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field of invention relates generally to

nanof abri cation of structures. Mre particularly, the
present invention is directed to a nethod of providing
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the present invention.
[0003] Referring to Fig. 1, the basic concept behind imprint
lithography is forming a relief pattern on a substrate that may
function as, inter alia, an etching mask so that a pattern may be
formed into the substrate that corresponds to the relief pattern. A
system 10 employed to form the relief pattern includes a stage 11
upon which a substrate 12 is supported. A template 14 has a mold 16
with a patterning surface 18 thereon. Patterning surface 18 may be
substantially smooth and/or planar, or may be patterned so that one
or more recesses are formed therein. Template 14 is coupled to an
imprint head 20 to facilitate movement of template 14. A fluid
dispense system 22 is coupled to be selectively placed in fluid
communication with substrate 12 so as to deposit polymerizable
material 24 thereon. A source 26 of energy 28 is coupled to direct
energy 28 along a path 30. Imprint head 20 and stage 11 are

configured to arrange mold 16 and substrate 12, respectively, to be



upon which a substrate 12 is supported. A tenplate 14
has a nold 16 with a patterning surface 18 thereon.
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and/ or planar, or nmay be patterned so that one or nore
recesses are fornmed therein. Fenplate 14 is coupled to

an inprint head 20 to facilitate novenent of tenplate

lin sApétimpdsiiopermd tystepr2? Is peolplfed Fighbe imprint head
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curate form ng atter in yneri zab

nﬁﬁéﬁfeiral r#t@fti%d rlédtﬂtee poi fuegde metayiatt 1 dﬂ’ﬁe@}%ﬁrf%ﬁ fHEINg
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Matefdcdl eheiogPOt THeStched 1G4Et RGheres to the mold. Providing
the release layer improves release characteristics by minimizing
distortions in the pattern recorded into the polymeric material that
are attributable to mold separation. This type of release layer is
referred to, for purposes of the present discussion, as an a priori
release layer, i.e., a release layer that is solidified to the mold.
[0006] Another prior art attempt to improve release properties

is described by Bender et al. in Multiple Imprinting in UV-based

Nanoimprint Lithography: Related Material Issues, Microeletronic

Engineering 61-62 (2002), pp. 407-413. Specifically, Bender et al.
employ a mold having an a priori release layer in conjunction with a
fluorine-treated UV curable material. To that end, a UV curable
layer is applied to a substrate by spin-coating a 200 c¢cPs UV curable
fluid to form a UV curable layer. The UV curable layer is enriched

with fluorine groups to improve the release properties.



separation of the nold therefrom Prior art attenpts
to inprove the rel ease characteristics enploy a
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| ayer is typically hydrophobic and/or has | ow surface
energy. The rel ease | ayer adh&res to the nold.

Provi ding the rel ease | ayer inproves rel ease
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pc%ta]é:erl'@ L& ggﬁl&/nirgzrteggesoghé”@ﬁlé Cre@i%d al Jddrat Afface,

attribut abl e aration. This type of re|ease,
| tpERLY é’eﬁi‘é%léﬁrfé’& ?Beraﬂg t}ﬁﬁi‘%}&?éso%f:h? oﬁ?esen{mls' it is

dieS 6 &5, Ofssudbs diro@ Prel bydropedigiasey |afyelre release dayers.

&%'e% 1cah? ehnk *h%r@%o%@utq; £ %qwgpsglg}ermtgd J00RB hwork

or art attenpt to inprove releas
me«gzaenretq ge aiCéll%l%esEFJreEféG By BeRefdT Y etelared iR K g Feauired
| ypkietitd BEriakeV- tased tNaneoiimps i winflidthograghytheRetEtiod

%gtae'm'séfcgfggn fgg craeLe cagfgctépggtagsraeggrm 62 imprint

Specitically, Bender et al
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PERagER S S RRRT O, T T NERTT TR o & ReghalloLe
composition disposed on the substrate. The contact angle is in a
range of 50° or less.

[0010] The compositions feature improved preferential adhesion
and release characteristics with respect to a substrate and a mold
having imprinting material disposed therebetween. The compositions
facilitate bifurcation of the imprinting material into a surfactant-
component-rich sub-portion and a surfactant-component-depleted sub-
portion located between said surfactant-component-rich sub-portion
and said substrate. This surfactant-component-rich sub-portion
attenuates the adhesion forces between the mold and the imprinting
material, once solidified. A method is also disclosed that takes
advantage of the characteristics of the composition. These and other

embodiments are described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Fig. 1 is a perspective view of a lithographic system in

accordance with the prior art;



[ 0009] The present invention provides a nethod that
features conpositions that feature inproved wetting

W@ h@castses i stics while allowi ng preferential aPtEER®NS/041156

10

15

20

25

30

35

and rel ease characteristics with respect to a

substrate and a nold having ifprinting materi al

di sposed t herebetween. The nethod includes coating a
siediate of the npoidansitplafiml ghevagfiosorfactfapt template and

CQmeihB'égle§£4i1ﬁh§55se3T6h surfiactant 1hndcBeasRk Uhit@nNthe
i ncl udes, a _hydr ophobi c conponent consisting

eBREHITEF alTy™b¥°™ plurality of fluorine-containing
midEcul es. The di ¢ i bindlofial cldretpbyrvdkivtgf ghe template and
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provi des a desired, contact angle with respect to a
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to
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s i FurepBin 86nﬁtﬁqéwerdé‘bq%ﬁé’af%%wﬂF%ﬁeﬁb% ag surfactant-

baéy\mads:&lgdoswfact ant - conponent -ri ch sub-portion and

gsile%ubst r %&§t eTtﬂls S, %ysssaggmtongprm@weﬁ vcflé GRmp1ate

portion a nuat es the adhesion forces between the
nﬁplatagﬁansf H@PFh‘ﬁrlPﬁt“laﬁ@“r?d’t ePSEPLtSheR HOMT ditY FéEPerAFlgs 4
met hod defomitsat digs ehco Sothtthat dfakies wadw amm@yoﬁartehea

c W%£%C¥e£$fi a9§ed0§m5ﬂ5t£rgafﬁ9§égla9 dTQe&%E opher

ment's are describ erein SCRI'PT| ON OF
THEOTRAW NGEipod1 1F éFF@OSSrSF%tJ&nﬁ%erlﬁ@c?ﬁ VB \ReBR g ghovm in
| iFhogr aé)‘hir@ S YEiye dfll saeGeE dan eenwiinhing elpricar dampbged

[QQJJOtné % gccoéda%ce ST LA a? d el evat,Lom ui ew of a

_ rint materi |sposed on a substrate
in accorplance wWth the present invention; [0013] Fig.
3is a sinpli fi@ﬂfA&L@/@Eﬁ@ﬂPTt(&ﬂVO@fTHEhENmﬂ'pd)wt e and

ﬁ;{?&ld-]at e Sl?iow’lrﬁl%gagéog‘l?igs Tl aquzt he I nt ixpg.ccordance with

eri‘al bein
the present 1nventlon, may be employed in system 10, and may define a

surface having a substantially smooth or planar profile (not shown).
Alternatively, mold 36 may include features defined by a plurality of
spaced-apart recessions 38 and protrusions 40. The plurality of
features defines an original pattern that is to be transferred into a
substrate 42. Substrate 42 may be comprised of a bare wafer or a
wafer with one or more layers disposed thereon. To that end, reduced
is a distance “d” between mold 36 and substrate 42. In this manner,
the features on mold 36 may be imprinted into a conformable region of
substrate 42, such as an imprinting material disposed on a portion of
surface 44 that presents a substantially planar profile. It should
be understood that the imprinting material may be deposited using any
known technique, e.g., spin-coating, dip coating and the like. 1In
the present example, however, the imprinting material is deposited as
a plurality of spaced-apart discrete droplets 46 on substrate 42.

Imprinting layer 34 is formed from a composition that may be



as patterned and solidified; [0014] Fig. 4 is a
detailed view of the droplets of inprint material,
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droplets into surfactant-rich regi ons and
surfactant-depl eted regions; [P0015] Fig. 5is a
detailed view of a layer of inprinting material,
deposict-ed yepplyoyi ivgpds phd1copsd-e¢hinidg e ssecshd wihagotiigenal
bbiweczﬁteh%@eﬂt h@&dﬁw Ile&;ﬁea%;t@@wnt -rich regl ons
d surfactant leted re ons %ch%aﬁ% Lg. a
cr[%%"sg]sect i Bﬂea‘llfWaé'\kyofﬂiehBa’i P | RCRT BctH @mprmtmg
| mprdmbl nNg padderedl indepasibednasraghdem wihh @icflfiete, e.g.,

Flaﬂéctncﬂr 1§t a@'é‘ifaﬂskég?}{ewg MESA&&HEH itQBrf1 theMeddon,
boundary ]1 between solidified inprin

nﬁ?‘é}aﬁ‘é?alaﬁat%ralcéh?ﬂ are; th&nbﬂ‘feoofﬂ the g}’reEieffts%éamPle' mold 36
Ceoss- el meaidnivhbwoafadtheitienpe atmprsiicwa nmateFigl, 6preading

h§¥ p;ﬁ%tg Javer Qf cswtactant &%@I&Jcﬁ% NEL QL 88 of the

ed thereon, 11 accordance with the_ present
| ﬁ\‘)@ﬁ%lfcb’?ﬁ mRESFARL Y DESERPETION. G PRE TRVENTFRON distance "d”
[ @9 18auRef ebr ingwt &ud-bgstiohs aardo? impaimmping Bferi 3¢ to ingress

agggr%gc %gl} %ggorgr%ent i nvention, may be enpl oyed

i n sy define a surface havi ng_a o
sdb%%ozinu al g %af%éftrﬁt@r EPILARACIFRASEPETNSE - SHGWHPTinting
Almﬁﬁé'xﬁall:\éebycpvnmﬁlidwﬁﬁ ey reqclside frepétiries detomadtbyy £i11

l é'lsrs g 3{%8 151%8‘8&%3:@95? Brfaec,%eg Ivﬁ@ﬁ a‘?’%oﬁ‘%uous formation

pro rusions 40 urali t%/}éao eat ures def1nes an
or°F giitalmgFarE i mﬁh%i‘tlalls 19 B Prefraferied ittt gib-portions
suhsét aherid?ing Subst rat en 42pamiypbel tdonpritdeprafrusidear €0

Wa]:aga(lno rafifa[‘eo : erde\é\nl%e% %a‘iﬁ. 'FBE‘EmJn?)é%@an%S\QQS ﬁgs been

t hereon I's a di stance
beeeghed - nilhd s 35 t4Ad @@Us@%tf%mm.wrr 30t Wit ﬁ%rﬁ’@FFlct“ﬁeSZ
felatru{gea o créds 36 BAY fe-pirpibid e&d, imdvin® a thickness t,.

