10

15

20

25

Patent Application M| Docket No.: PA450PC LARGE AREA
ROLL- TO- ROLL | MPRI NT LI THOGRAPHY CROSS- REFERENCE TO
WEBRMWIED2 APPLI CATI ONS [ 0001] Thi s applicati on B¢BUSB09/002032
the benefit under 35 U.S.C. 119(e)(1 ) of U S
Pr ovi sional No. 61/041 ,264, filed on April 1, 2008,
AiplléationPpl i cation No. 12/415,563 filed on March
MllsD cké)

#A BP@ whi ch are hereby incorporated by
erence herernin their entirety. BACKGROUND

I NF(PI\/ATI ON [0002] Nano-fabrication includes the
fabrication of very small structures that have

f eat ur LARGE ARE ARMLL-60-RO0 LIMRRINTeL THOGRARH ¥r .
One application in which nano-fabrication has had a

si zeabl GCRGB%‘?REFER‘EN(EEGT(PR‘E‘EWU‘AP@‘LICQTMSt ed

circuits. The sem conductor processing industry

tinu tosrlvefor r _productiqn yields i
100035 e FiyS crelicati s Blns, B Bhndti dindit (B s ol 1SRN of
substrate, therefore nano-fabrication becones
U.$.nEmMnaj;lNo.i6ﬂ¢@>4‘t,%614,. filoehoof Aprili 22008 gndoefi des Application
greater process control while allow ng continued

No' §drabizys dtdﬁeM%}cFH ”?(j(@tt}dﬂt?ofi hRNRerebylifGorporated
deve yn I ch

structures forned r areas of opnment

no-fahri cati ha been enpl oyed i ncl ude
by FEtBfRcRNisrS3yn Hbik S2UE: echnbl ogy. mechant cal syst ens,

and the like. [0003] An exenplary nano-fabrication

technique in use today is conmmonly referred to as

inprint lithography. Exenplary inprint |ithography

processes are  BACKGROUND INFORMATION
[0002] Nano-fabrication includes the fabrication of very small structures
that have features on the order of 100 nanometers or smaller. One application in
which nano-fabrication has had a sizeable impact is in the processing of
integrated circuits. The semiconductor processing industry continues to strive for
larger production yields while increasing the circuits per unit area formed on a
substrate, therefore nano-fabrication becomes increasingly important. Nano-
fabrication provides greater process control while allowing continued reduction of
the minimum feature dimensions of the structures formed. Other areas of
development in which nano-fabrication has been employed include
biotechnology, optical technology, mechanical systems, and the like.
[0003] An exemplary nano-fabrication technique in uvse today is commonly

referred to as imprint lithography. Exemplary imprint lithography processes are

described in detail in numerous publications, such as U.S. Patent Publication No.
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described in detail in nunerous publications, such as

U S. Patent Publication No.2004/0065976, U.S. Patent
weibiizEei on No. 2004/ 0065252, and U. S. Pat ent PEIUS2009/002032

6, 936, 194, all of which are hereby incorporated by

reference herein. [0004] An inprint |ithography
2005006696 UISS Pafst PubicaRINel 200400657 SMeiHd OB dPadest No.

pat ent publications and patent includes formation of a

Linef rn i I I i zabl e) |ayer and
6.9 19% aF PHGcl asdrBdy BEPrsBR Y TE e R Bl ot
pattern into an underlying substrate. The substrate
[0084) be odupireprinto lithagsapin techaigueo dissiesied dandeschedf the
positioning to facilitate the patterning process. The

afoP@thé@tighiedd |9, Qs pubRcatdrseiid dtentinaitgds dpaidtiohrdT relief
the substrate and a formable |iquid applied between

he teml at e d the substrate, The formable lLiquid i
patfi; § 1 Beqofadtis: (haviiegRebRlyavet haed Fensfyiedop n paiern

conformng to a shape of the surface of the te?pl ate
corréspondingt tacthe netiefl paiterabintd Bnquniderlyingtsubstrate. The substrate

solidification, the tenplate is separated fromthe

malyibé ébUptteio & wedtionhsthgé he obfiP haleirad hosidnfiy itfggﬂit%te the

are spaced apart. The substrate and the solidif

aver are then, subj.ect.ed to additional rocesses, to
paitd{RbEhCete o e AEEES pl oo E ises A B BB’ SREEY Afart from

corresponds to the pattern in the solidified | ayer.

theBRulEtrabESTRI R Ifamatie DMWY NEPlipdonBvego theaternplete and the

present invention nmay be understood in nore detail, a

sutsheatd. | Phe Boimdble Qg isBoldifiad td fdemi AMGiBLARY that has a pattern
provided with reference to the enbodihents illustrated

i.n the appended awm ngs. Lt . is to be nqted, however
conffming 8 2o ire G iftfissot e JerPiale 1 Figsts 5 Frmable
~ enbodiments of the invention, and are therefore not to
liquik Alassalisifimation ntheitagpldte iheeparated. ff@odee rigiddayear such that

illustrates a sinplified side view of a prior art
thel tdriS8fcaRIAY the substrate are spaced apart. The substrate and the
solidified layer are then subjected to additional processes to transfer a relief

image into the substrate that corresponds to the pattern in the solidified layer.

BRIEF DESCRIPTION OF DRAWINGS
[0005] So that the present invention may be understood in more detall, a
description of embodiments of the invention is provided with reference to the
embodiments illustrated in the appended drawings. It is to be noted, however,
that the appehded drawings illustrate only typical embodiments of the invention,

and are therefore not to be considered limiting of the scope.
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system [0007] FIG 2 illustrates a sinplified side

view of a lithography systemin accordance with an
weprodatent of the present invention. [0008] Rr@@/US2009/002032

illustrates a sinplified side view of the film sheet

shown in FIG 2 having a patterned |ayer positi oned

[OOY)BFIr eon.r|G000fLsfrates 4 sithplifidd 8fd8Svidwt &Pa daR art Eddkaphy
he roller assenbly shown in FIG 2. [0010] FIG 5

Lllustrates a sinplified side view of a film sheet
Sysﬁ%[v. ng | ocalized trapping of droplets of material on
the filmsheet. [0011] FIG G6A illustrates a
[0087hp! i fiFd6. & tlestvatesy aosimplified sidg s of sylihegraphy system in
accordance wi th an enbodi nent of the present

acddﬁd’@rﬁe‘ With aﬁ@ﬂ%blrﬁélﬁof@% Elfés‘éﬁ [kRGorg sinplified
de view of the lithographic system of FI G 6A having

IO@BJ nogr ity 4 UrigrdeS S amaasd s View o TR AL ARER <Bwn in
FIC£0013 FIG 7A illustrates a sinplified side view of a

i2 heyingap Ippttesreddaydrapasitipned thgiedhed force provi ding
contact between a first inprint |ithography tenplate

[00@9 mat gr|Gal4 Iﬁt’ﬂst?atéé 'a”ﬂoghtﬁ%'n v\ dfHheHtdfer E@sembly shown in
ustrates a sinplif side view of the [ithographic

Fléﬁtem of FIG 7B having an applied force providing

tact between a second inprint |ithography tenplate
and material on a filmsheet. [0015] FIG 8

[0010] ust r dtles & ifustnateshar simylifiad neid@ odewoof ianfilm rahiesty having
pattern on

localized trapping of droplets of material on the film sheet.

[0011] FIG. 6A illustrates a simplified side view of a lithographic system in

accordance with an embodiment of the present invention.

[0012] FIG. 6B illustrates a simplified side view of the lithographic system

of FIG. 6A having an applied force providing contact between an imprint

lithography template and material on a film sheet.

[0013] FIG. 7A illustrates a simplified side view of a lithography system

having an applied force providing contact between a first imprint lithography

template and material on a film sheet.

[0014] FIG. 7B illustrates a simplified side view of the lithographic system

of FIG. 7B having an applied force providing contact between a second imprint

lithography template and material on a film sheet.

