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Met hod of Making A Substrate Having Milti-Layered

Structures Technical Field The present invention
w@emensi4hy relates to a nmethod of maki ng a SubRCT/&GE09/000208

having nulti-layered structures thereon. The present

mul Bl TR o R F e e A e Ririgyerea

Background Over the yeastrudiydsesearchers have
i nvestigated the nmechani smof the optical effects of

incident light reflected frombutterfly insect w ngs.
However, only in recebechribeal Habeldi gnificant
adv S r ' e
Chi oo T BRE oo Tbfi i PAERbat Ne tha b Fane. fethod
of rimtgstremcea i nshivist exfd y Mawngsg hasuhodv bepdrédunstt t@ctures
be t he cogbined effects of . diffraction and
L3 er BB ePEFSPRGhE "VRBIT EPaBdr&t & @ gt @ substrate
hdWH A |ﬁyffﬁdlé%ﬂérga%@ﬁﬁ&@ﬁré&r’éﬁék‘é_@ﬁ- ahBe88es thereof.
mul t1l ayered structures are present in an overl appi ng
pattern, and forma dom no-Ili ke photoni c nanostructure
. A s the devel opnent o §¥pe of photonic
el ement by m m cking théa%&@ﬁﬁﬂ y' S wings is very
al | wvaeg, dier gchave beeny atteargirsiard mhhake afdestigated
reproduce the nmultilayered structures. One techni que _ .
ERhaftHae Vedh 6 | Tsed OPt g7 lat EEABFT PO T edfieigent light
rStTdetyE e gt Ehﬁké§f§9e;ﬂﬂgéé%ﬂ w@h@%@tSH&We@@£}eEﬁth in
Insect wings is the use” of focused iI0n beam i nduced
redemi calegapouhatdeposiiungd ICANR- C¥Dvarsamndfest urmade  to
such mcro-structures. ver,, .FI.B- QD has nunber :
oY EaR antagte HeRE S DEIAN Age 5 & thant 1 neRegpantem
f&t BB agkshpobenightl isaalealidrdey iandbwosdrfly wings has
ef fectiveness, A s such, commercial -scal e manuf acture

nei RSP B-CVIS i 5°nBE &d6noreal 1§ vPaBRE Ansthedt ffraction
ai®t hod s rbhengenerati on of nappppt €933l 8 e  arrays of

multilayered sub-micrometer structures. These multilayered

structures are present in an overlapping pattern, and form
a domino-like photonic nanostructure.

As the development of a new type of photonic element
by mimicking the butterfly’s wings is wvery alluring, there
have been attempts to imitate and reproduce the
multilayered structures. One +technigue that has been
utilised in an attempt to create a structure that mimics
the optical effects of butterfly insect wings is the use
of focused ion beam induced chemical vapour deposition
(FIB-CVD) to manufacture such micro-structures. However,
FIB-CVD has a number of disadvantages. One disadvantage is
that the use of FIB-CVD lacks potential scalability and
cost effectiveness. As such, commercial-scale manufacture

using FIB-CVD is not economically viable.
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stepped patterns consisting of alternately Ti Q2 and

SSQ2 thin filnms, by the conbination of |ithography and
web@etsans beam deposi ti on. However, the di sadveeit/sgmopH00208

this nethod is that it requires nmultiple deposition

st eps naterlal with different refrac Vi

to @EP% ???éaﬂé?éﬁh%t3@§§5a§9r6%t%rergigﬁgﬁﬁﬁ§Scale
fe%%elaetgs@@téﬁn@ot&brpsqmm@at@ﬂ and didEcionsaopg.and  S1i0;
Despite the met hods descri bed above to enul ate and

tm@plﬁldatse the he t CoBYERELQR r et hEESOIR PR BRI &IGFTOR
beC gc? RO tg]lecftg%/gl EEQ@GErOf t%%Stdlegaftﬁcén%gog§ thats GRthod

osery im e strlctural conplexity of the
ity fity mdaqosresihhltepiesdapssonéoof stiepst echmiagrials

chaIIe es facin abricatiaon of such str ures._ ,
ity ST ary e v Thelbiedt S il g e multi-

é&&ﬁ&faE%aEﬁ%ﬁngs@yﬁ&tuf@y?@ﬁﬁ §hbh9tuiﬁ§ &&ﬁﬁhod is both
overcones or at |l east aneliorates one or nore of the

catiggladdrach ey deles 1 ¢S Ebgve.  Summary According to a
fir aSH?Ctth%hﬁﬁgF%gd Qg EQb%dFESBSGeOHﬁya%hﬂga%e and
subs avi ng i -Tayered structures thereon

rdfEtihat cond simng ttifie yetrepss struatprapplpnngthenﬁb@tterfly

having an inprint formn surf ce t.he sybstrate,t
WEKFSn afkR&r r 45 V6T OPREFT nt 5t rcl?csc%u eeéfoﬁq’]%t H\?r éircst S%Pf‘ﬁgm can
cf@ﬁéﬁ%uﬂﬁffé%§ +88dsbrhcapphYi Remp 1leatieralof oflce biltaterfly
I's substantially normal to said projecting inprint

w.'smgsuctsanéé t pepagsensai doreprdint ther ueeghaiced nphellenges
%%a.a ¥1 wgrds g@lgu b ] £,8nd thereby forma
rm o

|-Iayere ructures f hereon
tlmﬂé&éyajiha a@@édlngaspepvﬁdﬁ may metoderdfakenking  a

during nol d release and_while the inprint st tures
St SRR T PR A hTRL o BERBFAS. 15 ST HarS oBdd neRETComes
ofhgt least ameliorates one or more of the disadvantages

described above.

Summary

According to a first aspect, there is provided a
method of making a substrate having multi-layered
structures thereon, the method comprising the steps of:

a) applying a mold having an imprint forming surface
to the substrate to form an array of imprint structures
that projects from said substrate; and

b) applying a lateral force that is substantially
normal to said projecting imprint structures to cause said
imprint structures to move angularly towards said
substrate and thereby form a pattern of multi-layered
structures thereon

Optionally, the applying step (b) may be undertaken

during mold release and while the imprint structures are
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appl ying step (b) may be undertaken before nold

rel ease. Advantageously in one enmbodi ment, each of
w@adod/1saps i nt structures is noved in step (b) BCERGrUeD00208

the array of inprint structures is configured to

reflect incident |ight thereo The i in es
pahEyellyl oGt Aardad S Gnd dUti ACSAEE apmy i Srep e
apbBYingMBYepe (APVee yS beh uhbalr tahkeinr Hedirgiet udilnhl reabaasse .

I s di Sposed at an obligue angle relative to a

hgr AZBANARIPPEASYOF idhi dOBBbs EFROSIMEMFant Sfeds| §F  s21d
._the t ti.qnal | ckyd m
e R
arﬁu&LiganEmpdistrustmme$ua@5théssumﬂnﬁﬁgymﬂﬁfééé.rﬁﬁiect
. met hod advant ageously may be a ,physi cal (N [
ingfdené ob%g%ﬁlqg} ies etﬁg%%ﬁﬁﬁirggggcgh%%gloﬁave &
10Advantageousdy s t Bedmeiadhgraya atit epplike neptsicap (b), may
properties of the substrate having nulti-|ayere

bes trapstcurasch heh@bn theAd &ﬁﬂﬁi?@ﬁ%ﬁ%bta%}?e £ Qﬁéposed at
anfagcgkéir'fjgﬁjﬁ%egr taglgﬁg] caly proper tSt:'oesatt of,othecsebst It Lne of said

a second aspect, there is provided a
supattrerdaed substrate conprising an array of inprint

structures dispased aon the substrate, _each.of s
| pATE-SAGATISY Hath i B POnBRe uaPRar aAY dnd ude 0¥
chAhBr&iin eaeh i Nbrl scHespesed atpapiebbhguecangbem the

relative to a horizontal plane of said substrate,
muditerdiayeesl apEaycoprempromt e uethFeEaFs BHiffFed The

tQ reflect light i [ er eo vant a 1%k ;
L
t18d ropedi=8s pridiairares adf acentstlosengheot her, partially

overlap when viewed froma harizontal plane above t :
i AR AIRAHT B8, NHV%nH§§@$ﬂélyTa¥hea ¥y %?e 8t ical

pfﬁ%ﬁeasfter ILkl%gﬁtr e’tglﬁgtn It E@Lb%%@%ttreat e Heyihe abhe€lto-layered
structures thereon. The method may not affect the thermal
or chemical properties of the substrate. According to a
second aspect, there is provided a patterned substrate
comprising an array of imprint structures disposed on the
substrate, each of said imprint structures having a
longitudinal axis and wherein each imprint is disposed at
an oblique angle relative to a horizontal plane of said
substrate, wherein the array of imprint structures is
configured to reflect light incident thereon.

Advantageously, the obligque angle is selected such
that imprint structures, that are adjacent to each other,
partially overlap when viewed from a horizontal plane
above the imprint structures.

Advantageously, the array of imprint structures on
the substrate may be able to manipulate light that is
incident on the substrate through optical interference or

diffraction and thereby reflect 1light having different

3
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i ncident on the substrate through optical interference
or diffraction and thereby reflect |ight having
waledopasant wavel engths fromthe substrate. The PCT/S€2009000208
wavel engt hs present in the reflected light result in
i at i [ e p urs d ¢
walvxﬁef[le%g @l{]sesf%%lyt%}tégrg lgégtggggl'i ghitéf'lfé ,&%?ofr)eg‘{er{lg yvfa‘f%leengths
prasayt oini hhei nmeflectedurlesyion tdsusubshr abeipmyon in the
result. in tunable col our and,col our, pattern variations
EYPoACBOr PTG asPHi 1P ARoc il CPRELELES piibviEdEd THelscted
1iuse: .O_fA@céi:J@f'ﬁé%&,e e8cdgti-Aed ogbayRriof aSHREALEL on the
made in a method as defined above, to reflect light in
surstopiecaraderestilon isystemblelvanl ageoasky callpair pattern
vaptical detection system may be used to detect the
presence of a target chemcal in a test sanple. The
subsAicadsdtayi ng ral thikdyergsest r ueheres thepeorid@yl the
be cagpabl e of detecting vapours in the test sanple by
U nphr Png ARG GAF PESRBRSe B10TS ghe= 1 8f ISErad Atrbriade
id he makthobayes edeFinked usgsvahentan ineident 1hight kg an
shone thereon of the test sanple with that of a
oRdorta bl detepteon Aysvemi ations in the optical response
bet np be i ndi cative of_th
or eouhiat o i Y (Pt "SR e bt Raray Po
ugesponseevéct hehé estesanpke odr at kgt alhean dalomd he test
agggi cal response of the control sanple can be conpared
SHEF 1 ef BrencBUBPEIaF rESPonse M loride e tenttFy tures
tHd¥edY PRaGF DAPOLF BT 8SRIY §BtLBeihESL 3L in the test
According to a fourth aspect, there’is provided a
saubst r abg havdmygpnid i - Fager egpsitaaict urespohee eow,f t height
bst.rate being nade in a method conprising the steps
regjlf‘ll:e%t%é apgfgﬁnngr{gemlmdlﬁ%%/i %@y%%e(?mF%CﬁflchFﬁigng WHEh  an
irssrdace teghbe isubsheate dieifeayrin af aNaaytOfti BRhiplle with
structures that project fromsaid substrate;

hat of a control sample. Any variations in the optical
response between the two samples may be indicative of the
presence of a vapour in the test sample. The optical
response of the test sample or the wvariation £from the
optical response of the control sample can be compared to
a reference optical response in order to identify the type
of vapour present in the test sample.

According to a fourth aspect, there is provided a
substrate having multi-layered structures thereon, the
substrate being made in a method comprising the steps of:

a) applying a mold having an imprint forming surface
to the substrate to form an array of imprint structures
that project from sald substrate;

b) applying a lateral force that is substantially
normal to said projecting imprint structures to cause said

imprint  structures to move angularly towards said
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b ) applying a lateral force that is substantially

normal to said projecting inprint structures to cause
w@adod/1smaps i nt structures to nove angul arly t owe€TSG2009/000208

sai dsubstrate and thereby forma pattern of

mul ti-layered structures thereon. Definitions The
SUPSTHIGSh g 2R dShEREPY er hRTHsel HAEF R hal I‘F&&étltﬂ@yered

st g d ndicatgd: The ternms "col | apse”, "col | apsing”
and grammatical variations thereof, wth respect to
imprint structures and in the context of this

specification, refers b%é¥%%§¥nﬁgg i nprint structures
havi ng a | ongi tudi nal axrs ich™are angul arly noved
t owands g0zt abrakanadofdihies subsdr akeein shall have
Typical ly, after collapse of the inprint structures,
therpreaiing ridifadsdhat are adjacent to each ot her

par trhal | ¥ Qyerl ap whepsuireved £ pm a: AQri zom algl@de i cal
above the 1nprint structures. Collapse does not
vanecdsisars | yhemeant t at th heesppetntos impetimte staretvgres and

. er free-stapdj or_that.thei.r | ongitudinal ' .

i U AP ET i €h RS OPFZORFSR pPAne o e -+ Brojecting

insiy ak@ruasulr-Be IHFimg St rushyi esdimylbessdits arhich are
oblique angle relative to the horizontal plane of the

argipsi et e. MPHESt ertAverfls i - ayS0gd 2 &lo pelane of  the
suUdEL A £t edT?{a?éQM%hV‘h%t‘é%d Lo COMUNCLEON Wt h {fiers nt

I'mprint structures a substrate, to refer to two or
storetlyer siobrshtuctumesurtwst pheti aldey avertapt &re each

n top of t ot her, when viewed.from a_horizontal_.
otiethe Rt iiHe. (SHGAME SPPEG U748 Sin FRgn & Horizontal
plBHd | alayer edngonfipgurat | gRrutheredpri Ntestrapsar 86es not

are disposed at an oblique angle relative to a
nernd ot Y peanetbatt hBesippriate STINE TGS qL& dil Longer

{SLSEphaiA0 BF e Rk bgagl ot gyl Telt® W paradien
with the horizontal plane of the substrate, as the imprint
structures may be at an oblique angle relative to the
horizontal plane of the substrate.

