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CROSS-REFERENCE TO RELATED APPLICATIONS
{0001] This application claims the benefit under 35 U.S.C. §119(e)(1) of U.S. provisional
apblication 60/989,681, filed November 21, 2007, and U.S. provisional application 60/991,954

filed December 3, 2007, both of which are hereby incorporated by reference herein.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] . The United States government has a paid-up license in this invention and the right
in limited circumstance to require the patent owner to license others on reasonable terms as

provided by the terms of NIST ATP AWARD 70NANB4H3012.

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

systems, and the like.



features on the order of 100 nanoneters or smaller. One application in

whi ch nano-fabrication has had a sizeable inpact is in the processing of
integrated circuits The sem conductor processing industry continues to
strive for larger production yields while increasing the circuits per unit
area fornmed on a substrate, therefore nano-fabrication becones increasingly
i nportant. Nano-fabrication provides greater process control while allow ng
continued reduction of the m ninmum feature dinmensions of the structures
formed O her areas of devel opnent in which nano-fabrication has been

enpl oyed i ncl ude bi ot echnol ogy, optical technol ogy, nechanical systens, and
the Iike. SUMVARY [0004]1n one asgﬁﬁ% inprint |ithography tenplate or

i mprinting stack includes a porous %ﬁ?gl defining a nultiplicity of

pores wit average pore si.ze " r05|ty of the
por ous rra[bé)%a i s Ate aﬁ’ﬁ%‘ta"a{‘%r"ﬁh.ufﬁ%apr[yg 16}? 0”'“8”'“'“ Sta(fk '"Ch%? i ons, the

aver age porrce)lfssnlxa%ena‘ c?eﬁnmv atmuﬁlphfxgl olgt orgs @nﬂlﬂi‘ anm(?et Le%ﬁz%%f%?gwabo]m 6)4 nm The

porosity Bf ma I‘sast " sone cases,

the PorouR™! Fas@oﬂt§ep%pou%g@pmumegageoukwk material . The relative

porosity of " tHe por ous materia respect to fused silica may be at

| east abogﬁoo 0% Iﬂ\ﬁﬂ]@%ﬂﬁéﬁ&%’noﬁshﬁe Qwagyﬁorg@sgee,ehﬁlmhﬁsu@ SYRHAGL Basodul us
of at |ea bout 2 GPa, at | east about GPa, or at |east about 10 GPa.

[ 0006] I N s0iE; & BAPIrAd &résﬂ?bﬂﬂ@ﬁ&&k'nﬁ%al ntaﬁ}%e ROERUSNBOE iddomeSaspOFlet | Oned
bet ween a base | ayer and a cap |ayer. The base |ayer may include fused

sili ca. | Pord@Rat&rAbi an o@g%sxh%@lo{va{%ﬁd’lerlandﬁdd@ﬁwé BEBS§ B8 the pstbustni@eripor ous
material Is positioned in the recesses. In sonme cases, the cap |ayer

i ncl udes i Tespasi tbluskdsitidainedybe senf abbin@owabn doay etisesyeyperohesgeriahbr aabout 100
mu, |ess than about 50 nm or |ess than about - 20 nm Protrusions may extend
from t he ¥amgsay&lulus of at least about 2 GPa, at least about 5 GPa, or at least about 10 GPa.

[0006] In some templéte impleméntations, the porous material is positioned between a

base layer and a cap layer. The base layer may includé fused silica. In some cases, the base layer

includes recesses, and the porous material is positioned in the recesses. In some cases, the cap

layer includes SiOy, with 1 =x <2. A thickness of the cap layer maybe less than about 100 nm,

less than about 50 nm, or less than ab(;ut 20 nm. Protrusions may extend from the cap layer.

[0007] In some imprinting stack implementations, the porous material is positioned

between a substrate and a cap layer. The substrate may include silicon.

[0008] In another aspect, forming an imprint lithography template includes forming a

porous layer on a base layer, and forming a cap layer on the porous layer. In another aspect,

forming an imprint lithography template includes forming a multiplicity of recesses in a base,

depositing a porous material in the recesses, and forming a cap layer on the base layer. In

Vanother aspect, forming an imprint lithography stack includes forming a porous layer on a

substrate, and forming a cap layer on the porous layer. The ;;orous layer defines a multiplicity of

pores with an average pore size of at least about 0.4 nm, and the porosity of the porous layer is at

least about 10%.



[0007] I n sone inprinting stack inplenentations, the porous material is
positioned between a substrate and a cap | ayer. The substrate may i ncl ude
silicon. [0008]1In another aspect, formng an inprint |lithography tenplate
i ncludes form ng a porous |layer on a base layer, and form ng a cap | ayer on
the porous layer. In another aspect, formng an inprint |ithography
tenplate includes formng a multiplicity of recesses in a base, depositing
a porous material in the recesses, and formng a cap |ayer on the base

| ayer. In another aspect, formng an inprint |ithography stack includes
form ng a porous |ayer on a substrate, and form' ng a cap | ayer on the
porous | ayer. The poroys |ayer defi nes a tlﬁgjjcllé es th an
aver age pdY¥9ki ze (5'?3”3f‘er BSREE AL ﬁh%”ﬂ? PR %8‘?*’(% {}O%fo f‘he por ous
| ayer is at |east aboutl 10% 0 09] I n anat hﬁr 3 Ble nale mt|h

i t hogr apﬁ?yﬁ’f@fzﬁl?)la"]aﬁ(? dARE™RRR 'Sﬂsﬁ 8?'3‘&'“‘”0 80 iﬁ'gfr'za "zabt'e"Mlterial to

22| : glp:; ;,Inrl.'eld',n %g@mu e EglCtxgznnz mgt.equ EX\HE" Iarza nU l%e {E%HE[ Im t\% thifi(?i 5 enpl ate,

mer | erlia e tenp atefrom

the solidifi ed rlmto%{elcgses tl eQen"?pcm‘g mglﬁﬁ $0n9n1&lgm l tsgm!: E‘a%!tsuﬁtgﬁnﬁmgﬁg ous

1,
materi al . " '§one>Cases, rn stack i ncludes a porous naterial .

In some ¢ mclnm E@rm',@mmfnﬁis&nreecage@w @M,;@g a5 @mm&mta{zﬁwq:!e a porous

mat erial . eporou material defines a multiplicity of pores with an

aver age p%cﬂld§hﬁ(§'ro&fmﬁgnal €8S bhodROHterDy oS 2 ANEpILNS o RRFRSith ¥n Herdsbe por ous
material is at [east about 10% [0010]In another aspect, an inprint

i thography.iBt hEf 1cad1abdides ndli SRRRRGi LIRSy oRfus MaRAAINIR Idatabdue1ovat eri al on
‘a surface of an inprinting stack, contacti ng the pol ynerizable materi al
wWth a tenwiate, amfadinkospdagat hﬁ)rlﬁﬂitb{d@ﬁd‘phiﬁ:%@d ineltiéss idBpentiag Spopsadd to form
a substantially continuous | ayer on the surface of the inprinting stack.
‘The t enpl gabgmeridaBle niaRrialvhiang Bt etk impinting stAckireontactivg thde anepigabirusaterat er i al
‘defining a nultiplicity of pores with an average pore size of at |east
‘about 0. 4 witina tandat¢, hed Powogithepobyetitublcpuraiabtompealth rmjasulgtantidlast  about
:10%  Spreading of the polynerizable material to formthe substantially
_cont i nuousottayess layercurtis surfacalobiie 80U vg stdckss She tabplate, tBOwPoRtigsssk. obr  about
20% | ess of the tine required for a sim|ar distribution of a simlar

‘pol yner i z&bthenaprénchids aporpes narial defiging a makiplieii of Pereny IhiiGU e 25cPErsiZ58f ween a
second tenplate and a second inprinting stack, where the second tenf'pl ate
and the seblswtationhd HeiaAgthe paretIRAle PaRuEREFT is aplstsbateny 0% rSpreadia ¢than
‘about 0.4 nm BRI EF DESCRI PTI ON-OF DRA

the polymerizable matenal to form the substantially clél%muous layer occurs in about 80% or
less, about 50% or less, or about 20% less of the time required for a similar distribution of a
similar polymerizable material to form a substantially continuous layer between a second
template and a second imprinting stack, where the second template and the second imprinting

stack have an average pore size of less than about 0.4 nm.




[0011] So that the present invention may be understood in nore detail, a
description of enbodinents of the invention is provided with reference to
the enmbodinents illustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical enbodi nents of
the invention, and are therefore not to be considered [imting of the
scope. [0012]FIG 1 illustrates a sinplified side view of a |lithographic
system [O0013]FIG 2 illustrates a sinplified side view of the substrate
shown in FIG having a patterned | ayer positioned thereon. [0014]FIG 3

illustrates porous tenplates. [0015]FIG 4 illustrates a porous inprinting
stack. [0016]FIG 5 illustrates a gor_tion of a Ia%éer with porous nateri al
inanultiplicity of recesBREF QESERATHOREOFPRAWINGS at es an i npri nt

| i t hograph rocess using a porous tenplate and a porous inprinting stack.
g p[%]% So that lhg preserl)u invention mTy) be understood in Emre detail, gﬁescription%f

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 thefefore not to be considered limiting of the scope.
[0012] FIG. 1 illustrates a simplified side view of a lithographic system.

[0013] FIG. 2 illustrates a simplified side view of the substrate shown in FIG. I having a

patterned layer positioned thereon.

[0014] FIG. 3 illustrates porous templates.
. [0015] FIG. 4 illustrates a porous imprinting stack.
[0016] FIG. 5 illustrates a portion of a layer with porous material in a multiplicity of
recesses.
[0017] FIG. 6 illustrates an imprint lithogrc;iphy process using a porous template and a

porous imprinting stack.
[0018] FIG. 7 illustrates an imprint lithography process using a unitary porous template

and a porous imprinting stack.

[0019]. FIG. 8. is a photograph ofdrobs of imprint resist as dispensed on a substrate.
[0020] FIGS. 9A-Dare phdtographs of drops of imprint resist spreading on an imprinting
stack. |

[0021] FIGS. 10A-D are photographs of drops of imprint resist spreading on a porous

imprinting stack.

DETAILED DESCRIPTION



[0018]FIG 7 illustrates an inprint |ithography process using a unitary
porous tenplate and a porous inprinting stack. [0019] .FIG 8. is a

phot ograph of drops of inprint resist as dispensed on a substrate.

[ 0020] FI GS. 9A-D are photographs of drops of inprint resist spreading on an
I mprinting stack. [0021] FI GS. 10A-D are phot ographs of drops of inprint
resi st spreading on a porous inprinting stack. DETAILED DESCRI PTI ON

[ 0022] An exenpl ary nano-fabrication technique in use today is conmonly
referred to as

[0022] An exemplary nano-fabrication technique in use today is commonly referred (o as
imprint lithography. ~ Exemplary imprint lithography processes are described in detail in
numerous publications, such as U.S. Patent Application Publication No. 2004/0065976, U.S.
Patent Application Publication No. 2004/0065252, and U.S. Patent No. 6,936,194, all of which
are hereby incorporated by reference herein.

[0023] An imprint lithography technique disclosed in each of the aforementioned U.S.
patent application publications and patent includes formation of a relief pattern in a formable
(polymerizable) layer and transferring a pattern corresponding to the relief pattern into an
underlying substrate. The substrate may be coupled to a motion stage to facilitate positioning for
the patteming process. The patteming process uses a template spaced apart from the substrate
and the formable liquid applied between the template and the substrate. The formable liquid is
solidified to form a rigid layer that has a pattern conforming to a shape of the surface of the
template that contacts the formable 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. |

[0024] Referri:ng to FIG. 1, illustrated therein is a lithographic system 10 used to form a
relief pattern on substrate 12. An imprint lithography stack may include substrate 12 and one or
more layers (e.g., an adhesion layer) adhered to the substrate. 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,
electromagnetic, and the like, or any combination thereof. Exemplary chucks are described in

U.S. Patent No. 6,873,087, which is hereby incorporated by reference herein.




inprint |ithography. Exenplary inprint |ithography processes are descri bed
in detail in numerous publications, such as U S. Patent Application

Publ i cati on No. 2004/0065976, U.S. Patent Application Publication No.

