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for example, the third dimension could possibly allow the speed and memory of
microprocessors to go beyond the limitations currently imposed by 2-D features. In
optoelectronic industrdes, 3-D photonic band gap structures are gamei‘ing
considerable attention because 3-D structures serve to minimize loss of light
[Kiriakidis et al., “Fabrication of 2-D and 3-D Photonic Band-Gap Crystal in the GHz
and THz Region,” Mater. Phys. Mech., 1:20-26, 2000]. In drug/chemical delivery
systems, sensing systems and catalysis, the feasibility of fabricating 3-D ‘structures
will provide breakthroughs in the efficiency of coﬁtrolled delivery, sensing, and

selectivity in chemical reactions. For example, a sphere with a meshed surface can be
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in the fabrication of 3-D nano-features, although currently both techniques create 3-D

structures through multiple imprinting on patterned substrates or on substrates with
topology. A more efficient imprinting technique would, therefore, go a long way in
solidifying imprinting’s role as a potential replacement for currently used lithographic
patterning techniques.
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According to another aspect, there is provided a method of making a three

dimensional polymeric structures comprising the steps of:

(a) providing a first 3-D polymeric structure on a sﬁbsirate;

(b) providing a second 3-D polymeric structure in a surface-ireated mold;

(c) joining .the first and second 3-D polymeric structures; and

(d) separating the surface-treated mold from the second 3-D polymeric structure
to provide an assembled structure comprised of the second 3-D polymeric structure
on the first 3-D polymeric structure. '
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attached to the second mold, wherein such attachment comprises contact of the
second side of the polymer film with the second mold.

In some embodiments of the present invention, a duo-mold approach is
employed in the above-described methods. In some embodiments, surface treatments
are employed to impart differential surface cnergies to different molds and/or
different parts of the mold(s). Such surface treaiments, often 1n combination with
differences in polymer glass transition temperatures, permit the formation of three~
dimensional (3-D) micro- and/or nano-structures through imprinting and the transfer
of such structures to a substrate. In some or other embodiments, such surface
treatments can facilitate separation of the 3-D structures from the molds to form free-
standing micro- and/or nano-structures individually and/or in a film. In some
embodiments, such surface treatments can involve silanes, coatings, plasma

deposition or treatment, and/or grafiing treatments.
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layer/component used by numerous prior att approaches to form 3-D structures.

Second, the duo-mold approach enables the formation of closed structures that cannot
be fabricated using conventional sacrificial layer/component techniques. Third,
surface treatment of the molds that result in a differential surface energy permits
selective imprinting and demolding and also allows for the eventual transfer of the
structure onto a substrate. Fourth, fewer processing steps are required compared to
conventional photolithography based techniques for 3-D structure fabrication. Fifth,
the present invention provides for a variety of possible 3-D structures, such that the

techniques is potentially applicable for fabrication of 3-D microelectronics, micro-
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€) separating the first silicon mold from the polymer film at a temperature below

T, to provide for a 3-D structured polymer film attached to the second silicon mold,
wherein such attachment is maintained by contact of the second side of the polymer
film with the second silicon mold.

In one embodiment, there is provided a method comprising the steps of a

method comprising the steps of:
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b) providing a second 3-D polymeric structure in a surface-treated mold, wherein
the second 3-D polymeric structure comprises a glass transition temperature, Tg2, and
wherein Tg2 is below Tgl;

c) pressing the second 3-D polymeric structure onto the first 3-D polymeric
structure under conditions selected from the group consisting of a temperature that is
around Tg2, room temperature with exposure to electromagnetic radiation, and
combinations thereof: and

d) separating the surface-treated mold from the second 3-D polymeric structure
at a temperature that is below Tg2 to provide a stacked structure comprised of the
second 3-D polymeric structure on the first 3-D polymeric structure.
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residing in the first silicon nold, at a tenperature
above Tg, to inmprint the second side of the polyner
filmand provide a 3- D structured polyner filmwth
structure on both the first and second sides of the

fi | m Iname egybodapentathieregs previdescomgthod| o ensembling B11d pplymeric

the, polyner filma t £ at I
SPGoRge Bereip spCae] oG st &8 ydiehfa spoh et they
Edfystise Tedtine® Witidithensivhethat fangs donattearhoBsoile to the micro-scale,

conprises contact of the first side of the 3-D
enmpresingtgasteppeiner filmwith the first silicon nold.

N on ' , J ' hod for
%%’?ssen‘%f)isir%%%%l @g%@h@%c&%@{éuﬁgsﬁgﬁgﬁ sing the
B} epspotidiig) a sucond 8igolynfericstruGufe inal spoiacé-treated mold;
structure on a substrate,, wherein said structure .
Sonpr PEEsns ths 860m bk PEIGHFCCHBEPAE R, (gt} D polymeric
Qf&}ﬂ:@'bﬁ&tﬂaﬁﬁ&?&@ 3 st NBhéContd THeGh & and
surtace-treated nDPd, erein the second 3-D

#do! ynephetisg thecsufeedeniedineld fomlthe seqond FsDipadymeric structure

92 _wherein Tg2 i s belaw Tgl
9 BeRR GO B Ao TR o 1t Prrobl SeD o strcture
5ﬁP§tﬁr§thf)?5§i}\ﬁ?&{&§ruc§ké.UCt ure under conditions
s

electe mthe group consisting of a tenperature
t hat Insonezmbwdinag2thereds pravidader meled cofoprisiag thestiens of:

to elegctro netigc, radi at.i ' ' <
Drran iy mof, shiping . eilce S PRUCART myrtyee of tow
&[&@;t he second 3-D polyneric structure at a
tenperature that is_below Tg2 to provide a stacked,

B) eaating RN ¢oTeRIisS @ plass SapyHan tenpesuniaEejoato the surface-

[ FhStear JoTE: : A .
St hifd e b BB o Gt PRb sk Stjen's Wihctared
b8 fiest iskle i omitak@dvith etfiestdndldy assenbling 3-D
pol ynmeric structures, wherein such 3- 0 ric
hEpEdneasegond Beld %%B‘?FWFE&S“FLH)@@O*L %/‘ QEEY;

Rl Gy | ABRSR helsiAhcd 8@ dolyfiertfi6: residing in the first
Emlgg;ﬁhg%%%ﬁhe m c%ﬁlgcal e?é@fg%npﬂ;)i sing t hlécmst egplsn °
sificon mold, at a temperature above Tg, to imprint the second side of the polymer

film and provide a 3-D structuréd polymer film with structure on both the first and
second sides of the film; and
¢) separating the first mold from the polymer film at a temperature below Tg to
provide for a 3-D stractured polymer film attached to the second mold, wherein such
attachment is maintained by contact of the second side of the polymer film with the
second mold.

In one embodiment, there is provided a method comprising the steps of:

a) providing a first mold comprising a surface-treated patterned surface of medium

CNCrgy,



a) providing a first 3-D polyneric structure on a

substrate; b) providing a second 3-D polyneric
WOR0EBH%e in a surface-treated mold; c) presdAGIEEGEA@5/000159

second 3-D polyneric structure into the first 3-D

pol ynmeric structure such that the second structure

| atches onto the first structure; and d) separating

the surface-treated _nold fromthe second 3-D

Bbraatingiacpalymer pRIPRIsIPS ApHess EESHAC 45URFHRUEy Te onto the surface-
BEAHE b GONIRES %fﬂ&fﬁﬂshﬁmﬁﬁmﬁn% SOLPALY RS Which is structured
structure on the first 3-D polyneric structure. In

one festisaltiimeontacttvigh theifarsionoMi ded a net hod conpri si ng

the steps of: oviding a first, nold ¢ rising a
ElipRidain St Sormirifi  pridioe fRbeGe SRR e,
QPﬁite&sﬁﬂ% fheRRLOHIEoRPHRS tHRl Sefade 8 ARolym@sfithi RRiding in the first
tenperature Tg onto the surface- treated patterne

silicémowld at mhienperature mbbye g, tookmprintpbe geasnd fsidenef the polymer

ich,i t d ' ' [ tact with _
i e A St Bt Ay BB G bl gt oo
Sechad tidedetihe Ehagal of nmedi um energy; d) pressing the
second nold into the surface of the_polynmer film

ekssparatigeithe sevend imald frogp the palymsr dilmat ateprmepiyrgthalew Tg to

PRRVGE 80 ot B, 1R i Y B B O e such
sttdchfifent @ nadintatiel biyhwnfact of thadidst sideosfithe polgerr Gilmtwich the first
film and e) separating the first nold fromthe

mer filmat a tenperature below Tg to provide
for a 3-D structured polynmer filmattached to the
second nol d, wherein such attachnment is maintained
by contact of the secondDEFEEITHON$ie pol yner film

with the..second I d.,.ln one.enmbodinent here is. .=
ot ovi GB6 FORaRR GO BRd PR R0 LR R tgndinin indicated:
providing a first nold conprising a surface-treated L
pat t eWﬁi& wostiaf dae W?&Rﬂeﬂq@i‘ bbe recgepgnble to those of skill in

Q 4 - I ng, . [ orctandi
f5ant s 1l RER o fkEnetle SATLUNG A B 1E Eerotanding
sfittegesent In@aitih. pRtsheuld dd widefstwd, bbwetee, thatr whemmbidexplicitly

f I filmwhjch i
}i-gﬁne%,r -er%s psﬁo%ﬁeﬁe iﬂterrppret %s aldcs)’pgrtlgr .g %éjagxfndg presently accepted by
those of skill in the art. '

“Micto-structures,” according to the present invention, are structures

comprising “micro-scale” features; micro-scale features being defined herein as
features having dimensions that range in length from about 1 micrometer (um) to
about 100 pm.
“Nano-structures,” according to the present invention, are structures
comprising “pano-scale” or “sub-micron” features; nano-scale features being defined
herein as features having dimensions below about 1 pm.
“Thxee-dimensidnal,” abbreviated “3-D” and as defined herein, refers to
structures or structural features that vary (structurally) with depth.
“Surface energy,” as defined herein, is a surface characteristic associated with

the molecular forces of a particular surface, generally in contact with some other

-9-



on a first side in contact with the first nold; c)

(grovi ding a second nold conprising a patterned
WQZWPALH2Df | ow energy; d) pressing the secondGippeR005/000159
into the surface of the polymer filmresiding in the

first silicon nold, at a tenperature above Tg, to
inprint the second side of the polyner film and

Breiassl Rnd BenerLPSHEd BUBURY, < DiCereBal e Pt docording
g&t e GR&eRt inehtidie ggf%g,egfgf% dHidhBiTht 9200 wag{e%fue{ween two or

a tenperature to provide for a
store ofatrrats. pBorytherméthbdn descrbdrebereim, {Toav finfate ensrgy” generally

R T R —
Rl %@Meﬂn%”ﬁgﬁ&aﬂ?ﬂe@ﬂ! ngowWarEs and terns used

herei m shall have t'he neani ng i ndi cated: Wil e nost
of thé fdompolddquoeass.cisndafinedl hsrein, aetynity aptcessey of the present

h fo.skill i . . i i ni Li 0l .
R e, BB AL) D s
BITEeER tsaalidéher giks, LA upsdeehibritaty @olynedtic 3-D gliaul dndYer nano-

under st ood, however, that when not explicitly
dlevdtvied objeetlsns shoul d be interpreted as adopting a

