REDUCTI ON OF STRESS DURI NG TEMPLATE SEPARATI ON CROSS- REFERENCE TO RELATED
APPLI CATI ONS This application clainms the benefit under 35U S. C. 119 (e)(
| ) of ti .5. Provisional Patent Application No. 61/107,238, filed Cct. 21,
2008, which is hereby incorporated by reference hereininits entirety.
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pe. 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

So that the present invention may be understood in more
detail, a description of embodiments of the invention is pro-
vided 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.

F1G. 1 illustrates a simplified side view of one embodiment
ofalithographic system in accordance with the present inven-
tion.

FIG. 2 illustrates a simplified side view of the substrate
shown in FIG. 1 having a patterned layer positioned thereon.

FI1G. 3 illustrates a simplified side view of a template and
patterned layer during separation.



FTC. 1 illustrates a sinplified side view of one enbodi nent of a

| it hographic systemin accordance wi th the present invention. FIG 2
illustrates a sinplified side view of the substrate shown in FIG. 1 having
a patterned | ayer positioned thereon. FIG 3 illustrates a sinplified
side view of a tenplate and patterned | ayer during separation. FIG 4A
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FIG. 9 illustrates a top down view of the template shown in
F1G. 8.

F1G. 10 illustrates a simplified side view of an exemplary
embodiment of a template.

FIG. 11 illustrates a top down view of an exemplary tem-
plate having a continuous block of dense features parallel to
separation front.

FI1G. 12 illustrates a top down view of an exemplary
embodiment of a template having a continuous block of dense
features parallel and at an angle to separation front.

FIG. 13 illustrates a top down view of an exemplary
embodiment of a template having multiple continuous blocks

, of dense features parallel and perpendicular to separation
front.

FI1G. 14 illustrates a top down view of an exemplary
embodiment of a template having multiple continuous blocks
of dense features parallel and perpendicular to separation
front.

DETAILED DESCRIPTION

Referring to the figures, and particularly to FIG. 1, illus-
trated therein is a lithographic system 10 used to form a relief
pattern on substrate 12. Substrate 12 may be coupled to sub-
strate 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,
electromagnetic, and/or the like. Exemplary chucks are
described in U.S. Pat. No. 6,873,087, which is hereby incor-
porated by reference.

Substrate 12 and substrate chuck 14 may be further sup-
ported by stage 16. Stage 16 may provide motion about the x-,
v-, and z-axes. Stage 16, substrate 12, and substrate chuck 14
may also be positioned on a base (not shown).

Spaced-apart from substrate 12 is a template 18. Template
18 generally includes a 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. Template 18
and/or mold 20 may be formed from such materials including,
but not limited to, fused-silica, quartz, silicon, organic poly-
mers, siloxane polymers, borosilicate glass, fluorocarbon
polymers, metal, hardened sapphire, and/or the like. As illus-
trated, 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.

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



FIG 10 illustrates a sinplified side view of an exenplary enbodi rent of a

tenpl ate. FIG 11 illustrates a top down view of an exenplary tenplate
havi ng a conti nuous bl ock of dense features parallel to separation front.
FIG 12 illustrates a top down view of an exenplary enbodi nent of a
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exenpl ary enbodiipremplmy ehvakypiugt Barbigyi dgenibbd i ipl B-2oRet- riHeus bl ocks of

dense features fai/art®l adébllpcou (o] e AR A é?%{;?‘lﬁr? fropt . FIG 14

i1l ustrates a topndlOwd aNieW: S ab nEXETD LAk Bt ffui tenpl ate having
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O. orming to shapé&ofa surface substrate
to, vacuum pl N7 Ezﬁg MSmface 22, defining a patterned layer 46 on

sub strate 12. Patterned layer 46 may comprise a residual layer
48 and a plurality of features shown as protrusions 50 and
recessions 52, with protrusions 50 having thickness t; and
residual layer having a thickness t,.

The above-mentioned system and process may be further
employed in imprint lithography processes and systems
referred to in U.S. Pat. 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,
each of which is hereby incorporated by reference.

Referring to FIG. 3, template 18 may contain dense areas
51 (i.e., dense areas of features 24 and/or 26 of template 18)
in combination with open areas 53 (e.g., streets of template
18) that may present unique challenges during separation of
patterned layer 46 and template 18. For example, if the aspect
ratio of features 24 and 26 (ratio of feature height to width) is
equal to and/or greater than approximately 1:1, the friction
force between template 18 and patterned layer 46 may
increase as well as the adhesion force providing torsional
and/or shear stress on features 24 and 26 and/or features 50
and 52.

