| MPRI NTI NG OF SUPPORTED AND FREE- STANDI NG 3-D M CRO
OR NANO- STRUCTURES TECHNI CAL FI ELD The present
w0 poosniiden relates in general to mcro- and  PCT/SG2005/000159
nano-i nprinting techniques, and in particular, to the
use of novel mcro- and nano-inprinting techniques for
t he purpose of making supported and free-standi ng
t hr ee- di nensi onal m cro- and nano-structures.
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of 2-D and supported features. Imprinting, however, can lend itself to the fabrication
of three-dimensional (3-D) features, wherein 3-D features comprise structural
variation with depth. Three-dimensional patterning techniques are likely to be
important enabling technologies for a number of applications. In microelectronics,
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 industries, 3-D photonic band gap structures are gamering
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 controlled delivery, sensing, and

selectivity in chemical reactions. For example, a sphere with a meshed surface can be



[Kiriakidis et al., "Fabrication of 2-D and 3-D

Phot oni ¢ Band-Gap Crystal in the GHz and THz Region,"”
woRi0en134Phys. Meek, 1:20-26, 2000]. In drug/ cheei/sa005/000159
delivery systens, sensing systens and catalysis, the
feasibility of fabricating 3-D structures wll provide

br eakt hroughs in the efficiency of controlled

delivery, sensing, and selectivity in chem cal )
esasibhangs aFdrambesstpbid] thet sphtains wivitiple dregsher asmpftderctional
cari beenvi si oned as a chanbered pill that contains
FRIMYFISFWPRags or a nultifunctional catalysis support.

Wi | eyl 5 apriviRhiion tédaltiiesl Ues ndhere NBEHHotodyeddwnio to glye sub-
down to the subm croneter scale, very little has been
migrometsd scalgardiryiglittie Dhasubeen ceperiade regasdipg c3nl) gyb-micrometer

chni ques, .Curreptl f i . .
PSR R aFhrbut? oo B8 biid BB Y fichlure vallable on
LerMidrametr E%‘flbitfalfrﬁﬂﬁbﬁ Stedlifiqse3eMmosd feporterare seen to be mere
extensions of various photolithography techniq ., For
pxtsnsienseol vamious phetodithography thghR iR oWH O} FHENGE Y igRdes et al.

o . . . ) y
B I 05 I AP ey opc
Behdle &sslgnthted-DimervionaliMasosGde ,Self2Ass8@b Ty, BI6@m. Chem. Soc.,

1500 PR Sl D BB L [ gricnion o

Rt g R A gy B 1

rication NDVi N ' .
Fhbridafibe bSt Mgemg' Miakle Drep t6eay Rithegaphn vathnbluliinie (Stages,” The

ERREeAOREF Pt Eb LSS LERIRE BN Bl B S 150
188 My0an e winkddi g et AE1HAOE alé%qg}ﬁ/?l%d%@ at“enetnidane folding™ method
structures [Brittain et al., "Mcroorigam::

Hsdolr foc areiter3-bY stmues TRrittainptnalns Miseqorigami| Fatgication of Small

ructures, " J.. Phys...Chem B, , 105; 344- 35 _
qegé%eg‘t“of}?l %eééléctse%c |rasues']' hg'?yé?' ehr?ghhs r g@%‘l@ A 2001].
@Rl Bbitidrihest techambibdTgav3-denfoubimted tieetasibility ofanening rD sub-

scale features, they are not easily inplemented for
mieromstes uotanemetepseae dervest thexare #eh Saﬁl%mﬂi?mﬂﬁed for mass

S 2t al., "Multilayer resist nethods for
hg)n%gf:t%%i nt |ithography on nonfiat surfaces,” J. Vac.
ScL TepkhednveRionkb anc-daR2ntingdSon 1 aD.8Mualtithyervasiss alethods for

Ingnporlﬁlggllntn %th[ogja%ﬁg oent ngrllﬂa’t sllllr gc\:/e%,r”sj ! Vcichc;L. r%eiczr?olp %, 16(6):3922-
3925, 1998] and reversal imprinting [Huang et al., “Reversal imprinting by
transferring polymer from mold to substrate,” J. Vac. Sci. Technol. B, 20(6):2872-
2876, 2002] techniques are attractive alternatives to the above-mentioned techniques
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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side, to said other mold not separated from the polymer film, wherein such

attachment is maintained by contact of the polymer film with the structured surface of
said other mold having higher surface energy relative to the surface energy of the
separated mold structured surface.

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 sﬁbstrate;

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

(¢) 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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of thef)fil nepasthg 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 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 energies to different molds and/or
different parts of the mold(s). Such surface treatments, often in 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 grafting treatments.
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approach of the present invention eliminates the need for a sacrificial
layer/component used by numerous prior art 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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temperature above T, to imprint the second side of the polymer film and provide a 3-
D structured polymer film with structure on both the first and second sides of the
film; and
€) 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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comprises a glass transition temperature, Tgl;

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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3-D polynmeric structures conprising the steps. of; .a)
6) ovi @rsging the rseeomsl Bl rohvaenic SngtH gHe tgg figst 3 15 polymeric

Shh&hfAuEn t}{%ﬁ{e%é&lﬁaslﬁqc@% Hl&,thE§ Snt%%@ﬁi‘s% SSudue} ARS

transut I on erature provi ding a second
HD p@bpmﬁ[ngcthstsutfactaﬂhreat@dﬁml(t Grofmathe- secerat 2dD polydieric structure

i 2y o arsembire, W CorBroedof e RpogteE IF FOlBR sfucture
%ﬁ'tﬂé"ﬁ%gkiDgélgﬂ{ﬁé%Q&uﬁehe second 3-D pol yneric

structure o he first 3-D polymeric structure under
condi tlh onsembbdivtent] tharoin proeidgd o methashenmparising the stgps of:

t@i%@,ﬂ ’Ié‘%tr g %thtg} A oug}%ch asd‘ff%f? gﬁategp St a%n Elesv.}%atcg of low

nations thereof and d) separating the
sur ace-treated nold fromthe second 3-D pol y]imerlc
&) rcg@tmg@pab'mr tcempeslag@rglawhiﬁ@nﬂt@nb*@mﬁrawz goonto the surface-

rovi.de,.a s :
B3R Raf) RERE Tt B SRR BBl BATHPAS: stucured
YUk Leige intodtet with @il filninold;here is pr OVI ded a
nmet hod for assenbling 3-D poly rrerlg structures,

wheraviding g serond pqld cOmBHSIRE S amviiemey surtace of ediin gragy;
Sd‘)‘%?esél'ﬁgtmé B¥nd mold into the surface of the polymer film residing in the first

silicon mold, at a temperature above Tg, to imprint the second side of the polymer

film and provide a 3-D structured polymer film with structure on both the first and
second sides of the film; and

e) 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.

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

energy;



conprise features with di nensions that range fromthe

nano-scale to the mcro-scale, conprising the steps
w@R00sa)34pz oviding a first 3-D polymeric structPCESGNON000159

substrate; b) providing a second 3-D polyneric

structure in a surface-treated nold; c) pressing the

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

pol ymeric structure such that the second structure

Ibatcostiarz @ pdlynteh @ofmiprisingst glasst twansjtionnemgyragep digadntndghe surface-

the surface-treate d fr t he secand 3- l.yneri,c
eeieR PO REd Sy Al abe frsy ekt Bints PO BRe Y Btytctured
Oh o 18t SESAWnBreDwRAINERE fofd;r uct ure on the first 3-D

pol ynmeric structure. hi one enbodinment, there is

;o) pravitbog a senont vabld compiising g petternsd syréacgiof layy energy;

oviding a first l r.sing.a syrfac r ed.
P hEdnd eoephd el ila TRERiThEE 2P B4 Rr Bih ERGR s he firs
GRBH insdlA0atta Bin@ssathfeddbive ITQ) t6 empahtdhdrsecord i8¢ of thepolymer
surfacetreated patterned surface of the first nold to
proVideer 30 tmakpricd polanert il Mithedrughirg onjhogh the first and
side . h Wi the first nold; c roviding a
$ %Oglgéldﬁ%?)g{h%gﬁn%lr’iaé?ng a patterned sur%age of magi um
QN égiyating) thprsessidngoldiometho palyimdrdfilnnbioa tdmperatufabeow Tg to

of the polyner filmresiding in the first silic )
pEpde S 2 5la ﬁﬁéﬁtafq@rzolwswgmgzﬁa? 4 ‘Hpﬁ?"P first Ml ahsrgin such

Sy BAIPSy L OISR Ry ot e

sealdnd sides of the film and e) separating the first

nold fromthe polyner filmat a tenperature bel ow Tg

to provide for a 3-D structured polyner film attached

to the second nold, whergEFIN#PIOREt achnment is

mai nt ai ned by contact of "the second side of the :

pol ymatheffollowingtwortlh endstsoonuseddiedkein sikalblmye dibmganipg indicated:
there is provided a nmethod conprising the steps of: a)

pr ovi diVhile endst 68thertointk vsedicien mgll besucdgnizabler toahest of skill in

patterned surface_of nedi um . .
the art, the following definitions are nevertheless put forth to aid in the understanding

of the present invention. It should be understood, however, that when not explicitly
defined, terms should be interpreted as adopting a meaning presently accepted by
those of skill in the art.

“Micro-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 “nano-scale” or “sub-micron” features; nano-scale features being defined
herein as features having dimensions below about 1 pm.

