METHOD OF LOW TEMPERATURE IMPRINTING PROCESS WITH
HIGH PATTERN TRANSFER YIELD TECHNICAL FIELD [00011 The
present invention relates generally to micro- and nano-imprinting
lithography techniques, and specifically to the use of sacrificial layers to

M@ﬁgﬁwwﬂ-la er structures using such techniq‘%?as.
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e-beam lithography have gi"-bEemNIERIONSTFRENEFE Vidble next generation
lithography techniques, they are, however, slow and expensive (M.

Geissler, Y. Xia, Adv. Mater. 16(15), p. 1249, 2004). Nano-imprinting
lithography (NIL) offers a very attractive alternative to the fabrication of

R (k§rignometer-scale) features, largely due to the process
being simple, fast, and inexpensive, thus making it a potential technique

[ofTerlating REQIRIIthosraRtY IRMRSS PERAMONONCARRRIN Bndelatiyebnprinting
_high yield has been demonstrated, the yield of imprinting relies heavily on
lithogranler {sAMicHESUABE SRFRfGH Bihdhpisenbotshiiciab lavers to form 3-

digHRSIERE, dhe meldi ARd sthRBRly Mek AR-BNE-AadRRRION layer is almost a

prerequisite in NIL processes to ensure that the polymer remains on the
substrate during de-molding steps. Accordingly, non- uniformity in the
anti-adhesion treatment often results in poor yield (R.W. Jaszewski, H.

Bgﬁ%"mﬂfﬁ@ﬁ% ly and P. Groning, Appl. Sur. Sci. 143, pp.
- , . S. Park, C. Padeste, H. Schift and J. Gobrecht,
(obligfociReliRe F00i &/ HofnPBn D621 ANT Rk IORE. AN MHonstrated as

techniques have successfully demonstrated an ability to fabricate
vighigtnayeesipieigre o mamac eshinBReREhRYRr ¢ hlangvErJsicuans sapensive (M.
GERNG, AN FAG(Realer/ 61381 pT PORI0IBH0 AR GABRRD R

X.D. Huané‘o,aLR, Bao, X. (;ﬁen%}p L.J. Glo, SW. Pé)ng% A e gy (NIL)
ofpse aSeryTtReidYeRIFOBH o287 Jabgrelionof suk-8igryn (IZhuzamgnwter-scale)
feAARI -Xu&'a%eé) Y ks Beind SENAR Bl @)aRRedRedr %93% %??g it

B. Fairclo hl?H. Rohrs, .rRuogg, R. Kgcﬁngvé_k, J. Vac. SéYTec nol. B e 2
potgdy] pechrerel S73raiuoystmieidlithepimihiminatess anohectigse oflthough a
refHiVEIY ARt Vield has been demonstrated, the yield of imprinting relies heavily on a
proper tuning of surface energy among the components, i.e., the substrate, the mold, and
the polymer. An anti-adhesion layer is almost a prerequisite in NIL processes to ensure
that the polymer remains on the substrate during de-molding steps. Accordingly, non-
uniformity in the anti-adhesion treatment often results in poor yield (R.W. Jaszewski, H.
Schift, B. Schnyder, A. Schneuwly and P. Groning, Appl. Sur. Sci. 143, pp. 301-308,
1999; S. Park, C. Padeste, H. Schift and J. Gobrecht, Microelectronic Eng. 67-68, pp.

252-258, 2003).

[0603]  Although NIL techniques have successfully demonstrated an ability to fabricate
multilayer structures (L.R. Bao, X. Cheng, X.D. Huang, L.J. Guo, S.W. Pang, and AF.
Yee, J. Vac. Sci. Technol. B 20, pp. 2881-2886, 2002; X.D. Huang, L.R. Bao, X. Cheng,
L.J. Guo, S.W. Pang, and AF. Yee, J. Vac. Sci. Technol. B 20(6), pp. 2872-2876, 2002;
X. Sun, L. Zhuang, W. Zhang and S.Y. Chou, J. Vac. Sci. Technol B 16(6), pp. 3922-
3925, 1998; B. Faircloth, H. Rohrs, R. Ruogg, R.R. Krchnavek, J. Vac. Sci. Technol. B
18(4), pp. 1866-1873, 2000), there are some limitations on the type of structures
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patternable by these techniques. For instance, it is quite challenging to
fabricate such a multilayer structure using NIL, due to difficulties such as:
(a) solvent intermixing between layers; (b) deformation of the underlying
layer during the imprinting of the top layer due to relatively high

temperatyre and pressure; (c) a requirement that the_ subsequent layer
PRI R SRS D EaE AR eft 1 (R E cbBlipgiigie febricate such a
mukfiegiatsstameh () hiiﬁiﬁg??@ﬂgé@ﬁl@ftmaiﬁ’ﬁla{ﬁﬁﬁﬁt ﬁf@lirﬁﬁrg&}itﬂ&v@ﬁ intermixing
instance, in o xample, a bilayer or trj-layer resist with different
OB R erasre??éo%ﬁ%éa%ﬂ%n%#ﬁ%? SIS [ourS I ipa R ge of the top
iamuﬂeﬁi to helm@ﬂ@dafgnngﬂﬂllyea@evmﬁ prReud. (Yyus Hec)ﬁl?@ﬁént that the
Y.C J. Mac. Sci. Techpol, B 21(6), pp..2874-2877, 2003). [0004 )
SRS S LI i BB QRRBHRP R EORE dRABIcERd polymerie
maboiss; destibetitimithiboiae the yislehisidyhioale ieryriawadifiai¥pesOfin one
olymer d in the layers is quite limited. Accordingly, an improved .
LN A R N R N
exgitipraininabstiakedaloigsitictionguived id be thigll @BsitaeeBRIBR, H. Gao, W.
IPT OE TH VENTIQN.[000 me embodiments, the
“&’E@gﬁei%ﬁ%ﬁ@%g&g&% ﬁo?gfmgdéqféi%rﬁﬁ?ﬁgzgw’ 2003).

substrate-supported or freestanding structures at low cost, with high
{0988 rn Wit fauifiddsien siduasing lbay ¢ tmcesdemptestnpedatere. Sl of the above-
aDethoss Qvaeme -ahnve-described limitations of the prior . .
art. Qene(a}%, suéhﬁrpn tﬁigojgttgﬁ %ﬁag%rgg%ﬁom\%%ﬂ{%%%eﬁl&g %OES%E%ﬁ&gaﬁd in the
lagreripating. [0008). InAcmrdiogibodimemnsy ved prethedt fvittiaragable of making
dirested. toth ifigialy fi in.duo-mold,imprinting, . ..
rr?hot-er?wtgossing iltgo%{rzlg% ’)ég;én‘gﬁ%-i%bnrm 2i‘r%g ﬁ%ﬁ%fgrgfo ARy, would be
highly ersigebEsisted lithography (MAL) or step-and-flash imprint lithography
(SFIL). The combined used of sacrificial films with these techniques

BREVED IS {IOY e REBR- IR ENP BV E N HRYel and non-obvious manner.

