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EXTRUSI ON REDUCTI ON | N | MPRI NT LI THOGRAPHY 5

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s
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 10February 6, 2009, all of which are

her eby i ncorporated by reference herein. BACKGROUND

| NFORVATI ON [ 0002] Nano-fabri cation includes the

fabrication of very small structures that have

features on the order of 100 nanoneters or smaller.

One apekirRUSION REGOCHORNIN'MMIPRINEG LitabcieaPagy had a

sizeable 1npact is in the processing of Integrated

circuit ] [ [ :
conti nu F§()t-§01§-s Fi V@Eﬂ&fﬁg 5@%‘%@%"&@%@% whi |l e
increasing the circuits per unit_area fornmed on_ a
10003 )55t T 2B ARCENOR D Ne B e e SRS, § 119(e)(1) of
i ncreasingly inportant. Nano-fabrication provides
U.S.gPexvisiong)r Noe 3/@G0h1 83) filsli Febatary i, ngpGbndiSuRtbvisional No.
reduction of 20 the m ninmum feature di nensions 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

FebrdaBf 6CX00, Aof VORER GRé hePEBRCBEDbraliRCH\R FEfEAInCEIREre e .
and the like. [0003] An exenpl ary nano-fabrication

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

ubl i cattons. SAARRERGENOIEBMBTIN A on o,
[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-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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2004/ 0065976, U.S. Patent Publication No.

2004/ 0065252, and U.S. Patent No. 6,936,194, all of
wokioelmse her eby i ncorporated by reference heP&i/ns2009/000803

[ 0004] An inprint |ithography technique disclosed in

each of the aforenentioned U S. patent publications

and patent includes formation of a relief 5 pattern in

a formabl e (polynerizable) |ayer and transferring a

200476065976,09'S. e4tene PuBliéfticRo! 2b04/00s32Ee! BndnY 8. Patent No.
underlying substrate. The substrate may be coupled to

6,93? 1L ﬁ%fwrfi‘%?a;eo?g ;b?IHC&' Oestba & r%?gﬂehbgwepeginto

acilitate TOCGSS ternlng

ocess, uses a e apart from
l°°°§ibstra4\e Theiat ¢ ERedtARsY a@&ﬁa@&m"@qos% wdenepRl of the
enpl ate and the | o substrate. The formable liquid is
afor@nenmﬂ%bﬂ $ opatephpeblicajions| andepatenhinaudesafosaationof a relief
conformng to a shape of the surface of the tenplate
pattarhatin c @nt focinablene(dalymmabizable) qlayér Andertransferring a pattern
solidification, the tenplate is separated fromthe

corrdsppinding¥s thes veleft peterhNAtd aAMlder stib§tratebsThatgubstrate

are spaced apart. The substrate an e solidified
I :
maytt%gﬁé ;ﬂé& ;}16 :é:ﬁoﬁynls?%gcébptnaﬁrgg't% @Dgg §|‘ﬁﬁ§% th8ilitate the

rres onds t.Q the.,pattern in the solidified
pa“‘*éﬁ&”@ﬂ'%ﬁ%&?el Fhe R P A agsSs| tased camplate w‘g apart from
resent inventjion nmay be understood in nore deta
the a@e%tmtﬁt Apd a1 fosmable diawids appliedebetwaat itea ﬁegnplate and the

provided with reference to the 20 enbodi nents
subsitratess Thetfetmablet llquich fpeeligiifieditaafarmga rigid layer thatdes a pattern
not ed, however, that the appended drawings illustrate

conformingttppa shbpedfdhe sunfageadf thbaehplstet thah coatzdtatiee formable
therefore not to be considered limting of the scope.

Ilqu|cW)A?-t@9%ﬁ’cﬂﬂ@ﬁtmﬁéj@gg%g@@g%r{aWﬁBH {ae rgid Iay%r such that

lustrates a sinplified side view of a |1thographic

the FéfﬁblnEB 'éhoa‘iﬁg r dMGratd! bR ApatEROGLAREM 1He SUBsRLSHMNY the

I nve

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.
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[0007]FIG 2 illustrates a sinplified side view of the
substrate shown in FIG 1 having a patterned | ayer
w@omprIwned t hereon. 5[ 0008] FI G 3 il | ustrat esPEr/us2009/000803
simplified side view of the tenplate and the substrate
shown in FIG 1. [0009]FIG 4 illustrates a sinplified
side view of an exenplary tenplate for use in a
l'ithographic system [0010]FIG 5A and 5B illustrate

[0006] NP! i fFIS! BiilRstrat@Vaosimplified &idd dlew 50 2RtkbEpHIS k§stem in
for use in a lithographic system [O0011]FIG 6

acco'gc‘jér'r{?é Yrvﬁﬁ %%eirpﬁl)&iﬁhé}ﬁ%ftthé’%ré’ééngmti%y met hod for

reventi ng rusion formation during I nprint

[th [ ki ng. tem. [0 FIGS., 7A and .
o7 P 2R el TR e 8 g S b et i
15be used in a lithographic system [0013]FIG 7C

FIG.i1 hading & raftained hayes ipasitioedtheesipl ary net hod f or
preventing extrusion formation using a filtering
[0008) st em FIG. 3 illustrates a simplified side view of the template and the

substrate shown in FIG. 1.

[0009] FIG. 4 illustrates a simplified side view of an exemplary template 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 iIIustfate an exemplary filtering system to block

energy to one or more curved areas of a substrate.
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[0014]FIGS. 8A and 8B illustrate an exenplary

filtering systemfor use in a |lithography system
WQR0909%pd1 G 9 illustrates a flow chart of anPCT/US2009/000803

exenpl ary nethod for preventing extrusion formtion

using a filtering system [0016] FIGS. 10A and 10B

illustrate an exenplary filtering systemto bl ock

energy to one or nore curved areas of a substrate. WO

[0012P09/ 09BKSS.PCIA dhd00B Mastate éxdmplary azeldatterns ohldBmesa.
illustrate exenplary nmaze patterns on a nesa.

0018Y018] FE(G. 12 jilustrafdd 8h BxefiblSySTBLE PatteRT fordfthg & fMoat on a

[ fgrrri ng a m)atI ughr a mesa. FH(?O%] FI G p%s Il lustrates an

mes xenpl ary maze pattern and an exenplary 5 channel
gatterned on a nesa. [0020]FIG 14 illustrates an

I e pattern having nultiple
[001Si<enTJ a'r:?/Grr% illtﬁ)strates an exemplary mage pattern and an exemplary

channel patterned on a mesa.

[0020] FIG. 14 illustrates an exemplary maze pattern having multiple
arrays.
[0021] FIG. 15 illustrates an exemplary maze pattern 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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arrays. [0021]FIG 15 illustrates an exenplary nmaze
pattern having nultiple arrays. 10[0022]FI G 16

WO kdogmegsed es a fl ow chart of an exenpl ary net hpdI/i/82009/000803
reduci ng and/or preventing formation of extrusions
using a nmaze pattern. [0023]FIGS. 17A-Cillustrate
exenplary fractal structures for use in a lithographic
system [0024]FIG 18 illustrates a flow chart of an

eleceamiaghatiy, amd/oothe like.r Edemipidgy Khagks are desttthéd oU.S. Patent
formati on of extrusions using a fractal structure.