As the separation of template 18 from pattermed layer 46
generally involves adhesion and friction forces, separation
front 70 may move similar to propagation of a crack. Sepa-
ration energy between template 18 and patterned layer 46
may be considered similar to fracture separation energy and
have different magnitudes depending on the density of fea-
tures 24 and 26 and/or features 50 and 52. For example, in
FIG. 3, separation energy of dense areas 51 may have a




type, electromagnetic, and/or other simlar chuck types. Exenplary chucks
are further described in U S. Pat. No. 6,873,087, which is hereby

i ncorporated by reference. Further, chuck 28 may be coupled to inprint head
30 such that chuck 28 and/or inprint head 30 nay be configured to
facilitate novenent of tenplate 18. System :10 may further conprise a
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separation front, 7 08 dbVe sl 5 &gﬁp@g@fﬂéﬁog eﬁlaﬁéaaCk Separ at i on
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the density of fedtHrosa2d il Fe Andriol  XAatl ds BD rdiioban For exampl e,
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separation of teRAPPaEY/IBPFHRPHILFFREGT 8Y sFPAE el ABVE i lar to crack
propagation, the separation -front 70 may be di sconti nuous at certain
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several hundred mcrons at a time. Further, the separation front 70 of
tenplate 18 and patterned | ayer 46 may npve at a relatively steady pace
within dense area 51; however, as the tenplate 18 and patterned | ayer 46
separate within the open area 53, the propagation speed of the separation
front 70 may substantially increase and/or propagation speed of the
separation front 70 may substantially decrease in dense areas 51. The




Referring to FIGS. 5A and 513, tenplate 18 may include dense feature areas
Si and open areas 53. For exanple, tenplate 18 may be provided with an
array of clusters 55 having dense feature areas 51 as shown in FIG SA An
exenpl ary dense feature area 61 may contain, for exanple, grating
structures having 32 nmw de line situated at about 32 tamapart (1:1), and
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i s between appr axdABoahydebati@rant rates dropadddunst raies, anrexenpl ary
enbodi ment of t expivat ﬁe dg%grdmawmg%%%mm%m@memg?wlb@eegs?%r%a ?3a be]t ween
cl usters 55a and®43azxon 3 = s (N i ol =T e of tenplate 18
SVl i e L R A R N
al t hough Fi gur esepidatistiriate 70 usiredsss 56 paverwbaida/drpegh otes | nterval s,
clusters 55, fedres 83ardydigitin Hrreg éﬁag‘?fetﬁ?ﬁgten’a’i/t‘bﬁsﬁon- peri odic

. than approximate 1CrOxs nd. even er.) to les
groupi ngs. For GRAMPBIOLREIHY chond anth.2 Gophlin LhLUE T8 b5 My occur at
non-regul ar i nt emhvabistef @efse atsPOrsalhC) frequehn roerstidoOident, open area 53
of tenplate 18 i ged sy thiphm fesxivait ecye MR PORSPALI mi ting open
ar ea 59a of tenmiAEE 1 CRTELS ThATTARLL BT AL R Bns, and even
further to | ess ddearkrappsaxisrabelsd, Lt:civeroRsiucimy radlrst anti al | y reduce
t he anount of tdhss orrbicimndihotikshibard of sabstaptipl sdeiced! epndfoasat ures 24 and
26 and/ or feat ure§EUTHAG 52, FOL, EXANRLSy1aR5 580ALALLAY LEoNt 70
propagates to thg.QphAhEad v ReP@&A 600Duhahe redrutangl ake 18 and
patterned | ayer béousge)inilRorcgagden sebstiantioalith rddoped eragrdmdgpen area 53a
may be | ess tharPPEppyess it ersF 300 HirtPons, such an increase rate of
separation over the short distance of open area 53a nay not be enough to
i ntroduce additional torsional and/or shear stress on features 24 and 26.
Additionally, as the separation front 70 nay be able to junp several
hundred mcrons at a tine, the separatsi qn front 70 may effectively
tenporarily bypass open area 53a and rfraintain the rate of separation
bet ween dense areas 5la, and 5laZ2. In some circunstances, separation
front 70 al so may not have a -uniformrate of propagation during separation
of tenplate 18 and patterned | ayer 46. For exanple, FIG 9 illustrates a




