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surface nodif rotrusi on g (glbt,lfégtce rmdlfl (a? q
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c Bleﬁttee@eray sdifia ceatenentpye ornrgy os b kilioo wafatheris bwatthah surface
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t S?t%i’ggﬁéesw PTG FHeP B PSR S modted kg
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SRR oo ieph SRR IICAL ol MAcpl | B8 BRLA B on e
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( e)) &xPosin@ald prduci @MitePt(©Nh REhchve iaX tigtiy b NRteiBdht PitRm! 10 the
Oeamo%%am c layer. Articles of manufacture resulting
om t i nventive nmethods are al so considered within
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s évitiskss §f magn fictug eesylfineetompthe inyrativeamghods ase amowra%mgeﬁw inventive
concep®f suth® optituiRdiih @ seiods| nd@EBRI¥E appar ent by revi ewi ng the
description of enbodinents that follows. 5 WO

29‘%&1 ngt%gnf C&T/ %‘z{gezs% élé 0111:!766 %on will become apparent by reviewing the description of
embodiments that follows.



Brief Description of the Drawing For a nore conplete
under st andi ng of the present invention, and the
w@cdoanoAges t hereof, reference is now nmade toPE€TIES2004/016016
foll owi ng descriptions taken in conjunction with the
acconpanyi ng drawi ngs, which are representative
Briefl)'ebdrmﬁ&mﬁtﬂem}smagad not necessarily to scale, and in
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represehttiv@ NtuktRAons b daot ndcdsSiriB toS64)€ Bitih Ghie: 0SS- section vi ew of
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. accor dance h i% |nven |on é} rates
with Oﬂ§@weqwbedlélﬁlégﬁh§é@ﬂﬁl@h of a process of i nkl ng a
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mvmg;leu ng w t h no seI ect ive surface energy treatnent, and
4b sel ectjve surface energy (reat ment
oFIGlSh‘E1 apt ‘B’tlll‘tfg i‘%i‘@v‘f‘ﬁ?ﬁa"e?"é({?é%fé‘é’g yinpefhgd mejhaciylgte)inlsfrqup a 700 nanometer
period jghtdgoigansforhm afbeaunded diffaret bonkitinmet RISC Ay lbeitye yith nk sél@tiveegirface energy
ﬂeahnéﬂy ?ﬂd% ngéuk%m@@ c‘ﬁ(r&uﬁ;fce Ele trea%!?en%yﬂ% tﬁél&ﬂs%ﬂi ecesses,

us rates avuor 0
8ISy (‘Wéﬁ RV Phetegsapt piA @!Yéyet%wetpwa@ﬁt %ggmﬁ(b%ﬁ]g@geqae pattern of FIG.
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S FiG 6101 2 \WBkShoto@ipH ofd faty(fetihy® methaoEM:d) M@ Hle @B inBhg e pattern of FIG.
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aon paeﬁ] e silicon wafer; and FIG 7 is an SEM
pHRt 6 dy affM plﬁotcgmbhrbﬁwmkveqr@natpmlmin infkdprmed| bibipkingk ilgt gattern onto a
silicon RefeC @t €d mold with 2 m protruded circles. The PC i s
anneal ed at 170 C faor 2 mn, Detailed Description
b it N et DI UHTE T OTPHL TR Hytortd 1o with 2
prouucte«eﬁiam gihe BC aninchiedat 110 *Odor afdin. C| €s  of manuf act ure. The
Detail ATRSS l(mi nventi ve nethods are terned "pol yner inking"
to _ernp ize that the patterning processes of the
i ﬁbﬁelﬁ‘femeﬁ haws destoredpiaespolyBeciakinstachaigugs Pndffﬁﬂu@emréd?sm@anufacm
The présént ilRentivOneBéds U tamac'@awa,m@gpw SlPBisize dChe merﬁiwg/ﬁmesses of the
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is ulﬂxﬁ’fft@gf RanBRSdd o VeesubdWRg %.ncpfl szJﬁﬁ/e Raide &F fhel ﬁﬁ&@ﬁﬁbﬂ?ﬁ@d Selective surface
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goal behgveimipeedtheelgeinppboksyafite "aked ot bBurmg scﬂ@tNemmfaw’e‘samh&&t protruded
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sel ect]ve surface treatnent, protruded surfaces of
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produce a surface energy |ower than the first
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bottons of the recesses is |lower than that of the

protrusions, polynmer dewetting fromthe sidewalls is
wee@anomwds Dewetting fromthe sidewal |l s causeBCT/I82004/016016

pol ymer to beconme di scontinuous near the protrusion

edges (also 6 WD 2004/107045 PCT/ US2004/ 016016

referred 16 fh&élﬁ Q¥ felifre Q@ée@' @ &fork, QR pblyEcL BHORS %ro%ruﬁtbﬁ{sﬁ?a@é‘ %af thd #h@sfer member
e ransrt er

rotr S|on surface o
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vFigwl dfusttes alsshematic erobsesestign iviak @fla ypsteatet e difked byre frimeier member in

accorda‘na: wiGROPERA %ﬁbd@ﬁxﬁéﬂt 8. m%nﬁ@@ § olﬁﬁ@ Qﬁﬂn tm@fiod l}ﬁelatwely thin film

nventi on, mer inkin rel
compogth RO IR a@&ﬁﬂwely 1 E B G P Pf‘t?f“ﬁ% “%S’ébfﬂﬁ(ﬁ@? pmh By ¥ matnod o
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applicdp g Pfaple iEpem peserding gRTRribtio tygRbapr digractaaistios.g Pl 2 on protrusions § s
transferPdd Q! §HiDktrateNMOApEOIRpRAibn W forkh Bpadebal sibstrete 16) idhding transferred, or "inked"

polymer llul {m %ﬁlquafeelrb.p qi;o%'ugon% g%gtg v &eeal?éﬁ lMs e):;ﬁ%fied xﬁa?p iiﬂl? gemL %Elov% to have a

Ielatlvetyﬂwhaef@e? ¢nengy @@ﬂve%ﬁyqﬁ@ﬁ lseﬁe@ﬂbt rusi ons 8 i s
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p@lh.& @615}@& S tiecBhiGueliZis seveeal Lﬁd#aﬁ’ggek révas ber Bigh t@bughput patterning

techques Stllgl as M r 14 o n %g’rtcgn 9 SFIFC ed topﬁa% ﬁlgkgee?rg§ cl-?reﬁé’%zglce than a

rea as ex
SAM Iyt eFlatheIrneteabercvm yf 1|‘lw ghﬁenf,m pf latge seaifevc@wer élp\&td}nm ltﬂeng, much lower
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ue nas sever, age ver o
oo PGSR 1 R0 BF R ATk R PR GO eR  Ehppfy Kuss and P
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(1996); %&' R&. qgﬁz&x@ﬁ' ﬁtﬁﬂ'@ ¢ Gtot}@crﬁt Qld P Mc%felecthﬂr Erféelim’fﬁl 998)), only the
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t

materigl g PRETATARI g1 RAEEH 19 o=t St B3 lﬁlf“égs Sl gonsideay
simplifiel subsetpleosmtters qausfee dThie EExddiplles catiorbigreimsigtbw disqusaed diiet tickoawior of polymer
inking M&'ﬂl d%fe[r\!,lntp Ec%gﬁﬂg rc&ﬁ‘u@t? f’ﬁ@ﬁi pﬁah?%at&ﬁf@ie&ﬂn %d%&fa‘é@treaﬁnent
renove t resrdu i'm I nmprinted regqi ons (see
S. Y. Chou, P.R Krauss and P J Renstrom Scie

2-}'%@ mg@tocslm havg def(eloggq(ﬂlselep;lvp{ surlj%}c%l {featment, &aclglqjle to 1mprove the edge
smoothR&R 61t ifiletpatitns. VARG, sel&tive suifee hendhent, Bie brbtrusi@SsurficdsOD G yepesasi¢bwalls are

treated:\p}? er ‘A?’té%%tﬁt\rl\%ﬁgce EF!S rt?% 2%%91)10&()%8&? Qiﬁ%e ﬁﬁnﬂjeaglenéqg b Ifnromote polymer

doveltpgrer handoR e fopes et egneom ‘isﬁ“é‘f reepe fomy hearepepedIc. 21sa
schemdti® crbd3SechiblDG éw 6Xtofe éihod QbQ/dTijdlfyiﬂgIﬂ{bgurfaAhdm@ﬂgy caasdseharaadprgtrusions 8

of ﬁangfjerr&pember B ag’c%r cgl\';v‘iarﬂ ﬁu%ﬂ 5 rdiffel-'r H@SHE%%@%P&%@%nodlﬁers A

