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WO 2008/ 055054 PCT/ US2007/ 082633 DEVI CES AND METHCDS

FOR PATTERN GENERATI ON BY | NK LI THOGRAPHY
WEROSSSREFERENCE TO RELATED APPLI CATI ONS [ 0001pCTnE=07/082633

application clains the benefit of priority to U. S

et obay O ES I ME Hé’%’éﬁﬁm'@mﬁﬁéﬁéﬂﬂ'b%Y
Application 11/675, 65@\I I @Eg%bruary 16, 2007, which
are hereby incorporated by reference in their

Sgts: gr;ﬁt Zm% pgn%;?%ﬁt%n L@%@?E%Fgggﬁqru&ures
[oooﬂﬂ%gsfvéoqcp%ﬂport%ﬁwﬁ % %Eogl escff?ﬁrc"? tgpﬁcg U ?)rowsmnal Patent

Appllﬁatﬁ)'roe@@'BBB @aBc Siled 0@btw|eeCQVOF12@I§6 andr of$ uirtnpsovsional Patent
crosensin bility to make m cro-sized

Appligatan ko, g@%uf&%@ Feksabk dfpl 2007haghicBy aleutiesphy, dycorporated by

referérrt% AlESH eRARits T eI d resulting in faster and hi gher
rformng el eCtronic conponents requiring

subst antially less power. As these technol ogies

continue to rapidly develop, it has becone

i ncreasi ngly apBACKGROWMND OF dHlth IN\GNETIQMNI ns are to

be realized by devel oping the ability to mani pul ate
[ooozgna' herdmigrzand feirication of rhiercswetbe sizéd sémictures agd devices have had

dvances in nanosci %ncefand technot1 8% %r om FS to. | :

an eqﬂrgw[sl '%al%oprﬁaﬂl:‘f” ﬁéﬁ’y impadantechpaiRgas |8§;u g]ggg‘rp]cgroe ectronics,
optoelEQFBrIES, efﬂléjoﬂuﬁﬁ‘dse%g h9croaBRsingd enigé NgsilityNe trdake micro-sized

bi ot echnol ogy. [0003] Fabrication of devices havi ng
electioaitodevices, dphexamples Nas rexsiutinized/the electierics figl resulting in faster

and GEREEReRBfing' BEeFAREBomBindhS, Al &L Bpully Rgggpower. As

theseCt@eﬁh@I@ble@Qfm\ﬂhQé telexpialyesevielspnit IkdpBEcsnelitcradsinglysapparent that
exanp he behavi or of nanoscal e assenbli es

of
addltlﬁaaygwaﬁeareéo@ei kealjzech Oyydqvieiqriag ey abiitt iemanititafe and organize
|
mattééﬁrfzf:r{eggé oY%aHﬁRJté@CtAQ\%&EﬂHm%B%EE%@ ei%ﬁboltogy promise

ué to ctronic con
to dramledicsity innpactemangvareaswef ltectelolowd rdreging rfeemomatdréals science to

.scale of 25 n ters has opened up the possibility
app“‘if?eﬁﬂ'@?ﬁﬂnﬂ&gl?ggﬁm on properties and processes
only occurring at nanoneter dinensions, such

[0003] F@lbﬂcﬁﬂlcﬁwo'f%v'idé%nﬁbhﬂg'na@éh@""@nﬁé@éﬁbﬁ&%m merely a natural
quantum si ze effect. The devel opnent of commercially

extengicicef tbelconeepheidsinidtufizatiane &ut adusddmantally wifterentiegéne in which

physipal i EnERICH AP By hyABL foBh BT ol et e, the

behaViee BN abAEYcald@sE&PBes Bhai fyfriinbw:aﬁre@ephsygrfe%tly ummﬁmobm by their large
the nost preval ent nethod of mcrofabrication,

interfaeiat | yolame ifracignat @adelas@nbbni eneshapisal seﬁe@tsnﬁjﬁé to electronic

contf3 . 4 REIE 485} BRI b i epurs o e scae o

nanomletdrs| hdashopemghyp the positdlity of magking adevicgsobakat oh raperties and
proces'sglegCér(ﬁ)(aI (t)c\:Angring at nanometer dimensions, such single-electron tunneling,
Coulomb blockage and quantum size effect. The development of commercially practical
methods of fabricating sub-micrometer sized structures from a wide range of materials,

however, is critical for continued advances in nanoscience and technology.

[0004] Photolithography is currently the most prevalent method of microfabrication, and

nearly all integrated electronic circuits are made using this technique. In conventional
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di mensi onal pattern is generated using a photomask.
The inmage is optically reduced and projected onto a
W koog/0f3o5m of photoreS| st spin coated onto a SPUEUSZNH082633

prqeé'h rf M%@gbgj%hdg?? c¥1n| qu\é%cég rﬁﬁ%%/\bc{ et;esg?nding to a selected two

dumemlmalt batterrnpe gEthebated Usisgra phglomaskn theotrra@e |becmtloatly reduced
be mW|t out. the use of. a photonask. Interact]
and 95@ 0”‘i°g€l’1f '”é‘l'@&fr%%rﬁﬁ@i 88'”u cRAea R Qrﬁlsé@éFréE,e A'temat've'y,

[ i I
n DYETDIA B0NE1S ARALASthi GRATLERLL § GIAGIAs A eRbet) cxposec
to laskabglntc atiedectodn beamuartian @sarrawnthgut/\'bhlelu%ecﬁf anptlotomask Interaction

betw%}?’ |S’Iii lt%égfgrﬁc’sl ggﬁcgpg? 'i%hgl I@V\B gpﬁgﬁglplgﬁgsxm%en Ing r}ﬁe )f)hotoresst

chenﬁéaﬁl&rdlt‘%% seretef rd éibﬁﬁe%hétb@sls‘ﬂirﬁ faaf‘ﬁﬁﬁneﬂ 8ndtling fabrication of
dition, photolit ghrvg i s capabl enerati ng

strucwé@se hewingl well wdefiged il giraensignst rﬁ’imtp itbagraghy IS exceptionally

well yRRRE SeRbe R s loil JBfiers ¥ oot h8l surtaces. i

additibA0 @hbtdRessyrhpayg Ve reepable of neratiftp aidrehyornpek three dimensional

extended its applicability to the manufacture of
distrikytianst of éeatwasi Ag At erEacessuUSIAg tatditien MkricaHop amgthods involving
ﬁﬁ'{m anol i t hographi ¢ techni ques, such as
formdj@)@pcﬁ IpIa Je(re(sziga%léﬁ nmode |ithography, soft X-ray
l'ithography, electron beam|ithography and scanni ng
[0005:]rﬁmen‘etddvdece&aneprhrﬁernthogtapm/shéueIep(temqhédaytsd applicability to the

arlcaest es with feature e order o
manyglu el SR hitRs Haan, e RRBNG I s MGG age. FOr example,
nanoﬂh@éjfs‘ﬂ)ﬁc Vé@l*hﬁ(ﬁJé%e%U@H%soﬁeé@bN BASjE&%HN ﬁfddécl‘itHbﬁl%de soft X-ray

devices having nanoneter dinmensions, these neth
lithognaply, celectipn Beami hithegraplhys armlatsqannm urnbermethods have been

succ%s:sg@fygérﬁlglciyg@etgégé%igﬁﬁ:sgfy%\)%ganr@ C.e%lélé%gt(ﬁgﬂi% order of 10s to 100s

of ndromeseter i althoudh r SanolitsdHaph i OBioYRIYSC vigdld 0ABtHARIUOF Efabricating
el aborate and expensive steppers or witing tools to

strucigree@nd idgMices ehadpg Jrnamheles rdimensionsnitbegmh dnethedpshave certain

ImﬂaﬁHﬁ% ‘ﬁ‘?aet%négrc%ﬂ* prralaﬁéﬁ | :ggn t g{r&‘ cohiPh st ngethods providing low

narr ow speci al’l

cost, vhwgkevolahre pmésang qﬂmnbmeﬁemaled Hirst, nemdllttﬁigcamc methods require
ecific 25 chem cal functionalities

elabqﬁ (0314 GXPEPSNE STPRRESS UoMiing |tQ9|§It°r¢drr"F‘&F ligRb fHegrans gnd/or ions
onto ghfﬂdrgglfs% %uf‘f%@é#faéé%hcpfth’éégﬂibms E?é UhfitedOth ?%ang a very

eas of ultra id surfaces o i nor gani
narrosu tmtgeabé$pemallzecﬂ1 ueaneslalsesasncb ar@aiqobIIyeSWemfor introducing specific

chenfilEnglobiBRs 2R Srbrtiighedt LRt ecotwiiiondf Ranolithography is

I|m|te69c6tfblbﬁ§atnﬁ1%ﬂgan§§?i&9¥e9eﬁur%s|cﬁ‘ngﬁﬁﬂ dr@aé'@i‘f%ﬁra-ﬂat r| id surfaces of
dinmensions is difficult due to the limted depth o

inorganicuRtbBlaesoandetiuByis nesto Compatplepitie pmtgtehudg oraglass, carbon and

p|asti%ygliéli§éﬁl rlgiﬂgl%fqu g%gﬁg gft %%ﬁg%ﬁ‘%tg 'gtg' Vp?gllng features having

selectabfetléhgméslnofhrééodlﬁidrismr iyohlfncureblh@% #te dipfiddedep® of focus
nanof abri cati on have stinul ated substanti al interest

provigded gyveanspithrgraphiermatnogs, apgnyPisaly 6equirRsylekgRiiktensive repetitive

ricati ng nanoscal e structures. In
proce@gr@(ﬂ iy“eargf%riew 2 WD 2008/ 055054 PCT/ US2007/ 082633

[0006] The practical limitations of photolithographic methods as applied to
nanofabrication have stimulated substantial interest in developing alternative, non-
photolithographic methods for fabricating nanoscale structures. In recent years, new
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t echni ques based on nol di ng, contact printing and
enbossing collectively referred to as soft
wo paokosioaphy have been devel oped These teCthC{UFJSZOI]S/QB2633

techni%qe%n%ﬁé@h%cﬂahpﬁwht%& Heq‘fgnd?é gﬁ%&feﬁﬂpely Yeferred to as
soft Iivb&igraplﬁiphavedeealdeaélqpedt eTrhesé/te:U‘rmmmlde coafopsiabéglpatterning

structures are forne gd?iy material 5 roces&gg .
devicenFUeN @R SERPBr fdNO! REEk-ohA YNGR ER0STEF SHEEPR comprising a well
deﬂn@@tr@’ﬁ@mf)éﬁ@rnsUl?\ﬁlEFcfgifeoa%ﬂd ﬁé}?odsﬁié&f‘%ftrﬁbtuﬁ'éé feﬁ’éefofrfneﬁhﬁy material

tern devi ce. Patterning devices used in so

procdsustrigougwelphw carypircall dcontadrmpr a seoletwlst so@ei betwaeethalsspstrate and

the tr%ﬁ%%{)as Ol é | gﬁetnt L l X\ﬁgeeéﬁéggrmpgwgﬁgpﬁgg in soft lithography
typlcéT@/Sé&hérlg@%é@ﬁl@rlé%ﬁ%rla@no\U%ﬂtéé)%l (dimethylsiloxan 2 (PDMS), and

phot ol i t hogr aphy. The nechani cal characterlstlcs 0
are Qqﬁempalyt eprgnaged dwy ceasting prepolymers cagaingt masters generated using

conv%rff}g) g@bb@ﬂtrﬁg{ml‘ih@ ﬁfﬁ%ﬁ@%%ﬁgﬁa%%@gﬁ'% oﬁ&be patterning devices

are optiaglefettic fawrivation . off ARERAnIBaNY rbbldtogstehs cofmeamsidsed materials
capabl e of generating mcrosized and/or nanosi zed

haV'”QtQQQQthﬁQ%Y ARe PlaseMmai GCEdr@SYer printi ng,

m crotransfer nolding, replica nolding, mcronolding

1N i h hidAed
100077 SEREIhbRFACR, rkRba B oR N Be e hg s &R dtalor nanosized
structsioés  Inctudegrregptat@nstert grintipgi nnicrgtraesfeodmoldiog, repllca molding,

microSAQaRG K CABISTSSenedof Sl RICRAGNY thGGAR Us e, Rolvent assisted
microndd|8i g' doRBALONS STt SifRdradfic aRHACtZBEhHY methods, for example,

Structures generated by soft |ithography Nave been
havei bﬁt@guaeédm gencrate pagems ofi ogifcassamileddinegoltiysteof gold having

reatu BACH A ITLATBEEOASIRGY B SRbl dSAR 250 B, RN Bl dWrated by sot

lithogddbHy CRAVeONBedh tiftegrdted hivtbogy gﬁ*@erad)ﬂ ydéviéds!dpcludeng  diodes,
of fabrication flexible electronic conponents,

photalyrainescert MefRiehaiceal PEess. eAEJanis dlgﬁén%mjitlng:aﬂﬂ@des and thin-film
d S [

nansihyo oA aPAIRRRONR Y i taEh oy ALY Midlude, the, of Jebrication

flexib&e neiﬁc&bn@f cdmperﬁerﬁts I mpeorotatrohechahbicat asystgms, mlcroanalytlcal
nanoscal e structures and devices. First, these nethods

systegs anGNBRARRAPRICSYME™S-a wi de range of subst rat es,
such as flexible plastics, carbonaceous mat eri al s,

[00083](9'9%‘??I ‘ﬁﬁvog?ééhlgoﬁemsglfé\smm éﬁltr%'bﬁlrésapr‘Uv%% a number of

ge of transfer materials Ing netal’s,
beneﬁtsnmpextaot gniabclcatummam&;ales etruotmm anddevices s First, these methods
cel

are Cgmpﬁf%’n@'@ﬁgw@%" %8@%@@#{85%5' %ﬁ?h 8 fl?ﬁ%@%lpéasg'@ carbonaceous

mate@8BEESaN s fHirdod fifd glasteqnsieiol@atdBlade abrs?éo% fraRsfer materials,
flat and contoured surfaces, and is 30 capab

includiagi mefalgndcemplext orgayicp OMMONNAG, | caligidlahr mxajersals, suspensions,

S T e
b'OK@EQI HO% qus Rogr”gn%'ﬁogfsgbrgldclz%m E{écgﬂéeég@i nensi @ﬁglls capable of
geneﬁtmgdeames oh anasterddzeditdrialé eatruoe glabhavdngnselredtsiblages, and is

adjustabl e lengths in three- dinensions. Finally, soft_
capalplpt RBQ’?B'HM/ aﬁﬂo@ﬁ@@éﬁ%ﬁ%@@ﬂ'”ﬁe'@msarﬁ/ﬁﬁc‘Puf gp@strate Th|rd, soft

I|thogP€fSJﬁ8t %J,hln}’que%daa%ameeﬂ §L§teﬂx'f6F | RSh SHABREL I ofPth k! Mfimensional
a nD echni ques

structures characterlzed by features having selectably adjustable lengths in three-
dimensions. Finally, soft lithography provides low cost methods which are potentially
adaptable to existing commercial printing and molding techniques.
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WD 2008/ 055054 PCT/ US2007/ 082633 [0009] Although
conventi onal PDMS patterni ng devices are capabl e of
we@saoalosioshi ng reproduci bl e conformal contact BET/HS207/082633
ar, e
[OOOQJ Altﬂwghes é \}{)@%SPW§ r%%e?mﬂg {:éesg“a?% ﬁﬂé‘b%i ofestablishing
reprodublbﬂd)Q:dmIfOrrWng%raeetd Snélb]f @:tvaried’y m*fgbbbmsatesmemmedand surface
ressure induce ef or nat i ons ot
contq%gms&o 5?’1?§W|d§)/l0§ﬁd0lhﬂ’§)‘l§ n%gpggg,lrb ihe gyb-@?)%mrwrﬁﬂge are subject
to pr 6Ieﬁ%”¥i§§k§dlé’t'é6| wr°t|'1 E@sur@yﬁﬁu % ﬁ)nsa&ﬁie 8! 8- low modulus
Irst, at aspect | 0s | ess ,than .
(3MPa<))amdnmgmnalmpmlhiat(ﬂé} N!mgw ) démmmtlbaai agglw ldgeraidMS stamps

and G- (RSt ol Aeaet oS it Aubat DA ToniBR T 3fis patterning

devicE§ HaWrRp wide ﬁﬁﬂ‘é‘?}%‘lb\ﬂ%heﬁféé%r@s|téMGrto %W@psep@bbﬁrd@in'ﬂ&t with the
devi ces having cl osely spaced (< about 0 nm, narrow

surfage: ohusURBRtAMSa@nsh edpcent ateies Qfmcwenhmﬁé single layer PDMS

patteliE§Toe SRR ISR st HHRL! 208 Bl BB apgut 200 rm)

structfu%@derﬁw tofcslaps® t@gém@rmpdm toatast evithed sutsttees surface.  Finally,
when a stanp is released froma substrate due to

convejitionat EDNRsstempsaie sussablitiedospredingg¥f shesr orners in transferred
I t t

pattefi BENca’ Siphid. | rERPECE HHTE Sibeteld Ui ASUBLS iSion. The

combnnerd effectraf thesed probleimstnotd intresluceuswehritgd tistortions into the patterns
onventi on single |la atternin devi c

of m%t@ﬁ'%s r?@“%&[ﬁ?eﬁ"n?n@%ﬁ"@ﬁ%e% dﬁ'ﬁﬁng\gna fheimt P'ISE%P”S caused by
RS m S drivEIR

Convggnerat?ﬁge%&ﬁc?gﬁbﬁﬁ%rﬁgﬁdld%g%g?on@ l'ess t%fattermrég devices

comprising mOIIﬂJE]yGVIstamps and moldathayesbeeep@xam imed rasca mesrts of generating

t hods us 03|te st anp conposed of

struchle b B S e & gAn BRI, oFase o polyher

attached to an 20 el astomsrl c | ayer having a transfer

[0010 UMiaes awd Roauthelsd edpdrahtiefotonidd ghiatin lﬁtméﬂhodﬁ’fugﬁig Agcomposite
Meet s L|thngraphy Soft Approaches to H gh Resol ution

stampgorenasesyol pEIIN berdablegaper, of metgl, glass oxgolynepgétached to an

elastcgirﬁgrlc nggeg r(aS)t?rgqm lﬁée)rgs]fér SJﬁ§é§MHt§9élféf?a§%rﬁeﬁﬁdf‘%? e? al. Printing

I'gn consistin

Meetswpognapng BefteXpprodce ol MrghrR@@cﬂkium Pla&pemng, IBM J. Res. & Dev.,
conprising a first soft poldc/grrer | ayer attached to a

vol. &80l a0 1t Revtndb ) rsbcru byl ssecabe p composte
stam@i éi%% dd?‘%ﬁétﬁ ofTémrlg?d‘télﬁf(ﬁ)%rﬁrggﬁ%ng%ﬁH ?hﬁolfy(r)nrer backing layer

site sta re use
complisangge fiest saft plroly;her &gel atthomeg ko atsecgnd harderaayenisaving a transfer

surfadh itk &ufellet SEHETR 1 J08 37DH, BSRdrh MHL el I5EPSed dipposite stamp
de&gﬂ@%rgrms@ﬁﬂ%rsﬁérgg #ba, Fﬂghf}é%luflon grlﬁﬂﬁ%%éh&d%nls%ﬁf feature sizes
PDV5 attached to a m crons),

as Sﬁnaikl@&SOEIm of h-PDM5 havi ng a transfer surface with
relief patterns . [Cdem et al., Langmuir, Vol. 18, pgs

o012 iy B850 o B PR RS g gonssno o

a thiokr (&3 nrh) b@@(lnmayﬁrmj 184f PDMS bnacraem;o ahlaing 39hi #0imigrons), layer
Ighot ol i t hogr aphy net hods. The authors report that the _
of h-BPMS 5@@39&%(%@{ §ug@gwlth4rellef patterns . [Odem et al., Langmwr, Vol.

18, pgs 5314 — 5320 (2002). The composite stamp was used in this study to mold
features having dimensions on the order of 100 nm using soft lithography phase shifting
photolithography methods. The authors report that the disclosed composite stamp
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WD 2008/ 055054 PCT/ US2007/ 082633 exhi bits increase
mechani cal stability resulting in a reduction in
W@ 2@emsdos4 buckl i ng and sagging with respect tBCT/US2007/082633
oxnefSTHERE TSNS, UG, /86 P LBt bucking
saggiagdvittofedpebatoeconvendeeal |bw meduras dsiggledaydrePDMS stamps.
capabilities of soft I|thography nmet hods for
f eaf ures havi ] mensi ons

i 5
00145 AHh8H0R skt Eomiantionel BempoSie Staang, 4. o, hpke dmproved to
somd @e@re@%ﬂ@%’ap%ﬂ@é@%‘f S8R IlYHBgﬁBpiW Hf@lﬁoég‘ﬁirrgeﬁefré*tﬁ{d {&tures having

conmerci al application for h" t hr oughp
dimemsions datheosulpfl Oﬁmm mamltbewéeckmmween@le\auseeptlble to a number

r st cO ti.on conposite ta
of prgél g\ﬁ]@f@ln h&r ]eﬁg%l n‘Epwm%rﬁaa [ﬂﬂlgap %qor%lgh throughput
fabrld%iﬁlsﬁ cﬁqmzl:r@@aélermd nafosdaA& idevides. CPIRStOHbR EdnvePtiBRal composite
surfaces. Second, relief patterns of conventional,

10
stampnandi maldedesignebree dimiigskT ”é'“té/u%'tdaﬁh%,l @o net make good conformal

conta%ES/lﬁﬁgrc%m] %&1 dbrnt‘tﬁ&% gH@b?e . egé%c{ gtl;erlllgfJ (g)ta'it?ﬁrﬂs‘)lo?tconventlonal

multimeterzl @DM8rdtaces. aréhdusdeptitsie toafndesirablet storirklage during thermal or
con?osi_te st anps con‘Erl Si n nmul til ayers havi ng
ultraviglet eyring, wineh @igtortd Sdﬁ%@ o‘PﬁtEed@ﬁqnc'ih@HttE,artSéW swiages. Third, use

of cd veﬂhéﬁéﬂr Eb sltd & lrﬂ rﬂﬂﬁll Fé’aﬁé{flﬁg Adifierent thermal
es |n uce

trans er sur by c ges In
expamammoeﬁtmmts Fexaunr telsultusedmibrtxms‘ in eatidf pattbrist aheé clUbvature of their

transf GyiAtes TEIre BoF RaTtas BrieTIoe bR ont P Ul U HERET padior britle
backlﬁbQHPérs' ’lLieh FHsegPé's§téd“cgséﬁl'é”ﬁfe@él%y@rrs' Hr&Vents easy incorporation of

conf |gurat|ons such as rolled and flexographic
conveitiomee corpesiig Stampoirgo reexisling cosenetiat pripwsicoafigurations, such

as ol RS REFIGH edifd B6fnsead ol isd bR tgpmosie stamps

havingOohizpkratl stEatest chrapmeing Aigh anedeluss eldstsiedd dmaterials impede
substrate surface 20 necessary for high fidelity

formagign: ef @pﬁ@)m[ad)@maqtt belveenba Eppsiecisatiage fansna Rebstrate surface

currently a need in the art
nece%ﬁr?mth tsfggbl ev?%'ct_] for fabricating high

resolution patterns of structures having features on
[0013]hét willdecappretizaed droh® e fn‘regalngrtba’etfmre Speunrémtb,aialr;e,ed in the art

for kG o G G AR Totbr PRI BB FL Shrosges having

featui‘!a"?s”BEC@]'eesééléu&t l40§stoh%0§‘%fhh&librﬁéfé%' L %pebifesl gc soft rIllthography

nmechani cal robust ness and goo p acenent accur
methadsliand pajtepiing deniceg ateneededavhicin aegl edpathiatof rf@hmlqatmg patterns of

attern . distortion ampl e by reduci el ef
nanofiGie chRualeth eyl o oot i S e ErtGRD b SiingSs ana good
placefirit HECARSEOT INThAHINbA] PattérRIRLHavibes dr&théesed that minimize pattern
di stortions as conpared to conventional patterning

distoriiens cles exempig by rediging Ireligiptieph phrivkagriduEng tm@’m&t@é ultraviolet
curln@ a%dnc?rerg m ﬂg{% e%ﬁﬁe%%r@%%é@ ld‘?st&ﬁfoﬁﬁaﬁs%dc&@BaPeed to conventional
pee

y i ntegr At0 preexrsting h

pattenmmemceb Rinamny, i sagt Iﬁhdgﬁﬁpﬂh@lmgtmﬂstmde{n@@é%}e needed that are
Opt1 cal |ithography, also commonly referred to as
ComH@lﬁ'BieoW'tf‘r@'iﬂ zﬁaﬂybe ieashy \fitagrajed d%@dpﬁe@élﬁﬁ'ﬁaﬁghoﬁpeed commercial

prlntnﬁ’@tahﬁrrﬁbla% sdhat e surfaces wth mcro- and

no-si zed “st’ruct ur es,

[0014] Optical lithography, also commonly referred to as photolithography, is a widely
used technique for patterning substrate surfaces with micro- and nano-sized structures,
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WD 2008/ 055054 PCT/ US2007/ 082633 such as functi onal
materials (e.g. sem conductors, conductors and
waele@Bmsiosd cs) for el ectroni c device conmponent BCT/US2007/082633
I 4 f haLQue. f] - -
SUCh%Qéc)rfgg?tﬁac omaééﬁéés@gieﬁé@@cdgggd&% fOﬁﬁgf@ﬁ%n?”edd dielectrics) for
electron@r dédcpasdmpevents. detgplieatidor ofthesnwnlrfrmnmrm ohe field of
crochip nt egr at ed el ectronl céﬁ]rcwts and

microg"?cérlﬂ”ﬂcsof&%? b@e” uepesElY INRlRBIG" 9Vﬁra§‘eaP% 'ddecades for

the niRIrA&drd 8f |g§t \'rTi@%r‘éE&? e}ésc?r%Hif EiRdui® Shy %Flﬁféd circuit boards.
range of other techno i es, 1 nclud ng

Opticatdthograghy @a'sca;lsorbeﬂfrofalpplletﬂ de; making structures useful for a diverse

m croel ect rone Sys VEMS) and . , e
SIS g Gl e éﬂ%ﬁe&@m hadfikleeiRties; csmicrofuidics;
mmro%!éi:t@n@é&@n@l s? fME‘WS YHrR P ded@rorh@&dtlical systems (NEMS);

Convent i onal i cal t hography invol ves sel ectively
photqyattaigsherd blqugwaia&en@arsOan mrocropEe@ysi ¢ regi ons of a

photoresi st |ayer deposited on a substrate surface. In
[001 f{]h'C%%/Eﬁg%% Icaﬁ5 Eh'tr‘:r‘c&rh%ﬁ)'( ﬁrﬁcﬁv X s%?e%tlbélghg%ﬂ?&%bg n|II8anat|on of

specmonn@gims bef@rpsr&ﬂoﬁssmslagenpmap@sew chre,a isubstraty arfaes. In this
an appropriate optjcal source, such that the
tech%qm siedagtiyely at@(ﬁ@@éwm@a\tﬂpgl%lt@ed}ﬂ‘@FQfﬁsl?F 1§ a¢¢Ynelished using a

f [ I

pronh 254 SRRABRY Bt B 503, ORLMICR, 8 St i on gpproprit

optlchheoomskwd’mrthaianhéapmamoeescﬁt wmmsddcto)rwsiblﬂ camsi/or ultraviolet
ar e nspar.ept used quartz ?tra es havi a.. e

electrl%qq iC f’aqlﬁpﬂn a%iNGgs i Ig\ﬂpah \vQ- Saﬁlpgagfspatlal distribution.

Comrﬁ@ﬂ@r@éwﬁhétbmﬁbtféreﬂaﬁbfdcﬁﬁr’eetﬁts%%|Sbﬁ&§c¥t8ﬁ§8\ﬂ§é§ @re transparent
radiration having a well defined, selected two

fuseddigwanzi sumtraigathanngnasmattﬁnm@fn thih metain§ins eghich is capable of

genefzBnGoRRRR A oF HBNERRY e Eactul B 1o ven defined,

selectdd W%@@ﬂ@o?l@l gpetialCaibtrideoerof PREIskdls @d‘r?émﬁﬁdlng to a desired
confined to regions exposed to el ectronmagnet

deviceggoapetan fhereonrosiast gfntggwhq{s@qe@stés(gglggteg such that it undergoes
t
cnenf3f" 8151 S BEOF SEbas A fiRvelonaBLt SRR, dpriomagnet

radlatndsmfrorremesphotomersks pﬁn‘tm‘l exPposare, Egmmsrst ptdeessing (or development)
phot or esi st. exposed (or not exposed

remow%cphewé@%ft. atgrighi 80 It Bhoden §Fest RalereSc dimdhg y photoresist

correéﬁérﬁ]@herébpﬁ@% 8?@3%: értd’tﬁreenge{t neé(ng ch?e t‘i%@% gf‘tl%négctromagnetlc
radiatiars k éthotergsisits armcemnfmrdlyevefeeredftakm taasitore” or "negative" depending

licatjo atterns, generated i.n the htores st
on whSHsE SPoleSsHER TP e BRUETaRIRg i ReMESkea P e ngin Some device
fabnda%ﬁ' APk af68E Sattéink egbratedf irf bife fb‘h%?dré@%? &Bbse the underlying
subsequent processing, for exanple via etching,

substgreigo $iareby atowingr Io@ebzefgagcce;q@sto QO e ofGhe; sufistrate for subsequent

proceXBiige i RPie TR 6507 deBPalbn bR orlng BBe"Loch

that optical |ithography currently provides a robust,

[0016]eCytical soarteshppbtontasksghimditresisn nfeaemamlrreg/epémm@m mremendously
critical to a | arge nunber of mcr

over Rynlssheeyverat idéﬁa%%fbﬁP%IthQir%Ot'CébBt@iogéamyd@érﬁ%tb(dprwldes a robust,
versafifE SR A fﬁ&ggﬁéﬂﬁi/rﬁéﬁﬂé%hﬂgtpl oerﬁtléa‘F%‘ 'Ié‘l‘é% number of micro-

opt I cal I'S susceptl to a nu
and riannfmtamablos applisatgns.f ﬂaspttbervides;b‘read caa:iceatamoepmnd:ahplementatlon

of thlgr e%ﬁﬁltqlug,s o%[lcaclolqvggrtalp%g}ails uhs%tegpalsektso a nurr%ér r(g?ll}(mtatlons arising
from the mechanical and optical properties of conventional photomasks. First, many
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6 WD 2008/ 055054 PCT/ US2007/ 082633 conventi onal
phot onmasks are only capabl e of photoresist
WO booaosiess i on that is described as "black-andrP@ihiusm)7/082633

convéé}gt%%ig @gb{bgné’ | g or’?lgocfa?atb'leeﬁf Rofotf‘gsﬁ’?fﬂpﬁﬂﬁac‘tbnafh%t is described

provide tedr glons
as "bHutandenie," WwwiHereini therasptldat enspdrties obfthe photomask are selected to

electro netic iation and to sybstantia ,
prov'%? %3%90?@ &E ?reﬁ@élw’iﬂb Upgoren é%?ﬂ%ﬂﬁérfgt‘?'%c%omagnet'c
radiafi&?“a?ﬁd %'-subtshtiaft *n r@(/erﬁ‘togﬁ @OWB%&ebe{]@se% electromagnetic

patterns of unifor elght epth
radiatirot dhess'ladltar- rme@ax@oaur@ g@zeerat%spatmrna@f vaifginmdpeight (or depth) in

the piglsotied ofio SERpELE AR BrvibaRie PBEE (ETeRh rmayres muttiple
photdr@ﬁé?dééosﬁtll’ér’f Qﬂ!%do%uﬁb aRgefighmehbstdpsel Ac&rdPRly, @ére is currently a
itho for nethods capabl e of generating corrpl ex

need t"hlﬂm%g eld|ofmﬁlcahlahowaphyrfa@m%@%maﬁ% pf penerasing oeaiplex three-

aime}ighth & {etfy'h 2T SebllioBefy MR 3R Ky mBR WRIE ensuring high

patteﬁommenﬂyl anal fephpe oamkacy-ﬂr eSet@mHE mansifcdm/éhﬁﬁhalabhatomasks are
gid materials, such as borosilicate _glass and fu

ed
mad%uﬂ) |02E§139N§n'qaﬂ)é§ls'dpmﬁt%ﬁ%§ KSHUCRY @S bp'f%ﬂ'cﬁFQ)gﬁa@@@nldﬁfused silica. As
theseggiﬁéﬁr’na%%farg%f@n'aﬁ Y pRh&r Eﬁﬁf %ﬂﬁ‘?@ﬁ%%g% la\rf‘ﬂ\e/é%t compatible

erning subs aV|n non
with WWrmngrsmbgtratasrrﬁaama; nomamaﬂ (eTglecar\Aeai\yanUERmoaghn sotfaces.
of approaches for "gray-scale" pattern generation 15

t0017f? 1S BAVR, titbr Ao oo SBiseichPs B0 e s CaleS RaiesR generation
usmg( Qc%nlﬁgt lastes, ﬁué%f‘nu?éﬁ)é)ro}é'ché@ Jﬂi’sﬁllfayée$1‘¥g1 bh@l‘@;y beam sensitive

ftone phOt omas | ass ot omask
glassm’rmiemaek& U Gudat. Now6\as4, 736 Je Ultes- a|g|hvr@r59 udclonmalfmeeahotomasks,

et 8 BB GG PSS Mol 2586l compicate

and/dri ¢Bst§tartd ¥EnSa@d %lglﬁﬁéai*ﬁﬂnét@a%@tlh afandfacliMhBprotees time while
present invention conbines soft |ithography techni ques

permmlmgwoalyrlmmgr@u scalspaltterAgeneraléemi ng agent (e.g., an

"ink") to obtain gray-scale pattern generation that i's
o1 ThEE ALY RRBh, QUELIS A HFLERTy eprpiaves win g recatn
absothirgy pattermdérigeagemtinieas, andlmkt)rty) olfeintgrbyisicaly patternugeeeration that is

.soft el astoners, | d na to for
partict Rl GPBPEIDRoN s S PIRERrVR BN GB NG (PRIB AN, rocesses used by
mostEHfftﬁ tmi%?dél@(gtlﬁbrééﬁ iHRRE erSéf GthdgraphyU8e 'éleft elastomers, molds or

2005/ 0238967 I ef structureson the el astoner
phasgunasks to doem urexdrdikle, monrdestryctive | abinfierymalnebntact to affect pattern

nanslgiipe S5 B Ror 2pPoulenfil: RAIPEReEITRS o inn astgrper surface

are @ed!!fbF %Hurﬂmgsumb&ﬁﬁgf%rndp@rtahgferfrhﬁg rr@'tkéha’#' tcpvvarm target shapes.
n

precise transfer of relief shape k I'ithograp
Conforgna onkast @é@tasmebwelawrmeﬁeq@uﬁneah@i tdtra @tﬁ}t’éﬁﬁyfor patterning
and %IB)QN&%}C%% tStFHg'%E BV I |?effé%{é;ﬂct gh@e}!@s{o o i{ﬂgﬁ%ﬁﬁg best use of

convéretional ;ﬁbltcﬂltmb@rbbhy ami‘erﬁSIﬁhbgr%bhyoto fcd&akal intry adnplitude mask
flat and/or non-flat substrate for photolithography.
which d5@§gﬂ:or@gyag@gn@cbra61do|lq geiymatts (89-ngtrgtchable, compressible) to

|deallg%‘ﬁ anffa't ‘é'nﬁro? %"@%ﬁ?@fﬁgﬁ?%%@%@{ dcﬁz cr Ie tbed

, homever suffers
[0019] Gray -scale photollthography using a microfluidic photomask has been generally

described. Chen et al., PNAS 100(4) 1499-1504 (2003). Chen et al., however, suffers

7



10

15

20

25

30

7 WO 2008/ 055054 PCT/ US2007/ 082633 from being a
rel atively conplex systemto enploy, requiring
w@dasosmsal steps and eqU| prrent not required PYT/URD07/082633

from %ﬁ@i%tﬂen@égg% mp?%}g Gy ljp??%c @ﬂpf’éd[@]&@ovﬂoﬁ}lonal steps and

equudmeritogoamhgulmdndgssh@qlsresenmhmmmmnsm gb thdess compatible with
knesses %som ated with conventi onal
pree)ib%lgo‘Phqtﬂ'&BPS@WY RERECPPant age of ink |ithography is
that it is conpatible with the devel oped
[0020)1 ! it iORNBERIRY ! RRbEANLR CRRARTeRIMRIRI B thEDWeaknesses

he m croelectroni cs 1 ndust ry. The invention is
assoqat@d wige tanvéniiongé peotatithegrapty. cone @oyentagesdigok tithegsaphy is that
.. . CO nts,.on flexible and ndab as tic
it is GRIRAEE wdtr e oEib RpBy O BOGPR i lohi 8 prageases adopted by
most RAttie FitrogledirohlisSnelstps The Swkstioatis aldussEfor geRerating and/or
10 stretchability of an el astoner mask with an
placingrifieRtEanic RAMpeREke Yo é‘éﬂ&h'@sa@@rbﬁrtdﬁb'%\lﬁ'@ﬁtﬁeﬁubéﬁrates- The

confoWn%T Séﬁl%tc B%n‘?@{aé ?['&ﬁse Eﬁ@@ rﬁ{b% tﬁlgtc?éss‘:{?fn%lb%)frage Moreover, the

ocessing on unexpec
stretdhﬁ@bll”ty) of aer mbtmeanesawm areshbeddedtioek mnaekes fédtures permits
i npossi ble to allgn precisely. Uniformplastic

alignraeBh Pt Prenexisiiige pattensan EsRecialbnafteq pnerleysprocessing on plastic
f t iyt i S
subsﬁ&e Lg'ltétxgrnegj g ?gt@gﬂb bEL}gev\rl 1@ %&%gc{ﬁ?%lflrtegldual strain makes it
|mpo$$tblel ta aligs anelclsehg dﬂmtteﬁorpimlhcpeblngﬁhormnhbﬁvever can give some
onal surface tomer

degrdagt SelbalGrInan e aRohoia e2sioer MESR (B dEe-4geRisd Sibstrate. Low

V|sco§1|ty BRI B8l RAES BRSg of NH*drHe@ivﬁﬁck@PsSBn Wtﬂrééld’}ﬁensmnal surface of an
hi ckness of trapped ink which can control the |evel

elastQmer masks M Beiindn iteg!f ca;s bgea dubridant inftsdopaed k&y aligning process.

B L5 e, T S B S 4 g e v o
transFlissRe aIGRS Hehratiohtebrighéx 3BGstRRHEIEE WTBNE sPigléBxposure.

uI traflat surface. A relatively cheap el astoner rrask
an generate hundreds of identical replicas over

[0021]aﬂ@e“tﬁpg'@?myd?ﬁsath§l a@a@taeet)%@orﬁafm@w an‘ﬁr%ﬁﬂ%@ah"ﬁk without the
requnle'?nér‘?’cI {)FBnSt}Ifré‘fFét FRacd T & Rl bt ShiY Cﬁﬁétbﬁ%r RESKHAn generate
terning arbitrary shapes as W theconvent fona
hundmdst@ﬂ udehbgalarpbycasﬁbw aﬂarge dreawrarh a singtexmdstéd pattern. Trapped

.. deforned relie es Thi s ect, fornms a
ink '”frﬁi'?{ﬁtélﬂ%'ie@ ré' Hamcerﬁfb%/%tt%wg QEp?h%'E”'r&%ﬁFPﬁfa%ShapeS as
with cﬁv’éﬁﬂbhél%dfbﬁtﬁo#r‘a‘bﬁg IREO T ERIRSW oPUMVERY fif éJerT'ﬁﬂed relief shapes
I NVENTI ON T 0022] The present 1nvention provi
fully. ne'lfm@dﬁpe@e%mes aarfdlyd stretohabtempirasyt ampbtude mask that cannot be
real a | th atterns on substrate surfaces, _
Zﬁ Y rbﬂ Q?F?Wéq%eegr ns conprising structures having
m cr osi zed and/ or nanosi zed features of selected
l engths in one, two or three 30 dinensions.
Specifically, thesSypMeseRY ORTEE IMENTIONdes st anps,
nol ds and phot omasks used in soft |ithography

[002Z]aMhiecpriesent rRiehdds grevidesaettiodsd dbiighs rerobevicecomponents for
patterns of structures on flat and contoured surfaces,

fabrigafipg RAIRINS AT SEBSIrHEYSWERGES, Aagcularyingdterts SQMPAIS{RGe Structures
havmgI m"i’%r%lgsuba?{dlﬁrl Maﬁéslfé’&’?eétmeessof LaRHl RAhgtiEX BhE, two or three

dimensions. Specifically, the present invention provides stamps, molds and
photomasks used in soft lithography fabrication methods for generating high resolution
patterns of structures on flat and contoured surfaces, including surfaces having a large

radius of curvature on a wide variety of substrates, including flexible plastic substrates.
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8 WO 2008/ 055054 PCT/ US2007/082633 It is an object of
the present invention to provide nethods and devi ces
wo or08f0sdo54 cat i ng t hree-di nensi onal structur esP@HUSIi)g7/082633
I f [;C ' larl
11 AP By RS (PBION oTPUA PREBAYIRE] ey for fabrictin

threeplimensinatli strrtsuress haninghevedr d:lelﬂneﬁ phgsicalf dnaenmener Particularly
to 1000s of nan It is another object of the

Structyfes SRTPTANSHEF b Redne Al BaWEg RS ca g mersionngn the order of

10s d?'%‘éh%?ne‘?é’r@pcerﬂ%% JfoanBﬁér%at It E@?rﬁ’&hb%?ﬁc%f the present invention
structures characteri ze over | arge

to prwhr@t magtiogay fadeyicesr evsl aiw@ommqﬂrmmm fabcicatiny . patterns  of

S fu her t he esen nvention

structyres, RharHaring Py oS sty ST Bige SUbshiier SRt areas and good

placeﬁﬂir{t%rcchﬂ‘b%‘ynﬂi isuAREF &k WbIRE of 8 ﬁr*e%@ﬁﬁnﬁlénﬁéﬂ td8rovide composite
i nduced pattern distortion than conventional single

patterraly@dewpewhlcph exlibit Hedep §ermal gtabdity and rppistanegstiescuring induced

patief i RgREltfén Ehudhy el GaL b ELoRE, Shrvpaemoics and

photdmm@nentti% adhthepbBjexprgiahebbressht Mvextion lt@gorbmgb soft lithography
commercial printing, nolding and enbossi ng

meth@@%rﬁﬁ%an@@w@é@éﬂ@%@% S arpmpatlme yig %E@%ﬂ high speed
oo PERRED POLETL A RS UERSBPEp mage

sel ected nmechani cal properties, such as Young's
[0023}bdtulons @smect,| t@)euprabeni giveéntign psevides @dttphyisg cmlwces comprising a

o A B5ab el es SPoBle 3 b vours

Moduﬁmh’s? Bnéq’le%?élfrlgﬁ‘dlﬁms‘élec@éd PROSIERI dierdSHLBuch BPHIMESs, surface
resol ution patterning on a variety of substrate

area 903 frelif padiem Qmnerzem@wsrmn@lmﬂlegedéhemltmomrﬁlgsd@unft@\‘s coefficients

of th%{jmélh%:wifs ect gérrovgfé ﬁ_@s?%&l%p ﬁg{t%rm}gi)%s 3[5@&{ l?lf substrate

surfat&s aﬂdvéllrfai‘ie)’r’r%@pﬁtﬁlog@fst Patt@m@féllBV@e@&iﬂtﬁfsﬂtaQ@ect of the present
applications including contact printing, nolding and

invengeninaude paltilayen pefymen séarapenmeliisnand pheloseasksaiseful for a variety

of soﬁ‘ﬁﬁ@%p%@%‘%’itﬁrﬂﬁ% aﬁgllgé&gﬁglﬁﬁéd gﬁé&?ﬂé&%ptmgbmo@n%gnd optical

pattemrieg. Cdﬁbom@(érmwlﬂfent[aﬁlst!l@ﬂe tpolyrpeoVaydes mavtrrg dlffegent mechanical
devi ces haV|E$ cumul ati ve nechani cal and t

propgstigp erityisical dppengienhgne il ProRetes are eemblnedoﬁn%{ﬁamatched to
providid d@ét‘tér}ﬁmﬁa%\ﬁldgy %%%Ewgt heriRht R arﬁé&hér?’ cé’l"%‘ndz%ermal properties

conventi o soft |1t raphy devi ces
prowqhagtemhamgdctmtteu:esres@lutlhre amdebdaeilty amd, @npiowed thermal stability over

o, S oS B8, L SoBPLNTRL A r prsen
mvenﬂ@ﬁ'do'n%}%lrﬂ:ﬁg QMISRAASA BNgisetdtE Yaly rﬁéla%tyéfsetdﬂé}*afé‘arm&é variety of
hem more easily integrated into Bxisti ng commer ci al

deVlerdelflgu@tIOﬁBJ RRsidormana@ prigatatiopamtitopt figctussy sthésismakarihem more

easi GRS Blio: eART. BrieBialprhifen s il 2hEnPBria| pateming

systeRTEHRRtconNERTGN A RirYI© WHyde Br tn B HIe M9ydrastaaps embiditand photomasks.
deV| ce conprising a first polyner l|ayer havi ng a | ow

's nodul yus and a second  pol ymer | ayer having a
[0024"]| éih %@@Qomgnt uhe present, |gyer|@}¢9ry,p§qawqjg§,eq composite patterning

dewc&o&%bﬁﬁﬁgaa fing! 54 %rﬁgr ﬁﬂe‘?%a@) r<*—]lsl'09\f"‘?40uF1§J s flodBRis 58 a second
avin t¥l east ‘one contact su ace d

polymer Iayer having a high Young’s modulus The flrst polymer layer comprises a
selected three-dimensional relief pattern having at least one contact surface disposed
thereon and has an internal surface opposite the contact surface. The second polymer
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thereon and has an internal surface opposite the
contact surface. The second polynmer 9 WO 2008/ 055054
wEOIBNSDO7/ 082633 | ayer has an external surf aP€T/afmozo82633
[ ~aFl ol r
laer (BT ButeRtl e o an HCLREREAG0PS RITE eolEERRp dtifiner layers
are man@ed&wh lhlae asfmoetcéppd)édrtertheleagtamal sutfaea ifithé e;écbnd polymer

first r. | ayer r exa , first_ and sec
'ayer¢%|t5ﬁ?érmtt¢<§ e i %@ymer Tt e RXRMEIS, dIFfiag S62oNd polymer
Iayeré‘%y 68 drn p@g s‘?}&*nethﬁ b forde’ 458lielf tol fhe é&ﬁ%‘# sérfb@é( BF the second

transmt to at east a portion of e cont act
Iayerssrtfeamse(lttgad db atHeaSh asporpoh yatghe danjact. surfacas) of the first polymer

layery 25 FEOGHIRERy St FgaL Stifires of §1¢ M apbiRfaBver 5 operationally
coupl%b!rtbatﬁé |ﬁferﬁélesLﬁ'%R:@r@\‘ pel seEhd! &M?f’her Fé%fere%@mélﬁethe internal
internal surface of the first poly | ayer may be In

surfage pé theafirst Polyaeer Myehmayede it phygicalsantaeievibt the inéernal surface of

the spEGR BaRe B ere AR Al e ¥ Rgim =i et i HEEh potymer

layer bapbe €onrgeted b9rmfe0br ﬁmrémm%ctursgﬂwéyea@ étmhnagﬁhml metal layers,
| ayers, poly | ayers or ceram c layers, positio

ed

polyiss \gee hEeTATISr WAPrSs (RASHISRGs DENEeRY gy Intgiey irace of the firs
f |

polyriIEfer i itinlsthal itace U ¢ Sebond BB RE e r Y o

aspect of the present invention are capable of
[0025]s Caoh paditien gpatternfiog mwekwmmtcﬂcthlsbemsmh @it trhaeats’esmt invention are
t.he co tact 15 su ce( f the
capallg] hERaPluP STPREAs GRRp R bbERisRT 2t doastag g of the contact
surfaé’@(‘é§ %’frthég’lrstof%l'yﬁtﬁl lbyer bR8 tRECUMAtBR ¥OFhCE W‘ér@@ﬁg patterning.
be oOperationa coup ed to an actuator, such
Optiosabyythagecpnd rmqutgeroieyabrrmyr@e oeerat@na&yapabpleddo an actuator such

as a el cifhefoh Eotihg RVER. KptB b TERY al el proe to te

exterdgviige oMt seedh@IBMEO M \RetsoMakhtd Bang ubst ﬂjéﬁeﬁ*nlng device into
surface undergoi ng patterni ? Optionally, the 20
pge

confogqigé tcpatact I’i’ﬁ% tlae (ﬁ%\sﬁ'ﬁt% 5z d@]ﬂﬁr@@ng op%ttﬁratﬂgu atQptionally, the
subst?gt@"’mgf bgfq%rr%@d’]'gtéo Ie%“f&sé QEt%atdrntE%?t@ 1HrR ing the substrate

contac p ning device E|EC

into cohfdrireal poyisict aith dherpatteonisg dedic¥oung’ s nodul us of
pol ymer Iayers in conposite patterning devices of the

0], SR P B B B e v
comﬂo@ﬁen%tattétrﬁrzg‘@erabv%ésr bei tHe Ypr @n?olﬁflgﬁt'fﬁrg éét%nbh&fest hge overall

patferning device. In an errbo ment o pr esent
mechanmttpropett@ef of thercopiasitei patt@nmgmdevmentsamh as the net flexural

rigiat] i eAMBMELTRY Bh i RBsh TG e keontacl SHBRAN Hiliine present
invenfiBh dJs@ﬁJI a@nolsow ﬂtHo@?@h.t: keentdct printiR® lanaEholdd¥Fappiications, including
characterized oung' s nodul us sel ect ed over the

but nehligiedto spBURK thographip captast prioting@ngriaolginghppRiicagions, the first

polyrri%dgﬁérsg C(Pt\é?éctégf%d;]wgw&& @a%%rrer &E8@dt&/e$(?hé1p%e of about 1

crons secon ayer

MPa tdabact €0 ki byda Wickiggss sétéctebtb\/aethecﬁaﬁgecxyfeabddtm micron to
range of about 1 GPa to about 10 GPa and a thickness
about; d|08: ngrogser@ndh éhe a%?gj’@r‘Gf PalyE@r leyeriis rasaetsrizgd Ry a Young's

modul®0 Bt SveCAP5hEE of about 1 GPa to about 10 GPa and a thickness
selected over the range of about 10 microns to about 100 microns. Composite
patterning devices of the present useful for soft lithographic contact printing applications
also include embodiments wherein the ratio of the thickness of the first polymer layer
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patterni ng devices of the present useful for soft
l'ithographic contact printing applications also
w0 p@BUOsEeSenbodi ments wherein the rati o of the péT/TKWeY882633

and e hiokas Phieat T AT i lessied A e fmgoe of about 1 to

aboup o0y pesfetabyeequal websoutesl fér somthapplizatienf hahmetembbdument, the
10, preferabl

, about to abouyt 5 for s
first F%iﬁm‘%éﬁ @Bn%'as‘i%n‘?ﬂ% aé/%bo%iﬂ%ﬁﬁ a hQ:MSf Pr Qﬁlﬁ@l&/@/@u the second
polyrt B8 sl o MBS el ER ey o 7 ARy Tayer, and the
composiée rmﬁetmmgylemcemra ast #expwalyrigiditesélagied, framdhe hende of about 1
£ 0S| ENi Nng devi ce has a net flexural
x 10 ﬁB:F RPLEQ aﬁsrdnmromthe range of about 1 x10-7Nm
to about 1 x10-5Nm [0027] Use of a | ow nodulus first
[00270lUsEE bf | RYEW . mddElusAFiraNpllet OaRér, | &¥H asl 8n elastomer layer, is
beneficial in the present invention because it
benetigiah indde paagest nn@tmb@@@%ﬁu prgvides pattgiaing feyicey having the
I | - t a
capalflyPL ¢ RGN 6GBRNAFASHEE! yith1Bde B TEAD LlRrhiOn2) of smooth

surfases,f dlaes sutfacds, cubwgt yswadess epaltulany rsw@cees&avmg roughness
|itudes up to about 1 mcron, and _contoured
amplgﬁ) B0 ot ek gupsons@nﬂamowﬂ pigfagesqinrefgrably surfaces having
radii &F’{l}f’%t‘ﬂl‘?éu Ro'd OBPQSI%IFI%I‘I@ qﬁ%@%ﬂldnnll.lﬁgq}fta'l&ﬂ mHélﬂl.JQfﬁrst polymer
a low m)du | rst yner layer allows confor
Iayercajlmmac(:omforrbal eantalot ItGBMdeStabimh&d beavesmthae tcontact surface(s) and

large 5pas L S Ubste wsBr ST ARv O RIgSaUES Goagh i 4 M- to about
10 kN-?h % deIl%h tBRRE 'e&fbrﬁ@l é%@éﬁh@%ec‘é%fpﬁﬂ)ﬂnéf Ia‘y@? For example, a

secon ol ymer layer. For exanple, a | ow nodulus
low modwus ﬁm$typ@ymeayeyercmprlsngge &’mmsayaybawngva nigickness greater

than o8, &1 <. 2PEh R bR, Shiahirn SoBRRANS PR contact over

substpatesdurRice srbaé aseaRyees286 chil G rgppikatieNdf eR®inal pressures less
application of external pressures |ess than or equal

than s egaaltto 1@PUl MR N M’ .adai addition.i Incerpasaten e afow modulus first
ponrﬁdé?"’Yag@thL[é’%taﬁbFrﬁﬁ%%gv 85 YdTRhe | RSN RVEN R LRIVA Pgnformal contact

t ?
sen i nvention arflows conforma

to becestbblidhed !aagradhalbbmdslmdtrbhleca ngairaﬂuathmdavommg d)hda gormation of
ner, thus, avoi di n% the formation of tra

trappﬁ@c@'ét%""b@ﬁ@@ﬁ”@% the rtotacts vfars ohfthenkrst ||$¥ﬁr ﬁﬁ?e@ substrate
surfa?é(;.sv Iau tlﬁ?ér?ora?}dfnf BE% IdwW thB&Ius! ﬁ}gf) geg{)nzéor %&gr’ é)‘{g\gdes good

st pol ymer Tayer provi
releasaa:haracﬂemsilcscm‘ aointac rfuatEices drdnased stratenswidestsr andk the surfaces of

mast§h gei coatRgs. el dot B oriastt sbdiebig, HeyRes 8f We present

invenBbgsent invention. [0028] Use of a high nodul us
second pol ymer layer in patterning devices of the
resent invention is beneficial because it provides
[002£

atdsér Af iy higlvineedulnasangnd pelymer| layar an patigraingy devices of the
presén?“ﬁ&eﬁfb%ﬂ@ bte‘ﬁeﬂblm 'He%gggé St %%\fl&@%égttetrﬁiﬁ r&évu?és halvmg a net

flexurab rig ity Iéwgtavummghhe neipiTh aetdlﬁuﬁfmeifshe a¢lief pastehswhishemay occur
surface. First, incorporation of a high nodul us second

uponrj‘@rryﬁgqan |05>;;9nfq>rmqj GataEl betwgen the contact surface(s) and a substrate

surface. First, incorporation of a high modulus second polymer layer into patterning
devices of the present invention minimizes distortions of the relief pattern in planes
parallel to a plane containing the contact surface, such as distortions characterized by
the collapse of narrow relief features of patterns having high aspect ratios. Second,
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devi ces of the present invention mnimzes distortions
of the relief pattern in planes parallel to a plane
wa@omBasisng t he contact surface, such as di st op€T/ORR07/082633
ter
incor ée}‘gtilgtﬁ eoi a'oiﬁﬁgarﬁ%fcélglhg%ﬁg%él ggmgﬂf Iaggrg rrcnt%ﬁ’rfr égé Gtortions of the relief
pattefe donslanes WWEh 2086658581 aRETCOIR200TY (B@686ntact surface, such as

ncorporati on of a high nmodul us second. pol r | aye
d'StOWPH?ng@é@Ct@F@? rRY &@Qg Jderesses re%'é‘ﬁ ¥ gj F?|}9¥a?19é5em This

redud’ﬂBhQH réﬂéfeda?ﬁe‘?ﬁ d?stBrlt%ﬂeprBQi’Eﬂeﬁ'By i'h%oF g?‘gthl%h modulus second
surface, suc di stortions har a erl Ze aggl n
polynudr tayeesalewve ggitterss off %maldalstefcttpmst eomprlé‘ngswell deﬂned features

. reducti in relief tter di_ st or rov ded , ,
navingrRyRlsel Aireheicns 85 RGN FoapraoseyRdoBe b Reledusjng patterning
devicab laRsm o8I0 $hé brexsdt Invehfigig! ur es comorl sing wel |

defined features having physical dinensions as snall

as 50 nanoneters to be fabricated using patterning
[OOZQie\HS@e@f @ndighetediyus fseaeadp pekyaiar i%@éﬂ@l@@iterDWZQPVlceS of the
preselrﬁfq e HIBH gé g’%orﬁ)&lélﬂld% ?%E&E@e ﬁggﬁ\&gﬁ% v%%f héﬁhllng _ang. incorporation

of pdmenahgcaj@hcémoause priesaht OeranOIh iates yrintingl| en@oeeﬂg and molding
incorporation 10 of patterning devices of the present
maCh'GﬁﬁentT@ﬁ @tmtwtgrq>fnthqq@re%o@ye%oraﬁacw@mﬁ mgeunting, remounting,
[ t I 0
onen?@@,!}r?ﬁlgatlgﬁﬁ nagwﬁlllaégm@r(g r’hﬁ?)% t?{)’sﬁegrﬁ p%itr%r]’grﬁ%; @J}]ég@b‘s. ncorporation of a
high modulas sengndrpblyheatayey a$o timprovess dre apamta@;ynlnnvyhlch patterning

devicgs 0 468 prespar rBesion diey bedrova iRl raRS: REGA Satected region of a
subsﬂ?ﬁbt§ur'fﬁd'& bydé*“ﬂaét% ot 28 hetrP ressse tbn(\,’@rﬂ;e'nﬂané'iagln?% layer PDMS

brought intd contact with a sel'ected region of . .
stampsibgtolds @nduphalomdsksa frast exarople25negrohratiospetta 26 micron thick

secorid BYRRiJa0er-Bs 18k BT o B s, 1 PP g Sahfhan, GPa. such

as a bbl)mhldesré@@ﬂdelwyﬁﬁﬁeﬂn%%tle{)@ésQﬂ tAe Yresentsint@Rtidrito be brought

equal to or greater th such 'as a polyimde
into qoaﬁcrt withy @ §M§St@?twcﬁwlﬁb@M@@rﬁ?nttmufﬁ(é’swa' to about 1 micron
rau @0
over G MBI o1dh BB Ay 482 By aSler U o B EPARy reiient

high mioduus s%boodqrol;aneulaybr alevspetiemipptevioeabbtite ﬁr%zent invention to
cn2. Further, use of a flexible and resjlient

be Oﬁﬁfatﬂdu'@ 3 ERRERY Op 8pVife rcanfigurations spg %%?"tyelf‘l?ﬁgﬁ@teé]’e'{??%69”V9nt|0na|
it ST ol A SpIb 808 3 S P el hawing o
flexunad)mmm ofi@boup7i rt16iy l\iamdaltm#sjuntgglsa}@neuﬁ; paﬁemlng devices of the

prese SRenGpn g Ghven i Al sl et Rtie BT IE sfstems.

integration of patterning devices of the 25 present
[0030]NYeHA @iteiriltReCembeirem?al a pitlefiing Ndevit& SFItRP kEsent invention
printing systems. [0030] In an altefnative enbodi ment,
compgispat @ eimiiany redymee layert hd her egdary palysan tayer comprises a three-
dimefORAI 981 Btk AOYRB AT oY BbniafP S HALL HehdialBFeon and 2
conprrses a ee- “di nensi‘ona

base lmavlr@garataxﬂea@tsuof@eequsttmbdwpfoaﬁe tol Itmaomtdct siafaoen The contact
and a  base having an external surface positioned

Surfa@%;b%grle@te@oormf@%@hﬁ%@tIawr phgrmentaxis gxenpdingghrough the polymer
S | t r

Iayeraé(‘ﬁcg ?rge)e(g(gﬁ 5 Fﬁ?ﬁlrﬂ s %Eﬁng@i%’r@& Va8l cattih88IE Y along the layer

alignment axis from the contact surface to the external surface of the base. In one

embodiment, the Young’s modulus of the polymer layer varies continuously along the

layer alignment axis from a low value at the contact surface to a high value at the mid
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| ayer, and the Young's nodul us of the pol yner | ayer
varies continuously along the |ayer alignnent axis
wo p@s0sdee4 cont act surface to the external surfBCEUSI007/082633

pointttgeefwggﬁ%e dﬁn?éhq sd?fg?;gdéﬁ@%e% e&{b‘?ngoéhﬂ‘ﬁ?c% %ﬁfﬂ fhe I%&er alignment

the polyner 1ayer varires conti nuousl e
axis. al ||nglanemeraem$>oﬁmmtﬁ thev\lgmahge atodIJhB/ ccrﬁntmc ois,méradm/er varies

ue at the m 12 WD 2008/ 055054

CO”“@@HSUSﬁgUVﬁ 9B FROHYILR VA @ééﬁe RQIRL Betvesy figceontact surface
and tﬁ@%)&&%aﬁéhﬁé 'alcﬁt#)ﬁ%cng@ %ﬂgnrtn@ﬁt beo @'Ié\ﬁ'iﬁ@ﬂ'ﬂilys value at the

axi s. I'n anot e Young's nodul us o
externdle spobgeeof Ithgebasar | @ptumahlyl rtheuspblynierotayerhimgty also have a

subs @iy, Sy ol agBuldit P e porEelng! sl p8ransion about the
centelof %’é‘"b@fte#ﬁrh@ dbOlcé dl@N@ Eméjlé' 4P alighenehxik he/driation of the Young’s

external surface of base.” Optionally, the polyner
modulmmthﬁagolﬁmgbla’ym@@ b% @@btearadubm any myganstowal in the art including

meth&@%&we{?gb t?'@e%{tgbpg]i 8? ij{lrfi trﬁé hﬂg(fg&gﬁ%ﬁg&ﬁ{og selectively

varied ay edchidved BORINGI 6Xirfe Ydanygat m@t’jumfs 44 e& motienSof position along the
modul us in the polynmer |ayer may be achi eved by any
layer plign®eRhawg- i n the art including nethods wherein the
extent of cross linking in the unitary polymer |ayer
s
[00300Jﬁ1?éé38fd1 Jﬁl%géiggl‘@r aﬁ%{gﬁ?gn %I@‘érggfét)ﬂoeﬁ%g @&eﬁf@ may comprise
a singab;aercmitlngouserrellefxf%tur[eooela] pltinalge-afi a:rm’muoualarrc#bn dfscrete relief
atternps usea sent . invent.i
reatufERs | e afSssinvadine. SeBElST PLUEPE e HidRls BRF R et features
or théiPﬁFrbH?@#@nﬁWé Q8|idt §é%fe‘?lt1 §s h%ldeeén trﬁ@BbglrsQﬁ thé&'bhyBRal dimensions
resent invention, selection of the physical
and rcﬁlatmesa@aeg@ﬁena pbthe stuciuses 16 be genefatedramaageuhsitate surface.