“Three-dimensional,” 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-



energy; b) coating a polynmer conprising a glass

transition tenperature Tg onto the surfacetreated
w@adosatyaerl surface of the first nold to form aP@DEGI®S/000159

filmwhich is structured on a first side in contact

with the first nold; c) providing a second nold

conprising a patterned surface of |ow energy; d)

pressing the second nold into the surface of the

poketi and igbweralbs indhsuged m mbien’t | ‘IRiffesdntiblcomfaceledergyy” acording

tenperature ab Tg,, to.i i.nt. t.h d side of
e b Tt T e SO S B
%‘}Jr?ﬁ’gft«%ﬁlsﬁ' UEHe E‘i’ér”el)ﬁeﬁedp QERrbOE hEdelrS t10 GuiR&ED &]gsrﬁﬂl’ dB&nerally

m an ) separating the second nmold from )
nieenp ! A2/, [“medtuna serfeesnat gy’ egebetally mepns wbpriol4-de mJ/m”,

for .a.3-D structured pol.ynmer filom attached to the
fn¢ s %U@CWEF ngeggrehygﬁag%%é@]ﬂ?f/{ns. mai nt ai ned by
cont agf «@fo-flpgif Ilb\leﬁéss Shd@efifed tHeeiR OteférE to fprddBsstdstdT thBGresent

first nmold. DEFINITIONS The fol | ow ng words and terms
uswedtione vdiereis Haol mhkdse genrsalle apthndifferant cairfaee copfings to impart

ke bR RS e 300 PR e e

afréctiRU@bjdagl ess put forth to aid in the understanding
of the present invention. It should be understood, )
howev &BpintaeatingRers dritned hsrsini genpralbt refesd, toy @ mygoess wherein a

hul int.er [ [ :
RO safoMip aRpBEE oy AR (B 3 BRY'oA RE SRR rapidly
'SPt et ity foreig thasclatich fgspiread bt qudefoeming a thin layer of de-
i nvention, are _structures conprising "mcro-scale"
palyaigd pelymer dp Bi1ed¥etesS-f eat ur es bei ng defined herein as

f eat ureg, Davh B0 ité[?;gé. RRS” LbGeviaRidge, bt heaetiRed h&WIn, is the
about m cronet er té about 100 hm

'téaparatate aictvhichsminya bighr polmgetsochange froms @anhari riiigequisosate to a
are structures c risi ) - | " " sub- i "
S " M5 BT e i Pheh WP CREL ot
SRS mal@tialD ol &S sh@PslyRRl BlhadiRie alr,Mm

“Plasma cleaning,” according to the present invention, generally refers to

exposure of a surface to a plasma such that only the top most layers are removed.
Generally such plasma is a low-pressure oxidative plasma such as oxygen (Oz)
generated with a RF or microwave source. “Plasma etching,” according to the
present invention, génerally comprises 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-structures.
Unless specified otherwise, the terms "comprising” and "comprise", and

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

-10-



"Three-di mensi onal ," abbreviated "3-D' and as defi ned
herein, refers to structures or structural features

wo b@s/1vaey (structurally) with depth. " SurfaceP€nseyys/000159
as defined herein, is a surface characteristic
associated with the nol ecular forces of a particul ar
surface, generally in contact with sone othermateria
and generally neasured in m}/n2. "Differential surface
anelt dglyat"they docldde gediedt ¢lempnte st alsm\permit dnclugionedty additional,
refers to dissimlar surface energi es between two or
Hﬂhﬁﬁ&ﬁ&@ﬁkﬁks. For the net hods descri bed herein, "I ow
surface energy” generally nmeans < 12 mJ/ n2, "nmedi um

surface QU&f RéreidCRRS Ay "IBARS AWML cbfitedD dfﬂé&?oenﬁﬁﬁbns of

"hlgh surftace energy" generally means > 50 mJ/ m.

nol d" .pr ess o€
§P8@8§%§ ogfh émsf»aé‘ et yf_) iéﬂf& V\Eerélén e Sttaqe(} a/alue fmore
enerally with different surface coa
avmieabett 4GPt testateby P%smorsrt@lﬁég?agf{'gg % e JRaa value, more
polynmeric 3-D m cro- and/or nanostructured obj ects
"tgpically; a4t 2% of thegated vahedetrormpis, typisalby af-| 1o péiﬂafr gated value,
a process wherein a polynmer solution is dispersed on a
st fereemose tgpically #B100% afithetdted valiiace is rapi dly spun
centrifugally forcing the solution to spread out and
formng a thin | ayer of desol vated polyner in the
process. "G ass-transition tenperature,” abbreviated
Tg and as defined herein, is the tenperature at which
many hi gh pol ynmers change froma hard vitreous state
to a plastic state. Above this tenperature, such
pol ynmers can be said to flow. Note, however, that not
all polynmers and pol yner bl ends have a Tg. "Plasnma
cl eaning,"” according to the present invention,
generally refers to exposure of a surface to a plasna
such that only the top nost |ayers are renoved.
Generally such plasma is a | ow pressure oxidative
pl asma such as oxygen (O ) generated with a RF or
m crowave source. "Plasma etching," according to the
present invention, generally conprises the sane
principles as plasma cleaning, but is nore
aggressive-leading to a greater anount of renoval
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"Latch-on" assenbly nmechani sns, as defined herein,
generally refer to nechani cal attachnment nechani sns
wa@eoshiax2z o the attachnment nmechani snms enpl oyedP®@/SG2005/000159
Lego(r) bl ocks, for the purposes of assenbling
superstructures conprised of 3-D mcro- and/or
nano-structures. Unl ess specified otherwi se, the terns
"conprising"” and "conprise", and grannatical vari ants
ﬂh%ﬁﬂﬁbES&ﬂdPﬂﬂCﬂhGEUTHEKBBﬁﬂEﬁﬁﬁs open" or

"inclysive" |an uch .t hat .t he clude eC|t

el emedPE Bubed SHRRET PREPAGROHT IPe AT gpion, and the
WA St de8 dh&ksNMBBlcfoncdSs Woed nfage @b Nhe tHlkowiap Nesaiitivng  taken in
in the context of concentrations of conponents of the

fconjrnttian witk thetaymmamwnmérawsngslmwlbf the stated

Y)a/lplug aﬁIWl&/ tly %%#a aHlé/ uég{%tgg ?%u8gﬁn(g§§n¥pﬁnﬁﬁ§|;ff8££ses of
Sclihat e ptatauun ey el L

of t neGtEh Ard el Lﬁém me&m bh AR Gtructure
CApaRe R0 TP Ty S PRSEElon, md ) an

'SEMriﬁﬁgetdf thé 81D Athueitiré) gwﬂﬁéﬂ‘afﬂhﬁtmaﬁﬁng aleetton lheam produces a
conjunction with the acconpanyi ng drawi ngs, in which:

FlawRe” pf feevairse-S@egtisesi | | ustrates the duo-nol d

r e t :
|y entiGRRIRS SACARER dibicP TS BRI sboWierBg e B0g nm pitch
GeRidpl with\h 1and1@pby<qa bn W60 APOAPEndes Bm DB twidicsquiare cavities;
conprising 20 nm wi de s%uares on top and 5 mm di anet er

circl 8 %, deainis seykedn3 Q,Em)lmgg ngiero- & mneystructures formed

tructur [ el ectron beam produces
Y--uc?g}%%ogﬂme?%{ ﬁ‘e&né‘@rg%éég Fie grrgés FI GURES 3 A and B
depi CtFIGURIPS! déiﬁﬁts én Assembly b0 Gt rm@ménm?@ﬁ- ommgid-sthuctures

grating with a duty Cééﬂe gn top of 5 Mmm (A) and 3
msingR) latghdw meghanismesmpiles egF‘I brirks; 4 dep| cts stacked

3-D p I f 1
usin g%!&g%%ﬁ ge%c a regl ota rl}gési %a?ﬁg_}lg tﬂ%ﬁ%ﬁég qsprocesses
dRpérding t8Ro@AS &ﬁiﬂibﬂijndhﬁs GFibe pmhmmvemm cro- or
nano- structures

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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using a latch-on mechanismsimlar to Lego(r)bricks;

FIGURE 6 depicts a reel to reel process for scaling up
wo b@sdua2nol d processes according to sone enmboPCTRGL®S/000159

of the present invention; FIGURE 7 depicts a scenario

wherein the present invention could provide for an

el ectrically-punped polyner |aser with reduced

netallic contact; and FIGURE 8 depicts a scenario

PEIALED DESCTREETIONNvVent i on coul d provide for an

array_of polyneric nicro-nﬂ{rors.DETAlLED SCRI P

. . 1 ON
The prBeBFSCHAYERIPB S disecid tamigtp-2ad ArRg-galey rinfing methods

En@]ﬁ% | & Pgig hidMtddl %o TR RAES s pdrit D end/6 £ 10é-s@HERg 3-D micro-

s to ricate supported and/ or free-standing
andomharoesingttures ofipolyaticuceramis apfl/op ghetatbic imgaterials.  While the

ceram c, . and/or tallic terial VWile th Ki .
IO, R M Of, Vi STEERABRE AT thegpreidl ippnlid prtiscussed
bAYRN Soul Be Q;%p?@éi&t%& Ghdteh®Preséiit ifitiétiofl f26vides many applicable
appreciated that the present invention provides many
apphiivabbmceptsvibat may kosabpdiedtinag vaarstybel enesdiyi eentexts. The

a vatiet f specific ntexts. The s .

it FolodmePl: flstlfed BHEF b mbidy IGRAHYE of spprifg wavs 1o
fiaks RRAIJr] GseVRY SinVéntiak endr e A6t HBended aoi duligdit it seopd of the
are not intended to delimt the scope of the
_urwmml}-on. In some enbodi ments of the present

I nventl on, a . |.S - -qved 4 .
- bove tiadme” gEHSHERAE, 8P 16 deh® B O6 du-hi, approach is
bmpRIyeR it theaibevedpdcaiyediniethadspat somk éhbodinteh&] sistace aeatments

3&?&3@2%& w difgesnl SERes eaataich M (Eént Dt of the mold(s).
SEF PRI A TR Bl
SotEgtoimmirieg sediiadirrsitaf ssdcinstrésion mbsteateefit soneer other

o s Bl e B S B4 e
RRAPHRUAEE Y ind FE4-YhAsAE BYD 3Rl rant/dr Rahd-btfuctlies individually

present Invention provides for the inprinting of
andpomt &filnand free standi ng t hree-di mensi onal (3-D)

obj eCtI%eV\f)rtepenEn iSvention nf)jr/o%rdesn WP uRE ?rlngrilgtf“n%t f %ﬁpported and free-

standing three-dimensional (3-D) objects with micro- and/or nano-scale features.

