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tenpl ate is npv orienti

n
L B R A Ch Ay R S
the 15 patt enmeentodinpitat wetha! of detéches wphereen taiphiciohsbstptetnay bhesed tronpaing.

640 ThenfBERQE ps &l @l tnbé&te WO RE i Sﬂaot BEa séam}ut BhBd 6 FRE FSERr @aatsr&mnn of
gal lium _germanium or iridium of cIa|m38 wherejn t

subst r e fpte ichiaed,frp @ bredpand Sﬁf-atfetefears leesedtﬁemne?wofaC S ‘egd o
wher ei Mdaveings b gdpbatvecncibapinplsie sndGhresubsirate, @ PRihasr o, m@sibg Worthicknexi Be, mulii-layer
pol ysi | t te
PO |dGe q@.ﬁatgcgnz,gl Fopal Ml e Qb et 03y, 0 ot ltsftﬁﬁ@@ttv%aggage LHPhe
t enpl atageraasepn g ereniafichi HATRRlieR bs%@éwo Blgfacesrﬁé OP%F%%WWCQ:%Sé*}eﬁﬁ“?QtB'ng‘% fon
the |i qepcht ﬁmtsgaarph)slesceaés ritdythe adqhife 8 mbds@Hik gApbiita RlieimE BIASE didtitd poirltdthrohftone
. met hod %e Al m 38, wherein the liquid conposition conprises a photoresi st

mat er i al Cf"T'he met hod of claim38, further conprising:
In an embodiment, a gap measurement process may be based the combination of the broad-band

—

interferometry and Fast Fourier Transform (FFT). Several applications in current industry utilized various curve
fitting techniques for the broad-band interferometry to measure a single layer film thickness. However, it is

40 expected that such techniques may not provide real time gap measurements, especially in the case of multi-layer
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25 formng a transfer layer on the substrate prior to applying the liquid
to the substrate; and etching the transfer |ayer after separating the
patterne&VQWme fromthe substrate vvherei n et chi ng t heCTiamng$2ar? | ayer

inparts. th patt to the transf devjce ma he net hod
of cl ai ‘rlﬁlssg’ "gﬂplﬁ’é’c‘?f&ﬂes fo ‘Pr Q“’"am"r Sé‘ébﬂtﬁéﬂnsp 8% 1 tYHV%m st gt e
usi ng ahgpaedlewm\enhmbemhlam,eaemha)tl/m@ aglUldgt, afiten, allel dipitizeddaspaay daprotessedusing AGFT
light comRLLSIAg: no@e‘?l%aﬁ?a&g gy Light cil&pF)é%plo?tdelP(ﬂ“ﬁ”s%nEIQhﬁ I:Ju{:aﬁehr é?»%sg&n%m%et he

substrate, wherein the curab is curable In sence of
curi ng Mepsyret gapgdior theygass %1*29 b@@s&w ﬁETrfleel 13y, ypeitp e eleqr P?abﬁthﬁgfetlﬁeaﬂk&é&l*t‘eéﬁ?ted
t elpl atﬂ&ﬂamlestshf&aélﬂldysﬁ portion of the substrate such that the patterned

-tenplate co E1§a1 ﬁl[u]n hn%%lgc Gcilt b s Hle ?Jﬂeéﬁb‘c?y are gelilfogllc . v(e)nsu?r%erQW)B twavr?}?%%]tl%

substrat e, vvﬁe terne I ses ate’a

mar Kk, éﬁoﬁuvbt?éﬁlé’iwn int theereflectivaty Oiﬁfﬂ’ﬁleewcéiﬂhltﬂélbs’lﬁfﬁitlbm e%ml ses a subst rate
cal i gnment mark; determning the alignnent of the tenplate alignnment mark
with respect to the substrate alignnent mark; 5 adjusting the overlay

pl acenent of the Eat tﬁefﬁedaeten‘p?/:a,t/esw”‘tm@eﬂwbt to the f“-,\St portion of

t he substrate suc g; ?t—@anpi@tg gl gdg(xe,g,tmgrhrk and t substrate
alignnment mark are su dt'dn ially al f@’ned determ ning the calibration

oller | ayvhge agemetht refifctiviyecogffitientsranthel inteefmg lothei- Wind h intesfagrere ts titeandehef rfabtonrdis e;

adj ust iomEhRsSPHehstd R UWRRNmEER] DAk FRLESH), Lo hiahe aRRgidn\Retfilibnd bt MOk ON
of the subs rate s at the applied liquid substantially fills the gap

0.l
bet wee{™H'fE %)%ftthé’f‘r?e)dH?‘%ﬁpT e and the substrate; 10 appliying activating
| ight through the tenplate to the liquid disposed on the first portion of
the substratg, teMt@sr &tﬂactérta& F0Rlc! gafytlpﬂla?te a%temqtm&e tb QAQtEmEdébcﬁé FeRbd aé thY

cures the liquid first portion of the substrate, and wherein

patter rfurtsto%eprbsattfdelﬁ Ft’étf o @t latlféedl that,fonarimgletin filmea gleatls defied;tivele Pegle(aaﬁat i ng

t he patréselt Wigl atFeuriat @hdortof R{v) kbaiied d'hé filithickness () iy bd & BictipOot e 0eatioh oft thie

substrate( SlﬂCh that the patterned cured liquid is formed on the first

portlortJ of the substrate; 15 applying the liquid to a second portion of the

substrate; posi tldﬂmtﬁ@yvﬂh)e tenpl ate over the second porti®h of the

substra,the,,eA(ve:a‘glfLM?‘t,,lﬂgmmvp\éq | ay pl acement of the patterned tenplate with
gspect to t he second portion of the substrate to match the calibration

OT entation; adjusting the spacing between the patterned tenplate and the

second port iPtFm iofn edudlideb stimiie s ehitthéit felpeny of apdicreedsignalubydbes clshadtn al | y

fills t!}},ﬁ ﬁf%ﬁﬁﬁ@x{?“& eﬂﬁéttﬂiﬁ Ql[ué %Me%&ulaf&dm&ﬂ%néﬁﬂ%ﬁ ﬁmeaaﬁlﬂlcéﬂoﬂsg

actlvatlng rou e to the IQUI di's ose on the second
por t i orfigyfe Wépl%wtr}b igent V\fr?eﬁf‘é?%ﬁ flow of Gigyhikosss |°b$F‘Po’Peaé}Et‘?e\?ét1t #EFT prefsts of 2
subst antfiealvity sigaal. €Bor tufu@i-lyef] tilnd voM dishet SAetindingaey loddtionf of ks SRt pir@tse ;maﬁnd

wher el n, x?es&%atoel %r%f)ménﬂg 1{9%? Ea]%lﬁ Hﬁadqutcﬁ@}a' ﬁ&r%x id, 8 ShEAyek Rink K&?‘y 8 ol di

separ atrn terne att érned cured qui d suc th t
t he patPFﬁ‘rlPFéEPné uwraelf:FTl agjypisd Ftl%lrez’ﬁé dendgtraegetnd of rieraimpg i thgmess eﬁtweff Ipshased on
subst ratvepealm,cau&ne nmet hod of claim 73 V\/nerel n the tenplate ali gnment mar k

conprises a ]irg% %melgst presenteted erelqltm(%y %nha e oy rm a ]ﬁ'h[tﬁnc%tes VQI(lj vdvheo t]%e oscq|aa%n o"f%

wherei n the hé “ove ace e ned

Wi t h 3Charefiepisity dat@mclmgs lsgs dan dnefit nerle;hwmn tbmeasmms tva\atuexbplsrarpxer ltnevqlm daspuiFERout
deg er m iy RGuit lh%n RhdcaHAaBRk 1o@tuot hg otde!tptetcsmedub O BYMm mt&xvunt e lo@&RBELf 1he

t he substra qnnent maL W’ﬁﬁl he second gort F,‘£ {e net hod of Echl aim
Ui b ERRE s ABEL R O e Dtent Sl T F ot S upy