No. @%?é!d@vgﬁﬁgﬁ I)E/’érr’eQ'DI iﬁ&%é}eﬁléfi ‘B"yrrb%}eége hifeih! gures,

and parti to"FI G "1, ['dstrat therein is a

ooz} 09 8356311 Sl LuLE IR Al b S e

subpstrate chuck 14. , illustrated, substrate chuck 14
stage 516, m&gdnammé gshptien alengkhe X, Ynatdzepxesmptage 16,

any chuck
substrate 12, and substrate chuck 14 may also be positioned on a base (not

shown).

[0027] Spaced-apart from substrate 12 is template 18. Template 18 may
include mesa 20 extending therefrom towards substrate 12, mesa 20 having a
patterning surface 22 thereon. Further, mesa 20 may be referred to as mold 20.
Alternatively, template 18 may be formed without mesa 20.

[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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i ncluding, but not limted to, vacuum pin-type,
groove-type, electrostatic, electromagnetic, and/or
wo b@olovdees Exenpl ary chucks are described in W®&/US2009/000803
Patent No. 6,873,087, which is hereby incorporated by
reference herein. [0026] Substrate 12 and substrate
chuck 14 may be further supported by stage 16. Stage
16 may provide notion along the x, y, and z axes.
chudi 28earidflor Imptits head 30l mayabe écu’ﬁf@fr@d &o fadilitatd AmbBB¥ment of
al so be positioned on a base (not shown).
Spaced-apart from substrate 12 is tenplate 18.
tenu#gﬁgﬂ%te 18 nay i ncl ude nmesa 20 extendi ng therefrom

vvards te 12 20 havj atternin .
[003? rface8¥§t Fhé QY f,ylgﬁ'lﬁ?ﬁ?pm %ah‘i'g ‘ﬁ"ﬁﬁe%%e P¥?t§?'? g& Fluid
. to as nmold 20. 10 Alternatively, tenplate 18 may
dispeRserYSIR hdat MAYs aezesm? do2defesih Ralymerzable) mat%aj a34 on
20 may be fornmed from such materials including, but
subsiate |12yi Polyrnerizahle gvatsrial 34, mayabe positionedauporosyhbsirate 12
pol yners, siloxane polyners, borosilicate glass,
usun@lt@chﬁmbbosumlaysﬁﬁf@ disgerise, spislenating,agiphicobating, chemical

and/ or the |iKke. | lustrated, patterm ng surface 22
apdrOd@pdsiticn (EV0)! éé ASEphOE deBYsi H' \ADY, tHirCiim d
Y pspg%)‘ged apartmjgcesgesam gnd/ 8? ?Jrgtr Si ons pr o epor?ltlon

. farid) t
i PR b BEORR ) S H 3, b i 4
may{3 PRSHODS BEONGTURSYAh 12,49 Jeeialos sogbpPahaRadsscribed
18 may be_coupled to chuck 28. Chuck 28 may be 20
n Ue%nPiagﬁméﬂﬂdE)atl@OtNﬂot2005m2t7@§1Boand/é-bﬁurﬂatpmhpupb@atlon No.

groove-type, electrostatic, electromagnetic, and/or
20090m@6321,mbbtr of hwhicht mesherlébgrrbiwrporat&d:lt& aeference herein.
further described in U S. Patent No. 6,873,087, which

o LSO SR 59 S s pSese P SIS i Vetsre andr
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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chuck 28 and/or inprint head 30 may be configured to
facilitate novenent of tenplate 18. [0030] System 10
woregpopssher conprise fluid di spense syst em 32PCFUS10d9/000803

di spense system 32 may be used to deposit

pol ynmeri zabl e material 34 on 5 substrate 12.

Pol ynmeri zabl e material 34 may be positioned upon

substrate 12 using techni ques such as drop di spense,
[0032pi n- coBithagimstint et BOJstagjectt cot buthpearylg pistahé® between

(CVD), physical vapor deposition (PVD), thin film
mes4SRPShd 'stBstrhfd ff td 'd!eﬁh%eaoeééﬁéd’ Voﬁuﬂ'i@/tt?érebgﬁvéér{‘ﬁwt is filled

For exarrp e, yneri za materi a

oy B 3B %ra,a@@b%fé%n%gr@hsﬁem%asgﬁuniayS“f@ Fiore

005/ 02 12 and U. S. Patent li catl
temé ﬁg Wiﬂ %at saesa A0 ﬁﬁP'@ﬁtSaPQP ?ﬁ” Z3ble rpatepal afedAfipr the
reference herein. Polynerizable material 34 may be
desirgids yokuae up ofilleslupdthr polymerizable rroatatigd 634, asowcea38 produces
desired volunme is defined between nesa 20 and

energylag), ead ¢ ultavitdeerzdiatipbro cadeinggiolgwesizdisieahatetial 34 to solidify
Pol yneri zable material 34 may conprise a nononer 15

d P, n
onaf] RSN SRRSTARGTD \rSosaL Sl 7 0T B3A"T2 an

pan%@zf%%é;%?s%fw&b&&éﬁf St LSRRI Patemec

t her conprise ener sour ed to djrect
layere {6 5V S6Te0S SEPRUAD B AR AR o RraDY Afdesiusge shgwn as
may be configured to position tenplate 18 and
protrygipsisy @ andrerassions Ge Withpprotrusinsip@ Hﬂé\w’tgﬂa 4hickness t; and
System 10 may be regul ated by processor 54 in
residvairtayer bavingra thicknessdge 16, i nprint head 30, fluid
di spense system 32, and/or source 38, and nay operate

[0033] a COTRYt ebolveaaemichdd ogysaidmst @ d precd®BNhiy Sbe Grther
2009/ 099666PCT/ US2009/ 000803 [ 0032] Elther |rrpr|nt head

emp%g/gdsiﬁ% rlﬂl@hthggréﬁﬂyg) rHeb¥set %h&".ts féf&‘ﬁ@&‘ 857 8.8Patent

SUbS rate |ne a eSI

No. (§858R341Ts! NBbidri difdudy B0 gﬁgégf\?)@e BlS 2 patent
Publicaiibn 14s. 3003/4] ngzg?,h@ﬂg U.s*Paignt Bibicfion No! '26%3'/0921 1754,
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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5 desired volume is filled with polynerizable materi al
34, source 38 produces energy 40, e.g., ultraviolet

WO 209a996661, causi ng pol ynmerizabl e material 34 POI/US2009/000803
solidify and/or cross-link conform ng to a shape of
surface 44 of substrate 12 and patterning surface 22,
defining patterned | ayer 46 on substrate 12. Patterned
| ayer 46 nmay conprise a residual |ayer 48 and a

subgttateald tsynoff céreteted edthsteavplaes18.0 Mitalsiots fsthsatiMh M2§ lead to
recessions 52, wth protrusions 50 havi ng a thickness

partki’e adltal AUFNG! sbpaitioRa\f NEerApihi C*@eﬁ ? %ﬁ%s]lgyé 46.

