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capacitance sensing, automated image processing of overlay marks on the mask and substrate, etc) may be adapted
for the imprint lithography process with appropriate modifications. The compensation techniques have to be
developed keeping in mind the specific aspects of imprint lithography processes.
Overlay errors that typically need to be compensated for include placement errors, theta error and
35 magnification error. Overlay measurement techniques have been significantly improved during recent years as the
minimum line width of photolithography processes have continued to shrink. However, these techmiques may not
be directly gpplicable to the imprint lithography processes.

SUMMARY OF THE INVENTION
40 The erbodiments described herein include methods and systerns that are applicable for overlay alignment
scheme in imprint lithography processes.
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The substfatases W& Y lign with the substrate alignment mark the orientation of the patterned template with respect to the

substrate may be altered until the marks are substantially aligned. Moving the substrate with respect to the template
may compensate errors in which the template alignment mark and the snbstrate alignment mark are offset in the X-
Y direction. This may be accomplished by a substrate support stage configured to allow controlled movement of

35 the substrate in the X-Y direction. Theta crrors may be corrected by altering the angle of the template with respect
to the substrate. Magnification errors may be corrected by altering the physical dimensions of the template.

A variety of alignment marks may be formed in either the template and/or the substrate, In some
embodiments, the alignment mark may be formed by etching a portion of the template with a predeterrined pattern,
Alternatively, a thin film of a second material may be formed on the template. The second material may be

40 deposited in a pattern that is complementary to the substrate alignment mark. The second material may be opaque
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Alternatively, when the template is brought into contact with the liquid, only a portion of the template may
be in contact with the teroplate. By controlling the pattern of liquid applied to the substrate and the location of the
alignment mark on the substrate, the template may be positioned in contact with the liquid such that a portion of the
ternplate that includes the alignment mark is not in contact with a liquid, In this manner the termplate alignment

40 mark may be aligned with the substrate alignment mark without the interference of the liquid. After initial contact
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confi gur é’@i‘y AETEed ﬁ’& e AT FurHy tEstémP]%E‘aYt @n‘ﬁ‘?"a‘% @OTB" d]e@?tiﬁ%ﬁ%
devi ce meyerbe)cohs iegtoich tftheaittiare id legrogised f mbvement eplsatiietechith rosrgct tiske. By
appl yi ng #n@la&asy B vty hrédisk1P QonkrlIRd such that the change in position of the substrate with respect to the

35 template may be a accurately determined. After movement of the subsirate, the orientation of the template with

'-(IJ

=”.

4

respect to the substrate may be determined and compared the calibration orientation. The template position may be
altered to match the calibration orientation without having to check the alignment of the template with alignment
marks. This may improve processing speed and overall throughput when nsing imprint lithography processing.

The X-Y placement errors induced during the processing of multiple portions of a substrate may be

40 measured and compensated using capacitance sensors or laser interferometry. The resolution of these sensors can
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tenperature of the tenplate, the tenplate nmay be enl arged or contracted.

Enl arging or contracting the tenplate may correct for magni f]hQﬁHlﬁlﬁy 2005
errors. After alignnent of the tenplate alignnent mark and the substrate

al | gn- nment rk is. conplete, the processing may be conpleted. Curing |ight
may be appl‘lgg(?lz(/?%% he light curable liquid. The curing | PGHMUSMEREs the 15
liquid t Obmsbb-tedamter. (ke Kided bif tnplieru@y borfithel Foated @it o tBlhl laghr bScomiictbiAsds oPandclial | Y
cured, thg.l Rk ARmIRY: Jlglgmﬁ\%%\{&é?feéﬂ icksblin ,?eg;re&Qd%.l quid will include

structures th are co msnt,ar% to the pattern etched onto the tenplate,
The above- desctFhett BPrgheHemerdioy deviray s Hualied dvetnay by faped i g e dvice.
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Rfet usse]g t 6h 1Y QBHHS may ﬂélwaaﬂll hlfgiﬁne@ﬂcm@@m‘hﬁgﬁﬁﬂ&t Eﬁ.ﬁrkdﬁgzb%&at @{jﬁﬁpéf&%&%&q.

er for erne er. on a first sem conductor device, a

patter nedmt]%gr_r%%g’fgsga %r’h%e %‘emtlfggeﬁ] ) ?’ ?ﬁﬂ]énpgjgrtrhﬁ ch ’arg‘rmrlfg e I?"Ei}eélﬁayf“or[“ i
second seTHPCGHMAE & templatermiy pdlnde stpraplate s igmpns ek prdyn imsrintipg wetk. t e eliswvecns opdaiey i on
for processixdgp aifn thd treplaeeitnic ssenicbe baipaing the cheyhidA of thdsubseaedig@lehtGRABIKL

Pr OCeSSi Nl tohfife SigiRhiat. PRYinlSnh Sl SSH it k%&@&m&&&{z@a&i%mm opyed to
t he faew por ubstrate using.the_ al {i%nrrent n the tenplate

tipn of the mar ks
and substta e%‘a'.%yﬁr'n eﬁf‘gsugﬁ%‘ﬁwn%ﬁ‘ﬁ%ﬂ AESCigyp g dhe demplpeatith fig subgligte iguring the
sem condultdttiogefpdditienablexsttuced. Using a separate alignment for each
sem conduct or AdeiiaGiegelif & UBR6ldeRtiibed oBbHaBdoktalls RnalBY mBuifly 4okl MBirebilf STy VeRrors 25
Process. il B Rk BRI AklPh BY Sund kPR 8] LIANENL, R1.AGESS, ARY DE

used. G obal alignnment processing USE: initral ¢ |%n_meﬁ? eVal fat'i™dn to
al | ow pr 058%3&%%%5‘%%?5%&}0?%??3% opfirenl gap sdishrored traveid sigtiva paddich wisers fiction) vhilone
enbddi menit i logreouish Yrinteritdud ovefiry ctre Kdping the clwsinzizag h@ioS beb& b thl tempiand @ibstrate
per f or meea@be aBo fninfn¥ded. POrti on of the substrate. After the tenplate is
aligned with the substrate a patterned |ayer may be forned using the
above-described inprint |ithography process. The positioning of the
tenplate with respect to tBBEEPESCRIETIONOF EIRBRAWENGSchi eve the correct 30
al | gnment nay dger dhjetteinhadvatagds bRk idventiGSyill ReeomeGptalekt ifth keadingeitBYiAd de@ia” The

of the subere SRk Rl B e 1 e, olbstr at o The cal | brat i on

of the substrate or ag% gqﬂél'tlgtle porti.ons

orientation %ﬁi’/‘e&oé‘ BRI A O SERIY WEbt e 4o batresa p tepplge wd a fubeist he t enpl at e
may be noved FEwmPbniy depisfaosssedioralyicas of atl iwipdnp fe@dphytrecéshe next portion of

t he substr at e Figre Da@epidk 05668 Q6 ch&hﬁovﬂ@&@ﬁlﬂ&ncmﬁépp&ﬂﬁm{ﬂtnﬁapm ﬂr&eé;espe(:t
to the tenpl %@:ew@%ic@? YSE Y gfgciﬁgmeeld}/e cont roll ed such that the change in
posi%ion of thé subStrate Wih respect to the 35 tenplate may be a

accarat el y deFByRT freigts 2 apse-gsptiops viemed A templpte popitioned dyerasebptaate; t he ori ent ation of
the tenpl at e Wigtrh6 depiets peast settiondl Yiey & isprinalit gy plo@ssdahLr imsheyeand conpar ed

the calibrati eguf ik Arbs@Bctiold vt @TPbAL For RAShd dn s .ed to match
the calibrati gj%mggée.nt ation t\l/?/iaﬁhout aavi N to gtchgjﬂ(;b the %Htg#rlfg{lt of the

tenplate with &t gnient “oHEFRE VR ¥Sve processing speed and
overal | thr oulEpe deppencressicrignal vigyrdf diemits natromd mpbiste gsigsessi ng. The X-Y
pl agd@nent er r Bigwe iodekicedoptitivioNihrdcREfol b MARS S ffd thdhisigd; € portions of a
substrate waygbge 1140 dEASLEH 0D, &S ' capacitance sensors or
| aser interfe Tg&rr%t f“g"‘ The resol u&?oﬁggo?&tﬁj%g agluzdnd;u% s?n%gﬁmgigﬁptﬂ%ﬁ%s?’y 2005
WO 02/ 08835 PE‘)?‘FTEO‘W%E‘?‘W@S%HﬁPrFﬁdlﬁedﬁPéPé’i‘PF‘m“Pﬁ@Br@’P’Hé@wﬁﬁf tenpl ate may be
ei t her coat edFigu¢ 13 depidishifinid paityre thatdfeludegmpteralinyi of dropyeh adubstraré; ref | ecti ve

Figure 14 depicts a schematic of an alternate apparatus for dispensing a flnid during an imprint

35 lithographic process;

Figure 15 depiets a fluid pattern that includes a plurality of substantially parallel lines;
Figure 16 depicts a projection view of a subsirate support system;
Figure 17 depicts a projection view of an altemnate substrate support system;
Figure 18 is a schematic diagram of a 4-bar linkage illustrating motion of the flexure joints;
40 Figure 19 is a schematic diagram of a 4-bar linkage illustrating alternate motion of the flexure joints;
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materials for inplementing capacitive and interferonetric sensing,
respectively. During the processing of sem conductor devi ces,14Q|arﬂdarr9I2bt)5
of layers may be formed to create the device. Each layer is overlaid upon
a previ ousI‘X, 02;&2 Iayer during processing. In sone enbodi nents each | ayer
formed 5 of tHe2Ubstrate may include an alignment mark FFR@SIZnent nark
on the subst r afigramys adpjekian tewoth aghe 1isdat 4G Mét; di Sposed on t he patterned

tenpl ate that M@Jnl21hs%Hcé;'éﬂo%v*&ﬁart%%glo%ﬂ%&gﬂg%{ﬁ%pfﬁ the forned layer. In one

enbodi nent, a te e a gpnrrent mark and an -
i nprinting marke é*aé’f"r""’dsrﬂ?r‘!ﬁ’f‘mﬁﬁr’%lH‘Pﬁ‘iﬁsmgb’émﬂ%ﬂmf’lﬁmal ign the tenplate with
t he subst r at e -Higure3 rrparojeriyn vitveof e mantf atatianf O miifdrovitityw it sebstate} gnnment mar k

withsthe tenpﬁ@rrmaépscg@aeaa&mmlkepogfmedloombmme@%mgﬁék nmay be used to
create a new sibst the 10 %e ormed | ayer. The new

te a
substrate align ztrsg mtslgsclhgmge&amg % a%‘%’mﬁrftmﬁaﬁmt“ﬁ nplate with the
substrate dur ?%@“%%éepmfﬁP%Wf?féﬁewma@ﬁllmﬁafatFIml}"éQ"’ch TeApct echwbritalggeineof  t he
above- desdgighirednaggbodi nents is that by neasuring and correcting overlay
errors while ghe benpka gap,
the grror _corr e%tﬁr onggqngﬁgﬁg%d?evedé%{/ﬁgd\%?tgﬂtgﬁpﬂéepﬁtgfe%’tgﬁ%q 9{1 rrﬁmg\“ scous
friction. hfﬁ?gnbab‘is aﬁﬁi %hi gh enough to avoid stiction and hlgh
viscous fri ct ikswre 2ipick a scBenjatic ey of Dupaciticugiplat hlighmenkmgeaiurioy dedd; over |l ay error

during the cl asiurgse @pRis mhénaﬁbmtome;& ﬂté}ﬁroﬁnamhﬁh&tﬁ&mwﬁ&r ate can be
al so m nim Zeq:' %E%bgegmga:‘§%§1e%!:—}ki HEen Wi a%ﬂ) etween cte dJGJten;JsP‘??gaterv&erf oW ng

advant ages of 't Invention W Ne appar ent ~upon re

det ai | ed 2P gawtaly fled g1t Bt upon reference to the acconmpanying drawi ngs in
whi di¥:  Fi gur estgmSadﬁdmtmlaciarmemtnmathatrmmsesselmmitpﬁaﬂchemmw of the gap between a
tenpl ate and a:lgtﬁﬂl;ggeﬁggepmjecﬁr,%%m%ﬁbnﬁm%@agepl ct cross-sectional views of

an inprint "tcﬁ%gﬁ&) Y Qnr dsegmfwofﬂggq% dﬁgl cts a process flow chart

showi ng the se encers ®|'i t hography process: Figure 4
depi cts a bot tFéﬁ*He\?f‘@W“éFPfePeﬁﬁﬂﬂ‘egﬁhws‘leﬁahﬂa“%25 Figure 5 depicts a
Cr 0Ss-sect i onatigukti3eepiof a @osk RERhaREGy d!@&tmq&ﬁ&detaﬁﬁﬁrugﬁegayb&&e%@twmat&iaﬂure 6

depixgts a CrO%@guﬁ%&&ethE'? ap czﬁ rggentﬂlgnfomieﬂnﬁlting{lqcél G ryme@:FmO;e s using a

transfer |ay ure S a cross-secCtional view 0 TBtess for
formng an |nﬂr‘ﬁ”‘i‘?tﬂ%P‘ftﬁ%@'r‘%%‘ﬁ'}thtg%F%“mﬁﬁgure 8 depicts a

Cr 0ss- sect i ondkgwgiBedepicod scipabticdrne at Byiraieestp mpisigtis @p Btv@epiipRteandCr 0SS
sect i onal intufeedtef: al t ernat e patterned terrpl ate desi gns 30 Fi gure 10

deplctsatop Vi e f. a oces n | e fluid
substrat e; e %pf%eﬁam °r§m%egrrt§°{)glgpcm8’ &52" %5“ §f‘i]f§m?8§mga?”§‘ifé’r‘?§? ng a
f1 ui‘d dur‘i°ﬁ’5}’(3jB i nmprint |ithographic process; Figure 12 depicts fluid
di spensi ng patFiger AGdepistedcrdsisetianal Vg df Bl imbrink Gl prdtesfr OCESS; Figure 13

depicts a fl U|Fgu@§fge§igtpagcﬁ}g;mQM&QQ%IMM AldfMe0f drops on a substrate;
Fi gure 14 depi ctsﬂ%}ﬁsc eny an. al t er nate apparatus for dispensing a

fluid during & P‘ﬁtfap“ﬁ‘*ﬁ“ﬂnv’t‘zﬁg‘&rﬂﬁ’ﬁ’rﬁ“&%ﬁr’ocess Figure 15 depicts a fluid
pattern that ﬁmeﬂe@ﬂbswtaai‘iﬂtmﬂaquyle!@fensmbs@amﬂp@bﬂwe; paral l el lines;
30 Figure 44 depicts a projection view of the bottom of an orientation stage;

Figure 45 depicts a schematic view of a flexure arm;
Figure 46 depicts a cross-sectional view of a pair of flexure arms;
Figure 47 depicts a scheme for planarization of a substrate;
Figure 48 depicts various views of a vacuum chuck for holding a substrate;
35 Figure 49 depicis a scheme for removing a terplate from a substrate after curing;
Figure 50 depicts a cross-sectional view of a method for removing a template from a substrate after coring;
Figure 51 depicts a schematic view of a template support system; and
Figure 52 depicts a side view of a gap between a template and a substrate;
While the invention is susceptible to various modifications and alternative forms, specific embodiments

40 thereof are shown by way of example in the drawing and will herein be described in detail. Tt should be undersiood,
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Figure 16 depicts a projection view of a substrate support system Figure
17 depicts a projection view of an alternate substrate suppony Jikia@y12005

Figure 18 is a schematic diagram of a 4-bar |inkage |IIus]'Erat|ng m)][IOE of
the flexur ' - 40 Figure 19 is a schematic di agramo a ar lin age
iIIustratiﬁvgbgwggssnate motion of the flexure joints; 5 14CFAME%172005 WO

02/ 08835 REb/et)Bilhe2RBhes anddegiid @esdfpridnThefitole Apt@ihded B it efélmeefnu@ td RCpARE1E

l'i near Sefoﬁf?dlmgeﬁ,rbut oft Ehg%gar)zane fm%ntﬁng o6k 11'Io ogxp uhval&ffs ag{;l ﬁﬁprgihvnfgq‘a%gsm ng
of rrultlpl I S a process

processi ng 0 m‘i’lrl an% C%p“#fgrpfeﬁef”sm"l‘—’?“dﬁ?s@ %dbP’E‘eéPp ‘ES‘]“@’BFl on view of the axis
of rotation of a tenplate with respect to a substrate; 5 Figure 24 depicts
a medsuring devi cem&tﬂﬂdeEMNethﬁmmwibﬁeﬁm ate; Fi gure 25 depi cts

a schematic OfEn%anQ&E g%'teﬁl eg energ} RS S ni:l‘]sgde 1C8; auderéltdp%cesso ufal ICEE;S a
al'l gnrent of . d renplate W n §5F“a‘f‘&‘m

schenme for determnin
subst r at eTBY e mamytasHR ntM%ﬁ’F?éﬁca% Hibpdiments Pfféﬁﬁie‘?: il%eﬂhfeb'@ H‘ewﬁenﬂsoﬁemes and

det er m ni migted jyecesads ofimprwntithagfaptg. Fop BRaiplé, thessledibv dinesNes havk Gpphcatod Shpratig veigi NQ
10 ali ]gnrrﬁm] feﬁ&@:}tﬁa%bﬂﬂ P24 geﬁr%&mctot L84Skt glﬁilgiﬂfﬁl%ﬁde%ﬁmﬂﬁa?{hssk énb%ﬁ&gs tic
vi ewqof a_ capacitive e u _

depYth s a SchE I?C?:m\l/l"e\rg) BESLI%I fi?r eé‘%’?"le ﬁ’f’ &F “galp g‘l”‘%ﬁ“&r%ﬁt“ RV R R
devi ce; ﬁyg%(oebmbﬁéb iEebagligenis i pleo Japyy apglicetion 9 e mgrdicong refrether kinid¢ b &viggap
bet ween txheuding,rqat it @middClo: Ptlmbd DigetivhiRfia fof BRa Gafe,| Sicrpatiibdl abvlcdt, fibibdic@lentti t h

fluid, hEtha‘t'&e%céJXQF%‘n&Id%v&E‘ oAl ignment mark that includes a plurality of
etched | i nes Fi gure ts a projection view of an orientation stage;

Figure 33 depi '8y ?Fc%‘}?BIt‘thf‘efW Brsrificeiyde Bpyra hd a1d ! Gntbatingeshovnmmepgenents 4
depilét s afpraswlts 32 predmpsed witymespretas v substretn 20 perciridhgiestryd fatugs ke 103 Eﬁiﬁlﬁbd:ﬁsﬁg a
Cr 0SS SeCinba BhoghblBWsptkifialy, @ Ribek & Mrmcﬁﬁet ke ANkt ﬁﬁlﬁa&&%@%%

mat eri al Sy 20 bl %Lwh?ch,:gu? deIQﬁ\ndt ?ran"s?f 1% he suE?La pgzgs%%gt ﬁ?né«,;%:rags?eéﬁw n| ng

| ocal m nimum an Prefs gap
measur i ngRP & gage Between fhe pirate %‘Bﬁndé‘ﬁ |"W]§"° éz Wﬁéﬁb’?fds e reqgiyh fhg degined features
i nt er f er oimet therterbpduterte ais tnipeintad Igya 6.bA¢ ive@In@wntiefPdriakBsta Bgkr 18 RiyeNdwahoIobias ;

Fi a0 S%glaiha kit fuSEORTRILE) kR LALI 08 ihificABndet voon @ tenpl ate and a

substrat e usi Pﬁ nbi nat i on; 40 dep
Ccross-secti ongﬁ ‘@e QWS&?f“gW“ ]ﬂ%ﬁ?f‘ ¥ ﬁl“i“i“‘ﬁ’&@“??ﬁ’ﬁﬁ“@mﬁ’f" 88@%*%12 an‘ﬁ“'@fﬁ?t“ezo&i"kﬁ%pl cts
a schenntt eackyfthepas pesgjeiand ndagdst patallell. (Fot evautpileniyr features fyptlagetlepnt 100nm wide and about 100nm

deep, an average gap of about 200mm or less with a variation of less than about 50nm across the imprinting area of

the substrate 20 may be required for the imprint lithography process to be successful. Embodiments presented

25 herein provide a way of controlling the spacing between the template 12 and substrate 20 for successful imprint
lithography given such tight and precise gap requirements.