2004/ 0065252, and U.S. Patent No. 6,936,194, all of which are hereby

i ncorporated by reference herein [0023] An inprint |ithography techni que

di scl osed in each of the aforenentioned U S. patent application
publications and patent includes formation of a relief pattern in a
formabl e (pol ynmeri zable) layer and transferring a pattern corresponding to
the relief pattern into an underlyi ng substrate. The substrate may be
coupled to a notion stage_to facil |ta% positioning for the patterning
process. T#&5hatt erHpsH @‘e P dububstgiegguck I é’i’f’ﬁlbétr ‘5‘@1}%8@&%%?‘%%' p o?‘h%ehe
substrate andtheforrrablel qui d appl i ed enthe te and the
substrate! Tﬁép'i"é‘rdﬁﬁ’k?f‘é“ﬂohﬁl LA S g@ TRFY i é3c¥e FRAE A2 ral' F S‘Iraé‘ilcé‘f"‘:kt hat has

a pattern rmn surface of the tenplate that

f h
cont act s t‘ﬁg‘gﬁ' FhEH é‘“?ﬂ‘fgaﬁa%ﬁ P Srhowﬁﬁ idification, the tenplate is
separat ed fpom ! he shicdl S Rl o UG 15 ﬁ%}tg%ggteﬁ§rﬂpen9ﬁa?e @d%yt.,bc?udégg%g rate are

spaced apar e an fed 1 ayer are Phen subjected to

addi i ona oe;@&fsstﬁére&omor\m@f auf 18l bRl 2 TR, | Pl ff%g%tznm that

corresponds to t pattern 1 nthe soli ferring to FIG

1, illustgaled lﬁéagﬁ@hq'a)ébé referiel n@wma@bbwwa&@% Japd/mﬁch tz@mfapwronaedr el i ef

pattern on substrate 1 An inprint |ithography stack may i1 nclude substrate
12 and oNgoRrsuéPhfedAYiBEIRdiAL bt not AitADEBieaR; kA Y84, ﬁmﬁr&ganmotyhers
substrate. Substrate 12 may be coupled to substrate chuck 14.

i 11 ustrat gthxaeUldsinea! Bor6dikiGle dlds, ifBoRdcMBBpsnERlGK ], BbEtd aafpﬁn&hzuﬂkhel4,
however, may be any chuck i ncl udi ng, but not limted to, vacuum pin-type,
-groove-t y fiks, oedrgebmhbinBgn @feicdf. Andudired,pai@nin@surfacey22comnprisaafcitoms ddie¢deof .
Exenpl ary chucks are described in U S. Patent No. 6,873,087, which is

‘her eby i noprpdurattedf bpacededpen esteseshzy gidfor prdtfias] Bulieughatebolineatsdfshibst r at e
ichuck 14 may be further supported by stage 16. Stage 16 nay provide notion
about t hepsesent ipventigmarezionkied StsagecotBguratiahs t Ratiersing 2urfand? mabddfmarey chuck
14 may al so be positioned on a base (not shown). £0026 Spaced-apart from
;substrateownqlsattﬁmﬂém%@ei}g&sqfér?ﬁ‘lfe'&'!@biﬁofﬁ?ﬁ@yoﬂSﬁ' fig¢d2a mesa 20 ext endi ng
therefromtowards substrate 12, nesa 20 having a patterning surface 22

t hereon. - E9%2Tlher, meselatods ey bpaoypisdde ek 28 SbugrpBanaydbe criigiiedes b8 and/ or
nold 20 may be f or med from such material s includi n/g but not limted to,
fused-si | P%‘a{'m'tﬁw {aeuug; RIp-bpey 8 °rwa9ﬁ? »ElHBINATRTS: ang oF 6‘32%5‘“}36?‘9‘%‘9’%65
ibor05|I|c | as fluorocarbon ed Sap hire, and
the like, ‘?"’p‘?ﬂ} E'B%Iaﬁ%lt rg}‘frtdﬁ%ff'g%if Ynmiéiiﬁ)ﬂuﬂ’éﬁ\b “t'e gat‘f’}é' 'hl%ﬁegwrface 22
conpri ses, feagrgtré Is)y fgeren{: ﬁjergiY] lélu erughaalcllc %ym%;bescﬁuqeﬂo n heag C(? ucfeﬁ}alz 4

P c
and/ or pr OYPEST6NS odr men resent” rivention are not

i ted t o, a0oDyGRRLESH '[ﬁéah% ay B Lﬁgugéfdngfmaie%@ve%&tw?g@&lﬁe any

original pattern that ormst attern to be rmed on
substrat e[Ol)%S] System 10 may further comprise a fluid dispense system 32. Fluid dispense

system 32 may be used to deposit polymerizable materiél 34 on substrate 12. Polymerizable
material 34 may be positioned upon substrate 12 using techniques such as drop dispense, spin-
coating, dip coating, chemical vapor deposilion (CVD), physical vapor depoéition (PVD), thin
film deposition, thick film deposition, and the like, or any combination thereof. Polymerizable
material 34 (e.g., imprim resist) may be disposed upon substrate 12 before and/or after a desired

volume is defined between mold 20 and substrate 12 depending on design considerations.



[ 0027] Tenpl ate 18 may be coupled to chuck 28. Chuck 28 may be confi gured
as, but not limted to, vacuum pin-type, groove-type, el ectronmagnetic,

and/ or other simlar chuck types. Exenplary 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 inprint head 30 such that chuck 28
and/or inprint head 30 may be configured to facilitate novenent of tenplate
18. [0028] System 10 may further conprise a fluid dispense system 32. Fluid
di spense system 32 may be used to deposit polynerizable material 34 on
substrate 12 Polynerizable material 34 may be positioned upon substrate 12
usi ng techni ques such as_drop. di spense, spin-coatin di p coating, chem cal
vapor dep8sliyipizable owisyial Hhipay paluds/ cosmpPiesfe drensd i %\ﬁa)f’?‘equm 7f‘i>fg’PﬁG
deposition, thick filmdeposition, and the |like, or any conbinaéion t her eof
Pol yrreri za¥ &-$raPap aftpedigatyon Fublication  Noye 200801 &5359, Byih e WMED &4 EPon -
substrate 12 before and/or after a desired volune is defined between nold
20 and subsPPaREd pyre %@ﬁ%?ﬂ&-on desi gn consi derations. Pol ymedzabl e

terial i ncl ud t d ib in U S Patent -
e e o AT, SRR TR S SRR b R oR S ot o
whi ch h i ted b f i f I to FIGS.
RPN E RS e AN S N T

direct e nﬁgsgt}/ond'tgm latg ng e{?\@t sm})sz}r%tel lnépi';\i s'ﬂLerilﬂﬁ@QticgﬁOw@}p atl? f[4§.g ESyQ(@hl %yngl_‘:"be
to po npl at 2

configure sitron te e 18 and substrate in superinposition with
path 42. %éﬁlta@ﬁnbg'g FTBssBE 54 GO B alh \ampgt@,@ex%,sngpﬁﬁﬂheaal 36Oy Bispeatd on Wi th

stage 16, 1nprint head 30, fluid dispense system 32, source 38, or any

conbi nat i QuehN8s, Qfirce 8ChrRY ORBIMALR Aol HO MUY REralceAdAREHuRF GGENM St or ed
in menory 56. [0030] Either inprint head 30, stage 16, or both may alter a

di stance bgbweakorédh thed@ryassd substrate 12 to define a desired vol une

t herebetween that is substantially filled by polynerizable material 34. For
exanpl e, [0tpO)J nt h&akkr3@pmmheadl, ylage fODCEE may elngph aliseandsBbeswreh ntolg20 ol d 20
contacts polynerizable material 34. After the desired volune is

subst ant i akd pulfsirdtt 6@ Wi tdfinpod yesied 2albhe thetienieah 184, is sobstaoeal38filldoduces
energy 40, e.g., broadband ultraviolet radiation, causing pol 3m erizable
‘material 3dyneizgk ndiefigl 3dn doorxamplgsigwtintikadcdmayraming fares 18 keapateold sachsur f ace
44 of substrate 12 and patterning surface 22, defining a patterned |ayer 46
‘on subst r #aemaeld 20 pentacey rebancrizable magiahdd, Afe hadesirgd rdendisarsiaaipdy g and a
plurality of features shown as protrusions 50 and recessions 52, with

pr ot rusi onéhsEbMraRl BaeAckhesyct P8 Arfusse Sneea 0l agebroadaphy|tryols!

t hi ckness t2. [0031] The above-descrj bed systen1and process .may Pe fprther

i mpl ement éadllaitmn,icwﬁpgm)lymenzable material 34 to solidify and/or cross-link conforming to shape o

a surface 44 of substrate 12 and patterning surface 22, defining a patterned layer 46 on substrate
12. Patterned layer 46 may include a residual layer 48 and a plurality of features shown as
protrusions 50 and recessions 52, with protrusions 50 having a thickness t; and residual layer 48
having a thickness ;.

[0031] The above-described system and process may be further implemented in imprint
lithography processes and systems referred to in U.S. Patent No. 6,932,934, U.S. Patent
Application Publication No. 2004/0124566, U.S. Patent Application Publication No.
2004/0188381, and U.S. Patent Application Publication No. 2004/0211754, each of which is

hereby incorporated by reference herein.



| i t hography processes and systens referred to in U S. Patent No. 6,932,934,
U. S. Patent Application Publication No. 2004/0124566, U.S. Patent
Application Publication No. 2004/0188381, and U. S. Patent Application
Publ i cati on No. 2004/0211754, each of which is hereby incorporated by
reference herein. [0032]In nano-inprint processes in which polynerizable
material is applied to a substrate by drop di spense or spin coating
nmet hods, gases nay be trapped inside recesses in the tenplate after the
tenpl ate contacts the polynerizable material. In nano-inprint processes in
whi ch pol ynmeri zable material is applied to a substrate by drop di spense
nmet hods, gases nay al so be trapped between drops of polynerizable materi al
or inprinf(kéhlst Hl§ﬁéh@§ﬁ“bﬁm&”§ﬁbétwﬂﬁbP@W“Sﬁ“@ﬁ'Pﬁﬁ?ﬂdiﬁﬁﬁméﬂ&ck That
i's, gases be trapped in interstitial re i ons, bet ween ?ro s as the drops
spread. 6‘6’3%1‘%“@%éﬁfﬁfé‘sea‘?fcfp%%%lb’ﬁdtefh(?ﬂs BN/ rAPPSL 1psideE efsﬁ"i lé‘ ”?ft whi ch
t he polynerl abl e terial a conti puous.
subst r at e WG M5 | ttF'HE)'a@tcﬁ?fﬁc)ls g]F PP I"f'é‘ertlzﬁFlé maerihi EH’af‘?"lénpﬁ%i Vﬁ‘éeﬁei é{bl e

ble to eat,u after. the t ate con&ggts t he

t I
ool yr nor i 236 g0 Rt ehama <Ry ubys) p ARt REs LRV REhIr M Ratr i
pr OcesseSPe F%pge(?%(e‘?\mnedrogg 0?'(‘;0 Sgern%b‘?e |9£ (Al I)reg;gllf?ttrgsn %ﬁg?e}gl%HQ%Bt% Iit!e 91] ! y