Relie} Roflefry Utatld o ST SsiA P ainelSarah o hatdEsgnt, ipyention may

comppick Uelifrfeatures haviagiyaicaddphiemsicndsélestcel GuritRé eange of about 10
Rel i ef patterns useable in conposite patternin

nanogeiersde apput he, O}QDWQ’tﬁkﬁe@f? @Fﬁbﬁﬂ?e Eﬂép@‘f'efége sangg of about 50
nano%%ﬁér‘értgﬁabgggEp@qg%ﬁ@%ﬁé&gﬁgﬁ&ﬁbﬁgéﬁo‘iﬁ gg%lfé\f%%ttgﬂ?s useable in

the pasenttiaventigr eheyakbshpsickecyamnelvieal tpgatteras gef orbllef features or
about 50 20 nanoneters to about 1000 nanoneters

asymEHCal A Iccan PORSIET RRRIUERS-pAnTes-AMERUaH dolie Patiggns may occupy
a wicBTBAGE or BRANhATCMENaEATREICE Sy BIAhE abe BREGINTO B’ to about

eatures or asymmetric patterns”o
260 dwe%amrm‘eferm@esdmeemnmronamd nehofbripatiereapglicaipnsccupy
a wide range of areas, and relief areas selected over
he range of abou 260, ¢
10032)7 fy PP RpBfifent: 2 EB e S RaHbmify RedBe s e present invention

furth@p@d)mgﬁée@rastm?& doBAaed |dyeraw|ﬁrarﬁrm@ﬁme§urfac@ and an external

onposi te patterning device of present invention
surfaf:@r tlmuéhlsdbrqﬂ layes eanhasiimgni dhg est, sagend ﬁadlthgd &vlymer layers are

arranpﬁa esrd?:ﬁ thg%ffg Qﬁ@ne?{‘tot Fbt eéﬁa a|3s‘HrFa%8 g tHﬂa ?)é)lymer layer is

ayer e | rs secon

transmittedres thayfirsts parymeraralyengelébrsaﬁémbiwtﬂret fsyooadazmd iteild polymer
to the external surface of the third polyner |a IS
layers g ket areangesd eHeh thatsa fBEﬂeyﬁEP“qda%Fhe IeéSFer@"9<|a$HﬂfQ¥e of the third

layer fi& "tinsnfiRE@NY ANdabihrbrih ¥T8he contact surface(s) of the first polymer
layer. In an embodiment, the external surface of the second polymer layer is
operationally coupled to the internal surface of the third polymer layer. For example, the
external surface of the second polymer layer may be in physical contact with the internal
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30 |l ayers may be arranged such that a force applied to
the external surface of the third Ilayer is
WO @RHH054 ed to at least a portion of the contBCI/US2007/082633
st .
surfa(zé'r@fggfee &FKH%? I%Qérnéﬁlxlféghrtﬁw‘:% ?%%Eonéig) nderplgp/?/rrr%?d the third

polynexrylayer maydmca:hmen\edj Ib)y amipl etbre conhectiimg eayead, such as thin metal
surface ?f the third For ex

mer |.a npl e, the
layerg,QQYRSI lay&rs QEEe@m'Pﬁ%y écB%“é’bﬁ’q/H%Pquéy@\e S5 SpHace of the
r .
secoRBOERT 1SRTARbYY hbrpatadtce dithe i BEFIK loPR optionaly, the
third polyerendayarahgy bterm)erahormilymﬂqpimj td agectuaidr cheahléiof groviding an

oxterfid fhEA 118 By ETLal e 7 425 i HLTET BVeeh & tgdhrjngefne contact
surfab@ﬂ)é?roff tAE [S&erAIng Havies Sntopeéh%krﬂ@?@oﬁ%fc%@\ﬂfh the substrate surface

ernal surface of the second polyner |ayer and the
undefgeirg pattersing. abwogroratien ofiprtirg golimer Inggfemay also provide a means

of ngubdr FontiriitE o bR  PRIHIRG, T ind dpPEmpintaining composite

pattefity deviags anthecpiceentinveéntioe to the external si de of
the third polynmer layer so as to bring the contact

surface(s), of the atterm ng device jnto confornal
[003Y o MGXPORRIPR 9?1@5% B},tFPOAYrQe dRYQlcBavingder Iy nung's modulus into

comp%@&é e St &Min é;' MeQldeer 8t 't 3@nf rh'wé%tl%?i' WY@l BRYsome soft

al’so provide a neans I'ng, positioning

hthogmpmnappig:,atlmsmﬁreg usel coa‘amlongaudg sanodlalueltlmgd polymer layer allows
erni ng, devi present

{
the f@rﬁgeﬁ@plm th 8@2 atteipg Fgﬁvgﬁq gq] an ehql iy apgrw and controlled

manrie@)’?e[cnﬁé‘t‘f’rﬁg“geﬁefé?ﬂﬁny@flBSnT‘brrﬁBﬁWltH%ut frenatePNBPEapSed air bubbles.
atterni ng devices of the present invention is

Secobén@rcegrataon bl lown¥oging’'s modulks dhisg belyargs lager proviles an effective

mear]s é ephlgqrfrﬁ%bcflst? Rlétl%}cfé?g%%f)gpg& ltcﬂ?te%@a[tjtgfrf r§¢ ﬁgri(bce to the contact

surfaég(g) @F the st ppRAMMediayer.a WhiRpHadisaislitipnbf td estcéSapplied to the

manner, facilitating generation of conformal wthout
pattefringrdevien tothe p@rptﬁégswaceéabwogsotes grewiien ofrroadpraial éantact over
Y,
e Hiodh bEHAGIRSoR BB BOEARSL HEEIA TR RN, BEferoted on o

substmiplswfécéo Ihhed gitédrt, emifiorrg distvibatiort of tHH-:‘fOIO@la@ptled to the patterning
ur f aceé? of the first ner Iaa%! Uni f
deV'Céthtt*ﬂ@lQ piagh Seffa¢e(e) frBPr@éeﬁ{Sfb‘P p¥ar 'oeff'%”%aﬂﬁ'&”ﬁf%consumpt'on
on t f t
of the BEHERING proesser AR eI oL FUD) oBUARR | r R hRRoBEs which s
seversalhrtrhmsetmolobrehhﬂaanthesrduwnéssleand/qr oddipataf exungature of the substrate
" enerated on a substrate surface. In addition,
SUM@G%i f orm di stribution of the force applied to the
patterning device to the contact surface(s) inproves
[0034]hén @irerrdr agiddt cirRnNerestnt ienaTtioy Emmﬁptne@mangfstéﬂsn@ composite
patterni ng process. An exenplary third pol ayer
pattefiurg adewicegk ndkat WHIdSRgP s lessevieeamat | Iﬂ@lyce%u ORrbern h@lﬁtortlon than
r f.th
convérngma?%ﬂg@géy%?égcrgﬂﬁpgo%%%ls‘fé‘r‘h eoﬁd%gagtgcﬁhottoweasks. Some

matepaleSeaving aventYoungys modiess aﬁeealealdhmr@dte@iem byaraipleﬁgd eoefficient of
patterni ng devi ces that undergo | ess thermal | nduce
theml?ét‘%@aﬁ‘stﬂnst 1| O Pign PRIMSY BAS i dnung %@P%dq“a?é}f %rMPa and a

coeffilidnt id?! tRetrAYCExpHrRIBS eqlRl €5 285G PO LHPRSKAcre3888 or decreases of
temperature, therefore, can result in substantial distortions in relief patterns comprising
these materials, particularly for patterning devices having large area relief patterns.
Relief pattern distortions caused by changes in temperature may be especially
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materi als having a | ow Young's nodulus are al so
characterized by a | arge coefficient of 30 thernal
wepansiooh. For exanpl e, PDVMS has a Young's nopil/us2007/082633
d : [ f X q
problém'glﬁgl %0 Egllé‘a‘?ﬁﬁ%r@a@&nﬁ fagg\gétg@se@f ?ﬂéh&n i Ql?uctbﬂas having
featutdsewﬁhovay sraall rdidishsions, sud:tstaanslutahlcxdorsts@red etractures, over large
# f patterns conprising these materials,
areaspgrsq Helg |y for pat terning devices having Iarge ar ea
relief patterns. Relief pattern distortions caused by
[00353h"ﬁ*i‘gﬁr% hBpé&npe i g?@sémylnbéntﬁﬁpe&'[ﬂuﬂa}ﬁty oft Ié%rs having different
008/ 055054 PCT/ US2007/ 082633 problemati’c
mechapjsial prapasties andior thermal gparsion coeticignis taee nembfned and matched
structures .havi features W th.ver I -
n a GedRt PhALong Rl gl asYiEes BbibskE bioh Riemmal stagiiyy. In anotner
aspettabUthe presemht Ahveartiost faabmrélﬁ?i’é?] lal@rsoake aspeiedkutiahat the net
present invention, g ural i | ayers hawngﬁ
thermgl f @xpansion Hraperigsi o Ith@rI@@i&rﬂlr@s deigeors thalchad to the thermal

expaﬁ%ﬁﬁgbﬁbggrg\‘eg défgﬂg‘ébﬁkﬁsgrraﬁe ﬁ%r‘é dée@lb i ag‘c)ﬁ(}ﬂeldg?cﬁ | ngﬂh 1b‘% Br better for

somet bpplﬁt&jtloatsablri tHey cohtexardttherpresepedesaiptions hrghsm’etrmal stability”
i nvention, plurality of |ayers are conmbi ned such

referg Hat thFﬁ,mWQt deyigep n%h'*élidﬁ%n@u'%fﬁ‘abrﬂ%@f@ j @igtogifonsygpon changes in
r
rempBEhAE! [CAREE: RENETIIPbENEESs bhrpIrehdlY REenIdNRE]T0 Ao thermal
stability texhibitl duced biformnatiar oﬂ@elsacﬁrmattenm Bodtdomtact durfackes caused by
ontext of the @r esent descripti

stretclyng,; Peying.  bushling. (paasiosy @y CBE\Hr%%go%x'HSHF?q‘ ngy changes in

temp8idhiirERl asPadipared ke cBhéMivhal RYIE Nansesnd rI‘nultllayer stamps, molds
tenperature. Conposite patterning devices of theé

and ghademasks.nveonecembadinmentha gtigh heedidlis seceimd potyyner layer having a

low cgéﬁicgeﬁ oi du&ﬁai g‘%@éﬁé@ﬁt %@&1 8% ?;‘?Aé{ﬁiﬁﬁ%g ?qtyt&%r iﬁéopaert]gtionally coupled
to thd We&inangurfezdansi oW medum@wnétegélyﬁferummulq adbRjeIesefficient of
in 15 tenperature, as _conpared to conventional single

thermaé@qpaaﬁ@nn@u@h|a®arP@t\/b%werrﬁﬂ Ad- P@MIS pRYRlonHs KYS arrangement,

|ntegr%'?|8ne(5¢38ds 831}3/?1&“32%’%%9@95 rﬂ%éﬂﬁgraﬁcﬂ&k coefficient of
Ing a W C Icie efr expansi on,

therrrazs apansmnncmtdeayseexparsslom)errartormmltlby dfOthpl fireit pbtyrmdrrelayer and,
ternal surface of a | ow nodulus first poly

therefpcqe1 pigndicpayy geersares éh%ﬁ"?(teé‘l* of SHeFGhng 8k ﬁﬁﬁ@r@ﬁ'ﬁ'o'{%ﬂ‘e contact
surfag(?f‘(rsz Ve eﬁsloﬁalhre? I@W?altt?)’r?ﬁndddedt B{{)Sincreases or decreases in

ngenment , i nt egr at a second
tempemtluneg i bngrembddlmﬂntaofdthisoaspemmf ihieepitesent wtvieehmaj the second
anS| En constéaj ns ﬁﬁans on or contraﬁtl on
Qhd

polyngery 18Yeh 8RS fe POSTGIEN ernfa| &PRPgPEn 18Ry Ay &érﬁqﬂ??% about 14.5

ppm Qﬁ&rﬁﬁm”%@trﬁd@rﬁ% tRAt §tdkﬁilﬁ HivBQirfEs RRHEY R tﬂ@ tﬁfckness of the
he cont ac surface(s) and three-dinenstonal relief

first Igp@rt ern i nduced by increases or decreases in
tenperature. In one enbodi nent of this aspect of the

003} 57 ik, bSEE ' BPentdly 8550 eRRaP SRy, frBYShigheBe peieved by

f1¢i xpansion | €ss
incorpdratibn ¥ .sbdispomntiradis lopt modalusyfirst tdyee lopesaudnbay cbapled to a high

modﬁq?s? g%cc];@l%yt& rrpergfelrgtr)lgear hltglaarrr]]otdIJI%stIQ§/e:rkr?aevﬁr?g %fIO\tNht%ermal expansion
coefficient. In one embodiment, the discontinuous low modulus layer is a three
dimensional relief pattern comprising a plurality of discrete relief features. Discrete relief
features comprising the low modulus layer are not in contact with each other but are
each operationally coupled to the high modulus layer. For example, the pattern of
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[0036] In the present invention, good thernal
stability may al so be achieved by incorporation of a
walr@sosiosnuous | ow nodul us first | ayer operatiPCEUB3007/082633
: upd: r
discrgl® FUBF e, oIMRe o oREf Y nuRflal BERUEIENH moduius
matenaletbrﬁ itlog @vterndl sUCfaEe &:tftlbdlm@”mlmodm\tes dhmorihcamp)omtldmm‘ a first low
lus layer is a th |rren3|eg|g?£qrellef pattern

modué YEECAGIPAIS IR RIYre tyd?f Cg%,r@tee'f atiwiesripir gerarosite patterning
dewc@b K tﬁ%epfe%bhﬁﬁnvenﬁéﬁ U§ Gser{efidi 'b%c@gs%] he d%@r‘@a%g thésement of the

ayer are not in contact wth each ut are eac
mismafalr betiweeal thermelekeahdian phepdriigh ofrtimjlqsrs magdus afdhigh modulus

oy B Gu s Bt LB PRI QEEBeorgoes tho notamoun
of m&RRBI hafing Bai§RrddelcieMdbi tibimal Iesdp@ﬂg@nofwm@rwaecreases the net
nodulus natertal on the internal surface of the high

extentpdfulexpansigar or |aeadiegtieoat indhced By fa rahangewin rigaperaiure.  In an

exemp By HEORHieDt Do Stoitiebb B HgBELE PubSedibripgs an etastomer,
such REEFEBIIS oM-PMNISNans tHrenighi rabddlub e e drisee Pobamte.

the extent of the 5 m smatch between thermal expansion

erties of the | ow nmodul us and hi %h nmodul us
[0037ﬁ y"gr"%‘Oth@f aapdingnt efsheopresedt devwittionuBLRYidiggy patterning devices

havinﬁog%d‘%héﬁﬁﬁr st%%ﬁ@faéeﬁurteh@ B¢la Ué‘rte a%n@@& eéd %E E) provide a

rng a high coefTicient t he expans
su bstaetlale_,asmn metacal edistributiemtof afoeé‘xperrts [ cn‘rthermaloekp&nsﬂorn rthicknesses

or bog‘hﬁg %%’ce%gé:{haf&ﬂgﬁqe}ﬁage %}cg\r,@ %én@ Igger g er?t g/XIS extending

throu@ﬁ'mé 'p%ﬁérrﬁlﬁb @j'e@&bof@rexangr&e%%%ﬁél@’%Péx@'p%@?@ned orthogonal
he hi gh” nodul us | ayer conprises polyimd 37]

to thenccuﬁ@ccthelurf@crﬁaodhnentaltﬁrnah@ enekashimenh \aésa |eoxh|bltlng good thermal

seoiff S SeBpAIUET PBefEHIpAr RoubBng BRRS AL SPEbreseqt, ventor
compPisY i &le ritarys Wohiradt 1)l Ynsumagret subslantb by rsym#ﬁetﬁﬁaloﬁlstrlbutlon of
coefficients of thermal expansion, thicknesses

coeffigignts abthermahexpaiiien abput ihe q%ﬁ@re@frﬂ\ﬁgﬂﬂ@mﬂg d@vtqagalgng a layer
[ a t t
ahgn%@tﬁfearﬁaél ngﬂg@gﬁﬂge%l}ﬁ ﬁe;?rg%p gtté'rﬁlng; gﬂﬁer? am)E)IIeS positioned
orthogosaaltto@nedomabh9@@8‘(&! to the contact surface In an
alternative enbodi nent al so exhi biting good thernal

rat re co ate a rni ng .devjc
[0038]; Hkisviirelicel RTEMion oT OOREEs 0! Hiaima arhatkipgribicknesses or
poth |13 esa¥bAly RS ABIRL] Y FASEFR! o Cabmplb 41kl 60The  therml

coefficients of thermal expansion out the center
exparmsﬂom hey p@mpeessum“g ofldriec or amoneg Iae/erayeTheweawlt @frthist compensation
axi s xtendln h iguhthe ernln [

deyice, for. .
SChe’@%aﬁm% BEEMEEo NS 3B ale ?r@%t'ﬂg ﬁt%%?p%eﬁﬁ%é’f the relief
pattefrPhefled s shamgRls lmfémﬁeréturebupameu@fn%c Qesf)frhrﬁ'em&aﬁi d®ftribution of

t hermal expansion, thicknesses or in’these
coeffigipnts Qir taeroak eespav$laesa@d neyers thieknassge ngeneratgst pposing forces

oGSy TR B CEMTAASSRR 8 o R0B RS (B Fa crange i

températimeni Atesrdingdk lthisgtenipsratuge cohtpegattion sehéme is used to minimize
conpression of the relief pattern induced by changes
the magrieidsephiqreas generated| 4pery a shanesdd rpeperature which act on the

contafdt Shfrh QM bR& f@5tures and three-dimensional relief pattern of the first layer.

[0039] An exemplary temperature compensated patterning device of the present
invention comprises three layers having mechanical and physical properties selected to
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coefficients of thermal expansion and | ayer
thi cknesses generates opposing forces having
wappsosionat el y t he sane nagni t ude but opposi t ePCT/US2007/082633
re [
prov@#1 %Besﬁi%@t}ég %ﬁ/ﬁ@%ﬁpﬁ:‘égggt%ugbggﬁlefh%?ﬁﬂ'é?ex@%@6ﬁ lB8kients about

the cenmrmfzteewe\tud:m Mergnfitstdayaf céraprsss @emeaﬁedenaonalarehef pattern
e in temperature which act on the contact

naving 18e% O PPBRCE SHTAFAUSEREEY ReG8oRARE: A BHalnat wirfage positioned

oppoé’i?é 4RE edfadthSurfddest 'I* fiFst Ia&@p%%o Ads€x8§ '?RMngs modulus, for
fenper at ure conpensat ed pattefning device of the

exampiesnging froveabouin! 8dgpta seautt Hi bHPd. aybe sebawd fayer has an internal

surfadg G GEERa LA SSo o7 b B S5 O HRddUS, fpE SXAMPI [anaing from

abouf¥ GRS Iftd) @douth atEPRUTHINHY Ibpérr RB aRXRENSAISUrface and an external
coefficients about the centeir of the device. The

surfage.r 4 thigylieeclaper exbodimenis e tistesrriondaAnd Biiddayers are arranged

sue B s MRS b AP BuFAPL A o YRS S BRFEeo o e

contdch8ufaed afthesfirst %?@r The thickeésdey#id m@mah@ﬁp@wéu@mvcoeﬁucuents of
Young' s nodul us, exanpl e rangi ng from about

the fivpla ang HHeslitiavess Mgy *PﬁeS@,'@@Eﬂ"?’d to a@r@r\/'%ﬁ §Hbfsl'@n§a|.h\é|symmetrlcal
a
dlstrlﬁlng[ é{lj]l ﬁ@@e{‘%@@g%’rﬂﬁeépﬁaenﬂﬁp] ?8%’1%2% L[i g8 éé%%\gmsthe patterning
devicetaorng éﬂayﬁaal|g’ﬁmerttfaxns:|ektey|dmghaeo@h sand epra’ntel*megrdfeam such as a
and an externa rface. this three | aye
'ayer@ﬂ%@ieﬁéﬁws W&'Oﬁﬁaﬁﬂh%@é‘é @ &R Wﬂwm%\%ﬁ'@ g lgast one contact
surfa@éranged such that a force applied to the external
surface of the third layer is transmtted to the 10
contact surface of the first layer. The thicknesses
[004Q)n At Bxemplare tiveesiayar coefiosie qratterning dewice iexkibitingdhigh thermal

stabil) cofhgr B8 s OB s ek BN BicRLReef Brenang 2 POMS thira ayer

In thi§ aghbodimRimt Sthef thidkeesB | of exsrRasd ARir@ PDNISt BgeremMag b@kubstantially
t he patterni ngugdew ce along a layer alignnent axis

equakeXoe SARAPIE Hyi H 0SaiQf @reh ethrndo duovide, a subtapdialy symmetrical
dIStrlglﬁ}b%r o@&b&ﬂggﬂt §'1X nerap b&b 8|n %rbtogig {antre? of tlg%?&?nce along a
ass east one act ace

Iayengammlblaa{rsyethndmgl @ytmsgmmsme €optHct eurﬂang devthiseembodiment,
exhj bi ting h thermal stability conprises a
patter HStor B ACTORS bl yTTa ERlicl GBUREN (355 AR a0 aONREERs faf @ change
t i e

i tehB¥Rlrg L 1TR) Focobas Bty viBe bLChaRaRIRY deliEES e present

inventéirantpd\engifirst andOttraf PEAtS layérsr pomorlpmgvthm same material, having
substanti al ly trical 20 distribuyt

thick SRRSEP,; S4Ha 10 RO TGO 5, 0th SeBRTaIBe Ji PrciRnspxigratgly 25 micron

thick PRR/IARN B§er! MANRembaY et drARBBIHosaM ﬁlvéﬁt‘icﬁ‘nﬂbvlﬁg matched first
ort’hogonal to the contact surface. In this enbodi nént

and kbmdt éversli wovidinges sabstestally syorpetrishi distpauwtiosy of | ensfficients of

therrr}@I }P(anggﬁ?%n%tl ' 5 t]tqg;rg??f: @%ﬂﬂetgttbgrth%ﬁﬁg%szw g*ge ﬁ{,ﬁt ?‘ayer is kept

smallt (eeg.NESS &Mn of @yaal i000.103 6 RFofd uakvased tehipatafdi®duced thermal
| ayers conprising the sane material, having 25

expamn$ipe mﬁec@@ér@cm@prrﬁépgwug tg thﬂ@r‘@r@ﬁr‘fﬂe@e@ﬁr@@t@ﬂmw‘n recessed
25 mcron thick polyimde layer. In
reglogﬁ ofgﬁ]%g r%iﬁ%ﬁr%tﬁ%r%ﬁ. ! . .

the present invention having matched
first
[0041] In another aspect, the present invention provides composite patterning devices

that undergo less pattern distortion caused by polymerization and curing during
fabrication than conventional single layer and multiple layer stamps, photomasks and
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and third layers providing a substantially symretri cal
distribution of coefficients of thernmal expansion,
wo b@snstoso of the relief depth to the thi cknesBCDUS100®082633
i i t t | : :
moldy By st 8fias RAMS. dhelec pEENAGR r &M B physica
dimemsipagipon Qolyemarizadiohi oAsC mlieé attednsqused Inheattatning devices are
. coeffi.cient msmatchi in recessed regions of the |
typically ffaEr'_c it U 08AGVRTERET 8} 5 speelme e cpiast it @ master
relef, IFAIGLONSAEPVIA4eS, CHIRIS! | RIRA! 52718680 dUAUAER  By'abonventional
undergo | ess pattern distortion caused
photqgtitiograply atriedmodmd thiar ishgnkiage nmayf adigniticantyn distant the physical

oo SRS 08, 30 B0 LRSS s oA R8s comprsin

polyniEHcdmatdYRily, jRetidtiENp elaStile@s PDMS, undergo a
significant decrease in their physical dinmensions

upon polynerization. As relief patterns used in
[004%_]a_tTth_§r rﬂrﬂﬁrﬂe\rﬁ‘\tﬁﬁl_oar éD_FOY|99$cHM'thaY%{brSt@@pgdjeéignS that are less
susodEld 1, A2oRAATR PP bofnfl EROLN W 3l fobricaton.

Comsositeasstteyeingrasivickstyf the prvesyritanaintibnplaving dédregsedbysceptibility to
. methods, thjis shrinkage may significantly di stort the |
Cur'”%hwpéﬁ‘ﬂ dgfiorBaEPh solofrelied] patt 6‘§tt3é\dn§°HFﬁPtc 3@s exhibit less

, . af . ar ni ' i Sing: i o
stret FHIGARATIS, CREKNE, AT R 2R ORISR iR ot Bl Jgymerzation
reactions edurirgn faormatide s asutdmpargdr tos tamperdiesabsmglddayesrand multilayer

s S bR o PRRSAERHRCE Bl poymer ers

havinﬁ%ﬁ@&ﬂd eRAbARENAAY tike £ & pahsibRecHirs&tenétids@NEdABined and/or
avi ng decreased susceptibility to curing induced

matclied on rratmanmer sfecreasing thatnedrexseninal patteracdistartioagenerated upon
hibit |less .stretchi bow ng, buckling, expansion
polyrrieﬁ a@%,&p@igqrg% 4%\9@3@%@“% yneri zation reactions

during fabrication, as conpared to conventional single

[0043]ayerconipbsitel pattayiig dvisesf el geesid phehtiorm ks ind decreased

one enbodinment, a plurality of polyner |ayers 15
Sensik iy t&gcw&lrﬁU@e@@%ﬁ@rﬁmwnsﬁd eﬁﬁfep@,tmrng)@é@nm@ﬁct surfaces further

compiRa5 AR drt KSRt R Yer, AP hav8Bh&ReS ddlffbes and external
nman p

ner decreasing the net 'extent of pattern distortion
surfagesierlat this dguomiaypoleynteodiment,otheaficst c secorgd, dhirdnand fourth polymer

fabrication 0043] . A conposite tterning d ce of
layers fRe EeeaRY (SHORNTPL P HFEraPRed Bhsn Sddmel Suiaey fothe fourty
polyntét | r'iQWé‘*r%‘i'niﬁ@?otro”ﬁ%é Rt diBTdcel oPahé qfrggﬁg%er layer. For

t
contact surfaces turther 20 conprises third
examiptay rfirkt, slopndr thiedy @nd, foedbhpdlgwmer ilayers naby he baeegedrslich that a

external ,surfaces. In this fpur |ayer. enbodi.nen e .
forceHplEd T B hefB AL shifBgha" Mt RLRyBY i iter Ry R b B8t a portion
of thardésnagdsgtisdest batha ffrer eelyait} Iagdr.t Oint Be &nbediR®nt, the external

surface of the fourth polynmer layer is transmtted to

surfag ©f dlom seEONE Woiviner et fire OPeFationplly gaepledapeine intamal surface of

I i n 0 ] a urt.h I r -
e FEATPRSmY filer, 38R Tp ARSI 40 080" BT potyey tever i
operdtionattytcupidd toirthacatephalt berfadcaiiof lthe afparthi solymer layer. Improved
_transmitted to at |least a portjon , , ,
resistance to curing and/or polymerization induced distortion may be provided by
matching the thicknesses, coefficients of thermal expansion and Young’'s modulus of the
first and third layers and by matching the thicknesses, coefficients of thermal expansion
and Young’s modulus of the second and fourth layers. The net result of this matched
multilayer design is to decrease the extent of curing induced distortions by a factor of
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of the contact surfaces of the first polyner layer. In
an enbodi ment, the external surface of the second
w@odopeiosd ayer i s operationally coupled to theP¢HUS2IINZDS2633
I | Mald@y h
abouts‘ulof Z&Iétlo% t?hg&%ﬂtlgﬂap%lrﬁg l?gye?)rﬁ@%é%el?g?%ona ?é molds and
photdrmmdsed to the |nternal surface of the fourth pol yner
| ayer. Inproved 30 resistance to curing and/ or

oo AR LIS “LReb+ 0 TP BLBRH D B e seon
mven%ﬁa"r‘@é)mb@nﬂmyo'd)‘bgcélly”mt?éﬂéﬂﬁls@lfvet'3)‘? phHiahl %ﬂcélw IrtiE’ansmlsswe

'ayers "and by fatching the thicknesses, coefficient
partlcmriartmemtfal re@pp@hécoalecémmagmﬂg samatm uhawmgtWGvelengths in the

sec ndf urthla e, net ult of thi : ,
utraERE AR i Bl iy VB P, BB B et Ratigrming devices
whictPtragemmithgisibnsl Uigat até Sirefeticenfor Bore fasplieatisHs bé8a¥e they can be
~ 2008/ 055054 PCT/ US2007/ 082633 about O relative to
visualy alighed oVl assulstiate gyefacer Raitaming dgwees Larpe present invention

may ?Bngﬁutglgﬂa @Qﬁﬁpdgrgaﬁéﬁ%rg%t %fé]eﬁgr%hﬁaﬁﬂégggra%féﬂqﬁgﬁnto the substrate

surfapé eshatacteriveent hypnsaiegteoe tvg |d|nmﬂsllo.‘ndll digtritsutiomss sofv éntensities,
or partially optically transm ssjve, %artl cul arlr%/ »
wavelgnaths, e@%‘@ﬁ?—at!%‘ éF%@?ernﬁ@Me@‘?rEbmHP%t@fo 89&vi nig'e intensities and
t t e
wavellHGfE ) SRcBridtitctc BRI raASER 1" CRHBLIRY B8ces of the
presenhuru,\rerltloarmay ﬂoevmmitntnjlledlbygintroduetlcm of matembls amtogbewgolymer layers

licati gcause the vi sual | i gned .. .
navingy Saiecied ARSDRRID WoPPHES, SpaterdihpipaiiR Hadlo eféfgion properties
In arpéﬁér%mary NRRRSiRTENt TBE DEABETHG dRIREOls HOpABM} ttt%trn‘él,ﬁarent optical

el ectromagnetic radiation onto the substrate
elememtr fcheeaaierazest tley i z edelpytesieltwot @hmem@lodahwstrlbnmn of absorption

coeffflatid | HHhRART bbbl Pl Rsieni A i ation of thasg parameters.

An adviresge bf @5 assignWaurltenashis if a SeRUteP Y Arhértsional distribution of
radi ation transm tted by patterning devices of the

the iryeasites andveavelgngingyelsetremagnetic sadipion ftansaited da tbe substrate
upon"?ﬂﬂﬁ‘nrﬁ loR bgté’ntcﬂ:ﬁlcgplsﬁﬂﬁfe | QYR Ss gaﬁlﬂogg ﬁgr#cﬁérfwg atomic lamp,
bsor |on roper scattering properti €s an r
blackbeﬁj/ eotucrerbrpleserer Ini &s embipdimeat,) ttee< emrebm“oytvmrbmbrrmnal distribution
tternlep&% device is a transparen

a
is ge'&%rlalt&py tae iSRG gt adqaél'ﬁré)'@a 9&59”5 Qliged de regess features on the
threecg,ﬁ%ﬂgiogg@bdgh%rsbp@&éon of absorption coefficients,

coe

extinction icients, reflectivities or any
conmbi nati on of these paraneters. An advantage of this

[0043]eén gnei gmbbdiment, tes prasent invendiohecarerisasoan optically transmissive

mold SEATALLG o0 trabsRiting mbleeoagnblif AR 10E Tndfthe (rplymerization
reactioh® i Wpdristbematerithon o Jbétté?‘hm taguht RispdiR3e8Mdtwaén the relief pattern

source, such as a broad band anp, atom c | anp,
of thgl B@RH@W %dh@epattenmrdewqe ande thso Eupstiate gheface.  In another

embcﬁﬁrﬁggﬁf ef?we |ﬂ§é an o H‘Sﬁ s'elgu h°8%t|¢a?|¥955|‘?§rﬂ s%ﬂ/ebi)hotomask

presen e o a pat agen ed"to

capatbleactfttramrmtturtgﬂa patterreef elovtosiayneticratiation csuto‘ acRibstrate surface
0045] In one enbodi nent, the present invent

in copforme g@@taghwghtthgé}qr@aqtrws%ﬁ the first layer of the patterning device.
In another embodiment, the present invention comprises an optically transmissive stamp

capable of illuminating materials transferred to the surface of a substrate.
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25 nol d capable of transmtting el ectromagnetic
radi ati on for inducing polynerization reactions in a
WO c@n®swe4 material or a patternl ng agent di spoRETUS2007/082633
e f:
[004@41?@?%%%& di@\%fgﬁér& I@gxﬁ\} ﬁé&h &gt%gftﬂer ?%té%@/r?qr ggwcég‘fhat may be
used ainotah&vide enabgdi oF ryoft ﬂlﬂ@gmwnﬂeﬂhwemm|omfal@|ﬂ¢atmemethods and

n opticall ransm s hot omask . capa
nanotabgicetien meﬁ'évis E{%@Pf?%?a@'rwpwﬂ%taﬁeﬁ.cemp@alpﬁﬁw%ﬂbenpattemmg
dewc%ﬁ i ﬁébEFés%'h? i rft%?leln%ﬁjde” kﬁﬂ“ér%rﬁa |Iﬁ1?@8%t AMniofransfer and/or
e contact sur ce of first layer
mucrqimlns‘éarnpngtummwneeotramssfeamdfer reidooidamster ,moldéngyr expdica  molding,

nanowRiiy Tt FFRmAES: ARl Ees aéd S 5es shi Mhworapny, and
solveﬁﬂé§§§féd°ﬁarﬂ)rﬁélaﬁg’ ah& mitn§l#O08I0ad& 4N, patterning devices of the

PCT/ US2007/ 082633 0046 The esent i nventi on
presemit dovemtprhagmlogbmm’c e Wi gam NBerigtydel icostact rsarfagayorientations

nolucifiy 4Rc ey €FelRRRe odigBRed: BRPRAP ChrEiky uact surace

configorafioh&r whicAbaligatthein inghatith Gropabhplafevehh prikéng, molding and
patterning devices of the present invention include

maskiig sypieMiot N §PMEd apelicatipns: the seaafficiaal ¢f thermal expansion and
r b r
thlckﬁrﬁs%r@té&aﬁﬁ%ﬂaﬁé %gbhgbglsngﬁ?%tggt@ﬂﬁoﬁ de@fb@ltﬁ’; the rT[%)rFacl-','rr1]tg|nventlon are
selectatt suchr tirabl tthengnet rtheapall kapaesion nprmpefum of pﬂrnespattermng device
shi f litho and sol yvent _assi sted nanonp
matchigyy t cW@ﬁ@%Ll %ﬁ)@anﬁ'ﬁnaHEﬁR%?ﬁ Cﬁaﬁ”teersHPﬁﬁat@eWQ%@odi%g patterning.
Matcﬁ.hg th%Frﬁé?'bPobéH@é‘tdfotﬂ?ab&ttérﬂ bbbice hd hhé g@?rat% is beneficial
ie of contact surface orientations inclu
becaugs |t|reatultserm imprevech alaceowmnt aecerhcycond,/ toel dy of oatteramefabrlcated on
b cotgt surface 10 configurations, which allow their
substig ZCP8n into many different printing, nolding and
maski ng systens. In sonme applications, the coefficient
[0047qf I BRGIRI a8)Baet $he Preyest |rﬁ\1@n@|l§ﬁ(?ﬁ§w§és PedtHOBS of geAerating one or
rrgﬁl sing a patterning device of the present
morelﬁﬁi R ON arseibsyateesudace Qyraniagt Ridinged ttansferamaterial, including
[ [
met S Y b RRPARIEE CoBc? pribifioPld FePoliinSel Ehad iR, n one
embdamiengoa trgnpmrtmamlrlagls diépd)@temonl@ thisecoritbcips of@ce béa composite
he patternl ng devi ce and the substrate is

pattemgpglpgp e prapept inveptian, therghy gensraligia fa s Qidransfer material
on th@ HERG SufBte ! 'Efkgidsﬁtfbg f7tj"’§’rf§f§rr H%tc%]@at?rdn?@ﬂ‘?éjc&ﬂﬁct surface may be

strate surf n anot her aspect
achlepeésbg/nany mezamisi lkonowpr ovitegesrt nmtlhdidg, bbt ngMMd tay \@per deposition,

souSinq o RRbb < 5cion o BHRE S8b S 25589 CBBhgBbon; cremica

depo@‘h@ﬁ dipFRgfAd 6ﬂfgr%btfﬁfd'sn\ﬁlhﬁ:ﬁ AVEIvVB K] ﬁ’@%@rcontact surface into
contact printing. I'n one enbodi ment, a transfer

contaghmathi alreseyvdis i dransieromateriahe Thenpaiterning daiee ds cantacted to the

subs B aner e g BkNg Sprerte BOFREF belvHei s 835t a porton

of theheorstabt actfaser &t ehe Dopigsidie osurtfcel r aRsthBlisHI®g e¢drdibrmal contact
onto the contact surface may be achieved by any neans

exposgfodhleagt arortien of the Lﬁﬁeﬁ@f tiansfeignateriad fethe %Ubaﬁﬁé@fsurface To
gene @%Sﬂ)z—ﬁt e or?tﬁy SR déeglgrfgfé)‘%ﬁé tp'aﬁ@rnlﬁg%%wcgr]s REAFated from the

eposi si cal posi
substrate surface thus transferring at least a portion of the transfer material to the

substrate surface. The present invention also includes fabrication methods wherein
these steps are sequentially repeated to construct complex structures comprising

patterned multilayer stacks.
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deposi tion di ppi ng and ot her net hods which invol ve
bringing the contact surface into contact with a
W(_DmmmM of transfer material. The patterni NBCTHES2005082633
S [ :
10482 S ARbAR S0k HE pr N K o Y658 feiiolB B nerating one or
moreppattears of & heubstatecsurtaoef auye nasidingha dravsferatneaterial, such as

. surface. Establi conf or con 30 exposes
m'erfTé%{QPgaa P?P%ﬁ‘oﬂ}”g %%et Qfer forler ﬁ’ﬁ@f’@lm%tt @P?Q.{T‘p?%te patterning
devic% Fés%tn? |§\9€rft%?lers BRdU tggfw cgrtﬁctp%theé réu%@tr%féegurface in a

stra e surface, he pat evice 1S separate
manrfermtabhshur@mmfomnai cmmrcaetdmtweermsatiemgfmrtlon@f éhe contact surface

eas ortion of the transfer mater,a
and tbﬁb%’&)rsg'?ge S{ACk e Copiyma! é‘?é‘FﬂCtugr‘?v”@ﬁ@tueér? HPCEQIB CORAisigs the space
sepafatingi hat ihede-aRhEeslendhRNief PattbhAe 8RdSthePsutRite surface. A transfer
sequentially repeated to construct conplex structures
mategalnpuckiasg@ PeEPPwnesriadatreducad e the maits . Tpgengate a pattern on

the Sﬁ@%tié&%S?@fﬁa‘e‘c e RHOEr e %%«%% [ Tt B8 fubstrate surtace,

thus ﬂ@ﬁ@ﬂéﬁﬁrﬁgﬂ@t %tcﬁ poftioheoP e &éﬁ§fe6mn@teﬁub§htfoath% substrate surface.
face ding a transfer material, suc

Optioratly, dﬁﬁmdﬁgofathg maﬁ@h&jnmemi@r}rmaa/ofagthet ﬁO'aSWé'SG The steps of heating
o) O

e R TRakyaf if FROTS, MAEEG, B AGR Rkl in he moid 10

electmntajrrmefadlartlbam dddirg & pmymemza&sina@cttwtorrtg therfamsferl material in

cont etween at |east a portion o he cont act
the @Q'Bfg%é”'t'aﬁ‘?d gR@lpianges H?h&%po&%@mf‘ aBdfoscgross linking

chenﬂcﬁd‘%@é Rhsd ol d conprising the space separating the
t I mensional relief pattern and the substrate
surface. Atransfer material, such as a prepol ynmer,
[0049]s In anethenesgethtie prasembinyention qeowras enethpds péganerating one or

moretgoggtgfri%) éhr a%@t[zﬁstfaﬁ%%@ﬁfég% ?&t @oﬁ%&?&o&glitfﬂgﬂaﬁﬁgi In one embodiment,

a cormpasitd pattbRIN@devRRSH thePPrédedn iNferitidd sf BdSHAL into contact with a
material onto the substrate surface. Optionally,

substrgiehsldéaess CORPrisings eRe emaie| rediatigp 15@?51'%\@ r@fﬁﬁ‘ﬁ@liss@ a manner
establj Eﬁlgﬁtc%ﬁorﬂialr&%m t%regkrlmg etia{ %&?e?rpc{mﬁg ﬁ{e %c%hté@tfsurface and the

substeétecsudamgnEtecn:rOhaayrmtlmadcatuoaddlm@oaecpdmugh |thetpa1rtrern|ng device
activator to the transfer material in_. the nold

and QmPtthﬁt%’ﬁ@ﬁérﬁféﬁﬁ LRgHGES tQ%@Wa&e&%ﬁmﬁl F%%thrBrPf electromagnet|c
radlatzér}g{cﬁ{e 158 QDb isiPracd ShAMSE SAbctbaGid Qﬂﬁgnéle%lgh sgrgoutlons of

r aspect, the present Ynvention provi
mtensxflegenwaa/elemthme wd/omorm)laprmailennsstahea subdnteaacations between

elect%)wc b%édlaqgtngghgdfga ||obf£$ ﬁ\{)enéwq}g(}@lgggf&het fubstrate generate

cherrﬁ’c'fa@l?e%hd}’dw%;/él%ﬁlly Smitiffiedntregidhe ePNihaCisubsirBte® surface, thereby
subStrate surface conprising one or nore radiation

generatingi eN& O rraoker patt@rnSnora thersubstrate egrfacs.i SPptigpal, methods of the

prese@@ﬂ%@%}%bﬁggé‘gﬁéﬁp 8(%%@?9%3@%' 2 o@té?ﬁé\téii 8 nat%aéthae portion of the

chemidR§trmodifiga eédions afiras suistiate dufacs f rémowing atlidmst a portion of the
patterni ng device and onto the surface of the

substg@tgsqmq@ whw@rléugptmlgalim@oglfm t Materdal removal in this aspect of
the ﬁae\%%hfo c%r{ Cma\S(K";1 técfme\%at hg fI%HB ACH the art of

di reenst onhal StflbU?lonS 0
photolithography |nclud|ng but not limited to chemical etching and exposure to

chemical agents, such as solvents.
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intensities, wavel engths and/or polarization states.
I nteractions between 25 el ectromagnetic radi ati on and
WO aebsasiosn sensitive materials of the SubStratECT/USZOO7/082633
e a &ﬁ d f|
[005(gegf1%nén%é e su ésS%/rag eég\ﬂcr: ace '%}Léeﬁrfse@dﬂhge {]t iqvention are
capaldieeofayenspatingopattemngorthel frfasdssofr atvdde uafletg/&)f substrates including

but nf)oﬁlﬁr%ﬁg Ith&*ﬁnett{éggsllagfge%?%&ggcsq%gtﬁlHn Stg,'[r%g g,tteétlles ceramics or

comp%%[’gés%‘f‘tﬁésé tefAEM $3& 'rﬂetﬁBQé“ﬂ?ﬂcé@%‘n@”&e\ﬁée BRponents of the
substrate surface or renoving at [east a portion o

presetﬂhénmtisukaremlw capablecef gdrierating patiernsh@misubstrgte surfaces having

ed.. Ma h h
a will? dahisE ot SEHEre A RS e b Uty SHERReSKaBRgh surfaces,

contdufed B8rfatés @hd ﬂﬂi@&fdcbﬁogh&fmbént '|fﬁ‘¢éb¥%d’ﬂlﬁgwgh r?resolutlon patterns
limted to, chem cal etching and gosure chem cal

charagigyinesl, bg@@pdagag@ne@hagcuragy And2lnigB/fashitysis the use of conformable

contagzgwf'gg%o%agssiﬁﬁ§rt tpqq%glaﬁg&iaetﬁt hﬁ%@lﬁt ﬂetﬁ' Crf§le%[]fjes comprising a

substegteadlirtacefl age meslatuley diahtesomsadnsuries UFbpersmpfe, 3DMS contact
wi de variety of substrates including but not I|i m't ed

surfages 1desg0 cxrong asxwler Waaky alesasiivonsumithic enynsupstsate surfaces

ol AR USSR IR R T, metlocs

silicopraeglesiicameddés,accarbocacdas roafjerialse cetamgese tedtiiesgand composites of
pat%erns on substrate surfaces having a w de range of
thesegMae{l@S- nor phol ogi es, such as rough surfaces, snooth
surfaces, contoured surfaces and flat surfaces.
[0051]”1?‘%trﬁ€fhdd§ JfQHé'p‘Pé’éérﬂQn\t‘érﬂfbnrﬁé%éﬂa'b@oﬂ%tbh%éfﬁg microscale and
haracteri zed by good placenent accuracy and hi gh
nanos¢aie| piryctuges H@vmga af wisenfvarietiblad pbysicalctdimensigoesand relative

arranbfis R Ty i Gl e SR Ehe PR MERERebaBrdL sHECl s ey ve

fabrice®sd agy} thel basnt FRetENP! The PEMseh®Ninagtodss Udéaess and device
undergo strong Vander Waals interactions wth many

componesis May Her tse@do gererath rP@t@mif &@gﬁ)r@dﬂ&)ﬂ%e@r @pore structures
havmﬁ,efe}ftvr‘é% wWhfd! Mlﬂéﬁﬁoﬁ?%ﬁﬁ@npghaﬁ?%%b Felt@In%n meters _to. about 100

ords,  Silicon an i con oxl car bonaceou

micromst@r mates preferably dor, sdrastagptisatiors :mmngﬂfrbers abbut ﬂomometer to
materjals. 15 [0051] The net hods of the prese
abouf A0 dRITesHS: aﬁérU@&ﬁsmg@n@ra teddpy B Preperf @868 cdaviees and device

comp@ﬁ@ﬂ%cﬁlaﬁsh%g% r%’ftﬁﬁleﬁ@ﬁgfﬁ% iR tWo bt tHF"éé @\/?’Tsrlr%’étlro:?@gﬁs%ﬁg, and may

I Mensi o ative “arrangenents.
compaisgerrpaﬂtemeell rrmltﬁ@yerdshaehm omhé |snesent mmeihodaynbye also be used to

ted by th th Th
genefe) S s coniSHE SRt ASSerBie (RATeRHER Bod sycpges.  The

meth@@’s‘eﬂé‘\tnée@aéﬁoerdé%ldéoﬂﬁfrip‘éheﬁtsofiﬁ tRé mséntsw\}é‘httlbheérez%pable of
havi ng features wi th dinmensions ranging from about

genereénm@wmttﬁrssw@rraﬁmg ao@identangene§ materiale inelediegabul not limited to,

metalsy o CBohi i, t0rdt e Rt dRsbisk s ERRER. Suspensions,

biologit&sablecirRishedits, pdirheres mididsiientuess, naPBBRIEOFSS AMY salt solutions.
ave sel ectabl e engths in two or t hree physi cal