Figures 1A and 1B illusirate two types of problems that may be encountered in imprint Lithography. In

Figure 1A, a wedge shaped imprinted Iayer 16 results because that the template 12 is closer to the substrate 20 at

onc end of the imprinted layer 16. Figure 1A illustrates the impotiance of maintaining template 12 and substrate 20

30 substantially parallel during patfern transfer. Figure 1 B shows the imprinted layer 16 being too thick. Both of these

conditions may be highly undesirable, Embodiments presented herein provide systems, processes and related

devices which may eliminating the conditions illustrated in Figures 1A and 1 B as well as other orientation
problems associated with prior art lithography techniques,

Figures 2A thru 2E illustrate an embodiment of an imprint lithography process, denoted generally as 30.

35 In Figure 24, template 12 may be orientated in spaced relation to the substrate 20 so that a gap 31 is formed in the

space separating template 12 and substrate 20. Surface 14 of template 12 may be treated with a thin layer 13 that

lowers the template surface energy and assists in separation of template 12 from subsirate 20. The manner of

orjentation and devices for controlling gap 31 between template 12 and substrate 20 are discussed below. Next, gap

31 may be filled with a substance 40 that conforms to the shape of treated surface 14, Alternately, in an




Figure 42 depicts a projection view of a flexure nenber; Figure 43 depicts
a first and second fl exure nenber assenbl ed for use; 30 Fi g9ag)atvhiad@2006S
a projection view of the bottom of an orientation stage; Figure 45 depicts
a schematw‘?g ?ég a flexure arm Figure 46 depicts a cross-sectional view
of a pair of ff&fUre arms: Figure 47 depicts a scheme f8FTEPYARI2ation of

a subst rae;ﬂmalﬁengmw&ompbm@eﬂa@@e&sﬂaeemm it ARG 16 BtbCHKedir @i poli@h di N
a substralgive sk 49 depicts a schene for renoving a tenplate froma

substrate after curi n%[a ure 50 depicts a cross-sectional view of a

met hod for rent¥iy 4 efﬁgﬂ?Pﬁt@rﬁyﬁﬁﬁb%tW%%d layef & shem Bfigmes B gpdrieB 51

depi ct s aPsiednebitaco40 ey fa lignid eitipt iotiy 8 the geretof Siy 31 @ caiyvifhbug) e @e bigh

depi &t s atefpetliudd hﬂ%@%f am@amoe@umme@ﬂ%eﬁm s Qe N Fur@er SURE LAl ap}!%;gda@ the,
s

i nventiongj YSSEl e to v L ous nodi fications and alternative forns,
speci fic er%ﬂo%l r?eugance e ”SS “%re shown by way of exanple in the drawing

and wil | her ei‘h*Hee "’é@é@rﬂiabé?ﬂ’liﬂﬁd @ dhe fgmplate | causing sybsthngs 0 torherdin sndasdme 1Be shabe
January 2608 sMoe 0@haBE3Gp PCTUBOWAR A8EA felnmey erigmetmtﬁom@ (6B 1205y 3R

det ai | ed ﬁe&&;aawe%esmwaeees%a@% Tfa&tre? g?ﬁnwb% Whdka di i,on’we“}%ekio acp 0 e

par tji,cul ar. for SC but on contrar en 0 cover
al | Wodi f 9% 'f""o“’?&dll Bé’ﬂfjﬁfqvaﬁ 18 g el thaﬁeeﬁﬁae %éém%trar*ﬁfﬁﬁf@d o heempleth 2 R pi i t
and scopegeeﬁffatﬂt%a-‘}wcelsmf@afﬂﬁnventlon as defined by the appended clains. 5
DETAI LED DESCRIsRidah! s fzuikHB, dmh,%a\mln@lbﬁ@mgh ﬁ@%&ﬁuﬂ%ﬁ%ﬂﬁg% de&saefeﬂm 44

generally. a Vi ed e
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present ed“‘f]i'é‘g é'i"ﬁmﬁ &) tegting fiop W%‘fa@n‘?é the EP@%FP*E ey, EH&?@HBHYS eletsrtescheisin proidesasethod
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i mprinti nﬂbs\fﬁé’ﬁbfolﬁﬁiﬁé sU&%esQ&féh&%%&@L]ﬁc such as a sem conduct or
wafer. |t sho be lundﬂ{gt oo %;1 hes I ments may 10 al so have

appl i cation to o her Sragk S Eff?% ﬁe Wﬁ?ﬁlfsﬁﬁcfuq‘eayéfmé’&@ﬁd“eﬁp%t ive
M cro- El e%ZfPibthfr\eWaﬁ%eﬁusfcrsyestlw w@mm@ of bilayby o PexdsSs. My realispstave

appl i cat iy Hecfutheepri@ened @Cdotifiee @k MilTemilg ﬁiﬁh%ssQfstMﬁ@ﬁn tebtighed di Pigee PUL

not obi m tsﬁﬂm&rﬁes aﬂ%ﬁ;ﬁ%ﬁdof %%%L ﬁh&?\/&g ?roge?%( del:f’iteé’51 6encf'r Ql'éaa? %G in ﬂgvla’f (c):hmotpf%) | cal

devi ces, eﬁ ogi ca chem ca devi ces Wth
ref erenc ag% “?S(Septsﬁ &OUFsp Grifpiaion of3 folais @d apsphstpfeay g’d’e’lﬁ?"@ﬁlﬁe@a’flﬂﬂ(’“ﬁw&g@% of

t her ei n dhedeneplptpapd sahsteatepe heakisred. Wh advintage tfempk arestatbR atpeedina pasiR it Miytallow
respect tpe-alibsdtibsh Eﬂaﬁlfaztgndé Q@ﬁoﬁﬁ@ﬁt,%exq %ﬁﬁe’fﬁgdefngétaﬂé bR nfddnactald, Q&hl‘: g E}nt ed
using i r%&&rﬁ}méh %oguc on eﬁ( or le wgenl, %1%:& bs tl? olneate 12 n(?'y LY te a
surface T 4 1% ’iam]f( 5 gﬁ%\’ﬁ gfdeary diy “f“e‘éﬁ“ﬁﬂ“@@%hl ch,
in fUrn, Y C%gef“fg&ﬁeﬁ@?ﬁ’é’ﬂnlﬂbbﬂtﬂ?@@ﬁb@@mﬂe f@edw #nd apperieto elfrbshed Hineduting 2 a
transf er singlypndudi®n mdythiveayphraingith Qs WReRaytth &dmeddsd vidds 812,20 idddsled he tenpl ate
12. Transfer L&@-X@ﬂf 54184 Mndfc%a?lb\séedxmség%dqﬁéltﬁeeﬁbsfu %t %g§ubst reOIFITl'Igy]E o a tcx?ra el ate

12 V|a|r£pr|n]} ﬂl] known I .n tran I"ayer 18
may al | o atﬁ:& 1cto%so n[r ﬂ er orgamc liquid that may become a solid when exposed o activating hght_ The Tact

that a liquid is used may eliminate the need for high temperatures and high pressures associated with prior art
30 lithography techniques. Next, at step 56, the spacing between the template and substrate may be controlled so that a

refatively uniform gap may be created between the two layers permitting the precise orientation required for

successful imprinting. Embodiments presented herein provide a device and system for achieving the orientation
{both course and fine) required at step 56.
At step 58, the gap may be closed with fine orientation of the template about the substrate and the
35 substance. The substance may be cured (step 59) resulting in a hardening of the substance into a form having the
features of the template. Next, the template may separated from the substrate, step 60, resulting in features from the
template being imprinted or transferred onto the substrate. Finally, the structure may be eiched, step 62, using a
preliminary etch to remove residual materjal and a well-known oxygen etching technique to etch the transfer layer.
In various embodiments, a template may incorporate unpatterned regions i) in a plane with the template

40 surface, ii) recessed in the template, iii) protrude from the template, or iv) a combination of the above. A template
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to ge ner(@é qesbh&@b&? %ﬁﬁ) nl;aﬁaé Qiﬁglgt% s%nsg,%herefore, adding a step of a known depth to the template
may enable more accurate gap sensing. An advantage of a dual-depth design may be that such a design may enable
using a standardized template holder to hold an imprint template of a given size which may include dies of various
sizes. A third advantage of a dual-depth design may enable using the peripheral region to hold the teroplate. In

35 such a system, all portions of the template and substrate interface having functional structures may be exposed o

the curing agent. As depicted in Fig. 5, a template 500 with the depth of the peripheral region 501 properly designed
may abut adjacent imprints 502, 503. Additionaliy, the peripheral region 501 of unprmt template 500 may remain a
safe vertical distance away from imprints 503,

Y

(')

A dual-depth imprint template, as described above, may be fabricated using various methods. Tn an
40 embodiment depicied in Fig. 6, a single, thick substrate 601 may be formed with both 2 high-resolution, shallow-
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As depicted in Figure 21), tenplate 12 may be renoved from substrate 20
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Al t er nat elyyhire SpalliENRsR4E PBMat RBcon, poly-silicon, gate oxide, quartz or combinations thereof, Templates
35 may also include materials used to form detectable features, such as alignment markings., For example, detectable
features may be formed of SiOx, where x is less than 2, In some embodiments x may be about 1.5. It is believed

that this material may be opaque to visible light, but transparent fo some activating light wavelengths.
It has been found through experimentation that the durablility of the ternplate may be improved by treating
the template to form a thin layer on the surface of the template. For example, an alkylsilane, a fluoroalkylsilane, or
40 a fluorcalkyltrichlorosilane layer may be formed on the surface, in particular tridecafiuoro-1,1,2,2-tetrahydrooctyl
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manuf actured with protrusions that are conpressible. In general, a tenplate
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odiment, an mmprint Tithography system may inclide automafic fluid dispensing method and
system for dispensing fluid on the surface of a substrate (e.g., a semiconducior wafer). The dispensing method may
use a medular automated fluid dispenser with one or more extended dispenser tips. The dispensing method may use
an X-Y stage to generate rclative lateral motions between the dispenser tip and the substrate. The method may
eliminate several problems with imprint lithography using low viscosity fluids. For example, the method may

40 eliminate air bubble {rapping and localized deformation of an imprinting area, Embodiments may also provids a
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may abut adjacent inprints 502, 503. Additionally, the peripheral region
501 of inprint tenplate 500 may remain a safe vertical distddcanssy 2006m
inmprints 503. A dual-depth inprint tenplate, as described above, may be
fabricated ﬁ,ﬁlo%gs girl ous nethods. In an 40 enbodi nent dew%l cted in Fig. 6,
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The width of the initial line pattern may normally depend on the tip size of a dispenser. The tip dispenser may be
35 fixed. In an embodiment, a fluid dispensing controfler 1111 (as depicted in Figure 11) may be used to control the
volume of fluid dispensed (V) and the time taken to dispense the fluid (ty). If V4 and t; are fixed, increasing the
length of the line leads to lower height of the cross section of the line patterned. Increasing pattern length may be

achieved by increasing the spatial frequency of the periodic patterns, Lower height of the pattern may lead to a
decrease in the amount of fluid to be displaced during imprint processes. By using multiple tips conmected to the

40 same dispensing line, line pattemns with long lengths may be formed faster as compared to the case of a single
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A dispensing pattern thet may be useful for large jmprint areas (e.g., greater than several inch?) is depicted
in Figure 15A. In such an embodiment, parallel lines of fluid 1503 may be dispensed. Paralle! lines of fluid 1503
35 may be expanded in such a way that air may be expelled from the gap as template 1501 approach substrate 1502.
To facilitate expanding lines 1503 in the desired manner, template 1501 may be close the gap in an intentionally
wedged configuration (as depicted in Figure 15B). That is, the template/substrate gap may be closed along lines
1503 (e.g., the wedge angle may be parallel to the lines 1503).
An advantage of providing a well-distributed initial fluid layer, the orientation error between the template
40 and subsirate may be compensated for. This may be due to the hydraulic dynamics of the thin layer of fluid and
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be described by the formula: 20 - RRSiCl3 + 31120 => R Si(OH)3 + 3HA To
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However, #fwentgehe purpose of a manuf acturabl e inprint |ithography process

i nclpdi ng hi ghy e;éQal,ragsm Wik ley QRE 1R Yypas ts: adlaBR ca£p%§c§ty bf Soa@Bilying
tenperat u I‘ & Sonesngoﬂeag screw assemq)&y nrle(c;,jha.msms%egi widely us?dgnlrhgres %e po@itlon?ng acouracy is not a very

significant factor, For high accuracy applications, ball screw assemblies have been used for both the actuating and

load-carrying components. Both of these designs may be prone to problems of backlash and stiction. Further, the

need for lubrication may make these designs undesirable for use in vacuum or in particle-sensitive applications
35 (e.g., imprint lithography).

Additionally, some designs may utilize air bearings. Air bearings may substantially eliminate problems of
stiction and backlash. However, air bearings may provide limited load bearing capacities. Additionally, air
bearings may be unsuitable for use in vacuum environments,

Figure 18 shows a schematic of porfion of a basic linkage 1800. Link ! 1804 and link 3 1805 may be of

40 the same Jength. When a moving body 1801 moves along the X axis, all of the joints in linkage 1800 rotate by the
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avoid the need for high tenperature by using |ow viscosity photo-curable
fluids. Further, inprinting pressures may be minimzed by rddwamary 2005
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| 17)
As the actuation system for either of stages 1600 or 1700, two linear servo motors (as depicted in Fig. 20
and referenced by numeral 2000) may be suitable. One linear servo motor may serve each translation axis. Suitable
30 linear servo motors may be available from the Trilogy Systems Corporation. An advantage of such linear servo
motors may be the absence of frictional contact. Another advantage of such linear servo motors may be the fact that
they may readily produces actuation forces greater than about 100 pounds. In X-Y stage EE0, load-bearing may be
provided by additional linkages 1701. Therefore, actuation components may provide only translational motion
control in the X and Y directions. It should be noted that in some embodiments, the actuator of the lower stage
35 might need to be more powerful than the actuator of the upper stage. In some embodiments, laser interferometers
may provide a feedback signal to control X and Y positioning of the X-Y stage. It is believed that laser
interferometry may provide am level positioning control.
Placement errors can be compensated using laser interferometers and high resolution X-Y stages (such as
X-Y stage 1700, depicted in Fig. 17). If the orientation alignments between the template and substrate are

40 independent from X-Y motions the placement emor may need to be compensated only once for an entire substrate
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35 Overlay alignment schemes may include measurement of alignment errors followed by compensation of

f the

these errors to achieve accurate alignment of an imprint template, and a desired imprint location on a substrate. The
measurement techniques used in proximity lithography, x-ray lithography, and photolithography (e.g., laser
interferometry, capacitance sensing, automated image processing of overlay marks on the mask and substrate, efc)

may bs adapted for the imprint lithography process with appropriate modifications.
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systems. Flex mghﬂalmeowlﬂeqnyr wsEdenient Pl eUPis pogmensation methods for imprint lithography
processes should to satisfy the following requirements:

1. Overlay error measurement tools should be able to focus on two overlay marks that are
35 not on the same plane;
2, Overlay error comrection tools should be able to move the template and substrate

relatively in X and Y in the presence of a thin layer of fluid between the template and substrate;
3. Overlay error correction tools should be able to compensate for theta error in the
presence of a thin layer of fluid between the templaie and substrate; and

40 4, Overlay error correction tools should be able to compensate for magnification error.
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: 2601 may correspond to an overlay ahgnment mark on the templaté. When image 2602 is focused, image 2601

_ may be out of focus, and visa-versa. In an embodiment, an image processing technique may be used to erase
30 geometric daia corresponding to pixels associated with image 2602, Thus, the out of focus image of the substrate
mark may be eliminated, leaving image 2603. Using the same procedure and a second wavelength of light, image
2605 and 2606 may be formed on the imaging array. The procedure may eliminate out of focus image 2606, Thus
image 2605 may remain. The two remaining focused images 2601 and 2605 may then be combined onio a single

imaging plane 2603 for making overlay error measurements.

35 A second method may utilize two coplanar polarizing arrays, as depicted in Figure 27, and polatized
illumination sources. Figure 27 illustrates overlay marks 2701 and orthogonally polarized arrays 2702. Polarizing
arrays 2702 may be made on the template surface or may be placed above it. Under two polarized illumination
sources, only fecused images 2703 (each corresponding to a distinct wavelength and polarization) may appear on
the imaging plane. Thus, out of focus images may be filtered out by polarizing arrays 2702. An advantage of this

40 method may be that it may not require an image processing technique to eliminate out-focused images.
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be sufﬁclenﬂy arge distance to provide a high resolution theta error estimate. The theta error may be compensated for

when the template is positioned a few microns apart from the subsirate. Therefore, no shearing of existing patterns
may OCCUr.

35 Another concern with overlay alipnment for imprint Lithography processes that use UV curable liquid
materials may be the visibility of the alignment marks. For the overlay error measurement, two overlay marks, one
on the template and the other on substrate may be used. However, since it may be desirable for the templaie to be
transparent to 2 curing agent, the femplate overlay marks may typically not include opaque lines. Rather, the
template overlay marks may be topographical features of the ternplate surface. In some embodiment, the marks

40 may be made of the same material as the template. In addition, UV curable liquids may tend fo have refractive
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example, a material selected to form the template overlay marks may be substantially opaque to visible light, but
transparent to activating light used as the curing agent (e.g., UV light). For example, SiOx where X is less than 2

35 may form such a material. In particular, it is believed that structures formed of SiOx where X is about 1,5 may be
substantially opaque to visible light, but transparent to UV Lght.

Figure 32, depicts an assembly of a system, denoted generally as 100, for calibrating and orienting a
template, such as template 12, about a substrate io be imprinted, such as substrate 20. System 100 may be utilized
in a machine, such as a stepper, for mass fabrication of devices in a production environment using imprint

40 lithography processes as described herein. As shown, system 100 may be mounted to a top frame 110 which may
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35 the substrate. Magnification correction may only require one piezo actuator on each side of the template (i.e. total

_)

of 4 piezo actuators for a four sided template). The actuators may be connected to the template surface in such a
way that a uniform force may be applied on the entire surface. Distortion cotrection, on the other hand, may require
several independent piezo actuators that may apply independently controlled forces on each side of the template.
Depending on the level of distortion control required, the number of independent piezo actuators may be specified.