Wit h r gspelcdf theoostifiation, @nplzatitem ad fisk a tobed ntidmph ¢ of Bapogn poionee) o\Visrefretind
porti Orbefa)ceentvt'1 %ncﬂdpﬁﬂr fehed to%Zmpute\ﬁQ pQ%d%&%ﬁh(P Cliﬁ}é%@da?%%ﬁ w,. The reflectivity R(w)

of Equation 7 has its maximum at w = 0. Further, the wavenumber range (Aw) of typical spectrometers may be

35 larger than w,. For a spectrometer with 200nm -~ 800nm wavelength range, Aw = 3/800 whereas w, = 1/800.
Therefore, the oscillation length of the reflectivity data between 0 — w; may be smaller than that of Aw. As depicted
in Figure 36, there may be two cases of the locations of minimum and maximum in the Aw range, given that w =0

is a maximum point of R(w). Therefore, the film thickness can be computed as follows:
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77. The nethod of claim 73, wherein determ ning the alignment conprises:
applying a first wavelength of Iight through the patterned tenplate,
wher ei n W0X/6883t wavel engt h of Ilght causes the subst r at ecmljsgnmmt mar k
to be in focus can nen u focus.with
respect to an ana?)‘}}s‘? (g atl%aoq}%mémd e’étsﬁ% Ty n%hege? bn(‘itneeh38 f% Eft“h‘gco?sml"%{%htand
t hrough the pab@eﬁrdejS/t(\elerﬂ)ate wherein the second wavel ength of Iight
causes the templabena|.i,g %‘mﬂﬁt &is} % 0€ trlefoRCYS- AlYehdE fﬁl‘égét ﬁi@to&u%on
alignment mark to be out ocus vvlt T espect to an anal ysi

met hod of cl ai mdﬁglced\hé/l(wﬁl)det ermning the alignment conprises using a

poj ari zi ng |A nc@lstrﬁgmmt of @Omeas@bfkenf 161t 'incﬁlgémﬁlbzﬁl'-ﬂaﬁh 1hPHIdY a Bpectrometer

- pol ari zi er s em bet ween, t he oIar|2|n i gnment .t ool and

P e 10 HOboRiS S AP CHTG Al 4P BT Gt 0] SRR ESs a
first polyampmyentye fandivity of tio StFdnkiaalHoy exemplentaddiqey érclutling betules timgdeo:afiliegmprent
mark ang, ﬁtf‘c,%ﬁ&to DR Ridvé! BQath bdie€ irRHRSEARP bt @Jvlall{ngﬂ{s' ENLES bOVfled B gap of

tenpl ate a nment mark, wherelin the polarization of I'i’ght capable o
passi ndi# HF%EF@h“‘taﬁ’é"“FPtr’%"th%d*S&lPteﬂBtr?%n filter is substantially different
ten t he p0|mx[bb¢ﬁﬁiéﬂt§2ﬂ’mcm§ed lherghtncmeqmlﬁn@fsmpg@&nmglembﬂianm@hsutehentmmecndztween

p0| ar | Zt\‘%t h‘? elttte late an% a St-llt)strartf%{e ‘Eegaoag ?%entgtjio% ane?s?lr% edt\'ﬁw gge%t[e el;@ 19&11%1% %o?

al i gnnen? ern

claim moadwhﬁrérvetrﬁrmtqev tnérfmgafoeechtnteéﬁﬁeﬁw rfrlafﬂkerr&)ﬁdn@rhe @tﬂb@tdpsalpfed herpin rivisht
CONPI i SesHYAABAnA meerfge@&gftxﬁdy%vesmtaaalsa@mﬁhgy\hﬁmmmdett@fem@ten GarhdiSitsAabBHTB N

of the alignnment marks et.erm nin h ers of . the s frate
ond t eApTHEY B e e R SO 4 s s g ety SEG; Plsk G v CHRRERRE T
t e t erfpheatbesed lintgfervantry ma)r ke tlsed tdreelspg atroroin the otitntatioe nf e teiplatdi swoms efirs titriat e
al i gnmgppg@r k. 81. The nethod of claim 73, wherein adjusting the overl ay
pl acement caonprises noving the substrate, such 20 that the te

al i gnment  malPRrit Sthegraphy BrAgesssy 13y by imrierergted iorppnyiprbire sinpds and pogl ﬂétYngdm?éﬁﬁt Singlf k.
82. Thdayeedehiod, sodh as miviamsiZSoptiedl eniredrhiglidjesoBitiomigeht filersdighi duilys pdyde enmitictured by

h
23[{‘3[ 'r th%‘%m% é,gﬂ‘ﬁﬁ l?#goftrpd?eﬁl@lggj:e aﬁ?trreoﬁrl@ uigﬁ}aets &l ttggrﬁ&ggﬁat ﬂn‘ip?mt‘é‘ﬁfa eﬁtgc\%%? Clr o J£NE

ptGic e mebree deisqsrnas de legs) thaar L4 thensarivavslsagton] @ beppd- t’aﬁé Slpet ta@;‘1’ h@dbetueﬁaﬁmafress apg
84. ThectiRtROJA AkadGdnBbddf bibad-Ydae nm-femﬁndﬁmmy ib& glattlhﬁayﬂ)\i eﬁdbeyo @htaaemsdsure gaps

conpr i S aller ltht egbl[oﬁtgl/z{ct} ednllqunSIc%I}%}f Otfthe brgagB t ! g&ﬂg?%ogm?fl l]ﬁl i a§§;n§odl en the

terrpera ure o erne ate. eré I n
adj ust imigrométer S@VeWSayhldt aeebrenEsEYRsrirads may bepirhed inih de dirfrenef] thnigmplpte.t Ha

pat ter nfedcttcﬁlttmgatew bsyepaw L2, é?ﬂecﬁdcﬁ@rﬁ)ﬂt@%iﬁlé/@f ct)&ﬁtg?s lifes at01l @amltipR iRQkH |th§1 of
m

at dt enp f i n ad n
b oy AESh RIS, oot BPer T8 ki b iR, Fat 48 Tty ph Pier

t enpl atreaximyizieniu ysefipetive ash omthatenplgtef Gfheethe mattatnedl terapdidte qurfpong qnb'na fo ntlheeters
pat t er negh hSMBLAk S brSibbanteBRInRRAmEY mEh@d M £33 achREh fhoRhitSih) R blifmum
over |l ay pl acenent conpri ses altering the dinensions of the patterned
t enpl at®P ™HTEFRTHPRIESdi mensi ons of the patterned tenplate are altered by
t he appl i cathigure 3Bfdefiay acsehehmidmmf d gipoaeaiurang dgicded Bidre Flrobie3 8L thepediso be gediiplaed
t ﬂ)et he @&L&d@oﬂ%aaﬁmlcl?‘gsedeplg@d ul%ren@t hpﬁlorg fthaﬁ: Iﬂ@éerﬂro%\:ss ary\&%gl ‘?ﬁe’kaﬁ' %%ﬁ@hgﬁt ng

al i gnment conprises_applying an anal yzing |ight 35 patterned
t enpl ataécuraamlamhte Farayed Re uyngt e ferwdant dnfgsiation- Fer e’ahlﬁz% éaak&f%efer%tesmpmn
mat er i adssumBthenie s@hrte firdtes. athi gayaRda) 4, KR ikmdgsifitonmpuiosce st ation) ThaaveAgOnp
rraterl di.ff nt, f : Jdrst material, upon the patterned tenplate,
adbthﬂaﬁtfﬂ%%g’ ]15@%?%%?5%317 wherein the first and second materials
are subst ant/pal ¢yt krtdmSdafient to the wavel ength of activating |igk® used to
cwﬁ \tNh hehdnltwﬁoduonammgfeearakrtohe (GEER hderaﬁtlﬂwhaats o AURLCESs B suiace), maglgﬁe ]
. mar en to the patter e The
ot hod GPnionoFshAn it ot o B P 5% e eihet P O DR R el g T
anal yzitergplaté ggkfece vish tebrgctBo plzameehpred-yiaeshi ot the tomh'é‘fawqéthetmsntahe tenpl ate
calignment megk,gegprises a plurality of etched lines that act as @)