Bl oW |scusses
first surfmen@gmweﬁer dﬁ fsfaptiechto ap eprbied i lﬁg Féesﬁerfaw enEgy mnrinﬁpr 18 fimctions to

lower ﬁlmti@a%b %n@@r Bhisdhs Selraatd sluﬁil:e EbﬁQ dbdiaGelst 1Abd TR Rflane, such as

o
18 mag hoegplice ks amsuntab]@enbapalmpw msthe [copting g sedt 4svawalhinef spraying, misting,

brushngr %ﬂlt J(Em% ﬁlﬁll'h@pogiﬁ&t Eﬂdlstﬁe(m(e S H{)}fll@&t&slé i dus foqgﬁporanly hold first surface
s are " treat ed have different surf

e g Y A R RO ST b B s it tanste
membdr 22, tcOm s oCorigiakl fiawer mek@bee t tahdgir five @nergyheodifled eivabsicds elnprising a
self- abgoﬂfeg %Eoﬁld’la erv,\ﬁo Eﬁlgﬂrsgﬁﬁfce @&r@ ﬁﬁilexr %\%tedtﬁ%é& iltﬁg Jsﬁ;g]ni) htﬁst surface

enmat| C Ccross- sec
energyemodzﬁnel&petrm@rrm resesserSdindl ferigaserhier isrril berosh Q?Pgryntofﬁrst s modified

transfef BERRS EHis hed B@oé@dl @Bsfsﬂﬂl@lnﬁiﬁ&sea in, QfsechiidPdiFice E:ne[’@ﬂilﬁi’ﬁeﬁto Ifcﬁ}m a second

modifi C C oF an%ﬁ)gr\rl\%ayn%ea?s?eis t\xﬁgnf nEciSl%éh {c])]gf%rénea seen eawsen%blgd monolayer of

nDdlfler 18 is applied to arl applicator 16. Flrst
surface energy nodifier 18 functions to |ower the
surface energy of protrusions 8. First surface energy
nodi fier 18 may be a silane, such as
phenethyltrlchlor05|lane (PETS) or
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energy nodifier 18 until it maybe contacted with
protrusions S. This contact results in a first

woraufidmeds t ransfer nmenber 22, conprising the BCT/UB2084/016016
transfer nmenber 4 and surface energy nodified
protrusions conprising a self-absorbed nonol ayer 20

second%rfa@eh&%er%ﬂz ﬂ1§&1ﬁeg ?{ f ﬁgo%d ?t[tﬁgeg%ergﬁg&ﬂﬁe? by fumtnﬁ t<§ ngr tl}(ees(u)face energy of

, 0SSI slrface energ fier
the fecrsses 6?%?@%@?8@6@1@5 vprigab Edsually) to 3ygiug et 3F SRR hoRTRs egergy of the
protrusibhd dfteltEamitR: va@ it Qitface chérgyshodifierlld | Secbnd burAnsderty Mmeditxe 21 may be a
silane, gvi?th ?J %Q?orlha% RO egan P& ﬁrlst%%%) kil ?Sd A Reonfs %ﬁ?&oeﬂ%gy modifier may

be 16, {243, grrfew”%mrmw@ms@e (R SRS e chPeqnd FRogiied franster menber 24
having GEEXSE bl BAchi@ sirBEdnag @hd re@ssewitl 166 sxrme@énagy: I Tiflow durface energy

of the %@sses causeél' 07(%14 yier tcg;{éwtg%étggé}ilamltéeo 1(§awa11$s Wcilongea%H zﬁ)]pve T oEtEre polymer,

surtace ene
while thmbmemnsht wotineipesrderiieless gevEraly duein élregylamly htgh eurfaeq:@ggre sTherefore
the pot{rhéd Gkl bsNEhc SiBRhAT 18 da¥es WRT dah GAInk i 16l e Wik 20 mthosnﬁom well-defined
value that is less than the surface energy of the
protrusions after treatment with first surface energy

nodi fier 18. Second surface energy nodifier 21 may be

a FIGs B ilbustentes wisthlematie eropysonios of 4 iredessi300 pSinkipg 4 enberate if acgerylance with
the mvgﬂtl&?‘ tAﬁﬁ&fog Y6, L etadi] fw!ltﬁ firstlsgrfacé\erﬁn%? eRELSUR f@&ﬁta&ﬁhe&fﬂlytransfer member 4,

as exPlﬁ‘&‘?df“i‘ f?B"f eé‘ﬁeéy ey ﬁ) i A fﬁtﬂ IB@FJ‘? ﬁﬂensf"’f:‘ﬁ‘?*@er 225 goped {f) speopd sgface energy
modifig €4 ofeching shcdnideubdtfied radsier mambrbes. 24 thihsiageny cqupositiansiéonsiprising a
polymeﬁ)lt: ﬁrlgtdﬁh%gxfela&@%%p Braby pro@tﬁg)ng gC %%ﬁiﬁo?sm% tZB ﬁln%ns to fully cover

sur ce energ ow surface ener ay.
Tecessop é@g%gr@tgusr@gﬁj gud ‘gﬁlﬁ@f’li} ﬁ:gfuoa%asdlg‘,@}yméré%p}()paqsfegpﬁ frppe protrusions to a
substratel @empdsltisn 2618 Apgliedtie shil @atilpoitRougig otadr chdtieg methydseiay be employed with

t.h
good ré@dﬂts, sgc as @r&%%g%’%ﬁ{uﬁgg atn&){i/lg%ﬂgeutﬁé 8{@ tan réﬁg&%%telleb%ﬁl that composition 26
Substaﬂtlhlé/rceltferrvé to theyEPsEAPY R rtheﬁ@féa@msdﬂéﬁr@@@hthﬂﬁ as e Wéf%ﬂe IItOH’éed recesses

after ﬂed@pscaadﬁdprcoa@ tb &‘orhﬂk@ﬂ:diﬁéﬂ trivereS hbakef @b avibd bonfpoBikioated surface-
momﬁc/ge %otrusﬂe)lflsl n% comg 91011 coal: !1 surfac%alatlh ?Sdt & L seesS %o%ﬁcﬁb tz% compnses of a

SS-Séec process
polqunn mateiad fecka rar@ely{weﬂltﬂ methqeylrt@\peprﬂrcehonmb p‘l St_.tl@hfate 28 is the result,
having®OIh& Shiwo hidhefell foShibseaig foace energy nodifier 18, is
contacted wWith transfer nenber 4, as explalned in
erenc

érrloui g‘hemlcaf:comgonggs %q' gm 8ngﬁ%mgﬁl1)o ? ggnow cle%cngéc& il Further detail.

edges.

nodi fier 21, fornrjg second nodi fied transfer menber
24. Emﬂ$WW@f%@@§@ﬂlr%onpOS|t|on 26 conprising a

p@tryarr@mergy H&B&ﬁérb ﬁtlcﬂos toadamgb e@ha@w&aerss GRS®ERe Gnaddydbs surface they are

otr tions . to. full
sote o2 e R B PR BRI s A T e Biey PNl o pembinaion
treatments, withaheumodvisprthed atleash bocbf thnfrbtend ssehnd supfoepnatyuslifionsfor protasions and

recessed, YRS LRI 2ERHROS ishch QN2 l%ﬁld c‘ﬁerﬁ@a@l dge qn Xﬂgﬁmﬁﬂh&n §0@fbteNe processes
al t hough ot her coatjng nethods ma Wi {

ed th
of the ’Q‘B‘?S‘Honr THse esingstye iilgeent spriace pigrgy ns%lﬁ%t\}‘PIh&eanF }t[ﬂ‘ P’ioﬁb‘“m%ﬁ‘t’& TECOSSES.
All protritgonk ke be trdaied ivitpte santsufias @iy eodiie) by thishiafor convenience only, and is
i substantially confornms to the
““arégﬂggég% Qﬂy%ﬁ?he surface nodified protrusions and the
surface nDdlfled recesses after the applicatijon

p Pesprasiangsselyag g i srgesperpmdifepioc p desesibpthRy; fprgrula RuSiXe.n
where RASTPHEtionD Br SR Ah@idn s gxroﬁlﬁ XEis a gmdp hiettlis Peacitve, L d/onshidrigihydrolyzable

into a gu#’n%?ch & rggc]:tncéeg%tthe 9 gfsc’uox%l §1Co%? Ré! n— ? g n%?&%%iﬁet kgﬁ, partially or totally
fluoringted agkyl, alfenylyir gybstitutpd gr upsabshigied Wlatmeepm@fie P8 arrtzitslr@que,)a methacrylyl
A final inked substrate 28 is the result, having
pol ymer ink 30 adhered to substrate 10. The vari ous
cheni cal conponents of the i¥nventive nmethods are now
described in further detail. A First Surface Energy
Modi fiers Surface energy nodifiers function to change,
usual | y decrease, the surface ener gy of surface they
are applled to. As used hereln surface energy

s o o o e




recesses, respectively, is a chemcal, such as a
liquid chemcal, e.g., an organosilane. Therefore, the
wpeweae®es of the invention conprise using tweCT/US2004/016016

di fferent surface energy nodification neans for
protrusi ons and recesses. Al protrusions may be

group, arn%?ctaﬁ% %Yb\fph intel Qs> A tmay Y, ff&%‘?:anﬁﬁ’e? rag:ﬂlofﬂ%%ofrﬂ &' m a@&y group, such as
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FDTS4 Si wafer treated with 73.6 58.7 34.6 MOPTS5