40 More piezo actuators may provide better control of distoriion. The magnification and distortion error cotrection
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30 thickness of films on the substrate. A description of a technique based on Fast Fourier Transform (FFT) of

reflective data obtained from a broad-band spectrometer is disclosed herein. This technique may be used for

measuring the gap beiween the template and the substrate, as well as for measing film thickness. For multi-layer
films, the technique may provide an average thickness of each thin film and its thickness variations. Also, the
average gap and orjentation information between itwo surfaces in cloge proximity, such as the femplate-substrate for

35 imprint lithography processes may be acquired by measuring gaps at a minimum of three distinct points throngh one
of the surfaces. '

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 techmiques 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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CapaCI tance sensors aser erone
stages. |%ereflvctiibpiay ingiadee leimérr@e HH pesind withindhe n&wwgﬁmm@bﬁwseemmhease,@rﬁ)l ate

and 38ubs tmax kegulcik 4 inacourate peak location. In order to overcome such a problem and fo extend the lower limit of the
measurable film thickness, a novel method is disclosed herein. Instead of using a FFT algorithm to compute the

period of the oscillation, an algorithm to find a local minimum (w;} or maximum point (w;) of the reflectivity
between w; and wy may be used to compute the period information: dR/dw =0 at w, and w,, The reflectivity R(w)
of Equation 7 has ifs 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, = 1/300.
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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15 i ndependent from X-Y notions, placenent error may need to be conpensated

for only once for an entire substrate (e.g., a sem conduct or 14afamuary 2008 a
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hp =[ (hl + ’I; + hg)f3 ] - hs, (9)
35 When the positions of the probes are known ({(x;, y;), where x and y axes are on the substrate surface), the relative

orientation of the template with respect to the substrate may be expressed as an umit vector (n) that is normal to the

temnplate surface with respect to a frame whose x-y axes lie on the top surface of the substrate.
o =x/[rl, (10)
where, r = [(X3, 3, hs) - (X1, Y1, D1)] X [(X2» ¥2, b2) - (%1, ¥1, hy)]. Perfect orientation alignment between two flats
40 may be achieved when n= (00 1)%, or ) = i = &5,
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of the liquid. A first nethod uses an accurate |iquid dispensing system
along with high-resolution gap controlling stages. Suitabl eldiJgnudry 2005
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40 |ithography processes as described herein. As shown, system 100 maybe

mounted to a top frame 110 which may 20 14 January 2005 WO 024Q&@Rary 2005
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the pre caljhrati stage for course alignment of a tenplate 150 about a
substrate (#@to%%g\{;m in Figure 32), Housing 120 may be cO&BWM/R7a ni ddl e

frame %14& m@@d&i@ﬁnaﬁﬁaﬁgoﬁinl&f&%%%?p?ﬁ&ezﬁgﬂh ggne%t?mfgap%h@ol_l;lgpf@%maungjs 4
opposite Lne enbodi ne ree i de shafts may. use
(the back u%%ﬁghgsahge? ?Tplllng ng?enggjb_w %”f’ﬁﬁ}eﬂofanlayﬁ i S'cer °§%§y £ BEb P %f¥’§‘ﬁ§port
for housi FERT2H® asexplpined brlepa she grlptivepgsition i firy] Ofepiapn gy 180 end) secprdaprientation; agin 208

t enpl at e ©&0provBle jagl ericptatichGiageadyd thiktliGdy batuted echephrateOth LiInPIRS PDEMMNGuBidRmphal t S

112a,5 112feaboittiessd o f ans | IS tion
Lizns 12k “%9@“*2% oddnf bRkl bR xR} kbl S0l Snddfla@Pdh AU, 0

y'S 10 i nclude a di sk .
attached to t herf”%f Emglm eérq%}g%# 6’{& FrdtrErnigot 36 ”éiggemayﬁeé‘f"éheiﬁpeﬁ'&ymﬁéh
coupl ed tBotign ef rigid bedisi) 64 166] 20521 @abprit pigot de that Bicdocefedmlong thejthibBedt ormeyseiopidet t he
| ower dp:C i’:\ﬁbﬂﬂes. T8 @hfigeiatia inapfrotded@R2) ﬂéﬁ]rd-lﬂ&d sn@fsysfei.n_g Bt a firle_%&!dﬁpféd %ﬁ@&% lslgggG and
secon nd _confj.ogugati.on o e flexure
rrenblg)r s 135 Mv%ﬁ H@g@%&,ﬁ%}é@ﬁ? ;Eg% N ?@Z%Ugﬁ?ex ee]g%f'\%'\f i ;is?’ %énpl?ycbt‘f & Tbﬁéﬁ‘&ﬁf‘%" 33,
t he ‘SeconY TP seR Friamof b srriaio kS0 pax ootun op gt Roint @ sHbstially shipiatting "pBagmei c h
may hol d etenpbtivpsthat S@d sheapingpdmed deatuien fort the substmamar ik, dfight4B6rOCRSE0 mby fredsally | v,
tenpl at e SO HBYpha G 50LEL B piPbt SER 268, AU LiFinded MealfiSIraEHed SRl EGS o Ll Nt ed
on it. Tigﬁgg)m?%n%’agﬁ%i%aa 'arso I ncl ude ot her substances according to

S.

wel | - known ne k : shown in Figure 33, actuators 134a, 134b, 134c
may be fixed VieERPhHRBHShgrngoremting objseampli.a Zenuirtiagitase (ot Bnse npy enecl 422 and
fl exare rdisgeebbeen hamplo @ 50aind DA sube WllotpRoviliRd dienthBA Bignrdedd CA FrEMIRRion stage

cont r ol | ey $ARl A profRinbe? BigmBint dpbiiok L%&F Enftld'Bo %ﬁﬂ?e' SR WG 1ML On Of
t he act uator s B al | ow _fgd; coarse pre-ca |IBrajt on. In sone _enbod-fln?‘rent S,
actuat ors® itﬁ’ﬁé'i‘,g%‘%ﬁ? B e FOHOR TR it Pl PricRiEHop |85 &1 alft e esbodipntss | c h
enbodi nmerirescalitrdtion payhategyred onlyayenis gevetgropdtd iy ngeidedthamsbing housi ng 120. Such
an e_nbotji u(rigs\nt Wf_ﬁ)tef&&fcéﬁotFiéﬁﬁM;ﬁ, i is%i&eﬁartﬁhfé i, :Qr%otwgﬁr]éuﬁgs %t@ L&Qfﬂoi% n the
ver thjhca . . o] Ny accuratel v. us, e system may
be 62 gpabl e&c(%sgﬁ %ﬂgﬁc?eeé/@ﬁ %E:g(gaé)?gsn %rai_en_lﬁtda_? _|pg§1 5 éla%ﬁ FERT SGhe W@%‘P%%“gﬁéf?'
control diampiL0maserlds Py () eegliedrint gogts ke 4tthet nreyidp e fopmbpy inkpgewlstenSy st em
100 may iimid nedizelandveeidenipnatida t Liernabhe Dase Hewh SintCiond 2.0Lindf12 ekl 50 so
that prechses .l td Al | nd a. .unifor D MRy
be rral nt d nedl M PR ol & kP Rl TP Mo 18 0L VBHRAP T Bl TR

Addi t i onaPiesRtR P fhe femaleey Wifeigsipcs o140 Eor Ane eisniagen Ewpesrrigidibery 3 H4datpeaaints23ed f r om
t he28ur f Sawey pfatetzbrat @Bxis debisted tartPeintfGo [Rigbitiodyp 14 w3010k represagating dttigid bodehma kidngs of

f eat ur es of i Lbides WsSkd @t.e surface. Precise alignnent and gap control may
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102 r
vacuum bet we eli‘hcf oln'én dﬁons EtPgQ %Ot rlnagr%e Balpgi}leeof Sﬁ%eo a]iigl?n?egt ;[nde grperl:is%trr?oti?n oof temglz e 1? Ouvei?ho t

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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30 the separation force. In order to support tenplate 5102 for | ateral
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of the tenphatl e whltisielsd 1R ayﬁ@s m aﬁgm w&a&e&h@&&ﬁb&%ﬁs l2RResEBiel Qchi ON
may be pr &pe%&xne%to m%r Ip%!\uldeeg sefgi%véfy co1 %hant r%vuﬁh%ha; {S,%C)ﬂ?’%mﬁﬂ{% n%(fn > lélﬂ;{]')g'r(f: 1% WQf the

tenpl ate are uncons #*"yst em
of Fi gur etighloaggyhil ﬁ%V%PWWﬁWaWe%%PWE%WmW%S@BW uction of the
curildg agent tWitteimpor thagraphefit thdy®e desisbldin tlaititail Sumprbraledy . twolleiry fARYfbe 5
undesi rabd,@ Q@ﬁﬁﬂ&@aﬂ fﬂa@nﬁsﬁmﬂ Qémpﬁalfeelsb &nqysedmia@ hwoﬁt@ﬂlﬁL@%ﬁ@s éﬂlg’wbﬁﬁy?eg&t her

cure. Thi usin ens

se or 1 raas e A 4R 5 By o B RSP Bt SPEV Hc TS H6h ded
by i ncorfsgrut magrxhibitaipotes chip” eifcgnsulingtipmicigesceievaghtiptsen Kobmberphy.oVatimmehick t he
obst r uct e€rs Gsrshowg) BG4 47),na§ WhhinaB: WBiordsRGbss @ WirfalbOof 143 GbktateChak RS Q6 la@ink hE

regi@n bejow.one edge of tenplate 5102 may be bent to cure an obstructed

11T llllllll!—

portion belowthe other edge of tenplate 5102. 10 In an enbodi ment, high
resol ution gap *CBRSHG7AEYY e e PRBAREYRSS- it pHrn ek mag byitilirg tdold fe t hat
t he m ni swbstnrtg aprlde twise inpritipe suiie tensat: ehati thel stbea |sapseflaf Glrhg thavidhghinthg droseNSi Ng
t echni queA@mump |v§bu1'in§-5]ﬁ@c 473'%3: GRRe hﬁt‘ ﬂa maaaa%etﬁr@&t mia&e ba%k Hﬁﬂé Rt @din

[ ndependentl ac tua erned face con%rol
Lo b pelterab P hPEHR ey BBtk it HhasPOt s retehe PR P dee by

ex ar"ﬁé | e, geFicend fostease prpduptiop Vlelé% iFighe ﬂSAawd My Biillystrate rerfatifingjefe@ voguenh chyck suitably Ifor

Sensi ng rthagdupodes /oty libOdadbodigen#0 M crons is to be used to anal yze the
gap, then the sk LRl Syl Wb 43 H0:5 LALEEIBEGubll & oh12: | PIRLALE Wpt h

a depth %ﬂ about reater. This may ensur

It n g
that to b é’@ﬁ‘%‘éﬂ‘“‘?‘ 45%?“@% atp H’éiﬁwf% nifiectss Vet e qthendsflsstions prsthe Sirpte durbdwar d
t he substaretsing. tAhecdunghainehdfy maebeeryyidéd se @ méanOufiplyig gapnite thesbsiatt bckeep it in

subsor at el dnt Q,a;mrg emeathepmsﬁhﬁmgapmmmeaﬂh m e SRBE HALE: vAP Ehbstfla@auy E&HP' ate
may apprQach 2, [ C when,.th VI sgous,forc
QLQe %3 QIPBQ\é%mu \%gl%xﬁ agaﬁxée the, same hme sh?ve %452 E,naoﬁoccur

equi libriumco tion ed conpres réés
when reduce the chance of particles setiling on top o

Figure 48B depicts a groove-type vacvum chuck 460 with a plurality of grooves 462 across its surface.

Grooves 462 may perform a similar function to pins 454 of the pin-type vacuum chuck 450. As shown, grooves

35 462 may take on either a wall shape 464 or a smooth curved cross section 466. The cross section of grooves 462 for
groove-type vacuum chuck 462 may be adjusted through an etching process. Also, the space and size of each

groove may be as small as hundreds of microns. Vacuum flow to each of grooves 462 may be provided through

fine vacuum channels across multiple grooves that run in parallel with respect to the chuck sutface, The fine

vacuum chanmels may be formed along with grooves through an etching process.
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20 the surface of the tenplate is in close proximty to the substrate. For
exanple, this regine may be at a gap height of about 100nm flédJaauarg R0O0S
fluid when 14kPa is applied for 1 sec to a tenplate with a radius of 1lcm
As a result, t ap may be self-limting provided a uniformand parall el
gap i s nai n?giupfgﬁf’sgAl so, a fairly predictable anount of FCI{ISHIRY be

gx peljl ed (or ](camélﬁe]?hmﬁﬂéa. tes Ehﬁaﬂﬁﬂl}tﬁfﬁgpﬁéess;f&%ﬂ oﬁﬂﬁ_{yﬁé Jﬂﬁx@mféiﬂﬁ‘k f%@taﬁg%iir Sb::e
ased on id. dy. nd .surface. phenonena cal cul ation or
ot oduct 1 ol ot g GRS ool UGS E R0 B s i B 0T
i ncl i nat i BATEnETYeRst determpipgd lopatipgsion treortihl 4k 470 gepmreducevermym Seythplcs 472 Opticl flgr der
t o acconpiioginytiive bomkdal @l poemalnid4 Geipe eieiieraé o modiemp @tied wates @@l pihed Wi th
retial e fabiksal ool 36RN HUR SRS S &ftack B HRAPANHo1AP il §emcg9ap47§ﬁs@1§' ng
t echnol ogy, ugkg_lgh n?e%m;%s) single wavel ength interferonmetry, 11
mul ti-wavel ength interferometry, iii) ellipsonetry, iv) capacitance
sensors, or v)Asgisessdgbevessanmimer eppatali0 Sembelimmintd leyy marbehiodticdf firdepinttieng
g ?pf blet Weprirt &EFRkplyeraaad SHoded Efla 15834d R6sts B te Hzﬁﬁéaﬁ%ﬁtltﬁ&naﬁ@ absbipkgpess
of filns e L pti 1 echni qu ased on_Fast
Four o 109 & B A EFP B s BleP BB RoiEE B B
spectr onet Bt Beygruelly eaviste s seRapgtionfrres Mythecpin Pl flexibleomnie g aberate.dlie serreiisg ur i ng
the gap betbeerrely htpediegyboeat.t Hamarert 1 ¥exible osplutadreybstas nupbedundsirblofonBasinng il m
t h! cknesSviedd® ﬁgﬁﬂé&oﬁuﬁﬁﬂ RAEY a].igrirde]atrr_ﬁncasg Eﬁpé@ﬁﬂﬂﬁt%@siﬂ@y subbee Y e cliHg pRAYS Y €
thi Cknessno?{)e Leu'?%rrﬁenkelalensﬂf ; h&a@'&'dselaga ntor}lﬂ:%lgge?g varlatl OI’]Q?. SO el I}—% d
average gap and Orlentation | nfor et on be‘?pweeefﬁm_i fRo R gy ke prigus
proxi m t ySuccessielly by e “gepland mafprostse At oect i pullforpeesgisillsrpied; inFigurds ¢ 9Ho ¢Bamid yoC.
pr 0dés s esA smgnd bl adgpllipfoeh i Jhustietsdl & FidufR 5082908, 2d 508, NipidécsusBegfarciidiaplad kshi NCt
poi nts thy te‘a'ih?eerJinélJHQa&:ﬁﬁ%ﬁ:ﬁo’?thehx?taﬁ‘d‘sea%ﬁ@?&éﬂ%ﬁﬁ cBsed 2P Measurenment

of . t he broad- s'ir‘ll:'cri(J |

process may based the conbination )a nterferonetry and
Fast Fourier Tra aé"fyofeﬁﬂe('ﬁflfﬁ‘fm%véﬁ' A9 510t T g, oty templtes tripsfirclerey
utilized syesite ens cerghlesebstafcy, raspertiyely, dudamidepgesithfFipmres Tieund b aidtedyaring of the substance
i nt er f er o/pdithey the BmPRA LY &bsirats 2018y 8o 4188 fntehtohdlly nlticC4RE5S500 HMMEME template 15 S 40

ex ted ' not .provide re tine. . measur enent s,
copeg) o | " Phecalah RS, WERTRY 100l 95 0 25k Cbess (T iP5 O a g
PCT/ US01/ %% £78- 1Tbp prigtivedaisral mptigp peivech foe [eppffia apd pibsrete 3may, be fpignificant duripgythe
over cone tdting lmopenoib Fhe nilsing hiiisr is foctidderloseeto | ROt hplo@-shlitEHEX BB Y Ole anglhi 0 birgedl i N
WAV € NUMD ey Ghe T8 ikt sutfi@ik¥0 & argb encblgh, BHSHatM2-may U4 V6 3mated £ 1 sgﬂs&eltzz%qfi%%ﬁ ZRy be

processed using a.FFT algorith I s novel ‘approach may yield a’clear
beak of URESHET rcatmyiof 85 aet ol mefoaiy FauFEiet ey aedetbipe G,
For 2Phe cEasér byer {8nd ubsjrely 29 withdybmeripblg thgming. nmay yiel d to two cl ear peaks
tEat ?rfa i nezrdeyma @jemneem Bethob id iNRrdddi i€ KigRs 001 508,200, ImmefjeponEgéel S8%kuE alrTb
thin fil Bk NGe FSdd Ligh QMR | re periodic I n wavenumber
(W) not wavel ene?t h I(J'}I > “such dgé_usg’ﬁ%%ﬂ%uﬁﬁd%gm{%fﬁéﬁqﬂﬁ ‘t::;,/w of a"sidgre
optical tAPHCF I FRHR? VEoH & RYte Poriting g iamitalate b7 ang subgiesic 30, (Fipgre S0A9pAn englpd . 4e
cos(47nd /pie2o z)ctuatadoqﬁa)r be in contact with substrate 20. Thus, if actuator 502 is enlarged (Figure 50B), template 12

30 may be pushed away from substrate 20; thus inducing an angle between them. A Z-axis motion between the

template 12 and substrate 20 (Figure 50C), may then be used to separate template 12 and substrate 20. An end of
actuator 502 may be surface treated similar to the treatment of the lower sutface of template 12 in order to prevent
the imprinted layer from sticking to the surface of the actuator.
In summary, embodiments presented herein disclose systems, processes and related devices for successful
35 imprint lithography without requiring the use of high temperatures or high pressures. With certain embodiments,
precise control of the gap between a template and a subsfrate on which desired features from the template are io be
transferred may be achicved. Moreover, separation of the template from the substrate (and the imprinted layer) may
be possible without destruction or shearing of desired features. Embodiments herein also disclose a way, in the
form of suitable vacuam chucks, of holding a subsirate in place during imprint lithography. Further embodiments
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1- (P12P2,3 )2 e-2" +2P1,2P2,3e-'d cos(4xnd /,1) 10 where pi,j+1 are the
reflectivity coefficients at the interface of the i-1 and i l4tlanbace2005i s
the index of refraction, d is the thickness to neasure of the film

(materi al %Wﬁfﬂg% re 52), and ais the absorption coefficient of the film
(materi al { gﬁgre 52). Here, w = |fl Due to this chaP&{lépy2#i’c,

Fouri er ah@h#&i&@maymbexafm@@&uﬁmﬁ@@hmmquemimad@ﬁﬁmangthQMﬁﬂrA&ﬂmﬁmmthe

15 functi Qlethédteofff&mﬁg&a&&a%alsﬂmﬁlafnmtf?&og}%hgke&mhéa:gprw&idt hat, for a single

thin film a c r resul t mhen a_Fourier
transf or m of R%V\%? !II% "ot hﬁ??\‘s pe ﬁescﬁfbpqe‘r"ﬁlﬁi e’%f:&‘???%% VEgy TR SHPoBEmG i%n of
t he | ocat POHPEM it #pf iendsd pldbe sepstpediip a lipiting pinge( Aasiah JodifjghiippsanAppmbigfition Gf the

