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| NVENTION 1. Field of the Invention This ion generally relates to the
area of |ow cost, high -resolution, hi ght’w&m@@m mﬂt hography with the
potential to make structures that are bel size. 2. Description

- of the Relevant Art Optical lithography technisgepes are currently used to

make m croel ectroni c devices. However, these nmethods are reaching their
limts in r eSMETHOD.ASDISYSTEMFORS ABRICAVINGNANDSE AINEPATTHRNS §R!
process in the nigGEE CURABLE COMPOSITIONS USINGE AN EERE: nﬁtcdﬁmﬁca' e

| it hography all ows manufacturers to neet the increased denman smal | er
and nore densely packed eIectronlc conponents on chi ps. The finest
structures producible in theAf £ E INMENTIQNare currently on the
order of about 0.13 pm It is expected that in the com ng years, the

m croel ectronics industry will pursue structures that are smaller than 0.05
~m (50 nm. lehgﬂQtﬂmﬂhemmomre ener gi ng appllcatlons of nanometer scale

l'i thography in t ctr etic stora For

exanpl e, phot oni E[%L‘r ¥ E\‘H%"JE' rﬁk‘"ﬂéﬁ’\ aﬁ’iﬁ‘t"éF?ﬁiﬂ"%ﬁ?ﬁé’i‘F@ng@%y of

the order Ofthxbﬁ%lgﬂl/hﬂt% ﬁliy ith @eSpotereibl tﬁ%?dtdersﬁu&&%ﬁﬁﬁtﬁ%béw foohhli 09" aphy.
n

For maki ng sub- m s uctures optical l|ithography techniques nmay require
t he use of W&y short mavelengths of light (for instance 13.2 nm. At these
short wavel engths, few, if any, materials are optically transparent and
therefore imagi ng systens typically have to be constructed using

conpl i cat edk@dﬂﬂ.&&&ﬂ&ﬂ%] Furthernore, obtaining a |ight source

t hat has suff|C| |nte Si at these el engths of light is
difficult. Such s?i‘ﬁ%#&'? PRV %EW¥%%FW?§W? t&t‘%@‘%éﬂﬁt% Fwenigngd
processes thlatncwple%vérpthbﬁ: HétBEdskird teutlig R SintitsUR resbiuibn.” SR PN €- beam
| i t hogr aphy ;t?g i que ough very precise, typically are too slow for

hi gh- vol ume graphy bgsherit a exitigad process iy the gmictoglectienios igfestnye The vsemtt h
current i MprshRimictdnieslE ﬁﬂ%@ﬁ%ﬂ%@ﬂhﬁﬁa&t&&sqg Sefle i &%%@&Haiﬁ f§)) 1 ect

contact between the te ster) .and the su strate e nay lead to
defects, | owmgemad sno;e é¢11$sly packbdlelﬁN&Omnpbmpmdntsfcm chiysd The finedt kyyctiiree

t | at th t th t ual
Structures. SORREIR S mitrEinted iy dhe piimently ox b oiSkeoaba Al W ed | n
opti cal Iltmgegwatedtﬁmlﬁeebmﬁtgﬁaepaemao&taar&ﬁmh&tsey%ﬂ Lidge | 1 fe of the

tenplate are issues that may nmake inprint |it ogrnﬁhy |npract|cal Hence -

t here exi st§tractweethatepsmﬁ%¢rdbew05 Bind 8P apby Ferteh, qae@mgmaddr ess the
chal | enges I|th ph

mpr 11 ¢ ARt el B e Mol B AR Wess Gt G entomi e ety o
THE | NVENTI @:drage Foeexantpts] phentic cmtalseanﬂengtsdemmy pu‘t&maﬂmyaghen&meﬂbgcbfon a
substrate u | n | i thogr rocess [ ves applying a

pol ymeri zabl 038?{3}3 ’t“fyé pte’c')s‘gﬁedplﬂéb@ﬂ“‘% B’éte{nsca? gﬂ'ﬂlélﬁ'ate The
substrate may beFar mblkifif g:¢H-80 tkQthudtfred, opHasl it P4y Q&Bﬂiﬁﬁ&é}ha}dﬁ&hi?@the
Exanpl es of sub trates I nclude, but are not limted to, waf ers, GaAs

waf ers, Si G OWaV&anﬁPOM(@Y mﬂ@@"‘blﬁ 3 pm).i ésaﬁlle%e ﬂb@ﬁ‘po& tion may
be an ultr aWa%l@ﬁgthé 9&%& 1P:H{yaﬂlla§=rlﬁﬂ nor‘repﬁg i Cf&’l&%yéﬁéd)l%tl gt curable

conposi tion may incl de a pol ymer|z a photoi n| §tor The
conposi tion Smﬂmpls‘yp‘ﬂmhavs@abecbmmaed drmgmnmllcatbéreﬂ%i:umopﬂoe[lsubst rate has

been coated t he ble c Si e be pl aced
above the poly rrge}lrnloz th‘“ac/ %éh?f?‘gﬁe 8‘% ‘er?éte&f‘é tP‘gp'FtS’i‘WdrT‘? %i’reﬁﬁn an

el ectricall wa&elaﬁglhst ¢f\lfghtristdeﬂﬁballt swheyttaﬁpleaatb émenﬂlmnqﬂmﬁtweqtﬁﬁhblﬁl l'y

t ranspar ent &{“f Vi si bl ﬁa and/or ult r@\él ol et ght. The te ate may be forned

of a combi ndRY BRRcessesthataprear fq begprp EWﬁb’LFéPF‘tﬁeverrﬁléb'FeéP iguptbetmt o a non

- conduct i ve JifRgfip eghet, I [ d the
non- conduct |hve na%lyelhclal?aﬁég ﬁlge subsP%ﬁ%?a 1;&1&32%%%5}’02%{8??@11]@1%?9 In one
enbodi nent cvm@etceatppmcetlmy be formed of indiumtin oxide and fused
silica. The tenplate includes a pattern of structures. The pattern of
structures is conplinmentary to the pattern of structures which are to be
produced on the substrate. At |east a portion of the structures e a
feature size of |ess than about 100 nm H“‘““N“\“i“ﬂ“““\mm‘m
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2 An electric field may be applied between the tenplate and the
substrate. The application of the electric field may create a static force
that attracts at |east a portion of the polynerizable conposition toward
the tenplate. The portions of the polynerizable conposition that are
attracted to the tenplate are conplenentary to the pattern of structures

