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lithography. The high imprinting pressure used in some imprinting processes may cause distortions that may make

(1)

overlay alignment extremely difficult. The small areas and volumes of flnid used i tmprint lithography at the sub
100 nm level may make the application of such volumes important for the success of the lithopraphy.

Prior art process for adding thin layers of fluids fo a substrate involve the use of spin coating methods.
Spin coating methods 1ely on the application of a relatively high viscosity (e.g., greater than about 20
centipoise(cps)} liquid to a substrate. The use of high viscosity liquid allows the even distribution of fluid on a
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photoresist layer upon a semiconductor subsirate and patterning the semiconductor subsirate using the imprinted
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DETAILED DESCRIPTION OF THE INVENTION

Embodiments presented herein generally relate to systems, devices, and related processes of manufacturing
small device mamufacturing. More specifically, embodiments presented herein relate to systems, devices, and
related processes of imnprint lithography. For example, these embodiments may have application to imprinting very
small fentures on a substrate, such as a semiconductor wafer. It should be undersiood that these embodiments may
also have application to other tasks, for example, the marufacture of cost-effective Micro-Eleciro-Mechanical
Systems (or MEMS). Embodiments may also bave application to the manufacture of other kinds of devices
including, but not limited to: patterned magnetic media for data storage, micro-optical devices, biological and
chemical devices, X-ray optical devices, ete.

With reference now to the figures, and specifically to Figures 1A and 1 B, therein are shown arrangements
of 2 template 12 predisposed with respect to a substrate 20 vpon which desired features are to be imprinted using
imnprint lithography. Specifically, the template 12 may include a surface 14 that fabricated to take on the shape of
desired features which, in turn, may be transferred to the snbstrate 20. In some ernbodiments, a transfer layer 18
may be placed between the subsirate 20 and the template 12. Transfer layer 18 may receive the desired features
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As depicted in Figure 2D, template 12 may be removed from substrate 20 leaving the desired features 44

thereon. The separation of template 12 from substrate 20 must be done so that desired features 44 remain infact
without shearing or tearing from the surface of the subsirate 20. Embodiments presented herein provide a method
and associated system for peeling and pulling (referred to herein as the "peel-and-pull” method) template 12 from
substrate 20 following imprinting so that desired feature 44 remain intact.

Finally, in Figure 2E, featares 44 transferred from template 12 to substance 40 may be amplified in vertical
size by the action of the transfer Jayer 18 as is known in the use of bilayer resist processes. The resulting structure
may be further processed to complete the manufactming process using well-known techniques. Figure 3
summarizes an embodiment of an imprint lithography process, denoted gemerally as 50, in flow chart formn.



the substrate 20 may be required for the inprint |ithography process to be
successful . Enbodi ments presented herein provide a way of conttdl JiANo2805e
spaci ng between the tenplate 12 and substrate 20 for successful inprint

|'i t hography_ gi ven such tight and precise gap requirenents. Figures | A and
1B |Ilustra‘?"g "P8°% ypes of problens that may be encount eP&FTSHRASr i nt
lithography. In Figure IA a wedge shaped inprinted |ayer 16 results
because thﬁﬁaﬁmst&%m@g %16&'[%0?1 c?’ a ﬁllnﬁfe sgoséaa%n? %%%o%&%ﬂ? pa rt?utgh thglmg tgtn d of

the inprinte t {) re k mal nt ai ni ng
tenpl ate 12°SHISH e emertioA RS PSP pAEIP 6%’?1%“ bt TR e
transfer. P @H?‘é’°’1mlngﬂ’§‘9\%“ﬂﬁ PRI YRR ey iced 8¢ tody mputbaerd.twifh efficienBot h of

t hese coneidtwitohigh prelyctidpeyickis. giiet yranphdierse halabsate iddiadhdie Ry dip beseditathcther ei n
provi de Sy&ﬁiﬁ‘mﬁmseﬁﬁéiﬁ@ﬁ @%S@MH&%ﬁMmce@ﬁ%%{smé’\ﬂh CtieABYatt Sudr mesncﬁhﬂgqg t he

probl ens assocl ate s%{x “\h/sg gures 2A thru
2E illustrate df® ‘bcﬁ fre wd?ayﬁﬁd‘r"ﬂ?ﬁ?dl tF‘i ? ﬁ?aﬁﬁys“?fPEfEé’é% ¢ gé&Htleed
general | y &%m@gicon sqhyorrr giher eragRia liquidgippybay beonke sptd yhizazposed e pdivetiwdishit.nThs feic ed

rel ation t @attahliquiciiBst meyt @midbe GOnckd o high t@PiRatudel ahdShich QreIRE absbbialed) Qith HiPORE
separ at i nglﬂiﬂ(%fﬂﬂy@h}%qéz N%ﬂgt siey %Eﬁ: sﬁ&:ﬁg I%Qreen@égefnﬁﬁgan;s%bsggte &?Mbnﬂ'&lﬁd s’\la%alqay be

treated w ;‘etalltw 5]‘ a ot lﬁa% y be creaFeEl ?ttweﬁtg Neh ?nyers u]bGl’[IPt‘(elﬂnptL aé%meso%@%ﬁﬁg fi y and

assists in
orientati oﬂ’cﬁﬁ‘l‘ﬂl ’ﬂ@W"ée@'P%‘F‘e‘Esd’FFfeF‘& qe’ie‘ﬁgmij%?ﬁ dgvjce tsv%@rf“ta@%‘wa&eén‘f?ﬁ"&nd
substrat e 26th e ad foduswiwdat b@loow. Next, gap 31 may be filled with a

subst ance 40 t hatsteC SN 1O ipEmak e Lt ﬁh&ﬁeorﬁitaﬁ'bﬁ prahehphbdl bACBe defhiratd i @feNAL €] Y,

in an  enboghARNin, s@mgﬁpgaem@(ﬂ?ﬂ) rgﬁnnglléanﬁaaangf&ggﬂsﬁ&ha{)ﬁ%@% 51%“ or to

nmovi ng tenpl ate

Subst gncerr%ffmE 3 ﬂ}e%emﬂ’ﬂte glﬁe’“r Et E?g énﬁ‘P MR té‘lr&"%’ﬂlh(? ﬁ“%ﬁ‘gte’ SthbGP’lr?“i’f"é“H BEAPEYERE s hown
in Figur esteTIﬁ?‘ﬂﬁ'dg ippppted "Pfa?Feéfde?BtP {pe “%ﬁ?ﬁ%tFmemﬂﬂ“Wabée grbid; S0 FH udE 2t hat i t
may fill tbremopacte tofmyearssi@d mpgbhata veldisiobyoxygit drbiod cobrii@e g the frankfir Gher.

t enperat ures anglvatidi @B @m&B: thelas kS8 Emidtd Gttt RGHs )i Ppidd g tﬂﬁ&@ﬁw es.
Further defail s rac@sgga;nqﬁqunpﬂ@ B ORsP 0ShC OISL i RBLANCR dar ©

di scussed hel ow gA t?]a_gcgﬁ TTE 'B“e?