W =105, , , ; jlipstadvel exhodimienksAs well a2@hef Sjbodibchtslofhedivestie, Hi vk ip@ehe b BGIRA BHA i the i C
the fr equ%ﬁ%ef&énc@to%es ﬁé:sc%bl% Igﬂ%erglﬁx lpt%d%ﬁ%e ?eQded Nafhs egc%m alélt glt IsQ ll;'al |y
efficient émls technique ney be-usef ul insitu a i's and
real -ti me™& W?ﬁ??ﬂﬁ Sei gure 34 depi cts an enbodi nent of a process fl ow
of filmthickness or gap, nmeasurenent via a FFT process of a reflectivity
signal. For multi-layer filns with distinct reflective indexes, |ocations
of peaks in FFT process may 25 correspond to |inear conbinations of each
fil mthickness. For exanple, a two-layer filmmay |lead to two distinct
peak | ocations in a FFT analysis. Figure 35 depicts a nethod of determ ning
the thickness of two filnms based on two peak |ocations. Enbodi nents
presented herein nmay enabl e nmeasuring a gap or filmthickness even when the
oscillation of the reflectivity data includes |ess than one full period
wi thin the neasuring wavenunber range. In such a case, FFT 30 nmay result
in an inaccurate peak location. In order to overcone such a problemand to
extend the lower limt of the measurable filmthickness, a novel nmethod is
di scl osed herein. Instead of using a FFT algorithmto conpute the period
of the oscillation, an algorithmto find a |ocal mnimm (wl) or nmaxinum
point (w2) of the reflectivity between wy and wf nmay be used to conpute
the period information: dR/'dw = 0 at w, and w2. The reflectivity R(w) of
Equation 7 has its maximumat w = 0. Further, the wavenunber range (Aw) of
typi cal spectroneters may be 35 larger than w,. For a spectroneter with
200nm - 800nm wavel ength range, Aw = 3/800 whereas w, = 1/800. Therefore,
the oscillation length of the reflectivity data between 0 - w, may be
smal l er than that of Aw. As depicted in Figure 36, there nay be two cases
of the locations of mninmmand nmaxinumin the Aw range, given that w= 0
is a maxi mum point of R(w). Therefore, the filmthickness can be conputed
as follows: 23 14 January 2005 WD 02/ 08835 PCT/ US01/ 22317 Case | WAD a

| ocal m nimmexists at w,. Therefore, w, = one half of the periodic
oscillation, and
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hence d = 0.5 /(wlx2n). Case 2 WN: a |l ocal maxi num exists at w2.
Therefore, w2 = one period of the periodic oscillation, andlhdanaary 2005
1/ (w2x2n). 5 A practical configuration of the neasurenent tool may include
a broad-band |ight source, a spectroneter wth fiber optics, a data

aqui si stion board, and a processing conputer. Several existing signal
processi ng techniques may inprove the sensitivity of the FFT data. For
exanpl e, techniques including but not limted to: filtering,

magni fi cation, increased nunber of data points, different range of

wavel engt hs, el Ca By be utilized with gap or filmthickness neasurenent
nmet hods di scl ose% Dﬁer ein. 10 Enbodi nents di sclosed herein include a high
preci si on gap and opi ABtAbHOAE NBaSH IBTRNpa®idied chebweeBsttapefl ats (e. g.,
a tenplate and a substrate). Gap and orientation nmeasurenment nethods

pr esent ed*Hete 3 RATEE GSe LEFP L BEB ot Blants i FHRFHeeYdmdtlry and fringe based
interfferongl i ﬁ;png .dj scl osed herein which uses
br oad- band ins'[ﬁeérrféeﬂr{o%t ?ﬁ%ﬁgng\r}tg}hggne a %slg{ vant age of broad-band

i nt er f er onet erapmlanielyy a fisghnabiikabye t biquict ircateelppriréasuc€ glags smal | er

t han about .1/.4 of the nean vel engt h_of .the_broad band si.gnal.

| nt er f er eNEe T8 ¥ KGE 648 'anJe&?%rCourfﬁbr]f e AU ﬁgeﬁu‘?%kgfeselﬁ%i ng errors
in the orientddamed dhechermpyat egsopn after it is installed I nprint

| i t hography processes nmay be inplenented to manufacture single and nulti

| ayer devi ces.PRFh§Leningydhddiatdearnedchers lter 8adsithe optical mirrors,

high resalutdop,tiolt, ;nla,ttert%e |ai;ﬂ:hi‘i&ﬂ"9§§u£’8y Bss%mfﬁag;{f%lbys form ng
a thin layer of material in certain geonetric sﬁapes on substrates. The

i nprint edchayeaprt hetkaesstlod sunewfe@anpdse edendcebenaybberdess than 1/ 4
of the mean wayel engt h of br oad- band signal, an e uniformacross an
active area. ,&yeg:lesrérg\?é‘r?tgaég’eoﬁgE)F’Blgﬁgga%%g‘ﬂﬁ? e’fﬁﬂgﬁ&:{g 1HRPCBE that it may
be unabl endrkx agdaly atebycieasutBe gaisst s A drimtabauk; 1/ 4 of the nean
wavel engt h of the broad-band signal (e.g., about 180nm. In an enbodi nent,
mi cronet er si ZAAEPFSI WiECcRVREY2BeP el e ddabetyerReifl be etched into
t he surfage, of e t-empbabec+ As pighed i [ e ps may be etched
down in the E%?rns (%f contlbnﬁousolﬁes 3701 agcrel:rrslgfllé!thl Eﬁéti g%fgat ed dots 25
3702 wherteemebsie enendmnemy herkaded tkel atkdtdets 3708nmaytbmapikef er abl e
fromtheaooi nt .of Vi ewﬁ nflxim%i.ng t he useful active area on the

t enpl at e. 2 Ve T He pat Tt het t¥plat e surface is only a few nanoneters
fromthe substdpieing bheatdgbangnt ntierdefrorRier cABY 28BS €nd he gap
accurately w thout suffering from m ninum gap neasurenent problens. Figure
38 depi ctist B iskhaharpénofhe PR ateesucdnmart 1dasény beiHer e.  Probes 3801
may al so Qg Used;i;fA1an i i configuratli u epEcted in
Figure 39. If ot & t%aﬁu? ?egﬁ%rg%gélcg'r edrgisjé@, r%ﬁg éagggggﬁrcgfnent

accur acy ey ded tierpedy édmpyatsi by fdmemgddundart cumkdr agubdd; &od
simplicity's sake, the ensuin esciptjon - assumes the use of three probes.
The step size,>WaRLEENG & ﬁaaﬁFgFEBG oJFeTQ%a%%r T8 W i945§St rati on. The

aver age dapmuiadf. the patterned area, hp, may be given as: hp =[ (h, + h2 +

h3)/3 1 - h,, (9) 35 When the positions of the probes are known ((x1, yl),
where x and y axes are on the substrate surface), the relative
2. The method of claim 1, wherein the template

alignment mark comprises a pattern etched into the

template.

3. The method of claim 1, wherein determining the
alignment comprises:

applying a first wavelength of light through the
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orientation of the tenplate with respect to the substrate nay be expressed
as an unit vector (n) that is normal to the tenplate surfacp4\‘/jahna;f§@@§t
to a frane whose x-y axes he on the top surface of the substrate. n=r
111rp, (10) where, r = [(x3, y3, h3) - (xj, Yu ht)] x ((xz, y2, h2) - (xi,
yu hi)]. Perfect orientation alignnment between two flats 40 may be
achieved when n = (0 0 1)x, or ht =112 = h3. 24 14 January 2005 WD 02/08835
PCT/ US01/ 22317 Measured gaps and orientations nay be used as feedback
information to inprinting actuators. The size of the measuring broad-band
interfero tt_{ércn&?am may be as small as about 75m For a practical inprint
Iithograpﬁ% process, it may be desirable to mnimze the clear area used
only to neasureempleatgap wHared mnehpatftiesnd wane bengtiched 11igho calusklRe cl ear
area. Further, blockage of the curing agent due to the presense of

measur enerite t 9P S ¢ HgTBEn s Rtk kPzBE. 1R §ofes 4ndeditts a schemati c
of multi- teri n at.es oL f€ L e, 4 has

| ayers 4%%%{2@%{{1% ‘ﬁlol , gﬁdnf%ii%isg%%&oggt é\geﬁggﬁ svg?%??é Oﬁc%gg&tenpl ate
4004. These amabybab tagérsandy be used to transfer nultiple patterns, one
by one vertically, .ontq the substrate surface . Each.thickness nmay be

uni f or m at theap%}%lanrg ar EXRher E9E%05Pheal rJeJrfg% hcr%f’“@z" %z‘&e usi ng |ight
beans 4006attdriab tHeegyl sshgwWiHdiati nusihkg sRiceadr hared 110 githt erf eremetry, the
t hi ckness of a top layer may be nmeasured accurately in the presence of

mul ti -1 aye@u9$s nsle Vil Lt dbtgegntorepes tiedans thicmeansbshst | ower
layer filomoaeeakhon aordiatel ¥, e gan,and Fd AN ALl AU QAL on
between the tenplate and substrate surface (or neta dlep03|t surfaces for
mul ti -1 aye? alevdarekysimytdel obtai ned by neasuring the top |ayer thickness.
The thickness of each |layer may be neasured using the sane sensing

measur enent probes. 15 It may be necessary to performorientation

measur ement angl. corTiespasichd Al ébaahi op whepeannawretAMRlafechs install ed
or a machine conponent is reconfigured. The orientation_error between the
tenpl at e #AEPBERE SOPRTARE UIORTInByPHL2RRASDF41ONE aAlpAmenter ence

fringe patdern atqt I : SMb. L e i nt depi d in’
Figure 41. For tV\% %%?%Igg? ﬁﬁ%gﬁg%ﬁg ?%%glﬁgrgngéﬁ?(rﬁ?rzlgggpggtlgre% may
appear assysifrenh|lettweek dmed pobaribandslagbt. alOyheanat tonlcahidbr ati on may

be perfornmed usinhg a pre-calibration stage as disclosed herein.

Differ entt-in% %tﬁ%?%cﬁle%IPé‘i 4 b‘éh?fé%ﬁntBhgdf’aif‘rfﬁénge%éﬁigﬁé orientation
of the tenpede vbhpriespestfinst hgosabstiabersutbacgubstahpgatihiys
approach, if no interference fringe band is present, the orientation error

may be cOTERRERA 17 DR Hsulahrate adfopneniaberkngit fsqqagit source
used. Wthalielianee 110.E gupesadof, ond SaRnddieleln ehe depheled

enbodi nents of t irst and seco exure nenber
respect i veliygnmemtnoee kdewhetreiSpew fpaiadtiyattie bifr 3t ght exapabhenber 126

may inclu a_25 plurality, of %le ure joi.nts .160 ¢ | ed to corresponding
rigid bodi eéaafg&,nglgé'ro&g xEPe JO‘TSI‘% spolll@’(f%‘?%lropgif&?ggﬂi &8
substantially different then the polarization of light

capable of passing through the second polarization filter.

5. The method of claim 1, wherein determining the

alignment comprises using a moire pattern detector.

6. The method of claim 1, wherein adjusting the
overlay placement comprises moving the substrate such that

the template alignment mark is substantially aligned with
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164, and 166 nmay formpart of arnms 172, 174 extending froma frame 170.
Flexure frame 170 may have an opening 182, which may perm t414 U8nuary 2005
penetration of a curing agent (e.g., W light) to reach the tenplate 150
when held in support 130, In some enbodi nents, four (4) flexure joints 160
may provide notion of the flexure nmenber 126 about a first orientation
axis 180. Franme 170 of first flexure nmenber 126 may provide a coupling
mechanismfor 30 joining with second flexure nenber 128 as illustrated in
Figure 43. Likew se, second flexure nenber 128 may include a pair of arns
202, 204 xtenq;qg}ﬂgon1a frang 206 Arms 202 and 204 may include flexure
joints 16 %>*%ébSH&9886P|gFaondies 208, 210. Rigid bodies 208 and
210 may be adapted to cause notion of flexure nmenber 128 about a second
orientation axis 200. A tﬁgglate supgort 130 may be integrated with frame
206 of the second TR qfefecle?s lri KBSFPARRdB2SLMANEI206 my 35
have an I it ri ﬁg§$t h_te ate 150 which
may be held igg%é%%%%%bggogbﬁgrgﬁgga%?%%, r%ﬁénﬁh'x%rg%ngﬂ er 126 and
second f|mxurernmehiEmoll28 eyl the respred & shewaubatFagere 43 to form
orientation stage 250. Braces 220, 222 may be provided in order to
facilitate joining of the two pieces such that the first orientation axis
180 and seconds or i erHatichcaXios 208iar €, skstait ialjuwstahhegenal to each
other. In such a _configuration, first orientation axis 180 and second

ori ent at i SIETHEY PHESFESEL §PMRAr pFSdt2 PamtRSheadingnapprdx@ietid y t he
tenpl ate subspgégf%iﬁggr{éﬁﬁig§é: The fact that first orientation axis 180
and second orientation 25 14 January 2005 WD 02/ 08835 PCT/ US01/ 22317 axi s
200 are orthogonal and lie on interface 254 may provide fine alignment and

gap control. ecifjically, with this rrangenent, .a gecou i ng of
orientation aﬁo'gnme © ﬂ%&oﬂaﬁgr 9?8}?a Er"?’b%é‘ﬂrhfdélluis ﬁﬁgnghﬁay be

achi eved.ovdirdyh g aeefendscenpl aseth helwg the aehahivéenpast tiren of first
orientation axis 180 and second_orientation axis 200 nmay provide an

ori ent at iR QEGE IZORAE Riy2bEcysed tle skppetal it afebicate 150 from a
substrat e, W{houts Qeg?)g%rtié]g of desired features. Thus, features

transferred fromthe tenplate 150 nay remain intact on the substrate.
Referring to Figures 42A, 42B and 43, flexure joints 160 and 162 may be

not ched shaped to provid tion.of rjgid bodies 164, 166, 208, 210 about
pi vot axes thV}ar.Ir%éﬁggﬁggPSnﬁl?ﬁ% ihi#hﬁ%ﬁ”%ﬁ%é§s§é89iBﬁeof t he

not ches. okhi:SlaGORfagumaht OBoRBYL SEHHIdR Hiwg €Br B QXNE Bohased tgidb- syst ens
for a fine decoupled orientation stage 250 having decoupl ed conpli ant

not i on aXE-tEEUeRGNPREERUPY ABRbEFRY 12 65oMPgE SRV hfogssersl éd via mating
of 10 surfagas suchthat jrotiagn gétéggg$aﬁgg%égfﬂay occur about pivot point
fﬁ?’ [ i "B and ot he

252 substanti a elimnating W ngl ng r notions that could
shear inmprinted features fromthe substrate. Thus, orientation stage 250

may precisely . nove_the t | at 0, ahout .a pi.vo oj nt 252: thereby,
el i m nates shé%%ing?%? H@gﬂggdofé%ﬁEV% 'TPKWF%1§U%EErEf%Pf%?ﬁI(MM ng i nprint
|'i t hogr aphyigriteher fhbRe hed Fgar Quidkd raie |aﬂgg9ﬂ§ﬁ@a%&iép19ifs§y5tem 100, a

[

Z-transl ation stage (not shown) may control the I stance between
t enpl at e SYHCAAA Ct HECBEBEL ¢ atERGThARd phevednngeberminind diheal i gnnent. A

pre-caliQﬁgﬁ%ﬂ%n§tggethe 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.

12. The method of claim 1, wherein adjusting the

3z o




260 may performa prelimnary alignment operation between tenplate 150 and
the substrate surfaces to bring the relative alignnment to w4 Januahe2005
notion range limts of orientation stage 250. In certain enbodi nents,
pre-calibration may be required only when a new tenplate is installed into
the machine. Wth reference to Figure 45, therein is depicted a flexure
nodel , denoted generally as 300, useful in 20 understanding the principles
of operation of a fine decoupled orientation stage, such as orientation
stage 250. Flexure nodel 300 may include four (4) parallel joints : joints
1, 2, 3 and 4, that provide a four-bar-1li.nka sgﬁten1.in it om nal and
ot at ed GO AFGRECHET RETBTOSHay" PA¥s Yhotgn T BFHPLOS &t D1 Li ne 312
may pass gduiigied jreinplleard 8pdafpl Mgh esn selafhihgrayrbe el geted so that
the conpliant alignnment (or orientation axis) axis lies substantially on

t he tenpl el &oLtdesr PacEhesRat Forned feetgtiadift-at i on changes, rigid body
314 between Joints 2 and 25 3 may rotate about an axis depicted by Point C.
Ri gid body 314 nay be representative of rigid bodies 170 and 206 of

fl exure nenberk3 1Zhamktiz8l cdébehbingla skeeoanth fddpuertd ngomphenent

orthogonal |y onto.the first one, (as depicted in Fiqgure. 43 Y, rovide a
Gevi oo wTITTAY RICHEBPBH GPRRRESE ch CRaCS Fe 31 BoBSLHONGNaIThS each

ot her angdtitereied hemphiampl, alBesubst 1 edindryfage o254neThattbexane
conponents nmay be adapted to have openings to allow a curing agent 30

(e.g., WiSHHIte ¢rgasd teRedull the aripblcatears@l fieecer fepmagton st age 250
may be capahl fi. i t (o i 150 with
respect to atgﬁggifgggp%%ggggﬁg,a?ggagéfe%§§??%%.ggﬂﬁgﬁkgﬁﬁkﬁg%dlead to
negl i gi bltenmtadreal notion at the interface and negligible twi sting notion
about the normal to the interface surface due to selectively constrained
hi gh structural stiffness. Another advantage of flexure nenbers 126, 128

with flexure jointsrHSGe i My e itrhat, thedrdimy olerddrdenenafe particles
as frictional joints may. This nmay be an inportant factor in the success of

an i npri LIRS SR T BT P lasinshran Anesl ey e igdtt iteultde y harnful to
such ProGesssmdliechible nehd (L 1N a0k eaBedigepLs present ed

her ei n y require t ity of a gap sensing ne capabl e of
measur i ngcanaldedqgayis aoffirhe naterial H@Dwhareineshebealvganehhend elapl ate and
substrate. uch a gap sensing net hod y require a.resolution of about 50
nanomet er's, TSN LY PABAFEY LTS e oL G g ey 036 EEAHANUERY 2005 VIO
02/ 08835 Rl/{4SQY 223LFiRe, Phpvh desk | phidhrdd PRmpPEeY| di;Agrgap SeNsi ng in
real -tine may allow the gap sensing to be used to generate a feedback

si gnal t diady waidy seepndomataeiaks RErybgtandd addodirapAParamt fiexur e

menber hayj ti onpl i . Qr.ovj F X I Fi gure 46
dopi ot s L1 SeBRTEKEAOTR! RBREra Rl i S roothr B Pl Eynni i

act uat or sndriwieared nmehibe sed60d Nyt dei a 5 prandiidesd an bhadysesdadndtlexur e
menber to_form an ac&ive or%ggtation st.age xure nmenber 400 nmay generate

F
pure til VY MO 8REWFERIN t et S 2R §°a$hFhBaF§ﬁﬁP§F%-substrate
interfaceemlfsidge such a flexure menber, a