The term “multi-layered” is to be interpreted
broadly, when wused in conjunction with the imprint
structures on a substrate, to refer to two or more layers
of structures that partially overlap, one on top of the
other, when viewed from a horizontal plane above the
imprint structures. In the multi-layered configuration,
the imprint structures are disposed at an obligue angle
relative to a horizontal plane of the substrate.

The term “lateral force” is to be interpreted broadly
to include any force that has a direction substantially
normal to a longitudinal axis of the imprint structures
that protrude from the substrate surface.

The term “nanoimprinting lithography” 1s to Dbe

interpreted broadly to include any method for printing or

5
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normal to a longitudinal axis of the inprint

structures that protrude fromthe substrate surface.
Wab@otisrns " nanoi nprinting |ithography” is to bECT/SG2009/000208

interpreted broadly to include any nethod for printing

orcreatin attern or _st :
<R e G nAnGEIe brot naCEIFFARE 6F S TSUBGLFRRA oSS o
rhabPplying-a meH dawi shbat defénagy i eppilntinpat kermobd with a

structure on the surface at certain tenperature ang
depiBeSurEP A Rt MEd TS afBi iprTHETHE | CPhobRapiH e at

ce?%aﬁgfer£$@pg%8ghy§ Pat £4t N&ﬂ@§§u§e772’ 9G5. TReHIrm or

ncrosca S to be Iinterpreted to include any
nafbimpgiohsnphdti tdreyiapthecamnbe ofefahmed 1£59m JSt atent
about _1 .. The term"m crostructures” as used
Nuﬁ@?éiﬁ:998?§b§-to i mprint structures conprising

"m ghaseale) “eargas Lo Thes tes bé nanesepketets tboibelude

interpreted to include any dinmensions that are bel ow
angbalimeh simns Thbaterane namosheuctan@s” o4s alxutk hér i) to

are inprint structures conprising "nanoscal e" or .
abogiib Y oM. f eBRAr ESTITAEUHIR M EE 2t nensi BAgA" hegein.

ret%r%ei{ger?&g%?ﬂtb“¥¥ydﬁgd%é§mlHgﬁp99¥i§5ru®Hﬁ@%ﬁscale”
trdctural features, 1nprint structures or patterns
felbhairelkave both lateral variations (thickness) as well

as variations with depth. . The t N t Lt
P LR A B R A

an%en8§%%3%&%n%f %h%%lyggg abe W, Cha b BB POL YIR! 188 e term
et ween the rubbery and gl ass states. This neans that

“rabeee e k% st hespohyser Heecdnmes eubkbetypaiwt catructures

undergo el astic or plastic deformatjo i t hout
copidig TAFRREP IS tEpet HUr e Buc e%%?§%%rs can be

i nduged ta bl owypder PrESSIHSralthen 4 heot epperatidreted
of the polyner falls below the T, generally, the

bywaldiner twi | Inbkedee anr eStREcExirbse betreahtbel Leatures,

imprint structures or patterns that have both lateral
variations (thickness) as well as variations with depth.
The term “glass transition temperature” (Tg) 1s to be
interpreted to include any temperature of a polymer at
which the polymer lies between the rubbery and glass
states. This means that above the T4, the polymer becomes
rubbery and can undergo elastic or plastic deformation
without fracture. Above this temperature, such polymers
can be 1induced to flow under pressure. When the
temperature of the polymer falls below the Ty, generally,
the polymer will become more inflexible Dbut can be
deformed 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 is subject to
some variation depending on the experimental conditions
(e.g., film thickness, tacticity of the polymer, etc.).
The actual Tq of a polymer film will vary as a function of

6
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def ormed when a stress is applied to the polyner. It
shoul d be noted that the Tg is not a sharp transition

WO e0vpasEbir e butda grgdual transition and is SPUOI/8G2009/000208
some variation depending on the experinental
2138 SRS el WL L ko8 8! L Lol By e
X 5. e “8c irmwT
pul®Y 33 adstunctisan ioff i | ndipoknasse ThefTg whel beolymer
ge%ngd hereTléslfne ag Egl ngh%t}we Eul k gltgss-tgansiti gn ,
subeiypeiat ur e t helpol §hats s s eaite OmheeBEFPkagl4ss 15 @
transiti t e re.i I fi et IS4
SERFROLS agPaot upbicin (e 1iaral ur 68 8 hes Lrahsi iTon T°
litemrpenatur e vatlessof tpehpitisnmaytdepattained frépes of
PPP Handbook(tm software edited Dr D .. T ,
PoRYBE L SThE2¥ er RE" t ﬁ@itﬁ‘&ﬁleglst' comy e?éfs Hgngbrger | softvare

edifdly $9f teng When pruf faggent heat and pressure is
applied to the material and hardens as it cools down.
Wieffhehet e m™theermaiphastie refgsed o PefBpteplal that
| yner,. the t . ty ol r t. a ;
SR e S TRET ARA Ao hen fha > appiied to
tHeenpaiatiyle disd deaereansdasntiitl dwedlow ddwen Tg. Whes tthe term
t her nopl astic polymer cools fromthe T

N , th
RIS pot I et SHécon®s PE5S moFtlabFe GPLymer,  the
rriiehRyimblie asLoprar edh fieddestatieebetdieure above the Tq

thernoplastic polynmer in the first applying step (a)
arwhem tdensovdens tagpliabame ture pbt yAerrsabstr e ilTHeelov

term"pla treatnent’ .S to [.nt t r I
e ﬁnc%ﬁdgggenfhgfﬁnc??uqraeseo © foslgﬁéa%e&%cgf%l%g%lg gﬁ%h gr the
tﬁémq;q_{mrjl :jdl sonyast naricemer tlhessundadebace cat defastmable
partially destroyed. Cenerally, such plasma is a .
ag oWprRALER e Coxitdit | e pPasim %L?cht %rIES%@é%ﬁt%@ pplymer in
tﬁgg?frs@”%ﬁ@?ﬁﬁ%ﬁ?s@épo&ﬁgeqﬁﬁﬂd argomditati ks applied to
generated by a radio frequency (RF) or mcrowave
tsopwadgmethes Wwsdrasaibst anti al | y* does not excl ude

The term “plasma treatment” is to be interpreted
broadly to include any exposure of a surface to plasma
such that organic contaminants on the surface are at least
partially destroyed. Generally, such plasma 1is a low-
pressure oxidative plasma such as oxygen (0z), argon, and
mixtures of oxygen and argon that is generated by a radio
frequency (RF) or microwave source.

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

Unless specified otherwise, the terms "comprising”
and '"comprise", and grammatical variants thereof, are

intended to represent "open" or "inclusive" language such
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"conpletely"” e.g. a conposition which is
"substantially free" fromY nmay be conpletely free
w0 e@ai1¥405 Wher e necessary, the word "subst ant i BCT/§G2002900208
be omtted fromthe definition of the invention.
Unl ess specjfied otherw

crdl 53, 8peel L2001 heu g, (S Lt OB 08’ Wik

dcfltu%%%d olf0 ARRRESANR1 " QREFEcOfed I Mdsive! | anguage
suchthat they include recited el enents but also permt

i ncm@sumcbfhaa@w-m orfdle termci'ebaus endnt sthas cesggxt of

her ei n t.he ter abo te of
LS r?rf1 tFéLtolngns org corrpor?enrferhé&ff] thgﬁqf o;grru ati foorIMlatlons’

tﬁpﬁwaaaly ynagmanst 4 -55% 6f thbe sshatdd vadlueg, mmure typlcally

y+/- 4% of the_ stated val ue, re typic y
vl 4@0/9& thRe sitadtcst Value: AOFE t%aﬂccgﬁ e % &t the

sﬂa&%c?t\?atl% Vahiee €VeR aang,typicapd yo#/ thé%sgcfatteﬂﬁ value,

stated val ue, and even noré typically +/ - 0.5% of the
evs%tratm@m/atuﬁlca?hﬂ-wugﬂcutl% hipg dibscl osaked ¥edtigirnand even

enbadi LS I d o
oS B8 HaGY St Qb LFet The SeRer Tl brcT n r ange

f or mirdughmitel yhiier dosvensense ard-taievi eybaddments may
shoul d_not be construed as an |aneX| bl e ‘dJrl mtati on on
bg h@l%%%%e%f 1he? diredI9ss ebPFaRges I tactlyt perstood

u{iaeécr% & AL ange shouk-d e cm@aquo havery  for
specifically d]fs osed all the possible sub-ranges as
camtdnimndendind doakvatgerincal shal e snk t hen CtOIm&ttmm@geaS an

descri ption_of range_suc om 1.
r@sﬁﬁ%%?bgg%%?%ﬁ)%d to h \%e specfpfel cgﬁa |scl(%ls£e§losed
ra&@sé ANgesSo SAIthg ag, f tam l:leISl:I?ZLptlfernd)ﬂ bo rém.ge‘ ramdld be

5, from2to 4, from2.to 6, from3 to 6 etc.
ccasswéemedastq MR Ve daa?%@ﬁﬁéﬂ-émdtlﬁuq%%ﬁéﬂt Flangehe fiopssible

s%%oqees as welld as tnhog.vfldi‘féq Bhumd Pl Sa BPRIH18%s within

regardal ess of the brea the range. D sclosure of
tipt | paabeEntiodi nerésple, 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,
from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,
as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of
the breadth of the range.

Disclosure of Optional Embodiments
Exemplary, non-limiting embodiments of a method of
making a substrate having multi-layered structures thereon
will now be disclosed.
The method comprises the steps of:
a) applying a mold having an imprint forming surface
to the substrate to form an array of imprint structures

that project from said substrate; and
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Exenpl ary, non-limting enbodi nents of a nmethod of
meki ng a substrate having nulti-Ilayered structures
W b@pesrowi | | now be di scl osed. The met hod conpeT/S€%09/000208
the steps of: a ) applying a nold having an inprint
form ng surface to the suhstrate to forman array of
i npFint 2BPLYEREr & tHRdte 51 0] ECECEr oRPREI Ul ‘tially

nozfdh - AR M gtgr@jé@éﬁs%mgﬁﬁtt Baty ke sHBSEANHRldeY saig

“normal to said projecti inprint structures to cause
impaiichti npstnbcstreast ures t @amve angullarly towawasdsai daid

ubst rat e_and ere forma pattern of nulti-l.ayered
S@F%E&t&r e§ he}gg%.eg?n gﬂgmen%oo?%ﬁlfnt hoe% af)rlﬁjll%lnglayered
stsher s meReundertaken during nold rel ease and

while the inprint structures are parti al I%/ W thin said
nol &1 | RN&noEREPIEREBEI meRbe t REPABPIYI ng %Eep(}%)o) TRy e
unkai%rl'&%qfe"r{ alfﬁrfi%g;f Olin%ll”gal q:é'leéaﬁ:@esgany]e wHPRld Ntthe imprint
structures may be generally |ongitudinal 1 n shape,
steactt wofest herenpramtist T ycwirtdsirexsendi ngolabout &n  another

ongi tudi nal, axis., The lateral. force applied be .a
ey c Eh AP ST ShadRl 1 GAY P ECSAA ey e fore
motlatrgan ee applied i s dependent on the material of

the substrate used, the relative tenperature at which

t he Mheat eF BT 15F cELFYCHBIERS WP i 29, JERETadp¥ctlqndigrdinal
. of [ it . st te . kh [ of i [
i e T he ot P PSS oG bt A S e g oot @
lopatitterdiech Ibyastitee i mprint structures. Typically, in an

enbodi ment. where _pol ycarbanate is used as the n

substtat £ haking T rﬁét 1% Cgrl@ﬁyo € dmPlaRE Tegent The

anruTHCt &F egathat uaee A001 arewhde rardel . hadn £@Agbet hpplied
anmount or magnitude of |ateral force that can be

isappepeddesti ot Hehe afgéestiadbouf thet sgpstyate used, the

relative temperature at which the lateral force is being
applied, the aspect ratio of the imprint structures, the
density of the imprint structures and the total area of
the substrate being patterned by the imprint structures.
Typically, in an embodiment where polycarbonate is used as
the substrate having a patterned area of 2 mm? and imprint
structures that are 200 nm wide and 1.2 pm long, the
amount or magnitude of lateral force that can be applied
is in the range of about 10 to 20 N.