[0015] FIG. 8 illustrates a flow chart of a method for imprinting a pattern on

a film sheet.
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a filmsheet.[0016] FIG 9 illustrates a top down view

of a tenplate having a plurality of nolds. [0017] FIG
wauoitizestrates a sinplified side view of a PCT/US2009/002032

l'i thographic systemin accordance with an enbodi nent

of the present invention. [001 8 FIG 10B illustrates
003631 NPl i fiGEY ifisirityd 8o Holvhesidw OR@XEAPIHLE haY R RiFality of
[ FIE 10A having a nold ‘?rrpri nting a pgﬂéern ontg?TPi I my
eet in accordance with one enbodi nent. [0019] FI G
‘illustrates a top down view of a first tenplate
having a first pattern of nolds. _&)0_20] FIG 12
[00i1i7] ust r dtles 19A Hustetan avsiswlibied siaseiewdot @ igiographic system

having a second pattern of nolds conplinmentary to the

in ddcbrianatwill &n emboEIntknt@F thdprdsehtinveatig ate of FIG
11. [0021] FIG 13 illustrates a flow chart of a

hod j ipti a_pattern on a. filmsheet usi.n
0078} 71 & TRBINela Rtheadeiledieh ofihB G BhE Systom
Referring to the figures, and particularly to FIG 1,
of pIka. d0Aehavinga Ineold svpeniifig/a pateenen adibo sheet intaesgrdastog, with
such as the one shown, enploy a tenplate that is
ondlefibodithéntt 0 fabricate while retaining fidelity of the
pattern i ntended. For exanple, when using such a

ign f t,he,syste the fidelity of the pattern is .
10038+ ori 364 MAPSEET btbS Sl Vighi it sk BBl Fidng s first
sub-100nm Additionally, uniformpressure is difficult

pattein HEMAYS, and as such, the features of the
patternfornmed from such a roller assenbly system may

[00R6] di st gF|Ged 2dUgstifed Betopafiwr Likdy of a second template having a

mo

second pattern of molds complimentary to the first pattern of molds of the first
template of FIG. 11.
[0021] FIG. 13 illustrates a flow chart of a method of imprinting a pattern

on a film sheet using multiple templates.

DETAILED DESCRIPTION
[0022] Referring to the figures, and particularly to FIG. 1, prior art roller
assembly systems used in lithography, such as the one shown, employ a
template thét is difficult to fabricate while retaining fidelity of the pattern intended.
For example, when using such a design for the system, the fidelity of the pattern
is compromised for templates having features less than sub-100nm. Additionally,

uniform pressure is difficult to achieve, and as such, the features of the pattern
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uneven pressure. [0023] Referring to FIGS. 2-4,
illustrated therein is a lithographic system 10 used

wa 200p023T2R relief pattern on a filmsheet 12 iPCT/US2009/002032
accordance with the present invention. The material of
the filmsheet 12 may include, but is not limted to,

foripel Yo isach il rillerddsanblyp systéﬂﬂmaflblei distorted tdued®, the resulting
Kevl ar(t m reinforced polyner fi , alum num and/ or

terials. Thickness of filmsheet 12 may be
““%Vﬂ‘e%r%%“ esign considerations. For exanple, film
sheet 12 may be a thin filmsheet 12 with a thickness
[0028] appr o‘%eﬁeﬁnr@ o ESPm2-4, shotisted thereinsisez tithpgraghjc isystem
highly flexible. [0024] Film sheet 12 may be coupl ed

10h§e@'tt?fc5?l‘n avsiRf pattesr 6n 43imisPeeEX2ia6cordandd WiHB thébrstent
filmsheet 12 nay be coupled to rollers 13a

ot g L ) BBl S5yt S

shoul d be noted that any nunber of rollers 13 may be
polyeedic dimeraiassg siisode siligan awliide dKeular onsinfeerede ralypes films,
in FIGS. 7A and 7B, roller 13d nay provi de additi onal

aluftimRAr AndibPsimikr RteeAST FhickREsObf Tt shéated may be based on
def or mati on of f| | msheet 12. Additional rollers 13

o3 SBhbont o 28 o R firn SR THES: B4 Bloin B abset 12

of at |east a port| on of film sheet 12. For exanple
with @ thisksessaf aproxigmately 10 @n 250@uynt. of dmeshest f denay bahighly
novenent of filmsheet 12 in the direction of arrow
fledfle. Such novenent may sel ectively provide different
portions of filmsheet 12 in superinposition with

[0024] Film sheet 12 may be coupled to one or more rollers 13. For
example, as illustrated in FIG. 2, film sheet 12 may be coupled to rollers 13a and
13b. As illustrated in FIGS. 7A and 7B, film sheet 12 may be coupled to rollers
13c, 13d and 13e. It should be noted that any number of rollers 13 may be used
depending on design considerations. For example, in FIGS. 7A and 7B, roller
13d may provide additional support minimizing general and/or localized
deformation of film sheet 12. Additional rollers 13 may provide further support to
minimize such deformation.

[0025] Rollers 13 may facilitate movement of at least a portion of film
sheet 12. For example, rollers 13a and 13b of FIG. 2 may rotate to facilitate
movement of film sheet 12 in the direction of arrow 17. Such movement may
selectively provide different portions of film sheet 12 in superimposition with

template 18. For example, first portion 15 of film sheet 12 may have a fixed area
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tenpl ate 18. For exanple, first portion 15 of film
sheet 12 may have a fixed areain superinposition with
wao esophza7er 18. Rollers 13 may sel ectively faci | P€EHUS2009/002032
novenent of filmsheet 12 such that first portion 15
of filmsheet may have a fixed 1 neter by 1 neter area

in sOpSHRBOINBPSVith aBmpidtd 18nplIRdIRrd 813 ahapaddigdtiviend facilitate
After patterning of the fixed area, rollers 13 may

facilj : t j 12-t f fi
moydfent b i SREE Toneufhabot B pBflae i Rt ghér have o
~sinplicity in description, rollers 13 are not _
fixegle’s Gratercly il imefer area Nesuperingiasitionawith mmopiateal § fgn)patterning.

rollers for use within lithography processes are well

Aﬂé‘ﬂw&r%g@f thé firedalea, [AIRZS1 3 ma@hfachitdtemdveni@ dTdue sheet

an axis For exanple, rollers 13a and 13b in FIG

12 fo SR BOn el BN SutaPE TR Bidal P ¥ pigpicty i

relative to one another within system 10. For exanpl e,
descaiptien,goliers khare 8pt dagcrihedpipsdataib i g., sliavetast matenality) as
parallel and within the sanme plane Pi relative to one

rollaRdfbhase Sithin lttlh@graf)hy Biodeaséd are wall Rokh WithFhgetart 2

may be substantially parallel wth respect to tenplate

008 . R R SRS i el o o

different plane relative to one another such that
134 iy BIG. pbhavean Bxisof Bnd rAxgkepectivelymafxiBAxprgpliersrisdmay be
an angle with respect to tenplate 18 in plane P2. The

posifsHeRes @statRlg e 8l drasi Jioe At GHeThRSthebavith @Ysteai1ON For
consi derations. [0027] Film sheet 12 may be coupled to

exqcrﬁﬁfcer réaijg'[so%q,u%légﬁ%bnrﬁhf%?yéogﬂfogﬁgg@%f%igw t[:>a}na(i’itc-:‘l and within
el ectrostatic, electromagnetic, and/or other simlar
thectamk ptaped3: refaiepbaane anelbre seehethat firt grorties ¢p ioh&tm isheet
U.S. Patent No. 6,873,087, which is hereby
12 1 RaPr O i8thndilly parallel with respect to template 18 in plane P..
Alternatively, axis A of rollers 13 may be positioned substantially parallel and in
a different plane relative to one another such that first portion 15 of film sheet 12
may be positioned at an angle with respect to template 18 in plane P,. The
degree of the angle may be determined based on design considerations.
[0027] Film sheet 12 may be coupled to chuck 16. Chuck 28 may be
configured as, but not limited to, vacuum, pin-type, groove-type, electrostatic,
electromagnetic, and/or other similar chuck types. Exemplary chucks are further
described in U.S. Patent No. 6,873,087, which is hereby incorporated by

reference herein. In one embodiment, chuck 16 may be a porous chuck as

further described in U.S. Patent Publication No. 20070190200, which is hereby
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reference herein. In one enbodi nent, chuck 16 may be a

porous chuck as further described in U S. Patent
woibiizzei on No. 20070190200, which is PCT/US2009/002032

her ebyi ncor porated by reference herein. In another

enmbodi nent, filmsheet 12 may be supported by a hol | ow

mc@fpo‘ﬁélbdcbyme%ﬂénd:@hbtew o aR6theneAMdUinmeEn, filtn Shewtki LMmay be
Block may be simlar in size and/or shape to chuck 16

SUPS}OS\?@%” b BHsep o EInIR8 b bl ih T4 B R Brock

[0028] Tenplate 18 may include nesa 20 extending
mau/htee simiban inosiae caNd/on ahaprede chrck s andogensrallyy may provide
patterni ng surface 22 thereon. Mesa 20 may be referred

suﬁpbrlat@ fﬂ'?'h'éﬂwe@@tcﬁ;ﬁrek/éfﬁlfgéﬂeréﬂdrﬂ!/&roeszbé'b%@flm of Mm] sheet 12.

tenpl ate 8 rmy be fornmed w thout nesa 20.