- inmprinted on the tenplate. In one enbodi nent, the portions of the

pol ymeri zabl e conposition that are attracted to the tenplate cone into
contact with the tenplate, while the remaining portions do not contact the
" tenplate. Alternatively, neither the attracted portions nor the remaining
portions of the ¢ maip| chaltangpowith cwrrent onmrint hithography sechnolbgibs i tiee

tenplate. T traciad.port | h tend t the. t te whil
el un ai t 1 deelly SBPHOLHRRE SRT v RAR 1S hemiiil WBant? 85 Breiyral Rpe ey | ©
attracted pdedd tonisfeess) RRChrbceseydlds) ediewRniplate 1iTd oA RIHi R, tﬁé‘t&hﬁilatc in

conposi tion hmay, be polynerized using an appropriate curing technique. For

exanpl e, t he™pERYBPeraehy Apicalhpis ha samis singyps iecaventaal strpsibres b the ssbsiratand be
curabl e by qERpasEnbdeioldn! RhiALyBiddy ustiliinldpridil IRIGRILYCTh E3lof © aPPLT e

to the tenplate and the substrate. used heéerein ating Trght" neans
| i ght that rraspasing etemplatecaniddhd lifolofthydemplate avaissuey that glay maly imprédtude

about 400 nil bRt Bracrgl epch et B ANEEA P gL MES B i . ©

about 400 n VI Sl
any wavel enghdt addrebs théathatlepgdslassoofatediviticoptiogl lthediaphys evbedih HihdrapRy arlke

classified as actiyating..Chem cal chapges, may be manifested 1 n a nunber of
forms. A chémpE‘ﬁﬁhtgﬁ% fﬁﬁﬁlre?‘?ﬂﬁ‘(f%ﬁggﬁ?“l"éwﬂ&at‘wsrﬁ ted to, any chenical
reaction that causes a polynerization or a cross -linking reaction to take

pl ace. The activating |ight may be passed through the tenplate prior to

reachi ng the conposition. | nm’ﬁl{m&mw&m&abl e conposition may

be cured to formyg o] t ormed on the
bhy Bt fOBRICRIR ik ol BE orchlel 4R BULET Rl QLIRS 01

tenplate. Alternative yneriza osition nma
appl yi ng hedptiot lithegraphyp Jdietpravess inbolves applyirgecpolymerizabledtoinposifion ioatle t 0 t he

Lhe.str uct e HRot s FharhoTe afoBye BREke A SRR aRPLR MU | 2abl &

conposi t i on.semicohduigortRyict."Bxsles FubstRes indlrie But@fe Ad? Sinfitel W6 sV Wafers, ANy  Of
the commonl y_used et chi n&_ techni ques may be used, including reactive ion
[

etching. 3 G3As waferseiistiwalers, orapdnR watsrsatEhepalymesizphie compositipn masbe han
about 1 pm fah Qirdvifletiighy ERABIE BthGosHRP e il tifio] @&ngq !
therefore have a plgn{aarli.t of Ie@osS t han about 01(;Ep tg%?ﬁéera %Rﬁgsf%% han
about 0. 25 pnsludesa pedyderirablsimongimen and a phatsinitiefarn &ble egnpdsitionamayarecspini n
curvature ov. f the substrate. For exanple, a planarity of 1
pm i ndi cat esc%tﬁélp&f)?gg%%g@% ‘'ure of the surface varies by 1 pm above and/ or
bel ow a center paifter thetsubsiraceliss been cvatedavidr the polymesizablcongiositivs aa surf ace
havi ng a pl gnari ty of IFI\ssdt an tﬁlbO t 1.Vi [n the substrate may he placed on
an appar at usTBRAEmAY heplacsd 3peye the y%‘ﬁ‘éi?b efompraition, ;e templateris dommgsdar at us

may i ncl ude frnha edtricAR dopdictide irteFial! PTIR ttRpRRAnSHIRIEd subfigntiypst rate. The
apparatus may al so include a plurali ti;' of pressure application devices

coupl ed to tHRBEsSRIENGL Visitlsandiopyliravieles ight; dde teamplate mayds formedingaconf i gur ed
to apply a 3 : - i .ol der
s alter cd. SBUEORf &l ARy CGndR{ehaSHaobbIRd o d¥or diRcfle bl
changes in tBoth theajestrishlly candnctianatenial atwd themoaicomdiictive mbterisiuhsy beat €. | n

t hi s manner, h | aparity of.fhe substrate may be gltereq to conformto
the desired SB?S;WEIPﬁ’ sa.ms‘i‘?fg&atﬁp%btaﬁﬂé’n?}_ﬁ'?{’?ch@le'ﬁfdé‘egenﬂﬁﬁtﬁ grmedfi rol | er .
The progr amigdiig tia@xideQint GisedBilich. "Thé mphitiAtRass LphteRVdfGauGarRt] g ed to
determ ne the planarity of the substrate. The controller may further be
confi gured PaUSPEF srustiresis spmplimentaryip theqmattpmyef gevqteres whish ate terbet he

pl anarity of a l R | EF

DESCRI PTI ON” gﬁ%ﬁ%\%\v@ﬁgﬁgdﬁ%a%%@?rg@atﬁ%%%%% PEREtpaticisie of |
wi | | become lespphanehoutdfdmm: eadi ng the fol | owi ng detail ed description and
upon reference to the acconpanying drawings in which: Fig. 1 depicts a
tenpl ate positioned over a substrate for electric field based |ithography
usi ng Wcurabl e conpositions; Fig. 2 depicts a schematic of a process for
form ng nanoscal e structures using direch contact with a tenplate; Fig. 3
~-depicts a schematic of a process for -form ng nanoscal e structures using
non-direct contact with a tenplate; 4




Fig., 4 depicts a substrate holder configured to alter the planarity of the
substrate; and Fig. 5 depicts an apparatus for positioning a tenplate over
a substrate. While the invention is susceptible to various nodifications
and alternative forns, specific enbodinents thereof are shown by way of
exanple in the drawings and will herein be described in detail. It should
- be understood, however, that the drawi ngs and detail ed description thereto
are not intended to limt the invention to the particular formdisclosed,
but on the contrary, the intention is to cover all nodifications,

" equivalents and alternatives falling within the spirit and scope of the

present inventi orAmelectd¢ figlddnaybe appliedbatwerndhe teaipiate aBEhasUEDaRESHRI PTI ON
OF THE | NVE . RV j i.i hoar nigues wth Wcurahl e
i quids [2, “@?’%‘fgﬁ&f&%ﬁgf°%£%‘£#§¥ "'ﬁaasgag%‘é‘té‘gﬁgﬂéég’la‘ftﬁéﬁk?séPPB&‘é’Ba??i ng
nanoscal e sttheipslymersizabledwoatpobitioh riveué therteniplate! diht ipattioyis BEthe paliyineiigablé | Y

| ower cost than aptigal | ithogazta(? yéte hni ques for sub-50 nm resql ution.

Recent resedPEWOF#R t g atteae PR @tﬁ_taé%c%ﬂbﬁg%rb’ 59 thedpttesn ofppl yi ng
el ectric fi udsurlGmyRmted 6h thidahslar! IH 8¢ LrRbbtifElBE BoRich$PLEL € t hat
possesses topography and a substrate that contains a polynmeric material to
f or m nanos c d1olymsrizable gpmposition thatrase attracted tocthe templaté oome inge contaco Withdhe/ner i c

mat eri al thg . . e re.slightly.above. their
glass transition tglrﬁrggr&g%%ﬂaelm%hgggi\g/?‘é gétusn%g@ﬁze“?péatﬁaggﬁné%e?&"é‘r"’l’(ﬁhetro
react very shomtrgctedpdriiensior the remainire mhatigmsiof die mlymeaizablalcomposifieibjonteki ng
them | ess desj rab{ e far corm@rci ?.h appl i‘?ati,ons The enbodi nents descri bed
herein may pBP&IE a‘étlvf'@‘ the Lemplate; %@'ﬂgﬁﬁ POTtigRs bpweveraxtenditeward theyi ckiy (in
a time of | aesplattarhiRtBeHin-AttR6E€d pobtiond dendtleckithill W @S sARY eltathatiiees Of tens
of nanonmeters. The structures may be created by curing a polynerizable

