éﬁ) ?ﬁﬁ?%ﬁ % rléth%xy3|lane

2- mer capt get-bybpbesykcini methexkshoare, 2imaneapt oebhylephemtiododecyl
triethoxysilane, 2- nercaptoethyltolyl trlnethOXéS|Iane

2- mer capt 68LRFPPEYY| SLERBEROX Y MEREAPEOREEBESETPr opFPRERPRYSilane,

trimefhoxygl R%Q%Q%qvoo%’c%re%?@f Oprﬁ@%ggzgaﬂne&ay%&%x@ hane.--and fhe

anm nosi | anes™ 3- "afi nopro oxysi Fane, 3=am nopropyltriethoxysil ane,

4- anlnobumykhwﬂetthytxupan@pxysmﬂdnﬂ 3- ankpme2capto-2-methylethyl-
trioctoxysilane, 2-mercaptophenyl trimethoxysilane, 2-
mercaptophenyl triethoxysilane, 2-mercaptotolyl
trimethoxysilane, 2-mercaptotolyl triethoxysilane, 1-

15 mercaptomethyltolyltrimethoxysilane, l-mercaptomethyltolyl

triethoxysilane, 2-mercaptoethylphenyl trimethoxysilane,

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

aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane,
“ 4-aminobutyltriethoxy-silane, N-methyl-3-amino-2-
methylpropyltrimethoxysilane, N-ethyl-3-amino-2-

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

methylpropyldiethoxymethylsilane, N-ethyl-3-amino-2-
methylpropyltriethoxysilane, N-ethyl-3-amino-2-
methylpropyl-methyldimethoxysilane, N-butyl-3-amino-2-

methylpropyltrimethoxysilane, 3~ (N-methyl-2-amino-1-methyl-
30 l-ethoxy)-propyltrimethoxysilane, N-ethyl-4-amino-3, 3-
dimethylbutyldimethoxymethylsilane, N-ethyl-4-amino-3, 3-
dimethylbutyltrimethoxy-silane, N- (cyclohexyl)-3-
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met hyl propyl tri met hoxysi | ane, N-ethyl-3-am no-2- nethyl propylt rimethoxy
silane, N-ethyl-3 -amno-2 - nethyl propyl di et hoxynet hyl silane, N-ethyl-
3- an no- 2ve aavdagd7pr opyl t ri et hoxy sil ane, N ethyl - 3- anPoose2009/000373

met hyl pr opyl - met hyl di net hoxysi | ane, N-butyl -3-am no- 2-

met hyl propyl tri met hoxysi | ane, 3- (N-nmethyl-2-am no-I|-nethyl- 1-ethoxy)
-propyl tri met hoxysi | ane, N-ethyl-4-am no-3, 3-

di et hyl but yl di et hoxynet hyl si | ane, N ethyl -4-am no-3, 3-

di nmet hyl batyhbpiroet/hoxymethargsillanes Wel (@hexyinpethyl) -3-

- 3-am nopropyl tri met hoxysi | ane, N- (2-am noet hyl) - 3- .
aninoprop?WE%PH§PH¥ §§F%§%59xm§léﬁg§winoethyl¥ 23N—(2—amlnoethyl)—3—

ani nopr opxh&hbﬁmgmﬁt%l@aﬁ@xr\/%i(L&n@_r,n' noet hyl) -3N-(2-aminoethyl)-3-
am nopr opyl met hyl di net hoxysi ['ane, am nopropyl triethoxysilane, bis-

(3-t ri net BoxpoPpby2neby byl pesppry sadime and N- (3

"-trineth iyl : - nQ-2- met hyl pe opykt cin il-ane _~_In one
enbod rent A EREE P bR AT e pound 505 PerSaneoh ARy L2

tri met hoxyethgneroRIVBnineW t howd W Nhi(Bg-toibetboundiby lamppydnt3cul ar

theory, it i,s believed._that TVS i s a gql.d adhesion pronoter due to its
cheni cal 5@68@F;F@§F QfQPﬁygﬁémFﬁ%&Xy%F&ﬁE§'of t he conpound adhere to
gol d and the trhneihoxyshdangedunctihaenali iR Bdhei#hd ocbhgoRedsukstrat e.
I n one enbodi nent the surface coating of the adhesion pronoter is |less than

| Onm  TheBeTies cppdvipden van ticipeithoedy ssdisster A& M54i-d substrate having a
7O 2o h R AL OSGLA Ly A0l bt e !
i s providee assubstiatel havanguamMar iay ofgaidradisé2edn oproantesi zagh
'mprints %étgﬂﬂén%hgkgggia{g&operties, wherein the thiol groups of

the compound adhere to gold and the trimethoxysilane

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 nano-sized imprint
integrally formed on the surface thereof and having a

20 metal layer deposited on at least part of said imprint.

There is provided a substrate having an array of
micro-sized or nano-sized dimprints extending from said
substrate comprising a grating formation arranged to form
trenches between adjacent 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 wuse in a fuel cell, surface plasmon
spectroscopy, organic electronics, MEMs /NEMs, a
microfluidic device or a plasmonic device.

30 There is provided a substrate as defined above,

wherein said substrate is obtained by the method as

defined above.
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substrate conprising a grating formation arranged to formtrenches between
adj acent inprints, wherein a netal |ayer caps one of said inprints or said
t r enches.wohero4e@epr ovi ded a substrate as defined aboveCTiSorow®eos’sn for
use in a fuel cell, surface plasnon spectroscopy, organic el ectronics,
MEMs/ NEMs, a microfluidic device or a plasnonic device. There is provided a
substrate as defined above, wherein said substrate is obtained by the

nmet hod as defined above. There is provided a substrate as defined above,
wher ei n sai d sOhsteat £si spobraidadbl 8 byubheratehodsasddéfinadd above, There
is provided a substrate as defined,above, wherein said.substrate i
obt ai ned BYeTRE net o i?%f Gt &50v8§tﬁépa&§8 iR a }E%Inﬁgﬁps'séﬁface
pl asnmon speet Le§CaABYweQr gani c el ectronics, MEMs/NEMs, a mcrof luidic
device or a plasnonic device. There is provided a substrate as defined
above, wherei nTbare siibst PaPB1FgdobRai AHBFETBY St haSnefRE4NES dBPPHEd above