The applying step (b) may comprise the step of moving
the imprint structures such that the longitudinal axis of
the imprint structures is angularly moved towards the
substrate from a substantially vertical axis relative to a
horizontal plane of the substrate. That is, the imprint
structures are caused to collapse.

The applying step (b) may comprise the step of moving
the substrate in a direction opposite to the direction in

which the imprint structures are caused to collapse.
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The applying step (b) may conprise the step of noving

the inprint structures such that the |ongitudinal axis
W@Roophel4d:print structures is angularly noved RCMEG2ZI®/000208

the substrate froma substantially vertical axis

relatlve to a horizontal plane of the substra

Afne thgpr |1ﬁTtst‘trirtucﬁﬁIeLg talf%e%aug‘éﬁl?BS%ol I gﬁge lﬁ“ﬁglnt

st?ﬁek:ﬁ'r@% St €Pck D)andRYo60FPED S heopt epr ok aBBVidithd he when

_substrate In a direction 0£p05|te to the direction in
viewedh tfreomnpre ntherimertres @lentauseliors coHrapsémrrint

s . the_ inprint sfructures, ps I
St§PFEBFﬁFés Epacﬁn Jaover%§%$€n ﬁgb o% Iyﬁwéhﬁﬁﬂ aRBEint
st¥hewedefsr omma her i Zantshy pl @ne a:lmt@dtl‘lewun‘prlesach other.
structures. In_one enbodi nent, the overla g t
HegEpuct thes ﬁﬂ%lﬁﬁs%%gpH§§ﬁbaWE@an§§Fﬁﬁﬁ E eath® %tﬁ@? the
1m§§gﬁ% 418, Q|4 APSING SHRP, MY Eésyhtclasﬁﬁcﬁr%&lhﬁ%y to,

nmprint structures abutting, or be in closer proximty
ant edjaread] dogtintpstimcstrect uie. apathast kewpodiment, the

odi nent, .t he .overl i r S ct.ur e
ovERIRRTIR | AP Eidt ne R RF R EaP bl ShEHCIE 3 oo cal
cohhecel agtiite meduhusoiedt he SUDS@rabecu$slaigeﬁjkha@lastlc

its critical elastic nodulus, as defined further

mopEila. e [EHRgi EHBFRARTEX| 55 of LRFEST npridlt striuctifridsica
e 1IBY 108 A, Sbld Aue Andle fahdldy S d ood he hori zontal

pl an e substrate during the coIIapS|ng st ep.
Th|§T&nglengayubendép@mdénuxbnthhe-EMRE%H% gbduFtgres may

type of. substrate used, . Thi Ie can | ect
ReIGt bEE coner et mbebi VoFe ChEn"RORt b o e Of
tﬁﬁﬂﬁﬂbiiha@@rﬁukﬂﬁﬁ @E@Ubdlldpﬁﬂﬂgﬂﬁté@ nohést hale may
about 0 to about 40, about 20 to about 60 about 40
betod@mﬂdeatr Abuttiss (Jafict FPBNARbAE 40'% o tyPe of

sd%% égdon Legbad ﬁ%nkmalnﬁaogé188€eéngkgm'%he group
ron1t e group consisting of about

cdﬂﬂﬂﬁtiﬂg aboubrt0 tthmmabgurut 0° to about 60 more than

about 0° to about 20°, more than about 0° to about 40°,

about 20° to about 60°, about 40° to about 60°, about 25°

to about 35° and about 40° to about 50°. In one

embodiment, the oblique angle is selected from the group
consisting of about 10° to about 60°, about 10° to about
20° and about 10° to about 40°. In another embodiment, the
angle Dbetween the imprint structure and the substrate
surface is about 30°. In a further embodiment, the angle
between the imprint structure and the substrate surface is
about 45°

In order for the imprint structures to overlap and
form the multi-layered structures, the height of the
imprint structures should be greater than the distance
between two adjacent imprint structures arranged side-by-
side. The height may be at least two times the spacing

distance in order to ensure a single overlap. Multiple
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20 and about 10 to about 40. In another enbodi nent,

the angl e between the inprint structure and the
wGaupstisave surface is about 30. In a further PCT/SG2009/000208

enbodi nent, the angle between the inprint structure

and the substrate surface is about 45. In order for, _
OVieHd aPFpr PAY sBLEet uPeSUt o idveltibgp BRATHSr nPEhethe Imprint

| b leayes ed h | f ey | Apri
Stslﬁﬁ rchtcl:lt ures g ho%‘ﬁ%ggge&é%%%%r q%]%géntgét%e%é}%?aﬁggp b%%mv\%%n the
sptawc. ngdj dcsncapbiettestr totcuras) acemngenpside- Bisiwgures.

The i.ght may be at least two tj he. spaci,n
By SRR 4 STRe 2k b chaut® BoabhorBatydrrdy - thed from
hoWilAdn#l=a0usT A 2psapBycakte QeMytddtd herhes gbkcalst hen an

_inmprint structures is substantiall ¥.greater than two

inOmes tHer $pherfag 16 Stianss bet weantiee ladjlatiert on top of
I Nt SLrugtuces. il ticphe overl aply ikt

R WRR Vi Red 7 S AT TS or ) B anesnbvs B o of

ttsubshdeté yiny s stcowtsrelsenthati nprentnst r ucterBmpsed can

A d as, parti al lying on top of .t r re :
St R GRS ur e PBaePnat  ERE<AO: COTbi g that is
burflerdnd NSt Imst uhessthattare Roy p¥erkapped tean or from

still be viewed. The nunber of inprint structures that

2 i5obél-ow The tBPSansta nef stdéinde myebEaRs oRPY tigigrease
tHY ifnrt%ﬂs%%%g S -tﬁi‘%@{eﬁfﬁﬁ&ﬁ&@g %%rl}rg&p! e overlaps may

I ncrease t I'ntensity of the 1nt erence effect. The
nmet [Tock mayebbodapatadye dbe f orapAllenproiht $bruméhgr eSimprint

oA 8L O Spoech 1RCL0, The aspect LaLl O MBS o may
beSt¥acdpr €. pPderaspea ghat it Myqabe seled edrf ram tiigrint
group consisting of about 5 to about 10, about 5 to
staWsHUTES . abdiie 5aspegBouta®io agoutbe tselasdipd 16rom the
oGSyt eoebpyt 05808, 2804 SURELR Typyln Ol avoue
7,0f abdwet | Bpridt apbubctyr ealvayt bé ito t ABout 10, about 9 to
about 10 and about 5 to about 7. In one embodiment, the
aspect ratio is about 6.

The height of the imprint structure may be in the
microscale. The height of the imprint structures may be
selected from the group consisting of about 1 micron to
about 10 microns, about 1 micron to about 3 microns; about
1 micron to about 5 microns, about 1 micron to about 7
microns, about 1 micron to about 9 microns, about 3
microns to about 10 microns, about 5 microns to about 10
microns, about 7 microns to about 10 microns and about 9
microns to about 10 microns. In one embodiment, the
height of the imprint structure may be selected from the
range of about 1 micron to about 2 microns or about 1
micron to about 1.5 microns. In another embodiment, the

height of the imprint structures may be selected from

about 1 micron to about 3 microns.
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m croscal e. The height of the inprint structures my

be selected fromthe group consisting of about 1
wor@pos4dD about 10 microns, about 1 m cron toPEHSGL00$000208

m crons; about 1 mcron to about 5 m crons, about 1

m cron to,%bout 7 m crons, about 1 mcron to ab

t 9
ni crOfs, "Edout % mtbfont™PHlBboutt A T oY aggutl% the

naosk@is .t 0 abeut y18:A YONsheabOYr iM M SEINS L@ ADOWAY be
10 mcrons and about 9 microns to about 10 microns. In
sedretedbofrantthe hgnesicgheonsishengnmd nebsytucidfe nm  to

abggﬁu?ﬁgﬁ%%sptggoﬁgo (ﬁp%uﬁaggeaggu?g%%% éyﬂ&?é88u£oloo nm

! m Cr ons "or about m Ccron abo
toNigHAans. 180 anpt heownticah nent fot heduei g0 oimf hebout 100

inmprint structures may be sel ected from abou nm cron
nn o-QbdRPUB OO JHY. TREOWF dtdte Cof ™ hEC| ‘-\31 é?éluBFlur gbout

2BYnRe tio dheupanrescahg, EreuM di o ofant heol MYdudt 300 nm,
structures may be selected fromthe group consisting
abofutaldift n0Cnmbeiabd® 300and abbuibt 1200 nAmtico adisonir 250

140 nm _about. 100 nm to,_about 0 b ;
"anodt $30 i SROTT 100° A Lo 5Ro0E. 380 P “atout” 260 S
igdmdpwabout0@00nAam abaiHer220 tte t oi@poiht30@tamcture is
about 180 nmto_about 300 nm_ about 140 nmtQ

: ! bout
cY300Hrhardd Hho§PaPso nme ovabblit °250-Hm Ijgtape Structure
réﬁgﬂp'ggnkhé:  Whdt by of £t hayd npyi DLt EHELWREPES imprint

about 200 nm ere the inprint Structure is
stoyddtndrsi.cal in shape, the width of the inprint

Strycture %?fer 19 the- .g &g£ 8Eet Stween two djacent
cyl irieHt -Sha e PHpri ntSstrHcRrs. PASVRSA iOited
indoMes dihendtstasceobespeeimgnwoiadsaeeneri Mamithe height
structures (or spacing) is smaller than the height of,
off Heh¢ nPRPRLNGt FUELGEEIeHendiENG]: | Kt t 6SbECaplsy eRRA Fef-ated

11%6 ég?iﬁgfégﬂ %¥iiif%biQJJh@héftaf%““ﬁLJﬁaCﬁﬁﬁbhs?gﬁle of
g an appropriate value for the spacing w thout
salrehiel rexpeni neppabponabasedt bwe t Heorheitght spatheg without
uﬁégglgéperimentation based on the height of the imprint
structure and the desired extent of overlap between the
imprint structures upon collapse onto the substrate.
Typically, the spacing may be selected from the group
consisting of about 300 nm to about 900 nm, about 300 nm
to about 500 nm, about 300 nm to about 700 nm, about 500
nm to about 900 nm, about 700 nm to about 900 nm and about
450 nm to about 550 nm. In one embodiment, the spacing is
about 500 nm. It is to be appreciated that as the imprint
structures collapse, the spacing between two adjacent
imprint structures may change gradually from the bottom of
the imprint structure (ie at the point of contact with the
substrate surface) +to the other end of the imprint
structures. Hence, the spacing between two collapsed
imprint structures at the ends may be significantly

smaller than the spacing between two imprint structures
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structure and the desired extent of overlap between
the inprint structures upon collapse onto the

wGaupstisave. Typically, the spacing may be sel er€ESGI002000208
t he group consisting of about 300 nmto about 900 nm

about 300 nmto about 500 nm about 300 nmto about
whegp REPSHBSHt 300 the t BORBBTt Dbothe EBBEENF0CSHMELres.

u am.angd. a 0 550 0 :
B e T R R
alapypr echat eonghbtdasat hexiimpramt tisér dwpuies cdldapss;es may
t spaci bet ween two _adj acent. i nprint structures
P AT kel Py O R ot obF BFCEREY A vhen 2
ligHwctdrediert drheci®i dd1 Dipsoat aabrht hsthectures.
substrate surface) to the other end of the inprint
st r Fdtauresteeritle, 0T el 3pabrRyCBBt REed MRS ol § @pseaire on
£ orp LS UheS ol sihe Andp-TRye bgn SLARI FgAMidgenas on
smal T er than the spacing between two 1 nprint
thst r Uctighgswioen rides uriedbmaintt hestbotdomef 4@ iope i ndpacing
b truct Lg“es. This varj ationti n the SfaCi ng between
9 MC FHIRESH o T HE" | BhGEC LA Ral axis of the
i nprivd Hudindes mey f wd het aldpghet hespsopeity. of The
the reflected |light when a light is incident on the
Plamedhs 64PBRBPAERt BRY udtcur 8s.t extzptiof Rvemsp  The
| [ tr ur t.he tom a n
A P e oy e B R mapome=
sdlectiapri fitost r ucher e cariphe spaciing ivet weell t wocrylates,

jacent inmprint structures. The suhstrate may be a
DX AT ot r A1EEY SRR pEESRE | SuBSLLAIB T the oFCyrenes,
alingrdropl ast k¢ ol yRBEhaER1LREENOP! aStdes 20| YMBK 2 T®Yenated

conprise one or nore nononers selected fromthe groups
aldmizdst | mpbdeacr yLBai ds s, pheFallafngadie taurad oni brid@senes,

0S| ty I nmet hacryl at es,
SR s B e T
ar yl &t henek edntisnesimdat aditéresthkemnopeastest esslymer is at

acetal s and carbonat.es.
least one of a polyethersulfone and a polycarbonate.
Exemplary monomers to form the thermoplastic polymer may

be selected from the group consisting of methyls,

ethylenes, propylenes, methyl methacrylates,
methylpentenes, vinylidene, vinylidene chloride,
etherimides, ethylenechlorinates, urethanes, ethylene

vinyl alcohols, fluoroplastics, carbonates, acrylonitrile-
butadiene-styrenes, etheretherketones, ionomers,
butylenes, phenylene oxides, sulphones, ethersulphones,
phenylene sulphides, elastomers, ethyléne terephthalate,
naphthalene terephthalate, ethylene naphthalene and
combinations thereof.