Treated with 103.0 99.8 11.7 FDTS 9 WD 2004/ 107045
weFOnAWERe04/ 016016 1 Static contact angl e nmeaBCr/E82004/016016

with a Ranme-Hart Contact Angle Gonionmeter at room

tenperature 2 Surface energy is calcul ated based on

t H&tatie@stid ekloanauddtwii B §hfe- AesTntas Adbl Godometer at room

g j.c-mean approach. s phenethyltrichlorosilane 4
1E§@E#%R,2H perfl uorodecyltrichlorosilane 5

mgt hacryl oxypropyl trichl orosil ane C. ﬁgplicator
VatEFACG ey &alepkisdibassd ey themgasursdsprgachaneig resisivith a t o
appdnytricheeat sppobhchsur f ace energy nodi fier chemical to
the transfer nenber, wherein the first surface energy
mady L ' A4iquid. Applicators conprise a flexible
bog§,a§%5kﬁg€%#ﬂ%he ability to tenporarily hold or
swell in the presence of a liquid silane. Wilized are
poﬂyéﬁPHQEﬁﬁgﬁmﬁﬁﬁg chleselengi | oxanes are nol ded, or
coated on a flexible base nenber, and subsequently

c Herihaafléxypropybiscildrasitaed. Over the years, a nunber

of pol ysi |l oxane materials having different curing

chem styjgsiyRhgifevel oped. One of the first to find
w despr ead acceptance was a conposition conprising

hi_gh | ecul ar weight silapol | term nal . ]
O P i, PRt A AL iR DI B o B Py ediffs ehomical to th wanste
memb@) Wi thkfinsgudop elepyrodiGr it Hgid yApphoadrsreahiprisk a flexible body, and have
X . I 1 Ll R e
e ) ARG 6o R . Ml B B0 805 b
polysilgxapesaepieddeg: gupogichen %ﬁ/fabw@a mERhe and fesentyshmgselipgosslinked.

coatings suffer froma nunber of drawbacks; it has to
b @®veraipplesre d nfmizroivyigsioeas ki bhwetiferentditing dhemist ésavereSleveloped.

ov oE8L BT 5 ST T LIRS AL o st
terminglolypmethdsilogane ang 3 lgw {n@]@c@}aé arexg@; C&@ﬁ]@.@ﬂg éqpo]tyrger of dimethyl and methyl
siloxariél {He#tinl @ebmpoRitib@ ini (R préstAd} of ddgaBomdtallic calists difedf® ci3®9 Alihough these
sl LIl by EOSTRLL L S0 TR 905,808 1
appliedyfron) hydrgeaghon pefyentsngd the cB6i4 exgzgely fiow lodenaryaniring days for yompletion.
U S Pat. No. 4,597,987 (Hockeneyer et al.) disclose
O|Sb‘@ﬂ1ﬁﬁﬂh'br0pogﬂlo){ﬂie§‘lﬁﬁvg &SJl:cSﬂlé @%ﬂdb&ﬁvmmsﬂlﬂai fa.gtuilﬁCis ‘Mg@ﬁ(ad by exposure: to
.pendant y}.QX y s _whi c er ra o
e B PO U o N iog0i R B TGl 88 Sompsicons and
process31-BiPAl Np- k369369 (Rakamizavarsealy; (aB.Peis el 564,339 (Hockgayir cipl); and U.S.
Pat. Nb.2B$W 9 (Hdei@mefRRkt a1l Niscidbe Il dmBS pdiFiRSdNR5i18%n e |subktit®ef with pend
S US Pay | K.oh‘”ff 822?%?07 c S g di sclose . o pedmt
oL PPN CBIBBHET e N e Ul gooinitaos n an
inert agnplgdieiet Urem timilafasbion, AU B.ePaf. Nos6316/268% (Kosihe it ) peirU.8.cltat No. 4,822,687
(Kesse@gt%l.)gﬁéaﬁge%ﬁrglogcz{ng Q&Sﬁﬂ'&[ﬁ:té : Wﬁ@ﬁ@ﬁh%@&)lgx & PADRRleditt Qﬂchoéure in seconds

cert'ajn oniumsalt these polysiloxane
when E‘@Ff‘paﬁjgﬁ ta{eog?ge’rat?dngqne itq?glj%f:atflﬁzgd ggzalppcﬁléloq &f prgtem onium salts. For these
polysiln@ge®s@ositiond, edidglofttheanatih®istbitedtisaly. Sp@aitionnh Hehigh speed of cure, these
A il it f t . .
s 3088 OSSR FER A I s v
operaligfat i ng  operati ons.

Another curing method which has proven useful for the preparation of polysiloxane applicators is the
"moisture cure” of alkoxysilane functional polydiorganosiloxanes. In this system, atmospheric water is utilized
to hydrolyze the alkoxy, especially trialkoxy, silane to --SiOH groups, which subsequently condense with other

silanols or alkoxysilane groups to form --Si--O--Si--crosslinks. Certain tin compounds, such as dibutyl tin
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Anot her curing nethod which has proven useful for the
preparation of polysiloxane applicators is the

wO pwitdo1one cure” of al koxysilane functi onal PCT/US2004/016016
pol ydi or ganosi | oxanes. In this system atnospheric
water is utilized to hydrolyze the al koxy, especially

cilaured oy ke remdibudn &1cRgrsn SnOkkigs RS, Waj, B BUDSEAUEA i siiconcs
are foutngﬂ) c%rnst"oo 0wl yl'{o %t_prr]%acalmmos% 1(08“ al kOé%%l | ane groups

-Cr OSS tin
conpounds such as di butyl t in 10 WO 2004/107045
PEPRESATH A6 BE 100s. HT 434 415805531 A \AA585,646¢ Bave diselesed wpisture curable
silicondl cbrhﬂﬁ@bhssddﬁdiknﬂ@bﬁﬁixﬁké ofbRdduG ekt pol{vdi’&yanoshb)iﬁﬁes th'ﬁﬁng two or more

termm on mﬁ?r)nps 0 be %)lil}rg&l Sub%t}[ﬁ%ntga%l eg;e? %,H?o g ?cﬂdllflanate es%rs which provide
Slhcone pepsgicpagings thammmceetwndly rapfdly, v@der mblent Noditiouy, 743, 474
4,530, 882; and 4, 525,566) have di scl osed noi sture

cuy abl Qheﬁoblhﬁgﬂﬁg@mggbﬂhb@&§ consi sting of m xtures
of predom nantly pol ydi organosi | oxanes having two or

naI and/ or. pendant tr.i
ComEpiecFRt S8 eabls PR PSR Bl s ovnomy gasomers
and thermpplzstic iistomiarsp ﬂ"bcymoi@sﬁ@abtpm@h@e g@brelastée wodtn prodcttdiafow equivalent
Welghﬁbﬂiﬁulﬁﬁ&lﬁlpﬁlb&ﬁﬁ} b £ @@h d:hlﬁvaléﬁfj%&gﬁ r@ly%ﬁt:ﬁoﬁﬁqgént)ﬁl&ns“Thermoplastlc

. stic El as rs as, i cators Suitable
csorpit, 15 GBS P PP (o JerBiba R cmulting namual
rubbernm thatrthex|ssgtchamddn taasiors bavv e high Gasilke stedugth.tretragt 8pidly, andlsubstantially recover
their ohBﬁeﬁ Mhs"ﬁﬁg life th%‘! tﬁéﬁ%ﬁcselagt&ggg Q{B&ll Ié%'g %bo%le ﬁl%ttﬂ%ﬁé “?émﬁgr&ure of the

generally the reactiaon | ow equi val e
hard Sgongh for A Hepaseieps gt ﬁ‘g‘ﬁ‘brféﬂf by maocgssq@h By therpaplpstic e‘ﬁ‘thm‘l“es (unlike
elastoruded),gadh a9 aljegficnadidinn aiuusri(mnmme fooldingvad e ik S$ub&quent cooling leads again

to seg;%%ﬁ%a{ &rﬂafdsanﬁ %([{ 1fe [ms rés%ﬁ 1§1Q%a'?éplell %%% gﬁston%ﬁg gro ﬁmef .however, which

toners eneric tances
does nptpegyF Fith theqpgplagtics. Sopp gommepeially spiabledhermopistic dasiamfry hlclu ¢ segmented
polyeshathermaplisi¢) Bladt sl efm&itetl QA0 Hhané @Erﬁﬁﬁlﬁstlﬁ ARt e}, segMihted polyurethane
iall cover eir i nal di nensi
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descnﬂé@mp@m@@u&omdt 427 m s h43<3@@ fbﬁSO,QEZQ %61;-95 6:% B¥18,794; 5,571,296, 5,616,411;
er c te astoner s
5,737, HJ, gg%éﬁii{?p?agf 0%3 t}go % thgp%s% ?laﬁtqqﬁrs 1%ﬂ&or1for;1aéed by reference

hﬂmnllke Subsequent coollng Ieads again to segregation
of hard and soft regions resulting in a nmateri al
hayvi ng el.asti gt C properties, however, which does
not occur with thernnplastics Sone comercially

p J ylé tlgremt 2{ ﬁgtg]'m%ga% :agmag{elé S | noglﬁ#gi fﬂ%ﬁg a substrate in a specific
patternp olrgnsfeembralvees tskiel inds! msition cemm @meldsd orsshene dlig chaving a plurality of
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el astoners include those described in U S. Pat. Nos.
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that thé @\6?{11% b&ﬁn&@ MRIiAEs el Mo 8 TOb B 1RBEEHSIR o € AL, 2

p “ur al Ity of protrusions deflnlng the pattern to be
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conposite. Mbdul us of the ttansfer nmember can be in

the order of 1011 Pa (Si: 1x101' Pa; SiC 4x1011 Pa).