1o SRR by IR W, A A gl G

bolyai isohtioRiediperval on assurfoene.g.sangoldjrand dhssafee is rapidly
eatures; mcro-scale features bei ng defjned herei

s eastyeally Foaving dnaitliiR Brpreas 23 Jermie i fver of de-

;%g%%&?%ﬁlﬂ%g%%@gser (pm) to about 100 pm

ures,  according to the present .
i nventGtuss-trangticd tamponates,” ehbrprintsd il dndaapdefinddctierein, is the

ERTRROHe HoWBich THEot Bigh IR PR RS ot & TBHC Vithous, state to a
gﬁﬁﬁ‘é sthtd! AbBYE eIz Qéﬁ?&'ﬁh@élaéuch poBR&Y icah @ sakd kb RV  Note,

s defined herein, refers to structures or

boweotrythal not el pahyosers it palmmgr Plengshavaedlel y) with

dept h., Surface. ener b as, i 2 £ i .
sur f achlagfa Leaping, stag%mgggotg fjtg’% e‘% Ss%lnp Eﬂ\%pﬁgn,n% ierally, pefers to
Egpdaare 6f a Suffiel foCd!pREmS Yhélager ogBncabp yndst 1@ aetremoved.

with some other -9 e
Generally such plasma is a low-pressure oxidative plasma such as oxygen (O)

generated with a RF or microwave source. “Plasma etching,” according to the
present invention, generally compiises the same principles as plasma cleaning, but is
more aggressive—leading to a greater amount of removal. |

“Latch-on” assembly mechanisms, as defined herein, generally refer to
-mechanical attachment mechanisms similar to the attachment mechanisms employed
by Lego® blocks, for the purposes of assembling superstructures comprised of 3-D
micro- and/or nano-stractures. |

Unless specified otherwise, the terms "comprising” and "comprise", and

grammatical variants thereof, are intended to represent "open" or "inclusive" language

-10-



WD 2005/ 113422 PCT/ SG2005/ 000159 material and
generally neasured in mi/n2. "Differential surface
W22 according to the present inventi on PGRY@PEH/000159
refers to dissimlar surface energi es between two or
nore materials. For the nmethods described herein,
~"low surface energy"” generally neans < 12 ml/ ng,
"medi um surface, energy” .general ly. nmeans .aboyt .14-30 ,...
it ek s RSHEd ARG gl IGe RGP Py High o sadditional,
50 md/ n2. A "duo-nold" process, as defined herein,
nefeeited elemeriscesses of the present invention wherein
two nolds, generally with different surface coatings
t o i npar tseddhédety, ethe suwnf &adeutnengites coried of edbntentrations of
fabricate polynmeric 3-D m cro- and/or nano-

%&ﬁlg&iéﬂfse@f R B EhSlations itypieAB! tnBghs +HRA S % of ithedtated value, more
er

in, generally refers'to a process wherein a

AR 401 80 it METARO Ayt S5 68 P moc
R8s S SR R L 0 et v,

"dass-transition tenmperature " abbreviated Tg and as
ded prencmersrtemieallyi 4~ P& of apsaiedo@ie. at whi ch many
hi gh pol yners change froma hard vitreous state to a
plastic state. Above this tenperature, such polyners
can be said to flow Note, however, that not al

pol ymers and pol ynmer bl ends have a Tg. "Plasna

cl eaning,"” according to the present invention,
generally refers to exposure of a surface to a

pl asma such that only the top nost |ayers are
removed. Cenerally such plasma is a | ow pressure
oxi dative plasma such as oxygen (02) generated wth
a RF or mcrowave source. "Plasma etching," according
to the present invention, generally conprises the
same principles as plasma cleaning, but is nore
aggressive-leading to a greater anmount of renoval
"Lat ch-on" assenbly nechani snms, as defined herein,
generally refer to nechanical attachnment nmechani sns
simlar to the attachnent nechani sns enpl oyed by
Lego bl ocks, for the purposes of assenbling
superstructures conprised of 3-D mnicro- and/or
nano-structures. Unless specified otherw se, the
ternms "conprising" and "conprise", and

-11-



grammati cal variants thereof; are intended to

represent "open" or "inclusive" |anguage -10 WD
WORY0H1184283422 PCT/ SG2005/ 000159 such t hat t heyPGTAwF200R000159

recited el enents but also permt inclusion of

additional, wunrecited elenments. As used herein, the
term"about", in the context of concent rati ons of
conponents of the formul ations pically means +1-
BRIEF DESCRIBTEGN QF J&E RRA cally +/- 4%of the

st at e va| %eypllg%k?épm%%}ﬁ%fé’f/w Sg»trék%n§t1§$&ﬁon and the

val ue, norée t t he stated val ue
alvantages dletgqf; eafbieyceris nb% whde e tst fillesving ldgscriptiansd taken in

even nore typically +J- 5% of .the.stated value. -11
o PSS Sproninae peskBBEsdh YHEE DESCRI PT] ON

OF THE R NGeh&RAHANTOIRsEAEP IR ud RIET Hn ?ﬁg?:é% Pﬁfcesses of

the present iInvention, and the advantages
erebadimens of wmmﬁmwenbon e ganletabmw;: riptions

B8 Akt 3t e JERRBRNL PR 2 s

5ridehssl 20 MR fwilld QhaRE e %ad of m@m@a@@fm o, had (B) an

present 1 nvention Tn a generali zed manner, Fl GURES 2

SERD iingpedaf thet 3D\ stracucep titeadin rthe scagna;ghelc@trcal Bed prod'uces a

Structu ri.sing 20 pmw de squares on top and
W&gaﬂfgtpspl Or%F"é’g"%B%l ow, and (B) an SEM i mage of

the BFR;@RES@ Nred Hva@;ﬁ@ﬂ 311}* BislyeAE RAMGstRIcAFES O PBRHN pitch

produces a dom ng" of the mcro-structures; FlIGURES
SrafingmdithE Hé disipt cs&ld on fwplofnepind(Adand 3gmn (B) widesqudre gavities;

700 nm [ _ r.af i W, t 1 dut cycle on to
& o FigUREH o8l Kﬁﬂ&@ﬁ%ﬂ@mﬁw g Sac RS formed
8Pl BolREkGiin pr Y RFes T Cr O- or
nano-gtractures for msd b u3| ng polynmers wth

pr ogr BKGURE| § depiwksr anT gsers pelytusris aigreasyarppptructures
c.mcros Qr na Loakuctures using a

Fing h B BT SR P LEBS LRI br§ oke: FI GLRE 6
depi CFR}@RE@&?Q&S LREd tPFRE BRRedsFbr fGRhd ﬁﬁtﬁéﬂhﬁ)ﬂﬁo}d processes
duo- nol d processes
according to some embodiments of the present invention;

FIGURE 7 depicts a scenario wherein the present invention could provide for
an electrically-pumped polymer laser with reduced metallic contact; and

FIGURE 8 depicts a scenario wherein the present invention could provide for

an array of polymeric micro-mirrors.
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according to sone enbodi nents of the present

invention; FIGQURE 7 depicts a scenario wherein the
WO0eFER#22i nventi on coul d provide for an PCT/5G2005/000159

el ectrically-punped polynmer |aser with reduced

nmetallic contact; and FIGURE 8 depicts a scenario

wherein the present invention could provide for an

array of polymeric mcro-mrrors. -12 WO 2005/113422

IPETAICEIODESORIFATIODETAI LED DESCRI PTI ON The present

invention is directed o m.cro- and nano-scal.e . .

| or | PR PGSR o & ireehd 0 gurdr o i SaR fpripgne methods
drabhk ©8¢ 6 SHAPQESEs & Siteicattr@ppatanaidng fBed stahdin®3-D micro-
and/ or nano-structures of polyneric, ceramc, and/or

dfor "
amdfca| fape-stracturds aifspolymhetie. qeranicaand/agmeiallio mategialy dfhile the

var.l ous.enbodi ngnts o . e ' ' .
kg SEUAF SRk R, Vefip L P RIERCOY b DYER SReidh sre discussed
YIS £if ishinild Hatdpprecital itde theBreyend iplentian beovidesviamiy ssplicable
concepts that may be enbodied in a variety of,

spanive eoneents dhatsmaytibe crabedied j 2cKUIYY Pdpscific contexts. The

%@ggf%ﬁ%@gg&g %%Jgsea%&ls- éﬂe'ﬂ{afefﬂﬂu\éﬁagéearag %ﬁ%{iﬁ@ ways to

use the i nvention an ,
hitkee BE®Or uee died indehtibl exndcap encofintehded itondelitnitothe $aope of the
sone, enbodi nents of the present invention, a duo-nold
IgPPSAEch is enployed in the above-described nethods.
| N SORP oS bRt Snis S RC PrebéafthVER, AU HHE Wfpfbach is
to inmpart ditferential surface energies to differen
anaplbgedoiin thé ebovetdigetibed Bethhds Ulnfsaoe anbedinments, suplseaireaiments

KRR SPRET AU TR PR Graigen s e molde)
%Ir%o $A6E Sreh@nchtsS PaRtit MeClorkBtiGiP O t1REe-Binh@isional (3-D) structures

I-ments, such surface treatnents can facilitate

thepghampunting andhibe3rapsier pfisuchistigcturesdenpisistiae. ol ogre or other
%‘Mﬁg‘r&% ?Sltyﬁ " nl?eoﬁ'e{v]l s B rrf?&ﬂﬁagé %éjﬁ&?fofitorﬁﬁé 4115 Structures

Q55 esent 1 nvention _
P68 \hé epldon o fdtiddind 8- inisop ped/befarmrgnictwes individually
st andi ng_t hree-di mensi onal (3-D) objects wth mcro-
anddyrdn a -scal e features. Using a duo-nold

i mpripgd 0 . ~def | ' . A ored &
fr ee-fsl]%éa%%fs%t 131 % %"@%\%%&&%ﬁ: aﬁg %g%gonfgtg%p 9( ﬁ%aﬂd ree
dfreaming esrce-dimasidrabr(BDYt ebjectd githenikd-zadl/or nano-scale features.
Using a duo-mold imprinting process, well-defined supported and free-standing 3-D

)

mictometer (pm) and nanometer (nm) features can be fabricated. A generalized
illustration of the duo-mold imprinting process (Process I) is shown in FIGURE 1.
Referring to FIGURE 1, step al, a patterned silicon (Si) mold (mold A} is treated
with a low surface energy silane, for example perfluorodecylirichlorosilane (FDTS),
octadecyltrichlorosilane (OTS) or octadecylmethyldichiorosilane (ODS). Typically,
the surface treatment is performed in a nitrogenfinert gas glove box or in an
environment where the relative humidity of the atmosphere is low (< 20 % RH). The
" silanes are dissolved in an anhydrous organic solvent such as n-heptane to a
concentration of 20 mM. The silicon mold, oxygen plasma cleaned, is immersed in

the silane solution for 10 minutes. On completion of the ireatment, the mold is rinsed
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illustration of the duo-nold inprinting process

(Process 1) is shown in FIGURE 1. Referring to
WORHGIRB4Z2, step al, a patterned silicon (Si) MRIESG2005/000159