[0007] In accordance with some embodiments of the present invention,

[ooUBTatinn afre sashidicialdil) hdllyaisaied et followiresieRS niRk! methods of
._treating a patterned silicon mold, the mold comprisin gatterned trenches,

R ) O R G HER SHTHE 3y 7 i i Mg et
triffisitiosldeadeisiwa dbPrivesihe nalg suatdhatithlls dhi® overcome many of

the above-described limitations of the prior art. Generally, such methods of the present

invention employ a sacrificial layer or film.

(0006] In some embodiments, the present invention is directed to the use of sacrificial
films in duo-mold imprinting, hot-embossing lithography (HEL) or nano-imprinting
lithography (NIL), and mold-assisted lithography (MAL) or step-and-flash imprint
lithography (SFIL). The combined used of sacrificial films with these techniques serves

to improve these techniques in a novel and non-obvious manner.

[0007] In accordance with some embodiments of the present invention, utilization of a
sacrificial film is illustrated by the following steps: (a) treating a patterned silicon mold,
the mold comprising patterned trenches, with a low surface energy silane; (b) depositing
polymer having a glass transition temperature (T) into the mold such that it fills in the
trenches and forms a patterned (structured) polymeric thin film in the patterned silicon
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trenches and forms a patterned (structured) polymeric thin film in the
patterned silicon -2 mold, wherein the patterned polymeric thin film
comprises a planarized top surface and a patterned bottom surface that
adopts a patterned imprint structure where it conformally contacts the

Id; {c) proyiding a sacrificial film having a surface energy higher than
iy %ﬁ?ﬁ%%%ﬁé%ﬁé%if@&ﬁ?ﬂm i gggﬁt@nﬂéewme@ﬁﬁwﬂmﬁéw and a
pﬁﬂmnmdz'?@kr:mp suffaealof tmﬁapffslmr@ﬁ&ertm ﬂhgmi@gﬁmwd) awlr@@h%rt]ﬁafomauy
the T the.polymer so as to form an assembly; an separating the
o T L RS ek T SN A G hiper than that
opdiynpertsmeid thitittnerpalde snddppaisine tecthinfilioiAdiieiests the planarized top
and forms a sacrifi film-s rted

sacrificjal film on separatio ial pp

St S A SN i SSRRAA G 6 Mol Rglymer so as to

foqpoly arerissthitb] §ij rued (@ ese e driagsibe eghéoi ActalbSatefand e assembly at a

sacrificial film and/or resi | polymer between the structures of the )

TRAHED BOBMars Gar M RN HE o Mo e e (e sabgteric thin fim

adimhemeicthiruateriésidlsitig sochsepathticls, Sndirfsfsionadand e thiRyeupported
s,can he 081

&ﬁ%rel%géﬁreol € {ﬂ%rig?ted.#?bo J%v ilj 'ng a sacrificial film, the . )
PrEghtiRvantion offerd B numbsef ST 450 SUPPREdpatisapedpolymeric thin
filnansfethyele: durin@tid demalbingtprocetsisasigRdisiofilly dndpsovesddN§olymer

ntire pattern, suppoyted on the sacrificial film,.can be transferred to a .
ﬁé’?&"é‘% e SRR e Fenlsmeris i Bleyprappremersd so o to yield
diperatilgmbmesic kG0etupatteritiapsiarlyieltbtbeioraldbepatien Hmanstanti-layer
séﬁ%{ﬂrteg% E’;"{‘BQ“%&?} fil{gdcan be carried out at milder tempgr_atures ano]

pressures, assis eaaby the conformal nature of the sacrificial film. This

advantage enables the imprinting of a multilayer structure comprising a
[08REle tAve wilipaterial stvevatiplbfdade fingrtmatioiosatipolyoifts far number of

oIS FEER A0 84 SRTBUEN S SSRGS By
imavehtiorks _andrcep_@rgelimmpmt@ methodsdrifissihglms aerifivtatritesferred to a
AT O I Tt I R s s e
1G8¥6denttian t{aagen yield fovegpidgthagstetinednsfivei ottt pabeffeaiiba can be
ca?HthSBPQé%hﬂQ%’@é}h%%?&ures and pressures, assisted by the conformal nature of the
sacrificial film. This advantage enables the imprinting of a multilayer structure
comprising a single type of material, thereby broadening the choice of polymers for
multilayer structures and allowing for easy preparation of freestanding 3-D structures.
Third, this technique is applicable to either or both conventional and reverse imprinting
methods by using a sacrificial film such as aluminum foil. The sacrificial film is typically
inexpensive, thus adding to the benefit of a low cost nanofabrication process for mass

- production.

[0009] The foregoing has outlined rather broadly the features and technical advantages
-of the present invention in order that the detailed description of the invention that follows
may be better understood. Additional features and advantages of the invention will be

described hereinafter which form the subject of the claims of the invention.



of the present invention in order that the detailed description of the

invention that follows may be better understood. Additional features and
advantages of the invention will be described hereinafter which form the
subject of the claims of the invention. -3 BRIEF DESCRIPTION OF THE

_ 0010] For a more complete understanding of the present
ﬁ%\’%ﬁ%ﬁé é) vﬂa -5 R r%;@rence is now made to the
in descrl tlonst ction. with the acco ny

[(Ejﬁf vxv nggs i Wh ﬁ‘f é%{{ng \gﬁe%%ﬁg Iﬁﬁ‘é?Pﬁ %{}8 the advantages
thmmmncfgrpmocesﬁpmdh g thee doll @mibp disaiitafith expeeserbhijvection with the
awhereaghe gr s yses a.s rificial substrate; [0012] FIGURE 2 is an

SEMIm glg 3 bi %afyer A structure with 500 nm wide grating

structures on both the top and bottom layer; [0013] FIGURE 3
[AEH m kAR il Uk trate seherietiti ol utratingestadiminsimg lertmpss, Avcording to an
<ApeatRnes b A BRdneR! ohie REIRNLIRRNRL I HIBER,

4 schematically fllustrates fabrication of a IIm- supporte
freestandln é)le -layer structure, in accordance with an embodlment of

E(%Héz.!)reé"éﬁ‘& enifo AN PEYSRIEURE Bidanervedry sty itheXigenm wide

gﬁﬁ@@@ﬂ&%@gfgm@@ﬁ@%g% Hy@&gqg)tgrweld a sacrificial
film-supported or freestandlng 3 D structure in accordance with an

0d| gﬁ}ﬁé_rtti esent | F{:’ 6].FIGURE 6 schematically
[ rardd S5 grgg&?ﬁ 1°%i9qP Bt%‘é%%%%ﬁlg}e layer, in
acithéamsadctifiniadidyalisicapofibd stessivigventdneestanding structure, in
accordance with an embodiment of the present invention; [0017] FIGURE
e il |f10| fiIm na
pro“g;s??g} yield %3% ee%é%g}aézﬁ ficia ﬁ(%ar?/%r suprrl)%ar?tjog Striid u‘%ﬁgé% ﬁlsm—suppomed or
frm@mémgn rigiphtriegter estincaogrianaceowithan witibadinsbbdfthatprdstnt present
Q)thon [0018] FIGURES 8A and 8B are SEM images depicting
samples of 500 rim gratings imprinted by HEL or NIL processes in
combination with a sacrificial layer and in accordance with an