[0052]I rlrrl?ngﬁgtﬂgr gs]pdecc[my[he present invention comprises methods of making
composite patterning devices. An exemplary method of making a composite patterning
device comprises the steps of: (1) providing a master relief pattern having a selected
three-dimensional relief pattern; (2) contacting the master relief pattern with a
prepolymer of a low modulus polymer; (3) contacting the prepolymer material with an
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conprise patterned nultilayer stacks. The present
nmet hods may al so be used to 25 generate structures
weompsnsng sel f assermbl ed nonol ayers and st r UBCTIUE2007/082633
i St
nigh HRBUNEFbOIRE 1R, EOPAfiftb e TRERADERE SRt Generating a low
modmmpblyssmerglayelwlrdeomtangwnhf thigelighi rabdulus ghalgineg Jayartand in contact

with @%@@é%&%ﬂ@%p@@rgaﬁhq&pﬁ %&ﬂhg g&pﬁwﬁlﬁg tlhrr]ger%lmensmnal relief
patteft Qh@gSF%pdTB iS5 e ow Fiddufus B gby Frr°'t e masfer relief pat’%eén thereby

m crostruct ures, nanostructure t solutions
maklr[lg)ﬂ’fezpomoarhemﬁerraegekavlcet hMaptersrehef pattemnsiuseable in the present

conmprises netho of makln i t atternin
methgdo BELOE AP e drmictns HrepRGS SRR hip EREBk Pgthods. In the
presamtih @ tiond po%Néﬁz%t@ﬁW%#/S&Slr{lFﬁeét B%g @hy hélhod known in the art
providing a raster relief pattern having a sel ect ed

including eebdi neaki bmdedr dbi ethgiaal erindugeg) polymerizatign t eethods  and

stect I HesE S Flf i B et R R o) o, "

material with an 22 WO 2008/ 055054 PCT/ US2007/ 082633
[0053]i glmvedud)m@ pbbwﬁﬂ’fogr@mw ;gereralpoluseer ianipligudereor amplitude and

ynmer, thereby generating a | ow nodul us pol
phasg kSI wr%lmlacqonﬁé/thtma 'ﬁY%Ofn’iﬁ?lﬁtlﬁ 35oPgef qna%@t,tcal projection
systefr{‘d e du Ré‘%tre lYgu]% REIERH Sibdt té@fof Qﬁééslebpqll.leg or other rigid

us layer ing a three-di nensiona
transpartenémmatenl. ( &) issaiffeoudit tongendratd gmymchlé Lpzatlwmemsfnganonventlonal

photaUfRlartie Eavrias M APl abs aMgHetuy e crida st &y steres that drive up

the c48@aDITRel ﬂktﬂb%eﬂr§§f?'ﬁ¥hog'ﬂ§éﬁ]@0[§chrﬂéhéd&e§€ﬂ1tb§fhereln combines the
patterns prepared using photolithography methods. In

best ferfurgsr ef eanvemianal i photolgbognaphy zhei ovidesgrepd industry acceptance,

well pﬁ\@%lgﬁéﬁgegﬁﬁggg@%pgﬁ,w@g|t or%ﬂk?@éﬁgg arrgtclgwsual applications in

plastip @lgdtRINiEArhiefo RGP HAd ditter Heas]. fﬁlwrtﬁllalf&rrﬁﬁb@éht%pect of this
i nduced pol ynerization nmethods. 10 [0053 nvent i onal

invenyaBtis|fPr RateEMY SHEReres Iy Plasts %lﬁﬁﬂrq)ﬁ!'g%l;e'nowhtﬁ?ﬁpﬂhﬂ flrydble plastic
subst?é'tg. Set?h@éf%rrﬂqﬁ‘%ﬁg o%‘fttdllgd'rﬂar%)&t&fr ngmfi)rto%ﬁéslbggffehne]ogtamp and ink

resi or as pa an opti cal

combTrt&udnmllssloae@ heseual iy da%emabl&samummmask tlgdatac@n be stretched to
tz or other rigid transparent material. It

matcra,thfa, digiqrtions grér;gpagléb%pa@ S&|tglspgﬁn@pﬁsa9@;rﬁ§ multllevel feature
reglst?é’traﬁerlé' 05&iblePBAT Biab%@ogft?s@t@(es r&fidvieRd cg’fﬁlpqé%)'c%rv%d or rough

ps and accurate alignment systens that ve u
suﬁacaf costs. The i nk- based soft |ithographic technlque
presented herein conbines the best features of

10054in Y &rtsHas e HBUCE S RER BTG Hesfln M ec AR fBgys asean amplituce
phototRadk Lis&MPHT YeRkrdtmdl baterhar nalim tﬂ@étuaésowutﬁaduﬁ@nﬁntldepths/heughts

pl astic el ectronics, mcrofluidics and ot her areas).
and IB@Wth@b If%ﬁ”tw;esl wﬁf@mahmug@wﬁrmg depth/heigheand/on Si@sO-WISG change

e N

estabaehlugcooﬁfbnhhbdonmn Gb“et\deen NihepsOISStEste nQurfadee asitlaapcorresponding
and ink conbination disclosed herein is a deformahble
three;gmppgmgl RALEM: HEfaceaPN e slasiarpaEe PalerniRg deVicRe The conformal

contafdt 5!’%(9 t%té%'”ﬁl |h§ cIfhtﬁeSr‘ékBéEé 3L &urdd of e raRNRGtur8S G Rk Cpattern by
patterning agent. Locallzatlon of patterning agent to the relief features processes the
surface by formation of a pattern of substrate surface that is not covered or underneath
a patterning agent-filled recess feature. Subsequent exposure of the surface substrate
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registration is possible on plastic substrates and
even conpl ex curved or rough surfaces. 25 [0054] The
woretohoswsand devi ces presented herein have appPCT/ES1007682633
p .
to eldtroPil PR roifont IERIRfe 1RAlchinG et & Sahdte of mogutating an
opticangopedy of élettrohesinetie sadiation pmultamopattgrmmg of tige optlcal property

dept h/ he| ht and/or ste vvi se chan i n dept h/ hei
on ”ienp g Ué{%ﬁét hdg p?%‘?&c&e& 1Sg|ES ia‘i?cé"é'gf?'ﬁ% '21 9 comprises a
photo%*éﬁ%ﬁ&é%ﬁ t%HéT @é‘s%thXn £54 C'eéfgbnr!}%g,%@ rre cﬁ%mlé‘éﬁand/or phase

bet ween t e Su trate sur Ondl ng
changés & thi ﬁebshr@ueaﬂ;urmnaserﬁhema‘rﬁmdatopattam eh abecswlialce substrate is

atfternin evi c The or.ma contact fagilitate
selecfdt by g fioainely ord8F wakEMpo BRI Siras b pattern, by
selecﬂﬁ?tcﬂﬂa RALMBF pitterd tﬁjéﬁt@%a@ﬁlﬁ”dlﬁér@ﬁ@m&ﬁ}latﬂfg @haracteristics,
terning agent to the relief features processes the
and/ow’road iwgopoduiatiag icepabifitydohe etastomeric padering deviceace
that is not covered or underneath a patterning

[OOS@gZ\WSeBrHt,vIegF g’rt?ftgf)& eaq%&%c%ggee%@g& hErdINHAVE é’gpllcatlons as a

mold WMW@Oﬁatﬂ#ﬁﬁ@Sag@t&ha’catr leaypettiatly fitkslitted patterning device recess
wherein the patterning agent is capabl e of nodul ating
featurgs, %@r%ﬁhg %@rﬂgmgofag Peds MBAdiERGtiINcresAgNge; na signal.  After
u n f 5t t t
expofFELld e, SgfR) AR 2 R | Ple BEREFTAY ockfly B patteming
devicehiat sexomptecbﬁnrrath@rwben'etes suifaee natreveal arpeattdrosofi reliaf features

embe3RSHGEL oo R G BuFPT e 1408 Paie®) ofabRared iadllies can itsel be a
photd?RASIETRPABIet BE SiitichRGRodUBESH FbE deher Ogg‘ﬁa@t@rﬁé’ in photosensitive

varying the geonetry of the patterning device .
matetidiseddi teemsisignal” ipasedbnoadly to sefeeta andnteraction cmprable of causing

s o) BERL O EDb oY MBI RN B s o cnemica ot car

caus@&aogblylmér)zﬂg) ré&etiodl ap tpPiEeEI é?wa‘hgfet efmbpdcdleprioperty associated with

5] Alternatively, the neth and devi ces presented
ethf@&‘Qﬂﬂﬁ?t'ﬁa@@'aHQBW@ﬁﬁt ons as a 10 nmold by using a
patterni ng agent that at |east partially fills the
[oosdaa%ﬁhek BQnt‘?&Véf%%rfa%%ggB?eés‘? ES%uﬁMbeW?Httét’h%d application of the
terni ng agent n response
pattering agerkippsor exampteen sngmlmoﬂeadlscmhsdsomeksharagpaﬂtem Each or

any argoal B ¢ B SREIELi580r b 2OUCHRABE Pl T @imele, having discrete
reglof’?@bh%@ s%sfrgﬂe' ﬁfrfefc%aér%ﬁﬁernf?ﬁ trﬁéelo*}ﬁeﬁéieﬁélréﬁrﬁace that are

surface. This pattern of enboSsed features can itsel
hydrdpéoicl6r bmino@halsk Ioaa:alernmeept |tba||nvam@hamrtbar fcomprlses means

for alfgning ﬂ% %ggn‘:"ntlrtmgi rd%?@'gnaﬁcgm §8$ %'uhglir@ie %rtgéhg{qs an optlca(? waveguide
and/dr%tﬂ(éﬁ@ik@ régisaalién ffatGdsi ng  a physical or chenmi cal
change to the patterning agent and includes a

m cal that can cause a ymeri zi ng. reacti on or
[0057dh£§§“ttﬂﬁ1ﬁh§@ntr9h opuriese kapé%‘i'ﬂg inseigingdely winedifying the optical
t d 0 F
propéHiEF dr VERKIEN el IO 16 prbiBb sebibrec Haphor i B gistinet anc
selecimjoknacﬂﬂlatmg prfopei'tees p&bt exampie, abe rdtatmp, hdving eeee‘qsieel features for

i.n one or re discrete droplets in attern. Each
receiving a patterrmng agent can have a selecteg Pdex of re ractlon for phase
modulation, absorption properties for wavelength dependent optical modulation and/or
polarization properties for modulating the polarization state of incident electromagnetic

radiation. The index of refraction or polarization properties of the stamp can be selected
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any one or nore of the droplets can be addressabl e by,
for exanple, having discrete regions on the substrate
W@ oBas®sor patterni ng devi ce three-di nensi onaPCHURI0ATE82633
p I
oy nb8EeAl pEMEIRPBENE fsVHEAES, bh el Sador o he siomp thet ar
phasé-enodllaigy mgdidrepglatization-mgpddiatinge ahd sftfédta@fethe patterning agent
rate such tical vegui de  and

su 0
can h%@ﬁthﬁﬁ&”lzéﬂ}c‘?%gy §P?H’B$6@P@F‘é§ (f &ElieT 16gioNs %‘H&I Atthsnigyer of film of
n of 1 S 0 d in
e R oS ER BT BRI L SRR AL (P90 to 500
nanome(o&rsbjehele@lonmdhaﬂm rRgdirasenaicbpdudétet filmat 'Ehf&]lstamp top surface on

sel ected, noduyl atin pertie r exa t he st L
the oposits, S 0f 28 nalfiEd B8 idssed fepBire AT 1k th Be iof TRe ncident
electr@@%ﬁne‘flénra'aﬁ’ét%nalssébﬁt%a@l? patNe@witiefa atdteé®a, itluding a thin film

phase nodul ation, absorption properties for

|ayer\®&¢éﬂ¢é¢t§tﬂﬁrtﬂ@p%riQéIﬂOVIdptqoﬁé[‘D”Qd)QQ icalirspdwatipror
pol ari zation properties for nodul ating the
[005@03?\;{ é%%bﬂf;hrﬁ/teﬂ{'gn ﬁro?ﬂ%éﬂﬁg@tolﬁ%ﬁ@%p%gg%;r}%t ggylce components for
fabriqatinge paitemsoiont Babstratep stafaces, wlrt&ﬁﬂa@/ pattey  comprising three-
2008/ 055054 PCT/ US2007/ 082633, by i ncor porati n%
d'me'b%lﬁ"i‘@'cﬂe@@ tratynesy wherein thetfeaiires C@H h exmplgxagegmetry such as
d . .
dlﬁerérﬁ‘t]efae:alttg{agt%l g%ﬁh%gé&lﬁgrﬁgﬁqjﬁtg Hrl (l)\]%‘t Igfeggl%rteep%w% a variable
helgMgeSpecmemilyoethé upresent mﬂeahoeoprbyldeeasstarrg)sr ernelslseahdarphotomasks
ions Wi th.a

used 5k e ETPERPNY o ian M tobeer gsesralag bigg salutfn,paterns of

struct@?egon #& Ay égﬂto@ré@%ﬂ%b% ShcRidtEstifrhées RBYIRY! 4 targe radius of
/ or sem conduct or The stanp top surfacé on

curvatwfe @ppowidecvaiely qifsublst:ram tirolu@iag rilexdde ptpgtisasubsyrates. It is an

objecfg trg{]pfj%eng ri&n?gﬂggfwb\g | dog'}rét %tgsva‘%g&w@%&%\gpes for fabricating

threeldi®lendional grdyrsdnlé istiicturay eravin g diefl Hegihed RsHysicdl @smehdions. The
provi de controll ed optical nodul ation. [0058] The

featuiﬁse@@hhai/@]@@ﬁ? ngﬂ@\erﬂTéiﬁh@r&%oq%name@é% sgfle tedhedwindreds of
mlcro?\gngﬂﬂler[ﬂ{)?e s% Ie 10It |?béﬁ&[ﬁ%rl Q}%éé)cﬁt&e{ﬁbs p‘?@s{‘rﬂbﬁléﬁf@n to provide
surfaces I cul ar patterns conprising

methdd@,’emiervmal alnell ld@fvldeeaiotnmm]emmaoel faldrivatihgapattesscat structures
ve conpl ex geometry such as different features
Charaﬁ%ﬁf 764 BY e g‘ﬁ?"tb{e@\gqﬁt@rgé‘r sybstre{gi MR ateagt e 9ood placement
[
accur{é% 29}8%9’&&%@?@%? Qfﬂg%%reséﬁ‘ﬁe \/éh&g{ (%:85&\)onatf‘esﬁ{e?ﬁuse éiewces and
devicencomkonseﬂts for tfab@mam@ypaiaemscm |s<mbstratel$otltﬁatftend to deform during
patterns of.15 structur

enerat sol ut
proceiimg. it Fanetir cued ot e aeseit By Satin, 1S PUEELsON lthography
meth6dY, diced éﬁ@@le(@@' éb?m%nerﬁé‘ rtNér’tt AteCcoipatinte Sathvaxisiig high speed

of substrates, includin | exi bl e plastic substrates.
commerciag pantlngxbpebmngaand B %msewrttecmmmeas i dgvicas yraboysiems.

one-step nethods and devices for fabricating

hr ee- di i e u vin - -

[005§ Ir? (ﬁj é?ﬁ@cgd ﬂ%&il gi{?a p&?%@ﬁ]tsfrg}ﬁ@%#hﬁr%%@at a atternlng device for

geneimrmg a siteen rcamglslg)s%rraoensukfecémwnmfsumgaraopatterrrmgsdemce having a
to the hundreds of 20 microns and nore scale. It is
three%@pﬁgpn@bjrglﬁf é’ﬁdtrﬁ’ée%ﬁ AN | O & |e&ﬁ$t<?’8e|fjﬁoﬁ}4r€?&e This three

dlmerg@{)ﬁ‘éﬂds%rf Vh aE’Pé’ur?aeceCEHE?%‘%Bbéblfe%f EGRbHfiat Editact with a

terns o ruc
substrate surface. To faC|I|tate pattern generation, a patterning agent is located
between the contact surface and the substrate surface such that when contact is
established, the patterning agent can fill at least a portion of the recess features of the
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characterized by high fidelity over |arge substrate
surface areas and good placenent accuracy. It is
wa@r@slosi05pbj ect of the present invention to prpwi/tig2007/082633

ta.f -
el BAEPCBULER 2T SRR SR ER. el B5geq o, porien of e
substeatei sgrface, ppatt@mm'gw@levlde ittrearditrizasion) qratteorﬁ fabe, or both. The
resent |nven nto E rovi de soft litho

patteifingsg8nt Hegorale sl £Tgling Latishp SsBRTaS h%l’ agyeone of a number of
SHi

mech%ﬁ%.ng’rﬁ %rqo rﬁpgglman fg%bﬂ()‘)éstgémg@fe gﬁgu@ﬁgéﬁﬁ%f %eneratlng a relief

patteandnstpetmna[e)@ag]ace upen exmusdrentota sighal.piiésesignal is a physical

mteragctll\égtnc{alg'%ﬁ £ﬂ]p ﬁgﬁ p t@tngrﬁ%g@%d tlﬁgrﬁpé?qrg&nglnc uc%(l;nagchange in
state Rittd Gﬁéﬁgélrﬂéwér‘ﬁﬁ:ahé\/éﬂé}tlé‘s FdrimpAR- GdEBYharahclude, but are not
relief recess £§ttern on an el astoneri C surface.

IlmlteqiﬁoSeIemr@@acnméa 0N swett ag b\hiightaand pulsed high-eaeegy sources.
that is capable of conformal contact with a substrate
up
[00603 tIrE gﬁﬁerrrl]%—é)da{ﬁgm thé‘ﬁta?teprﬁﬁg% \%gﬁ(;ne%i% gr(ﬁ)tfaa Qhotomask and the

relief patteas ¢s fortheidhiey stdrstg at eemowélao‘ea poetiort batherbetstrate surface in a
contact is established, the patterning ?ent can fill
patter. |lRgh egbodienh toe quﬁ@r'ﬁ'QGe%%erfte'ﬁtﬁ'Pr @9 igdl gdiunpghat absorbs,

scatté’?@ (?ror%% g SQEf*aPCﬁQ%Q@?A Hﬁt jent r@é‘% Be-4H @ﬁf ﬂ{éﬁlhas a different

tern. The“patterning age ace
mdexpoftnefractmﬁn tthan heb pattatreng wdviae to pgemaare ntgatbee% dy phase-shift

I|thogﬁgr5qeygr plng%t@'ggg&pf@? grf%ogp‘aé%%ﬂari%t%pelsﬁiﬂs or selectively
transﬂﬁ”l@drﬁtéfoé‘ déYtlcﬁﬁ:—Yr f80eiehgfh PAHERET TRk, éi'E?é?rHﬁ‘@' é@ﬁce lghd patterning
an enbodi nent, the patternl ng “agent |s capabl

agenpartedisppses betw;eerea signsdtsogree and ﬁr@cﬁgmsnmeelayar sacke as a solid

photcRSg: B8P B3HE S Abde S,iEbn ol % SUB Bis e R on amangement

resul@aiht£6ijnag padém oveérctheddiurthca @ﬂﬁ@%dt@res@t alvBefdin e signal, in an
change in chem cal properties. Commonl used si ghal s

embadieelle regilts dne giay-scaleni Raterping. ebeekrandayhiée i patterning, or a

combi@éjto@é;oqngf%%?ﬁ?él 2 a'ﬂb% a&ﬁp [?é'l ?ﬁﬁ’er}ﬁ'@efﬁﬁé@i?‘catlons to the

photorgsist aresdes@Ett et qmas;lgnarfuntemytamm&mty earrd ¢de ﬂaltern is etched into
relief pattern is formed by etching or renpval

the pB@W?%ﬁt aiter pignaupRqsye @@Hﬁ'@&e‘” H Pattefed: Férﬂ‘?\torQS*ﬁteQP substrate,
wheré‘ﬁ'tg1 fetgnt §endalds gl g&w@ﬁ?ﬁ ¥Sth%n sﬂ@f)éc% tHEJ5ERte's three-

scatters or re S Si
dlmemmolnalr pattgrrage'ﬁue reagold and apfeysical habpbasasaoﬂlthéepait&rmng agent

oo LG R By LA AR R i, emer s
photo?ééﬂs?fa‘&id@?smﬂ%@s A8y iffRdnLas §u9§t‘réf’té';¥r§&éé§h§ah8tp%ttéf‘n generation.

sel ect 15 transmt light of a particular

A comavasilenged sngmj;éor thie eprhacenenhis dediptisakprpedytafreleeigpmagnetic

raciafiify 85 EbhOe FREGREL MG 5Pty 200, fe reigming agen

at leazPpeftlipabkedstUR ligat.t i on of the substrate surface.
Such an arrangement results in a signal pattern over

the surface of the photoresist, wherein the signal, in
[0061dn Aryyiob din @,@Iﬁstom@gmQegtqrwngr%mg%éhr@eﬁgmegﬁmn@b pattern can be in

n 0
the fdg}r’rggﬁ‘as %ﬁ%ﬂgﬂbﬁﬁﬁﬁs soauselgt%tgg r?rg{‘}’s AbH N0 0f1/115,954 (U.S.
Pub. Muodi 20050238867} GledhApr. 27 2005, speC|f|caIIy mcorporated by reference for
the patterning device, polymer composition, mechanical properties and structures
disclosed therein. For example, the elastomeric device can comprise a plurality of
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phot oresi st are dependent on signal intensity or
quality, and so a pattern is etched into the
w@b@Boswsi st after signal exposure, resulting PEI/ES2007/082633
tLer t n i .
por bETABLoRRY' RUER, ShchaWis! Sk ey HRERENEe operti. suh as
YounQSVMoeluEustérfdeﬂexwehaglﬂltybns?éleaedtmylslcaTU&nemmum sunth as thickness,

hysi cal pr rties of the patterni t 25 | ocat ed
Surfag?? yﬁﬁ?% qqsﬁréf@gé@étef%gﬂm?@glogﬁ aRg %?é‘%i %‘gt Bl RrRperies, such as
coeffiitc%tsp%'f Yﬁ@{neﬁ'@(tpaHEBhort@?és Sldé?’ﬁ%ﬁ‘%%h{.l{l(grfﬁ%tté}rﬁﬁg on a variety of

| uences substrate pro I ng
substgﬁaawfaoes andAsumSmmmqrphelegmL glﬁailterfnmg tavises of this aspect of the

i rent. .S, an tical of electrpo net i
preseilanarign ngiod i BudboineP Sl mis A i sks usefui for a
varietyl &%fﬂ Iﬂh@@%bhbb @eﬁﬂarhiﬁ@ élﬂil'bﬁféﬁsﬁ%cﬁ@ﬁj? comtact ﬁrﬁ&%ng molding and

partially absorbs W t. ny of the
optical| psttewdng.c pat oee nem@ogémrde diserete opohemgr dagers having different

mecrflce hadtleS Pt fmeRSBrE: bl ofBiabifliy andior themnal

propdriieS. ardPubombiped2GRar38R8iched | cﬁdpvﬁl@/t’de 2ﬂattéiﬁﬁh§ devices having
specifically incorporated by reference for

cum%ﬁtmemchgn@@blaaé PgsmansroRastisperoTing ABbaRsAC BRttem resolution
and ﬁHe‘Pﬁgrér{oe attbé‘ﬁﬁé'lr &58“@) E%Pts,gﬁk/érﬂ%ﬁ% Eoft Wography devices.

In adaihtwnalpatt;erlmrhg d@vu\ﬁﬂ b@ﬂBéQﬁé@éﬁt ?ﬁi@hhﬁi&i@?ﬁ@&ﬂ@% combination of
, ol ymer or el astq ayers each having sel ect
d'Scr*iE—n)t@cﬁQ ol |%§er'ﬁ@§'ngs@8hle§§t %r?d;a 0W§6u|ﬁ¥§r ahying a three-
dimehdi6 T@tirfééé?'ﬁ)'léréte seligd %HEF}Y (S—ll 'E%Hﬁ l9r%$|on§,UEJBS|tlons and
as thickness, surface area and re
orientatineaswwmut fadtuse | wiicbdmetker theeim prnoy:eeretas@ mtagufatedsinto existing

comnp%rg@l lp[r|n lﬁtg;g?qlglfnale gﬁ?xglsggﬂtérﬁwgogy%r . gi?@?ventional single

Iayer%ﬁdhﬁlﬂﬁ[ﬁé |t siarnbacRoliy aPpREtoRfaskBat t erni ng devi ces
o thls aspect of the present invention include
| ayer polymer stanps, nolds and phot omasks usef ul
[0063]orT hﬁ elaaprr@r@ PFPAEYRErie ||&M%‘g PRPTA RatRINtNGY ¢6\ige optionally comprise
their 3191{55 BR??e bPﬁbI‘éﬂE?ﬁoﬁé Q%ttég%tmgél'rﬂéétﬂggﬂ@hgja'&%r%ﬂgs The index

of refmﬂtmmsf the)sfamphaatdngll dahfbeerCtedHofmomdelfurther patterning control.
ertjes di mensi ons, nodul

|
Layetp cled e @‘t“?dﬁ'%aﬁgﬂﬁ (e-8e diglectiip, m%g@pta@o%,sgmlconductor thins
fllms)C%EH'B@Baﬂé}q{eero%tﬁﬁﬁﬁ)am C eo‘é'ugﬁtcﬁ‘@m MBS tStace and/for

cunul-ative nec propertie
on orplndhemengSManelcefpfaamJeem of gsothreeatimeanidntl ﬂaltemyon the bottom

face 1 g sTBRB heist, aua's HAvE Gris! O layBOr R (BN Glsss Ut as phase,

waveiéfngttr'i‘gr Bbl%?l%ﬁﬁoh QW@HMI&?@&H&E%H%@ QRb Wlo‘énfuﬂﬁer patterning
di screte polymer [ayers, includin ['east one

contrel. asTblﬁecomtﬁglepahaprwgiea QHWGGQSQEGMGB oeriltrad,ubinarg, patterning

capabily” P gl ohetS [AEBRAIE L7 Eeflkfks, having optica

modumkfh tASADIIY reaye Bel driibédd & vth ROthenb 9erXonsar @@ternal surface and/or
conmercial printing, nolding and optical patterning

on a sygaeeref ﬁh@Hef:@hmﬂsﬁéﬁéﬁa@r%&P @FOVI%@QC‘B\O”%P@“@I”@Q control and
capatl) er stanps, nolds and phot omasks. [0062] The
Stoneric or polyneric layers of the patterning
deV|ce optionally conprise
[0063] In one embodiment, the present invention provides a composite patterning

device comprising a first polymer layer having a low Young’s modulus and a second
polymer layer having a high Young's modulus. The first polymer layer is elastomeric
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20 their anplitude, phase or polarization state
optical nodul ating characteristics. The index of
wo edosasioson of the stanp material can be sel ecP@€US®07/082633

- . _ el udi
and cﬁﬂqgﬂ%“‘ﬁ %ﬁe‘%/tgéd HﬁFéeeauPddé?%d}%{F ré@%f %@ﬁﬁf%l%%}: (I)(?éjét%e contact
surfaeeadispoeddgmereoh rarmlﬁhas‘ an rsternat sgrﬂaee pﬁpbatmthé contact surface. The
St a Surtace, SsSucC as atterned on the t
Sew%ag@rnerdﬁy%ha%arﬂ ﬁéterr%%e%g@ecﬁ”qr%” |'r8?"\@g§tiﬁ%% Girst and second
polyﬁ{!’glaé/gfse%réj _?Eﬂ%ﬁgbﬁr@]chpﬂﬁg &f foreB 4 |em°tghfl"lz;8 exteh®esHace of the

ayers ve optic ting
seco@mwmmiager ¢ frapsmittess tp tees éirst pedywreeefayeh. dror example, first and

ar i zatlon state nodul ating char cter stic
secosy HIWEE: RS Mak Do TG Sesties dhst FnSo% ARAIGE. ki extemal
surfalé @Y ke sEERNESRr W A¥nSHRteR ©PAL leakt aHoiBérY oP8id 86MiaB8surface(s)
capabi lity and/or a conbination of these
of the diritpa@yraer layes. IPaan iegnkadiment, igeoptarsall surageubhthefirst polymer

ayer 3¢ BRRII AT RELBRATE) B Sl k! Slrbard S L™ FeorflpPimer faver. For

exampis; &R & aftchefitsurRicecofpthe Vi erGp@IgﬁHetr il @yer! mpatdeeinnpi@ical contact with
control and capability 006 I n one enbodi nent, the

the “’H?@k?éﬁﬁrfﬁﬁQéﬁtth@rﬁ%Padl%ﬂnﬁr @M%og‘i\lt%rnﬁﬁwbr thienty'st polymer layer
\ I h
and %uéné:c%n‘a ng&mn%rqg%% Ha&écon n}’lggtlred E\¥ ngygr‘r’ h{?s?%drfﬁ\@ctmg layers,
such iasgthlwouelgal sayardupaolymefrhleyéis ot cpcdmrmlaybayq:vosﬂmned between the
astoneri 008/ 055054 PCT/ US2007/ 0826
mterr@g,%‘:fpg%gf E{‘esﬁ"SéEPQE‘Qr AR G NRTRA! $‘érf3|'(§°f3 ?t%”d polymer

layerhaving at |east one contact surface disposed thereon
and has an internal surface opposite the contact

surface. The second polyner |ayer has an external
[0064u Prettesingddericentadr s aspecho. the psesemdinyedtion] are capable of

estatfShitonl iRl 2o Pleis PRARAT S RESE baRlonfor B RufR Bcets) of e

polymér bf dllﬁléfﬂrﬁtt pelyhtert gef ignst thQ,O|sMb’§tfrat|eaS§@1Tacé:®andergomg patterning.
exanple, first and sSecond polyner |ayers may

Opt'%ﬁ“)ﬂﬁ@@@%ﬂﬁﬁr ohthe @@@ﬂc@'ﬂﬁﬁr l2y@r feayt he OQﬁfQiIOrﬁ‘é‘I”y coupled to an

actuas‘t’&r L&fc%o%go% r§ﬁ®%§%t B ace@)qb“ae’%\/(t%h ct,e;ba%ﬁ Ioefaﬁrtowdlng an

exterpall fore¢ tbagher exﬂemnainsﬁeboﬁthHers;tacomdiIepolymer rllayerssm fwm bring the
of the first pol | ayer i.s qperational ed
pattefind ngeyint ol catipraak ntasie B dne 5Hb§/tﬁ%te |Sa{)f@pe undergoing

patteFrﬁﬁ%/loo%ﬁéﬁQlll)ﬁ th%hgubsrﬁa%”r% % %@aﬁénél% t{)}uéltéﬁeto an actuator,

l"ayer may tact
capablatcsfrmmlglngmfeasm)smate 1]:{0] s‘,enfmmabobmaet withytee pattermng device. The

patte%ﬁg,erﬁagﬁl vel Ké ité%g@%égﬁ%#@%&eowe glmensolor(?al polymer

surfaéé’nale‘fé id%h 'tﬁé‘esﬁ}bstraféi%hdatﬁet er@e-@%éhsbﬁdlebélé/rﬁ%‘P' URIce prior to
| ayers or ceramc | ayers, positioned between fhe

confarmiaé caatacsurn anether embodinent, pg patemning @geahdan e applied after

confoif’rg%g Cg?ﬁ‘tlggf %L%%%ﬁasc}geec{] h E/Le}%%?f%? ﬁegal bi'gﬁlrggt ébg}f&ﬁ@ "¢ontact include an

actugidre e Maripyat bas @ morapsibpressiire, @8tabbr edpMcement. Any of the
conformal contact between at |east a portion of the

disclasefl geMPogite deattesnings dewises pand, rrelated aspects tlagreof, are optionally
mcor%@rjta%'é(;ﬂranr}t%g%grln@qﬂwotgl?gpri}‘Pr?étﬁ&'ise aﬁHrgﬁ?éné”bq%g%rggent invention to

process surfaces and generate patterns.

[0065] In an embodiment, the polymer of the present patterning device can comprise
any number of polymer layers including, but not limited, to three polymer layers. The
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Optionally, the polymer or the second pol ynmer |ayer
may be operationally coupled to an 20 actuator, such
W®3008/0510a4rpi ng, pri nting or nol ding device, capabUs2007/082633

I‘ (o] t t
third R{?%ecg%ﬁpo? eL cpgb%étgéoﬁag slég:oﬁé 5(? ﬂrehlersllaggr H the manner
descmmébd Ejrmongedt&;n ofathent:jret polyfer Wermhecttedwotahsedmd polymer layer.
substrate surface un oi n at t tion
An e%%p'é%@wﬂaqféyrﬁﬁp layer gﬁg ?Qgﬁgf"? y"‘?‘kf‘ghﬁl Qﬁygf% tgrﬁes thycker than the
roug Congaér%/ r%ﬂ@@fecu‘?v%tgféhBQ'ﬂ@ stiBStratebsirf e 'T'Pu%ouse of additional

ormal cont act e patterning device.
Iayer@a:trowdasrrgw aipdl ity toafmrmeramyweelchamcaielas/ebsathrlautes thereby further

fa si onal polymer surface, or to
enhafghy Pelet ety o SUbS B R a itese ) Monsi onal - ool yomt
surface prior to conformal contact. |In another
[0066]M P AhBBIRE asbBEt, BRé bRSJEnt th\RBEBhH prevides nitAbls &f abhefating one or
conformal contact is established. Means for
moreeRAtERINE <IN @gS@Wf&iﬁn%Jrf%@nbmdtsmgwcﬂnUd@f the patieimpadevices of the

preségﬁggféf{é@h:nﬁﬁggo g&ilﬁhe%f ,3g{ ?éﬂcﬁ% éfdgé&ﬁt %rd?posited on at least a

portigmat IhGHrﬂamecﬂGMeOm)o@nnﬁgrﬁé@bedur@&jﬁ@ﬂ&ﬁcdd‘i@ﬁrﬁ@lfconaam In an aspect
opti.gnal | i ncorporated into the ink litho
the dgie$iting s 0%%?&?@@9”@5@%%@@% iThearatf %lngoagent is exposed to

06
a sgﬁél%%?%?;@ﬁ@ﬁa‘fﬁg?%@@%ﬁ 6%‘ E:Q@ﬁl%@éﬁtﬁa Ig%t @e{;ﬂe hgttérr‘nng agent to
solidiflethieqeatteeiningaagenit s & heaaignal wabeconoprigeodgading d pylgmerization activator

to theratterDiag T dR OB s SRIHCHSRAS PR FIF Falighandior cross
linkin Qﬁh%"rméé!rkeﬁétl&%mﬁ\ﬁéleﬂwé BollyRfer 388 EPA aRed ORT tHeP¥ ®stidle, a pattern

he manner described for Connection of the first
remapns| pnethe speiace oohdloe estilistrate searmspopdingnie thayeagionsaiwhere the

I - thi.rd polynmer |ayer has a thickness which is
patte@ﬁﬁ?g?ﬁ%ﬂ;@&ﬁﬁﬁbker than the roughness and/ or
radi us of curvature of the substrate surface. The use

[0067f Imddhbtr@ﬂabsFebtayﬂli@ patinies agedbi abdorbs,0 doatteher or reflects
vary mechanj cal layer attributes thereby further

electiontagnatisgaitive h JEnawate ydivHby1eR OF EAKALAN Nignedy over the surface
of a [rgggﬁgelsébnr%{} d?ﬁat QIeCtThl% hﬁte%ﬁ’ ed]%tnb[]ﬁ@ﬁ‘t% rates a pattern of

rovi generating on nor e

cherrmallg rmobsied anatesiat ftaeeebwgelsenagngrtyecﬁattelme qmatfteesmbstgate surface.
devi ces . of .the resent ntion. In aP %’o dtﬁ?

In thip SRG L7 iMEGIRB ARSI RRISIEW B e velsRa e i agents, each

havmgogﬂﬁe%‘nt %@n%ﬂ ARG sivé hﬁro%%ﬁib% b NGerfdrsfe ‘ég%ﬁléx patterns on a

efore conformal contact. In an aspect t he eposi ti ng
substsatepsurtaner sThem;aposﬁtofnocamlconrmnlsacaddmh@metamhoam@ wherein the

ent is, ex ed to a,sign t here ener.ati.n
patteffiid poarit & RRER Do PRHERDe Fob RABTIG § SPRINE R droplets, lines
and poblsdbf )ba‘tt@ﬂwlﬁgltég%rﬂ' 88n age dppliéb et iRabseae 6QFREE S& a three-
addi ng a pol ynerization activator to the patterning

dimengjengl pAdYMAr suEace, mér@ﬁ@amdlﬁﬁéﬁéfé%t@’@@’rdl@§n8|0na| polymer pattern or
to a @é)glﬁé'ae%ét%éarwtg{beaagﬁé)rratéa o%ﬁrﬂ\@r lpaﬂéwg?ﬁtj(a& 35%}/ Hed by preparing,

I eact I'S Separate

as krwrs i ateeartaselebteelrsurfamg‘ms)mdt im'eshm‘r@mh@fanﬁm other regions
substrate corresponding to the regions where the
that gygt hdraphepiagihiadiliateopatigrningd. The patterning agent can have selected

physical properties including viscosity to ensure at least partial filling of recess features.
In an embodiment the patterning agent has a viscosity of about water (e.g., about 1 cP)
to facilitate recess filling and patterning agent distribution on a surface.
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[0067] In another aspect, the patterning agent
absorbs, scatters or reflects electromgnetic
WO ae8@asioeh to generate a distribution of radi aP€DNS2007/082633
ny t r thes 0,pof ' ;
006804851 SKeBE oW B65icod o Imarkas AP comrise means for
remoyiegesaless @atfemhingr agert. cﬁle«mmedams/faimmnﬁo\mb ahecoraprise channels,
... thereb g (Fehratln the pattern on the substrate
Or'f'C%ﬁjr?‘%%. Sl é&pﬁ?@@u't% HEr ICRPX¥RY NG reXSESprRalisning agent from
| b t8r.
betw DI ATl 2B SBSl bl SRS BB POgRIdE 1B38Pion the pattern i
to begeneraied. conpl ex patterns on a substrate surface. The
deposition can conprise addressable application

ein he 25 patterni ng age ap LN .
roosdfa ik foRiePas RGN B el drin 20, By e pppigyed by any
mear@ndneaal ; dhe et tinelnding, AR NhotC Amited anPlamst Hepdsition, sputtering
substrate surface or a three- dinensional polyner
depositipn aglectren raeas SeRPREON o PhyRiCa I erosifiare rikiestigal deposition dipping
t .0 ' p n
and pfh' Ll g’([ekﬁ)g]isa%gsh I Iﬂe %rm%iﬁﬂeccg&nr{t?%tl surface |nto cantact with a
reserbyir [f epettarning a@éntknmmnsnfdrf‘moaiding elecbmetrsedf pattéraﬁreg agent to a
regions that are hydrophilic and/or other regions, 30
surfa%aqptgn@”hyfgftegh(p&rr@prlsleé piRceMant & HERW%tlSnIr%% regipns, where the
regioR€&tE0 tlgﬁal@gﬁfb‘rg?ﬁiﬂc R EEmdHRoheHith Ehy%n%a&r more of the means for
proper |es I'nc ng viscosity to ensu | east
deposxangltbé dattdrning ajentecebe r:ﬁaiwrlnlingsdewd:en iercoatdnbeld nerihe substrate

he patternin has COSIt of about water .
surfapg '3 AR CHtaRPTING,SPUEITRL GPRIaFLLaMSHT P {45! dhgortion of the
contaRRisLAERE BRGNSy tkate 'SGbeé’n E’é’ta@hsﬁrmq d6Rforddl ¥bhtact exposes at

2008/ 055054 PCT/ US2007/ 082633 [0068] 1n an as
least angordibntdidhe dayaresf teansien matkria mttrh@BUb@mieu %EFaﬁean'EO generate a

patie} L bR GURRAECHTTE, " aikB o BFRE potbaffRAroine substrate

surfaéé hefussSirahsfafrirpaduédst 4 QPortOm\FYihRdiransies snadtibEtdithg substrate
agent from between the polynmer and substrate surfaces

surfage, d heepiesanbinventen o H’b“gﬂ-l"iﬂ’i? fabaicption aretheds whereingaese steps
d [ r
are gg@%rﬁon?oré{%%g% a{éégacfrr@@sft@ét @cﬁﬂél’eg d'%%rueﬁﬁég ﬁ%@%&lsmg patterned
multilepemstatks.t he art i ncl udl ng, but not Ii mted to, vapor
deposition, sputtering deposition, electron beam

o358 DA et RS S FOORG o e o oo
for alfgﬁmgaﬁe Sothee tybm*&ans fRiAHe Wdskrafe g&(}fo‘gﬁrfﬁpéfarﬂble an external

att'erni ng agen for providin ets of
Iayerp@grmmentngysig@ntsuob as damiping: iastemmgalarydlomlbph@g systems. The

t of d

meary B 2| fig ReRlnne an B0 ides Aigr e SVemieie ae 4 lock-and-

key, WhePeiangn®nst @e R@gqsoé refier feRAle %szfendqi@wr@rﬁ idgHe Oheoth of the
patterni ng agent he patterning device is contacted

substratet slerfachandathe pelyneiceurface \Miﬂhr?elcoé@ﬁ@@m(ﬂl@ﬂl'ﬁgk comprising a
corre%&ﬁ&ﬁﬁseﬁgggg‘gg@ﬁ%%\r’:@r?és]ucg't Pétﬁ?? the p&{lg{ngp %frfatcgear:lé substrate

surfa&s tfabtaceiving therkeyt nAltetaitivelyt tr@(m@&? fr aligea®f can be an optical
portion of the layer of transfer material to the
a“Q”@QBEW'Q?e surface. To generate a pattern on the
substrate surface, the patterning device is separated
fromthe substrate

BRIEF DESCRIPTION OF THE DRAWINGS

[0071] Fig. 1A is a schematic showing a cross sectional view of a composite patterning

device of the present invention comprisina two polymer layers. Fig. 1B is a schematic
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surface, thus transferring at | east a portion of the
transfer material to the substrate surface. The
w@e@sontos4 nventi on al so i ncludes fabrication neCho8207/082633
) ol
show\?@ﬁéedras% I%‘ééf?orfél ?‘i‘%’f"ﬁc u?géﬁg%@gbé@é Hﬁtt%gﬁﬁ@'ﬂ%@ g% of the present

mventthtdoh&yfslngSt\m kelymdrQdPdrs Erel mﬂ’uhmdg rag‘rdtHEmad:etamlfty Fig. 1C is
the present invention ostlonall ri se a neans

a schamali; RGOWRY BotrPReSecHYRR! YigWaeS @ec rBPe$e 9@6@&%& @ewce of the
l5ndl

presén@gﬁ\lééﬁ'lntﬁgu% rﬁ%rslsqg@gwn&%n%&QWgﬁ%ﬁe{Pﬁgngn BItI@% h@gFH'?rﬁErmal stability.

Fig. 4y st eseheMatic Zhomirgnas dross aéctipriahgievanf ecnqnmpcmteapattermng device

of the BESah A OB PBIT TG Rl S EMeT (e S Re T ipEng Good resistance
to pa&értned’é*bﬂﬁatf S EARRABY B@l&ﬁe@fzaﬁ&?an&‘é@%ﬁhﬁé %IuﬁHgfféi‘y‘r‘ﬂ:atlon
an t he pol yner surface with a corresponding |ock
rising a corresponding recess feature in one or
[007210 i9-o2At iRea prihgmatics BhPWite andexamelenateasteurelifepattarn and an
exemgfé}g rp\é'tt% |ﬁ§edoev?03é faﬁlr Fﬁt&e@?ﬁérﬁghf’é m%%f% E?I?é?fpagt% Bﬁl %F—ZB shows a

scan@E@%&Wérﬂhl%SEbﬁ/ Wlﬂﬁhé%ﬁéﬂ stﬁucgureléf BA éxemplary patterning
schemati c showi ng . a cross sectional view of a
dewcecﬁ%w 1SR0 BLOMRATItRFlamenaee ysingrge ﬂ@@@ﬂ% of HigehfESBRt invention.
conprising two polyner layers. Fig. 1 Bis a schematic
0 /
00T Al Sl e R ERE ISRERRy o B oo BhIRE g composite
pattewfing Hevipe &f éme presemémweohonoﬁw i3B isca soh)erpatmydmgram illustrating an
st.ab

aiternegVE B 16 Mokl LS BEEERing bEfias of His, Prsieqt Fvention

conposi te patterning deV|ce of the present invention

[0074]0FRy.i 4A BBOWB £ ScHEhAtI® IubRYESS o BA exehiiatyi Hidttdrn By dewce of the
thermal stability. 5 Fig. 1. Dis a schematic show ng

presegyt geyeriiQn CORMISNG\® EPMPasifpdeMie phaigt etthi sheWee @ @)SS section
scam%g@&t%r??fﬁ%s%&éffng gé‘ o‘foémfsa%(é@gﬁa%%kﬂ[noo%%gtgggéwp of the present

and exh ood re
inventiehor mat i ons caused by pol ynmeri zati on and/ or curing
during fabrication. [0072] Fig. 2Ais a schenatic

exe master relie attern and
[007@3‘@4@%% T oty ot ans (inal 26reeBang ripemeasurements of
t f AR
PoSitERS ) (eeies, O ca s e s ERR P By BERRREA g, those on s
mastein exenpl ary patterning device conprising a conposite

stanp made using the nethods of the present invention.

roo7GePiesh o A i 5ok BEnIER o8B BRERBE A Bl TN the reduces
tendérl@? for eaggihgidTrebésswal arfelag. in 3BcoPpdsits BEIMY iof titk pEFsdMt invention.
ustrating an alternative nethod for_makin

Figure oM oG rtesneads eion Angornantioaab singke |§)YQ§'SBW$ rﬁ%@rﬁ‘lpl 8nd Figure 6B
correg;?(orgdﬁo 6 cbin os%@s@?ﬁﬁ!‘%{/ ﬁ]{iﬁ%ﬁgﬁwﬁeh o/t rati on of an

ary pa ternlng de resent invention
conprising a conposite stanp. Fig. 4B shows a cross
[007Hettg.ofi skoasniheg exteatt obrshninkags copservedhgafterf caring a four layer

f th .
composef‘éTp stgm)f) 01p eo Sdrtegeric’tt %I\T/Bnt?on tco?npﬁflrs?r?ge%t first PDMS layer, a second

polyimide layer, a third PDMS layer and a fourth polyimide layer.

[0078] Fig. 8 is a schematic illustration of an exemplary nanotransfer printing

processes using a composite stamp of the present invention.
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i nvention [0075] Figures 5A and 5B shows distortions
that correspond to neasurenents of 20 positions of
wo e@B05®S4 on an exenpl ary corrp05| te stanp conpRCEUS1007/082633
h I
10074)" 338 98 oy B ing RR(RD, FleareP o B RLENTLAR @ m 20

nm) deretiaiedyusimy compgsite skeimpeokitsgreseeasverntiona. corrposu te
stanp of the present invention. Fi gure 6A corresponds

[0084J5 ity £ STPuisy Bise Xl o PG BUBr HBeBnar meluspegymerization
calculdté‘@'ft;r'@fbur [ 8f&F Eontp cﬁlte7pa‘%t|éﬂ"ﬁﬁgtd|é%|c%>6f€tﬁé ?ése?ﬁ"rﬁ\)e'ﬁ%ﬁ

observed after curing a four |ayer corrposMe stanmp o
t he present invention conprising a first PDVS | ayer,

[0081sleEdgtd1 1hshowsi e edeal of distortiod deming theymeal ietwcad polymerlzatlon

calou]atp i & et eF Bt PRl peilP e Bbfiogn 618, P15 PRY o s racivs of

curvalirecgfssrasol yipierigatiore agROfINcEoR i e AhickhesPOEBRNPDMS layer for the
i nvention. 31 WD 2008/ 055054 PCT/ US2007/ 082633 [ 0079]

two laygs F@Nem@ﬁodﬁ%'@%nm':r@ dllects éh ﬁwtcpd‘)gthﬁpfﬁ;d'@ﬁ of curvature after
f / ' .
polan%%BHSaQ & -Fuﬁﬁ%n(g H C&Hgnm%%n 54 (thf‘%g%t? Iia_)(egr. patterning

he pres
dewcéo shovvs the extent of distortion during thermal

i nduced pol ynerization calculated for a four |ayer

10088 P34 65 STRARABUAE SperimBosi L BYER palisming device
comdﬁl'étfrtgntgvd IH‘-GFIIIWIS laPEhCRY AR POKInhigat K@Btorﬁ@?zﬁd’ye?é efi gu@é 12B shows

ayer conposi te atternl ng eVI ce
a p|0b0]‘oth@t pr@ﬂlqteevea@aUQISQP ceqani & @ eoraposite four layer patterning device

in unBRpKTTabAS S riRsioh pliBSHS Aind AEehddeR8dRbecioddtHo microns in

lengtd1C is a plot of the radius of curvature after
poI yneri zation as a function of the curing terrperature
r.the two | ayer patterning 10 devjce.

008
[008:ﬂio§ igs A 3AsCashawe thet resulis [fraspPawuiationsp §L4 eoffta)q)ﬂzontal distortion
due g’ﬁﬁ%@%@?%ﬁ%ﬁ%ﬁg&%& doWgﬂgrrlisé’tB hid? %ﬂéﬁ)’ﬁe? composite
stamp hafwhe argsent ioverition. eregijJret eﬁAVBr alsratenmbtﬂpillalsea‘emtg a two layer

compgitd AR Lo Aot DS s o8 e Bl eafrinigoss el coupled
to a I@%l%nalbﬁb'tbnquét‘ CF@;WG '1‘38 5% brRABihne [p(Pé)&éﬂeth(%zontal distortion

C shows the results of a conputational study
as altunq:tmnptalthetutbltcbme$smf te P DS ﬁatrtayerchdﬁ@wa 130 |s a plot of the

predi &R B ERBt HiiiioB s AL Bodine Rl red Ao e atamg) surface of

the PDMS fissthgygtic illustrating a two | ayer conposite
stanp conprising a PDMS | ayer of variable thickness

gperationally c led 20 to a 25 nmicron Kapton |ayer
[0084]; figuses IBA §n§1‘b£ dqroyfetsebepraligi ‘é'ﬁ%ﬁrﬂ%ﬂuuﬁéfﬁi'ﬁg a flber reinforced

compdsite QtdhBbf the present invention. Figure 14A provides a cross sectional view
and Figure 14B provides a perspective view. Figure 14C provides a schematic diagram
illustrating first, second, third and fourth selected orientations corresponding to second,
third, fourth and fifth layers, respectively, of fiber reinforced composite stamp.

[0085] Figure 15 provides an optical image of a composite polymer layer bonded to a
PDMS layer.
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as a function of the thickness of the PDMS first
| ayer. Figure 13Cis a plot of the predicted
whooososiosal di stortion as a function of the di BEEOSI07/082633

[OOS@OmrEE% Er VR é%‘%\sﬁﬁ%r%%@@ lg‘r?z; rahESfS 5 I%Mdsr el dftgérfrgﬁ(g mask of the

preseant inventiehi ng a fi ber reinforced 25 conposite stanp of
t he present i nvention. Figure 14A provides a cross

[OOSﬂeg\;gurg A;/ éﬁ%@%ﬁ%&%ﬂéﬁ@%&é%&ﬁp@%ﬁ@ geﬁer Y gr%al p%otomask of

the pfés'eHﬂr{v%htl&g aht"FS§ureSEAP 8Rows %hrdbtﬁﬁﬂm{éqg 6%)&%8@8%@@ developed
orientations corresponding to second thir fourt
photaarasistipfatiernsge assilicopspubstiatesl y, of fiber rei nforced
conposite st anp. [0085] Figure 15 provi des an opti cal

roosirtf 8147 oFIR oo iRk dky REFp el R Sepeioo of making 2

comdo@@é@bft%o@ﬁtirﬁwl@hbfdﬁﬁéﬁe(sf tAegrosertingertioagr am of a
conposite soft photo mask of the present invention.
yre 17A shows an tical image of a

0087] .
WoaS{JoEﬂﬂﬁ’ﬁ%é apd ISk Bravide p @ﬁﬁ%ﬁ'&ﬂfa%ﬁ@%'%@rﬁ@”me”t systems
a t ge of
N R S N e e
silicon substrate. [0088] Figure 18 provides a process
[009G] bigute a2 amovidesisa isehemgtia dragtaoa ilhjstmm'gn@n a@xemplary patterning

osi te soft .conformal ho 0 th resent . :

metnSe R oo e ob 4B RGP o816 AAer n8g2g By Ral Eoprises an opical
medig®NBRRIK) ©f ebRFREBleSHittbM@sR! | gnment systens using a

patterning agent for aligning a photomask and

substrate. 10 %OOQO] Figure 20 provides a schematic ,
[009i &dGarli iBlaiSEhampHe ShRWRG RpFrass- Sﬁﬁf'@%@'n\f'ﬂ‘g ofr@tRasigrning device
(e.g. @Rofr se eozﬁﬂég tlh\%h&fb%' prlzﬂﬁétaeF con g(rgﬁrrga \fé]ﬁ]faterlal and
showphﬂahouaskeps[ m@ﬂrietﬁd»d's“for@bnesatmgsa Ip)elttatn cFEB.o2 A dlustrates the initial

cross-sectional view of atterB% devi ce

set- uBHM?%fﬁa@k@atEﬁmmﬁeafﬂﬁ@s@nge QRitert e@@nﬁrp@tﬁéfsé?q and a polymer.
FIG. 238! 8id\p8 asﬁ)rﬂéitgg]bﬁe@% &hé Yevitrd(arfowsHNB8 ﬁ’e?'éteoHénformal contact

steps in a net or generat| ng a pat'ter FIG
between iy patyesert ard iphotorabiss etithuexaedssr @atierpm egemtn@moved from the

g i ted between hot presi st _and, a
devieBo i 21C fRaFelsis SRt s BN Biofd tipabmerdoward the
photdréélépéﬁd sLBs@sRer RiG, 2311!5'flrﬁdlaﬁ‘ﬂescé?féraéfnovb?bwwl'?ﬁ]er regions of
ymer and photoresist with excess patterning agént

the pﬁ@imswat yndgfmeats antbpiatected by, the patiering taggnésemain and regions of

the rfipETSHSTRAR b AR Her) i e RUHERE, LABARHY. exposure

time ahd @hysieaPdmheriotdeon@dlytieretchiegi hOfThlé fsehematlc illustrates the
phot or esi st underneath and protecte y the patterning

embo&@@ﬁf‘t vBag thegire @@PEM@S@T de@thés ﬁ%ﬁ@r'%h%ﬁnpﬁﬁ@d&ﬂéeglons
not protected fromirradiation are etched. Intensity,

X[EpELr 9 t DR Y B15s R EObridiGyed t t
(0097 FGK: 72,24 AL £ AR rE SR BT 2R 2 erioied to generate
various patterns within a photoresist. In each of panels A, the contact surface of the
polymer is contacted to a photoresist such that recesses are filled with patterning agent.
After irradiation, the polymer is removed and the photoresist developed, leaving behind

a pattern in the photoresist (panels B).