i nper meabl e f\ieen t he Substrate an Me
sone case r te may
becone sa?ﬁ?@?gﬁkxﬂﬁﬁkgagﬁX% %ﬁghﬁgﬁgdggm%gﬁaggﬁ&ﬂR%Rf%%%vﬁﬁﬁﬁ%§§?g§k and
the tenpl gffs pagubstantially unable to enter the saturated polymeric
| ayer, and remains trapped between the substrate and the substrate or
J-nprintingyossiack. @asestdpdtnd 8BS hieARPEEDAE WREN whide R pBSE@aBleOr t he
dnprinting stack and the tenplate may cause filling defects in the
-pat t er ned plagyfins abld0 Skl artotimubignaieNdn thd dubagteaphiynpiitng 8G&k) ogdsrateranpped
‘between the substrate/inprinting stack and the tenplate nay escape through
‘'t he pol ynmemick aielpelymatizbic alaeritheatdailo StInabedte fepmicntiien the sdnapddts cohtags thenpl at e,
or any conbi nation thereof. The anount of gas that escapes through any
medi um mayoljpeerizatilé mercddhbybytinetinghtoagipuian emohepiw ereceskrs. Forgppeade.gas and
‘the medium The contact area between the trapped gas and the pol ynerizable
‘mat eri al subytrdeoriadensplathary bhubgawelhompamesbensesdrrrpdddetveapihedibgies and t he
’substratellngrlntlng stack and | ess than the contact area between the
trapped ga¥ tanemplis. {nesepIearses. apelymencamisT ahergd tofiperhwa's opthe tamelasanymer i zabl e
material on a substrate/inprinting stack may be | ess than about | jun, or
| ess t hanbeBwaeatuaed vithpas) el Bargachebusn thy "B'b‘?‘&‘/‘ﬁ%f"?"féb‘i’ e FFQP@I‘? %1 may absorb

enough gas .to becone saturated with the gas before i such that
trapgedggé‘?sﬁa@‘aﬁﬁb@?ﬁﬁ? f'ﬁ?rﬂf SG‘HEE?F@"W% 2XSF> 2PHEMAT | ?Cﬂ}e %thﬁat erial. In

-Cont I’ an[ &tbht?aéco l?écsglfsﬁgte or 'r?fp%_l\{l\ﬁ%nslg%g tl\?ipema{n% ?ra}% I‘ é;gettecf:% thseléu {rg g‘%)ﬁ or

inprintin as an

tenpl ate, hn?l¥ nn% ésgc%tal{](y ﬁ\kYen p‘ﬁfglgt%a c[a?sg}mn)%%el%&f'ﬁ dﬁea})%ﬁéﬁedtl

substrate I ncl ude oro
[0034] In an imprint lithography process, gas trapped between the substrate/imprinting

stack and the template may escape through the polymerizable material, the substrate/imprinting
stack, the template, or any combination thereof. The amount of gas that escapes through any

medium may be influenced by the contact area between the trapped gas and the medium. The

contact area between the trapped gas and the polymerizable material may be less than the contact
area between the trapped gas and the substrate/imprinting stack and less than the contact area

between the trapped gas and the template. For example, a thickness of the polymerizable



material defining a nultiplicity of pores with an average pore size and
pore density or relative porosity selected to facilitate diffusion of a gas
into the substrate/inprinting stack or the tenplate, respectively. hi
certain cases, the substrate/inprinting stack or tenplate nmay include one
or nore layers or regions of a porous material designed to facilitate
transport of gases trapped between the substrate/inprinting stack and the
tenplate in a direction away fromthe polynerizable naterial between the
substrate/inprinting stack and substrate and toward the
substrate/inprinting stack or the tenplate, respectively (0036]The gas
perneability of a nedium nay be expressed as = which Pis the
perneablIPﬁ?”ml“@§mﬁh@ddW¥WU§FﬁﬁkBBéP?F%ﬂ@ﬁﬁ““éh&”@P”§”ﬂﬁéa§8FUPHW]ty In a
gas transport process, a. gas adsorbs onto a surface of the nedium and a
concent r att %ﬁ‘egfsﬁ‘d?éﬂt’m?"s‘a‘t‘é% fa513! SHE ADSRILL AP D SR REGME TR VB HESH r at i on
gr adi ent ngy serve as the dr|%5 ng. force ﬂ@ Hffu5|0ﬂ ofwgas through t he
medi um - GREOEIPRIBIPS tsyﬁhé'i’?a”fprffé A5 YR BHAIDERYT 0 cBist PRESYUEP Based on, for
exanpl e, packing densit t medi um n denS|ty of the
medi um i a&rlf'e? BRI erub Ao Ber i aratredir R ARORRE: BErhERR Yoy o
e ot o - St SR a3 e ind DU s AR 1R ré}a?v%' hghed Kinetic

di anet er . VT a3 En Sl ze the

atoms or @B?ng.e.sgi X e 983 ¥hr %‘;ngﬂglhnppi"nﬁ s&atck glslemBa%Vmaa’ ﬁllﬁe a 5&9&5‘ t e

Mol ecul ar ucturé, mstr ey & Sons, New

York, 1974.R g t b LAGRLROREE 6 BV phrlderapeeeRfyei n) |ists
t he klnetlﬁgte aﬂgﬁg?er ?Ggmhzoﬂ%ﬁgg%hSS run? ar%onp(o 3419nnf) (Bxygen

(0. 346 nMhorodilylsEIRGRN, E01iBRA fM¥on o@-ﬁ‘dasQﬂilbﬂ{e SCRIRNBIMGRELS:14RE3BE I N some
inmprint |ithography processes, a erlun1purge is used to substantially

repl ace aidgmph@d, WeRbtivele 1t @nih 3dses, arRdulshemriBtin@diek oF einpRfeinylifgidst ack Wi th
heI|un1gas To sinplify the conparison between a helium environnent and an

ai r envi r onde iiord 1Bycabr rd@dhs dita dordub ogreap lysi pred oSS jtak enspat affgasent er act i on

bet ween oxygen in air and silica nmay be disregarded by nodeling air as pure
ar gon. Botrhppaébdtuem drduisirgoim@ameng sigktand)ds @splagnd a dirgpoon ey famkihaet i ¢
dianeter simlar to that of oxygen. Unlike oxygen, however, helium and
argon do poymérizatde material hesreadhd spbsifatelimpuniwd sta¢l 4nd aubsiratgardrtewar¢ eg. , in a
tenplate or substrate). [0039]Internal cavities (solubility S|tes) and

st ruct ur aubstriglimerigtingsieleetthaigmele. soFdlFlvi ty sites allow a gas to perneate

through a nedium The gas may be retained in the solubility sites, The size
of the i nf®?¢lal ca@l‘ft$aé86f5.’ﬁ"ﬂ"‘t‘h%f"dh‘*é‘t‘f’ri‘él“aﬁ'i’efr’f%‘te@?d a5l 2Pive M WiEHRissi ze (or

kinetic dianeter) of the gas.influence the rate at which the gas penneates
H € permeaoiiity, 1S the usxon cocetrricient, an 1S In€ sotuothty. In S transport process,
t he medi utheP blt Disth dgf fficient, and S 1s the solubihity. Inagast oces

a gas adsorbs onto a surface of the medium, and a concentration gradient is established within the
medium. The concentration gradient may serve as the driving force for diffusion of gas through
the medium. Gas solubility and the diffusion coefficient may vary based on, for example,
pa'cking density of the medium. Adjusting a packing density of the medium may alter the
diffusion coefficient and hence the permeability of the medium.

[0037] A gas may be thought of as having an associated kinetic diameteh The kinetic
diameter provides an ideé of the size of the gas atoms or molecules for gas transport propénies.
D.W. Breck, Zeolite Molecular Sieves—Structure, Chemistry, and Use, John Wiley & Sons,

New York, 1974, p. 636, which is hereby incorporated by reference herein) lists the kinetic



[ 0040] The sizes of individual interstitial solubility sites of fused silica
have been shown . to follow a | og-nonnal distribution by J. F. Shackelford in
J. Non-Cryst. Solids 253, 1999, 23, which is hereby incorporated by
reference herein. As indicated by the interstitial diameter distribution
(mode = 0.181 nm nean = 0.196 nm and the kinetic dianeter of helium and
argon, the nunber of fused silica solubility sites available to helium
exceeds the nunber of solubility sites available to argon. The total nunber
of interstitial sites is estimated to be 2.2 x 1028 per n8, with 2.3 x 1
027 heliumsolubility sites per nB and 1.1 x | 020 argon solubility sites
per nB. The average distance between solubility sites for heliumis

consi der ediatetebler iFlign (A6 i reent(Ré* e ayeerdl St @k ntyesd@ACSumudid i ty
sites for argon is considered to be 2.6 nni. The structural channels
connectlngmﬁﬁé§@°§éﬁﬁblllty sites are thought to be sinmilar to the helical

arrangenent of  6-menber Sj-0 r|ggv W t h dlaneter of about 0.3 nm Table
| summari $2%38sone PEPRAEPRPS Res Ry PIOGESHE 3 ITH’I”HHHr a15geH pEPSBHBIYI ty in
fused silic He|IUﬁ1AW%Pn Ki netic .Dianeter Spe 0. 25 0. 341

replace air 6\)etween the template and tlie substrate or imprinting stack wit um gas.

simplify the comparison between a helium environment and an air environment in an imprint
lithography procéss, the polar interaction between oxygen in air and silica may be disregarded by
modeling air as pure argon. Both helium and argon are inert gases, and argon has a kinetic
diameter similar to that of oxygen. Unlike oxygen, however, helium and argon do not interact
chemically with fused silica or quartz (e.g., in a template or substrate).

[0039] Intema]vcavities (solubility sites) and structural channels connecting the solubility
sites allow a gas to permeate through a medium. The gas may be retained in the solubility sites.
The size of the internal cavities and the channel diameter relative to the size (or kinetic diameter)
of the gas influence the rate at which the gas permeates the medium.

{0040] The sizes of individual interstitial solubility sites of fused silica have been shown
to follow a log-normal distribution by J. F. Shackelford in J. Nén—Cryst. Solids 233, 1999, 23,
which is hereby incorporated by reference herein. As indicated by the interstitial diameter
distribution (mode = 0.181 nm; mean = 0.196 nm) and the kinetic diameter of helium and argon,
the number of fused silica solubility sites available to helium exceeds the number of solubility
sites available to argon. The total number of interstitial sites is estimated to be 2.2 x 1078 per n13,
with 2.3 x 10" helium solubility sites per m’ and 1.1 x 10 argon solubility sites per m®. The
average distance between solubility sités for helium is considered to be 0.94 nm, while the
average distance between solubility sites for aréon is considered to be 2.6 nm. The structural

channels connecting these solubility sites are thought to be similar to the helical arrangement of
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Solubility Site Density (n3) 2.3 x 1027 1.1 x 1076 D stant Between
Solubility Sites (an) 0.94 2.6 Structural Channel D aneter Connecting
Solubility Sites (nm) - 0.3 - 0.3 [0041]Boiko (G G Boiko, etc., dass
Physics and Chemi stry, Vol. 29, No. 1, 2003, pp.

6-member Si-O rings, with a diameter of about 0.3 nm. Table | summarizes some parameters

affecting helium and argon permeability in fused silica.

Table 1

Helium Argon
Kinetic Diameter (nm) 0.256 0.341
Solubility Site Density (m™) 2.3 x 107 1.1 x 10%
Distant Between Solubility Sites (nm) 0.94 2.6
Structural Channel Diameter Connecting ~03 ~03
Solubility Sites (nm) ) ’

{0041] Boiko (G. G. Boiko, etc., Glass Physics and Chemistry, Vol. 29, No. 1, 2003, pp.

42-48, which is hereby incorporated by reference herein) describes behavior of helium in
amorphous or vitreous silica. Within a solubility site, the helium atom vibrates at an amplitude
allowed by the interstitial volume. The atom passes from interstice to interstice thro‘ugh
channels, which may be smaller in diameter than the interstices.