The choice of thermoplastic polymer for the substrate
depends on the surface and mechanical properties of the
substrate. These properties of the substrate can aid in

obtaining imprint structures with high aspect ratio and
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In one enbodi nent, the thernoplastic polyner is at

| east one of a polyethersulf one and a pol ycar bonat e.
we@apsany nononmers to formthe thernopl asti c poOl/y&E09/000208

may be sel ected fromthe group consisting of nethyls,

et hyl enes, propyl enes, nethyl nethacryl ates , ,
regitlfy| pént SNESSSHtMN | def@Tal nyiGidemsehidr i d&e  imprint

rim.des, I [ es, e I

s AL ohol | e BUA S naree SRl aftfre
suddriyiemitin | edutvadi edesstsitayr emesjulatsher etther keet oneslevated

oSBT g LY SR8, ALETALERSe o1 0°% SHBRTEE cne monc

- whalilyd epgitenephhbal @ie, maphidialane stapbephthal 8be,generate

et hyl ene napht hal ene and conbi nations thereof. The
reghidicge Gfatitifeinfoplodst GO IPGIRARS  AgIPTIE suidstaiteres  upon
ap, SRS t%‘% SU'IEIIL@C(E l%f?fha@o e Propertjes a‘gdition,
€ substrate. These properties of the substrate can
thairthdpl echitiad niped vinvprs ntwisthr udtigles twrtdi e ghstasperith and
rati Q .andresult in successful |ateral collapse of th :
S HOREAHOTS1 Aot FESE TRESE hBF FOBFASE) ot Pol JRETE shotl Ptain

a1h@e ausyuEbiel ntdbedrow skasidic 4pehd usmat-ian elwevadidres.
tenperature for easy filling of the conduits in the

Hepsled whiRtBt theirmorilaistg o Heo hapdani €ar fabsppigcied to a
.gener eg r t.t.erns I ed. i s
hi rucat%oqlr{t Lgfa Y §1l ; sogrefcso% hqufat eé}{;jﬁ:#ﬂlon of the

ures upon application o orce. In
laagdiall ofiortdeandplast isaigicd ymea shwghh shirgh dhensitdieo before

strength_and el ogngation at break are preferred in
£adridtie 1 0T bb RO LA St PGAEFor T blat ESPne of & ¢ SPFApglymeT

tHAPr i of M YdunRs:  Hencssi sucheider nopl ast i G potyret svely

can be subjected to a high anount of tensile stress on
ingd@dtdat i oo, thell aivhabitotbe dedmedicsustfaieverlapping
L el Sl oy o LTI IO oo
brikatld,s iBha remhptivelsy structures are susceptible to
breakage from the substrate base (cohesive failures) after
the lateral force is applied. The ideal material for the
imprinted structures is a relatively strong material that
is deformable at elevated temperatures and which has high
resistance to fracture under shear and which is subject to
the various properties mentioned above.

The tensile strength of the thermoplastic polymer may
be selected from the group consisting of about 40 MPa to
about 120 MPa, about 40 MPa to about 60 MPa, about 40 MPa
to about 80 MPa, about 40 MPa to about 100 MPa, about 60
MPa to about 120 MPa, about 80 MPa to about 120 MPa, about
100 MPa to about 120 MPa, and about 50 MPa to about 60
MPa. In one embodiment, when polycarbonate is used as the
thermoplastic polymer, the tensile strength of

polycarbonate 1s about 55 MPa when measured at room

temperature (about 25°C). In another embodiment, when
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inelastic state, will inhibit the formation of

overl apping inprint structures. Conversely, if the
wGeupstisade is too brittle, the inprints structRPCESGZ02000208

suscepti bl e to breakage fron1the substrate base

cohesi ve fail ures) er t teral force is

pogy@ PP ed G aR et 5l or ERREIPRpRFREgaDOLymex, the
tefkhbyet Lgteiseric_ftk? &£l ?BlyékMe§EﬁQ@8n€Htl%r |ae1$odﬂna$0| BPa when

def or mabl e el evat ed tenperatures and whi ch has high
menesirstande rowrf rasnere tuvder(adteadr Zndwhich is

subj.ect to th varlo erfd e .

tengﬁle:ﬁogﬁéa%P eEF%Erng%lgggeghggﬁéﬂegggég ggﬁ%mer
ma§’e|b%Ctsﬁedlécf’©émtEEOgr @Hp Qaersicstddrgs ft abpud £ 48b oA 16@ to

about 120 MPa, about 40 MPa to ab {
abppk ﬂ57%%ou?b99twﬁ§) abduf @@tNPh oraBBGP%163%ng° about

13@90Utal§9u%/'°%ow about, o120 Mgs , ab@isu80shPa Hp abeUt 903
20 MPa, about 100 MPa to about 120 MPa, and about 50

abwa tWabbat 2BOUWPEL70% omeocehbddiOferitc abent 170%, about
Qlycar onat e used as e S | ast qrer
13% en% P 9H§ﬁgfﬁl W: igg MR %§Xh§boutd%5 Nﬁn one

of ™ p ycar bonat e
enmh@ﬂﬂﬁﬁﬁsuredw@énroopbugﬁpebahume (ahicut 20s&L ) asln the

anot her enbodi nent, mhenpolyethersulf one is used as

theR@ RSt asPPe YBSEy merthe he g atel Wt r efidt h ofsak  of
po[ig)c)é%tﬂ?ﬁ{a%g fi O%Gaﬁoﬁl@kg(uﬂ 30 Mg when neasured at room

erature (about 25C) . The el ongation at break of
theWth"r mopl asth@rlwmlmyp@éyg@lrecteﬁ f igAd heas  the

st ST 1509 PabBE G0 (0 Sibur 135 ABauT 60% T oS

caabosd Eh0¥erabout 060% t @ caboud s 9% 1 about p2eUeha almplete
170% about 110%to about 170% about 130%.t o0 about
colZgBmsidPhbbe 1BPY4RE SBBUETETES UPRToREPentddilmEntot the

lé@% fxﬂﬁg Qona@ﬁe'3h5§ggtasahae LHeROPIASt ithe imprint
e el ongation at break of polycarbonate is

sﬁﬂﬂﬂﬁufﬁ&étanl@%%uwwénta tfedravol taes t £loe poinyidicails elastic

éﬁiunggh%f the imprint structure. In one embodiment,
the imprint structure 1s cylindrical in shape and hence
the E* is calculated based on the height h and diameter d
of the cylindrical-shaped imprint structure, as estimated
by:
Vi3 (12 Ve i

(w2

where W 1is the work of adhesion and v 1s the Poisson

¥ =

ratio. If the elastic modulus of the thermoplastic
polymer is significantly larger than its critical elastic
modulus E* as calculated above, complete collapse of the
imprint structures can be substantially prevented such
that the imprint structures will lean at an angle upon
application of the lateral force. If the elastic modulus
of the thermoplastic polymer is significantly lesser than
its critical elastic modulus E* as calculated above, the

15



10

15

20

25

30

substrate, the height and width of the inprint

structures can be chosen in order to substantially
w@e@vastsozonpl ete col | apse of the inprint struRCTs€@¥09/000208

upon application of the lateral force. The height and

~width of the inprint structur can be used, t
TRERE a?J%rTﬁEug‘g?titfﬁi eF3stg s]rﬁi%ﬁﬁu§°ﬁ‘ e<‘51e(1tyhe"men the
subBREERE SIEUGHdi&ed NroRR erhodigmEnt . ahhe ddPhbRt form an

structure is cylindrical in shape and hence the E * is
angdlec wilahe dhisasad sdiratee svegifgie.h and di anmeter d of the

cyl Lndr.ical -.shaped | i structure ti st :
whe eq\XﬁcrsoQ (;ebﬁ%rﬁug&ggfﬁgy on allonued 1il/sléil(g tﬁée Srﬁ%sgg\g%&ally
pricding. dénthet elasiviee ot usoafl aidwed hemppphastitauctures
polymer is significantly larger than its critical .
angd| adelesodi usPEEFCHEE cat il agéﬁsab8§§We€8npltg‘tee lmprint

lJrapsg of they] NMDLibhoBLFYCT RS AR .
b ) bstrat
““subst ant i ally prevent edpsuc% that the inpri ntSu strate 48

podtycsctorresenm | | | ean at an angl e upon application of

the Jateral .force. If the elastjig no S t :

t h_enI]!lﬂ?pl g?fcihc?ci)ofn?%r CPrsﬂpgllaﬁi fjlcﬁgnt €§£§gescgfer laencﬁjt%g a
teGiddragalreel agtdtc moduldlse Esams el cuWmt etbatoveshe glass

theinprint structures tend to collapse conpletely when
t e 1diiest r VR et ed (F9bm Phe ﬁg‘led &7 &S TotS o mate

dsur@gjcﬁewia J{%}l%gsug%ﬁat(%)surf@,%e-uﬁély%aeeeaicgre, the

rate e uUsed to substantially prevent contact
pdistneeens ¢ fieens| bagsaethyi npenfivrst Cactiireesshaiee hefpdheo mold

_ TSt EQ
S T e

tHeet bed vy ceBprise thel siep afs sebegtbingand subsequently
tenperature that is the sane as or above the gl ass
handansd onfeenper@Plee (TgFhef MORE Haisy man r gthen the

U100 LIERIEE P0oZL8h LB LS rAmer o enes
pdlhenamwl dls able to flow into the conduits of the mold.
Hence, imprint structures that project from the polymer
substrate are formed in applying step (a).

The temperature used when applying a substrate to a
mold is dependent on the type of thermoplastic polymer
used. Typically, the temperature may be selected from the
group consisting of about 120°C to about 200°C, about 140°C
to about 200°C, about 160°C to about 200°C, about 180°C to
about 200°C, about 120°C to about 140°C, about 120°C to
about 160°C, about 120°C to about 180°C and about 150°C to
about 160°C. In one embodiment, where polycarbonate is used
as the substrate, the temperature used during applying
step (a) is about 155°C.

The pressure used when applying a substrate to a mold
is dependent on the type of thermoplastic polymer used.
By applying a pressure to the substrate, the softened

polymer substrate can be driven into the conduits of the
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such that inprint structures are created on the

surface of the polyner as the polyner is cool ed and
wGaaivsesudent | y hardened. For exanple, if the noPdI/baz09/000208

condui ts, when the polyner substrate is applied to the

nol d, the softened polyner is ahle to flowi,nto the
mod@ndbiRest of PYHESHHEd. FERLELST n‘gt?Y ntt?‘éﬁ r (¢t Lttha@nd/or

grRhAkget oheem kBecpal ymerrsybstiate afge f fi@bife may be
applying step (a) . The tenperature used when applyin
sed estibst rabe tthea qistup | somiepehtent obnakbaett gplPef to about

er nopl asti | yoer _used. -Typj.call h ratur
8 )?’bea%soescec{ ekg]?{f‘ r grgn %8 ugr c? uéﬁcad nsaliﬁslcﬁgn ggolgggggﬁt e ¢
MPE200B dux aboMbPa2CGaboaboat MEA)0GeuiabsutME200t®Capout 8
about 1600C to about 200 OC about 1800C_t o _about 200
MBge abséutt 1o kot S 14Becand apbait120ge e about 8

MP%QOUtInlgglgCemb%Qﬁ%er;{%O%é %@%ﬂré‘-%@o%m 9@(1\'![4@51 .
I500C to about 1600C . In one enbodi nent, where

pol yfbar boimet epesiadedisss] thieemubpplatayg tthesubstrate to a

tenperature used during, appl ying ste I t
moféigp.ST eppﬁnecgesrh eo&seghﬁhgcﬁ)i)aeppf)%i n@q%ﬁ?sl%%g?%g?é e
us®l dah§ dependenblorithe diypenhef ifperinmpl &stmeénpolgueiace.

used. By applying a pressure to the substrate, the

$ofPdAdd poley et e UBSEEafleMedn 5 1t i eh FaReSt Ré about S

Ty

mi Qﬁ%l‘éi S, °£b!>§i€m4'5d el Dr essyLe. sassinied byot Beout 15
capillary and/or gravitational torces. Typically, the

mipressyr eapayt bes selfiected fromablatgrdlp mgongicst,i ngbofit 15

.abaut MPa t o, about .8 a, about, 4 a. {0, about 5
m ,esaé%o%tﬁﬂoﬂ’-’a?gonﬁ@ =56 Wg)é)utab%ﬁ/rmﬁn%%\stgoa&?ﬁut 45

mifhd¥Ra ABROWHSuMPaot aiabews &JIVRGowmbosd fiMP8eE0 In one
about 8 MPa and about 7 MPa to about 8 MPa. In one

erdifsEdiondnt Ehehe PR saef 0d st amRkRut MPaliTHeSt i me
per i:adL Unaeth WAL RBRLYINGi ARSILaL L0 BoMl Aok three-
dependent on t type of thernopl astic pol yner used

diamech il adonmphexihy oft tuetumgy | durfogmiamplsuidfacetep (a) .