diffraction gr t|n t owar d anal yzin and wher |nthete
al i gnnetteenr k[?"P@’% b &hatit );I Ef@’iz’tytét s far er]i’t t%?rff’ﬁ’iémﬁ@f‘?‘\f”i‘g‘?’?f e glﬁts
The methogoe adhicgddaihen 3 (0 0iheowi niapll ying the liquid to a portion of t he

substrate conprises dispensing the liquid with a fluid di spenser.
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10 91. The nethod of claim 73, wherein applying the liquid to the substrate
conprises dispensing the liquid with a fluid dispenser, and further

conpri si N dWMEBAEY t he substrate with respect to the flui dpdiraisenzse7 while
the liquid is being dispensed to create a_predeterm ned pattern. 92. The
met hod of c|1\éﬁa?w%apsm%9r§fﬁhﬂ°awwH@edﬁh@eqbrﬁmfe}nwntprm gstustoss- ABRHFcI % es
di spenstemgadutify broagubintdl iiterfefongtric betnCinayibs P s, ab&i A5y hll Foheract@Npti® lithgeraphy | Ng
the Su%%)tcgsgtlt%n bE Qesfrﬁ%eptg g&mll'ug &pgeai Lrw Lgeng RE Ql%a%ﬁ:em L si tc'pgo e;la]ctgxlrlhaq bE §tchje§
bei ng nse a predetermne attern, afd

pr edet errtmtrﬂeeoplepmrfae rFﬁrﬂies blycljsm Qféhwummeqt duedio e PEERREPT F@asprﬁmnb fopl shepdd to be

f o mat ingiim@td. ai r bubbles in the Iiquid when the patterned terrpl ate contacts
' ';Qlea![ : glr']” d %‘sgmiehi% d rp@{t%a%éh@%gnctq?%ﬂn a?/gr Iga\!;t]&?'la lélnp s%x srtrg'tteie geexxrg{% Erate 4d8r11{:\asls aced
subst r #0@&. @}dﬁ*ﬁ@-’l saisflugh @B‘ébﬁéwqqgstlbmte [4D@fLAng] templﬂh 4904f ITﬂ}PSd n@iesqi@mgemay beriged t0

' I/th r lt he [tral%@:;r%luﬁfe 'Bgtef'ﬁg \6dn@gy §h %ex«&ém,s foﬁtahﬁtsws&éae sruﬁgc@eeachtﬂgcﬁlaemﬁ,l wd,ﬂllfmns.p gpser
Ile e | (S el n ense 0. .Crea reaeterm ne ern,

and whé éﬁaffag’ﬁge b%a@d"&f‘%?me‘ﬁgﬁy %fé{eﬂd%?wgulﬁhté’@fnéé@édIté‘g’dﬁ“ts i q%sm,g'%%é “ppnd”’

f10 | s tihefegaptry, theallickaese of agobigfeambyi @Inheysued a@birately it theprswnd aﬁeulaitaea fibfs. tWien

patter%‘% fi& +p%¥n§s anggn kIFT] s&ﬁ&&fﬂ}t’eﬁmﬁ%@kﬁﬂﬁ% gﬁb EupRf2 én%ﬁt%hﬂ@onh oo

patterne ate an e subst i'n a spaced |pto eac

conpr i §@sveenpsbfstinmlfts@rﬁnﬁ EptRe Sprace @F viele] deropifst &F@ceéfpémultﬁﬂﬁe%qﬁwsqs)ﬂa%yée obi#iepd b
NDVi NG nfehrigpa tht @6p1 Bfker tRIBMERL ETH: QMtUnEks tof @achUBRE hay e Witatutedt 3B IRALEE sensing

rel ati orgsme%em m%Chl eved, wherein the liquid on the substrate substantially
fills t 88 Fhe patterned tenplate is noved toward the substrate. 95.
The net hod df mey a¢ mecFBary v eeréerm opienation owdswrgmenh endoeareweriing elinplontdempaey he

subst r ag ldtens RsiBIRACELndcBhaldnRBRHY 1preéoﬁﬁ§1?eﬁhT§bt(J?i@ﬁtatﬁﬁ) eiwrnba@&nmasdlﬁpla&mmngana he
pattern ngB ate at a i stanc

D sy At T8 B oetien el 3 e oneoe o BT, e R BT R e st AP R
t enpl atieFigmel4 1. fer tsmbsttcalatats, thaninterfegqpeccloogerpeticat mayrgiprins poalshdik a0d light bapdsidel. ses
POSI U1 Qb NSALS SHACH: LERPA sy FrubpiaRLaal Ly RR6Ah k0! DR ON

to the substrate. claimy wherei n separatin

pAt t er AEFONEHHPAY Ee ‘I‘SF“bH’l ﬂ@wét %Fléwewrlamtlan e%%feing'é@ With re5pah1p; thigs %ﬁréte ﬁ‘é\%q ate
to a sulsig @i dppdodcy, iN@Ningddrdkd BihgeMandanpradentohe orzhtatiod Srror iy B doh24t638 Be B Wiah g

t he pat}:ﬁ’ﬂ{l‘?ﬂv&e@ Io{aﬁ Gt BNRYuskd omthe substrate. PCT/US01/ 22317 98. The

nmet hod claim wherel n 1 atterned tenpl ate conprises at |east sone
features thaVithefsrepedaFigHesf2250l %% theyeig jare depidedgpbodprents At e St o secpn Pk

wher e| MnehiB@rs,C1a6 @all 128 0kebpdctivaIIh infSdefll, |Sﬁé%&ical$9ﬂf9 fifs@ féxufe@Renib@SR6 tnhh@ AncldO bt

i after tternedt f.e rated .fromthe.c
T ol & el s 1R SLAR ol AR Bt S RRTALER OBl T nbid bl
t enpl atlé4andilof mey Hrpparyohems 1 1L, h74§19t91@é'd frp@laétﬂm@h@hﬂsxm)fwe&dﬁo myﬁxeve an opening

CoNpri 985 'whith Shaly bgﬂﬁtrﬂgz ﬁemamtot SEnRga % BPLaAUY 184S &4&@ th‘é ud@@iasea;tse whiI@ldgth N
| S su ara substr at

the pattern te nt.i h
i otstarat T (B HET BB At DudP Mt dOner arate it 8f Y Tratarbe: Req
t enpl atabout e fimst srentetipnaxis L3s tFaantei 130 biifirs dlerapramanibee] 26 ory ervidd @ onplivg nchegspéct -

tgythe M?\;Jﬁ}?s%&n@ﬁextula%eﬁlggm’%ﬂlukn%tem rd@vard the substrate, and
orienting atterned r]’%gltelnas stantlallz02 paral | el orlentatlonto

the substr atLéke“%Fre“'F%P%ﬂet"Hré 42t Bpnadude appT ghams 2% 4 erendeg fowg frame 206.
rel ati onsbhiqe ahd)2Q4th3m:bﬁt flaue Joniti)llﬁz atfherrasporidong rigkl bodicki 208, 28). Rifié batias 208 wad
substr azﬁ@ m%p %&aﬁt@ tosda sje Gfon &q{ekt'uy HemBEe rlﬁ%amoHrg seQJnd oﬂgftaldm ax;]s%o T\h@mgﬁﬁ: hod

of cla el n e substrate conprises dielectric materi al
The rretSPR?ﬂ“ &30 1pay Rp FﬁteBS‘tGdMEF‘é‘FWOP REhe e ﬂ%&“@ BB S s ftrdet 32 famppitimaE,
s33 i comawhi amspeelﬁg 2mrpemduy§a dutifagent BQeadiDmpldib ES0RBMch ady aa‘hemlbasupp&euovxher ein
.the patterned t rtz t

wher b ¢ ho 1B atTRTh S PEIIRLEE IaChiRilcto et mdthe TR0 Qe Bon Sl g
of cl al%tori@rm mrpe?aéfrnrftaghé‘iol nBéﬂa?s@Z%@%mml@s»rcmewtordavrpéacéwqJplgm Ofthrf&'B [pigces

