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EXTRUSI ON REDUCTI ON I N | MPRI NT LI THOGRAPHY
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wa@ppbiogwté on cl ains the benefit under 35 U. S. PCT/US2009/000803
119(e)(1 ) of U S. Provisional No. 61/027,153, filed
February 8, 2008; U. S. Provisional No. 61/094, 092,
filed Septenber 4, 2008; and U.S. Application No.
12/ 367,079 filed February 6, 2009, all of which are
her eby i ncorporated by reference herein. BACKGROUND
| NFORVATI ON [ 0002] Nano-fabrication includes the
fabrication of very small structures that have
features on the order of 100 nanoneters or smaller.

One appkirRYUSION Rtmcqﬁbnaﬂpn\ﬁrﬂﬁfmfﬁ*gmdmpw a

sizeabl e Inpact is in the processing of integrated

gg;flulntéRo-gbe' rive N&;ﬁl arg@%ﬁ@%%ﬁ%@% V\,hl l e

i,ncreas ci.rcuits p unit_area forne
10003 )55t T 2B ARCENOR SO Ne BT BIE e oS, § 119(e)(1) of
i ncreasingly inportant. Nanofabrication provides

U.s. ngfe@n@rN@eﬁ/Qﬁ?nﬂﬁbJ filgi Febaary i, ngd@bnYiShuBtbvisional No.
reduction of the mni num feature di mensi ons of the

61/094 0921 titezis Septemider 4k N@08;aamdhd). B Applichtigdlol 12/36W0TZ9 filed
nano-fabrication has been enpl oyed i ncl ude

FebrabAf € IO, Ref vt @b hePEbRLe f ¥
Sbrah 6 [ke. [0003] An exenpl a%rﬁ%wgébgﬁdgact%ﬁg

technlque in use today is conmmonly referred to as
inprint lithography. Exenplary inprint |ithography

processes are d n rous
publ i cati ons, %ig’égﬁ%@Dg&%mMﬁﬂ'ﬂ@mti on
No. 2004/ 0065976, U.S. Patent Publication No.
[000§b04/ odggggajabrg.}ﬁjlog mclysigsethe fgprication 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-fabricaton has been employed include
biotechnology, optical technology, mechanical systems, and the like.

[0003] An exemplary nano-fabrication technique in use 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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6,936,194, all of which are hereby incorporated by
reference herein. [0004] An inprint |ithography

wao ewbidmee di scl osed in each of the af orenent i PCEUS1008000803
pat ent publications and patent includes formation of a
relief pattern in a formable (polynerizable) |ayer and
transferring a pattern corresponding to the relief
pattern into an underlying substrate. The substrate

200476965876, VIS, PhtbAt PuBRéAtich Noa2004m08B82N aAdd8S. rmﬂent No.
positioning to facilitate the patterning process. The

e t from
6,93 i L o PP et ncorpBiRed L5 ARG E P B e
| at.e an he substr The formable liquid i
10004f; 7 Rag et [RRoaiiv Raaiolniorased  u: Sarh of the
conform n toasha of the surface of the tenplate
aforementienad g’&sp@tﬁet publ%noesmr@patenm@ndes formation of a relief
solidification, the tenplate is separated fromthe

patterhgiin Iaayﬁxrnmbtm (polymehizablejpleee and tthansfalbysty as e pattern
are spaced apart. The substrate and the solidified

corrédspoRtiry & the RelfdfpattdrAdntc® ardsiderBitR] sObSEAES eFheCsubstrate
transfer a relief inmage into the substrate that

may%%lr %ﬂ@%ﬁa&@l gaﬁ WR@ %r%%%ﬁ%ldsgb L&‘ﬁnb ¥ Fhcilitate the

resent inve be under st ood i.n
pa“%@@@rmceaﬁ e AR OGRS AVERAER Seced apdit from
ovi ded wi it h reference to t he enbodi nents il lustrated
the ﬁHb$tr%eaaaenae@>rma§\l,ﬁ digyid 1applied; Betweavithe, templatecand the
that the appended drawings illustrate only typical
subséiaterdTherfoemabletliauid is/solidified tafodmaa eigichkayer that hast a pattern
be considered Iimting of the scope.[0006] FIG 1
confotrhingttoad shape sif ithé isurfadesafdthe template that cohgtaiy formable

systemin
liquid. After solidification, the template is separated from the rigid layer such that
the template and 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 detail, 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 appended drawings illustrate only typical embodiments of the invention,

and are therefore not to be considered limiting of the scope.



10

15

20

accordance wi th an enbodi nent of the present
invention. [0007] FIG 2 illustrates a sinplified side

WQ t@w/ofe6d he substrate shown in FIG 1 havi ng BCT/US2009/000803
patterned | ayer positioned thereon. [0008] FIG 3
illustrates a sinplified side view of the tenplate and
the substrate shown in FIG 1. [0009] FIG 4
illustrates a sinplified side view of an exenplary

[0006F ! at RIG.OT iiHfstratds a SimphfAed ardd Giew oF @Mithb§kabhic Y Stem in
5A and 5B illustrate sinplified side view of an

S ETqael| LRG; t . L t hogr aphi c
accozystem@ftvﬁﬁfbgg'@g@ Qﬁ%%?ﬁ%ﬁgéﬁ\%@f’hw chart of an
enpl thod for preventing extrusi formati.on .
100G, 1 g i 7 STt g SEHY TG0 TS A EHiaR, 15 SyRRtp shown in
[0012] FIGS. 7A and 7B illustrate an exenplary
FIG.f1 haipg agratierned layastposifipned theeaen.n a 1t hogr aphic
system [0013] FIG 7Cillustrates a flow chart of an
[0008kenpl aFiG.nBtiHostrdtes arswelified gide tview i afnthfeoterapliaten and the
using a filtering system [0014] FIGS. 8A and 8B

substiate'shéwhen #iGgexenpl ary filtering systemfor use in a
i thography system [0015] FIG 9 illustrates a flow

00081 OHG RUEFSI RANGH 06 hPLFSh i Bt for
use in a lithographic system. '

[0010] FIG. 5A and 5B illustrate simplified side view of an exemplary
masking system for use in a lithographic systerh.

[0011] FIG. 6 illustrates a flow chart of an exemplary method for
preventing extrusion formation during imprint lithography using a masking
system.

[0012] FIGS. 7A and 7B illustrate an exemplary filtering system that may
be used in a lithographic system.

[0013] FIG. 7C illustrates a flow chart of an exemplary method for
preventing extrusion formation using a filtering system.

[0014] FIGS. 8A and 8B illustraté an exemplary filtering system for use in
a lithography system.

[0015] FIG. 9 illustrates a flow chart of an exemplary method for
preventing extrusion formation using a filtering system.

[0016] FIGS. 10A and 10B illustrate an exemplary filtering system to block

energy to one or more curved areas of a substrate.
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[0016] FIGS. 10A and 10B illustrate an exenplary
filtering systemto block energy to one or nore curved
W@ e®as9Iwho a substrate. [0017] FIGS. 11A and 11BPCT/US2009/000803

illustrate exenplary nmaze patterns on a nesa. [0018]
FIG 12 illustrates an exenplary maze pattern formng
a noat on a nesa. [0019] FIG 13 illustrates an
exenpl ary maze pattern and an exenpl ary channel

[001P%t t er NEIGSN BA zndal 16 MUshhtedxemplary hlazet patterAs @h a mesa.
exenpl ary maze pattern having nultiple arrays. [0021]

0018] G 15Fid ) DXBHIAyYmBRE Pt 5ihifg\d Ridat

[ rrgjl tiple ar?%@@%frgg%% nFI GH{Hl%lyirlnl us?r at es?(g\rﬂ?lﬁgﬁ fiat on a

hart of an exenplary nmethod for reducing and/or

MeSBr event | ng formation of extrusions using a maze
ttern 0023] FIGS. 17A-Cillustrate exenplary
[0015 act al chg-r& t'{'H%EatF%rarl@éeml'%{Y | NERS dradisnn @%C{/ﬂ‘eﬂ’femp'ary

[0024] FIG 18 illustrates a flow chart of an
channet ppitarnedwen aaddesar reduci ng and/ or preventing

formation of extrusions using a fractal structure.
[002DETAI LEEIGE3QRIllastratéd GO EixeRgilanyr immaze @atteen f hawing smultiple

and particularly to FIG 1, illustrated thereinis a
al-ra)bg;_thographi c system 10 used to forma relief pattern

on substrate 12. Substrate 12 may be coupled to

[OOﬁTbSt r aFR;.Cq%(:lﬁlu%ﬁaté%S dr’ leli'(ﬁHp%r?/dmac‘ig)%aﬁl%?r? having multiple

. arrays.

[0022] FIG. 16 illustrates a flow chart of an exemplary method for reducing
and/or preventing formation of extrusions using a maze pattern.

[0023] FIGS. 17A-C illustrate exemplary fractal structures for use in a
lithographic system.