for use i uel L, | aspgon 1 LAsScaRY, +QLdapkenghectioni cs,
NENB/EENB?hgr%EgrOEEEFdi%Hgégggggoriginggﬁgﬁ%g dggicg There Ps prosided a
sensor chdpfhavinglzowabstoat exdwdyncoapriuwslngcahlar rayofcan plesgored or

nano-si zed inprints extending from sai s%bstnate and_arr % to form

trenches B@?ggéﬁsﬁﬂfgcent PRBFPAEs, wh ?8Iﬁo§lF§V|eCtM3g82@g £71 ayef caps

one of sapdcikARNLALS cOHeFALd bheaches smoRiey /idvidy.ovi ded a surface plasnon

resonance systemconprising: a light source; a sensor chip as defined
There 1s provided a substrate as defined above,

10 wherein said substrate i1s obtainable by the method as
defined above for use 1in a fuel cell, surface plasmon
spectroscopy, organic electronics, MEMs /NEMs, a
microfluidic device or a plasmonic device

There 1is provided a sensor chip having a substrate

15 body comprising an array of micro-sized or nano-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.

20 There 1is 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

25 sensor 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 is to be understood that

the drawings are designed merely for the purposes of
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above; a light detector for receiving light reflected fromsaid reflective
nmetal |ayer of said sensor chip; and an optical nodulator for directing
nodul at edwbiz2gtwo4e060 sai d sensor chip. Brief Descripti orCoiSGRoawnesgs The
acconpanying drawings illustrate a disclosed enbodi nrent and serve to
explain the principles of the disclosed enbodi nent. However, it is to be
understood that the drawi ngs are designed nerely for the purposes
ofillustration, and are not to be construed as a definition of the limts
of the invehtsbnatEbg, hrd arschetatodcbdi agrarhmfedh aet dodefonisébecti vel y
depositing_a petal layer on_a first substrate and subsequently sel ectivel
depositingfatﬁgtiFmﬁgﬁePfoﬁhﬁ d8¢6RG 8lbstrate in accordance &Ath a Y

di scl osed enbodinment . Fig. 2 shows a,scanning el ectron nicroscop &SHW
i mge of one efkb8di mént 16f & s?FP@@ﬁtﬁﬁlddlﬁgg?mB Sfowé aWeEBP cal-®

m croscopgch BRYSvEMINddLatd oy S of &Q?_e%i ldicon gpldrobybk@ra2eafter
the first sinmultanedus inprinting and sel eciive deposition of a netal on a
first BubshdasebsEayerdd varse 4y tsivew vostassd 1 i eg oz copeai naggsr on a

(magni fication;, a x _b.) 5x)_of the first substrate after,. fi st
sinultanegﬁgoPﬁpri%Fgﬁﬁrgﬁ se%gcti3888588§FFion%g%%a n%taldﬁ%gﬁPfﬁg‘nnld
of Fig. 2embbHé@mebtand Fig. 6 respectively show the correspondi ng el enent al

mappi ng i mage and correspondi ng SEM i mage of Figs 4a and 4b. Figs 7a and 7b

show optical mrgHQseopehbveges (segiifigatdidtton MeddvgeoiXx) (@EM)he
second substrate
image of one embodiment of a silicon mold.

10 Fig. 3 shows an optical microscope image
(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) 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. 6 respectively show the 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.

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

a disclosed embodiment.

Fig. 9 shows an optical microscope image

(magnification: 50x) of the silicon mold of Fig. 8 after
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after the second sinmultaneous inprinting and sel ective deposition of a
nmetal fromthe nold of Fig. 2 . Fig. 8 shows a scanning el ectron m croscope
(SEM i newye 20fo/m2@eecond enbodi ment of a silicon nold foPCuse2009/0803d3 scl osed
enbodi ment. Fig. 9 shows an optical mcroscope i mage (nmagnification: 50x)

of the silicon nold of Fig. 8 afterthe first sinultaneous inprinting and

sel ective deposition of a netal on a first substrate. Figs 10a and 10b show
optical m croscope inmages (nmagnification: a ) 5« b ) 20x) of the first
substratetﬁétEirbhesﬁmusta&bmubtam¢mwmﬂﬂngiandr@ﬁb@dtteéedepveidépnsition
of a netal _fromthe nDId Fi g g 11 and Fig. 12 respectively show
the correSpoRdifgel ehedt FrﬁépﬁP ﬁtFﬁége and correspondi ng SEM |nage of

Fi gs 10a and 10b. Flg 13 shows a scanning el ectron, m croscope, % i mge
of a third enbBagfentOdf andi|ieBn #BPY foPthSELi NM4CHPSEPBEediBABGTI ment .

Fig. 14 sr@%gng@legfcwﬁl M £ aSEOPe,)i magg) (negnidicatdone 50xbsebathe

silicon 13 after the flrst si mul taneous inprinting and
selecﬂiveaGEpDS|then bfiratnesainudhanebilest inpbéntang. Ehgs $84eahdvesb show
optical m.,crosc ges nifica ) ) of the first
substratedﬁPPﬁﬁgEﬂg Pi rgtm%tﬁglggﬁgoéb |ﬁﬁ?9%f§§21 ndzﬁelectlve deposi ti on
of a netal with,the d of Fig._13. Fi 16 and F| 17 respecti Iy show
the correspondfhg-el etbnt aF*frappi 19 i n&%% and E5Tes &ﬁaln M |§§ge of

Figs 10a apdrdQBenkifdg 1l8a-mpagti8b @M@@tiﬁ@dgéﬁ GRS Cepe reapgesing
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 for use in a

disclosed 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 a metal on a first substrate.

Figs 15a and 15b show optical microscope images
(magnification: a) 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. 16 and Fig. 17 respectively show  the
corresponding elemental mapping image and corresponding

SEM image of Figs 10a and 10b.

Figs 18a and 18b show optical microscope images
25 (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. 14.