. CONMPOSishdn@kht thd Erét onmﬁmﬂmmd amse&h@érﬁhtz&n amhmoafemuﬁs{aﬁlahy §tthb ghnfl @ RaESdtilel. O
gggg::: :si,el ga cglrt]lgurat{og,s irst orgx?tgn%rn a%ls 18(5]' and seco onentar%lon may n%«laréacctrra]u 7213151vot pomr| $§2 at

approximately the template substrate interface 254, The fact that first orientation axis 180 and second orientation
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25 formng a transfer layer on the substrate prior to applying the liquid
to the substrate; and etching the transfer |ayer after separating the
patter neWwoenpisdt e fromthe substrate, wherein etching theCriiamsgi2et? | ayer
inmparts the pattern to the transfer layer, 109. A plurality of devices nmade
by t he 2Kge§0str gosenalmdhlip gn intgefacg g>4 mW@“ﬂi@P@é@S@“@WﬁBﬁTﬁy Spegifipally pyith this
Syst emafrigethedt, i degouplinpasit @fefitatdn aligmnehisfrommtigentsilaye @vepyt digiimad mhye b betieved.
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The orientation stage 250 may be capable of fine alignment and precise motion of template 150 with

respect to a substrate. Ideally, the orientation adjustment may lead to negligible lateral motion at the interface and

negligible twisting motion about the normal to the interface surface due to selectively constrained high structural

stiffness. Another advantage of flexure members 126, 128 with flexure joints 160, 162 may be that they may not

35 generate particles as frictional joints may. This may be an important factor in the success of an imprint lithography
process as particles may be particularly harmful to such processes.

Due to the need for fine gap control, embodiments presented herein may require the availability of a gap

sensing method capable of measuring small gaps of the order of 500nm or less between the template and substrate.

Such a gap sensing method may require a resolution of about 50 nanometers, or less. Ideally, such gap sensing may
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the liquid to a portion of the substrate conprises dispensing the I|qU|d
with a fluid dispenser.
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150. The nethod of claim 135, wherein applying the liquid to the substrate
conprises dispensing the liquid with a fluid dispenser, and further
conpri si WO MI8EY t he substrate with respect to the fl ui dpedirasenssi7 whil e
the |iquith.i.S;: J: k i : create red i ned. pattern...151.  The
ot hod apite Sifh AL ELRRISEE D GLERNE . BRSS! IMOSERPBGR doaleim coc
di spensTHipds ¢fdorming giddregting A suitakle inpentdinegranhy tepplaig ag Pfovidedher conpri si ng novi ng
Ei he subséI r atwhiwi R iﬁﬁbﬁﬁkﬂxcgast&eﬂ _fa@c%ﬂewivdthdlieﬁ&em 36 \A\»#fdu!; _endsd?aﬁivé ielqwgdneht&}, hei 39
i spensgd to creat redeternm ned . pattern, an rein t redet er m ne
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bubbl esllistativiemYoiligngitelaswiel ps difveenfatimentsxd thetiryasion twill troppazent ts pirfves skillerLin the ars
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152. The nmethod of c| ai m 135, erein applying the'liquid to the substrate
conpr i SRYITHHOBENETHY™MERE | iquid with a fluid dispenser, and further
conprising noving the substrate with respect to the fluid dispenser while
the liquid is being dispensed to create a predeterm ned pattern, and
wherein the predeterm ned pattern is selected such that the liquid fills
the gap in an area substantially equal to the surface area of the patterned
tenpl ate. 15 153. The nethod of claim 135, wherein orienting the patterned
tenplate and the substrate in a spaced relationship to each ot her
conprises: positioning the patterned tenplate over the substrate; and
noving the patterned tenplate toward the substrate until the spaced
relationship is achieved, wherein the liquid on the substrate substantially
fills the gap as the patterned tenplate is noved toward the substrate. 20
154. The nethod of claim 135, wherein orienting the patterned tenplate and
the substrate in a spaced relationship to each other conprises positioning
the patterned tenplate at a distance of |ess than about 200 nmfromthe
substrate. 155. The nmethod of claim 135, wherein orienting the patterned
tenpl ate and the substrate in a spaced 25 relationship to each other
conprises positioning the patterned tenplate in a substantially parall el
orientation to the substrate. 156. The nethod of claim 135, wherein
separating the patterned tenplate fromthe cured liquid conprises: noving
the tenplate to a substantially non-parallel orientation; and noving the
patterned tenplate away fromthe substrate. ' 30 157. The nethod of claim
| 35, wherein the patterned tenplate conprises at |east sone features that
are less than 250 nmin size. 158. The nethod of claim 135, wherein the
cured liquid conprises at |east sone features |ess than about 250 nmin
size after the patterned tenplate is separated fromthe cured liquid. 45
WO 02/1)8835 PCT/USOL/ 22317 159. The nmethod of claim 135, wherein orienting
the patterned tenplate and the substrate in a spaced relationship to each
ot her conprises: positioning the patterned tenplate over the substrate,
wherein the patterned tenplate is substantially nonparallel to the
substrate; 5 noving the patterned tenplate toward the substrate, wherein
the patterned tenplate remains 'ma substantially non-parallel orientation
with respect to the substrate as the tenplate is noved toward the
substrate, and orienting the patterned tenplate in a substantially parallel
orientation to the substrate, wherein the patterned tenplate is iii the
spaced relationship to the substrate. 10 160. The nmethod of claim 135,
wherein the substrate conprises silicon, gallium germanium or indium
161. The nethod of claim 135, wherein the substrate conprises a dielectric
material. 162. The nethod of claim 135, wherein the substrate conprises
quartz, sapphire, silicon dioxide, or polysilicon. 163. The nmethod of claim
. 13S, wherein the patterned tenplate conprises quartz. 15 164. The nethod of
cl aim 135, wherein the patterned tenplate conprises indiumtin oxide. 165.
The met hod of claim 135, wherein the liquid conprises an ultraviolet |ight
. curabl e conposition.
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166. The nethod of claim 135, wherein the |liquid conposition conprises a
phot oresi st material. 167. The nethod of claim 135, further conprising:
form ng ¥Q0H883%er | ayer on the substrate prior to applyi RgTAUSe1/223tUi d to

t he substr atgy @Wc%ﬁn\ﬁﬁ i.ng the transfer layer after separating the
patterned tenplate fromthe substrate, wherein etching the transfer |ayer
inparts the pattern to the transfer layer. 168. A device nmade by the nethod
of cl aiim 13% metfodbbRmifly Spasiren o AbstrhiOfisi A GatRmP@ikinBlite thois AbSIMBST fralsfurddSib Ny
patterned tecnl][)I %tﬁcg.?.f.rf!z-Si ng: a top frane; an orientation stage, the
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|y co i e . I . i
B0 ¥ 1 357 O TRLE B Rt BRI E P P SRSl
is configured to alter a tenperature of the substrate during use, wherein
al teri Rg t habe Bapetoitlaimel. wherdinyelirgppaion of the ptfﬁwgfbtémrlﬁeC@raztéthengwp?sm% e
t 0 char@etrild akliuiterd B aysond plbl&én olelihQ)laﬁe()j'r&H &ﬁiblﬁﬁe isGlofih Fﬂnﬂa&%thfuunﬁ;m End@RRMItEd NY a
measur ene evic ticC coupled. ta. t te e onprising: an
o S S SRl iBpcnts &M G ot P SRR Ba0 TP ool 'at e dur f ng

use, an_ a det eehddR cieMst GRer L ﬂ'x&&%ﬂﬁbﬂl &%BL&Qe& t@mﬁlﬂ@ednlakty{ﬁb H«ffﬁd dosSd st
g}g conflgured to detect i ro i he terrigl,ate an

N %ht paggt ng 20 fromthe d a

st r SPETPH TSI SERrdReE! %&ftﬁ‘g‘tpﬁ% iepglgie Is ngt7ie conipptwith hedigyiq, apd erginther o,
wher ei nenglagd afiennedgearicfaretdivpostdamqiieatondyortion biSkepaterned tehmphte] fushec@adprisig, and
further Mo e Dicfhe ol r Sl I jgde
cdge. of "CRARp Rl Piefed B LYo MEHATRLGRRBL HE Gt ARUBLPA L Bu bR SITE of
t he teﬁﬁﬂ“&%‘éftlt?@ﬁ‘fffﬂ%@gm]ateé@ﬁﬂ%&*ﬁxw-coati ng, and further 25 conprising a
capaci ti ve s@nso electric le!n}' coup. 0 the side edge of the tenplate.