[0093] FIG. 25 illustrates an embodiment comprising a lock and key alignment system.
FIG. 25A illustrates an embodiment for an unstressed polymer that does not align with
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enbodi nent where the entire photoresist depth is
etched in the unprotected regions. 25 [0092] FIGs.
WQ2008453054 ustrate a variety of recess patternsPCHOSIY67/082633
io ;
the o rBKE Sy PP FREI e foat e, iy Rt Mdleklidef the polymer aligns
with thé subetrateolPtGe25B%. contacted to a photoresist such
that recesses are filled with patterning agent. After

[.rr ion, the polyner is renoved. an
1009451576 25i1S7 seerdleioniag o HEoBSREHAE A f & Rptfeming device of
the pFék%nPEl@Wéé%e‘f&l |h%@?@r§tlr@ a @&d%@oﬁ@huﬁb%u%as a molded structure
| ustrates an enbodi ment” conpri si ng ke
comparsrrtgmenlno@mm FIG| @6A Hustratassar aa@@rnmg @g’eotjudrepnsﬂed onto a

an_unstressed pol yner that does, not

subsile, SHRHEE S O Theneal TRk Bon BT S RUSE eleiE e "tdleg with the
substratet Qﬂtéd&’%ltl@t%Bﬁ)éosﬂthettﬁé“ﬂéﬂtetrﬁlﬂ P4 AHTER, lobBkzed to the recess

pol yner aligns wth the substrate (FI 25B). [0094]
featupgsg Aftey lrr§d@t@6h@WQ')tm§htﬁAﬁ€\ﬁ@0\é@dcfof§§h§é@bB ﬁ@l suffagg to reveal a
relif Pati8nPh U5 GG 4IE W foRmd My esent devi ce useful

in hératin ructur such as a nol ded

structure 5 conprising a photomask FIG 26A
[0095]! IFIGt Qatrsa plopet U tramgmisgient thaeyghs blaekl vasdddype mdrcatrng the dye

rface. o/l r contajn a rel
absola ANt 3 Pevansenstaitbal HReCeSatRTIcal Grathe RbeEhotgresist
26B) so that the patterning agent is localized to the
[ooga]emszafﬁtwo?&m tbqré?fh bf r(AyikaqiDms stah® ﬂ@éﬂﬁg%n irf; (B) a PDMS
removed fromthe substrate surface to reveal
stamp fitle@ mithdnktans Qi phaloeesisirdaiiesnéd-bithe BOMS ﬁtamp(wa]we mask.
FIG 27 is a plot of UV transm ssion through bl ack

roosicBis; 9, SHREE 4 Mol fork tatin ot 1At *'8 'ShBws a siicon

netw@tkqbaltei'ﬁeétmto $qieP6d. 18 Ghor8 eISCtaocﬂéB)bf)M@SBEﬁpfpattfemed onto the
(A) .a PDMs stanp floating on ink; (B) a PDVMS stanp

squargs} | e %\WQ'ﬁb?hI@ 20hHM ) "a phot or esi st patterned by
the PDVS stanp as the mask. [0097] FIG 29A shows a

[009@' 'F'lGOE%oI&eéché’nKatﬂ%‘ﬂg a%baéﬂuft quthc%rébﬁw out a UV absorber

i con 15 net |nto squarwes.
patteeling tagedés MG. I\BDSB:Emewpaheamattmtn aafter 3. Besemdaemsumedevelop 7

secorii; HB 3062 sPoRs e  nalirsR el PERAE EBOBVSaEyFRg: 7 Seconds.
The Rt tRINBINGr&Iers00 fintas ?rﬁggﬁrh@é{tﬁ)ri %‘hdgtﬁé Erfghtaff)érﬁéls 348000 times

second exposure: develop 7 seconds C shows
magnificatioat t beRge(T exposire gisnersespihsugenergat reief feature from 144 nm

(iant AR BT AR 437 Bl Flos BAEHY Ghinel < 48000 T mes

magni fication. Longer exposure decreases the generated

[0099]e|FiIGf 3ﬂaatllusﬁ'af630phé§e4 shift lithoggadhypavitel agbatiming agent that is a
&@ ght papel of C)_[0099] FIG 31A illustrates
waterpﬁg &RV ap?@rb@@ram GPTRAHSPRRWEPAPHY ElféndiEhds the pattern

genefated wr‘ﬂ’?duﬁ g%té&rlsa’é(r abSPTHE. - 3f@rtE@°H£’@émS§@nerated with a UV

pur poses, he pattern gener at
absorbier I(]IetttpemeUWZ@rD&)qrrtg@t parneldddI08x).31C t he pattern
generated wth a W

[00100] FIG. 32 shows pattern generation of 5 um feature size over a large area by
a device and method of the present invention. The entire pattern is 2x2 cm. The scale
barin Ais 300 um and in B is 200 um.
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absorber (left panel 12000x; right panel 48000x).
[00100] FIG 32 shows pattern generation of 5 pm
WO e@s0s®s6i ze over a large area by a device apdI/nsl00v082633
f the exqn n ' ;
[0o1d¥] 'R sc??egh ??éd@ froﬁgggﬁgtrﬁ’tag@gaﬁth@é [ééé@gﬁ%épna|y3|s of UV
intenﬁﬁ/ W]aW@E&?Wth%“%%b@@ﬁdm%?@rmhg@whl I fifé&in 3IBPDMS mask
sho results fromco tion inite enent
for: Ad?%m/s@%ﬁ% erway‘?rmaéﬁgtaﬁ hmatﬁ%dé\rg@&f)&ter\r{n?%‘?ra
UV- absor bent patterning agent filled in a PDVS mask
[00109": AFIG. Wl@ﬁ%@h@%tlcbﬂéﬁract@étgr gor%pﬁglnﬁrﬁ ?Fés%lﬁrlﬁéﬁ chamber to
absorbent |ayer. [00102] 34 1s a schematic of
applyagtiigamnopressumerans thegstamgpr Mmg tocfactiteiatsonfarmal soafsst.y
uni form pressure on the stanp backing to facilitate

001G P B ot 1iEYpe Dl TRl EnG oY e SRR “wigoe (using UVO
techrﬁ@;d)rtoqu@nyt@orttm ahed yjuaantyrafl thé hiek cwamhﬁt meoéurtéf@ i Blbstrate can
ting" the surface. Substrate can

then Bﬁt&aétleﬁ’&ﬂ a8-$ @'?%‘F%M\étexgvsk%@p‘ﬁgmlét 30 ?W@Eﬁmgﬁ& patterning device)
r
or ﬂnge?espatt@{%%agn ng it aéth%@ﬁS%?’szostéﬂg?% rfeﬁﬁ ﬁéﬁug?ﬁ@hape of the
ink “dstwalpts.’of the 10 ink "droplets.” [00104] FIG 36 is a
process flow di agram surmarl zi ng one use of the

esen igyention as a omask or a nold. The
1001Qner aFIG: 61 e epfeRs 1PE JIRGETT L TBRERS WroCameliche present
mventtéﬁféé a'ﬂho‘té#%@ﬂldﬁrﬁ A t eIrt’ﬂal ?Sné‘r‘é‘t’e@h‘i&@éé's%cﬁfre%self can be a
phot osensitive materi al . 05] FIG
phOtQmiBﬁi‘imefublhlS}deSBﬂU%mtrQﬁt@in laceﬂndr@roeessjeg ot aguhotessnsgive material.
features of the 15 stanp to obtain an anplltude mask

o148, CFARSRY e TRBNAERARY, GRTHG F SBIRCR rsagss featyres of the

stam@nd Bbiesn aarbeintsifude awask GAa0G)orfg @ltm&t@qimtmmmgahge’nt provides
illustrates patterning of a top surface of a stanp
ampligyds, Megukdiont iA Fad smmrps%réecmws&w 8Rd Bjsah Pef t@fV V@W
is a side V|ewand Bis atop view [00107] FIG 39
| ust e V{0l
[001({@1\/i nng%. 38308 u t.cﬁvr%’glﬁ&gtrlﬁggg %%tgearﬁrq@i ?@ég@%ﬁ%é@w a stamp to
provigerbddiiongl ampmudemsdwlamgp papabilitye A Isav sidg view@nidt Bdea top view.
nmodul ating capability. [00108] FIG 40 schematically

100147, 054 E23r 30 REFERER AsPlndTo R AP RBRe . 1 PrEfigapngtame having
amplifude- r’rﬁ@iﬁlatidnu%bbélblﬁﬁl bhe A rRinibaldisgtor B WpsRiINg particles having

patterni ng agent i s deposited between a photoresi st
amp“ﬁiﬂﬁ @%@Ia%hercapab@ty 25 40B shows an el ectromagnetic
radi ation signal (labeled "EVMR' and indi cated by

rovvs Gl Oébg]té XSS i t : :

[0010%2]t t erni nghggent r@%ﬁagﬁgr at eté$%ﬁr§g%¥§§rr@§%rd§‘%eﬁtan useful in

subsél@lentldattetrt geesrationyadptizhl tithegraphy eI Gs t4dufpillustratesehe initial set-
structure that is ﬁ@ hotoma k on

a nol de a
up WHEIS: %é@g@r@'ﬂgége&&?& derosieh REMGRR &i @?%Prqs§ta9;5}9'l fdplymer. FIG.
40B éHvaé ﬁﬁ ttcerfaauattuBﬁ s‘@% RBRRI "EARR! a%8MindiEAtEd by arrows)
ows gener at| on of tern
through the polymer that polymerlzes the patterning agent to generate a molded
structure. FIG. 40C illustrates removal of the polymer stamp to reveal a molded
structure that is a photomask on a photosensitive layer. A second EMR signal is applied
in FIG. 40D to pattern the photosensitive layer. FIG. 40E shows generation of a pattern

on a substrate surface that after processing and development.
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30 on a substrate surface that after processing and
devel oprment. 35 WO 2008/ 055054 PCT/ US2007/ 082633
wQ 0@80SH05+1 G 41 is a process flow di agram sunPer/Ug1007082633

[001(’%Sk i ﬁtl ?%eﬁrﬂ‘%)%[egé Bon! @lgﬂ%l%u'nﬁnﬁﬁﬁﬂg rﬁﬁsk pen%ratlon wherein

bsequent generatio optic

the rr[dé@léol,:ecﬂ:lrfsubb%daeht petéinageraratiatby e@tm‘:airhtrmgraphyu ng
photoresist (PR) using a water soluble ink as W

oo1fiy or "BiG. $2)pebieatbropcasuies 3aPalienieg ehafigesst PR using
watert §80bR! AR E @V aedrisdr: (i P% HFHTS 01(t'h'e) UVrbﬁbs'o%'er' i8 placed on a layer of

channel s of the stanp blfo duri ng
positige JAsS dayer, @nidi § RI2M& slginy is erepl@@eddon o odteeiisk: (i) the ink in

cham?%g?qrj %S’s&amgfapéoé{ E]%U\} I@Bﬁ{ﬁ%é&&g@?@?%&&@ﬁp&ng the exposed
photdie§isPg&ardtds Obitern(ip. the g§6MetW the ket Fb atiparesf Bk stdmp.

pm I | ne- space DMS phase mask: (e) optical mcroscopy,

SEM (ﬁg AFM 10 i mages hot or esi st
[001113; P2 Figind3 (m SRRy M hi(bROSENanGHALAFM images of
4 pm @%{’5@36% g[ﬁ deC Alashi %%@?ﬁ’@éf 'mid} oéi#pﬁ&%g)??%%'ﬁnd (h) AFM

ot'oresis ern
imagé&¥oNs phameesrsislpawatrh madae ofordVPEIMSr peasd Nhakk 30Ut use of UV

e T e

whlcfﬁH%dEEderﬁrF‘D d4eemabk Wh%bs%odfhw ab%(}be’r@\klw)u La‘b'i'}a"

, and SEM |mage of PDV5 phase mask: OM (d),
(e) and SEM (f i mage from phase shift | | t hogr ap hy
[0011&i ng &4Ge DB sehase kmash (@mm Aridth hand éaanEMepth) and

photq\ﬁﬁ“i%%@%& ttﬁr %Ems?(% %%Eﬁorlﬁ‘s%%%Oﬁ- absorber OM

(a), AFM Wy andf SEM (d)frtn-agéfoftF"lBl\/IESh éh"eeﬁia%k Olwgd)swm (e), and SEM (f)
pattern OfrﬁshgT) and . 20 [0011[L FIG 4 6@\"

maghasin Phage A IEiosra 43 0SrATIe Y ISuRaese mAss EML0), AFM (n),

ons Sob Bt i VBP0 B OO e om0 and A

(k) infigdSopmasm THAk: isAhdsdpfteAfMoffethe pimstofgsidt(ffomi serge pattern of (g)
from phase shift |ithography using same PDVS phase

and (fhsk: OM (g), AFM (h), and SEM (i) inmge of pattern
W th use of UV absorber UVINUL3048 : OM (j) and AFM

[00113]) | "r9S, A5 FDMENPhhsd Cr’ﬁﬁ@i‘és(ﬁo/r% Mﬁdﬂtﬁnﬁlﬁdfii%nrﬁﬁ”&epth) and
pattern of (g) and (h) after photoresist lift

photdresistipgttern@vittaand-BNIhobt Bbe of ki\sabsarbet UNMUbaeas (cDM (@), AFM (b),

and SER{TIMABPGROME Btk Tk Arbblel, 56 Sl ) mage from
phasé[i\ﬂggli’fggﬂwo Wu&%s@ﬁ@PmnS RBH3ehesK:! M @XNFM'(WF %nd SEM (i)

_ left) and SEM (ri ght | mage o
image @f patjeﬁmwwmgﬁmof ﬁhﬁomb@r MU&MM E\/l Gy anw (k) image of
20””%%&)%?‘8%%8¥%p%@% @éHgH éf)(gs'lgmd@f)déf?érepho?fgre\é@t lift-off.

[00114] FIG. 46 FEM (field emission microscope) (left) and NSOM (Near Field
Scanning Optical Microscopy) results (right) of 960nm width square dot with and without
use of UV absorber Ruthenium(ll) Hexahydrate.

[00115] FIG. 47 AFM (left) and SEM (right) image of 1um, 700nm, 440nm, 300nm

square dot pattern made using the UV absorber Ruthenium(ll) Hexahydrate.
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[00116] FIG 48 is a schematic sunmary of a grey scale
pattern fabrication enbodinent of the present
w0 poosfosiosn t hat generates a nol ded structure he@T/N§2007/082633

[001 fd(]apedﬁgég%aecr oa{s%%ééﬁe}t'ons Tboqr?oﬁr]; gg\%r gﬁ%gé %em fabrication

embdamlem oshthei p@sehe igvemioas thavgererdtgsmad elidedarstructure having V-
roove that is 10 pmw de at the surface, narrow ng

shape@ gio0YeSm at the bottom [00118] FIG 50 are OM i mages
of a PDVM5S stanp. The left panel is a top view and the

[oo1f7dght FPGEUY %r@@l@l%a@b@\&o plrd%y) Sl SERRErosS- s%%t.@ﬁ% (bottom row) of

19] FIG 51 shows™a generated pattern w thout
a Si m@stea aﬂ@mrng)ﬁimgfoawes&ayﬁng 40umdepie @ndsgrovkie thal I|SeT0 um wide at

atures are ab 80 min height and 10 pm w de.
the ST’ dljarr,gl\/\@g &Q%B%aqéﬁﬁgﬂgpg} ed grey scale pattern
with ink for a devel opnment tine of 10 seconds. The

[00118]l i ef Fi@a6Orae OMVEnagebf abPBMBstMpt dHe Expamn igfa top view
about 600 nmin height and variable in wdth from
and the sight pangla lﬁQﬁﬁrﬁfV'eJNSTBms«ﬁﬁ@ebaf['@@Pmm FIG 53 shows

a generat ed pattern without ink for a devel opnent tine

001 ), 19FAS, 37008, Tt kiRt B 287 2 eudogment ume o
10 se@ends affed rgliefyfesuat ® apmab@utr800i nm in meighdrand 10 um wide.
devel opnent time of 45 seconds. The relief features

10014 51 FIG 5 3Put e Sheliaf oY Shp RubtieTD ebd i ot Bevelopment
time 8 0 BECBhGE. TRETANLERBGSSHTE ONafELBHiEAMENT IFBKIARIM of about

[00123] Referring to the draw ngs, |ike nunerals
600 rradn beigbt pndt yaeakigdn midiafiomIEHOUS arreaxitse of 8 Sowarwidg.
in nore than one drawing refers to the sanme el enent.

[001i1;]pl 3d¢'ﬂ%o§gﬁﬂaﬁf&é;@r te?étegtﬂbﬁterrqlwﬁrbgu?%g%r'éqhe&&eﬁment time of

cien expansli

45 secehds s The raligfdeatued e arerbibolt 1.2 ua acheightersd t1Dqunc nadge
in size that a material undergoes upon experiencing a
enper at u

ange t r Li near therpmal expansjon
100122J51 77 16 54 008 O2nEraleT GPL ACR R AHaTB VSO g 2 development
time SA46198coRYd. ETé hel?ef‘F@étﬁFésaI'wa\l‘é“QQfa%S% KGRt to a maximum of about 1
experiencing a change in tenperature and may be
um inehxgigbsaredivajahladn widihtiiasn abaut & nsaximun( of 9.8 oM 3vd&\O
2008/ 055054 PCT/ US2007/ 082633 wherein AL is the
change in length, a is the linear coefficient of

thermal p@E?Aﬂﬂ%% rLPpr:‘e’SCF?Pﬁ'@ﬁdeli THE INAAGTHgnd AT

is the changeé I n resent invention
[00123] Referring to the drawings, like numerals indicate like elements and the

same number appearing in more than one drawing refers to the same element. In

addition, hereinafter, the following definitions apply:

[00124] "Coefficient of thermal expansion" refers to a parameter which
characterizes the change in size that a material undergoes upon experiencing a change
in temperature.  Linear thermal expansion coefficient is a parameter which
characterizes the change in length a material undergoes upon experiencing a change in
temperature and may be expressed by the equation:

AL=al AT (1)
o
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provi des conposite, nultilayer patterning devices
wherein thermal properties and physical dinmensions of
waele@sneioss | ayers are selected to provide a PCT/US2007/082633
substantially 5 symmetrical distribution of
wheréineAf iisiteanthange trhkélh@tiﬂ eisnaedinear abefficienh of Grestir@l efpansion, L
the devi ce along a ayer al i gnnent axi s extendi ng

h the de(il ce. Pl acement accur
@n

is the éf‘@?‘g leRoth @G [ tSy ”Eﬁ %aﬁgﬁt B 0Py e %d%e%ﬁ“t invention
prow&’é‘%s ra@&.@enﬁhgh% ﬁg%@r ity ;{%@%ﬁ'}ﬁﬁ;éﬁ@r ;tﬁ&‘n‘i’él Bfogerties and
physinelt hbohensiotsdefi des@reiapdayea;s oﬁrq;esﬁeaﬂedngo patavideni ag substantially

Svm%%()?%.'sﬁﬁﬁﬁ)t PO 0f R bisiob S tousl, Sxtdnsirb BBauf he center of the

devick&#6ng bayerdlighfient akR &t@hdﬁhgrﬂﬁrou@ﬁrtﬁé@@b@él y for
generatl ng pa terns on plasticC substrates. [00126]

" Fi del Lt[}é refers to a neasure of the simlarity of a
[00138dt t er nPlecamenéacedracy” sefestbs theaabiliyuet adeatiend tepnsfer method or
r pat del ”
devich 3B BEn 8314 f oy PRLLGERLR SR 6P 5 AL 0 ot lacemen

accurtacyae%rbﬁbrmbmc&isr ém@eafmésacaipﬁdblefofmﬂrteeamn@paae&ﬁng in a select
patterni n%ﬁdew ce characterized by deviations |ess

regiop rg;@ Sestiaia oyt epatial deyigdions ey iae abspluig!y porrest grientation less
itG @l I
e BRI B OR8 iy P BBy B B qupsrtes
for a given substance. Young's nodulus may be
[00126]ovi defdidblityt refeescfr egveasyre2d thetsimiatyldl apeltem transferred to a

strai 4L X A rein E is_Yo dul us, :
subsie' 8yfHae Bpd B greracT & RalEn BRgRRY chargaSd gy refers to
smﬂérh@smk/ééﬂ aSHAtRFA atraﬁsfeﬁ'ré&ﬁ> é%ﬁ@@tré‘ﬂé%drﬁ%e@ﬁ é\rél$ef pattern on a
the area over which the force is applied. Young's
patteriit favicawparcierizag l@ygewgﬁ@r@s lessttbamd 08mangmeters.
constants via the 25 equation: E ,i(32 + 2,i) 2 + ,u
111 A .0
10013715 ' Y od iy Ahode PR e ERHI Y R Fag 8! Beice or layer
whucrexewfeeslssedherslolmtosf thé stfessestramrchunm tfonalaeguvezwlnrbsae(mce Young'’s
ca Pa = Nm?2 0128] Hig Youngsm)uus or
mOdU“l'ﬁ @?yrﬁ%BWWﬁ%d %E‘Q%W %@ s modulus (or 5 "low
nmodul us") are relative descriptors of the magnitude of
Young's nodulus in a given material, |ayer or device.
In the present invention, a H gh Young's nodulus is
| arger{ than | ow Young's nodul us, preferably about
M éol a;g r for some applications, nore
blyxabout 100 times larger for other (1)
(atm;n) cafilonsAand even nore preferably about 1000
times harger for yet other applications. In one
enbodi nent, a material 10 having a high Young's
nodul us has a Young's nodul us sel ected over the range

whergifn E is Young’'s modulus, Ly is the equilibrium length, AL is the length change
under the applied stress, F is the force applied and A is the area over which the force is
applied. Young’s modulus may also be expressed in terms of Lame constants via the
equation:

“BA + 2p)

E= ﬁ; (nn
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about 1 GPa to about 10 GPa and a material having a
| ow Young's nodul us has a Young's nodul us sel ect ed
W@V@B/Osiomrange of about 1 MPa to about 10 MPaPCT/08222982633

whergicheBh e TehE bong B8 Dxbing SThPTALER ArkbdBfegaagim untts o

forcelﬂﬁzﬁafuhit drea, uprasrbsc (PhI=URIHFRS on a substrate
surface. 15 In one aspect, conformal contact involves

a macroscopi ¢ adaptati on of one or nore contact
rfac 7 v t ,
1001C! 2 Figh Y BrERREALS, PR HRITRBARY Bo ut Pno's moduvs (o

“low msnerus ") arenfetutivel desonipeort ofmh@InvaymuaJdm afrYsaps enodulus in a given
daptati on of one or nore contagt surfacei? of ,a ,
mate%‘ M gdricer HPHB%‘H@?%@ nyetion 3 ttigh o' g B Erodulus is larger
than 'aeI6W %up%@ ARl 1%r§t9 t"’f'é)t f?t‘?ﬂé% Ié%eqsfor EB?ne applications,

term conformal cont act nt ended to consi sten
morevpreferalsly ajfout Hi0O ttmesﬁargelt foe cdiner axpplations andc&gyneaphpre preferably

oo P08 B B B P i e

havingah tIRgR1 YEurfley irid@né r?a§éb$buﬁq§ rﬁHHuIé@eselected over the range of
ternatively, conformal cont est abl i shed

aboubdt WPentooakoul 16dsBacax @dmabﬁ!ﬂaidla\mg faato@s Youpg's modulus has a

YourGBGiuS AELETR 5V, B onen B Bl ML S

patterning 25 device (including a conposite patterning

[00129]vi ce)“Condorana Wostdott efergrtd aoatactleseablishéd ekfiveen surfaces and/or
conformal contact may be established between one or

coategpsTargse WHHCH: BraYERe sishtuhder fa@upa@qggtrggtugesbgp taeﬁ%ti’ﬂ[fte surface.
In on@' a?pé:&,”EBﬁI’o?ﬁl %ﬁ%rc'ﬂ'|rﬁ\%l\9’é‘svbcﬁ13%ﬂ%c%g%u9§£6t%h§n of one or more
surflace’ coat e a material suc a transfer
contamhtserf’aadas opa temposite padeining «delvd:eptmothH ogeratl sHaggeof a substrate
osen itive nater

|, liquid, .
surtafey I P TeGA5peth ontsamiob BRRRCEbEE & TiormEFale siapiation of one
or Mtk &SheIRRsLFaB8s bEA RoRIRRY ia@eH1Hg 180icB 3o PSR surface leading

contact with the photoresist |ayer on the substrate.
to anl intiseate eortbact wishout wbidsheTpe deent confornali contact is intended to be

cons B 8 B SEY i et B P TRl oBRIY CofiEfmel gpntact may be

estabbishé@ GRSwedm ohenEr AIVPE BB Ndohtadt SUtRidREasfeatpolymer or a composite
invention, patterning devices of the present

pattemﬂ%rﬂeﬂltﬁ@ ane &:épbﬁﬂr@teofﬁu@%ieabl Aﬁﬁrrraélve%mnfmmal contact may be
estab?gﬁ‘é@%t érhor?g oﬁ%r@tbro%fjeios%ﬁtgg ﬁ)rfelcfés %Xr?mrPée contact surfaces

enbodi resen |nven i on,

havingex | tmferS&aV@éi 0é]ﬂ1/6|5 patdrrg /aQSEO%bGQI?&B%@‘éoh hef a patterning
present |nvent|on are capabl e of establlsh

dewcgdﬁmqﬁg acHPReS tepa Ffermg\ggcﬁ\ewg%)rqrgj:@ssu pp;ageoﬁg‘face Alternatively,
confo‘?ﬂ?%?%ﬁ?dl? ?’nﬁ% de8sBiofisiiet HeRVEE] It oP AdrEr B‘ér‘égor coated contact

devi ces present i nvention are capable
surfaeas aibl a sﬂattegnlngntbroranabrn:poettaqtatmrm|hgsde‘ﬂce1 and faasebstrate surface

coatehuila % pee esusty Ao es (rapalerdRalerah Py ngrdent salig ghotoresist

IayerPEﬁb@’s@h@iﬁvé%ﬁfer%@t M@%@I)ﬁrﬁ@r plyef a6Qsd, RAR] or fluid. Conformal
l'exural rigidity” is a mechanical property of a

contachtietludes thkeelastormeric aaaéhernlmgudﬂwcreauedergodng lsentgpimail topntact with
terial

the pRpicfedTEH BYeEpn; 08 Sh8yol. B SombmbpdfiaiERl g grasent invention,

patterning devices of the present invention are capable of establishing conformal

contact with flat surfaces. In some embodiments of the present invention, patterning

devices of the present invention are capable of establishing conformal contact with

contoured surfaces. In some embodiments of the present invention, patterning devices
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3 Eh D=2 121- v (1V) 10 [00131] wherein Dis
flexural rigidity, Eis Young's nodulus, his
wao biosls®ss and v is the Poisson ratio. Fl exureCT/US2007/082633
i gidi : r [ j f 110k :
of o BISAELY iFRAB SKOERE4 LT 4hhineila RFARY CRRbtin rouoh
surfates.a Inos@nel embodipiarss g thepprasaht tnyention epeatibinigg devices of the

chem ca roups, typically referred to as nononers.
presep| IR YRLIONFTE %é)ﬁa@%e %’Eésé%t_t'ém”ﬂe%orm”ﬂ?'g??”t%t Wﬁﬁee“é“ﬂ%ﬁh surfaces.
As uSB Perein PROMARY éné’érﬁgrg']s%é the BRuAPSGRErd Wé?gtiﬁa%y tﬁggylayer of, for

e organic polyners I norgani ¢ pol ymers an

examipfe, diquidhpattesningeagend ietweéeuthe surjeaxtesl | i ne or
partially crystalline states. Polynmers may conprise

nonetrs havi ng.t.he .same hem cal conpasition or .
r0019837 07T <R HhidiDF g8 B FrasB et Prositi St s, BBVice or layer
whicH: ReF8isCid) the RS iof iz0materflicdie\iGe Br EYRP kY BBIdef6iBS® Flexural rigidity

| i nked pol ymers having |inked 20 nmononer chains are

may e prouidediby Yheie¥prgssiod some appl i cations of the

present invention. Polyners useable in the nethods,

deviqfs and devi ce conmponents of the present

i nvgption include, but are not limted to, plastics,
_elastoners, thernoplastic el astoners, elastoplastics,
~ thérnmo®tats, thernoplastics and acryl ates. Exenplary

pﬁfyﬂer include, but are not linmted to, acetal

pol'ynmer’s;, bi odegradabl e polyners, cellul o¢iM pol yners,
25 fluoropol ynmers, nylons, polyacrylonitrile polyners,

| yam de-i m de pol rs,,.. poly|mdes, | yaryl at es, ,
01} Y aeiere s BT iy R Vo SemB Bt 1€ S kness ana v s
e PRRUATESH 1o RILY YRR LG RIS g prse e by unt
lengtipodudkedoNas, pol y(net hyl nethacryl at e,

pol ynet hyl pent ene, pol yphenyl ene oxi des and

| yphenyl ene, syl fides ol ypht hal am de . . .
100138} yor dRgvaieE, ity B2 inelele Corpridiid:d Phipliy of rgpeating chemica
grougss! tpHess, RerBREABSad fnontinirs: DRERFATSSrBSofN @RAracterized by high

conbi nat'i ons of these. 40 WO 2008/ 055054

moleqqay V83865 FEHEIT'S YBablsn thelpissetanventionengy e erganic polymers

or BRI ATYTEL" 8 pifHeart” st RS G Thertifl 8o Biatine. or

partigi¢r oBReling eftategnt | Rolymers agg NEsHpese®NYIstdengdng the same
substantially elastic defaormati ons. Exenplary , ,
chemigal s cQRBPSItiQR ePUIMAY ePrEPHPR s@nkluralifereli grongryers having different
: ' . , 5 Si terials. : .
cherTR oo B9 "SI o8 AUy  FOSBIREE YL g I
mondnagrechain$ @rs particudardlyaysefut dorpsorae rapplitatia®s bf tree present invention.

el astoner. Elastoneric |ayers may, al so incl ude
POy i RaHPSRtA Mo T EIRGS DeviGRSr #10 HSERE goubonents of the present
invenBbASHAUBE SosEeUhot! It IPRS]RS, elastomers, thermoplastic elastomers,
elastoplastics, thermostats, thermoplastics and acrylates. Exemplary polymers include,

D

but are not limited to, acetal polymers, biodegradable polymers, cellulosic polymers,
fluoropolymers, nylons, polyacrylonitrile polymers, polyamide-imide polymers,
polyimides, polyarylates, polybenzimidazole, polybutylene, polycarbonate, polyesters,
polyetherimide, polyethylene, polyethylene copolymers and modified polyethylenes,
polyketones, poly(methyl methacrylate, polymethylpentene, polyphenylene oxides and
polyphenylene sulfides, polyphthalamide, polypropylene, polyurethanes, styrenic resins,
sulphone based resins, vinyl-based resins or any combinations of these.
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i nvention may include, but are not Iimted to, silicon
contai ning polymers such as pol ysil oxanes including
w@oiogpsioset hyl sil oxane) (i.e PDMS and h- PDMS)PCT/US2007/082633
ly( 'S ape) LAl |l il Lt
o0t (o Ao Sl BTl by 0 cop e, syetnes o

deformddyépdjere;urn ntet ity loriginadxaapg, wﬁshd»utcsubsbmﬁla‘l lpmﬂmanent deformatlon
el astonmers, thernoplastic el astone

Elastamess i SPOMegigs &ngrgﬁﬂ gylpgpgtlallym 9@%@;, lqleformatlons Exemplary
f n 0 r
clasi AL BEHTRE InEODMERL AP SV FLARbI G SRBHRIE Sopotmers
comgoeltg(matyerleiseor mmmseofepdymememd gopbiymeradi Felastomerlc layer refers

i sobut Ien uretha chl oroprene an
to a el Gaaniand s Bs e paREer MRS ErETER B also include
dopah®Y @hd( dkrPAbhLdiddtaflericamabagisOMeE | dsféns Usaful in the present
conpri ses one or nore polymers. Polymer |ayers useful
inventiant meypineiisie, butvara inoh liraijed donpilicor eordaipindamalinens such as

oy sRBRS A ind P s Byl Yy BETEL' Bl 208, 9GS pometny

S|ona|ffé€}f Lﬂar’dléﬂlyt %ﬂ(}lllﬁtééepbly(rﬁémt Ismaxa:h@)o poIg{ance r21@thyl siloxane) and

phase polyneric [ayers and/or conposite polyneric
poly(mfa%ﬂ smetiwb S"@K@l@e)a Slltqswbmfailfl% elastemeryr thesmeplastic elastomers,

styrerl?eI Yieteriid 0ge éHI% F%gtgﬂglfyvé'&{Pﬂ%gﬁﬁgfg{ﬂ%retﬁ?‘ﬁ& asp(ﬂyurethane

pant or struc ur ron o

therrrmjnibﬁtlcoasia*storm&rsr pallyamidesy spntnemerrubbersselpslwéomjhydene pon(styrene-
resent i ven on s us ful electln

d
butacign&rsiyr y yIS%lpl.th Qgygfetggﬁgﬁeqolychloroprene and
sﬂmohéé’ers such as the Young s nodul us and the flexural
rigidity. The 25 distribution of additional materials

in conposite polynmer |ayers may be isotropic,
[0013Hr t i al'Pglymiesdayaspirefess tmerayenotancpparticulady win etastamer layer) that

f ' ' I
comey R 4 Bl ruf Ao BB TER oy Bceneificy €5 “pigSERE fvention may
compPiebYBlibdtatedllyaiifte doBfradyialer 6hg laydradnpriga®f dlmixture of a plurality
conposite polyneric l'ayers of the present invention

of ditferept inalyBaB. orPolimes IpperpmEselul )In|thec@mﬁeﬁbtlnmntmm Also include
multléﬁé%%r Spol %'Plcaﬁagé f%rfd/ ré%rﬁéogl?é ygﬁf erld I%gérs (&drhprising  a

n co nati o art as sil

commwttdncb’esnertﬂ/ mormm@smeredn@mne ot asoreaamﬂmnsnal(mate)rlal nsuch as a
ination with other structural enhancers.

d°pa%h86§FrHEWa|o@d‘i“H¥ée prlBsemoratiqqy ehSsHeR, adéilt,!%]ashf@@tqug&semto polymer
Iayerﬁ%’f' e Bre@'eﬂh ||¥\%Hﬂfén3|s”89é‘flup5forcgg§%g§§?arﬂ]%Bl g the mechanical

Young' s nodul us sel ect
propelbesmof mol@f\’wrtlayexb;)MCmas %Youﬁgerrpodwlys Iaalnghhefdlewgrat rigidity. The

distrify ot o o Sie dn EDNEDREE DM IR RIBIER L R JBRFREIC, Partially

isotr Mﬁhbﬁ"édﬂcgﬁc PserveiaYe e gePL S il Sompdsitéolymer layer includes
008/ 055054 PCT/ US2007/ 082633 pol yket ones,

thosepibiey (M@t pPer! oddlatien furstionslityitadbe elyragr layesand thereby to the

stamﬁgtﬁ%ﬁ ip%@%h%eéqlgﬁglri%{ Hggé{geéﬁg riﬂ@rﬁ ng?X\ifeﬁ‘gioﬁi EngnSr[ise one or

moreSGHAABE (i) M EdrinbTatio VAt JIDrs, bamﬁ?%sfg’id$§lﬂb@rs| &vpolymeric fibers, (ii)
Youn? s nmodul us conprises a poly havi ng a Youn
tnaug

in compination with pettisteseseeh ﬁﬁé"mﬁg@rm'ewadfori‘amélzteé pgart|C|eS and/or
(iii) n‘f"gg@tpsrilaqngyp ith %tﬁé(regﬂ?lfjﬁﬁ alléﬂﬁa\ﬁ%%ﬂ zns TRALBSIROEMEY the present

iSe e omer s
invention, a polymer Iayer having a high Young’s modulus comprises a polymer having

a Young's modulus selected over the range of about 1 GPa to about 10 GPa.
Exemplary high Young’'s modulus polymer layers may comprise polyimide, polyester,

polyetheretherketone, polyethersulphone, polyetherimide, polyethyleneapthalate,
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PDVS, h- PDMS pol ybut adi ene, pol yi sobutyl ene,
pol y(styrene-but adi ene-styrene), pol yurethanes,
w@odogokioss opr ene and silicones. In a specific PCT/US2007/082633
[ I LAY, eL -5 an I :

oo B, TEflpreffche, TR, Y FolPrdfiohlst 8% i or oiner
polynmarid impterialsalyarisg simihu theuhanidal ippbpertieast mani émbodiment of the

| ayers, with | ayer that is erational ly coupled . to
presefy IRyeriiePuatRYYRg Iqé/&rgamr‘@ha%ﬂ @Ué‘gr?omﬂdHﬁ!S ?‘Uﬁ@@%s a polymer
havintgcé"mﬁl%semdo%ﬁ%r §elbei]e% G%rethbe\larq_gle%ﬁeéboﬁﬁ 4 £ about 10 MPa.

hat coffpri ses nore than one conmponent, such as nore

Exenpiany lome Yioangis aloduhdd polyphers Byehengy essprisenglaatanagrs such as,

oo O ST e I SEPERTAR B s,
polyutéthbRES NbolGRRBIcHRENE AR SilicoRBS. aAth BBEAAA iefodiment, the polymer

properties. Conposite 15 polymer |ayers of the present .
layer jignaenelastomerclayge |layast gseetipihes pateairg Migvicat ¢asnpases a multiple

ayer§ e BlooPUPRE M s FYBRS WIRL fhrTinel 3 Snprptigibifooupted to
an achaatephavinglaesigRryoungromatliugl es or any conbi nati ons of

these, as disclosed in U S. Pat. App. No. 11/115, 954

bﬁ Rogers et al, ,egi | ed Apr. 27, 2005), . specificall
[0013 cprpo@ﬁ’tn@@SE? I rértgr?c’é‘af%fah'Hléer@8ﬁﬂ§¥i°?éhﬁta$qrﬁpﬂ$gﬁ1m°re than

one bérisht! §&n 5@%&%[ tggﬁscg]sés&ha@érié ¥ Bhay. tI'H@el%rlegent invention

present invention. e term " el ectromagn
can utitidé @bnpositegiatesning dewees cdmpligiogra plusality afggphgnercor elastomer

v BRS¢ bkl oBrioncamposte
polynﬁérﬁb%i&@ SfOthe JSHEEBN T iRV ENticHT [MR) e YEFA¥bBbRSING! HBbmbination of one

visible light, |nfraredI|]9ht, m' crowaves, radio o
or maegs polyyneawy elostonmen ieod af fikereswichTre paglees ndmeglaztomeric fiber,

pert GRLAERLACRABIYER domiShEbPR BEkRuTapigatons of hese, as
discldgednfmMiESi PatoApRl. a4d.r OMBEABed54C byaRbgétsoBt diN(fdéd Apr. 27, 2005),

enbodi nent, the patternin agent transmttance is
specifedlycinearnesateg @éé@feéeﬂ%/\f%rlﬂhe sampsdetpatierring devices that can be

' - .erning agent is selected to
usedtaé?é%’%ﬁte@{&@eé;f)@s%ﬁt %Qgh{c'i&%% or less than 0.1 % As
used herein, a material is "UV-absorbant” if it
[00136]ansniThe teres “Elentroatamnetio. faddatidn”Ukefergght B@ves af electric and
sel ect ed el ength. The patterni ent conpos; ti
magrels e08 el HseiPTaadAUG GaliHp U o e (Mebadsaek the present
inverfibn A, TR nBIOINTE to, B GBS, o-refY, Ui ight, visible light,
infraredflightt iNierowades, fddio dvaves dreaayldethhination patheseni dde patterning
ent  that | i ssol ved in ter,_ including for
agenf {30,k Bissbliefl T ptae art B anopled ielBoc SPivgiasido generate
appr@ﬁfa&@%hymissﬁtﬂ%f @I@bﬁbm%gnéﬁ@ FRASIESH. Pea® effoRifrhenttthe patterning
DMVS- 42 WO 2008/ 055054 PCT/ US2007/ 082633 patterni n.?
agenb@émﬁmﬁmp@@ﬁ@i%taﬂbuwﬁg drqesls lawe elﬂf%béw&%eﬁh@tiy?nsml tance of the
) ' 1001, r I 0
pattetfii6 BEBHTR RRAES fo bEHdth DekEan iR ting 94 Biles Shdh 0.1%. As
used derein| h enateriahiswhehabsgdarbdhntitieid transmitdiless thah atdut 0.1% of UV light

limted to a liquid prepolyner that cross-links to
at a selecied WavelengifonT & PaEardNg @gent cempasiiendian ke Gelected so as to

matcR @& PERAQRARE8BX of the'S8[dtkent Bolymer. For example, for a PDMS polymer
having a refractive index of 1.4, a higher refractive index fluid can be added to a
patterning agent that is dissolved in water, including for example glycerol, to better
match refractive indices. Refractive index matching decreases phase effects at PDMS-

42



10

15

20

25

30

5 nol d applications where a pattern is deposited onto
a substrate, rather than patterning by affecting a
w@baagssosfn a photosensitive material on or parPCDUSH07/082633
t [ n
patteﬁHlﬁq?‘ a{g{%ﬁﬂ?phb&)%%ﬁ%ﬂtwéﬁf]g{%[agﬁgteﬁékg ?hér)é%amgraas {ng, pattem feature

resolgoran Aternativeipgtret pattemrreg cergept aal beya o‘ﬁaterlal that undergoes an
el ectronp

alteratigR,éhen i gepdgét@dt'%c Ha@gn%ﬁ egftoa?h %@W?%@'V@ﬁr&?at cross-links
it \Y rn e

to forff aeéecgg l{@d@%?ﬁ&%e]}’@nlgytllﬂrggﬂtﬁgy ;%gc\ejra%battbﬂﬁ @%rﬁe'éht is useful in

mold awha@mrsnwhglge afpahberlmﬁs depesitacobniel @ substmaigneather than patterning

Iural of el ectr etlc adi at.i

oy affeging a,dipce 1§ R TpBRISTOE RGN N R PactRls SUEtate:

centineter per unit tine of a beamof el ectronagnetic
[00137di at TR tefm®katsitly afdl “PeaSicd) réleps td HERENRIrE ®f the amplitude

radi ation. [00138] "Actuator" refers to a device,
of and@@@%@“@@ﬁ@fdﬁwé’ﬁwe&r Riveabhef elgsipmagoetic MV&SOVT%FP ey amplitude
in thiégcocrﬁaﬁnt‘gfé)rrs EP}H égjf]’w%% &fogh ré)écll'aﬂgns&n?h r1=,llé‘c§lromagnet|c wave.

enplary act uat or s esEIt o RVent |

Alterm‘mmm thotergrtmtahsing amdf mﬁteﬁsnlssfbﬂfnag&emrftom@tltrieaaverage energy
used to bring a patterni ntg device jnto contact, such
flux 05@ E%@mo?fn%lﬁc%%fﬁ‘?%?t'c fdiatien oupliraliy of elgetrermagnetic radiation, for

exan-%) 138lnui gh%f ﬁspEP sﬁﬂa?é %réﬁEFne%r geF%ﬁ’coﬁrhbeof a beam of
atterning eV| 20 substrate or
electohtagreticsadiatien maiph:rahtly et girelsetnmagnetit fadliation.

Exenpl ary | ayers have phyS|caI di nensi ons and

chani,gal rppe vi.de attern' n evi ces
roo1 4B 20T R Bafrh PRtest R A Blebitel Vi cBfieoReih o2, i ieBE Bapable of
prowdi‘lﬂglaT%r@éCa?id/@rnﬁnofvlr@eah@/br 2BHtremAg saPh&BRIENExemplary actuators of
accuracy fabricated patterns can be of any size,

Y ' 7 ian , Is u
the pre&eln mwe@t ﬁﬁr&ﬁﬁﬂa@ﬁmesof we(raarr}@ ia f@rﬂf’& cﬁtheQS/\ééWC@kibat s used to

bring 9 glf]atﬁﬁ(?rg?\goge\ﬂgg(%ﬂ% éﬁ%c?ngucﬂ %:sgﬁgﬁﬁohﬁgl d%pﬁ@g n\%’/ltﬁ a substrate

surfat@yers of the present invention may be a contlnuous
or unitary body or may be a coll ection of
di.scont i nuous bodi es, such as _ a collection of relief

[0013 Y 5t ur esAYarayeiess & ahe eﬁ?%’géﬁta iGRPRASIEnPRERNINgy e yice, polymer,
subst?é’t@o&epﬁb‘t%seﬁéﬁﬂpé’%étgﬂﬁl 8f trd pP FEHIBHS  Exem Jary layers have

conposi tion. An enbodi nment of e present inven
physipaIO\dimeesmncaan@rmacgadleal qnoperrbnpsl gihign providealpattgrnafg devices

y ch onrrer layers. Layers in the . .
capabyBAS R ieal TSR g BeORralS scrares BEVIY efelnbfielty and good
pIaceh’E@trachfa"dy”eﬁﬁe fé’drﬂ!a@eciipb&é@fs &l B@rﬁ?rﬁnyaéﬁté M’GI‘u@IThg nanometer-

extends through a patterning device, such as a | ayer

sizedgranging fromketvedm atboutdenps o ﬂO%@an@ﬁﬁh@gbﬁad npigran-sized (ranging

from %@'@ﬁ@&@@@%@%égﬁﬁ%ﬁo@%ﬁ%@ Itna)\,]e%' ?ng%é eﬁ%%t Wentlon may

be a Gbr&mut)usrcﬁftﬁﬂt%ry Boliner ehy 186 taeddligtiion of dizceetinuisibodies, such as
evi ce conponent to withstand a change in tenperature

a CO”\@FU%Qf relief deafurss. clh%VQiﬁtOérth%Pr%Ser\bﬂr@/&éwpnéﬁa a¥@ agomogenous
compbgﬁloﬂhﬁfeaﬁ‘l |nﬂbm§@%288r e?@pﬁ%ﬂ{{)@i nf}iﬁtéﬁnfi’bﬁlh@ht%f the present

atures
invention provides a patterning device comprising a plurality of layers, such as polymer

layers. Layers in the present invention may be characterized in terms of their thickness
along a layer alignment axis which extends through a patterning device, such as a layer
alignment axis which is positioned orthogonal to a plane containing one or more contact

surfaces.
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5 [00141] "Substantially symetrical distribution of
the coefficients of thermal expansion about the
weeosess06f a patterning device" refers to a deR€T/ES2007/082633
[001Aﬁﬁnf' guﬁ’éhﬂ?lly VAREBIEY etdlE IFGRENEERhcRREtE NG TBlevice or device
operties of ‘one or nore |ayers conprising a
commabhertm wihstevidce ehangeeliecteethbesatiinet Withotthar &dgss oft characteristic

sybstantial |y synmetr| cal dlstrlbutlon out the
Properties.cfuchras e Rﬁg{q(@ﬁ qm%p%%r\]ﬁ gad gpgp@ ddsqugygqn of relief features of a
rellef%'a'tt% nt axis, for exanple a 10 [ ayer alignnent axis

which'is oriented per pendi cul ar to a pl ane contai ni ng

one or nore contact surfaces. In one enbodi nent, the
[0014ddef f i CPebstantdllyt Fymmaptrienbadisiribotian e of cther acedfidiersd of thermal

by a rical, distribution about ,the center of. th
expaof TGN GAE" i 4 IPAReV e, Bhicq’r BiipEn g GRHiPk! Gonfiguration
wher&iiniet reehehihrl iabdt thefmbae $eohdtags aTostie B %moltd) layers comprising a

anot her enbodi ment, the coefficients of thermal
pattegipcAevisa e seleniedsueh ithaidhpte i a substantialy synmetrical distribution

. ¢ . vi

aboug\ﬁhfe{]E%rt?tlé} a?? Ir{g%g)%;ﬁtegﬁn Hﬁane‘m'% 5|081196% gggéjrﬁé@nﬁécﬁ{gaﬂg, fo?eexample a

IayerQHI|§hmdnutab<@nwh@ﬁSstdr@nt@bpatp&%ch@OtM@]plane containing one or more
"Operationally coupled” refers to a_configuration of

contachyaacssd/ dp” 8BS | @bOQWnéh?sCQﬁﬁ'%'SH%Qf termal expansion are

charagéﬁzeerdnbﬂ% gg?ﬁ'n?@cﬁc |%F?0d?i6ﬁ5§63 | AXEQLAION of the patternlng device
rati ohal | coupl ed 'ayers or Hevr & conmponent s

with devcihtiass ffrarstan sdsohdelyt Wmmedinrd/durrtrlbmm H\esmoltr}e'rerab@()t 10%. In

yers, refers to an arrangenent wherein.a
anotheB ErBRITEFE, Mg eroices 66 Ramneansidh crariresiedzed by a
symrﬁétrlé‘zﬁlo&ﬁﬁibuhébf bk tﬁ@%ﬁ%r%@@%ﬁern%%é\hé@%ﬂh' deviations from
coupl ed layers or device conponents may be in

an absontalytsyryneticatistriaytors ldss\hag abaued¥al and/ or
external surfaces in physical contact. Alternatively,

o0t 1°, 1 OB ERY B St S ARG, Bor dovio

componientsTef @bmPfositaysitierningSdévioss of hieg V}zﬁ'eﬁerﬁthmveﬁﬁ@i nabperationally
and/ or external surfaces of two |ayers or devi
coupledrpyrierrdevige gampepeets; suerk agdir %Faﬁ@?orﬂ%stbtﬁﬂﬁnﬁli’@ fpgth polymer
oyer§ BR300 ARG K531 SorcBARBq03 508! A gico component
is traAsmdtedi tylpother Heyer omgevipe i comapdnertbe @peldatloealiy coupled layers or
contact between the actu

I
devicBiq Sréngﬁn%screw & R Bre Sch A% BhvoEnaaving Bleal Aneipr external
surfa&'é’é”lﬁe phyRITEHI NcorRBEY. at ARERELIVely 3GperitRInadly cduﬁﬁ’éd’f%yers or device

atternlng devi ces conprising one or nore polyne
comuoaye&rrmydoewedne@edgmnenetcnf rpatet eonedtingalayexs; §ueb as thin metal

rocess t, can v.e, conpl shapes. and .
Iayerge%qﬁéteqqpoh S‘Weﬁ’e&e [ t&r@l chor € a? Lﬁugfaggﬁﬁ).fit\gpr@yec{s or device
pRhehe. | Iy affasheBeahé Rt ENeNH fb‘f’e .t @5dhif
eorm P?:T/ USZOO%/ C?Sg 33 groups, tf/sgoggl ly re W %é;o asI orm pressure
acrosgghe eentact ﬁdl’f?ﬁ%ﬁsaya@@n@ﬂ%%ﬁ reesguietcontrebablpychangrer. Accordingly,

there"Ma € Fﬂénzﬂﬁé%&snop8,r¥&ebﬁ%#§§nlg?§ﬁtagp t}é?n\g/regéﬁtﬁ'%mactuator and the

e organic"p
pattenﬂhgm\ﬁceanbbtnﬁw letuatormuptheu pattesring adevigghegmain "operationally

crystalline or partially crystalline states. Polyners
COUp'ﬁHy conpri se nonomers having the sane
[00143] Patterning devices comprising one or more polymer layers are used to
generate patterns in a one-step process that can have complicated shapes and

geometry. “Polymer” refers to a molecule comprising a plurality of repeating chemical
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5 chem cal conposition or may conprise a plurality of
nmononers having different chem cal conpositions, such
W(asooalowpm yner. Cross |inked pol ymers havi ng PCTksz07/082633
ri |, O ; ;
orou BN RAERS DraP AN | lfiilrt i heracerized by igh

molecwlalabiassesl Pogymesheesaplaievhegsesent ideshtion mamb@rtagaalc polymers
of thedg{ esent invention.include, but are not

or inpgganit LQIyreers @nds e R P 0&'§t|$<,e”é'rad§9'iﬂl?€+1§ Gﬂﬁta”'”e or
a th S h S
partisfi REHARIRR <itos) DPOEIR amal EEFRASESHGRBIRRE haying the same
chemli¢ati cenposifioacet ahapotgmprise &i pldegitydaib Ineoparhensehaving  different
ceIIuIOS|c ol ynme fl uor
chemi RO 1S 3P ArsROR By a s {THER pelypees baving linked
mondP@éNbHﬁlﬁ’@%re ReIri@NAMALSEfuI RSH y&ﬂ@@ﬂ'ﬂll@éﬁ&ﬂ@d the present invention.
pol ybut yl ene, pol ycar bonate, pol yesters,

Polyr@wSyesmblemnd&e poetiedny Deviees panq elavidee sempopentamef she present

mven@@ﬂyrﬁ'ﬂg{%yﬁ% ﬁ%t oettlptf ec{1§0 %%ﬁvﬁg%hgfcé{ﬂﬁf‘semermoplastlc elastomers,

elastmbwdsemémtml ﬂ@m@@(ﬁst@@'ahﬂ%‘r?’lbﬁse Exéibie$ polymers include,
ypht hal am de, pol yBro I ene yur et hanes,

but %@W@le@'tﬁ%@ nacetak gp r@@%blﬁSOdWﬂgﬂ,-Q%Jé'm'c polymers,
quorcprIWr’H rs rger"?bty%hg%}ﬁ rﬂ’é t&ﬂ%e@??éﬁl@é}m de-imide  polymers,

yrrerl c’ nma
polyimiglest rmﬂydwldteﬂ pcﬁﬁtﬁ@’rmcﬂazoté r eolyibuntyledel tpmlynarbd)mmta polyesters,

polyeRISIET Bite RO NHEABy HANNYBNG BSRaNTPE 1§ tbmadied polyethyienes,
polyk@%@snﬁblyﬁmthﬁmé&%a% %I%@ﬂ@/ld@fﬁéh’é ﬂ)é%or:@weerrée oxides and

resen vent’i'on may conpri se, I'yners,
polyphenplesetsmlfldﬁsepobllphtwarmdet, Wr@mylgm yvaygredtrahes, styrenic resins,
copal rs.. astanmeric |layer refers a | er
sulphgBR AR rBsins. iRk res e atrls SribineBofupfitehe or s
may al so i nclude dopants and ot her non-el astoneric

[0014mWt er i aiF¥astEm@pt esfers toS&fpdlyhBrit Maarires aftiicBScan be stretched or
invention may include, but are not limted to, silicon

deforgwsk anﬂ.rﬁ@rpdpylﬁﬁepélgm& ishape Withqui subshaidial |ﬂ%ﬂn@63ﬂb deformation.
Elast8r91|e¥§ %WA%S:UIQ@)%@?) s&bst‘?n{:’r{r?l\%S @@gn? gﬁfﬁ%atlons Exemplary

elastmbse( roestelfiyl | wmthexambnt pn{/efrﬁt&irkyhayrettmybn@e | pelyregrs arobpolymers,
pheny| nethyl siloxane), silicon nodifi

ol ed
compgﬁgétr’%tgpgls Qﬂq@ﬂ%qﬁsa%ft PRlYBEES 2BF&0R0! yMgiyr e|1—Z]I,a§tomer|c layer refers
to a g‘;%{e‘?ré&h msﬁb telRhEt %Eeél'a@{o?merpmléfé’ét%ﬁif’glc Iayers Ay, also include

yur et hane™ t hernopl astic el astoners
dopastgntanelt lod:herrubbereﬂastpniqylcso’mieyalene Elastomers useful in the present

verf8h Ry FEienc Gnl s of JHESS tposTR8T SHLBDIEL popers such as
polysAbxdrits RICRRERY ponyEmiétAD SiHxXahn@) (F&PHMES aRl @P@E’IS?‘?boly(methyl

surface having a three-di nensi onal pattern of recesSed
siloxefnet meé@allyA@IKyw@ld heelg(methyt tgiloaanel), neelg(adiidl methy esitpxane) and

polyPeerbE RSN P B0t6) sl F QP55 4 Blasrg erastomers,

styre@ﬂdnat@hlérsebwfén|c(?ﬁétl‘ee|%@0 polyatefing lboBiurdtBahy tesrmeteslastRdelastomers,
the geonetry, nunber and |ocation of recess

po'VWﬁ@%r eSynthgtin rdbbers: | RAldsekrieser e Mol (slyreng butadiene-styrene),
po|yu¥€t‘h?ﬁ8§ g)d?fcml&'opréﬁjé: ndi gﬂlisoﬁegenerat ed pattern has

ure varyi ng

[00145] The elastomers of the present invention further comprise an elastomer
surface having a three-dimensional pattern of recessed features. As used herein,
"three-dimensional pattern of recessed features" refers to a surface having recess
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[00146] In the context of the present invention,
"feature" refers to a structure on, or 5 an integral
w@ao08/08054 an el astoneric surface. "Feature" alBOI/U81067/882633
Lr
featufﬁ% 5&? tﬂ?h&f&réq SOt r@éBﬁ@lﬂgh@ﬁ%ﬁe?er 2 oo%tnf\ggtﬂ r@% gometry, number

and Ioa:étlotmeasfcrede@/fetaluﬁefseam anhesspett, the redeastfoatres haud éa@eiable depth,
term feature enconpasses free-standi ng