bove- nénti onéd system and process rray

Add?@BgW %@mbﬂ?%@& lghﬁhtﬁg gghygpé?%esse Iand Z:pzmnde for

Publicatio 04/ 012 S.  Pat ent
defeqtimBinga the PR 110 I 4FORIRSH15. SRIOUIAY faackia a non-uniform
Publ i cati on No. 2004/0211754, all of which are hereby
pattennedripperad withy suksequant elanarization[is9sey. REhe followingosystems
FIGS. 2 and 3, during formation of patterned | ayer 46,

and poethiods iniaypbe usedesinglladlg driihlconitsination toreedifiea®dor prevent
features 24 and 26 of tenplate 18 and the edge of nesa

exu@QOMchln a desired inprint area Al on 20 substrate
12. For exanple, the desired inprint area Al nay be
bet ween the boundaries of nesa 20. In certain
ci rcunstances, polynerizable material 34 may flow out
of the area Al and result in extrusion formation. For
Varying fjmensigls r usi ons may be created at the edge of the

boundarE of nmesa 20 if the drop pattern on
[0035] xtrusions may be reduced and/or prevented by varying

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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substrate 12 is not centered with tenplate 18.

Extrusion formation may |l ead to particle spray during
waepangteson of tenplate 18 and patterned | ayerP@BUS2009/000803

Additionally, extrusions may limt the size of

patterned | ayer 46, provide for defects, reduce the

shelf life of tenplate 18, and/or may lead to a

non-uniform5 patterned |layer 46 with subsequent

impriit &teaiofasubgirates 38esSudina delbl anay durtlyert intreawedthe number of
met hods may be used singularly or in conbination to

suc{e@gFg‘%g@?@it i;ha?rn? N Be rﬁégé WFSyStemfté T@n@b&?'ﬂér‘n@%l and/or

usi ons may be reduced ‘and/ or prevented by
Cleavlarylng di mensi ons of nmesa 20 and/or deS|red I mprint
WG Al [0036] I n one exanpl e, the helght ratio

bet ween nesa 20 and renalnln e

[0034] t enplrageothey axaRie. 95‘1“1’% bgﬁey %gkﬁg@k’r pre/vented
material 34 fills the volune between features 24 and

by vagying therptiatof atdeastdoné alimensiggeofothendesirexh jmprint area Aq of
pol yneri zabl e material 34 may accunul ate outsi de of

subsitite d@stor stdeastonentinaéesiodf alesadB to fbren dAefarrmbregextrusion
extrusi ons. For exanple, accunul ation of polynerizable

zond 266! IFRr e?t% @Mﬁ@tr&@dYWIGZQUaGIeHBﬂ\eu o th%”déé'#ed imprint

rise to su stantially the sane héight hl as mesa
arean 81 g %?ﬁ%?éa!:%%kﬁﬁal AaehgIo gy 5*1m%f332%?23u0h that
extrusion zone 60 may be formed. Extrusion zones 60 may have a distance d1 of
approximately 50 ym to 300 um. For example, the distance d4 of extrusion zone
60 may be approximately 300 um. It should be noted that by varying dimensions

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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20 material 34 may be reduced outside of the desired

inprint area Al of substrate 12. For exanple, height
wWh2000099%e6a 20 may be i ncreased by a factor of PADUS2009/000803

(e.g., fromapproximately 15 pmto approxi mately 135

pm . The increase in height 111 may del ay the

accunul ati on of polynerizable material 34 outside of

the desired inprint area of substrate 12. Such a

[0039¢! ay nMaskuTdhenay m@a&egbhﬁnnbﬂ'@ﬂérg?}f 49dCipepathva2a. For
inmprints that may be made before tenplate 18 needs

_ exarﬁ@%"r‘ﬁ%kk 309 Ray B HHRS Rt cfj él? kh& 2l d%hﬁ 102 is less

trusions may be re

varifl ALY A 5 el e?‘oifiﬁsﬁq%%a?ee"ﬁgolvﬁ%r?zfabiegﬁzateria' s

di mensj on _of nesa 20 to form one or nore extrusion

prev

 withipigh £@Ngo1 040 B@mnW%a may resultsirens: aldlepst pne; edge gf mesa 20

l ength L1 of the desired inprint area Al of substrate
remaigingagubstantially tumitockedebyt mask $02.nesBapd 4044 miagt have a
extrusi on zone 60 may be forned. Extrusion zones 60

minimayn Wt &, GetivaaneagirogimatelyaRprooxhimatfiryexxdnple, band 104a
300 pm For exanple, the distance dl1 of extrusion zone

mayﬁrpa\i@% WBtHRRRT &4 Q‘rb(atégp3qﬂ’n | i s@%ﬁ gf Bttﬁgt W|dth w4

hat by varying dinensions of nesa eS| red

mavfbo'@ﬁ"ﬁe# e ﬁﬂ"@ébﬁéﬁa%é*%ﬁﬁg'gpeﬁ#%meg?m%s

0048 oo RS O e ot B HeBropeale oM a4 geveen

system 100 may reduce and/ or prevent extrusion
mesaonmandoﬁubmgnel g excapdrfon qmlymerizelde materidl 34 within band
an energy source 38a. Energy source 38a provides

104 nAs guchpolymegizabld materiab 134t witlidi bEndot)4a mayathdrcdizal 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.

10
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20 Tenpl ate 18 and substrate 12 may be in
superinposition wth path 42a. It should be noted
wep@pgyesour ce 38a may be simlar to energy sorCTESR89/000803

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. WO

2009/ 099666PCT/ US2009/ 000803 [ 0039] Mask 102 may bl ock
Altemajtioely| anask 192ehiBy Heapidtedain clbde. pFsXimetyaaptemprask 18 to

102 may be fabricated such that a length L1 of mask

redut@&ridol Sisink Bm«’ﬁﬁ@_ngth L2 of nmesa 20 providing for

exposure of polynerizable material 34 within a band

104a. B 04a resglt fromgt |east one ed f

[0042] 2% P RS, BniBsFRlp=s Butio el ' anePim@Re Rthol 110 for
102. Band 104a nmmy have.a m ninum w dth wl bet ween

prevgpHRg extrision fosmagop Huring IrapRrnfIitBogIaRhy using Masking system
a wdth wl of approximately 3 pm It should be noted

1001 kaa siépldh2whesa2bmaydreypositiepenih sgpenmppsition atithosubstrate
and desi gn consi derations. [0040] Mask 102 bl ocks