The transfer nmenber protrusions maybe conprised of

the sane or different material as the bulk of the

transfer menber. Suit abl e rraterl al s of constructl on
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pol yneric materials, or conbinations of the

af orenenti oned. Exanpl es of useful netals include
woe@kab7045t eel , copper, and the |ike. Exanpl eBCD1S2004/016016

di el ectrics include glass and porcel ain. Exanpl es of

useful sem conductors include silicon, silicon

car bi deplyaleramed, and quartz. Useful polyneric

materials include thernosetting polyners such as

p f. r t a
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pressure. ast
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within @bGHhrgh 611 000 108008000 ExQiipld rogﬁd]!}ni‘er fith | @iESule fatiR@dk Snclu@¢ polymer with
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circunstances it may be desired to tackify the
pol yneric ink. Phenolic resins have the effect of
wWo 20kil6iehg acrylic polyners, and can nore eaBCT/¥S2004/016016
i mpart suitable surface tack and color to polyneric
i nks useful in the present invention. The addition of

exampIeh;{%ldlﬁt?@ IRk |a§UV%§s'oﬁ§rs, | a8ti- O ahi® N ositnbrBas R BRI, Sn ARE bﬁgcles, carbon

% aboug é@ 00 parts by weight on the basis of
nanospREEs O APPULEAGRE 8ISt of the acrylic polymer, if used.

"Non- phenolic" tackifiers, wherein "non phenolic"
m&arFsbstrifes to be'iiftéddr i s sel ected fromrosins, terpenes,

arsqbswg NOGRRRE J Astkdil LYRRA ﬁoﬁlc{ﬁb fgtoﬁis %coﬁﬁa&lgaéf&%t@se semlconductors,
lers 1 ngc

ed I tabl e non pheno
deec T PR il OO [EOMEI PdB GPF &0 HsHi G e
temperptnmqumenaaoﬂs df prylpme slyolria gk phisrgrtheondyCied ranidement. Examples of useful

metals'uﬁﬁ@é Iﬁafei Qteé?(i:b e, gd'ﬁferhkédgﬁtgﬂlé/ ﬁlcmctg}ﬁmcl fR6 'Jnﬁl Rlivm arsenide
ynmeric 1 nks, depen égﬁon e end use. o

WafefSt h%ut?% é‘ﬁlﬁ‘?% infuip glaEsoing (PO AL HceRoLImeF-gpteriap inglste polyimides,
poly(etB{1E4/ theptiAbtePEoly(LIB2NE hbofdiRBED and® ¥R Mk, ewitta i prdviée Shab WENT, of the
polym&i% mg%\énﬁpi% %lpﬁ) x‘?dthealn%f t%lgéb;lygu%géﬁkto I tsr%l%t%nedy i ncreasi ng

bon nanospheres or

nanotubes and the I|ke G Substrates to be "printed"

SUbsupsipis mpphave Fsied Wse dimensiond . ingliag poupler foss fuRfeas a network of
pins p@pedihlae ﬁﬂﬁsluﬁiott Bga @id il ‘She sﬁt@ﬁdtéhﬁ@ChlLbﬁ b€ 8 pattern produced, for example,

I ri po d their

by mo%m% ﬁ&ltmr%a aa] m%{{epﬁlgtfﬂ%ﬁ] pl\%, f(ﬁagrt it a?lﬁré angir’]ﬂé% %1@? e+h§ 5 face of the
S“bStWeéWﬁéP ﬁ@@@ecqﬁ@qmoﬁ%q‘i@mosou@f printing the polyneric

ink, this is the only real requirenment. Exanples of

usefm&nan@&als i nclude nickel, steel, copper, and the

e AL 5 W BRI Q6 AR5 R PR i e s
Substragﬁl patesialy g perde bending omotyaitﬁr eubpimtwtﬁﬁlvﬂ\wemlels ingf] easy and further, when a
pigmet NGdUAGitRRIY bHided§ Sdded RPHY (s@JsMé 6ﬁﬁkt&ﬁ&9méa@h@tlﬁore difficult. Since

hyl ene nap ht hal at e e I|ke W th.t
piemel}pcltelly D SERer gPene foi n E e ] AU o the pomeri
ink mw\gbmotabmmgoitthrges'ﬁg fopExample npmtlng ﬂgrebx:thq: Pribl¢npofiilee reduction of the open time
(time ﬂeﬁ@dqﬁeft@ereﬁ %pphca-ﬁblﬁ oiStchﬁcﬁ}EI@h@ m@){d E\fﬁ‘ﬁg ot ’@5 Fﬁgnenc ink). When the colored

|on? forns, 1ncluding forns suc
subsicag B it R gLy Pichromgslly B%Wd?rctb?sswo‘rlsn%a%ﬂ‘fsﬁwltf begvergome.
gridinrelief. The substrate may al so bear a pattern
p i the pesdent fngentien anbéngigal plinger rhgled bmay or@t dieatment tldyerois gispaed between
substra'@a‘l%l%nd P hk EIE 9.1% @9 hWhenXa cﬁ&ﬁﬁca!l DIIJ:JHEQ Q‘W@r céﬁa& tfegtﬁlent 1s employed,

surface of substrate fmaybe snoot
it i on R Bk 18 SHTment Mg caniff SR s hieh adheson
of the nk®taanisege is pdsgble.esin for formng the printed features

I's adhesively inconpatible wth the desired substrate

n@ﬁl%ie%hemlé:apﬁrmﬁ% ﬁ{@é ay. ‘t}@ gﬁgﬁeﬁ %oﬂfurc%lagégl &Eg repox%esms, vinyl acetate

substrate IS not eas
resins, F?Fhélﬁ%ﬁ%m%?u% ﬂéfshktel Th e e FicoRpifiEe FooPRfralary cifecive chemical
primer$ fob pdiyestbrecoldfed isubktrated. onﬁbﬂgghamﬁmm,mr w@intd fayer Bavinlg.a continuous gelled

networ§ s@u&%re & al%%?ﬁ%a]fsartg €s, ﬁlail 1s¥les%r1 ”& 8 Jn peanegp Ui, exarnnesd P2 %éntli’uﬁltc?]uOn (Kokai)

No. 2- %ﬁmﬁmé sititgble jfog ltheamenpm@m@re Télasrlr: h@gav@f it M@M@é@rh rerfiggiable affinity for
polyes@r?(l%ﬂﬂ‘l dad pd)lfb\fdﬁh Qs t fb@ﬁ]ﬁl@é’oftcﬁ&n&l A RROfingd Elﬁi ﬂo@&bﬁﬁ@n‘e @éﬂephthalate

eri g f
inchna§ s BB TSR Sl Rt wGRsDEG BOEhE oP gt P A
When the, colored substrate is prinmed either
p ﬁysﬁh@hiehsy)f the choheatipombrdlayer iharitebherithin thegege of b 0% reegmeters (am).

If the ﬁ@ltn%ﬁtlé l\éﬁ it tl’@mﬂvtﬁtrﬂiﬂﬂpeffe!:tris ulABn P ErRSER ExcledY ?630 nff) on e other hand,
er Qr a corona treatnent ayer is

lmQJ%Wﬁﬁﬁgé&dgEVﬁ@éﬂﬂm@ﬁﬁ?ﬁ@?&e 0 and a pol yneric ink
| ayer 30. When a chemi cal pﬂ mer | ayer and/or corona
treatnent is enployed, inter-|layer adhesion between
substrate 10 and polyneric ink layer 30 can be
i mproved, and thus high adhesion of the ink to a
substrate i s possible.