Using a duo-mold imprinting process, well-defined supported and free-standing 3-D
mictometer (um) 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 octadecylmethyldichlorosilane (ODS). Typically,
the surface treatment is performed in a nitrogen/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

the silane solution for 10 minutes. On completion of the treatment, the mold is rinsed
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Using a duo-nold inprinting process, well-defined
supported and free-standing 3-D m croneter (nm and
woarsretder (nm) features can be fabricated. A PCT/SG2005/000159
generalized illustration of the duo-nold inprinting
process (Process |I) is shown in FIGURE 1. Referring to
FIGURE 1, step al, a patterned silicon (Si) nold (nold
A is treated with a | ow surface energy silane, for
exthmpibeptere fand oblowe duikd rigthldoy otrpgene ggs-DSpolymer solution, for

8%%&@%%&’9&%@%11}8{%% | an@fq) %@M&g to )(?Fl)e C}Sé Itl'llen sr{nﬁ-coated onto

Y diRs&trbate@ b A Jush gt fiofilneeh the tﬁenﬁhésrzﬁﬂefbﬁnm plangdged thin

gl ove box or in an environnment where the rel at ive
ﬁhm(EiCﬁVREf Lt $tep &l hodpheteiceof] piifapx tratmeniiand th golymers are
sl alj t d d%c?&lsvsee?eclngn 30 LAV e {og 2 éﬁ%ﬂ&ed film.
uyie % e]o“t

to a concentration o

$bt 'eﬁzﬁﬂlevaﬁen amy gembipatisnaf AIEES €fbr smsfabenmaﬁmilt) and PMMA
the silane solution for 10 m nutes. ﬁ)ggletlo

{spin-coated pelvimer} pee Hedg PMMA disseived Hn HoREpE R ePr éne glycol
?‘le%l dertllle?dac@fa{ehgﬁl\g[ﬁ%l) h\i}/i?lg%ge Bnif 99%&625%? B ?fr(])'ld%ndescnbed

exanple a thacryl ate VVA)
heleiienry beSfaibheaiteé ﬂniyna waaetgd)foﬁebmmm islicludirg, tblue apelimited to,

nol d__A such that lII t t h
Bh%\tﬁhﬂi%@a Yhi HOlEF 5 by ® By e o fon-beam
fi togiﬁyiag%dtaoﬁﬁﬁﬁmhs aﬁ:ge(;fhe pol ymers are

ated, and judicious selection is needed in
or der A cseoltdai i mqjdi atmoldz &) fs IﬁnatddorWl@xammlbne,v\/ff@I‘n example

PRARIORRPESSRR (o er Pra B B e QP o »

P
LQ1udhif t%attﬁérﬁﬂiflmlﬁs %HCE% al@tihen FBTREh cté@tdtddtain a medium
( give a uniformcoating. The nol ds

dwi:mel dznergyh eT}ﬂilWlhaﬂxekfélrﬁda% Hﬁmﬁlsmpr@rmgql il g yhitgggen/inert gas
ﬁﬁ) gﬂ %#ﬁi‘é !Flg(él Yo % {3 ﬁ'{; ﬁlﬂnhﬁt’y of th%atmosphere is low

6g1 Sphi ogr a
(& LOOg 'R Yrhel @lan@&mchssbh&g rlﬁtﬁh)anhﬁdhduc Ofgmlnlmﬂdlvmﬁ; such as n-

thereof. A second Si _nmold (nmold B) is treated th
bepiapeto ¢ @pn@;agﬁﬁwreoﬁﬂ@ r’i’éMhﬂlF siliRpdpeld; PéYﬁ@n(l#EsT@ Qleaned, is

R

alaiin rinsed dvlﬂmnshﬂptmeam]nh}ogw drigg pwitla | dry , nitrbgens gas. ad esecond

treat ment d.in a_nitr /|ne ove

oA TRs: POt P GISHEN ARG 718 IPAPaics & R for molds
Hat tréh%n%targ%aﬁé}ﬁfaﬁ silahetR%ment. On completion of the second treatment, the
mold is rinsed with n-heptane 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 (Tg) 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
b1). 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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(< 20 % RH). The silanes are dissolved in an anhydrous

organi ¢ sol vent such as nheptane to a concentration of
wWQ@osivi4The silicon nold, oxygen plasma cl eaneBCT/B62005/000159

imrersed in the silane solution for 10 m nutes. On

conpletion of the treatnent, the nold is rinsed with

n- heptane and blow dried with dry nitrogen gas. A

second treatnment with another 20 nmM sil ane sol ution

for 1Q\dditivsialg ot slteraativedy] i s¢mé embpdimimts tha procssu¢anbegcarried

tial sil tront . On comnl ef
ST A5 S SO SR CATE ) 1
Ao Bl gﬂe?g ishd Rartlitar oTithé ?glg'lfhegﬁiﬁn Mrh thddd isstd MO B, since

aligned and pressed at a sui e pressure onto the

madly Betras adugled switad eaergy- éﬂmanp@hda‘f Wik imponteonty thegrohgger film
t ransi,tj ratur of the polyner. Mold B is
Pﬂé@éﬁp@ﬁﬁwg&%&\ﬁﬁ@%)'of t he pol ymer, thus

f or m NGy oF BlErhitiRIANE s6:@88 ehibotindnts the@rodeanadnee carried
of the polymer filmfromnold Ato nold B (FIGJRE 1, )
suthy bpip coatingsthe palystes onfosbatiagoldnd sug IB(Hygegsp ). The coatings
di fference.in suwface. i e . '

o ST\ AORURARAR, ALy b e i
gk Gol@fA aBhdedMo tHeepdiphymiim fanl moht Bf whentlieailojds are pressed

adheres to nold B and thus resujJts in the.transf of ..
ogetigs oy ARSPOTRITARRRAYEI B Ak O] Siper sl Bpea inFg oldEh his a higher

s ?éyﬁg ¢ ﬁylrngllef)}ﬂrrlg ?F&&%nﬁﬁ RfhefRth ntdld @J%ndﬁrgllua re:ults in

spi'n coa e p ont o |d B instead o
(R pawss dfthe pdlymeniilim fomodoldehtsmothBEIGYRAJ, steps a3 and b3).

t fer of t filmf .
51 nce Wik depel b2l gharold it PoSRER) o PGB! (s pngrelived
Wblord ARVeb s RboliBEIORO! yIrer Tilm on ol d B (FI GURE

teps a2 and b2). Additionally or alternatively, in
some SubeRtoomnts: Modd B oweshe prassddeatca spitahde pigssyy onto an O,

spin cqati t he .pol [ onta both, nol

raed el pbol 2 el 8L dgBydogP 4 15 AP B e Ty of he
obythdl | RIo1dTRE Rrthdh Separited W A tefipadAuTe befow tieTpof yirepolymer
filmfromnold A adheres to the polynmer filmon nold B

whiich rasultsrinl the transferppiche palymsy dimdpowta 3Dt emjsiigd pelymer film)

bove,.t he .T j r..po S|
g e o s Lo 2B TR B Bty cploed
agiey e fetresidtd MyEr ehtle pblysner ¢t FEGURE hestepr diys fBhis ofsults in a

the polyner filmfromnmold A to nmold B (Fl
gir@b g-la%;olgmgrig gl)rgcture with micro- and/or nano—scegle dgnngEsioln’s.

Sub-Process B: Alternatively, a free-standing 3-D polymeric structure can be

formed by separating the polymer film from mold B (FIGURE 1, step c¢2). The
polymer film may then be separated from mold B by etching the silicon oxide, metal,
or metal oxide (of which the mold is comprised) in a solution (e.g., hydrofluoric
acid).

Sub-Process C: A third alternative 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
structure can then be transferred 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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Wth the polymer filmon nold B, it is possible to
carry out three generalized sub-processes, as
walewsnidzer bel ow. Sub-Process A. Mold B may beP@r/e6308000159
at a suitable pressure onto an O plasma-cl eaned bl ank
Si substrate at a tenperature that is close to the Tg
of the polyner. Mold B is then separated at a
tenperature bel ow the Tg of the polynmer which results
in the ltdyﬁfﬁ&f)ﬁfn thé stideesspflthese lprdidelsms (luamm the 3elBction of the silane

irgtg”{%tggrtggt)en bﬁé% ﬁg{l%gq).@é tgtp E)%]Z(g T C@l}o eglother
%:‘?&‘%?cht %{\5 16 %&Hﬁté B¥ QTnaneléaIQ@ ﬁ%ﬁ{ ﬁﬁ%olﬁ'tb %ﬁr’f bféhdRBsupported

results in a final 3-D polyneric
ot Iﬁteeistamdm\gl 1D stretues. arSd/slm rselnetlwlsgelaﬂﬁdoﬁllﬁaﬁ @e@"‘ments provide

Sub Pr ess, E élﬁterna.tl a free-standi
siiecordiol SREgs VTR Bt FBKR B oSRa KoMyt he
pOl yn%ﬁrt%éé %%%}pﬂia:[ﬁ'uﬁu@n(lf h elandSdoBPerfiént. waN 6f determining

pol ymer then be separated fromnold B by

ethidii smgfabm‘élesgattcmo(h polymge filmretillladhese torelnaisinggugh spdace energy

whi ch . the npld i ri sed)

FRAESHt50r e griyincaopege el 1B SHt Mad o Sopzet ith the
;pﬁttérﬁed‘ ﬁP{ﬁl@l‘ En RkasiARlaet T rhéreraeomurelst dtereifé ehthéch surface the
ayer the polynmer filmis still attached to nold

Battarned polpmgofijmaill edkere o the workef adherionper yhape (prYyork of
%a‘%‘%ﬁ'nséeg D5 BLS Riddh BURORAAG SR s 6edRholid B ERculated.