(nmold A) is treated wth a | ow surface energy

silane, for exanple perfluorodecyltrichlorosilane

(FDTS), octadecyltrichlorosilane (OTS) or

oct adecyl net hyl di chl orosi | ane (ODS). Typically, the .

with firbentene gndravewi drigse wity 480 DitFPSeNERs oY arplymey; solution, for

| . ; : T
s SRR ppREyaRY PLARRT S WHE(:Dif Hn spinggoated onto
tREsilareRiecatal halieA sactettdt it filswpdthé treacheamhy dorotssy planarized thin

organi ¢ _sol vent sych_as p-heptane to a_ conceptration
B SOIGHIRE 11 2o b EIRICS B FHRHP= - BLTRE F s polyiers are

fn&&ﬁ%}a@%ﬁ dair[]lﬁ Jpdi us |skRBfors B Hddaed ih %d&QOrB%e%piaﬁ%%zed film.

conp e treatnent, the nmold is rinse

WD 206fild EaD tHeCTnaaghsy 0DTDES (far shrfacchpitament) and PMMA

low dried with dry nit n Qgas. ol ymer sol ution,
“coaled g ey YRR RSV B efioie RiprinyRtc aiyeol
@by Bffcr LithtB TPGRRER) GARIH RMUrRonh@alih AMere!ih6RS Qlkscribed
mol d A such that it fills up the trenches and forms a_
Ipireinaniy bd fbiicated by ra varictyRE technigusp inelydinghbutcpedi Igmited to,

f . surface treatnment..and,.Lhe pol yners are;. .
o ithesttt, RAREroNEC: BOSELBRLY Rl igmplyy, fon-bean
Rhdghph 288 Cainbirdtiphaarebged film  For exanple, when
the compi nation of FDTS (for surface treatnent) and

PMVA A( speondc Sat mgldd r B) alse tigated, it dilarg| {arg example

i,n tolue [.+DI.O : c
e I
Saé&iti b edatnhar of PEDEy ohoDiSahd tehdtDDY im ovder it optadf a medium
t echni ques incl udi ng, byt not Iim,tedgto, . . .
PHECO EPEEBg Ffa{swgl,ly,ﬁgp agsHireanERts edpryed i a piltggen/ert gas
URLO05F 5P, LRRRER e IREI AR B8 BT e o
©i 2@k RoThe xdaps are dissolecthi on molydsousorngamie soEMSych as n-

henet hyl nethyl tric osi.|.ane (PEDS) .or a : .
g@aﬂ@ﬁpiyaafoqc%%wn& B SecEES e iald o plspme gloaned, is
Rteked i BRIALRe SoliRSH P 105mihiase Canesrapetidiy Bf @ tteatment, the
the surface treatnent is perforned in a .
mold byensddnwith gdsptagt aud Wow dried fvith den witregsregas. A second
where the relatj i di ty.of t ] re. i
YR ol RSO AT,y 1 PR it bor s
AMegERe 8 sef@atilGisad Heatinedt n aampletibee pf tivaetandareatment, the

concentration of 20 mM_ The sil.icon nold, oxygen .
wpldisainsed withn-hepiane and blow dried with dry nitrogen gas. Mold B is then

aligned and pressed at a suitable pressure onto the polymer-coated mold A at a
temperature above the glass transition temperature (Ty) of the polymer. Mold B is
then separated below the T, of the polymer, thus forming a 3-D structure and
resulting in the transfer of the polymer film from mold A to mold B (FIGURE 1, step
rbl). This transfer is made possible by the difference in surface energies of the two
molds, Since mold B has a surface energy higher than the surface energy of mold A,
the polymer film preferentially adheres to mold B and thus results in the transfer of
the polymer film.
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imersed in the silane solution for 10 m nutes. On
conpletion of the treatnment, the nold is rinsed with
WO0REp343e and blow dried with dry nitrogen gdET/S62005/000159

second treatnent with another 20 nM sil ane sol ution

for 10 mnutes is carried out for nolds that require

a sequential silane treatnent. On conpletion of the

second treatnent, the nold is rinsed with n-heptane

and bAdmmnalédomItemanwylynm soseeembeiments|the processtcga e carried

I
Geiraate EapBRaamat oo T LIl S AL AR, In such
ShB&Emehdhietd ﬁﬁlott&‘ﬁﬁ&i’ af tepdliger fifm tiven mm/mn mold B, since
Mold Bis then separated bel OWthW-é? of . the

pold Bdins a bigher yusfase gaeray-3Thps; mald Auwil ippyint oglo fhe pafymer film
t filmf Id At

R R EREORE T gt BRI T T er i s made

possi hldgditloyallyer alicifativelys i somes embadimentséhgpesessican be carried

oy it e o B ba i S D couins

?{{leﬂeteaﬁa}ﬂ iRk by P?ﬁﬂﬁfuﬁkrtlﬂat@élg 18 S ehﬂié&nﬁ&ﬁé“tﬁ@gbigmer film

Panster Jof the polymer film -14 WD 2005/ 11
Hﬁﬂil BERDASIIRAS30 théglmeriin ;manoldl B ovheat theanglds jare pressed

O e L

én%a%e %ﬁ&g ﬂlla Iycher St pre G ATRIFRAhEres b RI0R] BSanEIQhus results in
transfer ~of epolé%/mr filmfromnold A to nol

ﬂlenxal«asfemf e @ohm h@m il ¥ teoeold b (EURM é§temm3@nd b3).
A
( F\IMGJIIQE o I Dot m;?{gnﬁ)% ﬁnﬁ & d%){)élsgﬂrll% F(F eﬂ:gl SutRuree generalized

gjg_ﬁbe&tsbyggaegmeecs@ﬂawenbodl ments the process can be
carried out by spin coating the polyner, onto both

ol dsﬁMﬂEﬁ@_éPrM@@sg nRy Y& PPﬁ%’*eédﬁtﬁ flytableprespge gpto an O

é Iema—%ieag S%iatng §1S§|]msl:r3t'é z;p?f ?édq?érrgnr# - 8 a? Y& Qlogﬁ g? etge of the
pblgneel Wisld Biis mh@mapai&deaﬂm dmnpdmturmbdewaiﬁle 'Jfgrcﬁ:‘s&ednolymer

%yg?%er Sg‘tl ate %r ture gll%%/ tknﬂ%aﬁroéé‘gﬂ-‘tgherl I ymer film)
H;‘ﬁe R LRt (FIGURESH, %&5@1? ahhbﬁﬂﬁ‘s%f?&cﬁ thajthsh 1 @hiloyed to

sresults in "the’transfer of olymer film
fanaowerthé (bsiﬂlmdaymlod 1B payBeRiin (Flﬁ%g hsteanﬂ) bZhis results in a

il m.on nol o]
Ba Py DB Caushive M B - oflor phat: SelE Tyl
descr RRPrR@LOW: Alternatively, a free-standing 3-D polymenc structure can be
formed by separating the polymer film from mold B (FIGURE 1, step c2). The
polymer film may then be separated from mold B by etching the silicon oxide, meial,

D}

or metal oxide (of which the mold is comprised) in a solution (e.g., hydrofluoric
acid).
Sub-Process C: A third altemative is to use an O, plasma etch to remove the

residue layer while the polymer film is still attached to mold B. The 3-D polymeric
struchure can then be transfemred to a Si substrate as in Sub-process A (FIGURE 1,
step d2) or separated from mold B as in Sub-Process B (FIGURE 1, step d3).
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Sub- Process A: Mold B may be pressed at a suitable
pressure onto an 02 plasma-cl eaned bl ank Si
WOHRE 13432 at a tenperature that is close to tHE/SGROT000159
the polynmer. Mold Bis then separated at a
tenperature below the Tg of the polyner which
results in the transfer of the polyner film (now a
3-D structured polynmer film to the Si substrate
( FI GUREKeg facieraip thd duccess of thest prowesses kies indhe salegiiop@f the silane

R e 2 TR B 51 Sl P 48 FRhAITRE st
ArdBvRich ¥8WE it€ fihliettig Enil relass £60-thapdld Eo ﬂﬁm(mﬂﬁ:ﬂ képported
di nensi ons. Sub-Process B:. Alternative

o1 Fee-standing AgD mmmy nﬁwhcseé?quueleymhl% ﬁﬂw treatmgply provide
GURE 1,
E&té ggee({égrfrae%{rﬂ poef yme%i %&1 '%I%rﬁhgyﬁl H%ggeggg)éaﬂ}f%\t ed

f r om gw@ffate Bl ediptigtivh & 5 silm;_:de) and xomkepiamt aly, of determining

gg:al oXi deeéa whj CB t he rml eo%g{];a%g?l)gégagm@facgenergy
t .
Bl st i Bt %ssgf#%ﬁhﬁfe@%h@*%\é%% [t it i

ﬁdﬁekﬂedqicﬁﬁﬂhﬂm aremivhilaiB. Ta frerd a@u}ﬁﬁﬂy Wietermine Whlch surface the
structur can transferr a.Si substrat
pat - vrcilgwﬁkafﬁﬁ e frork of achion ns? Y8 e fog grork of

cped
aeal iy fBeFarfhce Sh@ild ®3)calculated.
géfg&v\%ﬁfglb ?13422 PCTI St%éz:gﬁ /00%'?59 A key factor 0|anC 2t
mamumn@d;‘smk nedvied do prracate sebtainedksby multindying e surtage area of
il.ane treatnpents that bl h f f
FPTDr PARITEPS by 51 AR Pofipy? fim witl
i‘éﬁhﬁboﬁ Ric\Bolll Qvitiptk lirhatworkheyfitedad sétaase from the
to formeither supported or free- standln

D
st r ucitmhegld B‘a@‘#ﬂl@@i é@l%‘fﬁ/m&pﬂﬂeﬁ@@y ipglpred gbOdimeﬂtS have
HESAMIBH! SoRLOACofeh ohl Suflh LhRbGHdR miY Wi fother gasses to

processes Vi a
€13 Ry silfed ﬁia‘[eaial ORxémphAns tichings gagtes arevapor netndeesofrom the

determ nin whi ch surface t he  patt erne mer
FREONTHHamaly BRECRT 5,5 reitfred Roemmattdng pubont o) Tuch as
E‘Eﬁi} |l é%#&ﬁdﬂ&uﬁétﬂ&%&f al 'y assurmed that the

fack areas I n contact with the patternedﬂgol ymer
1ti shonldradsosheniehlised that anyr dthaughu PMMAywakeessdrsstbe mlymﬁ:r for the

rface th rf|I wi | |

ﬁ@%ﬁm o et ﬁe&@ﬁgﬁ# gy pRRe g o coating can
edl 'Mucﬁﬁ% Hﬁ €N pbytheBOblA®Y, antl dopslymers.