causi ng suBEPaRE a‘"ﬂbe E RE ey g °"§ﬂ°§b’§“p’&3¥1‘*ctaﬁﬂf°§‘b*8?’f@héi"éfl ned
by gap 31. U for HW’EWEﬂm?@deﬁ%ﬁmﬁwﬁm bolpragngrels. AMWmatly, o trmpltertydapl at e
12 may be minnfamsf efthpettusions thabwee coppesblesur f ace of the substrate 20. Transfer

| ayer 18 may ben @ﬁ&ylamardhﬁﬁﬁ&eh&ﬁg@ﬁbd}&&&mﬁm% sikd BGL: sl HIMRSLIHEE 20.
Transfer | gyer, dPsdBY »f 86bhial & oveam't!mfg, 1 Ao Pl L SELUEER Mngnglsf err ed
fromthe t;@? %&g Fat eatur es. i ct ed
in Figure 9B déﬁ‘i‘ﬁﬂ“%?f‘@r?ﬁ’ 9“?5@”’ ﬁﬁ%ﬁ BRI At sty PR AR FoE B he
desired feureieges Zih 2 ehrsfve onting T hesomepdrepbatiopnts fhe templpd rady dncdifraferholpn is st r at e
20 nust berftofecosidg détaliat IR wiay B info@hiblizBle dplafe SR dﬂatﬁé@hﬁ%useﬂiﬁlb@ﬂl% msheari ng

or teari NG @ PhlodaySidhdAaEusaf inbRRmSLDSIh @Ja&g%%y 2l TR LR Ed
(o B i e RO e

(referred Stum erelin

subst r at e FBPH FERRAYE fFER Sﬁ‘lsi“%‘&h'%‘ﬁestaﬁ%l‘tf°‘(f€%’ﬁ”éd°@@afyff?"é e PR EIE | nt act .
Final |y, iPr@irgefiths template fnayche perloryed 4) o yogmbitadercesdo fhe iemplateciipt imtied 4@led tothe

subst ance fblaRpoy iip@rosplp kit sirREb of e h@late] Bddme eSiodiRenktys 1énpBie BEYS 1R rdf belld€
transfer I@yoggmag&@@ahélﬂgg@mei n the use of bi | ayer resist processes. The
resulting structu roce onpl et e the nmanufacturing
process using V\E%I RO o Femﬁﬁ%cémg%s‘fg#’p%"ur ogrep %Lfgf'ﬁg?lb%’gth"é'ﬁp B ent  of
an inpri nthﬂ}°F’fPH¥a§T“‘é{d1’ﬂ7g‘ﬁ’P¥aé’éT§‘§e epsiplel (LdheR gl ecpratiog grobgditm@arhy), fpogsddGop ekmar t
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reactive ion etch or a combination of the above. The template may be formed on a subsirate having a flat,
parabolic, spherical, or other surface topography. The template may be used with a substrate having a flat,
parabolic, sphetical, or other surface topography. The substrate may contain a previously patterned topography
and/or a film stack of multiple materials.
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In conventional photolithography, the use of optical proximity corrections in the photomasks design is
becoming the standard to produce accurate paiterns of the designed dimensions. Similar concepts may be applied to
micro- and nanomolding or imprint lithography. A substantial difference in, imprint lithography processes may be
that errors may not be due te diffraction or optical interference but rather due to physical property changes that may
ocour during processing. These changes may determine the nature or the need for engineered relief corrections in
the geometry of the template. A ternplate in which a pattern relief structure is designed to accommodate material
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be described by the formula:

R-SiCI3 + 3H20 => R-Si(OH)3 + 3HCI

To facilitate the reaction, the template may be brought to a desired reaction temperature Via a temperature-
conirolled chuck. The precursor may then be fed into the reaction chamber for a preseribed time, Reaction
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5. Waste of the dispensed fluid should be minimized
In soms embodiments, relative motion between a displacement based flnid dispenser tip and a substrate

may be used to form a pattern with substantfally continuous lines on an imprinting area. Size of the cross section of
the line and the shape of the line may be conirolled by balancing rates of dispensing and relative motion. During
the dispensing process, dispenser tips may be fixed near (e.z., on the order of tens of microns) the substrate. Two
methods of forming a line pattern are depicted in Figures 10A and 10B. The pattern depicted in Figures 10A and
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degr ees C) drops pre wppdl only for the purpose of illustration. Other “open™ patterns, such as 2 sinusoidal line, 2 “W’, or an “X*
may be implemented using this method. As the teroplate—substrate gap decreases, cireular drops 1301 may become
thinmer and wider causing neighboring drops to merge together 1302, Therefore, even though the injtial dispensing
may not include a continuous form, the expanding liquid may expel air from the gap between the template and
substrate. A pattern effective for use in this method should be dispensed in such a way that as droplets expand, they
do not trap any air between the Femplate and substrate.

Small drops of liquid whose volume may be accurately specified may be dispensed using micro-golenoid
valves with a pressure~-supporting unit. Another type of the liquid dispensing actuator may include a piezo-actmated
dispenser, Advanfages of a system with & micro-soleniod valves dispenser as compared to a displacement based

fluid dispenser may inciude faster dispensing time and more accurate volume control. These advantages may be
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2005 support for the translation stage

Both X-Y stage 1600 and X-Y stage 1700 are flexure based systems. Flexures are widely used in precision
machines since they may offer frictionless, particle-free and low maintenance operation. Flexures may also provide
extrerely high resolution. However, most flexure based systems may possess limited ranges of motion (e.g., sub
mm range of motion). Embodiments disclosed herein may have a range of motion of more than 12 inches. [t is
believed that such stages may be cost-effective for lithographic applications, particularly in vacuum, Further, for
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and be present in some cmbodunents Lmks 1602 and 1601 in Fig. 16 may correspond to links 1908 and 1906 of Fig.

19. Thus disks 1902 may be present at location 1603 (as well as other locations not visible in the Figure 16).
Refering to Figure 17, disks 1902 may be present at location 1702 (as well as other locations not visible in Figure
17)

As the actuation system for either of siages 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 iranslation axis, Suoitable

linear servo motors may be available from the Trilogy Systems Corporation. An edvantage of such linear servo
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together may contribute to this effective passive stiffness. For instance, piezo actuators may also be compliant in
tension and compression. The geometric and material parameters may be synthesized to obtain the desired torsional
compliance about the two orthogonal orientation axes. A simple approach to this synthesis may be to make the
compliance of the actuators along their actuation direction in the fine crientation stage higher than the stroctural
compliances in the rest of the stage systemn, This may provide passive self-correction capability when a non-paraliel
template comes ittto contact with the liquid on the substrate. Further, this compliance should be chosen to allow for

14



plurality of mcroneters or high resolution actuators coupling the base
plate and the flexure conponent. Figure 16 depicts an enbodi ment{ gf ER ?ﬂgg
transl ation stage in an assenbl ed configuration, and generally Treféren

by nuneral 1600. The overall footprint may be | ess than about 20 inches by
20 i nches aKA%#&02%hei ght nmay be about 6 inches (includi RETASNARES chuck) .
Such an enbodi rrent may provide X and Y-axis translati on ranges of motion
of about 12 inc A.second .enbodi nent of Ia ion eis
depicted in &c‘mc °7°um°n gréné*rgﬁmfrgf%'r"evﬁschg’ i %c °”°n “ ¥ou: %‘T@%br ovi de
a sinlar F“Qﬁ‘?ﬁ‘&“’bﬁﬂ%fﬂe’aﬁ"‘t BeR e p: Ph*%“?“’g%’é’ sf‘@@@ﬂy %&gag'ed 9790 °¥ag ohave a
foot print tefiquidabout 29 inches by 29 inches and a hei ght of about 9.5
inches (i ncl udigvelapanbheRi sciomid ey inclu BQREmAOAAigaialt chéd Bllowddl §yf BibpeiiRioRbyy 1N