10038]e: 7l TR dBrig ™Y ulipCile. M emiace S Ehting, SRS toyerds

quart z, S|I|con organi ¢ pol yners, S|onane pol yners,
funbmem& owse 4 hadng alpatteuag §uﬁacp&)2%lmer§onnM%ﬂa 20 may be
har dened sapphire, and/or the like. Thickness of

reféeEPh@R MBIdTRY AFEnPABEIEa ziﬁswqerrmwéiyd@érﬁb!awas Ay be
one enmbodi nent, tenplate 18 may have a thi ckness of

teI .5 mMm [0030] As illustrated in FIGS.
fo”é‘gﬁ %'Qﬁi "surface 22 conprises features defined

g a plural |t of spaced art recesses 24 and/or ,
[008Bbt r usi a2 mﬁgaOrmay decformed fperasuieh materials

i nvention are not I|mted to such conflguratlons

|ncla@trig‘3fbhtngo§lﬁfrﬁ®@e 1@ 2 fUged-$iIRfd, NguaAtY SilicdH, Nalgapat tp@tyrmers

that forns the basis of a pattern to be formsd on fill m
sﬂo%aﬁét%qi)(rpgﬁl ;p%rg{z:% bciq\ﬁ Lgi%s, urg?cgq%t?gn spofy}cnfi‘er% tg?a W\al?gened

sapphire, and/or the like. Thickness of template 18 may be based on design
considerations. In one embodiment, template 18 may have a thickness of
approximately 0.5 mm.

[0030] As illustrated in FIGS. 2-4, patterning surface 22 comprises
features defined by a plurality of spaced-apart recesses 24 and/or protrusions 26,
though embodiments of the present invention are not limited to such
configurations. Patterning surface 22 may define any original pattern that forms
the basis of a pattern to be formed on film sheet 12. Alternatively, patterning
surface 22 may be substantially smooth and/or planar.

[0031] Template 18 may be coupled to chuck 28. Chuck 28 may be
configured as, but not limited to, vacuum, pin-type, groove-type, electrostatic,

electromagnetic, and/or other similar chuck types. Exemplary chucks are further
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[0031] Tenplate 18 may be coupled to chuck 28. Chuck

28 may be configured as, but not limted to, vacuum
wERrewngoel groove-type, electrostatic, el ectror@Eynsine002032
“and/or other simlar chuck types. Exenplary chucks are

furtherdescribed in U S Patent No. 6,873,087, which

dedcpibBET ROYU.BNaR4tBAr NEdetBr 3 gder fhkh Remerdby ﬁhldidrFSfated by
chuck 28 may be coupled to inprint head 30 'such that

o 3" BT e B e R R 4

may further conprise fluid dispense system 32. Fluid
chupksp% med/asyispsint drade30 meayubedconbgdregotoi tacilitate movement of
pol ymeri zabl e material 34 on filmsheet 12.
tenfpphtemey. i zabl e material 34 may be positioned upon film
sheet 12 using techni ques such as drop dispense,

1003812 %5588, 18 BB cof R Rt R 8hed ORI 2" i
deposition, thick fil mdeposition, and/or the |ike.

dispenseesysipne32 padyy be rusedblioedepastr pelymerzaklg reterial 34 on film
positioned upon filmsheet 12 using techni ques such as

hddhape PiRvREtiRRfle nfatblisl 34 a9 Me fishidnedtupon e sheet 12 usi
° 2005/ 027%@%5 an%l U. S.I Paten? Pupgﬁqcati onwli\hlo. Shee using

005/ 0106321 ,. both of which are. hergby incorpprate
teciORER SLNCES HupRiPansty mel oG (i soPlS oBiwalrshaaor
di sposed upon filmsheet 12 before and/or after a
depnsdionel@ M), physical wagbr degogtionéRYDhdhio fim deppsitionathick film

sheet 12 dependi ng on desi gn considerations. [0033]

deRAEE Rt e Rker | Rdr 4arfipie, hRIIaRabIethateaal Bl rdky be

portion 15 of filmsheet 12" as a ‘plurality of spaced

o, TH0HE Boeiol AR T SE e Bt s
Patléﬂlt t P\Ggllic%rtrign No. 2005/0270312 and U.S. Patent Publication No.
2005/0106321, both of which are hereby incorporated by reference herein.
Polymerizable material 34 may be disposed upon film sheet 12 before and/or
after a desired volume is defined between mold 20 and film sheet12 depending
on design considerations. |

[0033] Polymerizable material 34 may be deposited upon first portion 15 of
film sheet 12 as a plurality of spaced apart droplets. For example, polymerizable
material 34 may be deposited droplets with each droplet having a unit volume
between approximately 1-200 picoliters. Droplets of polymerizable material 34

may be disposed on first portion of film sheet 12 according to a drop pattern.

Drop pattern may be based on design considerations and/or determined to
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bet ween approxi mately 1-200 picoliters. Droplets of

pol yneri zabl e material 34 may be di sposed on first
weerbiizaT2nf film sheet 12 according to a drop PEX/US2009/002032

Drop pattern may be based on design considerations

and/ or determ ned toprovide specific characteristics

pro§iden sgéc'flboéﬁan‘é%fé?fsh%dsudh LS. thBaé eﬂésd?ﬂﬂ@d' Q@t g, Neatent
2005/ 0270312, which is hereby incorporated

Pull i 8E° 200 Reas Honiion @ﬁ"ﬁi@?ﬁ?ﬁ?ﬁﬁﬁﬁy&e refcs Bifein.

No. 7,157,036 and U.S. Patent Publication No. _
[0034D5/ 01 rdBoerizalié: rodtevial A mey dompisg AnNDORPOCATRIXtUSG as
reference herein. Additionally, to facilitate wetting

de@ﬁsé@rma@hssméteﬁf N, 77,066 Nehd U BM p@@ﬁt Fi@onaeguorbeNo
treated with a corrp03|t|on described in U S. Patent

20GBRATE. SR oy AR e steb  HEOrPamEy LT t‘laf‘?'}&‘f hgrein.

FIGS. 2-4, system 10 may further conprise an energ
Additonally, &8 faniiplecwettingdandior adhesioy afier ann@tlngatfﬂmzlsheet 12
I'mprint head 30 and/or rollers 13 may be configured to

ma?oéé ticated ViRl at rgodiish IdesehibdePir 'LPB Fatéit PubiBation No.
Sheet 12 in superinposition with path 42. System 10

20741 BRgb IS e R hERPREEA Py rfeer RERIETE <1 om 52,

punp system 60 and/ or source 38, and ﬁé@operate on a
[0086hput eRaferingbiod 6o &- Ansystemed mayrfe yCa@BprigonasEnergy

I mprint head 30 may vary a di stance between nold 20

so@é@l 3Bi ERIplRPES dftBctlendgy 40 Blophasith 142, t@maﬁfﬁﬂ R€ac 30 and/or
eS|red vol ume t her ebe vveen that is fil

o8 Tt 5e oaleurHdd o, F"ebapiaxtfg%aﬂ f“ﬁ“ High 429/ fim
contacts polymerizable material 34. After the

sheet 12 in superimposition with path 42. System 10 may be regulated by
processor 54 in communication with rollers 13, imprint head 30, fluid dispense
system 32, pump system 60 and/or source 38, and may operate on a computer
readable program stored in memory 56.