C%ﬂ gkr régl’sjése “Ee’gl 05] “Q:f " SUbslger % g t%%ckne%gcg'e e&m d pendent

i nprinting mat er al éls dsed portion of sur face
A 4ppi Fheprrpd éattsion - sd@@f%ﬁﬁtpal |f>¢rmt&ﬁ>ar5°pr16f$cr%dlﬁed by

Sféslydaﬂngetﬂéndﬁrﬁe%ttaoﬁlet BgprdpReatid phi i Bgenrat €1d.al admyic

be g%osne usi ng_any known. techni que, €.9.. 1 rerize and

spERtEsat ng i E CSZOSéltI Ao RAT T he Tclk ]Ie poLym
crogs-link. The entire process may occur at ambient temperatures and
pressures, or in an environmentally controlled chamber with desired
temperatureé and pressures. In this manner, formation 50 is
golidified to provide side 56 thereof with a shape conforming to a
shape of a surface 58 of mold 36.
[0021] Referring to Figs. 1, 2 and 3, the characteristics of the
imprinting material are important to efficiently pattern substrate 42
in light of the unique patterning process employed. For example, it
is desired that the imprinting material have certain characteristics
to facilitate rapid and even filling of the features of mold 36 so
that all thicknesses t, are substantially uniform and all thicknesses
t, are substantially uniform. To that end, it is desirable that the
viscosity of the imprinting material be established, based upon the
deposition process employed, to achieve the aforementioned
characteristics. As mentioned above, the imprinting material may be
deposited on substrate 42 employing various techniques. Were the

imprinting material deposited as a plurality of discrete and spaced-



the present exanple, however, the inprinting naterial
is deposited as a plurality of spaced-apart discrete
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formed froma conposition that may besel ectively

pol yneri zed and cross -linkedéto record the original
pattern therein, defining a recorded pattern. [0019]
Specitf deplbys sbheltpabty ber@coraded Fimtt hke iqepresittipy from

1%' @Ae nﬁpm@% edeed i PAL teo Y hg&@rramlcefelw 1o

nol d e.g., electrical interaction, netic
.H%Pam o 54 hiP FEaPHR &F AL R, 2OnECHAAr Cane (69)
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ovied csupdsaeeorddet |quroas: efbadisaestte, 42l stidmc aold"34 gnd to

rg&' luced,iQ éérltoisvlé - RQfet 'fQﬂr?aégn oclfftémoméﬂgaéﬂer Were

to 1 ngr €ss into and fill recessions 38. [0020] To
{ Seq [impRTE P9 IR #g- 20 d‘?%é%%‘? GBLOYANT 1A FARCTAY | FTGRniaues.
rmt Bloudd HeSaqeiaud dedunt tHightie viecpsisy trertproper tégs having a

Cormlei el %rllid: Eﬁa%e§§' ORS .38 W10 OVRLLAD Sbhd-AG8co
contiguous fornation o i mprinting
nﬁ?‘éerrlaz’althollﬁalt%ép?)f esent enbodi ment, sub-portions 54

ofiodzEpri nti ng Adayeron&éolﬂhesamﬁemémﬂsnéd @havddtleristics,

pro errlilcé nS 40_!.1 Sr@ ﬂaﬁé tc% récn:%r:gsecgl Eeq}.t Egl'iﬁlsh}[able for the
n mum s?a g } 5 een reached IS action
pF@WOGéél%mePiﬁﬁieSGhW Jt“lﬁ’ré%nﬁd?attieéh%l gHth £FF Yt

t Bbrknesss biawdhsmperdaleas 54y dxambng artdr ekn@dsication
t%f forgegknesc'oselt is dgg e t%¥ ﬁ%fé@é’ntﬁgkciﬁ% f’on and

des éDependent upon e application erea
f @Fl@ﬁﬁocrhas@ct‘r%mgbiqsa Pei oSt ek pd Y nER H@P@éﬁéﬂéﬁ @afﬁl’elal
a@@é@lﬁ&b@h@ ciy |1ngé@elélalef@r thaCdompb€i tiafi BlomOwhich the

Thi s .causes [inLin ter I

OSSR BT LI DR L 2 By 5 g0

t enplerativedsadhird ipe dos arledraey 42 neth Pé?ﬁﬁrﬁ%irﬂénife}qaﬁe of
capid alkl ed:ncﬂﬂl.@eﬁsﬂ/ﬂohh ﬂa@ﬁbécﬁdstﬁ@@fﬁa%ﬁ&&yaﬁﬂ distortion
pres ures. |n thgg manner., .for n 50 is. solidif 1gd36

Fairat Bt PR 07 (RoR RaRe EaRT G A 16
at@h:ﬁe‘ox@fdua sur fater 58iaf taptigolestretching or other structural
degradation of formation 50.
[0023] The constituent components that form the imprinting
material to provide the aforementioned characteristics may differ.
This results from substrate 42 being formed from a number of
different materials. As a result, the chemical composition of
surface 44 varies dependent upon the material from which substrate 42
is formed. For example, substrate 42 may be formed from silicon,
plastics, gallium arsenide, mercury telluride, and composites
thereof. Additionally, substrate 42 may include one or more layers,
e.g., dielectric layer, metal layer, semiconductor layer,
planarization layer and the like, upon which formation 50 is
generated. Additionally, mold 36 may be formed from several
materials, e.g., fused-silica, quartz, indium tin oxide diamond-like
carbon, MoSi, sol-gels and the like.
[0024] It has been found that the imprinting material from which

formation 50 is generated may be fabricated from several different



[0021] Referring to Figs. 1, 2 and 3 , the
characteristics of the inprinting nmaterial are

wo pponsmms to efficiently pattern substrate 42P¢TUkiog041156
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of the unique patterning process enployed. For

exanple, it is desired that tAe inprinting materia

have certain characteristics to facilitate rapid and
eferilfied lof nguldf mateeribbat uFes ephmpipl dt186 inpriphatg ghterial may

thl GkPERSeSa ek 6 SYPSd@nti akbyn il i ordy, agebxakt, thiol-enes
thi cknesses t2 are Subst an%l ally uniform To t hat end,

i $°9 °HESPabIPESE Rt ¥ e ®vi¥tosity of the inprinting
maaesl al  beEestadhi $hd mabasieds uponthddmdepgdng ingherial are
PLOGES Sl oyed, to achieve the aforenentioned
characteristics. A s nmentioned above, the inprinting
materi al nmay be deposited on substrate 42 enpl oyi ng
various techni quesvINgr 8THRRE BUID MATERIAG -t er i al

deposited as a pl &‘h%lth ]yenggl}fyo§céﬁ1t1§ gr@hgpacedapart
droplets 46, it woul desirab K

conposi tion frontH ﬁcYﬁrtyllle"YbﬂfﬁV?)rﬁ“H@”ﬁﬁ?’e‘?l al is
formed have rel atively | owtwistositdy, e.g., in a range
of 0.5 to 20 centipoises (cPs) . Considering that 'the

| APFi QLT NG Eraétﬁl(ekaéom Sneti?l) e@ﬁ.e@ﬂﬁéﬁ@éiﬁo@e&lv:myl ether, has
concurrently, with the pattern bei ng subsequently

sbig (fPfL%‘e’Hn?nTt&uFB%H on 50 by exposure to radiation,

it would be desi g th osntoon t

surface of sub raOa 4 and or antdt"to avoid
subsequent pit or hole formation after pol yneri zati on.

Ver@ dohprisepr dptirbatnatatereizabs depesi betk eapéoipilngy spight. As
Coat I ng{.t ec%gnrlneq:lﬂgﬁical p%lélﬁglé%eogef%lrﬁlgglo&loséj%ge IBIQ.RQI[‘llY

V|SCOS| y nmat aving a V|SCOS|t¥%grea er
t RBFF POt P *amrrwawéawglyce%\ﬁéwawlheH%ﬁred SZ@RpRY source
th@ﬂSﬁﬂdt@ﬁ&negl&@Qﬂ&vi@l&dﬁﬁdﬁ 08 Hhe BAEF Corporation of Mount

‘é?fem&‘t ORESLF AL AGLEL | 3hEE Snel SIALECHahO AL I qui d

ase ‘characteri St16s, Tt 18 or the
cdh?ﬁ;ﬁél tionat w@ﬁéwwlt%ermﬁwq%gtw érial with

C el byaidtysalyi fi £ inedl Phas easharaeberdws hy carubarreexanpl e,
after solidification of formation 50, it is desirable
that preferential adhesion and rePease characteristics

be denonstrated by the inpri atei gh O~
Specifically, it is benefici for Phe conposi tion

from whi ch/t\he/\/\/o o\/\/\o/\

O O

and comprises approximately 29.1 % of the bulk material. The

component tris (4-vinyloxybutyl)trimellitate is available from Morflex
Inc. of Greensboro, North Carolina under the tradename Vectomer 5015.
[00271] The photoinitiator component is a cationic photoinitiator
that is a mixture of triarylsulfonium hexafluoroantimonate salts in

propylene carbonate having the following structure:

SbFB Q Q SbF? sbFP O

Ce To0 Co0 "0



inmprinting material is fabricated to provide formation
50 with preferential adhesion to substrate 42 and

wee@hossmi i al rel ease of nold 36. In this fashP@RPS2005/041156
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reduced is the probability of distortion in the

recorded pattern resulting frédmthe separation of nold

36 therefromdue to, inter alia, tearing, stretching
offhethetroistit iictarr abprmrpagradatdcresfappopreroly 86, of the bulk

[QQ@e?ﬂl TheaCconstht uant EQNPONERLS drlaicd10bMdR of midlang,
n‘grl nting material dgﬁ provi de the aforenentioned
c

HEFRPEEF i enBYPHCE FdRe $Hi 8°F%sul ts from
substrate 42 bei ngZINgh (ATHER 2gAVEK NOTERIALOF2 di f f er ent

materials. As a r%ig(g,Vlnpeogﬂ,eg&g@Idllgmo& tion of
surface 44 varies de endent ueon the materiial from

whi ch subst r at’é™%b St8SF GFRRpa %PO&%%?FS%P"%B& rate

42 may be forned from si bhewripiplaasti cs, gallium

arsenide, nercury telluride, and conposites t her eof .

Addi ti onaII%, substrate 42 may i ncl ude one or nore

| 4978 SRR etheayeqmmﬁ%m bis\fer ,

semmylonduotyal adiapee, hakatier Eddowony Isayertuand t he |i ke,
upon which formation 50 is generated. Additionally,

nold 36 may be forned fromseveral materials, e.g.,
fused-silica, quartz, indiumtin®xide dianond-Iike

car bon, I\/bSi, soI - eIs and the li e. 0024 It as

beeff FounotHat~tHe i

formatlon 50 |s gener ted may be fabrlcated from

several differentfam@ies of bulk materials. For

exanple, the inprinting material may b e fab ricated

f Badh qﬂmpyiseet perrexippeR achy ks the pukk epteriflopy -wepekt - An
a@Qer%ﬁlﬁyi/aécﬁirceJﬂéSt b 4 RIS 1 S foRWe 1) [aa@ga'ﬂe ExempEdsy, Inc. of

?en Eggl ﬁj t € I rlntl g? ?_ucgjname eeé%omer 4060.

t r[PezﬂﬁyI eneg?hycﬁtﬁcoelqi \Minyl eétlﬁﬂercowwrsen(i4la/|any1ré&ybmey"l )
t rtleﬁ@ﬂn'ai:&@ﬁ;%l?é@e@ Pbitimat Qha A dcd.mf@ise‘éi drofifRlely 77.6% of
Coggob %Etmaterllae{ I?:X'l eneg%l:ycgl dlr\éls{l] t, gflehemrebhanlcal properties

of formation 50 are primarily attributable to the vinyl ether

terminated polyester polymer. An exemplary source for the vinyl
ether polyester polymer is Morflex, Inc. of Greensboro, North
Carolina under the product name Vectomer 1312. The photoinitiator
comprises approximately 3% of the bulk material, by weight, and is
that same as described above with respect to VINYL ETHER BULK
MATERIAL 1: UVI 6976.

METHACRYLATE/BULK MATERTAL-A3

organic modified silicate

[0030] An exemplary organic modified silicate ORMOSIL that may
comprise 100% of the bulk material is Ormomer® b66 available from
Micro Resist Technology CGmbH, Berlin, Germany. The material is
fabricated through a sol-gel process. Methacryl and epoxy
functionality is attached to the material, with a photoinitiator
component being incorporated for UV curing through the methacryl

functionality.



the followi ng structure : and. conprises approxi mately
67.9% o0 f the bulk material by weight. A s a result,

wao b@onersiani cal properties of formati on 50 ar ePCT/US2005/041156
primarily attributable to triethyl eneglycol divinyl
ether. An exenplary source foP triethyl eneglycol
divinyl ether is the BASF Corporation of Munt dive,
New Jersey avail abl e under the product nanme DVE- 3.