[0042] The parameters listed in Table 1 indicate that argon permeability in fused silica
may be very low or negligible at room temperature (i.e., the kinetic diameter of argon exceeds the
fused silica channel size). Since the kinetic diameters ol oxygen and nitrogen are lar‘ger'lhah the
kinetic diameter of argon, air may be substantially unable to permeate fused silica. On the other
hand, helium may diffuse into and permeate fused silica. Thus, when a helium environment is
used rather than ambient air for a nano-imprint process, helium trapped between the template and
the substrate or imprinting stack may be able to permeate a fused silica template.

{0043] FIG. 3 is a side view of polymerizable material 34 between substrate 12 and

porous template 300, along with enlarged cross-sectional views of various porous template
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42- 48, which is hereby incorporated by reference herein) describes behavior
of heliumin anorphous or vitreous silica. Wthin a solubility site, the
hel ium atom vi brates at an anplitude allowed by the interstitial volune.
The atom passes frominterstice to interstice through channels, which may
be smaller in dianeter than the interstices. [0042] The paraneters listed in
Table 1 indicate that argon perneability in fuséd silica my be very |ow or
negligible at roomtenperature (i.e., the kinetic dianeter of argon exceeds
the fused silica channel size). Since the kinetic diameters of oxygen and
nitrogen are larger than the kinetic dianeter of argon, air may be
‘substantially unable to pernmeate fused silica. On the other hand hel i um
‘may di f f usebedivetseinchspirmreetreruiiberraphy-i Ty 2 ingicalrhibn digch¥l A'dfh envi r onment
is used rather than anbient air for a nano-inprint process, heliumtrapped
‘between t Wensp@hiplodeergndOt he substrate or |rrpr| nt| ng st ack may be able to
perrreate a fused silica tenpl ate. 0043%j GO cﬁ 5’4{

pol yneri z&d nat el F'HFP'Q‘SAO%W\E% 204 P & zlbﬁ“‘é‘fﬁ'ljbaﬁ% BUs aé'firﬁ:fpafygr 300,

‘along with enl ar

t f | at
“enbodi ment- P(?fo“g?ée hga’ghgefgﬂ%ﬁ%ﬁ’gtchﬁ“% %ﬁaﬁga%ﬁ%EII#KQV Or"gr\l'jvgcl’artgﬁnga? eg t he
direction of as tran ort li(o tlg-znp] 0 [(9604 Ororisoll o Qa i ncl udes
ot B SRS s Dot BTEL s 0e b ikt 38 Sord s
gogoggssbelgot%eq19¥u @? x%%aZSQRZLE%SR &b;ﬂ CzQVQbmeﬁﬂth%%?&h&gz ther
el HHHom R B Bl X

‘growt h S, ase hckness of porous | ayer
1302 may b gt adoﬁﬁﬁob étﬁPQHL mogmab&ﬂfto@mmlbemtéf&hh@é&%%&e@% HRQEOUS | ayer

302 may be in a range’of abodt 10 m| to about 100 pm or in a range of

~about 100 5;'0[@ hyRr ?(99\"1’4}' p;l(Q/ RRighkerRAR p&AsLRlity, %%B&c@i@ﬁ%d&ﬂ& RUsidgayer 302 may
provi de hi’ gher ‘effective pernmeability, without significantly r educi ng

perfor”angéﬁﬁﬁh@E&ﬂm%Qol$ﬂﬁmﬁmaﬂpyﬁmw&h&&yaﬁ&ﬂﬂéﬂﬂﬁMm #ibher mal expansion
‘etc. [0045] Porous | ayer 302 may be nmade from materials including, but not
limted toomamodi e@6hsaayad 300Inia be @agafian Sihleaneinclodigg ba-nsi linica to @pdized
organosilicate materials; organic polyners; inorganic polyners, and any
‘conbi nat i arlinties; e@fino-dilanes amnoesiiivadir meaicsilicdthipatprio igamapadmicss; innegnibe | ow k,
porous lowk, or ultra-lowk dielectric film such as spin-on glass (SOG
used in epelghergnh¢arardmbieniondirtett osoapphtiodanchionbe poThve Mpisriduy atboer i al  may
be selected to withstand repeated use in nano-inprint |ithography

pr ocesses k. iomeks indi-hgr Pire-davhh diclsetafitm. srace sdeen slig KEXF)onedgp cleri@nigor ous
layer 302 to the base |ayer 304 and the cap |ayer 306 may be, for exanple,
‘at | east abbumicptuser tihEsorhd e Berew maswial ma&etsae%@parvatsanﬁ FF@CaE@rt‘ﬁ? at e from
the patterned [ayer formed in an inprint |ithog raph%/ process. éﬁ

lenbodi mentsnaneHEPTHHH BN PRFTSETS: ‘ﬁﬂk}d PP AT EAR PP St f\&tﬁ‘ﬁa? Yl to w

di at At t | t
Teast apoaros gtz e BielRabieng Bsi ¥igr oy bid St 6 keft™™ © °

three times the force required to separate the template from the patterned layer formed in an

" imprint lithography process. In some embodiments, the porous material may be substantially

transparent to UV radiation. A tensile modulus of the porous material may be, for example, at
least about 2 GPa, at least about 5 GPa, or at least about 10 GPa.

[0046] By varying the process conditions and materials, porous layers with different pore size
and pore density (e.g., porosity or relative porosity) may be produced. In some cases, for
example, ion bombardment may be used to form pores in a material. Porous layer 302 may have

pores 308 with a larger pore size and a greater porosity than fused silica. As used herein,
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[ 0046] By varying the process conditions and materials, porous |layers with
different pore size and pore density (e.g., porosity or relative porosity)
may be produced. In sone cases, for exanple, ion bonbardnment may be used to
formpores in a materi-al. Porous |ayer 302 nay have pores 308 with a | arger
pore size and a greater porosity than fused silica. As used herein,
"porosity" refers to the fraction, as a percent of total volune, occupied
by channel s and open spaces in a solid. The porosity of porous |ayer 302
may range from about 0.1%to about 60% or from about 5% to about 45% In
sone cases, the porosity of porous |layer 302 nmay be at |east about 10% or
at | east about 20% The relative porosity of simlar materials may be

def i ned a$paoyiyl wigse Ugiffaptimei@ecicent A ‘toy'“ﬁff oqciedhytcbdinglf 3hd opgy  exanpl e,

a relative porosity of SOG (density Psoo= g/cni3) with res ect to fused
silica (deprststiyamlidsdbe &qrvﬁﬂxaf porozlsiz/ﬂméi%sw RSP ff?@ %baw&ur/awéao% 0%00% x
(PiusPs06) 4911i sca silica, or 36% Fused sili used as, a reference

material fi0F 8PHEr kot §35p sInispiRs rersne ?Bfgfééﬂ‘(:%"i"?“? %‘éﬁ?‘f Bopasbe 3 ﬁaséonl c

enmbodi nents, a relative o of . a orou terla i nc
oxygen- si Ia'i"lf'bhOXBB‘h”di a?/ma?‘gf §pt%etre'f“bvefp o8l if % rtgalymay Qﬁg?ﬁ?’gdo?fd’t 10% at
| east about 209% Si zes of .t

0% 7 h
por ous nalreé?tlvgfjlf%;;}ceﬂlé dwél ofélbe Ta"ﬂerlafegor(e%angpl} ]a rel e gorf)sutgl FSQ?@ I%(Fe]psxtlym or
with a desir e I c?ntm wﬂweige@? tof d 39&%&93’2’6\ dsllupgrz e 3)ZA?T? esgﬁ?\ﬁ&t&igag por e

size is | B¥E7 tha a 0 Fess ™t an about 1
o T TRk 23S s s R EusB B R LR mgyﬁe@kdza%arére@rtce BR8h rgbout 0.4

nm at |east l'arger. That Is, the pore size or aver age

pore si ZeonQ@nallsaﬁcgﬁil@r@y%h-stlgorpl;dﬂyé. q@scﬁ’ﬁwsembgéhﬁl'eﬁglta raﬂﬁpﬁ&oﬁfy ofplubility
sites for a gas, such that the gas, when trapped between t

'substrat e/pbmli)&lElﬁamglcﬁalﬂEny@E\d31ﬁcﬁﬁ bbRIIPhAtRped QA Auised Sliald £ 1ch asbuf fogge i nto
porous | ayer 302 of the tenplate [ 0048] Si | sesqui oxane pol yners are

exenpl ar y apiedsoarsuimBbebi aleast about 30%.ghl y Por ous Pol yhedral Sil sesqui oxane

‘Pol yners. Synthesis and Characterization,” J. Am Chem Soc., 1998, 120,
18380- 8391 [0o0ah] chSizes diidre@bies inngorque mateed nhay be eélecaancledliey. cubstaniddigng et al .
;describe small intracube pores and | arger intercube pores in silsesqui oxane
pol yner s. uffifiemi ertwiticudegirep disebuiame appnoseseyed otk (3¢ oaa@ra8e p@e dzetigilessspher e.

. The intercube pores are oblong with a 0.5- 0.6 nmdianmeter and a | ength of
11.0- 1.2 thaih abons | Qiins,dess S afpa oim, or frsy han akpett nan. dit savietcases.¢ife pate sjize8st  about
0.4 nm such as silsesqui oxan yners, are believed to provide solubility
'sites af a‘f%@&ﬂéoméﬁﬂm@hﬁﬁéa@uing’e"“ieé“a%b(? e dassefii Tt 15 G mE1S%€ di anet er
smal l er than the dinensions of the solublllt sites In sone cases, the

‘st ruct ur e °bVerRePYBHERINAY Reyares ﬁtnegphd? pfav'sfe)% %wmea?f Siﬁ‘ﬁ?}"%irs'lteé "Bhe

‘absor bed gas to he substanti al | % n the sol ubil ;ltes rat her than
'dl ffusi nQD%fL'Ctha’[ [Hévﬁa‘fl?ﬁtraﬁ)ped etween the substrale/lmpnntmo stac and the template

300A, is able to diffuse into porous layer 302 of the template.

[0048] Silsesquioxane polymers are exemplary porous materials. In *“Highly Porous
Polyhedral Silsesquioxane Polymers. Synthesis and Characterization,” J. Am.. Chem. Soc., 1998,
120, 8380-8391, which is hereby incorporated by reference herein, Zhang et al. describe small
intracube pores and larger intercube pores in silsesquioxane polymers. The intracube pores are
approximated by a 0.3 - 0.4 nm sphere. The intercube pores are oblong with a 0.5 - 0.6 nm
diameter and a length of 1.0 — 1.2 nm. As discussed hgrein, pores with a diameter of at least

about 0.4 nm, such as silsesquioxane polymers, are believed to provide solubility sites of a size
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[ 0049] Por ogens may be added to material used to form porous |ayer 302 to

‘increase the porosity and pore size of the porous |ayer. Porogens include,

for exanple, organic conpounds that may be vaporized, such as norbonene,
a-terpinene, polyethylene oxide, and pol yet hyl ene oxi de/ pol ypropyl ene oxi de

-copolymer, and the |like, and any conbi nati on thereof. Porogens may be, for

exanpl e, linear or star-shaped. Porogens and process conditions nay be
selected to forma mcroporous | owk porous |layer, for exanple, with an

~average pore dianeter of |less than about 2 nm thereby increasing the

nunber of solubility sites for a range of gases. In addition, the

i ntroduction of porogens and the increased porosity ma enlarge t he

st r uct ur e aehdarfetisablegn AseDicATs ak 2 kiBptigsiianetey sagleedan apimspyaes 8fhes of about
0.4 nmor greater, heliumperneability of a lowk filmmy exceed helium

' per meabi | SPWIbY siEst [epie CaseRs W Seiclureef thesolyBil e P agrars %ﬂ‘ah'ﬁﬁiy 3&'8}5 | ayer

1306 may be nmde of the same or differe

rrent S,

'base | ayefhedbpriea gasiabs Rgetialty helddn Hi dgl %igglsﬁiferraf?ﬁrél‘%&/?‘isw i Ox, with

- 1gr own througq a vapor deposition nethod. A thickness and conp05|t|on of

cap | ayer "8562

may be chosen to provide nechanical strength and sel ect ed

sur f ace p ggt I s xbvens mg\ebe adgsd gellz’ltrgﬁ USC& (Ct) %{m Iprpr US zéyex g(ﬁ%o lﬂg;"% SC 91e t rapped

- bet ween al

| 'thographwgg&ggges.ieor%%rsp%m% hod! E&Q‘?eﬁwé"lu&é‘k&mﬁ R, &La&@u%mg@gﬁg 306 is

ntlng St'aEk?

| ess than’abo rim or ess =t ut 20 nrn.