sur ace should be cal cul a e

Exemplary polymers are selected from the group consisting of polymethyl

methacrylate (PMMA), polycarbonate (PC), polyvinylacetate (PVAc), polystyrene

(PS), polypropylene, polyethylene, polystyrene, polymethyl methacrylate,

poly(amides), poly(butylenc), poly(pentadiene), polyvinyl chloride, polycarbonate,

polybutylene terephthalate, polysulfone, polyimide, ceflulose, cellulose acetate,

ethylene-propylene copolymer, ethylene-butene-propylene terpolymer,
polyoxazoline, polyethylene oxide, polypropylene oxide, polyvinylpyrrolidone,and
combinations thereof; an elastomer, polymer blend and copolymer selected from the

group consisting of poly-dimethylsiloxane (PDMS), poly(isoprene), poly(butadiene),
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The amount of work needed to separate i s obtained by

mul tiplying the surface area of the nold by the work
WQ005#H3d2% on per unit area. The patterned pol yAEEVSG2005600159

will remain on the nold with the | arger work

required to separate. It should be realised that

while the presently 'disclosed enbodi ments have been

pl asma et ched using oxygen gas, other enbodi nents_ may

and Icowbinetives thesenfe pobigner ey henases [ dbp nedymeen Flm in other

grﬁg ar% et chi ngs gasses are argon, and gases from
Mfamly (FREONTMis a registered
trademark of the Dupont Co.), such as CF4, CF3, C2F6
and m xtures _thereof. It should al so be realised that
was used as the polynmer for the

pol y BeHodiignd eﬁglgg% 1tz Ia\ﬁﬂﬁ{r -

suita (Se&?%)r spin gtggto?ﬁ%Qég% e used, HE%IE% nano

stheturey lmaslel sy thel ghme—sipsqmﬂ»le@ mesthdslse ad:sassanbﬁed mto larger “super

GOBSLLT! S, SRR bR KBRS, eSS i

aY:@%E tﬁgé%‘as tréﬁ@ithb}i'tﬁﬂﬁgéﬁ &t &Ba\éﬁﬁ)polymem 3-D micro-
pol ystyr pol ypro ene, polyethyl'ene,

mdqusn@meﬂmwtw Wptelwms ena@tesil pelBneripdHy (misretenyl/or nano-

_%bu __ ene ay% %g nﬁtjadl ef?ge“@ﬁ VI nyI 111%1' ds%‘uctures

RaLMEH 19 NRich RSSckibHes Ran 6l hbHcatd, usafl 11 Lrla@@eo@t@.teatamsm that
et hyl ene- propylene copolyner

dlithiniates gheneed fer ysingnolaners mathygasprimnsition SmRSENEs) ne,
pol ye %ﬂ%@%ﬁp@%}%&gpgﬁeﬁ%}s Bl %Hi%% acked 3-D rmcro- and/or

pol yv hat Fons Pt her 6o

fAmSitaikBies RO Wikicabdde by itk qoibphsteest :}Je:bgedsﬁcél}f ﬂomf glass

the group conS|st|ng of poly-di th Isilo

(R CEIAISD (T eNeyT DYOIYI,TNSHIE olymer. blgndsp Referring to
ﬁ%?fé%]é 164 pr )}E gpés%-ggé&sﬂg(@ %ﬁ%@@é net b@lﬂ nsmg a Ty and

*pol used rn the polynmer fil
fostiig o Bidntiatent06s silSterineted mold \dG% wohiagsng A ;mb)rmenc structure

R TN
@Wﬁ i85 @ﬁé\%"ﬁ?glszeﬁxt'ﬂélﬁv trgyr ﬁ% 409¥ReIn step 4002 mold 405 is
uct ures.

S Such aSsenblies ¢an be fabricated %
separatel ﬁ(dmepﬂhag@icmtmﬁiﬁc éb2at & tgmpesaiptedtbat is sbovf Eg, leading to

i @ﬂg&iﬁ]é S00L AN RS U0k U £8aifiBd BABELS can be added, as

shown in step 4003, wherein silanc-treated mold 407, containing a polymeric

structure 403 comprising a Tz (Where Tgs < Typ), is pressed onto polymeric struciure
402 (as part of assembled structure 408) at a temperature that is above Ty, but below
Tg. Mold 407 is then separated from polymeric structure 403 at a temperature that is
below T3 to form angmented assembled structure 409 (step 4004). Such assembling
can be continued provided that each successive polymeric structure added has a
progressively lower Ty.

 The physical properties of polymer blends can be tuned such that when the
temperature is raised close to the Ty of the polymer blend, plastic deformation of the

polymer blend structures are reduced or minimized under pressure. Thus several
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and/ or nano-structures to previously-deposited
pol ymeric 3-D mcro- and/or nano- structures to form

WO 2851184238r assenbl i es of such 3-D nmicro- and/ ®CT/SG2005/000159
nano-structures. Alternatively, such assenblies can
be fabricated using a "latch-on" nmechani smthat
el imnates the need for using polyners with gl ass
transition tenperatures. I n sone enbodi nents,

leyssp of theckame polsweerdenskrandedransiessd on tympkons. angfher without the
%?vnig}lss 2y g@éﬁ%igr%gar edeft]?r?[{ah%ﬁt §9u X{l USihO mBREY TS uﬁﬁg polymer

ass transition tenperatures

KI&EE) clithinalRy thé meed 16 I8¢ pobynpead wik phigmeﬁsrely%fmr ri.nd0 form
to  FIGURE 4, toaprewously d%dltedp ymerjc

sacked o stwgtrese nbhe §5% T Rolyipe s i legy ﬁgn@ﬂvantageous and

SHBAL o LGB B LTI, sk
lﬁy&gl)AnotBerpch@ﬂw_ge aeftwingppylyset dlatls g the sbiliglobiredacing the

tenperature th i's above 2, but belo | fe
ippping wdsltf@ﬁsaftabdgnpﬁ@r'ae}%sl?@m%@ﬁ $pddl of 3 sy state
ﬁglgiﬁm“ g oP e a@ ge Sy SyrinBERR! Bbsd %fthASand poly(vinyl

ve Tg mat i on of assenbl ed
mm@hm@oéﬁlﬂe td\ﬂﬂpﬂntmndltrasﬁﬁenﬂanm‘&&maﬁ#ﬂﬂ@ added, as

shomn in step 4003 erein §| ne.treated npld 407,
cont akor q enis, 3, ém46‘§ q‘lgmq&e is utilized to

£k s C%&Eeﬁ aﬁgfg frew&nmﬂ RAES 38 Go0R DoROKITBLres hat cnable

as part of assenbled structure
tht agseriip ef polymecrs it lack alglase thigdiion tamppedtone anfigéliminate the

Mol.d 407.i s then rat ed from,pol str.u

hm@n&efe@lae 1 StoE HeRmEPle FuP R Hetbrs e b HICURE 5, step

S TR LSS AR aSE BlrBChut SO LAkiBinEOh bstistRte UM polyPbkiit structure

assenbl i'n can be continued provided that each
esfsmag “pthny medd 054 ﬁlmfgaméﬁeﬂ arfopolymeric structure 501

s‘élsﬁ ST S i R B SR, ERAPORORE S st 10t

SRPBHER LY Toegh® 169 MBI SRRSO IhheepT 800, théld 03l ¥Roved to

bl'end, plastic deformation of the polyner blend

mmsﬂctameaﬁﬂq} grachde56@ br step APOA, eapraskse is fspeajediwith mold 506

N e

SUB (s o4p HRIBAighedhted ikatblell Reuctpree5080 Sach ayserbling can be
undergm ng deformatl on. Thus, in sonme enbodi nents,

epitinged grpertadly pioe ma@wév i rga SBRETSIREIHE ANG{pr, sfguctural  arrays

&}Wg %%r uct ures. %‘;eﬁ {‘}%ﬂ&%‘%& ob eﬁm sldsi asre silane-

etatal toyeribleatheanicage ofl theastehictures. The polymeric structure 501 is first
formed using the duo-mold process prior to transferring it to subsirate 504. The

polymeric stracture 502 is first formed using the duo-mold process and is here
illustrated as still contained within mold 505. Mold 505 is silane-treated and
corresponds to mold B of FIGURE 1.
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enabl i ng approach when form ng stacked structures

having a multiplicity of stacked |ayers. Another
woa#osihdzre of using pol yner bl ends is the abi IRQIYSGR005/000159

reducing the inprinting and transfer tenperature by

| owering the onset of the glassy state transition.

For exanple, by using a symmetric blend of PMVA and

poly(vinyl acetate) it is possible to inprint and

jgtefsr the patterns at 45C. In some or ot her

enbodi t a " -on" j '

i1 T frgeoiflg dsPltich? scBRRBHPWmbREAN, fiCalbods on a small

SchRC 6 hoMaCfoold-paiel/that prudocst one tpartisildrhsitucamabl élowever, the

the assenbly of polynmers _that | ack aﬂ%I ass transition

PIORpEPHAbeVE Cathbe Baicd Watsing srerah Bathofss required to

as I ' HddNehdl @ fo 3

53‘12?2%5%5 ; toﬁ%%ﬁ%ﬁ%@azﬁ%% Old,1 Pesi I ng

on subshéstiye3 hidhes ol bemepeateddy niedita impridicad twosfenthesdD

wi thin nold 505, is_ aljigned ﬁsq:%jé;ressedinto

pol y t the two structures
nRPlYReEE SHTIGeE te5h Yed Fups o

I ny/r ' jd-slishup o GRLESRSE ddniétbd With bRdér sized
em??oye &b%ié%elggmt%%‘/ﬁg&ﬁlqgﬁng bl ocks. Iﬁﬂstep_ 5002, -
nol d BEH-pars; dropatidmscanheaepetediosform iradtiplerinPrtiustures
507. In ﬁia?% 50%3 the process is repeated with nold
506 P13 SEN ric structure 503 to'the

as%znhbél%%éllﬁbé&ﬁ AQ dlludRetaaFIGUR® boa r&D 6o (e process
5004) vyields au&gent ed assenbl ed structure 508. Such
assenbin sepleap e duwomald precess sizkenilyt o Cylindarygan be

| ar ge_superstrudctur t r al:.arLay.

conpr P¥ e(g{oD!fl cfglin%%g; gl:(’k%a%%&-:g#r% %g@ s frem gbe
bl ockfeatdd o OBtaiSlon Surfiick @nergytmelds eod bheedama bdadehmergy
rel ease_of the structures. Th ol.ynmeri c_stryctur ,
501§ woldss Rolymep sheals 001 fap b detRdenpren 1P soliadicaf mpds
to trans i ' D584 BlEooBf -codies, | &n b
struc?ﬁ?é&%g@q?@bﬁéﬁé orIrirged usi ngc{)%igﬁdglg_@r%(l?ﬁ?&é ©
pr oc esmriad dul i dieeated ¢hahibet amt 2 domstant prdsture betvegen g two

within nmold 505,.Mld 505,is, silane-treated

corr e } ol Hlag’t‘_af‘e% éﬁé" [oan é‘eﬁ\%ezl@ggg Y5y she
PCT/ SGARM QRFERO endfay imbIaoRe 41611dro60308) figally transfer the
descriptions seem ngly denonstrate the nethods on a

smal | pattsraddepadymentibn anfodhesubstrafgat produces one
particul ar structure. However, the processes above
can be scal ed up using several nethods:
To form ceramic or metal-ceramic 3-D micro- and nano-structures, a sol-gel

based process can be used to spin coat the ceramic or metal-ceramic precursors
(hydrolyzable molecular precursors, mostly metal or semi-metal alkoxides) onto the
molds. The duo mold process is then carried out with the spin coated sol-gel at a
temperature that will pyrolyze the organics and ultimately form the ceramic or metal-
ceramic 3-D siructures.