[0036] Imprint head 30 may vary a distance between mold 20 and first
portion 15 of film sheet 12 to define a desired volume therebetween that is filled
by polymerizable material 34. For example, imprint head 30 may apply a force to
template 18 such that mold 20 contacts polymerizable material 34. After the
desired volume is filled with polymerizable material 34, source 38 produces
energy 40, e.g., ultraviolet radiation, causing polymerizable material 34 to solidify

and/or cross-link conforming to a shape of surface 44 of first portion 15 of fiim

sheet 12 and patterning surface 22, defining patterned layer 46 on first portion 15
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desired volune is filled with polynerizable materia
34, source 38 produces energy 40, e.g., ultraviolet

WO 2@pari7on, causi ng pol yneri zabl e material 34 POI/US2009/002032
solidify and/or cross-link conform ng to a shape of
surface 44 of first portion 15 of film sheet 12 and

of At tRE& T8 PHHersqd PHer 48 hitiynEorRpfidee bnediduay eyef@8and a
first portion 150f fi'l msheet 12. Patterned | ayer 46

ooty GPEBUEE fiobd 2 Blys R oS RGe P B ¥ gfnusions

W th protrusions 50 having a thickness t and residual
50 hayiag arhicknesst: @ndarsidyal layer gy treknassitng to FI GS.
7A and 7B, multiple tenplates 18 may be used to form

[00B7] t er nqRbfbAkg to48 T TA laﬁﬁsﬂﬁ,%ul_ﬂi?le tefiplatse B ®ayde used
first tenplatée 18b at a first position may pattern a

o pimeuBer 8l 76,8 (A7 ArBR0A7: 70X S RIS i REFGABE 180

first portion 15 of patterned |ayer 46. The first
a figdposienIBay pattew pdirstepartien 18yod patteragylayer pétandrasgcond
by the first tenplate 18b forming a first layer on the
temiplate) fotest a sécand posrionanaphatierPtifl frst ortiat 1 81ofipiitetned

second | ayer directly over'the first |ayer.

ayeLbEr e R Bordp e b AR D Fr L0 STk SlBihe by the

_ form'gizj mul tiple patterned areas with the second
first éerpplates 18Bcfopainge Anfinsy laugraerebe dilmashegtotigndathee second

patterning first portion 15 of filmsheet 12, rollers

temipfateBdscf @aztjénhih?taeséﬁmnﬁyér mfecfu'i/ldves tirefirst AysHc Alteatively,

first portion 15 of filmsheet 12 is positidned away

tefsPoonBaiol e pot R UARTRIELS rid 8 PoRCERR PR LR 1cfpite

with tenplate 18. For exanple, as illustrated in FIG

18tp g]c;rg?mg engtiplgspatienadareas, withctihei secosdntempiatat 1&T patteming
adecent areas.

[0038] After patterning first portion 15 of film sheet 12, rollers 13 may
facilitate movement of film sheet 12 such that first portion 15 of film sheet 12 is
positioned away (e.g., offset) from template 18 and second portion 17 of film
sheet 12 may be positioned in superimposition with template 18. For example,
as illustrated in FIG. 2, rollers 13a and 13b may facilitate movement of film sheet
12 in the direction of arrow 17 such that first portion 15 of film sheet is positioned
away from template 18 and second portion 17a of film sheet 12 may be

positioned in superimposition with template 18. Second portion 17a of film sheet

12 may then be patterned and rollers 13 may facilitate movement of film sheet 12

10
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12 in the direction of arrow 17 such that first
portion 15 of film sheet is positioned away from

wao espliza7el 18 and second portion 17a of fil m sheet/ui®09/002032
may be positioned in superinposition with tenplate 18.
Second portion 17a of filmsheet 12 may then be

sumatﬁae@nemea@mai bEfiltn $Redtel? hasi be basidondy airemberthposition
filmsheet such that another portion of filmsheet

W'tﬁﬁe'”@ét@?%piﬁ%?ﬁ%% oy PERERbAREZE il Moks %eigé*fgﬁe

esired. [0039£ Roll ers 13 may serve as guide
[00f3§l:| i t Relefpdmaay semveras @Nldﬁ%tﬂ fa@elltatem@terra@r@topf fitm sheet
FIG 2 and/or rollers 13 may store un-patterned film

as sheebteinafl5 02 dpydreroness figlmapRest JRpattehe@Xaipiteet 12
un-patterned fil msheet 12 may concentrically wap

anb HRlsnBe i et B i PedS: up BgtPst AR BPET 2 may

13b to forma second roll. [0040] Patterned |ayer 46
conpgplrically mser @reundoroligr dBattedeinv e firs\ fallandieattarnee dilmsheet
U S. Patent Publication No. 2008/ 0308971 , which is

12 h%y%@hcbﬁﬁ@éww%pﬁdrd&hdrr@ﬂ@*@bcté fOeh e Jdcomy ¢bll. a
protective filmmy provide for re capturing of film

10030 2o/ &7 Eied Jait b BeCHRARTEL? R b Siehhventh =

12. For exanple, material é be deposited on
desssibedr fed) SayRatent Rublicatior u 9e RIKIRYOIABH7I! cawligh is hereby

patterns on filmsheet 12, solidified, and recaptured

mcomo@atéelti FeférdhceOher@ifr &Rh04h ;frb{e@hﬁé‘&lﬂh rhady daréGidélfor re-

The above menti oned system and process nay be further

corf ¥ SodPE Mo b LA ReBS 5500 TR I B

Publicati on No. 2004/0124566, U.S. Patent Publication
subsequenioiaboeaiedpatternmen i, sheat 42¢ Frulskample,anatesial may be

2004/ 021 1754,
deposited on patterned layer 46 and/or subsequent fabricated patterns on film
sheet 12, solidified, and recaptured into roller 13b for storage of film sheet 12.
[0041] The above-mentioned system and process may be further
employed in imprint lithography processes and systems referred to in U.S. Patent
No. 6,932,934, U.S. Patent Publication No. 2004/0124566, U.S. Patent
Publication No. 2004/0188381, and U.S. Patent Publication No. 2004/0211754,

all of which are hereby incorporated by reference herein.

Coalescence of droplets of polymerizable material
[0042] Referring to FIGS. 2 and 5, upon dispensing polymerizable material

34 in droplets positioned on first portion 15 of film sheet 12, droplets of
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all of which are hereby incorporated by reference

herei n. Coal escence of droplets of polynerizable
woredoen2xk1 [ 0042] Referring to FIGS. 2 and 5, upomusS2009/002032

di spensi ng pol yneri zable material 34 in droplets

positioned on first portion 15 of film sheet 12,

pol?ﬁ]@ﬂh%lé RbRARY BB a0l Gappéd TetwBdn I$iﬁ\€?0:1r|"i?eet 12 and/or
rappe between film sheet 12 and/or nold 20.

oA o R BT AKGEREE o g o

not be able to support the vve| ght of the droplets of
shegilof rappraxéimatenho emn al SG Mgy ont be iabla tthswpportheayeight
form undul ati ons under the weight of the droplets

of Wea@rfé'pl&s ohpoltzabke m‘é‘t’éﬁhltﬁap%%cﬁf filh8hEEOPD ‘?ﬁ§y form
of polynerizable material 34 may cause deformation
fil h I trat El G

undyle Girividen e vBRrt RLLE 4300 \raebladiee Fmpiet?e%lﬁhmmg
flat configuration (e.g., the surface of filmsheet is

of Weltroplats efl polymetirahie npﬁtep@lcaél may cande defaremtionsif dilng)sheet
Addi tionally, coalescing droplets to forma continuous

12] a?é’lﬁﬂstf’@iéd VH piy geT@rﬁé\%ntWe%/rmﬁtloﬁrmﬁ{ Shéetal may be kept in
po ymerizable material 34 from becomi ng trappe and

a @R A, CouBRTAL (6 Ge 18 SHHCE |G il RhEL e Sobsptially

apply a force to tenplate 18 such that nDId 20
witoeuttprejestionsl 3ndior degyessions e rAdditidwlly Teoalesaing drapiets do form
ot her external forces (collectively herein referred to

a ésntmBLS Sdydones MmiRlmizer §6d/6} ;szVerhed%w@tBObi @lynferizable

mnimze Iocallzed trappi ng of droplets of

malial 3 éFOﬁ‘ﬁsceqm”@tﬁqp?esd?ndc’ Setbingb Al Shepf 12, he

controlled (e.g., mnimzed) to enploy capillary force
[00d8] pol yrveferringl to MtaSer2 and 347, wistprewously 2@saritordy imprinthead

sheet 12 as
30 may apply a force to template 18 such that mold 20 contacts polymerizable
material 34. This force and/or other external forces (collectively herein referred
to as applied force F or force F) may be controlled to minimize localized trapping
of droplets of polymerizable material 34 on fiim sheet 12. For example, the
magnitude of applied force F may be controlled (e.g., minimized) to employ
capillary force of polymerizable material 34 with mold 20 and/or film sheet 12 as
further described in U.S. Patent Publication No. 2005/0061773, which is hereby

incorporated by reference herein.