15. The method of claim 1, 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 tempiate alignment mark is substantially transparent to

the activating light.
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single overlay alignnent step may allow the inprinting of a layer on an
entire sem conductor wafer. This is in contrast to overlay # uJgnoant 2005 h
coupl ed notions between the orientation and | ateral notions. Such overlay
alignment steps may |ead to disturbances in X-Y alignnent, and therefore
may require a conplicated field-to-field 10 overlay control |oop to ensure
proper alignnment. In an enbodi nent, flexure nmenber 250 may possess high
stiffness in the directions where side notions or rotations are
undesirable and |ower stiffness in directions where necessary orientation
notions are desirable. Such an enbodi mrent may provide a selectively
conpliant device. That is, flexure nenber 250 may support relatively high
| oads whi |l e aché eviTige prioplesd o6 £ est athon, kivRerst hcappetagnthie tenpl ate
and the supstrate. 15 Wth inprint lithography, it nay be desireable to
mai nt ai n &l @hi ¢ oF P Yapobei dBenlt WBenEUPEy RSt CotPrices ddispensimge

tenpl ate @and }f§u§&b§ fate) lIEthﬁgﬁeﬁéngay be made fromoptical flat

gl ass using el eCtron beam Flt ography to ensure that it is substantially
flat on the bottom The substrate (e.g., a sem conductor wafer), however,

may exhibit a .'potato chip". effect .resulting in m-cran-scale_varigtions on
its topographyypva ?HW%§H§9<OﬁZ?ga%QSESh%%ﬁg?+PFﬁ ¥§Q?7%%ené§qﬁfaninate
vari ati ongo aeosmbdtsatbaeemptisde S AlRy that 1AgMiQceuenh dyuri ng 20
imprinting. Vacuum chuck 478 may serve two prinmary purposes. First, vacuum
chuck 47 56 spEnisicZed 20 RBF BheRecomRibist g @9V gl 48€ during inprinting
and to e : te.s S il L REr LpLi ng process.
Addi ti ona Esn%ggiaﬁgghgggﬁ%%g ﬁ%y£g%s{£%£%ﬁggﬁﬁggﬁgrﬁrcggskgée present on
t he back fquitk isubstingt elicurdmapd processing.a Thisdeaweyribenedpeci al | y

i nport ant t@ i€$rint | it hography, as particles may create probl ens that
ruin the WeWice and decrease production yields. Figure 48A and 48 B
illustrate variations of a vacuum chuck suitable for these purposes
according to two enbodinents. In Figure 48A, a pin type vacuum chuck 450 is
shown as havi ntf a |Ey@athwseriorlpifsl 45gherein anpdivilagedhet hat vacuum

chuck 450, 1oy £ligmnal 8ubBeLatO Cltpr &l ealpeas el Enas: ahlies ek ecti ons
on the substrate during processind. vacuum channe 5 y be provided
as a nears Dfuigppliicegseacuanut Hut tiee s ubxstpaitse rigo mogdpgi thien 30 pl ace. The

spaci ng be en .the .pins 452 be majntained such that the substrate wll
not bom1§ﬂ%§§ﬁﬁ?@aﬁl FSﬁPe?Egg?og%% 4 ﬁﬂ%ﬁﬁ&ghwgééﬁuﬁ?%hannel 454,
At the sameptidm,s bhenyl BS spEnBEASt45dr&Bye be Sra@ldtanaway to reduce the
chance of particles settling on top of them Figure 48B depicts a

gr oove- t \pE- WA UURNCh e 24D Whehpaepe e ahingd dPatrovds #6P3aEEs8s its
f ) f . Sl i . pi 4_of th
A S L N Y

pi n-type vacuum chuck € on either a
wal | shapen 464 drigqaisinebth the vest tenssd seotplened@éntihesctbss secti on of

grooves 462 f.0 roove-type vacuum chuck 46 be adj usted.through an
o oning risuel A RRE R RE At el ere AT SRR ae Ry cBEotS sl |
as hundr e@s DfsgicoRSs1a¥aedum fl ow to each of grooves 462 may be provided

through fine vacuum channels across nultiple grooves that run in parallel
with respect to the chuck surface. The fine vacuum channels may be forned

along with gr oy es ItHH %Jsgalc%] C?E C@i&ﬂn%?%ﬁéxeﬂ applying the
liquid to the substrate comprises dispensing the liguid
with a fluid dispenser, and further comprising moving the
substrate with respect to the fluid dispenser while the
liguid 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
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14 January 2005 WD 02/08835 PCT/US01/ 22317 Figure 47 illustrates the
manuf act uri ng process for both of pin-type vacuum chuck 450 bhdaguany200ype
vacuum chuck 460. Using optical flat 470, no additional grinding and/or
pol i shing steps may be needed for this process. Drilling at determ ned

| ocations on the optical flat 470 may produce vacuum fl ow hol es 472.
Optical flat 470 may then be masked and patterned 474 before etching 476
to produce the desired features (e.g., pins or 5 grooves) on the upper
surface of the optical flat. The surface of optical flat 470 may then be
treated 479 i.ng .. wel | -known_nethods., As di scuss abogve, separation of
enpl at e ST oo SURSACRL BUCT ager ChayP b S TeH (TR nal step 1 the
i mprint |ithography process. Since the tenplate 150 and substrate nay be

al nost perfectly parallel, the assenbl¥ of the tenplate, inprinted |ayer,
and substrate Zf-%adsm%% e e Cadn i aimy L unvhreFed & diftEdtl Bé@eéhenear opti cal

flats. Sﬁt%%rfeg%ﬁ%fﬁ%ggyffféu%é ysﬁkgi’&}}a{t% a4 ar ggagggar ation force. In

t he case e tenplate or su rate, the Separation nay be nerely
a "peel i merotesship Hooevach atheexcbimpriersplkate or substrate may be
undesirabl e fromthe point  of Lew of high-resol ution overl lignment In
case of quar t BTHDIAS s PR R RSP PRI S (HEF padia SGPp e Ty not
be i npl ermid ed easily. However, separation of the tenplate from an

inmprinted | ayer may be perfornmed successfully by a "peel and pull”
process. A fi rmvigee/then@asliprngrotesrlake | toumtt dihed SWpstirgtifes 49A, 49B,

and 49C. Jn #A second . peel -ande PuhLnBE 0fESRH Sddd, Ushiaked tReFi gures SOA,
50B, and 50C. A process to separate the terrpll ate from the inprinted |ayer
may i ncl udienaid arbith&t isohsttathestibssantaiml second spekle grd pal ther ocesses.
For clarit reference. nunerals 12, 18, 20, .and 40 are used in referring to
the tenplRRE STetheFBP PGers el Fal @ HiF QUbSire Gabst ance,
respectively, in accordance with Figures I A and 1B. After curing of the
substance 40, either the tenplate 12 or substrate 20 may be tilted to

i ntentional | y 4 hducesameddigce 05001 BéRwbenheiks e Msisditd o12ngothAd substrate

20. Oie ﬁﬂe@éeﬁ aﬂ%ﬁ%?%ﬁ%‘ﬁb%%s&%gﬁragemﬁ gu%ggégd Substrate 20 is

hel d in ace by vacu e relative teral notion between the
t enpl at e ¥l anidrsiilist tat ea2h ovlyebecomysiigreisf poantidoinggthdie tilting

notion if the tiltin xis is located close to the tenpl ate-substrate

i nterfacd?® éleééﬁgpg@!éebﬁgv%e SHEMS elffsaﬁgagugg?&at%&gMS | ar ge
enough, teml alre Buimrdre separated fromthe substrate 20 using only
Z-axis notion (i.e. vertical notion). This peel and pull nethod may result

in desired features 44 being left intact on the 25 transfer |layer 18 and
substrate 20 w4 ho u i.rahl-e r{n C : .and Il method is
illustrated i \rllﬁ I gu%rheesrﬂ%% ,Od5§|fB:, ngﬁg }hg?}hégf%?c?r%%‘lggg’ lgﬁdtgﬁl | et hod,
one or nmyxtErexd aetmpdboesadd2thmysuistmsealined adpaegnt to the tenpl ate.
The one or re piezo, actuators 502 may, be used to i.ndu arelative tilt
between CEHAHCEETI0aRE SaBGt P ake 2R i BSOAFICRATENGST  piezo
actuat or A2 amedoechnpleent agt a Wl sastaiate 2Qa11BUSoribnagt tat or 502 is
enl ar ged (Flﬁglure 50B), tenplate 12 30 nmay be pushed away from substrate 20;

t hus i nddet dgcas Wdsgir@tset ween them A Z-axis notion between the tenplate
12 and substrate 20 (Figure 50C), may then be used to separate tenplate 12
and substrate 20. An end of actuator 502 may be surface treated simlar to
the treatnment af. t Mthd awerhoglunffaceadh 1enphateird Zdparertdery thepr event

patterned template from the cured liquid comprises:

moving the template to a substantially non-parailel
orientation; and

moving the patterned template away from the

substrate.
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the inprinted | ayer fromsticking to the surface of the actuator. In
summary, enbodi ments presented herein disclose systens, proce4danuang2005
rel at ed devices for successful 35 inprint |lithography w thout requiring
the use of high tenmperatures or high pressures. Wth certain enbodi nents,
preci se control of the gap between a tenplate and a substrate on which
desired features fromthe tenplate are to be transferred nmay be achi eved.
Mor eover, separation of the tenplate fromthe substrate (and the inprinted
| ayer) may be possible w thout destruction or shearing of desired
features. Enbodi ments herein also disclose a way, in the formof suitable
vacuum chucks, of holding a substrate in place during inprint |ithography.

Further enbodipents 28 ketluarty c268f YWD QREPSBISIRCHASRYN2E317 i ncl ude,
a high precision X-Y translation stage suitable for use in an inprint

| i t hogr apk§PRYAteRconRTdisesoakl Last ngettp deadfures: hag and teeatihmy a

sui tabl e japrifpt; | ithography tenplate are provided. Wile this invention
has been described wth references to various illustrative enbodi nents, the
description is not intended to be construed in a limting sense. Various

nodi fications dc i nat.i.o f the jllustrative enbodinents as well as
ot her embodi ments of %@%W@ﬁ?%ﬁ?awdr e&ﬁ&é’r&ﬁ? FBI%%E:JOC% killed in
the art upRIriRieEENceabd shiR: deseiirgkl 0Bss!| thas, atder ef5y exn i1t ended t hat
t he appended cl ai n8 enconpass arty such nodifications or enbodi nents. 29

14 JanuarSi200H @altis pettarpethbempiatorhs merepsdecdedFosnthesubst rat e
using a ggﬁféaryyﬁJggﬁplate that is substantially transparent to curing

| ight conmprising: applying a light curable liquid to a portion of the
substrate, wherein the light curable liquid is curable in the presence of

curing light; sitj.oning.th tterned tenplate and the substrate so that
the appl i ed |i%§1 d fb%é‘ﬁ%rﬂ‘%"gﬂ%ﬁ P ’twggéﬁbnbgf%\%% 1R%etFat t er ned

t enpl at e paek dhee s ulsiglate, sdet ensi Bupgtkhte alh ghnepcf the tenpl ate
alignnment mark with respect to the substrate alignnment mark; adjusting

the over | %L PHsueem t6f SBRE pahesr AEEPEEAPPate with respect to the
substrate SUCD@égﬁﬂiéﬁﬁig-%%%DE%E%thbgnggﬂﬁlgﬁéko@@ﬁ {he SHstrAaLe

al i gnnent mar
wherein the patterned template is substantially nonparallel

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 patterned template is in the spaced

relationship to the substrate.

27. The method of claim 1, wherein the substrate

comprises silicon, gallium, germanium, or indium.

28. The method of claim 1, wherein the substrate

comprises a dielectric material.
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are substantially aligned; applying curing light through the tenplate to
the 1liquid, wherein the application of activating |ight substantiapt 2§05
cures the liquid, and wherein a pattern of the patterned tenplate is
formed in the cured liquid; and separating the patterned tenplate fromthe
cured liquid. 2. The nethod of claim1, wherein the tenplate alignnment
mar k conprises a pattern etched into the tenplate. 3. The nethod of claim
1, wherein determning the alignnent conprises: applying a first

wavel ength of |ight through the 30 0 14 January 2005 patterned tenplate,
wherein the first wavel ength of |ight causes the substrate alignnment mark
to be in focus and the tenplate alignnent mark to be out of focus with

respect to arp@nalysd smé@dd @NcBPRL Yi NOiiee SeCONchavamed engide of | i ght
through the patterned tenplate, wherein the second wavel ength of |ight

causes t H&OHRTHIRT 3@ T lghnetdPrisi ke 1 05 bl ¢ fHesidihd e substrate
alignnentpéﬁyggff%dﬁq out of focus with respect to an analysis tool. 4. The
met hod of” claim 1, wherein determning the alignnment conprises using a

pol ari zing light alignment tool, and further conprising placing a

pol ari zing filter stem between the pol arizing light alignnmept tool and

t he patterned ﬁ@hpliﬁézm%ﬁﬂﬁ i t?ﬁ?ﬁﬂﬂ%ﬂi%ﬁ?ﬁfﬁhlq Palfg onpri ses a
first polwgdmgidwe fddderi sdbshatdial |y oriented over the substrate
alignment mark and a second polarizing filter substantially oriented over

the tenplate alignnent mark, wherein the polarization of Iight capable
31. The method of claim 1, wherein the patterned

template comprises indium tin oxide.

32. The method of claim 1, wherein the liquid comprises

an ultraviolet light curable composition.

33. The method of claim 1, wherein the liquid

composition comprises a photoresist material.

34. The method of claim 1, further comprising:

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

36. 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
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of passing through the first polarization filter is substantially
different then the polarization of Iight capable of passingl4danugiy 2085
second pol ari zation filter. 5. The nmethod of claim1l, wherein determ ning
the alignnment conprises using a noire pattern detector. 6. The nethod of
claim1l1, wherein adjusting the overlay placenent conprises noving the
substrate such that the tenplate alignnment mark is substantially aligned
with 31 0 14 January 2005 the substrate alignnment mark. 7. The method of
claim1l1, wherein adjusting the overlay placenent conprises altering the

angl e of the atterned F%gglatq%mﬁth res é}to the.@ubstrat .. 8. The

met hod of "1 &1L Aufer 8 it usHS gt Fife © %\% Fay* BHad ehentu i ses

al tering the i mensdons off theingatitiehred tenplate. 9. The nmethod of claim
1, wherein adjusting the overlay placenment conprises altering the

di mensi ons of Rt pabriegnthet eRpltar@ssy @iy ane FRAPELASGre of the
patterneq,deplatgr 1R Lhgsethod &Iaﬁ'ﬂ&dﬁ@ lth&hgéﬂgrﬁ@ldust' ng the
the dimensions o

overl ay acenent conprises altering the patterned
t enpl at e tymappt i ngnbacoapaessesstfarpertboatof| ehast Lagpodti on of the

patterned,tenpl ate. . The net hod of claim wherein t tenpl ate
T ot Sth PR i (T [HRAT o u e Sy T Aot i ¢
shapes, afshpWesed N dedn Y RA ilReent! EPRENANOTwhdes B itgrment-siar ks
conprises determning the centers of the substrate and_tenplate alignnment
mar ks, adﬂﬂjédﬁbéﬁiﬁ%etﬁébﬁééaﬁﬁoﬁO@@r%$ﬁ§cﬁﬁﬁQ?SUﬂat@hélﬂgﬁﬁﬁate al i gnnent
mark to g@gﬂ%pcation of the center of the substrate alignnment mark. 12.

o

The net ho “claim 1, wherein adjusting the
determining the alignment of the template alignment

mark with respect to the substrate alignment mark;

adjusting the overlay placement of the patterned
template with respect to the first portion of the substrate
such that the template alignment mark and the substrate
alignment mark are substantially aligned;

determining the calibration overlay placement of the
patterned template with respect to the substrate; adjusting
the spacing between the patterned template and the first
portion}of the substrate so that the applied ligquid
substantially fills the gap between the patterned template
and the substrate;

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 ligquid
on the first portion of the substrate such that the

patterned cured liquid is formed on the first portion of
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32 0 14 January 2005 overlay placenent conprises altering the dinmensions of
the patterned tenplate by applying an elongating force to al4 Janaaty 2005
portion of the patterned tenplate. 13. The nethod of claim1, wherein
adjusting the overlay placenment conprises altering the dinensions of the
patterned tenpl ate, wherein the dinmensions of the patterned tenplate are
altered by the application of force fromat |east one piezoelectric
actuator coupled to the patterned tenplate. 14. The method of claiml,
wherein determining the alignnment conprises applying an analyzing light to
the patterned tenplate, and wherein the patterned tenplate is conposed of
a first hgg%r?%?sgg%t%herein the alignment mark is forned by depositing a
second mat eri adpp X fierenrt 1ficoay tbeaf sesbndvsertdn damet he patterned
tenpl ate, wherein the first and second materials are substantially

t r anspar efitPt'oFatie wavel ength of activating light used to cure the Iiquid,

and wherein t At ey | e I rk . t he
anal yzi ng Iigﬂ?j?gggggfﬁgdgﬁ%a%ﬁ@ﬁggFgeéﬁgg Eggn%%ggéa %QF%+ﬁgh§gfhod of

claiml, wherstlpnsdeaeem ning the alignnent conprises applying an anal yzing
light to the patterned tenplate nd erein the tenplate alignnment mark
conpri ses a plﬁﬁ% ?F?gﬁpgeggﬁeﬁqqﬁlﬂy¥ghﬁc%%?ngsog t Fffﬁ%ﬁQ%hQ%rat!ng
toward theempabyai ngchi dolspaand whefies nsetbadt papkalbe, dJd wHent mark is
substantially transparent to the activating light. 33 0 14 January 2005 16.

The net hot Pt E1ef ¥, nakeheFheappl yPRGTERE OFign@teend portion of the
substrate comydfgs HFRERSIPMAcihiepbiubd Yhihpac fLiidy di spenser -

and
' the second portion of the substrate so that the

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 patterned cured

liquid is formed on the second portion of the substrate.

37. The method of claim 36, wherein the template
alignment mark comprises a pattern etched into the

template.

38. The method of claim 36, wherein the readjusting
the overlay placement of the patterned template with

respect to the second portion of the substrate is
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17. The method of claim1l, wherein applying the liquid to the substrate
conprises dispensing the liquid with a fluid dispenser, andi4Janbary 2005
conprising nmoving the substrate with respect to the fluid dispenser while

the liquid is being dispensed to create a predeterm ned pattern. 18. The
met hod of claim11, wherein applying the liquid to the substrate conprises
di spensing the liquid 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

pr edet er m ne attern.is.a pattern. that is .configured to jnhipit the
Pormt | orPot o el e REL R B PR aPEe FhBat PERSE o

cont act s dhegnidrauinth18s wile pakbectedot enPl alss i s wisiyhatatamngreri ent ed
in a spaced relation. 19. The nethod of claim 11, wherein applying the
liquid toPR S It Fst @o¢édpRi-ses dispensing the liquid with a fluid

di spenser, and further conprising noving the substrate with respect to the

fluid dispenser while the liquid is being dispensed to create a
pr edet er mi ned 3pat t Bra, meiivbdniodr eilpinha6 pr Edetlermigregmpatingrn is sel ect ed

such that ,the liquid fills_the in_an substantjally 34 0 14 January
2005 equal® to e S gcgfgrgésg?£%$ﬂ§ﬂ§éfﬁér d S Bﬁ%Fﬁ%E.W %' The nethod of
claiml, whageit qa03Hd @einpyatBearpatt eidetehEniatie aadithensybstrate in a
spaced relationship to each other conprises: positioning the patterned

t enpl at e QT TIROTEUBSLTLA0B; CAnBNADTRAGE e pat t erned tenpl ate toward the
substrate until the spaced relationship is achieved, wherein the Iliquid

on the substrate substantially fills the gap as the
40. The method of claim 36, 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

applying a second wavelength 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 mark to be out of focus with respect to

an analysis tool.

41. The method of claim 36, wherein determining the
alignment comprises using a polarizing light alignment tool,
and further comprising placing a polarizing filter system
between the polarizing light alignment tocl and the
patterned template, wherein the polarizing filter system
comprises a first polarizing filter substantially

oriented over the substrate alignment mark and a second
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patterned tenplate is noved toward the substrate. 21. The nethod of claim
1, wherein positioning the patterned tenplate and the subst14tJanuarn2005
spaced relationship to each other conprises positioning the patterned
tenplate at a di stance of |ess than about 200 nm fromthe substrate. 22.
The nethod of claim1, wherein positioning the patterned tenplate and the
substrate in a spaced relationship to each other conprises positioning the
patterned tenplate in a substantially parallel orientation to the
substrate. 23. The nethod of claim1, wherein separating the patterned

tenpl ate the cured |liquid,.conprises: noving the t lLate.to a
subst ant i %‘%fg}lnzolnr} agrlgiqﬁeé:l %ukrsitgﬁt%g?#gﬁ; Oﬁhﬁn%‘gi%‘é’eﬁ htg{%é:tefr@llﬁgﬁ t enpl at e
away fromlhgnmenbsiaad,e whddednl4hdapuanyi2005or4er Thegwethgshife cl ai m 1,

wherein the patterned tenplate conprises at |east sone features that are
| ess t han®T 289S#iRY nFisjongh J8ie figskePRédrérattannfiltobetein the cured

liquid c 1 ; St e SR u . abo : min size
after the%@ﬁ%ﬁleﬁht%ﬁ%sﬁ;e I'S stZ%tgr gﬁ%dbgﬁgﬁigﬁgl&gu%dﬁﬁ%qﬂi d. 26. The
met hod of capalhie 1of wersging dhirenghngheheecpad t By lved 2gnipinatfe lard.t he
substrate in a spaced relationship to each other conprises: positioning
the patterned tenplate over the substrate, wherein the patterned tenplate

i's substantial4y. nomparmddield dfo cihensybst Rk £e1m¥E RGntika ngather ned

tenplate toward the substrate, wherein the patterned tenplate renmains in a
Substanti%ﬁ}%nment comprises using a moire pattern detector.

43, The method of claim 36, 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.

44. The method of claim 36, wherein adjusting the
overlay placement comprises moving the substrate such that
the template alignment mark is substantially aligned with

the substrate alignment mark.

45, The method of claim 36, wherein adjusting the
overlay placement comprises altering the angle of the

patterned template with respect to the substrate.