Sui tabl e chem cal priner |ayers may be selected from
uret hanes, silicones, epoxy resins, vinyl acetate

wo e®iunero4et hyl enei m nes, and the |ike. The ur epP¢EHNS20841016016
the silicone types are particularly effective chem cal
primers for polyester colored substrates. Anong the
s Chionmirmtnteytiephysitabprprigithat chralyeesuitdhlpappipd & o s ths substrate onto

which Q;Qhéne;gmte@ @Ieviﬁfylﬁe&t 1EIU C tI']ﬁ’é' &rh teARED AR (ﬁlyﬁﬁﬂ)fokr&l tﬁegmter-layer adhesion
betweewlé)[‘j 3 describ trat t;P (g % Unexam. ned tit

PSP BIricHE RIGH aqbs o Broyidsy g 9dyantss ithe I’IB‘B‘F’E’“TP&“S? fpgthat it can
be sepapatépapplicditniiesybstrata immiddiaglyipsoie atistidg ntodifiaigrapdin iembdr 25 hngd substrate

10(FI(§@?THY kable affinity for polyester resins and
on efin resins. Exanples of chemcal prinmers for

Vi and et hyl ene terephthal ate include

C F'g SFh E@gneﬁ 'n Ib%/ f& ‘38 ity p pitrogep gmeRpRE e Degaise the duration effect
of the hipsstndded thaintet-15er fadsion Mchigh3,(oida G&Bnenildfeilhhis @ kieB&sow@ftechnique,
and is &e%%b&ﬂ?ﬂ@ra%@%] (ggxbnqq{r H, | Ay %fbeé P. u%?ﬂe&'ﬁ%&ﬂ&ﬂ tot@ %o&)l?zplggatment for

menonet er s (n & thickness is
ImprovingeAdhesienn TABPL, GinNo- BH&-7HFAugEY 198PF ect is minimal and if
it exceeds 3,000 nm on the other hand, inter-I|ayer
Examppgel is likely to occur in the priner layer. 13 WD
2004/ 107045 PCT/ US2004/ 016016 Corona treatnent is
Sur?fn(‘;eﬂl:lo 1’% ﬁ]egcr{g%org Qogc&glg%tr&%lﬁ%é% i foﬁ&nﬁgoextaxgﬁes. All parts

ace of the substrate ont rint
and perceptagEsIrS yaeieht uplse othpaise gpegified: t r eat nent not onI y
I nproves the inter-layer adhesion between the
GenerapProsettgei ¢ i nk and the substrate but provi des t he
agyanhg %uah{%er th‘ﬁl E)QQ%%,&Q% ¢ BF §1§J§ oh & ﬂ‘Peaéloz ?&temed by

esustraelmmlae

separ at el %
Photohfh@gre@m 5@#&@ R%@rﬂm @pplicateph ©F éwfa%%mmtzwreaﬁaned by curmg a siloxane

prepol;&ibbmoﬁvahﬁier tﬁ@ndaﬂleﬁgnaaan Sylll® CRUi0 B fladit Heli dEHNtn £ picdDEelective surface

teahnetnﬁl ! a8|r a%l e ﬁ) ?‘ tam1p v?aﬁ rllnlnftlgrgeg o 1@ ”?03 R on{risﬁmbaef()aufﬁlmolar (mM)

rovemnen
solutiof. Af ta¢ arpeppate %\leme%smimd instokyprgh Aﬂ@olt vesarcppvech frore fite seffition and dried, the

stap vhd malghtsnta coteled withERWRO1E @F R kAR, Th@élﬂstohﬁndj mh@ﬂdy contacted the

he
mold wgtﬁ%ﬁ ﬁ’?ya%%q og gxtgrflaq mr%,slérﬁ aAiﬁ,ré)g?%%emrg?de ii,rom ‘Flﬁf)t?%% IJ] ‘was nXsed dried
and imfyethpeds iingmn 4 | solfivRRIf | 1HGST,2 H\H- peBﬂuomgecﬂg’wplAmglgge[ (P{Djsz)hssolved in heptane

(about E@(‘)ﬁg‘? L?ZTS R WY 8P Febéeégﬂzg \é‘drfal(:)es Q?thgﬁﬁl‘a rahcpﬁ%eﬁg :§§M layer with extremely
o s s, 5o RPN ¢ GHPA TSI Moy ST L Ot LBt . Srcnivasan

and C.Q1Witlponi B ¥acs fad diefhnel 0B 18877@ (22D0)Pr ocedur e The nol ds
(transfer nenbers) used were made of Si02 on Si wafers

aMert ﬁ%c%%&ﬂ?&g fbid %gs !)Blﬁ CO&QP\I’I&[' d ﬂoﬂiﬁlgxr s@ﬁﬁ&ﬁ Tﬁl& eJ3R4 mold was then

DMS stanps (applicator) for surface treatnent were
baked ?‘&PPF%Q’I”B)’@WT‘L?QO EpmgY T53HdyRlesol VBt &b I%COWPB deyygigfeg of the polymer
film. Fihaly! hadn dehe golatraoinkaytb galaoti vhlhd ai ntemppitas tioe ety inder 5 MPa
pressmgI f’]lﬂe toﬂngrn}?lytoy ﬁ@: &)ﬂ]l-coastgd Iﬁ(ﬁ%l\%@thg iﬁi{édap\%\geénslt\xyﬁ]%ﬁu@ggﬂ% c(g))n’cac_jl gwde atomic
force ntl‘esossméé’@\ﬂm @Wgélewn FHOSERS (M ( mV)  sol ution of the
appropriate silane dissolved in toluene. After it was
I @W0 it esl wepdiskdia fsedxathiple@no @&l thd ipto@dsionk, Rencthflaicilordalane (PETS) and

methacgflcgcg]?r Oé%tn&‘io?sﬂcoz_lg@??ﬁ)%% élffj’;ce OR%rges 095 %ﬁ%ls Q(%'r%eﬁémh -Ic;Hi%rent silanes

acte
are listgd ip fighlg 1- any need of external pressure. After being
separated fromthe stanp, the nold was rinsed, dried
Examp®d i mrer sed |nto a soI ution of

T B el TR R Pe P ang o patemed

mold. tA&g0¢ e@elsgefc(mshpdrlatt e@tmxf melf evasreml cepted Withr 4 pely(@Afy! methacrylate)
| ayer with extrenely |ow syfface energy. (See T.
Bailey, B.J. Choi, M Colburn, M Missl, S. Shaya,
J.G Ekerdt, S.V. Sreenivasan and C G WIlIson, J.
Vac. Sci. Technol. B 18, 3572 (2000)).



After surface treatnent, the nold was spin coated with
a polynmer solution. The coated nold was then baked at
wa@pprogosat e tenperature to renove residual soPEENS2004/016016
to induce controlled dewetting of the polynmer film
Final'ly, the filmon the nold was inked to a flat Si
(PMMABEVEY =as5,0@ hempe [Eta) seutivh asBlubltend - @erurrhrd@rat 330RE8or 5 minutes. In FIG.

4(a), SRRRAM %rgatgﬁfrsrmtfe)%g&%ﬂxmgé déec%s SMLI {3& egggfl(‘?ftée%TS treated

terns were stu atom
surfaces the EMMA %%wﬁfif or thmpirided Sefeashing @roér \«;tmtp Glengsied degglelspip contrast,
the mo(d$ENI} 4(HMais Baked RES seneve rl:E'llSSi’EDTShhsttdilglt xRS Eﬁg tﬁeﬁ)&gdht invention.
enet tric .
As the SG‘? Cacr )ﬁ;y 003 thﬁ psrljdew@% I %ﬁfr P | an% (%ﬁ#f neargflh 08 cgq%eep TOLrusIons.
Howevgs bysause plehe leghelsrurfwafeeqr@ af itheREd g twtcdhomuﬁﬁ@roérhte peoirhsigne ghe fitm is
contin@hLor ﬂl@f)@ﬂlsioﬁ‘s Terd &wgtted %Xl%ﬂﬁl Beslwéet Gighdy ﬁ%ﬁ@&iﬁ&@ﬁeeﬁatmes on the

o Ryt RS S LS QU TR, O ROV i

FIG. 4{opis th@(SEgImage nffhenpdnsferved SVEVDA. pratingphtiech. \lihe inkefl, FMIIA lines had straight and
smoothoég% MRLilYhe Maﬁ:]ﬁaydnatﬁoe?oh‘&%nsv@ tglplgélé :Lﬂ)er%SShght vanahmi in polymer

/ US2004/ 016016
thicknesg, pgh YRN8 %@tﬁérrély Efieee rrehmrsa&e&efgrvai@cp@wr 5
mnutes. In FIG 4(a), the nold was treated with FDTS
s dlftert anpealing lanhigking3te Mlisipatdmstvve usoily dightfyamellee thew fyse of the mold due
to dew%tﬁ@g Me%oﬁy{u%aﬁﬁ%e L feﬂﬁl% Jdéoe ﬁﬁ% lfldt &If&u%gv{@ﬁ)g ﬁgi tg%y particular

protruded, sur ces an up_1nto e
theoy rs ﬁrn‘érsgd thotrfhig gt besanee eGP @ﬂ@emm%a%g at a temperature
above it B ah@gbiyadet flmpeldeAry teloReshiEd Bivbrlies er&ﬁgytstaﬂd,gﬂﬁchllmetermmed by the surface

properlf’i)eg Sﬂﬂ gf?h%r af\{lyh Eu%sﬂéﬁ%nﬁee& ic éte{t]e o‘%ﬁf V\pmc%r ﬁ?&tpeﬂ]éﬂlr s%?%e PMMA

film is a@rma le & thedaterak qaréeneerg%theﬁubm@nm%feata@a theerrespeading deyetted polymer

dunenéilﬁ@ abl &Ball@rf (~Id’ﬂ@ Hah GBRIof B hORIGE sIRRE nOig. af Fier ikediBation of the PMMA
p.surface.of filmis.