conposi ti on &Eactpd pogtionsiextend, thedemplatee |iquid) in the presence of

el ectric fields. A ] i ! . pattern
of St Uct Ur os. op TE°SuisesoLp CokRdcaly Al Sok B ordGbrtyd Hirich™
tenpl at e wi ttechaigup.e Eorf éxemplen thewolymesizable coropasiticahay intlude a ph@binitiayor and
control |l ed nangose¢al.e di stance f.rom the surfac f, t.hin Layer of t he
liquid on aq’s? Gﬁgﬁ%%al{ye‘?"pﬁw%%fchy&é‘gB’&ﬁf Wﬁlie %}*‘ﬁ?‘ﬁ%" g@‘ﬁ‘i‘? @H’ll‘g%qu'? trplate o
regul arly rejpedid sufsted. t &S ised heteli adtvatifg Hipht Ynedhs li’éﬁtﬂ}atnia?@ﬁ@@tat ern on the
tenpl ate may, be, consi derably | ar,g[gr than the size of the desired repeating
structures. chemica 8k AGhyptipgli deﬂgd%gtrmwléwghmg-eh@xbem a

i t hogr aphy .wakBRnbHelvAleR abBit 306 nh6 dbsi ROGhAS) Abtihild 1@@%&1&@@%@“

process to replicate nanostructures onto substrates. n one odi nent, the
tenpl ate ma ed lighti Generally,rapinwavelengthof lighy capablerdfaffectinga chemicalichamedi n

Oxide that i . g W T f.abricati

process is sn|§ Hi ezc?asgl(&}%{f%?{uggﬁ I%gghleé}{]slﬁl? F&nﬁﬁso g%%%@’?%?eddﬁg fearse

| i t hogr aphy ;fomisa st clemitdl chagie snaydoeliudes betris adtdimisddap, dnlyahemicabicadion that

t opography on the t l.ate. The repli,cation, of the pattern on the, tenplate
oy b6 nohi duseS ppolHsrz onA Suss Hinkdite refclion to takealahe- T SBRBIREIE NG | ho
substrate. BegmssRsiedehrbughithe whislatdpfiof Bre 4Hd cdrpeRitidhf tehethathefihgCt ri c

constants and the electric field varies |ocally due to the presence of the
t opogr aphy delymssizakiggempesitionmay equreskio forme strustures gempleseenianyise teed t hat
attracts regy (KT T0Y : i (G.field
Strengt hs, (i foried oh (R plaR A kit ok AR pB L or L L Bl R

t enpl at e andutedatapplying henteto shecomnesidions whiteranzilevtniofield és appliedstoghe yner i zabl e
conposition in place by polynerization of the conposition.
The tenpl at éggﬁn%@&g‘ggﬁegsg{@%tew th a | ow energy self assenbl ed nonol ayer film
(el. g., a flduori natfed tieyolynedrizably gblﬁpéﬁitﬁbﬂbi cdeﬂ,&ﬁhﬁtﬁ{th}r@é tﬁhfl&i fueded at]? t|h§
pol ynmeri zed ¢ ositign. It y be possible to control the electric field,
the design d’F?‘P X Seiieg Qﬁﬁyrzgmo{m@ﬂ@%%l@sam- Htching may imprgvethet he
tenplate to ke W E i ]

pol ymer i zablﬁ%gﬂggrﬁeéﬁﬁ%ﬁgg ﬁg}égﬁtrll%? °§‘5§%§Bﬁ‘ﬁt@%9@fé‘h§ gécl%lb \%ﬁu‘%ﬂﬁ%}hbec surface
of the tenpluatds including reestivaiiepueschisg: el i mi nate the need for nechani cal
separation of the tenplate fromthe polynmerized conposition. This technique
may al so elimnate a potential source of defects in the pattern. In the
absence of contact, however, the liquid may not form sharp, high-resolution
structures that are as well defined as i3 the case of contact. This may be
addressed by first creating structures in the polynerizable conposition
that are partially defined at a given electric field. Subsequently, the gap
may be increased between the tenplate and substrate whil e sinmultaneously
increasing the 6 magni tude of the electric field to "draw -out" the
liquid toformclearly defined structures-w thout requiring contact. ,N The .

o L T o o o,




Jow aspect ratio, high -resolution structures using the electrical fields
foll owed by an anisotropic etch that results in high-aspect ratio,

hi gh-resol ution structures. Such a bilayer process nay al so be used to
performa "metal lift-off process"” to deposit a nmetal on the substrate such
that the nmetal is left behind after lift-off in the trench areas of the

- originally created structures. By using a | ow viscosity pol yneri zabl e
conposition, the pattern formation due to the electric field my be fast
(e.qg., less than about 1 sec.), and the structure may be rapidly cured.

" Avoi ding tenperature variations in the substrate and the polynerizable
conposi tion may dhooe ambodimentldwiteraplate majt hepositivhed Iess thamationtl pmefrema the

nano-resol ution |ayer-to-layer ali nt .imractical . In_additiqn, as

ment i oned atpt?&@",wrf%g{e@ﬁ@g?ﬁﬁ' eﬁeoﬂagﬁﬁlﬂ?gﬁﬁ?ﬁegﬁr%vﬁéwm £ss & act

W th the tergboad Bum| préferstlé Bsddhh MO8 G ASRA! Mhdrlly isHREihé asTEt hOds
that require direct contact. Figure 1 depicts an enbodinent” of the tenplate

and the substhe ¥ariange iy eyeaturg jquentherpirface ofithy sehstritsr FotieXample, a planasityicfll t hat

is transpar . j ' LI aht..t0 | ow .cuy i of. the pol rizabl e
Conposi t | one'%ﬁy";ed%ffg%hdrﬁé%ﬁéo&%‘é%"\%)é’hhﬁgs"ﬁ%‘b ‘fa.nestéPF Egﬁlgat}oma‘f‘g?ﬁﬁéﬁ%a PYOEh a
transpar ent poidtevhict defings aplaarautfase. t he use of established opti cal

t echni ques to neasure the gap between tenplate and substrate and to neasure
- overlay marks to Teachisvensuidacedaviagiaplanarity of dess thegsbeutdatmghe substrate miayn
during for [ f ? I thermal |y and
nmechani cal rg‘;""s"? zg:gﬁgn;ag‘?l oétygé&@g F-é-&s]glltéﬁﬁg;sr? a@aﬁ‘ﬁ%"%&%aﬁ%m%@s The
t enpl at e mayma moluide e holder anfighred to caupld ty and adipottititgsubstiaté.i Phe dppadtusow
electric fields, o, b enerated.at the t | ate-substrate interface. In one
enbodi nent , BEHIE 'é‘ﬁﬁfi%aﬁﬁ’éaftﬁ °§?re§F“f%‘?pé’Eg%1°ﬁr‘ilﬁV‘8‘FS qoy8 t%ﬂ‘Fﬁ‘E ehathepeen
chosen as t hgessa@applidatioh devitdimdy e doffifkdd & apbRch déforhifg f3Ft4IR thd Hder™Y be
deposited onto the flééi{edp? | i ci\ | Ta is transparent to visible and Wi ght
and is a cortfthehieskaneof he ho deg isaltpr e Thasylstrateaayergupled e thebelder i on
e-beam it h%&lﬁ‘ﬂﬁythe'ehz{:%\éé fUhé 86Pe &f the RORIESHaf el tPfh @ﬁ‘@ﬁﬁmcei{'_ﬂ this
fluorine containing self assenbly nonolayer) Tray be coat ecei onto the
t enpl at e t o Mmanpewn ke plenariteofthe substrate avydeialttied ¢o tonforseto thédesiredplandrity.and