1>ummy features 60 generally are low resolution, |ow cost filler features
simlar to features 24 and 26. Dummy feature 60 may be 100 nmto tens of
mcron in size. One or nore dummy features 60 nay be placed at periodic
intervals within open areas 53a to define a durnnmy area 61. For exanple,
dummy features 60 may be placed apart at 100 umor | arger distances

defi ni ng dun‘rry ar%nﬁﬂly@'éat'u]réswé&eeglﬁl Qr{;ﬁb@ relQ}ut%lne(;vakzlayh dun‘rry area 61
may have separ atillen feimerk ?]gnoflaratona@mrwae 0id, 26 tIpratnnis fegrfe)a@t er than the

magni t ude Go of S8pemY &0 C’g&@%o@f}lﬂt‘gﬁ, EE such, the rate
of propagation Q er® & &)mofldetgma cd S Rt afhﬁl e durmy area 61
conpared to rat éuofmjmf t&OOumamfbetMecesie N wpmm laf@eit hr ough the open

ar ea 53a W t hou%sm}%z dglalh‘lll‘ll arca %:IVGI{ 1011 € gydil t Ort I Onal St ress
of features 24 qduE ﬂ)gﬁ'sse@@g @J.&Gi npat terned | ayer

46. From a sepaa:rmd QﬂtlfcﬁﬁG:EJrEStyp%Bpeﬁt@V@,S assnunimﬂ ateheffl separation
front 70 incl udesrrezedap lﬁpaf?ﬁ i&ﬁ”gg t g“gﬁ-f’f erred that at
ap OR minimal EROEPUALTSRsmob bl « paﬁﬁﬁi&i tum@ﬁmyhomver > OR
may change abr Uﬂi{altlyreQSOS"Eﬂﬁﬁﬁiyﬁlaluf:éﬂinlgtﬁrﬂm%Strfaﬁmﬁfd@ﬁﬂ&@S area 51 to open
areas 53a (e.g. 24fashPehyinearomrstier of gonpéte e ard3afterrie separation

force Fs per ar €800 1 aglons:oaf cuomy, heAbULES. 60 TRinpanRet ween the

separati on f or Ceehiafh fidheao Dic10easeraali thénangdeopenitaiaas 53a. As such,
fluctuations i ntERre@yredehpteduced byal,,—nsertl ng dumry features 60 in open
areas 53a. Refining to FIGS. 11-14% positioning of fea tures 24 and/or

26 of tenplate 18 within dense areas 51 nmay reduce torsional stress and/or

shear stress. P@sihihNinGudfiohE8tieWiddo BN Ry 26 Wit bwlense areas 51
may be used in kieu of or in conbinatjon with dummy features 60/ dunmy areas

61 and/or mnimzed magnitude of opersrareas 53a as described herein.
FIG 11 illustrates a top down view of an exenplary tenplate 18 having

features 24 andnza®cfa5g£gﬂﬁjp%s% 6, 0BY:0Re- A8 Foned - ahathng | ength 11, nmid
grating wi dth Hagea sfRN&Sdl dritas ghatd.§Q ficRngbhsclarta 180 bermssoci ated with

t he | ongest di mersi 6$|abf7ﬁ#q)ls¢mﬁtlm D6:e Rs mpesere vddraerefsupt her detail by
Landis, et al., HEYPHGCSEFE AR Pov fi‘d‘?ﬂweﬂi ‘Bgcaprator @j’u@if ng length LI,

di mensi on nay |§§f Saseokhact ure energ as’ conpared to havi ng separation
front 70 parallel to gratlng wi dth } £d| mensi on (or separation front 70
perpendi cular to granting length direction). See S Landis, et al.
Quantitative characteri zations of-a nano a%ternegb bonded wafer: force

cat

det ert ni nati on £4F HaTE AP A>T S ﬁfmp Fahp PtV AT " *Ranot echnol ogy,
2008, at 125305, whir&hinieSo MGsbylumpa@ﬁbaﬁgbﬂ&yameésezzemM FIG 12
illustrates an egerfpeapiatedBodineriengf atcenpl gray F@URal? B’gmfa atures 24 and

26 positioned azggn %seaﬁzﬁﬁfa&)@:é@?ﬁﬁﬁhgiof@ﬁﬁn gl ed features

24 and 26 may r gHUCEuSERAISHQR @Gy heat Biemdld mabedray be | ess than
appr oxi mat el y 1®®agmmdmocfe)pmntdwe aaﬂdsc&é@timeeew dt h of approxi mately