[G@,Jffdodﬁ{@fg{fgﬁtﬁé;cg@ggﬁpaﬁvmﬁates the use of a sacrificial film in a duo-mold

process to yield a sacrificial film-supported or freestanding 3-D structure, in accordance

with an embeodiment of the present invention;

[0016] FIGURE 6 schematically illustrates the use of a sacrificial film in a HEL or NiL
process to yield either a sacrificial layer supported structure or a freestanding structure, in

accordance with an embodiment of the present invention;

[0017] FIGURE 7 schematically illustrates the use of a sacrificial film in a MAL or
SFIL process to yield either a sacrificial layer supported structure or a freestanding

structure, in accordance with an embodiment of the present invention;

[0018] FIGURES 8A and 8B are SEM images depicting samples of 500 nm gratings
imprinted by HEL or NIL processes in combination with a sacrificial layer and in

accordance with an embodiment of the present invention;



-4 [00191 FIGURE 9 is an SEM image of a single layer PMMA structure
supported on an aluminum foil substrate imprinted by a silicon mold with
75 rim gratings, in accordance with some embodiments of the present
invention; and [00201 FIGURE 10 is an SEM image of a two-layer PMMA
scaffold structure supported on aluminum foil imprinted by a silicon mold

[9MR175 Rt YRings am Sk reagreel pitrnslilaveniyaiciiracsmnaupported on an
alRiiaaah IRIe SRt R FHHAEE BE 2 GIRIBA ¥abldOFithHis INY ENTANin accordance

[00211 In the following description, specific details are set forth such as
wifllsame erapdimRents st e e i AARORtRBRUgh understanding of the

present invention. However, it will be obvious to those skilled in the art
[@h20the FI@S&i imdeitian rS@pbanpigctided witholalst APNSNELifig aigtadlSstructure

In. many cases, details concerning such considerations an tféﬁ like have, )
S‘E}’é’é)# %‘?nﬁfle(f ﬁrifgé%lﬁnchﬁ)als gﬂl}gﬁi}?gaaﬁ a%esﬁ%%%égggrvl Btdiftagratings, in
acomijsiete witheostaribgdfittresoré dfentrieveantioreaiishare within the skills

of persons of ordinary skill in the relevant art. [00221 In some

pEHATIEIS BRICR IO DIPTHAR INVERPIFHR @ method of low

temperature imprinting using a sacrificial film, the method having high
[granpferniald Hhisaagriscialiin.canbssromanic ororganis melgia £Ea£peciﬁc
can easily be removed by simple wet etching techniques. By using such a

qEHiRSalSiRY, £19e4p T00Yiden prithoney ghatsrsrstiendioandfethe essset dndlention.
HEGRSBNHINGIPEL IV RRMETD BRSEPE QPIRIARIAEER: 3he! %gﬁﬁci%%ntion may be

temperatures. [0023] An.imprinting process in accordance with some
Pagiissdintarheuss fHehp cirdetation idshawnyscifsmatideilin GIBEREE such

cdnsRRteHING IAHRUREna PallEERGH S| 1H(~2§I.-IQ g&l_clggcﬁ &@Qﬁ@%imﬂuecessary

low surface energy silane, for example: 1H,1H,

topebtrind seyEchIBERtd D She dersat jitvRitiorosiidice @1tBin dre skills of

pasiRdesvrsty/dighiaresiane3Ps): A polymer solution, for example
poly(methyl methacrylate) (PMMA) in, e.g., toluene, is then spin-coated

[O]?anto the mold such that it fills up the trenches and forms a planarized thin

tal(FIGURES RBOAImERS. RGvaretenr Greisgnisdieeditth Wigh wethadeof low
teffpRfgiotE Fgikid@hhsan hespeaseed A9 1h8e method having high transfer yield.

This sacrificial film can be inorganic or organic material that can easily be removed by
simple wet etching techniques. By using such a sacrificial film, a near 100% imprinting
transfer yield can be achieved, and freestanding structures can easily be obtained, even at

low process temperatures.

[0023] An imprinting procesé in accordance with some embodiments of the present
invention is shown schematically in FIGURE 1. Referring to FIGURE 1, a patterned
silicon (8i) mold is treated with a low surface energy silane, for example: 1H,1H,2H,2H-
perfluorodecyltrichlorosilane (FDTS), octadecyltrichlorosilane (OTS), or
octadecylmethyldichlorosilane (ODS). A polymer solution, for example poly(methyl
methacrylate) (PMMA) in, e.g., toluene, is then spin-coated onto the mold such that it
fills up the trenches and forms a planarized thin film (FIGURES 1a3 and 1a4). A wafer
or glass substrate with high surface energy (FIGURE 1al) can be pressed into the
planarized thin film above the glass transition temperature (T,) of the polymer of which
the planarized thin film is comprised (FIGURE 1bl) and, after a predetermined
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planarized thin film above the glass transition temperature (Tg) of the
polymer of which the planarized thin film is comprised (FIGURE Ibl) and,
after a predetermined -5 imprinting time, the wafer or glass substrate can
be separated below the Tg of the polymer (FIGURE Icl) and optionally

. subjected.to oxygen (02) plasma etching to remove residual layer and
“i?i‘érlﬂi‘%“ﬁé%?n BESr SR AT mAc At bF staakddaiare thei G the polymer

(g URdd tienakidopliefaayvelnbgesaditciakiipe o e PraiadFEMRE to remove
Ia%%,ﬂffr instance ﬁluminium foil, is treated with an oxygengij?lé?sma to

o RAETAT HigH anatiee e U Qg AMIE 31eR stse (BIGURE

1a15uitabléipsassyre: antedhe Bglyneicageiad S @A eNIgEURE 122), for

. above the Tg.of the polymer (FIGURE 1b2). After a predetermined
H}Fﬁ?ﬂ?ﬁtﬁ%@“ﬁ‘r‘%&?} 8%&%#&81[&1%%}}%@%%3}%% 5 [P Fi T arfigh surface

epalyyneThie sutinfcial amaittp msanstesdinm themalldpibaaac it il olymer-
éFIF%Lg%E i&? This transfer occurs gecause of the difference in the
CUfHRcE BIEPTE S HERPSEH Wit SR BR d el AR ARIMPRIAE KR ENED2). After a
praipiemhdinniyametighee sudace-emeipyitian thai eighamolbiihethe T, of the
referentially adheres tq the sacrificial film and thus results

olymer film I
PRI SR The BOle AR A TOD esHAl Gl W75y fsih Bm (FIGURE
163Irilddli@ufaﬂ9§&m@tﬁl J sﬂb?daﬁﬁ@d@ ﬂiesiﬁﬁs’a\éd@é’ﬂ? q{itfglarpfaagﬁ{rglag-%@g&seen the
results,in residu yer- free pattern on the sagrificial film (FIGURE 1 d2).
“\@ﬁﬁ{*ﬁeﬂb@owﬁtgﬁﬂ-o s Ceoaiipel Sahesipiighesidaercifyey than
th(aubﬂl&léaﬂl@mi,ng\évgsl@1pf@@eﬁﬁ@5pﬁefé§8&iaﬁstefdlﬁﬂe§3@ifll'féi%'aﬁﬁﬂ&ﬁﬂﬂﬂ% and thus