23



(magnification: a ) 50« b ) 20x) of the second substrate after the second
simul taneous inprinting and sel ective deposition of a netal fromthe nold
of Fig. IMoDRerwmed7ed Description Fig. 1 , shows a schemeCrsGdi@goeTs of a
met hod 10 for selectively depositing a netal |layer on a first substrate
(Steps (a)-(c)) and subsequently selectively depositing a netal |ayer on a
second substrate (Steps (d)-(f)) . In Step (a) of Fig. 1, a silicon (Si)
nold 12 having an inprint formng surface conprising a first region (14a,
14b, 14c) and a second r egi oMt iDRFqrigitdem ons (16a, 16b, 16¢, 16d)
is coated wth_a Iec ive nmetal, such a

el
evapor ati on. Tﬁé nD FRNME éit%%%%%th%|§ég%ﬁaQ|8%%Fbﬁm%eaﬁf§%gggrgfgr

(not show@éla&t@vdn§ta@@@sﬁmQﬁ@aaﬁuméaageuayéuchnﬁhﬁtfib@tegapstaaten is
unldlrectlonal resultlng in a gold coating | ayer (18a, 18b, 18c) bei ng

fornmed on Eh@pﬁ. rigt) rlegi) orpAd 4gub sapueniey éﬁ&e&t@me&yw%ﬁ@?@l Byer &(20a,
20b, 20 h _ 16¢c, 16d) . Th
o rst%r ggl et %L gs_\,@g 4%8r§99e8ﬁa8 Subetead o Q%lt% s( 163 15?250 c, ) e

a greater surf ce area 00011117
conpared to th&nsé&tepd Eegunm {19, 000 am@)p litea (BhH, rebd lzdbaVlﬁglor to
Step (a) , a, flrsttpgl¥carbonate (PC)_substrate 22_is treated w

adhesi on PPorfBP&r> e Ga oSy | SO et Hoxy st +ahe TRATIR) HQS form a

surface coabl,ng424 QEdIﬁeéﬂﬂBﬁﬂ(Ebéﬁéﬁﬁﬁémpriﬁlﬁﬁepré?éo@ﬂoﬁbg 1%a, the Si
mold 12 is pressed into the surface of the PC substrate 22, at a

t enper at uL&abd¥e t REG| aiss @@@h@ﬁtWéﬁht@m&ﬁQ%QQQ9Yﬁ M HC BRCRhESPC
SUbSLIA! €820 Ang PrEgsWIRirch 200ER WapbrdLiH eorhe bR afy i aRrint on
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 (1l4a, 14b, 1l4c)
15 and a gold coating layer (20a, 20b, 20c, 20d) being formed
on the second region (16a, 16b, 16c, 16d). The first

region (l4a, 14b, l4c) has a greater surface area
(250,000um®) compared to the second region (10,000um”)
(16a, 16b, 1l6c, 1lé6d).

20 Prior 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 adhesion promoter.

In Step (b) of Fig. 1, the Si mold 12 is pressed into

25 the surface of the PC substrate 22, at a temperature 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 is cooled

30 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.
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In Step (c) of Fig. 1, the PC substrate 22 is cooled to a tenperature of
100 OC for a tine period of 1-5 m nutes before denolding the PC substrate
22 from tWwe 28i0/md7d 12. The inprint forned on the PC sub®CTSGRI@DIGIHPri ses
a first region of projections (26a, 2bb , 26c) and a second regi on of
recessed portions (28a, 28b, 28c, 28d) . The gold layer (18a, 18b, 18c) on
the first region (14a, 14b, 14c) of the nold 12 is transferred to the
corresponding first region of projections (26a, 26b, 26c) on the PC
substrate 22. Theésimprdne formhé gneaher Burdudes rmrtea Dh ¢dapfises Regi on
(14a, 14b,, 14c) of the |d 12 as, conpared t he cond_r.egi on

proj ect i ohsT¢864 29160, QECPrﬁ%%St%?n?hzz I'd é?’mgggﬁ FaSul ss?gggdgreater
wor k of agdbgsbancketweensthepbirksbnkedizen, (b, LHy, 148q) of Théegonbd 12
and the corresponding first region of projections (2 6a, 26b, 26¢) forned
on the PClsubst raBe,248bn 1§cdp qu)the Eigstlrecims sEee sildt d138)with

the gal d ceoating r-£20a, t | oR;ob+
pr oj e%ti oﬂ]s? (t a,Aci%%e), 1%6%? 1 %%%%eu%%%f g?let % Si ta({h%afg%s ilrrpri nting
and sel ecteyeodepdsigdriggrcaficasmetZzda,on26ba 8éconednPCsubke r ates80at®he

second PC substrate 30 .is also treated with the adhesi on pranpter
(3- ner captépr dpVHS) %%iﬂ&ﬁhB?ng@aﬁEEFWﬁﬁ%§?r 3°Fofma féh% g%ﬁFan 32

of the adhggign PMMQEOt erap | mAtepoke)hdf dbmd 12, akhechipdmid 4@ ksepressed
into the surface of the PC substrate 30, at a tenperature above_the gl ass
transiti onetengerzaird off 180cDEChbionhe PGasubke? at 2630, 1fd)a pf e§86re of

22 MRG0 DO, (e LU0 PR et gatulg Sy er
for a tinpepeeead wfe 1fbr#t nukgdon (1l4a, 14b, 1l4c) of the mold 12
and the corresponding first region of projections (26a,
26b, 26c) formed on the PC substrate 22.
In Step (d) of Fig. 1, the same Si 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 is 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 mold 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 a pressure of 2.2 MPa for 90 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 Si mold 12.