t he pol yneri (ti.on. . The substrate i el ude standard fer

mat eri al s su@%%géggﬁlgﬁlﬂ&é&u% ares H'Z%ﬁeﬁon% 3@?8&8&‘"}'}1 7 P *be used
as the pol yrmray inelaiea dersgivai devies confiprdicth ieRfrhina fledpl aRpost the Qibsitmy, be spin
coat ed ontoﬁltehhe waf ger. A&P&[’)ti onal _transfer |ayer may be_pl aced between the
waf er and t heeoeRgeter e sont teopprairdhe pregsuroanplisationgleviges to| ayer
process. Thaifef @B pla@aritydfee BRI Bdsedb PR deleffinddPlahititgkness may be chosen
to allow for the creation of high- aspect ratio structuies from | ow aspect
ratio structures created in the cured liquid material. An electric field

may be generated between bﬁ]p RS Mnecti ng I TOto a
vol tage source. I n Figur MJ, [V\D'I:?Bgdélﬂ ?f.lﬁ ove-descri bed
process are presdthedmbjdcts and @dvantagesof the intventiorasidl beecime hgriarent dpsi reading

uni form gap be.mai nt.ai.ned between the tenplate and the.substrate. An
electric fi etﬁég%él?w%deéaé%p:&gﬁf %’hﬂ‘{}‘ﬁ’ “r‘rﬁ%’egge tgﬁ% ?cgﬂmpgg’ﬁﬂgt‘?t}ﬁ\j’“ﬁgﬁ'ﬁ he
attracti on afhithie .pol yneri zabl e conposition towards the raised portions of
the tenpl ate. Inr%gu({e_z, t he (t;ap and field magnitudes are such that the
pol yrmeri zabl e co i qepists migrplatepositioned gyar 3 subsirate fapelestas field based t enpl at e.
A WV curing 1phak&shs uiiy 1PE cabl chbmpbahiglgn the liquid in that configuration.
Once the structures have been forned, the tenplate is separated fromthe
substrate by eit fig. 2 depictsasichematiceofiarmiroeessifoy fpyming hanpsnalesstpatueesivsingi s

achi eved, ory. QL '91:‘1' el and pull notion wherein the tenplate is
peel ed away '%trgu. gisu gtgc}ngflég’starti ng at one edge of the tenplate. Prior

to its use, the tRigndldebits Sschematicest atppodess for etk Minbstake Judtures Wkingce

ener gy nonol ayey that assjsts iq the separation step. .In Figure 3, the gap
and field né’@ﬁT‘{‘rt‘iﬁfe‘é’n?Ftew%Bé"é‘?P ¥ch that the |iquid achieves a topography
that is essentially the sane as that of the tenplate. This topography nmay
be achi eved w t hout making direct contact with the tenplate. A UV curing
process may be used to harden the liquid in that configuration. In both the
processes of Figures 2 and 3, a subsequent etch process may be used to
~elimnate the residual |ayer of the UV cured material. A further etch may
al so be used if a transfer layer is present between the UV cured materi al
and the wafer as shown in Figures 2 and 3. As nentioned earlier, such a g
transfer |layer may be used to obtain high-aspect ratio structures froma

| ow aspect ratio structure created in the Wcured nmaterial. Figure 4
illustrates nechanical devices that may increase the-planarity of the
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W th IndiumTin Oxide deposited on the fused silica. Therefore, the

‘tenpl ate typically possesses extrenely high planarity. The substrates :
typically have | ow planarity. Sources of variations in the planarity of the
substrate include poor finishing of the back side of the wafer, the
presence of particular contam nants trapped between the wafer and the wafer
- chuck, and wafer distortions caused by thermal processing of the wafer. In
one enbodi nent, the substrate may be nmounted on a chuck whose top surface

~ shape may be altered by a |large array of piezoelectric actuators. The chuck
t hi ckness may be such that accurate corrections in surface topography of up
to a few nicrons Hgyt depiciemsubsete holder ecomfigured tealten yhapdanaritsnofaie substrate; chuck
such that it_substantially confornms to the shape of the chuck. Once the
substrate is l'oaded on to the chuck, a sensing system (e.g., an optical

sur face topogr aplBig.fedepittesreappasmstionjositivyinga templitd svef@pubstigtel Op sur f ace

of the substrate accurately. Once the surface topology is known, the array
of piezoelectric actuators nmay be actuated to rectify the topography
variations such tyaile iHeGnwRREH isSHEdeARSe B varidhs ﬁlHQﬁ'{eEt%lﬁ_aﬁ?fotQhétﬁ' Forms
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inreal-time. These real-tine neasurenents may be used to i1dentify the
corrective taPrpndsdelaims.i ons required about the tilting degrees of freedom
and the vertical displacenent degree of freedom The three gap neasurenents
may be obtai ned by using a broadband optical interferometric approach that
is simlar to the one BENAIDEDRESCRIPHIONORKTERSENVENTIONN filns and thin
filmstacks. Thi oach. of..capacitiyve sens ma l.S0. sed_for
measuring these ﬁ}ler%gngygxggg_n?gthogxpﬁﬁw fqekmigies E:}‘gY FB%B‘%AWH“’EE%@F ge&]ia\‘;‘@
enbodi nent s palymes [6]havebeadesribéd fdi Prdparffhinobeald dthuchgesa IhdsetBhnidquet hOse

skilled in the art jH gi ew of this description. Accordingly, this
descri pti on &Y RYeialy 8 leantlyJdower cpst than ppticablithography technigies forsubriPpose

of teachi ng dndRI6IELL. R&Lni Rsdalt: cp,rg] Hab 8158 B8t atem‘lgd'ssiﬂﬁi 6f z{péhfﬁ%]om the

invention. It is to be understood that the for of the Inventi own and
descri bed healestre figlds and van demWanls atiractiensihetyeasn nltgmplatefthat pessessebodi ment s.
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one skilled in the art after. havi t he, benefit. of this description of the
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composition (e.g., a spin-coated UV curable liquid) in the presence of electric fields.

Curing the polymerizable composition then sets the pattern of structures on the substrate.
The pattern may be created by placing a template with a specific nanometer-scale

topography at a carefully controlled nanoscale distance from the surface of a thin layer of



3. "Design of Oientation Stages for Step and Flash Inprint Lithography,"
‘B. J. Choi, -S. Johnson, M Col burn, S.V. Sreenivasan, C. G WIIlson, To
appear in J. of Precision Engineering. 4. U S. Patent Application No.