The following examples are provided to demonstrate particular embodiments
of the present invention. It should be appreciated by those of skill in the art that the
methods disclosed in the examples which follows merely represent exemplary

embodiments of the present invention. However, those of skill in the art should, in
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a) Step and repeat. Wth the step and repeat nethod,
nmold pairs up to 3 inches by 3 inches can be

WQ@B%’&E”@H y used to inprint and transfer the FPISG2005/000159
pol ynmeric structures to a |arger substrate. b) Wafer
sized nold-pairs (up to 6 inches in dianeter). Wth
waf er sized rml d-pairs, the patterns can be repeat ed

it B Bredepl isgfostis? Rl ot 2o} RS 28 grads n the

cGHdEebodimeat! dés@nbalslan@ I Bile 85tainC anlilee air &irdart Reult without
uo nold process significantly. Cylinders can be
il SpiwitandyScppRIPh thapresent daveskent he
cylindrical nolds can be treated to obtain |ow
surface energy nolds and nmedi um surface energy
BREAGSPLIPal ynmer sheets 601 can be fed in between the
cylindrical nolds 602 and 603 or one o t he nol ds

can b’@hla. Exagplg wgvesttdlipipicome typehef 3+ fff@ﬁhsﬁ%lrwhat can

q)‘{gﬂﬁ{ reSRE IR essure between the
?ev\% cyll ng ri cadS%@ﬁg?) mal nt a?%% A sheet can then
be f eHIIEREERA ddpa:ts obpmalsuucﬁragmphrmfrsgyimpﬁnted\r&alDastmcture

Fodprie o8 3 Silubiymate chmplisnt of 20 Wit widitidatd 58 68 5hd 5 pm

dhodler Cc%m Cavtils Bhthe boRtBE, RARAS Ishalf kih@res Are e produced by
sol -gel based process can bé used to spin coat

ey mmid:nnprmtmgahethedsa@ﬁ the prasoufrippention( H‘;b@rsmuytzmsl age fabricated
e ur.sors, nostly nmetal or sem netal

%ﬁ"%ﬁ‘? @’é}‘gﬁﬁf&"{‘w@bﬁm ds. The duo nold process is

then epnbRdA Gslh sm&ldtdaﬁaps@ing T aaf @ameet cﬁ&hlalaf)ﬂlﬂrs of height

tenmperature that will pyrolyze the organics and

WG frra Mol Aamwedewﬁb eafi ape selption 6p arheptapeof FDTS that
tr 1
%g%g ﬁmﬂ Z?v su}}']lg? 4;@4402{9 nb}ﬁgt%'{ﬁéﬁﬁ a5 ﬁx?{%ﬁl\ébgl%ﬂistz? and B have

e par ment

bédvepielitterdet] ﬁrhhudxﬂlvbﬁl(ﬂﬂb photolitiegrdphy] hirecinfths paktbns are
int art that the __nmethods disclosed in the

@%&W@é’%ﬂ’@ﬁm@m%a%%f‘? CPepresent exenpl ary

enbodj f; :

of ok Y VbR Bizs w5 AR ERIpris R0 LB d NS of PERAF 900 .
1% % 7 B@&Gﬂb@@@ﬂlﬁﬁhﬂlm witls PEDStand (ID$ selntions thati rogisén a medivm
sa pice %ﬁ%tgﬁ n}olf ! Typ XII)E %’?ns%rtsacg %gatt%%n{m rtJorl;ned1 % a nitro gen/inert

gas glove box or in an environment where the relative humidity of the atmosphere is

low (< 20 % RH). The silanes are dissolved in an anhydrous organic solvent such as
n-heptane to a concentration of 20 mM. The silicon mold, oxygen plasma cleaned, is
immersed in PEDS solution for 10 minutes. On completion of the treatment, the
mold is rinsed with n-heptane and blow dried with dry nitrogen gas. A second
sequential treatment with ODS solution for 10 minutes is carried out.. On completion
of the second treatment, the mold is rinsed with n-heptane and blow dried with dry
nitrogen gas.

A 9 wt % PMMA (average molecular weight (MW) ~350 kg/mol) in
PGMEA. solution is spin coated at 3000 rpm for 30 seconds on mold A to obtain a
planarized coating of around 900 nm thickness (as in FIGURE 1, step al). The
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speci fic enbodi nents described and still obtain a

like or simlar result without departing fromthe
WO2895118423nd scope of the present invention. ERGWSIGEIIE/000159

This Exanple serves to illustrate sone types of 3-D

m cro-structures that can be fornmed using nethods of

the present invention. FIGURE 2A depicts an opti cal

BN Spaigamnnd & is BB pakcac SO Sy LmiTH G0 SRV erpmaining
%)Ek?eni ﬂpmvﬁﬂﬁ MG 1§ Qligrfeli 26 pRdsssPMtd HRSPIAM A RBated mold

ottom ei n such structures are produced by
Auwdtnopassupof 60 by and8076H sTaf mirtwesgates dhe moldsane femed down

ot e T FRIUARE e 8 T Gy gt of e
WM' ﬁl’ﬁ&”ﬁfm thlHaAStoOfndlk!E'BJhtMoﬁpQ i Ybin@riding the
s treated with a 20 mM silane solution (in

puttend INM A fillEDiFShem pressedemnte a8 Quplasmasgleangdiblek Si substrate

ﬁ:ﬁ €¥%re eﬂmbl}tggqb 3?]%3 ?'%]é%g %ltdltaﬁ%ct Eﬁgg@] tkﬂl% oha bidB 8 RPfraldd from

BB ®i Gubithedr apbpattehed SINMMA eﬁlmaisttmne&ned do the Si substrate thus
transferred onto_the S|I|con W|th a asma etch 2)

wosiltingin ssuppsricddilypelymsric sim §EB&LEs of

h :
g Ao PR Gt v
Bhustraecthenqoay patés aly dotes dyfinddiey thenmdedying e:a‘bufim'lpattems

|s erforned in a.nitrogen/ine as ove b
a5 farmed (eepg ﬂﬁf@ﬂ?ﬁ@ﬁ&?? @1@ eﬁ?&FFP%lbﬁ ageﬁ area at

Qﬁ%goi g dﬁlcl h&én anL‘"’(‘%’F %ﬁgn(%r g?n]?ec sola\lllJ gnt sju ﬁ@g%me formation
probesptaipht he @&&noamsung ofi thé¢ sBl¥entVviipoih elesitbn doadiation. A

nDId 0X asna aned I MEer se

Sapctianc o Rkt 6 tisc it RolyiT ShS afoouipacd “These doming

%rf LahdBpls reﬁﬂ&lon éhoinnéi ApHhr Wb e dpbaithe bR tBé diectron dose,

ow dried with dry nitrogen gas. A second
whepeimelecitont dasatisrdefinad haeians the numbenof dectups penurié grea per
is carried out. On conpletion of the second
nt, the nold is rinsed with n-heptane and bl ow
dried with dry nitrogen gas. A9 w. % PMVA (average
nol ecul ar wei ght (MN -350 kg/npl) in PGQGVEA sol ution
EXAMPRE 2oat ed at 3000 rpmfor 30 seconds on nold A

5, Pl SRS 45 BAR i e o
of sub-process B, described above.

FIGURE 3 illustrates an example of an imprinted 3-D structure supported on
Si. The structure comprises a grating of 700 nm pitch with a 1:1 duty cycle on the top
with 3 and 5 pm wide square cavities on the bottom. The two molds that were used
to form this structure comprise the following:

1) Mold A is a Si mold of 3 and 5 pm wide squares of height 250 nm. Mold
A is treated with a 20 mM silane solution --(in heptane) of FDTS that results in a low

surface energy mold.
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-20 WO 2005/ 113422 PCT/ SG2005/ 000159 PMVA- coat ed

nold Ais then baked at 80C for 3 mnutes to renove
WRHESABAX ning solvent in the film Mld B i PGIEG005/000159

al i gned and pressed onto the PMVA-coated nold A with

a pressure of 60 bars at 180C. Ten mnutes |later, the

nol ds are cooled down to 70C and separated (as in

TR AR Bt p R 1 b OES ST LT 4] e
BeightOys(CARP VISR id 4180 trBabd eiher2(PNA sflide8ohitiont (k€ Reptane) of

Er essed onto an 02 plasma-cl eaned bl ank Si substrate
PT85kmtralio results i & daw safarcene@yeld it down to 70C

wher e B, i m iy t ey .. -

pat o eh kMR MO Ot B, BRI BruilhSs spin

ewaail te3080trprifor B@ sed(oigltlm C%;{ﬁomioidﬁtmmbtalﬁﬁd p_?_mﬁnh ized coating with a
ol.ymeric structure (F ,. Step.cl). e _scanni,n ,

Bneknesscnf W00 awy (QSSEWGE‘B@%&BH%H)-S FPaeReold B is

. ‘ by
{n ppktd 5 50703  Hine R S oY Rimfifls SOHER 1Hehe BRE Mold
Aais eeh dignied gnd peessabhoutod rihe BMMAecoeted anold B bethna pressure of 50

he | rea,at hi gh ni ficatian. i .no
A ahdbings « B i ateBy i MDA i chaled Ry, S05E 51} separated
P55 S3GURE N sﬁa?) 6&3? TRisWcd 308 kGt Gh dnferraRier &t the patterned
upon electron ifra Il at1 on. A reduction’in the
PNIMAnfss anéncoheteiadriadheaprestiops leyamaplendhe MY Arovatetl mold B is

h domi t hi ck . 1 h .
dp et ot 2 o RiamEa Sirene b BIE S MR HAGLR! SO dired fuinutes
BB dRng AR WiStoSBPCRAErE fioRl B i8Sephiifed o ehe Sf substrate. The
el ectrons per uni t area per unit tine. EXAMPLE 2

frtesncd BVBVIA. §lam vie Shem tiansfomed 40 dhen§1 sHbwatenthes resulting in a
falls within t oo _ el risal
afoRcd wipRindc SRIGH oo MK B NG, desert be

i mpr i Attheugr bbihtnield$ e Beganteateddwithn theSlameTdilane to obtain a low

structure conprises a grating of 700 nmpitch with a
gurfacg epereyy thedilgnrampny epsted on pmokd B hecansg, thgrgds 8 dergpresurface

R o1 A31408 ot WEmBRI A m o | e TREACIIEL B RGBS a larger

rmthis structure conprise oW Ng:
WotkdoPadlsesian Sor melldi Bofs Sompated tormeidi . sThiaresilisfin the polymer

i ght . 250 pm l.d Ais . treated with a 20. sil ane
86 Jrvsrenelly e 1O aholchs” nRGe b oty ol e WgfEted 3-D
structures described above, one has to take into account the surface area of the molds

in addition to the surface energy such that the film will adhere to the mold with the

larger work of adhesion.