T%%ghfggigé—éggeggggngfrIO%ﬂg?ég¥airgégﬁ%{g@gg Ofmay be
dimensioned in at least one of the microscale and the
nanoscale.

The mold may have a solid body with an array of
conduits extending through the solid body. The mold may
be made of any suitable material that is chemically inert
and may be harder than the softened substrate when used at
the respective temperature. The mold may be made from a
material selected from the group consisting of silicon,
metal, glass, quartz and ceramic. In one embodiment, the
mold may be made of silicon nitride.

The method may comprise, before the applying step
(a), the step of treating the mold with an anti-stiction
agent. The anti-stiction agent may be a silane-based

anti-stiction agent such as a fluorosilane release agent.
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m nutes to about 45 m nutes, about 5 m nutes to about

15 m nutes, about 5 m nutes to about 30 m nutes, about
waomitfugdes to about 45 m nutes, about 30 m NUPERSGZV09/000208

about 45 m nutes and about 10 m nutes to about 30

m nutes. In one enbodi nent,, the tinme period is -about

30 RPRUtBRENGRe TRST d SREP HAFe aPaéPFRed Tr AR ¥g9 Step

(b§T eatige t Bregdi densienala 11pr Fehost AYCtr F&rﬂ&bhr)g but not
applying step (a) . The three-di nensional inprint
aldtr wdt urtes sngstbeatd nErehofibd melat. | €Bsts oReYofnghde the
i croscal.e and the nanos he h
s oty B 1 omr e T b ah (Sr s Fakql R4S our the
apbh§isel isddpodyb) Theraektetny the stadey ofilhoy Shiet ablbestrate
material that is chenicalhﬁlinert and may be harder

tor pgn derechsrt asd Ly atd v drsed at t he

respecti e nhermer at Urge ThRLABLAcARY Bt r@desf remaided a
mat eri al sel’eCted fromthe group consisting of

megitddcorf, metElg gl @ss ymprarsizosiereer Bavéndgl muie ~layered

enbqdi nen t he nmol.d ma e S ] ifride. .
Stfwggﬁﬁi o%hﬁﬁfogdmgﬁ%yﬁéiﬁﬁéﬁgghégg%%%é;@ﬁ%n%%%%g(%§'

, the mping reanong theine dami thpatnantiorstingt isanrface

agent. The anti-stiction agent may be a sila

- d
tognEhe sPPeYTBh &YERTtSUch %%l%efPﬁ%r%sFPﬁﬁ@oPigéggzﬁ state,
toag%@rzrg)h%n”e‘a'%‘%‘é Y fCOMRNISRr DaRENE Hthe A UKESs  that

step , the step of partially renmoving a portion,
prwgteaiotfraid sagfd tshdossissita/ate from the nol d. This may

le the. b - .
ol R g R BB RRE e B ene

maald;ow the substrate to be detached easily fromthe

nmol d. Accordingly, in one enbodinent there is provided
a m>hoaf6¢rn§%'eﬁg dPpol yerovslikEt FAPe TRRGIPpLUre O the

ol L BUEE AR SLEVELUES.t s s pmaeb iy ongtrer
tHeamrd Inmeorimmg rsurdtacectures ;

d) applying a lateral force that is substantially
normal to said partially removed  polymer imprint
structures to cause sald imprint structures to move
angularly towards said polymer substrate;

f) removing said polymer imprint structures from said
mold, wherein the array of imprint structures forms a
pattern of multi-layered structures thereon.

The method may comprise the use of nanoimprinting
lithography. The method may form imprint structures with
high patterning yield and may be highly reproducible.

There 1is also provided a ©patterned substrate
comprising an array of imprint structures disposed on the
substrate, each of the imprint structures has a
longitudinal axis and wherein each imprint may be disposed
at an oblique angle relative to a horizontal plane of the

substrate, wherein the array of imprint structures is
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to the polyner substrate while in a thernoplastic
state, to forman array of polyner inprint structures

w0 baw/1pre ect from sai d substrate; b ) parti al PgT/SG2009/000208
renoving the inprint structures fromthe nold; c )

ft t b | | ow, the t f th
copBRGHERS st | K LS EPtotEBE (P COOP andbEREPaDy  The array
ofsﬁﬁ?ﬁQEﬁe%ﬂfﬁ%ﬂﬁ¥é@mﬁa§n@bkﬁtéﬂgﬁéﬂiﬂ@sétﬂudture on the
Yi

app ng a lateral force that is substantially norna]
subetsaie paridtal sgrveroved Ppbfineeti aprimtstiarns uFesh the
. 1o _cause said inpri r r e ag) b £
lnf&\%ﬁlngs ]S:h%t pglufr?ep{%%%sﬁaétje;%z%;&)gc?g}éov| ng sai SX/ °°
vaRQhyaer Wwapelshgshsuct ur esldrraam saidtenol do whsrei n vieheying
array of inprint structures forns, a pattern

foo
wagglendtayer et 4R ur 891 PHEFe Y THR et hbagﬁﬁﬁltles may

beCORRLLSE hepyse of BRRQIAr | HMdigdd:A.hogr apkye The  also
met hog may forminprint structures wth high
prpatitechi ry ybebdtantemmyhaselig ghiiyplEéplodaErBl e StHRE@Ires

i s alsq.provided attern rate;c L Sk NG AL
Cheresy %Paﬁtnﬁrsl A ad; Ejt}lctt(j]ree?gf cf? ésj%cs)gse%é o%l%)ﬁ;‘%% strate.’
eachrref ddie dpryd nimst Iniet st eschasea hepgictediceala axiating

and wherein each inprint may be, dj sposed at an obl,igue
stamgitéineel &0 vENEo 8URSFI26At alpFane™dY the sﬁb@ﬁ%ﬁ% for

re}gl%rcec'ﬁrﬁgf:th?ligwtayfgf it St r Ut UBBS bSE0Rd 1 gWetkctor.

ore irght 1 ncident thereon. The array of _ .
Adamprdimtg lst r utteresbsiayatornea geatisad sor defdeston tHE 1n

bstr at i ch di f t . jnterf WM
Ay R A G G StOR ORar TRe. PET SEte g Sy SEem
male B avarad g wemel enigdhssetdence, due to the varying

wavel engt hs, different colours and colour intensities
may be detected by an optical detector. There is al so

provi ded a sulstiat avifior 18Hh thr | Bykatyst ruct ures

The accompanying drawings illustrate a disclosed
embodiment and serves to explain the principles of the
disclosed embodiment. It 1is to be understood, however,
that the drawings are designed for purposes of
illustration only, and not as a definition of the limits

of the invention.

Fig. 1 is a schematic diagram of a method of making a
polymer substrate 1in accordance with an embodiment
disclosed herein, in which the polymer substrate has

multi-layered structures.

Fig. 2 is a schematic diagram of an additional in an

alternative method from that disclosed in Fig. 1.

Figs. 3A and 3B are top view SEM images of polymer
substrates manufactured by the method of Fig. 1.

Fig. 3C is a cross sectional view SEM image of the

polymer substrate of Fig. 3A.
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thereon that is made by the process as discl osed

herein. The collapsed inprint structures may create a
w@r@vitigost ructure on the substrate which may BPET/SG2009/000208

suitable for reflecting Iight for detection by an

optlcal et.ect or.  Acc rdln t he ubs
usetitPo :ﬂeﬂ Sect %‘?W C%‘L%ﬁ?r%a? Qét %tl on é ?Emental
seThs aRfigcal ydetacti amesyss eTe sBYvHe cptiaplurptepection of
sensor. Brief Description O Draw ngs The acconpan d,
thdr aeilvmen | $uesEae ke aMgngdecsed sehilodi BRt %Hl%jer%és ig.
1 to explain the principles of the disclosed embodi nent.
is to be understood, however, that the drawi ngs are

| t
des gned Eor ggrgosesrfg |II strq;%gﬁ_o ﬁ%r&@&%?% ﬁﬁ%ges
'S

ni t Pon® i hits Of the |nvent|on
ob@a&ﬁ@@lﬂmyl ehdl aghaniafera aetkatipofofmakiqg 4 pol ymer
substrate in accordance with an enbodi nrent di scl osed

herekg,. s Wighst Be @@.ﬁé‘lﬂ@ﬂil@ubﬁﬂarga:taen hag a measurement
multi-layered structures . Fig. 2 is a schematic

SY@&&@ramQﬁ Qﬁﬁ%&@lt@on5$f1%05hVéFYerﬁQFFgéuWetﬁgd fRgHra
bu%?%v&vfgéfiﬂ gg 'f}:o’i{g Lt g8,y 3An88d: 3B Rf etheP polymer

es of ymer substrates manuf act ured by
sublse reetchad afidti GA 1 . F| g. 3Cis a cross sectional
view SEM i mage of the polyner substrate of Fig
3A. Fiigy. 4 7S ﬂsscﬂengthphdiagbaﬁnghomaﬁjamtion intensity
experinmental setup to illustrate _the reflectiyve

01 G PO Vot ThBSpoFonel SGBLFFAEe ant angles:
aqanuﬁﬁgi#ﬁgg bytbhe nethadafi & g. win%tFlgtrﬁck&rés" or

series optical mcroscope i mages obtained by the
muaqmahnuuﬁwﬁe&em@@eoﬁnﬁq@ezmetmw@ dgsshpmgdgwith respect

e G € LRI L A JPAISIRIL - BY5 U £IIh 0o CPLALRr B

ect r Um

Detailed Description of Drawings

Fig. 1 is a schematic diagram of a method 100
according to a disclosed embodiment for making a polymer
substrate 10 having multi-layered structures. The multi-
layered structures comprise an array of imprint structures

12 that projects from the substrate 10.

The method 100 comprises the step shown in Fig. 1(a)
of applying a mold 14 to a surface of a polymer substrate
10. The mold 14 has a patterned surface of a plurality of
conduits 16 disposed within the mold 14. In Fig. 1(b), the
polymer substrate 10 is pressed against the mold 14 using
an Obducat nanoimprinter, at a temperature that is the
same as or above the Ty of the polymer substrate 10. Under
the elevated temperature, the polymer substrate 10 is 1in a
thermoplastic state and the softened material of the

polymer substrate 10 is driven into the conduits 16 of the
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butterfly wings froma butterfly insect and the
pol ynmer substrate of Fig. 3A. Fig. 7 is a graph

W@ bamwitsigos ef | ection intensity distribution datBCDY€2008000208
series of reflected light angles: (a) relates to

woL g bt RBd TREI S ol WRCH Foatfba it H oo 1% SRRTES bY

grgghgg,_@s to butterfly wing structures. De-tailed
Descriiption of Drawings Fig. 1 is a schematic di agram

of 3 matihpd 1@9??0qgﬁ9iﬁ81é01@ disel paed fadiymnt10 are
for making a polyner substrate 10 having nulti-I| ayered
cosfledct drws. #ne milhe | epdyedrst substiresecodr i ¥étajgn the

array of_ inprint 'struct.ur 12 tha I Qj h
coBifitearkd 1BE TS bPRdd Tocebnbe 1 bls e Tiup Shows -2Y°
defbria®1el (8 ofcm@mpphkyentadrapl dflditpransurdfacecioiras 12

pol ymer substrate 10. The nold 14 has a patterned
thar f REEIGFLE pEGPHI i EPeof SERAERRES 160 di sPosedWwiltdish the
de%%%ﬂ%%?%:%% %HeF%%pﬁépgbktk%ﬁﬂ%yégmﬁZSEQ@hr%h% Wrdd&its

essed against the 14 using an Obducat
lenarmi nprititerd, Boraet @fperat applihdt 4% the swH@essodr the

. _above the Tg of t ol r substrate.10..Mn t
i EPaE] RERBEPal (RS PHOVBGTy Mttt at g 109 soif Foid
14t.herpmpl asticesstase and thetsefit enedoval erfal a opotrhéon of
pol ymer substrate 10 is driven into the conduits 16 of
theh@edlverers BiPHpmted prigcdurd e gkt 14- al so assi sted
by gravity. In Fig. Ié‘c), the nold 14 and the _|
subsir af €910 14198 ,codl eatE5R dRFIhe2 PoliypmerPRUERE r &Pe the