[0024] ‘ FIG. 18 illustrates a flow chart of an exemplary méthod for reducing

and/or preventing formation of extrusions using a fractal structure.

DETAILED DESCRIPTION
[0025] Referring to the figures, and particularly to FIG. 1, illustrated therein
is a lithographic system 10 used to form a relief pattern on substrate 12.
Substrate 12 may be coupled to substrate chuck 14. As illustrated, substrate
chuck 14 is a vacuum chuck. Substrate chuck 14, however, may be any chuck

including, but not limited to, vacuum, pin-type, groove-type, electrostatic,
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chuck 14 is a vacuum chuck. Substrate chuck 14,
however, may be any chuck including, but not limted

WO 2009028s6@IM  pi n-type, groove-type, PCT/US2009/000803
el ectrostatic, el ectromagnetic, and/or the I|ike.
Exenpl ary chucks are described in U S Patent No.
6,873,087, which is hereby incorporated by reference
herein. [0026] Substrate 12 and substrate chuck 14 nay

elechhembghttier arsdipptitd k. bExsinpiry dhucké age deBcritfed Y DVS dRatent
notion along the x , y, and z axes. Stage 16,

t i be
o B Dy T PO b el 58T &R 0 apar
om sugs [ late, 18 _Tenplate 18 na
10025} 01" G SbEGAG, 12 2B ity Rh Enbfs S RN Tl ympogted by
12, sa 2Q having a patterning surface 22 thereon.
stage & E&tqge,@@amg@ R%ﬁ\/"dSemPBP’éﬁ‘@Eﬂ the ¥syndnd 22axes. Stage 16,
Alternatively, tenplate 18 may be forned w t hout nesa
substrate [130281d subsplrateechdckaid/ maynalsa 2 positionedf on reedvase (not
fromsuch materials including, but not limted to, :

shownjsed-silica, quartz, silicon, organic polyners,
si | oxane polyners, borosilicate glass, fluorocarbon

[°°2}'§’s" Y Mer §pa8&d-abartTRo 1AL AD & feniateOr8.t TR pI4R 18 may

illustrated, patterning surface 22 conprises

. (o) - .
incluEnSE 2O At dtefiotl RoldrseouiBiE 2Bkt 29, pavino @
of . the presgnt. inventjon are not_limted to such
PatieTBiRG THIFaRG GAdhersar: EHANGG TesR 2%meY Brgeleredre amyold 20.
' original pattern that forms the basis of a pattern to
Alterpatively niemplates 1B s1avabe farmed wishoyt mespi2fk e 18 may be

coupl ed to chuck 28. Chuck 28 may be
[0028] Template 18 and/or mesa 20 may be formed from such materials

including, but not limited to, fused-silica, quartz, silicon, organic polymers,
siloxane polymers, borosilicate glass, fluorocarbon polymers, metal, hardened
sapphire, and/or the like. As illustrated, 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 substrate 12.

[0029] Template 18 may be coupled to chuck 28. Chuck 28 may be
cohfiguréd 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. Further,.chuck 28 may be coupled to imprint head 30 such that
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configured as, but not limted to, vacuum pin-type,
groove-type, electrostatic, electromagnetic, and/or
wo@rdwendssen | ar chuck types. Exenpl ary chucks aP@r/us2009/000803
further described in U S. Patent No. 6,873,087, which
is hereby incorporated by reference herein. Further,
chuck 28 may be coupled to inprint head 30 such
t hat chuck 28 and/or inprint head 30 may be confi gured
chudko28 aarid/ot #hprinbKes8 B0 dhay eepterifiyutéd tbdadiliatSabesment of
10 may further conprise fluid di spense system 32.
| §o di spense system 32 may be used to deposit
ten“g%#iﬁ%rizable material 34 on substrate 12.

| ymer Lzabl e .nmat erial .. 34 be i t.ioned upon .
100385, 17258885 1B e Bk bR, OB Peie i Bm s Fuic
. Spin-coatin di p coating, chem cal vapor deposition
d'sp%m)ﬁysms,g%amavapsru dei fesesit matymetizabler material 34 on
deposition, thick fil mdeposition, and/or the like.
substrate ehzamplodymexizabte rmatesiaé 3damayi e pdsitioagdbepon substrate 12
posi ti oned upon substrate 12 using techni ques such as
using hleghnid@es st asndkdS.disiairse! Jpidcbating,ofipNeoating, chemical
2005/ 0270312 and U.S. Patent Publication No.

vapogo@éé&}WQéVDgfg?'ng.sféﬁl %bép_déggfigﬁﬁ ﬂ)ﬂctﬁfé‘flﬂfnfi‘t osition,

y reference h Pol yneri z rrg/erl aIf may be
i BRSHRED A5, 0 Tk L B E e a0 materal 3

bstrat 2 d di desi i der at i _ _
mayphy ;ﬂé‘?‘f’g‘é Iué’oﬁu?tsm@ﬁt'%ge %2 lﬂéé&! g%;ﬁ;ﬁaéés gﬂ :qlg%pse described
. .mxture as described in U S._ Patent No. 7,157,036 and
in U sPatet diiblivatipn dMei 8R0R9279808/ ands k859 Patenth Publication No.

whi ch are hereby incorporated by reference herein.
2008/006632 Rebethr iaf gwhixh-laBS. hdrebydinzorpyratexnbhO refeéyence herein.

further conprise energy :
Polymerizable material 34 may be disposed upon substrate 12 before and/or
after a desired volume is defined between mesa 20 and substrate 12 depending
on design considerations. Polymerizable material 34 may comprise a monomer
mixture as described in U.S. Patent No. 7,157,036 and U.S. Patent Publication
No. 2005/0187339, both of which are hereby incorporated by reference herein.
[0031] Referring to FIGS. 1 and 2, system 10 may further comprise energy
source 38 coupled to direct energy 40 along path 42. Imprint head 30 and stage
16 may be configured to position template 18 and substrate 12 in
superimposition with path 42. System 10 may be regulated by processor 54 in
communication with stage 16, imprint head 30, fluid dispense system 32, and/or

source 38, and may operate on a computer readable program stored in memory

56.
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source 38 coupled to direct energy 40 al ong path 42.

I mprint head 30 and stage 16 nay be configured to
w@omowes t enpl at e 18 and substrate 12 in PCT/US2009/000803

superinposition with path 42. System 10 may be

regul ated by processor 54 in communication wth stage

16, inprint head 30, fluid dispense system 32, and/or

source 38, and may operate on a conputer readabl e

[003@] ogr anEither webrirt Wext 8P| 8Ri3R] 16 dhboth vaayi atdistance Between
stage 16, or both vary a distance between nesa 20 and

mesa lﬁ@séﬁéts?b%ﬁafgokﬁ% defin@ f188! |r@dj vﬁmm@ﬁwéraﬁéﬁrgéﬁ"ﬁ% is filled

that 1Is pol ynmeri zabl e materi al

o 4 A EF e EynEhe Ll £ RupBPB ic7oe o

After the desired volune is fille
temlﬁ%ﬁeyﬂr%rw&btf@ traeed i) cgatacg%epb@%rszagv%mgabﬁér gifter the
e.g., ultraviolet radiation, causing polynerizable
desureait gplumne Jg filleds wlithd pbiyneerizable onatesial 3t sourter 38 reroduces
to a shape of surface 44 of substrate 12 and

energqt40e eng N glteavidlecadiationd ehusingpdiwinketizabie material 28 tésolidify
substrate 12. Patterned | ayer 46 may conprise a

and/bE résstlink eHforting" & Rhipé! bit %uﬁtacée@a LtSfe:é,uﬁéipé/ve @é and

protrusions 50 and receSS|ons 2, wth protru3|ons
k r
pattdiifighSufabd' 22! WeFRido baft® gSEV%S%G o s, é?attemed
be furth Io ri.nt I|tho h
layel 4f TE3K cOMarresy desiial ERBr AEind 3 RNEALY qsdpahrenanown as
6 932,934, U S. Patent Publication No. 2004/0124566,
protrusionsral éRe reaessiens iSan With. Pratuisiansssd davinga dhigkeess ty and

Pat ent Publication No. 2004/021 1754, all of which are
residuad yer ihagimgpm thickatedsyt, r ef er ence herei n.

[0033] 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.