[0044] Control of the applied force F may be determined by:
F o hvu (EQ. 1)

12
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further described in U S. Patent Publication No.
2005/ 0061773, which is hereby incorporated by

WO edoenzatee herein. [0044] Control of the appl i BOI/U8200%002032
F may be determined by: F o h vm(EQ 1)wherein Lis
the height of droplets (e.g., 200 nm- 1000 nm

wh@fe*ﬁf ‘?f |§k9l‘|é’ hg @%@b@'ﬁrdﬂ!@t@ @QP. DO nny ‘#OGd“ﬁmV?Jr@f%kébfy dteater

cont act s dro lets (e.g

thamKOZ)r % (iih%vtalﬁg%ﬂ@ SCO@I}JCO@@ tslé%gqr Z b C%g)-100

[ 0045] Addl tionally," coal escence of drops of
pmysscynad z sbthe visdosity af palyrmerizabke materiati@d iaridé droplets (e.g.,
controlled by varying tension associated with film

ncreased tensile strength may be provided
05@% ?#SP@rng filmsheet 12 with fibers (e.g., netal

fibers, glass fibers and/or the like). Fibers may be
[0045] gned Additienallye canleseenasn obfdrope afepelymerirafle ematerial 34
provided by rollers 13. In one enbodi nent, the

¢
magﬂﬁ;pww%d%nd/@%rﬂfblléé Y\ﬁ/iﬁ@ tehsiBn fAskBriateeewitt Zin¥eet

proximately 1 to 20 or afllmsheet 12 haV|ng

122 LSRR stguR Tha ol tiioed ok rEoidthbi Tigh Shelet T2 witn

dropl ets ofd{)ol ymerlzable material 34 may al so be _
fibgre deide medaldiianrs.colass dibeed apg/ordheilikg).a FHhersamey be aligned
contact angle (e.g., 1 - 30) of polynerizable materi al

aloRd e fdilcatiohest tHE . teh¥iRMYordey pFBYiBeEIShbY OfollERy y||3ng Iheone
surface contact angle are further described in U S

empifikn, o, aghtudd af J25s98 o it fiah Stieet 12,0y be

i ncor porated by reference herein.
approximately 1 to 200 N for a film sheet 12 having a thickness of 100 um, a

width of 1 m, and a tensile strength of 1 — 200 MPa.

[0046] Coalescence of droplets of polymerizable material 34 may also be
provided and/or controlled. by varying a surface contact angle (e.g., 1° - 30°) of
polymerizable material 34 on film sheet 12. Exemplary methods for varying the
surface contact angle are further described in U.S. Patent Serial No. 12/336,821
and U.S. Patent Publication No. 2006/0175736, both of which are hereby
incorporated by reference herein.

[0047] Additionally, coalescence of droplets of polymerizable material 34
may be provided and/or controlled by adjusting viscosity of polymerizable
material 34, size of droplets of polymerizable material 34, and/or placement of
droplets of polymerizable material 34 on film sheet 12. For example, viscosity of

polymerizable material 34 may be varied between 1 cps — 200 cps. Droplets

13
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[0047] Additionally, coal escence of droplets of

pol yneri zabl e material 34 may be provi ded and/ or
weowned7bed by adjusting viscosity of pol ynerir@bis2009/002032

material 34, size of droplets of polynerizable

material 34, and/or placenent of droplets of

maQCHeYﬂEéd bl £diEpiaEd Bétw%noébrfrbilma?élﬁab A= Q0 ym, a height

exanpl e, viscosity of polynerizable terial 34 na

ety “SpripLHE Y 25 Bl antUiE P Ariler s e fo. S4EE" distance

a hei ght between approximately 20 nm- 1000 nm and/or
betweesrdrepleto of appraxiniatetyah@ gsrbet K@ wndr dpacdt of tifese elements
approximately 10 mm - 250 mm Each of these el enents

mag‘gml\éyéﬁuél@di S hRdn tc@a@s@'ehdb &Wbﬁ@?@@t‘:ﬁo )%eﬁ'iélﬂé Pcte®d| 34.

rizable material 34. [0048] lustrates a

100BE" 2t RNHELE & Sot e ﬁe?‘ﬁzée%w&?w hpd 0 for

on filmsheet 12 and/or mnim zing deformation of film
mirgimezng e dapping ohdrapiets iaftpolyimeérmpblepmateriad Sdsan fillmsbeet 12
step 82, a drop pattern may be determ ned for

and?br"“?ﬁﬂ?ﬁihngfdéfBﬁné*t"d?P'o?tfﬁm%hé&' Y?“?fdrlﬁ@béﬁ lﬁﬁ)trﬁf ilitdo éﬁéphy

| msheet 12 drop pattern may etermne
vi d esired residual r thic
proggst's T o 958 e o GORaR TR EY2WOF %mamﬁ!? 357 BiaEiment of the
imprint lithography process. Additionally, the drop
dropkets of polyeeripabldenateriahdd ondimghent 21 iTmetdrdp Ipaittgtn maly be
droplets and an estimted viscosity of polynerizable

detgﬁhm'éhaﬂo ﬁr‘bwde”aadééi%ﬂz%ld@l‘ 18pdr! RSy edrf?ﬁbbéﬁréﬂ feature

|chto cont act nol O wth polynerizable materi al

forAaiR Dok 26 RSN MREEt HERSFRHNYEE GEshg Agidtionally, the

estimated height, estimated viscosity, and estimated
dropepattarn ynay headetenmingd, usig pneestinedied hesghdrafadropietsrapd an

be di spensed on fil msheet 12 based on the
estimated viscosity of polymerizable material 34. In a step 84, an estimated
velocity at which to contact mold 20 with polymerizable material 34 may be
determined. In a step 86, an estimated magnitude of force F may be determined
using the estimated height, estimated viscosity, and estimated velocity. In a step
88, polymerizable material 34 may be dispensed on film sheet 12 based on the
drop pattern. In a step 90, mold 20 may contact polymerizable material 34
based on the estimated velocity. Droplets may be provided the opportunity to
coalesce. Alternatively, conditions (e.g., estimated height, estimated viscosity,
and the like) may be determined such that droplets of polymerizable material 34

coalesce prior to contact of template 18 with the droplets of polymerizable

material 34. In a step 92, deformation of fiim sheet 12 and/or continuity of

14
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drop pattern. In a step 90, nold 20 may cont act

pol yneri zabl e materi al 34 based on the esti mated
woe000a23791 Dropl ets may be provi ded the oppor tRET/U§2009002032

coal esce. Alternatively, conditions (e.g., estinmated

hei ght, estimated viscosity, and the like) may be

patﬁﬁhﬁn@”ﬂa?éﬂ%uﬁb thakvaALaRIET $n &f sk WEéstZrﬁMea helght of the
mat eri al 34 coa esce prior to contact of tenplate

distragpobBBofsis Bt Biat B PR H R v A8 R patdrial Y hay be

continuity ofpatterning |layer 46 may be evaluated. In
adjustedegndior estimated ecelortygot contachef dnelgeds edthpopyineerizable
and estimated viscosity of polynerizable material 34

maf@nél Bﬂ rﬁﬁ%%t ﬁlfbre@'ﬂé‘/a@ius‘?%é 'é@fu‘ﬁﬁtédeh%@hft&’dé)ﬁf rcs?eé #hased
pol yneri zabl e materi al “34 may be

tered t.0 adu esl.ima magni of ,, force.
on atbseavaﬂﬁam b, b aRae T iie Mol tﬁ'ﬁ@n&(orf pfuity of
sheet 12 and/or continuity of patterni ng er 46. In
pattersingdaps, 46. elsa ste®6.f tehaiosd ditm Sheek 12 f ceqonéant angle
angl e of polynerizable material 34 and/or drop

of PbRARIRABIeOMAAEPR! B4 Saridiort BRopf PRt eRfint E5MdfYetdsn the drop

adjust ed based on the eval uation of the def ormati on of

patz%lnm 3 et 12teg£gé%deco§}§6nw t%qﬂp é]%i(ﬂ'{r}eagloharéﬁ m sheet

def or mat ion of film sheet 12 is mnimzed and/or the
12 gediarespndionity etipattewinglayeerdbi nip bastep 986 stepsodb-Qbnmay be
Large Area Patterning [0049] To increase throughput

rep‘é@ﬁiﬁi RAkIt aéfairmgn@rm 6fl fim sheet 122is MmikliRiE MBI @ desired
nd/ or mul t|p e tenplate 18 enbodi nents may be used.