09/ 266, 663 entitled "Step and Flash Inprint Lithography" to Gant WIIlson
and Matt Col burn. 5. U S. Patent Application No. 09/698, 317 entitled "High
- Precision Orientation Alignnent and Gap Control Stages for |nprint

Li t hography Processes” to B.J. Choi, S.V. Sreenivasan and Steve Johnson. 6.
"Large area high density quantized magneti c di sks fabricated using

"~ nanoi nprint lithography,” W Wi, B. Cui, X. Y. Sun, W Zhang, L. Zhunag,
and S. Y. Chtbaligquig on\iesubgimite. Tif el nba p&tios of By degRE strB@R&:s hikewrefdarlyi 998. 10
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applying a pol'ymerizabl’e conposition to a surface of the substrate; _
posi ti oni ng e tamplatgmaybedgirieated from 2 pendpetingmaterialisheh asdngivsi Tin@xideshetr ei n

at | east a pQridl i t8 | rically conducti.ve; d.appl yi ng
an electric iaieskgﬁg%.ar V\eélgﬁ’ ]{Jﬁg&k‘ tgrrp eat?‘ne18 %r?gg?rﬁceaﬁ rﬁérsof’?sgt’ses,m\*/ﬁre éﬁ% f he
appl i ed el ecphasesHift photomasiatfesomicaldithagraphy; pliasé sltift intsReretliad arfétth s6p thal

portion of the polynerizable co ?sition toward the tenplate. 2. The nethod
of claimi1, ¥ Srfb%/’pﬁ%f yl%qthﬁt‘%& Yfreri zing the pol ynerizabl e conposition.

3. The nethod of meacgm' chtiof\BEthS bittdrh 6n BR! iiBlalcZAd) Ko KRIPEFY hidlyihgaRd
liquid. 4. The nethod of gl aim g wherein rtpfﬁle polymer i zabl e}t COITpO%I tion is
a | ow Vi scos‘Flt")’ri‘F ﬁgfgib@t_ween the template and the substrate. Because the liquid and air (or

vacuum) have different dielectric constants and the electric field varies locally due to the

presence of the topography of the template, an electrostatic force may be generated that
attracts regions of the liquid toward the template. At high electric field strengths, the
polymerizable composition may be made to attach to the template and dewet from the
substrate at certain points. This polymerizable composition may be hardened in place by
polymerization of the composition. The template may be treated with a low energy self-
assembled monolayer film (e.g., a fluorinated surfactant) to aid in detachment of the
template the polymerized composition.

It may be possible fo control the electric field, thé design of the topography of the
template and the proximity of the template to the liquid surface so as to create a pattern in
the polymerizable composition that does not come into contact with the surface of the
template. This technique may eliminate the need for mechanical separation of the
template from the polymerized composition. This technique may also eliminate a
potential source of defects in the pattern. In the absence of contact, however, the liquid
may not form sharp, high-resolution structures that are as well defined as in the case of
contact. This may be addressed by first creating structures in the polymerizable
composition that are partially defined at a given electric field. Subsequently, the gap may

be increased between the template and substrate while simultaneously increasing the

-



5. The nethod of claim1, wherein the polynerizable conposition is a |ow
'viscosity liquid and wherein the viscosity of the polynerizable conposition
is such that a pattern forns in the polynerizable conposition when the
electric field is applied in |l ess than about | second. 11 i 6. The nethod
of claim1, further conprising polynerizing the polynerizable conposition,

- wherein the electric field is applied to the electrically conductive

tenpl ate and the substrate while polynerizing the pol ynerizabl e
~conposition. 7. The nethod of claim1, wherein the tenplate is
substantially transparent to visible and ultraviolet light. 8. The nethod
of claimi1, WagHwdeof the elegtsistiield to "doavewibtthetiquid ko formateapzdefmedtstructusss bl e
and ul travi o ' 9. met hod of claim 1, wherein the tenplate
further conﬁ%ﬁ@%éh%£QQ? OF g@e energy ¢oating. 10. The nethod of claiml,
wher ei n t he t enpl Biepolynérivableconposii@smay bowspositaicen 1op of gMarddakédw@sisand
wherein the Iomhsurﬁaﬁe ege gy coatiﬁgl's a. fluorine containiq% coat i ng.

11. The met HB@eHal tefead {9 4 bi-lggennrpeess. %m%ﬂ/ﬁr preeess allowp ks the fopmationef

thermal |y cupahisgect PiORigh Lebblutich suﬁ@ﬁr&%ﬂgﬁh&ﬁéle&ﬁ@ﬂ gﬂleﬂis MY ah e

pol ynmeri zabl e conposition is an activatin .ght curabl e conposition. 13.
The et hod ofnisotrapihetch thataesatp in mhqgmeytrpem,i@&-@s«duhmm. Sudlpa bses a

hot oi ni ti at T f ' ' ' tri.call
onduct | ve- 1 s phicesslilfy M58 Btelo ferRlel & matiBA oh BBt GlroME S imel on
claim 1, whethesubstrptelsy¢inthat the metat istleft belindhftertlift-6ffiin the ophcht @eaaf thehe

substrate causes ortion of the polynerizable conposition to contact a
portion of t?{ég"faé%%ﬁeél.sullﬁt.‘mfhe met hod of claim 1, wherein the

pol yneri zabl e conppgdihg #Tow Sisdsity polyRErikabld dngoditibhahe pittn fR@SsPIneGNt act
the tenplate mheﬁmfhe %Iectric f?eld s a pliégﬁto theptenplatelanéwthe

substrate. 1the etepiicdieldmay be fast (sigmless thagrebot] seedand shemgrupmremey bei ng t he
o o | o S ARMTE LM RO
si | i con waf egomposition may also avoid undesirable pattern distortion that makes nano-resolution
layer-to-layer alignment impractical. In addition, as mentioned above, it is possible to
quickly form a pattern without contact with the template, thus eliminating defects
associated with imprint methods that require direct contact.
Figure 1 depicts an embodiment of the template and the substrate designs. The
template may be formed from a material that is transparent to activating light to allow
curing of the polymerizable composition by exposure to activating light. Forming the
template from a transparent material may also allow the use of established optical
techniques to measure the gap between template and substrate and to measure overlay
marks to perform overlay alignment and magnification correction during formation of the
structures. The temp late may also be thermally and mechanically stable to provide nano-
resolutioﬁ patterning capability. The template may also include an electrically
conducting material to allow electric fields to be generated at the template-substrate
interface.
In one embodiment, depicted in i‘igure 1, a thick blank of fused silica has been
chosen as the base material for the template. Indium Tin Oxide (ITa) may be deposited
onto the fused Silica. ITa is transparent to visible and UV light and is a conducting

material. ITa may be patterned using high-resolution e-beam lithography. A low-surface



19. The nethod of claim1l, wherein the substrate conprises a GaAs waf er.
‘20. The nethod of claim 1, wherein.the substrate conprises a Si GeC wafer
21. The nmethod of claim 1, wherein the substrate conprises a InP wafer. 22.
A substrate conprising patterned structures made by the method of claiml.
23. A nethod of preparing patterned structures on a substrate, conprising:
- appl ying a polynerizable conposition to a surface of the substrate; placing
an electrically conductive tenplate proximte to the polynerizable
conposition; and applying an electric field between the electrically