[0034] Referring to FIGS. 2 and 3, during formation of patterned layer 46,
polymerizable material 34 filis the volume between features 24 and 26 of
template 18 and the edge of mesa 20 within a desired imprint area A; on
substrate 12. For example, the desired imprint area A; may be between the
boundaries of mesa 20. In certain circumstances, polymerizable material 34 may
flow out of the area A, and result in extrusion formation. For example, extrusions

may be created at the edge of the boundary of mesa 20 if the drop pattern on
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[0034] Referring to FIGS. 2 and 3, during formation of
patterned | ayer 46, polynerizable material 34 fills

W@ b@wposdre bet ween features 24 and 26 of tenpPEL/ES289/000803
and the edge of nesa 20 wthin a desired inprint area
Al on substrate 12. For exanple, the desired inprint
area Al may be between the boundaries of nesa 20. In
certain circunstances, polynerizable material 34 nay

substtates 1uis nbt téreepsd withi tetnplatec$8! tEstfusior Fatiation may lead to
formati on. For exanple, extrusions may be created at

partflgrée 549 eﬁriﬁﬁesB?éIMiéh}’ off té?ﬁﬁl%te201éfaﬁ@eﬁgpgﬂnﬁdatlgyer 46,

attern onsubStrate 12 is not centered wt

1. t [ th |ead.to particle spray .
Adaifipaliy EFu08ns 3a5; Ml R 51878t HhBHied deeic iR pupvide for
46. Additionally, extrusions may limt the size of )
defegts, reAHER Fapel AES QT GUIRRIGY 15, aRdlBE raay fessl ke a pen-uniform

shelf life of tenplate 18, and/or nmay lead to a
patteroedUayenftvitt sebseauanhypdanarizatipntissugdss efiherfollowing systems
pl anari zation i ssues. The foll ow ng systens and
and meéthods may bbaiseslesingugylarrih copibinatiom i rédiideoand/or prevent
reduce and/or prevent extrusions. Varying di nensions
extrudifs®] Extrusions may be reduced and/or prevented by
varyi ng di nensi ons of nmesa 20 and/or desired inprint
area Al. [0036] In one exanple, the height ratio
bet ween nmesa 20 and renaining tenplate 18 (e.g., body
Vi of tengll,ate 18) may be varied. As polynerizable
aryiag diTensiafS i 1s the vol ume between features 24 and
26 of tenplate 18 and the edge of nesa 20, _
[00383| yrer E%bﬁ@nﬁatreaym bez4 redticest c andiost eprevertede by varying
t he
dimensions of mesa 20 and/or desired imprint area A,.

[0036] In one example, the height ratio between mesa 20 and remaining
template 18 (e.g., body of template 18) may be varied. As polymerizable
material 34 fills the volume between features 24 and 26 of template 18 and the
edge of mesa 20, polymerizable material 34 may accumulate outside of the
desired imprint area A; of substrate 12 forming extrusions. For example,
accumulation of polymerizable material 34 may cause polymerizable material 34
to rise to substantially the same height h; as mesa 20 forming extrusions. By
increasing height hy of mesa 20, the effect of the accumulation of polyfnerizable
material 34 may be reduced outside of the desired imprint area A, of substraté
12. For example, height hy of mesa 20 may be increased by a factor of 10 (e.g.,
from approximately 15 um to approximately 135 um). The increase in height h;

may delay the accumulation of polymerizable material 34 outside of the desired
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desired inprint area Al of substrate 12 form ng

extrusi ons. For exanple, accunul ation of polynerizable
woreaoendmbe 34 nmay cause pol ynerizabl e material BaI/U82009/000803

rise to substantially the same height hi as nesa 20

form ng extrusions. By increasing height hi of nesa

20, the effect of the accunul ati on of polynerizable

material 34 may be reduced outside of the desired

mprlrﬂ‘[ﬁréﬁtof%ub%tréte ab. sSbeh madeai Inay durtieeraimpteasehtheghamber of
hi of mesa 20 may be increased by a factor of 10

succeSsie: Hfgrlﬂfg AR B@trﬁbdﬁg—éf&@tbﬁwpﬂé’l@r%(h%%'ré‘m@a%l and/or
rmf 'Il ncrease n height hi may delay t

accurul ati on of polymnerizable material 34 outside of

PRE: desi r edi nmprint area of substrate 12. Such a del ay

nmay further increase the nunber cce S|ve i print

[0037hat malp BBOW@X@QRJ?eeWé%PB? é"ﬂé%ﬁ r prevented
and/ or cleaning. [0037] In another exanpl e extru5| ons

by varyingdhe adtic ef atrleast one dimansionbyf mqeﬂged irepriak aga A of
of at | east one dinension of the desired inprint area

substiate 2stehsttieasteorie? dinverasioh efsieszn20 ¢ fierns bne avfmomesextrusion
20 to formone or nore extrusion zones 60. For

zone})< F?r examplé,usd iasesteldnin "ﬁl@ 4a Iéngifl’\nlght 6f thie ®siredSmprint
esired inmprint area Al of substrate 12 may be |ess
2 h
aroa WTRESUEARAY oyl B R E N, 154 26 W na
di st f 50 t Q. 300 For.
extnisian gPBs Crpoy el Bbed OrIagR 78T R0 TeRs Fate ﬁzci/sta@ce d of
approximately 300 nm It should be noted that
apprexingately 80 mendo S8R9 1. marexampladins: digtancedd ofn@ftruﬂion zone

area Al nmultiple extrusion zones 60 may be forned
60 nfreay be gappiroximatelg3®0opmdi it Ebowldtbelnstedrtbat by varying dimensions

clea

of mesa 20 and/or desired imprint area A; multiple extrusion zones 60 may be

formed having similar and/or different distances dj.

Masking

[0038] = Referring to FIGS. 1, 5Al and 5B, a masking system 100 may be
used in system 10. Masking system 100 may reduce and/or prevent extrusion
formation. Masking system 100 includes a mask 102 and an energy source 38a.
Energy source 38a provides energy 40a (e.g., ultraviolet radiation) in path 42a.
Template 18 and substrate 12 may be in superimposition with path 42a. |t
should be noted energy source 38a may be similar to energy source 38 shown in
FIG. 1. Alternatively, energy source 38, shown in FIG. 1, in addition to or in lieu

of energy source 38a, may provide energy 40a along path 42a.
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Maski ng [0038] Referring to FIGS. 1, 5A and 5B, a
maski ng system 100 may be used in system 10. Masking

W@ IBDeMmed®0 may reduce and/ or prevent extrusi oPCT/US2009/000803
formati on. Maski ng system 100 i ncludes a nask 102 and
an energy source 38a. Energy source 38a provides
energy 40a (e.g., ultraviolet radiation) in path 42a.
Tenpl ate 18 and substrate 12 nmay be in superinposition

[00308) t h paMask2t02 Inhay edid abponidhedf enerdly 499Uifn09aﬁ18a2a For
may be simlar to energy source 38 shown in FIG

| exarﬁﬁl&eﬁ'n%k'f()?' ﬁhayed?ra%ﬁc%?#ﬂ %ﬁcﬁ%hatsé“i’élﬁcbéhg.g%@naék 1'0@ is less

tion to or I eu or ener sour

than E%is‘?'i 5o i ap é‘rhgﬁﬁag”ﬁafgeﬁbﬁasa&%’ éym%&ajbiag%ﬁ?é@a' 34

02 may be fabricated such that a Iength Li of

 withipza Panéﬂ 047 | Band; Hada Maverrsult fromost Ivashone adasyplimesa 20

for exposure of polynerizable material 34 within a
remajaimg $0kstantialhd unblieckedy by esaisk 102m aBandad04anmagdhave a
of mesa 20 renmai ning substantially unbl ocked by mask

minidhd widihdwl awesl aisproximndtelyi U0 philt IFON eeghpleeband 104a
approximately 2-10 mm For exanple, band 104a may have

mayha¥edh fwigth &f; &9@5@6&‘@% 3(\’33.16 'stho%iboﬁbdncﬁédrl%{f%dth Wi

that wwdth W penlng on application

may H¥lafiGs &%@%ﬁ&%ﬁ P?bk%#@%%%?%ﬁ%@%ﬁ%@' Wreea 20

d subgstrate except for rizable material 34
004f]'t 5 Hash 10z Blooks U"E)cﬂ YMeHBRe Ratanal 34 hetween
Wi t hi n band 104a may be cured and/or solidified, while

mesga he0 r@daﬁhbﬁtgatsonanexcepwpe palymetizablesmatenialcdd rwithin band
20 and
104a. As such, polymerizable material 34 within band 104a may be cured and/or

solidified, while the remaining polymerizable material 34 between mesa 20 and
substrate 12 may remain in fluid form. Solidified polymerizable material 34 within
band 104a may thus be able to confine fluid polymerizable material 34 within the
desired imprint area A4 (e.g., the boundaries of mesa 20). Mask 102 may then
be removed and polymerizable material 34 within the boundaries of mésa 20
may be cured and/or solidified as illustrated in FIG. 5B.