46. The method of claim 36, wherein adjusting the
overlay placement comprises altering the dimensions of the

patterned template.
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non-parallel orientation with respect to the substrate as the tenplate is
noved toward the substrate, and orienting the patterned tenpilétianuarna2005
substantially parallel orientation to the substrate, wherein the patterned
tenplate is in the spaced relationship to the substrate. 27. The nethod of
claim1l1, wherein the substrate conprises silicon, gallium germnium or
indium 28. The nethod of claim1, wherein the substrate conprises a
dielectric material. 36 0 14 January 2005 29. The nethod of claim1,
wherein the substrate conprises quartz, sapphire, silicon dioxide, or
polysilicon. 30. The nethod of claim1l, wherein the patterned tenplate
conprises quartz. 31. The nethod of claim1, wherein the patterned

tenpl ate conprises imd wdthod oXi deaid236 ThendmihpddaghiseiaymAe Wherein the
l'iquid conprises an ultraviolet Iight curable conposition. 33. The nethod
of cl ai mAVeRY SIRITHENT aMBriedfposie ol dovprigessacphodbr e st
”ater'al-?§€teghédn?éﬁﬁga95 B&ahmkériﬁﬁrkﬁ%rt%ﬁ%%@d%d%& oétyﬂg ng a

transfer Tayer on the substrate prior to applyi the Tiquidto the

substr at epatapereedhtagpl ket ransfer | ayer after separating the patterned
tenplate fromthe substrate, wherein etching the transfer |ayer inparts
the pattern to the transfer layer. 35. A device nade by the nethod of claim

1. 36. A nethoggof Tis Midtthcd lgPeaked P8} t@idroih adisMshiataeusi ng a
patterned tenplate that is substantially transparent to curlnqyélght
conpri si el BlRGeRSPLgREMRLE 8BF 2 1 JUiTY ttheadimessipostobrt

patterned template by applying a compressive force to at

least a portion of the patterned template.

49. The method of claim 36, wherein adjusting the
overlay placement comprises altering the dimensions of the
patterned template by applying an elongating force to

at least a portion of the patterned template.

50. The method of claim 36, 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 36, 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
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37 0 14 January 2005 the substrate, wherein the light curable liquid is
curable in the presence of curing light; positioning the pal4danadry 2005
tenplate and the first portion of the substrate such that the patterned
tenpl ate contacts at least a portion of the liquid disposed on the
substrate, wherein the patterned tenplate conprises a tenplate alignnment
mar k, and wherein the first portion of the substrate conprises a substrate
alignnment mark; determning the alignnment of the tenplate alignment mark
with respect to the substrate alignnent mark; adjusting the overlay

pl acenent_of the tterned te h%te W th respect. to.t.he first portion of

t he subst?%ﬁ%fp%ﬁéﬁ% tHat" ehgagg PaFR %fi%ﬁ&i&ﬁt%ﬂﬁ'Ql & PﬁgdsEBStrate

al i gnmentcumes koray € isulast, anhidalvhy rak hgoed; ssleded maidia sihereau-Bsashon
overlay placenent. of the patterned tenplate with respect to the substrate;

adj ust i NP heE g Mg b ehiRBe hRENBNPAY E ErFiebl Senplsatt@rdid@ct ke £hest

portion qgagggrﬁg@sgéﬁ%§a§g_that the applied liquid substantially fills
the gap between the patterned tenplate and the substrate; applying

activating light through the tenplate to the 1liquid disposed on the first

ortion of th bst.rate erein the lication, gf activati | i ght
gubs;antiallyGS%Ere h%tﬁ?ﬁh%ﬁh%f éﬁafﬁeB?PpﬁéefﬁéQi %ﬁmlphégstggtr;?e, and

wher ei N aa Piagrin@irit Qlomphe spat 48 ethd el a8 vizS nlyonAgdti fo the cured |iquid,
separating the patterned tenplate fromthe cured liquid on the first
porti on dfettfRFrnfthemeletsucAnehuberain g i@ teurdd Inmgot dmasks or ned on

the firstcRQutiQuy %Tp%%rgll%yJQ?UQEXhé%xE%nes that act as a

diffraction grating toward the analyzing light, and wherein
the template alignment mark is substantially transparent to

the activating light.

53. The method of claim 36, wherein applying the
liquid to a portion of the substrate comprises dispensing

the liquid with a fluid dispenser.

54. The method of claim 36, 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 36, 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 a pattern
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the substrate; applying the liquid to a second portion of the substrate;
positioning the tenplate over the second portion of the sub%4dJdanaary 2005
readj usting the overlay placenent of the patterned tenplate with respect
to the second portion of the substrate to nmatch the calibration
orientation; adjusting the spacing between the patterned tenplate and the
second portion of the substrate so that the applied |liquid substantially
fills the gap between the patterned tenplate and the substrate; applying
activating light through the tenplate to the Iliquid disposed on the second

portion o he, substr.ate erein the pLication of. activatli | i ght
substantié.%% l%Lﬁ%ﬂﬁﬁq%géfiggianéﬁbfﬁet gctﬁﬁ??ﬁﬁ?q(ﬂ$ @Friﬁgkbgggtrate, and
wher ei n aipatheringafid hepather padttenpd at @npBatfordmatddts the cured |iquid;
separating, the patterned tenplate fromthe patterned cured |liquid such
that the pst4d? fd [F SR IRLHEAd L PRPE BF Aredn @ s WITe e R Sp oLt EBReEf t he
substrate;n 37.shedethed s@h _claim 36, wherein the tenplate alignment mark
conprises a pattern etched into the tenplate. 38. The method of claim 36,
wherein the readjusting the overlay placenent of the patterned tenpl ate

W th respect to th ggcoq%Fp %?ioq of h%g sHbstrate is 39 ghi4 January 2005
performed withoUt dete ﬁg h&-arH"grrten %?ei%eaQQ;%ﬂQ% Cal i gnment mark
W th resperjuid themsubsbsaratal ceRpENte bl kspik it tyecandupartion. 39.
The net hod, of claim 36, further conprising o

with a fluid dispenser, and furthér 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.

57. The metheod of claim 36, wherein positioning 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.

58. The method of claim 36, 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 the substrate.




determ ning the X-Y displacenent of the substrate with respect to the
tenplate after the tenplate is positioned over second portibhJahuahe2005
substrate. 40. The nethod of claim 36, wherein determ ning the alignnent
conprises: applying a first wavel ength of light through the patterned
tenpl ate, wherein the first wavelength of |ight causes the substrate
alignment mark to be in focus and the tenplate alignnent nmark to be out of
focus with respect to an analysis tool; and applying a second wavel engt h of
i ght through the patterned tenplate, wherein the second wavel ength of

i ght causes et I [ t. rk to be.in focus and the substrate
al i gnnment mar kg?b b@q%ulﬁé‘%qoa# o%gﬁv%lf“hn%ﬁésgggfef’% p%%ltajn%ﬂw %ol . 41.
The met hoshoferiad Madpl aeeaidntiet enpsbirage the a alggywent conpri ses using
a polarizing |ljight alignnment tool, and further pqnppisin%gplacing a

pol ari zi g~ ¥4 F1 BB temSas8t REBRTt Ag™pbt 39T ANY HigHmgathgnnent tool and
the patt sned: teumplake whensl 8 Lheopoharizi Ag.Jilien Syskem, oapprises a

first polarizing filter substantially orien over the substrate

al i gnmenttoratthe anb st seocond 40 0 14 January 2005 polarizing filter
substantially oriented over the tenplate alignnent mark, wherein the
pol ari zation of |ight capable of passing through the first polarization

filter is subs¢@ntisheé ymatifderantcithen3thevpetalh zadpomioing itght capabl e
of passing through the second polarization filter. 42. The nmethod of claim
36, wher &Pt EThi bR 2t%e TraM Ghfeftrednbiisikl qp5Ig s&Sivire pattern

detector. 43 dhesfptiied hpobbm 30, yhsseltt {9} GRRLBLEa1 BLignent mark
and the substrate alignnent conprise
orientation; and

moving the patterned template away from the

substrate.

61. The method of claim 36, wherein the patterned
template comprises at least some features that are less than

250 nm in size.

62, The method of claim 36, 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.

63. The method of claim 36, wherein positioning 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 nonparallel
to the substrate;

moving the patterned template toward the substrate,

wherein the patterned template remains in a substantially
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symmetric geonetric shapes, and wherein determining the alignment of the
al i gnment marks conprises determning the centers of the subétUanuanad@05
tenpl ate alignment marks, and conparing the |ocation of the center of the
tenplate alignnent mark to the location of the center of the substrate
al i gnment mark. 44. The nethod of claim 36, wherein adjusting the overlay
pl acenment conprises noving the substrate such that the tenplate alignnent
mark is substantially aligned with the substrate alignnent mark. 45. The
met hod of claim 36, wherein adjusting the overlay placenment conprises

altering the angl f the  patterned, tenplate with respect to the
substrate?OQGQaéééié%ﬂqﬁi?n§ﬁ%69§iW%g%,r FEf n-adj tq4§§%ﬁ%§e 8er | ay

pl acenent tig@mpnses AlilecRedt hewdiraenstonshof rkhe, patiterned tenplate. 41
0 14 January 2005 47, The method of claim 36, wherein adjusting the

overlay placenehitSeohp?ises mrterirel theralabhsiom of the patterned
tenpl ate Qdkféiéﬁwﬂ%hﬁaﬁﬁ%} el ile t@?tf%%r deplate. 48. The

met hod of clalim 36, erein adjusting t ove placenent’ conpri ses
al t eri ng wherelimense opst oérnédd tompiaraeds t enptlat esgryceappl yi ng a
conpressive force to at east a_&g%tion of the patterned tenplate. 49. The

I
met hod of * CHAT WY B8 T Rine? eF A° atif “the overlay placement conprises
altering the dinmensions of the patterned tenplate by applying an el ongating

force to at |gast artion, of. the.patterned tenplate. . 50. The method of
cl ai m 36, mher%?h é@?%é??%ﬁfQIﬂg c@?églg%’pV%%%ﬁ&ﬁﬁ%Q§mﬁﬁﬁsg§§I8Itering t he
di mensi onsomgridies giatitennedatl emphAat g rivtieingi,n drhendi gROSi ons of the
patterned tenplate are altered by the application of force from at

5. The method of claim 36, wherein the substrate

comprises a dielectric material.

66. The method of claim 36, wherein the substrate
comprises quartz, sapphire, silicon dioxide, or

polysilicon.

67. The method of claim 36, wherein the patterned

template comprises quartz.

68. The method of claim 36, wherein the patterned

template comprises indium tin oxide.

69. The method of claim 36, wherein the liquid

comprises an ultraviolet light curable composition.

70. The method of claim 36, wherein the liquid

composition comprises a photoresist material.

71. The method of claim 36, further comprising:

forming a transfer layer on the substrate prior to
16 o




| east one piezoelectric actuator coupled to the patterned tenplate. 51.
The met hod of claim 36, wherein determning the alignment cbtépdansasy 2005
applying an analyzing light to the patterned tenplate, and wherein the
patterned tenplate is conposed of a first material and wherein the
alignment mark is formed by depositing a second material, different from
the first material, upon the patterned tenplate, wherein the first and
second materials are substantially 42 0 14 January 2005 transparent to the
wavel ength of activating light used to cure the liquid, and wherein the

second mat.erq r G n z .When the analyzing light is
applied t%ﬁ%*ﬁgnﬁégggﬁﬁzﬁﬁg%§%lgbé.ggbstgﬁégheIﬁgd of claim 36, wherein
det er mi ni ng t hetclaiignokat t canpf ésebappp| yfgr apepapd yzhdoché ght to the
patterned tenplate, and wherein the tenplate alignment mark conprises a
pIuralityp%?€%¥%ﬁ§dt??ﬂ%§t?h FOoBctnSsSuPSHE 3§ actiore bR at T AL RDViR t he
ana|y2|ngtféﬁ%&erEﬂﬁbéﬁﬁﬂﬁﬁd}tstQ%eL?EEE@Eﬁ abi gREepLa BFK, | 5 plbstantial ly

transparent to the ‘activating lig 3. The nethod of claim36, wherein
applying the liquid to a portion of the substrate conprises dispensing

the liquid with2a fAubthiISRENSAT deB4cedNfadBtBpd1d edicd 3¢ cyhskein
applying the liquid to the substrate conprises dispensing the liquid with
a fluid d?®@penser, and further conprising moving the substrate with
respect to the fluid dispenser while the liquid is being dispensed to
create a predetermned pattern. 55. The nethod of claim 36, wherein
appl ying the T7T3quiil gwsttdre fsubSoratiegcanpatsesn dirspensibyr#dte |iquid with
a fluid djspenser, gLy ther, seaprising oving the

a top frame;

an orientation stage, the orientation stage comprising:

a first flexure member, wherein the first flexure
member is configured to pivot about a first orientation
axis 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

a support coupled to the second flexure member,
wherein

the support is configured to hold the patterned
template during use;

wherein the second flexure member is coupled to
the first flexure member such that 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
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substrate with respect to the fluid dispenser while the liquid is being

di spensed to create a predetermned pattern, and wherei n t ht4 gandareladhed
pattern is a pattern 43 0 14 January 2005 that is configured to inhibit the
formation of air bubbles in the liquid when the patterned tenplate
contacts the liquid as the patterned tenplate and substrate are oriented
in a spaced relation. 56. The nethod of claim 36, wherein applying the
liquid to the substrate conprises dispensing the liquid with a fluid

di spenser, and further conprising noving the substrate with respect to the

fluid dis r | l.g t Lauid,.i N I spensed t.0 create a
pr edet er mgﬁgg%& pﬁq é“&lrﬁﬁég"r?d[t\%\l%ersgpﬁﬁfggé pg%%%%ejf%cnoen lﬁéltrteéf ® s sel ected
such t hatm¢he theuubsftddte thengap pbase aflest sithistldAnt ivaldayl 1eaquad to the

surface area of %he tternﬁd tenpl ate. 57. The nmethod of claim 36, wherein
posi ti oni Nyt RRE“PAREEr hEWPLahHF afB%nd the substrate in a spaced

relationship t® Racd el CRRREESEL1RYSEYT OBl Td NS Ratd ecregq%(iatt%ffp' ate

over the substrate; and noving the patterned tenplate toward the substrate
until thec9paced¥®El ati onship is achieved, wherein the liquid on the

substrate substantial |y f]l.ls . t.h the_.patterned, templ at.e. i s noved
toward the substrat%ﬁ %%%dﬁﬁ§§ﬁ%§ h%%BSE%Cngﬁ% B © Eﬁeﬁﬁfﬁa Si g@ﬁing t he
patterned tenptaterdrthd herpahser dueihg asspasedl rel ationship to each

ot her conprises positioning the atterned tenplate at a di stance of |ess

than about 200 nm % rnheHe JULTHITHR. OB G 4l AHRISA 200550, The net hod
of claim 36, WENGhihOSH | S they configured to detect light

propagating from the template and a substrate

positioned on the substrate stage.

74. The system of claim 73, wherein the measurement

device comprises an optical microscope.

75. The system of claim 73, wherein the measurement
device comprises an optical microscope, wherein the

optical microscope comprises a polarizing light filter.

76. The system of claim 73, wherein the measurement
device comprises an optical microscope, wherein the optical

microscope comprises a polarized light source.

717. The system of claim 73, wherein the detection

system comprises an electronic imaging device.

78. The system of claim 73, 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.
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patterned tenplate and the substrate in a spaced relationship to each

ot her conprises positioning the patterned tenplate in a subt4danuaty 2005
parallel orientation to the substrate. 60. The nmethod of claim 36, wherein
separating the patterned tenplate fromthe cured |iquid conprises: noving
the tenplate to a substantially non-parallel orientation; and noving the
patterned tenplate away fromthe substrate. 61. The nethod of cl ai m 36,
wherein the patterned tenplate conprises at |east sone features that are
|l ess than 250 nmin size. 62. The nethod of claim 36, wherein the cured
liquid conprises at |east sone features |ess than about 250 nmin size
after the patterned tenplate is separated fromthe «cured |iquid. 63. The
met hod of cl ai " 36, ThikkesgEnepost t ¢ DNimgr I, herhepatineaneddé espdatsr and t he
substrate in a spaced relationship to each other conprises: positioning
the patt ef'Med- TG &t EOFPER SERed SBBEIP At Pt € fhehbepal 22 netnd enpl at e

i's substapii@hdy hopRaraklgeh 159e§h?nﬁ@??éféﬁéﬁeﬂngﬂ€¥%aHQ§lE@hb?éaeq

tenplate toward the substrate, wherein the patterned tenplate renains in a
subst ant i & | Shet55i3lel £dpmn@dr $h2006mpbatear al | el 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, wheoei nThdespsidrerotedlthenplal ewhsrdin theiseacade 6el @hd onship
to the substrate. 64. The nethod_of claim 36, wherein the substrate

template comprises a conductive coating, and further

comprising a capacitive sensor electrically coupled to the

side edge of the template.

81. The system of claim 73, wherein the patterned
template comprises an alignment mark, and wherein the
alignment mark is complimentary to an alignment mark on a

substrate during use.

82. The system of claim 73, wherein the first
orientation axis is substantially orthogonal to the

second orientation axis.

83. The system of claim 73, 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.

84. The system of claim 73, wherein the second flexure
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conprises silicon, gallium germanium or indium 65. The nethod of claim
36, wherein the substrate conprises a dielectric material. ®6.Jalharyn2065Hd
of claim 36, wherein the substrate conprises quartz, sapphire, silicon

di oxi de, or polysilicon. 67. The nethod of claim 36, wherein the patterned
tenpl ate conprises quartz. 68. The nethod of claim 36, wherein the
patterned tenplate conprises indiumtin oxide. 69. The nethod of claim 36,
wherein the liquid conprises an ultraviolet |ight curable conposition. 70.
The net hod of claim 36, wherein the quuid conposition conprises a

photore5|ﬁ%P%%£?ghﬁFlsg; tﬁp?ﬁngﬁgog ﬁ|§E£%36qu“rthq¥10§%ﬁﬁ§f'ng

formng a ayer e“8Ubs? e priof y 2005
appl yi ng &he d@mpnxkda)almhlsdbsétabe fféxhﬁﬁ(juumysthﬁlbhaaséer | ayer after

separatin terned tenplate fromthe substrate, wherein etching the
transfer %é&éhgTﬁﬁgﬁfhyFﬁgl &t PAVACED RHe Q1 4Hsfidre 1sgpend F2sxprplurality

of devi cegefi®dle ModtheHPER R oFlidhthB8on/3xi 4 sysdemdri.fayd ng a

pattern on a substrate using a patterned t enpl at e conprising: a top frane;
an ori ent%@lil@?h sftla@ge:omnrétsm entfatirch §eagefcﬁﬂrpxuse ngpints fwhisth f | exure
|vot about a

' f d
Aibeeh %éhéi&hﬁ&{ 8uP|gxJ"!dgeplvc}t&?1rnrllo conggrghgeﬁ%g? %oupled to the

first orie€en 1 on axl s a secon .
first flekaeraremdter whenei ﬁhéhEeseﬁ@ndriérem&rﬂeiﬁl@. is configured to

pi vot about a second orientation axis

85. The system of claim 73, 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
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.