12 dongpate 4%, poly stsp 2akl enask d0Radf AvaskizigvegstedD 100smay be
20 and substrate 12 except for polynerizable material -

posigﬁnd@ b@hﬁe@r@%ﬁei@ﬁ@ouﬁ% %8‘& '&ndpﬁl'eﬁﬁ‘é’;d. z Wsﬁidgﬁf gg;’fﬂask 102

w t hi n band a may be cured a or soli
j t I.ny I [ terial,,3
may Kol fist Bnd, BRp kel 550 77 208 TS st iB8sea 1o
Sol | dified polynerizable naterial 34 within_band 104a
enerigy o oD BaRr0y S Ee BenE 1M 41 e ieler SBBNG 104a may be
material 34 within the 15 desired inprint area Al
subgtantally unblaskeddionesexposuseat@ognergiisk0ao2 iy ahstep 116,
be renoved and pol yneri zable material 34 within the

polyberizdble materfal i3dsma bendigpbasedivadsubsttate 1201lndi $tepd 18, the
as illustrated in FIG 5B. [0041]1t should be noted

distdritet bstneedteAlatearss aRg SUBSRHEN 12884y bBZedbred sliti®®hat mesa
and/or diffract as it propagates. For exanple, energy

) : _ K e .
0 AHAS TR HEPTSRL 102 S 0] (i ol 62 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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102 and tenplate 18. Such reflection and/or
diffraction may result in blurring. As such,

w@e@peeisso©n optics for |ithography may be usedP@DUS2009/000803
reduce or elimnate blurring. For exanple, projection
option for 0.5 pmlithography may be used.
Alternatively, mask 102 may be placed in close
proximty to tenplate 18 to reduce and/or elimnate

filteo 84" i an[ &8EF3l Hdarcé 38bl U@y souréé MbCM%S/tpr@fndénenérgy
exenplary met hod 110 for preventing extrusion

40bf ring inprint |ithography using maski ng
sa(%é@‘?né@n‘t% In a step 112, nesa 20 may be

sitioped in osition with substrate e}
(007, 5 BRerony 4B oy TRV et ord wiatslindlhS & JpBvelidgths A

may be p03|t|oned bet ween energy source 38a and nmesa

as d?@C"h%‘éuhﬁr%ﬂmgy &e siagie wwelﬁag%p@ro% wavelpnaih renge. Mesa 20
bet ween nmesa 20 and substrate 12 that is exposed to

and esubsiratel 02 miagnbe i sypesoposdicdBwithspath 42b.alt tsheald be noted
state. Band 104a nay be 10 substantially unbl ocked

enefgyosdrse038b end\p bensifriiar 4883ndrgyasoﬁr@és BB86and/or 38a shown in
pol yneri zabl e material 34 may be di spensed on

F|Ggu§%},ﬂa§@ 12. In a step 118, the distance between
tenplate 18 and substrate 12 nay be reduced such that

sa 20 In a .
l°°4ﬁ en BT 5% B8 %ﬁsnﬂay i¥ vdau'ia@?ﬁteadsqnoaé?ﬂ fiter).
2a to cu nd/ or _sol ol rrerlzable mat er i al
For 1@‘%‘?'& nfr fﬁbﬁﬁteioléf q? ?‘fe dilteRt £34 amayy bSe@wé'é'ﬁ film
. nesa 20 and substrate 12 outS| de of unbl ocked band 104
interfierenee filen i First filter 132 may hezable ép trermmitrapkrgy040brinaving a
be renoved. In a step 124, polynerizable material 34

wavelengte i nasike Bibckingy enbejy 40b HaVingiree wanvelrggth of A,. Second
solidified. 20 Filtering [0043]FIGS. 7A and 7B

filter HBﬂlSﬁnb?tl@e aau@&anmbekyeﬁerbyemmas/yﬁ vBvERhdthak, MY some
be used in system 10. Filtering system 130 ndy reduce

emb%ggﬁeﬁtsprmﬁéﬁjﬁ&g%t# :Jrﬁlg?l%{lf I %\é’@é&@t@ A efrb!enﬂw e Wllelength
range of about 180 nm to about 430 nm. For example, in one example,
wavelength Ay 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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filter 134, and an energy source 38b. Energy source
38b may provide energy 40b al ong path 42b.
w( 0a9%Eer gy 40b may have one or nore wavel enptTiES2A09/000803
Wavel engt hs A as described herein may be single
wavel ength or a wavel ength range. Mesa 20 5 and
substrate 12 nmay be in superinposition with path 42b.
It should be noted energy source 38b nay be sinmlar to

secatitefiler $84imagyg biBlevadihan RAgts N first fikéS132 crastiig\a band
[0045] Filters 132 and 134 may be any suitable filter

[ i : r fJ e
1045 B 19BB KR b Bl WR:, FREERBIBle, 4 ifimid) yidth k26 band
interference filter.. First,fjhlter, 132 be .abl.e t .
1044 L b8 e Ee B ARR XM - Ol ST Re i ¢fat e wiatr

bl ocki ng ener gy 40b havi.n%_a wavel engt h of A2. Second :
wzmay |bedardes depghiding aneplieatignand easiogyronsiderations
wavel ength Al. In some enbodi nents, wavel ength Al
[0048)d/ or Resitiboing of the firal/filter 132 rehativectocthersgicond filtge 184 may
about 180 nmto about 430 nm For exanple, in one

creatx abah¢, 104b. wavRdrergbmphd, Ay Rt efiker 2182 mhyabeuplaced in
310 nmto about .360 nm and wavel ength A2 may be no

supeRthBositiém wHPOSK coHeLfIRER 11’{5{ %W@at@'ﬂ% E%@w Itl?éﬁeﬂe?gﬁ%@b with

and 134 are descri bed, 1 e not
I.id onal . i r i C n f h :

wavEEAgh & it bEickeOR) S 1161 54 BH BT Ao wBrengtn

13 be included in tenplate 18. For _exanple, 20 ,
M mE PIPEY an BECARPTHECR Shet 20 AR e RS (12 TieTaa By second filter

positioned adjacent to nmesa 20. Alternatively, second
134 creating b #@4b.bEopesnuenths dusingdmerinting, pelymesizeblegmaterial

[0047]First filter 132 may be fabricated such that a
34 thatmgay spBearf into bahdfid4bemaydie cwredraral/er solldifiecdaby engtdy 40b

L4 of second filter 134. For exanple, length L4 of
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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second filter 134 may be less than length L3 of first

filter 132 creating a band 104b. Band 104b may have a
wor@vsse For exanple, a mniml w dth w2 of PeRTtSZ0%00803

may be between approximately 2-10 pm It should be

noted that the w dth w2may be | arger dependi ng on

application and desi gn consi derati ons.