PP Ens, BUL Siay% dorbrmails to o {he Ariay of o
supEyai st rwoisresl 121 dat ver opeet $ohgdmmutheadubsticat® of
(3% Joap Lt ate Lhe, detaghrent of e | M0t LBLearscn, oniy
ortd henarphiadhAat Lhesedges sabwhhefor one of the imprint
structure 12). The horizontal translation of the polymer
substrate 10 creates a shear force between the array of
imprint structures 12 and the mold 14. As a result of the
shear force, the array of imprint structures 12 collapses
in parallel in that the longitudinal axis 50 is moved
angularly towards the substrate 10. The imprint
structures 12 partially overlap each other when viewed
from a horizontal plane 54 above the substrate and thereby
form a pattern of multi-layered structures on the polymer
substrate 10 as shown in Fig. 1(e). The imprint structures
12 are angularly moved such that the collapsed
longitudinal axis 50’ of the imprint structures 12 is
moved towards the substrate 10 from a substantially

vertical axis 52 relative to a horizontal plane 54 of the

substrate 10.
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interface between the polyner substrate 10 and the
nmold 14. This allows for the partial renpoval of a

w@erbilamodf the pol yner substrate 10 from t he Pol/8G2049/000208
In Fig. 1 (d) , a lateral force 22 is applied to the

pol yner substrate 10.. The ] at | force 22 is
subé?ﬁnt?%?? £ﬁ89naFuP%F5?+9egpg & TEHgr I fal &xitsY of
imp@i0f s fhdipréat 13t ruekpgbesdlod nehe feotbstrate 10, in

I'llustration, only one |ongitudinal axis is shown for
whone dfe enywhbrThy Foveet drangihudinmle aBtFzoftalls 2t an

ransl at i ofgth r a Qcheatesi fhe 54 of
Obgﬁg}ire cglrgg% bg?{/\egr?at%héqgr rgéjyb%%éi }r%g)ﬁlnto str ugflur ees 12 °
thandubbBeremlked 14. As a result of the shear force, the

array of inprint structures 12 coll apses in parall el
in that theid oagktudinaal caxiiega@n somovied addikaphyl step
~towards the substrate 10. The inprint structyres 12
irpapt i BEFHoBvetPAp ereROBEHY wien %ﬂ%fr%‘?ﬁ%ﬁment for
nm_QE%foﬂia' Bhane o4 ahoverihe substraieisgd tharabyayered
orma patFern of multi-layered structures on the
stpolopneressubstrate 10 as shown in Fig. 1 (e) . The
imprint structures 12 are angul arly noved such that
t he Tew! | mgsiedd | dgi’t udomatisxs s o50' tlod shwei rprepe as the

structures 12 | nmoved towards the substrate 10 _fr
medis HHT 375 GBPL A GHTES Y rat| peppatga’ BT dnat
QS 11700 aln Pl pRemed sghohe guybstrmtgedRodheovesultiteg the

substrate 10 conprises an array of inprint structures
lakz ndils poseck 0R2f hd sy Fe@ 10, the wHiki-ies 107 in the

“anqul ar.l e i {pdi na | ' gip® aty anyhldaue,
g TR TR, TR RIS PY) O ane SR ar e oS
2:ibstisat ehehi gap@lisda scherst i cuttisagredm oflOf hein the y-

addi ti onal ste@,in a nmethod 1Q0' ac ordiqgat anothgg of
digiAsididrent CFER THERI ng 0501y mePTSabstT At @10 Wavi AGT Y

( avi Aig
Pl e | 8y eneduSEEUCIUr 884 the mold 14. As a result, the

array of imprint structures 12 is pulled in both the x-
and y- directions and a pattern of multi-layered
structures with periodicity in both the x- and y-

directions is formed on the polymer substrate 10’.

EXAMPLES

Mold Preparation

A silicon nitride mold (200-nm circular holes with an
aspect ratio of 1:6) was processed Dby traditional
lithography and etching process, which yielded a high
definition of structures on the surface of the mold. The
mold was cleaned in a piranha solution (a 3:1 mixture of
96% sulfuric acid with 30% hydrogen peroxide) at 120 °C
for 30 minutes, rinsed with deionized water, dried in a

stream of dry nitrogen, and put in a clean oven at 100 °C
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The net hod 100" conprises of the sanme steps as the
nmet hod 100 and the sane nunerals are repeated except
wao b@v/1saey have the prine synbol (' ) n net hodpdDSG2009/000208
after the lateral force 22' is applied to the
substrate 10'_in the x-direction, the nold 14
LoturRéd ;@O_nglgfszWQ%”E%egzgxppget é%’a%%¥§%% pgasma
fobhepsubstirate iH0'RIM 1 hec ¥ ectipis ¢reabhnyg apsheaed at
force between the array of inprint structures 12 and
200haTepld CX¥ICA PLeFVEA 1,1 HRCER reHYIPR i ApPinFate, and a
structur 24 S | led hn b t Vi= o Ll tip
pogﬁa.aopa?ﬁg%nﬁgf ﬁﬁfiigﬁggergégstfﬁg?%ggs Eﬁtéﬁé@ P a
flpekbediiahty iralbatk thgext antrpdighectinonsviesrfighhed vapor
on the polyner substrate_10' . MPLES Mol d . .
deppéparati o A siﬁr iﬁngﬁr?ﬁrasrﬁgﬁ@reéﬁﬁﬂ%t Q4P s ane
seNeles sWinbh canmasRact,drati o of 1:6) was processed by
traditional |ithography and etching process, which
yi el ded a high definition of structures on the surface
of the nold. The nold was cleaned in a piranha
NSl 98+ (] 131 iy &0 9%l furic acid with 30%
_ gen pero Gried m nutes, rinsed
Wi t ei zed wat e r a - y
nit Sﬁkn%ﬁ%hd%ﬁﬁé?%ﬁa.c+%anb%52%§%%glg8gg8%grEgheObducat
nalt@diprife el dwasnd thert £xposede t aserdy gen thleasrpdmiments::

10 mnutes in RIE | Etcher, Si Tri t ed
kY CETBIETor (P oky 8o BRASEHET S0 S0m BRy3en Fromnd PBS
wdrdl €. opRRd 3 Pousiondf M W11 olhe dBgb masi Jir tder oakdale,

treated with a fluorosilane rel ease agent through an
Pegweviivghiti avapbr thepdkiitiash dfates PH MrigR pegf PC sheet

J.uorodecyl.-trichlorosil ane_s - I I
O O TLeT 2o PR S, B35 SRy e e
movas resd oramd pshogdannOvdycaif nanoi npidnt €he. mbiel and PC

materials were used in the experinents:
sheet were heated up to 155 “C and a pressure of 6 MPa was

then applied for 30 minutes to let the PC flow slowly into
the conduits of the mold. The imprint process was ended by
cooling down the temperature to 80 °C and releasing the
pressure from the mold. The imprinted PC sheet was
subsequently detached from the mold by creating a small
crack at one edge of the mold and applying a lateral force
in the mold-release step to tip the imprint structures
onto one side. The same experimental procedures were
carried out to obtain PES imprint structures, except that
the mold and PES sheet were heated up to a temperature of

230 °C instead of 155 °C.

Characterization

High resolution SEM imaging was carried out with a
JEOL Field Emission Scanning Electron Microscope (FESEM)

JSM-6700F. A collimated white light beam was used to shine
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pol ycar bonate (PC) and pol yethersulf one (PES) . PC

and PES were obtained from Goodfell ow Corporation of
w@adodas®ys Pennsyl vania of the United States of P@IeGR00%000208

A PC sheet with a thickness of 1 mmwas cut slightly

small er than the nmo size, an | aced .on top_of the
| S A ) RS e 8oet 208r Eohad dd St 36s germal.

Thand 2 fikessbhe Qhs6 MRaMwasd heniappl ized fieire¥imicroscope
mnutes to let the PCflow slowy into the conduits of

plislrednoi . tMae norpeilntd preceten was dfedsdmgleoshiragce and

coARBE TRoERLYLE L0 2000 A 10 RO NSCARE g, i
1 aSiehs equierdilng det ashed vienemdidhe ol 83 bymcweat maglea incident

small crack at one_edge of the mpld _and a ing a ,
nqzgedr af O f 5Hfe FHRHe MIdaE e38E st ?BEgh%rt%@fleCtlon

iﬂHQHQf%&zﬁﬁﬂﬁh%ﬁ£%ﬁ99hﬁeggﬁr§&d@siﬁgeaS@HEdetector across
exper | tal” procedures were carried out to obtain PES
a i bl nengleucturssit expeptinohatt t leowdl d 0AndPESagheec 1in
wer.e heat.ed to, a_tenperature.of 230 0C instead _of .
e A N L R T R S R s
winas tay Idaegbleuti initHe acelidr Fi el d Eni ssi on Scanni ng
El ectron M croscope (FESEM JSM 6700F. A collimated
white |ight beamwas used to shinethe structure in

different angles to the surface normal. The reflection
was observed using a st &Pedmkrbscope placed at the

nor e HERI O h oleNe53AMD B ourfiace and SOMNELLAL inent
to %arge-(%up?edo vilgaz1 (C%f)? canera. An Ar+ | aser
useimd t engpatyeavavebeagt hPOf S3Zrahnsase madéel nECdesntbstrate .
normal to, the sanple, surfac nd the_an ugar
USSS | etRi oﬁhrent %@l%‘?%‘bergﬁg\/\asa _rre%@ﬁgé_ SusiSigeRogh of
a;%?x‘c%@itn%fte@%f 08§ B0 an@Nghe. A ddtiepenkag wieaboudlr §o-
00 mm was "put in front of the detector. And the _
1o ectlorsepeédorn thipeteriwl htohesamppessheghéo a high
aﬁéﬂgéwdf[%%ﬂg%félstress on shearing and to sustain a high
stretch-ratio before failure.

During the NIL process, the PC substrate 10 was
pressed against the silicon nitride mold 14 using an
Obducat nanoimprinter. The mold 14 and PC substrate 10
were then heated up to 155 °C. Under the elevated
temperature, the softened material of the PC substrate 10
was driven into the conduits 16 of the mold 14 by an
applied pressure 18 of 6 MPa. The pressure 18 was applied
for 30 minutes to let the PC substrate 10 flows slowly

into the conduits of the mold.

The NIL process was ended by cooling down the
temperature to 80°C and releasing the pressure 18 from the
mold 14. The softened material of the polymer substrate 10
was trapped in the conduits 16 of the mold 14 and formed

the array of imprint structures 12 that projected from the
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The nmethod 100 of Fig. 1 was used in this experinent
usi ng a pol ycarbonate (PC) substrate. The PC substrate
w@ie®d/ 15103 he experinment had a tensil e strengt hr@f/SG2009/000208

approxinately 55 MPA and an elongation at break of 80-

%o dhesg, g#ﬁgmgégﬁegﬁggr L3l ot @ e subl dﬂéé?%gfﬁéé 10 is

I gh anount e Stress 6n shearing an
abnuﬂzﬂmm%.hlgh stretch-ratio before failure. During
the NIL process, the PC substrate 10 was pressed

agaimst ihheistki coe ridudciandmt dodd thsi ngnai i dsiCatictures
nanoi nprinter . The nmold 14 and PC substrate 10 were
14 nerPhebiedoapirstissooca gRandinalarefarae 20 relative

tc! egggr HF €5 oreL sgi%ﬁee%mt SR cQ%nicEgcdDCiiéHgéﬁr R pc

was driven into the conduits 1
SthtmﬁﬂeehOprsmutbelﬁoéﬁ 64NPwaSTm@gﬂms$uﬁE1mm8 @@ges of

plied for 30 nute to_let th stra
O T oS TR PhotRbnt: CEROETREE ol dooifuold 14.
A prneeess wasoeaded2 by gooldneg dawadet hert elrtpezrcat W ewh8 then
8Q 0C and rel easing the pressure 18 fromthe nold 14.

aPRvel &b f tenkle nﬁFeFPQﬁtéﬁt@héOpo|%rh%@b@mta%Je rRp@bation
oﬁr@HQe@C'%Jﬂg%ﬁﬂﬂguiésc%@aQ érEEQP%er%O§EQ f(ﬁﬁ%&n the

he array of inprint structures 12 that projecte
anmul@s& ranprior TerpatteesedlZar eadof thhe iROd 14. As a

e, 10 | abo t_2mm To initiate the
redsebg 1Eh%f F Y éﬂﬁuaﬁfﬁé’s MymtheStructures
12:0@511115;55@,@ i@ pgwgmanc%@r ferae df%la%iH - HO the form
hori zontal plane 54, sufficient to tach the PC

a2 SRBEEPHER e OF0 oMty SEsH amru%@r%@ppne&hét Rthesubstrate
1edges of the interface between the PC substrate 10 and
the nold 14. A lateral force 22 in the range of 10-20

N 8yt DEREPILERY S QA0 OIS A 105, TU8y oy, acatn
bwt sheath f oacepbétyeeanrthe fahkay FEI)NPrdudstidtiect WesStead.
D&Eﬁéﬁ“&ﬁgehgngn%4stéps %he mold 14 and PES substrate 10
were heated up to 155 °C. The rest of the steps remained
the same. PES has similar mechanical properties to PC that
are important in obtaining uniform patterns of sheared
nanostructures. Firstly, their high tensile strength
allows them to be subjected to high amount of tensile
stress on shearing. Secondly, their high elongation-at-
break allows them to deform elastically and sustain a high
stretch-ration before it breaks.