30 The dimprint formed on the PC substrate 30 comprises a
first region of projections (34a, 34b, 34c) and a second

region of recessed portions (36a, 36b, 36¢c, 36d). The gold
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bef ore denol ding the PC substrate 30 fromthe Si nold 12. The inprint
formed on the PC substrate 30 conprises a first region of projections (34a,
34b, 34c)wendirn4z@eond regi on of recessed portions (36apC3BG2000003736d)

The gol dl ayer (20a, 20b, 20c, 2Qd) on the second region (16a, Ibb , |bc ,
16d) of the Si nmold 12 is transferred to the correspondi ng second region
(36a, 36b, 36¢c, 36d) on the PC substrate 30. Exanples Non-limting exanples
of the invention will be further described in greater detail by reference
to speci figy&xanpbes, 20hj cB0shodld)not bde mstonukdresidm ah§amwayobiniting
the scope of the invention. Mferials, and, Met hods Gol d Depgsition silicon
(Si) nDIdlaﬁs cbétbd ﬂ%tht ol by:%?iétrg% b%ﬁn1§€3%8£3ff%§ a%oa Eﬁ%ssure
of 3.8 X 106 8hahd{Rg8s¥cdAa7rkBabn, @eeyr 3y, ofed,003@% ansh atdeposi tion
rate of 0.1lnm's. The Si nold was attached inside an Edwards Auto 306

el ectron peastesbposdtor at a distance away fromthe gold target to ensure
t hat Q@e gol d was deposited unidirectionally on the silicon nold. Gold was
not deposited on the sidewalls of any recessed areas. The thickness of the
gold layer was in the range of abo@lxamPd®a to 200nm Surface Treatnent of
Pol ycar bonate A pol ycarbonate (PC)., filmwas, {reat.ed w.t.h an adhesign

pronot er, (3-n§?€éb{Hbeﬁ9l)eﬁ%ﬁﬁéfﬁbxygg?aﬁge(NFH*%%“FlQHJ efrh ceggdhesion
bet ween t hg, pRLycaphapatgcand ihhe @old drayealetthiri Ngoy heréfprentbngLpr ocess.

The pol ycarbonate filnms were soaked in a solution of 5m MPTMS,
specific Examples, which should not be construed as in any

10 way limiting the scope of the invention.

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 107® mbar (3.8 x
1077 kPa), a current of 100mA and a deposition rate of
0.1llnm/s. The Si mold was attached inside an Edwards Auto
306 electron beam evaporator 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 200nm.

25 Surface Treatment of Polycarbonate
A polycarbonate (PC) film was treated with an
adhesion promoter, (3-mercaptopropyl) trimethoxysilane
(MPTMS), to enhance adhesion between the polycarbonate and
the gold 1layer 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 solution to enable the
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m xed with 240 m| ethanol and 10m de-ionized water. The filnms were |eft
overnight in the solution to enable theMPTMS to react with the

pol ycar bomeate1ofdaskamst o form a surface coating on the adhesrsc2aoonsrzr. Gol d
Transfer Inprinting was carried out with a gold-coated silicon nold and a
MPTMS-treated polyneric substrate utilizing the classic nanoi nprint

| i t hography process. The gol d-coated nold was placed on top of the

pol ymeric substrate on an Cbducat inprinter. The heating tenperature was
then i ncrepmes] the arkenyper atuhe abevedheatlassate ansilm oot efpematare (180
0C ) of the %)O| meri c, substra}le aad a.$ressure of 22bar (2.2kPa) was

appl i ed FHTIECHI TRACEII TRR SRFi eBRSTHHPY RAS"CHEA denol ded from the pol yner
at 100 0Go1 M +esnkpprinting, the gold layer was transferred fromeither
the protruding region or the recessed region of the nold, to the,

cor respondi ng Feeebsetng egironcerrpeet cudi mg thed P b~ ¢PRE$0I Fhet Fe
inprinted substrate. reql r .qol ansfer a e
cont r%l I eIEP%%/) ?]{"ﬁ@ %egﬁﬁﬁi gggg%te\gp%ogfﬁ%%el%om (?.gl n p%r%ﬁﬁ%%gtﬁgggol d
transfer alddsbecwanointdhe megilanhoigtrhpayl argeressir f Sbe agebdcoopheed to

the other region. The surface area of the first region, is_approxi mtely 95%
greater tHaHt HesSs ¥t aPBa tdjfptﬂg ét%l@or%‘)]r%?%h ‘?Hgsigﬁ&gnioﬁb 6%I d

attached gpghhgrsi hing@Anteld Waghdisedef0ing Subs@RUERtLREW wdBr | Bheng st ep.
The heating tenperature was again increased to a tenperature above the

gl ass trahsttéapedenper at uleBERDTY GoAve FOFynE RESsubseRratbEliand a
e L T N
the cycl epréb€ure of 22bar (2.2kPa) was applied for.15 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 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 particular, the gold
transfer will occur in the region with a larger surface
20 area compared 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 transition temperature (180°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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silicon nold was denol ded fromthe polyner at 100 C. After inprinting, the
remai ni ng gold | ayer was transferred fronthe silicon nold to the polyneric
subst r at ewoi2nitdaeo76egi on opposite to the first inprint. PCI&GROO®I3ZAL I On As
there was a significant difference in the reflectivity of the polyner and
gol d, optical mcroscope inmages were used to characterize the consistency
of the selective gold transfer. In the optical m croscope imges, the
"brighter"” regions represent the regions covered with gold, whereas the
"darker" tlegi ehiicepr esént ttchetliegbohgmaiihostibgtlrdteEner gyhali spetsive
X-ray spectroscopy %EDS e%erre t al mag;ﬁi ng) was al so used to validate the
resutt's oPPRPFEEFfTonTthet bptFcal'Piiteroscope i mages. Similarly, EDS