rom no rocess

t([ﬁb @dantlef \%&Fheld&)d A skpatﬁﬁ‘eac bbhalrled by eultipkyiresthe sfirface area of
es rocesses lies in the selecti of the sil.an

themonbhy she reark e ashesiom oot patred 10e Rafiersd) Rpfgmer film will

f|| fr ch serve to
!f}m F%el%traﬁde 1qrlﬁ%Fease eﬁ?%?ﬁ% éﬁrrltéauled to form
ei It het shiubd rbbadglmedft_hamewbﬂartm peeseatly disclosediembod@uasits have
e S il Tl B e
clﬁé $ir M'rﬁ”géﬁal PUh TRy DS FB&sRIé at oﬂn ahd® gases from the

e an conveni ent way" of determ ning i ch surface
tmuchmm ﬁambd(mtﬂi@m it jal negisierdd taaflemrask p‘é the Jupent (¢p.), such as

syech_sur ner ulation, it is generally

éﬁ:g'uﬁé 4E ‘frﬁgtgré?ﬁgﬁé)?areas in contact with the
ﬁ?&ﬁo%wﬁgo BE r¥MREd fHiat Py ERhGighi FMMA Tas ilsed aatewadymeéryfor the
determ ne which surface the

polymer film of the disclosed embodiment, any polymer suitable for spin coating can
be used, including thermoplastic polymers, polymer blends, and copolymers.
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(butylene), poly(pentadiene), polyvinyl chloride, polycarbonate,
polybutylene terephthalate, polysulfone, polyimide, cellulose, 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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patterned polyner filmwll adhere to, the work of

adhesion per unit area (or work of separation per unit
wae@ajiiizer ween the pol ynmer and the surface shoedTS6m05/000159

cal cul ated. The anmount of work needed to separate is

obtained by nmultiplying the surface area of the nold

by the work of adhesion per unit area. The patterned

polymer filmwll remain on the nold with the |arger

w lk:onﬁﬂwtmﬂsi tharesfe palane. may bhowskd ibetheepdlymer filfmdn other

| the presently disclosed enbodinents have been

EF’QQ&‘E‘eé‘sched usi ng oxygen gas, other enbodi nents nay

utilise other gasses to etch the silicon material.

Exenpl ary etchings gasses are argon, and gases from

Wﬁm}ﬂiamly (FRE(]\I(tn) is a registered

radepar k _of t

and t aplgsetpﬁ%qngg h%ref%ﬁi qPV&ﬁ géé%ﬁg;s’%%- tIE(ﬁor Hano-

§ﬁ‘ﬁ{ct@11e§ @R bY Mié“awﬂ% dtS@ﬁoeaSmétﬂiedsp Qirgy ﬁEEmfntHd inhelarger ‘super

polyner’flln1of t he di scl osed enbodl ny po(yqf£

saigtatss & Syeh ggﬁem bisneath e datiqgted e tp “ané #afagg of ditferential

]g[g%ﬁe ér)ﬁé?%ég %<$§lp¥m£&1t1 o fatllﬂje@Pch?ranﬁ’@xdp?l?lmenc 3-D micro-

s are sel ected
Gh@dP naRRstirgdtireg t@&)t@ﬁqustyeddfppbltetbphb!meylba?z@ (Iml‘MA)md/or nano-

ﬁg’lp‘)}//tgfaer? angrtng ( Pg) %pvlﬁqnébﬁv gﬁ thp%ﬂ?%/ %ﬁ%@? é\ﬁg/or nano-structures.
&rf% hfz%gé‘rﬂﬁﬁ Ydan "B%t ﬁﬁﬁ&*&ﬁﬁﬁn ROHYERIhY @Sdchanism that
ol y(butyrf ene),  po

pent adi ene), pol yV|nyI chl ori de,
Rtilmyeacsthe ate, fopodm@pd)lyhmrsavlﬂe glashtrimsitioneemperatures.

Ly Sh S s S e 5 LGB o e
ta‘Fy ot yt 48 efagflgﬂéld qﬁ’e ubiBEPRblyIREs o OpEreasiOEly NRwer glass

ene oxi de, pol ypropyl ene oxide
pmhyluomybrppwmmresdﬁh@; andycesiig misiblespeliimer blendgn Referring to

ﬁ%@mﬁ’pfoc%ﬁ@ diegggg Olﬁiqgl%lt %tgf gllxgﬁcté)n |5 S{ T gl and

99ﬂl&iﬁg%ﬂ%8§t@a)te 496)I Qﬂ@ﬁéﬁr@ﬁb@ fgyld 204, aﬁﬂiinmgta pdsiymenc structure
t hereof, polynmer may be used in the polynmer filmi

@H0R eqonmbm@uarﬁzt(whelsﬁgu &t Taafis p@gsgmgn;(bgolpﬂneglg ﬁgucture 401 at a
éch;g%? LS A anbDeTor Sﬁ?ﬂ%o% @ﬁgpﬁ]%ovqu%} URIOZ mold 405 is

an oS r uct Ur
vep4rads froad polgasadbiraduiet0a dt artgmpel‘h!amp éhat is above ng, leading to

the formation of assembled structure 408. Additional structures can be added, as

L

shown in step 4003, wherein silane-treated mold 407, containing a polymeric
structure 403 comprising a T, (where Ty3 < Tg), is pressed onto polymeric structure
402 (as part of assembled structure 408) at a temperature that is above Tgs, but below
Tg. Mold 407 is then separated from polymeric structure 403 at a temperature that is
below T3 to form augmented assembled structure 409 (step 4004). Such assembling
can be continued provided that each successive polymeric structure added has a
progressively lower Tg.

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

polymer blend structures are reduced or minimized under pressure. Thus several
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structures."” Such assenblies can be fabricated by
taki ng advantage of differential surface energi es and

w@b@sa1eansiti on tenperatures to transfer pol pOESGL05/000159

3-D m croand/ or nano-structures to

previ ousl y-deposited polyneric 3-D micro- and/or
nanostructures to formlayers or assenblies of such

3-D micro- and/or nano-structures. Alternatively, such
&ymendd the sarsapolymef blend cat beltrassfereedeon foatod lene attother without the

mechani.sm that el.im.nates.the.need for usi L yners
RO B e e JRSPBRISEY altiFol soffe ipdimbits RHigpotymer
®IHadicBiihfes BPRYAL RAuR! pdlyMersStvith dirogressiveti éewé Dys to form
m cro- and/or nano-structures are fabricated by_ using

stickered D strugmissr i wie|of nodviesr biadssistcleailsi 4 advantageous and

tgﬁ% g:g.a%}p%é?eazﬂrl gwﬁ%gl) @gﬁ%ﬁ%\fﬁ%&% QQ?%]J%Q 'hgbﬁgrﬁoﬁlﬁﬂﬁﬁicity of stacked

DAyRYS. O Wgloytrell @O Sith @ o asiygeol Enat blendsuisethd Qibility of reducing the

conprising a Tgl and residing on substrate 40?.,

‘dMpHAENg raagdt BNy EIMBERIvEo RY OMCHES aé‘ﬁo?‘}ﬁ?’erq cthe glassy state
r 0 risi c 9 ) and :

TG DB GBS g RSHE enfodt FVRAL) sy ol

tabéthte) B iPperidld @Ampbint atibiransteF ghe fattens 2486%).. hi step
4002, nold 405 is separated from pol ynerjc structure .

402 atlngomeppether grbodmants, g “Jatelyen Tasem ]é/ataplﬁqéqqeds itilized to
g?ﬁg%ﬂl?:aﬁeg %@3@%@%53@(35& gﬂé&gﬂrrﬁicflcgsdndég ﬂhlzddgg&lmres that enable

es can own i n step
wheagembbi bApelyinceathatlack ladgld@ Aramsiiivnaempegtae and eliminate the

Roune Teishd sl ipBr B oDt Hegibs ) ELILRRS, st
S00RSREN Pofifh $H YIHE HI5esfing ohOSBRERS 0L pAIBnclE siructure

above , but bel ow Tg2. i's then separate
502 eqidiyet withinstoldc 508y, és diBed tand pressgbinge pelymehaistriegture 501

bel Tg3 to f ted nbl.ed, st ruct 40
catie ghaithe) Bras R bSCTITORg inApdachay relokepr ovgRdo that
teﬂg)tloy%acﬂy Z.ié)g/&?%é} YEilFREWIEESC B 5tep 13002, ARILE0HAS rémoved to

progressiv ower Tg. The physical properties of
podvide assbinbled strocnréo®) 7 UnetbpsiPOB, thiaroosksis repested with mold 506
te

rature is.raised ¢clgse to the Tg of th 0 r
SreBRiaTTe BRyEriG SR 00 e ﬁf’ég?}s‘? mqf“f&%&ﬁuh%ﬁ%se of mold
Sob YSiep r5©§4)afi%1d'é QHpGEhted asdBibidd #ARNHDSEB. DichSHEEbling can be
Thus severdllayers of the sane polyner blend can be

toontigfedr repeatsdlyt dp plovisiee largot sipersidictuenst andfer pit@giugts arrays
g%&?wé%gﬂ%?ﬂ%&g%% W%Mc%raigﬁfdiné Plogfd Prhe molds are silane-

treated to enable the release of the structures. The polymeric structure 501 is first

formed using the duo-mold process prior to transferring it to substrate 504. The
polymeric structure 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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bl ends elim nates the need to use polynmers wth
progressively lower Tgs to form stacked 3-D

wareaaieres. The use of polyner blends is cl eaPCS&mo05/000159
advant ageous and enabl i ng approach when form ng
stacked structures having a multiplicity of stacked
| ayers. Anot her advantage of using polyner blends is
the ability of reducing the inprinting and transfer
fVanptonst ure by | owering the onset of the glassy state

transition. For anp). by usj '
PAVA. i 0ieg i TSTHRIGE ey iy dsthondly lie t‘&beﬁi‘nogig bPh small
agdle Ldraps f£ imdlApafattag ipasduebs 4mE. pdrticdanmstroctunt hedowever, the

embodi ments, a "latch-on" assenbly technique is
pradessee abavs depbessalphup BERS segrad mathads: st andi ng

LSS b B QIR S et 7

ass yirers t ass transition
t enpermdhes By arinchek can batepeitbdly lusat forigipriatjand twahsfey the 3-D

assenbl e thernopl astic %%I]Iymar s. Referring to Fl GURE
5, st ®ehwewie stusturesg 2 tigrt P08t ure 501, residing