" conductive tenplate and the substrate, wherein the applied electric field
creates an e¢nsrgyrdogting o1 example; e flubrine contaiiog selfassemblyomonofayer) enay be

pol yreri zabl g sition.toward the,tenplate. .J.13 24. The t hod, of
Clal m 23, 1 PR RS PG VE st FoTErf Hieasigrsfe beogsdne GARBIAL o,
25. The et hid polfymetiaédodipositidhl TRE sube@ate nfaly MelRIY sydraddaidFer thiterials such

pol yneri zabl e conposition, wherein the electric field is applied to the

el ectri cal | yascordiAs SideG andbinB: & UNpurable liqwid mey be usgd;as shepslymerizableng t he
pol yneri zabl | : | el e
pol yneri zabl (g) o;rlp!’@gg'i ﬂ%ﬁd' s@gzna-ﬁ;bg%oﬁtg?l ﬁﬂ%%ﬁ%&?ﬁ 1(53{‘ ucr%g%? \éﬁgéﬁ}rr%)ggtfepi %rr'\. 27.
The met hod odptiohalitrangfer layerheaychapladed beveeh diecvafar awdiihd latid byksyy Thisnspar ent
to an activatin r!i ht . 28'ed}heb'mft hod of chﬁi m 2? 1 V\herei.nlré_he substrate
i s substanti &ty OB PERed for b eyt procsse. [ng rapysfer layst mascral propgsfiesys
claim 23 , whdrthickndsfihay baphases td allobhfor the@pgakion 6Bhigh! PEdt FitRCBruBRRISTY
coating. 30._,The nethod qf claim 23, 5(xx/nethei n (tir_e tenplate further_ conprises
a | ow s_urfacfémg FGSPectiatip sEUCHRYCiRMeE? Bt the EHe ‘QWM?%eABﬁ@FW_ﬁ%ti ng is
a fluorine capfBd pindehtORIWES thSemplCariBhbRhtOby @dxﬁbéanﬁﬁrow@‘a&gltsglgt he
pol ynmeri zabl e conposition is a thermally curabl € conposition. 32. "The
met hod of cl®Mee23, wherein the electrically conductive tenplate conprises
Ielngl:?m I':' Pi gf('ddfbln#ﬁ%nesslgand-rf?wg@mgs cﬂfthe%b%bg)dgs:%ribwgrrogésrs] afe) p%s}éln{gg E.nhe

each variant, it is assumed that a desired uniform gap may be maintained between the

template and the substrate. An electric field of the desired magnitude may be applied
resulting in the attraction of the polymerizable composition towards the raised portions of
the template. In Figure 2, the gap and field magnitudes are such that the polymerizable
composition makes direct contact and adheres to the template. A UV curing process may
be used to harden the liquid in that configuration. Once the structures have been formed,
the template is separgted from the substrate by either increasing the uniform gap till the
separation is achieved,-or by initiating a peel and pull motion wherein the template is
peeled away from the substrate starting at one edge of the template. Prior to its use, the
template is assumed to be treated with a low -surface energy monolayer that assists in the
separation step.

In Figure 3, the gap and field ma"gnitudes are chosen such that the liquid achieves
a topography that is essentially the same as that of the template. This topography may be
achieved without making direct contact with the template. A UV curing process may be
used to harden the liquid in that configuration. In both the processes of Figures 2 and 3, a
subsequent etch process may be used to eliminate the residual layer of the UV cured
material. A further etch may also be used if a transfer layer is present between the UV

cured material and the wafer as shown in Figures 2 and 3. As mentioned earlier, such a



tenpl ate and the substrate causes a portion of the polynerizable
‘conposition to contact a portion of the tenplate. 34. The nmethod of claim
23, wherein the .polynerizable conposition is attracted to the tenplate but
does not contact the tenplate when the electric field is applied to the
tenpl ate and the substrate. 35. The nethod of claim 23 farther conprising
- pol ynmeri zing the polynerizable conposition and etching the polynerized

pol ynmeri zabl e conposition. 36. The method of claim23, wherein the
substrate conprises a silicon wafer. 37. The nethod of claim23 , wherein
" the substrate conprises a GaAs wafer. 38. The method of claim23 , wherein
t he subst r at eansfentayesmay he SieddCoblaindigh-8@ectFhatio staictuves fodm allaw asp2dt ratiier ei n

t he substrat ' . 3 | r.. 40 A substrate conprising patterned
structures n%&g&g%égfﬁgé@%’ﬁg@%ﬁgiwﬁeﬁl%z& ~41. A nethod of preparing
patterned struct UFigsredrillastetdl idchirtical devipdsi thdt gy iAdtPAsY ittCplanakicFiof tHe

pol yneri zabl e_conpogition to a surface of t he substrate; positioning a

tenpl ate pro¥Psigte The @Welaﬁ)‘l“%‘r@? foi‘é go%ﬁﬂbﬁ?ili%ﬂﬁ’ﬁ%ﬂ?téPﬁf“_é?d#iﬁ%t a
portion of t{fL iHANRh 84EOkRIe Abfdsited G@Meéfu{eﬁ REET THGefold) thed BB Péier}?%igﬂgppl i ed

electric field between the tenplate an e substrate, wherein _
el ectric fi epagsessasgxtremelly higheplanarity. sThet substfatesdppicalythase tovaplasarity.pSoircasn  of

e Dol ITer G SATRAR R AL i LETRL B o B A 8,
43. The net hwafenthegresenteldf pavivlas iconthithahis Giappeditebyeenrthe @feLakdO®P @@fdri on i s
an activati nglulcllc,%ga w%?e&%?sltgrtigl?s agsseid iyotge'rmal processing of the wafer. In one
embodiment, the substrate may be mounted on a chuck whose top surface shape may be
altered by a large array of piezoelectric actuators. The chuck thickness may be such that
accurate corrections in surface topography of up to a few microns may be achieved. The
substrate may be mounted to the chuck such that it substantially conforms to the shape of
the chuck. Once the substrate is loaded on to the chuck, a sensing system (e.g., an optical
surface topography measurement system) may be used to map the top surface of the
substrate accurately. Once the surface topology is known, the array of piezoelectric
actuators may be actuated to rectify the topography variations such that the upper surface
of the substrate exhibits a planarity of less than about 1 pm. Since the template is
assumed to be made from an optically flat material, this leads to template and substrate
that are high quality planar surfaces.

The mechanical device in Figure 5 may be used to perform a high -resolution gap
control at the template-substrate interface. This device may control two tilting degrees of
freedom (about orthogonal axes that lie on the surface of the template) and the vertical
translation degree of freedom of the template. The magnitude of the gap between the
template and the substrate may be measured in real-time. These real-time measurements
may be used to identify the corrective template motions required about the tilting degrees
of freedom and the vertical displacement degree of freedom. The three gap
measurements may be obtained by using a broadband optical interferometric approach
that is similar to the one used for measuring thicknesses of thin films and thin film stacks.

This approach of capacitive sensing may also be used for measuring these three gaps.