ressed.at a sujta ressure onto a pre-patferne polymer on a )
R a e TR RS B YEITODITY (hE CHOPHEIAN A Y Eheey e papgied out
to(lféﬁibkl%Eéiﬂ)&z&ﬂub%@b&ﬂi&ﬁ@f@%ﬂﬂkaﬁgias}mﬁlgqgﬂﬁil?ﬁ@&&ﬂl?@[ﬂﬁ@smﬂa} layer-

at an ambient temperatur t [ o yleld. 2) Alternatively, the
ﬁB%tPéFE"‘éH 8 i fﬂ%‘f‘@ir%@ Eff%é%%ﬂg%hna ieh ghesBalRRsiidatiern on the
saerifitiel pateinsd sapofigidbiittdiichRE elofvitigesiaprinessbiayer

structure (FIGURE 1f2) is then obtained after removing the sacrificial

films. This step.can.also he carried out at an amhient con?i ion %e.,
te pergt% ?RS%%%&. %%I%%g\%. T(’)’E)%] Hie S Hird i i GBLE By onto
hewsipattanngiV o ymear @00 W bstpriat{FdGIMEIne]). By removing the sacrificial

film, a bilayer structure (FIGURE 1f1) can be obtained. This imprinting process

can be carried out at an ambient temperature with near 100% vyield.

2)  Alternatively, the patterned sacrificial film can be pressed at a suitable
pressure onto another patterned sacrificial film (FIGURE 1e2). A freestanding
bilayer structure (FIGURE 1f2) is then obtained after removing the sacrificial
films. This step can also be carried out at an ambient condition (i.e., temperature),

as described above,

{0024]  The sacrificial film described herein can give a near 100% imprinting yield in
nano-imprinting lithography (NIL) processes such that the entire pattern on the sacrificial
substrate can be transferred to a target substrate. Low imprinting temperatures can be
used in multilayer fabrication process since the sacrificial film can be removed by
dissolving in a suitable solution rather than mechanical demolding. In NIL processes,

demolding steps generally require a good anti-adhesion property, otherwise low

-6 -



nano-imprinting lithography (NIL) processes such that the entire pattern
on the sacrificial substrate can be transferred to a target substrate. Low
imprinting temperatures can be used in multilayer fabrication process
since the sacrificial film can be removed by dissolving in a suitable
solution rather than mechanical demolding. In N.ILég}rocesses, demolding

oI T s s saltant Sketha SRS B Fel aHy, Gemiardiig, steicture can
eHEIRYFiIBRNGHEARGIED yiedts Willr @B b AdSRGaR m.ifiCﬁ?déimnalff?QﬁaaQQm kind of
m.

structure can easily be obtained by removing the sacrificial fi

PAYTIB AT Hecarrhe kisd & FONRS M auiiipysh BeIcisse ©ebribadmprinting

terHplayes ShiveliTewsingatbedmRINGUARRSIAR.SRD bE QWAL Bistead of
sacrificial substrate is removed by dissolving instead of demolding. [0025)

2 '3 schematically illustrates the fabrication of a single-layer
freestanding structure, according to an embodiment of the present
[¢G28htioRIGERErirty tecHelfatiBA B, fiblymmeeds deatetitoriniarsilane-drestege-layer

mold and a sacrificial suhstrate with high surface,energy is.brought into .
R R A P e e oo o
Faidlysn o ineetemperati i @bo vé the tanetithe olykhar dhtefc(hl) substrate with

Next, the polymer is separated from the mold af, a temperature below. T )
e S G R T AR e TR Toe el Sbsuate i
theacpifssds alistrate [R0¢ncambe tenpevedreaaibbifisireyltsfitha pigiaday®fep (b)).

reestanding structure 305 (Step (e)). The, sacrificial film materials_.can b .

S bITES Sha R R e RE T e S O o Beshow in
Stastio)leadrédh thefenbepacatorefretd twennio ldatismateiBdniseatetriRO26] can be

In some e diments, it is also.pgssible.to design micro- or
rahonte errg-lggé ereé}gp[ltfsctlﬁlréisstlﬁg%eagsa gfn%ﬁ%e R FE RS, S0 RIRR, G- The
sahdwnlnfiitGlRéridls Refebkng tomiet GhiRIn A s padyme e 82di sretd te d T Gtructure

.a silane-treated mald 403 and a sacrificial , suhstrate 401 is brought into
R e e A SR S R R et ot

above Tg for the polymer (Step (a)). Next, the polymer is separated from
[GProImola aemecrmbedimentbalolw Tige gwstiblertandStapsribyrandi(caOmeter-scale

PUE0-RREAISCAALYDEE SHHELIS) p teh Vg ihe;

: residrual layer (Step (d)) and%gﬁ%g%:%%g&?a%ﬁg%ﬁ%?gégﬂu%nf}m%er?emng to
FK#URBErd. (405 erad tesislnaigfe pmithoutilane-treated mold 403 and a sacrificial

substrate 401 is brought into close proximity and then pressed onto the polymer at a
temperature above T for the polymer (Step (a)). Next, the polymer is separated from the
mold at a temperature below T,, as shown in Steps (b) and (c). One such fabricated
polymer structure is then Os-plasma etched to remove the residual layer (Step (d)) and
form structure 405a. Another such polymer structure (405b) has residual layer without
plasma etching. The two structures (405a and 405b), as formed in Step (d), are then
brought together and pressed at low temperature (Step (e)). One sacrificial substrate is
then selectively removed (Step (f)) without destroying the other sacrificial layer to yield
structure 406. The residual layer can be removed by plasma etching and another layer is
added (this can be done multiple times), as shown in Step (g). Finally, all sacrificial
substrates are removed (Step (h)). The resulting three-layer structure 407 can be
fabricated by the same type of material, and this also allows the three-layer structure to be

substrate supported or freestanding. It should be recognized by persons of skill in the art
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plasma etching. The two structures (405a and 405b), as formed in Step
(d), are then brought together and pressed at low temperature (Step (e)).
One sacrificial substrate is then selectively removed (Step (f)) without
destroying the other sacrificial layer to yield structure 406. The residual

layey can he remqved by plasma etching and anaother layer is added (this
tafyf %ﬁ‘&ﬂ@‘?ﬁtﬂg&i@tﬁ’ﬁwt@%%tﬁﬁ iFPR RIS bRy et AEFTRIR structures

heubgliates fem rereeya’Step (h)). The resulting three-layer structure 407
can be fabricated by the same type of material, and this also allows the

layer structure ta be substrate orted or fre{estand It should
[‘%eﬁcogmze%%y pgré)ons G ki ff YT AP MetRBUSGHfE With a duo-

nprlesenpimtergiorebad fladtiablcats ﬁmampmmmmﬁeemhavmgsz 448, filed

or h ers 0] bod| nts a.sacrificjal layer i
1\% ‘lgh cor%aolnaf: ion W t[tt%a%@f‘)ﬁr{nﬁg;g’lﬁ?p}’m fthg méth %wﬂﬁgé g’t’é%/ B mold
S%tawugﬂplmamfacSenaigycﬁe gQ/ﬁBihM&afdé}j ablsho e, i2304p. (Egeferrm@ond mold