5[ 0048] Positioning of the first filter 132 relative to

polyhm?izsbtéjm@tériiélmmb?‘béTEBSpéhgéd enbsubstrh@eth2. RAra step 158, the
exanpl e, the flrst ilter 132 nay be pl aced in

oSSR LI SR i SR 7 e
20 difps o . T2 AP 1 B e iy be

%@ ered by second filter 10 134 creating- band 4b.

act'\@é edLErftER 164ueNergy SRUTERS38RgNay provide .emwse40b in path 42b
material 34 that may spread into band 104b may be

to curecdandif orsadidify dipolyrdetizaklaermatetiab 13dvi wighin - band  104b.
wavel ength Al. First filter 132 may then be renoved to

Polyengrizadlel hatepiahi 34 ngeth@enmmesnR@ ami edibdtraldt 12 outside of
energy 40b having wavel ength A2. As second filter 134

unblHBh(ed banRd MdabeRay FEnfHiR if %MId*E)erPt’Pﬁ/‘é anS gLy 1%’ at loast one filter

pol yneri zabl e 15 materi al nesa

132 %Lh&% @‘3 lrﬂ%&@?é&t@% ang:{as epsg &Sgg 'pfg Z%Bi))ad'%latenal 34
oo e ikl o il o

st 152, nesa 20 nmay be positioned in superinposition
005§ (1 subUEPabA amd BEbillysirata anzexemplasy Sitering System 200 that
filters 132 and 134 may be positioned between 20
mayebe rupedsinusysteBBiOanHilteeing fstemo200 i may medote fand/er prevent
132 and 134 may provi de band 104b between nesa 20 and

extrygion fomhation?  FiledriniR ¥ ySient 200spelude sealed¥t 438 é‘l@@ﬁ‘ochromlc
energy source 38b is in an active state. For exanp e,

winddW @0b04b %ég@%éd’r@ét 864 %@hya“’”‘%‘*éﬁéy, ZaL&'F:Q”?S@ erl n%rally,

to enefgy In a step

' d.on ubstrate 12.

elecie e SHEUSREAE Y 8%5?%0&%%%980@Rqﬁ'g?ﬁoqﬁwage v
be reduced suc tha nmesa 20 cont acts polynerizab

fromyrypliage Sogce | BEE 19RAAUS; | fleFtrachroRtig wngdow:ayogeblocks
activated. In a step 162, energy source 38b may

expqsiuse of at least gpartion oﬁtq@aplatem& apdiar stbstratnd2 m energy 40d.
solidify polynerizable material 34 within band 104b.

[005A9] yrer Elemhioehromhier wirldodv 202t magnalter sepaliityabbetween a colored,
substrate 12 outside of unbl ocked band 104b may remain

trandlicéntuitdtd anda trandparicpl stété ln%sb8ﬁ§é té’%ltﬁgét efhid Broperty

and/ or 134 may be deactivated. In a step 16

[
may 334 UEB4 6 a6 By of he B ﬁ%@%ﬁ%%%%fﬁp&enw to
an Billustrate an exenplary filtering system 200
energquto%rmy be used in system 10. Filtering system 200
may reduce and/ or prevent extrusion formation.
[005E] | t er i RBetgys euice§8AnEraYides aner@atOdoie template 18 and/or
el ectrochrom ¢ w ndow 202, a voltage source 204, and
subsiiatent? gglosgupath 38l GG&neIaII)y, terhplate otdr mayc bei ptiwed in
202 may becone opaque upon application of voltage V 15
supdrinapositidri agth sebstrste 22 andNéfergy 4D préVi€ed 'pR r42d. C Energy
wi ndow 202 bl ocks exposure of at |east a portion of
tenpl ate 18 and/or substrate 12 to energy 40d. [0051]
El ectrochrom ¢ wi ndow 202 nay alter opacity between a
colored, translucent state and a transparent state in
response to voltage. This pygoperty may be used to
bl ock one region of the inprint field while exposing
anot her to 20 energy 40d. [0052] Energy source 38d
provi des energy 40d to tenplate 18 and/ or
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substrate 12 along path 42d. Cenerally, tenplate 18

may be placed in superinposition with substrate 12 and
wen®pnyeddd provided path 42d. Energy source BSHUSEY9I/000803

be simlar to energy source 38a, 38b, and/or 38c.

Al ternatively, energy source 38a, 38b, and/or 38c nmay

be used in system 200. [0053] At | east one region 206

of el ectrochrom ¢ wi ndow 202 nay be in superinposition

soumémdwbﬁtﬁeaﬁimil%? G Rferdy beuiteadsdn, BBURRGIdM 38 Aftematively,
el ectrochem cal wi ndow 202 nmay have a length L5 | ess

t f j ; i ddii | Ng ON
ener) 3Bufes 304,30tk Bridloradte Ryt Bl RSy B 00, "C,
gi on of el ectr.oc ' i hdow 202 and, | e h L6 ,

t00s37% e ALfhaRt sher i Lefihof el gl Pt 2znmay be in

104d. For exanple, the difference nay pravi de band
SUDeIU‘ZIEP%ﬁ'%nW'tf‘héUSéV?%t@ andiess femplate, A8 10131394%@/ 206 of

have a width w3. 10 For exanple, band 104d may have a
electpchemigadl wéndew 202 may have & tlesgtbul gl léss thaned lehgth Le of a

wi dth w3 may be | arger dependi ng on application and/ or

desitégsa®a coinyprittingt 69 8absir@@542 DIMendiffergridenbédendiength Ls of
pol yneri zabl e material 34 spreads across substrate 12,

regiotP b8 st é‘e@ﬁdclﬁ?nﬁf%h&gwt 02 lRg! Ibﬁgm Eg‘c?g t?r’l‘rb;;})%%Weaogrea on

Regi on 15 206 ectrochrom c w ntdow econe

suosfH8%: el e 808 RO S D e i provice
band, B GrEnd 862 PeBSIELENTISa Poi s 0 avacare & wiith ws.
For é;]:r%plse?rbg?\g% 64r::lt ?nak;larrl]gvelgdfv(\j/id?t?%vgbt?etween 2 - 10 ym. It should be
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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cured and/or solidified, while the remaining

pol yneri zabl e materi al 34 between 20 tenplate 18 and
weawsvymse 12 may remain fluid. Polymerizabl e P&EI/E81089/000803

34 that remains fluid may be confined within the

boundaries of nesa 20 by solidified polynerizable

material 34 in band 104d. This may prevent

pol ynmeri zable material 34 in fluid formfrom | eadi ng

extragibn©Huting iraptintithbgraphly. NEI®atrdBhriotnit WiltloWXd0Ugia9 e turned
during inprint lithography. Electrochromc w ndow 202

off tBR¥xpEse Wﬁgﬁgﬁiéingoaﬁé@%ﬁééﬁ t%ﬁ\éﬁ(?)ésﬂeéi g?l 3h& FSUBEURE™M2 to

tenplate 1 ubstrate to ex remal ni ng

expq B aekNag kel o ool it S g oS e i

an exenplary nethod 220 for preventing extrusion
FK;pgrnation usi ng system 200. In a step 222, tenplate 18
and substrate 12 may be placed in superinposition in
[00554t h 4261Gr eillestyatesoar lew3ehiart 1of ansexgmplady method 220 for
el ectrochrom ¢ w ndow 202 may be positioned in
preventieg iextrasiohi formatid usimgssystéra 200. tin 4 etep 22N dedipste 18 and
In a step 226, polynerizable material 34 10 may be

subsg}a?@q'ﬁsrﬁgy% aél?é& ir@%@ﬂér?mn{)bﬁ‘iti@nd BBt 43d of %hgl?%s&%e 38d.