44. The nmethod of claimil, wherein the liquid polyrnerizable conposition is

‘a low viscosity liquid. 45. The nethod of claim41, wherein the liquid

pol ymeri zabl e conposition is a |ow viscosity liquid and wherein the
viscosity of the liquid polynerizable conposition is such that a pattern
forms in the polynerizable conposition when the electric field is applied

-in less than about 1 second. 46. A nethod of preparing patterned structures

on a substrate, conprising: applying a polyrnerizable conposition to a

. surface of the substrate; applying a plurality of forces to the substrate
such that the shape of the substrate is altered; positioning a tenplate
proxi mate to the fgmhytmwlflaﬁio@s emdmitﬂsmmvonmbwhmemsmf saridusaspects ofthiet | on of

the tenpl ate_j 0 appt vin electric field
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light curable COFYpe(;SItIOI’l 16 Sl)lf Th%&ggt hod of ﬁega%%%h& éellﬁ)tnﬁthe
pol ymer i zabl tekesmspsspresestly preferradsmbeiiseanss. tlemensiand mateidls mByderet hod of
cl ai ”d6, wh I uid 51. The met hod
of cl ai m6, es&\ﬁ%tfrhé{e%?r %F%Péég c)‘/friréérgﬁéz) L‘e%l rz}%%grl“{é ceslseésnéa Sw vi scosi ty
liquid and wﬂwsndnanchtertuinsfeataies of the inveation muy He p@lhaedmﬁdepahieetlﬁanmsdohidon S
such that a ,pattern forns.j,n 1h ol | .za siti.on when the
electric fié€ dappgregtptmopgglq'l éﬁ%gf ﬁé%%ﬁ lfjheib dﬁ is ?C“N“?Pe‘?fﬁg‘ﬂ of
preparing paht&iioRdChingdes ialy 88 nfide th &b @I%hfeﬁ{s%esc?i%@ﬁéréinﬂﬁthoﬁpﬂép\éhfhg a
polynerlzable conposition to a surface of the substrate; pF ying
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placing an electrically conductive tenplate proximate to the polynerizable
‘conposition; and applying an electric field between the electrically
conductive tenplate and the substrate, wherein the applied electric field
creates an electric static force that attracts a portion of the

pol yneri zabl e conposition toward the tenplate. 53. The nethod of claim52,

- further conprising polynerizing the polynerizable conposition. 54. The

met hod of claim52, wherein the polynerizable conposition is an activating
i ght curable conposition. 55. The nmethod of claim 52, wherein the

" pol yneri zabl e conposition is alowviscosity liquid. 17 56. The net hod of
cl ai m 52, whér ei n'Lithegraphigathrindudsd Sclfaspotily ofPeriodicaPolymgeriMicrdpillar The net hod

of claimb52, whergin, tdg Liqyi g e iti.Qn is a |l ow
viscosity liquid ‘?ﬁ%%@r“&*‘%gil’lt‘ﬂaé’%i !‘%ﬁ ??%ff‘@ﬁ@ﬁ?q@g- pol yneri zabl e
conposi tion 8.5 sutilargetraiea Dopnir Alignrhat iEBlodk Cogolp@ky A Faak RifomRasiLt i on
when the electri CFeifi el,g is applied in less than about 1 second. 58. An
apparatus for al tfldshgPaMapskyel. DeRoucheys]. Mavs, Me Bitgikalisi FigVorkved |FHidaeger

configured to co%)lhq'mséngm%?ﬁqegcﬁ%ﬁ%%gaﬁﬁehm?%gh% ity of pressure

application devices coupled to erern pressure application
devices are configured to apply a deformng force to the holder such that a

shape of the holder is altered MME@; the substrate is coupled
to the holder such that the sha substantially conforns
to the shape of the h\ dethodwf pregatisspattathed Hrectappan abubstratt, niriFings.

e apparatus of claim58,

m:; :: 2 : EZ B?leg%@P@%ﬁiﬁﬁ%ﬁﬁﬁweggg@%%@%tétz sE#tey i ¢ actuat ors.
positioning a template proximate to the polymerizable composition, wherein at
least a portion of the template is electrically conductive; and
applying an electric field between the template and the substrate, wherein the
applied electric field creates an electric static force that attracts a portion of the

polymerizable composition toward the template.

2. The method of claim 1, further comprising polymerizing the

polymerizable composition.

3. | The method of claim 1, wherein the polymerizable composition is a liquid.

4. The method of claim 1, wherein the polymerizable composition is a low
viscosity liquid. -

5. The method of claim 1, wherein the polymerizable composition is a low

viscosity liquid and wherein the viscosity of the polymerizable composition is such that a
pattern forms in the polymerizable composition when the electric field is applied in less

than abouf I second.
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61. The apparatus of claim58, further conprising a detector configured to

‘measure the pl anarity of the substrate during use. 62. The apparatus of

claim58, wherein the substrate conprises a silicon wafer. 63. The

apparatus of claim58, wherein the substrate conprises a GaAs wafer. 18

64. The apparatus of claim58, wherein the substrate conprises a Si GeC

- wafer. 65. The apparatus of claim58, wherein the substrate conprises a InP

wafer. 19 . AU A .R AA ASR A hL. AS?. ASA?. AS ?. AS. R A@7?. A, U?. A . A?. ASR A h
A@?. A@ ?. A@ . Af (?0KQTt
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7. The method of claim 1, wherein the template is substantially transparent to

visible and ultraviolet light.

8. The method of claim 1, wherein the substrate is substantially transparent

to visible and ultraviolet light.

9. The method of claim 1, wherein the template further comprises a low-

surface energy coating,
10.  The method of claim 1, wherein the template further comprises a low-
surface energy coating, and wherein the low-surface energy coating is a fluorine

containing coating,

11.  The method of claim 1, wherein the polymerizable composition is a

thermally curable composition.

12.  The method of claim 1, wherein the polymerizable composition is an

activating light curable composition.

13.  The method of claim 1, wherein the polymerizable composition comprises

a photoinitiator.

14.  The method of claim 1, wherein the electrically conductive template

comprises indium tin oxide.
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109%&' () - { Y7!attract@sbinAlee templhite but dosamot jc@ntagt -t templnguthet the ¢lectic Vieldlio v | 4| & ()

-3 10 10 103&@&9&/@%‘&2 feQﬁiéfmthgg%gtrQe_ , 109 () - S'109& () -1, MLO%&' ()- 10

10 oF

10! Ot ! 109&' () - 3" ###' $vI$} *?2uV7S310%&' () - 1mlO%& () -S/ F10%&' ()-Y.s1l0%& ()-!S
! - ! - 0,

( 10%& ()-y! TS ( 117(.)%& 'I(I'Pe ngtﬁoﬁa/gfoclaim 1, further comprising polymerizing the

polymerizable composition and etching the polymerized polymerizable composition.
18. The method of claim 1, wherein the substrate comprises a silicon wafer.
19.  The method of claim 1, wherein the substrate comprises a GaAs wafer.
20.  The method of claim 1, wherein the substrate comprises a SiGeC wafer.
21.  The method of claim 1, wherein the substrate comprises a InP wafer.
22. A substrate comprising patterned structures made by the method of claim
23. A method of preparing patterned structures on a substrate, comprising:
‘applying a polymerizable composition to a surface of the substrate;
placing an electrically conductive template proximate to the polymerizable
composition; and
applying an electric field between the electrically conductive template and the

substrate, wherein the applied electric field creates an electric static force that attracts a

portion of the polymerizable composition toward the template.
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" 10 10; S10%&' ()-S7 10%&' ()- SF4 109%&' ()-f210%& ()-FCDGG I111}[MP1 10 10 10!;
109& ()-S/ 10%& (34! SITleomstiod Of dabmiZ3ydirther &imprising polymerizing the

polymerizable composition.

25.  The method of claim 23, further comprising polymerizing the
polymerizable composition, wherein the electric field is applied to the electrically

conductive template and the substrate while polymerizing the polymerizable composition.