;3 glt t ?gglalt khi%gglms Ly a%@%@cﬁu& al%lmegtr ofan ki 'EEREI?«F, \éﬁr Eééitfelﬁolnlﬁéﬁrst %U%Qa% I?RM]JS(BIIEEO ﬂ\?d !s t” gg o

1600 and X V“éef"ﬁ“éé%’ﬁﬁ e“E) %" r18h°8:§’§‘%d‘r§yy£‘§°é’iﬁ%‘y’ wf 8@?@&5"?@?’ & & i‘fgl y used

in precisi E"f‘iff“‘h‘ﬁ@hfalaf’é%‘m‘@s%w’ ieard ftgse rRdsang of evpey ok loedsmaddymd phsttect)r ee and

| ow mai nt emarve siamgd dr tt impunt litke@poyir@s:s Widlyppidhsa@ npdifiatiogke  ext renmel y hi gh

r ]gzsol ;Jt i on.  HoWgMeHs.oveiBSdrord foLMlESPASRE: SHHRIFERYn: RS BES Srof, Inkbhik 1ﬁ,gonr anges

of notion . a | | er ei N may
(e, g*d’masildgt iV dr QRO a%ga %‘1% ln!rs aEHQ%‘i% %Qagr%%tga[t%i 9153:%‘1%

have a range not 1 on nor e [ such
stages may ™ Be™tBsregf P%@‘f‘? Y digelgied P‘i"‘ieﬁ?fd?“éﬁﬁ“i“@ BEPITR T BREUERfE: EPar |y in
vacuum Fulepitapre) fng fowippessigs. JIRMEIRQ G5se \WEpodiRrGEHQ Rot RATL HSHERDPEIR. | Faghednnt

|'i t hogr aphiest @@hirhogsi @8y, usd u@laps RE L8NG @h relatiply itk sub@irC @Bis fB Yeadib M@heiddadi ment s

presented Rgk gl t@npmgmufrsog ks os ARG age@mogllaﬁy BEREL Fhere n@.ﬁm 2& lxad§&f?eg§vegay
include t V\@mt es gmthg-otgpegul?e%%% §f‘ the ?ém?llﬂeasg‘or tmprint gtg;péra;g]é groc%ssg g]é}i be gansgsare ?{o% ng

conponent s. Lea screw V\/nere t he
posi ti oni nF T EEANY lhght?’nﬁ”f“’hé“ai'/‘éwm Teptgmdue f“é’?fFi‘?’“"? sferersy ﬁ"“F*B“rcmFﬁgQ%‘?"t ur acy
appl i cat i ofsdncedfheniine may minimize 18 ecrriybaicens hdatsindoced digqrtiopsempafedip tipplithreiaiie Procetsuat i ng
and | oad- eRferaysighificaft GRIIQNE Mk SottoB@kthte of 2 e 5.6 1@ epdq@niSe By PRseft ONEmdtDic

probl ems of,packl ash and sticti on Further, the need for lubrication may
make these desi gpetsnenlflgrgo?%ram rf rto}y§e s{nnnmvacu mor 1n_par gm enS| tive
appl i cati ons (P PiERE P TRCOT apRy T e KA TronalTY e Sore e ghs may
utilize ai otpé °PFQ%€X;\E’?IYb”é‘§r Thﬁﬁgsnw g%ﬂ@ﬁ%i‘”‘“ﬁﬂ“?’" efrevt%ﬁomfarﬁrébqa%werrs of
stiction afidt bagitiagiut thdovesisle r Magaifiqatidn @aer inng) Senprelly rgfer 0w fhebmal lof neettrieldinducad
bearing cagadkhge b@fpansidfletite iR brya s Rinfared RER brighelPatioiBd 20n WARMILADI € for use

in vacuum envi PRI o aﬁ'y g;asesesloﬁmamﬁg%ﬂm%hgg@a %&@%&%&k%@w basi ¢

b
l'i nkage 180 . Wen
a moving bt %““‘1%‘6‘319"?%%" s 5 5 30 1 S e e B LR i g
1800 rot at & ﬁﬁl@ﬂltfﬁévmsﬂatﬁé’ﬂ%ﬁstbﬂswf@mawn@ﬂlﬂ it is deisble & tbﬁ'e'arwatﬂe‘aosa #deripfre not i on
range nmay e td Reeienide itbutofe-hithe b epgid fadre hdighk 12bridB6@ aligmblie at couplédremat i C

constrai nt g x.iylpmﬁm&gw@&wm ah 300, fﬂﬁ—rt@t’icid%iacehght ol aoﬂﬁmasﬁs\m@a nkaeasam} 1 1806
and | 9' nt ﬁ'%%g'gf Embo&;l 6&'09&%&%%]3§99matw)e ﬁ?ﬁ?ﬁ%ﬁmﬁ?on%&t Wlthout mduémgn?é/emsn? gi ven

as:

errors are presented herein.

Photolithography processes that use 2 focusing lens systern may position the mask and substrate such that
it may be possible to locate the images of two alighment marks (one on the mask and the other on the substrate)
onto the same focal plane. Alignment errors may be induced by looking at the relative positioning of these
alignment mark‘s. In imprint lithography processes, the template and substrate maintain a relatively small gap (of
the order of micro meters or less) during the overlay error measwrement, Therefore, overlay error measurement
tools may need to focus two overlay marks from different planes onto the same focal plane. Such a requirement
may not be critical for devices with features that are relatively large (e.g., abouwt 0.5pm). However, for critical
features in the sub-100nm region, the images of the two overlay marks should to be captured on the same focal
plane in order to achieve high resolution overlay error measurements.

Accordingly, overlay error measnrement and error compensation methods for imprint lithography

processes should to satisfy the following requirements;
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image, several methods may be used,

In 2 first method, under iflumination with a first wavelength of light, two images may be received by an
imaging array (e.g., a CCD array). Images which may be received are depicted in Figure 26 and generally
referenced by mumeral 2604, Image 2602 may correspond to an overlay alignmert mark on the substrate. Image
2601 may correspond to an overlay alignment mark on the template, When image 2602 is focused, image 2601
may be out of focus, and visa-versa. In an embodiment, an image processing fechnique may be used to erase
geometric data 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 2 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 2603 may remain, The two remaining focused images 2601 and 2605 may then be combined onto a single

imaging plane 2603 for making overlay error measurements,
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processes. Theta error may be compensated for by using two separate alignment marks that are seperated by a

sufficiently large distance to provide a high resolution theta error estimafe. The theta error may be compensated for
when the template is positioned a few microns apart from the substrate. Therefore, no shearing of existing pattemns
may occur.

Another concern with overlay alignment for imprint lithography processes that use UV curable liquid
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In a third embodiment, overlay marks may be formed of a different material than the template. For

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., UFV light). For example, 8iOx where X is less than 2
may form such a material. In particular, it is believed that structures formed of Si0x where X is about 1.5 may be
substantially opaque to visible Light, but transparent to UV light.
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In an embodiment, template 5102 may be held in place using a separated, ﬁxed supporting plate 5101 that

is transparent to the curing agent as depicted in Figure 51. While supporting plate 5101 behind template 5102 may
support the imprinting force, applying vacwum between fixed supporting plate 5101 and template 5102 may support
the separation force, In order to support template 5102 for lateral forces, piezo actuators 5103 may be used. The
lateral supporiing forces may be carcfully controlled by using piezo actuators 5103, This design may also provide
the magnification and distortion correction capability for layer-fo-layer alignment in imprint lithography processes.
Distortion correction may be very important to overcome stitching and placement errors present in the template
structures made by electron beam lithography, and to compensate for distortion in the previons structures present on .
the substrate. Magnification correction may only require one piezo actuator on each side of the template (j.e. total
of 4 plezo 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 correction, on the other hand, may require
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t he i magi ng plane and the alignnent marks. Depending on the gap between the
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schemes baﬁﬁegﬁvg Iaataj[ A%&n%gnea broad-band spectrometer is disclosed herein. This technique may be used for

measuring the gap between the template and the substrate, as well as for measing film thickness. For multi-layer
fibms, the technique may provide an average thickness of each thin film and its thickness variations. Also, the

average gap and orientation information between two surfaces in close proximity, such as the template-substrate for
imprint lithography processes may be acquired by measuring gaps at 2 mininum of three distinet points through one
of the surfaces,

In an embodiment, a pap 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
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patterns may be directly inplenmented to inprint |ithography proceis.