\(/)\n _nt@IU g%&n%fg&g%g}%@@%‘gpg; 0% SHch&ChMigmBRA: Waitwaesized

ned and pressed i'nto polyneric
st r uctmold-paid, the phttérhatant brerepeased ta frsmumpkipians-& storckures
via a "latch-an" ocess simlar to that enployed by
Lego( PP &% ebﬂ??‘h?“??@“ﬁ?'ocks. In step 5002, nold 505 is

renpvadtef & REPHIEEsaSEMBsededid FIIURE 634 feelltd rédlgiRocess
5003, the process is repeated with nold 506

t r ansfeenrscalg o ltherdtp cmeldr processesisgificanily: h Cyligdesitasgbe

structure 507. Rel ease.of el.fds

augne rﬂaé‘amgg it y@?ﬁi%%atl urﬁ?(gg% 8%? ﬂé% églﬁédg%gﬁnﬁ (ﬁy%sg é%alﬁe
be confdafrdad dbede 3w @hifadelerREBVindRls addgredium surface energy
superstructures and/or_ structural arrays _conpri.si ri%;mgs

3-D ningolds. Rolviner sheaisi0dtendedpdim Befvesn iy BiligERes
mol ds 60 eanﬁ'é'.‘)?&?%%??&‘% ﬁlgldg abhed £ 61{6%!. eﬁ}%?prgéesﬁ Rsh be

structufes. Meric structur 11s ftir
f or mectattsddnant i & helated ohdnbepand esengantqressare between the two

transferring it to substrate 5Q4. The pol rj

st r uctayHadmesd melds im%tamﬁneé g@?‘h 6% ﬁgend%%n?‘?f{)gﬁtween the
proce (ﬁﬂg | Fefiet B8esS 605 lto ARRNG thBfer th
Wi t hi ﬁﬁ?m %gga!agl\%fi 5%%1({ gﬁd;ql ang-t rea(t)ed azd o e
cor r egpadaaed polymxr il onto the GuREate. Var i at i ons The

foregoi ng descriptions seem ngly denonstrate the
met hods on a smal |

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 structures.

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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scale or on a nold-pair that produces one particul ar

structure. However, the processes above can be scal ed
wa@posaiag: several nethods: a) Step and repeat . POV/B5G2005000159

step and repeat nmethod, nold-pairs up to 3 inches by 3

i nches can be repeatedly used to inprint and transfer

the 3-D polyneric structures to a larger substrate. b)

Vafer sized nold-pairs (up to 6 inches in dianeter). .
Vighh ofyélfecpresent edisqheuge, paRpFesiate fat gaatYe Figes fahde made in the

s epc?%g %ﬂ@%?irﬁ%&@d@%&r@'e@l a5t THEAE LUNRS RNsifiMRTEult without
St zed substrate. C eel to reel process. As

idepathg &barthe spikt @REcope ofithegetseniainverionpr ocess can

scale up the duo nold process significantly. Cylinders

can be patterned to formcylindrical nolds and the

G AP ipcal nol ds can be treated to obtain |ow surface
energy nol ds and medi um surface energy nol ds. Pol ymer

sheet ShixORxamaple serveeth illustoge wenn typee of pHP mictocsirucheythat can
02 and 603 or, one t he | ds..can be dip coated. The
&e%@?&% Uysuyg pethe qﬁgap%?nqhvegtlﬁ%at ed chanber and a

const FGURFE AU H@pi@@%&@@?ﬁdah enfwto%r | o e iigphinted 89 structure
mai ntai ned. A sheet can then be fed between the nedi um

suptiated aene Syyubstinte comprised of R@rim ovde §qyarefapn {he top and 5 um

transfer. the patterne ol rof£11.

SRR P, AP RE whiref sh Jbfeses gre,produced by

AO-rAAA ImpHhtied teftods of 8@l preeit hasstbrr Dikessuctants be fabricated
used to spin coat the ceramc or metal -ceramc
pp@@}imgé@ﬁne(ﬂa;lqwmg;sf%l e mol ecul ar precursors, nostly

nmet a r I\~ T8t ' : 3 ;
ol d poobREEs B SLnBlL iy 3R dhRf R A Bler PR P height

$0hnge! Meld A it enmped atithr£20 mM sildrlel sopytionl(inzeheptene) of FDTS that
organics_and ultimately fo

the ce ]
R o h A gurkion capreyanelloNota et FghiS e e fapls Aand B have
i . . . ‘
R e
tthansferred ostoith¢ silicott Weth arplasiieadtcht. he

2) Mold B is a Si mold comprising 20 pm wide squares of height 900 nm.

Mold B is treated sequentially with PEDS and ODS solutions that results in a medium
surface energy mold. Typically, the surface treatment is performed in a nitrogen/inert
gas glove box or in an environment where the relative humidity of the atmosphere is
Jow (< 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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met hods di sclosed in the exanples which follows nerely
represent exenplary enbodi nents of the present

w0 poosntiden. However, those of skill in the artP&heGR5/000159
inlight of the present disclosure, appreciate that
many changes can be made in the specific enbodi ments

described and still obtain a like or simlar result
wi t hout departing fromthe S§)I rit and scope of the
;]?MMéﬁcoatmld Ans t@xmmz OPfi for Braimples ta ExMQYS any remaining

Bg Vglgt:i il eﬂ@ﬁ? ng/Iot]X %ﬁ'g a? g? M({ reSde %ﬁ{o%g%l\&m-cm mold

sen I nventi on.

551 @il Iﬁ'éssdﬁbf@%a@dlaﬂﬂwca |Temn®1hﬁ1@ﬁ Bypdr, thie raslds are cooled down
nprinted 3-D structure supported on a Si fubs rate

s BTG sodserrratel (aninEIGURTL e B9 BR- { Fas Feliaits thpster of the
I C r v ot [

SRR 503 1 M 80 it

ttédied pvedantilm, iy eeni Imassed' latosdrr Og plasme-clgaged blank Si substrate

e S5 for 331@%%3 PetrE pording T n kT RorE B P is el from
Q.lfl REL a0 ahel PMMIAL 8RS GaidtRe®t?the"® substrate thus

ane solution (In n-heptane) of FDIS that results in
aeéM@mafsappormde?r Bypakpheric Nototure GEIGURE tLhstep £anpl e,

| d d b
ggnvzr@egsggpm%s Siir?qe ﬁﬁ%‘%gﬁﬂp&a&mr 10}}0@@21 %g)tvs{nelrnnFSIGURE 2B
§1€sufafe§ nad @qda?@%ﬁr&& if#edsihés Mﬁe%ghh@uﬂdia@ﬁ@ éit@iar patterns.

IS a nol d con‘prlsmg nm wi de squar es
&hem@n@hmegﬁommumg the Beanping efthe glegisepulenm an fhp ipgaged area at

d . I
e BB TR Whlie RS, AR 53 B 3w b PulTEH), ME dome formation

ipRod¥8s fnﬁgﬂieﬂe | e 2o NbritpAgRIg/ bNeet sqlaent gipameelbmomrrradmtlon A
an environnment where the relative humdity of th

a@dmélph dn ¢he Hrickagsy of the ipdipted PPhUNE; Wésn%@o apted. “These doming

I

R Bickfies s AR B R RLRCHHRR §) SO HFRR T iR 3clectron dose
Rithcilein @Yocgren dobaisndefiticé &Bﬁﬁin a$ the mmbses @d elevtrPEDSer unit area per
solution for 10 mnutes. On conpletion of the
tygdiment, the nold is rinsed with n-heptane and bl ow
dried with dry nitrogen gas. A second sequenti al
treatment with ODS solution for 10 mnutes is carried
EXAMRDE Zonpl eti on

This Example serves to illustrate an embodiment that falls within the context
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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of the second treatnment, the nold is rinsed with

n- heptane and blow dried with dry nitrogen gas. A 9
wWoeosxaRMVA (aver age nol ecul ar wei ght (MN ~35BCREGI05P00159

in PGQVEA solution is spin coated at 3000 rpmfor 30

seconds on nold A to obtain a planarized coating of

around 900 nm t hi ckness (as in FI GURE 1, step aI)

ThePMVA- coated nold A.is bgéed at 80C fo

mi nut &3 Meld r%ﬁwélamﬁ% 9,000 o Biieh Fthy g i iy cycle and

Wt 856 fimt NGB (ﬁﬁ'lg Qﬁg t%%d%l?f?@?@ 0 Glah8 Solution (in heptane) of

coat ed rm a pressure of 60 bars at
Pmmhafraisnrmuimlasalbwtsarﬁaccttrmmndkl are cool ed down to

Zce)gu ?tr}gl ge\gi.a%a{’maég?rgg; WREL%{@;@E k;}m@?qﬁﬁqon is spin-

b8 aPseh fdf%b%e&andymnd) BoldBMb fésﬁnf A §laﬂ&1ie]dﬁ:oat1ng with a
patter ned P is then E)r essed onto an

ehiglsess of aan@cbIS(Bﬂ Jaml(asan H &t %emﬂ)gﬁbefb’ﬁ\@x -paated raeld B is

e3P R0 A R IR DS B . Mol

fA is%bﬁ alipRddsdoRr 3ﬂr6§;e(ﬁ Ontdhe FMBLALGoAtE molmBszeanresSm@ of 50
in. a supported D polyneric structure (FI GURE 1

bays. at 1A8°G.c dieninrigutes évé@rs 8w hpkdE gaensed Q@l}dafﬁparated

hown I I t
WnAelRRCE T Bel LIRSy %?%lﬁﬂf%?fgzﬁ%%fﬁﬁﬁlﬁﬁ%wmed
PMINEA file ab ehcormhteded imetﬁnansmampge oThd¢ ABIMAematedmmold B is

beam on the imaged area at a_high pgagnification il e
ki S oeTmsardins Bl MG e 'Y Simues

f
v A n{)(ﬁﬁlﬁq{n 8@?12 2(% ?%‘%ﬁ?vp?lg JHMtSIBt)% s@f)‘érgt@é %‘oﬁgth% Si ts{ﬂ?strate The

A reduction in
tphttﬁhedaﬂ/IMA tifim isr ﬁmdltﬁamfbnpdl tpnihe Smaslbatr&e ﬁws@sultlng in a