After the substrates were formed, high resolution SEM
imaging was carried out with a JEOL FESEM JSM-6700F. The
results are shown in Figs. 3A to 3C.

Fig. 3A and 3C respectively show a top view SEM image
and a cross-section view of the PC substrate 10 fabricated

in the experiment. Fig. 3B shows a top view SEM image of

the PES substrate 10 fabricated in the experiment. The
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result of the shear force, the array of inprint
structures 12 coll apsed in parallel and overl apped

. Weamb/1suber to forma pattern of multi-| ayer edPCT/SG2009/000208

structures on the PC substrate 10. The sama met hod 100

ie ut- a b .
ng%lgﬂé?he%is:\g??tg%g(P%& tscubg%‘té]at e‘%ﬁ ggtﬁ&lyl nzo%nm 1o
dimetiey, sepprokhmaneld ﬂAZﬁm@nPEﬁfﬂﬂhgﬁmueaﬂa W&b&lng at

o0 _155 0C . The ngt, of the steps renaine

A heat eg up,
¥ h&"Farte. CPESRREOXTRY Y ndeharditaF fr oBEPI RS o 1IQC The

rdﬁ@to&fﬁnuﬂﬁﬂléﬁéieﬁnﬁ@ﬂdﬁﬂﬂdﬁk&ﬁ&g0thB§EB%rn§t§Gctures
sheared nanostructures. Firstly, their high tensil

1%&-:~<éngt6hr%| | oveParRRd 0 bel Gubj ext edrwlm:gh mmn@f of

S shearin on t hei.r
ongarﬁ?%én:[gt g)roggﬁn ‘al T'ows q}%%%%t Q‘Bef osrprﬁcejrré%t %gglwle&n the
namsisostaines hiz-Gt radedemnatéon Hied orgndlindr e8ks.overlap

bAfter t[g%gsubstr tes were fornmed, high resolution SEM
TG ho "REs TR GHY wPERYGTHERE - FESEM JSREBYBORD Fig.

3AThanpestid s 8Be SROWSEMN iRQ%s 34t @}g%acﬂlﬂfléﬁ@@ﬁi of a

3C respectively show a top view SEM i nage” and
sgFlokan s@%t?b% vikwed The. PEBsubspeatevadyf abr| cat ed

of (N PES CURRE 3t 0 15 P4 oa bR R libe EkpatTiiongs the

foihei opr |mtljsamctmhes IAA-ICAr ec 2ppt 01 MRIcRI1Y:s200AMeihe  pC

ngltanEte appr oxi mately 1.2 mmin |l ength, and | eaning
a%‘@?‘% gfwﬁﬁp%%%?’é?? i85 P6 eheUSURG-ratPa @nd its

eiHEti@mﬁogulﬁgl%b%aﬁe%%éﬂgnnégﬁé@t ﬁ@seﬁbgﬂabn%mdulus of

structures) 12A-C are separated wth a regul ar spacing
PCof l@ppﬁéﬁﬁﬁﬁﬂ@ﬁy%mnhﬁir@’he Hehl@;ht idred spad:unglbeVakea, a

0 es-1 C dete s_the ano
120 Tt WRHE TRE B ghBaU FAGCEDF G GrBs oriyoided and
thensepiSlaﬂs Fi ger3A ardnfiings 3B ar en SEMhgmagesmt shearing.
gni fication of a section of Fig. 3A and Fig. 3B
gvgpy to Fig. 3C, 1t can also be seen from the
cross—-sectional view that the imprint structures 12C are
separated by air spaces with thicknesses of approximately

50nm.

Example 2

Referring to Fig. 4, there is shown an experimental
setup for characterizing the PES substrate formed in
Example 1. As shown, a collimate white light beam 24 was
used to 1lluminate the PES nanostructures (lmprint
structures) 12 on the PES substrate 10 at different angles
(24a and 24b) to the surface normal. The reflection 26 was
observed using a stereo-microscope 28 placed at the normal
direction to the surface of the substrate 10 and connected
to a CCD camera (not shown). A series of optical

microscope images were taken through the CCD camera with
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The PC inprint structures 12A and 12C were in the form

of pillars. The critical elastic nodulus of the PC
w@eriobas=od or mred was cal cul ated to be about 16. FCIVRG20a9000208

its elastic nodulus was 2.56GPa. Since the elastic

- PC Ls.significantly r an its
aﬁggg#b%gltq&a S%,éﬁg cpgl%ﬁee eo%:lolif(g%sgﬁgf%{qﬁe sample and are
shanostn uetgir es. can be avoi ded and the pillars were

Ieaniw?]% at. an an on shearing. Referring nowto Fig.

I
3C, Mflanthf sbngéS%En CRLGHERE e see¥ibnkral & was
tdadd t e d MPERRLASE M HREUrRS 2L, Br 6 separ ated Qé}(g{rlr%ﬁe and

spaces with thicknesses of approxi nately 50nm
cl quaf eppitiigrne Fixpm 4thet [R¥i%e ssbshoabeand Gexpeangentaler a

r._characterizing-the PES substrate formed i
b%%a#rgfégge.' ﬁhes%o&/h,e aC%cl&ﬁmfarﬁﬁ ewaj‘wf?e i lB%%IPn% was
iMasnirseided ot | thel BatecthenPES RAROSIMJIGHIY S AidRUtdd 12,

stru turesé 12 on the PES substrate 10 at different
2 gyt BRI 2B USNF AT tEP THRESIAT adechet Al A) THgs observed

fféﬁ'@ﬁéiPESZQUW%%I%Q%eﬁXﬁqiﬂﬁﬂ§giﬁa%ée%§°é HOSGOR& e top
28 placed at the normal direction to the sSurfacé of
image seidst Fage 19. aftheconhiet etfi tectal @GD cdnethe(notllimate

shown). . eri es,of aptical _m.crqoscope inmages re
W}}lgie\grpjt%}}éugg%a?hgél C@gcghg r &n%irtlﬁ%n S%ﬁué:é:tuil%es !]gswer e not
alplaced, or tepnet tde sanphesandrane whewn (1Rdd1%d 5a), to
VWen the incident collimate white |i gght beam 24 was

Yeldrqted( BEoehpduRd BRE Veft iléabearids Clt mexsoluaarvast This
iR OUrs PALA G n&%@@%&l&&ﬁﬁ%ﬁtﬁtﬁ&o,ghange over

a broad range. Wen the co ite’light beam 24
was FThleunivaatedibost hendigection aofd t helioopr i phtterns are

rsj1truecues 2, auniform@lugg{tlour reflectjon 4

%abet ed° A% a3 OBIETVEY" f Pom'tie PES SUbStTafes1gnd are
duBhi stbmageel s Shawt ddpitde dopataagerof thed. Mt ered

the directions of the collimate .

structures in one direction. The multi-layered structures
have a periodic ridge pattern with multi-layers inside
each ridge due to the inclination of the imprint
structures 12. The periodic ridge arrangement in one
direction makes the structure work like a diffraction
grating, while the multi-layers seen from the top due to
the dinclination of the imprint structures 12 gives the
effect of interference and scattering. Both the grating

diffraction and the multi-layer reflection contribute to

the colour formation.

Example 3
Referring to Fig. 6, there is shown a schematic
diagram of the experimental procedure for obtaining a
reflectivity spectrum of the PC substrate 10 formed in
Example 1 having multi-layered structures. As shown, an

Ar+ laser 30 emitting at a wavelength of 532nm was made
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white Iight beam 24 and the inprint structures 12 were
not aligned, a range of colours fromblue (labeled A

w0 200005ed | ow (| abeled B ) and red (| abel ed C pCTRGH09/000208
observed. This inmage is shown in the bottominage of

 Fls -+dhearbatigns. i.n.col rtta}{}dor@our at.t erns
£oN&n s
lngrlgierngcl ated to tﬁg arrasnegrtel‘rFeent 9gf e & nogtrulcl?kb?efe on a
wrane: arscmkent o Aheaqai sofropi€fpatuienof sthes were seen

mul t.i -1 ayered structures in one direction. The

clRanlY. | @Yeretf sEFGEElr e e SiF&SdAt Pragenpacuéps to

thi th gl tdrtayelsni Nsi deueachoti dgewdye Hﬁdh%gbroad light
inclination of the inprint structures 12 7 "The
digdmiddite ot dyesarelzsrfenenht ailongnetlié r etitdosn dakesttibe. In

ik Lff [ i ng, I | h
s S O P BRT ke R BhsRRLERE mhdima e B

subfstiregd npriiont  sbpgyeheres *2tpi veshéhe edfegps®f  imprint
i nterference and scattering. Both the grating

STHYFTHAT ot drith & P Tl the M el T ey e oRt EBREFFBEL
to thgecobaynfor ﬂ%k%ctgéﬁﬂpiﬁtén&{gr [gﬁggpé&@ 9%£6 the

, there is Shown a schematic diagramo
refisartiasent aghpr 6edtre ferswhedi nengJa ¥ efi ecleiteicttpr  (not

spectrum of the PC substrate 10 formed in Exanple 1
SHOAR NG AT -3 af8Y ed®Re+®ict Br 881t ASPERERA, Odn alyont 100 pm

: Lt tingeca t f 2 :

T et Hent 16 The Pe SoberFate 0 fhroug amAsEd i
a gnizlshivitiscrleensydrhaysc oidgf bractitowrespdts hier ecenter.

seen clearlgonthes n_the girection

n

T er il COF P 06 Uhe 1 dgB28F FEEETon " cEarELFdY Out with

nashown) , bwkicke fhroadwhihght dirgd ri butd onreasiekseryed poth
along the ridge direction. In this exanple the
MEQFRERGE Wi iU ctiurtdse rBfanhs csholen PO sbibSt rate 10

togerhar W LRnbhe cohd apaed oLt A LUCEUL S Jife 1 on
yered structures. e anguf ar
versfusecnole i al engi tyheprmipere ydiofedteon for both synthetic
and natural wing structures. The reflection spreads over
an angle of nearly 180°. The center part of the curve is
not measured due to the blocking of the incidence laser
beam 30 by the detector. The reflectivity of the synthetic
wings was higher at one side and has two peak regions,
while the other side is relatively weak. The multi-layer
reflection is the dominant effect in this broadened
reflection. The weak reflection side corresponds to the
laser beam 30 facipg the collapsed imprint structures 12
inclination direction, while the stronger reflection side
corresponds to the laser beam 30 towards the inclination
direction. The angle-dependent view in the synthetic
structures was similar to that found in natural butterfly
wings, where bright and dark zones were observed in the
observation hemisphere over the wing surface, as shown in

the bottom graph of Fig. 7.
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reflected light 32 was neasured using a Si detector

(not shown) across a 180 angle. A slit opening of
wW@b@atsed mm was put in front of the detect orP@mnsGL002000208

detector noved in a circle with the synthetic w ng

oL aBb Rl bhe GE0 Blo ThELSAUD SKPRLLTOY, 2P angle-

measurenent was carried out®w natura butter
degiengendnd fhédeesahts offbett nEﬂSurehentsSphﬁhéeﬂclr1w1ng
ig., 7 shows the

thetgégfhs'ﬁﬁkmﬁ@#?}E%???Héﬁﬁﬂ?ﬂ?ﬂ%ﬂ%%stﬁﬁgW§FQQQﬁ;above

waddherbhidge b r e i aRrfian both sydhetd g and;ipat 4hal natural
Wi ng structures. The reflection spreads over an angle

bugitexddnl ywirg® (e center part of the curve is not
nmeasured due to the bl ocking of the incidence |aser
beam 30 by the detector. The reflectivity of the
synthetic Wi ngs was hiahplieatdoassi de and has two
peak re ons while the other side is relatively weak.

The SHASHEATSfer 1R | BUtitdn Loy emre R RahEr e f d8eTeRn can

bd M§ecpr%d§n%ﬂl%fﬂyecéf OQ%pi”ﬂga%@Ksr el a6t Qﬂ% S_Lrgr?ovatlve
corresponds to the’'l aser beam 30 facing the col | apsed

dasmmsm ogt r @@ttum@sl 1Zewniclasat icet idialectdaon, swnders he and
rresponds to the |aser beam

%rod:S lhe I nc eI na(?ls ﬁl?a&{ rection. The

anglp@v@merg&fusl\y ewhd shessyatbet p@s%’érS@Ctdifleﬁlé/\ﬂﬁptical
simlar to that found in natural butterfly mnn
PLARSTE 1SS gt GRd 3d&r K2bhe B RBPENGESer vl i fh Pﬁ@ produced

b n m oV he S wn
R N R P R L

gayegﬂﬁ;qnt¢i9001ouﬂtm&@nghede@émnanofrBde@cemmal colour

ffect of t ynt het i ng structures
TA Cie a0Cor i g o THES erndtIhio ahd HFbaRGeE, the
prbﬂblsjnm bar ;tt@otdswleé@mﬂgl rride oRakur abrbUl ERET |associated
%5 (7b) ications Substrates wth

ey é&ﬁ@réﬁf YR te P 1 FEoh can

Advantageously, the substrates formed mimic the
photonic nanostructures found on butterfly wings. These
nanostructures on butterfly wings can be used as selective
gas or vapour sensors. Hence, the substrates formed can
also be used as vapour-detection sensors. Advantageously,
optical detection of vapour has a fast response time, and
is easily reproducible.