e applied to electrochrom ¢ w ndow 202 provi

repl 1N, , 40d. "
in a 3887284 SRsRooprnca iRy 882 i3 pS T MaRE i Rihgtpositon
with 3,5@,?34 I B’@geaﬁ 2 téﬁggnatlgébcg‘ﬂatgaf i Ié,sq2 ;ﬁtélpgl ggsﬁgmrrgalza%?e material 34
pol ymeri zabl e material 34, 15 [0056] FI GS. 10A and 10B
mayi be gispensedapn subaisate 2syky arstepR2&% veltegr may ke applied to
nore curved areas 252 of substrate 12 to provide
electbelprontic avigdow>30s praviding topaqueuregion 208e-1hisesteép 230, energy
i mprinting. Cenerally, system 250 includes an

40d @h&f¢ beospplivd Blohigl pathodad Ad dupaPolpherizstle Matrfal 4 in band

el ectrochromc film254 may turn opaque to energy 40
104471 ES880282! KR VS8 RTeFRRRI 6 ol b 2SR figinin
ool AR, Al 33k cdoe of substrate 12 (e ol rcul o
oosdf, 29842 o 45 e et 5o8 ok

el ectrochem cal film 254 and tenplate 18. For
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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exanpl e, lens 258 may be inserted between
el ectrochem cal film 254 and tenplate 18 to sharpen

W@ badoveedlges. Maze patterns 5 [0057] Ref erri ngP@DUSI0@H000803
1, 2 and 11A-B, formation of naze pattern 300 may
prevent polynerizable material 34 from|eaking out of
the boundaries of nesa 20 during inprinting. FIG 11
illustrates an exenplary maze pattern 300 patterned on

exaripied |8As EFanall Ye iMeredabeVgen Hedtrodhensisalafilmr 284 and
302 of features 304. Maze pattern 300 nmay be applied

temﬁé‘ﬁetf?t&gﬁ%%@h)gh%fdo e’g) 10 such that when

neri za mat er i a 4 reaches features 304 in maze
pattern 300, features 304 may sl ow or stop propagation
of polynerizable material 34. For exanple, propagation
of polynerizable material 34 may be slowed by the
Maz?gagpr%| y small capillary forces in conparison to the
| arge capillary forces during spreadi ng of
[0053b! ymer Retdsting natFdGiSal 1,0h and bktA-&, dormatioxd of mazeapatgern 300
propagati on 15 nmay be slowed by | arge pockets of gas

may(:ﬁe&ent pe)yniériibisl rhateriaf34r from3 (akiag elit f theebbah@aries of
of diffusion of the gas. [0058] Features 304 may be any

mesSWﬁthh§ L @??g@nq’fl@” { ﬁﬂﬁfsfr%\{essgﬁ n\?ﬂéaﬁﬁﬁf@l Fattern 300

FIG 11 es nmaze pattern 300 square
4
pandBl P inelon SUBE5° 7 ol 385 AehBegh gy, 02 of
featufpe A n e RANF s S50 oy, be aReUSd P ey BodRdaysl mesa 20
Features 304 may be aligned as illustrated in FIG 11A

suchothat wdefepelymesizableusaterial 34 regohes fealiresSdungvara pattern
be patterned on substrate 12 using techniques

300,i featurds 304 mdy slow ion stepl gropagatior of polyrhedzatpéymaterial 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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[ 0059] General ly, maze pattern 300 may have a fill
factor f (e.g., 50%. Cenerally, fill factor f is a

WO 2609099866 ween the total area of features 304 PET/OE200€000803
5 portion of maze pattern 300 and the entire area of
that portion of maze pattern 300. Maze pattern 300 may
have positive or negative tone dependi ng on features
304. For exanple, if features 304 are depressed, then

pattérinednorz gupstrater 12 g ¢eghriques icluding ebtiinedindited &, 8mprint
standi ng out on nesa 20, then maze pattern 300 nmay be

litho %,l ve. A maze pattern 300 having a positive tone
g th a fill factor f 10 and hei ght h7 may form m ni mal

near |_ayer. 48 if o
[°°5@1| % CEEPaafefs Brdsip piog B M delly iaie g 50%)
Geng%liﬁ/s fill thr e gf%d@t\l/qo%)léﬁe%/@]oép%,twa Ialrr]g; %geszgt,%lé%s \é(f))lélgwnhm a

enpl at e 18. [OO60]A m nimal or near zero thickness t2
porti@ﬂ ofeviage s1atleay S0043nd sheamtire: areasof 2hatnpgrtinotofomaze pattern
requi red for the boundaries of nesa 30 that includes

300.naMazeapatem 300 imaydrdval positive uos inegatige tbae depending on
exanple, mnimal thickness t2 may not 20 be required

featdres 30MPoRickakiplOaY Fefture sS4 Bfe AEBHYse! tl‘f&ﬁﬂiér ﬁl%zédpattern

and/or 26. In these ci rcurrBt ances, tenplate 18
12 0 STl SR 7o P g pter
300 F&%’ul?‘? E\rggf;\g\?)e {}Stémﬂzgtp&.ll h’g@ b vei‘ngr)r\%f Qeés:l]tg\}e( Beéﬁe Wl¥h a%ll factor f
and height h; may form minimal or near zero thickness t, of residual layer 48 if

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 deﬁsity 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 24 and/or 26. Timng techni ques nmay be used

to reduce or stop the spread of polynerizable materi al
woegigwse®©f the boundaries of mesa 20. For exap@l/E$2009/000803

tenplate 18 may fill at a rate of seven seconds.

Wthin this period of tine, features 304 of maze

pattern 300 nay denonstrate sl ow propagation of 5

pol ynmeri zabl e material until polynerizable material 34

featwres 24 tamsl/ore2@. PEibiieg neditiqués nsag ibe psepagaedoce of stop the
pol ynmeri zabl e material 34 may be inpeded by naze

spreﬁat6?b8|y%%hz%tblé”ﬂn§téhbb’o§is?@@ d?fththou rd¥ bP e a 29. For

process.” [ 0061] For exanple, polynerizable naterial

ol BB o) Al bR AR oo o
i TCE o ST ot e Hobfbdon o
one or nore separating grooves (e.g., channels). FIG

polymerizables matewdal untﬂea@lwmqrzgablmmatpaalt 3 nsaoctes$ anazergattern
a noat 310. Maze pattern 300a includes an array 302a

300.0orA$ esaichy @soRdgktiopeof) polygaerdzatde . mesial U0y bé unipeeled by
reduce or 15 prevent spread of polynerizable materi al

maz§ aerS 300 HRfant duH\PSABERITItRS iMprifffRpritess

063] Addi ti onal features may be provi ded to reduce or

rooequtV:PLFésgé%mw <Pt ML 1 oo

o S ol e ) W OEER P resns
tent No. 7,309 225 whi ch i s hereby

|aYeT WEBrtb'Gkﬁ@%%tzd?sﬁé'ﬁ@? 5Ad¥nherein [0064]In certain

ci rcunst ances, groove 312 may be contani nated and
[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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may | eak polynerizable material 34 into noat 310b. FI G

14 illustrates exenplary maze patterns 300c havi ng
woreiobioglees ar r ays 302c and 302d with features 3BADUS2009/000803

304d respectively. Arrays 302c and/or 302d may be

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

critical features 314 (e.g., alignnent marks).