[0041] It should be noted that energy 40a passing through mask 102 may
reflect and/or diffract as it propagates. For example, energy 40a passing through
mask 102 may diffract as it propagates the separation distance between mask
102 and template 18. Such reflection and/or diffraction may result in blurring. As
such, projection optics for lithography may be used to reduce or eliminate

blurring. For example, projection option for 0.5 um lithography may be used.
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substrate 12 may remain in fluid form Solidified

pol yneri zable material 34 within band 104a may thus be
wa@doe/oeweconfi ne fluid pol ynerizable materi al Bdr/vs1009/600803

the desired inprint area Al (e.g., the boundaries of

mesa 20). Mask 102 may then be renobved and

pol yneri zable material 34 within the boundaries of

nmesa 20 may be cured and/or solidified as illustrated

Alteinativelp, rbdsk [1004#jay besprited e clozeeprdxXinity etoe taiipla@a 18 to
passi ng through mask 102 may refl ect and/or diffract

redu%% dﬁd/ﬁﬁ%ﬂﬁ@@%&@?rwr’:@ dexarrpl e, energy 40a passing

t hroug ffract as it propagates the

002" LS BlS05e05 U B 208 bGP ol 110 ror

blurrin As such projection optics for I|thography
preveaiing @Xiryston; tormatigdwing impintalitaography ysing maasking system

exanpl e, projection option for 0.5 mmlithography may
100.bén asten All2emesai2emay beapesitiozedrity sipenihposition mitk smzstrate

proximty to tenplate 18 to reduce and/or elimnate

12 dibng rpatly.42. 004 2] skdp>11a, inhsis 102t € naskirgvsgétant 100 ARy be
exenpl ary nmethod 110 for preventing extrusion

{ Sl
pomﬁ@ﬁé@‘bbﬁﬁeé‘d‘%h@%ﬂ gBﬂl‘c’é 3$é tatﬁﬁgr‘néegyzy F’b%ltl(@frﬁ Bfn CFsk 102

system 100. In step 2, nesa

o PP e BR300 AR 2 s

i oned between ener source 38a and ne
ene Igé!s‘M% SeR CREINeRIUreD ¥ 'ﬁ'r%’\‘ua&gV%a’iﬁ%Feio anéek%@emay be
mesa 20 and substrate 12 that is exposed to energy 40a
substaetialyn singplockedr fronsgexpesura i, erergve49aat e. IBaadstep 116,
104a may be substantially unbl ocked from exposure to
polymezizgbleddaterial 34 mgbeldi8pensed on substrate 12. In a step 118, the

distance between template 18 and substrate 12 may be reduced such that mesa
20 contacts polymerizable material 34. In a step 120, énergy source 38a may
provide energy 40a in path 42a to cure and/or solidify polymerizable material 34
within band 104a. Polymerizable material 34 between mesa 20 and substrate 12
outside of unblocked band 104 may remain in ﬂuid form. In a step 122, mask
102 may be removed. In a step 124, polymerizable material 34 between mesa -

20 and substrate 12 cured and/or solidified.

Filtering
[0043] FIGS. 7A and 7B illustrate an exemplary filtering system 130 that
may be used in system 10. Filtering system 130 may reduce and/or prevent

extrusion formation. Filtering system 130 may include a first filter 132, a second
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pol yneri zable material 34 may be di spensed on
substrate 12. In a step 118, the distance between

W eovplogdees 18 and substrate 12 may be reduced sPCTUS1989/000803
mesa 20 contacts polynerizable material 34. In a step
120, energy source 38a may provide energy 40a in path
42a to cure and/or solidify polynerizable material 34
wi thin band 104a. Pol ynerizable material 34 between

fitere3a, 3Ad aRcerery! dotrce BBLoUEretgy oured |38@)kméyttﬁ60||déoénérgy
n

may remain i uid form In a step 122, mask 102

40b ggfﬁe In a step 124, polynerizable materi al 34
%Z?rfg &sa 20 and substrate 12 cured and/ or

lidified. Filterin 0043] FI GS. 7A nd ./B
(004l |<: - Eneraysbb Ty SeySiahe ef mge wfAleliotds A nataveispaths A
pbe used in system 10 Filtering system 130 nmay reduce
as dgsgribed heesin rmalé?@r%QQ'GﬁN@Yﬁ'ﬁﬁgﬁhoW a wyavelength rapge e Mesa 20
130 may include a first filter 132, a secondfilter
and 1ibstratel 12nmay e yn sopedmpsitionEwith gyatb o4tz elt ZBbulthpe noted
provi de energy 40b al ong path 42b. [0044] Energy 40b

energystarce IBIE nedy el Simviay &b esrgsrgy dourdéy 6'8656@/63 38a2shown in
descri bed herein may be single wavel ength or

FIGBayenggg h range. Mesa 20 and substrate 12 may be in
superinposition wwth path 42b. It should be noted

04157 TSRS R R A Rl e
For St "Bl Thetp R bR e o o908 B g i
interfférletn(ce:é fi}t?é?. ng?lrstbﬁlttgr % I?é rr]naf); lbcren able to transmit energy 40b having a
wavelength A; while blocking energy 40b having a wavelength of A,. Second
filter 134 may be able to block energy 40b having wavelength As. ' In some
embodiments, wavelength Ay and/or wavelength A may be in the wavelength
range of about 180 nm to about 430 nm. For example, in one example,
wavelength A; may have a range of about 310 nm to about 360 nm, and
wavelength A, may be no more than about 200 nm. Although only two filters 132
and 134 are described, it should be noted that additional filters may be used in
accordance with the described filtering system 130.

[0046] | Second filter 134 may be included in template 18. For example,
template 18 may be hollow and secohd filter 134 positioned adjacent to mesa 20.
Alternatively, second filter 134 may be positioned adjacent to template 18.

[0047] First filter 132 may be fabricated such that a length L; of first filter

132 is greater than a length L4 of second filter 134. For example, length L4 of
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interference filter. First filter 132 may be able to

transmt energy 40b having a wavel ength Al while
whb@ekywes ener gy 40b havi ng a wavel engt h of AZPCBESmNE000803

filter 134 may be able to bl ock energy 40b having

wavel ength Al. In some enbodi nents, wavel ength Al

and/ or wavel ength A may be in the wavel ength range of

about 180 nmto about 430 nm For exanple, in one

secaxifiiére134an8y ergidss/thafblengey € ; dfrfasofited 132 Wibatidd a band
nmto about 360 nm and wavel ength A2 may be no nore

1048 "BENRROUD n?APhaVE 2 i h FoRleYafife,fd il WdthARS of band
ttﬁ)e(rzlg, it s g% }ngd t i P

134 are descri 1d be no at a t1ona

filters used .in.accordance, w,th e descri be .

1045 raiZhf eSS afpisy A B3 Ecinolid B8 A58 1hg e wiatn
included in tenplate 18. For exanple, tenplate 18 may :

w2mpy bedarasy dapending,aa applieatiomand gesioniconsidesatiensent to
mesa 20. Alternatively, second filter 134 nmay be

[0048)si t i oReditiadjracefithetfst filtasl ta2erelBive] totthe]seeondtfilter 134 may
filter 132 nmay be fabricated such that a I ength L3 of

create rband i 1045. 1Fbri exahéertheharst afikenotd2 Lhapf beeplvéd in
filter 134. For .exanple, length L4 ofsecond filter 134

supéﬁMp@ﬁtibﬁ%ﬁtbht Mbﬂdeﬁl.ﬁ’érm é@a%&;‘;ﬂ)z%rtgu B 54&K tﬂé’tg%rher% .40b with

creating a band 104 Band 1 y have a w
oA o PR 6 el P 2 o480 85 iy Opetona
N s B S Bt S5l Lt 2Pl e v

filter 132 relative to the second filter 134 may _
134 greating hanei104ab Corsequsatihy duringriemprinting, polymerizable material

may be placed in supehnposition with second filter 134
34 tkatangy satdadiiio and 104t meydregyurédand/ohsolidified by energy 40b
having wavelength Aq.  First filter 132 may then be removed to expose all
remaining polymerizable material 34 to energy 40b having wavelength A;. As
second filter 134 may transmit energy 40b having wavelength A;, polymerizable
material 34 between mesa 20 and substrate 12 may be cured and/or solidified.
[0049] FIG. 7C illustrates a flow chart of an exemplary method 150 for
preventing extrusion formation during imprint lithography using filtering system
130. In a step 152, mesa 20 may be positioned in superimposition with substrate
12 along path 42b. In a step 154, filters 132 and 134 may be positioned between
energy source 38b and mesa 20. Positioning of filters 132 and 134 may provide
band 104b between mesa 20 and substrate 12 that may be exposed to energy

40b when energy source 38b is in an active state. For example, band 104b may

be substantially unblocked from exposure to energy 40b. In a step 156,
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wavel ength 12 may be bl ocked by first filter 132 and

energy 40b with wavelength Ii may bl ock an area
wheimeerehesa 20 and substrate 12 filtered by BEDUSH09/000803

filter 134 creating band 104b. Consequently, during

i mprinting, polynerizable material 34 that may spread

into band 104b nay be cured and/or solidified by

energy 40b having wavelength |i . First filter 132 nay

polyhtetizable meterict 34 magidispahbed oftdubshatd ARy MR 2tepl 168, the
material 34 to energy 40b having wavel ength | 2. As