In both of the above-described Examples 1 and 2, such structures cannot be
fabricated using conventional nano-imprinting methods which employ the use of a
sacrificial layer to form the cavities since the cavities are completely sealed around
the edges. In contrast, the width of the cavities that can be formed with the duo-mold
imprinting methods of the present invention is limited only by the mechanical
strength of the polymer film. If thicker fitms and tougher polymers are used, wider
sealed cavities can be formed. Alihough such structures have been demonstrated

using reversal imprinting over patterned substrates [Bao et al., “Nanoimprinting over
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surface energy nold. -21 WO 2005/113422

PCT/ S&005/ 000159 2) Mold Bis a Si grating nold of
WOrmes/tia22pi tch with a 1:1 duty cycl e and hei gCIZBER005/000159

ma. Mold Bis also treated with a 20 nM sil ane

solution (in heptane) of FDTS that also results in a

| ow surface energy nold. An 8 wt.% PMVA (average MW

-15k in toluene sgluti.on.is.spin: cqatedq at
ol Al RGeS SREOSNGH B ot dets et Technol. B,
¢
@d)%?m@@sﬂ 21,1 4 dobRoRs uﬁz};ﬁ'ﬁ:ﬁﬁ%‘;@%xﬁ/%%teg 158 Bl 8D pattern the

urn as |1 n , stepa
s@stmﬂean Fbahenhcmc, tho dubanold zmpnum meghads b \ike pregent invention

'584-?” 5°fgﬂ]§r Haitris Shegres b a gSa{%&ér%ﬁgﬁqe&{] gnig; ey polymer

a{,ﬁggg{nge@f 50 bars at 150C. Ten mnutes |ater,
he nol ds are cool ed down to 50C and separated (as
in FIGURE 1, step b2). This does not result in any

Fm of the patterned PMVA film as encountered
E%Pevi ous exanple. The PMVA-coated nold B is
t hen whizdSeehpe bavastoliztipt Amate hownestkd asdk pSlymen’c micro- or

substrate at 80C for_ 3 _mnutes before cooling
agnstiustecaper former] weins P@Y@ébﬁlna@ﬂé]& Orfpmﬁrwe lowerT

subst e pﬁ;)? & Eﬂfﬁq

trans@%r%“g) qul%k} Ii:lﬂgbsfr at e, thus r mswely lower glass

Shgpdidot egnprddares | of nof mndscitie polyu:ree b(laslSI(to ﬁhﬁUﬁE tﬂa,nsmon from

step . .Al' t hoygh bot Ids hav n reted it

814§SY3§F1%"‘ vion %éﬂffceelgmfah‘? ﬂ@l?rﬁ%f é fW' mgked 3-D

%ﬂ‘&dﬂu‘é@- BB oL e AR A %ﬁg%@ﬁh’ﬁ@eﬂﬂb%[ ljhﬁ Iystem suitable
arger surface

area on nold as conpared to no
Toretht dfoeationusfl swb siaokead 13D uitusivires i podyqdronatgolakerege MW ~

Pl okt T8y REMATERRRER vl E0 1T HBryoladingri9°0» and

HOty(Ethfly1BicryiRy efRide MW DI By/bldg TlesUgnErd Br Sich a scenario,
stfuct ures descrl bed above, one has to take into

thedrapolymer touhe impsingedwith the dno-meldarrocess wewlil be petygasbonate,

S w ||l adhere to
%ﬁ@wélbgw Xﬁ‘ﬂ%ﬂfg bamrt&ﬂq&?{' ‘!gg]e& on. In both
of thalrheveclgevmei badd Rimiphtesthe asd of, progrebsively lower glass
structures cannot. be fabricated ‘%{,5‘ conventj onal

RanatomisrneTatigs fstthe Ao 19T stapk e,y ysing miscible
g&&f]{e{‘ bfdndl iRy g rBQde{r%MQst s tehBerafird ¢8ndeN€In such cases,

les are conp seal ed aroun
imprinting with such a polymer blend could be carried out at a temperature where no
change in the shape and form occurs. One such miscible polymer blend that appears

to work well for these alternative embodiments is PMMA and poly(vinyl-acetate).

EXAMPLE 4
This Example serves to illustrate a “laich-on” assembly process and
mechanism for assembling micro- or nano-meter scale structures according to some
embodiments of the present invention.
It is possible to design micro- or nano-meter scale structures that assemble

with a latch-on mechanism, similar to that used by Leg0® bricks, that would allow the
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the edges. In contrast, the width of the cavities

that can be fornmed with the duo-nold inprinting
WORIOH&B4220f the present invention is |inited ofESERA05/000159

the mechanical strength of the polymer film If

thicker filnms and tougher polyners are used, w der

seal ed cavities can be forned. Although such

%t%tﬁlgﬁ%? %0%%}% = %{5.}0 m)nst t ed}nelgl%i% falltch -on scheme

AARGLOR! diiplihies Méedleed T@Eeéf‘@@ﬁﬁ%%ﬂ%?@to 1ts T, or use the scheme
PCT/ S&005/ 000159 topography and multil ayer

of stagkidz rmighesawithr prﬂgneﬂﬁgv y Jowom glassdransition Hgwpegtures thus

2%1-“%?1 iﬁsﬁ?gz%gégg L, pa?%cﬂeg t@“&% abIe the assembly of

Poliideay withanut alTieuchgs thdmbsenjplastivsiang pﬁﬁbf}@ﬂﬂn&fpoﬁ)hﬁers
present invention provide for all-polynmeric
structures that may be incorporated into all-polyner
Q?QQP { f sdevices. EXAMPLE 3 This Exanple serves to

er IlI"ustrate how stacked 3-D polyneric mcro- or
nano- Shisugtanipds seaes e finteraldusdmiepotpntial rapplicatioes imdich the
of progreSS|ver |.ower Tg. The duo-nold inprinting of
BEESHETEntipR Ragidsesi vel y | ower glass transition
! STP E PRI AS ai Aiod¥ 8 it SndlROASTBE th GRERn fichBBE include a
the transiti #ron1 | assy behavior to viscoelastic
behanio oml)emn athk eprctemt fmvemn owuld psevddk dor an Blectricalty-pumped

Pyt vt zodurd s puods, & BardinHIGURE 7ophetpia dovice

fn% E&h)ﬁﬁbs%etﬁﬁe fboﬁfaaﬁkm add Qi Stibuted lféﬁ%ad;l@wave ide 702. Such
pol ycar bonate (average MV - 18.2 kg/nol, Tg -

mwmr@mmamsmvg/m (devejoped| ogngrewaﬁoal “leétonic' band

ol bu yI acr
Belai B B GBS Yeg e ped KOOABK. Toicd
fd¥RbAd)t I%ErWl ﬂ}b}ﬂt Py« eyt 16 Jac 95t 9802 uhd rbeent work in thls area
pol ycar bonate, fol |l owed by PMVA, and f| nal ly

aepsts that eyhanged Iasiedy obimeé FHeR;spel polyeise laéfsmaae placed on. top
M&Q@L ﬁétﬁ}g%éoe fto% kﬂﬁ‘é YohBer S8k Xishr et al., “A low

ran5| eratures o e formation of stacked
hré3held polynie Slabsr basedgom meﬁaﬁioe napydaytivde  grhtgnpdS  didv.h Mater.,

Ak A R v
£ to at a tenperature where no change in the
Iﬁ‘{r%e an rorm occurs.

One such miscible polyner
bl end FIGEREdbgdeicts an additional scenario wherein the present invention could

provide for an array of polymeric micromirrors 800 comprised of mirrors {(e.g., Cr)
802 on electro-active polymer structures 803, wherein such polymer structures may
comprise micro- and/or nanoscale dimensions, and wherein such polymer structures
can be fabricated by the imprinting methods described herein. Such micromirrors
could be used in digital light processing (DLP™) devices, for example.

All patents and publications referenced herein are hereby incorporated by
reference. Tt will be understood that certain of the above-described structures,
functions, and operations of the above-described embodiments are not necessary to

practice the present invention and are included in the description simply for



to work well for these alternative enbodinents is

PMMA and pol y(vinyl -acetate). EXAMPLE 4 This Exanpl e
WEHOYES4220 il lustrate a "l atch-on" assenbly prRACESG2005/000159

and nechani smfor assenbling mcro- or. nano-neter

scal e structures according to sone enbodi nents of

t he present invention. It is possible to design

m cr o- nano- neter scal e structures. that ass

le, .
RPN AT mmﬂm@%qrﬁn@@m%% &é&gggﬁ it will be

SEBEH 4 b SERAT B el tid oo Y forth in the above

desopibakrefirenetl patents 2ad psthboations cdl @JﬁEclﬂ;ed'ﬁn cenjunction with the

| at ch-.on sche of assenbl lJim nates .t he ee to
PSS RECTYAPy R they o2 70} oreatial oS pegetier € 3f dhBtore to e
Qhacdaskithe BRl WRhSoNh nfeoﬁfa%ﬁ&d/ %\tﬁérwlv@éﬂhaﬁ' &5 Specifically
transition tenperatures t mai ntai ni ng the shape
desdribed withduttabmaly dmmgﬁml the spitit andsoope efthisipeesenianvention

as _ rs.mnthout a Tg such as thernoset
ﬁﬁ‘i“gﬁ%@ygﬂ%@g’&f@ Y& | ine pol ymers. EXAMPLE 5
This Exanpl e serves to further illustrate potentia
applications in which the present invention may find
use. Potential applications of the nethods of the
present invention include a scenario wherein the
present invention could provide for an

el ectrically-punped polyner |laser with reduced
metallic contact, as shown in FIGURE 7, wherein
device 700 conprises netallic contacts 701 and

di stri buted feedback wavegui de 702. Such

net al - backed pol yner | asers have been devel oped
(Andrew et al., "Photonic band structure and

em ssion characteristics of a netal -backed polyneric
di stributed feedback |aser,"” Appl. Phys. Lett.,

81: 954- 956, 2002), and recent work in this area
suggests that enhanced | asing is obtai ned when such
pol yner |ayers are placed on top of netallic
gratings so as to reduce netallic contact. See Stehr
et al., "Alow threshold polyner |aser based on
metal lic nanoparticle gratings,"” Adv. Mter.,
15:1726- 1729, 2003. Such reéduced netallic contact is
believed to reduce netallic charge absorption.
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FI GURE 8 depicts an additional scenario wherein the

present invention could provide for an array of
wOonmbymsai2c micromrrors 800 conprised of mrr @CI/SG2005/000159

(e.g., C) 802 on electro-active polynmer structures

803, wherein such polynmer structures nmay conprise

m cro- and/or nanoscal e di nensi ons, and wherei n such

pol ymer structures can be fabricated by the

i mprinting nmethods described herein. Such

mcromrrors could be usgd z% Rqdigital |ight

processi ng (DLPTM devices, for exanple. Al patents

and pabfidthéd bﬂmakﬁlgfa&hﬁﬁ@ﬂeﬂiﬁkﬂil polyreribatraéhire film comprising

i ncorporated by reference. It will be understood

thﬁ&ﬁeP%@ftal n of the above-described structures,

O RO BRIA 2 e 18 SN MBS old bving o
smﬁi surficewhepaindissstarcoredsirimtesiof said fust slebsacopd mohds have
(g n'pLy fo - 24 V\D 2005/ 113422 PCT/ SG20051000159

CRBISH 158G » enbodi nent or

|
SBE@d#‘??“g% 7 BORAS Btfvidd o st 06 o SRR HBAPpOIRS to sid
first title amd & ghsabmmt;ondempmabgrd Tigesadd polysr flm gesidingog the first

Bl PR BB 6F b BGIOEIE THEY P oG AT, e SFactured

Mﬁébgﬁefﬂtﬂl@dt herefore to be understood that the
invention may be practiced otherwi se than as

s péQifressing fhe stucuradisufac ehibgtseennduneldyiniodha seqong side of the

55 o 59 A 1500 T Bl

dggﬂcﬁﬁa@(lﬁ‘/ﬂ@ Q)b'ﬁjﬂnercﬁlﬁ‘th MBd JproAdees @ sefictomti pidymer film with

t hr ee di nensi onal ymeric structure film conprising

Sﬁihlét@f ep boihrthe ﬁJStB@‘@)WCQP‘?]@‘ dgs ¢k the filgangd having a
ot (CbEliod, bS8 AR 50 S Tl MR e otymer flm at o
te;ﬁlpslahﬁc foelost Ta bl peiienidr ad-Dsstiuatneed plmlgsnenﬁha rattached, on one
face energies to each ot OVI di n

b - .
S&gﬁfr,ywe s pHher pldgnat FeRay te‘i fa‘%él %P ¢S RIS chflgy, Wherein such
ARPORESSs MR &b b b&?tﬁct%fﬁf‘e &ﬂk@m%@gtﬁi&h@@mﬁm of

tenperature Tg, said polymer fi ‘m residi ng on the
shid ether mold having higher surface energy relative to the sutface energy of the

separated mold structured surface.