el enental mapping. permts a specific elenment such as gold to appear
"brighter™ at the regions covered with gold, whereas other regions wthout
gol d appeghardarkeizatiEganpl e 1 This exanpl e describes the nethod 10 as
illustrated in Fig Si Si, nmo j £ 0 pr =.0.5), pi r
patter5n as sho%\ng i%hljgrz;é g}';’a}gThé—:1 Sig%)rﬂdﬁ;ba%l%n ggn%fgfié%tgnfsgr m%%lng stirlféace
conpri si ngedaléttstitecessedhs egiodymé@ amtd agsédendgirictaludinhgreregpPpa 42
coated with gold as described above. A PC suhstrate was_also tr at d wth
an adhesi dHEPEONIIES adS88sd bER2ABGYET L Bir %ﬁbe tﬁ8nf3fLP§Fnlc¥'prcf§tl g step,
the gold CAw)-Layer gbMgt heahisiedr .r ecessed 6§Eﬂéﬁﬁ4ﬂi@foébﬁﬁ§iimﬁbdswﬁs
transferred to the Correspondi ng protruding region 50 of the PC substrate
(Fi gs 4a ahd Abyighiser’eazeainngorarragent oheh& GSHtrudFAECFegi Bata2
re”aHQFd 881%bew%efgg§j{ﬁgg“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. 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
20 This example describes the method 10 as 1llustrated
in Fig. 1 using a Si mold with a 10 pm (A/R = 0.5) pillar
pattern as shown in Fig. 2. The Si mold has an imprint
forming surface comprising a first recessed region 40 and
a 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 (Au) layer
in the first recessed region 40 of the Si mold was
transferred to the corresponding protruding region 50 of

30 the PC substrate (Figs‘4a and 4b), whereas the gold layer
on the protruding region 42 remained on the Si mold (Fig.

3). The corresponding recessed region 52 on the PC
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3 ) . The corresponding recessed region 52 on the PCsubstrate (Figs 4a and
4b), does not have a gold |layer. Referring to Figs 2 and 3 , the recessed
regi on 40wof2otomg2Bs nol d has a | arger surface area conpacesGeotones73
protruding region 42 of the Si nold which pronotes or facilitates the
transfer of the gold |ayer fromthe recessed region 40 of the Si nold onto
the substrate. EDS el enental nmapping was carried out to validate the
presence of gold on the substrate. Fig. 5 shows the el enental napping i mge
of the subsbsatretand Higs #6ashogs 4k, cdeeespwidi hgvSEM igmb@. LAyeran be

seen, the |d i.s present. on.the protruding region 50 of the, PC.substrate.
Subsequenﬁgg?rﬁlggcgﬁﬁ I3 i ft PRG strept g?ﬁggsggrfﬁ@&ogufﬁ%n 5 gg@ond

substratesas deseri be¢ above.arie- r esmiridy gotsh | ayerponetihetsecand
protruding region 42 of the Si_nold was transferred to the correspondi ng
recessed PEGILEHIBDIof retiEoBedondOdubsieatel TRéproR el MyaYioh 6% of the

3990”435U9§E&2H%a9%§3 RAL h%%%g@;%%'do%ay%he(F§33d7al§?gr7bkromEx%%%le 2
Thi s exanple describes a netho or selectivel epositing a gold I ayer
usi ng a sickcessenbplrdgwbnh48 BIfnmphEA/SR mal.d)endionilhe pattsdmatas shown in

Fig. 8 . The silicon nol as an .nprint formng surface _conprising a first
pr ot r udi ng regﬁ@ﬁ ?gegﬁﬁgé'sgggﬁﬁj} S e T et |f“%5.€% gagggﬁﬁeiﬁgﬁigs 8

and 9 , theckibhet poetrydiag oegiehe 70:@fsthecsS molg has aHoargerhsur face
area conpared to the second recessed region 72 of the Si_nold. The silicon

nmol d was €é&emedtailt Meprgsld 1eaEs a5 dbscHbed ral6yend P subsEhaie was
al so g eated vidh AnAghes] ofprapRLer assdeser ihedsahoyec ur gBgthe first
nprinting Step the go ayer in
present on the protruding region 50 of the PC substrate.
Subsequently, a second imprinting step was then
carried out on a second substrate as described above. The
remaining gold layer on the second protruding region 42 of
15 the Si mold was transferred to the corresponding recessed
region 60 of the second substrate. The protruding region

62 of the second substrate does not have a gold layer

(Figs 7a and 7b).

20 Example 2
This example describes a method for selectively
depositing a gold layer using a silicon mold with a 5 pm
(A/R = 1.0) dimple pattern as shown in Fig. 8. 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 9, the first protruding region 70 of
the Si mold has a larger surface area compared to the
second recessed region 72 of the Si 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.

29



the protruding region 70 was transferred to the correspondi ng recessed
region 80 of the PC substrate (Figs 10a and 10b) , whereas the gold | ayer
on t he r ewoxswd4e@gi on 72 remained on the Si nold (Fi g. PET)SG2008/0803381ch, t he
correspondi ng 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 region 70 of the Si nold, conpared to the recessed region 72 of
the Si nold, pronotes or facilitates the transfer of the gold |ayer from

t he protrudi ngpueghon tH2 ofitée Simprilnd iont ostbe ditestgaie .1aEBS efienent al

mappi ng was carried out to validate e presence of gold on the substrate.
Fig. 11 sHo%s tl?f%o%lf%get?ﬁ al TEpHng %Bragew%ﬁf t%éfaﬂ?d%?’aetog a%& Fi 58612
shows thec89£é§l§eﬁa§hggr§5%baag%egéoﬁ gan Jxe @eensc thgogobgkés (pigsent on
the recessed region 80 of the PC substrate. Exanple 3 This exanple

descri beslOhe amdhddPHo awhieirkast r kbed Ialdi glaveluisiony &Dsi | FEERSABAd with
a 10 mm (ALR;5,0-9) Araling Paiteng as shown (8§l 9s)13ahe,sh) i eag ol d
havi ng an ?ﬁb?l i

nt' °f orm ng surface conpri sing rst ‘'recessed region 90 and
a second poeotreygbnginggbentddnay ceatied W2 lorgoiite aRC desibsthatdeabese. A PC

substrate was also treated with_an adhesi on pronoter as.described_above.
Duri ng théhPWPsﬂHi@Bﬂﬁnﬂpﬁga§pe&kahéQ§ﬁ(fq )Rﬁv?rﬁt%%lgeiaggéd Fgﬁion 90

vas ”anSi%Eg@Q @ e CortRsRONdi g protruding regiom 10 of the BEC
substrate (Frgs 15a and 15b) , whereas the gol Iager on the protruding
regi on 92mpédai megrerahet Sl thel decrisgedifegiom s7sueh, e br Pedfondi ng

recessed region 102 on Lhe REbSIrakhe. A% AN LB Figs 1 pndajah does
from the protruding region 70 of the Si mold onto the
substrate.
EDS 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 80 of the PC substrate.