SUChQ?%‘tl?cg%ﬁ%aEﬁﬂo% redﬂweawr%engmsd@am ace, such as

an entirely undercut free-standing structure and
[0014%]00””p%%ﬁ§céhtfeﬁtaéﬂhé dredént |ﬁvéﬁtb?19"1%latlﬁ@“F@’6Fse@> & Structure on, or
the 10 underlying surface (e.g., a nonol it
an irdegractpare, oforardueéaﬂtelmerlst swrtace.es Eﬁa’mr@ctebobpefars to the pattern

gene(ﬁ%&?rﬁ%&@%ﬁa&q guf’{gc %Fﬁg&ﬁé?giesg ' g\lf §| th% qaﬁtn rr‘mj%f features is

influePEE8 BYtthe TESte PO BictelBbohiErf S8thdeS. Dhe téraNHalGrel éri®mpasses a
the order of mcrons to about a mllineter

free-siapding sirestuse syaperted i?éfcﬁnst“ﬂ%imgﬁlﬂ(f@%ﬁﬁgﬁuﬁ gsrymepiirely undercut
free- %’[Bﬁglng éjtﬁfctt‘.?rfe Qgﬁ'oéﬁaclo rﬁasts%sag%%tu?e f[bg{ %g nte%t%f ctoﬁﬁgbted to the

as used hérel SO refrer

undeﬂylngrstmfabey(ecg atmunbluh@Sstrmmeemwmﬁe&eﬁrmm@r ccmrﬂa‘cted by an
nanostructures, _patterns of microstructures or

adhegjyetlayar & By SUsEce e dNdudingares tdaic Naaks | fo'icﬁsar?tc ). Some
featufééblﬁ’égfﬂﬁﬂtthea;%rtegéﬁtulhgeﬁ B Rficrd- %%é’tﬁ ?@n%nﬁﬁé fF(?m the order of

conponent or unctlonal evi ce. I'n a
micrdhpatbtmout@rmdgmeter) |s$ruotmels bo nlaebemzetcbsmuctat@ (rahglng from on the

capa ab radi at i or.
ordertq%zﬁan @otggquug ‘ﬁbqrﬂaeg flegﬁgﬁg%s gge@ Bgﬁeln also refers to

a pa&éﬁp%ﬁ”&ﬂ&r@ %ifgé"tﬁlctur/éspaérfoereﬂbaﬁp%ggé‘é p?a@!ér@@ of nanostructures,
Iquid, a colloid suspension, a gel or any other

patterf*@t ef rmq:roetrugthm of lrapaiternf ohoticrostuctures Bad mariestrsctures. In an

emb iRl AR obiioeR i ERRI o KBl hraRl oF g tona evice.

exanple, if the presence of the agent can generate or

[00147hancén taheadpiet dipAeteshing algesalsi aded € séfer vt anat@dal capable of
an optical signal, includi n%ﬁan opti cal signal

absorbing &%m@@ﬂqt@ Qﬁﬁl@]l(é‘bpfd: b#@gpfgq%daa@hqge or chemical change
spon! 88315 1 o SOHBL A ARG LR ARG 5 B910Y 8pensio. oo
or anyaother rmaferiaptor qalaser thyaéris ifesctonah is thetmatredssamd atevices of the

preseﬁﬁﬁv&i@gﬁ EA ﬁgtrtér%s Oggérgt% l@ﬁl(%tlgb% %é?&gﬁg&l @%nt%%a%r example,

if theTREEHn¢aCoP thélURlent yca‘hf gbﬁéra‘fétércéhhﬁﬁ@%é't% -§iffensional spatial

vary as a function osition on the substrate
distrilsutioina cef. ameopmwesmrtai cn@lng@g tan aorstmad;t signal soorfreseonding to

electrﬁﬁnﬁqnc Eﬂds %t@r{) artgtgr?% ed Cﬁgr?ftgt epo i[)nrrgt%ge or phase. "Two-

dlme@sﬂbhﬁlrﬂﬁilaq? Hwﬂmtldh"trbﬁa"rgﬂb Ppateint bEspEdt: brasertiBS oMl substrate
conductivity, photoconducting properties, or

surfage efeeitig @ Correppending patiem ek Clieraicat oF phags ehangesclo the substrate

suﬁa%iﬁﬁgﬁﬁ[}w&@ggg%ﬁd% B%@@ﬁ? °§9b92$ tgtéa(l)% cgf? a{%se fan vary as a function

of posttionf acehefsubshrate sUFface. ef Bl pattetn whtobahges thteh s@bstrate surface
surface that is capable of facilitating confornal
encoppassRs Paitenedthapgssn fyeser Mere Physiedl Prapediesfftagubstrate, such

as %rg @eQL dé %r en%eWheirﬂéﬂe%ﬂoﬁertueEhesdde Md SRl conductivity,
photoconducting propertles or electronic properties such as dielectric properties or

electrical conductivity.
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a substrate surface having a | ayer of photoresist. A
pattern on a substrate surface 5 refers to a pattern
wo@RooBesi0s es, wherein the features are recesserPCDUS2007/082633
100145, | &1 r ARl EBM0 ERRP 4SSy HELLEDInEY LR 162 RRRerial with a
nenS|ons an yS|ca properties l"ast
surfao@ttrhar|e|cra@adm/oi:mllmétntgweomfbeaaht:omtatztewtthQam oppdmdg surface, such
single-layer or nmultilayer polyper and/ or
asa%‘i’r&g Qﬁfé’? %ttbﬁﬁeS%I'é E’G‘ ﬂ%%ﬁ’fﬁbﬁéﬁ?@e@@?d%@”%w” include
Ft&talirceSRhling 'd 14187 GHPH ter Al RatERPbA Fate surf.
@ Su%ﬁc ﬁ [ r@cgoﬁ% a{rc]:g dprl nt |(ﬁgB &Oﬁghg anggto%ﬁ éa%tsygg ale surace
refergp o tee pattam o[ Oedtdegs, Mmm@lmrtmmatur@‘ arg recessednoeréel@Ef, and can

der vel engt h- eci.fi
compy BRIAFSR! SHAENT by 8 AR LRe R BRE tsh B ¥ Xapgtgs. Elastomeric
patteﬁrﬂ@%ﬁééfé@s‘lﬂ thaMpredestinvehficl ik ¢db %?@'I@Tb?e? @rRBultilayer polymeric
ther nore (positive photoresist) or 1ess (negative
and/qshetastersede ) staaisdi Boldtheandesphatomasksensefel fbbprdvariety of soft

ook i€ BB BlooC PRl 4ichu@Ba”pperl R BPiskia 3o optice

patte@iing.ne unexposed (negative photoresist) regions.
Commonl y used photoresists include those that are

sensitive to UV radiation. The photosensitive
[0014Rt eri A PBARreSiSkrFCHetey m%@r'%n%ﬁpaf%ﬁ &fidergejpg gvavelength-

specifif r ﬁ8|a‘ﬁ6ﬁrs‘érh'sﬁlv€a€ﬁém%lgl {é%@f FGt @iérﬁ(}/le‘?‘rﬁﬁé Yeaction can cause
nmechani cal materi al tosenS|t| e materials
irradiated regeorshiot bxpehtyee ngre ﬁpegtﬂ/ey rmhotprembk)cﬂrrIessal(mggative photoresist)
ona n@ter suc as a m conduct

aC|d|qmﬁlgplr§§|s is theg ,tf%pﬁ%mp FROEHI, |P£o an alkaline solution

that PRGNS 'e"t@lef“%ﬁ@ré@oseﬂn(pd%ﬁfv*e' BHb@res&t‘)eorp@ﬁé QIH@XBgsed (negative
can conprise patterning changes in a physical property

photasesiat) regiomsnduoninenly ysedgphotoresistalincletiedhese angt ane sensitive to

o AR TR SRR B4 o 1o BRI i, sucn s

electiPR @EH5I ! ineemERhRitemdl dritl/ér PelaRIcal Materidl. (Beful photosensitive
el ectricall y conducting, such as a sem conductin

matepalsyhgkde mhotqmg)gn@fs@@@ep@hmgrs qbg@tﬂ@alm h@ctj@nalﬁgaterlal such as a
semlm%fcﬁnﬁl'a%r)’aﬁ’ |§ [dcfhc, 98 NRER Sc NAUEL % cting material. I
structures |nc I'ng dray Sca S r ures, useﬂ?l

partidutar, éheephittoming damcmnpamd pataémmgschzmgﬁs msa gphysical property such
sem conductor channel in a transistor

as CcoRaustintly g dhermali iPlectpel di 6d@°@#'qt@§egh@r@\¢ feristicote.g,, EMR

absofbane °§c9éf@rﬁ1§' ement in a solar cell device. In
anot her enbodi nent, the photosensitive 30 material is
a polymer that is not el ectricall y conducting, such as
[00150]di el drtan cerpbogiimnt lthe phelosersitiveli mataril is a polymer that is
t erni phot osensi tive, . mat e I al gene

electlily SEdRG, SEn e STl furS iy Ber, ) RO embodiments,

patteﬁrﬁrﬁ?l@ﬁ mée@hoto%@hyinvésmat@ﬂul ERERite NsOMRONC0BICE steeties, including
i cations incl udi n%@transn stors. I n another

gray @@ﬂi@dﬁtrnfsmres,t urefigifor elestronic deviemapplications, suchpas gragmiconductor

Chanlléé()]alh é?raﬁq@%‘i&ﬁlllher 88ﬁ%+§‘flhbn%@n§ggg}) %gg@%tggg%ﬁ%%rl ¥aser device, or a

uctive

photd?GﬂféidSééﬁfé/n@aﬂéiﬁolart beisdeviododn dtser grabddinentgthef photosensitive
the photosensitive material generates structures
mategialds @ p@lasmerﬁféatn*a|nqtfﬂ%r&?élmcompat%. gich a5 adiRleelpigirolymer. In

these @¥h550iARAL, CBLitGMAfhg of the photosensitive material generates dielectric
structures, including gray scale structures, useful as insulators in electronic device
applications including transistors. In another embodiment, the photosensitive material is
a polymer that is thermally conducting, such as a thermally conductive polymer. In

47



10

15

20

25

30

[00151] "Placenent accuracy" refers to the ability of
a pattern transfer nethod or device to generate a
W@ 108053054 n a sel ect ed region of a substrate. PCDUS2007/082633
I c ry
theseIO ?f?ﬁ@ﬂgp Sge%% g%E) aﬁ% Pﬁ?fﬁgelﬁﬁ{ g@géfagég% d@éﬂe‘?ﬁt%s structures

usefmfaubenmatmamgémenmastrateg ige\in atdatrosid devicd bppllcatlons
absolutely correct orientation less than or equal to

o0 P S IR AT tr s o
dewc@et%sg'éﬁer%fe tahﬁaﬁzer‘ﬁ' In2gi ééfe&fedareﬁﬁ)tﬁ Bf B SGBIEE! r€Sbdd placement”

sUbstrate surface and a reliéef pattern on a
accur@aytrefefsrtg methass. amcﬁe\ﬁqe@ed:anqble aff egenerating) patterning in a select

regioé :SJE‘ISZ:} ?@k‘es&'rai% r\qliggaztn}%%gepgltpﬁéf rorggt %Taﬁsgﬁ?ec{y ofrect orientation less
than BR&4 &6 BImRLhs & awmegy Rrigeadraiingdsatieths OADIASRSsubstrates.
than 100 nanoneters 153] In the foll ow ng

descrlptlon nunmerous specific details of the device
[0013%dvi ce c'Qﬁané@f?és tha rne@wssofdhet%"@wgrﬁ peﬁeréhf{ralaﬁferred to a
subst?ét‘e Qﬁ#qdceoéﬁ&‘ d ?%Iferf ttetrt‘? orP'éoﬁ!étgéarn%gt ﬁé’vﬁé’ghG?od fide|i fy refers to
pl an nat'ure o nvent 1 on.
S|m|Ia/mt|Ieb Hedwéén @mmtesmttrarisfemeacem atsabsinatzeswofacekanid airaligfipattern on a
art that t nve on can .be practic w t hout these
pattedjjig P e SBREqIe Z4cion 88) BiRES [os ihan 100 ApPBLPme
whi ch have been enpl oyed herein are used as terns of
[00153:'!35Crl M itAB RNGwiHY o‘efschﬂ)tmrf ahiiRBrolddpbEIfE Cdétdile of the devices,
iNntention in the use of such terns and expressions of
devicexedmgpbnentangnequeihedenots the preseriteiaventien shevsetafosth2m order to

provide o DALl RBahe PRl oM recitcnprd or, FECFfEn. 1wt be

appafeiRPeowévdrn® tHoserdtiskil il tak redihat ks inviehtish @dhbedgracticed without
understood that although the present invention has

theseperacifigeelpiis.cal | y di scl osed by preferred embodi ments,
exenpl ary enbodi nents and opt| onal features

di fi [ | DA
[0015(;2ﬁscl og@g t@ﬂné‘%ﬂd ‘(r)é;’%éé E:H}%}]ose S Hedét?'ﬁlg are used as
termsaof deam:bttdmaand;mh 025|rrmadi|oﬁl eadltbelse mdowamenabm omgharuse of such

termsd?apr]s q&%rpgej,ssﬁc?{bsbgg\g@t Q@lntgrgpige @ngeg%g ggtlu?ens sshown and

descr‘?chbOQlL PEMibfs @ﬁé}’ébﬂ et kas ebEodHifed ﬁ?‘e@”ﬁh@és ?rfodl'ﬁ&ftkbhs are possible

nbodi nents of e present 1nvention and it
wnthlramﬁasme Db th;ewmvegkom lataimied!. {Thersaittshotibe behmqaret@edtthat although
i nvent i.on e carried ou e nunber  of
the yR¥E: ioRoTRn fas Rebh cerstiicaly. 88cBistn N, BETRERd cambodiments,
exemPl&s effodirpents iandt Betionals esdturds, dereifidatibAnandetdestion of the
and devi ces useful for the present nmethods can include

conceptp degein diselpsed ma;bpmrge@tedj&,byéh@spe;ﬁ@ﬂe@ i e art, and that such
mOd'ﬁ%ﬂg%HdZ}’é%!?igl A% ccﬂ%%erﬁg?qﬁge;ﬁ}it%%fewes%@dﬁe Bf this invention as

defined beofthel dppendanneghismsanthel spadific, embodinnts sprouviledaserein are
rolled printers and fl exographic printers, handle
examples,ghyzefuk emepdimente of Alke LS SENG g \estign.and it will be apparent to one

skille& ﬁ’tﬁ@%ﬂot%/apﬁ?eﬁﬁ?esg%lt ‘?rﬁ’(fe'?\'{lén rﬁé){ Br éé“rﬂ@&tou?lﬁﬂﬂ% Srarrge number of

as quarter an wave pl ates, optica
variatarchof #se Eeviees) dampetncghpcpnwﬂs cmediﬁdde‘ slepsr setafodhl ionthe present
descrppa{lon Me?rfmédsf andecIewcespltJee%, fo r{Re present methods can include a large
number of optional device elements and components including, additional polymer
layers, glass layers, ceramic layers, metal layers, microfluidic channels and elements,
actuators such as rolled printers and flexographic printers, handle elements, fiber optic
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collimation elenments, collimating |ens, reflectors,
diffraction gratings, focusing elenents such as
wo omassiogs | ens and reflectors, reflectors, pol€T/E82087/082633
e a
eIemer'rtQ Blre’fﬁhpgnt‘:@eme@?sg %a%ghé@?i%%bggﬁrab\}eﬁ@ﬁ%s Bgflfal filters such

as FBoemam Hegytal pmsrwmﬁafmmrsmndtaiwqmssceatoff[mﬁélr5,5bpﬂd:dll amplifiers,
i cati are here

references cited in t ,
co"lmaﬁ@ar%em&nés qq?r'mrrm enénf&[%'éf(?résd jagt @Pegr@ﬁeag,hf&cé?'ﬂg elements
t t r n n
such ¢ IQRsTd fils P8 reffaglor fetors] TRITZS{E iodk bt Rpyplers and
transonitéeref temnpnaturg cotiollersy temeeeature bansars, mstaldoloiand optlcal sources
evi c ice elenents, materials, procedures and

dev
and staﬂgggﬁ%ﬂépuf% those specifically described

herein can be applied to the practice of the invention
[00155] Dbr aadtefedinget osied Retgs napplichoon dreseérdeblyOinddbéRated in their
experimentation. Al art-known functional equivalents
entiregiesny HetRyenerR \Nere, taidhe cextente rait Wieynatee Nohlinconsistent with the
- -t echni qu [ f; L bed .
d|sclq$gj9§?ﬂll‘@r§23 rl]?%trl]c e.drl‘t?\gﬁilbtgec‘gﬁ)@%ﬁ%ﬁé{éé@%gﬂ?ﬁqﬁé@l ill in the art that
methody, edévioss, diddelentémts, inmtenals o praveaiurese sindetebbdigiues other than
devi ces and devi ce conmponents for fabricating
thosepa@@emi,lyo%esqr@efdr hereirns Gan R sprigwt o dae ri%i??téqehgf the invention as
broad?f%ébl%b@@ ﬂér[‘“e'irPS\M%rﬁﬂJt Fééo%tt&rﬁﬁd@é‘déﬁgnﬂ?érﬁéﬁ&?d All art-known
ructures he present 1nvention provides conposit
functipaateqmwalgntiaeoﬁ meﬁ)octsudbvmessdel\rmelememis avadierials, procedures and
omask bi t. enhanced ther 20 stability and
techrf e SRREER Dy AsRPHSd IRTeg par PIRIed & it Sicoietiged by this
invenfiBhhods, devices and device conponents of the present
i nvention are capabl e of generating high resol ution
atterns exhibiting good fidelity and excel |l ent
[001%]acerré'ﬁts avanti@oy prqvitess methpgsir Qey_lAeSsa@d siqvecreatqomponents for

fabnc%lﬂﬁ%j‘”eﬁ%lt@;]ragg @Isscué)%gl{:a'teo grlrfg\r‘ég ﬁcrp ﬁe/%ﬁ{g?t% ecr%nprlsmr% microsized

structun®s reidydre haheyiges . stilistureds I'IfHeJSisire@érﬁdaneﬁtD@rﬁslrirGV|des composite
patternjng device 100 conprises a first polyner

pattefiog RSVIcRE, U8 AS RINGS MR, Ao PR RESEY GHA Tibeyivced thermal
stabllktglé% reggté?ﬁ\é' t?%éﬁlng .H&UJ&JB&@HW%H%S Thé ﬁfetho?s, devices and
pol ynmer 1 a reli'e

ayer npri ses ree-di nensi on
devrcpatdmpamdrﬁ§ didine nesentpihuentiort greocapebleed! dersdratieg higiB resolution

separ pl urali recessed ions 134.
pattefy ey b oy ghed BahandidnHlehtHEERepl BFaiTey. of
cont act surfaces 130 positioned opposite to an 30

[00157’]t er ngigure fRGE alsdhenTdiR SH&FIRBLa IcRYRNEAQBNANGleWABS a composite
nmbodi nents wherein contact surfaces 130 occu

pattecwmmd\emeref shel eresedi rivvantionh €oaipfisingnttweot p@Bmercésyers The

iustryiid BB PRI EeiRRg B0 Ffor R L st BplGy o 7110 having o

low YauhGaCodbis drid biecor bl QI“ 8090 ihaviigd negHl Xouh§'® modulus.
internal 49 WD 2008/ 055054 PCT/ US2007/ 082633 surface

First potyraer ﬂa}fesﬂb%lwﬂﬂeéyér thIQ@'ql@eB%@ﬂ@i selied paftern 125 havrng a
purafiQRlohiédhyBBL PSP boaiLa sy 44Bly HERERSARITERS 134, Fis
polynugrdapén vhhklsp has a plurality of contact surfaces 130 positioned opposite to an
internal surface 135. The present invention includes embodiments wherein contact
surfaces 130 occupy a common plane and embodiments wherein contact surfaces 130
occupy more than one plane. Second polymer layer 120 has an internal surface 140

and an external surface 150. In the embodiment shown in Figure 1A, the internal
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connected to actuator 155 which is capable of
directing a force (schematically shown as arrows 156)
wonis/08506€er nal surface 150. 5 [00158] Fi rst poPgNER2007/082633
surfa{:é;wgg r@%ﬁs&?&@rﬁ 'ﬁ?gg\; ’lr)]‘% }é"ﬁc%srl écg"}’egc{( 'Q:lt%% o%mﬁ%n@é’rﬁﬁ' §ace 140 of
secor?awrpfcﬂ}meti?b@yérome t @mmatly edecaid qilyrniet Yayer ¢20t|acbperat|onally

conné&ryggg ef%@%%tgrnasggg@&?‘ggl B y,qu.ngio gl m?%%@ cgjlpés(gg{t )géwp%ta:ally shown as
arrom)é'ﬁ'}]@%%%en%ﬂréﬂr%%ebﬁdﬂ’een the po' ymers —comprising
layer. Alternatively, first polyner |ayer 110 and

second pol yrmer layer 10 120 may be coupl ed by
[00158]t r actFureépohymﬁ’rr’raywclﬂ G and cae@esd tli?@tlylﬂeemlagabﬁmapay be coupled in

such Van der, \Wal s Ql e- d ol e ce
any fiAAPeEcallaifa Fqrolen P oy exidieC B 10 py Be transmitted
eﬁectf\m;ato eOhteEEuayes 1340 |ﬁred<eﬁﬁﬂmderﬁnbmmnté arer pdl?ﬂler layer 110
be coupled by an external |ayer allgnnent Sys

and Sﬁﬁi@ﬁdd@ﬁﬂahiﬂyﬁg 1ZPeﬁs’ﬁéiﬂUﬁdeawa/QﬂvatﬁﬂtthQﬁ‘Q'%E@@W@n the polymers
com;ﬁls ?Leéj&i Yayg?‘ fi%: ﬁétl cou%+ g%gﬁégfeglﬁgbd%ﬁ(zggegnd Ipolymer layer

120 meprmwugleuawestra(mma mtmmmlecrmlﬁ forecdshbetwgemh easghtlayer, such as
netal |ayers, positioned between internal surface 135
Van dgp Wﬁ?@r fosres u pglesdipgle feregp) inygragery ibpgdingpgngnkendon forces.

Alterh¥e yénélé}b;ﬁﬂgn %g/'ég 1R9' é{rﬁﬁséeé&ﬁ@oﬂfﬁ%r‘{é)z%rs‘iid’r&ly be coupled by

cova [or attractive i nternol ecul a
an extennatkkyies ahgrﬂﬁenir sctéror sschmas a:tamhplogt fasutennbgsaadéaf bodting systems.

AteriyElyn st BN aVend Tazend Sraond aghsosTler d2D ey be coupled

usingedh& eF Mre B clihg RIS Ynét SHAWPH FRe 1fA9r §G§n %BﬂhineﬁHetal layers,
to external surface 150 to contact surfaces

positipoed 3gjtweant interaale ayiface 135baad nﬂtﬂrn@Jh@mﬁacmnguC@upllng of first

polyﬁél% I@R/EF gggnéo%qs 8%8&29 |p§>Yo grgiq%snﬁéﬁt éxﬁgor{%sovalent bonding and/or

attrad¥®8i ihiepftbcutdrt fopgss Rl pﬁ@e@e@'f@n%mécé%{ﬂic@ﬂoﬁé)'bb@éuse is provides
surfaces 130 of first polyner er 110 are 25

good sgiesbarigat 6'9&'WVtQjéehﬁ§CfﬂﬂWr@§l 1§ O@'éql teegsssd areas 134, and also
provi@&d Bﬁ re@l’e@ﬁv@&%a%% &f%ﬁhmlsﬁlbuﬂ ff&% %Ca?) 10188 to %&té?hglrburface 150

resolution patterns o POSIzed nanosi
to costactistirfgicss 180.ch exhi bit reduced patter n di st ort| ons.
In addition, the Young' s nodul ui and/or thicknesses of

rst ner Ia er 11 nd second pol
1001361, 45 bt BerBlATy FOORRBNR TSy T KidPal fhoringr composition,
Younggee nfSHUIGS rﬁrﬂﬂoﬂ@%bf@ﬁe%@ h GOdYRY C I@nnﬁ)érﬂtnhklsmglt?dposmoned

di ng systens. an exernpl ar enbodi ment
orthogohginter al phaee mn:tmdamonte@ surfoonRs 1%@@1‘ firalv potynzer layer 110 are

selec%qdofﬂ [Pq%)zus’qegrhgg [tﬁllaglbéra grgtlera?] c&fggﬂ':@n dﬁy 169(1@%5?%"8\% fabrication
of high Ge8d’ition h@attéih§kéf‘3ﬁrﬁcr@f5|zfedréhd/@@'dﬁl‘fb’sde@ygfruétl@emlch exhibit
alternatively be defined in ternms of the shortest

reducgidspatirie distoriens. cloradaitions jhe yoswgssmodatyi iand&rihicknesses of first

f ; i
pobr 3450521 16 B8RSR BB e 138 il Bl b0 sBRgted o provice casy
integf2@dh WH206 12687 devidey 100 ihtdyesmiebciabpmritirgeand molding systems.
pol yi m de | ayer havi n? a thickness along the | ayer
In an exemplary embodiment, first polymer layer 110 comprises a PDMS layer having a
thickness along the layer alignment axis 160 selected from the range of about 5 microns
to about 10 microns. The thickness of first polymer layer 110 may alternatively be
defined in terms of the shortest distance between contact surfaces 130 and internal
surface 140 of second polymer layer 120. In an exemplary embodiment, second
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alignment axis equal to about 25 mcrons. The
t hi ckness of second pol yner |ayer 120 may
w@bdostsasi vel y be defined in ternms of the shorP@&pUS2007/082633
i . e i ) e 1
polyrfiy ESRE 1 oBRRRishaCe OGS ot pALRe 4 1oRMisgs along the layer
alignhenflékis equal abrboat 25 paict@rsis Thenpickisésyobsecand polymer layer 120

structures, the conposite atterni ng device 100 and ,
may §h?$rl?é'ée'18§eo¢ef§1§’gs 43 é%rénsl@g tﬁ?eSWEﬁ%& 'St?H_P%]Q%W?SEtthe internal
surfac‘é\éﬁlfao PREKBEEurfRES 150 BPL¥c E;@%e‘?%;%?'ﬁ%‘?'o?g

confornal contact et ween at ea a port 1 on
contact surfaces 130 and substrate surface 185. .
[0016&&]nf or el fabsicatec patietnseeemprising orgiof duere shvctiees, the composite

achi eved b pplj cati on n. externab.force . :
patte (s B 10 S A 8y ouStEle Jan Fadouspiinte contact with
each & préferdbly 868tatbBstablighingRBATorRY cBtaRabERVEEMSEL least a portion
device 100 into contact with substrate 180

of coplackeHEBceRI0 ane Bxesiratalsuriaeeclgss c homfamaticoptact between these
surfal G EEIE Sehig e, BY B BP0t s OB R s hymplically represented

by arcows #56) gwtblextéraapstrfasen 5@ irde marnetGhoving paptertsrgdevice 100 into

i nvention al so_includes enbodi nents wherei n confor mal
contach mitacgubsiraga; 180 | sHemabiyely. apaxtorael inrcedsehpmaatically represented

by arl Bl 190} 216 ARl & Qlosols BB 2 BB i Sudcfare 180 into

contast heitht itlee spatiémnga devics $@Qt | ohfad presentf inaaotidrer also  includes

C osite patterning device of the present ipventio
embogbIERR Vg1 GROERheNteE BRI ShER YA SoBINalgn Of these forces
(156 BRUNDDY ah@¥etions ST seBSatd 180 had phttBmihd BeGiREPRD. L €

patterning device 200 conprises a discontinuous first

£ol ymer_layer 210 having a | ow Young's nodul us 20
[0016}er at iFigiae| §BcisSnAesER@Matc skewiRy pbloass Segyienalizgw of another

o85S S B, Pl Sy BB e st

comprisireetwb pelysiaralerst eAs ehopat ineFig. 2B5 tis® wphipdsite patterning device
plurality of discrete relief features 233 separated by
200 @mr@nliﬁSaﬁiQI$WIHH@H%§§%&9|ME6H@%%.O A3vigg AMPW nYoung's modulus

operdgiéﬂt‘e\ﬁ cbn e%t@gtstﬁgé nﬁeﬂ)&zrfneF Tﬂfér”ﬁ’b ﬂﬁ\%ngﬁ hiYt Young's modulus.

ntact eac ut ‘are each operationally ~coup
In thi$ entboelireechwscpotiyueus firsy polyterizfer 21fccomprises athrek dimensional

I e R T e
pIuraF('ijtg%f PEGSRBY refiopRi23aN As sREWRTH Figlre BEL %‘i’e?c@ete't Fﬁlief felatures 233 do

creases the“extent of the m snmatch between er na
not cenigehenom opherpeuttarescash operatibnalyt ceunled de dingl spodydnpolymer layer
|l ayers 210 and 120, and_al so decreases the net.a t .
120.  WEBoHon O o' it FOVeBr Byomcprivaene 1Bl Hisgrete relief
featufe®Rtd 66mPBosd BaftérnintpyéNeeohingbredeningéhticH BNerfficial because
t hermal expansion, such as PDMS. [00162] Figure 1Cis

it decfeasefetha Fytesh@lithg raiseraiels bosreer Hagrmal cxpensignoptagerties of the

rrt GRTRRHIE BRSPS 2RV 651 R0t DR BIES SBAREETHE bt amount o
matepall e fidy potymdhryet 1249t matiet neaymeosiprise paintateriaingaving a high

device 300 51 WD 2008/ 055054 PCT/ US2007/ 082633

coefficignt RE therBiph exRATI9Mi SUeh R FRMS | ayer 310 having an
i nternal surface 315 and an external

[00162] Figure 1C is a schematic showing a cross sectional view of another
composite patterning device of the present invention exhibiting high thermal stability
comprising three polymer layers. The illustrated composite patterning device 300
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surface 320. In the enbodinent illustrated in Figure
1C, the internal surface 315 of third polyner |ayer
W@2@8i0ss05.1 contact with the external surface 1BOI/U52007/082633

furthq?a ! é?% lMﬁ’E ﬁ%{ &rz y0 %up byergéli%lfr% oﬁi’gﬂ;’iﬁd an external

surfagé BQD. 9n Ithse eam@Uimem‘ulltak;traeﬁ lim & @Jré diG; ¢hd steeahtudate 815 of third
shown aa rrows 156 _ont % ext er n ur f ?20.
polymesoaga] SilH i¢ fe c@ Vit es%t\ﬁfﬁ agsr% 0, e segnd polymer layer

t ﬁ&ﬁﬁ S I 0560 i
120. @Pgnmslﬁt trﬁ@?g %gfg?”é}%gﬁ%%é&ﬂb%ﬁ%%%@@%@{&ﬂgk 185 which
is caphblek néshre8dng cf fofder scheohativally | shosvn Bs0aebwsg166) @nto external
Lgpent axis 160, preferably within 10% for sone 10
Surfaﬁ%lp’!gﬁcati ons. In this embodi nent, selection of third
pol ynmer |ayer 310 and first polynmer |ayer 110 havi ng

[00163]€ Sale iy embBdinént(shdivn 1 Figure 18%he BREKHessedB0Sothird polymer
t her mal expansi on, such as both |ayers conprisin

layer Bi0=nlpag éayer %‘QBWQﬂ‘é@Xﬁdsmisgﬁp@rﬁémmysﬂ‘%tﬁ' Ite thye gﬁgkness 340 of

first 602}?1{13? AVEF 148 ﬁ@r&%?ﬂb dri\ @Bﬂ{ér{t ; xi?’s '186’” fer2b| mf{bﬁﬂﬂe%% for some

rature an e

appllwt@nsdela thisserhbbdiniera) kMestycmTef thlrtdaﬂ)olglrr@tﬂa)iwmwlamﬂ first polymer
the coeffjcients of 15 thernal %1§an3| on_about the

layer d4dQihaving K¢ tahe erisimeried- withi )@)§o§|§f¢g|e@tfs of thermal expansion,
such %‘ Bthnlarl)‘/g(r:sa%ﬁip?Elr‘@gﬁ’D‘”l\h@]Q rfgrﬁﬂﬁhafﬁe??%ﬁ%tablhty and

Strdbut i on of coe |C|e
reS|stehee rtalpaquarmstorthmsamddeed btyrcrm‘lgesamtemp@fratupqaosﬁargcularly, this

arrangREcgy (HRYOBE €1 SUTRANRYY BBRTTTCHaRRIEjonCRh ) apeficients of

therrr?eﬂ%xp‘éﬁ@?brne%d)@tnth%f céftet gindRaite &y é@ﬁterrlﬂe' §f<ls 350) of patterning
features 133 and contact surfaces "130. 64]

devicpi 36 @lomg tayes aélgﬁmwﬁaxlsd%OWSYQWHGEEICBE@SB‘MIDO wilthe coefficients

of it Pandhaidt oES fof SiaTa lof B ROl ek iRl @ change in

temp@@lhﬁr%f Wwhidaframmizesnhe g toftytraiehiigEbbWRG, ®DCRINY, @xpansion and
curing during fabrication. The illustrated corr_rfp05| te
P

compsessien Af rRiicfpetterd 1R religfifaeiures iP? ifsd Lontkant sHrfpees 0.
| ayer 410 having an internal surface 415 and an
tern r 4 odl : ;
1001641} 85 ¢ Fig B8 135 e Sthery M SpRIRCS RSy seeonal vigy of g four layer
commemetﬂ)atmhmedemapeof 41 presemt mhaora emlblhng hgood resistance to
exte surface of thlrd 1 L
patte B HAIAIPNS 1quser 1o PONERETZZBR Joer iCE S ehiiocibricgtion. The
|IIustr§EEE)n§6rtn§98|tté’P§%Hﬁﬁ elre 440 GiHHet G fbfurth poIXmg)r layer 410

di rect INng a rorce schemat | ca Iy snown as arr ows
havingnao isiereahalrface f4dde angoan| exiess] surfadee4aﬁbom rte@t embodiment,

iIIustr%Eq%nHEﬁiau%glﬁ;&@rl in%@%np?etgf?gciqcéﬁgﬁ Eﬂ%ﬁf%&%&}#@g yer f,ée is in contact
with thé SRhaKs kRl 3’2@6f1ﬂ\1||rdt;§bl§'|h@r fdyef ‘8'19350@(1%39{/ foﬁrthéaowmer layer
ymer layer 110 al ong | ayer alignment axis

410 'ﬁr@@@ﬁh@m@l @W&th@%fmtugf@ﬁé%awbmma p@mbleayfddirq?@mg a force
(schemétf:clén nzﬁﬁoﬁﬁ%soérié\géj%agm o/CHibr a‘?%ﬁr':fac‘:1 gl ong |ayer
VA

roXI e to t he
th| ckness 440 of second poI ymer layer 120 along 52 WO
[00165]08/ 0u5 €rietePGHAlRRAU0sHAN R B3BiIgLesy ¢D, e trickeressa@30sof third polymer

Iayerl],":,:]Bsalgﬁg flae;earbe!h)énvrxetntt”ar;lslg é/(g L%Sr%%%‘é@' éé:uaatl Itg rt]r?e trlnckness 340 of
first polymer layer 110 along layer alignment axis 160, preferably within 10% for some
applications, and the thickness 430 of fourth polymer layer 410 along layer alignment
axis 160 is approximately equal to the thickness 440 of second polymer layer 120 along
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enbodi nent, selection of third polymer |ayer 310 and
first polynmer layer 110 having the sane coefficients
weooshssosal expansi on and Young's nmodul us, SuchCEHESIOT/I82633
I inng
oyer| S en o | OISR BRAE NG 10 561 SERlicatons.  n s
embomﬂeha\slerm:tubhe)fsam pobyeférilayen3+0 ahdtfinstrpaEymek 8/es i1d0 having the

sameggg?go“n loé)riggglngs%ws%égn ?%Idbg ha\ls;%goi’c{ orrprql!%l gg both layers
IO
comp?@mgem%“aﬁ/eg ArffSel 6P BirtAHaN] ?* I%?/ELQ@O%’&G/s‘ércond polymer

curing rlcatlon Parti
Iayera‘rZ{hhgemgntheTsamel zeefﬁcueetsemf dine rnad| smaaﬂsm agd Young s modulus,

bow n buckl nsi.qn, and comp
such gl 1pvB5S CapTsi Aoy AT 1aes H9URiar phgood resiStane to pattern
dlstorﬂ"igh¥ Rk éatbyopol@Rrérieatiod @neltsri difingl &%@]’abﬂéﬁlfl@ﬁ eP&iicularly, this
pol ymer |ayérs including first, second rd and
arrangement Miizesi e texdenl @§esifetchmgntbowngra@usblmgesgxpanswn and

comeiRdiian OF i bae Rl e TRRR soR RS sPRefes HPGREHNG R fefzation andior

cumngetmeen | ayers. Alternatively, surfaces of polyner
ayers in the present invention nmay possess specific

relief patterns, 15 such as alignnent channel s and/or
[001(@]00Ve urfaees @f pp[y,m%IgwrgI |ﬂ§lugmpfg§t ﬁp@ﬂmfd and fourth layers in

the p%ﬁ%&tl%ﬁwgfﬁggggﬁ %ygécﬂfl@ %I?:%?%rrﬁ,‘%uﬁﬂ RChf; 6{ﬁ%nt channels

as a print evice or co

and/quhgroolves hosgfapliyr pmyadiag L[sroparv ahgnmenplbk—:'tme&raﬂewe(rs.. eAlternatively,
i channel s arwl/ or oves.. Alternative

nat | v g .
surfades PhEGy™er TS A Mivetian e Baress asiTicoiief patterns,
such "@é’ MERERPE GRARkeld %nﬂfﬂr' ?fod?/@%t RisBful T%H%To@%mg proper alignment
al i gnirent channel s 20 andror grooves, useful
betwgﬁrb\a gomposite peatteaningndeyice md/v@@naatuemrpsmh @s a printing device,

m0|dI§§ ?vﬁsnggrgori/ti?&e p?@ﬂql?fﬁ(ggsrtabﬁ ﬂé#érag r{)ér Hgggcl%‘ql@gnentary (i.e.

matlr@;z SHdrinels anddsT §icdsby Altapeatirely, 0§ur¢>é<§ésn@f Yooirhet layers in the

e art, use of such "lock and keé al i gnnent
9

presens dR¥PN RS MAh RARSESS, SQ?@'BQe@hﬁfn@a Eftselﬁéicﬁr asvaignment channels
enacf B8, 508y 8B 8P RO/ BABA paterng

dewcar eadnubstratat smface[@&llﬁﬁ MMMerﬂaryof(lehenatlng) channels and/or
onposi tjon, physi di mensi ons and mechani cal

grooygiso s ke @ndsbﬂtmpy@a@@ﬁ@nm ERRABES I HIE @it riseyof such “lock

Vi t
ond K4 s e B SRR cnEFNER! e aptr bl ASSR b now i e
art ofpmumrofabglpatmrh dandy mapt eadilyanel integraied sntoathedbvattamsingndevices of the
structures/patterns to be fabricated. In this
pres%lrgv&% “the conposite patterning device
speci fi catl ons of the present invention may be

[00167g92ar d&xdigdtioneldtc tiad! ¥oragbsisbAL! ghylstial adPREAdi6ns aand mechanical
functional task or pattern/structure dinensions to be

propeftie® 9 IRciteer [ayers éx £epinesite F@@ﬁﬁm@Qeﬁde\ﬂ@@S of Ahegpresent invention
deperq&é”lﬁﬁe@dorip?e nﬁﬁ?@aﬁ%&;r{gﬁéﬁﬁe 8& lélm I8yecPH1.ggéﬂlgt|ng, molding

nanos ograp
etc.) amy thenphysical alimgingRingnef the étru&hrw;battahsltayt@é falovdatgd. In this

sensgéhglégggg;téglgggn?ndg Bé\?l%%%%ﬂf%%l(% %19%% (;))?essoesnétr invention may be
regarded as selectably adjustable for a particular functional task or pattern/structure
dimensions to be accomplished. For example, a two layer patterning device of the
present invention useful for printing nanosized structures via soft lithographic methods
may comprise an elastomeric first polymer layer having a thickness selected from the
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range of about 1 mcron to about 5 mcrons, and a
second pol yner |ayer conprising a polyimde |ayer
whaoosssosd t hi ckness | ess than or equal to aboupCRBS2007/082633
. | .
anad bF BB RGRA 880y & mibhe B BALAAT A& comorising o

polyiraideuayeir Iwnn@avthmgndsmssltnm or aggalng a‘bramméhmtonw In contrast, a
m crons to about 50 m crons

ma

W0 YR HASREFING Ga4Ga OpIE, HESEA B figU iRg Tl o MikReEgIding structures

havméedlﬁfeh@%n%rrgﬁgg@%drﬁ%%% fIO"f‘meH)tnsch abBus SQ'Fﬁlchhs%%Wcomprlse an
0 mcrons a second pol yrer ol ayer Gomprisi ng

elastgroksic dirstepdlgyer Iayea\havgwgaatthlckhessselgete@bfrem tlmeelrargleeof about 20

of ut 25 m c ons to tl)
m'”"[”é&%eaéi U&%ﬁd&éﬁr?rés pi%ﬂ SRR &éwe%r 'aé{Fr Pﬂ’é‘pﬂﬁ@ge%f)o'y'm'de layer
havmgﬂa\/ﬂﬂékr@%s seldieddvert tﬂ@ﬂﬁnge @S‘Pb%uta@@' nhreheiBaksut 1‘@0’ microns.
e made by any neans known in the art of naterial
sci ence, soft |ithography and photol i t hogr aphy. An
[0016§Jen'pl Wmlﬁeep@ﬁt?fg'rtgedeltlée%fOftth@ preperleimventi@zni@has stamps,
moldé Sarf&‘r ﬁ%fo?‘ﬁ'as%é rﬁgg' zﬂge %a(f )?tmgé)rgélnﬁBana}ﬁe'ihe art of material
el astoner as

and

smenpeJ sdﬁt vﬁmdgyzamy amamoﬁcﬁrmh@graphypotkry eRemplRorw pa(ﬂerrmnggdewce of the
Syl gard 184) against a master relief pattern

pres n@W@N'% Isf P 8¢ nkY febHEalNG Bffirsh RAlypesilayer comprising an
) JRGe

el YT P Ao . hadd. PRSP RTIIBER e, (FOMS), preotymer (Dow

Cormugﬁylgandm841)eagmestw1rnashmeraileﬁpaﬂam d:rmsﬁsibrg «rfapmbbrned features of

protrgsiet kS8R b freniasoat comvaicet pfplQiiaaBNE means. Master

rehef%éi?érh@%éé%”?n' tHé"‘b@é@m’m@é’rﬁtlcﬁ?%W %% ﬁdﬂiicb%rd UBR conventional
about mcrons. In an exenplary

conte(csymgaedph@ollmpgrﬁqnwa@on‘eﬂtn@)s dﬁrgar kam; :@b@]}t 23mjicrons or using

etectigh i idbragPldor e Riel w38 abob 2Bl cad 3R exemplary

methé&! PDISS é&/lg%‘rdlaﬂmvﬁbm DeWr Coenifg) d84-PDMS TRDTOE31, Gelest Corp)
perforne at room tenperature usi ng extra anmpunts of

are nigeq R dageaasser; PoUrashDyeRENa EASKESS clth EUEdnG aPOVBNcat about 80
P
degr%gc%géehwt%ﬁtﬂ}évl il dgﬂ%%ﬁgglﬂg%ggrﬁgf éded%?‘ﬁormed at room

tempelcatmredusmgsbxﬂmkairgeumtedorﬁ:edrnbg agentngFasidpolymer Iayers comprising
merization. I n one enbodi nent, the internal

POME o) REDER pifo ppiPsabi 6Urathybing §ressics.gh bisodegaichhigh modulus
Iayert QuRR! BY Qr?ﬁlgmldénbﬁ/ew% %HH%tghr‘glﬂﬁggD%Lﬁi’eﬁpgkﬁEﬁﬁng and/or

t 0 enhance stre of the bin
ponrrﬁerrzaltlohayém are telmequmntn the sdeoradl dudese apdine qrolyinude layer is

rougfmeﬁ o e@wﬁﬂﬁgtg?ﬁﬁ@gwitkgﬁg W%ﬁ&ol&%o iephance the

stren@t‘heoﬁhé Ulrﬁtﬁhg'@fﬂ% PORES *ﬁF‘él BN tb%@%ﬂ?lmﬁ)‘é@&%ﬁd% yéM®on curing
olyimde layer to a plasna. 30 9] Fabrication

of theaRPNG raragolymer heSurthtiet fopgheni ribej polygioripe sayes may be achieved

oy oy RhP Kyt BB ishisi G4 BFBuGnd AL BT SLREE T the polyimice

|ayer\m>tarp|@5§m9ar ation of the el astoneric first | ayer to
mnimze the extent of curing and/or polynerization

| nduced shrinkage of the relief pattern and contact
[00169] f ac Egbrigatiamang| gutitgY | ter additionaly lsyers in composite patterning

dewc’é%,ﬁ %Ez&e}fﬁb&é High! AR 48076 CBBRANRS Y&RSrs! 8¥ epreferably done
simultaneously with preparation of the elastomeric first layer to minimize the extent of
curing and/or polymerization induced shrinkage of the relief pattern and contact surfaces
of the elastomeric first layer. Alternatively, a high modulus second polymer layer, for
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WD 2008/ 055054 PCT/ US2007/ 082633 exanpl e pol yi m de
| ayer, may be attached to the first polyner |ayer
waigimgsw adhesi ve  or connecting |ayer, such BST/aS1007/682633
| r li . .
cxand BOVIAUE! oy OONAPhe M RHSIPARY BB LRIARD ysing an achesive
or coid@ihg, |lafdv, gLely as aathih hietadl lafdr. r esi st (LORLA; m cron
Chem). In this 5 exenplary nethod, test grade

pr oxi mat el 50 micron thick silicon fers, (Mntco .
0017} CoRTresinsle: BB el dafiet Wit ZeEcaie LSg a posiive
photdr&§isPT(SRBAG! SHsle(§! aRd Zige oAt BEiISANIORNEN flEdoRd CErd).  In this

hotpl ate at 150 degrees Celsius for 10 mnutes. LOR 1

exempély Mmerods est- gradat apprakingely 4pbnnisrorsthisk sdicas waiers (Montco

stioo b s e 8oL b el e PR HRF And il e water ang
then A& ohRIMbBrate @t 60 AedsedtNdekilPRE KO Mltes. NPORM Rk&sin was spin-
or 110 degrees Celsius for five mnutes. Th

¢
coatedeaiudQQthgpnb fera3 pecqniisprrnsk theat rreybaked en @rmfﬁ:)latﬁi%laﬁo degrees C
for AR Tre sEpa P el BB o i idEgecones ano

backets ionda dot platel fam1i1Ondegreas Cetsiak ,foafide thiantedevEhepedulting bilayer
(MF-319; Shipley) for 75 seconds. The devel opnent 5
(approgimAiely 11 MipONs1Biek)r wapsexrasgd (lass P9t BB plaedmWicm?) for 7

seco R4 el Crieblatitllel &S IMEABLE RN sioh ™ ghromium ion
glassrmasktandthdrhidevglopee@ {MH-31® Plaibtess) Horo? 5 SEBdAJON THeRJevelopment

1A with regions of bare substrate in the exposed ,
remoyee 24 %\%Sgﬁﬂ%H?S'éhmth% Rotegposggestise femoved, in a roughly
. i . . vi S
soucBf 1Sy, GEITRORL PRLAEH SodlB R SaERTRA . The roul
of thisgiragess snalgatterrs of S1I818hagL&Fhi1A pitbaedionesofdfare substrate in the

oG o Ty BRTEIE S bk R Fafharc b rneme
devicBBToipristld Sfari Werd\piphréd onfithi€ KRR raklePgdtie?h Nisity standard

device 463 fabricated fromthis master relief pattern. .
soft IkthggreehRB pretesiuses afceasiingg astectningy RPIMBoageingt ithagwaster relief

of the relief_ structure of.an_exenpl ar tternin
patteff, FiEne g 2 BRel Sl e XA i anBlie foirdhtem 461 and
an exg@iglatspdtterhing duvesen63 fagticandd #m this IndSlef kblidfi hifeen. Figure 2B
3Ais a schematic diagramillustrating a nethod for

ShOWﬁa&iSﬁghﬁingc@ﬁ‘ﬁtﬁ@,m tréicmﬁqo@w nim@ed@f/ it r@ﬁefti’ri@%w@s@ﬁﬁn exemplary
. an. : [ i
patelHE BRLOR cof RS i REAE 5359386 B g PAAHEE of e presen
inventioat i ng a prepolymer of PDVS on a naster relief
pattern conprising resin relief features on silicon.

tionally, he master relief pattern may be treated .
0017, 1 "aFiaie 3honfl Schereniet SRara IHsteinY . gela for making a
compdsie ?a%t@rrﬂﬁ’@%%hfé@_&fthé E)‘?e?e[ﬂ?%\férft%h. | &Y 8howR it PRocessing step A of

master. As Shown in processing step B of Figure 3A
Figure hdA Phis peitesting alevicerayaybbef piepaced &y dyinceodting Boprepolymer of

POMHY,BgHeSb I st coi sfe T df etuleuBt Shebhy optonaly,

the nfastérv@liePpatié rhil Beokedtel At Bselfodsbefibléd GsHYI Aadri sFmaterial to
of both may be deposed on the internal surface of the

mininppa/@dhesion ofdperPNMS Biskfavesto Heeymasielpofatshewn in processing step

B of IHiEEFéogﬁ; tH&PDMS first layer may be fabricated by curing for a few hours using a

hot plate and a curing temperature between about 60 and about 80 degrees Celsius.

After curing, a thin film of titanium, gold or a combination of both may be deposed on the

internal surface of the PDMS first layer via electron beam evaporation methods, as
55



10

15

20

25

30

55 WD 2008/ 055054 PCT/ US2007/ 082633 shown in
processing step C of Figure 3A. Athin film of
W0 2a0af0fwsd gold or m xture of both may al so beCTHEpWeTER2633

| Jat 13 t [ S :
showf}Tn phedqiie] S8, & Y FRfLEs e Rl A, BEhicEn 3gG8'eh ixture of both
may ale?amﬁdépa%sydsomltm ermat 'sm:iad:é ;m; mpibe?nmrj]taiufs@edond polymer layer
wel ding the cqated. .internal surfaces of the first an _
(see §§‘<Poﬁogfl a'ﬁéFes%A; %'ﬁﬁ@”@oﬁﬁ?ﬁdt '@ygrspaﬁ epﬁraﬁ'@na@vp%&ed via cold
weIdiHﬁ%h@%o%?é%P\'rﬁéﬁ%l KURFE&dBf YWéthrt ta'n‘?jl & orﬂalte&gfs‘]’arﬁsthe composite
own in processing step D of Figure’3A,
pattermang edgvicee | pay [ [0 Is&pjardtiegu fronB Bhne hoastean ralief epattarnyes shown in

net hod of fa co 05|t mul til ayer
proodREnECH AP RS S BFTG 8. BRBSEIS Y-nvent i on’ As shown

in processing step A of F| gure 3B, the internal
[0017r f acEidifrea 3B GhowrddnUsIResaRVe IndtBbdi of C@Bh@é’tlr\’qjté‘ composite

titanium 10 silicon oxide or a conbination of bot
multiprer patigrang @eden af the Beesent invenkipgh AfoshAwi in peacssaing step A of

. r r i nt i el i . . .