I n an exagp| §ay &@der@ oegucﬁgﬁndrt?on?ewwcermem&]%ar@kcne&% A@f)%getﬁﬁéqemy be

formed by nateri al écted to achi'eve desirablé wetting and rel ease

perfor rran%dgwlwa)y@ne axrmrcbw]yrhertJ;s@Q{e%pmémp&%@,ﬁ&nal@mekay%roiggﬁ gy al so

inhibit penetration of polynerizable material 34 into the porous |ayer

whi l e al | WG xGaste, lifeatlbf St SRptd rrRHEBhstah@proadss doadiBEnsaE bk flicdiell RfoROr OUS
| ayer 302. [0051]For a rmulti-layer film effective perneability nay be

cal cul at ed nfigroporas [@sk sdraRS et ekampsd)&hh asavengepad dgmadr odRsseh@absit ¢

circuit described by F. Peng, et al. in .1 Menbrane Sei. 222 (2003) 225-234
and A Ranjnht thBeBkagtusadg tt@lnumbdr oSeheditg siger br Acihyadf@rss. Bn 2dBtiqn2006) 398-
409, which are both hereby incorporated by reference herein. The resistance
of a mat efrt@fluction ¢flperopers arhthe waregskd poryaipory edardetht stedtugschtrinels per meance
resistance, R For a two-layer conposite filmwth layer thicknesses /1 and
17, and ceenmessipg eatisplgbiplesttese &y Aora sizesofpboy d N orgeseign Al neendabilitvieée may be
defined as: R - _ N _ .

a low-k film may exceed helium permeability of vitreous fused silica.

[0050] Base layer 304 and cap layer 306 may be made of the same or different material.

In some embodiments, base layer 304 may be fused silica and cap layer 306 may include Si0,

with 1 =x 52 grown through a vapor deposition method. A thickness and composition of cap

layer 306 may be chosen to provide mechanical strength and selected surface properties, as well

as permeability to gases that may be trapped between a substrate/imprinting stack and a template

in an imprint lithography process. In some embodiments, a thickness of cap layer 306 is less

than about 100 nm, less than about 50 nm, or less lhén about 20 nm. [n an example, cap layer

306 is about 10 nm thick. Cap layer 306 may be formed by material selected to achieve desirable

wetting and release performance during an imprint lithography process. Cap fayer 306 may also
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(P11) Ain which Op is the pressure difference across the film J is the
flux, and Ais the area. The resistance nodel predicts (2) Wen the
cross-sectional area is the sane for both materials 1 and 2, equation (2)
may be rewitten as: (3) P2 [0052] For tenplate 300A with cap | ayer 306 of
SiOx with a thickness of about 10 urn and perneability P1. tenplate
pernmeabi lity nmay be adjusted by selecting porosity and pore size of the
porous | ayer 302. The effect of the perneability and thickness of porous
| ayer 302 on the effective pernmeability of a nulti-layer conposite
inprinting stack wwth a thickness of 310 nmis shown in Table 2. Table 2
Cap Layer . . o

inhibit penetration of polymerizable material 34 into the porous layer while allowing gas to

diffuse through the cap layer and into the porous layer 302.

[0051] For a multi-layer film, effective permeability may be calculated from a resistance

model, such as an analog of an electric circuit described by F. Peng, et al. in.J. Mémbrane Sci.

222 (2003) 225-234 and A. Ranjit Prakash et al. in Sensors and Actuators B 113 (2006) 398-

409, which are both hereby incorporated by reference herein. The resistance of a material to the

permezﬁion ofa vabor is defined as the permeance resistance, R;,. For a two-layer composite film

with layer thicknesses /; and /5, and corresponding permeabilities Py and P,, permeance resistance

may be defined as:

. A ]
R, = e (1)
J (P/]) A

in which Op ié the pressure difference across the film, J is the flux, and A4 is the area. The

resistance model predicts
Rp = R1 + R2 (2)

When the cross-sectional area is the same for both materials 1 and 2, equation (2) may be

rewritten as:

I, +1

o
T~

~—
T

N
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Thi ckness (Si0,), Perneability Pi Porous Layer Thickness,
Base Layer Thickness (8i02), Perneability 111 Perneability

Permeability P2

[0052] For template 300A with cap layer 306 of SiOy with a thickness of about 10 nm and
permeability P, template permeability may be adjusted by selecting porosity and pore size of the

porous layer 302. The effect of the permeability and thickness of porous layer 302 on the

effective permeability of a multi-layer composite imprinting stack with a thickness of 310 nm is

shown in Table 2.

Table 2
Cap Layer Base Layer .
Thickness Porqus Layer Thickness Permeability Effecn}e.:
. Thickness, . . Permeability
(S10,), Permeability P, (S102), Ratio of the Total Stack
Permeability P, yra Permeability Py

10 nm 300 nm 0 P,=1000 P, 30.1 Py

10 nm 200 nm 100 nm P,=1000 P, 2.8 P

10 nm 100 nm 200 nm P>,=1000 P, 1.5P

10 nm 300 nm 0 P,=100 P, 23.8 Py

[0053] Table 2 suggests that increasing a thickness of the porous layer alone may yield a

higher effective permeability than increasing the permeability ofthc porous layer alone. That is,
for a porous layer thickness of 300 nm and a cap layer thickness of 10 nm, a ten-fold increase in
permeability of the porous layer from 100P, to 1000P, increases the effective permeability from
23.8P, Ié 30.1P,. For composite imprinting stacks with a porous layer thickness of 100 nin, 200
nm, and 300 nm and a cap layer thickness of 10 nm, the effective permeability increases twenty-
fold, from 1.5P, to é.SP, to 30.1P;, respectively, over the 200 nm increase in porous layer
thickness.
[0054]

In another embodiment, protrusions 310 may extend from cap layer 306. In an

example, template 300B may be formed by depositing a 500 nm thick porous layer (¢.g., an
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Ratio Effective Perneability of the Total Stack 10 nrn 300 urn 0 P2= 1000
Pl 30.1 Pl 10 nm 200 um

organosilicate low-k film) on a base layer (e.g., quartz), and growing a 100 nm thick cap layer
(e.g., SiOy) on top of the porous layer. The cap layer is etched back to form protrusions 90 nm in
height. As used herein, a thickness of cap layer 306 is considered independently of the height of
the protrusions 310. Thus, the cap layer in this example is considered to be 10 nm thick, with
protrusions 90 nm in height extending from the cap layer. At least about 50% of the template
surface has a 10 nm thick covering of SiOx (i.e., about 50% of the template surface area is
covered with protrusions) with a 500 nm thick porous layer undermneath. Helium may diffuse
more quickly through portions of the cap layer from which there are no protrusions, achieving an
overall increase in helium permeability at least partially dependent on the thickness of the porous
layer, the thickness of the cap l‘ayer, and the fraction of the surface area of the template free from
protrusions.

[0055] A templ‘ate may be formed as a unitary structure with a porosity and average pbre
size selected to allow diffusion of a gas. Templates made from, for example, organic polymers,
inorganic materials (e.g., silicon carbide, doped silica, VYCOR®), and the like, or any
combination thereof, may have a lower packing density, and therefore a higher gas (e.g., helium)
permeability, than vitreous fused silica. FIG. 3 illustrates template 300C. Template 300C
consists essentially of a single porous layer 302. The porous layer 302 is not adhered to a base
laye;. The porous layer may have an average pore size of at least about 0.4 nm and a porosity of
at least about 10%.

[0056] Template 300D includes porous layer 302 with a cap layer 306. Cap layer 306
may be, for example, SiO,. As with template 300C, the porous layer is not adhered to a base
layer. The cap layer 306 may inhibit penetration of the polymerizable material into the porous
material. The cap layer 306 may also impart desirable surface properties, mechanical properties,

and the like to the template.
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100 nm P2=1 000 PI 2.8 PI 10 nin 100 urn 200 urn P2-1000 PI 1.5 PI 10
300 nmO

[0057) An imprinting stack may include a substrate and a layer adhered to the substrate.
Mul;i-layer imprinting stacks may include one or more additional layers adhered together to form
a multi-layer composite. The substrate may be, for example, a silicon wafer. A layer adhered to
the substrate may include, for example, organic polymeric material, inorganic polymeric
material, or any combination thereof. Pore size al;nd porosity of the substrate, the layers, or any
combination thereof may be selected to allow diffusion of a gas through the imprinting stack,
thus facilitating reduction of trapped gases and filling of features in the template during an
imprint lithography process.

{0058] FIG. 4 illustrates polymerizable material 34 between template 18 and imprinting
stack 400. The arrow indicates the direction of gas transport into the imprinting stack. In some
cases, gas permeability of the imprinting stack 400 may be increased by increasing a thickness of
the imprinting stack. In some embodiments, increasing a thickness of the imprinting stack may
improve the gas absorption capacity of the stack, and reduce the probability of gas saturation
during a purge.

[0059] | In certain embodiments, as depicted in the enlarged cross-sectional view of
imprinting stack 400, the imprinting stack may include a porous layer 402 formed on substrate
12. Porous layer 402 may have pores 408 and may be, for example, an organosilicate low-k film.
Cap layer 406 may be formed on porous layer 402. A thickness of porous layer 402 may be in a
range of about 50 nm to a few pum, depending on the intended use. Pore size in the porous layer
may be well-controlled (¢.g., substantially uniform or with a known distribution).

[0060] In some embodiments, a pore size or average pore size of porous layer 402 is less
than about 10 nm, less than about 3 nm, or less than about 1 nm. In some cases, the pore size or
average pore size is at least about 0.4 nm, at least about 0.5 nm, or larger. That is, the pore size

or average pore size may be large enough to provide a sufficient number of solubility sites for a
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P2=100 PI 23.8 Pi [0053] Tabl e 2 suggests that increasing a thickness of
the porous | ayer atone nay yield a higher effective perneability than

i ncreasing the perneability of the porous |ayer alone. That is, for a
porous | ayer thickness of 300 nmand a cap |ayer thickness of 10 nm a
ten-fold increase in perneability of the porous |ayer from 100P1 to 1000P1
increases the effective perneability from23.8P1 to 30.1131. For conposite
inmprinting stacks with a porous |ayer thickness of 100 urn, 200 am and 300
am and a cap | ayer thickness of 10 nm the effective pernmeability increases
twentyfold, from 1. 5P1 to 2.8P1 to 30.1P1, respectively, over the 200 nm

i ncrease in porous |ayer thickness. [0054]1n another enbodi nent,

prot r usi o8 (32O 4ahdhay o‘fsr‘E?Prl’?eézQﬁ“"F%MéerS“%‘@‘e 'Izﬁ”%‘e'@R'éﬁﬂF gay tj'éﬁ‘ﬁ?l ate 300B
may be formed by depositing urn thick porous |ayer

organ05|IF%%FédeﬂFVm?PfW?”UH”QP%%%%4?%9%?”W§”§mdmﬁﬂéPPQT'“éﬁama ¥owi ng a
100 nil) thic i0,) on top of the porous |ayer. The cap
| ayer is %V éa g@ﬁnpﬁ/Pé?ﬁgﬂr8?rusions 90 nmin height As used herein, a
t hi ckness of cap | 306 is.cpns pendent of .t he hei ght of t he
protrusio#%6§10 Tﬁﬁ?mecﬁﬁséﬁﬁﬂf mUW%mﬁ%pﬁwg omus$mm%§°E%ﬁ%ﬁaered to be 10

i m thi ok Wt Do RLLUSEEN nosqcpgﬁawetaggf@md &b %ngeo&goufs 90 fecgar | aver.