Example 3

20 This example describes the method 10 as illustrated
in Fig. 1 using a silicon mold with a 10 pm (A/R = 0.5)
grating pattern as shown in Fig. 13. The silicon mold
having an imprint forming surface comprising a first
recessed region 90 and a second protruding region 92 was

25 coated with gold as described above. A PC substrate was
also treated with an adhesion promoter as described above.
During the first imprinting step, the gold layer in

the recessed region 90 was transferred 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 region 102 on the PC
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gold layer. Referring to Figs 13 and 14, the recessed region 90 of the S
nold has a larger surface area conpared to the protruding region 92 of the
Si nol d wochioppeemet es or facilitates the transfer of tireTgohaholoagsss from
the recessed region 90 of the Si nold onto the substrate. EDS el enental
mappi ng was carried out to validate the presence of gold on the substrate.
Fig. 16 shows the el enental mapping i mage of the substrate and Fig. 17
shows the corresponding SEMinmage. As can be seen, the gold is present on
t he protradbagraegi orslOthaint he PCgsublstar atred ah8bi s dalgsentotf ribavehe

recessed portian 102 of the substrate . Subsequently, a.second inpri.nting
step was Sﬂiﬂ ¥S%d out® %'C%l%%cgﬂd stlgosststgt ear%ér eét‘léd t}se déggﬁggg above.
The remai piggogol dol ayer ©met hei prRirdidingg r egi AR Y2 rof sth€aGe Nakdanas
transferred to the correspondi ng recessed region 200 of the second

subst r at ecoTRaTBRotCUdING PEYF BHEDDD BRILAR Séc@id Wibstt ateldod8iRfbt have

a gol & | ayep(ELOS 482 and 13hk <o APRLI Gatdens, The drethod glisel esgd:herein
es or se

provi process ectively depositing a netal layer on at "| east

part of afsubstthate.rdowaskdgemsion 96l eoffi vehdepdsi tioid ofordarettéle onto a
Substrate i ccordance wth the disclosed nethod can be achi eved w t hout

t he use oFugsgﬁa Gmask or a rigid shadow mask. Advantageously, the method

di scl osed heregpsi & 1R tG0SmAffiett iwes anrtess biBetoORalAHAget har
conventi onal met hods as the method_di scl osed herein avoids the need for
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 on the protruding region 100 of the PC substrate
and 1s absent from the recessed portion 102 of the
substrate.

15 Subsequently, 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 Si mold was transferred to the corresponding
recessed region 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 of a metal onto
a substrate in accordance with the disclosed 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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addi ti onal equi pnment or processes. Advantageously, the nethod di scl osed
herein results in the formation of an inprint on the substrate as well as
t he deposwoOizorv/@bo7a netal | ayer on a sel ected regi on onpCchsGmernesr3 of t he
substrate at the sane tinme. Mre advantageously, the nmethod di scl osed
herein is able to selectively deposit a netal |ayer over a non-planar
substrate. Advantageously, the use of a nold as disclosed herein can be
used for subsequent inprinting of simlar or different substrates. This is
because trhetlimeisalad ayke mhtbhdr edsicissed hkeeinl @vipirdanghichendged sfor

si mul t aneous, i hprinting, and sel ective netal deposition nmay be used for a

subsequerf A& A ah SUSPRPPF neF ngr 3RTSE8Fecti ve netal deposition on a

further substrage.nAdyastageousdne hbensubsiisd v setondiregnt orédeltaventi on
may be used in a fuel cell, surface plasnon spectroscopy, organjc

el ectroni s, tIMENEPNEMB I OB AIfC RO HIPAHBtdEW @SB T RTOME tRvt c@S |t
wll he appargnl OEQ%ELO%&@PUQ gidien modidl cani onsand-adaptatdions of the

i nvention W | e apparent  to e pers skilled 1n the art after reading
t he foregonag idimelosures witthwutsudeparateng aftr othehesspier i timad sdope of the

invention and it is intended that al] such_ nodifications .and aptations
come wi t FAVIRERSROPRL B ttﬁée aplFemeed %FﬁFPn?S.eél e S Y n&%ﬂgd ?(g)r

forming ageioprint19n gepubstrate haviang auwial dwyer 4henesrplahernet hod
conprising the steps of: (a) providing a nold having an inprint form ng
substrate.

10 Advantageously, the use of a mold as disclosed herein
can be wused for subsequent imprinting of similar or
different substrates. This 1s because the metal layer

" which remains on the mold during the first simultaneous
imprinting and selective metal deposition may be used for

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

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

20 microfluidic device or a plasmonic device.

It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilled in the art after reading the foregoing
disclosure without departing from 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.
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surface having a first region and a second region, said first regi on being
di nensi oned to have a greater surface area relative to said second region
and wher evo 2a1mat@b coating is provided on said first ardTSeca®d00338i ons;
and (b) formng an inprint on said first substrate by contacting said
substrate with said nold, wherei Ne gglg inprint formng conditions are

sel ected such that the part of sal fal coati ng on said first region of
said nold is substantially transferred onto said forned inprint while said
metal coating on said second region substantially remains on said nold. 2 .
The met hod ag cI afnB@tibede 1 Tatm Aormiper éPnlfnﬁé%nﬁprci%ta §URS§EREFal | y

el ongat n I S d at is
fia ygﬂgh xh%efé 91ayke gsﬁéén%;t}gl 24E S r@Re o RESHE FBL i 8 & thb:

pr oxi ma strate"and a end that is opp05|te o said
pro¥ maktepd. o8:. The nmethod as clainmed in claim2 , wherein the part of

sai d net al ing that.is transf rre fromtheflrst gi f._said nold
i s deposi tedcz85ﬁt ogfﬁglgﬁggal aen?}o Vi-RE . lﬁlﬁglﬁgt hgarg%n | ai med in

cl ai m 2gyrwhekeinywihey par Fiektsal ﬂ&ﬂaénﬁoéﬂéatdﬁwlré@1©ﬂﬁh$h&ﬁred from
the first region of said nold is deposited onto the sidewall disposed
bet weenft R tditgdoTarkP roxPHEPReAENBR £Re a¥Sr i ht ITSALEThEURELREd as

¢ al meda b2 0na | {HesiAcU ! ALdPon | HRUNSMAAIRI | 31 Bt er St ep

(b) , t Rie step (c) contacting sald to a second substrate to form
an lionpr coktangsdisd psevaneds ohstsedide ftiostr amsf erecaid] Tetiaincioarichg on sai d
second regi Or’z t)O Eafnglr{gor g%d 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
15 mold 1is substantially transferred onto said formed
imprint while said metal coating on said second region

substantially remains on said mold.