CO%@UM?EE PiSH G 46 SIPS8BPar a1y of mol ds 20 wi th
each nol d 20 capabl e of patterning filmsheet 12 at
substantial ly

Large Area Patterning

[0049] To increase throughput when patterning on film sheet 12, multiple

mold 20 and/or multiple template 18 embodiments may be used. For example,

referring to FIGS. 2, 9 and 10, template 18 may be provided with a plurality of
molds 20 with each mold 20 capable of patterning film sheet 12 at substantially
the same time period and/or at relatively different time periods. For example,
template 18a of FIG. 9 may include a plurality of molds 20a, 20b, 20c, 20d, 20e,

20f, 20g, 20h and 20i. Molds 20a-20i may be substantially the same as mold 20

illustrated in FIG. 2. Each mold 20a-20i may have substantially the same pattern

formed thereon and/or different patterns formed thereon. For example, mold

20b, 20d, 20f and 20h may have substantially the same pattern formed thereon,

15
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the same tinme period and/or at relatively different
time periods. For exanple, tenplate 18a of FIG 9 nmay
wo pwbagis2a plurality of nolds 20a, 20b, 20c, 2Eiy/U1069/002032
20, 20g, 20Ch and 20 . Mdl ds 20a-20i may be
substantially the same as nold 20 illustrated in FIG

ref@redashagodL Za-a2@ mdys e 30dseeat ey and NBis@aa® have

pattern forned thereon and/or different patterns

sty WE M e TR indBLl Bed o ol ver

thereon,referred to as MOLD1; and nol ds 20a, 20c,
furtheg I\A@uDzmantaﬁ hm/ecommmmt@faM@LQme lts@h@ulgabeemied that

forned thereon, referred to as MOLD2. Even further

teriiThio T8y Mg fidve &M rhBBNGS mbldg@@posm&néd?méréorbewlth molds

noted that "tenpl ate 18a nay have any nunber of nol

20 S8 i R 5, et el %ﬁda'%‘éh&ﬂn%amns

consi derations. [0050] Tenplate chuck 28 and/or punp
[0059kt em 6lemplptecomaako?8 and/os pap systemngs) may aBdros gwehape
in FIG 9. At least a portion of tenplate chuck 28,

of ®RfpIAB BacshoWn her D, 8t entl8asti NpStiBR Of fBIABlatd ERUAK 28) and an
each nol d 20 may define a cha er 62 For exanpl e; at

| east, a n of te chu and .an,area
areg i PRl ) i€ syl RsTiofo Nl BRch 2BRICS0RfRg, Bbine a
20a, 20b and 20c define chanbers 62a, 62b and 62c,
Charéqufe@Z.i ver pxample, si tasst &ipgrtien of taroplateaehiunk, 2%rang an area
chanbers 62a-62c are shown in FIGS. 10A and 10B;

of fePMRNer184 In SUEinthdRionWRE TaeR f thaltls Q@@W@b%r@%@aeﬁne

may be substantially simlar to chanbers 62a-

chaon i Bo8 At Be Bampyey s RICRoRY ahvﬁf#@% only
chacncigérrsoflﬁapgggsaurgeshvgvénhlmn F(Ieggh 1((:)r/]\agggr10682 however, it should be
understood that chambers 62d-62i may be substantially similar to chambers 62a-
62c. |

[0051] Each chamber 62 may be in fluid communication with pump system
60. Pump system 60 may collectively control pressure within each chamber 62.
Alternatively, each chamber 62 may be in communication with a separate pump
system 60.

[0052] Pump system 60 controls pressure within each chamber 62 to
provide patterning of film sheet 12 at substantially the same time period and/or at
relatively different time periods. For example, polymerizable material 34 may be

dispensed on film sheet 12, and pump system 60 provides for mold 20a to

pattern polymerizable material 34 on film sheet 12 at a different time than mold

16
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Al ternatively, each chanber 62 may be in conmunication
Wth a separate punp system 60. [0052] Punp system 60

w@oowned7el pressure Wit hin each chanber 62 to pPOWUS®09/002032
patterning of filmsheet 12 at substantially the sane
time period and/or at relatively different tine

20 @htRA20chsY illeytraeten FIG! YoBhZ2MmeplaRL Gétltérhmg‘keﬁﬁb{qbés are
di spensed on filmsheet 12,  and punp 'system

furef e bestih o1S; PRiE AL S AT e ¢

nmol d20b and/or 20c as illustrated in FIG 10B.
[0083¢np| arfyefgaingston . t/e dArangubs imvpother eRbodieert; sygem 10
in US. Patent Publication No. 20070190200. [0053]

maﬁ%‘o@tﬁfrﬁs‘éﬁhtﬂ@aﬁ't% terhplatds aBH ahd, 1800 PaAplAGds 18b and 18¢c may
ment, system 10 may conprise at |east two

ve SRRl st acriemifates TRERD Rt Mo el ToaBY

descri bed herein. [00543l Tenpl ate 18b may be a
[00541p! i nefemplate d%bl ey b8 campliment @/fetemplaueoﬁ& and vice
exanple, portions 2 1 of tenplate 18b that may be

ver%ébSF@F‘téx@dee apstibhs A1 P! tempihtaBIB VAR Aagabe 'sﬂjbstantlally
tenpl ate 18c corresponding to portions 64 having nold

ab{esf Tad 2035 M58 oPoss, T peblatg 4g %&f"%aoﬁ?'ﬁﬁttgtp%ﬂ?b%% 64

correspond to portions 2 la, 21c, 2le, and 2 1i of
haviegpnelds 208cAs Susirated ip, FIGSv, ait1ear1ds<12ctﬂmmlat§e§8bmom9nses
20b, 2Qd, 2OF and 20nh that correspond to portions 2

molds 2@4020c21z®eamb and-Ropthat eswescndlBpori®b21a, 21¢, 21e, 21g

Tenpl ates 18b and 18c nay be in fluid communication

and24'ab ARGt SRy, Bl B EiBoteds folds.20n 04, 20f

to FIG 10. For exanple, with respect to tenplate 18b,
anc20h éhaticosrespond to portions 21b, 21d, 21fand 21h of template 18b.

[0055] Templates 18b and 18c may be in fluid communication with pump
system 60 defining chambers 62a-62i, analogous to the system described above
with respect to FIG. 10. For example, with respect to template 18b, at least a
portion of template chuck 28 and an area of template 18b in superimposition with
each of molds 20a, 20c, 20e, 20g and 20i define chambers 62a, 62c, 62e, 629
and 62i. Further, chambers 62a, 62c, 62e, 62g and 62i may be in
superimposition with portions 21a, 21c, 21e, 21g and 21i of template 18¢c. With
respect to template 18c, at least a portion of template chuck 28 and an area of
template 18c in superimposition with each of molds 20b, 20d, 20f and 20h define
chambers 62b, 62d, 62f and 62h. Further, chambers 62b, 62d, 62f and 62h may

be in superimposition with portions 21b, 21d, 21f and 21h of template 18c.
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portion of tenplate chuck 28 and an area of tenplate

18b in superinposition with each of nolds 20a, 20c,
wQawy/12521 and 20 define chanbers 62a, 62c, 62BCT/621909/002032

and 62i. Further, chanbers 62a, 62c, 62e, 62g and 62i

may be in superinposition with portions 2la, 2lc, 2

[0056] 2 1loFi@nd3d|iddtrabés beBRl et éﬁgmé/eﬁb@mesaeeémg@em lates
tenpl ate 18c, at Ieast a portion of tenplate chuck 2

and re f npl a 8 up, :
185 30 e ool BT 58hE 1 o o BhO L SRR AR lerian a4
62b, 62d, 62f and 62h. Further, chanbers 62b, 62d, 62f
mayrhe digpenaey e filn sbaplet2.mbosi steprd Odi pumposysternH0may place
21d, 21f and 2 1h of tenplate 18c.[0056] FIG 13

chddwtbé}r@tmt 6242621 e 6PRA aC\fac@uﬁiBétBtédsdc(P\Othfa@bolctli)'n@%b 21d,
tenplates 18b and 18c to pattern filmsheet 12. In

212 LB % Sl e i R Bullned 3”5@98 202,

pl ace chanbers 62b, 62d, 62f and 62h in a vacuum state
206 e, PAgtando2qiibewéng tawards film, sheet 1andAg stichyf molgapdQa; €0c,