aever e SRR om0 Bt il e Tl S5 St s s om
the edgles ofdhy fegtres asflfilglmﬂltl}ag ﬁlmswmhangdraﬁmﬁéo% eatures on the

nmol d. The polyner islands illustrated in FIG 4(b)
Exampl2y € easily transferred to a Si wafer at 105C and 5

%5 gsrﬁ% IPrl\]/g\g_%a % erslrﬁ{s fﬁtg sele %ﬁm@% nttéét%}r%stf ez{ﬁ%r spin. coating and

annealig g, itz RNAYIA Sitvel on. bemotd Idlsnlebgésn mWnstrns featvee NN rated limthe AFMITean in FIG
5(2). AMRtdShRhsdQfndPRA AR SR 1R pfdtrh%g YAl1dr BLHa @B ik Bso observed on

s S L SE el Vbt e SR o e
Duringsannebig thg ﬂ:anpblymk filmgpn thia eldbwdlle (Sltaqmdttb @ewes firse r TheUMElA| fitm retracted

towardsbtﬁlhglmﬂoﬁfoﬁéﬁﬂwl ﬁﬁchtawe fnjaﬂ)lfﬁi%d lefacteh %e&fpsle q‘?‘ ﬂyﬁ o Qlergy of the protruded

ewetting of I m near the eaturee
S“rfacemﬂrerralrgrﬁ Bt aﬁ@e gl vih &y orrogieny vsirmoRipedr The Tettacted flm
piled up ey, edpd ofi the Banirernsti dhet1bvat infefattidn pWosnthlcRetse PMNRANand the surface is

Ieache& %&eﬁﬂ% éﬁ?{n HI %‘;ﬂléﬁ??ﬂ%&g 951??5 Ay Itd dﬂ%ﬁqﬁw {a&g{ps%fr uglhled with a rim

above i I'mgra axes
andaplawmrqs@echéaﬂépwo%tb pie ki ch i s determ ned by the

surface properties of the polyner and substrate and
t Re @Iyirfeﬂﬂhlﬁs BIFES. 8(aPivert hansPRIANSRE subdihe Eit Tbre uhdbk KRS Bressure of 5

MPa. gnmf{m tem] %eratur? sfh?t é’ ﬁ%%og?%%rrge uelrred% %tu / ee ralfeﬁnm and ensure good contact
betweeg @@rPé@@/é il g sehetvate 1BQ. 00 1is/amekFM ghamrelifhd wmsfereed attera| Sowpth feature
edges V((eré&%neﬁ Qﬁf‘coﬁmg’tﬁe c@gngtzﬁﬁ thg@ilnﬂns?oﬁs c?ft&%%tlﬁc@ 'ﬁiegnkeéf patterns are 2 pum in
Further investigation of the PMVA dewetting on

diametes copppagrd i3 m PR edsiesi theinolld nol d shows that such

pattern shrinkage after annealing starts from the

edges of the features, and the resulting dinension

change is around 20% Exanple 2 FIG 5 shows PMVA

inking results with selective MOPTS/ FDTS treatnent.

After spin coating and annealing, the PMVA filmon

the nold displayed an interesting feature as

illustrated in the AFM scan in FIG




5(a). A raised rimsurrounded the PMVA island on top
of the protrusions. Simlar behavior is also observed
wWo@R4RPEDE FDTS treated nol d. The raised ri m waBCT/UR®b4016016
formed by material retracting fromthe edge of the
feature. During annealing, the thin polymer filmon
Examplel3e si dewal | s started to dewet first The PMVA film
tr t nd .
¢ P B b eahl 2t LL8SaL et it R LR ol gp setcive
ETS/EDTG.S tygatestpicrdwefer- sg@ﬂrlﬁddsegmnmh@ PEUilk cayfrs thig éOQII&JM!@eﬁ PIAVEE. 6(a) after

spin cdafd®. | Wh&! f Rkfve ?f debb 1BR iPLKRE SR Sso‘ﬂ@eﬁ ﬂoﬁfﬁ@fbisiaﬁ&% formed on the
The retracted fi

Im_piled u t
Pmt"“s’f(’ésa‘i“lﬁ?ﬂé AP coating: IFggét"f’IllR‘i‘f gfhﬁg%&oﬁﬁ B‘ﬁ’gg ?t%‘{ 50@8{%@8%??0 nm deep
molds. PNAGA aal_mﬂ ntohigs vated tlea pdymer edwtiae dhe cmmethickwgs oni thdsidelvalls is likely to
be Ver)rEFLa Z%Blﬁﬁsﬂaérﬁ?g § ngmg@ltﬁﬁ 'Eosglﬂgto obéummttﬂe ﬁd%vﬁlﬂ lﬁuﬂuﬁtsﬂn @oatmg, resulting in

arim and a pattern di mension
amﬂm pifrasravesee assbmefiGr €0k nki ng. The pol yner islands in

FIG 5(a) were transferred to the substrate at 115C

U mhkepolyaleeiglaids (dn progssiul eonthifue fo shividaduridg ainpatinggntil the equilibrium contact
angle 1% fe‘ﬂ%{ ﬂfelll{?ﬁlteﬁ %«l ergg ouLﬁ‘ 86%. TgAk § r&s@f ltﬂerlﬂgd EQtures are usually

I‘I m an ensure cont act
much o ibanesh gn ARAL Rolfsh, BHRPTERB W‘?l%%hodﬁq ainsjyyiciogetgfeatures using
a moldAfVInfertia @ ffeatubsize.r BIGS T priegetisl syeR bt @biple. Sropodrbonfite @btilivith a diameter of

wer e abtaln d th controllabl es .
s00 to AR e oo one ol C Mot o PERS o biGy o o

been found tht lpalwedzr @rttemo pqpde eded withol @e@eeﬂrfmpmwhng@e’@reom digked pptterns for
una:lnletallad3 c@ﬂlegsho@ %ﬁ@p&@@ééﬁ%@m@%&s’%%‘%@ maléi po AP indicates

that demlte the hlgt_ir:gtlgss T ik g%?)at dl}réu&t(%t)ﬁgn (at,§1)éql %?ro%mns of '}Le mold can still
dmmx&MﬁﬁﬁhEmI$mhammﬂeﬂmﬁmmmmﬂmh&bm@nﬁad nol ds, conti nuous
PC filmcovers the 500 nmdeep nold (FIG 6(a)) after

SRhD sefe@@te's%ce m%nﬁsﬁaﬁk}aﬁés&ﬁkél h&&?&ll@n%oﬁtﬁﬂlb@ﬁﬁlymer dewetting to

obtain 5119\/5\;?]3:/ %%‘FB ;apégsd? Imged( ]iwg,yné PaétFrln§ p&.la ]@B]i f.or :J_Iiﬁ)&_g‘ ﬁ%strated herein are very
thin (100AREr @s). tThis liAKMie ebifiy of frolRGerdodatzaa fﬁ%Ms@ﬂd&ﬁQﬁuﬁms directly.

HOWBV(éIe Fi%her g%kc@ﬁﬁos%ﬂe zﬁhlg\%& ﬁ?’ U%ﬁgdas‘%% &9 s?gra hﬂ%I e g%ﬁ?ﬁler can be

e coating t n the si
chosen p @@fe;mc% hights dgeqish zenganre thas,rpicdh FEEaRiS PR ¢ ?Pgexwgple of such. etch
resistatt pERmPOS slll&bheoﬂtmmg:ﬁdlmeﬁ:n A RISy ﬁeeml df 9 siligtn-cogtaiidie Molymer can be

iked 0 oa%kknog% %L% ?ag% H'[l]?%ﬂerg A} tgﬁ f }“ él?e%vb% 28R 8FPto the bottom layer

on protrusions
byﬂm%@m@¢ﬁ6@¥ﬂﬁm%hrlnk durlng anneallng until the
equi libriumcontact angle is reached, the resulted
diAnesigh 0B G EpeMg exanpled ﬁlﬂuﬁdnﬁﬂ»%arefiﬁteﬂed’ R Irépreséniiivd ¢TiBlinvention,

f eat ur are usu . than those on the
they ark ERGHETR 1 G N3 Rt ofFHE R TR i, € ROPE 01 £ e

subm croneter features using a nDId wi th much | arger
feature size. FIG 7 presents such an exanpl e.