26.  The method of claim 23, wherein the polymerizable composition is an

activating light curable composition.

27.  The method of claim 23 , wherein the template is substantially transparent

to an activating light. »

28.  The method of claim 23 , wherein the substrate is substantially transparent

to an activating light.

29. = The method of claim 23 , wherein the template further comprises a low;

surface energy coatihg.
30.  The method of claim 23, wherein the template further comprises a low -
surface energy coating, and wherein the low-surface energy coating is a fluorine

containing coating,.

31.  The method of claim 23, wherein the polymerizable composition is a

thermally curable composition.

32.  The method of claim 23, wherein the electrically conductive template

comprises indium tin oxide. -
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%g%&. 0 f ?_ al lage) A ‘t@s b&%ﬁﬁ%&ﬁ%%%@%&ie@mﬁ}@li 30mpos1t10n to contact a

portion of the template.

34.  The method of claim 23, wherein the polymerizable composition is
attracted to the template but does not contact the template when the electric field is

applied to the template and the substrate.

35.  The method of claim 23 further comprising polymerizing the

polymerizable composition and etching the polymerized polymerizable composition.
36.  The method of claim'23, wherein the substrate comprises a silicon wafer.
37.  The method of claim 23 , wherein the substrate comprises a GaAs wafer.
38.  The method of claim 23 , wherein the substrate.comprises a SiGeC wafer.
39.  The method of claim 23, wherein the substrate comprises a InP wafer.

40. A substrate comprising patterned structures made by the method of claim
23,

41. A method of preparing patterned structures on a substrate, comprising:

applying a liquid polymerizable composition to a surface of t he substrate;

positioning a template proximate to the polymerizable composition, wherein at
least a portion of the template is electrically conductive; and

applying an electric field between the template and the substrate, wherein the
applied electric field creates an electric static force that attracts a portion of the

polymerizable composition toward the template.
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ymeriza mposition.
43.  The method of claim 41, wherein the liquid polymerizable composition is

an activating light curable composition.

44.  The method of claim4l, wherein the liquid polymerizable composition is a

low viscosity liquid.

45.  The method of claim 41, wherein the liquid polymerizable composition is
a low viscosity liquid and wherein the viscosity of the liquid polymerizable composition
is such that a pattern forms in the polymerizable composition when the electric field is

applied in less than about 1 second.

46. A method of preparing patterned structures on a substrate, comprising:

applying a polymerizable composition to a surface of the substrate;

applying a plurality of forces to the substrate such that the shape of the substrate
is altered;

positioning a template proximate to the polymerizable composition, wherein at
least a portion of the template is electrically conductive; and

applying an electric field between the template and the substrate, wherein the
applied electric field creates an electric static force that attracts a portion of the

polymerizable composition toward the template.

47.  The method of claim46, further comprising polymerizing the

polymerizable composition.

48.  The method of claim46, wherein the polymerizable composition is an

activating light curable composition.

16



S109& ()-S 109%& ()- Y 10% ()-rWrr8s<ssdE{\=!! ,10%& ()-@) 10%& ()-
"10% ()-$Z10% ()-!109% ()- sf109% ()- s!tattu6udu:u;udE:/! 10 10L;

109& () -

6109 ()-, YAL0%& ()- 2F10% ()- @1 109 ()- /10%& ()-

u<u| uuuvZvpvxY:/! 10S109& ()-1109& ()- fFz109%&' ()-10%& ()-SF

109%&' () -Z109%&' ()- 210pvnwwixxxxya?: /!

- 10!' S, &109&' () - S$109%&' () - #f 109%&' () - 109& ()-S10%&' ()-!S& 10%&' () -

yyy&AzzzaB: /! 10! @l 109%& ()-Y4310%&' ()- @1F 109%& ()-/ 109%& ()-
@, 109 ()-!S, &10%&' ()-zzzzzz{{X{bC 10!109%& () -

© 109 () - MB10%&. () 210%&' ()-

The method of claim46, wherein the polymerizable composmon isalow
viscosity liquid.
50. The method of claim46, wherein the polymerizable composition is a

liquid.

51.  The method of claim46, wherein the liquid polymerizable composition is a
low viscosity liquid and wherein the viscosity of the liquid polymerizable composition is
such that a pattern forms in the polymerizable composition when the electric field is
applied in less than about 1 second. .

52. A method of preparing patterned structures on a substrate, comprising:

applying a polymerizable composition to a surface of the substrate;

applying a plurality of forces to the substrate such that the shape of the substrate
is altered;

placing an electrically conductive template proximate to the polymerizable
composition; and

applying an electric field between the electrically conductive template and the
substrate, wherein the applied electric ﬁ;ld creates an electric static force that attracts a

portion of the polymerizable composition toward the template.

53.  The method of claim 52, further comprising polymerizing the

polymerizable composition.

54.  The method of claim 52, wherein the polymerizable composition is an

activating light curable composition.

Bal

55.  The method of claim 52, wherein the polymerizable composition is a low

viscosity liquid.

17



10 10 10°;109%& ()-X{ {|}r}}~zX6bCl 10! @ 10%& ()- ! @@ 10%& ()-! @@
109 ()-! @@ 10% ()-!SI ! 109 () - SFf 109 () - ~~"dEbC! 10! @ |
1Y4109& () -, 2t 109& ()-M@ 1l 109& ()-/109%& ()- @, F 109%& ()-*Z109%& ()-/75b@
10!11S 109& ()- SF109& ()- 109 ()- 10 10 10 ; 109% ()- @10% ()-5Za?b@
1011 @ 109 ()-@ 109%P& ()-! @ 109 ()-yL 109 ()-109% () - S&L0% () - EFydEb@
.10 @ 10%& ()-*10%& ()- @ 10%&' ()-S&L0%& ()- @10% ()-S 10%& ()- ydYNC
10! 10 10 10°; 109& ()- 9109%& ()- sl 4109%& () - @1S109& ()-/109%& ()- dkdYNC

56.  The method of claim 52, wherein the polymerizable composition is a

liquid.

57.  The method of claim 52, wherein the liquid polymerizable composition is
a low viscosity liquid and wherein the viscosity of the liquid polymerizable composition
is such that a pattern forms in the polymerizable composition when the electric field is

applied in less than about 1 second.  ,

58.  Anapparatus for altering a shape of a substrate, comprising:

a holder configured to couple to and support the substrate;

a plurality of pressure application devices coupled to the holder, wherein the
pressure application devices are configured to apply a deforming force to the holder such
that a shape of the holder is altered during use;

wherein the substrate is coupled to the holder such that the shape of the substrate
substantially conforms to the shape of the holder during use.

59. The apparatus of claim 58, wherein the holder comprises a vacuum chuck.

60.  The apparatus of claim 58, wherein the pressure application devices

comprise piezoelectric actuators.

61.  The apparatus of claim 58, further comprising a detector configured to

measure the planarity of the substrate during use.

62.  The apparatus of claim 58, wherein the substrate comprises a silicon

wafer.

63.  The apparatus of claim 58, wherein the substrate comprises a GaAs wafer.

vt
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64.  The apparatus of claim 58, wherein the substrate comprises a SiGeC

wafer.

65.  The apparatus of claim 58, wherein the substrate comprises a InP wafer.
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