18b bow away fromfilmsheet 12 resulting in nolds

20@0230g ahe 20?@?terﬁ@5t@ﬂ'9b Zﬁ%y @@M‘ﬂa@g pblgg rﬁéblﬁe‘ hﬁleﬁh@%ﬂ while

such, nol

por&ﬂﬁ? ef’tbo 37, a‘h‘i’”%@t 05 %EE?%%%HE@WLP@”%&O with

are not in contact with polynerizable material 34. In
polymerizqble omatastal yafer i latal Stapat1@bi qiolyragrizable onatgnal eday be
form ng a checkerboard pattern. It should be noted

solidifRld. RAMiRRL @ cekambaRe péﬁéﬂﬁEdthﬂfi%% BB K88l Rat any pattern
consi derat| ons For exanp e, first portion of

hecPE[{]E 8 ed g @*@}%rform%{)r tl%m{ﬂg SHRS ng%?ltOfa

checker board pat ter n In an optional step 108, punp
chepkethoard @attagn playdee drmesewsh 829 subsenued? templata providing a

a pressure state to
second portion of the checkerboard pattern. In an optional step 108, pump
system 60 may place chambers 62b, 62d, 62f and 62h in a pressure state to
facilitate separation of template 18b with patterned layer 46. In a step 110,
template 18b may be removed. In a step 112, polymerizable material 34 may be
dispensed on film sheet 12. In a step 114, pump system 60 may place chambers
62a, 62c, 62e, 62g and 62i in a vacuum state such that portions 21a, 21c, 21e,
21g and 21i bow away from film sheet 12 and as a result, molds 20b, 20d, 20f
and 20h bow towards film sheet 12. For example, molds 20b, 20d, 20f and 20h
may contact polymerizable material 34 while portions 21a, 21c, 21e, 21g and 21i

are not in contact with polymerizable material 34. In an optional step 116, pump

system 60 may place chambers 62a, 62c, 62e, 629 and 62i in a pressure state to
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facilitate separation of tenplate 18b with patterned
| ayer 46. In a step 110, tenplate 18b may be renoved.
WO pooa/1537ep 112, pol yneri zable material 34 nay BPET/US2009/002032
di spensed on filmsheet 12. In a step 114, punp system
60 may pl ace chanbers 62a, 62c, 62e, 62g and 62i in a

facWeﬁé'lé SfibA cTUempldiatiseatiti pagerddd layetd6. 21t hould BE noted
i bow away fromfilmsheet 12 'and as a result,

2Cd w_t owar. m s.h
tha?i? L@i%ﬁ'% St G0 PEEINIS o AHE e fagteEBh et to
olynmerizable material 34 while portions 2la, 2lc,
eing2f pobymerizable meteriabB4 by temptade 18 t h
poI ynerizable material 34. In an optional step 116,

[OOBlFI]TT3 SY@&fErﬁlﬂg”@fYﬁlﬁi apgethangy Heb dtpl 62 1r5§ﬁ¥ ﬁiﬁﬂicatlon

In a pressure state tofacilitate separation of

te 18CVVI atte | ayer, 46. It shoul
dosifile f U psppkaelta Bt BT sagpandy bsﬁﬂa%nﬁaoﬁrucwrmg
polyrrerlzable material 34 prior to patterni CEJEE
for solay ieelis hawing anferatureasizeaf BOnmetiOinm as father ribed in U.S.
Patterning of filmsheet 12 nmay be enpl oyed in any

SeﬁeﬂpNoca’12/924@|Q§' netleh Fiar heredyplitborpsrateRf rUyngeféf'erfde' Merein.
sheet 12 may be used in nanostructuring for solar

hay| u Onm 100nm as f.urthe
gy, Battphidh of Alsbisep! £ mayhS3Reisp IapaeirinG for sub
hereby i ncorporated by reference herein. Additionally,
wayelengt rwhqt,ormc d‘evlqesmi@étaslpolﬂayerb@aymgjamze of approximately
nanopatterning for sub wavel ength photonic devices

50 $ve L 550 REH: %Hd@rﬁlé d?ﬁ‘éthl@gwé’(m% aefefura ot BBt RhY- 300 nm;
nm - 500 nm photom c crystals having a feature size

. of n m cr.o | ens_structures havi a SI
mic 185 ABHCHERR VN 5288 SRRTONHIREY T et gy 4. Rree
~structures, etc. WHAT IS CLAIMED IS: 1. A nethod for
dimeasiomahstngotpreisyeter i zabl e material on a fil m sheet,
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conprising: dispensing a plurality of droplets of
pol yneri zable material on the filmsheet; applying a
wo eooga237e1 a first inprint |ithography tenpl at ePGUUR2009/002032
that the first inprint |ithography tenplate contacts
the droplets of polynerizable material on the film

WHAERE CLNNESI I8:the force is pre-determned to mnimze
| ocal i zed trapping of the droplets of the

1. Gr bl B Gt aloes petteiia, R TEgke oL SUEENASd by iy sheet
contact with the first inprint |ithography tenplate;

corapiigingol i di fyi ng the pol ynerizable material to forma
patterned | ayer having a residual |layer and at | east

oneji§gHsii a Blurdiftg dredioprtiof Gaiimeraabié!mb&teFial on the film

conprising adjusting tension of the film sheet prior
ht?' di spensing the droplets such that the droplets when
S edeispensed on the fil msheet coal esce to formthe
continuous |ayer. 3. The nethod of any one of clains
1- 2applyieg & foreeljtaist finsty imprinti lshogapbhy éemplate sheletthat the first
i ncludes increasing tensile strength of the film

impte Sithogtapr & rilaie0othc@nhe OB plts of %bfﬁnér'rz%b}lcéc %até@’%' on

conpri sing ‘adjusting a surface contact angle o

lynerizable material. priaor.to.dispensing thedropl.ets.
the ey SRk RSB NG P iESS M el U R BT R dOF 2R trapping
sheet coal esce to formthe continuous layer. 5 The
of tvetdropletss ofathg potymerizatilaimaterialon therfilmeshesd speh ghatgdroplets
adj usting viscosity of the polynehzable naterial prior
codl&scd IPeRFINNG ICBAtIMIAUY Shyersdahng Nédntact with the first imprint
lithography template; and,
solidifying the polymerizable material to form a patterned layer having a

residual layer and at least one feature.
2. The method of claim 1, further comprising adjusting tension of the film
sheet prior to dispensing the droplets such that the droplets when dispensed on

the film sheet coalesce to form the continuous layer.

3. The method of any one of claims 1-2, wherein adjusting tension of the film

sheet includes increasing tensile strength of the film sheet.

4, The method of any one of claims 1-3, further comprising adjusting a

surface contact angle of the polymerizable material prior to dispensing the
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t he dropl ets when di spensed on the fil msheet coal esce

to formthe continuous |ayer. 6. The nmethod of any one
wo@Rooehzi7es 1-5, further conprising adjusting sPZEUSS009/002032

the droplets of the polynerizable material prior to

di spensing the droplets such that the droplets when

drogiewgnéﬁdh@tnthfeh@rofpiét@ﬁvﬂ’f@eﬁisﬁ@ﬁé@s@ﬂ the fileT Bhédtecoalesce to
conti nuous layer. 7. The nethod of claimany one of

l.ai - f,urt her conprising adjusting the placenent
fo"ﬁftﬁ% E@”%&ﬁ}*ﬁéﬁ%m e material prior to dispensing the
dropl ets such that the droplets when di spensed on the

filmsheet coal esce to formthe continuous |ayer. 8.
The net hod of any one of clainms 1-7, wherein the film

5. sheHie irfiethBdPbPGNy0opef bf Haifel Her, AMthe? &RAPMSINg adjusting
roller, the first 'roller and the second roller

. positioned substantially. parallel.relative to e

vis BB 1ol € o ek zaBle Belqriel B i ishSisthi e b sueh that
Is substantially parallel to the first inprint _

thel droplets wpep dispansed arotheThilen skedicpalgscel tai farmrihe eostinous
claims 1-8, wherein the first inprint |ithography

|ayé,enpl ate includes a plurality of nolds. 10. The nethod
of claim9, wherein the plurality of nolds of the
first inprint |ithography tenplate are substantially
simlar. 11. The nethod of claim9, wherein the
plurality of nolds of the first inprint |ithography

6. t enheamethiatcoluary ane iof staima st fughenedmprisingsidiusting size of
to a second subset of nolds. 12. The nethod of any one

theQdropledd BB tHE pol¥metigableahakPaP phist t0dRpERsIAE tRE droplets such

that the droplets when dispensed on the fiim sheet coalesce to form the

continuous layer.