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

20 imprint is a generally elongate imprint having a
longitudinal axis and a proximal end that is proximal to

the substrate and a distal end that 1s opposite to said

proximal end.

25 3. 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 distal

end of imprint.

30 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 proximal end of the

imprint.
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inmprint on said second substrate. 6 . The nethod as clained in any one of
clains 1 to 4, conprising the step of providing an adhesive | ayer on said
subst r at ewbebovee2eai d contacting step (b) . 7 . The net irot/seg0ml0a631Rd i N
any one of the preceding clains, wherein said first substrate and said
second substrate is a thernoplastic polymer. 8 . The nmethod as clained in
claim7 , wherein said thernoplastic polyner conprises nononers sel ected
fromthe grogip congkstiBghol agkyl atiesmepht Ral ardrdes,oraer ydoni thel es,

cel lulosics, styrenes, alkyls, alkyls nethacryl ates, alkenes, hal ogenated
al kenesPreRe@ERY CARABS, é%%ﬁéﬁﬁér%%$Bﬁb%%n%u?éB?én§§Fer@UnesF Bsters,
acetal s tg8r$9nates and co-nononers thereof. 9 . The nmethod as clained in
claim7 or claim 8 , conprising, during said contacting steps (b) and (c) ,
theSstep of s$e)ectdmpaitenpeaatume tchatoi s abevendhesudisdsster ahSi ti on
tenperature of said,thernoplastic polyner. 10., The nethod_as clai,ned in

cl ai m 9-OTRndPel APLARG P@nﬁéﬁgtﬁﬁgaﬁﬁqﬁﬂfiﬁﬁ%F%dﬁ?aE{?%%f%¥e%é ?b) and (c)
is at |gast12006-8baye bhe ghags teapsiti eagtenpetat usgiaef sakded

thernopl astic polyner.11. The nmethod as clainmed in any one of clainms 5 to
10, conpPPEing, cBuPRAg saraneoRtBRELrA§Ssteps (b) and (c) , the step of
selecting a pressure fromthe range of 10 Bar (1 MPa) to 50 Bar (5MPa)

12. The method as clained in any one of clains 5 to 11, conprising, during
saild cont act 6ng sTepsmébhodnds( ©)laintdie ist gnwforsel @t ¢hgimst LnEoperi od
fromthe range of .5 m nutes to 1%0 ninu%es. 13. tﬂg nethof as_claimed in
any one”®of Cf) rising the step O providlng an a eslve ayer oo

said substrate before said contacting step (b).

7. The method as claimed in any one of the
15 preceding claims, wherein said first substrate and said

second substrate is a thermoplastic polymer.

8. The method as claimed in claim 7, wherein said
thermoplastic polymer comprises monomers selected from

20 the group consisting of acrylates, phthalamides,
acrylonitriles, <cellulosics, styrenes, alkyls, alkyls
methacrylates, alkenes, halogenated alkenes, amides,
imides, aryletherketones, butadienes, ketones, esters,

acetals, carbonates and co-monomers thereof.

25
9. The method as claimed in 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.
30

10. The method as claimed in claim 9, wherein said
temperature during said contacting steps (b) and (c) is
at least 20°C above the glass transition temperature of

said thermoplastic polymer.
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precedi ng clains, conprising the step of selecting the netal of said netal

| ayer fromat |east one of Goup IB and Goup Il A of the Periodic Table of
El emrent s.wh4010lilaeo7aet hod as cl ai med in any one of the pPreTsdi2og/00d3as ns,
conprising the step of selecting the surface area of said first region on
said inprint formng surface as 95% greater than the area of said second
region. 15. The nethod as clained in any one of clainms 6- 14, conprising
the step of sel ecthagmathayensoklaisidbdanecentaidriaig£onpoling astsai d
adhesi ve layer. 16. An inprinted substrate, said substrate having a
M cr o- si 2 edCEMPHARS NS z SHLIRGr ISR MBI T GFIRRE ofPt hePdulFace t her eof
and havj tale | i t r s@fdq i Bnt. 17. A
substra%gghgggﬁgggnS%%%%§q%$03i%§%¥§#¥§%:%fﬁﬁgﬂggs%%g%eiﬁ%r%%?gégxtending
frorh sailtl Mbbst tat 80cBapr i(SMRg)a grating formation arranged to form
trenchesbet ween adj acent inprints, wherein a netal |ayer caps one of said
inprints or said trenches. 18. A substrate according to claim16 or claim

17, wherein the mehal deaved eapslenhedne ainpabte i oPrehasmer 5sabd trenches
but not both. 19. A substrate according to claim16 or claim 17, wherein
each of 1dai GOMRFLISANS rarGind \ﬁad@alq%ngf@s?ﬁﬁéag bYCeRe Mot aPnflay&r rwhile the

trenches, ar t pped py;the metial. 1L.aver.q20rof suRstyatsa aggording to
clain1lgh§r%g%§1ﬁ$§7?8 eré#ﬁ gn é'e%éﬁ%e ?ayefonay be dié%%sed bet ween t he
i mprG nt siantdesheéomddl niayées.21. A substrate according to claim 16 or
claim 17,

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

15 and Group IIIA of the Periodic Table of Elements.

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

20 surface as 95% greater than the area of said second

region.