These dam and thlckne nmenon appear
ﬁapwegégbr@&ﬁ%ew%@f% S dp ?g(gﬁgg Efel n el ectron
dose igugRkh Beth B%[&'H&V@%e&h&ei’cwm Bf seheGILR S dWin a low
unit area per unit time. EXAMPLE 2 This Exanple serves

sorfadd ersrgattee fhm eebaios weated ohanolfl B becapse there istrelarger surface

cont ext sub proce scid bed aboy FlLGJ

e Pl R B AT T e R des ST o tareer
R Q)"ftaﬁﬁes%h for mold B as compared to mold A. This results in the polymer
film preferentially adhering to mold B. Therefore, to obtain the designed 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 films and tougher polymers are used, wider
sealed cavities can be formed. Although such structures have been demonstrated

using reversal imprinting over patterned substrates [Bao et al., “Nanoimprinting over

22-



Si. The structure conprises a grating of 700 run pitch

with a 1:1 duty cycle on the top with 3 and 5 mm w de
waouwane4deaviti es on the bottom The two nol ds PEESG5/@00159

used to formthis structure conprise the follow ng: 1)

Mold Ais a S nold of 3 and 5 nmm wi de squares of

hei ght 250 nm Ml d Ais treated with a 20 nM sil ane

solution (in heptane) of FDTS that results in a |lo

W
sepoizzaphy earsk gynlivleyer, thyeoudmeengiopal privfingsr ok i ¥y~ mis¥-d Teghnol. B,
1Rkt C t %Wq,g i gt

é@fﬁg @g‘zl%ﬁsgé, ?Od‘!]’c pneea &eud&lv(\)/lij%?]%gﬁ%@ gTagﬁ e@lg o %?Ptg Eﬁﬁttem the
(sumsftllaeaat m%eﬁﬁoﬁﬁh% duvamokll iprintisg Imethods ef thewresent invention
sur ace energ . An 8 wt.. % PVMA (aver ~15

g g jfor el G yignas somtireon il Ry heb Pt oy Afolymer
E)%toﬁ& Q,&g ds onto nold B to obtain a planarized
oat| ng W|t a thickness of around 500 nm(as in
FIGURE 1, step a2). The PMVA-coated nold B is then
%gbg&]‘) 800C for 3 mnutes to renove any remaini ng

$h the film Mld Ais then al i gned and

pr essegiORkfn 5%1@ QMR BARE athstRletho® éiVaél&déB-D AHérec Biicro- or

50 bars at 1500C. Ten nminutes l|later, the nol are
nond-stiuchaies camb&iomed wsing pplymer @tatf(ra%s ¢ﬁprﬁgr@m@1:1 lower Tg.

step Thi s oes nQ ul t a tr

pat orea BRI Pt ngh ahuotepln” el [AOEREi gy Ve ase
4ANHELE - terﬁ{i&aﬁk@%xc@ﬂhﬁghmIpél;&uéerlbﬂmﬂ(w rands et ’Qﬁlrisﬁltlon from
an 2 pl asma-cl eaned bl ank Si substrate at 800C f

@lassy erehpepn te wé‘éqemgc i kehapan erpblp dle \iRER#1MH OF S@q%d 3-D
SRR L AMel AP FRIURNOE L M fosed BBV ORIAEPOS P MM suitable

r ans er r
If61S tHet foR@atich af sughpsiatied BDDstpmu;msa is polytarborate éa\(ea@e MW ~

FGakemndli Th AL OaBh LTS MO o 1 Sak g B b b D70, and
fpﬁg(gﬁutgf Q&?’fg}é& My &g REWCORE Q%/?rfblr@l d £B-b§CaHIBch a scenario,

er surface area as’ conpar ed
tthe first @o]@unefllmbé anpanted withabe doo-swld pmlessswould belpatygerbonate,

Folidw et P o BB B RO oy ent i al 1y

adher i AgrhR2ivaB), o cdingr efiaidte e leé alMpidpPesivslyd RRfer glass

3-D structures descri bed above, one has to take into
aositind terhperstyresdortherformationt afestaelpdid-D structures by using miscible

polymer blends with a broader glass transition temperature range. In such cases,

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 “latch-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 Lego® bricks, that would allow the
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in addition to the surface energy such that the film
wi Il adhere to the nold with the | arger work of

w@adwsgiae I n both of the above-descri bed Exanpt®BSG2005/000159
and 2, such structures cannot be fabricated using
conventional nano-inprinting nethods which enploy the
use of a sacrificial layer to formthe cavities since
the cavities are conpletely seal ed around the ,efl S.

agél-onscheme

]lcasse@@iﬁ phmpre qomeplor siructees.an shewy it FIGURRa Hhip

i . on ronld i e ¢

7 BERpY Hiniges O E bARAS ROl BRORAR: T of U the scheme

of rs&zﬁ:@ﬁig pnlflyinbs pithypregressively lofvet fplask grankitiomstegaparatures thus

tougher , wd I iti

pRaH ae e AR GRS e SPUTT o SATEBLEfole 1 BRembly of
| 0h LEURFAGet pAB s e

O i LR oy

and nultilayer three-dinensional printing,"” J. Vac.

Mﬁ%l . B, 20:2881-2886, 2002], the duo-nold
| el_i m nates the need to pattern the
subst rafiegxarfiplet RRFRTS FurthdrallgétfutéBb@niidlRipplitativeis in which the

met hods of the present invention provide for
girdseptanyention enast findcwsgr es t hat may be incorporated into

Ser ved ota: Aol oy, oF hf S g brofeh B fpctnde o

Re&ifafio Wherei freS pfeéit Uih@sntidancdigd fppovidel fusiangelpatiyatbrpumped
materials of progressively lower Tg. The duo-nmold . .
ipebmhartlasey with Tpducpranaialiip cRntastat Bwyn g I LGk > yheslp device
ti. r r. of p-aci il .
A G S ot GFLBEL S AL o phar . such
gn%@lqedcﬁed polyhrehaasess havenisdehelavhlepéd (Anadieenetodl., SPhoteait band
-D structures as illustrated jn FI E 4. A ) .

SEBPEEF0dt FRESIORr SRARIASY oy 8t B GREkeE) oberierdistributed
ffg{cﬁ@{:ﬁ gcﬁelof Aﬁyp I?’h;% acdte ds 3943644, Welody, @Rdi rcent work in this area
pol'ycar bonat & (aver age ~ 18.2 kg/nol, Tg ~1500),
RivbfestsatistrentendeiM asirigis lohtaimseld, wheg such psigmer gemgrs are placed on top

[y(t-butyl-acryl at MW -
A B L B A O Bk T 1w
't%i}%ﬁlﬁd]& Sch1ihéD 1488 kG Bl cheRIIRC @aBopHetidle ?ﬁtings,” Adv. Mater.,

y

ycar bonate, foll owed by PMVA, and fi nal
rIGt K726-19a0y 200% r $helt egduced metallic contact is believed to reduce metallic

charge absorption.

FIGURE 8 depicts 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. It 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
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Al ternatively, one could elimnate the use of
progressively lower glass transition tenperatures for

wo b@sfioeat | on of stacked 3-D structures by usP@mSG2005/000159

m sci bl e polynmer blends with a broader gl ass

transition tenperature range, hi such cases,

inprinting with such a polyner blend could be carried

out at a tenperature where no change jin the shape and |
fompletanessy of arOpkemsplety embedipert g5 meitan dn phdition, it will be

appears.to . work I [ a at d: '

ABBER0R s B0V Shrborb RS S BRI PG BPHeSbove
B¥auimke referen sl patenitd dndspublicatichs chiabe praotidedain sonjohgtion with the
process and nechani sm for assegglin% nicro-nﬁn
pEgsentyentione Aok theyr aet Ateessertiab eyl PrpeicSont is therefore to be
%HH%QHOHE NSt Ue tiH\eenBBﬁsﬁQ%mBéq?f)?ﬁi'cgd‘-otlllérw'is% RRAShd!Becifically
to design mcro- or nano-treter scale structures tha
dsseivhd evithothactudllgtdeparting fiahtheispinit asd sédpaof the present invention
used_by Lego(r ricks, that would allow theassenbly

@f defined lﬁ’dﬁﬁé‘%&@"@?‘# E@ftes, as shown in FIGURE 5. This

| at ch-on schene of assenbly elinmnates the need to

heat the polynmer close to its Tg or use the schene of
stacki ng polyners with progressively |ower glass
transition tenperatures thus nmaintaining the shape and
formof the structures. It could also enable the

assenbly of polyners without a Tg such as thernoset

pl astics and polycrystalline polyners. EXAMPLE 5 This
Exanpl e serves to further illustrate potenti al

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 polynmer |laser with reduced

metallic contact, as shown in FIGURE 7, wherein device

700 conprises netallic contacts 701 and distri buted

f eedback wavegui de 702. Such netal - backed pol yner

| asers have been devel oped (Andrew et al., "Photonic

band structure and em ssion characteristics of a

nmet al - backed pol yneric distributed feedback | aser,”

Appl . Phys. Lett, 81:954-956, 2002), and recent work

in this area
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suggests that enhanced | asing is obtained when such

pol yner | ayers are placed on top of netallic gratings
w@008a134e2 r educe netallic contact. See Stehr ePCEHBG2005/#00159

| ow t hreshol d pol yner | aser based on netallic

nanoparticle gratings," Adv. Mater., 15:1726-1729,

2003. Such reduced netallic contact is believed to

reduce netallic charge absorption. FIGJURE 8 depicts an

addi ti onal scenario wherein the present invention

could provide for an arraycﬂknaglyneric mcromrrors

800 conprised of mrrors (e€.g., C) 802 on

¢l ect Pomathbi ¢ npding@ethrad dithehsives pdhanerivheruetune filialvomprising

ﬁgl mer structures may conprise mcro- and/or

ﬁ%ﬁ@&ﬁ% di mensi ons, and wherein such pol yner

Str . . P )

et PRAATRE R Bt inold BV oSt e B S n T RN Having o

stingittired stuifglel wheetethe stmoctiiot Bgtfadey ofisaid fies and second molds have
exam| e. AU patents a%g bl i cations referenced herein
disgnpier SPRAGe SREHESIAF C%err eference. It will be