FIGUREemQOl%ﬁ} z_{c5%}1és oatedo Oétlfl Id 5 2hav
(% re se ﬁ eBo?a/)m% @/ 8I e T, of

sur]?ace BRETQY (8.0, Sifa own i

tis0golawiTg Sherd{bin s’ﬂtﬁanmhis&m&l&ﬂmpm&ﬁed armrtﬂslaamlymelbi&mg and the

ahove the mer, (S b The are then ara
P temper t%?g 13? g?l% éeEﬁgo%ygrz?er pre ereitgtlgﬁy(%he *18% fmet is then
pwsc@@mddd%&a’pc(np() d secpdiyirlesibsthen lp;esﬂﬂta(ﬂ@bpelea;edcbm@)ao yield
ificial syhstrate la teps (d) and (e d .sagrifici
Sacrbé @tesg%%f)%rtggjg\é 5[ Eritruc)(tjsret%ﬁé'“)ﬁl I%( ))gd%é{ig‘é ﬁadg YK Ifl {hg sacrificial
s@nﬂﬁmteﬂayﬁﬂéﬁm tenrdporamh dveikid yifrtt sdndagidaDismRreB06iWeshown in
s shown in Step (f). [0028] In some embodiments, a sacrificial layer
|s uggd in combination with hot- embossing lithography (HEL) or

nano-imprinting lithography (NIL). Referring to FIGURE 6, an adhesion
[1838} 602 iﬁmédlwwwﬁssdcﬁﬁ@mﬂ@ela@% ianussdptmnomtnhm with hot-

elﬁ%sﬁ&gvmt)g%gs@ tt*ﬁﬁ JARERENE tfm 'g I@ﬁa@t 63&;&; shRy frring 1o

in Step (a). In"Step (b), silane treated stamp onm
Fl&éR B0% ansadisisidaren fdkhisrplavsl be0seintheniSepd rited #0dwnd Support

siBERRIME RIBRO5HR Yield U E’i@&%ﬁé&%ﬁ@%@cﬁﬂ%ﬁ%‘533%9%0%“8? own in

substrate 601 can then be removed to yield
Step (a). In Step (b), silane treated stamp 605 is pressed into polymer layer 604 at a

suitable temperature. Mold 605 is then separated at low temperature (Step (c)) to yield
substrate supported structure 606. Support substrate 601 can then be removed to vield a
- sacrificial layer supported structure 607a (Step (d1)), or the sacrificial layer can be
removed to yield a freestanding structure 607b (Step (d2)). FIGURES 8A and 8B
illustrate examples of samples imprinted with HEL or NIL used in combination with a
sacrificial layer (aluminum), wherein the SEM images depict 500 nm gratings on

aluminum,

10029] In some embodiments, a sacrificial layer is used in combination with mold-
assisted lithography (MAL) or step-and-flash imprint lithography (SFIL). Referring to
FIGURE 7, a cavity is formed between transparent stamp 704 and sacrificial layer 703,
Adhesion layer 702 is used to adhere sacrificial layer 703 to support substrate 701. The
cavity is then filled with monomer dispenser (Step (a)) and the cavity gap closed (Step
(b)). Local curing is done through the transparent stamp 704 by irradiating with
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sacrificial layer supported structure 607a (Step (dl)), or the sacrificial layer

can be removed to yield a freestanding structure 607b (Step (d2)).

FIGURES 8A and 8B illustrate examples of samples imprinted with HEL

or NIL used in combination with a sacrificial layer (aluminum), wherein the
500 nm gratings on aluminum. [0029] In some

SEM i s depict
U‘é%éfﬁfﬂ%&t&,aﬁ %g%\’fﬂc‘%ﬁgﬁe@s BT bR aRAtT el devesliataatterned
plthegraphictivi L0 osstprdndiashynpppétiteasiaaibyr (3 ha HREEMBN to yield

to Fl UI}? 7, a cavity is formed hetween transparent stamp 704 and
« SHETHGIA 129EF FORPOREIhBEIGHH iy PO ISR Lol ro 281 8 BB A8y can e
refRi3vtal ol pladt Sibstraieid® ol hter G thesh filkeehwith ynonomer

dispenser (Step (a)) and the cavity gap closed (Step (b)). Local curing is

th h transparent stamp 704 by irradiati ith, -8 ultraviplet .
S o, B B s 0 i o
sip e nsdrificipn entstmatty the7 @Bo(Ste patd) ) pRivdple, SeppititdUubstatecdlalso be

can be removed o yield a sacrificial. r supported structure 706a (Step
R 0 B R R e RIS Botymer
shpelyntenstevotureiiB6a (S teptidencl0e8 (it Ehoultibe hilentizaedilaPMMA has
hil inum (Al foil is described herein as a_suitable sacrificial ..
A R B R GRS . s
obykudiny ththert cotli meregalye ahail aire yetergie] wuel amwatiisatebiio suitable.

ly heets, thin ceramic films, and metals such as Zn, Fe or Cu. .
e R RN Mol s PRy S Sl STl id) (PLA)
pohtapad fortersy (BiHVeatio padpibbgierertsetiossae) §RIETH. the art will

recognize that many other polymeric materials are also suitable. Such

Hablesno rsy but imit lacti id) (PL
loﬁﬁﬁqaﬁolﬁngﬁﬁ%%#d %é Iyrf({geét%uyaéeﬁf tﬁgﬁe%%%gﬁée%%&gzﬁ lfo%l]use of a
mpehpagiesdl thesuftswrblg kay femmicabinteichabietlinvemtosnisifieal sewpanent in

nﬂ&?ﬁﬁ%@ﬂ&&%ﬁ%ﬂ%ﬁi%@&@%@PW@E%'E%'SJF@%a?ﬁr? i%%i ié:siqalna?asy, low

component’in nanoimprinting and lithographic processes. This sacrifici

coRiamr et vt hroweldost nravrsittoningioalifg tiisietadosield are two
vaRNRIAHIBEIH Nty RS g%wieléf%%iyﬂﬁm?gﬁé&ﬁ{ T§0enIAn fills the

mass production. Additionally, the present inventio
need for a NIL process utilizing milder temperatures and pressures.

[0632] Potential applications for the structures made by the methods of the present
invention include, but are not limited to, micro- and nano-electrical-mechanical systems
(MEMS and NEMS devices; e.g., fluidics, actuators, lenses, resonators), sensors,

integrated circuit (IC) devices and photonic band gap structures (waveguides).

[0033] The following examples are included 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 that follow merely represent exemplary embodiments of the
present invention. However, those of skill in the art should, in light of the present
disclosure, appreciate that many changes can be made in the specific embodiments
described and still obtain a like or similar result without departing from the spirit and

scope of the present invention.