[0026] A second Vi nylzpgihebreqppesentatiris (4-
vi nyl oxybutyl) trinelTiTate has e foll ow ng
structure: and c&fﬁ???@glaﬁtﬁﬁeﬁx?ﬁg‘gf%ﬁ’vnﬁg% % of the
bul k material. The componéntehbreimifilatprnyl oxybutyl)
s trinellitate is available fromMrflex Inc. of
G eensboro, North Caralina under, the tradenane
VEROBher 5055, FHESTIYTRERhSE P IRPET M of CURBBHENEST &he
afglabwonr ecphatodnitiator that is a mxture of
triaryl sul foni um hexaf |uoroantinonate salts in
propyl ene carbonate having the follow ng structure
: The phot Qi ni tiator { ses roxi mtely
10 3% of the k > able fr he Dow
Cheni cal @onpany of fl/and, \M shi'gan under t
product name WVl 6976. VINYL ETHBR 2/ BULK MATERI AL - A2
bl CAmpriiB¥L Qpybattiyb}eBdicpated viaphletheeriar iy natigek. 2s a

pol ter pol yner photoinitiator. 0028 first, i
P HEC BT Bl (vt T Py BES T i s o oLl

15t hecrfibhtabbenty she Wholyetdvaeihesnfr PsedeapprfofPRAERYy- A2
19, 4% oty tsb@rcl%ubk detesigh ddhewedigBlsprAnoexerpl Bdwy chemical

source for bis (4-vinyl oxybut adipat.e | fl.ex,
Gy b EHEB0r O R e i A aAds: "t e o odact ™
nase ovéc trhreeind 068-or] 00Ihemthef steohdly imalgrigt hbcludes a
CRINQARENS s kSiByYbitHon 8l @Exd ©FBT-A3beph4rel yLsdsein propylene
pol%tirger t hat c,%nﬁrit es. gﬁ roxinptely 77.6% of the bul k
20 nEREPAFS bYEREIGRT S PBsT et £ Tt he Wechani cal
kg 0N 50 are primarily i but abl e

m nat.ed pol yeste r. An
hyl PF?@E

toas o s one

and comprises approximately 3% of the bulk material, by weight. 2n

exemplary source of the cationic photoinitiator is Dow Chemical

Company of Midland, Michigan under the product name UVI 69922.

25
THIOL-ENE/BULK MATERIAL-AS
triethyleneglycol divinyl ether
1,2-Bis (2-mercaptoethoxy)ethane
triallyl isocyanurate
30 ethyl 2, 4, 6-trimethylbenzoylphenylphosphinate

[0032] The vinyl ether component comprises approximately 36.7%

of the bulk material by weight and has the structure discussed above

with respect to the product sold under the product name DVE-3. The
35 1,2-Bis (2-mercaptoethoxy) ethane component has the following

structure:



et her polyester polymer is Mrflex, Inc. of
G eensboro, North Carolina under the product nane
wO/e@bosmse3 1312. The photoinitiator conprises PCT/US2005/041156
approximately 3% of the bulk material, by weight, and
is that same as described aboV® with respect to VINYL
ETHER BULK MATERI AL 1 : UVI 6976. METHACRYLATE/ BULK
[

MATERI AL - A3 organi c-modichi ed_sil i cate §PO30] An

exenpl ary or gani Hmedw‘i%@t/g%I L that may
conprise 100% of the bulk material s O nmpner.(r) b6

O FABREEPT HRPRPEPG st T GEH A DOy CRER o pRTebe. an
Ceram@Ayry Fherqmbérital 1i% Bfialr-meatamdot Hirouytians glangepent is

5 PERCAISridde El!;@rg.EXi _C%ﬂgarg/p QX yMifl%QtQ}géeg N dcbis 1S uﬁ&é@%ﬂ@d
to the materjal be%ng

, Wth aﬁ;})fhotm nitiator component
i RESPEOr e Sr W Butsigtt rﬁhSU‘&??hFﬂjecaﬁfegg?(?Fyfes °
f Gonotaitdoralsiot yrEPOMYrBLY KtMATERRRBLe Ad digglkytdtdylereohpeol
Of1-Piny $PNER! oy €21 JR00 (L RPOIRLBEAD:GS HnahB0R hboddif s .
di ?I%{& dyl ether of_ bi J,};Jr)?henol A conmponent_has th ,
f 6P9%Wi ng sTPUCELTEY! HIRFYEBHFCF &8 %WOQ?WSI%%‘?‘%HQ’
10 obtitdreubed k material by weight. As a result, the
mechani cal properties of formation 50 are primarily
attributable to the diglycidf ether gf bisphenol A
conponent. An exenpl our of ~di g1 yci dyl et her of
bi sphenol A is Dow Chem caj~“Conpany of M dl and,
M chi gan under the product |name| DER 332 . The cationic
phot oi ni ti ator conponent k material includes
15 a mixture of triarylsul fQ)ni un hex | uor ophosphat e
salts in propyl ene carbonatel providing the follow ng
structure: and conprises approxi mately 3% of the bul k
material, by weight. An exenpl/fary source of the
c 30F GIPMET TSt FIRPEIRCEHY i 'S Do tER dilEaTeteshplaky Bkt An
Medémndry Mothégal tirderidinel prsodyciuraageobnet®92s the

20 TE&&%ibE“EﬁQJ@E&i<ngggﬂglé%’M%%waukee, Wisconsin under the product

name TAIC.

[0034] The ethyl 2, 4, 6-trimethylbenzoylphenyl-phosphinate
component comprises approximate 3% of the bulk material by weight and

has the following structure:

i

@)

25
An exemplary source of the ethyl 2, 4, 6-
trimethylbenzoylphenylphosphinate component is the BASF Corporation
of Mount Olive, New Jersey under the product name TPO-L.
ACRYLATE/BULK MATERIAL-A6
30 isobornyl acrylate

n-hexyl acrylate
ethylene glycol diacrylate
2-hydroxy-2-methyl-1-phenyl-propan-1l-one



triethyleneglycol divinyl ether 1,2 -Bi s
(2- mer capt oet hoxy) ethane triallyl isocyanurate ethyl

WQ@2006457845- t r i met hyl benzoyl phenyl phosphi nat e [ BPOBR$20051@41156
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vi nyl ether conponent conprises approxi mately 36. 7% of
the bulk material by weight akRb has the structure

di scussed above with respect to the product sold under

t ie0350 oduct TikarerPEEe- @mpoifdre:, 1igdboBpgl @rylate (IBOA), has
- PRI ¢apipathoxhcelrkane conponent has the fol | ow ng
structure : O and conpri ses approxi mately 47.3% of

the bulk material by weight. An exenplary source of

the 1 ,2-Bis (2-mercaptoethoxy) et e conmponent is

the Al drich Chem cal Conpany of M ukee, W sconsin
under the product nane DVDO As sult, the

mechani cal properties of f@rm
attributable to the triethyl enqg al {divinyl ether

and 1 ,2-Bis (2-nercap hoxy) et’hane conponents.

[0033] The triallyl isocyanurate conponent has the
follow ng structure: and conprises approximtely 13%

ofng tRRp LK %&ir@tew 5881 bu 118 XS BF VeSO, CBut may
of the ?rlally I socyanurate conponent is the Al drich
cheRTEAF™Cftparfy "8t M FWaltRe¥ ™ WRCHAETT uifidr “EHe ™ e
pmechaat caiapeodedt@es [(FOBdjmaThen 6phate Brimagily attributable to

61hsd Methydhepzoy! pheny! rhesphi Dale 6ROy, Inc. of
conpri ses approxi mte 3% of the bul k materi al

: y
WEFGHY  BRRPSKAS RO POV HE St FRTEGPE St AR eXEnpl%ry
sqoessd of t e etduwpbnedt, ntexyd acrylate (n-HA) has the following
t LigRihyl benzoyl phenyl phosphi nat e conponent is the
BASF Corporation of Muwunt dive, Mw Jersey under the
product name TPO- L. ACRYQAT X/ BULK MATERI AL-A b
i sobornyl acryl ate @M acryl ate

O

A

and comprises approximately 27% of bulk material by weight, but may
be present in a range of 0% to 50%, inclusive. Also providing
flexibility to formation 50, n-HA is employed to reduce the viscosity
of the prior art bulk material so that bulk material, in the liquid
phase, has a viscosity in a range 2-9 Centipoises, inclusive. An
exemplary source for the n-HA component is the Aldrich Chemical
Company of Milwaukee, Wisconsin.

[0037] A cross-linking component, ethylene glycol diacrylate,

has the following structure:

\/LO/\/OWA\

O

and comprises approximately 15% of bulk material by weight, and may
be present in a range of 10% to 50%, inclusive. EGDA also
contributes to the modulus and stiffness buildup, as well as
facilitates cross-linking of n-HA and IBOA during polymerization of

the bulk material.



et hyl ene gl ycol diacrylate 2-hydroxy-2 -nethyl
- 1- phenyl - propan-1 - one[ 0035] The acryl ate conponent,

Wo sobos1yd acrylate (1BOA) , has the fol | owi ngPCT/US2005/041156
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phase, has a viscosity

structure: and conprises apprOX| mat el y 55% of bul k
material by weight, but may bé?present in a range of

20% to 80% inclusive. As a result, the nechani cal

priepidit i es &f mdEhRGrOACBONERED Brh}f?ﬁﬁ‘ﬁ?‘ﬁﬁwlbﬂjt@ﬁpﬁ"

t 9rdB3QA - @%%@Lﬁd‘bﬁesﬂﬁncﬁlﬁaoépéca@i\tﬂ’ ShSALd0BBEE Tarrytown,

ani, avail,abl e und .
tcﬁigE %%%Iu&% ﬁa’%e E%d%oga gg%u}éTﬁe%éonponent %rl] %e?{cfwmg
aecyldree{ n- HA) has the foI | owi ng structure : and
conpri ses approximately 27% of bul k material by
wei ght, but may be present in a range of 0% to 50%

i nclusive. Also providing fle¥ bilOHy to formation 50,

n-HA is enployed to red t he vii:co' y of the prior

art bulk material sot pul' k- 'materi~dl , in the liquid
T~a rangeci.9 Centi poi ses,

i ncl usive. An exenplary source for the n- HA conponent

is the Aldrich Chenical Conpany of M| waukee,

W.s§ %bplse[so%ll)xﬁlactre%sﬁl bh keh@gbmnpmgl Bt DY LRE and
gl ycal di acr% at e, the foll ow n% structure

and
O B o BECERh o Prthy SHad B ol WLkt S ol g, infflSeor 1o
weegitinsiandonaybrved (reesent ullnravialryeratiatdss toenE09¢ed by a

' %hm& gfessE@%le@lﬁpy qgmﬁ; ri QHttﬁéstr%nth;e rmg uj s s angd
stiffness buil dup facilit

crBSEHERRES F5OHT ﬁnﬁ&gaﬁﬁd Peéﬁﬂeaa??mnp%ﬁ yHBrIFRPIG S of the
ofout henabetdalmat erial . [0038] An initiator conponent,

2- hydroxy- 2-net hyl AcﬁayBK‘%?)ébLK WRESPAR-A7 one i s

avai l abl e from G ba Specialty _Chem_cals of Tarrytown,

New York under the tradt°RGFYIDARCEEEE S 1173 , and has

the foll owi ng structure g-hamd eorgimicses appr oxi mately

3% of the bul k materialhy Wei-ghta:apch By be present
in arange of 1%to 5% inclTusive. The initiator is

responsi ve to 2aPBieeEe - %d‘ﬁ&hb]f 1gPRe  Vh5PBR -1 &8Fat i on
generated by a

[0039] As can be seen, BULK MATERIAL-A7 is identical to BULK

MATERIAL-A6 in terms of the identity of the constituent components.
The two materials differ in terms of the percentage of each of the
constituent components present. In BULK MATERIAL-A7, IBOA comprises
approximate 47% of the material by weight and n-HA and EGDA each
comprises 25% of the bulk material by weight. DAROCUR® 1173, 2-
hydroxy-2-methyl-1-phenyl-propan-l-one component comprises
approximately 3% of the material by weight.