M i o e
20 POy NS BT ML o8, B Rl IRl g o oe may o

nmpl ary nmethad 150 for preventing extrusion
actM@é?q’m!n arsteri ! PRgenaigy SRUrce 388gnappyovide mipergy #@abiimgath 42b
system 130. In a step 152, nmesa 20 may be positioned
to turesupediompslidifpn pelymegzatler anateril al3dngwithinh Babd 104b.
In a step 154, filters 132 and 134 nmay be positioned

Polybesrizeble enategial SB4T betwdRn angsareZ® 2 fissitdatd ™M Ndodbide of
filters 132 and 134 may provide band 104b between nesa

unblékéd Band bl%'baf‘hﬁglr%n{é?ﬁtm RRM RENEXRPastep 9 GQnSL%sﬁghe filter

when energy source 38b is in an active state

2 0 P M O s
verdEihis 3l R P AR T 0 2 " °

substrate 12 may be reduced such that mesa 20 contacts
[0059d| yrrer FI3BI 8Anand SEaillustrate ansexareplans filtefing systeng 200 that

and 134 may be activated. In a step 162, energy source
may3i8é used ior systdm dler Filtetibl systemt B08 2Zhay reduce avtidroprevent

solidify polynerizable nmaterial 34 within band 104b.
extrusion formation. Filtering system 200 includes at least one electrochromic
window 202, a voltage source 204, and an energy source 38d. Generally,
electrochromic window 202 may become opaque upon application of voltage V
from voltagé source 204. Once opaque, electrochromic window 202 blocks
exposure of at least a portion of template 18 and/or substrate 12 to energy 40d.
[0051] Electrochromic window 202 may alter opacity between a colored,
translucent state and a transparent state in response to voltage. This property
may be used to block one region of the imprint field while exposing another to
energy 40d.
[0052] Energy source 38d provides energy 40d to template 18 and/or
substrate 12 along path 42d. Generally, template 18 may be placed in

superimposition with substrate 12 and energy 40d provided path 42d. Energy
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Pol ynmeri zabl e material 34 between nesa 20 and

substrate 12 outside of unbl ocked band 104b nay renain
WO pooblogtiess form In a step 164, at | east one fiPCEUSDHB8N000803

and/or 134 may be deactivated. In a step 166,

pol yneri zabl e material 34 between nesa 20 and

substrate 12 cured and/or solidified. [0050] FIGS. 8A

and 8B illustrate an exenplary filtering system 200

sourt8B8dnmaylife Siffikritd ePiefd\eBodite 384,138, Rthdrorsigyn ARErnatively,
may reduce and/ or prevent extrusion formation.

energ}’%ﬁ%é]ﬁ?%’?/n%&v%@d% V\:}% , é%e& FRSysteMe200

ectroc a voltage source 204, and

ener source 38d. ral electrochrpm i ndo ,
100535, o) AY ISR T, Hean BRI ERD AR IcCHSIY 292 a7 be in
fromvol tage source 204, Once opaque, el ectrochromc
supefimRRRIon 2WBh o Sbskalsos1R e apd/ost teraplate o 18or t iRAgien 206 of
tenpl ate 18 and/or substrate 12 to energy 40Cd. [0051]
elecFoehrmicah mondow 20 ovay b2aveey lemgtbr Lofess tharbat leegth &e of a
colored, translucent state and a transparent state in

desiretls a@iasef intprifinga@e subbiratep1 2p aHeydiffeyerie be®kdrolength Ls of
bl ock one region of the inprint field while exposing

regicH'2bB &sf él@cﬁ@&ﬁr@ﬁh&é%ind&@ﬁ%@ aﬁﬁ?%ﬁgtnkg}%”o‘?%%%sired grga on

provi des ener gy o tenplate or substrate

subRE 20N B8 SEAY PO, e e e Dbl 36 provias

pand B preulil e B8HMETBROT KiprofD sBandal 44 i farg a width ws,
energy source 38a, 38b, and/or 38c may be used in

For weé, baod 1@kbalayMhave aswidthwsrkgiveen26 9 pum. It should be

el ectrochrom ¢ wi ndow 202 nmay be in
noted that width wz may be larger depending on application and/or design

considerations.

[0054] During imprinting, as polymerizable material 34 spreads across
substrate 12, voltage V may be applied to electrochromic window 202. Regigjn
206 of electrochromic window 202 may become opaque. With region 206
opaque, band 104d may be exposed to energy 40d with the remaining area
between template 18 and substrate 12 blocked from energy 40d by region 206.
Consequently, polymerizable material 34 that spreads intol band 104d may be
cured and/or solidified, while the remaining polymerizable material 34 between
template 18 and substrate 12 may remain fluid. Polymerizable material 34 that
remains fluid rﬁay be confined within the boundaries of mesa 20 by sdlidiﬁed
polymerizable material 34 in band 104d. This may prevent polymerizable

material 34 in fluid form from leading out of the boundaries of mesa 20 to form
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superinposition wth substrate 12 and/or tenplate 18.
Regi on 206 of el ectrochem cal wi ndow 202 may have a

wo 2ghdvebd | ess than a length L6 of a desired BCEHS29D9/000803
inmprinting on substrate 12. The difference between
l ength L5 of region 206 of el ectrochrom c w ndow 202
and |l ength L6 of the desired area on substrate 12 may
forma band 104d. For exanple, the difference may

extrysions daribgndprhiRtithageiphy. tBlectrechrdphiewindowe2 @y be turned
Band 104d may have a width WB. For exanple, band 104d

off tggfg)éld tﬁéﬁemem%n% rgrgéy be ig??;et%q] epenalbngéyn%n%&i)sl&%te 12 to
Ljcation and/or desjan_consi tions. 054] . .
exp @l GBAnG oIgmeRE sy iRy G 16 iibloy qiesad ustrated in
spreads across substrate 12, voltage V may be applied
FIG88. el ect r ochroni ¢ wi ndow 202. Regi on 206 of
el ectrochrom ¢ wi ndow 202 nmay becone opaque. Wth
[00553gi on BB Opillystratasandfiawschantyofban esxxarsplary anethedg220 for
4d with the remai ning area between tenplate 18 and

preventing extrasida fotraatiet ubingByeternR00! (h H¥tepe22 D terphate 18 and
Consequently, polynerizable material 34 that spreads

su béttﬂatté’ 1050dy HeAslab®y irPSuserifBositidh ‘?rl'i g?ﬂ%ﬁﬁ'%foir %ﬂeadw'é&‘f‘rce 38d.

he remal ni ng pol ynmerizabl e nmater et wee

o oM SRR prireosion

i SR A SHIEE 2 o B8 2 et o4

This may prevent polynerizable material 34 in fluid

mays ke dispensedeeniistssate 2. t ineaien 228, esltegenpey b applied to
formextrusions during inprint |ithography.

electebelmrontic twindow 20 doovidifg opmaquieeregiom206. In a step 230, energy

40d may be applied along path 42d to cure polymerizable material 34 in band
104d. In a step 232, voltage V may be removed to cure and/or solidify remaining
polymerizable material 34.

[0056] FIGS. 10A and 10B illustrate an exemplary system 250 to block
one or more curved areas 252 of substrate 12 to provide step-to-edge exposure
control during edge-field imprinting. Generally, system 250 includes an
electrochromic film 254. At least one region 256 of electrochromic film 254 may
turn opaque to energy 40 in response to voltage. For example, region 256 of
electrochromic film 254 may turn opaque in response to voltage and block edge
of substrate 12 (e.g., circular wafer) from exposure to energy 40e from energy
source 38e. Additionally, system 250 may include the use of a lens 258. Lens

258 may be inserted between electrochemical film 254 and template 18. For
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off to expose the remai ning area between tenplate 18
and substrate 12 to expose all remaining polynerizable
woreaoendmbe 34 to energy 4Qd as illustrated in Fr@/88R009/000803

[0055] FIG 9 illustrates a flow chart of an exenplary
met hod 220 for preventing extrusion formation using
system 200. In a step 222, tenplate 18 and substrate
12 may be placed in superinposition in path 42d or

exargplel J¥ns 0258 ema§dbe | insartetiepetividon &ll€stidchentiodl film 254 and
w ndow 202 may be positioned in superinposition with

tem%%ﬁféﬁ{@h eh%hfa?iE)W{-E’ 4_1O4d. In a step 226,

neri1 zable materia may be di spensed on
substrate 12. In a step 228, voltage may be applied to
el ectrochrom ¢ wi ndow 202 providi ng opaque region 206.
In a step 230, energy 4Qd may be applied al ong path
Mazg pattegnur e pol yneri zabl e material 34 in band 104d. In
a step 232, voltage V may be renoved to cure and/ or
[0052b1 i di f Refegring o FdGSo! 12 andalil Ae-Brdormation 8ft mdz@0paitern 300
FIGS. 10A and 10B illustrate an exenplary system 250

mayt grebeat polynseridabi® meateviay &4 forAsealhdy Wut ofbther Bbendaries of
to provide step-to-edge exposure control during

mesEHE LAY IyfRILG! |16, SPIRARhIG, aRIBLADRI i i oo
pandin 5 DRSS, SRR, B W36 b BoBISEF4rdh ooz o
foatuigs (e BRFePRERTLA0N By S 8PPUFS ol ne: baUTam Glumesa 20
suchWtE?lfa(ter\/\)hefnr Sgy%éegzg{eer#a?er?ar}e(gf )r/eaigzsffggtrsrgg %ro%yin maze pattern
300, features 304 may slow or stop propagation of polymerizable material 34.
For example, propagation of polymerizable material 34 may be slowed by the
relatively small capillary forces in comparison to the large capillary forces during
spreading of polymerizable material on substrate 12. Additionally, propagation
may be slowed by large pockets of gas (e.g., He) trapped in features 304 based
on the rate of diffusion of the gas.