2. A method according to claim 1, wherein said providing step (b) comprises the
step of:

(b1) spin-coating a polymer onto the surface of the first mold to form the polymer
film.

3. A method accbrding_to claim 1, wherein said structured surface of the first mold
comprises a surface-treated patterned surface of low energy and said structured
surface of the second mold comprises a patterned surface of medium energy, and

wherein said providing step (b) comprises the step of:
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nol d wherein said first side of the polyner filmis

in contact with the structured surface of the first
wommost113¢r) pressing the structured surface of HOWSG2005/000159

second nold into the second side of the polynmer film

residing on the first nold, at a tenperature above

Tg, to inprint the second side of the polyner film

and provide a 3-D structured polynmer filmwth
st r(b2) evatinga pblynter ohte the serfaceritpatpd potiernsd gedacsfof hesfirst mold

iln nd.(d arating one of the first or second
{ﬁoﬁbtﬁq%ﬁ%’eﬁ%@.l yner filmat a tenperature bel ow
T. to provide for a 3-D structured polyner film

attached, on one_ side, to said other pold not _
4epar Atraeihed aerording fosipined of Pl 2vbeiein sad gtpctured surface of

t t s i .
i TR cplrF L RRE ota pARLALL sifack HF 2l Bicray and
bl kiactivied barfacewibeecontmold comipaisey & patterhdtbsisiace aflow
energy of the separated nold structured surface. 2.
#2HBY-hod according to claim 1, wherein said providing
step (b) conprises the step of (bl) spin-coating a

pol ymer onto the surface of the first nold to form

she pal method aédording $o auy enetdfdl preowting clgimsy whieesimatileast one

e e
%ﬁg%nﬁmg%ﬁisﬁi&uﬂe&u Ie8mis, Pol ki Qindldambsmaionsithercof,

conprises a patterned surface of nedi um energy,
and wherein said providing step (b) conprises the

ot | AmEORRI BN g e S ok PSS copliPhing the sip

gprface of the first nold to formthe polynmer film
4. A method according to claim1 or claim?2 ere

. _ .0 .
sai (@) debriceting ob least fome cofotaid et pid secopd| Molds asliGographic
g : ur%gce-treat ed patterned surface of medi um energy

Yl qsa‘i_czl structured surface of the second nold

conprises a patterned surface of low energy. 5. A
N o Saatdton s Haim oL Ut 5, RhESE N sEORR surface of
said first mold is a silane-treated lithographically-structured surface of low energy
and wherein said structured surface of said second mold is a silane-treated

lithographically-structured surface of medium energy.

8. A method according o claim 7, wherein said separating step (d) comprises the
step of:

(d1) separating the first mold from the polymer film at a temperature below Tg to
provide for a 3-D structured polymer film attached to the second mold, wherein such
attachment is maintained by contact of the second side of the polymer film with the

second mold.

9. A method according to any one of claims 1 or claim 2, wherein said structured

surface of said first mold is a silane-treated lithographically-structured surface of

27-



of said first nold and said second nolds are made
froma material selected fromthe group consisting
w®ioositisapon, netal, ceramc, polymeric and PCT/SG2005/000159
conbi nations thereof. 6. A nethod according to any
one of the preceding clains, conprising the step of
(e) fabricating at |east one of said first and second
mol ds by a lithographic technique. 7. A nethod
asdomd iengrey aind| saidrsttuctured |suifaee2of sod sejondsneld is a silane-treated
tructured surface of. sai.d first nold is a
iﬁhﬁmﬁ{%ﬂgﬁmeﬁﬁgﬁ‘gﬁ) 0% 9t  uct ured surface of
| ow energy and wherein said structured surface of
said second nold is a silane-treated . .
10t hodrmpthipd acopdiag te claum Sgwheremaeld sspargting sigp &hicpgyprises the
8, A.nmethod according to claim7, wherein said
§%B§Pating step (d) conprises the step of. (dl)
s e @A pédpaaiting thef decoid mbldifrdrm dine pdivmpoilyiatra tkinpenatire below Tg

borpei e £ ke a0t o SO st
LGSR S S Y0 Bt g mer i it
e fst BoldA net hod according to any one of clainms i or

claim?2, wherein said structured surface of said
first nmold is a silane-treated '

i 1) @Rﬁl g &) P thebdedR Blims,; RAh¥Qomprising th
%0%?% 4258%8%#%%20 5/ 08015@;(H medi umnélﬁer ay ar?énpgasfnt% ¢
stepwdt ured surface of said second nold is a
silane-treated lith aphj,cal Jy-st.rugt ur ed face

ot @hest b imagpcha? SIF RO e ShabH T s R g S

gt 8 Mpsr RS Mt BEbekERs. (d) conprises the step
of . (d2) separating the second nold fromthe pol yner

filmat a tenperature below Tg to provide the 3-D

I eSO le el £ S Pl Bicderige TP %
fi r'(?g? sEpadRingfthé hvl@attichtd tiohe B0 sipwityrew pofyidemfibi taha

the first mold. 11. A nethod accordi to_any one o
tovepesatueediatis belos %,m@ﬂﬂ%xg%?rt{%%ﬁrpg&ﬁ&*?ﬁ@imed poﬁymer
film to the substrate.

13. A method according to claim 11 or claim 12, further comprising the step of:
(k) removing residue film from the 3-D structured polymer film to provide for a
3-D polymeric straciure on the substrate.

14. A method according to claim 14, wherein said removing step (h) further
comprises the step of:

(h1) plasma etching.

15. A method according to any one of the preceding claims, further comprising the
step of: '
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step of (f) pressing the unattached side of the 3-D

structured polyner filmonto a substrate at a
wolmopBEBanure that is about Tg. 12. A net hod acoavsdizogs000159

to claim1l, further conprising the step of. (9Q)

separating the nold attached to the 3-D structured

polymer filmat a tenperature that is below Tg,

providing for transfer of the 3-D structured pol ymer

f i (i separating saibethenmeld aigiched Wlm@rﬁm ﬂ@ the 3-D

trenmeBo g ALe B4 AP SnfRR S e R Bl B

polyrrer filmto provide for a 3- Dpolyrrerlc
structure on the substrate. nmet hod, according to

£6.a4 methpd agrendingtocigio %NB\?F%S%@ eﬁle{ﬁy) & mash%dr to'said
ﬁ@gﬁnodﬁg{%é%rgn@&pg?gin@%)ﬁggg? !Eneprecl: W ng cﬁ élldrr‘gherem
£418 bbRiratingipep (3) cvgnpirives thetsegp off © - 28 WD 2005/ 113422
PCT/ S&005/ 000159 ating.said qther
G A e AT i PO ERRGe e froerstanding 3-D
gﬁnﬁ#ﬁku Sﬂ’ﬂ@?ﬁer filmto provide a free-standing

str?c ure olymer film 16. A method according
to cl a|m15 vvhereln said other nol d attached to said

EPEN TN R AR S

Qés?e&%ﬁaad%%éaaﬁg@ge&f (i1) etching away said
icon and silicon oxide to provide the

free-standing 3-D structured polyner film 17. A

t hod ,accordijpg to clal 0, .sali
T o oS e fodeng i B 1 prtahg iR G M dirst and
edcohil RhIRORMprisd SeatrvelBidh okt GMeicheddide tHiHan6-R€al0 o the
the preceding clains, wherein said first and second

misrgssealenpri se features that are di mensioned from the
nano-scale to the mcro-scale.

~ 19. A method according to any one of the preceding claims, wherein the polymer of
the polymer film is selected from the group consisting of a thermoplastic polymer,
polymer blend, and copolymers.

20. A method according to any one of the preceding claims, wherein the polymer of
the polymer film is selected from the group consisting of polymethyl methacrylate
(PMMA), polycatbonate (PC), polyvinylacetate (PVAc), polystyrene (PS),
polypropylene, polyethylene, polystyrene, polymethyl methacrylate, poly(amides),
poly(butylene), poly(pentadiene), polyvinyl chloride, polycarbonate, polybutylene
terephthalate, polysulfone, polyimide, cellulose, cellulose acétate, ethylene-propylene
copolymer, ethylene-butene-propylenc terpolymer, polyoxazoline, polyethylene
oxide, polypropylene oxide, polyvinylpyrrolidone,and combinations thereof; an
elastomef, polymer blend and copolymer selected from the group consisting of poly-
dimethylsiloxane (PDMS), poly(isoprene), poly(butadiene), and combinations
thereof.
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19. A nmethod according to any one of the preceding
clains, wherein the polyner of the polyner filmis

wosebstisext from t he group consisting of a ther map/ssox000159

pol ynmer, polyner blend, and copol yners. 20. A nethod
according to any one of the preceding clains, wherein
the polynmer of the polyner filmis selected fromthe
group consi sting of polynethyl nethacrylate (PVMVA),
pol ycar bonate (PC), polyvinylacetate (PVAc),

| e : yaL:hy e in sai :
) 8B o7 Shy RS S, BSOS Yty s s

ﬁDTdenttwlmde:)urfqglgﬁ gf p@'rit Bt ané)Spcqgmﬂhmlbilhydtre clukfacé-teated by a
0] car bonat e, { terepnt hal at.e, .