‘need for a NIL process utilizing milder temperatures and pressures. [0032]
Potential applications for the structures made by the methods of the
present invention include, but are not limited to, micro- and
nano-electrical-mechanical systems (MEMS and NEMS devices; e.g.,
fluidics, actuators, lenses, resonators), sensors, integrated circuit (IC)
devices and photonic band gap structures (waveguides). [0033] The
?ak | xamples are included to demonstrate particular embodiments of
he present invention. It should be appreciated by those of skill in the art

(034 e R, AeaRsRd R Hhe KRR ANINGIS IRISIRIL process
~exemplary embodiments of the present invention. However, those ¢ P ’
inrpenerdanehsiutl am dighodimiet plicbentradisg| dsvratiopp Beiateihat stepaydescribed

b&%@;ﬂ&%%&ﬂ@]&%ﬁﬂ?d{bgggh@%ﬁgmﬁwrﬂents described and still

obtain a like or similar result out departing from the spirit and scope of
the present invention. -9 EXAMPLE 1 [0034] This Example illustrates the
(4956 bf aisdciitictaPMdAidasREp Ay prétlessidiicht dorkdurs withithen is spin-
SRRSOt e PP SRV ERHA S T RgINA iRed helow
© are correlatélg with thoﬁ%%w%ﬁ%%é@gléig%%g%%o@ %&%&%iﬁﬁg Ot around
80Qverdgaiipkness 2BIGIRIFdIaf in 101e&héeNdlttiortei rapld-is duateHakied@d80°C for 5

4 o) Si to, abtain lanarized ting. of .
B Ay R R R 1 s oS Pt arg picee of
alireinakédlafBeddod Conipensy (1ETREelady iermautedgbsolveytdn tasma at a

' i id i f_aluminum foil,(Diamond Co
P B B S R BT £ o, for 1
mpnegsuréhsf 58ygtorplasmnkearaadekiraupressurdodf 25thamtqrredamd] onintie. PMMA-

oL 8RR RAEIST S MR ) PP BTV,

isrtisntesoléhdanaldoisGhened etpdrdaan WhikOfsans SERR AeRfE S the patterned
the, patterned PMMA film from the mold to the

' h
PR o e DR e Bp B AL ki s M rpterned

altedeehMb anthy GeatEiasinaal ek PENEI B s pdIAsePIRSSIS babdBressure
torr, and a(Yvorkin%gressure of 150 mtorr, for around 20 seconds, to
o{gig{}grfh gnd a working pressure of 150 mtorr, for around 20 seconds, to remove the

residual layer (FIGURE 1d2).

[0036] Separately, a glass substrate is treated with oxygen plasma at a power of 100 W,
a base pressure of 50 mtorr, and a working pressure of 250 mtorr, for 5 minutes. The
glass substrate is then pressed onto a PMMA-coated mold (FIGURE 1a3) with a pressure
of 40 bars at 150°C for 5 minutes. The glass substrate is then cooled and separated,
followed by oxygen plasma to remove the residual layer. This results in 500 nm PMMA
gratings supported on glass substrate (FIGURE 1d1).

[0037] Both the glass and aluminium foil supported gratings are brought together
perpendicularly, and are pressed with a pressure of 20 bars at 80°C for 5 minutes, then the
substrates are cooled down to 40°C and separated. The structure is then immersed in a
0.5 M HCI solution for 30 minutes to selectively remove the aluminium foil. This results
in a PMMA bilayer scaffold structure on a glass substrate (FIGURE 1£1).
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residual layer (FIGURE 1d2). [0036] Separately, a glass substrate is
treated with oxygen plasma at a power of 100 W, a base pressure of 50
mtorr, and a working pressure of 250 mtorr, for 5 minutes. The glass
substrate is then pressed onto a PMMA-coated mold (FIGURE 1a3) with a
pressure of 40 bars at 150C for 5 minutes. The glass substrate is then
cooled and separated, followed by oxygen plasma to remove the residual
layer. This results in 500 nm PMMA gratings supported on glass
FsUbMEtE GFIGURE Idl). [0037] Both the glass and aluminium foil
supported gratings are brought together perpendicularly, and are pressed

[wiga p‘i@§§%‘§a%0;§9 bArsah80G.fof Sminutesyihen hﬁyéﬂab%{aféﬁ‘ggg scaffold

cooled down to 40C and separated. The structure IS then immers
sigustvrfarsstiodon rseagannenid rowelenthrsljmentrovbthersantmivenfaih.

This results in a PMMA bilayer scaffold structure on a glass substrate

(456U Rﬁ@mREOzEngmh&&gogﬁ%hw%@s@g}@ﬁ,iltsm%égeayfsy%o»iayer

manner, a two-layer PMMA scaffold structure tabricated in accordance

PYRAL offieiioldo SRS BIiEtHe S8n Rirkl 85t SHDTOUSOPFIB IS 25801 nm-wide
gReaRRIng Slantiae BYerRaraRh dREN, iIMRISiAT Al arRvs. BYMASCalIdising a

strucélé)ge supported on a glass substrate comprising 500 nm-wide

mstAAGE 81 Botsctid BiRoNarlomeass, wisranpstiedustiiasenstructures (L.R.

BiRDDCAtRESIRUR Hgifpod. of e Presentny entip. £0raRared o sci. Technol. B
demonstrated multllec?{er structures (L.R._Bao, X. ChengI,QX.D. Huang, L.J.

2¢08; ST Py, G KD vHang\ o SdoT&erriang g, figo, S-W. Pang, and

A288¢c2836V2Q08cX Dediiain® bWR6 B3P, %8 7198%6 LodoSL IS Wy BABRe of the
and A.F. Yee, J. Vac. Sci. Technol. B 20(6), pp. 2872-2876, 200 ), the

PEEUSIAPach BtRea Pt St gt thid b iteng itordeg Fough s Taem @b the sacrificial
aligsiamsurfpgeusédhesasrficiab RO RUATHE Yaed AisSRMINGRT iNGirface with 2

sacrificial film will result in a surface with a roughness similar to that of the

royghRRsE TP He kAT this domyRyRoteilsidi atiensse tianmel ptizeign surface
ca@;ntﬁ@mpﬂiﬂﬁécb)éﬁ@i@%@dﬂﬁlmwisbﬁﬂ%a@%ﬂ%éﬁgﬂoﬁﬁﬁﬁiﬁ&‘%{ Gl or other

films ,an% should not be construed as a limitation of this technique.

3 Jns and should not be construed as a limitation of this technique.

EXAMPLE 3

{0040] This Example illustrates the fabrication of PMMA structures in accordance with
invention embodiments. Such structures are similar to those described in EXAMPLE 2

and shown in FIGURE 2, but comprise smaller dimensions.