Pl acenent errors may be conpensated for using capacitance sensors o JAN2005
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of Equation 7 has its maximum at w = 0. Further, the wavenumber range (Aw) of typical specirometers may be

larger than w,. For a spectromster with 200nm — 800nm wavelength tange, Aw = 3/800 whereas w, = 1/800.

Therefore, the oscillation length of the refleciivity 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 mininmm and maximu in the Aw range, given that w = 0

is a maximum point of R(w}. Therefore, the film thickness can be computed as follows:

+ Case 1 WWO: a local minimum exists at w;. Therefore, w; = one half of the periodic oscillation, and
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overlay marks may not be properly exposed to the W light, which is highly
undesirable. Two net hods are disclosed to overcone the problem ?f‘t JA\N z[mq
recogni zing tenplate overlay mark in the presence of the. |iquid.
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gap control WPHY'®% ages. Suitable Iiquid dispensing syst &#/UNEAHe gap
controlling stages are disclosed herein. For the purpose of illustration,
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where, ¥ = [(X3, ¥5, hs) - (%1, Y1, 11)] X [(%2, ¥2, ha) - (X1, Y1, hy)). Perfect orientation alignment between two flats
may be achieved when n={00 1), or by =k, = 4.

Measured gaps and orientations may be vsed as feedback information to imprinting actuators. The size of

the measuring broad-band interferometric beam may be as small as about 75um. For a practical imprint lithography
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Figure 32, depicts an assenbly of a system denoted generally as 100, for
calibrating and orienting a tenplate, such as tenplate 12, about AN 2005
substrate to be inprinted, such as substrate 20. System 100 may be ulilized’
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vertical cpusaigior fiiturt Bink 0N kduflbd i ddEeg@ing HEE bbiRd 164, Y66, FlMis joirksh e aScy@dQ:H&eloo may

be capabl els@fauaagdwvmgﬂgg%w mperxtem Al PAm b, %Q:ﬁmm@%mgfh%h&fe

control of at e pect St.ra System
100 nay |ntcs% ¢ ijayr?e Eigﬂﬁmer"’"fc’ﬁafts mé“ﬁéﬁq'giogg%ggﬁ@em f%ﬁ%’f 31“5?5?1%3{% B 150 so
that preci $&°" 5% Sreat 7B GRS ecregoe0 aprreierctand ts tome morhn §ap may
be nmi nt ai #ewti2 firyt otidyiation @rglid® tReamp 70 kof fire §qrere tertber 126 may plogderagbupling thech@iE® for

Addi t i onal jbising B skc@iTkOmABY 1BLONEER ATF@Y430f separating tenplate 150 from

the surface of L&a@se sgaa&a%mtn@mﬁepﬂz& &wmm&e& ML,JELQA% ﬁan?%eq& of

features f bstra sur a Preci'se control may
bo faci 11 CAPL? S P bRk et b iﬁﬁ sty ped SR R oR e e

nmenbers, 126™&hk aia%d 1o ‘tnl 058?"9‘3 mprpperais e @ dicprd istientatior N 289 eA B10e may be
held in plsmwertlismgoemwg@p!antaﬁ@d 206fof thesseborgilfipR® frfemtR QL 2 | 15l @ane 1 €] frdna 26 may S
transpar eniavetaﬁopédﬂ@2£2l1!vErtuﬁ|t8gé’c@ﬁ@ﬁguﬁ&r&l&@éu@kt@@kolwﬁcﬂzdaagwmd@%appéﬁylbd e supporting
pl ate 5101 behmno st%ﬁ:e g%a%dse g&i or;tmet he dgq[?y{gent i 5% f orce, 9pp| yi ng
vacuum bet yeen f| xe porti ng g may §mpport
the separati‘on mlf"B?"EB‘m“f‘ zﬁ’r der &Pﬂbeerpt“’"’td@r’Fb‘?rﬁ’fféf“%&tﬁf?“‘f“&°flt“af"@rp§‘fes f or ces,
pi ezo act uetdpisheSispmientggnisas 1§ wd|secoldpaientatignagy 280 arsyipwilyiotigschdiocasoivayhn be
careful | y sedrt dsogtighreidn, Hiyst oightatign §is 0300208 Gdcbiia todénGitidn TP snrekktt & «ADS1 ghie Pt al SO
provide tabﬁoxﬂﬁgﬂltﬂ‘eka&ahb Qb lerfllc 3540 Frhd 1D Bt oﬁ&%&%@ﬁ@ﬁa@k&dﬁ Yoicki@n

! ayer-to- la%¥§db arg Ahggrc]ng?angheon m!ertn;perZ%tp may lpzloxgtp %gera? gam&t &Btri g!% ceo?lg ?%pec:ﬁcally with this

arrangement, a decoupling of orienfation alipmment from layer-to-layer overlay alipnment may be achicved.

Furthermore, as explained below, the relative position of first orientation axis 180 and second orientation axis 200
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Distortion correction may be very inportant to overcone stitching and

pl acenent errors present in the tenplate structures made by ef ctm&pzmﬁam
| i t hography, and to conpensate for distortion in the previous structures
present on the substrate. Magnification correction may only require one

pi ezo act ua¥BP¥%ach side of the tenplate (ie. total &CTASHESH
actuators for a four S|ded tenpl ate), The actuators may be connected to the

Lenplate SHel A6 bloRifill Aa 1Yl 0%, A4'LAUIL RLGS, BYX.RE AR \Ag,On, Lhe

entire surface. Distortion require 19 1
4 JAN 2005 W@ﬁfﬁﬁéﬁﬂmﬁﬁ%ﬁ%ﬁﬁ%d E‘é‘&ﬁéerfﬁlﬂa‘? Hawéfm@ﬁt‘“w éiﬂbsﬁ%ﬁ uat or s
that may apply Befraiepddtont 424 €0 mdrdl foog: ifigs £68 guddi2 warcha nefhekbshepfd  lgvide

tenpl ate. mBepentidnglie it lag 203 @Lbod hivd kst Bt bré PAteC AR hothinteR Gdds bkhn of the