Flgurlaaéﬁ? tggz 58%%ﬁd§%ﬁgh%ﬂ%f@€gmydnsg?&adn®s%&érs Lsualr‘%aetlfeg with titanium,
silicoamadldem&rtachdmblrmXbarofalbothurTrlae&:dated retemag Bide0 of s hlgh modulus

second | ayer, as shown in processing step B of Fig
secongp laysy; i§ EWQ%UW&& comast I"‘tb'iﬂsat m@stqrhreggf@ggm SPa'ﬁﬁ‘eW'th a PDMS
r CTeparzTol Y
prepdiHEF afl (FRETYBiSRBPHR o 1 PReF s Rk R iR AR Thctlius second
layer paesshoven tio prioeessingrstap Buof &griref3B.he Thisgbhonfiguaatiors allows the
secon

thickrin Bl ey Peu SRS PirroRimacto Bheumsieol ahtsisRa seinning the

mast@r“rr@lﬂaff BAttdrnf ﬁﬁﬂﬁb‘PUééplylﬂgaEré%‘éng 4si g eMfdrR8l surface of the high
enperature rangi ng from about 60 to 80 degrees

modudzes seaend tlaseerewhfa)rﬂﬂt %y roekePbrEed foress. | ,achgeving a desired

ik ERb TRBORE 550MEd 58 50861 &Ky RarELRTh fehBoing curng
tempéRBleS rarging frorrbbeitne0 @tgooaeyreks @élsmswmér@5¥ forming the PDMS
i ncludes the step of treating the nmaster relie

first |gyet.eph SHQWN dnserocessidgnsledd Griokigyes 38.  Finallyi ghe composite

patteFrﬁnqnd'%\/[gleogl%{é?%ﬁnfr&fn fh'%empg{\é[? tfe'lléf5 a t@r%er Og)ﬁoh!aﬁ@é this method

terns and expressions

includeetiheestpp of edatiey mmrrws&arueb@f @Ettert evitea eélf desembled monolayer of
and not .of limtation, and there is no intention in
mate'f'%'etourﬁ'@'rB'rzeﬁPa‘?S'OZBOfttb?@Mﬁd"@&'ﬁb’%&%ﬁ HeM@$CEXCI udi ng

any equivalents of the features shown and described or

[0017@4]"t | off$eltBRHSBhd &%Peés‘i?r\sswhﬁ:?ﬁ?ﬂetztﬁ%ﬁ @ﬁbld&%ﬁ'l’%#ém are used as

fications are pOSSI sScope of
termsg nf/descrmtloml amdrmt of hioytation, ahduhdrenis uod@hesmtloadn tthatuse of such

termsdlaé']gf é(gaet he Zg?éaalgﬁggh'}/ggﬂ@@gle%&?n Sﬁ‘g@?' fét%%sl shown and
descsdPei peitibhs @lﬁ’&e@f’tblﬂﬁab ré@@grﬂiétﬁthdﬁ?/@hi)w Mddm:a%ﬁs are possible
variation of the 30 concepts_herein discl osed may

withinr BxopeeRE b thg invesyen sﬂk&“me@d Tihgist Hesh@uid bgnmdqﬁ&tpogdbat although
the ;SFB?{;H ?r?\% g‘?@iﬁ ﬂgg FS@% aéb@c{ﬁceaﬂg/egﬁgfg% geb§dRFegett?8d ﬁmbodlments

exen@m:rgmémbo@hraems anlde opfiesalf rfe:ateréwdmwmcatupnoandedanatuon of the
herein are exanples of useful enmbodi nents of

conceRis eI isERFFOMBNBS TESqied (08 hpss SKilSd o gioart, and that such

modifications and variations are considered to be within the scope of this invention as
defined by the appended claims. The specific embodiments provided herein are
examples of useful embodiments of the present invention and it will be apparent to one
skilled in the art that the present invention may be carried out using a large number of
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skilled in the art that the present invention may be
carried out using a |large nunber of 56 WO 2008/ 055054
wEOBNSPeO7/ 082633 vari ati ons of the devi ces, PAEUSIO7/082633
t 0 P ,
varafiEP SR o CEL LTS AR TN F b, LRBePEAZBRh in e prsent

descmtmnMemdmdadmlcemhwal forltae grresentiipethoefs can include a large
i onal. devi ce eIenEnts and cogggnents [ clud

numbgtgdq)ft nggnalpgf;\{,lﬁ%ree IcQ qnggg;r én %@lpgmagidltlonal polymer

Iayeréé,la%lﬁgﬁilasﬁéag%ﬂaﬁrg t@g?;gerg‘uﬁﬁe%ll |'é>/gILSC g‘fl@?ﬁ@ﬁ({lé rc@%gp]els and elements,

actua‘ccbrexs:mg:haém rallgar pmnteman@aﬁhedbgrwlhmmnmmrs fhdrelle efarnents, fiber optic
elements, birefringent elenents uart ran

clem S BlEBORD e mer by prehpS Fpter 874 hef walke e, Bfial fiters such

as Fhi Qt'éldh%ssmwtﬁ%fsfs (f:utbﬁefrlﬁaré%d %%%%\% eWutof filtdrs] bpti€al amplifiers,
optical anplifiers, collimation elenments, colllrratlng

collimasion, eleerents: tagilinating I‘Qﬂécfeﬂﬂﬁitcgl%adlﬁm@@lonf oratispagiocusing elements

such s Tt i el RSP ttiod Boldinsf, B e coupters and

transinitedts MidrhSsraturb PRt ty, @e@PBEAtatd S&ssort EpTRRIdab &N optical sources
sensors, broad band optical sources and narrow band

and r@é@%ﬁﬁ”@@@?'@@§oufm74] Al references cited in this
application are hereby incorporated in their
tiretye r C X ; ;
(0012, [ SPIRISericl: RO 1% paPbIBoT T ABiRby, ffbdt&iea in therr
entlralppl bxcerefemnce theneinl tdhéhappderinthatotheyea not dncanrsystent with the
i,n the 5 net hods,, .devi ce

art t
discIGiin s FHREATo < T wichd GRPELETL A st A ELBAY ki the art tha
methbﬁ‘@”de\ﬁll?@ésedéﬁc%:'eférﬁé‘ﬁt%)’ nSHERAIS D BrodERILPES ah@MtelRNiques other than
applied to the practice of the invention as broadly
thosed bgeditieaily dﬁecﬁibﬁedv\h\er‘eaupan g apptied dadoe practice of the invention as

oroadi "0 HEEL 8 o et B gl SRBPnRHOR A artinown

functibhareguiv e neNef mbﬂi-‘dm:l deeResPesiite @@Hwé’ntﬁeﬁﬁtelﬁlﬂg procedures and
herein are intended to be enconpassed by this 20

technigpasnspesificaiyadsiseribed digrgtsiare |gte3m}@§1 ferbe encompassed by this
mven't\llaﬁonanSf er Printing [00175] The ability of the
atterning devices of the present invention to provide
conposite stanps for nanotransfer printing
Examgpe! i CampmsieVitampsrfof Nedotrgnsfieprintiegqt al 25 st udi es.
Speci fi caIIy, it is a goal of the present inventi on to

ovid Slt sta capabl e of tternin ,
0017410 Sre B of e Pallemitd AaviceSeat Bt Brabenftiartion to provide
comp%%|t§°§t§ﬁlllps|1%P d?ﬁ)tr%ﬂsfe'?eprﬁ{tﬂ@r |.c§}.sata§g§asaoenﬂéh $yOéxperimental

nanomnet e it 1s a~goa present
studi¢sv edpeéafically, frioai geal adrtbe greserdtiangionoto pronideccomposite stamps

rinting hi resolutl at.t rns Xhlb
capalfelnalprane IRioR-anEhi 2R U eF oot IR e selected
Iengtfﬁ@%naﬂfér SRR ARRTCIO @nd., 1@@@%\&0%&%?@%%@ it is a goal of the
fabricated using the nethods of the present invention

presesdinveRiEpr do geiewide: €OpHOSEE nstaopfors cagtachuiitiagehigh resolution

ool YA SUETLB AR ERSRARL 2019,

generated and tested, conprising a thin (5 - 10
[00176]cr on)To achieve the aforementioned goals, composite stamps were fabricated

using the methods of the present invention and used to generate patterns comprising
monolayers of gold on substrates via nanotransfer printing (nTP). Specifically, large
area composites stamps were generated and tested, comprising a thin (5 — 10 micron)

PDMS layer in contact with a 25 micron thick polyimide (Kapton ®, DuPont) backing
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PDVS | ayer in contact with a 25 mcron thick polyimde
(Kapton (r), DuPont) backing 57 WO 2008/ 055054
wEANBSDEO7/ 082633 | ayer. In addition, |arge BCEHHS2007/082633

Iayercmraﬁfglbﬁglﬁgéjgf% %%ﬁo%%égtgi@%m po(j e %d qnd tested comprising

additionab R® MStzodi/orepodlyinside daperd. PlIoMené &mtbodnlmemt r@second PDMS layer

havintgghfgkkaggéo %Q@ﬁomt W]]grﬁg{e{{gwraesem ey %teZ)Co%r@heda%) atyQFe In another
r

emonﬁlglélfwﬂégtgeg y| il g@ I%\é’!}%/rg?%s >}ﬂ‘@(/ld‘é@sth gg%r%iéxeﬁ%éét;eﬁymrom the first

polyimider lapgr wma@pproxlwsatedy 4 aiidian) GHAVSHBNS. deel bdadditional PDMS

ana/c alBide iy e el et a6 of P califaSle SBfnds aRg Biaed curling

after BBSA@ttioh Q‘fdrﬁfthé’@ﬁéﬁéﬁ réliee paiterMagenah ké$@ oP %P'WS Nayer and/or
and/or msmatch of the coefficients of Thernal

mismeigheeisthe rcoefficienis PO renad eppansion o&theayBMS ang potyrmjde layers.
Fi gure 4A shows a schematic illustration of an
enpl g | .
100 15TP, PRSI E AT A AT I Dot npgsice samp

used & tdé stuly aNcCFigacopR shorgea céﬁeSMng ﬁrdélsgwceoﬁacahhlag electron
relief pattern of the congosnte stanp is coated with
MicrogCcepy Hnga9e|ASo$hQﬂﬂ i Figyge A8, the r@;ﬁftp@,ttﬁ:rrbpf fha eomposite stamp is
coate‘a%ﬁ’ﬁ’%' thih & @FTBf §8I"dr. SRMORYRf tzaﬁeFrf‘Sf ﬁﬁé*&&ﬁl’p@éi?é Ete’nﬁ‘! €brresponds
an activ I'X clrcuit or ectronic
to thdl sera:ysédramnﬂm:eitoﬁwganofacﬂ% finatree mnumcbedeltacmoslcspapsr displays

ar.ran i.n. a squa ray, of over n ar ea of
consiZfii§ 7 266 e ISRERSC BRasEIoTs GRENBRAR AULATE A {ahpover an area
0f16<gm bpaerigsent invention were quantified by measuring
h®a mcroscope the msalignment at each transistor
Iocatl on between two successive prints, between one
[00178]i nt &ligtortipassinaeqmeesite ﬁ@r@n%ﬁbtfm@ma@tpmthmnwere quantified

oy mEFUR A BPisRePes e TESo Rt St &AL ahG sty 18LAh between

two sUEesssRprtits, bétwiesl dnedpantodnd 8at stap and me:gt@mﬁusai to print and
stanp conpared to those on its master_relief patte

betwedie3 SHaEB ARG IS MASRICERE Paliamordawies o andiaB Show distortions that
correSBEE 16 e e & baKiinsoF R BTN 2A¥impogly’ Sehfp compares

to thdegrare sts Orlastarsradiet pabteat. GIthmnréemltst hmxslede;moeldacﬁons for overall
distorti

trans{eOf han € dBAHRE ThsRlEnERS o5 A eRE sk H0e (/RS 428 ppm for
stam®d dd?@d rga[aggr @@'@bs?b@ﬂ% ahegsodh %bobbﬂno'?@r tH¥HsleUdBred at room

curmul ati ve effects fabricating and rel easing
tempemwﬁ)ainheorfestdyahaélSmftlom|el‘e pelpser o #ml ¢stimated accuracy

(aporBi RS 1ot ol IhBR b IdlHET, TP, [t Grigns nclude

cumLﬂﬁtﬁ/"eOéfﬁedsf‘bf?h) fab[rl%ﬂﬂ@bné\m@Fe%@anbtﬂ@esftér*npcﬁorh @ master relief pattern
nposite stanp design of this exanple 1s its 30

and (ﬂ)elmtétg tveeitios dye stﬁr@@)gomréanmwambstrﬁtq fibe measiesbas some relief
featuFeW?ﬁéﬂfE{té&gg Fn?%rbﬁg ghabL ern, which can cause
un ea Stanp-su

raté contact that distorts a
pattern transferred to a substrate surface. As an
[001Z9]anp| énothrert benefitsef dtie Gdrmpasitenstsinde desigrs oS ethésr &xarhple is its
b
reduce%l tendency to sag mechanically in the recessed regions of the relief pattern,
which can cause unwanted stamp-substrate contact that distorts a pattern transferred to
a substrate surface. As an example, in the case of 60 micron wide lines separated by

60 microns (500 nanometer relief height), recessed areas of a regular single element
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60 m crons (500 nanoneter relief height), recessed
areas of a regular single elenment 58 WO 2008/ 055054
wWERONBASDeON7/ 082633 PDI\/B stanp sag conpl et el y. PCTUS2007/082633

PDM§°§5F@S %8%%9 r‘i’t? rHSdsn,gg;lng Eeoﬁééﬁale& {)rl FHze same relief

n aco anp co our po
georriawem a éd:hp8§|terstamm cBE?IYBusm‘g fcalr ;icﬂymer |{y2)s: 2(3)m5cnmfron PDMS
first Igyé%yepr??%ﬁ@lsc?&)? ?)%Q/lg% %(r:ﬁﬁq)ngdgg@rm(%);g guq;rpﬁ I%Iglg/lé third layer, and (4)
t
25 mFdr&ﬁ' qoﬁfragﬂ@téggofigtrfﬁg red ge%%éh?) aggwjég}§t L?I micrographs

that nmtmeme eechn:ed|tanderanwioosagg|ngtdrrpcesﬁed ar@aprlegewnmposne stamp

i nvention responds, to a conventi
of the, BRI BN ToPONESUG: BACSFESRIESE S 8OBUPTALI50 Aaisle daver PDMS
stam@ a%@nmgaret 6Bséd#§ép%d§ he aoé&ﬁﬁaélté BIARRY bPhe E@en@%@ntlon The
uni formty in the recessed areas of the conposite

color gindafmitFinginecressysesigipast &f tha Lompasdestainpd Figural6iysuggests that

the o, PBNGT 48 26N ABaIPE i, LBl Rover spyggure of the

compidelty istame |h§hc@tesefrfaft Qh@rﬂidIWmlic@la@@ﬁ etﬂ’ftﬁerﬁtgflcls I Wesahe tendency of
ay

the stanp for sag when t he residual er is
the S&ammfor[scaggm]wmrg %reﬁ'%\@'\t"ﬁéa%@(t'émmof shri nkage
observed after curing a two |ayer stanp of the
esen R
mM%nt acrl%ﬁgﬁﬁgh%\g gﬁ%geﬂtrtgy%rrﬁﬂ%ge Or?ogvm@n} ﬁgf ?r‘gﬁhrln%a two layer
stampoﬁﬂt&spt&seﬂt anvpstiorf CDhﬂDHpI’I‘@S&ﬂIII‘]IH‘[‘)MSﬂBW iorabertae vigh a polyimide
hor.i zont al hEl nka Eﬁ 2% or Lhess and, . :
layery, o AS; BAPWR P |9éﬂ§9e @%' Starags qfh € PEIRY JRugniqn undergo
honz&rﬁ{l'a| ngrlhl(ﬁé‘é‘:@tﬁhaﬂhb'mﬁ%gﬁr R58\dridegkrByalt MikaBB AT 0.8% or less. The
tanp designs of the present invention mnimzes
resstange(b(ptcuﬁng mﬂuqeldeshrmﬂ@gecprmﬁldgd(hyauher@mmsmgastamde&gns of the

presely pu AL Thi HEeRoBuBH0nS o M YiefdiERind ' et pgttem and

contatediefacks! &ed ravites nhigROrdsotdh] phitetse efhibfing good fidelity with
schematic illustration of a nanotransfer printing

respast d smasteiselify Pattebiposi te stanp of the present
i nvention. As shown in Figure 8, the process begins

[001¢ fjth dﬁ%ﬁ‘étéﬁ ey aogcr?erﬂﬁf@' |Igf%ﬂra¥|8lg dta trié%g%ﬁ&%?eprmtmg processes

e co I'te stanp, mng a di scontinuo
usingg®lcongusite rgamp ofhiber @iesent mndnhmesﬁsaeshmegumvﬁglﬂé 8,hbe process

eginS Tt PAPRSTRE! gl oeting BBIIPS 55 Bes e QOMBRGIIa s, thereby
formlﬁgAﬁ/Ddlgéérhtﬁﬂu%@st I'EIOEGaﬁr?g tdie tael Hlalsﬁé%i Bn réfdRled regions of the

rm nat ed s to strong adhesi on between
elastgoedc diirgt tlawarsut@orntacmg Reepstamyp ttoeasslabﬁbrate dhatvsiupports a self

d, onl dh t i t .

asseffledBOPEAVRRISAYS ERSIcERY b HREY Biife coft Mur a Mpb Biminatea sAm)

leadsMet sttorRy 8RRES6H BRIWESH BRS ?@mn@ﬁb e BulSstiREE Reéthoving the stamp, to
el ectron beams @gst em 30 (BJD 1800) and deposition

whichr geldsordy weakhy adhgses, lsaafersdhe gulé osdhesaigad iragions of the stamp to
ation were typically about 1 x 10-6 Torr or
the Sﬁ?&‘qpa%A deposition rate nonitor was installed in
position such that the rates could be established and
[00182]ab| | Metdl &edporation was performed with a Temescal electron beam system

(BJD 1800) and deposition rates of 1 nm/s were employed. Pressures during
evaporation were typically about 1 x 10 Torr or less. A deposition rate monitor was
installed in position such that the rates could be established and stabilized before
exposing the stamps or substrates to the flux of metal. The printing was performed in
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exposi ng the stanps or substrates to the flux of
nmetal. The printing was perforned in 59 WO
wQo@8/08H5054 PCT/ US2007/ 082633 open air short | pCHUS®07/082633
A T S . . . it .
open P8R4\ oo UReBIBTE TS ABARRL Yy SEAT, KSR % Bie contct it
the sobstesitet vathouih @ppticd predsuge athdrythahrthe dorecaisgravitg.mah Isome cases

pressure applied by hand was used to initiate contact
Sma”a‘PFSﬁ@W&naFHﬁ@é’, bxm?%%_wa?e%se F%@t@i@&%@qﬁ@%mgj aa&c&es which then
procééa%dsﬁétﬁpaﬂ%%rto%@ttﬁe' %ﬁ{ﬁ-%@strﬁétiﬁfer%cE?WA%ﬁ%%N seconds, the

the 5 sta was renoved fromcontact wth substrate
stamp wasoepiceed ftdre ooniadt iwilty. SUB028310 orypleds theedpihtitgow

scanni ng el ectron m crographs of patterns of Ti/Au (2

/ 2Q.n narated using c osite stanmps of the .
100144l ent dbs ST L SRt EerPatn MioPRREER: o pdtiins of TiAu 2
nm / Qb&]ﬁ{ﬂg@ﬁ@l‘ét@ﬂdsiﬁg\dm%_ dtBmpRI SFIRB tpre SrRNAVERTIOR! €As illustrated

capabl e of generating a wide variety of patterns

in thesspiguseshgthst methafe aNHadeYiges of thgePwsephyryariion1gre capable of
. Ty oE ; |
aenef TR0 YRR 2o 0B DM ind S Bk el e b pmica

dimesslohsic Asdsticrat i Fidbee®DAc D1ihs ittadstdreapTi/Al gaterns are largely free
resent invention having a thickness |ess than 100 gm_ ,
of cr ﬁj}de@@lef SHripes d§§ﬁﬁ§s-ag+§ei FRArpPRSiiseeianyrs ehige present invention
P S R o i 8o KT SR BT LB 93 FBcause the
stres$ slegetppedratitheisuefate afdhe aoniposite RaMp whambenividwing handling or
.....are ofte 15 subst ant i al t hi cker :
e pboRRcl 5 S (SR o seBus el IS, stagaps, pehish are often
subst@iﬁﬁ@l\y fheckel (é.@?aﬁb@xﬂ‘ﬁbte AL IhShickhESS). and Mechani cal
Properties of "Conposite Patterning Devi'‘ces [00184] The
susceptibility of nultilayer patterning devices of the
Exampleden gar modeling T kermnaliGliaractenigtiesiang Mechanical

pol ynery | [ . ' ' hani cal

Stress F"ré@érjtlgg o‘ﬁgogﬁsﬁ@m’l étfe%'n b eéTgi mul ati ons.

Specifically, the extent of deformation induced by
ol yneri zation during fabrication and the wei

ht
[001&4i ven THerBiseRPIRAYRT MEliayes pattesyng fiewees fdherasent invention
o iy 1Mol NEERSARBSIAT Bty SR RoolIRER sposses wes
evaluated pyeoemputatioresimolatiendi [Baeoffidadince @dent abdefdrynation induced

by pgv&lit‘r%qirggs rige v anaga&lr%gﬁcr)rim [Zz%t(dl %iﬁgaﬁgg{ig%i%‘%gﬁaﬁ&d of recessed

regioR® WAL Cheaidted be‘SaPRRQ ngélt %Hp%@ité\’ap%tfe%iﬁ?' @\igk anthese studies
conpared for two different conposite pattern designs.

verifigd iteat campoasite |jterning ngmdtase of (e tpresemtginteniior eadmit enhanced

.shown schematically.in Figyre 10. .was eval uat . :
stabilly i ERRECTI0 56y Ersetion b Eee ShifRbeR YBlef R gpven sacging.
| ayer 610, a second 25 mcron polyimde (Kapton (r))
pol ymer |ayer 620, a third 5 micron thick PDVS pol yner
| ayer 630 and a fourth 25 mcron polyimde (Kapton
[00185])) PIheMRtdraY Bf ﬂ%eﬁ%ﬂﬁm'inéuéé@ digiopfiort OFRStAIBUlated and
patterni ng device 700" shown schematically in Figure
compated vers twe aitienest! coommsitei prjtein @ésigns. First, a four layer composite

patterning device 600, shown schematically in Figure 10, was evaluated comprising a

first 5 micron thick PDMS polymer layer 610, a second 25 micron polyimide (Kapton ®)
polymer layer 620, a third 5 micron thick PDMS polymer layer 630 and a fourth 25
micron polyimide (Kapton ®) polymer layer 640. Second, a two layer composite
patterning device 700 shown schematically in Figure 11A was evaluated comprising a
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WD 2008/ 055054 PCT/ US2007/ 082633 first 5 micron thick
PDMS pol yner |ayer 710, a second 25 mcron polyimde
W@ B@psses{r)) polymer layer 720. A tenperaturBCT/8109B082633
first 5 i %bﬁ%@gg{ﬁ@ c V;‘Iterz r}}e‘? 7%71 %Y%cﬁgﬁgﬁ %r’loﬁi‘pd(fﬂﬁude (Kapton ®)

polynwefa@/emm K téreeratlre ehalagslfmnn A0 delyeawe Celsigs U080 degrees
be i ndeﬁ]endent of terrp ual to

Ce|SIld$](\jva§6l€§ qtgsc’gg‘d{latq;g]sy y agrégnggHQgLﬁqgsc%qfament of thermal
f
expat§I6h dfgﬁl?gFSbWeré %%pen d ft:c‘)?(B RferP P e qu% %nd equal to 3

assune e in erature an
MPa 5argi 26Rappimd redpéctiyeiy. rﬁmaé@tunges ynodudQd. &6id Eogltﬁlcenla)f thermal
shows .t he .extent of distortion.predicte rin
expasial I YR eSS HEEE o P SRt ef Py and equal to
5.34 G@ga,ﬁ@ygg sPRsheetiray.t erni ng device 600. As shown
in Figure 10, no curling of the four layer pattern
eV| ce i s observed upon polynerization. Figure 11A

[0018flows Figurextepfows thae ex |0<5r¢l$9ﬁiong0rteﬁl§tt¢dildurlﬁldila%rdna| induced

polynpéﬂz%ég‘ca)h:c%géd e@d fSFII;}%u%o%[' eég:[or ﬁ}%ltﬁe\(’)&}tﬂn?%ﬁés Q/{%oé@ € As shown

in Figune 10010 dudlirgr oftaktfeumnianper detérnedevise bsrl’ﬁbslerv'éd apon polymerization.
i nduced curling is observed for the two |aye

Figurgail 1 8r aheys d@ﬁ SXtent; @Drdé%m’i[@@ &‘Hﬂ'nﬂlﬁ‘%mﬁn 'BQU%PQ)tFéO'ymer'ZGt'O”
Chipks r I ri

calcu%ft?éu Eﬁr;ttlrh%n o Ia?E[e E:téwlﬁb i)gftggrﬂﬁ%%eg%%gﬁygf eghtgé‘stat% the results

for theuhungayeamzaimmugedem@sgﬂﬁymeetamorf owuckd duing #syebserved for the

atterni ng de 0187 e t of v rtical
wo 1856, PalleRting daviee S GHEES dJoABooT 16 PEIGd RIES of the radius of
cuwaﬁ%tﬁfé?éf&yrﬂéﬁté%ﬁ)rpés Bhenefi@$enind fh\((ﬁ@fe'sg"bf"éﬁé P@I\'ﬂg layer and the

exam ned via conputer simulations. As shown in Figure
curlnngempelraéureor@ﬁmctmelpaiqrénth@Iayevpeée@f\r@g davied.

conprised two 20 PDVS Iayers and two pol yim de

yers ) f fi

[001473 or \ng 8>t<t %"fa)\%trlg{1 MSﬁfo? %&%%gd t[egqflons Flgsfour layer

patteﬁbmgltleﬁi@@ dﬂtﬁé @hésen"fhwdrhlbﬁk\n@@ alsocdxdniaefaliy t:mrqi)@ter simulations.
second | ayer was held constant at 25 m crons,

As shay ithEdgiirgf13/mdhg-comppesitenpaiteningedevies W@l%t%%mtsed two h-
t e t
POl o 10 o R PGRY e A0, ) L e BRDUAEILE e frs PO
layer W13 wdrimasoverthetramde Dhaquteﬁllnmxtreds fhabeutt 2@inicrons. The thickness
di spl acenent units m cronsh%ggg functi

of the BRPITER SRR 18 Pobes s CPBSRBh AL BB 5 1he JhiSkpess of the h-
PDMEeRFENay ésvv%EQ'Yégd 'd@)ngtaﬁﬂt”a@ Sl%ﬁcro%sb%tth@rlﬁldﬂ%sé ®f the polyimide

saggi ng” | ess an about 0.2 mcrons Is observed are
fourtholayer weas Held ceDbBNt iat 26 r‘n@ym& higuirerd 2Bt $hiavksh 8 gHetsof the predicted
to or |ess n.addi.tio

) h
verticf! dhdrRent B Rt Rl RS B8 8 g Bt St idoilick long a recessed

regio® 6dduNed MRFord w«anéﬁgtrﬁsmtdh@mamopbuﬁé 19BotistsHibns dee to sagging
t hi ckness 30 eval uafed. The results of these

less #ianupbeutode @‘L@"@@%tlst%ﬁr\fﬁmraﬂea%%r&@ﬁpfeéﬁws first layers having
e
thlckrPéaﬁtsE'g qrﬁ)l/%?o %ﬁéé%ﬁfa u;ﬁ%é@@rp@ ) Zﬁ%tgﬁ tf&\ﬁe[ﬂ% e%erﬁ e?sagglng observed
for alf ecposiétenteghensinell wdwalwaystlebayiean abdut 0.61 %uiﬁ%tabatthe thickness
surface due to saggi ng of recessed ions of a , ,
evaluatad. ef he sesuis Pf tgSe simulations suggest that our layer composite patterning
devices of the present invention are unlikely to exhibit undesirable contact between
recessed regions of the first layer and the substrate surface due to sagging of recessed

regions of a relief pattern.

61



10

15

20

25

30

WD 2008/ 055054 PCT/ US2007/ 082633 [00188] Figs. 13A-C
shows the results of a conputational study of
WO oo 8F054 d| stortion due to thernmal/chen caPCT/US2007/082633
rink 0 r ;
[oow?gn'posit an‘p osﬁg%gﬁfoér érgé%l |0frf1véen(t%rﬁdr‘\ﬁﬁ @ gaﬂrsetu of horizontal
distorituenadsehtenﬁtermalfchamudeat$mg1kagt,-v\our|rhgay@1ymenm$rt éor a two layer

conprisin er _of vari abl e thicknes
comp&ﬁé@”%taragzqﬂtpe @g%%%lﬁl '@Beritt?y bigupg 33&'3@5?W%%W3”3“”9 a two
[ edi
layer BAMBSsite St ToHaiR] & PPMISEYEL 8F JaREbROMiBkness, poerationally
coupledrteta I2:5yre§mcron KaptoonayerFi Biguee 138 isi 3 péotmfdheopﬁredmed horizontal

. r edi ct ed i stor ction of th
distofypd tisa St St e iskngiar HePPAS At Teve Bofisrdfs s Fiaure 130
is a ﬂ)léy%'f thé‘ ﬁi‘édﬂlbte@ehéf ZontdNGistBrIEH I439a rAAEdHE of WeERStance along the
that the magnitude of distortions in planes parallel
exterpa suréacsoat PEIMS direislayar imenilimateiser hae rsodelngerasults suggest

that %{éegﬁ@ﬁg '8{8 glswrﬁlgngdﬁ/sb%nggt Ef%%l tﬁ%k%c’}sgét ?ﬁt%é{es on the

exterﬁéllcbdrfavé oftthe PDES fifdg |4yes Wuestoshsiymetiastich fst@réctlgrrﬁroportuonal to
| anes parallel to the contact surfaces on

the P&M%ﬁlﬁ%lawﬂh%@egﬁp {imaddibng, mﬁr@pdelmmsuag@hpw that distortions in

[ e y 0 £
planefbgfel SO RRE SRS ol L PR Rl AR HOR BDIS fist ayer
due tospottgenemled aréJafgehnpdrefingd tBithe redges rdff dne ethnGo mbesi the thickness
P ni ng Devi ces [00189] The present invention
of the ﬁbﬁ‘&@@t%ﬁ%&ﬂ?g 8B¥erni ng devices conprising one
or nore conposite polyner |ayers, including polyner
Examf 8F S Fiset Réinfdr&&d Coffiditb P ttaPhinyi Mevigedenef i ci al

mechani cal, structural and/or therimal pr opert I es. _ _
[0018posi te pamermewtdetwefé@noﬂn@lhdes aspwEositd paféerning devices

comi e P K BRSSP BB e BaD By naving e
mate G818 NMBIroViamgs ehsdiRibl ediapvddle strilrdl | exd/or! thermal properties.
rigidity that mnimzes distortion of the relief
Compesiieypaiserginga dewiceefof thig aspectaaidthenpiesept sweseon include designs
wher@ﬂtfb% ?bP@ nqg%rja? m%@%ﬂ?yo‘?é%&w@?ﬁ'? ﬁéﬁ{‘qag%:lg %metrles selected

to pr@udheslar méte‘laurélar@auty fhat nhiaimize s distoriposofttee raﬂéﬂfeetureg of a relief
ices of this aspect of the present invention

patte%éﬂ@nd@'%ﬁr@ﬂge WeEieEning [deyiges %Pa&‘% Of GEBEFAINGPatHTBS exhibiting

good LIRS aFP&t & e X&@Ira&fbﬁr%ﬂs@ra%%ﬁ%Fé§s Fiﬁ" rfe?Fn%ﬁje composite
to m’nim expansi on contraction o

pattetraygdsvides ocﬁiﬁaa@spechoft teanﬂreaemtrlevernthlnctmﬂe deS|gns wherein fibers

are ingBSiated fo@sHHor ROBHRTbRONTI Sus SoepeRied. sjorisd (© minimize
exparﬁi]@nt&* chResetid of heagmeevbees. dLe0dPH e-EolrﬁVér'nHéFa?zure and/or to

verify the utility of "integrated fi ber rraterla s in
facilitatenppbysicel raaniputationnphpatievniogs deyicesneofpiths epresent invention, for

I ventian, : ' | conprising a plurality
exampfe'BY pfo, ByBE BTGB B RBRY] ayers mas
desi gned. Figures 14A andl14B provide schenatic
[0019D]agr aTe elaluaty aktifyg tee fuititigr of emt@bmteedﬂmnnmerﬁe&s in composite
stanp of the present  invention. Figure 14A provides a
patte'iﬂ”ﬂﬁgeg@éﬁ i0h 3@ PGSRt dMEnEPguR @ait@B‘“BQ S\@vigescomprising a plurality of

glassfﬁ%élp?&hfo\fﬁ C;gagymés Iiyrlé?%’”wbé‘ Fa&s 1Agurtd 14ABahBg4B provide

er rein
schematic diagrams |IIustrat|ng a fiber reinforced composite stamp of the present

invention. Figure 14A provides a cross sectional view and Figure 14B provides a
perspective view. As shown in Figures 14A and 14B the fiber reinforced composite
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62 WD 2008/ 055054 PCT/ US2007/ 082633 stanp 900
conprises a first layer 905 conprising PDVM5S and having
w@2008l053F4 pattern with relief features of selPCr/E82007/082633
[ e [
stamﬁ%ﬁocs‘bﬁ%r%e@eé'ﬁr‘s‘?r%/ae\;?)r(])g &Qﬁan '@’r ﬁ%?f[y\?%l ric s@ a%k@f pattern with
reliefi feamresret seldoted gehysidatdiatensionsa a tslecoddl &yer 93115 comprlsmg a

a conmposite palyner havj a mesh of |ar
Compé’lsgg§ B erW'H%WB%@M&%J@e@'@%% é'beg% INeftagt thiectgd “orientation, a

third fa‘}HF 9*115 'c? é}sg?%%g@dfsﬁ%@%ﬁ M d?:ajngéé’r:l éﬂ%rer%@ra@{lbggﬂbers ina

secoran‘ seielcmd oriertation, & ifdurth Iaa/fee|9292®mpmsmg ias¢orgpasite polymer having

a me B At Biaskl Bhema i of ARy He &xieS roreid i g Tiaglaver 925
compffllsh?;\/\é X@Hﬁﬁ)sﬂe FMhesh ARy iah &PRAEY ﬁné’bl&%tfib@ré ﬁhb r1'<§Jurth selected

~con contact™ between its contact surface(s)
orientadinge sttdayera%% hias @ (¥ YuDg'scmodolvseand @ca@@blerm‘ establlshlng

confo&@%y%gﬁﬁcéﬁ)ceq\%e&ﬁ ﬁl,: ﬁ t esglg%%g égna@q E‘Qrg% é{f SOL*rfaces including

contduré® @lrass ahdlreugh iso rfécé§| SiceAd vayeR IR iSO cBMPOsHE polymer layer
mechani cal su pport to the roof of the relief features

whergjn th?r%‘id'i'%é’f agoarray b fe.yalasnifibess Kya walectedtoriantalion provides

mechtabﬁ:ar @{g%ﬁért 'Pc?‘iﬁeertdef 8@ tﬁ% f]esfkf ’fe@fgrresgcgﬁlré)tﬂg d Qdﬁff%t%‘?)g minimizing
of confornmal conta trate su ace

distordind df dloie rrélidf gopétesn eﬂlﬁlrandy@mnfpupam dernaatiopvefr @riformal contact with

t hi ckness of_15 the fi reinforced conposjte sta .
a SUb@U@tesﬁ'é G&hafhirg aearﬁ &Vﬁ@ 1 idpﬁa%gpé’d de gn Qé{ﬁr@ thickness of
the fﬁ)réﬁj/r‘éfnfbfge%igbégﬁg |té‘t§’caﬁ'1p3%5pblﬁ‘&1 dRyi (Ptecgn kt)%ieradsny manipulated,

I ncorporation ass firbers into secon
cleanfeduamdioammiegratemmto bagtanpigd @evees, I9QDparadiod26f glass fibers into

seco Jhlbc (pLef antof ignisyeis sy sua: ogfne E5'efaponiie 2 means of

se|ecﬂh@\fh@lﬁét fexurBpAg§iday o'i%@%eﬂﬁalhﬂb?céfpéﬁr%pésﬁ@étﬂrﬁﬁ a@ provides a
i ndi vidual layers in patterning devices of the

mear]@r@‘mctlngvf@ﬂt\rwg $mod¢bktaﬁmi adividiad dayess lrbpattﬁr@lng devices of the

presef RN it BXeth s (el oor e RFRAEL” il size and

densi®20f ﬁbérs9’m5$emmd priey i fdarth arel/orf fiferx yelrs I9|10I 9!15y920 and 925 may
useful for generating patterns exhibiting
provige @eP‘Ptt flexsal rigidiy eiseiu! f%@@'ﬁ%réyngrpaé@b@% ﬁéh@'t'ng good fidelity and
t f h
placegit R R S Osle Sz BefBfa, i ip@FRaNith layers 910,
915, anaodlszs inay exosn s edfigew | rgiméorcbd \congposité Sayers of aupayrser having a
ol yner haV| n a. hi gh Yqung' s nodus. . ,
ow TRiHGRaropos] Phaohiieh Mesind Ciathoseing SiERius00 QRifpnally, fiver
r [Prely!
re'”er‘S%“nS%E“Ff?%“E RS WE}%‘%%%E”% 7Bfe, gpeMtonal high or
low \émmg)smedprISypekyme{yb}yers hinelutg faiddéonabtoeonigdsite polymer layers
h b%&‘ t”% ure 14C provi des a schematic di agram
avin g g first 930, second 30 935, third 940 and
fourth 945 sel ected orientations corresponding to

[001®gcond Figurer t4C providels anstHendtit trigesd MLStratiid fir&2930, second

and 925, respectively, of fiber reinforced conposite
935, dhignP40and AoUshodfS | selestgdrerientations cetresepr@ipedo second, third,

fourtkg%bgﬁltggtlé e}s%% @‘lgvbgﬁ%n@@i’f{ r@gpé)cftlve fﬁ%ﬁé’ﬂg@&é’m composite

glass fibersin
stam@1908n gksl sabwngn diguret T, first selected orlentatlon 930 provides an array of
longitudinally aligned fine glass fibers in the second layer 910 arranged along axes that
are orthogonal to the longitudinally aligned fine glass fibers in the fourth selected

orientation 945 of the fifth layer 925. Second and third selected orientations provide
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are orthogonal to the longitudinally aligned fine
glass fibers in the fourth selected 35 orientation 945
w@btooslssofd ft h | ayer 925. Second and third sel eB€BUS2007/082633

fiber %ﬁ%&%@%&%@?eﬁ?%?%ﬁ&) mﬁg?@%ﬁ@ interwoven along orthogonal

axesf i badditianallg! rflgeedrnelsdes nbelrremmlmj; ofty snfddmdgcermi third selected

. axe diti er neshes. correspondin
O”en?é'eaﬁ(ﬁ{h ‘i't%ﬂs r)ééw(@c?%rs QENERHANS; B1R% a@%@@%sogﬁ'oto each other,
[ ri [
s S Ty AL (B B T The O R ANRIRTBOb i Figure 140
mumnmeesh amsaimmzt urortlaesmomamen nieapaneal 4Copertiesi aof petymer layers and
ani s pl ane mechani cal properties of
patte%”gjﬁsv'c%yip? %rﬁéenb'gf’?@tr‘c?ﬂ ng devices of the present
i nvention. [00192] Figure 15 provides an optical inmge

[0019#1 a ceppesi tEpRIIdEsen bﬁﬁ@él irRBeast a b@m@o?@@oly@ﬁ’éﬁlayer bonded

shown in Figure 15, e conposite polyner |ayer 97

to a I%'BM& loyes 4s S@Da@smfﬁ'ﬁ@’ﬁ ?@ghewnmem{meawfer 972 comprlses a
£ r
glassq’g)%i # eﬁe?ﬁél\/la@g aaS/%rr ?Zﬁgilogeﬁ?gort Tﬁé %[nkglll%pg%gd fiber materials.
deS| gn shovvn provi des an arrangenent of fiber
[00193]i nfoReéefrllngyagalnt tatFigsres et thec slangb adsigre shgwn provides an

seco ayer 910 and fth |la
arrangameRLol e hapTae 8Ve's (MR HEAhaPoUElesignpgs 360. Use of
a se&@r?(f flé\‘é~ &e94028Adaat fitH qayé\y@%gi‘agvrﬁpdsé‘bitﬁHﬂél 'tﬁé(eéame thermal
i ng substanti al t he sane thernal ansi on
expam)elﬂ faoeffeientmarel adbisd dayert&‘rS apad e touwrthdlayen®28i having substantially
sta 900 15 havi .substantjally s trical .
the s3ne Peieh ShapFian hetis CaCaNeS a e FpicrELomppsite stamp 900
hav.npaaesrubatarmangerét/rrwretﬂcgﬁ@ustrmménIcﬁ tﬁéfrhapék@édsyort bé@fﬁ'cfents about
irst layer 1s relatively thin conpared to the sum of
layer eégoment axisr3B0. f bhistis parkculariyt tue dyfissklayenis relativglyethin compared

o YRRt ot A 54 481 SIS PBRLER LARSERY g rn 10%

for seeecappiratioho\ehd niRee Qrefrablyelesonthagus%t foprsome dgpications.  As
present invention providing a 20 substanti all

descilgamh@boVealsi Gt FENiGe! BANTITUraiRISH] B pRiigsPBINvention providing a
subst%mﬁ Iygo“sb{grﬂﬁétgﬁgpp%sthﬁﬂt%n i fr%?rﬁﬁpte@éhéloﬁggoeﬁlments about layer

ane containing the conta
aligneent axie (230 blstho@cafajltofa)planprcumtainm@ ﬂf\becdmad:tysw'temzle(sa) is useful for

prow%%tg:ﬁe?r!ng&g s?%/l{)iéﬁé% hrgipgg glwglgtg qWﬁp tegﬁﬁ)éf EEIHI?{@[? pattern distortions
mduc’éHr beEndmfe? irf hes §VéfUR=I ri Eghhér hsteeRAt symhf tﬂt‘:eﬂe§rrangement

l1ef pattern dIS ortions induced during c g, for
mlnlnezempelef pattem disttiriorns indoned dRBNgausiod, oF exampleagatérn distortions

causBEpL g A Bb R A R bR B of & wi de r ange of

mat eri al s havi ng useful nechani cal and thernal

[0019]0per tThes usé Nel fidendnateriald allowsefdralntegration of a W|de range of
patterni ng devices and pol r layers of the prese

matefiglg diavinghusefulbmeaharicak ang %%WQEEWIQ%@QU%Q |blr'tttiﬁ oyaterial, into
patteFrﬁr;T(f)ﬁH\ﬁc}és @Inﬁxh?a)nﬁérylﬁ%)elré’%fnﬂ'lef %eco taﬁ’ilvbﬁQSW% 8" manner that

I ou nt oure
preses\aésttlnat eabslity fafctes exblbdhﬂ@eblhnyr bkmeiaghtavi eglablidhangre of conformal
s of cur at ur e. q!:ﬁr exanple, Si02 is a nmater

contalcﬁg\tltlﬁ @U\GQr@F £pptouke upﬂ@tgﬁqﬁa@ggsguch as su aces%aving a large

radius of curvature. For example, SiO; is a material that is very brittle in the bulk phase.
However, use of SiO; fibers, fiber arrays and fiber meshes that are relatively thin (e.g.

have diameters less than about 20 microns) allow structural reinforcement of polymer
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However, use of Si02 fibers, fiber arrays and fi ber
nmeshes that are relatively thin (e.g. have dianeters
wo e@s/osdean about 20 microns) allow structural PCT/US2007/082633

i nf .64 2 5E : .
everS 3 BREEEAL s 5Ll G AMERED i gy o ve eses
stretohiedi ahd gefalnmled. neurtiexmaregSidieexhilsits ody adbebienftbesortle polymers,
, ,trelg ed and defaorned. Furthernore, Si02 exhjbits, .

includjabe BRes; GAMGE) SBRE 765 oHRAGE! A1 QUTHEePBhEISt integration into
polynfet RRRrd 118548 té@uk?éﬂ?@ﬁlp %hﬁﬁﬁcé?feﬁfabﬂfig%rél hadidity and Young’s

intedration into po ayers | eads
modutush sttalet iatowinge idradericentlexibilifyl esafudl for i ggtalblishirghng@ood conformal
qui}ﬁ' s 5 nocﬁul us while allow ng for device
contac Wi [gne¢ ssg(%pemqrpgg 275 shi ng good conf or nal
contact with a range of surface norphol ogies. [00195]
[00195]Y cCompgsicbhdstion§ idPefibémirpaicnial aarll PIWBIcER! dimensions of fiber
di mensions of fiber materials, may be used in fiber .
matefigisnMeycledl useryRdiber ageferced natemer layers of Meeptesent invention that

1 hat i d it i i d VORT : :
providGE! patriticl it 1 41d" B REY EReR] CRAbIAT bEMRGE mechanical,
structunalr end theapear braserties. beFibant @aterlats ussefu! ini the peesent composite

resent conposite patterning devices include, but are _
patteryng |deyigesd nchde, i il arec swprlinaitac i@y HRQrs; preMpHsing glass including

. i \ i 0 , 3

oxide B yfifo S $50:SRp5 By0h R, MG En R Rr PR T0p g0 Fe0s P

and Nej}®nkeKsOsuetbons pymers sudterasaachndignéieen andedyaleenemdmetals and
ceramcs,or m_xtures of .these terials  be . :

cerarfifs & SOMATER O ipESH BalEHelP Be w61 DGy POFaIER TPREPiaig; devices of

the pra¥ent iigfentibhber Figaf %bﬁirﬁalse%%h%ifihg?ggwdacﬂ@%ﬁﬁi Q8 e polymer
the polynmer conprising the layer i1 Ts iIntegrated

comprrigtng Hneeclayeeitas rietegratedrintal aref prefeed ragigriplsafor sesne applications.

. Fibers havj | enat.h angi ng, f.rom aho . bout e
Fiver 5. RS raFaBb o AR o Ry o, bt BoR g ettt i fiver
reinfdPééd JomhpubiteephReRIY devReENd! iphysaMti iglentiref Blefdrally about 5 to

about 5 to about 50 m crons _for sone applications.
aboup@apisrons faigsane mpdeationsn g Figrs havingbei@metersoranging from about

q n t E L cr.an . . | i . .

0.5 PrRCR, sof0 R aiay d BapaGi JEL! cabfrpd Romppsite patteming
devicesventpresentpirefegitiah] yorefzpablySaboutaBoud abouti diQomsicfoms for some

.sone applications. [00196] Conposite layers in fiber
appli¢adioRtor ced patterning devices of the present

invention may have any selected arrangement of fibers
[00198]0V! d!(l'?ﬁn&?éitge[ eRY ifeftreseiMfolded %%tt@ﬁﬁﬁ#‘!%evices of the present

mechani cal’ and thermal properties. Use of Yiber
invendion anajchave any balestackairargemgntofilgns forddding glalieening devices with

fraction, for exanple a fiber vol fraction eat er .
usefy pikeriafisial 2o REral eroBeliies nUES A dbet aTpagEreNis Chpfacterized by
a high diber vBLené fratliGhirer 44mpRY 8\ibér NBILree Rattion gréstbl &fan about 0.7,
. features and recessed areas, including roof support, .
is usefyl im cpaIposite payarer(gsg-dayerod O diigisre 144y PEOVIGHNG rigpport to relief

e t. C f, f.i -

reatu 3ol RS BREA% o BHHLBTERn B o PEletntiaynt glow moduius
layer$ ha@inigotne oprmereasmitactaslinfdses. voberaf floerciriamyen®sits characterized

t han about 0.5 i;s useful in conposite |ayers (e. %n
by a ng\seélﬂg)egygluggﬁjfrggf([pr;,ﬁoq:eﬁqmglelqﬂperbyqjym fractien less than about 0.5,

is useful in composite layers (e.g. layers 915 and 920 in Figure 14A) providing a
desirable net stamp thickness in order to maintain the flexibility of the fiber reinforced
composite patterning device. As exemplified in the schematic diagrams shown in
Figures 14A — 14C, use of a plurality of composite layers having different selected fiber
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desirable net stanp thickness in order to maintain the
flexibility of the fiber reinforced conposite
w@ai0sesIsng devi ce. As exenplified in the scheP&l/U82007/082633
orlen%tlaﬂéﬁgfﬁo Ymn'fBr Sd: ?ng él?)éf“hrgl\pﬂ‘oﬂrgeguéﬁgpésf’e patterning devices
havingeisetrdgid rﬁemecﬁSpMQeﬁ%SWﬂﬁS%ée(ﬂ%/ déF300F1EB MY axis that are
orientations is useful in for prow di ng fi ber
Oﬂhogeﬂﬂfteﬁc@é”%&ﬁﬁ%mf‘e thacoriast Ay @i ces  havi ng
i sotropi c mechani cal properties with respect to
[0019¥9" OF MR LagitiBh W I irS addifidn 36 ﬁwelpéﬂrlh’é’tgfm%'ndtrﬁeéhéﬂlé‘él%ropertles
contai ni ng the contact surface. [00197] In addition
fiber oadenials forafdetrtredioncedtdosnpositerpaitarnialg ceviceseche prasent invention

mey BRoBR! 8 Sl SR BEURE b ARbe oM iBBirpes. use o
fibersBaviAg $Orditacsieé W@de@unantbebr@ﬁmér & tHeh gbwyrrca@tmgt@lnm in which it is
and/ or ther mal erties. Use of fibers having
integraded éﬁi@l(i/@ m&ﬂ@)@de withing1@%) 4 wisEEl f@rop'EQ’Yéj"b@JIOPHé@”y transparent
h t h
comp?%ﬁ%écﬂg( Qbﬁ%é §S Ifj(%sreéfermff)lgr ?rg# @ﬁ”é}l lﬁg?%fr%étroﬂl ?Fg &P eBer can be

tuned toam@per et index op esfrdctiopadfyPBMS @ysically Eetwvwnamlte 1 6) to make a
the index of refraction of Si02 fi|ber can_be 10 tune
highly drangparentheompeite eeesn @a@ron'\/@ﬁcmet@%ﬁmv Of fiber and
t
polyr¥5 BEREIAL.In) & vet comoB(E, Golyie? TaYer KT RRRRURS usgul for fber
relnfo‘rcem‘ercommbsnpqtmmmaatﬂ of itlxd préserd igverdionc ofrpadditien, selection of a

fiber Fr@t%qa i a ﬁbsgﬁgté%sﬁéggé |g{el|41{ ﬁgﬂé@&g%@.mnar to the polymer
matehé‘IVlﬁrV{/hlelﬁ‘ it |lsrlnfé‘§;%thQHto gel Attty & wathinf *I@%') iSTREEfUl ®r providing
havi ng a thermal® expansi on coefficient equal 'to or
thermg| stakee fiber teinfornsidycampastenpattarning devieds.ch it is
integrated into (i.e. matched to within 10% is useful
provi di ' rei nf or ced
Exanf %4.8. 0 eé&? If rﬁ&a{i‘*ah?)t IE le 4: Composite
Soft Conformal Photomask [00198] The present invention
[00198]c| udasecpresent irveptibh ancludgs devimBsitecoaternsigndevices comprising
phot omasks capabl of est abl i shing and mai nt ai ni

photqrpagsks: ¢RRADIG A ge@bIBRIAY 'PENRIREY eenfemal %%%@tg{'&iﬂbthe surface
of a SUHHE: gé"uﬂlegj’dﬁﬁgf??éé&sm \Wntﬁl éétF Id fadigtnt Aﬂnadvantage of

An a ant ag onposi t’e con or ma hot onmasks  of
compos#s ecanformanphotonmaskshat théngyresed aiveation is cthaf dheytare able to

a w de range of substrat urface nmorphpl ogi es w thout. ..
confelig 9 1 2. WY yaNgRaRhi HHSIRE Gpiiecal TBPRIpIeSs Wittiplh Significantly
changifgtthe ébtl@ﬂ%kdﬁ@heé rs’llb%”bé;?e\iv@rhlﬁéﬂs@h%%ﬁhbﬁns&on and absorption

properties, of phot omask. This property of the

propgsties.e 0f thwmmt@napk ovi dHs R®PSHyt Gralies pEaprilll évehtion provides

phodRTARARE o FileEERG: SebforBhalic FoBlth By e cefined two

dimenhglbeasdgatias dispi aiong ajfiimensitiat egolangaion v@ave englohsvaklengths of
el ectromagnetic radi ati on on sel ected areas of

electroragnediceragigtioncen seestesargpp i & pubsipie @Hﬁﬁ@g fiyereby allowing
f |
fabrlo%ﬁgh?fn@% t@%é&?éuﬁﬂzﬁg%ﬁﬁ?ﬂrﬁ %?cgﬂq%n A8! i dée erﬂé‘ﬁ’t accuracy.

accur ac rovi
schemati c di agram of a conposite soft conformal 30
[0019% ot omksduref 16 hneo‘pdes enschematic idbagrass of reownmiposke gaafie conformal
osi t

phOtOJI:r?éSkt r(‘)"? t% rTBresen |nvent|on As shown in Figure 16, the composite soft
conformal photomask 1000 comprises a first polymer layer 1005 having a low Young’s
modulus and having a contact surface 1010, a patterned layer photomasking layer 1015

comprising a plurality of optically transmissive 1017 and nontransmissive regions 1016,
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conformal photomask 1000 conprises a first pol yner
| ayer 1005 having a | ow Young's nodulus and having a
waeomsasiossur f ace 1010, a patterned | ayer phot oPeEBKB20097/082633
ri I
and %?%cgﬁs’nr%ltg%t?me? 1%2 gna"t‘/lriﬂr Hlﬁggé%r} éen%%tdr eg||lg°ﬁélllq85]69,)(temal surface
102566n %%O%rﬁ%&%rﬂﬁﬂelﬁ&@ow&mﬂi@ﬁaramlnmlgesdﬂhms and the second

nmer | ayer. 1020 havi ng h Youn s nodul and an ,
po'y"g% é%%l C@%PF'@%% pojyypHde.| nqjégmﬁél eﬁ%@t‘%eﬂqs" t‘?tjr'eﬁlaast partially
transirit” SEI&%W’% nekigY adRRiERr | %Qﬁo e?é’s@ndeit@ﬁta'??%ce 1025 and

pol yner conprises polyimde. Transm ssive
nontraegmmswelOﬂe‘gltaw | 4046 tairtleaﬂ;tl ypantlabhytsmttEnuate the intensities of

electr%b%ngggargg%ghﬁrmr adlﬁleatgl N E}@f §Hga.€t%11§2§t rt]q %gqur%l%cgy reflecting,
absovﬂ?ﬁﬁg ior! doattetihg nwat Slebﬂérﬁa@héﬂé'rbdl%%oﬁf In the embodiment shown in

el ectromagnetic radi ati on exposed to external surface
Figure ot nardransxeisgive regionef1®& arg)reflegbverthinnglustinum films in contact

with %n%yég{%tﬂglli gﬁgp%ﬁéﬁtlzﬁgngt 'Iéyérﬁg'n t' ﬁ@m b’%in@gﬁtent substantially

transp@@n0 Regidf Betveen fflbetid ten hiinfinahUfitiiduareftrdienissive regions.
cont act wth a substantially transparent Ti/Si Q2

yer. _In this arrangenent, substantiall ,
[oozqor]ans pJPlePthggﬁ?%t%” pEtQNeR ﬁupgtrzpt@&qr(;a@et K]%C%[T‘Hﬁ?'l?ﬂjﬁ‘?ﬁ conformal
photJnHééRHé‘ét? id 'b?d@ﬂt SoVEorft58 wfttﬁ a s&@&ﬁa@@lsu%cefs%\éhctﬁ?t the contact
patterning on substrate surface, the conposite sort
surfacent @t0redf fipdtopolyesk [EYSO 1&053re3t@ﬁb1tshieet oonfonmabthm'tadt with the

subs r at rface such that the c surface
subsgferigece: ecpmparst Rslatondiand fish o diBeRefgl disiributions of
|nten§iﬁé‘§ %Iaﬂ!étféntétﬁtes%ﬂé%rr wheel8ngthass dirEbRetdReRIRShhCsurface 1025
radi ation having first two dinensional distributions
of semndlsoliymeéﬂ]@yetn 20 cpfmcampq&m S0t smrdoggalavmtomask 1000. Reflection,

ool AMabI rafefhg &5/ EoBahdmERNEL BRia ™ uR8CattgRg ranomited

electioptdgnatiskratiiiidon BRbFRESAA byadiserditi @ fmﬁéﬁélonal distributions of
scattering by nontransm ssive regﬁ;ns 1016 generates

intengitigs s pplefisatione states AEiPe Wayeleagtha. i ohis Héﬁ‘rtﬁmltied Z&dgctromagnetic
radlat?éfn ﬂtt&fat%tsew’tth tpt)l’ﬂ? gﬁb%’tﬁ%t?'()sﬁﬂ%{cg?ég? gér%t |callé and/or chemically

modlfréd redioranofihet substlate sudaeg n Patterriareaihbeait aeal elther by removing at
interacts with the substrate surface and@%enera

least grprtien Of {neseRFBicatnanfiEaPNysICaby Moddied T |'Qﬂ~$s°fdhetSHQStrate or by
[ r
remo%’ﬁﬁnétr Péa%tséJ ngt og qﬁ% fs{l ot}rﬁgef ttﬁ%elécﬁéettmeggﬁdahgnam?r physically
modiipdsi cal I y nodi fied regions of the substrate or by
renoving at | east a portlon of the substrate that is

t ch [ / d. 25
roo2¥l, ¢ o FBLEE e RTS8 BPiiinlinady 4 coimosiasiSsspt conformal
photd?ﬁ’é‘sfk%%'e é)@h@lﬁﬁﬁ@éﬁﬂl(ﬂf ahdﬂ'fF iGUreSEIB shoWws &l Giticalfinage of exposed

gure 17B shows an optical 1 nmage of expose and

and oteefebm@ﬁléatqiwe@st eafierns pata eiligen sHbsiratel iAspshown in Figure 17A, the
comp%gﬁétérc?rfa fcon‘ﬁ?‘rp?i“oeﬁﬁbttiq@akgt‘i 60 ]@A%malt | em.ﬂ"ﬂt@?grs i gks“rﬁénme 1105

has a nmet er

providiiag da ebdr&i@E whicioalidiwsg easyp andeipulationh ciddning eeais ihtegration of the
mani pul ati on, cleaning and int egr ation of the 30
phOt%’F@ﬁ‘bW&QkOtﬂFf Rregassing NSEEEEMHAIMs tf GrREPRAEPB P gures 17A and