1:1 and aspect FF@ y F ?Tﬁé §grvp i lzi‘r%iﬁ%fn% may have a
a g’ SlOnS

l'ength greater ﬁ AleaB r@iﬁ ml@;,r% eth 01)2 emeraﬁgat ures 24 and 26
my forma cont IMI ‘fay be assoc1ated with the longest dimen-
sionof protru51on 26. As described in further detail by Landis,
et al., having separation front 70 parallel to grating length H,
dimension may increase fracture energy as compared to hav-
ing separation front 70 parallel to grating width H, dimension
(or separation front 70 perpendicular to granting length direc-
tion). See S Landis, et al. Quantitative characterizations of a
nanopatterned bonded wafer: jforce determination jfor
rnanoimprint lithography stamp removal, Nanotechnology,
2008, at 125305, which is hereby incorporated by reference.
FIG. 12 illustrates an exemplary embodiment of template
18 having features 24 and 26 positioned at an angle O relative
separation front 70. Angled features 24 and 26 may reduce
separation energy. Features 24 and 26 may be less than
approximately 100 nm wide with space and feature width of
approximately 1:1 and aspect ratio of approximately 2:1.
Features 24 and 26 may have a length greater than approxi-
mately 1 micron. Additionally, features 24 and 26 may form
a continuous block 74.



FTC. 13 illustrates an exenpl ary enbodi nent of tenplate 18 having grating
| ength FT, dinmension of protrusion 26 alternating in parallel and

per pendi cul ar positions in relation to separation front 70. For exanple,
features 24 and 26 may forma continuous block 76 with grating length 11,
di mensi on of protrusions 26 positioned parallel to separation front 70 and

3, cont nuous Bl ok 1911 [SA SpcRduang 26,k Bt Laplen0th. HL
di mensi on of pr @k USiL RAth HONEHh B gbnb® ggparation front
70. As illustrahgdng i Bhian %nd%éﬁ&@ﬁ&r@o@ﬁkn%@% fAtidded ude grating
length H', di mepglR8uoh RIMALTOISEFONSxARpROFbdthRReE Patatd @hayt O Separation
front 70 and C OfdrinM 4l 0uStibh Qb 16607 awith grakingdeegrtatt Ndinteargid 1113 di mensi on
of protrusions 36 ppasiudiboned patdablel phallsbpasapdretiof rfontt 70. Simlarly,
conti nuous bl ocknd8zontiyupnebleds 7§ @l feagreePdahd R§ vyithigratneg on of
protrusions 26 posithifhnddnpesipendi pitasians 3epasdidued Peose- 70 and

cont i nuous bl ocHicpdly tepppirseiondacrt 2 idrgillvsHgte lPIfJleln”eﬁQPt)n of
protrusions 26 EB§PF?B]|?§H7 er'p éﬁ‘l&?cé'&‘li%lgraft’élgsl f‘@ 70. Grating
length 11," H':©°f 1013%1 %‘% paral }t‘df'?l?aéf‘%ﬂ? (fudes dependi ng
on design consi g]é s1on%f Qrusmn 1t11g gg ;@ sep@ra:xl’tl Wi thin ea.Ch

bl ock 76 or 78 ing on design
consi derations. |, :gﬁ Scrl%[?:& o8 u% S%rl %iy gidl e seqessively (e.g.,
parallel, perpepgdig tér’ée rYE @A)mﬂeame&a&&ucafs)blo&beza@a&y ng bl ocks 76
and 78 may be dﬁ%lﬂ@@gra‘iilﬁ%heh LH 5 efidh s o LpRIAMIdRY2 PFodieduced whil e

mai nt ai ni ng pat tiehsd ¢eRsdddic@br i€kspdration IifontANY. G ekt eat ures 24 and
26 may be present, Wi b, mldsoﬂBiLgndéprhaX/& siheitdtrusedifdreand 26 may be

| ess t han appr oxiapmitekys H0pdddibg ou desightdonspheatiand Additione wi dth of 1:1

and aspect rati ollpfg2ting Ipeathartds Withiarrdch®lody 7Thave/fnlaonge h greater than
appr oxi mat el y 1shiidarger, differqt@nagnitydes gdepeadiag andesiawpPadig- enbodi ment  of

tenpl ate 18 havF OInéatures 24 and 26 alternating between parallel and

per pendi cul ar pos r?‘ntde7 tnieﬁﬁ ‘gﬁ lteygp ?‘Eﬁ‘ferrl Y EBin a radial
shape. For exar‘rﬁg’%a ? g 18 fﬁirﬂﬁtélb% bl ock 82 of
features 24 and k\ﬁ/lre of! e r‘ Joc sU SE araolt%oélgil {ohed parallel to
separation frong % 6 %4 and 26 with
grating |ength loc Hsoqiéamgg 410&5@% agﬁerlésg {&par ation front