SOrpeR, ineameat mdthod Hstto drom) the Fowe contiging ot silacstreatment,
§lithLAPoSHERYI AN trénpRehty % and combinations thereof,

et hyl ene- but ene- pr opyl ene ymer, pol yoxazoli ne,
pol yet hyl ene oxi de, pol ypropyl ene oxi de,

Vj Y% | i.d ,and conbi pations .thereof: an .
G5 IO REBORe U8 B o TP <o, N 2 o b gy substoate
tdogpgisen ) neddiiil Skleb@d dtor ahy protip@Indiling lo@%A8n, metal, ceramic,
(PDVS), poly(isoprene), poly(butadiene), and
dokamerie peheombinaliensithereoly WO 2005/ 113422
PCT/ S&005/ 000159 21. A nethod according to any one
of clains 3 or claim4, wherein said surface treated

(23t Aemethdd sucedrdingsioolataiad, fibesdin v seteeardis Htfse-Gesed by a
surface-tr;gﬁgdﬁgy a surface treatnment nethod, o
PEpcest wlectedoiromiibe groyn sorgsENIS?Y eryesr-plasma cleaning, application of
ol deeffd! SRMNombiRlBRIAGROS! L1 0N, Pl asima

treat ﬁ{, graft?%g, and conbi nati ons thereof. 22. A

nmet hod according to any one of clains 11 to 21,

o Ch BB AR RO R Bk S0P SFRR T Biier CGBPAHIG the steps

p® yneric, and conbinations thereof. 23. A nethod
according to claim?22, wherein the substrate is

sur f adi subjeetingdhe §-12 strpntored polyseirdidmdd anoapednpdaspnoeiph to

8ot Bl ST BB 55 80 e BRI S ol 250
pelyhegicaaacit dpcheal tonke omer @bidl aims | to 10,

further conprising the steps of (jzwgubj ecting the
3- D s{fyjeanstcEingibe jnid pohmpaia srusire fopaibsistta bypressiol the first

&fde of the 3-D polymeric structure onto a substrate at a temperature that is close to

ek ¢

Tg; and
(1) separating said other mold at a temperature that is below Tg, providing for
complete transfer of the 3-D polymeric structure to the substrate.

25. A method according to any one of claims 1 to 10, further comprising the steps
of:

(m) subjecting the 3-D structured polymer film to an oxygen plasma etch to
remove residue film while it is still attached to said other mold to provide a 3-D
polymeric structure attached to said other mold; and



renove residue filmwhile it is still attached to

said other nold to provide a 3-D polyneric structure
woatohsicBext to the other nold; (k) transferring rdmescesdoceise

polymeric structure to a substrate by pressing the

first side of the 3-D polyneric structure onto a

substrate at a tenperature that is close to Tg, and

(1) separating said other nold at a tenperature that

i s bel(@ysepgratipg the TrDngroebired pelpsice fibn fioanme spid other imeold by
3. D. pol i t 5. A. .
O AERHIEAGEAE RS e ARBLERY 0 R g o provide

ffor 4 hreé-sanding BsD pglyinieicstpare.of (M) subjecting the
3-D structured polynmer filmto an oxygen plasma etch
to renove residue filmwhile it is still attached to

20 AnRERR aciing € Ay BK; BF finss St AEWIFTID 1 dfAYhr and
RET éceRDpEy BN AreIhe fam)e.separ ati ng the 3-D structured

polymer filmfromthe said other nold by etching away
at | east sone of the nmaterial of which the nold is

ogNPr i £ aflidod dEQdiHa0 5%9 gn@ofélﬁﬁissg &4 Bhertibihe first polymer

pol ymeric structuré. . A net hod according to any one
@hd theadensndbpalpmerigreiffierentn t he first pol yner and the
second polyner are the sane. 27. A nethod according
to any one of clainms 5 to 24, wherein the first

28l Y MEX mefidd df 29D Riglonired palytned iflh@bfPhising $he Aeps of:
met hod of making a 3-D structured polynmer film
conpr iadi ng provadisges Ersh mold \compoisingi meprfaceitregted mattgrned surface
conpr i Z?n B rface-treated patterned surface of
| ow erf ‘65; BFcoating a first polymer conprising a
gl ass Hhr ansoktirgha RN Contidsin® Bt @adstBmsition temperature Tyy
surface-treated patterned surface of the first npld
to foromiothsovusfaee-trepted patiprmed syréaceof e fisskmoihtogform a polymer
first &ide:in: ( i LR g f.j L qold: . c) o
o AL L B o3 Bt ot
surfaep of predidinma sevendymold comprising a patterned surface of medinm
energy;
d) coating a second polymer comptising a glass transition temperature
Tg onto the surface-treated patterned second mold to form a polymer film that
is structured on a first side in contact with the second mold;
e) pressing the second mold into the surface of the polymer film residing
in the first mold, at a temperature above the Ty of either polymer, to adhere the -
polymer films and provide a 3-D structured polymer fibm with structure on
both the first and second sides of the film; and
1) separating the first mold from the 3-D structured polymer film at a
temperature below T, of both polymers to provide a 3-D structured polymer
film attached fo the second mold, wherein such attachment comprises contact

of the second side of the polymer film with the second mold.

29. A method for assembling 3-D polymeric structures comprising the steps of:
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d) coating a second polynmer conprising a glass

transition tenperature Tg2 onto the surface-treated
wopatyassmd second nold to forma polymer fil mPOTaG2005800159

structured on a first side in contact with the second

nol d; e) pressing the second nold into the surface of

the polyner filmresiding in the first nold, at a

tenperature above the T. of either polyner, to adhere

PEPXidBE arfirstd Daprdyipeas stenstuge gnp sy $t[%%ur ed

S L B e e R R R

ol d fwmmgttheﬁﬁt Bnd kecond B#Iego}ynieynetruétufem aa:td a
t t bel Tg of t d
LR R i -

f

?ﬁg{%svgecondﬁgéhélﬁhl&1E t he %g@%? fil %&%ﬁtﬁ%‘jgﬁg § ce{)ig ctute
wolthk itz 3-Dhpelytreod sfroctuees senbl i ng 3- D pol yneric

structures conprising the steps of. -31 WO
2005/ 113422 PCT/ SG005/ 000159 (a) providing a first

30D P weiod Gcsdrélisgtit Chif RoawhsieR] dait Bist $4D pdlymktid shscture
a second 3-D polyneric structure in a surface-treated

A @ glasg tyns;@wmemh@e,fm syaichppgond3dh nolsn:mp@tmmmhas a

M b R Canth PP B il T8 bR e saia

ﬁlémihg@%qe)aﬁﬁp}mbﬁfé sdpefet ure conpri sed of the

second D polymeric structure on the first 3-

pol ynm)@r@ﬁmgéhquon@é— nolﬂrmeﬁsétrmrtmtm@e@stca-aipﬂymedc
%ﬁ«g otRSIAbl echlitfbels siSliod PR le%%;@' DuSEHESH Cmplidfund that is

SS transition nper a sal

aﬂixmdrﬁrgi, Goit tmpm&t&rdm:&h axpcgbm eleclomagetio radlatlon, and
eratur 2, and wherein Tg2 is below Tgi; and
wafo Ee"fgm ning step (c) conprises the step of

I I .
(el) %&%&%émy@% t?btp PR EEAien St 4 &5&&111%%?&18

the first 3-D pol ructure under conditions
belowcted fromthe group consisting of a tenperature

~that is around Tg2, roomtenperature with exposure
to el ectromagnetic radi ati on, and conbinations

Bher eqf imefbd avhiRERERo SRiA 29 SRR tRYjcHAifR stef \c) ®mprises the

undertaken at a terrperature that is
step of:

(¢2) pressing the second 3-D polymeric structure into the first 3-D polymeric
structure such that the second structure latches onto the first structure.

32. A method according to claim 29 or claim 30, further comprising the steps of:
l (e)  providing a third 3-D polymeric structure in a second surface-treated
mold, wherein the third 3-D polymeric structure comprises a glass transition
temperature, Ty3, and wherein Tgs is below Ty;

® pressing the third 3-D polymeric siructure onto the second 3-D
polymeric structure under conditions selected from the group consisting of a
ternperature that is above Ty, room temperature with exposure to electromagnetic.

radiation, and combinations thereof; and
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bel ow Tg2. 31. A nmethod according to cl ai m 29,
wherein the joining step (c) conprises the step of
wd iy 1maessi ng t he second 3-D pol ynmeri ¢ st r uctrCESGE2003000159
the first 3-D polynmeric structure such that the
second structure |latches onto the first structure.
32. A nethod according to claim29 or claim 30,
further conprising the steps of: (e) providing a
t hird ) D pshamiing cthet segondr pufage-fregled omald from the third 3-D

surface-treated | d ereln.the,thixd,.3-D .

TGRS iR Ce,  dornaRe Bl b JRIdt T 48 pyigg an augmented
tspaRed atruétare dgBprisddofber@ird STD3polsmeat atvulde obfthe first and
pressing the third 3-D pol yneric structure onto the
seeeuB-B olypeig shEctwest r uct ur e under condi tions

sel ected fromthe group consisting of a tenperature

that is above Tg3, roomtenperature with exposure to
63h380t r?mmd do@ordiﬁgiﬂid}dim}  oratedm (‘a’d/nﬁlrﬂﬁ' I'b«/nnﬁrising the steps of:
t hereo and -32 WD 2005/ 113422 PCT/ SG005/ 000159

(g) sePhr atﬂfﬂ‘é‘gﬂgea glé’&dog'@ BelymSES SEPeHick %Mng (SBHpee-treated
ttﬁ@ldthi rd 3-D polyneric structure at a tenperature
that’is below To to provide an augnmented stacked

st ructir e qmessirigs ¢k dhird HeDt IpolyabeicDsipadtymee inte the second 3-D
structure on the.firs] nd, secon -D pol yneric

et Guichsa oot St e At HEEHT i¢hiss ot (hF Feccil structure, the
o8l Brhcrkdbdifle parf 8 MeiaSichibldd Rnsheendf - (D)

providing a thitd 3-D polymeric structure in a second )
sur f ad@) seperatingl theypdednd Einfagertesstrdngoldnromnthe ¢higd B-D polymeric

pol ric structure into,the second 3-D pol.ynerpe ...

SR A P Hh abepuSy pFabE Qeiie cpRPEREEok freotind 3-D
tRByHEFOREhchizE WAl tHE Qsscitied SARARE cEinpSihy the BRdtREAd second 3-D
part of the assenbled structure; and (j) separating

tadynserdoRacEes ace-treated nmold fromthe third 3-D
pol yneric structure to provide an augnented
assenbl ed structure conprised of the third 3-D

@, y meA ingtliddracedrding orant loae afdaimy 2900331 wheteirethe surface-treated
conprising the first and second 3-D polyneric
Juelds prgsilgne-treated.

35. A method according to any one of claims 29 to 34, further comprising
progressively stacking additional layers of 3-D polymeric structures onto the second
stacked structure.

36. A method according to any one of claims 29 to 35, wherein the 3-D polymeric
structures are structured such that they comprise features with dimensions that range

from the nano-scale to the micro-scale.

37. A 3-D polymer structure made in a method according to any one of the

preceding clains.
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34. A nethod according to any one of clains 29 to 33,
wherein the surface-treated nolds are

wostohans41y eat ed. 35. A net hod accordi ng to anyawss20§5/000159
clainms 29 to 34, further conprising progressively
stacking additional |ayers of 3-D polyneric
structures onto the second stacked structure. 36. A

hod, acgording. to any one of clainms 29 to 35, .
fer ei f 'ﬁe‘“’é’-f%%ﬁﬁ OF AaRq-gize pelymet shredurg meadetip gapethed according
StéCAylona bf iHeGYedd d1S6sf eatures w th dimensions that
range fromthe nano-scale to the mcro-scale. 37. A
3-D polynmer structure nmade in a nethod according to
any one of the preceding clains. -33 WO 2005/113422
PCT/ SG2005/ 000159 38. A 3-D micro-size or nano-sSize

pol ynmer structure nmade in a nethod according to
anyone of the preceding clainms. -34
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