Pol ycar bonate dots with a dianmeter of 500 to 600 nm
can be obtained using a nold with 2 mdi aneter
protruded circles. Interestingly, it has also been
found that polyner patterns can be inked w thout the
need for annealing before inking. Inked patterns for
unanneal ed pol ynmer show simlar profiles and

di mnensi ons as those inked with anneal ed polyner. This
indicates that despite the high pressure of 5 MPa
applied during inking, the material on protrusions of
the nold can still dewet and shrink, for both
anneal ed and unanneal ed polyner filns. The sel ective
surface treatnment strategy described herein relies on
control | ed pol ymer dewettings,to obtain smooth feature
edges in inked polynmer patterns. As a result, al
inked filnms illustrated herein are very thin (100 -
200 nn). This limts the ability of polyner inking to
form hi gh aspect ratio structures directly. However,
hlgher ~aspect rati os can be achleved by u3|ng a

L e e



chosen to have much higher dry etch resistance than
typical organic polymers. One exanple of such etch
w0 e®isomms pol ymer i s silicon-containing pol ynme@BUSA04/016016
shal |l ow pattern of a silicon-containing polynmer can be
i nked on a thick organic polyner |ayer. The pattern of
What it Bi@mkdip | ayer can them be transferred to the bottom
I ing (RIE). Although the
L 2%@%%??3“%§§§ﬂ*¥§h$ gégrlptlon are intended to be
presentatlve of the |nvent|on t hey are not
end @BPLRE 4 st SEGieagagrey Modiffer 0B a@%}%étoé?rmtaw@atap plesrided
C Ifigdt smBace biver i adBieriin B AQgatfCT/ US2004/ 016016  What i s
clainmed is: 1. A nmethod of creating a pattern on a

sypstr %Brﬁ‘ m@&%%gl \P& Quidsfelsﬂmﬁﬁé{ fﬁ%&&%&@sﬁm%g L€

to an app I cator t orma coatlng of sa
s (PPHERYY BUFigS Hpfanakity af prefmsiopieang p plufalityiofrecesisy, the coating
c @ﬂmeﬂmﬂ@ inheerﬁ‘dﬁﬁigl dh0at Makt hmrae bfrtanpxﬁarsmmaﬂb @bt anly RE the

ARl IREL DY) Moy LORODARRY GOIDTLILNC, By

Iu ra s iE RS G St Ur &l
tmémB%%¥|ng only contacting and renalnlng on at | east
some of the protrusions but not any of the recesses,

t I&ys f leng e fidst” sbaif®d irfosRd rlemBRSh & se¥Bd aﬁfa&avﬂefgg

sur i ed ro ruspans: .c) e si.n i rst
RS U et Bionb BPRhS BosE e SR el
ma@ﬂ fhﬁ@?ﬂﬁaltswép%@yrgff o e proface madifioth protmsing 4ngd durfapcmnetifeed

NMRERess, ViRt s8Rl JutRd eﬁe?‘g?%ﬁﬁﬁ& créfegh Gitick efeBloh @kiticon
ace nDdlfle%%grotru i ons. and

sur e en op the s

SRR e BT atfios Bl Shus SEatRiseh il e Rl S Fce
evefagyenprgyiinddifzy; creates a surface energy on a silicon
waf er that has | ower surface energy of the sane

frgid : ? fggmaﬁd%egcoﬁpaaw Qoayrls.ﬁg mlylglte{ldo ]%aglgl ) "tﬂe s@c‘éﬁd ﬁ&@ﬁeey
R b A BE PO FHEOH PR P By PP e b fhe

meudhes modifid wanposi il die suiss hadifibdtebepses anfoon rbmgpsition-

t ant ﬁﬁ&%%ﬁﬁﬁeﬁro ﬁns H n@ﬁﬁu&‘?c%éd s?lq’acg %ﬁ]ﬁ%fﬁt&%s,
and the surface nodifie esses to form conposition-
céﬂ%ed surface- nDdlfled protrusions and
conposition-coated surface nodified recesses; and e)
wiel h orwithiot withidut anmediag oveg Towier sté) (Anf domtnctisg ép chdosition-
CQBRACHIAY nloﬁhﬁetﬁga S4B o RRAL Biling S UirkAC Ry LG bR

protrusions wt strate having a surface

c OF 1§ 334 pstes ageroprigte PEFTHS 2BhiGmpRHNES to AEisFe e peymeerip matsddlr e
amdmtteasyfa nafhBer toQhd sidasé @Ffadche pol ynmeric materi al
fromthe transfer nmenmber to the substrate surface. 2.

T face ener
> o TR R R A b e 4 B 75 her ef

the silane is selected fromthe group consisting of
3. orgamsbed efrrddm Zgwuieesy the gl i trlepefl Hom i stapp opnsisiiyg, af gganosilanes
descritfed by fomlAR,S1Xi, Q Aibre Bris NAndHM bri ﬁbﬁ]laxlcu@fang].p, Xid zSgralpgﬂﬁlﬂﬁk reactive,

and/or\wﬂlcﬁﬁh &c&%z%ﬁ%m{o a gtou Exgﬂf-s){eaém %nt}h ﬁ%g)!(g éq Zagcpn—q i

‘group; and

n:1 2
4. The method of clalm 3 wherein the silane is PETS or MOPTS.
5. The method of claim 1 wherein the second surface energy modifier is a silane.
6. The method of claim 5 wherein the second surface energy modifier is a silane of the general formula

R,SiX4.,, where R is a functional or nonfinctional group; X is a group which is reactive, and/or which is
hydrolyzable into a group which is reactive, with a hydroxyl group, and n=1, 2 or 3.
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4. The method of claim3 wherein the silane is PETS or
MOPTS. 5. The nmethod of claim 1l wherein the second
waeotiae®4energy nodifier is a silane. 6. The netTos2004/016016
claim5 wherein the second surface energy nodifier is
a silane of the general fornula R'Si X4_n, where Ris
7. aTheresthodnal o n@ et i tom akcogt cuface Xenegy amgdifianpis  1H,1H,2H,2H-
perﬂume@tﬁldhﬁm{sﬁﬁgt ive, and/or which is hydrolyzable into
a _group which is reactlve with a hydroxyl group, and
smah QA orSaim 7l " %€04/1 7045 PCT/ §82004/ 016016 7.
Th e (hod BP L RGOS HSTEARRE B EAEI sur f ace
energy nodifier is 1H, 1H, 2H 2H
9. péhe mﬁ@d@%@ylstwhﬂ@ﬁl@rebsﬁpﬂlmﬁé polgdimthdsileganhod of cl ai m
1 wherein the applicator conprises an elastoner. 9.
10. Tir@e fiebéwost cRfm ¢ kbt &heWhed® inltmb&es €h@8 R iBdontaBind a desired pattern or
reheﬁgoirxwm thg(mstml oxane. 10. The nethod of claim1l
hthe transfer menber is a hard nold containi ng
a deswed pattern or relief for a
1. niThe methedof glaigt WOurdiersinghe mold compeisene iiatstal gflectet] o tieQeroup consisting of

semicoMMRioR Eiel%dﬁﬁ:s,rﬂéiyﬂleﬁ OMTRALE BRShR d%&tnﬁitiotﬁ'd and 6l rgﬁénlﬁﬁwlioﬁ@fﬁface has been
uc | el ecltrics

0] nsi s (0] con
ot PR B e B G RS T PR AR A A s, o
altematwm)s:@atgimﬂna\d@emgast;@ma ormuethil Byi tsxljmg@s ecke astsputtanyrgy dixydcal deposition in

the vaif 4RSorlsdigkieon, for exanple by a chemical oxidizing
treatnment or with a pl asma or alternatively coated

W l.a of as i C a net al b hni
Jilﬁ ds%af’{nelr‘?’b%ﬁ eﬁé“mf‘i’fg}em 95 Iatten pr (hlce %pqép gﬁﬁ;ﬁelected form
the gr@lh aegwistingr of gwlldinge ktchidg throfgea matkh plohtobithogrhygy,ni-thy likhegraibpm nanoimprint

11thogr§1ﬂﬂ? Mﬁﬁﬁfcﬁﬁblﬂ'ﬁ&g%hhpgf@reﬂenﬁ%&er n produced by a
process selected form the group consisting of

di n tching through a.mask, phatolithography, .

%&veﬁﬁﬁew&pﬂw nglyﬁ’ﬁ?‘? fteria} %ﬂ%g?faﬁ%v%éﬂf Pyteriagfgrpared to
the tragariviembdr] iochslingfthdrheplaficopotyment hameldradaBye cuidlerppdpblgdergfand glass or
ceramit p@luors, Wherei n the polyneric material consist of

relatively soft materials conpared to the transfer

mepber udi ng. t her mopl ast.i c_ pol
Mt Hef Wﬁ‘il# e r"lélﬂfi‘ Lt Do the apfymer it %B&Ff_\/%ﬁ fe”exgpip) csislng ofpoly (methyl
methag@atgmdpofycepustsor s. 14. The nethod of claim 13 wherein

the polyner is selected fromthe group consisting of

15, PahY wlBE B diaim ELAAGK me%aﬁ&at@ﬁdseﬁaéa/ﬁaﬁ %ﬂg&@ co dg Bepolymers,

nEhod of claim1l wherein the substrate i s sél ect
semlcop 18}?{5( cH@ecﬁlic% &Bco&aﬁgqogfnltsnlﬁet@r, %Ply s thereof.

senm conductors, dielectrics, silicon corrponent S,
16. nmdhedushodah daimdﬁb&hnahimwstrhesuewe hasTiSen nidi@ieddy hechnbhe selected from
the gr&b @dnmh]lg oivm;ﬁ&ﬁbzﬁ] oﬁ&ﬁn?ﬁ@ﬁeﬁta} %M rcﬁﬁéh‘%m{ﬂ%ayg%? rglass, silica or metal by

by a techni que, sel ec from
techm%lssrfg‘fhﬁ FPHEFH% chenpqabdepesiion B diedrner hysa pragksilent, a
pl asma, coated with a |ayer of glass, silica or netal
17.  byhe tethbdiof|dlasn T Uelereits the pubstrate ihag varehh glirbecditnendiomd Fortnk Giibstantially
or sol gel. 17. The method of
perpenh]?d& %gg{%?osﬂ%tﬁﬁg substrate has varied

t hr ee- d| nmensj onal forns substantially perpendicul ar
18, gheymgfhodypb clgim § weeren s fbgffels beara pattera PHERRGEY DIroeisarlagtefl from the

group vdnﬁftﬁ'g 6F niidldingS etéhddertiabizh B @RS pidtop@bdrhy) xphOEkRehyDMd@ombinations of

sel ected fromthe group consisting of
meafopeﬁ%[gﬁﬁe;d, etching through a nmask photolithography,

x-ray |ithography, and combi nations of the
19.  affbe Befeodiof damd wherein the surface of the substrate may be smooth, coatse, or porous.