[0058] Features 304 may be any geometric shape and/or fanciful shape.
For example, FIG. 11 illustrates maze pattern 300 having square features 304.
Square features 304 have a length L7 (e.g., 2 yum) a width w7 (e.g., 2 ym), and a
height h; (e.g., 100 nm). Features 304 may be distanced apart from other

features by a distance d; (e.g., 0.8 ym). Features 304 may be aligned as

illustrated in FIG. 11A or staggered as illustrated in FIG. 11B. Features may be
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source 38e. Additionally, system 250 may include the
use of a lens 258. Lens 258 may be inserted between
web@enywehem cal film 254 and tenplate 18. ForBXEDE1089/000803
| ens 258 nmay be inserted between el ectrochemcal film
254 and tenplate 18 to sharpen shadow edges. Maze
patterns [0057] Referring to FIGS. 1, 2 and 11A-B,
formati on of maze pattern 300 nay prevent
patteroleyinen isnbbiratemh2 arsing teéchriiques irhkding, but noflintited to, imprint
boundaries of nesa 20 during inprinting. FIG 11
|,thog}édp§,trat es an exenplary naze pattern 300 patterned on
mesa - 20. Generally, maze pattern 300 includes an array

ons, 1, RS B0 T B 2. s

abl e rraterral 4 ches features 304 in
GenEEﬁ"@"ﬁh fé@'@f Hisch GAtss beBedgha ol Grea Jeilopn30d within 2
pol yneri zabl e materi al 34 For exanpl e, propagation
POftIQﬂ Qfdﬁ‘?ﬂ@mai@bm S0faand itae epdirerayed of §haiv\p@rt|b9 ofrroaze pattern
relatively small capillary forces in conparison to the

300.| aMzzec pattetrar3p0f anayeshaler pogitiser eadiegatieé tone depending on
pol ymeri zabl e material on substrate 12. Additionally,

f tL%@FBIEIatF'o‘P'é |OSif $AURES S04 lafé 98 t
> (e He) txrggg)ped in featg?eg?%MpEégssgg ?rﬁthr%a@gtze pattern

mayq;e Hb&frVeg' I??beﬁfr#é“%@%? aqgi?r?é EF?E #ﬁ&éa %84%;4@ m3Se pattern

eonetr ape
exa Fl. G 1|IIus maze pattern 300 hav
300 ”i? el Amsss o3 T D Ao ePosieive with affactor 7
€§f‘é awdth W (e.g 2 mm), and a hei ght _
and rlw hy. masrd@rnmwlmmeb@u pear getzp thigknessde of ansiduak 48 if
from ot her
polymerizable material 34 has a volume V less than or equal to threshold volume

Vo, wherein threshold volume Vg is:
Vo=hxfxS§ [EQ. 1]

wherein S is the area of a template 18.

[0060] A minimal or near zero thickness t; of residual layer 48 (shown in
FIG. 2) may not be required for the boundaries of mesa 30 that includes maze
pattern 300 in certain circumstarnces. For example, minimal thickness t, may not
be required for template 18 having a sparse amount of features 24 and/or 26. In
these circumstances, template 18 may have low derrsity features 24 and/or 26 or
small featurés 24 and/or 26 that may fill at a faster rate. A lesser amount of

polymerizable material 34 may be required for template 18 having low density
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features by a distance d7 (e.g., 0.8 nm. Features 304
may be aligned as illustrated in FIG 11A or staggered
w@go0odwss rated in FIG 11B. Features may bepap@EUS®AI/000803

on substrate 12 using techni ques including, but no
limted to, inprint |ithography, [0059] GCenerally,
maze pattern 300 may have a fill factor f (e.g., 50%.
Generally, fill factor f is a ratio between the total

featunesa2b fantiéart 26 e STidfirg tetlimiquas poay ibenusdd tezedped berstop the
300 and the entire area of that portion of maze

spreBdt 6 pBlydRitizallh fn MRtEE bUtsi@E drethehBYEnRRRis! b’f’?né’éa] 20. For

negati vé tone dependi ng on features 304. For exanp

if,f : r , Lpattern .
exarhple’ SELES, 1hB] i HER: BT 5 5648 BebBfa T RURBLR ferioa of
. sa 20, en naze patter 00 may be negative. A naze
t'megi%ﬁerﬁﬁ §§3 %amaﬁs E\atﬁ%@i ?957@%&*@%%% erslow prapagation of

f and height h7 may form m nimal or near zero
polymerizrhles materialf upéspelyaierizaple megerial 3| saterateashaze pattern

material 34 has a volune V less than or equal to

300.t e siuchd propagatiovioof \pofymeenizatie eabieridl Badl nay MO infpeded by
Vo =hcf cS[EQ 1] wherein Sis the area of a

maztégﬁt’l'e?ﬁ 80b&t anMU stAgBidFitRimBFintiAproc@is. t hi ckness
20

f residual |ayer 48 (shown in 2) may not be

[00(5':‘]I,$qui refl?F oéx%glel?glb@g?{l%ﬁfaﬁé W&@{igp ééf‘afr@y;'%éjdﬁr%pensed

ze pattern I’ CIrcumnstances.

oA, S Bl 578 b T8, P A B resica
and/or 26. In these circunstances, tenplate 18 nay
layerwith thisknersh legs than 8P&¥M24 and/ or 26 or

[0062] Maze patterns 300 may be used to form moats or protect moats
with one or more separating grooves (e.g., channels). FIG. 12 illustrates an
exemplary maze pattern 300a forming a moat 310. Maze pattern 300a incIudes
an array 302a br features 304a (e.g., squares). Moat 310 may further reduce or
prevent spread of polymerizable material 34 outside of the boundaries of mesa
20.

[0063] Additional features may be provided to reduce or prevent
contamination of moat 310 in addition to rﬁaze pattern 300. For example, FIG.
13 illustrates the use of groove 312 on the perimeter of moat 310b. Groove 312
may be formed using techniques described in U.S. Patent No. 7,309,225, which
is hereby incorporated by reference herein

[0064] In certain' circumstances, groove 312 may be contaminated and

may leak polymerizable material 34 into moat 310b. FIG. 14 illustrates
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smal| features 24 and/or 26 that may fill at a faster

rate. A |l esser anount of polynerizable material 34 nmay
wheoopeepsse ed for tenplate 18 having | ow densi t pEBHS2008600803

24 and/or 26. Timng techniques may be used to reduce

or stop the spread of polynerizable material outside

of the boundaries of nesa 20. For exanple, tenplate 18

may fill at a rate of seven seconds. Wthin this

exempeldrpdmaizet patterrse300teRavifg Afultipa caays 02c3@RdMBY2d with
denonstrate sl ow propagati on of polynerizable nmateri al

il I I I Ll 3
feat%»{)@g{ 3Ao;ne ¥AB' 3024 ?egﬁatcﬁt/éngf pé@gé%@é Saf8E Wécf e@gy be

such, propagation rizable materia

pos{BHel ARG oI §50RE 4B TR Ty Bbud b e 314

pol.yneri zabl e materi al 34 may be di spensed uniformy )
(CRIE] W%l'ﬁkm?é'??ai at gatuges P4¢a9ad/gr ¢ may| beeanyh geometrical

fornms residual layer with thickness t2 |l ess than 50
andiomfancifbshapeize patterns 300 may be used to form noats

or protect noats with one or nore separating grooves

[00653. 9., Mewman2DsmayFh&ve Taultiblel aitrags e30apatteengd ahdreon. For
maze pattern 300a form ng a noat 310. Maze pattern

examply FIG! UtLS||@dtrates aihedB2200haviiy Urksys3Bt2e(S02h - patterned

squares). Moat 310 may further reduce or prevent

e e SEPIHE 206 RS Ay Bl $0RlrkdBippateria
be ?[.ovi dad to redugrg or prevent contam nation of noat
34 frofp filing RRRIANSHS P8SAEe pattern 300. For exanple, FIG

13 illustrates the use of groove 312 on the perineter
[0066d npat FiG0H6 itvstsetes3aAlow chart of an exemplary method 400 for

reducing and/or preventing formation of extrusions using one or more maze
p'atterns 300. In a step 302, maze pattern may be applied to region of mesa 20.
In a step 404, polymerizable material may be dispensed on substrate 12. In a
step 406, template 18 may be positioned in contact with polymerizable material
34. Maze pattern 300 may reduce and/or prevent propagation of polymerizable
material 34 and as such may reduce and/or prevent polymérizable material 34

from leaking out of the boundaries of mesa 20.