17B G&BASHSRNSE pEEHILRadiAG HGH fidelity are generated using the composite

soft conformal photomask.
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17B denonstrate that patterns having high fidelity are
generated using the conposite soft confornmal
w@b@sosask. 67 WO 2008/ 055054 PCT/ US2007/ 08263BCT/US2007/082633
0202 I I r :
[OOZdﬁI e %aflrggﬁpf#g/ q%%ﬁéf&%s%f%&%@i%%%trdétiﬂg zﬂﬂethod of making

a compodite soit cphfurmmwhotﬁmamwtmsprﬁselnn‘mmnlon As shbennn process
ocess A of Figure 18, a thi aI urﬂ num | a

step ﬁso‘pék%@ﬁ {18dl aoﬁ%ﬂrb a!LHB'”PFﬁ YQAI'S SgPPS Ghif‘éﬁmaY surface of a
high VBHH% sSm%GWsuﬁolzr‘?]'eY RS eYdropl ?éii— égﬁﬁ‘%ﬁ&%’ apey é‘ﬁb\ﬁﬂ in process
own in process 5 step B o I gur I ayer of
step Bhof drigwesi8j a Iagpogftmrnbtmestﬁhes alapoisiied draylee ,aldminum layer, for

exaﬁﬁiqan‘gbggﬁﬁbneq Coata:g ot %?E%Héé}%ghy&r ?e?fégn;&lo{ tlgl(r?gnﬁaonventlonal
photcHtfIyresmer arffs @a&ém.@g nﬁ@pp@@rﬁé}@?és}('an%alttéﬁféd photomasking layer

conprising thin alumnumfilns having sel ected
compsising den adimiensi Gimes hadingosglectedphyascal dirpansipns and positions. As

shouffc fCBRRRSCRPLE 85 B AR bl Pkl D Gl bigobifea on the

alum|Inapreﬁaaé1d1eqw@maemgtr;qa§er0énd bﬁpoﬁcﬁfégﬁd)n§bf f@Cﬁht@rﬁal surface of
h Young's nodu

mer | aye of
the hrgh/@mg B ayeAUlYS PelyErgl |3V%rr éﬁ@lﬂﬁtﬁl ﬁlésloadmé%r IénJSleaJlafor promoting
Sa
oo BN OIS o RESHRLERL QRESSLNG s Mofigtrddbos step
of Flgute cldn au@ﬂistarhtmllvysﬂar adiced substratensnstcatdd seittf a nonstick self

| ed nonol a er and a thi er_of  PDVS. i
asser@B%dgb ARI3¥5H B tehéh'geﬁaﬁ/eflf?fglzs)é |I§§%ma;ﬁ;£lon E%Of the self
assefbldd fotRlidyerS S ! s tﬁ@%%ifaé{%enhﬂeﬁhﬂn%né%%ﬂmOc |st B8pect of the

I nvention | S | nport ant for pr event | ng I rreversib
invenkion ds mgpcmtarttrfer prevBntiry erevessibleebaiding ohthesBbivite layantb the silicon

surtaf 11§ DO Sttt PRa oMoyl PoR ebelotifl s The sicon

substrat@ur &Ks %ﬁowﬁ he pTd)ée%sOQtebEB/ Bf FRfuré R, WW%IGzelayer of the composite
structure conprising high Young's modul us | ayef and

structure cpatrieng pipbt\terngks Apdudyetayes apd the pagemn photpmasking layer is

oroug TS Sartagrinhline S i Biisb YR o frec'iy gppted to the

exterNéﬂW&Cd@ﬂﬂﬂ&ﬁghW@n@@dnédﬂﬂuf%ﬂamcﬁthe PDMS &aiyértlsa:ured at a
nper ature between 60 - 80 degrees Cel sius for

tempﬁ'@ﬁlﬂ@ bGFfWﬁﬁnlfip — 180l gaRes |C§}%HS forsa &%Qpb{fsed':\“ﬁ&m thﬁEPDMS layer
is se@ %@?&qﬁ%ﬁ%&?oﬁggﬁég@f%; bggﬁg)rr%%cggk anéhtg%sﬁgféoft conformal

photdﬁmlstratl on System Usi ng Patter ni ng Agent [00203] The
present invention provides nethods and patterning

xS TG0

and/ or grooves, useful for prOV|d|ng proper

[0020301 St Mk resantl irflen8oABbvigks PABIHRIGRI &d Fﬁﬁéﬁﬁﬁg ¥edices and/or
substrate surfaces. Particularly, use of ock and

substkatg" SL&T&%ﬁM@”%?@@@F@ rellef Ranems | w%@ﬁﬁllgh@ﬁﬂbﬁ?anneb troughs
and/o(lﬂ'S r?glvg?,tnhggﬁmlerfg %w{jﬂgt @rrog)t%r tr%‘flgﬁsgr(}'d raq% rrentI P patterning

r ésen because” engage
devicesrpidesmrdteaty stiefates e Partiadbngi ise bhéock and key” alignment systems

comprising complimentary (i.e. mating) relief features and recessed regions is useful in

the present invention because engagement of complementary features constrains the
possible relative orientations of the contact surface of a patterning device and a
substrate surface. The ability to constrain the relative orientation of these elements is
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possible relative orientations of the contact surface
of a patterning device and a substrate surface. The
w@bioBios3pst o constrain the rel ative orientati onPOf/US1eTER2633

I R e

accuracy ayer largd sgbsicatel axeagent  accuracy over |arge
substrate areas. [00204] In one aspect, the present

i pvention includes, ali t systens usin
1002041, T or I ettt WEaR! uRIiYT Dheiided Hidhmenysistems using 2
patteﬁﬁﬁg?‘éb@ﬁt foraddtalisRid P BAE MhaiRefiNBE sélebfé% %Iaﬂ’%ﬁlgnment between
surfaCe of a patterning device, Such as the contact
the centecheerfate af eopptien‘rtl@ pavncer alucrfg addheé contact shgace of a composite
cont act surf e of .a single | ayer tterni device, .
patefiih P o 6s Fayfen Sifade t2fbde: VL BRLERng evice, and
selectdtP rédloh ft thef sitytts &Reface! | PNthd BEnfeRl BY thiBaddKRFiptio, the term
agent™ refers to one or nore materials that are
‘pattgsning; @&Qﬂ%é@fﬂ@ew afe [os Mrereamagasials Hintreinievidedtedween at least a
portio%uo? %n?ac?aét}r?afd%' glev &?ec‘rnﬁ{bld légs%étg su?strate surface
ace undergol ng proce Si ng s aspect
undetding peseadisingnVv émtthignaspdut qiathtaeprresegt irgrention f thec patierding agent
to facilitate Fgro per alr@gnrrent and eng %errent of ,
funCt'é’Bﬁp Cbrf@ﬁ'ﬂ"é%t? rapegs alig Nir 8892 8A9P8LRERE Py §8W¢ﬂtaw relief
featuﬂﬁ-s”%rr‘\@erreé%%%t r&Slo89Of %e%éir{é?'t kU1t %lstration of these
nment s tter ng agents of the prese I nventi on
elemersig. pPatteldmg agenhtsoohlha pregamerinveriimm ovayi proxad funmtionality other

than 21 additio % At i ptooRs BaFFane O ppdlfet Bsisifbesand a substrate
surfafél tlﬁrcFHé"érrﬂﬂ)%%énprattﬂé%lﬁé e§g%?1tts 'o‘F\fﬁé‘tdréébrﬂ?HPéht%fh 88mprise an

opti cal fllterlnfgorremm or a phot omask of
opticglr &Hering | medivtm ofor Bn photahesk Qntlrli pesent gavertiom. ngIn  another

embo@ﬂﬁ%&é 6@1@ itn%a?geé Eé&]ghsgaé e‘g{%ﬁ& E‘%é iﬁl g%‘ltdlgepwolded onto a

substi@eesiiddcd, hak d>anilbdg repbgnterpiateid) thatosa6ded@ninto a pattern
the substrate surface upon exposure to el ectromagnetic

embagsggfd £ 68 sybs{rgtmsqr@acpq]gp@agwﬁ@sqr@ﬁp@{g@tmr@agnetlc radiation or upon
mcre%@%%t‘ﬁ'p@gatﬁlgﬁenbéttg |ﬁ€%g?ﬁﬁh el BPLEah: ﬁoerq{%(n HaPalso provide a

de™a " nu uncti aract'er suc

multiftnotionetchanacter fsaichl ag at combiationnefnfaciitatinge alig@oent of a contact
surface of a patterning device and a substrate surface

Surfa%(ﬂﬁfr@o‘?"ﬂ&?rBWSngﬁpﬁg’a%@ SHPeN?8i ArTatR iUPSergqing rrRgssing and
prowé‘iﬂg ogftlcél ﬁl{e@@?fﬁd/ﬁwzﬁ foh&fer 4 eﬁéi%?bﬁité‘&ln"bné ‘é%tstrrét"eesurface

one enbo I ment att I ng agent
of the present invention act as 25 Iubrl cants by
[002Gduci ty dnei embmdigentreatainingt agentsactrthe myesenit ivention act as

uoric2ls 3¢ rfiengaPENpE. Felta el pesbor paiaiid EBRE, surface anc
substRter SGasdN afr’ b hhoAl dgrinh@wtp@}étémmsmmas@rg |G8K gmg keie registration

patterning device and the substrate to establish
systegbnByrragvciog ritietian, Ahel patemingegentallaws &wcrpaé&eﬁ@ng device and the

substtrg]tgr ﬁf%stasoqlgﬂl #(ﬂ%f)ﬂnéla%gﬁta%i dgﬁls%&}e ré|%l % t§oeach other, thereby

orrentations I'S aspec the presen

sampling eat tapige aﬂdjds'sﬂumal retaivel btigntations dedh kigist Bepect of the present
patterning agent allows the patterning device and

'nVen§QBs?ﬂQF'Qn§hm®é‘5ytRfOY'QSle by the fatisrning agenttalgws the patterning
devicke!d VRILRILRNT &IkRE to realize a stable, selected relative orientation

characterized by effective coupling between complementary relief features and
recessed regions on the mating surfaces. Effective patterning agents facilitate
establishing correct registration without interfering with establishment of conformal
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characterized by effective coupling between
conplenentary relief features and recessed regions on
w0 b@ssiosyng surfaces. Effectlve patterni ng agePCEUS2007/082633
ci t f
contafcﬁt Qréﬁzlﬁl@éte\fmﬁubﬁbégs g%p%s figiek. élgcgdn abliah |o%”a6rg! W&s thin films
and Renislbe hétdrals. USZf@ﬂb&Wﬁfiﬁtermogt agéntsusmefudle Optlcal Brightener,

atterning agents i ude f| uids, ch as |i

Beneli DB-BE IMrR Y40 rL%rn@k APCaPRDE WaRkWaaden dye Powder from
Fé?ﬁ Adgemi ng agents i ncl ude Opti cal

Cons Br Fgﬁ%ﬁ’gg‘?@ Benr(re]t ex OB-EP from Mayzo, Parker ink,

Wat er sol ubl e bl ack wooden dye Powder from
[0020&]nst arfPatirrpingodeVices ot ihis BspecobiheRanesenhinvgntievinews a contact

" of this as ctl.tof he present.inventi Io ]h e a con tac?1 d
surfags, fayil Rabl. a4 ‘Ht[ﬁ"&g "§pioNg s LRIF &8?1 s Rggving shapes an
physitgl diferskisuthas akaebmplcrhemasy &NebceRby¥G lr@@bn@“oﬁ‘?@l%fqéétures ona
that are conplenentary to recessed regions or relief
SUbSW@QtW'@%C%MHQGFMtWQ@%SWfad:éattﬂﬁﬂ@ggéewges of this aspect of the
prese?ﬁ(?ﬁ\ge?]ﬁloﬂgalsg %Tabgrdqhgé% %%F ?rﬁﬁ)o% Ci g%gérﬁ?t% gérﬂ%to a least a

I nvention a ave a mnean

part @ﬁl@ep@gﬁcﬁﬂ betweargend contaet auteestana the Qwsttreﬂzé stuhf%ce Means for
regi on between the contact surface and the substrate
'ntrOdéJthga@‘@ p%ﬂ@gfaﬁent|%ﬁr%aéiuﬂﬂjc PH@”'&%& QB?QYerf?j rg@gﬁmvolve wetting

the c%ﬁfbd?ﬁsuﬁ"fafc'eubld ISOpSIARN8Lra s QRF tB" e SEBYIidHM formal contact, for

the contact surface or substrate s
exampte umngoaejaprabgl&istmg cbofazhieade wgteation, tloe pabtemmtngadevice and

substiSter Suitace, e vitedtahe Pracgh! ik SonAdioee esiebiRPing af gopropriate

force Dfcp ‘&Bhﬂlé‘taofoi?&né REctedordgaRhl ©h4 %%r%”ccﬂfﬂ@?nﬂ’@ h@fe@sfl8 portion of
force, for exanple a force directed orthogonal” to a

the cpmtanbswzmeau Biciignalty, ledgrmeat pentineelvefmovanaerioeftthgtmating surface

o 0 51 Bing P2 B AL LABEEL Sy BB BRI ool by

latera iBlgnddret o Wid aggadds. ot her directions, for exanple by
Iateral nmovenent of the surfaces. [00207] I n anot her

spect, the patterning agent acts as the ogti cal . ,
[002Q7]| ter ,Imgng{lg@,r @gPedl theypatiemiia ageriAds gadhe erikal filigring medium

for atd?in?orﬁ?‘é?)?étph%“toﬁg&' N8R! sugﬁ tﬁ?"mﬁé‘\tHn‘)@h Som;tﬁ)smon of the

terning agent 1s select
pattelsmraag tagest isesélectesl suctotihénan deabswtis) atettersomeflects or otherwise

roperty of el ctroma etcrdat ndre d ont

mod faeS3aste RIGRE1Y (4o BEYOUEHRENS v af Pian; GEaHY Qi the photomask,
. O’ |

therell)?tés%[é%tlﬁléra@f‘asd&]u‘iﬁy@' #RGhishsprd Wév@fe'nﬁiﬂé ?Hd %ﬁér&%t@ﬁ states of light

onto a substrate surface und ergO|ng
transpitece oning. substraie surtacdi wedrrgoingr pateraignpllie, onehembodiment, for

examit Gl riE Hgent i€ BRI aPfeSE Hrfftii BRpfmask having a

relief Ptfens @ndf the SHBETdl aLffacEYI PEIBSraeNt @6hfoRBEIEEHRtathBetween the
phot omask and the external surface of the substrate

photqg’@a@q» gngsthg: sxiereal sMrfageeédhe cutiphieéel aoperafes a series of spaces
occu@%@ébﬁfr ga@ &Eggﬁt fHat aqgfdé?ﬂ dh%/e re{(%lfeff'fggttU{es and recessed

regions o

reguoﬁ@e@fetmaateﬁaa‘ page@ONpPrhese &pacss eaapfccnhpmeles seBigs of channels,
chanbers, apertures, grooves, slits and/or passages
champges, tARSHIES S oRvEs. SH mpbﬁggq@ges positioned between the photomask

and the external surface of the substrate. The shapes and physical dimensions of the
relief features and recessed regions of the photomask determine optical thicknesses of
the patterning agent present in the spaces between the photomask and the substrate
surface. Selection of the relief pattern geometry and composition of the patterning
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and the external surface of the substrate. The shapes
and physical dinensions of the relief features and
W(De(me@wduegl ons of the photorrask det er mi ne opCT/U81007/082633
e . oy
agenfggg%leés \rj‘\%\géneﬁh ﬁ@% &ugﬁg&ﬁénﬁﬁ@é?%?b%ﬁgﬁnetlc radiation
to aclslelvéeue&ct&&ltwotdumensbnehepaiteil ididtripatidray of hedntnsitieandiavelengths

sition of the patternin 70 WD 2008/ 055054
a”d/qﬁ@r&)%@félé'?/sé%tﬁéég?'ggbEﬁf‘sm{tﬁ% Qntgrige ?)@Vﬁt?e%urga%aﬁels aspect of
t
the nﬂ{)enggﬁ%?%rﬂ IEFI JI f%glp%'ét%grflgg"%‘wﬁgigtf sPﬁ’Qbé’é ha%ing a layer of

photasiessitiveumaterisl dﬁpCIShtedldntthBB'IG)Gtemal surladesngt hs and/ or
pol ari zati on states of Iight transmtted onto the

bstr gt rf t N LS, . .
roo2G3{"F} ¢ AdpRipas 8 aF ikt Bnarhactt B tier S eul valien incuce ()
it is cBAaiBleawltia Yies tyﬁes%fniom;s&ﬁ@%éttevmnwe@me@ldet!s%ﬁ@éﬁ tie@dughout this

on their external surfaces. [00208] Advantages of this
app“?ﬁitqne!r(h) H’QB RpHedug agent ganphage W i iReostty, oWhiqﬁbE‘O@I@eS it to flow
rapidérI air{d éﬁedﬁ@eﬁ@%@‘@ﬁ%ﬁ%ﬁﬂn}g mkyﬁsagﬂ{ infcﬁ@@rﬂﬁbtt With the patterning
agentif@whiohahielps, td ipysht heogtadt eenipritengiagt agent bat/ebflme' regions that
Vi scosi t whi ch enables it to flow rapjdly an
corregperd o @I'S;ﬁda§r%$eOBaih@ePﬁitﬁ@'riﬂa\Sdle(Y@el)s b)r5u|g'ﬁf'0@tﬁ§othe interface

betwééﬂ‘ﬁ"?éEo?ﬁ‘ﬁatci1 sbﬁﬁcé’g&t 8648 %o]‘@a&%fﬁa zﬁnahthgeéﬁb%trraﬁ’e surface (or
ush nost of the patterning agent out he regi on
coate{dlmlbstnadne segaca)d (ivpit daes edt artelameostrettb@eqnbtytcértm patterning device,

whict} ReAt Ghbattenbiiaraee ol SPatialy dh et (o Aey . Rgs to stretch o

match NBeS |4k BAd kM FéRGRed Qdue %aﬁl@giwtsé‘@ﬁ)?rh9¥|8n§ Hﬁf %e)substrate for
(iv) it does not alter the stretchability of
exampig )t achividgt devipagtern ganegntionahphptgsesistsnwvhose processmg conditions

characteri st y if th I Ni device . ..
and USR8'PE V| Eedlisr BORE" W imhe bE BRIt ppiications.
(due to slight deformations in the substrate, for
[002097anp! Ejgured (94 arid Cl@B PadTies NscHPMvAY idey®bms showing alignment
photore3|sts whose processing conditions and uses are
systefg ysiagtanpiteRE agentienglignipera Rhetostask arshsebsirie. Referring to
n I 9
Figur L R e e L0, SE RS s ioRoh comprises 2
confommlabga ahmm&skmm bgﬁng d oontati guifage 430604 sobstkatentB10 with an
ures, 19A and. 19B,

exterSal Syt 1399t GHOIG0090P CRES ADESERD PRUSHITG Agent 1315 disposed
betwEEHTRhé S&htéct §l9*ﬂ§é€ W@bbeaﬁcﬁ:‘%ﬁéﬁ%k sk?@eeh 1:2% A the embodiment

contact surface 1306 strate 1310 wt
showsxn drigizessi@A ane 1081 exiardel gwifaae P31 epdergpirghgracessing is coated

with EHrpRRE BN 1318, 1P Es & nndCielfg eyt M Sbsign shown in
FigurénioadicehfrmadhopRotof d5kot808scafifrisea b8 poBrhér I@?ér for example a

surface 1313 underg\‘(‘m ng processing is coated 25 Wt
PDMgHayers dyying aeplueg)ige of 3acessedoiggssal b har e mapes and physical

dime%ﬂ&% thét%r%%ﬁ&@h%ﬁta@&qy}e icf fetaklgrgﬁelﬁﬁ?reggﬂtf 8h @(Pérﬁal surface

CONpr | ayer

1313elﬂaﬂ@ﬂg©|rﬁg grob&sdimy.er ,In himel ms@nplsthb&)nl iy Iébureecme@onformable
regi ons 1320 havi ng _shapes and physical di nensions
photarpagk 43@0 comprisesf Hrsy Roymer layer.fiehexpew!a 3oBDN S aygr, having a

t 1 n

pIuraﬁ’cR Sfé rgpég‘fﬁlfe%gc\enquaicl%4 ﬁé@lnﬂlggépg%’%%ooﬂ%’@s%%\ Wmeh8ions that are
complementary to recessed regions 1345 present on external surface 1313 undergoing
processing. Relief features and recessed regions of this aspect of the present invention
may have any pair of complementary shapes including, but not limited to, having shapes
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30 photomask 1300 conprises a first polyner |ayer, for
exanple a PDMS | ayer, having a plurality of relief
WO e@B0s®s4 1340 havi ng shapes and phyS| cal di mePGT/U®07/082633
e
selec{ébatfroﬁe[g% @x rggrﬁélgtlrﬁr’ o‘?eﬁﬁgﬁo‘a g&rgorfﬁ% b8fgonal, rectangular,

squan®. eorizal, hicapeRoidiak ftrieguil ar, @pharical ragdiespecormepiatios odthese shapes.
this aspect of the present invention may have any

[OOZﬁ imrt gbﬁ@%hﬁ%&ﬁgﬁ%@ %aqunag( %g‘gg%gggtgqﬁgrt comprise additional
rellefﬁg{u@q(ﬁ%%%es%@ﬁ P%sfif%‘? Wé@m@rgé@ct‘éﬂ@da%ésngnd physical

pyram d cylindrica I ygonal , “rect angul ar
dlme@qqm eASC@mvw“alln thtm@@ﬂSAde 19Bi aagi@lrmal ceptiast of:ahotomask 1305

and ARk 9 135 et e HhBELAERT Saner s lieq pypatieming agen

1315ChaddUsEes dsttiate 43ab is het badvideivith %Iléﬁf@&tbﬁé@' ah@%éé@ébd regions
regi ons 1307 having sel ected sha&gs and physi cal

compighensns e . additianabwalieinfertyeps b3 Andnr@CQQSBd é@@iﬁ% fed07. In one
embo%‘?rﬂ%ﬁ?tpé)t{erm?“\%t 8§Fﬁ¢< 1%3555 Qnﬁw?éﬁaqrt‘ﬂ% Oaﬁé F@scere]‘laéé or scatters
generat'es a spaces occup patte

electr@gﬂgnetlﬂ;?réﬂl,atlbﬁQﬁt@@&acﬁ@rﬂ@tmﬁﬁ@mb@m 305 ael, tméref()réﬁﬂhe shapes and
with relief features and recessed regi ons
phys'%'n%'fr&?@iﬂ% 9f feyehinatiunesnkios and é¢°€f$§fjd egions3hiP T pstablishes two
Y/
dme@%éﬁ?lﬁ%{%ﬁ?lgﬂi&%ﬁgﬂf allrlllt%n ﬁ‘i@s sor %h e:?q é@lgﬁké‘t%n states of
electroczagnetis rﬂad|aé|becirzarmmgedttocphcﬁdsmsme tayeedﬁdd omtexternal surface

131301 AR R e e e ORGSO PLPIIBRTTNIBE BiSG 144 may be iluminated

with éélé@t%ﬁelﬂterr%ﬁle%w didBifo@aablid %’@ﬁtlér\(\@uav%‘g”@é]ébt@ae\k/avelengths and
spatial distributions of “intensities, wavel engt

polarizatipn stases aane selesieds regiess of phetasensitvadayari 1:314 may be shielded

rom  BRLGHLE"oh; BTSSR, FIBIABR NG LB S Bngns anc

polariz@8b®nstaftfs. PhPhigs agsédti ve thélyﬁrfeséﬁfl‘}n\'i@vtldhe is useful for patterning
illumnated 15 with selected intensities of

photaseagitive aysiel3 4 Pru@xRopUie taelesonmgagtie dadiatien chgrasierized by a

selec@gtt\é@glnoirﬁ Iﬁgﬁejhﬁln s?%ﬂ%@"ﬁstﬂﬂgtl@é cgfﬁ'irgtgaée@gé??%pﬁle of generating

cherrma@gsuammo @hgsrbakbﬂagnmw@dradguahsomfhapmastgsereéum etayer 1314
vvavel_eng%hs and polarization states. This aspec

of
correppRNYing $ Atdasid matism - 1 9@%?01“@%‘%%1”%%%@@6133‘( 1305 is a phase
u

only BRALREERUALY R SR onlell i RerBraRe MhanksGmbodigient, it only forms an
amplmﬂjes@hetbma\sk siheangieo pattesyiag iagkentiis prédautti mrtween contact surface

i nt e ities a of generating chenically and/or
1306@’f§j§? 0 Wg%‘% %ﬁsregi ons of photosensitive |ayer

1314 corresponding to a desired pattern. In one

[002FmTbodi IR RinotHdteeRbotpiEtk paReMming ageRha3485 8N4 Xransfer material for
phot omask which is substantially transparent. In this

moldiagtratiaiamonta theosugstiate surfage. dmphis mwateoqaweﬂbﬁa@nefqneaethe shapes
ot BRI RGN 0, B9 S5, B VEEDSAVREls 1907 gt

featummbheer patteadithainis epaidssedi ogoapkotosélddibive dager 1314 on external
ransfer_material for nolding patterns onto the
Surfa%ﬂg'ﬂ?’atl:em%idr%ﬁfgs qfﬁh'ﬁrﬁ@eéhﬁf) enpigseNt iwestigh.care lgo useful for

patte?@@%su@&ﬁat@% i %@@%%tt@fr&il | Sﬁite?r%@ts‘ﬂl'i‘f%ﬁe 1313 directly

nd recessed reglions
(i.e. without photosensitive layer 1314 present).
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features of a pattern that is enbossed onto
phot osensitive |ayer 1314 on external 30 surface 1313.
weedpsasiment s of this aspect of the present i nvReI/US2IV07/082633

I
002015 =L RSl chlyrBeld SyDipeyHR8ATEL 5, ISR protomas

furthe(rl c@mpmalsmgoammpdnw;msemmer I/ Iayaedsamchlé?slmlgh s rﬁé’dulus layers,
WO 2008/ 055054 PCT 7/ 082633 ti onal
composiie elelayrbt 8RESRWL g3 %O%H% % '60‘3 Lk'¥ Figures 19A
hey, [ r
and {95} "els GREBsct Miodtiods BHreBBhY HBpICAYST PartBHfiry Yevice of the
presem’ndnvmlommglng podubrusndrayadditiomalt pelyowen lages goowdes beneficial

mechglgtgql @galoazhgrggltpéqmqrﬁég 32’\%;&%5{"85 %Paﬁ%tegtogﬁgg g%tample of the present
inventiBM SRGWEVErNaY ind® hate t&befé@hﬁ)@ﬁ@'ﬂdﬂ@ﬂﬂh? @@bw@@r layers
provi des beneficial mechanical and/or fhernal
Patterni ng devices of this Exanple of the

roperties.
[002’&]esent—|— O genasata arpatiehnereine sldfacs Oﬂw%tt&ie 810, patterning agent
G g ] e
1315 STRTES, BAUEE SRRl Coal I3081 o[ AEARE R pibomask 1305
and exgentl sdddée 131Prawud ﬂ%dcchﬁtammmademmltaa@texﬁaméb@mace 1313 are
1306 of conformabl e photomask 1305 10 and external
brougmmtgc@nigr{rgal %ﬁ‘éecithé:’ %Eﬁﬁ'ﬂ'ﬁgtagselﬂtf"&éé lybrieatandhe mterface between
t
e 18 e S EP cTRALR SUARLa 1305 SHR] ié Bhotosensite layer
1314iant exteet sbefboe d313t hihd desrieapelily mationagearsedfby the presence of the

conf or ma ot oppsk,, 1305 th h ensitive
patefrie, ade0s 1 T eoaPERNAE SoPRELSUTE T4 Hopldhgdth fhe extenal
surfaf:é'ﬁ1'30§u&@l{ﬁ§tdtﬁé’ rERE RE8F85CA 325 (t)th34tht6 %ﬂiﬁﬁé]ly engage with
agent 1315 enabl es the contact surface 1306 to ali

recesaediregions 1820 9al1348).s Optiase aiLgrlmthJaﬁth@teot by prcmldleg a gradual

force 18t Bhfs bheianlq 19980 nSadil Man! a2 RiFe s plong an axis

orthogéhale\ed tHy cﬁtfrﬂdd:tdlsTﬂJ@fa@eg(étﬂMatldaﬂ¥Cﬁeﬂré@ént@ﬁl BYS dritfvs 1380).
mati ng surface together, such as a force directed

OptioapbygCerntasl purfaes t1%0§oand @xemnak sedacact3tsumaycke moved laterally

(alonéﬁ%hgﬁgltqa‘f‘é'ﬁ g% tagﬁ ‘f§§®f acerpriaé(%rgré’é’l’gbljrﬁﬁ@ optimal engagement of

recestad Fegions (€320 ve d345) andtdlief %httﬁr@sqn&arorazne).par al l el
to axis 1390) to enhance establ i shing of optinal
[002e ?Iag? ggpaéfggmeﬁ regéﬂg;]153()f‘5(1)£%ull?r¥nﬂ%zgd5 )wi%ndelectromagnetic
radlaﬁ??r‘i‘ 2hd] r%nﬂi%%%@ﬁéhab%@ﬁc'rﬁd?‘tlbwﬂé\ﬁr@% ¥bfelted two dimensional
ectromagnet | radi at’l on transm
spatlﬁl edrstrthxuaagnetmfc indensitieson Wavelengtassedrd/oed polarization  states  to
nmensi ti di st ributjon.of pLies . :
protRelSiaRgei Wi o dsariaa, PolieRud 298hE 1345 iesent in the region
betwddIPFlee Rttt iese1 0BV AMd Aetbdsed @6giBNaMBOT arkieé tefiail Bdrface 1313 may
agent 1315 present in the region between relief
absotbe Scattes OELBQfBBCén@Dld@@te%@@tﬂOméQn@h% radigtoraniesshyepigyiding spatially
f
resol\ﬁ#!e é r%@'g%ﬁ?w ct| @&o Fo? FnZ:L y,(%érozp\% ﬁédl‘s“rﬂﬂt%%ﬂfgrmng agent

1315r£®drb§dJ\¢IEIe©tﬁdméghétw raftgatfmncmwuertarbatnyg cﬁﬂtraet»(&ﬁrpb@t,termng the
in one enbodi nent patterni r(lj? agent 1315 absorbs UV
pho“@ﬁ@@ﬁ'ﬂ@nﬁdﬁét?%ﬂ aditht vlgrviolefy 4okt eatTlhﬁgtr@BﬁWté@Q glggtromagnetic

radiafiét rREACROWIR Portions of photosensitive layer 1314 thereby generating patterns
of chemically and/or physically modified regions. After exposure to sufficient
electromagnetic radiation for a given application, conformable photomask 1305 and
substrate 1310 are separated, and photosensitive layer 1314 is developed by either
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30 photosensitive layer 1314 with ultraviolet |ight.
The transmtted el ectronmagnetic radiation interacts
wowaok/opess | ons of phot osensitive | ayer 1314 t he€PD$2007/082633
erat t ; f S
remo?rlgtgi ta?elggrgte gala dé}cgtlaif ?nghe%)E@gél rﬁﬁé&ggﬁ%lcﬁnﬁ odifle¥ regions of
photoeleasitwertmtetam oraloly pgrnoving et I@asjla/pairtlapmﬂpmtosumsutuve layer 1314
conformablﬁ Q sk, 1 05 d substrate 1310 are
that '%885?%?@@3 %Al d{% yeieA 'eldayer 1314 is devel oped
by either 73 WO 2008/ 055054 PCT/ US2007/ 082633
novi l>ga r g e
[0021%;] 0 cgquﬁérng ﬁrggﬁd?gg?o%ghgfna‘ﬂg ﬂéc;g?gﬁﬁs/llﬁtfre\}éétfng an exemplary
pattelmr_]g, rmﬁthgq of dhe\presendtinvention asipgra patiering agent that comprlses an

opticd] BNy kEe! PBmFTE N d5atE) A8 YTMET S0P gtk PReg substrate
having & Phetmrbsiet fiyedioanitd bkieshaladrieedin ;msemblathe @hotoresust layer is
patterning nethod of the present invention using a
contastad uithi & dpatiganng tagent comirisdrs aarnk @nd e gonfrrmahie Ehotomask is
broudaHtmtg % {3%&%@%& \P/,?t?tt ?@ﬁ%etr&% Sﬂg\@?’no\% ’?1 ﬁtﬂ; ufe %% the pattern
substrafe having a photoresis

agenekt pressht muspaes defingidoy d@rel"@ﬁ@aﬂbm of Eﬁe S(Onfoemeblel shotomask.
contacted wth a@gatternl ng agent conprising an ink

The gpgfopmabler PPREBN@SHHDt BwmiIated With RIgHomAgetGipdiatian, and the
t Wit S

patef OB B eI i M e Al Rof e o e

photaret;iset‘laymttétsnillustrateei ﬁorﬁi@lmaﬁoetmmfmmeble Tiwtomask is them

conf or k is illumn
remogRa i ey RROEERPNET o euslabee fiosiby Senerajing:a pattem on the
substRAW HRe él@lﬁ'ted“b?'tﬁe t0¥)t|@£ﬂ t‘h@n@%@éé oPPREBRT b§ent present between
radi ation transm he photoresist |ayeéer.
the photopxaskaanstisubstriteur e 20 t he confornmabl e photormsk is
them renoved and the photoresist |ayer is devel oped,

(00218}t & ¥ rBRFRAIT SriheTirbribRs MR, 2o T8 fovige components

for fagRAtingr paterhsbenweebstrdtbespfedesmesichand tibsidimkasional patterns
[ 00216] The invention further provi des methods,

COMPAiS{NGc BHCTRAF e eSfTUcdUresnpHen Nanosiged raGIWES | n'ﬁhe present invention
r r

provied LERETIAR BURSH! 348 3 LRRES, UGS A, photomastg. win patemin

agentst fancgerreeatlragtdihnee dtmemtsmmd}l mt_ttemﬁ urfée. nieteoqs, eriaeaMes and device

i nve n 20 rOV|des terni Vi ces, . such
compeNg ° ths1 ks %ﬂbmaﬁtstc?ma@gap%ﬂ@w &&t“@éﬁ‘tmgrw@'gha@éﬂ'tJEO” patterns
exhitftRig gt%beﬁ@éwgn& eeendtitERaEmaRlaRarg ns.  The
devi ces and device conmponents of the present
|nvent|on are capable of generating hlgh resol ution
Exa HA¢ Do |,., St 3 { g P "l“) D\ LOH “. .-.\‘ sl
pl acenent accuracy. Exanple 6: Ink Stanp Photonask for

[002‘%|r| nti Wgneﬁy eﬁ?rfodlrggﬁt o[!)rjo(/'a%?r %pEyﬂg)é &%%deér“ NSk having relief

odi me provi i'Sa | e e oner

structhuaes nged EihIc&j‘mblsétmmttIheEquslﬁfsbrbableommithat I|93the/\fptatteﬂd\hg agent to
absorbable ink that is the patternl ng agent

gene@?éﬁétaat@%aﬂtaeﬁwgst@te&ysvamtp lthographypissedr i h‘%ﬁjr apy combination
|
can \é{é'p iaE é;blggé,k r p otm? %’?E%rgp ﬁ)ﬂfho Ws Igr ?&%? r%ce:less a Uv

absotdble ink is placed between a layer of photoreS|st on a substrate and the

elastomer mask having patterned relief structures on its surface. The ink can lubricate
adjacent surfaces, and is particularly useful for multilevel patterning and UV absorption
to generate patterns arising from chemical alteration differences on the underlying UV-

sensitive material. The elastomeric mask is pushed against the photoresist such that
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absorbable ink is placed between a | ayer of
phot oresi st on a substrate and the 30 el astoner nask
woanshgsopat t erned relief structures on its surPErES2007682633
[ ; I
the |Hk2i§ t|8(2€ﬂl ggﬁé tﬁ(—é‘? qsggg ?gﬁ»'?ibfﬁtﬂ é@ég?r?r%g tcffr%‘rgﬂ:s%nal relief pattern on the
elast@hsnc starap. The @hn&rresiet [zairtaeliated &y, :‘mmgxémpt@ dhenighathat travels

teration diff th WV-
througl BF faipSomAsCoTaSK ontte BUFREN PLOVLASHES ApatAL Masblated by the

o LORLFGTOED R [ OU S8054 corespndg o oo of

photaregjsbmdeflyinperadiomrse - vdnerenmeow I|g@|t-|peth pthltotughmrdm ig nger uv
astoneric sta The tore LS, Lnr by
ntenghf SESTRIAY SOTORPaReS (Raner fen & Ml ifesd feature in the
elastéhast Q’ﬁﬁék c REﬁK)Vl ywné %‘t&rﬂé' ks Wa?' @it inkS and developing the
spatial ly nodul ate presence of UV- absor bi ng .
photaregist \gemraat@ﬁepattem@ngf tryaswégﬁh@hscarorth@@ pb@dused,t for example, in

conv{@ﬂm% ﬁ)trg% aﬁ%ﬁ@%&@ﬁ%ﬁéeﬁ IP Bgﬁ% a@l 8Qﬁer e?ﬁi§ \M@%ﬁpt h\?nth multiple

and/cﬂmmdw@ély Vaeying selmTdiepties the bdepddd afithtinks talchiebbedray scale”
ess feature in the elastonmeric mask. Renoving the

mOdUé@t&?’f‘p of rthestragsmited {igkt itpkgengiated s6iflopeatyrash&omprising patterns
[ t hen
havmgmgg sﬁép@?mﬁ%?%b%aﬁetcggé‘énefor & %fsfé?%ggggﬁﬁg
sequences to pattern other materials. Stanps with
[0021&]I ti plire attOmpodaot emtmdlmelrammeyrrmm slgumtere Hfadeew thee processes

be used wth inks t chi eve Y. S
of HioduRSEN oA Mol 161 2ndIOTIBRSK | YREIUL S oFRERSrSNFegRLEmS In 2
photd‘s%ﬁ%iﬂu(xésm‘éfér%ﬂ' SiEHY SRakt ghdtdrediavi MY tﬁé’@'e‘?ﬁb&hﬁ%ﬁ% the molded
vari able recess and/or relief feature depth
struct[uwzssgenefatml onpen t extermattmdfacenof theeohaipskasitive material. The

o8 SHEbUEE TREEsGt 5 AR50 orp e SRePUSF e, ana uminatc

by eld@fdreagisetioradiatibh 4188 65 ngﬂﬁﬁldé wattemirgy ofthe lﬁ1d“e*ﬂlyﬁ11@ Bhotosensitive
photoresist. In these enbodi nents, the nol de

mategl ubsuWl be upekestapd dyothose shiled inthe @ af:@pmaltlﬁbography the

moisB0SHOEERE b RS A  EE BBl SPASH UEHHIA ingependent o

the paltermingnaévde ubgd ¢ Eatiricatetirahblkiedastiuaturen so as to
prow de patter n| ng of the under | yi ng photosensitive

[002 e ar ?Igf Aiﬁ Iacsaqhqm B\G%ﬁfp% thrﬁ g%gfpﬁkl | eV|cei and method for

genelsétfngcbubgttéﬁwsﬁéﬁm f 4R Cihk WABeBS séit BHUOIRS rdpﬂ thR%Rss. FIG. 21A
enbodi nent s |nde8endent of ﬁe patterni dévi ce used
provides fa@brnIMt@rtflgelrattﬂrdeﬁ astppuﬂ:merr &@yef GHZ&IQF’IOHIQBJC Datteming device
21005550 f 5 opRliiRh G8Rn 2p00 o & BRaEsnS ik el ip00. such as o
photcreikt, Rhat & ickbppaarRny d%ﬂFé%S@bs‘E*a@ 2490. THeYaHEmiRd device 2100
initial configuration of a polyner |ayer or
has %Iﬂ%f@?@’éﬁn@lo@éi religtifagtuie 4128 amd mspomlﬁgdﬁpﬁﬁ yeatgre pattern
t t t
2130%3@@ e%(p%ﬁ@& r%ﬁgpéﬁgot?rgg%%qg%t&fé% @%%ﬂ?%re%és’ par EharFFydlmenswnal

patte@v2105 .9\ Puls 2600 ¢s 2gPIBd %&tebﬁéf&cmfomdb&oﬂaoﬂdél@/een at least a
has a three-di nensional relief feature 2120 a
portiofuet @%t&mmgq@ew@%@@@tacégma@e Baﬂpeﬁ*}‘# qutQCﬁS'ﬁfH@temm surface 2310

(FIG.OHp¢ %a"tt%hhﬁ% ayéﬁt "2005fiIs’ £ W f5ti288t8Gec8s Fdifuidie2130. As

nensi
used herein, "fill" or "localized" refers to a substantial amount of patterning agent being
contained within the recesses 2130. A "substantial amount" refers to sufficient
patterning agent in the recess 2130 such that the intensity or quality of signal 2700,
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pattern 2105. A force 2600 is applied to establish
conformal contact between at |east a 30 portion of
wWeatsesssng devi ce contact surface 2110 and phPCDUEXNE082633

whereJiiQtoﬁre;1 ?llgpépg:% %I% |éeﬁ e@op@ﬂt?ﬁo&@%# Hgtlégﬁg%tlon reaching

surfaés 231196(F|Ger231|0) is' dlﬁbfénto‘or régions i bahol thefrelcss$ @130 compared to

regiog® e aa 5% DRKGIN, #1290 B0c kb dha B s Mitgierdansbpmical response i
ff t

each‘;i‘gggg hg'i&%@fgﬁg%@oﬁﬁt'q §r{>’5nt{aé %t@?utgsrrﬂgt gpﬁﬁt (ég UM light) 2700

mtensmgsnah mRﬂOressTSqu@ceDG@BOB&W@TQH.G&Q@SHW@BS comprising relief

featuggs eé?#@@bglﬁgde n&'{iﬂe%ﬂ beZ@SgﬁB%{ ﬁg#reg r?dgf:cﬁ%cjﬁ 2130 and relief
2120 (fE%t@re@é@bo!ﬁn&* étfaﬁfpe@‘loﬁ QésﬂSé’chv@WS(F*PG' 2’1\0? hey rv%‘?g% one or more

conpar ed glons bel ow rélief pattern 21
of thfeeadlrmefai@alspattemffz PEnexpasuck eifealande ppiaEng ragent absorptlve

propejfﬁé%1 |ﬁgebr%&gr|1]eotgﬁhg bgeﬁ\gga-n erggéfofe%{y EE gqgé pga%‘ffg%teg to facilitate optional

lift-off ot ESIrhe®photorsiot 28001rsin substrace246d0 results in a
photoresi st pattern conprising relief features 2320

and recessed features 2330 t hat corres&&nd to recess
[00220]30 A Q& eBTPOGIMENt, fRAttaIPIBE aa%b?? rISsq a{'ﬁﬁteﬁ'ﬁbéhat absorbs,
GH Y
e S i BBl SRl B8 o Bropatk 2100 ana
theretmEI H’rmlshgpasgeamd abys:caitdmr&ensmrmoef rélesf, features 2120 and recessed

regloQ% %aéﬁw%eé%@?ns bgth/\éeeglirgper%s;lfr{algfs?)tagre;g%irmgggrac}f intensities,
wavel%'ﬂ@ttﬁ’é Ofidiér Peffstidatiom stHisd ravt %Ie%fﬂr%@nadr%@l%zgédlbfbrp%nsmltted to

nbodi nent, patterning agent 2200 is mat er i al
phomlegsrtlue laye® 2300t on osubstrate 2400¢| dot t’mﬁrﬁgamerc selected regions of

photo[s%gis,‘g]z‘/%or\a;‘}I eﬁgﬁ@ grﬁggng&gt 3@?@5‘?%@00 |do %eg@d intensities  of

electiophadiieticerididitim %bﬁ&gaﬁdlebﬁé“oemleﬁgﬁmm Ppbdization states, and
est abl i shes two di nensi onal SE atial distributions of

seleciegt ¢agioNpeaf pi‘@"Q/W‘éﬂ@_ﬁgf?{Y@" Q)rm@bll%ﬁ ishigides fserat exposure to
el L OPRAER LEhaSiahog LEMBRIL Sty staes. o

aspeﬂaohme ps@dmnavbrttw snasefll fphphttsinsg hotdeagiive 2306r 2300 by
be illumnated with selected intensities of

expo%{lr)éC {0 SliREIENSligaragialinn waarardei@edyea selverenfyhdimensional
spati@NdisktdohZ 8t lifBnsiias gcgaoofl‘i@ ofsgeﬁﬁaﬁﬁ%eﬁ%rﬁf&%ll)?’fand/or physically

photosensitive layer
modlfmcpoegjoes tod m@tmmtn/enimgaeﬂBGOrmtrﬂpoodlrigatu agdesired pattern. In
one Shairegt. B engidbast 2Mfio e HieP oL PRk which is substantially
transﬁé‘rfetn@rnlm%@h@rhﬁééiﬁﬁéﬁt' \t€ ohRY f5rn%3@R Bbhpllﬁ)ﬂ%oélolbfbrﬁé)sk when the
el ectromagnetic radiation characterized by a sel ected
pattetnirg diganisisopegsent paithial refiessr faaiuiesn 2480 durng i eardgrmal contact

et @RBoi B T BRI SR SUARE B0, oy er 200

corresponding to a desired pattern. In 25 one

[002Z211bodi FEBS. 22424 grieotheandiffePdit(grag-sealehgerteratibly examples illustrating
tghot omask which is substantially transparent. In this
that tagRYIGAsHENd | metBRFI? qfdhﬁnorﬁﬁer&rﬂﬁb/?'ﬂmcﬁ'ﬂ&%%%(ﬂ( tQugenerate more

compﬁe aﬁé\‘h%gdwgibgi ?&ﬁ%e o%d?ﬁﬁ@‘f& 884{)&151%%&%9&525105 FIG. 22A shows

abur es
patterning agent 2200 filling trlangular-shaped recesses in patterning device 2100 when

polymer 2200 is contacted with photoresist 2300 overlying substrate 2400. FIG. 22B
shows the generated pattern after UV illumination, removal of patterning device 2100
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bet ween contact surface 2110 and surface 2310. [00221]
FI Gs. 22-24 are three different gray-scal e generation
wex@npb®ws4 i | lustrating 30 that the devi ces anPCTES100TUB82633

and pgttetrrl?lﬂg@@??R@%ﬁqﬁé\z&?g&%npﬁéﬁgfg)éér% tgef-‘lg? lsﬁBrr\‘r/!yrS a resultant
pattepragererated 0y.a Ebﬁ:‘es 22 Ausisinecegatatiennsg F&Geml Qﬁﬁﬁs that polymer

recesge{ﬁlal n tlr{fiy?n faf errglgqhaggt?wsrzregggsé gr? (g@,mtel . tterﬂ;é]%f pattern features
v | -

cach PRSI SRERI TN Tid b3HoRAR Ryt PP 21-24 can e

mixed eang/ ahatohe@ atiot srrnultegmadmslycgeletme aenunabeo@s/ @e'x:ﬁﬁétdtlcal features

/082633 tt t 00 .
navingoQ Bl TGangi s GREGHES Ao Ee B ol SPDLIQ geperate even
moreP&drhBleR Q%g%@?ﬁgogéfb% §?ré[ﬁ§fy|ﬁ &Pty 8f ®afterning agents, each

atter ns shows hat pol yner recess features
havmladﬁffa@rkﬂ|abs@rpéwe/t@épmssw@@owtlea désieg atthege-gimensional polymer

surahidsp S e ERAPAT0I, AOGT AlMiRlefidFle™Bbeats can ocoupy an

individdal2éeceas detebn Wikt aNghifiddre hakirdg uadamIérﬁm@@lﬂ@b\ycondutuons As
enerate a nunber of geonetrical features

used dieseinn dpws RdpBEENargien ERYNOKES AHELEFS m%ﬁ@nomoo 1*%8 than 1000, or
less tﬁghl |Oby to generate even nore conplex shapes is
possible by applying a plurality of patterning agents,
each havi ng di fferent absorptive/transnm ssion
[00222]oper in ene dspent et ﬁ)neeenmnvent;ormmmmmﬂ phgmmesusysiems using a
crofl ui dl{; f.l ow,

as a ¢
patteriung éﬂﬁﬂﬂg)raf‘g%%?@ Kihagd autaping ¢ ?ﬁ'&Pfﬂdd%%"ft'aﬂ gégapent between
the cBAtCEEOrAES B! pttdHing d@ne,NudhN8s W%bnia@ﬂ‘sﬂﬁécé loP¥ composite
conditions. As used herein, flowis [am nar for
patteRiyg gleyicen oriibe scordaet sudace@ice dirgle layan paten)ingrdevice, and a

stec 0 ot B oB0ATE sl ReB RS Foh By eron, e tr
“pattérdingesdert réferto 60¢ op sharel nakdrials 8l dreigrb@tied tet@een at least a
sel ected spatial alignnment between 15 the contact
portiogy fathe gonteasvdacs nef @e\ﬂaéférm@gcﬁe\ﬂ@% hend oft sstrate surface
t t h
oo BYHHE HfollesTE TR et 9 ALUEN| FSclh [ pgtering agent

functiend to faellllmteeﬂrdpeglallgrwflemth@nﬂuleagagemeawdfacemdlesmentary relief
t he cont ext of this description, theterm '

featugé;e,ﬁn rRFeSSed: FeYARS o I@DIr@ariﬁﬁref@Sé{ lting moogﬁééig{rg’ltigrg of these
elem@tgV| ﬁﬁﬁe?ﬁr\ @n%t of &35 ré’sen?%\t/é Ok h rovid¥ ffrictionality other

surface of ap tterm ng devi ces an a substrate
than eurrf:axdxhh@&)tmf&tﬂrtgimgwgrqnemmgsme@t of perhilesmag pEviceodnd a substrate
resent .invent he patt functi

surfate,” 154 SO P ARk B AGHE Th " dig SUeneH, ingptor Somprise an

optic&IOMREBRE NEBYr: efdreh phBfiHaSE @inthé eﬁr%%éﬁfj ihGEAtRIMS | th another
a manner resulting good registration of these

embaglieaht Batierainge AEENTG 6g@RIISE od transfer exaiatiali heagnisi mwlded onto a

substf¥, 8o Sor e dBer AbpBiE. m6Rh dhel & Ttlbbfio a patem
embodert @ wekubstabstudace dpos expesifre tbml@aﬂ)rﬁa@@@tidwatuon or upon
patterni ng agents of the present invention conprise an

increayng dempPeratues- i Rgttaeding @oests of thedorerarkingentignemay also provide a
multi®hES&GY HAHEOE Yich! &5 @"MBIhation of facilitating alignment of a contact

surface of a patterning device and a substrate surface undergoing processing and
providing optical filtering and/or a transfer material for patterning a substrate surface.
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enbodi nent, patterning agents conprise a transfer
material that is nolded onto a substrate surface, for
wez@sps®sa prepol ynmer material that is nol ded PET/OSH07/082633
[oozig“er%lee'i%oﬁ@@ 24 5*]8 SURS tFeg?é{FJt%ﬁeféé‘P&% that is useful, for
posure to e romaeg neti & Fadratilon or upen: 30

examiples rte asisuge treatlies etastemePdétoemsl togna@emubstrbte tistortions. FIG. 25A
[ al so provide a nultifunction

esent inventi al
'”UStréF%%\ﬂ%Cé‘r%é%ﬁ égogﬁéb'ﬁtﬁ [Reesheditre qeithe raiteryng device 2100 and
a coﬁ’é éﬁih@i?r{yn j f@attrdt Qb that! dsfe 8GR)ief reatlat &% 1He %o@&‘r\éb%@ 2300 and

ate sur ace undergol ng processi ng and
subs&mtevZ@%gTb@ta isadn initlad enismgtcmas denatedr aynHfeelabehtreisiin! FIG. 25B

showpche B nsadetes FBISByfie P8tre fobsiae 2400y stretching

elastorﬁékﬂﬁdah@Mné@rﬁhgtk"eng iheRloek 2d40at With tHEAIYnmdri'system, any
exanple, to ensure t he el astoner deforns to match

subsequetr gefordaiationst imnsubstiate 2400 chuses rasseciaied ogrformations in

patielsi efice e, Merebl R AeieBRhd Bt iy oo accurscy. Fic.