ACRYLATE/BULK MATERIAL-A8

genomer 1122
isobornyl acrylate
1, 6-Hexanediol Diacrylate

2-hydroxy-2-methyl-1-phenyl-propan-1-one

[0040] The first acrylate component, genomer 1122 is an
aliphatic urethane acrylate available from Rahn USA Corporation of

Aurora, Illinois and has the following structure:



medi um pressure nmercury lanp. In this manner, the
initiator facilitates cross-1linking and pol ynerization

w@boosls7sednponent s of the bul k material . ACRYRAIVES2005/041156
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/ BULK MATERI AL - A7 isobornyl acrylate n-hexyl acrylate

et hyl ene gl ycol diacrylate 2-'Rydroxy- 2-nethyl

- 1- phenyl -propan- 1l-one [0039] As can be seen, BULK
MATERI AL- A7 is idengical to BULK MATERI AL-AG in termns

of the identity of {lhe constituentl conponents. The two
materials differd s~0f -Phe C of each of

the constituent conponents presgnt. |In BULK

MATERI AL- A7, | BOA conprises appooxi mate 47% of the

mat eri al by wei ght and n-HA and EGDA each conpri ses

25% of the bulk material by weight. DAROCUR 1 1173, 2-
haydr @y i RedTepitiximdepliemAl of prreprutil nerrriebripomeidht, but
COOpLi Ses_anptox| 3%.af - t.he L&l i .
A TR AR R ER AL 20 ensngy Taocristarpbaic
deepperd acrBatexXaReRli 4F D 4EFYHIRER oK dFox§RPrises
2ppebilately Bhemyl we pn@pan-thi- aeof 0040] bilemdy bgtpresent in
aaCr %;}éé eofcgmon? ‘Et.’ 'ﬂq%lng la%;%“%mhg Bl @Jé—ﬂ@ﬂéﬂe@iiol

ur éthane acrylate availabl'e from hn USA Cor por.ation
ofiapuy¥ate, i lavpHebde HTamhES® Chenicalf oRfpyp, Gecrgia and has
StHUeb IR anNGeedpiEeses approxi mately 21% of the bul k

mat eri al by weight, but nmay be present in a range of 0

to 50% The acryl ate conponent isobornyl acrylate

(1BOA) is as descrijbed above and conpri ses
approxi mately 56% weight t conosi
may be present I'm a r@nge
conponent 1 , 6-hexanedi ol diacrylate is gvailable from
UCB Chem cal s, Snyna, Georgia and has the foll ow ng

structur : . .
and compé%ses approximately 20% of bulk material by weight, but may

be present in a range of 10% to 50%, inclusive. The initiator
component, 2-hydroxy-2-methyl-1-phenyl-propan-1-one is as described
above and comprises approximately 3% of the composition by weight.
To provide improved wetting characteristics of BULK MATERIAL A8,
additional fluorinated acrylates, such as 1H,1H-perfluoro-n-decyl
acrylate may be included to lower the contact angle of the same.
This fluorinated acrylate is available from Exfluor Research
Corporation, Round Rock, Texas under the tradename C10ACRY. One
advantage with bulk material A-8 is that it has a viscosity of
approximately 11 cPs which makes the same suitable for both drop-
dispense and spin-coating techniques.

[0041] It was discovered, however, that desirable preferential
adhesion and release properties, as discussed above, may be achieved
by producing a weak boundary layer, lamella 60, between mold 36,
surface 58 and formation 50. Lamella 60 remains after solidificatiomn
of the imprinting material. As a result, the adhesion forced between
mold 36 and formation 50 are minimal. To that end, found beneficial
was employing a composition for the imprinting material that includes
one of the bulk materials discussed above along with a component that
contains low surface energy groups, referred to herein as a
surfactant component. After deposition of the imprinting material,

the surfactant component rises, after a period of time, to the air



and conprises approxi mtely 20% of bul k material by
wei ght, but may be present in a range of 10%to 50%

w0 p@baSis¥E. The initiator conponent, PCT/US2005/041156
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2- hydr oxy- 2- et hyl - | - phenyl - propan-1-one is as

descri bed above and conpri ses *4pproxi mately 3% of the
conposition by weight. To provide inproved wetting

cRamaict éristtres: eFOBULRI MAPERIAL 148 ofatititinbhed material with

f lauss durat €ch égﬁdén@t:ﬁ:sa_onséﬁ: Qa@é:lahfls | B per f
ncluded to._l

n- dec | ate e
ng§ 2 angl¥[8 Bt %pgﬁgn'g%' g‘fﬂpéLe’FT d6ri Hat'8 ac Wmaetre
i sorsatirablaa f diire BrfdfaoranRese@monentCorptrratd dre, aRoeund

R@gkfa&aﬁ@swup&eernttﬂ%ht [ Sekg naR o CHOAGRY3 6, Oeﬁa@@ﬁarge@gﬁd
A-8 is that |t has a vis

mat er
A A R L R S O O
bethtigmopdli .s peis evhrebrs pen1edatsi ngsitéoleri aesen| H@Fafe 44

|Ende§1§&9—%\6§£§gl 1hpveyer ’suﬂ%tg&'ﬁllﬁgut%enuates the adhesion
pr. eferent| al adhe3| on nd rel easeb@)a ertl es,

difS B BT HFBVES LY 58° aTRF BREg9 Sfuc PR é?o?z\?edélgled
bénedidiiyallayethe |santldcant Gombetone e smobubs86, ersisr f dden the

ngﬁfh%tg.gc_[) %‘té%ﬁ% :Llnagi?el |1§ @_L% f)ﬁé'@ ns. @ftﬁcglymerlzable, one
sol 1 dificatiqn of mat erj al

S g O LD g e g dnctuded o
f shevirpomtS@ganae-emi i -marhe Tondindbhg eand, hdsp@ndluorine component.

b%ge£|x%5§it W@Stl'ﬁangkﬁ}ﬂlg ﬁr@k@%ﬁiﬁ In‘@.@eéﬁr tﬂ% surfactant
inprinting material that includes one of the buik

mEPBRIEPE i SEHRGEEEhBEVE bifg ThRPH S CORPRTENEXtqRdps from
cent@im3ijqow surdfrdeee @nelmgpd Oy abhpsimpréhieimuedateniera@t nthe
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a%hﬁ%%ﬁ%%@ t Q?tﬁ?%h? é%nadhe51on force. Side 64 adheres to mold 36
with a second adhesion force. Lamella 60 results in the second
adhesion force being less than the first adhesion force. As a
result, mold 36 may be easily removed from formation 50 while
minimizing distortions and/or the force required to separate mold 36
therefrom. Although formation 50 is shown with side 62 being
patterned, it should be understood that side 62 may be smooth, if not
planar. Furthermore, if desired, it is possible to generate lamella
60 so as to be disposed between formation 50 and substrate 42. This
may be achieved, for example, by applying imprinting material to mold
36 and subsequently contacting substrate with the imprinting
material. In this manner, it can be said that formation 50, i.e.,
polymeric material, will be disposed between lamella 60 and the body,
mold 36 or substrate 42, upon which the polymerizable material is

deposited.



forces between nold and the inprinting material, once
solidified. Specifically, the surfactant conponent has
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l'iquid phase, i.e., polynerizable, one of the opposed
ends has an affinity for the¥ulk material included in
the inprinting material . The remaining end has a
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where R and R’ can be either H or methyl; R and R’ can be identical
or differ. R’’ is a linking group that may be omitted or a sulfonyl
group such as -SO,N(R'’’’7)- , with R’’’’’ being C; to Cs alkyl and
typically C; to C, alkyl. The component (OR’ r1), is a

poly (oxyalkylene) group, typically including groups having 2 to 4
carbon atoms such as -CH,CH,-, -CH,CH,CH,-, -CH(CH;)CH,-, or
—CH(CH;)CH(CH;)-. R’’’’ is a terminal group of methyl, H or C; to C,
alkyl and typically H or methyl. The ratio of x to vy is in a range
of 1:2 to 3:1 and more preferably in a range of 1:1 to 2:1.



nmol d 36 or substrate 42, upon which the polynerizable
material is deposited.[0043] It should be understood
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spi n-coating techniques, simlar bifurcated
concentration of materials octurs, as shown in Fig. 5
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Reommerc bl 1IRgaal 1061 LCoxahiyk ﬁ]dhé Veuir€&d daytt CompondtAs included

al ky'solgme S (gsdu;{:)gamg& AR ¥od Ox¥ablvienelo,
aEf y |gc[ru ng groups_havi ng to 4 carbon

AEOwS sEfé‘hl%fé ZOPCHA-300 . cPREOR CRY Compamemrs)twmduct

Ohames FC-4432, FC-4430, FC430, sold by Mason Chemical Company of

Arlington Heights, Illinois under the product names MASURF® FS425,
MASURF® FS1700, MASURF® FS-2000, MASURF FS-1230; sold by Ciba-Geigy
Corp under the product names Lodyne S-107B, Lodyne S-220N, Lodyne S-
222N; sold by Daikin of Japan under the product names Unidyne NS1602,
Unidyne NS1603, Unidyne NS1606; and sold by Dainippon Ink & Chemical
under the product name MegaFace R-08. In addition to, or in lieu of
the nonionic fluorinated surfactant components, ionic fluorinated
surfactant components may be employed in the composition from which
the imprinting material is formed, along with the bulk materials
discussed above.

[0048] In lieu of, or in addition to, the non-ionic fluorinated
surfactant components, the ionic type of fluorinated surfactant
components can work as well. An exemplary ionic surfactant is an
anionic phosphate fluorosurfactant sold by DuPont of Wilmington,
Delaware under the tradename ZONYL® UR, which has the following

formula:



-CH(CH 3)CH(CH 3)-. R"'" is a termnal group of
methyl, Hor Cl to C4 alkyl and typically H or nethyl.
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nore preferably in a range of 1:1 to 2:1.[0046] It sh

ou I d be understood that the dkyal kyl ene groups in the
poly (oxyal kyl ene) group may be the sane, as in poly
(oxyethylene) , or two or nore of @iffering

oxyal kyl ene units may be irregular]y distributed in

the poly (o a&wJ(ERsGFYrotpCHYOpePEme)yi fically, the

poly (oxyal kyl ene) group may be made up of straight or
branched chai n oxypropyl ene units al one or oxyethylene
unjts al one, or stralght or branched ocypropyl
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[0047] Exenplary nonionic fluorinated surfactant
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Lm&xsﬁmﬁa ﬂ%'wm_:} kyhe.Lhhes fype, or

uoroal po yet ers as set forth in US. Pat. Nos .
3,403,122 3,787,351, 4,803,145, 4,836HQ84, 4,845,008,
5,380, 644, 5,747,234, and 6, 664, 354 which are
i ncor porated herein EWEfG@)wHQCngNW@
commerci ally avail abl e exanpl es of the surfactant
conponents included are sold by Dupon€Hgnder product
names ZONYL FSO, ZONYL FSO 100, ZONYL Q FSN-100, ZONYL
(r) FS-300; sold by 3M Conpany under the product nanes
FCoasm32, FCrA43@erf2A30;awsoleblyzhagoni@ienswdhctant is a

C@Wlﬂghd%ﬁ!: | AYHO rbxliﬁé %ta:%laﬂllel fﬂﬂ' Shd rﬂlqgén tth-l@mlcal Company
product nanmes MASURF FS425, MASURFE FS1700, NMASUR

gn%@éhe NESEREESYASYEE: FEo1% bATEPBAC ERFERFEB pcoalﬁ%eflts
t hey preoductoyadnes wadyneuds- 49 Muotiodynd sSr220MNnt Ladypmeents
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names , Uni dyne NS1603, Uni dyne NS1606;
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nanme MegaFace R-08. In addition to, or in |lieu of
F (chch) x_alkyl —I\T+R3Cl"

where x is an integer in a range of 1 to 7, inclusive. Additionally
a surfactant containing both fluorine and silicon atoms can work, as
well. An exemplary surfactant containing silicon is MEGAFACE® R-08
mentioned above.

[0051] Although the foregoing has been discussed with respect to
having fluorine-containing surfactant components, it is possible to
employ non-fluorine-containing surfactant components. This is
particularly useful when a mixture of surfactant components is
employed, wherein one of the surfactant components is fluorine-
containing with the remaining surfactant components of the mixture of
surfactant components being a non-fluorine-containing surfactant

and/or a fluorine-containing surfactant. An exemplary mixture of



the nonionic fluorinated surfactant conmponents, ionic
fluorinated surfactant conponents may be enpl oyed in

W0 b@sosmsposi ti on fromwhich the inprinting matRCT/EE2005041156
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fornmed, along with the bulk materials di scussed above.
[0048] In lieu of, or in addiffon to, the non-ionic
fluorinated surfactant conponents, the ionic type of
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'mprinting material is fabricated.
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fl uoroali I C am ne oxl avai | able fromthe Mson
CFP@FT%%’&P %ﬁﬁawr&ﬁhfé’rtlt’ﬁael Ploffe AR YRRSURE BXgpyhene oxide,
Catthprine &tildkacdrainbtigarpe nBahmarayolieremplroyethonasurfactant

wel Lsoeh 38 £Vlaq9gweatf§9m %%f@%@?sgl conQpent sihike,

qua I%rnary anmoni'um salts avai from DdPont under
t Hé chiaraelnigret PORYRIF B S fTElFPﬂiFaé il '—?R(%EF%W Frp - TERGITOL®
f il arrRFroCR2aER) ardatrkylon® x+R8Cl he TERGITOL® surfactant

components are alkyl polyethylene oxides, and the TRITON® surfactant
components are alkyl phenyl polyethylene oxides. Unigema Americas of
New Castle, Delaware also provides suitable hydrocarbon surfactant
components containing polyethoxylated alcohols and esters under the
tradename BRIJ®, e.g., BRIJ® 30. Acetylenic polyethlene oxide-
containing hydrocarbon surfactant components are available from Air
Products and Chemicals, Inc. of Allentown, Pennsylvania under the
trade names SULFYNOL® and DYNOL®, e.g., SULFYNOL® 104, SULFYNOL® 440,
SULFYNOL® 2502, and DYNOL® 604.