Advantageously, the method disclosed herein for
making a substrate having multi-layered structures thereon
may be cost effective and may eliminate the need for
complicated egquipment. Furthermore, the method is easy to
carry out and the substrate formed is consistent and
reproducible. More advantageously, the method has
potential scalability, allowing for commercial-scale

manufacture.

29



10

be used in a variety of applications including

i nnovati ve designs of optical devices, optical gas
waesossps and filters for flat-panel displays.PCT/SG2009/000208

Advant ageously, the substrates possess unique optica

pr o%@%%g%ﬁg\gyu%géﬁre mige pr HQHQSSO' tp;g:[' éf<9§§d herein

produce Hts or organi ¢
elddvantageotisty, netehe denerctdemical ¢oleamerita dhe substrate
ef f ect of str ctu col oyr .rat her than the use of
SUgtasesr Yi Yjsp %I PRPRSELELOPRe S dbikRF B7L- Hence, the

me@tt@tjobln%phlnatansteaahertoor ol B A$EOC! abREnYLEN tRE the
use of dyes and pigments. Advantageously, the

me§n|§@t1|catles Jﬂﬁﬁmw mef t hehphosvhbtra&rosructfifest the
t e?ck%{a % Pirf lry a1 hersoepe acnost r ufttyh essfﬂostr e
hb erfl Mﬁn s can be used & 7 Ve gas or vapo
sengar S\Zl]Henlﬁe apparemsttn&twsﬁmaagl oaheal ST(be.Glet%ﬂﬁons

ng: v our detection _sensors. Advantageously, optica
(AR GH 1S aBburt Heast BV #1351 OF e ¥pors £ | ARPALRHYC| 0 the

pe%%lnl yskemeaucml echeAd\é%t ageous! yrehhengetind froregoing
di scl osed herein for making a substrate having
diggloisurgy etiéth @it udepresinpedfeom ey beptost ahflestciope of
and n nate the need for ¢ I cate uip t.
thI‘?urt %%#% Bt he ﬁ%th&& IS easyrggpcaciy %u %ananﬂ such
moamﬁtceatlenfsoramﬁ adasionsi st entodadwi epiadutieblseopdicE the
advantageously, the nethod has potential scalability,
APRPRGFN G LG comer ci al - scal e
manuf act ur e. Advant ageously, the nethod di scl osed
herein elimnates the need for chemi cal treatnment of
substrate surfaces or nultiple depositions of
material. Hence, the nmethod may not lead to
detrinental changes in the nmechanical integrity of the
substrate or affect the thermal, optical or chenica
properties of the substrate. It will be apparent that
various other nodifications
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and adaptations of the invention will be apparent to
the person skilled in the art after reading the

wo eegdi4ng) di scl osure without departing from t PE/SEL009/600208

and scope of the invention and it is intended that al
such nodi fications and tions cone within the
scope of the appended clains.Clains 1 . A nethod of
maki ng a substrate having multilayered structures

t hereon, the nethod conpri sing the steps of: a

appl yi fy BEAOPG habi Mg a9 npriSmes héw—flacem%tl-
layd&) SURStiated0 QISP ar kgy O&etHBH'néoﬁﬁfyflﬂéesthe
that projects fromsaid substrate; and applying a

stepsatafal force that is substantially nornal to said
proj ect i i npri uctures tq _cause said Jjnprint
it P B8 8 B ey Spoaafid it Sl ke ace
to and fshbrseb}ﬁtfeortm) afpaint emnn fraxul 6F - Layeried SdfMedtifess

thereon. ‘2 ., The nethod as clained.in claim1l
tha Ww&ﬁ%ﬂ???ﬁuﬁF%Rmﬁ?%@ PaperERteordedis substantially

nas) FTHEF!@%E/%M;VG t9q.Ad:en0i kydial i S, Qf Qtantlally

projecting inprint structures . 3 . The nethod
norrgd i fed Baidl apmieqtmwmr glinp siaitd apprwrtrmqest epo cause
Sai§o rises noyv ? ahessgﬂyctures suc % € rds said
oRBPE BHEnar hATSOEES s THER: Mt PR r 687PE
subsngidar Iayldrmvaérte@yar fsrsaid pubskrat eoframmei-layered
substantially vertical axis relative to a horizontal

stryftahe ot hiPsubstrate. 4 . The nethod as clained in
claim3 , wherein the noving step results in each of
said inprint structures being di sposed at an oblique
ar@t e rBlatingehod ashmljazimrﬁdalirpl aheinf lsaiwherein said

appf tfgt fafmgégég Eges% r%%nglally normal relative to
a longitudinal axis of said projecting imprint

structures.

3. The method as claimed in claim 2, wherein said
applying step comprises moving the structures such that
the longitudinal axis of said dimprint structures 1is
angularly moved towards said substrate from a
substantially vertical axis relative to a horizontal

plane of said substrate.

4. The method as claimed in claim 3, wherein the
moving step results in each of said imprint structures
being disposed at an obligque angle relative to a
horizontal plane of said substrate, wherein the array of
imprint structures 1s configured to reflect 1light

incident thereon.
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inmprint structures is configured to reflect |ight
i ncident thereon.5 . The nethod as clained in any one

w@boovhe14ps ecedi ng _cl ai ns, wherein the appl yi ngPGI/862009/000208

conprises noving the substrate in a direction opposite

Q the @digechdog,hn whi Clalgﬂﬁew&hnt Al UG S BT G

caused to nove angul arl as’'cl ai‘ed TH
preanqunguaaﬂéumse pme@ednmg thai neppWpengi nssapd ¢comsiides

stru e ei,ght to width ratio selected from
MOVie rs‘?’t*ﬁenglg]f § t@L18CtE0Ry 9PPOBIEE gto 7the

dirdd: ildh Qnt%hiQﬂﬁthé EQp Z1nt7s£gﬁ%53¥4§ma§§ @dﬁé@ﬁjto

in any one of the precedlng clai ms, wherein the height
moveyfandiel g4 i nt structures is greater than the distance
bet ween two adjacent inprint structures. 8. The nethod
as clained in any one of the preceding clains, wherein
s&.d i mpré nimsthodt uees tiadnsEnsianednyn aind east oOfige
of thedgicroscal and the nanoscale. 9 . The nethod as

Preqqdifedc1 At 8ny SRETER: P I5t bl HYt cFAFRETURREr diave a
heiditd Gc SURSHEAL @4tS A Ol YRy SERSHT %e qrifp The, I8

as clainmed in claim9 , wherein said polyner substrate
of 3 4@ kthernop? astiT pol yef .td110The wet hodaag &l apniéd

in claim210, wherein said thernoplastic pol yner

conpri ses nononers selected fromthe group consisting

of7 .acr yitad espeiphddal agi dleﬁalmeay: Eni t einlyeﬁ,one | of the

cellulosics, styrenes, alkyls, alkyls net acry at es,
Precaqddites CliaiiendieRr Sikendse  AHREEE | iHestRar yHER Hgt

strd‘:ﬁ:tlﬁ!@ss jhut agdienes, kelgnes,h £l $h,a08t %ec"twe n  two

car bonat es and conbi nations thereo 12. The method as
adjageqitmeidnp i et a$ Pr@ctuxedpri si ng, durlng sai d appl yi ng
step (a) , the step of selecting a

8. The method as claimed in any one of the
preceding claims, wherein said imprint structures 1is
dimensioned in at least one of the microscale and the

nanoscale.

9. The method as claimed in any one of the
preceding claims, wherein saild substrate is a polymer

substrate.

10. The method as claimed in claim 9, wherein said

polymer substrate is a thermoplastic polymer.

11. The method as claimed in claim 10, wherein said
thermoplastic polymer comprises monomers selected from
the group consisting of acrylates, phthalamides,
acrylonitriles, cellulosics, styrenes, alkyls, alkyls

methacrylates, alkenes, halogenated alkenes, amides,
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tenperature that is the sane as or above the gl ass
transition tenperature (Tg) of said polyner substrate.

wa09/Tsosret hod as clained in any one of the pPe€rsE2009000208

clainms, conprising, during said applying step (a) ,
imidele Shep1ehnishettdiy @ RIessHie dy omitde, Jange Qf 4o,
HOBA to g MPa. 14 . Thé netho aegl éslr'ai me ir?asg'ny e%fr;cee of
acetefls, precbdingg e aims ,cagnpratsiong tttest@p. of provi di ng

said nmold having a solid body with an array of

conduits extendi ng through said solid body. 15. The

maphod Tase Ghet B 2R adlys QR ofi nt f&amrnecgﬂi RGP RIS,
Wwherein before said applying step (b) , the nethod

duriggnptd s@és aPRé vdtep %P (dR) partiisal FyePervi fglacting a

L.Qn, not. .al of 1d bst r at m.sai d

temp%%%gyg%6.Q#%g n%?ho hgs 2 @%ne%giH$%n§£%%%goﬁ§%%eglass

trangriededi ngrgleaiatsjravh@edi mwisaaldngdlynayes@ostrate.
structures create a grating structure thereon suitable
for reflecting light for detection by an optical

detsect athe 1lhmetitty MeihodeBsime@l med | Angny ooRe @ff t hdhe
precedi ng clainms, wherein the inprint structures are
Prqu@%ﬁ%xﬁg%¥m§rp@?ﬁﬁﬁ%ﬁ%ﬁb t Rer keg hechflr pRREYing step
c [ t ~d.) salLd _applyi t
R o R T
MPa itpBi MPast ructures fromthe nold while in a
t hernopl astic state; and e ) after step (d) , allow ng
the tenperature of the inprint structures to partially

caal. anthd hefahost rengtbenihdg pPehymBhyl Mkt of  the
structures. 18 . A patterned substrate conprising an
Precgiddy oflahpei ncosprictimdeste sposed oh pPhevsdbsor ataed

moldgiﬁgvgﬁgsagd LERE BNt GG UCE RS Lavidg- A, | angl tudi Al 5

extending through said solid body.

15. The method as claimed in any one of the
preceding claims, wherein before said applying step (b),
the method comprises the step of:

(c) partially removing a portion, but not all, of

salid substrate from said mold.

16. The method as claimed in any one of the
preceding claims, wherein said multi-layered structures
create a grating structure thereon suitable for

reflecting light for detection by an optical detector.

17. The method as claimed in any one of the
preceding claims, wherein the imprint structures are
thermoplastic polymers and the method further comprises

the steps of:
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wherein each inprint is disposed at an oblique angle
relative to a horizontal plane of said substrate,

wob@pasroz he array of inprint structures is coPdT/§G2082/000208

to reflect light incident thereon. 19. Use of a

sypst nate, d ' d gl m r ub te e
i nLéBa met ho%sagc%dgfﬁdéj@gﬁg% os#ze%f g‘f);'i rr:&?l@t o 17, 9
partrieflllect remghtinign Bne opidlcale detimptriion systeatu?ds from

substrat.e havin lti-layered structures thereon, the
the §‘t?§54rwg}§eoe]irh n%mi‘%’ ﬁfﬁ%oﬂt%ﬁﬁ‘pr?gang the steps
ofg) aaftapplsyicpg eqpl dihsying ahd MPEMPErEOLAENGE the

. surface to the substrate to forman array of inprint
impwiytuct GEEECLHaESpr ofect PHHtom Sl d S99t r aged b Yhereby

' | f - | iall I
ser @R LaSReAL farse dhat. s sybstantial |y norma

S [ ructures to cause said
i mprint structures to nove angularly towards said

r n hereby forma pattern of nulti-I|ayered
:ﬁ%ﬁ;tgiggggggkggﬁ: zubstratep comprls{ng‘ an array of

imprint structures disposed on the substrate, each of
said imprint structures having a longitudinal axis and
wherein each imprint 1is disposed at an obligue angle
relative to a horizontal plane of said substrate, wherein
the array of imprint structures is configured to reflect

light incident thereon.

19. Use of a substrate as claimed in claim 18 or a
substrate made in a method according to any one of claims

1 to 17, to reflect light in an optical detection system.

20. A substrate having multi-layered structures
thereon, the substrate being made in a method comprising
the steps of:

a) applying a mold having an imprint forming surface
to the substrate to form an array of imprint structures
that projects from said substrate;

b) applying a lateral force that is substantially
normal to said projecting imprint structures to cause
said imprint structures to move angularly towards said
substrate and thereby form a pattern of multi-layered

structures thereon.
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