70. Addi tional | %, ﬂ@&ﬁa aa%ﬁkma@rv%m &4 Bld faaldneRinddrand 26 may be
in a radial patter B}ld%@ﬂé«ﬁ'raﬂ@t&ﬁm pém&emtahatzd heyggri 4 ude of the
grating width Hpdmy pyaliy aaangpiedimniiely2bmiban. exanpl e, as shown in

conti nuous bl ock B4@, 14ghkidtAgesit tRemppry dintilendiremt beyemptatease al ong
grating | ength EBbGvags fenotred24 and 26 abxtrenihy Haowaenlpasdlehanadi on front 70.
Provi di ng f eat upepeddicanar Resifipnain miitain wateperation frona7Q armat i ng paral | el
and per pendi cul aaxdlpbslnsmeoﬁ@rmnrréqute@nyéﬁ%@mb%emwgffﬁ%@| e mai ntaining
pattern densi tycondaiusdgrark $2 of éegtures 24andadfvah sraynglasighht a concave
shape to reduce HeasiunPesidress pagtlekte F"éatlogd?ﬁ?‘i“n %i%dﬁl ock 82a may

i ncl ude feature 012 n‘é‘?ﬂfbiS"]ﬁﬁﬂ aéH’Ef’s“ e?"r% epar Ti don
front 70 and ce ‘?nsﬁl%;é}pl?rs v e’? icy Meparation front

ara:
. e cul fea re .o

70 Wiat is cl dmobel - 1 ﬂ?@q gﬁf@te conpri si ng:

a plurality of ?{%5 % gnse feature
area, the densesgeql E;@aﬁnﬁfee%s AYHYn 2ol 1&@@{1&, BYoc‘i&fsic?angﬁﬁ Wi th an aspect
rati o between abguth 0,2 dhﬁegsmﬁ%ﬁ dﬂéé&ra@&@gfﬁlr@leil@m%l acent clusters
by an open ar eaabgyd)tﬂgs@lhe@gt&ﬁsw@amsmepa@tmmﬁtuﬂm%vﬁ e length is
equal to or | essndg hasuadzozd a2A026nig ronslialapsitaverwahnaltdr@atpen area i ncl udes
at | east one grepumliki addngarpéeditulae positinthswhey eicdutdiseshurariynf eat ures arc
positioned at aepemiyoethdeimtiarainingnpativirn deneitppéddaiceallywirarein t he
peri odi c i nt er vaires 24zdaR ehayoexhébit e coprayragriedn redeee #fPaa separ ati on
front. 2. Thelieerglesge BPr cixammle, ophEpepws lgek t $fie ®AYthe length is
equal to or |esnqRdnlomaise 200mdrnehayigs ends extending aWaY 9% of claim 1,
wher ei n magni tuG%P'i‘ffatl?ﬁémlnéﬁafﬁdicgmé’a%feé’a“rleé2?@8&3@etxé‘? 8¢ propagation of
a separ at ion fr 6cmzard separation front




4. The tenplate of claim1, wherein each dense feature area includes a

plurality of protrusions and a plurality of recessions. 5. The tenpl ate
Of claim4, wherein the protrusions are equal to or |ess than approxi mately
100 nu. 6. The tenplate of claim4, wherein the protrusions are

positioned on the tenplate at an angle relative to a separation front.
7. The tenpl ate ofyglial M:B8mekhierein the position of the angle is adapted to

reduce fracture e@eAgMng,lilfﬂt AhatdApIaed, s dighp! ate froma patterned
| ayer. 8. The, ;p)ﬁ{mhela* aéd&ljclucmeﬁzﬁﬁgéﬂéésft%heﬁgﬂﬁ feature area
i ncludes features SURSE8 A Bldshr@akAiheh pl@attpepar ation front