8.
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19. The nmethod of claim 1l wherein the surface of the
substrate maybe snooth, coarse, or porous. 18 WO
WQ2MMN10F0D45 PCT/ US2004/ 016016 20. The net hod PET/TEB04016016
1 wherein subm croneter dinension patterns can be
achi eved on the substrate by controlled dewetting of
20.  pdhgmehodfof Ppnt Inehersinsuhvdorpraei dimsesiqmattefsem heaeiiered ont theesubstrate by

controﬁ@(‘déﬁ}ﬁhﬂm [ pﬁ)lyﬂgr f’r@i}ﬁ st Rond AR trRER hbtien e £83H Mbdified transfer
jons. 21. A nethod of

b onet.er-size

mem %gﬁ(’fr‘g}oﬁs %ﬁm‘%\mm‘f?ﬁ? F ?Heg }&€"fret hod conpri sing the
steps of a) applying a first surface energy nodifier

21, t raefhedpbpatienme o subetafeothpmehad seririigs Be stemiol i r st
surface energy nodifier on the applicator; b)
cant ac fai);il‘@ngt ATRst GRAEd dil6tgyhddifieBto tail %ﬁiaﬁ)f toriaﬁfcae;baung bRaid
tr.a avi_n t opography conprising a
plﬁﬂS?Sé\ fgcteenecrj%ym F’%‘r‘lﬁ‘é‘? lcaa{(ﬁd a plurality of recesses,
the coating onIy contacting and remaining on at | east
sGhe ofontasngfhoeqating wksa Bastenpemban fhedfansfanenberciasises,
t RopSeripRy 6 sn'i‘g £b1&§ﬁty oD bthukieih ahd @-ﬁlﬁlfaﬁtfv ofRBRKE, thashRg

surfac pr ot r SI ons; osing the fi

iy e S St ot e e PSP S a0l Pé@*
mogeskes,e thps tihmimegby fifso mmidifigd dranséec olmdlbcmbhvmg egirfice ansiifed
mepResoniavi ng nodi fied recesses and differential
surface energy on the surface nodified protrusions and
surface mdifie sses, Wwherein the sec surface
effer gy RS iy g’étr ‘fclg? sl PSR IR e 537N “étg‘%?i i8N
wafodifiert thertbytfermid gonverond mpdifad érawsifre mypbe hartikpem @lified recesses

S 'aﬁd (ﬁ@eﬁlenﬂﬁfsﬁfacé &1@1%7 gxgth%lﬁigce%ﬁﬂdﬁeé f)tBtﬁfsmnsse{ﬁﬁ Exﬁ'ﬁt@e Iﬁ&ﬁfegy

nodi fier; d a conposition conpri sing

pé?cﬁfﬁeérwhéreﬂélleéla‘i"% s“f epefl}?ggyg@@gﬁ&r Yifeeq encegy ﬁﬁéfllé‘i‘m

nevakethat Hah éoveo BpPAG éne@in of thb Sinsendilicad wyfe @eufed rwiihngid tiivst

t ggfa&%ggg;ﬂ J}ﬁ’er(’f the surface nodified protrusions
ur ace nodified recesses to form conposition-

coated, surface-npdified protrusions and

¢ Ghpos PRRLRE AIHPSHIoR cAmPHRRE FAgRMEricprtsriakia daesecond modified)

Witrbul3fed ineinbdr 1asl corApoital subganaigrcorigmeifel BIths topgbrdplly of the

c %lea@e%lbd}ﬁedtlgm&u%%pa% lafe! Bdice &géﬁi?ddrece%é& ‘ioaﬁ)ﬁn @chéofslb&d

protrusions a substrate for certarn

t PRl afERcGRadificd RppIsicRY Ta pemppviinsorie saFe P’@ﬁ‘ﬁ@d{f&%eﬁﬁ%
tand ransfer the polymeric material fromthe transfer
menber to the substrate; and f) exposing the product

of, step.g) LN ansfer the
ok e Rift by 5Rup BRLKE ph By B8 30 Syl B Sotin,
hiceptedesaifese podified naotrupiers yiife p subpitatedorfoertpin peded of fimg and under
S ldﬂﬁ&phéﬁe Bresshrd andrahlmeln&t@ RERHsFeBih B Bolynt X6 m3ie@f) SroM fine tddster
¥e qqgs{)sa (?nurface energy nodifier to an
%%?1 E LB PSP a coati ng of said first surface
energy nodifier on the applicator; 19
f) exposing the product of step e) to reactive ion etchmg to transfer the pattern into
the substrate.

22. A method of forming high aspect ratio, polymer inked features on a substrate, the method comprising
the steps of:

a) applying a first surface energy modifier to an applicator to form a coating of said

first surface energy modifier on the applicator;
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23,
24,

25.

WD 2004/ 107045 PCT/ US2004/ 016016 b) contacting the
coating with a transfer nenber, the transfer nenber

wh2wiungroas t opography conprising a plurality oOPCT/US2004/016016

protrusions and a plurality of recesses, the coating
only contacting and remai ning on at | east sone of the

P Ib?t r U%br@a[&ﬁnémﬂé cJ:l&Ig Wihya @:fnsi%ﬂ'hﬁemlfe@ GRStER SFer Iﬁdﬁm& HaGh g Ng
a | I

iy i L abRES! SRl ngRAR Y P o
t 1oBiR Wéafcﬁnmwﬁepmau@gapn@é oty dmsmﬁthmro@n@ngw nptody of @e
t RRESRY @ iFnRg 2 %@ Gamed Rekishe etbnibbraRs gl sulRE DB ditied
haV| nodi fied recesses and differential surface
F&%’%n the surface nodified protrusions and surface
nDdlfled recesses, wherein the second surface energy
modi f i exposing dteefirshmedififdataasiomoegler dn a sepid soface wafeer

t Rk Bom etV il Je@ﬁ@m&ﬂﬁerd%s@a} rrdelGer HNIE: Bddlifle§ Pdesses
vvaf e tregt )(‘ergaﬁvm th sajd fjrst rface energ

A R g ey G e RIS BAESRIA ey Taodifed
p odcgspasrwher eimeth essedoad sutfare bﬁesgymdtﬁbmbrentesja dutfevel enetgyam s sikdon
menhe r I NgG: <t
Rt b Sk SBAR, P of P SV i ROL I
afig aF“rFéef%]i“P > nodi fied recesses to form conposition-
coat ed, surface-nodified protrusions and
c d)1pos iapplpme mmpﬁdmﬁ; confpeighee apolyinkiiccdatérale steaecond thdiéfied

r

ol e o o6 SRl %}““tﬂe oo, of Ko
s S5 & medifigdaprofysiens 1k @eﬁeqf%ﬁoﬁlée csyer ) fop cwm@ﬁ
| Boakdd qarf{c@ Jod#Epd p‘;@cﬂfsa@st dndd gontﬂa&n@massuiﬁoe RroGidiad ﬁdssses,

Wi di £ t sirape
cer tp%?&m iy Se]feadq Em% 8‘ é{ %ﬁ%lefl o1is su?“fm%l ent
t GOy ﬁ@ﬁrém aaubp'amtewhwlbthe noh@enm#tynblp PRpligfen eieni (@ from
the transfer nmenber to the organic |layer on the

s ubst I @brictigytee a‘ohlp@mra@sdata@ shrfu€e 1psdREY @iom@sﬁonﬁvﬂpa s(ues);rat% 0
reactive i.o cni 0 ex ern to
SRS pLBE PRSI0 AR Sl BSR e e
i molal@@@rn@@ﬁ@lérowthwa@ﬂfeamnm@r to tigesprgamp laaqrtoal ‘étra elbsitate and
manuf act ure produced in accordance with claim21. 25.
Ay ar t iegdosin®the P! FGich! (¢ toldbREkGE 0t dhhg AE E@nd &8 Gaitedd tb h

¢ ltha<3|o¥rg]a1121c2 layer.

An article of manufacture produced in accordance with claim 1.
An article of manufacture produced in accordance with claim 21.

An article of manunfacture produced in accordance with claim 22.
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