[0041] FIGURE 9 is an SEM image of a single layer PMMA grating structure on
aluminum foil, the layer fabricated using a silicon mold with 75 nm gratings, in
accordance with invention embodiments. Once the Al foil is etched, the 75 nm grating
will be a free-standing film. To use the sacrificial film method on conventional NIL, an
additional support substrate is used. By extension, scaffold structures with high fidelity
have been obtained. FIGURE 10 is an SEM image of a scaffold structure with 75 nm
gratings. It is worth noting that this scaffold structure with exceedingly small features is
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[0040] This Example illustrates the fabrication of PMMA structures in
accordance with invention embodiments. Such structures are similar to
those described in EXAMPLE 2 and shown in FIGURE 2, but comprise
smaller dimensions. [0041] FIGURE 9 is an SEM image of a single layer
PMMA grating structure on aluminum fojl, the layer fabricated using a
fabricate mﬂ%ﬁf%“mﬁ Bialergs that icditiemedanitrniventigih other lithographic
t@higaéents. Once the Al foil is etched, the 75 urn grating will be a
free-standing film. To use the sacrificial film method on conventional NIL,
an additional support substrate is used. By extension, scaffold structures
with high fidelity have been obtained. FIGURE 10 is an SEM image of a
scaffold structure with 75 nm gratings. It is worth noting that this scaffold
[ turéllinriente ddih gy Winatidentafercised heabiricatedheith P Mivbaparated by
j is, diffi i erJitheoraphic technigues. | .
s e D  S00R e Bertain o e
ahevsrpenctbedoy stefteese thmistanstenabt inpemnsistent dreidth attovithescribed
cBEeH0Rd ok e ROk e, Bhavedpscried SUAISS: 1ACtons: A1y in me
operations of the above-described embodiments are not necessary to

dpsiesiniéentiaplystntiavaitioncandiaie inciugdeinahbodiesariptioasimifityents. In
ad@tRR lﬁﬁ‘ﬁ”@éﬁrﬁie?ﬁo@ﬁemﬁl%t\é&mb @S&EOE%%{?O% mz]ig(rlltggelﬁ:r]gtions set forth

_addition, it will be understood that specific structures, tunctions,
inpjapatihiey seesertbedn Thisrgbesd- detuibetvbfowiatipaterts abel practiced in

c&ﬂa}i%k?%ﬁ%Q%%%T%QéHﬁ&&”#&%HQQ Yi‘ﬁéhn%;leeﬁ’sf%%@ﬁt OMENHOce. Tt is
but they are not essential to its practice. It 5 therefore to be understoo
thevafaree invbatiordarsipd Praictibediotbrtinisertiiarbaspspéiciitalbperwise than as
' ' : i irt and. scope of the
i aa e S S R O € SBIERRE SRS of e present
inyedie Foisap et Ririb strsnded cihienmhethod combining the use of a
sacrificial film with a nanoimprinting technique selected from the group
consisting of reversal nanoimprinting, duo-mold imprinting, conventional
nanoimprinting, mold-assisted
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lithography, and combinations thereof. 2. The method of claim 1, wherein
the nanoimprinting technique comprises reversal nanoimprinting, and
wherein the use of a sacrificial film provides for a low temperature
imprinting process with high pattern transfer yield. 3. The method of claim
, ein the reversal nanoimprinting is operable for the fabrication of a
Cﬁﬂ%&i yer structure. 4. The method of claim 3, wherein the single-layer

structyre is,;made olymeric _materjial selected from the group -

L onsi PO B B ey IRIEOR HURBLte ey et Aacrifica
fipolyatp roleatome)r{P@ig)  tpdinfetity lehe et efrhth alatey(Rip T¢onaiting of reversal
ngg&]binaﬁj[?nns t%&gg{bﬁi The rr%%mod %1; ﬁxlf%int]ig % claim.4 wh%rein theI d-assisted

Singletlayeratracture existam a Manter saleors fr%%ﬂ‘{ﬁ‘épé% » Moid-assiste
liduresigthng aksustiatsisupfherted, freestanding, and combinations

thereof. 6. The method of any one of claims 2 to 5, wherein the reversal

2 NaNnoIRRIRUAR IS PPEIAPE (prdRs-faRricAln. QLI "?éé%?é}ﬁ%‘?&%? vides reversal
The method of claim 6, wherein the multilayer structires comprise d single
napAEYFIRYEE riad svhrneinibthuse sffciarerdicisldidim previdestfey erlow temperature

nﬁfﬂi’ﬁﬂf@g{g@&@m diflErenidMPasnGEMmalefials. 9. The method of claim 8,

wherein the materials are polymeric. 107 The method of claim 6, wherein
the multilayer structures exist in a manner selected from the group

3 considtifgiaoh at feish gp Sthseein dBe tivatig] BrrpEBRTHIHABJAPPerable for the
raheeeebn-ok3 siloidheymethadetany one of claims 2 to 10, wherein use of

the sacrificial film allows for low processing temperatures. 12. The

methqg of claim 11, wherein the low_ processing temperatures ar ,
et MO Bb A b LS S8 TUBrS LR s o Qo polymeric
matyiehedéattainiso tahk2 grobereismthieihigh Paiseymieangfanyibidrylate) (PMMA),
poly(lactic acid) (PLA), poly(caprolactone) (PCL), poly(ethylene terephthalate) (PET),

and combinations thereof.

5. The method of claim 3 or claim 4, wherein the single-layer structure exists in a
manner selected from the group consisting of substrate-supported, freestanding, and

combinations thereof,

6. The method of any one of claims 2 to 5, wherein the reversal nanoimprinting is

operable for the fabrication of multilayer structures.

7. The method of claim 6, wherein the multilayer structures comprise a single type of

material.

8. The method of claim 6, wherein the multilayer structures comprise different types

of materials,
9, The method of claim 8, wherein the materials are polymeric.

10.  The method of claim 6, wherein the multilayer structures exist in a manner
selected from the group consisting of substrate-supported, freestanding, and combinations

thereof.
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results from complete pattern-layer transfer from the sacrificial film to a
substrate. 14. The method of any one of the preceding claims, wherein the
sacrificial flm comprises material selected from the group consisting of
organic materials, inorganic materials, and combinations thereof. 15. The
ethad of any one.of the preceding claims, wherein the sacrificial_film is a
i TIPS PIHAR S CRIGREAHRATIRG Btoll RBFEIEHS 61 Hie Serisigbdiim allows

faridweprabisstignsiperaofet6. The method of any one of claims 1 to 14,
wherein the sacrificial film is a water soluble polymer used to imprint

on- r e material, 17, The.methad of claim 14, wherein the i
gt AL SRULL S B R RS e bevvemn
abdutrtioemicoappeiyrziand steelt H9@PCombinations thereof. 18. The method

of claim 15, wherein the sacrificial film is a hard substrate. 19. The
1 5nethog, ot clainh F M %&%ﬁ@ﬁﬁ%fﬁ'?@ii'l%&x%iﬂ%?ﬁu%’ﬂ SHALE telster yield

The method of claim 3, wherein the structure comprises s icron
regieHe AgBheompiety ettt hxeoransier §ombesacnBoirh fBresacobrite.

sub-micron dimensions. 22. The method of any one of the preceding

1¢laimghyheaeeio dwI- Bl dwePsiNtRg frebeBH docfabhic aleh3rBrsMMC WY 8Sficial film
that exist in a manner selected from the group consisting of sacrificial