Fractal Structures

[0067] Referring to FIGS. 17A and 17B, fractal structures 500 may be
used in system 10. For example, fractal structures 500 may be patterned on
template mesa 20 to reduce and/or prevent propagation of polymerizable

material 34 during imprinting. Generally, fractal structures 500 may reduce or
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may be formed using techni ques described in U S
Pat ent No. 7,309, 225, which is hereby incorporated by

WO 2doenexee herein [0064] In certain circunstane@yPs2009/000803
groove 312 may be contam nated and may | eak
pol ynmeri zabl e material 34 into noat 310b. FIG 14
illustratesexenplary nmaze patterns 300c having
mul tiple arrays 302c and 302d with features 304c and

| incredyéctheastat tdrigte lof thé\peAphedOdiCalbPihe/ featu#ee G028y thé area under

positioned within noat 310c and/or around one or nore

considérati6A! fdepdPerizabie( Gnteriaf! B4NRRledSR Ksrface energy of
n /r or §o cC ma I

Feat ures 304c y be any geonetrica

fanci ful ,shape. [.0065 a_20 have
polyireRbice MHirid). 35030 1o P kel bt Lérb S b R pplhs. andlor
FgG 15 illustrates nesa 2Q havi ng arra&i 302e-302h
absqrl; ex¢eRsy VRN oYi. ofvipolyrperzatie apater 3dyresaliingein reduced
and/ or prevent polynerizable material 34 fromfiling
proppgation e polymerizalite maediebB4F| Bor ¢gampleygialymerzable|roaterial
chart of an exenplary nethod 400 for reducing and/ or

34 maghant i bigrosodhce knetgye Whensinobentasl Withoffgctal stitictare 500.
maze patterns 300. In a step 302, maze pattern may be

The 2RRIN afhrfater @l Ol_fnap'em%ge ?_n r@pﬁfsﬁ% 48fte effect reducing

pol'yneri zabl e materi a be di spensed on substrate
. . 18 may be positioned in
propééﬁyé{gg ﬁang@ﬁ%ﬁégg%%%g#ﬁgeﬁﬁat erial 34. Maze pattern
0 may d and/ or prevent pr.opagati on of :
10068, 1ot Fiof 2R v stiales et BRlarbd Ao siuras, 5@a and 500b.
and/ or prevent polynerizable material 34 from | eaking
Fractaltstgrctungs e @adi 200yinglede, features 502. Features 502 may be

any geometric and/or fanciful shape. For example, features 502a-c in FIG. 17A
are rectangular and features 502d in FIG. 17B are squares.

[0069] Features 502 may be formed in iterations with each iteration having
a reduced size. For example, the first iteration of fractal structure 500a includes
features 502a; the second iteration of fractal structure 500a includes features
502b; and, the third itération of fractal structure 500a includes features 502c.
Multiple iterations increase the total peripheral length of features 502 when the
size of features 502 is reduced (e.g., intrinsic property of fractal geometry). The
difference between patterns with larger periphery with smaller spacing, and
patterns with smaller periphery with larger spacing will result in different capillary
forces and kinetics of fluid propagation. As such, the change in the rate of fluid

propagation may be used for to control fluid flow and/or extrusion formation.
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Fractal Structures [0067] Referring to FIGS. 17A and
17B, fractal structures 500 may be used in system 10.
wo-o0098%mpl e, fractal structures 500 may be paPCEUS®AI/000803

on tenpl ate nmesa 20 to reduce and/or prevent

propagati on of polynerizable material 34 during

inprinting. Generally, fractal structures 500 may

reduce orincrease the total length of the periphery of
[0078] | t heFfztdlustasctofdd 500 trhay decased e contbisatie ithogases to

for polynerizable materi al 34 I ncrease surface energy

redugb a‘?ﬂ/dﬂﬁr’égé@?é ioh f %ﬁz l?le materials 34. F%r example,

i ncreased/ capi pat an / or absor

bouqear%‘r%édawa#%sggsg@gﬁ@ayﬁe OO s SR, e

For exa p rizahle material 34 ma ave
chansigls may aRaHp t5n EOREXEMRIEL 38 f'l'-‘a?&*tagfffrﬁ‘t F!féfSuﬂ%A and
500. The high surface energy may provide a repul sive
17C; bridge50dcbetwatnclfaajuresopdy af ifeactalf paiterypn8d0 zeay act as gas
material 34. [0068] FIG 17A illustrates exenplary

barribrsicAgla sdsulls pus gsgatidtrofapelympikabler material 34r maly Weefeduced.
500a and 500b include features 502. Features 502 may

Furtl*i’@r %Huglﬁg”ﬁ{é Istze i/ %tdr@@c‘éé@'mﬁpalﬁ?pro@r §§<3fﬁﬁp¢mg For

features 502a-c in FIG 17A are rect angul ar
t 6 .
exarﬁﬁlg, %Sﬁoggﬁgw ng%&:)n Fi % ?Agmg\%g %tgq?p% ?f]fggﬁﬁ%ﬁ%%ﬁ with
haying a reduced For e fi
reduped 1RBeE S2Ee RS the (Geiters @%@52@'9& Akl 34 maysfil the
502a; the second-iteration of fractal structure 500a
smallefcaregssfastartdie to stropgensapillanefarpes deig: enaterighfits at faster

fractal structure 500a includes features 502c.
rate in the center region). This may lead to entrapment of gas in the larger areas

where polymerizable material 34 may still be flowing.

[0071] FIG. 18 illustrates a flow chart of an exemplary method 550 for
reducing and/or preventing formation of extrusions using fractal structure 500. In
a step 552, fractal structure 500 may be provided on mesa 20. At a step 554,
polymerizable material 34 may be dispensed on substrate 12. Fractal structure
500 on mesa 20 may reduce and/or prevent propagation of polymerizable
material 34 and reduce and/or prevent polymerizable material 34 from spreading

beyond boundaries of mesa 20.
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Multiple iterations increase the total peripheral
| ength of features 502 when the size of features 502
WO 20008006ed (e.g., intrinsic property of fractedT/US2009/000803

geonetry). The difference between patterns with |arger
peri phery with smaller spacing, and patterns with
smal | er periphery with larger spacing will result in
different capillary forces and kinetics of fluid

WHAT d8aQAIMED 18s such, the change in the rate of fluid
propagati on may be used for to control fluid flow

1. any{/rgétr@géd,tﬁ begingor mat i on. [0070] Fractal structures
500 may be used Ih conbi natl on vvlth gases to reduce

Y [ rizable mater|
3400 8o RS Sy Re MR o Pt §0Tice %) aapﬁ?aeef%vmp"ﬂt
.. formone o channel s. These channels nmay trap
lithog téempiﬁfeeiﬁﬁpfe@efgé/s SOUFGR (RTVENNG renaras, anpia thdddevice
17C, bridges 504 between features 502 of fractal
capafle o blockim afijstavavelengthofienergyrs. As a result,
propagati on of polynerizable material 34 may be
r edispedsingdiyraerizalsidunategial be assutstiete;f eat ures 502
may inprove gas trapping. For exanple, fractal pattern

%Q?@su%nlﬁbciéhelﬁﬁpdﬂitolﬂhggﬁaﬂﬂye dblﬁfbs afb tfh%a&%s%?até%ch that

h reducCed |inear sizes towar he center.

therg '3‘?5!’1 ﬁ?t?;% gﬁ%ﬂagbyﬁ%ﬁ%g hac Qghs @bb%rr%%%aﬁ@ltenal

I t er .
|e%§’9§ngﬁﬁ? sl hodabfy 35\5&%& Derqy Sichr Biat a fist
yneri zable material 34 may still beflovvlng [ 0071]

portlpn@f thg palymerizablesmateriab@ncther substrae ie seligified yand a second
met hod 550 for reducing and/ or preventing formation of

portiontaf ibé polymerizaplé nmatensl on thecsubstrab@s fllid. a st ep 552,
fractal structure 500 may be prow ded on nesa 20. At a
step 554,

2. The method of claim 1, wherein the first portion of polymerizable material

is positioned about the perimeter of the mesa.

3. The method of claim 2, wherein the first portion of polymerizable material

includes a width between approximately 2 microns and 10 microns.