7. The method of claim any one of claims 1-6, further comprising adjusting
the placement of the polymerizable material prior to dispensing the droplets such
that the droplets when dispensed on the film sheet coalesce to form the

continuous layer.

8. The method of any one of claims 1-7, wherein the film sheet is coupled to
a first roller and a second roller, the first roller and the second roller positioned
substantially parallel relative to one another such that the first portion of the film

sheet is substantially parallel to the first imprint lithography template.
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system adj acent to the first inprint |ithography
tenpl ate, wherein the chucking systemis in

W@ apen2atposi tion with each nold to define a plBCHUE1099/002032
of chanbers. 13. The nethod of claim 12, further
conprising a punp systemin fluid conmunication with

9. eacthe: aethed . oft BN URY dYet eitiaanabl-8, afhepsiavingi figt imprint
each chanber in a vacuum state such that portions of

: i oL it r.aply | ate bow away from

Ilth{)gﬂgppy F%%’ﬁgwd}}ﬁg%Eoélﬁ'%gﬁé)&om&?gg tenpl at e bow
towards the fil msheet. 14. The nmethod of any one of
claims 12-13, further conprising a punp systemin
fluid conmuni cation with each chanber, the punp system

10.cappid mewﬁodabwiaﬂhr% Wiérairt trTpREality) of nisi@S Dk tige first imprint
state.15. The nethod of claimof 1, further conprising

inBoREY Stilel SEERG T M0 hogr aphy conprate,
wherein the second inprint |lithography tenplate is

positioned offset fromthe polynerizable materi al
during formati on of the patterned |layer with the first

11.]1 NPTHe mdthdd @8 CRIMYD, L whdred! theaplirdlig of inficids ofptieé ﬂfst imprint

l'ithography tenplate is positioned offset fromthe

it B§isb i et cugtl) oMEApRL<E" By 2ot eBplfifish 1 o, sppond

15, wherein the first inprint |ithography tenplate
subsetplirellsa plurality of nolds extending towards the
filmsheet and a plurality of portions substantially
absent of nolds. 17. The nethod of any one of clains
15-16, wherein the second inprint |ithography tenplate

12.it zn@peg?@ahégeoqtaﬁg ohB%f' bihfths 'gTPA ,i fthlet tc%?r%{r%mbya chucking
system adjacent to the first imprint lithography template, wherein the chucking

system is in superimposition with each mold to define a plurality of chambers.

13.  The hethod of claim 12, further comprising a pump system in fluid
communication with each chamber, the pump system capable of providing each
chamber in a vacuum state such that portions of the first imprint lithography
template bow away from the film sheet and portions of the template bow towards

the film sheet.
14.  The method of any one of claims 12-13, further comprising a pump system

in fluid communication with each chamber, the pump system capable of providing

each chamber in a pressure state.
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18. The nmethod of claimany one of clains 15-17,
wherein a force applied to the second inprint

woO paoboga7aphy tenplate to pattern the patter nedPCHYS82009/002032
may be determined to mnimze undulatiofs in the film
sheet such that filmsheet is substantially flat. 19.
The nmet hod of any one of clains 15-18, wherein the
filmsheet is coupled to a first roller and a second

r ol , Eurt rising:; p e b . Seco
15'r ol lIrfe?(% , me HLOO?i fm&gﬂﬁe{”& h1avf"k@%? hé&fiéﬁg"& né%ﬁ'ﬁj}ﬁ&@r %aﬁgcond
the second patterned |ayer; and, patterning a filmon
paiteraed dayen @nphe pattaemed layer with peecend iaprptithagiaphyt teanplate,
filmprotecting the second patterned | ayer from danage

wherHih e rkeand Umphiat GthddgrgpHy Itéméllbﬁee‘is pagitioﬁedmfﬂ@,@ﬂ floff the

patterning polynerizabl'e material on a fil m sheet,

poly RSBy el RS ST Rt al W Mlar L B i e st

~ filmsheet, the first region of the filmsheet in _

imgiingetithepeanhyi demplaten andi ther firslprimprint ilthegiepiphytemplate is
tenpl ate; applying a first force to the first

positibrid ofRsY froRrMh@ipatewsdd 1drlr dithd paBérmingPMWitht the second
i thography tenplate contact's the droplets of

. nerd rial on the filmsheet, wherein the
'm‘% txs('ﬂ%i%%@gtlgg{%tgl deternmined to mninmze |localized
trapping of the droplets of the first polynerizable

material on the first region of the filmsheet such
that droplets of the first polynerizable materi al

16c0arRs GRethed f 6 Blain f15, SWh&ii ithwiging hiptK Ikhbdraghy template
contact with the first inprint |ithography tenpl ate;

incrc‘u%leisdei fpmirg'lﬂy totf‘ ‘?nélhg %&t&%lﬁg”%mi/azrgg Itﬁe TR esWeg{ and a plurality of

portions substantially absent of molds.

17. The method of any one of claims 15-16, wherein the second imprint

lithography femplate is a compliment of the first imprint lithography template.

18.  The method of claim any one of claims 15-17, wherein a force applied to
the second imprint lithography template to pattern the patterned layer may be
determined to minimize undulations in the film sheet such that film sheet is

substantially flat.

19.  The method of any one of claims 15-18, wherein the film sheet is coupled

to a first roller and a second roller, further comprising:
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adjusting rollers to provide the first region of the
filmsheet in superinposition with a second inprint

wo paoboga7aphy tenpl ate; di spensing a plurality BPET/US2009/002032
droplets of a second pol ynerizable material on the
first region of the film sheet; applying a second

f or @Rap@rih§eby 8OSEEINUropEY, AR SHaBt HaRirkLn8 ﬁdﬁ@?né&@yer
second inprint |ithography tenplate contacts the

f the con yneri zable material on the
ancﬂr}eo% 3809% gerf, gﬁﬁw sheet, wherein the second
force is pre- determ ned to mnimze l[ocalized trapping
of paiterdingp étre ast thenhsecansbpattgroed nayerzamnretontacapiugng, the
on the first region of the film sheet such that the

fnndpmécﬁmg tRé sbBEn paREYH B AV ABhfageediring %cﬁ@l@hﬁ? ©f the

forma second continuous |ayer during contact w

econd inprint |ithography tenplate; and,
f""%%‘)}]ef%i fying the second polynerizable materi aI .2 1.

The net hod of claim 20, wherein the first continuous
| ayer and the second continuous | ayer are adjacent.
22. The nethod of claim20, wherein the second

20 CONA infbtR&G fdr%ié‘ﬁ@rrhﬁg B@Fy'rﬁér%@!é aterial b aCfrnmtscwéepfcomﬁnsmg
first continuous | ayer. . The nmethod of any one of

? : ? %%s?@é%é)gggm q? 9sr<')fs A Rkt pBR/lrﬁ/erl Ynf r%a?ena%h\éeﬁrst

region of the film sheet, the first region of the film sheet in superimposition with a
first imprint lithography template;

applying a first force to the first lithography template such that the first
imprint lithography template contacts the droplets of polymerizable material on
the film sheet, wherein the first force is pre-determined to minimize localized
trapping of the droplets of the first polymerizable material on the first region of the
film sheet such that droplets of the first polymerizable material coalesce to form a
first continuous layer during contact with the first imprint lithography template;

solidifying the first polymerizable material;

adjusting rollers to provide the first region of the film sheet in
superimposition with a second imprint lithography template;

dispensing a plurality of droplets of a second polymerizable material on
the first region of the film sheet;

applying a second force to the second lithography template such that the

second imprint lithography template contacts the droplets of the second
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polymerizable material on the first region of the film sheet, wherein the second
force is pre-determined to minimize localized trapping of the droplets of the
second polymerizable material on the first region of the film sheet such that the
droplets of the second polymerizable material coalesce to form a second
continuous layer during contact with the second imprint lithography template;
and,

solidifying the second polymerizable material.

21.  The method of claim 20, wherein the first continuous layer and the second

continuous layer are adjacent.

22. The method of claim 20, wherein the second continuous layer is

positioned directly on top of the first continuous layer.

23. The method of any one of claims 20-22, further comprising applying a

protective film to the second layer.
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