Feat ures 304c and/or 304c nay be any geonetri cal

exehplahy omakzenpaftetnss 39pe. haWdAgSivittide 28rrapy 302¢Cand 302d with
mul tiple arrays 302 patterned thereon. For exanple,

featlite's 3baci bhHSB()@He?eéHé%ﬁvﬁlg. ha)‘-’(Ings g%g?é’ SartH8F - 302 may be

patterned thereon. Miltip array may reduce

: r.arev I L zab terial 34 fromfili
posiBfied yifi kL B0 Bhi6F BRI &0d B ore kel kedlfires 314
floqw chart of e)m 'gxe Iarqvgwrret hod 400 for reducing )
(e.9a RlIGAMeNtPaHis)Ing Features i I copndier PdcomayuRe mny aeoptetrical
nore maze patterns 300. In a step 302, naze pattern
andigajameifuhghaped to region of nesa 20. In a step 404,

pol yneri zabl e materi al may be di spensed on substrate

[00656]. | n MesaeRO4RGy hevedlmikiple affays B0 gsittersdhéreon. For
contact with polynerizable material 15 34. Maze

erG3 c diogy {4
exampld, eFIG30% NMystFREHCMe3RA/120 ﬂvﬁﬁ@rr%ﬁ%ﬁ%ﬁh Obatterned

pol yneri zabl e material 34 and as such

/ q v ' I [ I in .
ergB S §hibabs el P8 S it SAOFEL Rl hatera
20 @ 067l Referr.ing tq FIGS. 17A and 17B, fractal
34 figm filing, padionsf S%goused in system 10. For exanpl e,
fractal structures 500 nay be patterned on tenplate
[0066dsa 20FiG. &dillustrates arflgw sshant opasp gyemplary onethod 400 for

pol ynmeri zable material 34 during inprinting.
reducinge rasid/or, pfeventiag firmatioor ek exfi0siony usidgcene@ror 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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increase the total length of the periphery of all the

features 502 in the area under consideration for
weiogneseabl e material 34, increase surface eP@r/§2009/000803

pol yneri zabl e material 34 due to increased/ decreased

capil lary paths, and/or absorb excess volune V of

pol yneri zable material 34 resulting in reduced 5

propagati on of polymerizable material 34. For exanple,

increzseytiertor eyt f elhé perighereof difthe faahireB 592rihahe area under
energy when in contact with fractal structure 500. The

conégkifj%?gtéH:g ugﬁxﬁ eB¥abieY rﬁéfé\ﬁa?%@ ARt e SsuUrlce® enargy of

propagation of polymerizable mater

" 68] Fl G Al ustrates enpl ary fractal
polyiitrizeblly Blated. 4 e, (aheRsSRrEEIRe & sobipbL paths, andror
apnd 500b i nclude features 502. Features 502 may be any
absqiR,A¥36SSc Valwme r V1 aholyinerzahie . matgrial x3dresultingain, reduced

502a-c in FIG 17A are rectangul ar and features 502d
propiagatiorof pplyraerizahjeanaterial 846 9F creexample, FRtymesizalde material
formed in iterations with each iteration having a

34 mayhaed shih sidacexnepyyewHemeinf corithct withafractal sfructure 500.
fractal structure 500a includes 15 features 502a; the

S nd atd f mska qat U w0 ' S ;
The SR g3 g BN FHIOR! B SN0 Tordd e recucing

proplgbgﬁgﬁ UF ﬁg@%iiéggée%%ﬁgeﬁ%lo tures 502c. Multiple

eratro r al peripheral |ength of

ature 0 en the size of features 502 is_reduced
roossf* " Figr FAT Bisk g exeapiary Sl Sintires, po0aTnd 500b.
di fference between patterns with |arger periphery with
Fraciatirustures 0%, andradOtpinqlude deatured BA2s nbeatsres 502 may be
peri phery with larger spacing will result in different
any gegpimetric andior dascifulshiapeet Farsexdmpley featpregp8024-ican. FI& 17A
such, the change in the rate of fluid propagati on may

are reetartbriand featre8!502d ihl IGY 17Boveaftfl/apss.€Xt r usi on
formation. WD 2009/ 099666PCT/ US2009/ 000803

[0065@070] FE&siufds 522 YA bEFored WNen%%gﬁWtH 8ach jteration having
c or preven

mbi nation W th gases to reduce an
a e REHRL. B Ruafil T R nBraTRET edeCiutife B00p ingluces

or e channel s. These
features n?({Za; tne 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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channels may trap gas pockets. For exanple, as

illustrated in FIGS. 17A and 5 17C, bridges 504
whedmeered eat ures 502 of fractal pattern 500 nBYT/HS1009600803

gas barriers. As a result, propagation of

pol ynmeri zabl e material 34 may be reduced. Further,

reduci ng the size of features 502 nmay i nprove gas

trappi ng. For exanple, fractal.pattern 500b of FIG

[0070TA pr oFiatesl thedtatdsoBB0 ahay et uses i Eombihbtisredihedases to
|1 near sizes towards the center. Polynerizable

reduBBlHd/& p r%@eﬂ?ércﬁdgraybp %Iy?@ﬁk#ﬁb rﬁéfe?alg gla} qusorgt%%mple,

to stronger ca orces mat er |

Thi I 0
bourLoﬁafr e§p afi‘g%tgp gsgrél%uﬁ% qyaﬁg@) épeé el jﬂ@% ch%%ﬂefs These
ol ymerizable material 34 may still bhe f
Cha’F‘@dg;H]%M 2P 08 PPckatP-at 9’§X?FERA¢’C‘F1%\|"EUSH@WZA1"&%%§I dr$ and
nmet hod 550 for reduci ng and/ or preventing formation of
17Cekrtidges 604 betwegns featurels 802 wdtfractalspattemn5QG mayaeh as gas
552, fractal structure 500 may be provi ded on nesa 20.
barriéts. aAstz resafitd proysdgation alhpdlgmerizableamalierial®d pay be reduced.
di spensed on substrate 12. Fractal structure 500 on

Furtﬁ@'s FedlcifBY tHee Gk &Wa%re@@@?%a?“ﬁﬂﬁ‘é@é' §4s Qf/aeprﬁmg For

polymerizable material 34 and reducCe and/or~pre

exarﬁgl ﬂ%ﬁ% gg tgrrﬁgégtg ?8|FI§41 flé\%& ég @%ﬁl%‘?ﬁg@gturﬁs 5R2 with
redufge[BeAT SiPee S Slp cenieh PP ReHzaRe e 3k may il the

| ithogr ago tenpl-ate, the energy source providi n?
smallgfeprpas aﬁértqh@ e strengsr capllenefasees (eakimatesiat filg @t faster
wavel engt h of energy; dispensing polynerizable
rate irather ceriteoregiomsbBhisabhay lead to emtraprhentnofrgas imethempngemareas
l'ithography tenplate and the substrate such that the

whefe56ly@leriz8ble! mBteridl 34irhapgtiRbBYidwangl at e contacts the

pol yneri zabl e material; exposing the inprint _
[0o74} t hogr ppiy 4 8%rr@ét?ét8sté’ floW? cRAR" 8 afUeXerhPRFy dnkinbdt 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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10portion of the polynerizable material on the

substrate is solidified and a second portion of the
w@iogneseabl e material on the substrate is flRECTHUS2089/000803