86. The system of claim 73, 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.
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during use; and a support coupled to the second flexure nenber, wherein

t he support is configured to hold the patterned tenplate dut4dgnuaey 2005
wherein the second flexure nmenber is coupled to the first flexure nmenber
such that the patterned tenplate, when di sposed in the support, noves
about a pivot point intersected by the first and second orientation axis
during use; a patterned tenplate disposed in the support; a substrate stage
configured to support the substrate, wherein the stage is positioned bel ow
the orientation 47 0 14 January 2005 stage, and wherein the suPstratelft?ge
is configured e e on | ane substantially paralle

to the gatterégd f@?ﬁﬁiﬂﬁ?ﬁ§§%§%%g%§a2%¢éﬂ%ﬂ%QH%6F%%r68%?%a||y coupled to

t he tenpl atesataomuciupilng: tanthe | firstatinan ssyshe Nt Lanfdcgweatet-g, di r ect

light toward the tenplate during use; and a detection systemoptically
coupl ed tBEH™ i THURASTIAESR SsHEE eRPRIEIEGHT i U e SEoPaBPEERT | PNt

propagat i fige f# 0 hed eERbate rabdufe SHIML AL S ARSIdHONad QN Lhe substrate
stage. 74. The systemof claim 73, wherein the neasurenent evi ce

conpri sesSe@PRbt ¢ ke n e tcars eepis., Tﬁspﬁhéisy$Yend@fin¢aﬁm&ﬂBﬁumﬁﬁnein t he
measur eneg, vice conprises an.optical _nm croscope, wherein the optica
nicroscobgﬁ%c§§%¥é§§?%;%%ﬁ §PF%Pﬁ&eE%6ﬁF ?E%F%F?r%B. The system of claim 73,
wherein the measurenent device conprises an optical m croscope, wherein

the opti cal l croscope conprises a polarized |ight source.
P n%B. Ther%ystegpof clainﬁ%B, wherein %he first flexure

member comprises a first opening, the second flexure 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,

89. The system of claim 73, 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.

90. The system of claim 73, 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 ledst one actuator coupled to the orientation

stage, wherein the actuator is configured to move the
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77. The systemof claim 73, wherein the detection system conprises an

el ectronic imagi ng device. 78. The system of claim73, wherelhJanvare2@dhe
of the tenplate conprises a reflective coating, and further conprising a
| aser interferoneter optically coupled to the side edge of the tenplate.
48 0 14 January 2005 79. The systemof claim 73, wherein a side edge of
the tenplate conprises a mrror coupled to the tenplate, and further
conprising a laser interferometer optically coupled to the side edge of
the tenplate. 80. The systemof claim 73, wherein a side edge of the

tenpl ate ises _a_caonductive.coatin d further onprising a
capaciti V%Pj{s%]tsaorloe ésgﬁglecgfjﬁi}r%oﬁ% ead“g‘jt%a%}hoéﬂ %‘Fdé%ﬁéégg?-t he tenpl ate.

81. The systemof claim 73, wherein the patterned tenplate conprises an
al i gnment mar k9 and wherein the alignpent mark is conplinentary to an
al i gnment mar kPbn al RS ub&ttTeR OdGieAE dde. TBdthahecyuitiahngs aclPaem 73,

wherein t fyl o] t b S d iald qﬂﬁ# t he
second or%ﬁ%{%%orgxéi%ﬁ%ﬁ&%%%%? Ztn}?%ﬁ:%ﬂn?%lgn ﬁl%%%n t ett I rst
flexure tewbEraconprlisesiditist mnesecomt omsstagweramptimesdirst arm
conpri sesfarsfi ra'lstdseécof flexure joints V\hir? qirje1 contfi ured to .provide

pi votal rotion Bt tHeF1T TR SXurE e et Arbutt $He- 19t TrdE it i on
axis, andcoMier&d ncd hthe SEHONErBfidN LONHH S BSe dorieGAUBb ! mfmfdExure joints
which are configured to provide pivotal notion of the first flexure nmenber
about t he*%#% ragt i onhtutt g sshsmahrid s yisketh cTURRA tne3oSdher ei n t he

second flgxire; 49k 1 JANUalY 200%ember is coupled to the top
frame, the second support member is coupled to the first
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.

92. The system of claim 73, wherein the substrate stage
comprises a wvacuum 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.

93. The system of claim 73, further comprising a fluid

dispenser coupled to the top frame.

94. The system of claim 73, further comprising a

plurality of fluid dispensers coupled to the top frame.

95. The system of claim 73, wherein the patterned

template comprises gquartz.
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menber conprises third and fourth arnms, wherein the third armconprises a
third set of flexure joints which are configured to provi deldiJaouaty 2805 on
of the second flexure nenber about the second orientation axis, and
wherein the fourth armconprises a fourth set of flexure joints which are
configured to provide pivotal notion of the second flexure nenber about
the second orientation axis. 85. The systemof claim 73, wherein the first
flexure menber conprises first and second arns, wherein the first arm
conprises a first set of flexure joints which are configured to provide

pi votal notion of the first flexure nenber about the first orientation
axis, and wherein the second armconprises a second set of flexure joints
whi ch are confégured t9spemvbdecprynt at, Mphkeaiaf thie phitkstrneld exure
menber about the first orientation axis, and wherein the second flexure
member corpFP$a5et RPFRTAAEST SUFLH akAB, OXhA8rein the third arm conprises a
third set of flexure joints which are configured to provide pivotal notion
of the second flexure nmenber about the second orientation axis, and
wherei n the fo%rt hTle ns oy icdfeslaifoiiBt hwetet fHepateernednts which are
configured t rovi de ivotgL tion of the second flexure nmenber about

t he secoh%ag$% E%é%?%ﬁggfﬁs.l " The systemof claim 73, further conprising
actuators coupled to the first and second flexure nmenbers, wherein the
actuators are configured to cause pivoting of the first and second flexure
menbers about The #iFREhhPE SQIBHAD A SRTAETSNCBxRsSUPEEERES i %RIB9 duri ng

use. 50 0, lﬁatltféll}?écy B R L chae §¥Séﬁfgg9§?€£§iﬂ/7§rn%ﬁeﬁ%ﬁe‘?{ﬁ1%mri sing

actuators coupled to thée first and seco exur e ne erein the
act uat or scar engohiglyuredmpoisange pivoting of the first and second flexure
Tenber s about Lhie fidet AM9ne5ens o1 LAY 1N AcdesbgoRECkAYe! Y, during
substrate, wherein the light curable liquid is curable in
the presence of curing light;
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
substantially cures the liquid, and wherein a new substrate
alignment mark is formed in the cured liguid at a position
substantially aligned with the substrate imprinting mark;
and
separating the patterned template from the cured

liquid.
99. The method of claim 98, wherein the template
alignment mark comprises a pattern etched intoc the
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the actuators are piezoelectric actuators. 88. The systemof claim 73,
wherein the first flexure nenber conprises a first opening, 14 dansacy2805

fl exure nenber conprises a second opening, and the support conprises a
third opening, wherein each of the first, second and third openings are
configured to allow activating light to be directed onto the tenplate
during use, wherein the first, second and third openings are substantially
aligned when the first flexure nenber is coupled to the second flexure
menber. 89. The systemof claim 73, further conprising a precalibration

st age CO“Péﬁg1£9 the orientation stage and the top frame, wherein the
precal i bration s?ége is configured to nove the orientation stage toward
and away fromthe substrate during use. 90. The system of claim73,

further conprising a. precalibration stage cqoupled to the orientation stage
and the top ff@ﬁe,nﬂﬁem§ﬁ$qqu9ﬁw%%%ﬂm iR Hyelekerpbpingured to nove

the orienfplyonest agsmppyeLd; and away fromthe substrate during use,
wherein the precaalibration conprises at |east one actuator coupled to the

orientation siRREYinvher diirstheayetleagoh p§ ¢oaht guheougl ove the 51 o 14
January i ent.at | st a var d. and. away. fromt substrate. 91. The
systen105%%§§%##§g}§?gg¥ﬁ§? %@ﬁ%%&gigaeagﬁFgﬁ %%Y?g%§$ﬁbﬁxgﬁﬁﬁ§uboupled to

the ori entatsan tdcagabandatbeal i gpnériame riwher eien ihh€opnecahd birat i on st age
conprises_first and .second su?Eort menbers and at | east one actuator

coupl ed toFENE 1S EPRRERANER £ het S o s ipdrcuseibeh, regRehctat or

extendi ngad Ny QNBhst Becbhist gadpport nenmber, wherein the first support
menber is coupled to the top frane, the second support nenber is coupled

to the first aRPHOMy feds@onghdavigdeoptbnoét Loahst dyeougndiwher ein t he

patterned template, wherein the second wavelength of light
causes the template alignment mark to be in focus and the
substrate alignment mark to be out of focus with respect to

an analysis tool.

101. The method of claim 98, wherein determining the
alignment comprises using a polarizing light alignment tool,
and turther 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 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.

102. The method of claim 98, wherein determining the

alignment comprises using a moire pattern detector.
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actuator is configured to nove the orientation stage toward .and away from
t he substrate during use, and wherein the actuators are coupdddnuary 2805 op
frame and the second support nenber. 92. The system of claim 73, wherein
the substrate stage conprises a vacuum chuck, the vacuum chuck conpri sing
a chuck body and a vacuum fl ow system coupled to the chuck body, wherein
the vacuum flow systemis configured to apply a suction force at the
surface of the chuck body during use. 93. The systemof claim 73, further
conprising a fluid dispenser coupled to the top frane. 94. The system of
claim73, further conmprising a plurality of fluid dispensers coupled to
the top frane. 95. The systemof claim 73, wherein the patterned tenplate

conprises quari@3. 5Zhéd rehlanua 12005 986. whheesystemueoti€d atma 73, wherein
the patterned tenplate caonprises indiumtin oxide. 97. The system of claim
73, wher ePF-EHA Pt STHERF L SSEPIrAEEIc Ghpr PeBStBRbeRsuds. thethethfod of

form ng a-Hat {87 01 @AmeHOSHE 2k €1 ¥4 0%+ A tRAN 1§ R8P h &AMl ALe hat s

substantiall'y transparent to curing light conprising: applying a |ight
curabl e |$e¢psttrate @lggnmeoh oirkhe substrate, wherein the |ight curable
liquid is curable in the presence of curing light; adjusting the spacing
between the patterned tenplate and the substrate so that the applied

liquid substantdal | yhe friddisod gap1kavesn tvherpaht gafnestieppiad e and the
substrate, wherein the patterned tenplate conprises a tenplate alignnent
mark and AL TRE SIAREITESNGLrEFRN9ahle ARetei Al t Hee RsteEed conpri ses

a substratgnal 4GBty TRIdEe APRLY itRE SUbsRPatLight to the Tiquid through the

105. The method of claim 98, wherein adjusting the
orientation comprises altering the dimensions of the

patterned template.

106. The method of claim 98, wherein adjusting the
orientation comprises altering the dimensions of the
patterned template by altering the temperature of the
patterned template.

107. The method of claim 98, wherein adjusting the
orientation comprises altering the dimensions of the
patterned template by applying a compressive force to at

least a portion of the patterned template.

108. The method of claim 98, 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.

109. The method cof claim %8, wherein adjusting the

PN




tenpl ate, wherein the application of curing light substantially cures the
liquid, and wherein a new substrate alignment mark is fornet4Janubey 2008d
liquid at a position substantially aligned with the substrate inprinting
mark; and separating the patterned tenplate fromthe cured [|iquid. 99.
The nethod of claim98, wherein the tenplate alignnment mark conprises a
pattern etched into the 53 0 14 January 2005 tenplate. 100. The nethod of
claim98, wherein determining the alignnment conprises: applying a first
wavel ength of light through the patterned tenplate, wherein the first

wavel engt h_o i he .substrate glignment mark to be in focus and
the’ tomprard Ao sHRERES R, PSR P AandioRiba ThariS: "to "an
anal ysi s paoterrant tappllyisg ahsecondhsmvahengtbnef of i gid gduteualadt he
patterned tenplate, wherein the second wavel ength of |ight causes the

tenpl at e GFRIHENETTRAR PEESBEPY NtV ARP a1 Fubstre &5 dinent mark to
be out of1d06U%M (h SREABEELIE 28PuANR Y& 1Pk 182 pdhE-pRIfOd of claim

98, wherein determning the alignnment conprises using a polarizing Iight
al i gnnenttemmlate.and further conprising placing a polarizing filter system
between the polarizing light alignment tool and the patterned tenplate,
wherein the polarizing filter system conprises a first polarizing filter

substantial |y D1oenties metex biecsybst 9@t evialricgnmeat e flalkiand g second
polarizing  filter substantially oriented over the tenplate alignnent
mark, whet et FEMRFI$8E i PP M NG Ght 2BapBbiRY L PHsSindhe hrough the

first pol@gydzatidd thinbi8te! SasdbM AW iAlche 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 the liquid,
and wherein the second material produces an analyzable mark
when the analyzing light is applied to the patterned
template.

111. The method of claim 98, 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

to the activating light.
112. The method of claim 98, wherein applying the

liquid to a portion of the substrate comprises dispensing

the liquid with a fluid dispenser.
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different then the polarization of |ight capable of passing through the
second polarization filter. 102. The nethod of claim 98, whet4&Uanuary 2005
determ ning the alignment conprises using a noire pattern detector. 54 0
14 January 2005 103. The nethod of claim98, wherein adjusting the
orientation conprises noving the substrate such that the tenplate
alignnment mark is substantially aligned with the substrate alignnent mark.
104. The nethod of claim98, wherein adjusting the orientation conprises
altering the angle of the patterned tenplate with respect to the

substrate. 10 he, t 0 nm.98 . .,Wherein, adj usting the orientation
conpri ses altg%}%g ?ﬁ%lggﬂgﬁgfgégﬂ%%gkﬁg’ B%?¥%}%é%%?@ﬁp F@? 106. The

met hod of 1iduaidnt@8 thehetesaratde ustmpi dde ditibeenRtialti eRecOipiisesi@l teri ng

t he di nensions, of the patterned tenplate by altering the tenperature of
the patt@rinedd shpPseer107nITRBL HBRE R oL T MY L gh&F&i n adj usting t he

orientati QL SUHYd S8 HAESHERY EBerdk "ENS @N$i Qe WPauLerRed tenpl ate by
applying a conpressive force to at |east a portion of the patterned

t enpl at e. 1198id e hestpdlicfeai sdn 198, cwhatei a pogdstérgindd orientation

conpri ses al%g££ng t he di nensions of the patterned tenplate by applying an
eIongatiHﬁ orce’to at least a portion of the patterned tenplate. 109. The

nmet hod of claim 98, wherein adjusting the 55 0 14 January 2005 orientation
conprises altering the dinensions _of the patterned tenplate, wherein the
di mensi ons of the- pHit eistdtrd tdn i dPe WREEPHY IRPHE%PFHE cati on of

force froM@lid 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
liguid is 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.

115. The method of claim 98, 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.

116. The method cof claim 98, wherein orienting the
patterned template and the substrate in a spaced

relationship to each other comprises:
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| east one piezoelectric actuator coupled to the patterned tenplate. 110.
The method of claim98, wherein determ ning the alignment cbéganaasy 2005
applying an analyzing light to the patterned tenplate, and wherein the
patterned tenplate is conposed of a first material and wherein the
alignment mark is formed by depositing a second material, different from
the first material, upon the patterned tenplate, wherein the first and
second materials are substantially transparent to the wavel ength of
activating light used to cure the liquid, and wherein the second materi al

produces an a zabl e mar, when the .apal yzing light .is applied to the
patterned te2€+%&E§éQﬁRﬁ éﬁ?epﬁéFﬁgﬁeng%Té%%¥ g eﬁnﬁ i de &R ehing t he
al i gnmentag@nprises applying an analyzing light to the patterned tenplate,

and wherein the tenplate alignment mark. conprises a plurality of etched
lines that act™A%iRg ©i¢ rRaktsTEYr BRI tovel P the-that Y3 gt t$ ght, and

wherein theii i OB i b Sy L al - nt to the
activating I%gﬁ?@é ﬁ]g@él%e met h%%w%}:‘fl%lﬁ?%)%%@ Cg'r e%é%%g?ﬁéga the liquid

to a portlonupd ¢metkebstl st e oonprhsewitdisbensingls tthee Iqauiaswith a fluid
di spenser., 56_0_14 Januar 005 113. The et ho f claim98, wherein

applyi ng TR PTTERE AT cIRIL DSty Al Soripiogs dispeheiTride |1 quid wi th
-a fluid dispenser, and further conprising noving the substrate with
respect to the fluid dispenser while the liquid is being dispensed to
create a predet®fni hed Mk f cledm PRe WRBROHN IrigrdiiAdghewher ei n

appl yi ng dﬁmeﬂdeqyit%n%qa%eeaﬁ&b%é al & SO 585 adisgee@ai ng the liquid with
a fluid dispenser, and further conprising noving the

relationship to each other comprises positioning the

patterned template at a distance of less than about 200 nm

from the substrate.

118. The method of claim 98, 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.

119. The method of claim 98, 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.
120. The method of claim 98, wherein the patterned

template comprises at least some features that are less

than 250 nm in size.
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substrate with respect to the fluid dispenser while the liquid is being

di spensed to create a predetermned pattern, and wherein tht4dandatye200fhed
pattern is a pattern that is configured to inhibit the formation of air
bubbles in the liquid when the patterned tenplate contacts the liquid as
the patterned tenplate and substrate are oriented in a spaced relation.
115. The nethod of claim 98, wherein applying the liquid to the substrate
conprises dispensing the liquid with a fluid dispenser, and further
conprising nmoving the substrate with respect to the fluid dispenser while

the liquidis i i S to.creatge a predeterm ned pattern and
wherein the pr%ggtgﬂﬁ?ﬁ%gﬁggf%gr%lF%mS%EéCW%é‘%ﬁhﬁhfhgyreﬁh%lg?ﬁaid fills
t he gap icomprideen asuhetant sahdé yremialed Qesthehanr flace: arsn of itnhe
patterned tenplate. 116. The nethod of claim 98, wherein orienting the

pat t er nedSY et 4N PR teapstr hEpEPLAta SpaRpratachifitoishtf to each

ot her conpit&esiiqpfid 14 January 2005 positioning the patterned tenplate
over the substrate; and noving the patterned tenplate toward the substrate
until the spaced relationship is achieved, wherein the 1liquid on the

bstrate subsfantially fills t the patterned t te i d
Covar o the Subktrat ¢ PP STt el 59 cHAFRYOR, SUTGIGIY BFFent i ng the

pat t er necod erphaie tanghlbhe apbstratsubdtmtspaeed spakati onship to each
ot her conprises positioning the patterned tenplate at a distance of |ess
than aboutebdBlARPREPoRPt RECBUBSPREL £0TPLESSTHe net hod of claim 98, wherein

orienting the ppaitenied Lemiaie anddl Benstbetrater itha spaced
rel ationship to each other conprises positioning the
substrate, wherein the patterned template is substantially
nonparallel 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 patterned template is in the spaced relationship

to the substrate.

123. The method of claim 98, wherein the substrate

comprises silicon, gallium, germanium, or indium.

124. The method of claim 98, wherein the substrate

comprises a dielectric material.

125. The method of claim 98, wherein the substrate

comprises quartz, sapphire, silicon dioxide, or polysilicon.
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patterned tenplate in a substantially parallel orientation to the
substrate. 119. The nethod of claim 98, wherein separating thkJapaare2dei
tenplate fromthe cured liquid conprises: noving the tenplate to a
substantially non- parallel orientation; and noving the patterned tenpl ate
away fromthe substrate. 120. The nethod of claim98, wherein the
patterned tenplate conprises at |east sone features that are less than
250 nmin size. 58 0 14 January 2005 121. The nethod of claim98, wherein
the cured liquid conprises at |east sone features |l ess than about 250 nm
in size after the patterned tenplate is separated fromthe cured |iquid.
122. The nethod of claim98, wherein orienting the patterned tenplate and

the substrate insa Bpacedchoel ati enshinpotp fBEhcOhheReCpaptiesasd
positioning the patterned tenplate over the substrate, wherein the

pat t er ned-¢BpF bt eCPEPELPSEaftRAFFY nonparal lel to the substrate; noving
the patterned tenplate toward the substrate, wherein the patterned
tenplate remains in a substantially non-parallel orientation with respect
to the substrile. afheheetbopl af eclaimfifod whewarid the paubstoeate, and

orientin atterned tenplate in.a stantlally parallel orientation
to the su‘?@?% Cﬁﬂ%?&ﬁﬁsngﬂglﬁﬁlYﬁﬁﬁﬁﬁ- Senplate is in the spaced
rel ati onship to the substrate. 123. The method of cl aim 98, wherein the
substrate

128. The method of claim 98, wherein the liquid

comprises an ultraviolet 1light curable composition.

129. The method of claim 98, wherein the liquid

composition comprises a photoresist material.

130. The method of claim 98, further comprising:

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.
131. A device made by the method of claim 98.