St”fkﬁ?: ?}cﬂf?&%ng ][é%oégxiﬁéﬁ Bin? hating RenARboMe; Q%}?&{nﬁke)ﬁ&’e opposite to said

ures, ons, and oper atl'ons 0 .
fitn wilechod arglive drapsitionl famperaturg kg, saitl pebaesrSdmyresiding on the first

racti.ce.the present inyention a are included, in t
BB itsib A i sk ot b BE B 3 T sOalngin e Siforured
erbRdioreYy fikf mepodi nents. I n addition, it will be
understood that specific structures, functians,

and
opeehpiessiag st stiushured surfachof shvorserdmoibiadp thersepensdde of the

t ent s.,and publ i cat i e j.ced S
B SRS L D i BRLGAP. Roo BFRAAERSAIAR Tt pmorint e
B&on8 Se@NbT de pélyhbkes fidagid povidet a i3sDtdnecwial polymebeilm with
understood that_ the invention nmay he practiced

W‘Fféﬂl}ﬁ:@é)olth}ﬁw figst angdseomdsides pf HeSER BBY Wi t hout
t o
2048 ckerfl02 che 1 HEHS! BE BRME oM GBRORE OIS fim at

present” | nvention as I ne e appen
e ermuke Weldks TL. to Aronddd st 203-Dvatkiatgred pplymes film attached, on one

di nensi onal pol ic structyre filmconprisi the .
ST Ol ogp L MU 2, Lok 6ol L SOPEE S, Wi such
SttddiGlent St ﬁ%y%'\%ﬂta@t éfecﬁé’EQlyH‘E} ¢ avt e 3tructured surface of

structured surface, erein the structur ed surfaces of
saiil bthérrmoldalmyime bighar swfads enengy rdlasive o the senfacdeanergy of the

SO bd ol sthfite M ice.

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 according 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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(b) providing a polynmer filmhaving a first side, a
second side opposite to said first side and a gl ass

WO e@saL4eDN tenperature Tg, said pol ynmer fil mPersGR005000159
on the first nold wherein said first side of the
polymer filmis in contact wth the structured surface
of the first nold; (c) pressing the structured surface

of the second nold into the second side of the polyggr

fi | o2) eentimigrigpodymermaty thespriaes-teated pajtemadsuriaeqplthe first mold
bove | int the second side of the polyner

??? A%gp8§§¥Fg@&a 3-D structured polyner filmwth

structure on both the first and second sides of the

film and (d) separatipng qne of the first .or second

ol ds A SO ECRRBIg: e ok LA c{aim % SYHSER A Saif SBEPE, Stfece of
i % L I8 and

o BN, e Sl R a0

paidystractuféd suyfavkef the send imald tarmbrisasta pagerne sedigead 1oy

contact of the polyner filmwth the structured

$OfFdce of said other nold having higher surface

energy relative to the surface energy of the separated

mol d structured surface. 2. A nethod according to
@. ai mA metttodrasiordiwitd apy ous of thg psecegingislaimanphareiagt tqagt one

{ : I i.n- t, I t
S S o B BB e S Py s 6
'&&Lﬂ%&tﬁféﬁ@% f 8 nivka] dordmicybsly@enic sad corbbihutidnsrteeof.
snrface of the first nold conprises a surface-treated

patterned surface of | ow energy and said structured

rface of, t c [ ter .
B ook i GSRARNE ) St GYE ER ARG Bt e s
sfep (b) conprises the step of:(b2) coating a pol yner
onto the surface-treated_patterned surface he .. .
firé fabriepting atoleastt one phgdehrst iand, Se&?lgﬁﬂwg{‘%ga a lithographic
q%&gﬁcfueng toclaiml1l or claim?2, wherein said
stru

ctured surface of the first nold conprises a
surface-treated patterned surface of nmedi um energy and

%g{ ? efj& rggpctgqt ud: ?ecges ng)gf ta(lﬂc 9\1}% ltorr] %la?nelcf r\])vqlegeoull gaiﬁ%%!:t'u?e Ssufface 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 to 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
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energy. 5. A nethod according to any one of the

precedi ng clainms, wherein at |east one of said first
wodod/1s33d2 sai d second nol ds are nmade from a nmaP€r/862005/000159

selected fromthe group consisting of silicon, netal,

ceram c, polyneric and conbinations thereof. 6. A

nmet hod according to any one of the preceding clains,

conprising the step of: (e) fabri catl ng at | east ope

ohedsern obnﬁmsandamd stegatednpriase BY sad| seeonslymafshisca silane-treated
chnl oclaiml or claim

ﬁh%a& 1ca11y-ssgr|u P%%%@u?ggﬁs&ﬁé é of said first nold

is a silane-treated | |thograph| call y-structured

surface of |ow ener nd wherein said structurg

sh9rf 2 A mSfhod REEOTd eI ¢ V8IS WHSTein S SFRBTAHEHBAd) comprises the

ltetp%qgr aphi cal | y-structured surface of nedi um energy.
g imet hod according to claim7, wherein said
sep@i2asépmtisizdhe fatpnd owpd fremshe pelystee filmofat a fegitperature below Tg

e gt GF 78 sy s (Ut 8 6 okl b sue
RbHRnt ChiBlids!fNeCoflhe iR s 608k TIDIfruckil Bl im&L6lEn with

at t achnent Fﬁg mai nt ai ned by contact of the second side
dhe fitsempdd.yner filmwi th the second nmold. 9. A nethod
according to any one of clains 1 or claim2, wherein
said structured surface of said first nold is a

Sl'l' ANgethb@ adREdihb t a8 AureRd precédin ngaaia@ curehier E@nprising the
of medi um energy and said structured surface of said
staparful rmld |s a S|Iane treated

it rap 0.
A Y Asaonk BB g ey SRS R b LR
%hsﬁraiéi:)taot@ﬁﬁ?éﬂaaﬁétﬁahes e&;bem“ng. (d2) separating the
second nol romthe polyner filmat a tenperature

bel ow Tg to provide the 3-D structured polymer film
tac GRh gehnent

4200 b P bl 0

st r (g)ts!epﬁdtnng)ﬂm mmold hatthahedita the 3-D structured polymer ﬁlm ata

temperature that is below Tg, providing for transfer of the 3-D structured polymer

film to the substrate.

13. A method according to claim 11 or claim 12, further comprising the step of:
(h) removing residue film from the 3-D structured polymer film to provide for a
3-D polymeric structure 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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the first nold. 11. A nethod according to any one of
the preceding clains, further conprising the step of:

w@ £gosprrexsi ng the unattached side of the 3-D sPeT/SGLO&NH00159
pol ymer filmonto a substrate at a tenperature that is
about Tg. 12. A nethod according to claim 11, further
conprising the step of: (g) separating the nold
attached to the 3-D structured polynmer filmat a

te nﬁﬁsmamﬁ@gtsniétoth@ npdfl gttachgd thasd peliymer fibp, fremilg 3D
t - ol i
SR L A O 0 Spseatlighitenn,

further conprising the step of: (h) renoving residue

filmfromthe 3-D structured poly, filmt id

PSS ORISR
~ar ’ . e : _

SR LR G epis o i Rl o o YIREE Ry SR HRTR Ml bhercin

&bﬂﬁeggaﬁﬂ@lstep\(imr?pdseﬁMebm@ to anyhone of the

precedi ng cl ai ns,. t her .conpri si t he. st f.(0).

Cep i b g Eesry SHdtlorar S HpAeTda ) oy hpbry Hepding 3-D

fsitx]%xﬂ%ur&f Berigi D structured polynmer filmto provide

a

ree-standing 3-D structured polyner film 16. A
nmet hod according to claim 15, wherein said other nold

o e R BT Lo PSSO S Shph b
%E@B@Aﬂz[&dﬁsl&@e{dh)n%%ymi ses the step of: (il)

etching away said silicon and silicon oxide to provide
the free-standing 3-D structured polynmer film 17. A

t hod aceor di 0 ' . el . Sal chi
S A e Il S Qe A0 vt
a6dtdngoldg edipridifeathirdtithitQe digrnsidhapirbm theyammagakfto the

the preceding clains, wherein said first and
micro-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), polycarbonate (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 acetate, ethylene-propylene
copolymer, ethylene-butene-propylene 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.

-29-



second nol ds conprise features that are di mensi oned
fromthe nano-scale to the mcro-scale. 19. A nethod
waewsndi4my to any one of the precedi ng cl ai s, P@ITBGHI0H000159

the polynmer of the polymer filmis selected fromthe
group consisting of a thernoplastic polynmer, polyner

bl end, and copol yners. 20. A nethod according to any

one of the preceding clains, wherein the pol yner of

the polynmer filmis selected fromthe group consisting

Oﬁlpﬁllﬁéfﬁ&a‘ﬁélzcd}@lhgg\ﬁl'&égyaé& 6PMYhhs 3|991J ¥ﬁﬁﬁ bon@&eibRGld surface

pol yvi nyl acet at e pol ystyrene

pbested cn@verenfé sulrfmey atfhepice diest qnd| sesod mdds prd yurickitteated by a

net%c %? S‘Bfﬂg gﬁ%ﬁ%@%ﬁ%& g'g’té‘ ! ene{?t-}gg 58 silepe-treatment,

p?Ia}l’llﬂHUE}l)(ﬁﬁﬁmt raeaah’ea&raahe greﬁﬁh il fcBR®inaB6hy theF<de
cel | ul ose, ul ose acetat e, hyI ene- propyl ene

copol yner, ethylene but ene- propylene terpolyner

P9 YRXAERbY BcofiRle B MY e Lilfns 7 APREPUNERS said. substrate

rrolidone, an

aaombﬁéa”s @lmﬁtenabbdmd ﬁrbﬁ‘lndleagidupl @@lﬁﬂlétﬁigrofsﬁh&ﬁlt @ibtal, ceramic,
fromthe group_ consisting.of polydinethylsiloxane