S

| ed t
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orientation axis a3pp y19é‘l { 4B li%/§vecfength of light through the patterned template, wherein the second

wavelength of light causes the template alignment mark to be in focus and the substrate alignment

35 mark to be out of focus with respect to an analysis tool.

6. The method of claim 1, wherein determining the alignment comprises using a polarizing light alignment
tool, and further comprising placing a polarizing filter system between the polarizing light alignment tool and the

patterned template, wherein the polarizing filter system comprises a first polarizing filter substantially oriented over
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that the Eattern tenpl ate, en disposed in the orientation substructure

moves db8 " point at a surface of the patterned tenplate; and a

. substrate st r t tr is

posi 1 aed b@?%s&ﬁtﬂ%d%% £t BHPRGL phlo YRR EE o lAE Bl WA, 0

i 3 confliagjtiekie fyid digpgeset he substrate along a pl ane substantially parallel to

the patterned tenplate. 189. A device conprising an inprinted |ight cured

| ayer, the inprinted light cured | ayer conprising at | east sonme features

that are |ess than about 250 nmin size. 15 190. The device of claim 189

wherein the inprinted light cured | ayer conprises at |east sone features

that are |l ess than about 100 nmin size.
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35. The method of claim 1, wherein the liquid composition comprises a photoresist material.

36. The method of claim 1, further comprising:
15 forming a transfer layer on the substrate prior to applying the liquid to the substrate; and
etching the transfer layer after separating the patterned template from the substrate, wherein etching the

transfer layer imparts the pattern to the transfer layer.

37. A device made by the method of claim 1.

20 38. A method of forming a pattern on a substrate using a patterned template that is substantially transparent to
curing light comprising;:
applying a light curable liquid to a portion of the substrate, wherein the light curable liquid is curable in the
presence of curing light; .
positioning the patterned template and the substrate so that the applied liquid substantially fills the gap
25 between the patterned template and the substrate;
determining the alignment of the template alignment mark with respect to the substrate alignment mark;
adjusting the overlay placement of the patierned template with respect to the substrate such that the
template alignment mark and the substrate alignment mark are substantially aligned;
applying curing light through the template to the liquid, wherein the application of activating light
30 substantially cures the liquid, and wherein a pattern of the patterned template is formed in the cured liquid;
and
separating the patterned template from the cured liquid.
-
39. The method of claim 38, wherein the template alignment mark comprises a pattern etched into the

35 template.
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15 43. The method of claim 38, wherein adjusting the overlay placement comprises moving the substrate such

that the template alignment mark is substantially aligned with the substrate alignment mark.

44, The method of claim 38, wherein adjusting the overlay placement comprises altering the angle of the

patterned template with respect to the substrate.

45. The method of claim 38, wherein adjusting the overlay placement comprises altering the dimensions of the

20 patterned template.

46. The method of claim 38, wherein adjusting the overlay placement comprises altering the dimensions of the

patterned template by altering the temperature of the patterned template.

47. The method of claim 38, wherein adjusting the overlay placement comprises altering the dimensions of the

patterned template by applying a compressive force to at least a portion of the patterned template.

25 48, The method of claim 38, wherein the template alignment mark and the substrate alignment comprise
symmetric geometric shapes, and wherein determining the alignment of the alignment marks comprises determining
the centers of the substrate and template alignment marks, and comparing the location of the center of the template

alignment mark to the location of the center of the substrate alignment mark.

49, The method of claim 38, wherein adjusting the overlay placement comprises altering the dimensions of the

30 patterned template by applying an elongating force to at least a portion of the patterned template.

50. The method of claim 38, wherein adjusting the overlay placement comprises altering the dimensions of the
patterned template, wherein the dimensions of the patterned template are altered by the application of force from at

least one piezoelectric actuator coupled to the patterned template.

51. The method of claim 38, wherein determining the alignment comprises applying an analyzing light to the
35 patterned template, and wherein the patterned template is composed of a first material and wherein the alignment

mark is formed by depositing a second material, different from the first material, upon the patterned template,
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liquid with a fluid dispenser.

10 54, The method of claim 38, wherein applying the liquid to the substrate comprises dispensing the liquid with
a fluid dispenser, and further comprising moving the substrate with respect to the fluid dispenser while the liquid is

being dispensed to create a predetermined pattern.

55. The method of claim 38, wherein applying the liquid to the substrate comprises dispensing the liquid with

a fluid dispenser, and further comprising moving the substrate with respect to the fluid dispenser while the liquid is
15 being dispensed to create a predetermined pattern, and wherein the predetermined pattern is a pattern that is

configured to inhibit the formation of air bubbles in the liquid when the patterned template contacts the liquid as the

patterned template and substrate are oriented in a spaced relation.

56. The method of claim 38, wherein applying the liquid to the substrate comprises dispensing the liquid with
a fluid dispenser, and further comprising moving the substrate with respect to the fluid dispenser while the liquid is
20 being dispensed to create a predetermined pattern, and wherein the predetermined pattern is selected such that the

liquid fills the gap in an area substantially equal to the surface area of the patterned template.

57. The method of claim 38, wherein positioning the patterned template and the substrate in a spaced
relationship to each other comprises:
positioning the patterned template over the substrate; and
25 moving the patterned template toward the substrate until the spaced relationship is achieved, wherein the

liquid on the substrate substantially fills the gap as the patterned template is moved toward the substrate.

58. The method of claim 38, wherein positioning the patterned template and the substrate in a spaced
relationship to each other comprises positioning the patterned template at a distance of less than about 200 nm from
30 the substrate.

59. The method of claim 38, wherein positioning the patterned template and the substrate in a spaced
relationship to each other comprises positioning the patterned template in a substantially parallel orientation to the

substrate.

60. The method of claim 38, wherein separating the patterned template from the cured liquid comprises:

35 moving the template to a substantially non-parallel orientation; and
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63. The method of claim 38, wherein orienting the patterned template and the substrate in a spaced relationship
to each other comprises:
positioning the patterned template over the substrate, wherein the patterned template is substantially non-
10 parallel to the substrate;
moving the patterned template toward the substrate, wherein the patterned template remains in a
substantially non-parallel orientation with respect to the substrate as the template is moved toward the
substrate, and

orienting the patterned template in a substantially parallel orientation to the substrate, wherein the

15 patterned template is in the spaced relationship to the substrate.

64. The method of claim 38, wherein the substrate comprises silicon, gallium, germanium, or indium.

65. The method of claim 38, wherein the substrate comprises a dielectric material.

66. The method of claim 38, wherein the substrate comprises quartz, sapphire, silicon dioxide, or polysilicon,
20 67. The method of claim 38, wherein the patterned template comprises quartz.

68. The method of claim 38, wherein the patterned template comprises indium tin oxide,

69. The method of claim 38, wherein the liquid comprises an ultraviolet light curable composition.

70. The method of claim 38, wherein the liquid composition comprises a photoresist material,

71. The method of claim 38, further comprising:
25 forming a transfer layer on the substrate prior to applying the liquid to the substrate; and

etching the transfer layer after separating the patterned template from the substrate, wherein etching the

transfer layer imparts the pattern to the transfer layer.