132. A system for forming a pattern on a substrate
using a patterned template comprising:
a tep frame;
an orientation stage, the orientation stage comprising:
an orientaticn substructure, wherein the
orientation substructure comprises a support

configured to hold the patterned template during use,
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conprises silicon, gallium germanium or indium 124. The
98, wherein the substrate conprises a dielectric materi al

net hod of claim
14 3antiaey 2005 0d

of claim98, wherein the substrate conprises quartz, sapphire, silicon
di oxi de, or polysilicon. 59 0 14 January 2005 126. The nethod of clai m 98,

wherein the patterned tenplate conprises quartz. 127. The

met hod of claim

98, wherein the patterned tenplate conprises indiumtin oxide. 128. The
nmet hod of claim98, wherein the liquid conprises an ultraviolet 1ight

curabl e conposition. 129. The nethod of claim 98, wherein t
conposition coqgri§$s a.&?atoresist mat eri al .

further conpri%i%gw “¥or

he I'iquid

.. 130. The nethod of claim 98,
S O TENST et O af/%l?s%u(f%%r’gdgsset r gt eopr ?o?l '[no

appl yi ng the |éewfgted heusubshizathe g ©f el o del 4 anshesn | ayer after
separating the patterned tenplate fromthe substrate, wherein etching the
transfer [ayerdiRRitd ihethatetentatitre JHhisrEtuncayBpves3abont devi ce

made by the mefhod, of £l:aiim.38, %ﬁ%faé‘esé!ftﬁ%f;Sg)été@%fg%ag;cgﬁlgigtg?;” on a

substrate wusing a patterned tenplate conprisin

orientation stamg®, the orientation stage conprising: an orientation

bst t , wh i th
configured to hol d & HETatAer et “Camerht SodaPPnGotRLeSe

and wherein t her et idld QubSHRSItUEEYr @hk$ein the template

rientati on sgigstruct ure 08 I'thl%S a support

4 January 2005

adjustment device is configured to alter a size of

the template during use;

a patterned template disposed in the orientation

substructure; and

a substrate stage configured to support the

substrate, wherein the stage is positioned below the

crientation stage, and wherein the substrate stage is

configured to move the substrate along a plane

substantially parallel to the patterned template.

133. The system of claim 132, wherein the template

adjustment device comprises a plurality of actuators coupled

to the support, wherein the actuators are configured to

apply a compressive force to the template during use.

134. The system of claim 132, wherein the template

adjustment device comprises a plurality of actuators coupled

to the support, wherein the actuators are configured to

apply an elongating force to the template during use.

135. The system of claim 132, wherein the template

adjustment device comprises a plurality of actuators

coupled to the support, wherein the actuators are
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configured such that the patterned tenplate, when disposed in the
orientation substructure, noves about a pivot point at a sut4 dasuafy 2005
patterned tenplate; and a tenplate adjustnent device coupled to the
orientation substructure, wherein the tenplate adjustnent device is
configured to alter a size of the tenplate during use; a patterned

tenpl ate disposed in the orientation substructure; and a substrate stage
configured to support the substrate, wherein the stage is positioned bel ow
the orientation stage, and wherein the substrate stage is configured to

nove the sub .trat(%i Ion% 3 pl ane substant'alk%(farall | to,the patterned
tenpl at e. “IEFIVHTE SPs FERST AcFRTRF 132 Vet i Thé't EmSPERE"4d] ust nent

devi ce copfdsas ahy Weld tarofdaeimptioss. coupled to the support, wherein
the actuators are configured to apply a conpressive force to the tenplate
during use. 134. The systemof claim 132, wherein the tenplate adjustnent

device comri spsqa AlaTlddy, of astuntoss, coupled, e thgesupRort. wherel n

the actuators are configured to apply an e gating force to the tenplate
duri ng useljusBmernthelesystensofonfagureB,o wideei A theperaphat eof adj ust nent

devi ce conprises .a plurality of actuators coupled.to the support, wherein
The sot ust e a0 B bl tars “SUBE LD A AR R (0CabBTGoho LS, eoct ve
force or an wlongaidthatel ehGeetothBesi 2O AtiehdWdnid a#se tol3handBe system
of claim 132, wherein the tenplate adjustnment device is configured to

alter a t8MpErAtUR® of the substrate during use, wherein altering the
tenperature of the substrate causes the size of the tenplate to change

137. The system of claim 132, 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 from the template and a substrate positioned on

the substrate stage.

138. The system of claim 132, 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.

139. The system of claim 132, 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.

140. The system of claim 132, wherein the patterned
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during use. 137. The system of claim 132, further conprising a neasurenent
device optically coupled to the tenplate, conprising: an ili4danaarnp2005
system configured to direct light toward the tenplate during use; and a
detection systemoptically coupled to the illum nation system and
configured to detect |light propagating fromthe tenplate and a substrate
positioned on the substrate stage. 138. The system of claim 132, wherein a
side edge of the tenplate conprises a reflective coating, and further
conprising a laser interferometer optically coupled to the side edge of

t he tenplg%ﬁ% £§§(K£R&.%% ?H1g5 Iaént132 mhe |n a 5|2§Pedge of the

tenpl at e rises aco rve g fsing a
capaci ti vaeljsmmrt eheatd msca:lompmmuntadytt)otm angiﬁ‘neQﬁbalaQﬁ{ bheat enpl at e.
140. The system of claim 132, wherein the patterned 62 0 14 January 2005
tenplate © ??%ﬁﬁ;QH¥%ﬂq §¥F¥ent mark, and wherein the alignnent mark is
conplinentary to an alignnent mark on a substrate during use. 141. The
system of claim 132, wherein the orientation stage further conprises: a
first flexure hihbePhe wgteim athelhinsi 32} ewreesimenieoriientanipgured to

i vot abo f Qrientation axis during use; a second flexure nenber
goupled t%&?ﬁé:¢Fﬁé ffgy re““fenber, wherein the second flexure menber is

configured to apfveit dieiure seeoad, OwheRé o | e ami Sstdulicagrese; and
wher ei n the sgpport is coupled to t he second
configured to pivot about a first orientation axis 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 isrcoupled to the second
flexure member; and

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

use.

142. The system of claim 132, 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.

143. The system of claim 132, further comprising a
precalibration stage coupled to the orientation stage and

the top frame, wherein the precalibration stage is
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fl exure nenber; and wherein the second fl exure nmenber is coupled to the
first flexure menber such that the patterned tenplate, when 14iJapaard2005

t he support, noves about a pivot point intersected by the first and second
orientation axis during use. 142. The system of claim 132, further
conprising a precalibration stage coupled to the orientation stage and

the top frane, wherein the precalibration stage is configured to nove the
orientation stage toward and away fromthe substrate during use. 143. The
system of claim 132, further conprising a precalibration stage coupled to

the orientation stage and the top frane, wherein_the precalibration stage
5 63 0 LEOVSHUNT J008 N T SuPEd 5 oVR PRETB: FeHEE | U e t ovard and
away frofdherisaihsiyatre (@UGuREnYS Bse WK &+ &1t hehPraeldlamaticesn conpri ses

at | east one actuator coupled to the orientation stage, wherein the
act uat or YRGS Rted SBEtnENe BREVAEPT ept @R ith &t dd€ eiandadadnaway from

the substfats, 144 cH etg%s%%’%‘u%fto‘i! LM AA2s ghPLh NES LAMDIIEI NG a pre-

calibration stage coupled to the orientation"stage and the top frane,
wher ei n tdnel gartecial arbreatagen tstvagel eanprivsgsifomsthe andostecorel support
menbers and at | east one actuator coupled to the top frane and the second
support nenber, the actuator extending through the first support nenber,

wherein the fi4st swpPofdtrEBFeEl1bSmCO8p) efutthdhedpRiliagea Hhe-second
support nenber is coupled to the first support nenber and the orientation

stage, arf@RWWHErAdiion 8éaget aaveted sto ceiff iguiradatdopovtagheand itdit at i on
e LM St AT B R gt LD e
and second support members and at least one actuator coupled
to the top frame and the second support member, the actuator
extending through the first support member, wherein the
first support member is coupled to the top frame, the second
support member is coupled to the first 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.

145. The system of claim 132, wherein the substrate
stage comprises a vacuum chuck, the wvacuum 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.

146. The system of claim 132, further comprising a

fluid dispenser coupled to the top frame.
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145. The system of claim 132, wherein the substrate stage conprises a
vacuum chuck, the vacuum chuck conprising a chuck body and &4 January 2005v
system coupl ed to the chuck body, wherein the vacuum fl ow systemis
configured to apply a suction force at the surface of the chuck body
during wuse. 146. The systemof claim 132, further conprising a fluid

di spenser coupled to the top frane. 64 0 14 January 2005 147. The system of
claim 132, further conprising a plurality of fluid dispensers coupled to
the top frame. 148. The system of claim 132, wherein the patterned

tenpl ate conprjses Quartz. 149.. The.s mof _claim1132,. wherein the
patt er ned ten%?zt eﬂ&%nspsfsitseé% qfn(ﬁq&ﬁf%ﬁégbxgﬂﬁghﬁgo?owﬁ% %f forming a
pattern opl@rsubst ret €1udsi Agspepabier 8edhieptatihd halp irsagdbst antial ly

transparent to curing light conprising: applying a light curable liquid to
a portion of the substrate, wherein the light curable liquid is curable

n the presence,of furiang s st toni ngnLhe patiered Legplate and the

substrate such that the patterned tenplate contacts at 1east a portion of
t he |i quiterblsposedmpritshe qubstrate; adjusting the spacing between the
patterned tenplate and substrate so that the applied liquid substantially
fills the gap between the patterned tenplate and the substrate, and

wherein the gapids mbsdyatcnabley cuRihor®2, aprinding teer bpgtéigky through the
tenplate to the liquid, wherein the application of curing |ight

subst ant i @R GG EOTPRESEP qiRdi UM SN Rxd@etem for formng a pattern on a
substrate using a patterned tenpl ate

150. 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
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;

applying curing light through the template to the
liquid, wherein the application of curing light

substantially cures the liquid.

151. A system for forming a pattern on a
substrate using a patterned template
comprising:

a top frame;
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conprising: a top frane; 65 0 14 January 2005 an orientation stage, the
orientation stage conprising: an orientation substructure, thdaauary 2805
orientation substructure conprises a support configured to hold the
patterned tenplate during use, and wherein the orientation substructure is
configured such that the patterned tenplate, when disposed in the
orientation substructure, noves about a pivot point at a surface of the
patterned tenplate; and a substrate stage configured to support the
substrate, wherein the stage is positioned below the orientation stage,
and wherein the substrate stage is to nmove the substrate al ong

) onfi gur ed
a pl ane subst anti&r 1§ Earat 8396t epSFgSPﬁaal?anﬁF%Q%. 152. A device

conpri si ngomdrigig:nted light cured layer, the inprinted [ight cured |ayer
conprising at |east sone features that are |ess than about 250 nmin

size. 153. The devi%e OfL @AM URFELECh U Re WRAPFRAReBNS| i ght cured | ayer
conprises at |gast some features that are |ess than about 100 nmin size.
154. A net hod §€§§?|gn|ng a substrate with a patterned tenplate

spaced- apart from santktsubsturat eamtri sgs bi gupgomat eonal gdrsposed

Lher con and SATELS Pt SISl SPR IRED: ALt BRpPaTe ST R har ks f or med
66 0 14 Januaryh&Qbi dheraen ssdisd riethed ¢enpehsiflred 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.

152. 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.

153. The device of claim 152 wherein the imprinted
light cured layer comprises at least some features that

are less than about 100 nm in size.

154. A method of aligning a substrate with a
patterned template spaced-apart from said substrate with a
ligquid material disposed therebetween, said substrate
having substrate alignment marks disposed thereon and said

patterned template having template alignment marks formed
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adjusting a distance between said patterned tenplate and said substrate
such that said material contacts both said patterned tenpl al#JandapaR005
substrate, defining a contact region; and varying an overlay placenent of
said patterned tenplate with respect to said substrate such that said
tenpl ate alignment marks and said substrate alignnment marks are
substantially aligned, with said distance being established, based upon a
viscosity associated with said naterial, to attenuate resistance to
novenent between said patterned tenplate and said substrate due to
properties of said terial . 155. The nethod as recited in claim 154

wher ei n %.'{Eﬁ?Tmf%éﬁzp%ﬁ@ﬁ%uﬁﬁpﬁ{ﬁﬁ%ﬂﬁ'includes contacting both said
pattern tenpl ai@janehisqi 4 SUDsiied oatwdersaidid ight thriv |@en@iddai ni ng
said tenplate alignnment marks and said substrate alignnment marks outside

of said ¥l at?lq YR TABD. SUHe TrahotP e Racs il 19PRiagte 1851 ur t her
including,,aft tﬁ’@fﬁécﬁ'gtesrﬁ%gatgé’%ﬂ@ysﬂ@cmra{ee,d%éft}l%libr(ﬁ)f'ad di stance to

expand said contact region e In superinposition w h said

t enpl at e abniignmentegrerrks arahd sai d substrate alignnent marks. 157. The
method as recited in claim154, 155, or 156 _wherein adjustjng said

i st ance.f ur t HEE YT (e Y Eoht i AP Hht o IPAe B ah

super i Mposdrip it M it h baddpsad o d edil @t d g fudmrds@anghispi d substrate
67 o 14 January 2005 alignnment marks before varying said overlay placenent.
158. The fRIEMbH s ket itRrfwiaRd 5:r1d s81bsih toral igmenyy t her

| ncl udi gy o60rdl a0, U LLPLE, PAL LIS dd) SARRTALE] Yl RIS el figpi ons of
sai d naterlgf, wth a subset saﬁ%lndltlp e péftefhs el ng 661 tioned in
di fferi nepoltlioisedf el nept@r ialvisnbobtwiadsamgrimted with said
material, to attenuate resistance to movement between said
patterned template and said substrate due to properties of

said material.

155. The method as recited in claim 154 wherein
adjusting said distance further includes contacting both
said pattern template and sald substrate with said liguid
while maintaining said template alignment marks and said

substrate alignment marks outside of said contact region.

156. The method as recited in claim 155 further
including, after varying said overlay placement, reducing
said distance to expand said contact region to be in
superimposition with both said template alignment marks

and said substrate alignment marks.

157. The method as recited in claim 154, 155, or 156
wherein adjusting said distance further includes
contacting said material to be in superimposition with

both said template alignment marks and said substrate
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desired alignnment between said patterned tenplate and each of said
differing portions by repeating adjusting said distance andi4danuary 200%
overlay placenent of said patterned tenplate with respect to said
substrate at each of said differing portions such that said tenplate

al i gnment marks and said substrate alignment nmarks are substantially
aligned. 159. The nethod of claim 154, 155, 156, 157, or 158, wherein
varying said overlay placenent further includes determ ning said alignment
bet ween said patterned tenplate and said substrate by applying a first

length of light th i d d |ate, wherein said fi
wavel engt R BT P EhmEakE oS GREE S i Ga Rl R 56 Tn focus

and said tenplate alignnent marks to be out of focus with respect to an
anal ysis tool; and applying a second wavel ength of |ight through said

patterned tenpP&t el Dowe?Bied saF dreekiord aveltahythr b 139htluss  said
I . noSd . e .
tenpl at e fé(s)‘]g %ﬁemﬂﬁéﬂ@l&e f&é@&ﬂ?%%ﬁﬁfes ;.?%%%_fr?é &.pl | gnment  mar ks

to be out respect to salid ana 160. The nethod as
recited isempdeadie1H4dldns)sdderedBords 1df Jemudhmea 2005 1154 1tI58 or 159,

further includi di tt ' id material by inpingi
curi ng 1R TpOR: STt it e HF R STt ARt 1A ISP L S0 ot erf al

def i ni ng dLefedi mptesied onanske sepad atd - Sai hpatdraad dempl ate from said
cured material. 161. The nmethod of claim 154, 155, 156, 157, 158, 159, or

160, wher@ %R y2 hdRBeRE RRFTEN plakcbmditeraad Hampirdidid Ra®t ni ni ng
o ovi ding e paTar o T G Shnent Cool e pe e Rg 4 ter
system wiistaaie pol ardzyin fsdiekrosystamble oguahits poSethid

patterned template with respect to said substrate at each

of said differing porticns such that said template

alignment marks and said substrate alignment marks are

substantially aligned.

159. The method of claim 154, 155, 156, 157, or 158,
wherein varying said overlay placement further includes
determining said alignment between said patterned template
and said substrate by applying a first wavelength of light
through said patterned template, wherein said first
wavelength of light causes said substrate alignment marks
to be in focus and said template alignment marks to be out
of focus with respect to an analysis tool; and applying a
second wavelength of light through said patterned
template, wherein said second wavelength of light causes
said template alignment marks to be in focus and said
substrate alignment marks to be out of focus with respect

to said analysis tool.

160. The method as recited in claim 154, 155, 156,
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bet ween said polarizing Iight alignment tool and said patterned tenplate,
wherein said polarizing filter system conprises a first pol & Janogry RO68r
substantially oriented over said substrate alignnent marks and a second
polarizing filter substantially oriented over said tenplate alignnent

mar ks, wherein said polarization of |ight capable of passing through said
first polarization filter is substantially different than said

pol ari zation of |ight capable of passing through said second polarization
filter. 162. The nethod of claim 154, 155, 156, 157, 158, 159, 160, or

161, furt [ udi ng ovLdi said -t | at e al i gnent rks and said
substratefgfigﬁ%éhtornﬁféé §f¥ﬂ§%§nh%ﬁ%?%ﬂ@%oﬁ%ﬁ??%gg%ébé§?: et'h varying
sai d oversayd phacerenl Hurihes ndned desutBi@rmahngupedn sdignment bet ween

said patterned tenplate and said substrate by determ ning centers of said
subst r at SNAHC B 0L 45 Wit 1 2bbe Sarel Tkl eeald hnidnt it ks, and

conpari ng.@-LQCRIL O 91, Lhe S&M L+ Oy saldytemplate ali e Marks to a

| ocation of the center sal strate alignnent marks.” 163. The net hod
as recitetirom shad neisad MdSeridbb, or 157 further including recording
multiple patterns in said material, with a subset of said nultiple
patterns being positioned in differing portions of said material and

obtai ni ng a desT edriad igntmEed detyeernsed pedd ermesl tenplege and each of
said differing portions by repeating adjusting said distance and varying

sai d over}ayr fPackhentvhefekn Rpatierired (ke RadeRspect to said
a1 anment = Bart rane e ih (he et g por 1) erp e HMh (RS porti ons
form ng arsEddinednednsidsetandnthidetdrsiming &t igroweintidetaveen said
patterneqméfggggggaEHEbht alignment tool and a polarizing filter
system, with said polarizing filter system being disposed
between said polarizing light alignment tool and said
patterned template, wherein said polarizing filter system
comprises a first peolarizing filter substantially oriented
over said substrate alignment marks and a second
polarizing filter substantially oriented over said
template alignment marks, wherein said pelarization of
light capable of passing through said first poclarization
filter is substantially different than said polarization

of light capable of passing through said second

polarization filter.

162. The method of claim 154, 155, 156, 157, 158,
159, 160, or 161, further including providing said
template alignment marks and said substrate alignment
marks with symmetric geometric shapes, wherein varying
said overlay placement further includes determining an
alignment between said patterned template and said

substrate by determining centers of said substrate and

69 o




said substrate at the portions associated with said additional subset as a
function of a neasurenent of relative novenent between sai d1$alaneang2005
tenplate and said substrate nmeasured fromsaid initial alignnent portions.
70 0

said template alignment marks, and comparing a location of
the center of said template alignment marks to a location

of the center of said substrate alignment marks.

163. The method as recited in claim 154, 155, 156, or
157 further including recording multiple patterns in said
material, with a subset of said multiple patterns being
positioned in differing portions of said material and
obtaining a desired alignment between said patterned
template and each of said differing portions by repeating
adjusting said distance and varying said overlay placement .
of said patterned template with respect to said substrate
at a subset of said differing portions, defining initial
alignment portions, with the remaining portions of said
differing portions forming an additional subset, and
determining alignment between said patterned template and
said substrate at the portions associated with said
additional subset as a function of a measurement of
relative movement between said patterned template and said

substrate measured from said initial alignment portions.
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