At | east a surface has & rlm vering of

Sig (i, ggratmy;%]orag g%g.fmmqv%];m@&o%nw%aﬁ& RInGR daSe lgﬁv&rsﬁﬁnwet i

protrusion ri‘rmthick porous |ayer underneath. Helium may

diffuse MRdai Mb%&h%né hiaR4&ar Re I%ttrdxl‘a)1m§y Rfredub& &'Qﬁlbé(ﬁ}fx%rpo;oﬁ%tmw @hnd here are
no protrusions, achieving an overall 1ncrease’in heliumperneability at

| east par tivaldiy e PRRPRN mARpLdS of Qb&l@@ B5Hod¥ks ﬁuﬂﬂ)el@Qﬁ&Mﬁto la@ayRirate bhe
‘thi ckness of the cap layer, and the fraction of the surface area of the

tenplate bise@ybd URRMAtIShHNS defddiRia5) Me teeapdsat grodRy. lheorhodrapedhas a unitary

structure with a porosity and average pore
porous material may substantially fill the recesses or grooves. Then, a cap layer may be
deposited on the base layer or substrate to sul;stantially cover the base layer or substrate and the
porous material, such that the cap layer is in contact with the. base layer or substrate, and strain
transfer is reduced. The area and spacing of the recesses or grooves, and the volume of the
porous material may be sufficient to allow gas to escape into the porous material during an
imprint lithography process.
[0062] FIG. 5 illustrates an exploded perspective view of layer 500 with recesses 502.
Layer 500 may be, for example, a substrate. Recesses 502 may include, for example, grooversmor
depressions of any regular or irregular, uniform or non-uniform shape or size. In some
embodiments, recesses 502 may form a grid pattern with uniform or non-uniform spacings. Grid
spacing a may be, for example,.about 0.25 pm. Recesses 502 may be substantially filled with
porous material 504. A cap layer 506 may be formed over layer 500 and porous material 504 in
recesses 502, such that strain may be transferred directly from the layer 500 to the cap layer 506,

while still allowing increased diffusion of gas through the template 500. The cap layer 506 may

be formed by methods including, for example, chemical vapor deposition and the like.
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Ssize selected to allow diffusion of a gas. Tenplates nmade from for
exanpl e, organic polyners, inorganic materials (e.g., silicon carbide,
doped silica, VYCORO), and the like, or any conbination thereof, may have a
| ower packing density, and therefore a higher gas (e.g.; helium
perneability, than vitreous fused silica. FIG 3 illustrates tenplate 300C
Tenpl ate 300C consists essentially of a single porous |ayer 302. The porous
| ayer 302 is not adhered to a base |ayer. The porous |ayer nmay have an
average pore size of at |least about 0.4 nmand a porosity of at |east about
10% [0056] Tenpl ate 300D i ncludes porous layer 302 with a cap | ayer 306.

Cap layer 306 may be, for exanple, SION. As with tenplate 300C, the porous
layer is H®63ladher Ber 2 dmerit Aesrrrlly @rocesTHEh @ propsdsmplatagbe trag equiiss i t
penetratlon of the poItherlzabIe material into the porous material. The
cap | ayer 9306 iey!varss Fﬂﬁ%??“ﬂ5§Pﬁéﬂﬁ@“§ﬁWP%&@”%ﬁ6ﬁ@ﬂFP€§”mﬁﬁ@ﬁﬁhﬁta
properties, and the like to the te (%An imprinting stack may

i ncl ude a“é%éllfsl”é‘?é“da‘ﬁﬂ‘e&’pl éﬁf‘é”ry b5t ‘?Sé%i’ot"os t/‘hé”’% ‘?PP‘ZSBé OW\mI“gf‘ W er

inmprintin e one or nore addit.ional dhere

Pt hor " SR Tt ol afanzfodﬁfﬂb%sw'éof?'ﬁ%s °§JB§%%?°@94%§ S

exanpl e, g lsnnasugga tla}c conlmuoua% er btﬁweenasnm&arun rmtnr spacﬁlgt%strat T\é I nCl ude, for
exanmpl e, Srgahi € pal'y et f' MBI C et er or any

conbi nati 9 ogdhg ;98£ W, E OtFxg ?eﬂ)r%qerﬁgge RQLO ?dr(}jt)é (thaﬁt {'lgwa 18?)% hgn thte grollsayer S,

or any CO Ination thereo sel ec to a IOI’] ol a gas

through tRe,i, ?Ln&h&ghé&@&%,tenﬁmélsm&eAﬂrns@& 5iRG, §BAYGH L@ ehfiapped gases
and filling of féatures in the tenplate during an inprint |ithography

process. [QRR&) FoGun ithplihd IMEIeFBhESo R WIRY JofB bpriiBt £dtdcRsubdfarD @fMRan
tenplate 18 and inprinting stack 400. The arrow indi cates the direction of
gas trans Q@ﬁltedlﬂﬁ}td@opk Bea ﬁdﬂﬁﬁdn@iﬂlﬂﬁal&{ﬁfbklonﬂ ﬂsuﬁﬂﬂﬁal@&&ﬂﬁnuo@&yeﬂ@d’tﬂ@abl lity of
the inmprinting stack 400 may be increased by increasing a thickness of the
i mpri nti NgheSh@tking dtitkSos¥aate aiitt RBRPLE, maly BE L@@t adgutdotd itehknedsutah%] dre
inprinting stack may inprove the gas absorption capacity of the stack, and
‘reduce t het nursodvati20ve yf tof tirgasqeedt dior dteisanc gingagneofduwpg el thf G8B9] I n certain
~enmbodi ments, as depicted in the enlarged cross-sectional view of inprinting
'stack 400pdmh@mmﬂ@nmmmmnghsna&bmmayﬂynmhmwesawpbﬂwawawayed"mﬁmnmbrned on
‘substrate 12. Porous |ayer 402 nag have pores 408 and may be, for exanple,
an or ganosidkisgiptratc Pmﬂmflarltmpl@w qna'y@eSFCOA@B“RmTyng)‘éaekfé!ih?ﬁﬁe Qﬁﬁsﬁ)mf@ms | ayer
402. A thickness of porous |ayer 402 may be in a range of about 50 nmto a
few ttm efdpPenipvELPoEes Kt Ropye HnRiGENS Wiskeubsiraieleign WhrRthpecos | ayer may
be well-controlled (e.g., substantially uniformor with a known
dlstrlbutFB%T““F@GB@TFﬁ“§ﬁﬁ§méhﬁ%ﬂﬁﬁﬁﬁ9%my%OBBF@“?P?@”br average pore size

of porous [0|022/]er 40% some emgodlments as illustrated in FIG. 6, a porous template and a porous

imprinting stack may be used together. For example, a porous layer 302 may be included in the
template 300, and porous layer 402 may be included in the imprinting stack 400. Introducing a
porous layer in both the template and the imprinting stack may allow an increased amount of gas
(e.g., helium, nitrogen, oxygen, ctc.) to escapé through the porous layers if, for example, the cap v
layers are sufficiently thin. In some embodiments, as illustrated in FIG. 7, a unitary porous
template 300 and an imprinting stack with a porous layer may be used together.

Examples

20



t han about 10 nm |ess than about 3 nm or less than about 1 nm In sone
cases, the pore size or average pore size is at |least about 0.4 nm at

| east about 0.5 nm or larger. That is, the pore size or average pore size
may be | arge enough to provide a sufficient nunber of solubility sites for
a gas (e.g., helium, such that gas trapped between the substrate 12 and a
tenplate 18 may diffuse into porous |ayer 402 of the inprinting stack 400.
In some enbodi ments, a porosity of porous |layer 402 is at |east 10% or at

| east 20% [0061] I n sone cases, strain fromthe base | ayer of a porous
tenplate or fromthe substrate of a porous inprinting stack may be
transferred through the porous |ayer to the cap | ayer. The porous |ayer may
have a | ol#¥p5lYoungPa@ovsderalinis Stk Prepasations @00 45mp-OnrClasshsEF e ASI® certain
enbodi nments, transfer of the strain nay be reduced by enbeddi ng porous
material PhB AeIADHE HereywrbElegseaigiacrials) Wi Prppl e preyieated Sdpdidspie or
grooves nmay be etched into a substrate or base Iagqr, orous material may
be deposi PBHPYishef flcqewde sestryf Thr yalFeyas thep bakseiab 385sBE C 1e5h6r ous
material may substantially fill the recesses rooves. Then, a, cap |ayer
may be. defORFTE. GOt HREE T SYRITHEGL A f SOE DU OB C4AAFIS Bover | he
base | ayer strate and.t he rQus t erl such th t he c | ayer is
hcont act2 0k R0 ERk Bl Pityenma ReRur TS0 Ll 3F k0% uindfe Fe

reduced. The.are ngl- i f th e I a vol ume of
the. por oule PR SRR Mceflas alied ESSTHD iPEnE P58 3R Bty
porous na ial - | an inprint |ithography process. [0062)FIG 5
iIIustratéghg h%@g%%ﬁ%d perspective view of [ayer 500 with recesses 502.

Layer 500[0@5@6@ be, I\Qﬁdh‘égﬁ@x{ﬁa&e@wa@foﬁmrﬂ?&t@G Bﬁﬁ@éWa éQn?pogiabfn iinaﬁ(hihlg& for
exanpl e, grooves or depressions of any regular or irregular, uniformor

non- uni f ohgPrshiARAy BF arirhZ&.1soRBd SONE nRTDRALITRA t&ictieR6APSAE aRfbIERYm T Orm a

grid pattern with uniformor non-uniformspacings. Gid spacing a may be,
for exanpk@enahopihethadmap mc. iRScRssRay 02 ) MERyerhes Fuyskesob UaF (aerdskd | ed Wit h
-porous material 504. A cap |ayer 506 may be fornmed over |ayer 500 and

. por ous natistingdgerh Odlutling heaasthesni0|-msluaine (M), mailmlatym Betet r ansf err ed
‘directly fromthe [ayer 500 to the cap |ayer 506, while still allow ng

‘i ncr easedInditifieasdnonf West §asrdohr o lyimdtirgan efifpicatd@4®G@BatalFhevalape frayper 506 may
'be fornmed by nethods including, for exanple, chem cal vapor deposition and
‘'t he |i ke. CyFQDé8|rge dncanand pprrprimalely3Rddilogitys @iPdE dstatevatshivent psludue 2t enpl at e,
‘the tinme required for drops of a polynerizable naterial to forma

'subst ant i 8Fnghexyhrprvliengiste} rgdgdlafampBasinademiepr Gamnnang Ketearay Sepesicat e and