72, A device made by the method of claim 38,

30 73. A method of forming a repeated pattern on a substrate using a patterned template that is substantially

transparent to curing light comprising:

applying a light curable liquid to a first portion of the substrate, wherein the light curable liquid is curable

in the presence of curing light;
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applied liquid substantially fills the gap between the patterned template and the substrate;

10 applying activating light through the template to the liquid disposed on the first portion of the substrate,
wherein the application of activating light substantially cures the liquid on the first portion of the substrate,
and wherein a pattern of the patterned template is formed in the cured liquid;
separating the patterned template from the cured liquid on the first portion of the substrate such that the

patterned cured liquid is formed on the first portion of the substrate;

15 applying the liquid to a second portion of the substrate;
positioning the template over the second portion of the substrate;
readjusting the overlay placement of the pattemed template with respect to the second portion of the

substrate to match the calibration orientation;
adjusting the spacing between the patterned template and the second portion of the substrate so that the

20 applied liquid substantially fills the gap between the patterned template and the substrate;
applying activating light through the template to the liquid disposed on the second portion of the substrate,
wherein the application of activating light substantially cures the liquid on the second portion of the
substrate, and wherein a pattern of the patterned template is formed in the cured liquid;

separating the patterned template from the patterned cured liquid such that the patierned cured liquid is

25 formed on the second portion of the substiate.
74. The method of claim 73, wherein the template alignment mark comprises a pattern etched into the
template.
75. The method of claim 73, wherein the readjusting the overlay placement of the patterned template with
30 respect to the second portion of the substrate is performed without determining the alignment of the template

alignment mark with respect to the substrate alignment mark on the second portion.

76. The method of claim 73, further comprising determining the X-Y displacement of the substrate with

respect to the template after the template is positioned over second portion of the substrate.
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! Yd'o & pﬁaerr@ ileglﬁg‘te,(&rherem tﬂeopéﬁnéu)xg ﬁltergélys'tél‘ng céagﬁpx(iges a i:!‘rgt p%loarizing filter substantially oriented over
the substrate alignment mark and a second polarizing filter substantially oriented over the template alignment mark,
wherein the polarization of light capable of passing through the first polarization filter is substantially different then

the polarization of light capable of passing through the second polarization filter.
79. The method of claim 73, wherein determining the alignment comprises using a moiré pattern detector.

15 80. The method of claim 73, wherein the template alignment mark and the substrate alignment comprise
symmetric geometric shapes, and wherein determining the alignment of the alignment marks comprises determining
the centers of the substrate and template alignment marks, and comparing the location of the center of the template

alignment mark to the location of the center of the substrate alignment mark.

81. The method of claim 73, wherein adjusting the overlay placement comprises moving the substrate such
20 that the template alignment mark is substantially aligned with the substrate alignment mark.
82, The method of claim 73, wherein adjusting the overlay placement comprises altering the angle of the

patterned template with respect to the substrate.

83. The method of claim 73, wherein adjusting the overlay placement comprises altering the dimensions of the
patterned template.
25 84, The method of claim 73, wherein adjusting the overlay placement comprises altering the dimensions of the

patterned template by altering the temperature of the patterned template.

85. The method of claim 73, wherein adjusting the overlay placement comprises altering the dimensions of the

patterned template by applying a compressive force to at least a portion of the patterned template.

86. The method of claim 73, wherein adjusting the overlay placement comprises altering the dimensions of the
30 patterned template by applying an elongating force to at least a portion of the patterned template.
87. The method of claim 73, wherein adjusting the overlay placement comprises altering the dimensions of the

patterned template, wherein the dimensions of the patterned template are altered by the application of force from at

least one piezoelectric actuator coupled to the patterned template.

88. The method of claim 73, wherein determining the alignment comprises applying an analyzing light to the
35 patterned template, and wherein the patterned template is composed of a first material and wherein the alignment

mark is formed by depositing a second material, different from the first material, upon the patterned template,
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10 91. The method of claim 73, wherein applying the liquid to the substrate comprises dispensing the liquid with
a fluid dispenser, and further comprising moving the substrate with respect to the fluid dispenser while the liquid is

being dispensed to create a predetermined pattern,

92. The method of claim 73, wherein applying the liquid to the substrate comprises dispensing the liquid with

a fluid dispenser, and further comprising moving the substrate with respect to the fluid dispenser while the liquid is
15 being dispensed to create a predetermined pattern, and wherein the predetermined pattern is a pattern that is

configured to inhibit the formation of air bubbles in the liquid when the patterned template contacts the liquid as the

patterned template and substrate are oriented in a spaced relation.

93. The method of claim 73, wherein applying the liquid to the substrate comprises dispensing the liquid with
a fluid dispenser, and further comprising moving the substrate with respect to the fluid dispenser while the liquid is
20 being dispensed to create a predetermined pattern, and wherein the predetermined pattern is selected such that the

liquid fills the gap in an area substantially equal to the surface area of the patterned template.

94, The method of claim 73, wherein positioning the patterned template and the substrate in a spaced
relationship to each other comprises:
positioning the patterned template over the substrate; and
25 moving the patterned template toward the substrate until the spaced relationship is achieved, wherein the

liquid on the substrate substantially fills the gap as the patterned template is moved toward the substrate.

95. The method of claim 73, wherein positioning the patterned template and the substrate in a spaced
relationship to each other comprises positioning the patterned template at a distance of less than about 200 nm from
30 the substrate.

96. The method of claim 73, wherein positioning the patterned template and the substrate in a spaced
relationship to each other comprises positioning the patierned template in a substantially parallel orientation to the

substrate.

97. The method of claim 73, wherein separating the patterned template from the cured liquid comprises:

35 moving the template to a substantially non-parallel orientation; and

39



!
' 109& ()-!'f'109%&' ()-S'109%& ()-s' 109%&' ()-Ms' 10% & ()-M9IM 10%&' () -' ~d"<P
E: 1| | WO 02/08835 PCT/US01/22317

19S"" 10%&' () - ! os O%&Irrge)dtem 10%&'f$)- ' 109 ()-S!'109& () -y&LO%&' () -dl ) O2wX9

PE: | moving the patte ate away ffom the substrate.
! 6$1b%&' ()-@5!'109&' ()-'9S(" 10%&' ()-!9S(" 109&' ()-!S(' 10%& ()-I 9S"' 10%& () -2
S678T\ 20@ ! tileSned QY Er c(a)m % S {Q%tl l&lg pa%g}'&eq(ﬁ%lp a)ce co%?r%s%@%@t go}ne features 91at are less than

03<10% 29na
lll [ 0%&“{31%&00/& ()-y$109%& ()-SL! 109%& ()-f 10%& ()-!s' 10%i & ()-1\}[<b@
-! f51 10%. () - TheS&thod Q%Ring J3; wherdibthe ARURNGY comiptistOBeadt bonBIIAANE 159 thdn'abdut 10UK () -
l. I
\ivf)(!a\/g-?(j_ .%fe%‘]t?o‘g}%z“)“ PSRRI GEUE (-1 0f @' 109 () -] 1 5ZXOMBT !
|

y$109@: 109 1 £ Thegwgog §f claing 731 woggein positionipg the pafierned ol sndriomslesgate ammed 109& () -
A, WX6 VBlation$h@8s edcll Ok cémhprisess  ( 10Y& () N QSS

Vg, 0 ' 10%@0& () -3
i 10 ior, 1058 1R lipnti it fvie Ytuct t B pplocig huentilyi. O

parallel to the substrate;

moving the patterned template toward the substrate, wherein the patterned template remains in a
substantially non-parallel orientation with respect to the substrate as the template is moved toward the
substrate, and

orienting the patterned template in a substantially parallel orientation to the substrate, wherein the

15 patterned template is in the spaced relationship to the substrate.

101. The method of claim 73, wherein the substrate comprises silicon, gallium, germanium, or indium.

102.  The method of claim 73, wherein the substrate comprises a dielectric material.

103. The method of claim 73, wherein the substrate comprises quartz, sapphire, silicon dioxide, or polysilicon.
20 104, The method of claim 73, wherein the patterned template comprises quartz.

10s5. The method of claim 73, wherein the patterned template comprises indium tin oxide.

106.  The method of claim 73, wherein the liquid comprises an ultraviolet light curable composition.
107. The method of claim 73, wherein the liquid composition comprises a photoresist material.

108. The method of claim 73, further comprising:

25 forming a transfer layer on the substrate prior to applying the liquid to the substrate; and
etching the transfer layer after separating the patterned template from the substrate, wherein etching the

transfer layer imparts the pattern to the transfer layer.