ACt Uat o7 oy ot e Rt A Of BTl B SREC 1L ER ol Ep PR e
u di 1 1] [

di storti ong%rﬂarv(%)1 QecouF & ptlm?mm"h BSF% 28(? F(L, °8d96n¥2? ‘8?3’%’? ?f“g‘ﬂ%”ﬁ?é B?fnvacuum
to const raf“ﬁacﬁf@hfhbtﬁm‘é‘ﬂﬁt%ﬂ?@teb*’mﬁwwf BpH Iémt mﬁ“’s‘*tﬂ?"éuyb’é@%ﬁﬁ@eswmgmg" and

magni f i cat pthen matipds i eld siedr amprival frapet Fonth@mistdie Thwsopierdiy se@rse aldylpedsegnl y i f
bot h the t @preaRcnpietk | DAV hvaGois: 26f; whdi, clibhR AP bR%iBy @liQired WAGLRNEAlWIRE | n
some enbodtoﬁgmggmpngtlﬂgogl;a%pl ate hol der systemof Figure 51 may have a
mechani cal gn thgt C‘&dé"fg obstr ctl on of the curi ng ent to portion
of the area un peTai oL\ 0y 22T 8"5*?&?"‘6{ E‘%i’d%“é“’éh"portl on
of the i qﬁftﬁwﬁ’é‘r’vﬁwmt“éﬁb}%f"é thsit@ﬂratﬁﬁgthowww@woemmn @@ﬂ!hqnqmwmh@tﬂiﬂa?k to

t he t enpl att@ magmdfgnngrelbnioky sta@entwpbitich tittebgEmplis @50ahd thdiebstzenfat:at @ brinkhteS

probl em wi icaivk hegnbei R atud Bohdeh HRY iRR AVRlHed BYe 200N CAT RQLALILNENA: Set  Of

0TS | NGOdifiol RUR AR BAASL O Ml il B AR BLIHCT 0 cUring agent in

such a way that_cur]l ng ?i%%e(nt IrTect I.on bel ow one edgle

tenpl ate 5102 r%'@‘g%m SRt T e Frﬂnﬁﬁic%"f?gf‘rﬂﬁ?ﬁ"é‘ﬁ SErrosBlY 570 HE™ Bt her
edge of t eYppirsppdnesheminciglen ofgreraigthefch e dtcoupled erintatienserpe ticlors aenptietissi ¥ may be
achi eved b¥lexgde sibdyriotngaytidalad: tenlpasiel jeuchoitthat, 3tlie, thaprdidauRicgafnbeinean t he

substrate ananmm@a@edfoaaﬁmm tmermam@gmmg, Jg,as:mh gugm%lmg%ﬁh{o@gﬂge The

gap being . ne gnre ated. i he act ual
pat t er ned Sur ace %{a&m‘é seeteds‘”(]:i&% 5’1"{3 g%“&"g’é BPREFMTE B n t he
useful ranfertgFibtonde sap il ‘t“@%ﬁﬁ?"q ﬁ & fmepgntaiop ghstserigidippdy 314dpieqon Joigh 2 and

refl ecti vispryaered apet og axig depicke byPoet GuiREgh badyd Hefapbe rgpenstitingof Egilgpdiesalo sabmet 150nm
to 20 mM Cr&a&ul Sedivers @ add3Bd t 0 anal yze the gap, then the terrpl ate may have

feature patter %Quthéu é%m&i‘%m@émaoﬁén?o&ﬁ"og%ﬂuﬁong%) HPSF]QJIG (ag‘ epB:Eed me r‘Furé g})l S gr eat er

greater. Thi S, T8 d {5 m ni nim %ﬂ
than 150nni 'A% * "“’et‘%‘ FREEPE! PERRIE FF SRb Y otend 15°o§aP1} 8t% =4 Feot Pei d may
be expel etﬁnPFaF"cfPhs‘faF?é’ #p 2 ethpvlentic tohponent giashe pdapted tehat Dmsmﬁﬂp*l agrips agfhe gap

bet ween t hies.sibighg @pees tasugh tehenplenyol at e may approach a | ower practical limt
when the Vi SCOUSe diolia@SuadB QAR HaM éflﬁberAhgtmeﬁ%qﬁeh&eqll;b‘éonvuftenp&tb%o%mp| i ed
conpr essi gschPtE gglbstr;l;ﬂ I(%a eog&g%rn azﬁ@%@nt heafi%negl q&cqateral xémﬁon atEhgrrpl ate,is in

cl ose proxng%ﬁ B4t a gap
hei ght of ™%t f"“sff?dﬁﬁtimf%?“t%e nJ‘fm’("‘,JFy" e Bfe’iﬂac‘i/\ﬂ'i’éaﬁ ‘%’L‘?l I%"“'i“’%‘y %Pﬁi?F‘PeéH‘gLHS‘P"mFﬂ sec to
a t enpl at estiffiershAzptherdiagiage effflesme pembaes 126, 128 with flexuretidias 16¢)AF mmye tethwadaf ack | i ti ng
provi ded agentnichpotces andtiqpa folls neyl. ThieupayibsanifBiofdnEictd it the BbcEsDof aBimbrait il oraphy

pr edi ct ablp%c@mymde%bswmxm;ﬁﬂm &&@d (or entrained). The Vol ume of
i i reful fl.uid m c and

fluid entrained, r’game d| c‘t;'og t?)%ge on &
surface phenonena. ca 6 OB H AERAPY SIS e A Pe‘?‘%‘i‘? ng, it
may be desPrBEmiEd fftfhlf Pquﬂasmwamapﬁ fﬁ e pidshof 5008m efdas beech e torrlynsndamistrate.

Such a gap sensing method may require a resolution of about 50 nanometers, or less. Ideally, such gap sensing may

be provided in real-time. Providing gap sensing in real-time may allow the gap sensing to be used to generate a
feedback signal to actively control the actuators.

In an embodiment, an flexure member having active compHance may be provided. For example, Figure 46
depicts a flexure member, denoted generally as 400, including piezo acimators. Flexure member 400 may be

combined with a second flexure member to form an active orientation stage. Flexure member 400 may generate
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W th respect to a substrate. In order to acconplish the orientation and gap
control, a tenplate manufactured with reticle fabrication techpurqpﬁﬂ my
be used in conbination with gap sensing technology such as i) single

wavel ength interferonetry, ii) multi-wavelength interferonetry, iii)

el I'i psomet YO P02 apaci t ance sensors, or v) pressure seREBRSIIA2E6an

enbodi ment, a nethod of detecting gap bet ween tenpl ate and substrate nay be

used in CO%BS g ﬁ)tl&ﬂ.blﬁ'l%:h:{%?&%éﬂl 193110 r.gplﬂite s% %_lﬂ}%ﬁr c£ aETsmF lséoch d§e§(C [ I@atpn%bl On of a

t echni que ourl er rans

obt ai ned f s %‘1’“5‘?’ BB ARy ATt PoETER o & Py %“c"f‘(ﬁ‘gléecfe‘ﬂ‘é’fl%‘i’tﬂ.w“fﬂm%’s Edehni que
may be usedodigt to oypdyyslisnpopng wittheeunipd protinet ke tetvaentaionphddteal setpnt Hachoidst r at e,
as wel | as afigdent spamly R 6 didnimakchd i€ KIYeEGmenk @1d ok nayl ey a coﬁﬂh&aﬁsﬁeld-thﬁexd

techni que RBRYiayRERVIIdd 0 BrdYRE ABEudNi Ckness of each thin filmand its

t hi ckness Val’la]%]I on Al so, the era ientation i.nfqormation
bet ween two sur acegodJment, ekureemember %m%ﬁsses%l_%stgﬁess?% %ectlonsw emd%ra Sslgrate for

ot | | SO 2Py el e ey AP By TRRSh PRI T A, b
m ni num of 2t fbedimeg{ mwy proGde apdicivels cdnipliagh dglive.oTket is, Géxut pentel A5 meyeepport relatigaly
enbodi ment higRloaphilRESHE HERIVierRi QGRS @ RYveRhe BafREaml esuseadi nat i on of t he