CHMRILIRS pBAtET 2 SIS EI R g M ARe TP SRS R (o PrEBDIP HBAtSEH S Igpreanic

niRinaR Zaihesiidhe st deites comprise sub-micron dimensions. -14
24. The method of any one of claims 1 to 21, wherein conventional

anoimprinting i sed to fabricate 3-D structures that exist in a manne .
Ig‘elec@g)ﬂ f%%dzeg%lr%n Ocrben(lesil]r?gp i léﬁf.é%‘f?ﬁm‘i’ bpBtag sacn cial film is 2

thineeStandingnated aiombicatofiv thetieof grupl kensiethgd of Aan¥a4,Fe, Cu, and
erei&othse séruc%ures comprise sub-micron dimensions. 26. The method

w
c%mhélﬁlfon% 61} tfims 1 to 21, wherein mold-assisted lithography is used to

fabricate 3-D structures that exist in a manner selected from the group
1&@onsidihegnethedcoeifierst fitm-sfipponed, foebbstavitirags diel confiitatifhs is a water

Si%%ﬁ-% _ol%%ﬁ?e@%t%ggééc@ 6,0 @flé:; %?ﬁ’ f;%ﬂctures comprise

icron dimensions. € metho wherein the
| ,][nold-assisted Iitho{graphy comprises step-

The method of claim 14, wherein the inorganic materials are selected from the
group consisting of ceramics, aluminum, copper, zinc, steel, and combinations thereof,
18. The method of claim 15, wherein the sacrificial film is a hard substrate.
19. The method of claim 15, wherein the sacrificial film is a flexible substrate.
20.  The method of claim 3, wherein the structure comprises sub-micron dimensions.

21.  The method of claim 6, wherein the structures comprise sub-micron dimensions.

22, The method of any one of the preceding claims, wherein duo-mold imprinting is
used to fabricate 3-D structures that exist in a manner selected from the group consisting

of sacrificial film-supported, freestanding, and combinations thereof.

23, The method of claim 22, wherein the structures comprise sub-micron dimensions.
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and-flash imprinting lithography. 29. A method comprising the steps of: a)
treating a patterned silicon mold, the mold comprising patterned trenches,
with a low surface energy silane; b) depositing polymer having a glass
transition temperature (Tg) into the mold such that it fills in the trenches
and f at Eed polymeric. thin film in the patterned silicon mold,

sa er
2luheretR R BRRTha SBIF Mere ' it L oMiBFISES Spryenignrbaapgmprinting is
usincaneh@ patsmedkatan sudertdnimeoRt-aRaliomade BMER consisting
tructyre Itéere it conformally cof{]tacts the mold; ¢) providing a sacrificial
°ﬁﬁ?¥ﬂ§\‘i}ﬁg %M%ﬂé%}?ﬁtﬁﬁ B aemenaions dheraadd silicon mold
and pressing the sacrificial film into the planarized top surface of the

2 polyniBricrtiethddmf alanteMpetatwie dleove toardgofiéspelieicsen diensions.
form an assembly; and d) separating the sacrificial film from the assembly

2@ta t%@%@%& Bie lﬁw 599 J@c%img Pq{y@ﬁ@ﬂ&&ﬁb%&?&ﬂ?&%ﬁ' ?R’ho%raphy is

polymeric thin film adheres to the sacrificial film on separation and form

used de Anbrigafierd-5u ppertergphab exétl ipslynasrierthelefited. fio5130e Bheup consisting
ofistheraf ﬁlﬁi@u%%oﬁéf&hﬁfegﬁﬁﬁﬂ%?%ﬁ SLEReRl 55 Y&H%%}% sacrificial

film to yield a patterned polymeric thin film. 31. The m f claim 30,
further comprising a step of transferring theOEJatterned polymeric thin film

210 a stibetigbod o shimhnBhesria Srh F1ChIF COrMT BristigTl Grpdimensions.

etching polymer residue from the polymeric thin film to yield discrete
2polymierecratthiotleSdhdtiemesieetstidage ] d3dsikhal meibadohcl@impikes step-

herein the.pol ric stryctures comprise sub-micron dimensions. 34.
%ga%eﬁgg%f%%%%%#‘&aims 29 to 33, wherein the patterned trenches
comprise sub-micron dimensions. 35. The method of any one of claims 29
2%0 34 Anhetlmid domtoiwsisgttaceamserfy silane

a) treating a patterned silicon mold, the mold comprising patterned trenches,

with a low surface energy silane;

b) depositing polymer having a glass transition temperature (T) into the
mold such that it fills in the trenches and forms a pattemed polymeric thin film in
the patterned silicon mold, wherein the patterned polymeric thin film comprises a
planarized top surface and a patterned bottom surface that adopts a patterned

imprint structure where it conformally contacts the mold;

c) providing a sacrificial film having a surface energy higher than that of the
patterned silicon mold and pressing the sacrificial film into the planarized top
surface of the polymeric thin film at a temperature above the T, of the polymer so

as to form an assembly; and

d) separating the sacrificial film from the assembly at a temperature below
the T; of the polymer such that the patterned polymeric thin film adheres to the
sacrificial film on separation and forms a sacrificial film-supported patterned

polymeric thin film.
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is selected from the group consisting of , .

1H,1H,2H,2H-perfluorodecyltrichlorosilane (FDTS),

octadecyltrichlorosilane (OTS), octadecylmethyldichlorosilane (ODS), and

combinations thereof 36. The method of any one of claims 29 to 35,

wherein the polymer is selected from the group consisting of poly(methyl
3hethddy Sl?é NI TBy (icher SeRIPTISInG 2 HeRpEARRANEIS s gpesificial film
tPgibieHyiaeméarpphihaRigfRiETR), and combinations thereof. 37. The

method of any one of claims 29 to 36, wherein the polymer is deposited

rom lution. 38. The.method o any one of claims 29 to 37, herei{ the
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claims 30 to 38, wherein the sacrificial film is removed with an acid. 40.
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nanoimprinting, mold-assisted lithography, and combinations thereof. -16

33.  The method of claim 32, wherein the polymeric structures comprise sub-micron

dimensions.

34.  The method of any one of claims 29 to 33, wherein the patterned trenches

comprise sub-micron dimensions.

35.  The method of any one of claims 29 to 34, wherein the low surface energy silane
is selected from the group consisting of 1H,1H,2H,2H-perfluorodecyltrichlorosilane
(FDTS), octadecyltrichlorosilane (OTS), octadecylmethyldichlorosilane (ODS), and

combinations thereof.

36.  The method of any one of claims 29 to 35, wherein the polymer is selected from
the group consisting of poly(methyl methacrylate) (PMMA), poly(lactic acid) (PLA),
poly(caprolactone)} (PCL), poly(ethylene terephthalate) (PET), and combinations thereof.

37.  The method of any one of claims 29 to 36, wherein the polymer is deposited from

solution.

38.  The method of any one of claims 29 to 37, wherein the sacrificial film comprises

material selected from the group consisting of Al, Zn, Fe, Cu, and combinations thereof,

39.  The method of any one of claims 30 to 38, wherein the sacrificial film is removed

with an acid.

40.  The method of any one of claims 29 to 39, wherein the method is used in
combination with a technique selected from the group consisting of reversal
nanoimprinting, duo-mold imprinting, conventional nanoimprinting, mold-assisted

lithography, and combinations thereof,
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