109. A plurality of devices made by the method of claim 73.
30

40



>

I 11 @O%& ()-‘&100/&' ()- 10'0 10'0 10'0 ;10% 0& ()-!& ' 10%0& ()-3

1& ' 10% 0' 0& ()-3 = azX9{\= !

| S10%&' ()Wosmm(&' ()-:1S 109%& ()-:!xF '10%/V& ()-!4F ' 10 6&0f/e231&10%&' ()
-a; L(

130%&95{16@ ﬁW«E{“(‘)f Togpipg ggatiem omp sufefigte usines patped (ppltiesonpibige:( ) - s( d3- % <{\ = |
11 @' 109%& ()atoi@dnkD%& () - S@ -9 -bC !

1098 ()-!4 0

Iy $(1%)%&' ((%%% l%%(t)é?}'«ﬁ*( s} g’iﬁj"g% %‘%Stafgig&%ég%fo 109 () - y6$10% () - D@JELC !

11 f109%& () - @ @)&re(n}eﬂﬁatrmbﬁ& the figpt flgxyge pepaber isepofiggred Yo not St a (st drintediBla@s |
115 $109%&' () dpﬁﬂgo&/& ()--f10% () f& 10%&' () ylgy&' ()- f$é(i°0/aﬁ/c' ()- Saggcl |10/«& 0
11 ST 10%&' 10% 10% Z#109&' () - ) $S3" ! 109&

) uxn; ol 8?)1 ﬁ( e)xure &llgzoilé%é&t %1 q%rs( )Iexgre member, vw(])ere%%;% second {‘Féxérg member 1s

<10%&' () - S@m PpiveiRbagRseynd praEtiongis (yring NeeBmigC |

11 MB1OYE () -al stiborl Bbiedio (e stbosilf e farmbed OXEeik dhe MBI ohdigured LRI L areddRRO~\ :
bC! 11>S s L0 | f FR10%&' () - f F&10%&! ()-

f F&R1OYB&' ( ﬁeo%"g(‘)“’l 1 f&I0%&' ()-"i!~ =nbC ! 1119f1' 10%& ()-@ #10%& () -

f 10 94 09 ( ) -Wmlfe@ OV fekurS mBARYER cupletl bk JlexhREEBOE¥ch @t the patterned template,

when disposed in the support, moves about a pivot point intersected by the first and second orientation axis

during use;

a patterned template disposed in the support;

a substrate stage configured to support the substrate, wherein the stage is positioned below the orientation
15 stage, and wherein the substrate stage is configured to move the substrate along a plane substantially

parallel to the patterned template; and

a measurement device optically coupled to the template, comprising:

an illumination system configured to direct light toward the template during use; and

a detection system optically coupled to the illumination system and configured to detect light propagating

20 from the template and a substrate positioned on the substrate stage.
I11. The system of claim 110, wherein the measurement device comprises an optical microscope.
112. The system of claim 110, wherein the measurement device comprises an optical microscope, wherein the

optical microscope comprises a polarizing light filter.

25 113. The system of claim 110, wherein the measurement device comprises an optical microscope, wherein the

optical microscope comprises a polarized light source.
114, The system of claim 110, wherein the detection system comprises an electronic imaging device.

115. The system of claim 110, wherein a side edge of the template comprises a reflective coating, and further

comprising a laser interferometer optically coupled to the side edge of the template.

30 116. The system of claim 110, wherein a side edge of the template comprises a mirro coupled to the template,

and further comprising a laser interferometer optically coupled to the side edge of the template.

117. The system of claim 110, wherein a side edge of the template comprises a conductive coating, and further

comprising a capacitive sensor electrically coupled to the side edge of the template.

118.  The system of claim 110, wherein the patterned template comprises an alignment mark, and wherein the

35 alignment mark is complimentary to an alignment mark on a substrate during use.

119, The system of claim 110, wherein the first orientation axis is substantially orthogonal to the second

orientation axis.
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10 122, The system of claim 110, wherein the first flexure member comprises first and second arms, wherein the
first arm comprises a first set of flexure joints which are configured to provide pivotal motion of the first flexure
member about the first orientation axis, and wherein the second arm comprises a second set of flexure joints which
are configured to provide pivotal motion of the first flexure member about the first orientation axis, and wherein the
second flexure member comprises third and fourth arms, wherein the third arm comprises a third set of flexure
15 joints which are configured to provide pivotal motion of the second flexure member about the second orientation

axis, and wherein the fourth arm comprises a fourth set of flexure joints which are configured to provide pivotal

motion of the second flexure member about the second orientation axis.

123. The system of claim 110, further comprising actuators coupled to the first and second flexure members,
wherein the actuators are configured to cause pivoting of the first and second flexure members about the first and

20 second orientation axis, respectively, during use.

124.  The system of claim 110, further comprising actuators coupled to the first and second flexure members,
wherein the actuators are configured to cause pivoting of the first and second flexure members about the first and

second orientation axis, respectively, during use, wherein the actuators are piezoelectric actuators.

125, The system of claim 110, wherein the first flexure member comprises a first opening, the second flexure
25 member comprises a second opening, and the support comprises a third opening, wherein each of the first, second

and third openings are configured to allow activating light to be directed onto the template during use, wherein the

first, second and third openings are substantially aligned when the first flexure member is coupled to the second

flexure member.

126.  The system of claim 110, further comprising a precalibration stage coupled to the orientation stage and the
30 top frame, wherein the precalibration stage is configured to move the orientation stage toward and away from the

substrate during use.

127.  The system of claim 110, further comprising a precalibration stage coupled to the orientation stage and the
top frame, wherein the precalibration stage is configured to move the orientation stage toward and away from the
substrate during use, wherein the precaalibration comprises at least one actuator coupled to the orientation stage,

35 wherein the actuator is configured to move the orientation stage toward and away from the substrate.
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129.  The system of claim 110, wherein the substrate stage comprises a vacuum chuck, the vacuum chuck
comprising a chuck body and a vacuum flow system coupled to the chuck body, wherein the vacuum flow system is

10 configured to apply a suction force at the surface of the chuck body during use.
130. The system of claim 110, further comprising a fluid dispenser coupled to the top frame.
131. The system of claim 110, further comprising a plurality of fluid dispensers coupled to the top frame.
132. The system of claim 110, wherein the patterned template comprises quartz.
133. The system of claim 110, wherein the patterned template comprises indium tin oxide.
15 134. The system of claim 110, wherein the patterned template comprises Si,O;.

135, A method of forming a pattern on a substrate using a patterned template that is substantially transparent to
curing light comprising:
applying a light curable liquid to a portion of the substrate, wherein the light curable liquid is curable in the
presence of curing light;

20 adjusting the spacing between the patterned template and the substrate so that the applied liquid
substantially fills a gap between the patterned template and the substrate, wherein the patterned template
comprises a template alignment mark and a substrate imprinting mark, and wherein the substrate comprises
a substrate alignment mark;
applying curing light to the liquid through the template, wherein the application of curing light

25 substantially cures the liquid, and wherein a new substrate alignment mark is formed in the cured liquid at
a position substantially aligned with the substrate imprinting mark; and

separating the patterned template from the cured liquid.
136.  The method of claim 135, wherein the template alignment mark comprises a pattern etched into the
template.
30 137. The method of claim 135, wherein determining the alignment comprises:

applying a first wavelength of light through the patterned template, wherein the first wavelength of light
causes the substrate alignment mark to be in focus and the template alignment mark to be out of focus with

respect to an analysis tool; and
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wherein the polarization of light capable of passing through the first polarization filter is substantially different then

the polarization of light capable of passing through the second polarization filter.
10 139.  The method of claim 135, wherein determining the alignment comprises using a moiré pattern detector,

140. The method of claim 135, wherein adjusting the orientation comprises moving the subsirate such that the

template alignment mark is substantially aligned with the substrate alignment mark.

141,  The method of claim 135, wherein adjusting the orientation comprises altering the angle of the patterned

template with respect to the substrate.