The nethod of claim1, wherein the first portion of

pol yneri zable material is positioned about the

perineter of the nmesa. 15 3. The nethod of claim 2,

wherein the first portion of polynerizable nmateri al
WHANIS CleAIMEDRII8t h bet ween approxi mately 2 mcrons and

10 m crons. 4. The nmethod of claiml1, wherein a

1. | epcGhBtHld ddiRpdgiMgce is less than a length 20 of the
mesa. 5. Theprret%od of claim1l, wherein the device is

an_el.eciroc ,cal . W W abl e of selectivel . .
o1 BRI OBV R o R ey RBB, sSlngR ARE R gbRsd of an imprin
.. _energy. 2009/ 099666PCT/ US2009/ 000803 6. The net hod = |
"th°8fa®%itﬁmg,atﬁhé8%i RNEIQY SONFCRfPreYidiyg mnargy. ians ithe device
| ithography tenplate to energy further conprises
capahje iof Slaoking adirst|wavelergibraferiergy;ndow t o bl ock t he
first wavel ength of energy. 57.The nethod of claim1,
whdispensingepalgmerizathle materiakon a substrbite, nmet hod of
claim1, wherein the device is a filter. 9. The nethod

of p&sifbANG: thehphsrirt htABgfdpHy RImB%RPahA%thehsubdtRit Yuch that

the mesa of the imprint lithography template contacts the polymerizable material;
exposing the imprint lithography template to the energy such that a first
portion of the polymerizable material on the substrate is solidified and a second

portion of the polymerizable material on the substrate is fluid.

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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10l i t hography tenplate to the energy further conprises

activating the filter to block the first wavel ength of
wep@pg9666 10. The nethod of claim9, furtherPCT/US2009/000803

conprising activating the filter to transmt the first

wavel engt h of energy such that the second portion of

the polynerizable 15material on the substrate is

solidified. 11. The method of claim7, further

6. coipei sndtbod of claiP®sSbE] iviiéregh aheeetdp of |etxﬁbsih§t W& Nimprint
the energy source and the inprint |ithography

. I .
ol PRy enolble” S SRR, i, coifplice s BefifancPinke SRARcRemical
. Si n sl.y bl ocki ng, a .second wavel ength of energy.
W'”%%é@FES@%@@WMB/%W@&Z. The met hod of claim
11, further conprising activating the second filter to
transmt the first wavel ength of energy and bl ock the
second wavel ength of energy. 513. The nethod of claim
7. 11Theunethod of @gim $j wheeein theatevigetsia rsaslond filter to
transmt the first wavel ength of energy and the second

wavel engt h of energy. 14.The method of claim 11,
wherein the first wavel ength of energy is in a

8. The method of claim 1, wherein the device is a filter.

9. The method of claim 8, wherein the step of exposing the imprint
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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wavel engt h range of about 180 nmto about 430 nm 10

15. The nethod of claim 11, wherein the second
wowroehesses h of energy is in a wavel ength rage PET/ERIDOY/000803

180 nmto about 430 nm 16. The nethod of claim 11,

wherein the first filter is athin filminterference

15filter. 17. The nmethod of claim 11, wherein the

first filter is coupled to the inprint |ithography

12. t eTMhe ahéthodlofldaitn MELL Hedh&O8FhpASIAG: activating RBé tsRicBha Filter to
a first maze pattern on a nesa of an inprint

trandrhit @ ﬁfg?ywé\?é'f@hg{hf of %@gﬁg%ﬁwwrﬂﬁé |%Bh& wavelength of

material on a su at e;

2009/ 099666PCT/ US2009/ 000803 contacti ng the nmesa of
energie i nprint |ithography tenplate with the substrate.

19. The nethod of claim 18, wherein the naze pattern

conprises arrays of features.

13.  The method of claim 11, further comprising activating the second filter to

transmit the first wavelength of energy and the second wavelength of energy.

14. The method of claim 11, wherein the first wavelength of energy is in a

wavelength range of about 180 nm to about 430 nm.

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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5 20. The nethod of claim19, wherein the features
conprise geonetric shapes, fanciful shapes, or

W@ ovbiovmmbé ons t hereof. 21. The net hod of cl ai nfPARPS2009/000803
wherein the nmaze pattern conprises periodic 10 arrays
of squares having a width of approximtely 2 m crons,
a length of approximately 2 m crons, and a hei ght of
approxi mately 80-120 nm 22. The method of claim19,

whedetabtind) eheTAes asfith impranithb§ephyaenplate waith thessistrate.
features, the features spaced apart by a distance. 23.

The net hod of claim 22, wherein the distance is
bet ween approximately 0.6 to 0.8 microns. 24. The

10, TERE B § Mt Al 8 PR e Bef R v of

patterning a second naze pattern on the mesa, wherein
featyrgs- naze pattern is positioned in the noat. WO
2009/ 099666PCT/ US2009/ 000803 26. The net hod of claim
18, wherein the maze pattern forns a region that is
designed to slow the propagation of polynerizable

20. maThe indthdd S esed1 9nwhéeis Hisfeaalres dbrﬁﬁns'&ge@mbhﬁﬁshapes
of claim 26, wherein the region conprises a die.

fancitulSHdpes, 6PEBMbiH4ddNs thereof.

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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patterning at |east one fractal pattern on a nesa of

an inprint |ithography tenplate; 10di spensi ng
w@oleesseabl e material on a substrate; and, PCT/US2009/000803

contacting the nmesa of the inprint Iithography

tenplate with the polynerizable material. 29. The

nmet hod of claim 28, wherein the fractal pattern

includes at least a first 15iteration of first

26. f ewhgmasthadhfaclae® a8J wHeréiat thermake griend fO®as dr Rgion that is
30. The nmethod of claim?29, wherein feature size of

sesi ! 8 RO, PSRRI ALSL e e

br{aaéeri al between the first iteration and the second

SUDSUR®-at i on is reduced. 20 31. The method of claim 29,
wherein the features of the first iteration and the
features of the second iteration include geonetric
shapes, fanciful shapes, or conbinations thereof. WD

27. 200be 095666 RETIAIB2ZR) WidredOthe r@giorTbemprsé®d dié¢. cl ai m
30, wherein the flow of the polynerizable material is
reduced due to capillary forces. 33. The nethod of
claim?29, further conprising providing gas to the

28. SURSh&EMLE o%?ﬁpr‘iéiﬁg:pm ynerizable material is dispensed.
patterning at least one fractal pattern on a mesa of an imprint lithography
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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34. The nethod of claim 33, wherein the flow of the
pol yneri zable material is reduced due to gases.
WO 2009/099666 PCT/US2009/000803

32. The method of claim 30, wherein the flow of the polymerizable material is

reduced due to capillary forces.

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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