broad-band i nt g xﬁﬁrﬂpﬂoﬁryphﬂgmf bl Qwﬁaﬁl&m-ﬂ%&f 28 mufaéi'ﬂ:)maﬂ;?‘ﬁé{

applicatio n e varl AN 2005 WO
057 06902 Pty DRSS &9 pibopsh Phpti, b GREY Bl Sty B pag oo b

i nt er f er oméfhpgRPRYGe fREES Hitdt %S‘@i‘ﬁﬁ‘ﬁ'ilﬁéﬂ*}* ay ?bwrp wﬁetﬂﬁs'eperf@%sa sepieRRieT YAt | s
expect ed t hewteves nehexhidGl TpritatpLrlis” offeryresnitite ipmicivd-dade variidns ¢olitrepog@ghy. MGasu tiekent s,

especi al | y 479V ad HQmGRBRIOF7), Bhh dibnihtd Yo tions fabebsl® surtfc® bf thd Gasiddd thk by R@F &iphhy
processes. gl n.QF der to overcone such problens, first the reflective indexes

may be digiti z n nunber daonmai n, between | Then,
The argi il sed aeumm P ERORE bty i “ski?‘f‘“‘mé%‘“éb“ﬁ‘ PR i
appr oach mEspPsHE & plecg dwipeimpringegated &f enppseha- o subitglm ays 1 dpring e jrppgptig grocess.

cor r es pond.ddiiipndili eracunme ehgd r4gtimayespsure et not faicls as @re@hit oh e bhal LIS substrivedubilg T

si gnal may pibtesilugl @ mhy/¥2 el RBimRAAKS iR linddfafhy, lad fARAYy &l flilhs th@ ruid die
thickness qf;eagh.J.ayss cuﬁloyﬁem?pﬁlé&e%'m LJHL;? varidiDY§ oP h:L %E. Qflgnd £ the

reflectivity are periodic I'n_ wave not wavel engt such as
shown in t FfECPEIFRETIREtOP T °§m’§’|’“ﬁﬁgl e optical thin filmby the fol | owi ng
equation, (7) IPFigge4Rp2pinype tagm chuckppy) ipfupm Bstaving @ defed prmbler 9f pgy 452. Ttis believed

1- (P1, 2P2, $hid@euitii chuck-420ngy 2pminste potdOdipUettedistel whil as Yther 'defladtiods @n fi substrite &z t he
reflectivi tpaecegggfi el A ane b4 &149@&: b & @ﬁammap}ﬂl;xﬁg dacuéma.rag slbsrbB o @Eh A&, N IS

the index Ep%“‘qlglbq%tgcpmﬁzmeb bt Hesh ahﬁcsrrt?%% ?Oﬁjgwsulgst?mmp fEnﬁ‘e film

(material 3 0f on_coe

(materi al ?36‘1’°3I§?P8‘iﬂrﬂl§°“§‘2‘)am@¥1§‘e”\?\? -"F‘I‘hl”aﬁﬁém%g‘ © figioEPRs 28 TR PR L FPER ©Rour i er
anal ysi s nesguchie angpoisfartitlestseitbidgor que ity det erm ne the period of the function
R represent ed imgutcaBBEpif a Mbovd-typel veemOdhed 4é0hath a hioklittof Sloth@d 482 hckbbshts furhad) @

clearl y d efdrog‘%gﬁftﬁ hn%&gﬂeﬁong @M ﬂLn):mnWms 4567 'dlla Lm Wpee'ﬂcuﬁn &Q&rll!i(ﬁ TAs Lﬂo@xﬂ Ext)rggsm of

E.FVV% h: 2 Obt ne ﬁnel T 3 W; Il]n}qla eﬂﬁfky%g &,wgdmsslgwnm%% {'hlélgrgs:[s ISegﬁr(]m&gmoves%GJfgcatl on

4H1.

groove—type vacuum chuck 462 may be ad]usted 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 chammels across multiple grooves that run in paraliel with respect io the chuck surface, The fine
vacuum channels may be formed along with grooves through an etching process.

Fipure 47 illustrates the menufzcturing process for both of pin-type vacuum chuck 450 and groove-type
vacuum chuck 460, Using optical flat 470, no additional grinding and/or polishing steps may be needed for this
process. Drilling at deterrnined locations on the optical flat 470 may produce vacuum flow holes 472, Optical flat
470 may then be masked and patterned 474 before etching 476 to produce the desired features (e.g., pins or
grooves) on the upper surface of the optical flat. The surface of optical flat 470 may then be treated 479 using
well-known methods.

As discussed above, separation of template 150 from the imprinted layer may be a critical, final step in the
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where Aw = wf--ws; wf- 1/7. and w, =1/ . (8) FFT is an established
technique in which the frequency of a discrete signal may be 'Fﬁl ;&INaE% in
a conputationally efficient way. Thus, this technique may be

insitu anal SI s and real -tinme applications. Figure 34 depicts an

enbodi nent BP *A"PPocess flow of filmthickness or gap, neSI(iSEHRA via a
FFT process of a reflectivity signal. For multi-layer films with distinct

reflective ;i nd6%Eson/ pQOGé'Qst 'sB&%%Rpﬂﬁ%K&d'su@suﬁf Jay@é éﬂﬁo@t%@rfel;@¥amﬂﬁ%e aiﬁ g@f‘ to

| i near CO”bthatftons-te d rofilm
may |ead to tWo i Sti r%‘é%‘/e‘"’ D s&*ﬁ*"’f‘*&’é‘ﬁf" ad‘ﬁ%‘“f’?‘i'y %Plff—‘ﬁf"“ﬁﬂ RGR °fli‘f“b‘EfP

depi cts a rPEKBEGFlatwi e prgeratipeiorh ddeyess o = Sfdblejgrrit pondstipladheetranion t wo
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film thi ckness:ByembiheR:iliemRsE it adbi @iz Rhplutd ARk idbast, 1M hdodhg S8dR mhy C| udes

l'ess than %@teocfxﬁﬁlléme e%re!n.s%g IXMVJBJM 2 L’ngn m %&a{gq}omx %ﬁagnqbdela Or aqe; ertjormef uch

case, FFT resu I naccur at ocati1 o r'dér to overcone
such a pr oﬁ?cé%ﬁﬁﬂﬁﬂ’ 2ol é’ﬁ?tpélh gttt Iﬁfi‘Wé"fl “le‘i]hPf""‘efff‘s ietcd SRR YL 1B ¢

t hi ckness, “escqqesiped 2ol proggssiisglingtiaiodih Figresel S0AT0B o 507, potirsereito exparatedlic tegpplate FREIT

al gorit hm tie GGy @ mby IfluddHe britOeition bf e it sofsebddlpat dudgl praddss@l gorithmto find a

;ﬁgalm m ng;/ mum (mdrhlarﬁy rePR Maﬂcﬁ nt, zeva@amqie kel & £eBfil 86 b \&nf;l;fe, umir\wﬁn w,