15 142. The method of claim 135, wherein adjusting the orientation comprises altering the dimensions of the
patterned template.
143,  The method of claim 135, wherein adjusting the orientation comprises altering the dimensions of the

patterned template by altering the temperature of the patterned template.

144.  The method of claim 135, wherein adjusting the orientation comprises altering the dimensions of the
20 patterned template by applying a compressive force fo at least a portion of the patterned template.
145.  The method of claim 135, wherein adjusting the orientation comprises altering the dimensions of the

patterned template by applying an elongating force to at least a portion of the patterned template.

146. The method of claim 135, wherein adjusting the orientation comprises altering the dimensions of the
patterned template, wherein the dimensions of the patterned template are altered by the application of force from at

25 least one piezoelectric actuator coupled to the patterned template.

147.  The method of claim 135, wherein determining the alignment comprises applying an analyzing light to the
patterned template, and wherein the patterned template is composed of a first material and wherein the alignment
mark is formed by depositing a second material, different from the first material, upon the patterned template,
wherein the first and second materials are substantially transparent to the wavelength of activating light used to cure
30 the liquid, and wherein the second material produces an analyzable mark when the analyzing light is applied to the

patterned template.

148. The method of claim 135, wherein determining the alignment comprises applying an analyzing light to the
patterned template, and wherein the template alignment mark comprises a plurality of etched lines that act as a
diffraction grating toward the analyzing light, and wherein the template alignment mark is substantially transparent

35 to the activating light.
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patterned template and substrate are oriented in a spaced relation.

152. The method of claim 135, wherein applying the liquid to the substrate comprises dispensing the liquid with
a fluid dispenser, and further comprising moving the substrate with respect to the fluid dispenser while the liquid is
being dispensed to create a predetermined pattern, and wherein the predetermined pattern is selected such that the

liquid fills the gap in an area substantially equal to the surface area of the patterned template.

153. The method of claim 135, wherein orienting the patterned template and the substrate in a spaced
relationship to each other comprises:
positioning the patterned template over the substrate; and
moving the patterned template toward the substrate until the spaced relationship is achieved, wherein the

liquid on the substrate substantially fills the gap as the patterned template is moved toward the substrate.

154, The method of claim 135, wherein orienting the patterned template and the substrate in a spaced
relationship to each other comprises positioning the patterned template at a distance of less than about 200 nm from

the substrate.

155. The method of claim 135, wherein orienting the patterned template and the substrate in a spaced
relationship to each other comprises positioning the patterned template in a substantially parallel orientation to the

substrate.

156. The method of claim 135, wherein separating the patterned template from the cured liquid comprises:
moving the template to a substantially non-parallel orientation; and

moving the patterned template away from the substrate.

157. The method of claim 135, wherein the patterned template comprises at least some features that are less

than 250 nm in size.

158. The method of claim 135, wherein the cured liquid comprises at least some features less than about 250 nm

in size after the patterned template is separated from the cured liquid.
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160.  The method of claim 135, wherein the substrate comprises silicon, gallium, germanium, or indium.

161. The method of claim 135, wherein the substrate comprises a dielectric material.
162. The method of claim 135, wherein the substrate comprises quartz, sapphire, silicon dioxide, or polysilicon.

163.  The method of claim 135, wherein the patterned template comprises quartz.

15 164. The method of claim 135, wherein the patterned template comprises indium tin oxide.
165.  The method of claim 135, wherein the liquid comprises an ultraviolet light curable composition.
166. The method of claim 135, wherein the liquid composition comprises a photoresist material.

167.  The method of claim 135, further comprising:
forming a transfer layer on the substrate prior to applying the liquid to the substrate; and
20 etching the transfer layer after separating the patterned template from the substrate, wherein etching the

transfer layer imparts the pattern to the transfer layer.

168, A device made by the method of claim 135.

25 169. A system for forming a pattern on a substrate using a patterned template comprising:
a top frame;
an orientation stage, the orientation stage comprising:
an orientation substructure, wherein the orientation substructure comprises a support configured to hold the
pattemed template during use, and wherein the orientation substructure is configured such that the

30 patterned template, when disposed in the orientation substructure, moves about a pivot point at a surface of
the patterned template; and
a template adjustment device coupled to the orientation substructure, wherein the template adjustment
device is configured to alter a size of the template during use;

a patterned template disposed in the orientation substructure; and
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EbC coupled to the support, wherein the actuators are configured to apply an elongating force to the template during use.
10 172,  The system of claim 169, wherein the template adjustment device comprises a plurality of actuators
coupled to the support, wherein the actuators are configured to apply a compressive force or an elongating force to

the template during use.

173. The system of claim 169, wherein the template adjustment device is configured to alter a temperature of
the substrate during use, wherein altering the temperature of the substrate causes the size of the template to change

15 during use.
174. The system of claim 169, further comprising a measurement device optically coupled to the template,
comprising: '

an illumination system configured to direct light toward the template during use; and
a detection system optically coupled to the illumination system and configured to detect light propagating

20 from the template and a substrate positioned on the substrate stage.

175.  The system of claim 169, wherein a side edge of the template comprises a reflective coating, and further

comprising a laser interferometer optically coupled to the side edge of the template.

176. The system of claim 169, wherein a side edge of the template comprises a conductive coating, and further
25 comprising a capacitive sensor electrically coupled to the side edge of the template.
177.  The system of claim 169, wherein the pattemed template comprises an alignment mark, and wherein the

alignment mark is complimentary to an alignment mark on a substrate during use.

178. The system of claim 169, wherein the orientation stage further comprises:

a first flexure member, wherein the first flexure member is configured to pivot about a first orientation axis
30 during use;

a second flexure member coupled to the first flexure member, wherein the second flexure member is

configured to pivot about a second orientation axis during use; and

wherein the support is coupled to the second flexure member; and

wherein the second flexure member is coupled to the first flexure member such that the patterned template,
35 when disposed in the support, moves about a pivot point intersected by the first and second orientation axis

during use.
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support member and the orientation stage, and wherein the actuator is configured to move the orientation stage

toward and away from the substrate during use, and wherein the actuators are coupled to the top frame and the

second support member.

15 182.  The system of claim 169, wherein the substrate stage comprises a vacuum chuck, the vacuum chuck
comprising a chuck body and a vacuum flow system coupled to the chuck body, wherein the vacuum flow system is

configured to apply a suction force at the surface of the chuck body during use.

183.  The system of claim 169, further comprising a fluid dispenser coupled to the top frame,

184.  The system of claim 169, further comprising a plurality of fluid dispensers coupled to the top frame.
20 185.  The system of claim 169, wherein the patterned template comprises quartz.

186.  The system of claim 169, wherein the patterned template comprises indium tin oxide.

187. A method of forming a pattern on a substrate using a patterned template that is substantially transparent to

curing light comprising:

applying a light curable liquid to a portion of the substrate, wherein the light curable liquid is curable in the
25 presence of curing light;

positioning the patterned template and the substrate such that the patterned template contacts at least a

portion of the liquid disposed on the substrate;

adjusting the spacing between the patterned template and substrate so that the applied liquid substantially

fills the gap between the patterned template and the substrate, and wherein the gap is substantially uniform;
30 applying curing light through the template to the liquid, wherein the application of curing light

substantially cures the liquid.
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188. A system for fomﬁng a pattern on a substrate using a patterned template comprising:
a top frame;
an orientation stage, the orientation stage comprising:
an orientation substructure, wherein the orientation substructure comprises a support configured to hold the
patterned template during use, and wherein the orientation substructure is configured such that the
patterned template, when disposed in the orientation substructure, moves about a pivot point at a surface of
the patterned template; and
a substrate stage configured to support the substrate, wherein the stage is positioned below the orientation
stage, and wherein the substrate stage is configured to move the substrate along a plane substantially

parallel to the patterned template.

189, A device comprising an imprinted light cured layer, the imprinted light cured layer comprising at least

some features that are less than about 250 nm in size.

190.  The device of claim 189 wherein the imprinted light cured layer comprises at least some features that are

less than about 100 nm in size.
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