‘the tenplate nay be at nobst about 80% at npbst about 50% or at nost about

120% of t hbe ©MRESITBYEH FRYG OF Bi° SOElxA AR AP ahPlrfe it OB Fecedd fi5°BF 2t he sane

pol ynmeri zapl e materij al

a_substantially continuous | ayer between a

to fon-
simlar i ???ﬁ@ﬁ@wgqéwkﬁgﬁﬁ%%$$ﬁgrﬂhd a second tenpl ate when the second

t | ate | A i -t t | at
AL o L IR e
bl o TELSLUP bR RGPl LORERER (BLPRSSRIE Aot

material {.0,,GRNDs fhed Ueﬁé& Q%icﬁhko‘cgﬁmém%gﬁecwﬁrfo&%tI»y@@ézoma%l dL@printing

stack/substrate and the tenplate may be at nost” about 80% at nobst about

50% or aleBatireaRRUE0E 0 edAmbINE wal FEn £RQIL EBEC Lo CliSnis: arrangement of

'drops of the same polynerizable material to forma substantially continuous
layer bet WR@BnrRenSBE PRSLrITHR SOGE 1hyed wad B6K/63 6l Rd ki at. erid R phaiSiviE didkedtvairpl at e
‘when the second inprinting stack/substrate is |ess porous, or has a | ower
porosi ty, sthida@ weh@eapd e PtsSess. MMEM NEilidWH oS idacdy I15bs iy Rb&itéEusthg,plaéhien t he second
inprinting stack consists essentially of an adhesion |layer on a silicon

‘waf er). ° enhanced chemical vapor deposition (PEVCD). The cap layer was about 8 nm thick.
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[0064] I n sone enbodi nents, as illustrated in FIG 6, a porous tenplate and
a porous inprinting stack may be used together. For exanple, a porous |ayer
302 may be included in the tenplate 300, and porous |ayer 402 may be
included in the inprinting stack 400. Introducing a porous |layer in both
the tenplate and the inprinting stack may allow an i ncreased anount of gas
(e.g., helium nitrogen, oxygen, etc.) to escape through the porous |ayers
if, for exanple, the cap layers are sufficiently thin. In sone enbodi nents,
as illustrated in FIG 7, a unitary porous tenplate 300 and an inprinting
stack with a porous | ayer may be used together. Exanples [0065] Porous
Inprinting Stack Preparation. SOG (Spin-On-d ass, ACCUGLASSO 51213,

avai | abl e [#368Im Hondyrusit tesigs aigtilaabelk pateanli A (S, waeosyabauidfted) iplesScl eaned
8-inch double side polished silicon wafer substrate. The wafer was then
baked at &aen Np5HE7aHA. \PEGCS herehypesetriowist by refsence beraipovaseesshpsesafillissch
tenperature. The SOG coated wafer was then cured at 425C-450C.in a nitrogen
envi r onmeARECESIPT ROTQS LFPTINtREStastInpdnAs fesgiibed Alpyert The ImPRRhrestt WRS JIspRSSt esul t i ng
hydr ophobi.c SOG surface was treated with oxygen plas for 5-20. seconds to
generate & hYYrrGPHP PR Be LpRPLRESAK B8] AR Hdh é‘i"&rﬁirqpéggor"f\)\ﬂ%”'?fﬁsﬁ‘ed on the

SOG f fry iti i ncl udi i | y. .77 f IsoRad
S01 (a murteed et Rer oraueery sOgn iutre BT abr Byt B ey
I nt ti o h >t ad N. Y. 2 . | . F
nternat ! 0B 1% b BRI e Ny nsPR AT BRI P
f l.ndustri , f 1 ) 1.0f

rom Cyt e&eéﬂ&g‘)ﬁ%[’ beek an{l)f?]g ‘le}pﬂalaté%ﬁljf helﬁ%l.t %Eeﬁ%&duaNagelr%(]lg-a?,gsséﬂlgg iaftled ,C\Jcat

4040 (a c avail a rom Cytec I ndustries, approxi mat el y

39. 9 kil oQLar®.sabo o Aagt atiecd@ sol vent including 2- (1-methoxy) propyl
.acetate, avallable from Eastman Chem cal Conpany, Kingsport, Tennessee).

‘The conpogidshon Wagompithive Exhififle: SPReadiRySimaid rG il Ofhoal pokfiR Gnfrkin§0 seconds
to forman adhesion layer with a thickness of about 7 nm [0067] Porous

Tenpl at e Raapmb atith 6Rnk 263 s(1SP e BI@ I, is ASKAKAHBOOUBAZB) obiynpHaNEywel |
‘El ectronic Materials) was spun onto a pre-cl eaned Fused silica tenplate.

‘The tenpl adsBt Wwageeh heimpbakedaak aBOGlank 53ea aind 1504 anespecthe waple for 60- 120
seconds at each tenperature. The SOG coated tenplate was then cured at
1425C- 450Ccomacgs tim itpogeesise Niviersorigieegiont 602 chvdiowre suithe aB@Gah dhealropad80. about 650
pmthick. The tenplate was cleaned with standard wet cleaning process. Then
la si | i conFéxi%8es xphptogaplerkealssecad efértceriacu st thginpriasmsist enth AvdevplgheRicc al
vapor deposition (PEVCD). The cap |ayer was about 8 nmthick.
; field of view of the camera has been adjusted such that four interstitial regions 902 are visible.

FIG. 9C is a photograph taken 7 seconds after contact of the imprint resist with the template.

Two interstitial regions 902 are visible. FIG. 9D shows complete spreading of the imprint resist

to form a substantially continuous layer 904 between the template and the imprinting stack 8

seconds after the template contacted the imprint resist.

[0070] Example: Spreading of imprint resist with pdrous imprinting stack and with blank

fused silica template. FIG. 10A is a photograph of drops 1000 of imprint resist between a porous

imprinting stack and a blank fused silica template at the time the template contacts the imprint

resist. The porous imprinting stack includes a silicon wafer coated with a SOG layer with a

thickness of about 1.7 um, and an 8 nm adhesion layer over the SOG layer, as described above.

FIG. 10B is a photograph taken 0.5 seconds after contact of the imprint resist with the template.
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[0068] Inprint resists simlar to bulk material AS (e.g., viscosity about 10
cP) in US Patent No. 7,307,118, which is hereby incorporated by reference
herein, were used to test filling speeds for porous inprinting stacks nade
as descri bed above. The inprint resist was dispensed in a grid pattern on
the inprinting stack as shown in FIG 8, with drops 800 of inprint resist
spaced 340 jamcenter-to-center and a drop volune of about 12 pL,.
Interstitial regions 802 are visible between drops 800. A helium purge was
performed to substantially replace air between the inprinting stack and the
tenplate with helium The residual |ayer thickness of the solidified resist
was about 90 - nmin each case. [0069] Conparative Exanpl e: Spreadi ng of

i nprint r @ Beld ol vicdvorltthesemenadiad repr dchitsicA guel that leumingrsilia! FegiopaHIR2 figsed silica
tenplate. FIG 9A is a photograph of drops 900 of inprint resist between an
i pri nti ngisbieadlkC-dAE isa ABPRRRP'T @E@@d’ Sisedords Aferppriatiel it inmiat PTRIEHE tenpl ate
contacts the inprint resist. Interstitial ions 902 cover nore_surface
area t han W rIgEsE opeitiapgionsg 803 are yisigisof 6398% PROPVSRYUTPISte SERERE OLPE er
contact of the inprint resist with the te Q The fi f view of the
caner a had"BRERESE [?gf‘éa“béi%‘l’?né’ﬁ%ﬁ““f%’ﬁllay?r% %‘”{ete e 19 t%arﬁ‘g 5oLt e

visible. FIG 9C| ]qg Cif raph taken 7 s (%onds fter contact of the
i nprint r SSREEEGER 1 geEe rf%Fa BLETRRE PHEE J¥5 ’f”p%{ "FEGi ons 902 are visible.

FIG 9D Sﬁfm@ COITplr }SeCO?l rr?s%glop %B%re%un{eg for's r%zlﬁiﬂntco ﬁl%ln%%rmﬁ Pesn(sjt(?§ E]g?e

subst anti conti nubus ayer

i mprinting
tack 8
[508(7:0] Enggrﬁp Q?gﬁl %grdo I o mln%ﬁtcg'?gg?@&gr (F{:qqoi)%és%ﬁprl nt i ng stack and

wi th bl anmm&ﬂe%%rk &avetemlaaﬁ ﬁ.sedFt@ate;ln%telamnmqmg,rsagbmoéauswops 1000 of

i nmprint resist ween a porous Inprinting stack and a blank fused silica
it errpl ate @Famrahcere@dcﬁ@l ih Iﬂﬁm’é%m@lﬂﬁitﬁ'e SoRdik AfdrmitihdRack FMtivE Lo th®hedntionkhe por ous
imprinting stack includes a silicon wafer coated with a SOG | ayer with a

t hi Cknessnﬁ’;ﬁnnﬂmk lin£hiP Base, alﬁHilrﬁ’d’loacHWba&jﬂﬁab AMing By &Kicdd\ves: 76%e ThS | ayer,
as -descri bed above. FIG 10B is a photograph taken 0.5 seconds after

cont act Othetshr@adifgIf thtmpres tesist taifdrin thdvabdanilyabainuoukhgef anndmpintiug ew of t he
canmera has been adjusted such that four interstitial regions 1002 are

vi si bl e. Fh€ with@Porams matphd bograipfest hkreabo®@ .20% of edindseqaireddpr tbomipaist of t he
inprint resist wwth the tenplate. Three interstitial regions 1002 are

Vi si bl e. Fisi3 to (@D ashtpwstid yphteneusdpreeadinimgprofting steckiwithpitptroropshaeria.o form a
substantially continuous |ayer 1004 between the tenplate and the porous

i mpri nt i n§ingtaatokreasestin S8menepsd afy be achiseedifernoroas mpliies Herwgartspieithpr i nt
resist. [0071 j Thus, conparison of tine re?w red for spreading of the
inprint r @ipéaseswh%hp@w BRI - ethds ‘Fihlcf'?rh‘{j Jietigrerievs “élor%[j"B'é‘t”%{ﬂ‘{ﬂh&‘f‘I y
conti nuous | aye ..ho visible trap as or interstitial regions)

bet ween a?Hi" %-l% ?‘ﬁg@ﬁabé‘i‘}’ P%dffetc@r‘r‘b'lné’t”é‘ '&E‘B PRISFIAti ng stack reveals a
dramatic ction_jn fillin s inprinting stack relative
to the coL@g i onalTLel WF‘HFF%@&‘F Brc?&em lIn en{ ﬁ'{)tgesccfgg%abn? A PRE' P achi eve
corrpl ete Ll n Im%dx'h a(aoceqay Verrﬁade? Jpclljosshre r&%edsa%roﬁaagh1Il]§qrelggmla%]§'ltfm m)“ nt
resist to %rgrﬁ R gonti nuous ing stack
with a po;hgtg§oﬁgg;tgg n@gnngﬁ:curs [ n | ess than about 20% of the time required

for the inprint resist to forma substantially continuous layer on an
inmprinting stack without a porous material. Simlar increases in filling
speed may be achieved for porous tenplates in conparison with tenplates

wi t hout a porous material. This reduction in filling time allows nore rapid

t hr oughput and reduce the probability of defects in inprint |ithography
processes. [0072] The enbodi nents of the present invention described above
are exenpl ary.
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Changes and nodifications may be made to the disclosure recited above,
while remaining within the scope of the invention. WHAT IS CLAIMED IS: 1.
An inprint lithography tenplate conprising a porous nmaterial defining a
multiplicity of pores with an average pore size O at |east about 0.4 rim
wherein a porosity of the porous material is at |east about 10% 2. The
tenplate of claiml, wherein the average pore size is at |east about 0.5
urn. 3. The tenplate of claim1l, wherein the average pore size is at |east
about 1.0 urn. 4. The tenplate of claim1, wherein the porosity of the
porous material is at |east about 20% 5. The tenplate of claim1l1, wherein
the porous material is an organosilieate lowk naterial. 6. The tenplate
of clai m ¥HAhSEAHMEDR 8 ati ve porosity of the porous material with respect
to fused silica is at |east about 20% 7. The tenplate of claim1, wherein
the porous material has a Young's nodulus of at |east about 2 GPa. 8. The

ta?n‘Ple:tS? gLOE!EAa%'W@éQ ]ivl\poggrtaleai]ynte%pleate%8%;%%%@%%%55‘ r%zlnerpa(’ligeff’%inggll'quipﬁciw%qul us of

pores with an average pore size of at least about 0.4 nm, wherein a porosity of the porous
material is at least about 10%.