( poWRPTicyad combitienstheredd| v ( but adi ene), and

conbi nations thereof.21. A nmethod according to any one
of clainse 3 or claim4, wherein said surface treated
p231.tAe mmethiods acdoading tofclami 22, fwhiatinahd sabaaind ismiréiReareated by a
surf ace- tregted a surface treat nent net hod sel ect ed

f PORPSRECHO dom Biesreqn frpstting of sresenrilaiesipaning, spphication of

dERPBiE bO&hs, Bh@%&ﬁbﬁlﬁ@@ﬂsr{ﬁ&‘eof grafting, and
conbi natrons thereof. 22. A nethod according to any

one of cI ains 11 to 21 wherein said substrate

o TR b R GRRR BET) o R somprisngghe s

C@m‘ol nati ons ther eof . 23. A nethod according to claim
22, wherein the substrate is surface-treated by a

pr oces€) sbjesting &#i—@mtmh@rg}mdm@oﬂm ot amgcy@f:n plasma etch to

HARSE AR Tt RCh PP BRuhaEp 0 el Bovice o 30
el pmerti e gricoura Atachiee t@the@iddriold; to 10, further

conpri Skl) rt]r%nstfgr%ng thep3-D polymeric structure to a substrate by pressing the first
side of the 3-D polymeric structure onto a substrate at a temperature that is close to
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
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of: (j) subjecting the 3-D structured polynmer filmto
an oxygen plasm etch to renove residue filmwhile it

WO 2008t1134k2 at t ached to said other nold to provi BET/aGB05000159
pol ynmeric structure attached to the other nold; (k)
transferring the 3-D polyneric structure to a
substrate by pressing the first side of the 3-D
pol yrrerlc structure onto a substrate at a tenperature

t hat i €@ eerssatingdhad-D shrgeturesi pelymagr im fgora thepayt ¢tbpr mold by
v
corfipBaly pERBTSORYF IR el SRR (Hm A B Efed B provide
t foe adrdesstanding 3-Ppolymenit stadttaecor di ng to any one of
clainms 1 to 10, further conprising the steps of: (m
subj ecting the 3-D structured polyner filmto an
0%y BEHetRb & 8RR BhE b &fy Jﬂémﬁm&l@s't@l 48, WhdrBin'thd fifkt b&lyin%r and
still attached to sai'd other noid to provide a 3-
pthle peeemid poltmar@rethe sameached to sai d ot her nol d
and(n) separating the 3-D structured polyner fi I m from
the said other nold by etching away at | east sone of
tye meapehétBbd &dco¥dihe {fb Ao dlairfs § D R4, I iRdeih ThPHRY pE§mer
for a free- standlng -D polyneric structure. 26.A
nendHbe sepond palymsr ate diffgredhe of clains 5 to 24, wherein
the first polyner and the second pol yner are the sane.
27. A method according to any one of clainms 5 to 24,
wh&r ei A rhétBod of mbkipg laBrbrstracidrddilaradiith @ehptsaig e steps of:
dlfferent 28. A nethod of making a 3-D structured
pol yme‘l‘ fi | PEOMISHRSE B rﬁgmﬂﬁiecqmmb%ng;ﬁ sugfgeesireniedypaftpraed surface
first Qﬁ%{ggﬁlsmg a surface-treated patterned
surface of Tow’énergy; b) coating a first polymer
conprik) ng eoatjhgasfitst polyirder Gmnipdsingraagllamtraigﬁitimntemgeiwure Tei

surface- treate patterned surfac
form amﬁﬁl qertRg ep?ds*l‘? %B%G*ﬁ %tﬁr)rg i & polymer
si de i iy QRIAGE sithdehrell bR afﬁrEtSsridé"fﬁl ntact with the first mold;

c) providing a second mold comprising a patterned surface of medium
energy;
d) coating a second polymer comprising a glass transition temperature

T 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;

€) pressing the second mold into the surface of the polymer film residing
in the first mold, at a temperature above the Tj of either polymer, to adhere the -
polymer films and provide a 3-D structured polymer film 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 to 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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c) providing a second nold conprising a patterned

surface of nedium energy; d) coating a second pol yner
WwWe@pniEeng a glass transition tenperature Tg POI/SGL00&000159

surface-treated patterned second nold to forma

polymer filmthat is structured on a first side in

contact with the second nold; e) pressing the second

nold into the surface of the polyner filmresiding in

t6 fi providing o firy 8- pobymraicatiystareagby bshaterg of

ehhher C fd . .
ol BRIHES socofd SHTBEEICHE RALKED o doEe BBlled mold
oft) bot joitihg tHd first amdrsdcarich Ddbadyrdesc gfuchdres;fand m  and f

) separating the fjrst nold mthe 3-D,structured

psPy mereparatife dhe siriagerenisd inold Bemhe fego # 33 pfilymeric structure
PR PHEBIE ah sRBYddErudiuds Lnibriddd b¥ RGBT pdlithBic structu
at t%‘ched toSthe second rmInZlI,S wher el nesuch at% aig{rr}lrre%% cHte
confheifgsts3-Daiaueriodtruchee.second si de of the pol yner
filmwth the second nold. 29. A nethod for assenbling
3-D polyneric structures conprising the steps of:(a)

P3@Vi dANHetBod hécdtdiRg £ MY DB W iferdih k4id tfi#§tS -Dhofymeric structure

substrate; (b) providing a second 3-D polyneric
shasucglegsdranpitign sempesatere, dgatseid seennd; 3-Daolyroend sigpciire has a

fisxst, and. second 3-D-pol I ¢ .structufres.. and . .
B3R REP e B Sl SO TrE 2 afpin so
3roihip® bteped)icontplikescthelkeplo@ provi de an assenbl ed
structure conprised of the second 3-D polyneric

st r uct (¢ ePissing therseeand BDpofuRgrkesuctse prietthe Brst 3D palymeric
; - .
it BEE4 b A oh s BBl e BELEL o of b idthpetitke thatis
t soped A,Vrcem {Bgiberatare dvitheexposhrd td elpettomapnitic sididtion) el
has a %lass transition tenperature, Tg , and wherein
TEIBIRADS H6199f3:  and wherein said joining step (c)
CONDI | Z&fwhEinShfFseBiratin® btbp RIS ShdWkak&ifatSGEABEraRirPihat i
pol ymeric st rll}ct urgﬁontlogt%%@i rst 3-D p%l yrreai éi reats
shelowtlygr.e under conditions selected fromthe group
consisting of a tenperature that is around Tg , room
tenperature with exposure to el ectromagnetic

radi at AQReth@Nibcording to claim 29, wherein the joining step (c) comprises the

step of:
(c2) 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:
‘ (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, Tg3, and wherein T3 is below Tg;

® pressing the third 3-D polymeric structure onto the second 3-D
polymeric structure under conditions selected from the group consisting of a
temperature that is above Tg3, room temperature with exposure to electromagnetic

radiation, and combinations thereof; and
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conbi nations thereof; and wherein said separating step

(d) is undertaken at a tenperature that is bel ow Tg2.
w@1005A13321 hod according to claim29, wherein tPer/SG2005/000159

joining step (c) conprises the step of: (c2) pressing

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

pol yneric structure such that the second structure

| atches onto the first structure. 32. A nethod )

accor d{@g teepetatingn the eecontlafuri®e-trepted: meald cGapy ithe nigird 3-D

the steps,of: (e) _providin t hi - I | C

B yRpF bt 8 aOflbelhie et Pobdlod Full PRIdeCm avemented
t feckleBi shithctird cPMbyisRY bE tisd thirelt SHDE pobfricsetfucturgl dis the first and
transition tenperature, Tg3, and wherein Tg3 is bel ow
Tegpong 3D polumstip giragiareshi rd 3- D pol yneric structure

onto the second 3-D polyneric structure under

conditions selected fromthe group consisting of a

t #per Atrhi¢thod hrbrdisg abdyien IYAS; claioodd, tfertipe catprisingithdsteps of:
exposure to el ectronmagnetic radi ation, and

conbi néY| onEmﬁ”fﬁ]é‘Ff:’erﬂ;“%ggd-Je Q’P{ rStRicHge fha seequgyrface-treated
spibfjce-treated nmold fromthe third 3-D polyneric
struéture at a tenperature that is below Tg3 to
provi d@) an pregmenttbe thirdckdd milymetiasuctungrinte theofsecond 3-D
the third 3-D pol ri,c structyre.on the fi,rst an

SRS SEhssere e Mt e i aredireJafinds Gaup plsSpect srocture, the
a%@ﬁ(ﬁétﬂﬂ:t&r@b@ﬂnﬁ')p%%?ﬂ%as Rb18d Suctliref dddler conpri sing

the steps of: ( providing a third 3-D pol yneric )
st r uct () eeparatingshe sexdnd uffaecetreatedimadd iy the( third 3-D polymeric

PSR o 5t ah AogmGp B A RIOIEY, Sttt Cplip e Jfe thind 3-D
SplyabHE strh@teh@s tendsseribled Set@nd Gnipiy ®e firteand second 3-D

second structure being part of the assenbl ed

spolp@etie slruciw@s.(j ) separating the second
surface-treated nold fromthe third 3-D polyneric
structure to provide an augnmented assenbl ed structure
cpr i aAaflethbd hdverdihg todan3-die of claims 29 to 33, wherein the surface-treated

molds are silane-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 claims.
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pol yneric structure on the assenbled structure

conprising the first and second 3-D polyneric
wa@rosaiueres. 34. A nethod according to any oneP©f/SG2005/000159

claims 29 to 33, wherein the surface-treated nolds are

silane-treated. 35. A nethod according to any one of

clains 29 to 34, further conprising progressively

s% cking,addi.tiopal layers of 3-D polyneri¢ structures ‘

oAPo  t He> TLBHHTE- e aHO S RobiFRas SIgefireqmags method according

agL Ay b iR ARYediecldime! @l M 29 to 35, wherein the

3-D polyneric structures are structured such that they

conprise features with di nensions that range fromthe

nano-scale to the mcro-scale. 37. A 3-D pol ymner

structure made in a nethod according to any one of the

preceding clains.8. A 3-D micro-size or nano-size

pol ymer structure nmade in a nmethod accordi ng any one

of the preceding clains.
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