0 eri for i 0 and
W2. The re fmll tj cfj {.Ltﬂb?(iﬂ ljrsg) e, rc?pc Vc%alg accord(z?.uf WEI Flgurfnqk a:%r]B gf@l cmimg of the s%stanﬁe rther,
t he wavenu r‘fﬁ c‘rﬂﬁt"f’ﬁ‘@ substratq %) ﬁ'i‘yc?é lted 19 Septiopspipdupegn %}9‘1508 betwepnghodeaplate an
For a spectardoristater20 \/\mcmt@@%ﬁﬂﬁo @) Berisad v thés [perprgd: Hulstategp@ is héldvinplady 18 8Quuwher eas
w, = 1/ 800.chucld$rer &k et ldhEndisiCichvkdattic @mhplhie PGhdwukfatd 20 @af Rfs@Ghichy inkiye BAt a

bet ween 0 'ﬂhné’\érlodg@-if ﬂa%luﬁﬁ@ls 15 @ﬁcaw a&e 'ioht@al telﬂflateAWstrafA‘%tQﬁogl %Lc% q.ug]el 5'30 EEIWQLH e 36,

there may Qﬁe rrumln he Aw

range, given {at\f%%tmﬁ bm&%“&“ge en g‘egmﬁ?e s?i’f“atﬁ \@n%eﬁ"ﬁsé?t% O35, °“]Yﬁémf| | m
t hi ckness &P §& EHTHITRteR: %PF%T“FB‘U@“‘“’ @sumw Septopegfctieingphiptapi o e st s
at W . Thertefrlger 1§yhd subsgae?0 vilfoht ugksirtblvghepe.i odi ¢ oscill ation, and 21 1A JAN
2005 WO 02/ 06902 sd2bad hdefSAd hui 2364 8 @R fedtix Figurd 564, \805 360, - In 1o336hd Bl ¥ purid | OCa

maxi num ex'nﬁéxéﬁ, &te oy\gore J&S’ Qc%.{atgllé %@2 M@ be mg‘m.@d Rl%gelltqg F:lgftcle é? ﬂl% rohe oq m%re fpzezo

oscill ation Lcal con uration o

measur enent“ PS8 ?&ﬁ% i i7ffe Pd?f&ce g%?"(?&%ﬁbaﬂ???dmlp PEAT S %‘Eﬂ’?feezo SESERt PR er

Wi th fi ber PEfpRfteisr S0amayhe i coxii v ssheir A0 oy ifirctuses 4024 ﬁp‘PIEf‘éé@ng ?@)’ Eappuller .
Several exmef bagyshed gmakorpnBTesDi g itdedl @k eigie Setwermbgienl. NP Zaxiemdtikebesemsiet | Vi ty
of the FFT «dghei2 shdibs@Xe iche 585, cﬂaymue&ed t@ﬁﬁmlt&gh@manmsmée 201 A£da £:0:

filteri ng’ n%%ng%.xﬁn %?‘Mfa%p Iicéteﬂgl{ﬂ%qstggﬁa cnt cﬁ[hc chr su?fgcc F Qtte %'deogxreveeﬁt range

of vvavelent e utllilze

measur enen f'?ﬁ’f“ﬁeé} §e‘g‘i“’558%4‘l5‘§‘83’°ﬁ’éf?°§?fﬂ‘”°ﬁﬁtﬁrodl rrent s di scl osed herei n incl ude
a hi gh preci si onswyapy.smebdgeritserreented homin digclyee gysierye procesyes pudd addhteth detvippe Bnsuccesylid f | at s
(e.g., a temohaitherphydvithousehoisity il ue:) of hiffrpnparitles@f highlpressirksO Wil RS IEndiiRRdhts, et hods
presented lﬂ:%&& canmLf%dgapm&@eepJ temgmeqm subQR G itk @&ie@femw ﬂl@ hid ke Dased

interfero n%an f¥1:red may be aréhlevgﬁb %mover, separa%m [’r@hﬁ tcmdlate }rom%c a.te (am{ tg cl I%Dr) may

be possible without destruction or shearing of desired featwres. Embodiments herein also dmclose a way, in the

form of suitable vacuum chucks, of holding a substrate in place during imprint lithography. Further embodiments
include, a high precision X-Y translation stage suitable for use in an imprint lithography system. Additionally,
methods of forming and treating a suitable imprint lithography template are provided.

While this invention has been described with references to various illustrative embodiments, the
description is not intended to be construed in a limiting sense. Various modifications and combinations of the
illustrative embodamnents as well as other embodiments of the invention, will be apparent to persons skilied i the art
upon reference to the description. It is, therefore, intended that the appended claims encompass any such
modifications or embodiments.
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uses broad-band interferonetry nmay overcone a di sadvantage of broad-band
interferommeter, nanely its inability to accurately neasure gapfﬁsﬂﬂhlﬁFS
t han about 114 of the nmean wavel ength of the broad band signal. *° v
Interference fringe based interferometry may be used for sensing errors in
the orientation of the tenplate soon after it is installed. Inprint

| it hography processes may be inplenented to manufacture single and nmul ti

| ayer devices. Single |ayer devices, such as mcron size optical mrrors, .
high resolution light filters, |ight guides nmay be manufactured by formng
athin Iagﬁ g& material in certain geonetric shapes:-on substrates. The

i nprinted é§ t hi ckness of sonme of these devices may be | ess than 114 of
t he nean wavel ength of a broad-band signal, and may be uni form across an
active area. A disadvantage of broad-band interferoneter may be that it may
be unabl e to ateur abelSyshegsufer gdipymiagal & epatiignnabout alldulot tdee nean
wavel ength t i I . Q..,..about 180nm). I n an enbodi nent,
nicronete?ssﬁ%egg?%%gggi(?Q%mﬁg%ﬂ%éc%glS&Féggaccurately, may be etched into
the surface ofa tthe tfenpleate. As depicted in Figure 37, steps nmay be etched

down in the fornms of continuous lines 3701 or nultiple isolated dots 3702
wher e measur effént SEHEYERE ARJS EA%0| 5PER 88t $B7DRendPhe fpRBEer dBl® from
the poi ntopfeNt &M O sPBYL r@gx{@]gigﬂggyseful active area on the tenplate.
Wien the patterned tenplate surface s only a few nanoneters fromthe
substrate, a broad-dahdrsatek¢epomenembemy weastire the Taptactisated v

w t hout sufferj om.m ni . gap_ pmeasurenent problens. Figure 38 depicts
a schematic oflj[l%}%:é&éap l%easggrjl%%n%(%%ge escrlobedpﬁ‘é?g. PrSbes 3801 fﬁﬁ%| so be
used in an i notievedstciood iguirsatdmngucde as depicted in Figure 39. If nore
than three probes are used, the gap neasurenment accuracy nmay be inproved
by using the redundant®STGF ndt FEHRLE Fdrerdisipl covPyed shke,thehefénsti ng

description aspsbBs themyse, ofnthees Rhebes ohe stensl Zrﬁem]?e:%ﬁ‘gg’ i's

magni fied for the purpose of illustration. The average gap a
patterned areaOmiigtgedetgi wdivods: alpyut=[ a( ecen ari)¥Slon hxis(9) Wien

the positions cﬂjrtx}ﬂf geobeasncgre known ((xi, y,), where x and y axes are on
the substrate Surfa eL?, therelative orientation of the tenplate with

respect to the subsiratppomy beupxpiessedirs oot t fYELERE fhbhpbhat is
normal to the tenplate surface with respect to a frane whose x-%/ axes lie
on the top sur"fha?c"glé]‘ tHee supsbPPatre. &sr/99nfiouced) tgherkold =thex3, y3,

h3) - (xi, Y'péﬁ@érd&&(@éﬁpDﬂbetﬁ@rinéﬁ@seyi’ hl)]. Perfect orientapion
al i gnment between two flats may be achieved when n = (0 0 1)T, or hi = h2