[0053] Typically, the composition formed employing the bulk
materials mentioned above includes a quantity of surfactant
components, or mixture of surfactant components, that is in a range
of 0.05% to 5% of the composition by weight, and more particularly
0.25% to 2% by weight. The remaining portion of the composition
comprises one or more of the bulk materials, described above.
Typically the composition from which the imprinting material is
fabricated is applied employing either drop-dispense techniques at
room temperatures and in the presence of a helium-purged environment,
e.g., a helium-saturated atmosphere. The drop-dispense technique is
employed for compositions having viscosities in a range of 1 - 20 cPs

at room temperature. For higher viscosity compositions, e.g., in a



where is an integer in a range of 1 to 7 , inclusive.
Additionally a surfactant containing both fluorine and
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surfactant containing silicon is MEGAFACE R-08

menti oned above. [0051] Althodgh the foregoing has

been di scussed with respect to having
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surfactant’ conponents. This is particu arly useful
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fluorinated surfactant into the bulk materials .
Exenpl ary hydrocar bon surfact apt conponents are
avai | abl e from BASF of Ont aEFE%&%anada under the
tradename TETRONIC , e.g | C 701, which are
bdPP&led t o The %‘@ﬁ%ﬁc’fﬁ‘éﬁé‘l’ 151 %@%eﬁ%ﬂoyﬂ@génﬁfe from
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avg}Per ro(r:nar b\%ﬂ&% ttg%gHegggtpso,n?phn&ls ucrjlder the product
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e.g., TERA TOL NP-10, TRITON X-100 and TRITON (r)
X-45. The TXRA TOL surfact ant

F3CFoC ——(CF ,CF 5}, CHoCHy ——O(CHZCH,0),H
where X and Y are integers. MASURF® FS-1230 is a 30% active
fluoroaliphatic polyoxyethylene fluorosurfactant in a
water/isopropanol solution. In the experiments that resulted in the
data recited below, the water and isopropanol were removed before the

surfactant was incorporated into the composition for the imprinting

material.
53
FSO-100
[0057] The surfactant FSO-100 is an ethoxylated nonionic

fluorosurfactant that has the following structure:



conmponents are al kyl pol yet hyl ene oxi des, and the
TRI TON surfactant conponents are al kyl phenyl
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pPEFEYEHER A - r%reea %“lﬁ%\ﬂaa‘adl%g?lﬁ?é’rﬁ? SHeE BH f”& he
spefdcbandodeonponeates descsibdtabovéke rrompprenit F4pg004 has
rr%grﬂoqhom QVeLAl.cconpositions including the bulk

materi als and surfactant conponents descri bed above

were tested. Specifically, the foll ow ng surfactant
conponents were enpl oyed: S | C1oFa1

it

se,
ZONYL UR

[0060] The surfactant ZONYL® UR is an anionic phosphate
fluorosurfactant available from Dupont of Wilmington, Delaware that

has the following structure:

|
[CF4CF,(CF,CF,)zCH,CH,0]xP(OH)y

where x is an integer having a value of 1 or 2; y is an integer
having a value of 2 or 1; Z is an integer having a value in a range

of 0 to 6, inclusive, where x+y=3.



FC- 4430 [0055] A s nentioned above, the surfactant
FC-4430 i s available fromthe 3M Conpany o f St.
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FC-4430. The NOVEC FC- 4430 fluorosurf actant is a
non-ionic acrylic copolyner based fluorochem cal
surfactant containing perf |uorobutane sulfonate

(PFBS) segnments. S2_ FS-1230 §0056] The surfact ant
FS-1230 i s bel i ev@BINBTON ¢f maeeldor 'R Aséhi d ass, in
Japeag and dingd %hbﬁa&an{t rk-bhei Uni 4 8doStAteSo@ nbhrAMaEEd o

Us Mason Che o f_Arl ht III
uﬁ%t%c’?%?ife bﬁ?%ddﬁc?%an%rar%t mngF?EI g%mf‘g‘sggél%d “thé 0L r-os
f 0% laowi FaplgehemabPairdppen dnk RBGF@@G@@F@PS?%CHEQ}E the product

04 G2 CERR: ch ¥AdaMerog . X dRdcohpahg: ilont 80e6stadVASWRE s0s Fso-100
F%—@ZSO is a 30%active fluoroaliphatic
p

c?fzyelﬁ‘?ﬁrene fluorosurfactant in a water/
i sopropanol solution. In the &perinents that resulted

in the data reebietinbehowr fdre:vataIRAMDII’S0ps opanol
were renoved before the surfactant was incorporated
| @2l he cofpositiorrahbr SYRBYNGHpr ion |lﬁga1’|trmceFY3@|nlC S3

r%QQrﬂ&lQQJJedTQ@rﬁ%QI%:bamngFéQ.r 180micaS ke 2,4,7,09-
et oxyl ated noni oni c fluorosurfactant that has the

f obtewery 1St rdectyue € Tnhdrle XThes s@rfaichteg SURFYNRLY atrge

Ofanllfan@ froh Mk u§féﬁ%ct§rl1q1dycﬂe§11§¢ﬂs| n,edebs il 18nf@nge
of 15, inclusiyve. FC- 4432 0058] A s nentioned

aBW@YlY?Féas%de 32t ant ?‘i‘} AAEE FETUTAFTabl e from the 3M

Conpany of St. Paul, M\nnesota as the/ NOVEC Fl uor osurf
actant FC-4432. It is a -ionic ymeric
fl uorochem cal surfact The NOVEC\FC- 4432

fluorosurf actant is b ed 8=

The combination surfactant S8 is 50% FSO-100 and 50% SURFYNOL® 104.
[0063] The surfactant components and bulk materials described
above were employed to formulate additional compositions to generate
comparative data of the preferential adhesion and preferential
release properties with respect to the twelve compositions and the
eight bulk materials, discussed above. The compositions and/or bulk
materials were deposited and then solidified between two glass
slides. Each glass slide was approximately 1 mm thick, 75x25 mm in
the lateral dimension. Droplets of fluidic imprinting material were
disposed on a glass slide; the second slide was laid in a cross
direction pattern. The imprinting material was subsequently cured.
A four-point bending compression force was applied to separate the
slides. To that end, a four-point bending fixture {(not shown) was
adopted for the adhesion test and technique, similar to that
described in “Measurement of Adhesive Force Between Mold and
Photocurable Resin in Imprint Technology” Japanese Journal of Applied
Physics, Vol.41 (2002) pp. 4194-4197. The maximum force/load was

taken as the adhesion value. The beam distance of the top and bottom



perf | uorobutane sulfonate (PFBS) chem stry. S5
F021004 [ 0059] The conponent F021004 is a surfactant
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Technol ogi es, Inc. of Pittsburgh, Pennsylvania. The
chemi cal nanme is Diisopropyl ¥4 H, IH 2H 2Hperf

| uor ododecyl) silane. The surfactant-|i ke conponent
FOR1064ntsass tehemf.ol Fownilegd stasugpniied 36 tZONRSYR 0060 per
Tﬁ%u%gr f agt atp ZONYbnd) Rai Se RN &N QDI LrePhOSRNBE R :

fluorosurt actant avail able from Dupont of W/I m ngton,

Del aware that has the follow ng structure: O

[ CF3CF2( CF2GR2NZ 02 GRPIHIIXES | INCLMYBWI@ MBTERIPG-24N

i nt e
havihg a;palue of 2 or 1 ;: Zis an integer having a
val ue Bn $’\range of 0to 6, inclusive, where x+y=3

. S7 COBI 5O- 100 AND R- 08 [ 0061] The

surf acgant ‘nated acrylic

copol yfrer’ 1 oned above, the
sur f ac&arft TR0 inippon TNk &
Cheni cal %of—3an: nane s VEGAFACE
R- 08| %het ¢comb 5—50% FSO- 1uu and
50% R- §8.3 $8_ O <

[ 0062] 2The {surf SUREYN

hydr oc&r bpt
2,4,7, & , |

A1-NS A1-81 A1-82

[0064] As seen in Al, only 3.4 pounds of separation force is
required to separate superimposed glass-slides (not shown) having a
cured imprinting material disposed therebetween formed from a
composition bulk material Al and surfactant S2, shown as Al-S52. This
ig much less than the 7.5 pounds of separation force required to
separate cured imprinting material formed from a composition of about
99.5% bulk material Al and about 0.5% surfactant S1, shown as Al-Sl.
More telling is the 61% reduction in the separation force realized
when compared to the separation force required to separate
superimposed glass slides (not shown) having a cured bulk material
Al, disposed therebetween, not having a surfactant included therein,
shown as A1-NS. The A1-NS, Al-S1 and Al-S2 compositions each have a
room temperature viscosity of approximately 8cPs and deposited at
room temperature employing drop-dispense techniques. The Al-82
composition consisted of approximately 99.5% of bulk material Al and
0.5% of surfactant S2. The Al-S1 composition consisted of

approximately 99.5% of bulk material Al and 0.5% of surfactant S1.



tetramet hyl - 5-decyne-4, 7-diol. The surfactant SURFYNOL
is available from Air Products and Chem cals, |Inc. of

wWaQ\Rdoensmswh, Pennsyl vani a and has the fol | owi ngPCT/US2005/041156
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structure : The conbination surfactant S8 is 50%

FSO 100 and 50% SURFYNOL 104. 2 0063] The surfactant
conponents and bul k materials described above were
enpl oyed t o IerINIIrEt enaskdisls anedL U NG BBIHR MOTERTRD-
generate conparative data of the preferential adhesion
and preferential release properties with respect to

t he twel ve corrp05|t| ons and the eight bulk material s,
di scyissed“apove—The conpositions and/ or bul K

mat efi & sswere deposited and then solidified -between—
two gl ass3sl i des, >h gl ass slide was approximately 1
mm t hi ek, “75x25 )| the [ateral dinmension. Droplets

of flluigdRré fnpri materiat—weredisposed] c

glass & idey ' d slide was laid in a
directison patte e i npri ntd i

subseqﬂ’eﬂ?l y Cu A Tour-po ]

force vas 1 Separ-ate| ;
a foyr -Spgisn| ixture

for the& adhesio and tec simlar

descri bed % w—vEasur ement "ot Adhesi ve Force Bet ween

Mol d |and Phot ocur®S Resin in PMP?int TechnolSHf"

Japar\nca Journal—of Annllarl Dhuc:r-c Vol —41 /')nn'))

TCOoOC—o oo 1a&t

300&94 419E. s@eff@xhﬁw@eggf&géﬁ%@amcg%% B Rfterial
hesi on val ue. The beam di stance of the top and

béft O WBSBEFneS SR fintoTRe ”ﬂaﬁa’ﬁe%ﬁedaﬁﬁl FRE-AC t he

speperiobofed ghme petidasnite. sAdhe) conposi ¢tiredsimpmdnt iegt

r @é{:‘éﬁl%lar & @gééyﬂ:% corltl\épglwk)b@ %Igﬁdﬁ‘l-@ I N@I—mf&@ant
BULK MATERI AL As seen in A, only, 3.4 pounds

of3 s ePaIat oA TG &’és |e§‘P}‘€f(TS| Fedors %pﬁ?‘ﬁdelmprm ing

SupestipPos ethigl Sparstiodetorichotequhomh )i shawdhngesss Charedihe 2.6

I %B{u’d},t Egse'iSQEQEm%' fcgclc§ P&;ﬁgréc{qgﬁetg%t %@g&ntgrd@guéédom

a conp05|t| on mat er i surfactant S2
sH@Q\ﬁnéénwagzmalTﬁ?@ﬂeﬁsfmﬁ qomBesitigh e §abeiadsh2 and
ofsusepapat iqan foheecad egquss.edvdxe seplamgt £ cbe ebs reduction in
i ig%} t | SQUIPOS il O Af - ARQUE

Qggé P%:l%t g‘%% r%qﬁ a,‘;g,go@&?ap 5% surfactpana@l%l oree
Sﬁéwﬁlrgg m ssparate superlmposed glass slides (not shown) hav:Lng a

cured bulk material A2, disposed therebetween, in the absences of a
surfactant, shown as A2-NS. The A2-NS, A2-S3 and A2-S4 compositions
each has a room temperature viscosity of approximately 300cPs and
deposited at room temperature employing spin-on techniques. The A2-
83 composition consisted of approximately 99.5% of bulk material A2
and 0.5% of surfactant S83. The A2-S4 composition consisted of

approximately 99.5% of bulk material A2 and 0.5% of surfactant S54.