and a second dense e%airegalarﬁaa Qalryﬁsae&@@etn%%m%stbtal gngd substantially

per pendi cul ar 10 thaua%Pé{a hacenta%ste%\@b BRIpah akd4 hogr aphy

tenpl ate, conprisi iltHé ,ltugg G Fidaving at | east
?ne dense feature a 1t$5‘1el %ﬁ‘ik‘ ﬁn@fo évﬂgr pldrality of
sggalrjaEZde;haﬁnogzg dark ﬂc\?‘fﬂég gt u O d HQ (igl (l;fSt ?Le | engt h
i's Iqual to Ior Ilejss Vigey IH’ltﬁé8 gn ee eﬂelﬁ gﬁgnse feature area
:/\Egrgi ﬁsa? Fe;;? :at&dl% élrlg%ﬁ%éfig[?r usl ongf g MOSI ti onedsa'?nZn 22& e

| ess than 90 degreese re a [ ve ' ar ation front and t least a portion
of the pr otru3| h g} I’E“ieoﬂgé‘% tavﬁ‘?r igé‘i“b‘ fidtcthéar to the
separation fron ngt 18 gri %Pr% I ]c \/\/gereflalthe angl ed

protrusions are hepe nT claim 9,
wherein the per&;%n gésu%& prgtr'rau%cleorﬁge%frpmp e T epare{q{ rn.

4. The template of claim 1, wherein each dense feature area
includes a plurality of protrusions and a plurality of reces-
sions.

5. The template of claim 4, wherein the protrusions are
equal to or less than approximately 100 nm.

6. The template of claim 4, wherein the protrusions are
positioned on the template at an angle relative to a separation
front.

7. The template of claim 6, wherein the position of the
angle is adapted to reduce fracture energy during separation
of the template from a patterned layer.

8. The template of claim 1, wherein a first dense feature
area includes features positioned substantially parallel to a
separation front and a second dense feature area includes
features positioned substantially perpendicular to the separa-
tion front.

9. An imprint lithography template, comprising:

a plurality of clusters, each cluster having at least one dense
feature area, the dense features area having a plurality of
features with an aspect ratio between about 0.5 to 3, each
cluster separated by an open area having a length,
wherein magnitude of the length is equal to or less than
about 200 microns;

wherein each dense feature area includes a plurality of
protrusions and a plurality of recessions, and

wherein at least a portion of the protrusions are positioned
at an angle less than 90 degrees relative to a separation
front, and at least a portion of the protrusions are posi-
tioned substantially perpendicular to the separation
front.

10. The template of claim 9, wherein the angled protrusions

are in a radial pattern.

11. The template of claim 9, wherein the perpendicular
protrusions are in a radial pattern.

12. The template of claim 9, wherein features within the
dense feature area have a concave shape such that a center of
each feature bows towards the separation front.



12. The tenplate of claim9, wherein features within the dense feature area
have a concave shape such that a center of each feature bows towards the
separation front. 11 An inprint lithography tenplate, conprising: a
plurality of clusters, each cluster having at | east one dense feature area,
the dense features area having a plurality of features with an aspect ratio

bet ween about 0.514043; gglqll{ﬂ]igﬁgg Shy RERGLA, edn¥sap.open area having a
| ength, wherein MAGRIALGR QRlu ,Efe%ﬂg:ilh;térsh 11643t 8he igs® than about 200

m crons, wherein thRaflRBafed 8afdiRe MLdres BEdUIRSn @S pleasty one feature
having a vari abl e gratirBgwidhGihhhsp¥hi@sesd Betit@n@ibatit 0. taizdédrn ncr eases
towards a separ ati oflubedndepadded Ay APoped dréd Neghaphy 1dmpap) at e,
conpri sing: a pl uralwhéseininagnistie o thekalticisusivet tchaviengtlatn | east one dense
feature area, the ddnsg2P@ahigress.area having a plurality of features with
an aspect ratio beheesdnthdhdensedeBuroarga induthesitiersepnsépavnat ed by an open
area having a | engthivigder spfablggatiatingevatth Reareingthe Bstegual to or | ess
t han about 200 ni crpih ipgepessHorREd R pRRAPERR (o8 tar ea i ncl udes at | east
one feature havin ﬁﬁ?ﬁ;@ﬁ’ié‘ﬂgﬁ’éﬁ’@tﬁt 5 CORBE IS the grating length

I.Ey C en

increases towards® B c® AL %Elsﬁ‘? aving at least one

aturce area,]Ihe ense features area having a plurality of
features with an aspect ratio between about 0.5 to 3, each
cluster separated by an open area having a length,
wherein magnitude of the length is equal to or less than
about 200 microns,

wherein the dense feature area includes at least one feature
having a variable grating length, wherein the grating
length increases towards a center of each feature.