2. The template of claim 1, wherein the average pore size is at least about 0.5 nm.

The template of claim 1, wherein the average pore size is at least about 1.0 nm.

(98

4. The template of claim 1, wherein the porosity of the porous material is at least about
20%.

S. The template of claim 1, wherein the porous material is an organosilicate low-k material.
6. The template of claim 5, wherein a relative porosity of the porous material with respect to

fused silica is at least about 20%.

7. The template of claim 1, wherein the porous material has a Young’s modulus of at lcast

about 2 GPa.

8. The template of claim 1, wherein the porous material has a Young’s modulus of at least

about 5 GPa.
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about 10 GPa. 10. The tenplate of claim 1, wherein the porous material is
positioned between a base layer and a cap layer. 11. The tenplate of claim
10, wherein the base |ayer conprises fused silica. 12. The tenpl ate of
claim 10, wherein the base |ayer conprises recesses, and wherein the porous
material is positioned in the recesses. 13. The tenplate of claim 10,
wherein the cap |layer conprises SiO wherein I<7. 14. The tenplate of
claim 10, wherein a thickness of the cap layer is |less than about 100 nm
15. The tenplate of claim 14, wherein a thickness of the cap layer is |ess
than about 50 nm 16. The tenplate of claim 15, wherein a thickness of the
cap layer is less than about 20 nm

9. The template of claim |, wherein the porous matertal has a Young’s modulus of at least
about 10 GPa.
10.  The template of claim 1, wherein the porous material is positioned between a base layer

and a cap layer.

11 The template of claim 10, wherein the base layer comprises fused silica.

12. The template of claim 10, wherein the base layer comprises recesses, and wherein the

porous material is positioned in the recesses.

13. The template of claim 10, wherein the cap layer comprises SiOy, wherein | <x <2.

14. The template of claim 10, wherein a thickness of the cap layer is less than about 100 nm.
15. The template of claim 14, wherein a thickness of the cap layer is less than about 50 nm.
16. The template of claim 15, wherein a thickness of the cap layer is less than about 20 nm.
17. The template of claim 10, further comprising protrusions extending from the cap layer.
18. An imprint lithography imprinting stack comprising a porous material defining a

muitiplicity of pores with an average pore size of at least about 0.4 nm, wherein a porosity of the

porous material is at least about 10%.
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17. The tenplate of claim 10, further conprising protrusions extending from
the cap | ayer. 18. An inprint |ithography inprinting stack conprising a
porous material defining a nultiplicity of pores with an average pore size
of at least about 0.4 rim wherein a porosity of the porous material is at

| east - about 10% 19. The inprinting stack of claim 18, wherein the average
pore size is at |east about 0.5 nm 20. The inprinting stack of claim18,
wherein the average pore size is at |east about 1.0 nm 91. The inprinting
stack of claim 18, wherein the porosity of the porous nmaterial is at |east
about 20% 22. The tenplate of claim18, wherein the porous nmaterial is an
organosilicate lowk material. 23. The tenplate of claim?22, wherein a
relative porosity of the porous material with respect to fused silica is at
| east about 20% . 24. The inprinting stack of claim 18, wherein the porous
material H&s alPHURYUILS MR HabES ¥ eff@i@tﬂ%{?ﬁsm)rez'@é! least about 0.5 nm.

20.  The imprinting stack of claim 18, wherein the average pore size is at least about 1.0 nm.
21.  The imprinting stack of claim 18, wherein the porosity of the porous material is at least
about 20%.

22. The template of claim 18, wherein the porous material is an organosilicate low-k
material.

23.  The template of claim 22, wherein a relative porosity of the porous material with respect

to fused silica is at least about 20%.

24.  The imprinting stack of claim 18, wherein the porous material has a Young’s modulus of

at least about 2 GPa.

25. The template of claim 18, wherein the porous material has a Young’s modulus of at least
about 5 GPa.
26. The template of claim 18, wherein the porous material has a Young’s modulus of at least

about 10 GPa.
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25. The tenplate of claim 18, wherein the porous material has a Young's
nmodul us of at |east about 5 GPa. 26. The tenplate of claim 18, wherein the
porous material has a Young's nodul us of at |east about 10 GPa. and a cap
| ayer. 28. A nethod of formng an inprint |ithography tenplate, the nethod
conpri si ng: form ng a porous |ayer on a base |layer; wherein the
porous | ayer defines a multiplicity of pores wth an average pore size of
at |east about 0.4 nm and wherein a porosity of the porous |ayer is at

| east about 10%, and formng a cap |ayer on the porous layer.. 29. A nethod
of formng an inprint |ithography tenplate, the nethod conprising: formng
a nultiplicity of recesses in a base |ayer; depositing a porous

mat eri al 2A t hBeraptssas)ainmhmdierintthepopors oweriatas posit@heddefyepessidstrate
multiplicity of pores with an average pore size of at |east about 0.4 urn,
and wher eiend acaptyesi ty of the porous material is at |east about 10% and
formng a cap |layer on the base layer. 30. A nethod of forning an inprint

| it hography stack, the method conpri sing:

28. A method of forming an imprint lithography template, the method comprising:

forming a porous layer on a base layer; wherein the porous layer defines a multiplicity of
pores with an average pore size of at least about 0.4 nm, and wherein a porosity of the porous
layer 1s at least about 10% , and

forming a cap layer on the porous layer.

29. A method of forming an imprint lithography template, the method comprising:

forming a multiplicity of recesses in a base layer; |

depositing a porous material in the recesses, wherein the porous material defines a
multiplicity of pores with ah average pore size of at least about 0.4 nm, and wherein a porosity of
the porous material is at least ébout 10%; .and

forming a cap layer on the base layer.

30. A method of forming an imprint lithography stack, the method comprising:

forming a porous layer on a substrate, wherein the porous layer defines a multiplicity of
pores with an average pore size of at least about 0.4 nm, and wherein a porosity of the porous
layer is at least about 10%; and

forming a cap layer on the porous Jayer.

31. An imprint lithography method, comprising:

applying a polymerizable material to an imprinting stack;
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form ng a porous |ayer on a substrate, wherein the porous |ayer defines a
multiplicity of pores with an average pore size of at |east about 0.4 nm
and wherein a porosity of the porous layer is at |east about 10% and
formng a cap |l ayer on the porous layer. 31. An inprint |ithography nethod,
conprising: applying a polynerizable material to an inprinting stack;
contacting the polynerizable material with a tenplate, wherein the tenplate
conprises a porous material defining a multiplicity of pores with an
average pore size of at |east about 0.4 nm and wherein a porosity of the
porous material is at |east about 10% solidifying the polynerizablc
material; and separating the tenplate fromthe solidified material. 32. An
imprint it hog@ﬁf?ﬁy‘aﬁﬁtmb’d‘e"é“@fﬁ)?fi‘%'iah‘é“h a template, whesih (I HPICHIDPBIES A

pol ymerizable material to an inprinting stack, wherein the |npr|nt|ng st ack
conpr i ses PAOBOPHEE! fdtnieia g1 IFHe' ﬁgfea‘%m %vmasecmreys'@rof pdFassab@iO o

average pore size of at { about rein a porosity of t he

ea mh
porous mat"8 freWheg! “ef’tpolroéb\%?'s‘l&eo%?u‘f"sﬂﬂ%"’ d%ﬁr{beéfftap‘ﬁb e pol yneri zabl e

material wth sohcti‘?”rﬁu epoqyn§egl!zéch fying (pe pol yneri zabl e material; and

separating the template from the solidified material.

32. An imprint lithography method, comprising:

applying drops of a polymerizable material to an imprihting stack, wherein the imprinting
stack comprises a porous material defining a multiplicity of pores with an aQerage pore size of at
least about 0.4 nm, and wherein a porosity of the porous material is at least about 10%;

contacting the polymerizable material with a template;

solidifying the polymerizable material; and

separating the template from the solidified matenal.

33. An impnint lithography method comprising:

dispensing drops of a polymerizable material on a surface of a porous imprinting stack,
wherein the porous imprinting stack comprises a porous material defining a multiplicity of pores
with an average pore size of at least about 0.4 nm, and wherein a porosity of the porous material
is at least about 10%;

contacting the polymerizable material with a template; and

allowing the polymerizable materal to spread to form a substantially continuous iayer on
the surface of the porous impriming stack, wherein the spreading of the polymerizable material to

_form the substantially continuous lgyer occurs in about 80% or less of the time required for a

similar distribution of a similar polymerizable material to form a substantially continuous layer
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separating the tenplate fromthe solidified material. 33. An inprint

| i t hography nethod conpri sing: di spensi ng drops of a polynerizable
material on a surface of a porous inprinting stack, wherein the porous
imprinting stack conprises a porous material defining a nultiplicity of
pores wth an average pore size of at |east about 0.4 nm and wherein a
porosity of the porous material is at |east about 10% contacting the

pol ymeri zable material with a tenplate; and al l owi ng the

pol ynmeri zabl e material to spread to fonn a substantially continuous |ayer
on the surface of the porous inprinting stack, wherein the spreading of the
pol yneri zable material to formthe substantially continuous |ayer occurs in
about 80%beverneasceyf! (Al FE SPRBTIINRSILTEstack, YdRTei N thE seend (iR AP Hcof  a
simlar polynerizable material to forma substantially continuous |ayer

bet ween a SEREbMPrPWHIASK BAVEAY2 SR BYRYZS At et e bRk, wherein the second
tenpl ate and the second inprinting stack have an average pore size of |ess
than about 0.4 nm 34.An inprint |ithography nethod conprising: dispensing
dr ops of pol yneri z e terjal on a surface clan inprinting stack;
contacting4the ﬁBWVTﬁ@L%%%%V%w%%égWﬂETm%ﬁth a tenplate, wherein the

tenpl ate conpri.ses.a poraq er| Nl ltiplicity of pores with
an aver age por%$§P%%’5%“§F§P£Hé?mgﬁ%ﬂgg%ﬂﬂnE%?ég%%ﬁnrﬁ?@ﬁﬁﬁﬁmgorosity of

the porous mat &maagngitlfe pt% rleﬁ?a%‘e té(?)ﬁ!% wi:l'lpa(yaemgﬁ% wherein thf Febllp%w c@gﬁﬁﬁ?a

pol ymeri zabl e materra Sprea orm a stanti a conti huous | ayer

on the fsurpgl%f;@mgfzriaq Béhnirg%iuﬁ'ﬂidn%y %@&Kwitmez{v%;ape [;J?@siz%wglargaistrhgmﬁbllt he .
pol yneri zable material to formthe substantially continuous |ayer occurs in

about  BO0%mAY, aldefRreRf a JolkRit} biBe RO nfaRHalliO4t 1AstSbolt 1 @%; Mustri bution of a
simlar polynerizable material to forma substantially continuous |ayer

bet ween a secondwingiid patytearlcan & RDIPpealnb fotniaR@bstih@dlly coedueiaertohe second
tenpl ate and the second inprinting stack have an average pore size of |ess
t han abouttheGudacBBT the imprinting stack, wherein the spreading of the polymerizable material to form

the substantially continuous layer occurs in about 80% or less of the time required for a similar

distribution of a similar polymerizable material to form a substantially continuous layer between -

a second template and a second imprinting stack, wherein the second template and the sécond

imprinting stack have an average pore size of less than about 0.4 nm.
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