More telling is the 61% reduction in the separation
force realized when conpared to the separation force

WO e@paiosmsa3 t 0 separate superinposed gl ass sl i deBCT/N81005/041156

10

15

20

25

shown) having a cured bulk material A, disposed

t her ebet ween, not having a suétactant included
therein, shown as AI-NS. The AI-NS, Al -SI and Al-S2
conmposi ti OWPEMNGMEEIM@OIWQI@WWy of
appr
enpl oyi ngodrop d| soense t echni ques The Al- 82
conposig i on COI’]SI st ed of apprOX| rrately 99. 5% of bul k

mat efti § 7A& 1 5% of —surfactant—S2——The At=St—
conposi g@n ed of approximately 99. 5% of bul k
mateni & Al % of surfactant SI.1MPRI NTING
MATERI &80l ﬁ

fromitfge e erning bulk material A2 .
1.7 pognds > was required to

sepal ate 39u i

cured igmry  CONPOS|

bul k | meg er | t S3, as A2

enpl ()y%”to('f rimting

sepanat @n

pounds of separgijon force ,?g@éqw red ig.d4he presqngg of

cured inprinting material fornmed froma conposition of
bul Kk materialr AZ and surfactant S4, shown as AZ- 4.
Mapes&lel | | ngsi seephérH0%e @ég@ztait@nnidattah@nsepalmat hofr material
f @@ Cenhi$ad IoZe8untaeds GRERAIEH, LR Ll Qva%eﬁﬁfuat:é@ Rof Me@ate

U|red to sepa eri d ass S|Id
R R T L e MR R K gt LIS
t Imeteed;etl vEepesed théeebabsean e SThef careslumﬁmmamq nghoviml was
a%of&édh@&oﬁrgecéﬁéogﬁ%10%20é%%a§£ELgAguii4mggggag§|Aﬁ QH§ é%@@&btant

has a_room tenperature viscosity of approxinmate %
36bc PEoEn FSddpodi-t et 8t 1T SR EpeTREUrE én%|P8§iP 7 oF
S pepemnide chacg eguirbdeinZhe SFegemgro oF t ¢uoad cCopgiist iod

Oﬁna@é%a%ﬁ?xfdl%@é.‘co%9co5nébQIt1|BH|<£<f gﬁikermlagér:ég ﬁﬁq;lng s'in{ofgct,tant
surfactant S3. A2-S4 conposition consisted of

appr GXPHRLE ?3999L S%Tﬁ SERATRC 1At EPTR 2ASPHABCD 48k -84 is
sulfadeantthdd tHeVPER)MEEME MBdERIAWS relCHUDh&NGBERiCe of cured
W}Eﬁln%hé%a[:?gﬁcﬁ] f&n%dsﬂ% ;.QQ)%&A].%J.@I? R g&il@ﬁag@ﬁgl A3 and

concer ni n material A3, only 2 -0 pounds of
séﬁ’é“raé‘fz?%‘h P or T Rad® Péq%ﬁ r e%o“teo %Jér}ﬁi?a’tse the 72% reduction in

the separation force realized when compared to the separation force

required to separate superimposed glass slides (not shown) having a
cured bulk material A3, disposed therebetween, in the absence of a
surfactant, shown as A3-NS. The A3-NS, A3-S1, A3-S3 and A3-S4
compositions each has a room temperature viscosity in a range of
approximately 10,000 to 12,000 ¢Ps, inclusive, and deposited at room
temperature employing spin-on techniques. The A3-S1 composition
consisted of approximately 99.5% of bulk material A3 and 0.5% of
surfactant S1. The A3-S3 composition consisted of approximately 99.5%
of bulk material A3 and 0.5% of surfactant S3. The A3-S4 composition
consisted of approximately 99.5% of bulk material A3 and 0.5% of

surfactant S4.



superi nposed gl ass-slides (not shown) having a cured
inprinting material disposed therebetween. The cured

WO periostsieg materi al was formed from a conposi PEDOS2005/041156
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contai ning bulk material A3 and surfactant S4, shown
as A3-S4. This is nuch |ess tRan the 3.0 pounds of
separation force reqU|red in the presence of cured

i mprinting 1¥E . f by

mat erd+—-al—A3—and Surf actant Sl . th‘\\l\l"\ as—A3-SI— The
separatigg force associated with A3-S4 is also less
than |t & se orce required in the presence of
cured igmri rial formed froma conposition of

bul k | et éPi
Mor e t&s bOng—-s
force reabiized
requiired, 49 sepg
shown) ;,?;'1@ i
t her ebeg EEN,
A3- N$. ETRE A3-=
each [h3s 1a
appr oxiEmgpell N
deposi ted at roor)g4tN%n'per at ure eﬂpg@yl ng spi n- %34
techni ques. The A3-S1 conposition consisted of
approximately 99.5% of bulk material A3 and 0. 5% of
sUPPEdt ant 8k .scFheflAB- 83 coppodiiol slate ormsicstmidigofulk material
a@@[ Q?ﬂen%é@&:iil&g 5%pteb Lﬂeﬁuf@defélmseﬁ@raﬁﬁﬂg Gn2 /elﬁferlmposed
fact g z osrtéon cons I, St ed(cjlL
p?%sxusrm n‘iatg 01 "BUMR e EFT &R0 éﬁ%l SB95 Y

sGheweamenmonﬂamMPNGWERﬂAﬁs ah DR NGBUE4 shown as
MAIEH AleeqAde MND, A 0SBobsS4 1HQ06iH 18:$ tgelen;hfer gma bhgnas of

gara | on data concer ntn]?q bul k tte [ a% ¥ th 1 24 and
SIS FPTFDrEES FEqti™ BdFEPS HeSar At PR t“ﬁ‘ée“a an
s@pefarq’rpeis@é gitees -5 Pdes .( NGtres hoMiing heevithg 4@3cuedadtion in

CQHP%SalpHQJlogl e fatl) e&aﬁb%@@ﬁéﬂ‘%@ﬁﬂ&%ﬁt &l Qh@%&ld!fgtlon force
materjal. A4 and surfact ant

[ GG TER ThPSPEo° BRHCTOTRT SIPES | eeR HAR: (s, aving o
pounets botk seperiali bn Hosmeed eguirelettvben, dncompebsdrcenot a

Ofsupflaléﬁaﬁ@t Shbw! aé\“A@ﬁQ SWhE 3Gl &8! 29353 SHAWML 83 AdpoSitions

More tel Ilng is the 40% reduction in
each has a om temperature viscosity approximately 5,000cPs and

jcurfaCI ant—s3, snovvn as A3-S3.

0/ v ocls 1 t+ha conarat i1 A

deposited at room temperature employing spin-on techniques. The A4-
S1 composition consisted of approximately 99.5% of bulk material A4
and 0.5% of surfactant S1. The A4-S3 composition consisted of
approximately 99.5% of bulk material A4 and 0.5% of surfactant S3.
The A4-54 composition consisted of approximately 99.5% of bulk

material A4 and 0.5% of surfactant S4.



the separation force realized when conpared to the
separation force required to separate superinposed
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A4 , disposed therebetween, in the absence of a
surfactant, shown as A4-NS. TRe A4-NS, A4-S3 and A4-4
conpositions each has a roomtenperature viscosity
appr oxi mat elvprE00OrRSERTAG - SAEPUSDIEE BILK MAGARIAL-AS
ten‘perat'urp enploying spin-on techniques. The A4- Sl
conmposi t |2%1 consi sted of approxinmately 99.5% of bul k
mat er|i 4/and 0.5% of surfactant SI. The A4-S3
corrp03| i on| cor
mat erji &t 24 an
conpasid i on| cor
mat er|i & 1A4land
MATERI /8-S | NCLU
fromit g separ g
only 0.,};32'%)unc;
separjatg ng {he|

;,ed of apprOX| rrately 99. 5% of bul k
¥ of —surfactant—S3 The Ad=4
ed .of apprOX| rrately 99. 5% of bul k

BULK MATERI AL A5 [0068] A s seen
data concerni ng bul k materi al A5 ,

havi ng @ 0cut-eeH

t her ebet vvee| . d
fromla= ' ) i_al nd A
S3, shown’ as A5;53s Thi S |/_§5é§ss thaq\ stdye separ %ls n

force required '%or cured |rrpr|nt|ng rraterlal fornme
froma composition of ei ther butk material Ab and
suppeait ant Sls, ssofrrmshAFefiramiohuldtamnedrerraingAbuldndaterial

Sligf a&'h@”& 6§4pou1§i|§o¥\f] s@ﬁaﬁﬁl% foypé & ot ?ch&d:.@gd |i§>rt %aratlng
72% reductl on in _the separation force realized

cSHPpaTEE B rRS %éﬁ%rsétlii%% PBF &R aRT e taoc%ré’ﬁaJr“E’lréntmg
S mpe¢rinpodthogéd shesdetesen.nOthes hovw) ilewinnina meteedl was

byl K JRteL ), &l cé&:os%fﬁﬂ%?%aﬁi@%&@ﬂé&e%’aﬂdnsxﬁn_f}i%ctant s3,
absence of a surfactant, shown as A5-NS. NS,

ASPSR 3ASRTEIan FRAS- 54 Letiniaet (POt Teae g BHized For
t enped dinpr;ting esetdali foxmedange of caappsiionadfelkytliz@ bulk
t%aggrlcéPSAS ag.ﬁl %{ﬁflfgt_etan@ngl d@ﬂ&&! EEdAﬁglr&o 1k Rgtesrfal A5 and

tenperature e oyl ng spln-on tec ues e

c GRpESIT PB4 oﬁ]%ﬂw§t %%I Aéfs%tpp’i"%ﬁ Frﬁ%léin}? b9 th9, G Beyction in
mhers@arﬂﬁo&ndoﬁES%ﬂﬁzédJﬁvhaﬁtc@ﬁpaﬁd td hthe ABepS83ation force

COMOL O S0 3L 8l 025, 5B s«

C@ﬁﬁ@%lblup.bﬁnaterlal A5, disposed therebetween, in the absence of a

surfactant, shown as A5-NS. The A5-NS, A5-S1, A5-S3 and A5-S4
compositions each has a room temperature viscosity in a range of
approximately 20 to 30 c¢Ps, inclusive, and deposited at room
temperature employing spin-on techniques. The A5-S1 composition
consisted of approximately 99.5% of bulk material A5 and 0.5% of
surfactant S1. The A5-S3 composition consisted of approximately 99.5%
of bulk material A5 and 0.5% of surfactant 3. The A5-S4 composition
consisted of approximately 99.5% of bulk material A5 and 0.5% of

surfactant S4.
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A6- S5 [0069] The separation force data concerning bul k
material A 6 in the absence &7 a surfactant being
cured between two superinposed transfer |ayers is
shown as A6-NS B/ B. Specifically, each of two

superi npos P51, yull@fafeday,eds 0 f
DUV3 0J fo?%g%k?ﬁgiggg UJ%§93§§?§&gvallable from
Brewer- Science, Inc. of Rolla, Mssouri. It is
desired f at—the cured butk material A 6 adher es wel |
to the%lédnsfer | ayer (not shown) and easily rel eases
fromtfe surf@ pf an inprint tenplate (not shown)

Al so sEowr i j

bul k| mat eni al | nce of a surfacta

respecg ¢gbej '

slidp (yc { previous |ayer th

shown \G- NS § en for the separat

datal c g A6, the separati ce
requ d f uperi nposed gl ass S
(not sBolr retrett

| ayef elrg wg a cut@ddonposi t

di sppsed® fhere ng bul k material. and

surfhctant S3A86HNFown asA@tﬁS%‘? r equv‘?et—':%8 only 0. 9855

pounds—7Fhi-s—i-s—tess—tharthe—pounrds—of-—separation

f Pddelr r equ' fed s%%ira@l%%@c% tilagep c@ﬁc@fﬂj}ﬁgnﬁiﬂ 'méi:er&a@ A6 in
and surfact ant shown_as A6-S5 or the

e
1% BES T T 6 SFHACARE NES BB NE BeFUTSR HP Lo FRga%
recusteonayerd He separat borNs 8/ee Fpatidedlitherach of two