25 illdedtes ehal 828 phheining agehte2200 cére@éuéglsﬁﬁblyféddressed and deposited
phot oresi st 2300 and substrate 240 There is an

on ajsyrfered Iriofhat werds themstiedning agent|2208) campserpasitioned or aligned
; |
with @é%?ﬁégh?w bgﬁe@ﬁ%ﬁ%ﬁ%ﬂﬂe??j‘é@‘éﬁs%ﬁg% tgeS odfgggéjss features,

phota2é§iet 2300 bndmrsubgtrkteﬂMOAs aiscubsed béM@ ond/ éxanble of using this
al i gnnenpt system any subsequ t def tiQons in
addre‘sﬁ?@%@ré{} '?ﬁo@atE%{U@Qs i% RSt ERICEEFo bfga REWic jgpd/or hydrophobic
regloﬁ§tofeﬂﬂal réﬂg%@é'&ﬁg%%es@h?@@by QHSé’édlﬂ&w'tBCESﬂ?&%b /. positioning
pattern fidelit accuracy. FIG 10 25 1l lustrat
|nd|V|dhaIt|nk IdeomiatSt @‘rﬁelahgea,gf@etvmme véittnin @ech agostet abfqature can also be
re d,and deposit on, a sprfa ot her rds
Contr&??g) T da 5891'{90325 ecE?ﬁmoedrBBE%%t fSoHéﬁégF %Y‘ﬁgtﬁe%ncompass
applld!éttdh b?SéJ%Httei’@ dhardRétseBRE NBropeits Ceddré88ed to specific regions of
hr ee- di nensi onal pattern of recess features,

substpﬁ@tw@@ede RI0TsitenEdielalivedorydeorhitnandior Aydiopbebi¢ regions).
bel ow, one exarrpl e of using this addressabl e dropl et
tter [
[002%}90I ?o\é‘ tﬁ%rﬁﬁ e?ﬁbﬁdad%(‘gé%ggf i ?éfr)fgven ion include (i)

it is caﬁﬁﬁltlbleﬁwmddhé ty(pjestoi coomsositel ;mhieynlpgsjelwwm described throughout this
i vidual ink droplets or features, the volune wthi

apph%agm dem%PaH?rWr£ﬁ958 t CAR PAEo 19 Viseesity oMNighy 9”ab|es it to flow

rapld@%o@g%ﬁ%tﬁ@@n%%méaéé{terﬁmgl cﬁe@{ﬁ@l gﬁdrggbgtt IBgdt ?%’tﬁ@ﬂunth the patterning

agendr(woplobt Hehpsd tal rppyshe nsosi dalr mmtteomsgeagémtcoutegjfom oégions that

correfalich i ety Oy iFoBREETUS EivisiS) (g bsatep the interface
betwdl & QG%CPEUHBJ:@ &a&é&éa'dlﬂwté’(&pé&%'é) @hdtthe iR surface (or
invention include (i) it is conpatiblé with the types

coateglf suhsiiets Budageit (iv) hidogs del abiesthecsitatriakilitytof e patierning device,

wnictt B BBRup FOA A ek i ey Y PR Ge B o streten 10

matclefthectdckehiid aiseyt Heatnrdd gdue o gyHtc@efosmBtionghh het gubstrate, for
contact with the patterning agent (which helps to

exaﬁmﬁ‘)l’ﬁﬁﬂjé\t) ibfam wattiesn p@ﬂﬁﬂ@@b@hpt%aws@f whage P@@QQ&S@Q conditions
and L%Q@tar@%véloésrﬁ?l%‘ﬁ%g foﬁr’nra"f\g oﬁ%@?{?le@ﬂoﬁEean%a;%)ﬁcﬁoﬁlc%pl|cat|ons

erfac
the contact surface (or coated contact surface) and

t he substrate surface (or
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coated substrate surface), (iv) it does not alter the
stretchability of the patterning device, which is an
WO pquesnswst characteristic, especially if the peCT/ERIW0TIER2633

Exanfif¥ 7¢ MOB8q <truptUrE iSdhdrtionBY G PBRm &Kot L ¥0Graph

for 30 exanple) and (v) it can pattern conventi onal
[0022F] 0t or &3 Batenivddisenpribe emerrgcambei genenstedavydant esnsiraned to the

threer. r@leggfé%%g | g%ge;%%aqg 7\@|t Oétgggﬁa@ggg%ég rgjlfcthe pdatternlng device

2100 GU§%§)O7¢I@92’£€§@ sh%%”meeggtteng% eft QQGO%&ltloned between the
neration by Ink 1 t hogr aphy | 00225]

patteening Abvige 200, artdweutpﬁtattemoeam fiarce dshappliesdtonyringat Ieast a portion

of coff@2D s1AREE 291 B o htiehDhg Sieli <7 FAE RS e8RSt Wk at gty portion of
substfstei iBeern3l 8Q-add @41QﬁiherEb)ﬁsq%é«zmgoeﬁzebb%dl&trhlﬂgnégéht 2200 out

agent 2200 positioned between the atterni ng device

from ﬁlﬁ)@%@m betyean @@@GQMWGQQ 2bt¢and su §i§ﬁieefél4Q G ng6B illustrates
an oﬁ%p%ﬁ@%%ngf% C&ﬂﬁg%cl 2 Eégﬂrt?lg E{gae‘f‘l? ﬁf‘r@%sﬁ{g a channel 2500 that

conv@® éxapssiattesnipgtageint 2210¢6froral betweéacentatt Gurfaber2449 and internal
ueezing excess_patterning agent 2200 out fromthe
SUbStf%ﬁ & Rédf. cEHpa’PCsahdws dhatl afier gxPresilst I epatterning agent

chem?éﬂlg alt’elrﬁg I Heu ét'fé’rhﬁ% dé”\ﬂcé’%bﬁqélreﬁﬁ%%é t Qéveal @ patterning
vi ng excess patterning agent conprising a chan
agentrlief paidernl2ZR20onveys excess patterni ng agent 2210 from

bet ween cont act surface 2110 and internal substrate

rfac 0. FlI 26C shaows..t hat after exposure : :

100238} &7 Fiof gt e TOreRBl: S IOy e PR BAGF Mg ererts including
prepdWrheRy i ﬂqu@efdrﬁ\emﬁﬂaqgw Gistesmy af @ces% kofditions. Suitable inks

patterning agent relief pattern 2220. 0226] For the

Incluctmdlttttraéeurmt ligpisici oatHaskey, Inguwtaéefl @I@I@iet\ww dgeaag@h@@,tlcal brighter.
A RS Ao UPLORCTES Skl e SRR TR b e pttoresst. Fic. 27

showsntHeJCl&V h‘ahsmrsslmtoﬂ bradkedvdadl Ber Kedicatikg that ethe ink absorbs
sol.ubl e wood %/e and optical brighter. Al these inks

substgptaliyp alvUM §abt. atAecasgiastys uhet e thad fé,'lgﬁq;%hq irgeessest kA30 in the
patteﬁ'l”r?é?fe%ﬁfesﬁmdz liGhe nef Cae?ﬁ"ﬁ’ﬁﬁkﬂﬁe%}%\/ irf %a Phes is#hild to conventional

I'ng t |nk sorb
rigid maisk‘sari‘lowﬂer, due t@\thellcgnszcesﬂyzrfdhx&gematuﬂeeoﬁ thie pdﬂ;amer and the

t he recesse 30 in the 20 ernin
ability, oy R G ORI e HHER S AS] liatEe ASerpP&d W the polymer
contaeP B RREE O ml('h@rﬁdbrﬂﬁﬁ;k%ev%\éeﬁﬁ& m@%d‘s%%ﬁ%sbﬁvﬁerem are well

viscosity, flexible nature of e pol ymer
suitechion pat_\j?emogemfafleramwurwedﬁleeoble tplesticdsuhstrsitemalA patterning agent

at ter.ns ,associ ated,.wi t cont a rface, .
can HRSIEHRA BRESE B bt RACR AR8 A FheaditAhg ThasdHh PBt€rming agent
shouhqcseecagoa%ﬂ@ ofMliihg te'ré @B sfreatupes e300 wirRMethatdeiteomM oo |s forced into
curved flexible (El astic substrates. A patterning ag

contagbwithrsubstrate 240k ane jhatibe @aserming paantshakild pbserty antea wavelength

COgnl Zi h |.d
that Facts] @RI RANG Pers M BLBLORLELEP A5 spsGHe; plertes of
pattedheng agedflodh be domtrotiddiby for examhplel vahyiny thedmikradreentration in the
2400 and that the patterning agent should absorb at a

solutigAvel ength that affects (e.g. chemically alters) the
phot oresi st. The absorptive properties of a

[00227] Alternatively, in the embodiment where the pattern is generated within the

recess features 2130, the patterning agent should remain capable of filling recess
features 2130, as described and capable of undergoing a chemical or physical property
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patterni ng agent can be controlled by, for exanple,
varying the ink concentration in the 30 solution.
WO @@8@?5]054AI ternatively, in the enbodi nent wherBCT/li82007/082633

alter%?iﬁh éﬁﬁg?é%%ﬁge‘ghte%d&spg@ * 1o negl lbr E@E%&Eﬁq?e},ﬁtge recesses

couldrlea(ejélﬂed Wl&ﬁbtwrﬁeo@/ﬂrﬁél} licasd ﬁxadorrroiasadnlang inkiptd & adsponse to a UV

nder goi ng a chem cal or si ca ropert 79 WO

Slgnag e?f%‘s!@'t')%@f HQ5CG RIS 71 68 et&lﬁb&e&f ?%?i%bfrsoé'%e in
response to exposure to a signal. For exanple, the

Exani#€ 85 Paftert@ehlrdi@nf i | 1 ed with a prepol yner |iquid and
Cross-Tinking rnitrated in response to a W signal,
or crystallization can occur in response to pul sed

[00228]er gy THEeRQIWBEr Staamyinteraction witbrah paigraing agentss shown in FIG. 28.

FIG. BRRTS A b B R GRan of EFEnstatlel fhodting on ink, There is no

exterh@uy epﬁweqohotcyn@rgwtea@tb pitintat@ddntattaoptvidarathe paymer and the
ere is no externally applied force to generate

SUbStir@'ft?t ndPBlyc Battigns pEteasln rQ%SpEﬁ%IH@r as@dfiltegle with ink and there is
subst%HF?lt%?éﬁ |93|%\§e tih QRS ridh r%@é%%?{&ﬁﬁ?r%g‘?&ﬁé” F18! QEB shows the

there S stanti excess I n
PDM§rsiapmt pressedeontortheeloteemd &ad phetaregisbpabstrAtS. [ag&Bwith the relief
t he onto

h 0 K
featutotUPLoMET Elfbst Aot BCHFRRT N 1o VU0 Aaitly daat absorbs
substaht elﬁﬂaM"'lﬁ\V didtal AU %Wﬁé?eé@s"%ler@tlw t?éﬁ%dbéfr‘tpockets in the

I nk t'hat absorbs substanti gnal’ results
recessnfe@tieregr ofc #ess pobyinegrat |F|i§ taaaarmjca‘.es that keest ofmthehexcess ink is

squedf SRS HetRReR b BB b drotbidis 2 die, ABEHR g photomicrograph

of thdeéR@RAt bARes! aftPednaitolitet phéersist dftdp U‘@%‘(ﬁo%u@ and processing.
phot om crograph 15 of the resultant pattern etched

The r.ehefofe[ahgeph@tthﬁ ebptoresist @@rrwcu;wpi@sr@gpnsa<p,fcphotore3|st below the ink
filed péc%%géggﬁgmegmeﬂéebégf features in the photoresist

corr regrons-of photoresist bel ow the ink
filled recesses outlined in FIG 28B. [00229]
[0022%gi st Mgﬂstratbat bemveemeheobgtmersstan‘rp c’amd sSubsttatat ean be done

one I shiftin per sta
mam@aérbyt%t'@%%% Pﬁ‘r %{ﬁt?%@eo‘@éé gé'%?tﬁ% ace boﬁpaﬁgg the ink is an
effectild %‘Bﬁbgﬁt 'Nﬁ’ér‘n‘éﬂ%lyeé\g Hﬁ‘ﬁeht’@ enﬁ@ar@'fécﬂﬁgfepéremse registration.

sys em can facil ise registration
For exaamié ealigimenimenarksrat ttwoaleyemsocara;kmr gligread taedad>pt'g:atiyt verified by

BB AEE St S8R, L 25 BBchfgnotoo o

makifd a Mﬁﬁilé&@r%tﬁ%tdré'cﬂv 8'pl&dtiUsiBELtEN FEIGIO|295§HcﬁNs registration of two
substrate FI G shows registration of two [layers

layergrom qolpéaatlpcs@ﬂtt@te at #itially; ta slliopn aelyark cisnderasiiedkon a plastic

substhec BOEE] 29 noTflaruti! FedRoRols Hdh abishiae, Bioke, quethods and

devicad @f titepicdent Mvehtién Nt€s€filal Sy fires QRIG.2IBY. ESLbIquent patterning
uares (FIG 29B). Subsequent patternin of a

MOSFET
of a M&%E-@ﬁe@'%@ooﬁtﬂéh%|S!|iC@6rﬂeﬂi‘éfP%$%%”9§é|9@- 294)c. As demonstrated
by F?(?Cbnmén ngnét%r aliGhmetlY n'fé?%s eafr b@plpriﬁfr‘fdn‘ﬁt‘;lﬁt 8err’%elﬂgpattern|ng

ns can”be’| I'n cer
apphcanons

[00230] FIGs. 30-31 illustrate a benefit and advantage of using a patterning agent
within recessed features to function as a mask. FIG. 30A illustrates use of a
conventional phase mask without a patterning agent that is a UV absorber. FIG. 30B
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applications. 30 [00230] FIGs. 30-31 illustrate a
benefit and advantage of using a patterning agent
waowdokiossosecessed features to function as a nmaskCT/BE1807/082633

j |
ot FREHAL 58 LBl B FOMEP P o gse TSk Uy exposure
respesfidely8ar H&bf&ﬁﬁ&’sﬁ&ﬁ@%b%ﬁfﬂeﬁﬁ?@@%@&éﬁ?@r Asdcdids.show
the resultant etched pattern after 3.5 second and 4

cond osur e respectivel hot qr.e t
00285000 At RIS SUEFinsideS: BE hrotess fae whebnaady “Rhsaroafiypatierning
agenBKHPRREEFHESFIG) BB RCAS AGE o’l"ﬂ@et@héﬂ’f%@t%ﬂﬁ ReRbut a pattanlng agent

patterning agent is present Bis an image o
and klke 3 Isean fraage of avpatiesntobiaiped veran ad)\agbsoroadt patterning agent

s usdgl, Tpg oiriEncdis FaPRifhuCyRabk Bl QR SHleib Poput 140 nm) is ot

etchdds UNadbsWrbaeihk U Edvitra U\)yroaedtbllm]dfeﬂying dioteresist@euthat 2.32 ym
is not etched. absorbant i n in contrast,

wide ﬁ?rdlseg% Bheletesistyaiegnehetcoedssee G- 34, rﬂ@?%\ﬂl) V\jrugonventlonal
f
so. POSAEERS" "1 SHRoul Fe o£LEDF F8RePL T By prase

|ithogaaiprql)asth@nﬁanmbnaalamomeal wetkementy @sephadd enddplating element.
shift 10 lithography), the transparent el astonmer works
Consghugnths p@ﬁ&%”&ﬂﬁiﬁ“ﬁ?ﬁj 3 the efen ouUNdRYXJEHe fepture and forms only

thin | tst(ﬁ*’@étngndé pesl | &rb?ﬁ#nﬁgoeL ng?nel%‘P(u Y iRfledLhéfifite patterning
ature an or N5 0N |nes or dot shapes
due t@ﬁmesbapmghMmobmsmlskr esul ts in |l ess def| ni te
patterning due to the shape change of phase nask.

[002% gr23 a]'I'hThe gjﬁéeé]'t{c])\ég Et?n o&af%%ﬁ,aﬁgﬁr% E%Je?’ag u]%?gse area reliably.
Pattefifg Qﬁrcﬁcbrlgiieﬂefébwr% for AxafAEPIseacdom@Ahedrhi shethbdtiment by:
an enbodi nent by: ( ? Spi n coating phot oresi st

(1) Spii eeatingBhstoe s Shiplayohd apeto sticaoom@fepat 3009 rpm; (2) Prebake

the pﬁé P%éﬁgm Sfﬁi ?@?g?ﬁ?{l’l casﬁgt }15&14;8{%%5(%2@)%;{}8/0%@{ gwee ink (Mayzo,

uv ab@@béb&iﬁto @hfotorebiet ar 880G Fpratto %ﬁﬂ@rmlpn‘ed@celmkfdﬁp’fh)/ (4) Provide a
reduce i nk depth (4) Provide a i eved PDMS st anp;
relieveg) PPM3 stame. gﬁgrﬁfeg@ghﬁﬁtamagﬁmsgm dijk-coated photoresist. An

apprdpiRte'd g%hé& forcd g&r@%@nﬁgrtb%?n o qﬁ e tRCRk layer, at the interface

orres nds 0 renov the t inin Iayer a
betweeart ¢nd atenp aeidnwpleoiotdeistst bnfhis ectapipdd, othesin& tlayémist $o shin that the

recesSJapLES oneHDEBEY OMSEIENR aApt FamAlRtcl TGRS jubbles in the
recess! f'ebﬁﬁe@ﬂ%)bb@%%rv'eﬁ gé)\?\/irrtaﬁ%@u%%ﬁthf ﬁ@’tlf@h??or@yaﬁﬁropnate length of

observed rradi at
time mpamhhatdpseemgttmsbfansmgrfmm cbhermleiﬂletdwlaDMﬁmasbnandﬁ) Develop.

in rom.the i oaand (7 :
FIG. 32,58H thG Gadeting 3" 2 iR EHESD GYEGP ARG bR 5. pFIC- 32 is a patien
obtaih &R by FES CRecative RBBYAEE- agplicaticds indlicatipgtth€plocedure is reliable
obt ai ned by _four consecutive |ithography applications

and repsedugiblag Even furdrerdigselutionris| okipined kywgsing the invention in water
[
e 8B UL ouSDid BRI 0pRaP koA by SR i er rumerica
apertlrd.hogr aphy to obtain shorter optical wavel ength and
hi gher nunerical aperture.

Example 9: Effect of Patterning Agent Coating Thickness

[00233] The effect of photopatterning agent on signal intensity on the photoresist
surface can be modeled by finite element analysis to calculate the effect of UV-

absorbant ink on the spatial distribution of UV intensity on the photoresist. For example,
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30 Exanple 9: Effect of Patterning Agent Coating
Thi ckness [00233] The effect of photopatterni ng agent
weeoosiogiead intensity on the photoresist surfaPeT/tam00es2633

FEMI[;%?@O‘?[% ?é{ Li/hg]écﬁ)sor %%% r?%”@llfé/ I?Z ||il90(?§"t*r[b"‘5@6tﬁ drl8ptical intensity

belowditlsé rinkut FIG. 88AUShowas engiimtgneity tdmeosmhat hersdist Eﬂran uncoated
81 WD, 2008/ 055%%33 PCT/ US20 7/ 082633 FEM_
SyStegb??\ﬂar B0 RallraNg §9eRk F?l\@r@fgf ehptasesist, interak ,ngace 2310),
wheré’%‘ﬂtékc‘égs%’l( iR MbIMEE Ao )bet ft@ﬁ"mﬁ ?ew%bcim'i)g@bntact surface
shows -intensity across a reS| st” for an
and phtrtomsedi susiase 2310e. ghe pattepang eagenh@Zﬁgéhat @20U-absorbable ink is

BB, BTG 810 I, T g e st
|nd|cé3l§\fh§teth8]t@@ efeBH R} bioeks apetransdisIold&apbath thurbasssed feature,

. The patterni’ng agent 2200 that is UV-absorbable
and thakthesre@@aﬁ pf exeesathppatoresisl expaiencesigritedy W¥aposure. FIG.

338 ol 98 EeF RIS IeR et 1B A P R A8k ogh RS a0 R AH¥Brofiin on the

surfaé@geweephdteaésﬁte Theardulidatg $é1=.a theodwrsthat |a§8RP&Ete ink can affect
UV J;p@otorey st experience sig i cant UV exposure. FIG

B ¥héhes th@@rééﬁbutﬂﬂ@ d?mtorleé%ll{@eﬂ'léfmgaﬂ@ thip coating, however,
recel\g%g%fgﬁgg% %958%@5%@@/5 tBWhEhp?nhdlt?re%Lrgtf rﬁé?thn%cess feature
21300fsud:Hnehatnﬂ§atteIns airé estill géﬂ\érdtwe Thetdatydies auggest it |§' iheneficial to

hot or esi st underlying the thin coatin however ,
remop%c?eﬁ VUL PYERSS &@:?SLRP%%Sth BICFreqSht ?Q/Sé)'lﬂtt?r} hédepending on the

S a S t
patoRlGbOrRRY o HEIHAEI I AERTR N Hicerdid i, AU b paterin
ageni ® pemmsit incorel UVotramsnissionas Theseh resulissisdicake ah;at the |nk Ilthography

procé%gtcf %cﬁﬂs%cseg%{l]rﬁ ;936 olg ﬁaagérhs@%ﬁ? ﬁ@yﬂg ﬁgggf&@er recess feature as
relativél§ cRASIAydS dtlidieeffdctivieiepibaks BVébsupgent to permit
more WV transmni ssion. THese results indicate that the

i nk I'ithography process disclosed herein can toler
[00234] c onp Edasgomek Materialgdobrelied Mask- anecsaiected dar thedr Qﬁmpatlb”'ty with

vanou?I abiuAtsy S éh‘ﬁ%ﬁeﬁ sffcoh8k e%sftan ']\c’gir?brl\)i% Océﬁ%%@(k 184) and

posure. [ 00 ["ast oner materials

photmmkﬂelpecmﬂﬂopolyeﬁm (PEREB R drhylevidf BuitZfle\raatesials. Modeling
Commerci al _silicone el ast oner

resuIBERIFS BhRPOTIBB AIRPRHICH [RSPANSE RSDONPBiaide Pia-BRtySsackherein, by
varylri‘%gr{glptﬁ%oﬁf:eﬁt‘géﬁcﬁpbﬁd g@k%flh@'dﬁ‘fer%/ﬁ’tﬂlﬁ k& NHe {ﬁ&Htto?g\y f3nsmission

sorpti on response avior o
is codireltaldy edrikdr eiThe ibk mawrgaﬂ rgnt be watler sohuddatU\atabsarber, which is

desirgfgnBRFEG SN fsoVore IFPAiRy PRRIBEMSG il Agesrheh swel the
elast&ﬂ@r BRtwerikebf $@|ﬁé#bér% Ecadas pddigfes; W Er}nlrﬁm%@s the use of harmful
desirabl e because: i) It avoids dissol ving

mategihlst apdivyitgs simple totcleryesfteroexposere. t he el ast omer
network of relief and recess features; iii) it

ou2 8y " ARG PR B BB SR EEL i lafded o Fics a4

and madlumﬁanofeamh\e gfrthe gresertvavéntion isrednformdl ¢edtdot between the
FIG 34 and 35. An inportant feature of the present
contach \gsiecenol e GAIPMANC RAteIRINgEeee 2104 and” surface of substrate

2400. FIG. 34 illustrates that conformal contact is possible by providing a pressure-
controllable chamber 2930 defined by soft membrane 2910 and chamber top 2900 and
top surface of patterning device 2100. By increasing the pressure within chamber 2930

82



10

15

20

25

30

30 contact surface of the elastoneric patterning
devi ce 2100 and surface of substrate 2400. FIG 34
Wd)lzdoamssoaét es that conformal contact is possi b|EC"b]JS2007/082633

ne ERL S5 SRS SOR 0L e DR £ gty mgrcasin e

forcettiogt gandraies cohfgratdl epntawy ofldgvice zzmowttﬁsubstmteaaom
the pressure within chanmber 2930 82 WD 2008/ 055054
3 .the pressure on the

100248051 oo FI085, 03 iaLFR 20000 1AL PERKPSSHES BTy Al IoZone treatment

("uvd)t)Ir Q@hﬁdbatet9§IneWs‘?§rlé7é%nfSUftmi‘_|lth%§ﬁ%ﬂ‘}/t Fﬂétté}ﬁ C@\ﬁe%ne-lnduced
substrate 2400 00236] FI 5% I ustra es an

Adheeptnu @ha’lolxﬂdmbwsﬂ@(ared Iﬁurtaws Lengmuoine21 (22) ieA6 -10105, 2005),

to Ioc%g ng%el(tgj&y/a&@n%fat}fﬁa ter ltgﬁﬁ%gﬁt%ceghb or%gsglr?gi:ng hydrophilic

areasDQBYSdfaaﬁtatwlaﬁuté@seb@a lidaAiofSof pattemiiHg agddt ddplets 2200 to the
10096 -10105, 2005) §Focall control the qua%talt

phOtQ?Bnﬁlﬁléelrﬁ&teflﬂwUWﬁﬁes%Hb é’befsal girateosare Hjsonee ﬁgtteme‘\é "as-is", with

o oI B ESRAPIE ALl 9000 Eps oqons. Suen

liquidpdHitersianadent eeniebeds Iaaillqaidrémpﬁtuaalﬁasﬂhezdtfbﬁr ifeédtare generation,
can then be patterned "as-is", with, a pattern
the Syét?é"ﬂ Ao fHr r%@'ﬁ@ﬂ%‘? Ry ptaHeH'i}@lg (ﬂﬁt"qq @aé(tﬁ‘@/ fper recess pattern in

contdgg Wit‘ﬁpﬂt%beﬁbétﬁﬂ gteoSQ@kFa@e 1GHg Eé't‘téjr'gg@t %g%@t'r &?negt%‘j(?ééposmd as

vice I's a i tude nas

thin f@mseb)aehprproceesekmm ermtbararf euchneus monpsst&uaed in ink jet printing,
atterning.devic haV| ttern in .

spin Qﬁt{%@n%%mp'%ee@&b%@r} g;g s?h—,p@ttermng agent and a

pressRAé @y @ é@%ﬂtpa‘t@?‘mﬁﬁ @é’r‘PtSH %dp?édetéﬁhlﬂeﬁ' b&®eRY and/or depth.
any rrocess known in the art such as processes used in

Alternatlve|ye forppatiarning, agesys thai @ae ichgrgadd afi ¢lpctiig. potértial can be used to

expel?éb@%@i&h%@%nﬁaﬁ %’ rlgggg?%c{ &aﬂ%% Sié(ﬂgdgﬁ{%m ﬂperngtlvely, the

patteitiegl agentis pplieawitrasened or depth. Al ternatively,
for patterning agents that are charged, an electric
potential can be used to expel patterning agent in a
m&%@m&&q mﬁﬂ%ﬂd@/MQdUﬂBH@m\ Capapiifhat i vel y, the

patterni ng agent is applied with a stanp. Exanple 10:

anps b
[0023?3023{ 18y, 39- 5 Bick d&??@@@%ﬁnﬁt‘ (P %%*'%%Sr ﬁug\r’]'{;‘g another level
of anybdituiceesr gray+smglaan@ttl~cﬂrbw eondérringfmadyplatiomdentol to the stamp. FIG 37
scal.e contr.ol onferring nodul atio cont ol to ,
sumnEes, SHHACSETBCH Pt AR el SHe TR dta agytamp that is
capal§|§|cﬁcérﬁ|§llt0§§‘?ﬁ§dlf EiPNSInt$h BRMHGdHReR, sét‘ie’ﬂ§l§?rf£u|51=§l¥’ndoft"flcatlon is a thin
T‘&? e of anplitude nodification. In an enbodi ment,
film 230 sior Pacecassdiieatoea i 2430, swhetehithe him nfilav3wsi wpsical modulating

capalifi oGP soafe P oBueife' i olhy BrcaRydtfibe"Bbent localized

withinTpesdsaedntat@eaR130.t YTIRd tRiat filed @engb@wective@abpﬁleéﬂ to individual
within recessed feature 2130. The thin film can

e
recessefeatuiage| 3l Applieeass depiies, ngyidualerlicf fealiirasedr all the relief
featu?ésl the recess features, individual relief features,

or ‘all the relief features [00238] FIG 38 shows a
thin film 2740 having optical nodulating that is
[00238]aced Fb@. 38 shows a thin film 2740 having optical modulating that is placed on

the top surface 2710 of elastomeric patterning device 2100. The thin layer can be

applied in a selected pattern as shown in FIG. 38, or can cover substantially all the top
surface 2710. This patterning is optionally combined with the thin film application in
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30 the top surface 2710 of el astoneric patterning
devi ce 2100. The thin layer can be applied in a
W@ 008053e4 pattern as shown in FIG 38 or can POCW/EK2007/082633
S I et f 0 :
reces%%?t ‘te%ﬂ?ﬂr‘?g Ig%(mgﬁrllz[gﬁa I?w%o%ir' n:ﬁ% # {”trﬁ-h% hi no{i%ﬁo can itseif

compaigpld patteraimg agerﬁ&a%g@@ék@tﬁﬂ@ﬁtio%ﬁﬁddﬁ%m@/Wé&éristic.
recessed features summarized in FI G 37 The thin film

| f
1002351 6 AgoliToEE Bl sl e AUP AR o T AR BRR GRTeg capabilty to
a pa{té)r@\?r@]deﬁll‘ét h‘ﬂ’)ot|§C&ﬂb@é&lnﬁsSét'ﬂt'lblefs‘3275ﬂptﬂb¥ IN3¥e optical-modulating

ude- nodul ating capability to a patterning
capabilbt\yu inghe tievices2 Kb e G N3P A shows|suchpesticles 27 S dhat are applied in a

dul atin 5 capabi )it n devi ce 2 Q
patteff 130 A e, Aok BB patttn, df riREs 35 et Teajures on a
surfaée I@iﬂ'tﬁé?Eerastd'r’ﬂérl@@btt@frﬂn@?@hvi@@ﬂﬁﬂpoPdrtmé ﬁm@mysél%o be applied
recess or relief res on a surface of

to thﬂas%@@@? ihe Qia$tp€r6m0r@attﬁémn@edea/1¢&)21%.(lflﬁ@@)27’6@ pagficles 2750

or 2780 ey ReTERei 1f 8 110 BHE A5 le BAGCART Wi Gog gevice 2100

and &din Zaﬁﬁemwwkpﬁlseamh&rm@dayersa IA«‘EtxamattvbByt thpawtlbliee 2750 may be
. length and width of the device_ 2100 10 and can further
d'Spe&ﬁFEmr%‘éghﬁHttth%hé'ghé&éﬁ? deviee2h@Qi vel y, the particles

2750 may be dispersed throughout the height of the
[OOZHﬁV' ce F£380 4oL AP 24 M mb5lss mé@w‘ﬂi SHARET preSe B iIMRM%ioR  using mold

e present invention using structure generation
structoye |gﬂnelrattdmgyaphwtlnogrppb§dlIOepra)dpheta)rmgtomaiéf ubkefuh in generating

panefE 0 LR EPoRaPF IS e LRl PGP A8 it
patteﬂﬁrﬁg@ @léOic@Q‘Z%’isO&oaéﬁpln*té cBhfon@al contaet GRRfPEIACe, and patterning
contact with a surface, and patterning agent 2200 is

ageni 3200 iis dacalized docrsese ealuees i the sleyisei 2 QlO-Ehe PRHerning agent

2200%&[%'?@6%3%'1& ggée}l r&?@%ﬁlﬁg i?é;r%@ Eé%b%'n ng; (electromagnetlc

radiatie®)i R1GO 0 B)FbrCotrdP Bligredi, th&érr&jvg’fgﬁbevﬂedzmmgéhé@tes a molded
devi ce 2100 generates a mol ded structure on a sur

struciyre gnphsudaes of aiRhotogansitive materigl (¢.8y layeppf photoreS|st) 2300 (FIG.
40C)phr9hﬂé l%ﬁ\eb?d)mgﬁp(t)né Ho@ed?? trdQ&e fdrtib é%s%’%’r‘&ﬂé%&k 12770 capable

strucdture tunctions as a photonmask
of mo@ujatuhga anobpticad Wrapertg. ahhe@pholded sirapenct junclioringoasie ghotomask

2770; kl% g':h‘f Héséglgc\d lilhﬂm n Swltgslmﬁgngagpgf é)?gge I;Irac-;t‘e Aéo?\%/oidslmensional
dlstrltS%@ O &I IEMR| profiedty” SR ) sgf‘faéf‘ cﬁwﬁeogﬂgﬁfsbﬁsiﬂ\iérlayer 2300.

surface of the phot osensitive [ayer
Subssgbsrigpeatespingcesd i drycdopmelely geopraies ag@adeen @ a substrate layer

2400p8ﬁ|§§{4:ba1ﬂ12%t?§}%g%f{)r t %oclffa%e&g@ét{lp@ fgr’atqrggtgﬁpggated via illumination of

the nBSiA&d atr@@ture FuhttioHihd si @rﬁbt@fnaskhzsrm)l fe Ansémbeliiént, the pattern
functioni ng as photomask 2770. In an enbodi nent, the

compyiges ¢t Ratteanpf ifdrationap RrerarHesf sucesi Jaelricalr @bé"ﬁ&rﬁ@i properties,

wher%ﬂctﬂe?eS Ju?%hh g@lln He pESH%%‘g & tﬂ@%@dt?ﬁensnmel %P2300 Instead,

SHOC e deonetry

therepdwt beeanpiattieveed ablemge?%% phy@@&l&ﬁharattbasl@c tayeberate a functional
patterned chaﬁ%e in a physical characteristic to
deV'CgeﬁHP%taé anreleetticalngircullp dd@@?*é'& orsgeyices haning kermaly conductive
regi iogsrcuit, dielectric or devices having thermally
conduct i ve

[00241] Examples of pattern generation are provided in FIGs 42-54, and
particularly demonstrate the effect of patterning agent on pattern generation. FIG. 42
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regi ons. [00241] Exanples of pattern generation are
provided in FIGs 42-54, and particularly denonstrate
wo b@sesfoect of patterni ng agent on pattern genPCHUSINNT/082633
I: R | ;
prowgésc‘ahema{r% |c él%g“&n” a%‘é@@ﬁ%{;ﬁﬁ%@ﬁﬁp PHR%IESst using a
pattep‘amg ergenbdhat rﬁﬂle\bebsmetentLSI PiGsa 43p48 tee rexagmagenﬁ three different

absor bent. FIGs 43-45 are exa
patte%ﬂqdf Er[ﬁ\ﬂéjv P %%& pEEesHARY RBLKE gﬁlggr,aggmwgrp,tand without a
rat t mpa
pattefitlg g QQ"“‘?S%aé8@%@%{@@‘“%@%&%&%-- FIGEME47 orp,images of
geneaated |smges dot [Etigems iratococessearthati asepthiet BVnabsarber Ruthenium(ll)
H E%& sses that use the UV absorber Rutheniun(ll)
exa frdrate. [00242] FI Gs 48-54 sunmarize pattern
generation of V-shaped grooves with or wthout a
[00247t t er FIGY 4888t s@nchatioe shtidrar gdHerdoreloppi8Baped grooves with or
conditions (10 seconds or 45 seconds). FIG 48
withogt gvpaléerning egentaene far siffeiant developrgi senaitions LYY seeends or 45
t h ' t .
secorﬁ)q:stgpgfflg f@]gro%gdrége%‘&hgﬁw'gfg rgéggr%g?QMQ%fSﬁ‘ré&g r‘n%fr{bd H%atterning a

photosesitiees grabviedpattden. ﬂ'he%h@@eftﬂ-tﬁ@tr(rEegjlmegseyiaBpaﬁtanlng devices
havi ng a variable hei ght conponent and a constant

surfaggs @mrog@ﬁgdlﬁ&ﬂ@f 49-pQ{e .91 O HsggleaPQV|pg@g@,rlque Pgight component
and aggdggartanﬁ% @r?t[éfgﬁ 20! dérﬁ}:; B 59200 §Fe”|h{bgge%9<ﬁriﬁe lg®nerated pattern

second devel opnent
for whesprexo:tpa\ttehying Tér@ngeisrcestedyaod fohd Oganerébﬁ sdcoreadi |chefvelopment time,
ht 15 and

t tends t f d
respeciielt THeOsopeiud Uit G erISd Fe Bt T oD Tl Giitorm height

and dest it SFaNRIcRI gPepr()GUGe thé BeeBlddnersRINGl %ra%’i‘éeaf thElPDMS stamp
contrast, FlGS use patterning agent to

(e.9..gbregreayescaleygroowte reldostraskakiGR 52 had %msespaimrntr@ agent to

gene q;%rgégggﬁalg @815 tona {ﬁ%h@oﬁ?gé racsegc? ﬁﬁ%}'\f? g?;f:cﬂ 88|onal feature of

the POBESE@AT. (FQ)rglncreb(élrfge@@Oélépfr%w|ttrﬁelﬂhe688 tlh”bf etchlng increases
maxi munt 45 seconds results In pm maxi mu

(e.9. Hitrsaande sesyltroin45)0 msnapmum%’@sewdsms glrgig‘pm maximum).
(U.S. Pub. No. 20050238967) [00244] Chen et al.
Gray-scal e photolithogr aphy using mcrofluidic
phot onmasks.  PNAS 100(4Rg pl,—_ﬂg@ (2003). [00245]
Chou. Nanoi nmprint [i thogra i t hographically

[002*388;22?) %ggéF ?&’3’6 m A 1(}5 I g aﬁJ %uas%boﬁleb???ég’ﬂgéée)%ﬁ

for sub-100 nm photolithography in the optical near
[00244]el d. Chepl et Rhy6&ray-etale 70{atolthagaEphy668ing 19&Tyfluidic photomasks.

47] . Wave-front engineering by use of
PNA# qgﬁ ‘?ﬁ?qéﬁé@g ic optical elenments. App. Opt.
36(23): 5792 5795 (1997). 85
[00245] Chou. Nanoimprint lithography and lithographically induced self-assembly.

MRS Bull. 512-517 (2001).

[00246] Rogers et al. Using an elastomeric phase mask for sub-100 nm
photolithography in the optical near field. Appl. Phys. Lett 70(20):2658-2660 (1997).

[00247] Rogers et al. Wave-front engineering by use of transparent elastomeric
optical elements. App. Opt. 36(23):5792-5795 (1997).
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WD 2008/ 055054 PCT/ US2007/ 082633 [00248] Rogers and
Nuzzo. Recent progress in soft |ithography. Materials
waowapss050- 56 (2005). [00249] Xia et al. UnconR€nUSmINADS2633

ou2df 5kt SAG2E]"B00R B 84 K pge, iteras Ty

50-54 @MB)] Zaunseil et al. Three-di mensional and
mul ti | ayer nanostructures froned by nanot ransfer

inti no, Letters 3
10024805/ 035587 ot/ Ussnve s s Metbads/siondagiicating 1andy patterning
nano%&g%sotrﬁﬁ%éﬁ'%%@235-‘1‘83@%39@) substrate, said
conprising the steps of: 'a) prOV|d|ng an

elastonerlc patterni ng device haV|n8 .
[00250]r ee- dianErssil ogfadl. gatreedimensionak ase enultiteyen mesostiualyres fromed

oy neglEhSr ehilio o NeReh et ol SR e com: )

providing a patterning agent on at |east a portion of
the surface of the substrate; and c) contacting the
el astoneric patterning device with the substrate in a
manner establishing conformal contact between at

| east a portion of the contact surface of the

el astoneric patterning device and the surface of the
substrate having said patterning agent, wherein said
conformal contact results in said patterning agent
filling at |least a portion of said recessed features
of said elastoneric pattern device, thereby
processing said surface of said substrate. 2. The

nmet hod of claim 1, wherein said elastoneric patterning
device is at least partially transparent; said nethod
further conprising exposing said elastoneric
patterning device in conformal contact with said
substrate to el ectromagnetic radi ati on; wherein said
patterning agent in said recessed features of said

el astoneric pattern device nodul ates an optica
property of electromagnetic radiation transmtted by
the elastoneric patterning device and the patterning
agent in said recessed features. 3. The nethod of
claim 2, wherein said optical property is selected
fromthe group consisting of intensity, phase,

wavel engt h, pol ari zation state, and any conbi nati on of
these. 4. The nethod of claim3 wherein said
patterni ng agent in said recessed features of said

el astoneric pattern device absorbs, scatters or
reflects el ectromagnetic radiation exposed to said

el astoneric patterning device, thereby generating said
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el ectromagnetic radiation transmtted by said
el astoneric patterning device and said patterning
wa@o@asjond sai d recessed features, wherein sai dPCT/US2007/082633
transmtted el ectromagnetic radiation has a sel ected
t wo- di mensi onal spatial distribution of said optical
properties. 87 WO 2008/ 0558pA|NfET/ US2007/ 082633 5. The
nmet hod of claim 3, wherein sald substrate conprises a
We clsyer of photosensitive material on a supporting
material in conformal contact with said contact
surface; and wherein said el ectromagnetic radiation
1. Ammethediof peatespingad dudhes obsubrstateaaie mathod camprrisingahd steps of:

Pt LS A B ic oh dioteries & biFaresTsignal patiem
6. bhpedmbb@destlired G Bh oxtatiar 888, Whereii 8hiessisinbl ¥igle has at
mat eri al conprises a photoresist. 7. The nethod of

cl ale@stongieentaat syepee dispesad ther@osl ect r onagnet i c

4SRR3R e I B4 e B8 e surtace o e
t hr egbstrarepshenal pattern of recessed features,

t hereb gener ating said sel ected two-di nensional
Gs)paﬁpﬁ acling the slasiasnerigpatigring:-de\jee withdhaisypsgtrate in a manner

oo PEBISRG R cEARRE bERalPaeRst £B5rRh dFIRE cBhtact
one sorfac@oéthef elastiotherecestterdingfdsaiice asd the suffeceneft thedubstrate
of %I aim8,  wherein saidt cessed, f eat.ure has

non"AKNESAR BEfieTINGagen o@ SLIR 5 %ﬂnfeﬂaﬁ'ecqrﬁ%qt.resu'ts in said
var hageMin ags@tltmnngaét B85 pbFohhsr é@ F&(és_eé? $dALRLf said

wherei n sal d”sel ect'ed two-di nensi onal spatia

di seldsteneon pefterrsadgvicey dhershly groogesing sais sysiaseafsaicgubstrate.
provi ding patterning agent in droplet form wherein

one or nore droplets has a different conposition from

2. ThéAettdd of clafadt whdeein @aitbeladichiéid pattdr@irRPdevice is at least partially
differentially nodul ating said optical property of

transparediriigidenehoddurtaer eompisingiexpasinBs@id elastemearia patterning
d%\'}gci,e% A &b &Ir’ﬁjz?ltd%’[gét :\T/ﬁ{hséﬁg i%gggtl?%‘llegtﬁl elgétf‘c%rﬁ,\%&g%g:?r{égfgtion ; wherein

optical propéerty Vva e of
sdld pattefrimg agéat ihhwideddesded featlirgoflshid ehst@heris patlern device
t wo- di nensi gnal spatial distribution of said opti

I
mBHuigtas §n QBH?ﬁ'i@@@eﬁth%ﬂ'@m@maﬂﬁéﬁ%T@fjiété‘?rﬂtrﬁﬂﬁéﬁ}ﬁldf@y the

elé?b@’gg%%i%@@ggo%%%ﬁrﬂﬁ?ge&%?@&%lEE? @irrﬂétﬁﬁgés;‘éﬁ;fatu res.

3. Tii GIeGREME! FIB e bIsogLHeHH BEReThAb ae/et e rom the group

c¥pdting®flivtensity, phase, wavelength, polarization state, and any combination of
these.

4. The method of claim 3 wherein said patterning agent in said recessed features of
said elastomeric pattern device absorbs, scatters or reflects electromagnetic
radiation exposed to said elastomeric patterning device, thereby generating said
electromagnetic radiation transmitted by said elastomeric patterning device and said
patterning agent in said recessed features, wherein said transmitted electromagnetic
radiation has a selected two-dimensional spatial distribution of said optical

properties.
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nodi fied regions in said photosensitive |ayer, said
met hod further conprising the step of processing the
w@b@BosS®asi tive material to generate a PCT/US2007/082633
t hree-di nensi onal pattern in said photosensitive
| ayer. 14.The nethod of claim 13, wherein the
5. Thdaratioad bf cleimli3f wheraie ga@hsulssteate eammdes @uey@rgoﬂ[tm)tosensmve
processing ste 15. The net hod OLBC| %F
m@E‘f'gEI RE & $14APOKTIg Mteral dncegiorya %Ptﬁpts\‘}r'”énsé ?%@eﬁyﬁace and
e ol e g PR ton (T MUY P BlosinBLiR, patterning
depm:e endisag pajtarhingragsait ih saidassessedfgatures inderguts wéhsaid layer
|tud hot omask for generating three-di nensi ona
OfﬁE# BP Eﬁﬁitrate surface. 17.The nethod of
cIa|n11 wherein said elastoneric patterning device
and said patterning agent in said recessed features
6. ThemathedohclpinaSewsierein the photasekrsitive majeriarcampigses a photoresist.
t hree-di nensi onal features on a substrate surface. 18.
The nethod of claim1, wherein said recessed features

7. Thi)é rri:‘e’c!h@b 6f alsie B Wherein@aicttransaitéevéieetreraaghéticratiation selected
said method further conprising the steps of:

tm@@l@&@l@%ﬁ?gﬁl@éﬁllstﬂpumm gﬁ]er@wgr@éshaplgglﬁald three- dlrr)lenS|onaI
P oot sBa TPl P R RANS 30 SRR igbfinensional
speiat dlsmbwlodew ce fromsaid surface of said substrate,

thereby generating a pattern of relief features

enbossed on said surface of said substrate. 19.The

8. TH@W&?}?%(’;B; EI% Omoq\nglgﬁé}ﬁ%%?d é‘h%ﬂhﬁg méés%fﬁ@n%g%r more of

pdswlmrh ¢engibngeptbiargresspesdtionas ahapehboneras kndre of sadaecessed
f %Hg said substrate to el ectromagnetic radiation;

CAHEFRi n said phot omask nodul ates an optical property

of electromagnetic radiation transmtted by said

phot omask. 21.The nethod of claim 18, wherein said

9. Tf@éhmegf@od af elaind Spathesginiseais eapessed featurectasa nonrniiormedepth, a

e Br i sBo bbb val BaLBu B oBB3H 082033 22, The
met hod of cl ai m 18 wherei n said patterning agent is a
prepol yner. he net hod of claim 18, wherein sai

10. Thegy BI04 6f 6'&15% édWrb"yer@Q 564 ﬁ%}e§@iddw|§>a‘i"t'f@ﬂ$i9@| SB@%@W'QtBbUt'OH of
By RRET g8 Sl Eb s BRI TO=08Rn droplet om,
wlamdalrpohgmemczrermoplgwhas a4liflerentredrnpdsitibn dioan thet of at least one

erein s rnin ent FOVI ed to said surface
olbr Eipless ey e LBl LBy SR it F e RSP LR OPests e
el8Birbad ﬁétl&rtai‘ilé'ﬂo% wherein said droplets are applied
I n apgttern of droplets.
11.The method of claim 4, wherein said two-dimensional spatial distribution of said

optical property varies in one or two spatial dimensions.
12.The method of claim 11, wherein said two-dimensional spatial distribution of said

optical property comprises intensity, wherein said intensity varies continuously in one

or two spatial dimensions.
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26. The nethod of claim 24, wherein said one or nore
droplets are optionally addressed to selected regions
woRoswb®s4 at e surface. 27. The net hod of cl ai m RCT/US2007/082633

13. TN@ Aefhdl SREE rﬁ%bwhreﬁé ﬁ n"["é:r%‘lcﬁ'(‘;‘ﬁ]I B 99k %q‘%m;i&? 2l omagnetic
npri ses g&l'ect &d rophobi c regions,
raU}aimp,hltH saldrlaéﬂrm‘fsphom(sjsdmitlve mai&r'ﬁhgemmiatmﬁa obttetraomhemlcally
rei n sai ree-di nensi ona ttern
m@@nﬂégtr@awﬁwm 86%@?%0?%@'%'33/@@3@ %‘@tﬁ%ﬁ’é ﬁrPPE“p”S'”g the
stéﬁ%‘f%ﬂ%es@f I%;bt%rbho?@se-ﬁéﬁlv'é%g%‘#laﬁo érdritela tr‘f@%rcﬁhfépswnal
d patterning agent Is provided t sal ace o
paitﬂlietlm atid photesemitiverlaye30. The net hod of claim 1,
wherein said patterning agent is provided to said
surface of substrate in a layer or a thin-filmthat
14. TREMRItRobf bIBRA U 3awherdih e ehemddally THédiBE® rédions are removed
substrate. 31.The nethod of claim 1 further” conprising
dwinggiierjosessin@ btet oneri ¢ patterning device wth said
surface of the substrate. 32. The nmethod of claim 31,
wherein the aligning conprises aligning a | ock and key
15. Thegicshodbf elairh a3t Wh@relﬁ(i?eg\ﬂ@ﬂg@rﬁ)éi/ﬁéfrf@)'ﬁéhem|caII%/ modified are
PCT/ US2007/ 082633 33. The method of claim 32 further
repved dirig tBProreRping $®Pce to strain said el astomeric
patterning device, thereby engaging said | ock and key
regi stration feature. 34.The nethod of claim1,
16. Théderethod shcldins Ui, iveesinfsagliblastomteric pattiérsing dedce aad etald
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cont ac aim1l erein at |east a
portion of said surface of substrate is nonpl anar.
36. The hod lai.m 1 erein.said elastoneric .
17. T'b%meé?%‘ ngC'GE‘(} &’%SBﬂBﬁaéde%é[o"%‘?rﬂng%g%ﬁ” {%‘?%6?‘? gnd said
patfdfBing ayentiesamtreessld febaires éommi%é%i ﬁhés% ghift photomask for
el astoneric patterning device is a conposit

genaraing thige gewveosiopahigeiwea nrausthgiraie @Ud@@@meru C
| ayers. 38. The nethod of claim1 further conprising
extracting air fromthe patterning device to

18. Tha@midthddbecltirh Mi, ngepdin Saidirdoesess fshtliert ofrszid vidstoraaticl
patterning ag ent. 39. The nmethod of claim1 further
pakrpingdevica @@HPT'% atmelde saiddpethegdrfugher corapdgisgdhe steps of:
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@2%&%5{] |I éls\é?d ;S)gtttér%?n% gewce ?ranséari ts(a’rfa?:g1 Io? salrcrlestuf})os?rate, thereby
generating a pattern of relief features embossed on said surface of said
substrate.

19.The method of claim 18, wherein said embossed features comprise a photomask.

20.The method of claim 19 further comprising exposing said photomask in contact with
said substrate to electromagnetic radiation; wherein said photomask modulates an
optical property of electromagnetic radiation transmitted by said photomask.

21.The method of claim 18, wherein said change in said patterning agent is selected
from the group consisting of phase change and polymerization reaction.
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a) providing a patterning agent on at |east a portion
of the surface of the substrate, wherein said
wQatosesiesng agent is applied in a pattern to apCT/@8807/082633
partially coat said surface with said patterning
agent; b) applying electromagnetic radiation to said
22. Thatetiod uf Elaire 18pwhersn sb@l pattemingdagaatiss amprepspaleral
di stribution of electromagnetic radiation on said
surface of the substrate; and c) processing said
23.Tt§e‘ﬁ%tﬁ@c‘1 Bf &l mQ%aWPuePé(]ﬁ saff ér% eéjca-ﬂgéd t&@%sﬁ’t said patterning
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agend o ats|gnaJ,’LsaM)sﬁg)%/semte}ﬂfr@@‘lmel@wﬁbosﬁemg ofleleTtremagnetic
met hod of cl erein said patterning agent
ragigtion; & fLHPr?r\q FP#Wm&ﬁZ*Pﬂeagf‘Fé‘t hod of claim 40,
wher ei n the surface conprises one or nore regions that
are hydrophobi c or hydrophilic. 44.The nethod of
24. The meatmadoiwleineiln wheeeip seicepalterginggagentipsowged ite gaidesurface of
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patter ni ng devi ce having a three-di nensional pattern
recessed features on an external side, wherein
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di sposed thereon; and b) contacting the elastoneric
patterning device with the substrate in a nmanner
26. Thess tredthoc b clgine @4{ wheeein cait and obeatore enolets &esdptiwnally addressed
portion of the_contact surface of the elastoneric
tOé&H%?W@@O%W E‘éb%tFﬁietSH aG%r f ace of the substrate
having said patterning agent, wherein said conformnal
contact results in said patterning agent filling at
27. Theasthed pbelainr , vhesein daicesessieade Seeaoe esdefgadzg processing
el ast oner,i ¢ ter devi ce. h thod of claim
ofPRR TpCel My REAr T eits golal el S AR L npagn SuBhpoth.
47. A patterning device for generating
t hree-di nensional patterns on a substrate surface,
28. Tfserrtetmd/pt:@lamﬁpwhereig saif) thape-sliragnsinpal pattesy gomprises selected
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three-di nensional relief pattern; b) neans of
provi di ng patternl ng agent to said substrate surface

29. Tiag meghed PEFIAER 1, whereinraicpatteningeagntis Praddaghia said syrface of
Lftﬁg\fa?éﬁfé cRaLAct bet ween said relief pattern and said
a

Sstrate surface 48. The device of claim47, wherein
sai d neans for establishing confornmal cont act

30.The method of claim 1, wherein said patterning agent is provided to said surface of
substrate in a layer or a thin-film that covers at least a portion of said surface of
substrate.

31.The method of claim 1 further comprising aligning said elastomeric patterning device

with said surface of the substrate.

32.The method of claim 31, wherein the aligning comprises aligning a lock and key
registration feature.
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conpri ses an actuator, said actuator operably
connected to said elastoneric layer internal surface.
W@ 20080552808/ 055054 PCT/ US2007/ 082633 49. The dreT/T82007/082633

33. Tﬁé AHethdBof EYQ%% q’uﬁﬁ% g hghp%%d Esf?r%eqe'sftt%rﬁréald elastomeric

Fessure, a uniform hto

pataa ingramviice, Itmebytamgegmtﬂala foakanfdokexptegisirdtimnitfeature.
50. The device of claim47, wherein said substrate
surface has one or nore hydrophilic regions, and

34. Tw@ﬁ{&héb BPéiﬁﬁrI] qf m%?éfh@aws@%cteemd&tr%g@ﬁt%lg bl $8% method

dropl et "application to said one or nore rophific
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nmodul ates an optical property of electromagnetic

radi ation and said regions are selected fromthe group
35. The matled afcleim rlewdeseid at éeasheartior of spidissutagesd subaate is

néngﬁ%rﬁpface 52. The nmethod of claim1 further
$i ng enbeddi ng particles within said
eI ast oneri c patterning device, V\,herei n said particles
| ate an optical prop ertP/ el ectromagnet.i c

36. Th%me&h%ﬁf Clgin thwheetinsaicbe a@toan%mgatt@mé“rgeqiwg%pgmprlses a

sﬁ@@télgél’ﬁ&e?lc% é]foedded in a pattern. 54. The nethod of
ctai

conprising depositing particles on a
top surface of said elastoneric patterning deV|ce

37. Tr\aﬂﬁp%%légq E) ﬁlﬁﬁ'ﬁg{ %Nbce:rqia,sg?cf %I:@g%cg@grrl]c 8 tttér%?r!g advicd is a composﬂe

patterning device comprising multiple elastomeric layers.

38.The method of claim 1 further comprising extracting air from the patterning device to

facilitate filling of said recessed features with said patterning agent.

39.The method of claim 1 further comprising treating the contact surface, recessed
features, surface of substrate, or any combination thereof with HMDS, plasma O,
UVO, or any combination thereof.

40.A method of generating a pattern on a photosensitive surface of a substrate, said
method comprising:

a) providing a patterning agent on at least a portion of the surface of the substrate,
wherein said patterning agent is applied in a pattern to at least partially coat said
surface with said patterning agent;

b) applying electromagnetic radiation to said coated surface to generate a two-
dimensional spatial distribution of electromagnetic radiation on said surface of the
substrate; and

C) processing said substrate to obtain the pattern.

41.The method of claim 40, wherein said patterning agent comprises a droplet.
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42.The method of claim 40, wherein said patterning agent comprises a thin film.

43.The method of claim 40, wherein the surface comprises one or more regions that are

hydrophobic or hydrophilic.

44.The method of claim 43 wherein the patterning agent is applied to hydrophilic

regions.

45.The method of claim 40 further comprising:

a)

b)

providing an elastomeric patterning device having a three-dimensional pattern of
recessed features on an external side, wherein said external side has at least
one contact surface disposed thereon; and

contacting the elastomeric patterning device with the substrate in a manner
establishing conformal contact between at least a portion of the contact surface
of the elastomeric patterning device and the surface of the substrate having said
patterning agent, wherein said conformal contact results in said patterning agent
filling at least a portion of said recessed features of said elastomeric pattern

device.

46. The method of claim 45 further comprising removing excess patterning agent

47.A patterning device for generating three-dimensional patterns on a substrate surface,

said device comprising:

a)

b)

c)

an elastomeric layer comprising an external surface and an internal surface, said
external surface having a three-dimensional relief pattern;

means of providing patterning agent to said substrate surface or said relief
pattern; and

means for establishing conformal contact between said relief pattern and said

substrate surface.

48.The device of claim 47, wherein said means for establishing conformal contact

comprises an actuator, said actuator operably connected to said elastomeric layer

internal surface.
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49.The device of claim 48, wherein said actuator applies a uniform pressure, a uniform

displacement, or both to said elastomeric layer to establish conformal contact.

50.The device of claim 47, wherein said substrate surface has one or more hydrophilic
regions, and wherein means of providing patterning agent comprises droplet

application to said one or more hydrophilic regions.

51.The method of claim 1 further comprising applying a thin film to selected regions of
said elastomeric patterning device, wherein said thin film modulates an optical
property of electromagnetic radiation and said regions are selected from the group
consisting of recessed features, relief features, and top surface.

52.The method of claim 1 further comprising embedding particles within said
elastomeric patterning device, wherein said particles modulate an optical property of
electromagnetic radiation.

53. The method of claim 52, wherein said particles are embedded in a pattern.

54.The method of claim 1 further comprising depositing particles on a top surface of

said elastomeric patterning device, wherein said particles modulate an optical
property of electromagnetic radiation.
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