4, The method of claim 1, wherein a length of the device is less than a length
of the mesa.
5. The method of claim 1, wherein the device is an electrochemical window

capable of selectively blocking and transmitting the first wavelength of energy.
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pol yneri zable material 34 may be di spensed on
substrate 12. Fractal structure 500 on nesa 20 nay

w0 2wao9eend/ or prevent propagati on of pol yneriREbU§2009/000803
material 34 and reduce and/or prevent polynerizable
materi al 34 from spreadi ng beyond boundari es of nesa
20 WHAT IS CLAIMED I'S: 1. A nethod conpri si ng:
positioning a device between an energy source and a

6. nMeTheoimethod Mpf i dlhinh | Shoghéneiy thenetel eof xposing” !We imprint
sour ce prOV|d|ng energy, and the device capabl e of

IlthogF%” ndia ée'&?rtgt %ﬁk%ﬁc&ﬁgﬁ%@% %Y:tw&'ir%oﬁ{ézﬁfég:trocnemlcal
h te and the substrate such
wund%dﬁ@gk@gg%ﬁq éengﬂzﬁ e Y- hography tenpl ate
contacts the polynerizable material; exposing the
imprint lithography tenplate to the energy such that a
first portion of the polynerizable material on the
7. subbemaetbodofotaimdl f wbereamtheadeeicenisiapoask.on of t he
pol yneri zabl e material on the substrate is fluid. 2.

The nethod of claim1, wherein the first portion of
pol yneri zable material is positioned about the

8. PeThEBh&thol ofldMm ™ Swherdin 1t g@ﬁ&@@éja‘?ﬁterl aim 2,

wherein the first portion o yneri zabl'e materi al
i ncludes a width between approxi mately 2 mcrons and
10 microns. 4. The nethod of claim1, wherein a |length

of _.the device |s less_than a, length of t he nesa.
The methog * claim 8, 6hereln tg step of exposmg the imprint

9.
lithography template to the energy further comprises activating the filter to block

the first wavelength of energy.

10.  The method of claim 9, further comprising activating the filter to transmit
the first wavelength of energy such that the second portion of the polymerizable

material on the substrate is solidified.

11.  The method of claim 7, further comprising:

positioning a second filter between the energy source and the imprint
lithography template, the second filter being selectively capable of transmitting
the first wavelength of energy and simultaneously blocking a second wavelength

of energy.
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5. The method of claim1, wherein the device is an

el ectrochem cal w ndow capabl e of selectively bl ocking
waeaonymnesm tting the first wavel ength of enerBpyI/6S20091@0803

met hod of claim5, wherein the step of exposing the

inmprint |ithography tenplate to energy further

conprises activating the el ectrochem cal w ndow to

bl ock the first wavel ength of energy. 7. The method of

12. ¢l Themethodesfetiainh e, dedheccompaisimsdctivating iBe nRicBAd filter to
of claim1, wherein the device is a filter. 9. The

r g
van g0, St LS BE gl P R Ing SRBEBengin o
ener&&nprises,activating the filter to block the first
vel ength of energy. 10. The nethod of claim?9,
further conprising activating the filter to transmt
the first wavel ength of energy such that the second
portion of the polynerizable material on the substrate
13. i sThelmelihodeaf. claim 1Thdurtikemhcampfisingaaativating dhe lsecond filter to
conprising: positioning a second filter between the

transmi2 tigy firs wablgriyth i @niergy And the *sécwrcﬂﬁ/ayeleﬂgm of énergy.
the second filter being selectively capabl e of

transmtting the first wavel ength of energy and
sinultaneously bl ocki ng a second mavelength of

14. SoFhEmiftoq RE BERORS, Fheferf' f o, (VefSifqrf Yol s in o
Wav%ﬁ h{:%e (%‘;ab%'jié% ampga%gﬁtﬁ%e SeCOPSr}/\ﬁ\e/(ra\l engt h
conprising activating the second filter to

15.  The method of claim 11, wherein the second wavelength of energy is in a

wavelength rage of about 180 nm to about 430 nm.

16. The method of claim 11, wherein the first filter is a thin film interference

filter.

17.  The method of claim 11, wherein the first filter is coupled to the imprint

lithography template.

18. A method comprising:
patterning a first maze pattern on a mesa of an imprint lithography
template;

dispensing polymerizable material on a substrate; and,
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transmt the first wavel ength of energy and the second

wavel engt h of energy. 14. The nethod of claim 11,
wab@pedes he first wavel ength of energy is i n BCT/US2009/000803

wavel engt h range of about 180 nmto about 430 nm 15.

The nmethod of claim 11, wherein the second wavel ength

of energy is in a wavel ength rage of about 180 nmto

about 430 nm 16. The nethod of claim1l, wherein the

f i comtatting e hfesa dfithé irmplint lithbgrdptiyasamldtel with thelsubstrate.

The nethod of claim 11, wherein the first filter is

coupled to the inprint |ithography tenplate. 18. A

nmet hod conprising: patterning a first maze pattern on

a n inmpring.lithography tenpl o di nsin
19. 0 FlanBlngl'e! FRbr o whitdh digumpad ity CCnTRRRY Aavs of
the mesa of the inprint |ithography tenplate with the
featwgBst rate. 19. The method of claim 18, wherein the
maze pattern conprises arrays of features. 20. The
met hod of claim 19, wherein the features conprise
geonetri c shapes, fanciful shapes, or conbinations

20. t hEhemhethdd of claign n®twberent thd fdaturk$, comisrist gedietritgitapes,
pattern conprises periodic arrays of squares having a

fancilidSHapds, BPBSMBIHRIcPIshérddfcr ons, a length of

approximately 2 mcrons, and a hei ght of approximately
80-120 nm :

21.  The method of claim 19, wherein the maze pattern comprises periodic
arrays of squares having a width of approximately 2 microns, a length of

approximately 2 microns, and a height of approximately 80-120 nm.

22. The method of claim 19, wherein the maze pattern comprises periodic

arrays of features, the features spaced apart by a distance.

23. The method of claim 22, wherein the distance is between approximately

0.6 to 0.8 microns.
24. The method of claim 18, wherein the maze pattern forms a moat.

25. The method of claim 24, further comprising patterning a second maze

pattern on the mesa, wherein the maze pattern is positioned in the moat.
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22. The nethod of claim 19, wherein the naze pattern

conprises periodic arrays of features, the features
wapaeegheapart by a di stance. 23. The met hod of PCT/EB2909/000803

22, wherein the distance is between approximtely 0.6

to 0.8 mcrons. 24. The nethod of claim 18, wherein

the maze pattern forns a noat. 25. The nethod of claim

24, further conprising patterning a second naze

26. paThemethddtdfeclams a8, WiRirginntheh®ab® Zsatledh f6rnfls aSregion that is
positioned in the noat.26. The nethod of claim 18,

. e o n .
desifiEd 10 b YoiET BlortRidiEhof Bolinctizabl, Makhaf dishensed on the
bsgaageri al dispensed on the substrate. 27. The nethod of

SUD&®m 26, wherein the regi on conprises a die. 28. A
met hod conprising: patterning at | east one fractal
pattern on a nesa of an inprint |ithography tenplate;
di spensi ng pol yneri zable material on a substrate; and,

27. cohbeaméthgd tofielaims26,ofheren themegiun compagespldie.
tenplate with the polynerizable material. 29. The
nmet hod of claim 28, wherein the fractal pattern
includes at least a first iteration of first features

28. ang rﬁeﬁ’l%?%qnbﬁﬁﬁ tion of second features. 30. The

met hod of claim29, wherein feature size of the first
r Bt Bl e ReERBRE AR R G B hEeF ot ami Thography
template; »
dispensing polymerizable material on a substrate; and,

contacting the mesa of the imprint lithography template with the

polymerizable material.

29. The method of claim 28, wherein the fractal pattern includes at least a first

iteration of first features and a second iteration of second features.

30. The method of claim 29, wherein feature size of the first features is greater
than feature size of the second features such that flow of the polymerizable

material between the first iteration and the second iteration is reduced.

31. The method of claim 29, wherein the features of the first iteration and the

features of the second iteration include geometric shapes, fanciful shapes, or

combinations thereof.
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mat eri al between the first iteration and the second
iteration is reduced. 3 1. The nethod of claim 29,
wob@pevmed he features of the first iteration apdr/ukm09/000803
features of the second iteration include geonetric
shapes, fanciful shapes, or conbinations thereof.32.
The nmet hod of claim 30, wherein the flow of the
pol ymeri zabl e material is reduced due to capillary
32. f oThesnetBdd dfntaimeB0pdheteinl the Moddof tHe pblgMmetizabld midtdrial is
providing gas to the substrate as the polynerizable
' L5l psreegd. 34. The nethod of claim 33,
red%@é?{;{eﬁt’o&a@ﬂﬁ%w of g't he pol ynerizable material is
reduced due to gases.

33. The method of claim 29, further comprising providing gas to the substrate

as the polymerizable material is dispensed.

34. ' The method of claim 33, wherein the flow of the polymerizable material is

reduced due to gases.
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