C%@E%s@@él@%ssgﬁﬁgét 1230 fRLEE nheayl fa’%@rt &k %%pﬂd’.ﬁkgrmed
superi npose | ass slides (not_s omn havi n

bt KAt ePP5TC ASS l\ﬁalﬂﬁ@?lfro‘iﬂhéred’ﬁf:a Stiggest c’t h% s,
selseetrie adhesidenifedastizeerheachi«@vedlk Alatthoirgh A&3adkrdes well

S’éo f@lge%ﬁ%&ezl Y3 0L,0- ngrs(ﬂgmb'aﬁd g_aggu@%ré@a@&%m the

e much nore ef |C|ent i n reducin hesi on than
surflat:eu%f BRI iMBviet teRRidrolet ﬂ?é’f‘ st rePuFhevm 18
Vagpaatht S fofcd Hecd |cootdmahe thudkldiatiev sl W6l In tageabsence of a

SL@Pa@L&&”&iEM%&t"@o tblggné’ %lugédS%etween two superimposed glass
slides (not shown) having no previous layer thereon, shown as A6-NS.
[0070] As seen for the separation data concerning bulk material
A6, the separation force required for separating the superimposed
glass-slides (not shown), without the aforementioned transfer layer
being present and having a cured composition disposed therebetween
containing bulk material A6 and surfactant S3, shown as A6-83,
required only 0.95 pounds. This is less than the pounds of
separation force required for a composition of bulk material A6 and
surfactant S5, shown as A6-385 or the separation forces required for
A6-NS B/B. More telling is the 84% reduction in the separation force
realized when compared to the separation force required to separate
superimposed glass slides (not shown) having a cured bulk material
A6-NS.

[0071] The data suggests that selective adhesion has been
achieved. Although S3 and S5 have perfluoro-hydrophobic groups, S3

appears to be much more efficient in reducing the adhesion than 85.



performance. For exanple, S3 has a surfactant nolecule
that contains both a hydrophobic tail and a
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rel ease characteristics. The A6-NS, A6-S3 and A6- S5
conpositions have a roomtenpéfature viscosity of

approxi mately 4cPs and deposited at room tenperature
emplisy bag estedp-tesyFeonse thec hytirquese ThgapberE3of the

C QMh%ﬂeQ{n a&cﬁ%%bec‘g 6d1 01190 pgl%!l.f%ﬁl: ylrr%gctss/ 0oQf tl&@*I LK1ease

material A 6 and 0.5% of surfactant S3. The A6-S
CBRDGETIGn Cots PRS0 f“ab?ﬁ Gx PRFEEF 3Pt B4 F tﬁﬁltkcontams
nadEer mahyddophanid hil%nf ashydaphaic B5ad, VMRR| AH|HKWGmM
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IMPRINTING MATERIALS INCLUDING BULK MATERIAL-A7

Maximum Separation Force (Ib)

A7T-NS  A7-NS A7-S3 A7-S4 A7-S1 A7-S6  A7-S7T  A7-S8
B/B

[0072] The separation force data concerning bulk material A7 in
the absence of a surfactant being cured between two superimposed
transfer layers is shown as A7-NS B/B. Specifically, each of two
superimposed glass slides (not shown) has a layer of DUV30J formed
thereon, as discussed above. Also shown is the separation force data
concerning bulk material A7 in the absence of a surfactant with
respect to being cured between two superimposed glass slides (not
shown) having no previous layer thereon, shown as A7-NS. As is
expected from a review of the previous data, the presence of
surfactant components provides greatly improved release properties
for compositions imprinting material including bulk material A7.
Also demonstrated is the success of combination surfactant

components, such as 87 and S8, in reducing the separation force



respect to being cured between two superinposed gl ass
slides (not shown) having no previous |ayer thereon,
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previ ous data, the presence of surfactant conponents
provides greatly inproved rel 88se properties for
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f bUeHd RRatiME molecule, too great a gquantity of the fluorine atoms
within a molecule and coupling with too great a quantity of the
fluorine-containing molecules results in the generation of clusters
of fluorine-containing molecules. These clusters, especially with
CF; end groups extending from the air-liquid interface, is believed
to provide layer 70 with an undesirable hydrophobicity profile that
may substantially affect the wetting characteristics of the
imprinting material with respect to gurface 58.

[0074] It is believed that by appropriately distributing the
fluorine atoms within a surfactant molecule, as well as the
distribution of the fluorine-containing molecules throughout the
volume of layer 70, and therefore, referred to collectively as the
distribution of the fluorine atoms throughout the volume, an
acceptable hydrophobicity profile may be achieved. Upon achieving
the desired distribution of fluorine atoms within a surfactant

molecule and fluorine-containing molecules in layer 70, lamella layer



within a nolecule, too great a quantity of the
fluorine atons within a nolecule and coupling with too
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results in the generation of clusters of
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WistihfazreSER .f ach attle present example contact angle measurements are
made corresponding to 7 different locations on mold 36, using the
goniometer. An average value of the seven contact angle measurements
are made to obtain the final contact angle values. Considering that
layer 70 is replenished each time the same contacts imprinting
material on substrate, the foregoing experiment is believed to be an
accurate determination of the relative wetting properties of
differing imprinting material compositions.

[0076] The contact angle, surfactant treatment solution, and

filling performance are shown below

Wettability Characteristics for Bulk Material A7-1

Surfactant FS0-100 FC-4430 & FC-4430& R-08 R-08 &
FC-4432 R-08 FS-1230

Contact Angle 43.2° 20.2° 13.8° 17.3° 22.7°




conmponent | sopropyl Al cohol (IPA) mxture, e.g., the
| PA m xture contai ned 0.01% of the surfactant
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| PA. After the rinse, nold 36 was subjected to a
streamof nitrogen fluid, e.g3% nitrogen gas, to
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approximately 0.1% of Bulk Material A7-1, by weight.

Wettability Characteristics for Bulk Material A8-1

Surfactant FSO- FC-4432 FC-4430 FS-2000 R-08 S-222N
100
Contact Angle 49.7° 26.5° 17.2° 21.4° 18.2° 19.2°

Bulk material A8-1 is identical to BULK MATERIAL-A8 in terms of the
identity of the constituent components, excepting the addition of a
surfactant component. The two materials differ in texrms of the
percentage of each of the constituent components present. In Bulk
Material A8-1, approximately 20.875% of the composition by weight is
the acrylate component Genomer 1122 and 55.875% of the composition by
weight is IBOA. The acrylate component HDODA is approximately
19.875% by weight, and Darocur 1173 is approximately 2.875% of the

composition by weight. The remaining 0.5% of the composition is a



greatest at 43.2. Conpare the contact angle of 13.8
provi ded upon Bul k Material A7-1 consisting of 0.5% of
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R-08 and FC- 4430 each conprises 0.25% of Bul k Materi al
A7-1. As aresult, the time réduired to fill the
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contfianaditorospembact afbeREQ8adyd HEH443G vharhef Beld Myegrial

7Rg IneLudi-ng, %@ﬂs@olod:()“ch&hﬁars'ér@ésgkélﬁenﬁ&&l%ﬂ@c‘}tS
a contact, an roxi mately 20.2

c%aﬁ‘éﬁ]ﬁﬁlgﬁﬁ‘ac&r&g? A% 47 Go%tr?&tlii*f‘g&&s’zs .tﬁmfaaaest at
i ;o thie Budmpadhttee i @intdds kngherogi 17 -BE- dA30debmprr Sadk

aﬁz@l{é}%ﬂ%sehyco@s@éﬁgoéf fhes %%@Qé'shk%tgxt Vh%' ghfo angs
FC- 4432 comgrl ses appr oxi mat e 167% of _t he

B0 (Vg H ETOREn Lo orhe FePebtom Pt TOgi HadP olpss o
CDagirS V0 NigrcotidiRgOBurdndc d28- £23Q 3presented layeont abtcluding
aggé S09f aRRrax E@r&a Llyng%ezsufe%em CQ &Q&@%@ié sgd

appr oxi mat el Material A7-1

b§PRASFGRRES1ANEE - éS “TESW??&F%ET“?@’QI” d:fhea%rﬂgoﬁ?ﬁcﬁ‘fsé?v 65 1%

ofinButldkd Mat enilaMaterid] Apyri1vweiwhh. sudEbtadit] $4222N included in

Chanasbellall 621 2fedBlde YRLET Lol AT 1 BULKJBLE | 8ha o
is 1dentical to BULK TERI AL- A erns

| BeRfECEyasE et tle 2éoﬁsﬂﬁtﬁf§ﬁﬁnﬁ5}nﬁ%ﬁéﬁ?§,S%ﬁ%%tﬁPFn”gg*F H%O is

adlattidea of salisustadhams-aonporentact Thagylewer rrat &Y iial s

d}éLéseeEﬁtE(E] Jh%£rg§1r9£ci:tag§ Bq,e—clggptlgg%llc%ﬁl%gc?qg QIlktH erial A8-1.

constituent conponents present Materi a

A8-1, approximately 20.875% of the conposition by
WEEb@‘ht] is the @ouyd abtaeuxﬁmfpedsmthﬁemmﬂﬁlrarlﬂé}%faﬂﬂ of

5:% Qlalt Q&e%?ggp € eq.%apé( v\y\@hgﬂtsﬂ: l %t
§‘ 5% &

a ry ate conponent pproxi matel'y 19.

wehfrfctewt i bR g e MITJSE"eé %}bﬁ'ﬁé&ﬂt%iﬂ%ﬁ ﬁuefaeﬂzs% &PmPOSltlon
t be rﬁﬂﬁp@@loﬁ:l o thy ek iterTdve o-epminni N rOeblpné, tihereasing

C sasurfatan onpon ci fical

R AL R D U e At s M

FSOEo tiethéy | wedght d’é§i’1 roaBf ecamer t absial Feygitol MP-30 and 0.5%

ctaa{@ctygrz @l g% sahed ey isdesnd Thet GRAt aGt cRiglceet Sithbe
reat est t he cont angle o

. 29
pF‘é%/leélead ag|B’on ‘ﬁ’lﬁzﬁc’i\/aggfr %F %%’rfxﬁ%a%gﬁ%tl ng of Ebl%jf% l/% be

t hetsuthalc tfant tHE wppBugenenn, sRhput eAiRE , oft hbe (TPfpmixture,
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Tergitol NP-10, instead of 0.01% of the solution. In this example, a
surfactant mixture is employed in which fluorine-containing and non-
fluorine-containing surfactants are employed. Tergitol NP-10 is a
hydrocarbon surfactant that has a faster dynamic speed than
fluorinated surfactants, such as FS-2000.

[00781 Additionally, the surfactant composition may be modified
by employing a differing surfactant in layer 70 than is included in

the imprinting material that is contacted by the mold. For example,

Bulk Material A7-2
Surfactant FC- FC-4432 FC-4430 R-08 FC-4430 & R-08
4430 FC-4432 &
FC-4430
Contact 43.2° 26° 18.1° 20.0° 22° 14.7°
Angle




| ayer 70 including surfactant FC- 4430 than for |ayer
70 including FSO 100. For the remai ni ng neasurenents,

w@2mensmes angl e of approximately 18.2 was pr eB€nUSI05/041156
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A8-1. Wth surfactant S-222N #hcluded in Bulk Materi al
A8-1 a contact angle of 19.2 1is presented, and a
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[0080] The embodiments of the present invention described above
are exemplary. Many changes and modifications may be made to the
disclosure recited above, while remaining within the scope of the
invention. The scope of the invention should, . therefore, be
determined not with reference to the above description, but instead
should be determined with reference to the appended claims along with

their full scope of equivalents.



of the conposition by weight is EGDA, 2.875% of the
conposition by weight is Darocur 1173; and

wappsoxiseat el y 0. 5% of which is FSO 100. SpeciPCTuEb1095/041156
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surface 58 coated with the I PA m xture including FSO
100, the |l east desirable wett&bility characteristics

are provided, with the contact angle being the

grexat estcratmetB8i2: Wth surface 58 coated with the
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Ci‘@’?’%%’fonthe | PA mixture, by weight. Wen surface 58

is coated with FC-4432, absent any other surfactant, a

contact angie ofc Mh@éla@w&xe%n ciﬁnp&%%ﬁd coétﬁlg
can be seen, therefore sel ect |

e e B OnRHL P EEh P LLIEEI % frhiG g asons

t hErcﬂ@sowte@amtvtollmge chapraot & isstid conhast begbbiwvatmedpagnitude
al.ong ;i i1h the desired preferential adhesion and

rel ease characteristics. [0080] The enbodiments of the
present invention described above are exenplary. Mny
changes ands nodhéigahbdns nenitbé imadeainolterein coating
dlfﬁ]@éhgﬁulrﬁ:l(l&% tdggtl,altﬁgy 'ﬁq\é&l—d %lﬁmgné%sv%ﬁr%hghctﬁesald

Sco of the I nvention. e scope, of the inventjon

she n& £? rePEitT 821h RS R A Lo I S RITES

t kearmhove descri ption, but instead should be

determned with reference to the appended cl ai ns al ong
with their full scope of equival ents. WHAT IS CLAI MED

IS : 1 . A fret A58 BiEhpd A% BFHiGetedt Fabie LWt riy SeAking

r ehegse ohanasd efiksidias dawednma ¢kdid kavidatgaat-containing-

Sléi(‘) :Loh £ ngla po's*X%ﬁ:'téﬁP—'r?ch region and a surfactant-depleted

region, disposed between said surfactant-rich-region and said

surface.