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

25 containing compound as said adhesive layer.

16. An imprinted substrate, said substrate having a
micro-sized or nano-sized imprint integrally formed on
the surface thereof and having a metal layer deposited on

30 at least part of said imprint.
17. A substrate having an array of micro-sized or

nano-sized imprints extending from said substrate

comprising a grating formation arranged to form trenches
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wherein the trenches are individually capped by the netal |ayer while the
inprints are not capped. 22. A substrate according to claim16 or claim 17,
wher ei n, w0 2athiagi7ée | ayer may be di sposed between the metrsiG20mmyers7and t he
base of the trenches . 23. The substrate as clained in claim16, wherein

said inprint conprises a.plurality of trench ratl , u and
circulgge%%?%%.ggléc%ﬁg %ﬁgg%Pgﬁé §§G€Fé§n%d%%ﬁ'c ZF#?%%,Céﬁérgﬁﬁ t he

di mensi @pssf 4 sangrinescbessagaati-agshesol ums and circul ar holes are

i ndependently selected fromthe m croscal e or nanoscal e. 25. The substrate
as claimed in any one of clains 16 to 24, wherein said substrate is a

ther mopl ast | fg pol X”‘%hps%atéh%c%&%fn%t - AScch@hmee idy chalfm 257, wherein
said thernoplastic polyner is polycarbonate. 27 . The substrate as clai ned
in @y wherefncthenpetbl2dayetreceips omd et @f sald Fepaintayer is

sel ected frog1at east gne gfbcggup IB and Group Il A of the Periodic Table
of El engAtd BBSRFRESsBBEt FREeP]5 ¢l ainmed in clai m 27, wherein said netal is
sel ected fromthe group consisting of alum num copper, gold, silver and
conbi nati ons thereof. 29. The substrate as clained in ang one gg cl ai ns

20- 28, wher el fi- saPd SaBRESEFE 1381 4iN% FayetadBmd $hgcsFHAne’ cont ai ni ng
conpoun b . ACE i t | ai A 114, er-ei Lgd pai d grating
ormat1 SRCRasa 5Ear iy Conat o e he Fang s o T Bl 1 T otoney 31 A
sulisd r ateeameandi ngvex oftaile 30hewheercheshere not capped by the

metal layer.

20. A substrate according to claim 16 or claim 17,
wherein an adhesive layer may be disposed between the

15 imprints and the metal layer.

21. A substrate according to claim 16 or claim 17,
wherein the trenches are individually capped by the metal

layer while the imprints are not capped.

20
22. A substrate according to claim 16 or claim 17,
wherein, an adhesive layer may be disposed between the
metal layer and the base of the trenches.
25 23. The substrate as claimed in claim 16, wherein

said imprint comprises a plurality of trenches, gratings,

columns and circular holes.

24. The substrate as claimed in claim 23, wherein
30 the dimensions of said trenches, dgratings, columns and
circular holes are independently selected from the

microscale or nanoscale.

36



hei ght of said grating formations is in the range of 10 to | OCOhnm 32. A
substrate according to claim30 or 31, wherein said grating formation has a
shape, wWwo0 20i0emed6i n cross-section, selected fromthe @rCosc2eonsssi ng of
si nusoi dal wave shape, square wave, trapezoi dal shape, bl azed shape and
triangul ar shape.33. Us f substr cardi t ny..on | ai s 16
to 32, in a ?gel i%?l?ugﬁgf %& ﬁ?%sﬁgéggggcﬁfbsco y?n%régﬁiglg %gtronics,
MENVE / NEdB, t& mgr ofdnerdiicy desdice elbatplaasmoiisc devibermddladtsabstrate
according to any one of clainms 16- 32, wherein said substrate nmade in . the
met hod BeE¥rETng to any one of clains 1 to 15. 35. A sensor chip having a
substrate body conprising an array of mcro-sized or nano-sized inprints
extending fromsaid substrate and arranged to formtrenches between

adj &ent i np2ént sTheheudist metref fectdledmest aln| gyeincaps onbeseisai d
inmprints or said trenches. 36. A surface Plasnon.resonance system

conpri sFAYY Eﬁ?F@ﬂPfgﬁgFEe?o Y8&hs &P Eﬁ§505§%8P§Fﬁéd inclaim35; a light
detector for receiving light reflected fromsaid reflective nmetal |ayer of
sai d sensor chip; and an optical nodul ator for directing nngglated l'i ght

onto sai d seAder ERfpsubstrate as claimed in any one of aims
16-26, wherein the metal of said metal layer is selected
10 from at least one of Group IB and Group IIIA of the

Periodic Table of Elements

28. The substrate as claimed in claim 27, wherein
said metal is selected from the group consisting of

15 aluminum, copper, gold, silver and combinations thereof.

29. The substrate as claimed in any one of claims
20-28, wherein said adhesive layer is a layer comprising

silane-containing compounds.

20
30. A substrate according to claim 17, wherein said
said grating formation has a grating constant in the
range of 100nm to 1000nm.
25 31. A substrate according to claim 30, wherein the

height of said grating formations is in the range of 10

to 100nm.

32. A substrate according to <claim 30 or 31,

30 wherein said grating formation has a shape, when viewed
in cross-section, selected from the group consisting of
sinusoidal wave shape, square wave, trapezoidal shape,

blazed shape and triangular shape.

37



10

15

20

25

WO 2010/042076 PCT/SG2009/000373

33. Use of a substrate according to any one of
claims 16 to 32, in a fuel cell, surface plasmon
spectroscopy, organic electronics, MEMs /NEMs, a

microfluidic device or a plasmonic device.

34. A substrate according to any one of claims 16-
32, wherein said substrate made in, the method according

to any one of claims 1 to 15.

35. A sensor chip having a substrate body
comprising an array of micro-sized or nano-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.

36. A surface Plasmon resonance system comprising:

a light source;

a sensor chip as claimed in claim 35;

a light detector for «receiving 1light
reflected from said reflective metal layer of
said sensor chip; and

an optical modulator for directing modulated light onto

said sensor chip.

38