5. The method as recited in c¢laim 1 wherein coating
further includes depositing a gquantity of said surfactant-containing-
solution on said surface and contacting said polymerizable

composition with said quantity to generate said volume.

6. The method as recited in claim 1 wherein coating
further includes depositing a quantity of said surfactant-containing-
solution on said surface and contacting said polymerizable
composition with said quantity to generate said volume to have a
surfactant-rich region and a surfactant-depleted region, disposed

between said surfactant-rich-region and said surface.



conposition, said nethod conprising: coating said
surface with a vol une of surfactant containing

w@oloensmsmy with said surfactant including a hyPeDphkmbi/es1156
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conmponent consisting essentially of a plurality of

atonms, with a distribution of3said fluorine atons

t hr oughout sai d vol une providing a desired contact

angl e wi th 7.espefde héxmsal & pekytwr iz ahbhem cowpasiin em.d
furlifﬁctan:{ﬁ%?nocdlr?fc’ngr eciuj[t%% :aﬂndcé%idg]p ]Iﬁ)ﬁdr%g{zglbﬂecc%ﬁgoggllOn are
f feroef nkroat Bies SR sawﬁtle%taucemwea?ﬁa to provide said
contact angle with a magnitude that is less than 50. 3

The net hoqd as ,_gem(F %Bil n Crlegiﬂédl e_‘L(a@lan ¢RI 00saia

further includes di$s uting said fluorine atons
t FirSaghuwt corpdninl apktden provFRis BalreEbibae ARG EFion are

Weddhed FRGNILAEEE:AN8bndS thess chbfimhert:. 4 . The met hod
as recited in claim1l wherein coating further includes
arrangi ng said volunme of said

sur f act ant -tonFed neRepsobatiesAted ihaslein 1 wherein said

SHIdact 8nbr I #16Br {180k edhABde Ansliidacamuaeplestt aining
re%ll on, d%‘ onsegF be%yx%gn sal d surfactant-rich-region
afd 8 d° strfdce™ TIE WBt'hod as recited in claim
1 wherein coating further includes depositing a
quantity of said surfactant -containingsolution on

sai d surf ace .anda GRALEL dfNgediai fy Pahys@hi Zaltks between a

Comnest %%erwth cfa' glo%a@ﬁo& Yohgigeqer at e sai d

as recited in claim1l wherein .
coatl ng f urldrerinenémerias ivepeserisngbervgeareityiodf aaf §aid
suEdsachadt weantkaidiipgsltibg o ceni Sabei mubiAteassd into a

ngr?:; i:an cgrglonegmﬁngr abl 1%8%% %]téuprgaéli\‘iatnp cso%pgnent—

quan ener ate Sal une to have a surfactant

i ﬂqen:lﬁtre@gﬁuénp@rﬁelora 1@9@?%baﬂeendwdef@éaﬁ%ag}toﬁomponent -rich

dispesed: Petyeen: saudssmbact ant-rich-regi on and said

surface.7 . The method as recited in claim21 wherei

said

11. The method as recited in claim 10 wherein locating

said imprinting material further includes depositing a composition
that forms an air-liguid interface, said composition including a
gurfactant component, having opposed ends, and a bulk material, with
one of said opposed ends having an affinity for said bulk material
and the remaining end having a fluorine component and further

including orientating a sub-portion of said composition so that said

fluorine component extends from said alr-liquid interface.

12. The method as recited in claim 10 wherein locating
said imprinting material further includes depositing a plurality of
droplets of a composition including a bulk material and a surfactant

component.

13. The method as recited in claim 10 wherein locating
said imprinting material further includes spin-coating, onto said
substrate, a composition including a bulk material and a surfactant

component.



surfactant-containing solution and said pol ynerizabl e
conposition are forned fromthe sane constituent

weewposmsmt s . 8 . The nmethod as recited in cl aPer/S2005/041156
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wherei n said surfactant -containing solution and said

pol ymeri zabl e conposition are3dornmed fromdiffering
constituent conponents . 9 . The nethod as recited in
claim1l wherei n sal deplddr at ideyiedd fih uarine @EehEhear ncluding
i ncl.uded. in_fluorine-contajni.ng .nol l.e [ ;

R G ot S e G L8 P B s oI e son

f art eslineflhe el saosdbhetrieee wid ®olforer s3af doretHdgd
cespl=ik8dng: locating inprinting material between said

nmo | d and said substrate, with said inprinting

material being bifurcated into a surfactant -conponent
-rich sub- pbrti ofhsandtleds ap frect beft IR cHifpBnEhifurther including
d@Q&ﬁtcggirﬁ_jubai@fn&i@rﬁrbr@%ﬁh@ﬂerﬁﬁlVﬁ!ﬁ@cﬁ@i Hrom a set of

S S AT SOMPONeLLLLEl, S POLLLOD AN, SRl snsium in
whetdsi Aldmppdtiikg saibdni MeBl mrdngoreeé?i al furt her

i ncl udes depositing a conposition that forns an

air-liquid jnterface, sai.d c osition .including .a

sur f act ant %Gdn'poﬁecnotm,boﬁ%vlfﬁgge pposed” end: _,Elqélﬁg gntﬁﬁfice’
maait icakposittdn opeerdkingi d opposed ends having an

affinity fog alfAubkBLer idkeand; tha remaining end

havi ng a fluorine copponent atndhf urther including £ which
ori ent at i ng® £ SGH P8t TBRBI ¢ alt " CBNPESTTT Sh-so that

sapgl o4l ebfinhey dorporienbulex merridal rasvh Ske demdimipy qaridghaving a
| B &5.Fia€ & ompddent The Method as recited in claim10

wherein locating said inprinting material further

i ncl udes depositing a plurality of droplets of a

conposi ti onitncl Ode ngmaohighikn rret eedigkd ampd chaigui f atteanin said

C(}_ﬁ.rp&__rl%@tcomp;zgén't J}t\%nﬁ?tmg &1 df §:91Lt1§gg1iidn istAdsard 0

wherein locating said inprinting material further

i ncl udes spin-coating, onto said substrate, a

conposi ti onis ncl obé ngmacsdihikn rret eedidkd amd ciaiBuif adteanin said

surfactant component is selected from a set of surfactants consisting

essentially of ionic, non-ionic, cationic and zwitterionic.

19. The composition as recited in claim 16 wherein said

surfactant component has the following formula:
F (CF,CF,) xCH,CH,0 (RO) yR’

where (RO)y is a poly(oxyalkylene) group, that includes groups having
two to four carbon atoms such as -CH,CH,-,

-CH,CH,CH,-, -CH(CH;)CH,-, or -CH(CH;)CH(CH;)-, and R’ is a terminal
group of H or C; to C, alkyl, preferably H or methyl and X and Y are

integers.

20. The composition as recited in claim 16 wherein said

surfactant component has the following structure:



conmponent .14. The nethod as recited in claim10
further including solidifying said inprinting materi al

wa 200605R solidified formati on and a | anel | a BCEPA®EN041156. _
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between said nold and said solidified formation . 15.
The nmethod as recited in clai 10 further including
fabricating said nold froma naterial selected froma
set of materials consisting essentially of
fused-silica, [quart [ ti npoXj de di anond-1i ke
car bon, MSi nd sol .| 16. Ajcopposition defining
an air-liqui CH,cobpositi on conprising:
a pol yneri zabl bulk ial; ahd_BYsurfactant

conmponent, havi ng n@ﬁ@ed ends, @nehe )Qh-i—Rh' has an

agﬂpﬁg&éz)ﬂo@ﬁz@" | k materi al mnd t he’ remai ni ng end

mponent . 170 The corrp05|t| on as
recited in claim 16 wherein said fluorine conponent
exhendsu ram sajrdyald yl 14yhds iRbes face.2 18.3:the

conposition as recited in claim16 wherein said

surfactant conponent is selected froma set of

sur f act ant s2tonsirse iqegresisent izal kscigkdiignietaim 16 wherein said

nQRzi an[l]_E.IQE cgﬂlgérf%ﬂt Chs@;n th %ﬁ.i&hhg rgtqruci;tgoe The
COﬂpOSItlon as recited in cl ereln sai d

surfactant conponent h&FtHié F?J]FYJO%P}@ fornula: F

( GR26FR) CCHACHROgERON ¥YRrdngehet @ ¢RQ) fpdlgsavepol y

(oxyal kyl ene) group, that incl udes groups havi ng t wo

to four carbon atonms such as -

- CH( CHB) CH222, OrT dq(nep@)teprd%j:ec:wgﬁdn}?cla:rné 18 whereln said
t enpfarghnigrcouporeht Fhay t&d fodlddngl kyductypreef erably H or
methyl and X and Y are integers . 20. The conposition

as recited in claim 16 wherei n said surfactant

corrponen&Fh S the f vvlng s cture : re the rgjilo

of X t in 3:1 (e;ﬂ/
Sit |on |:re0|ted IOH%| a|m re|n s H

where x 1s an integer in a range of 0 to 6, inclusive; and y is an

integer in a range of 0 to 15, inclusive.

23. The composition as recited in claim 16 wherein said

surfactant component has the following structure:

i
[CF4CF5(CF,CF,)zCH,CH,OIxP(OH)y

where x is an integer having a value of 1 to 2; y is an integer
having a value of 2 to 1; Z is an integer having a value in a range

of 0 to 6, inclusive.

24. The composition as recited in claim 16 wherein said

gurfactant includes fluorine and silicon atoms.



surfactant conponent has the follow ng structure : F
(CF2CF2) x-al kyl -N+R3Cl where X is an integer in a
WO 200051883 1 to 7 , inclusive. 22 . The conposiPCDOSAGS/041156_ _

recited in claim 16 wherein said surfactant conponent

has the follow ng structure :3%&here x is an integer in

a range of 0 to 6, inclusive; and y is an integer in

a range of 0OstoThS, cdnpetitSbyers 28citbheiC@IPOSilEi @Rkradn said

hggr{aﬁgal n c?)m aoneng'6cio\rlr\11%:§%tﬁsr gf SaaIB(::Li \%F_r f agt a@iuo%QHQngaggglnlng
3M@M2pzwaﬁmlmmrﬁ%e% wétlarfai ftasigéfional
haumgtana/ @Layl@g @telécaee Priomya | fetabs |slﬁﬁfegﬁfanh§l\ﬂoﬁglé:t1ng

5 essent:L 1%/ s’lloxa 2 ans I nt er n%\,” :—9% grgc%rggn Ibra]tsgd
r SRge of 0 £6 B SHTREruIve S YA 0SItion as

r eetiactantn apfi rfﬂl@fﬂ\mé?—%lsﬁr%fmtén%urf act ant incl udes
fluorine and silicon atons.25. The conposition as
recited in claim 16 wherein said surfactant conponent
consists of a mxture of a fluorine-containing
surfactant and an additional surfactant, with said
addi tional surfactant being selected froma set of
surfactants consisting essentially of a

si | oxane-based-surfactant, a

hydr ocar bon- basedsurfactant and a fl uori nated

surfact ant.