= h3. Measured gapshaneisr i dm aseonsdndyeberes ek f esxbackpiadotmati on to

inprinting ac tors. _The_size of _the neasuring.broad-band interferonetric
beam maybe asttlsh?real Ifﬁé:ss]éabngex?ggnr{ne Fra prate gt (rjfﬁ]ﬁ nPAHEREGRaphy 22

14 JAN 2005 . BABO2/tR69GhPCHGNIRP536 phocesspoit, Mayvbe gdesiitahl e to
mnimze the clear areag used only to nmeasure the %ap since no pattern can

be etched int'&t t R Oear "CEZ kG hY, Bh6ckadessf erd cepragdagent
due to the presanss 0fi HeasyiL®RM dPYsshoul d to be

a patterned template disposed in the support;

a fluid dispenser coupled to the top frame; 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; and

wherein the fluid dispenser is configured to apply a
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m ni m zed. Figure 40 depicts a schematic of nulti-layer materials on
substrates. For exnple, substrate 4001 has |layers 4002, and 40084 dafl 2005
fluid 4005 between substrate 4001 and tenplate 4004. These material |ayers
may be used to transfer nmultiple patterns, one by one vertically, onto the
substrate surface, Each thickness may be uniformat the clear area where a
gap neasurenent nmay be nmade using |ight beans 4006. It has been shown that
usi ng broad-band interferonetry, the thickness of a top |ayer may be
measured accurately in the presence of nmulti-layer filnms. Wien the optical
properties. and thi cknesses of lower |ayer filnms are known accurately, the
gap and oti@ntdt itén 3 nFEPREERBR DoStkdenethen ehPrarebstdadebsifade surface
(or netal dggggﬁi t,ed surfaces for nmulti-layer devices) maybe obtained by
measuring the Top | ayer thickness. The thickness of each |ayer may be
measured using the sanme sensing neasurenent probes. It may be necessary to
performorientation asurenpent and carr.espondi ng, cal i bratjon en a new
tenplate is i ngt al | 88° or S¥SHelhi ﬁg coﬁﬁdﬁ%ntfﬁ s 'g-}é‘é]é?ﬁ?guitbﬁ. A&St
orientationientHribet Mees tHhestipERhAt eatlP20apHogsHRSt £8t @nd1Q3 Ry be
nmeasured via an interference fringe pattern at t%e tenpl ate and substrate
i nterfaceChsSBEPFEPRAAXLF -Fi gure 41. For two optical flats, the
interference fringe pattern may appear as parallel dark and |ight bands
4101. Oientation calibration may be perfornmed using a pre-calibration
stage as di scl dsedhrersgistenDidf ecbnimal, whereimt ehse nEHWdre flsedided adj ust
the relative orientation og.the tenpl ate \a/ith reseﬁ‘:alt to the substrate
surface. "tIBPHY THTRTLPHT ohthSti P Ho SPRPBPT 8F8Rce "EERGE BA%d 53¢ esent
the oriendahi RPupicesTBY b8 r6arrestedt orbexhess fidts / #hoént hee
wavel ength of |ight source used. Wth reference to Figures 42A and 42B,
t herei n F P edtenbbavhent Bivptahemptisn gid tdec a1 efdarairenenber s,
126 and 128,,d.€s LV r jd.. Specific y first flexure
menber 126 rraeg/ﬁi %%?%%Ie%gg p 1&rsgﬁi(t§§/ﬁe§$@$fql§>?ur%g}%’l n%isihl%lgggﬁ%l etglet o]
corr esponskaunad i gind bodpebsdHda 466ond| sxur efj dilrkerd60 cdnd sr iwdiidhbodi es
164, and 166 nmay [f.orm paré of arnms, 172, 174 _extending froma frame 170.
Fl exure fiamne LI Shavk® aR PeiehgP 1852 L Wit H Hhy Ofer ¢ e st
penetrat i fleNird watindg Agant i Fiddl |daint 410 seaghi the tenpl ate 150
when held in support 130. |zi sone enbodinents, four (4) flexure joints
160 may provide notion of the flexure nenber 126 about a first orientation
axis 180. Fra 17 i f r nmb p i oupl i ng
mechani sm f or n;Pj oi grlﬁr)lgg g\/gs{tﬁetf%é;c%%a?frg?drgkﬁéégg?%}é%ggébﬁﬁl ﬁ% Fated in
Fi gure 43uenbdkewseprseeonthitéxand feoreh b2B8spawhardivdeclae pahirdf arns
202, 204 extendi n%.from a frame 206, %r%g 202 and 204 may .i ncl ude fl exure
joints 16¥%An&BrrE§5orli iy idyi 8bodiles 126899101yt d "Bddhes2 208 and
210 may hesrodiapted tid GausE dDth Ol fdvdde Jenbes d28&abot e 8, second
orientation axis 200. A tenplate support 130 may be integrated with frane
206 of tMehshmPetextibe FeAber eréentpkdéonr amd s182nd rdAr<206 they have
an Openi g2l PRI ELDE: SoCULT BY.3ORNLLC JRAEfLARID! Al G A5 mhiieh may be
hel d by support . I'n"operation, first f1exure mnemnber and sécond
fl exure renbecohZ8gmaydbecg opredids ghiomstaln kmbghiive B taef asendid ent ati on
stage 250.. Braces 220, 2%2 ma¥ be provided . ,in order to facilitate joining
of the two FiHCelemEeHh SPRME £HE FrRESP D PFEE P 8% 5180 and second
orientation axis 200 are substantially orthogonal to each other. In such a
configuration, first orientation axis 180 and second orientation may
intersect at & pi véthepayateasatclaipprbxiweeedin t tiee t Ehpstat Blexst r at e
nterfact ok Wl Aed "ALrdd " 2haOLb8BE" LRI A3 A S oFPNG

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
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axi s 200 are orthogonal and He on interface 254 may provide fine alignnment
and gap control. Specifically, with this arrangenent, a decour:]Ij[)n‘ggj_“q)fzﬂn5
orientation alignment fromlayer-to-layer overlay alignnment may

achieved. Furthernore, as explained below, the relative position of first
orientation axis 180 and second orientation axis 200 23 1 4 JAN 2005 WO
02/ 06902 PCTI USOV22536 may provide an orientation stage 250 that may be
used to separate the tenplate 150 froma substrate without shearing of
desired features. Thus, features transferred fromthe tenplate 150 may

remai n i nkagh anrre%h‘.% rate. ing.fo FEigures 42A, .42B and. 43,
flexure joi NS 18091an %%S%;Sy ab?%\%%r%e%eéhggegHteguﬁFo@io&él 5 q?’ocﬁ“ of
ri gid bodags 16d4nfiGere@0&,.c 2b@oatdat pivetabxemdital are twsated @l ong the
t hi nnest 0SS secti‘(ﬁ)}ggof the notches, This configuration may provide two

(2) flexureSBaSEd BEBOEYst 8RB UFor *Bef i Abrdecotpt Rl dri@ht attioh stage 250
havi ng degpupked COR®! ilod®!t ifaR:a%es H8RKe200-.FlexuLe 4 S Agp. 128
may be assenbled via mating of surfaces such tﬁat notion o enplate 150
may occur faBebk prye: potneinstheubistamtdat |gombiidamtd nhishised g and

ot her not} at. g@HI ar inmprinted . features fromthe substrate. Thus,
orientati %%Q%fl%%e . nsgy%%ﬁé:%i sery Welgt%ee({ e%ﬁl H BB a2 i vot

poi nt 252pothemebyf etlien naiemdshedrixugeeof mdasbredapeat ures f rQBRA
substrate foléé)wi%? inmprint lithography. Referring to Figure 44, during
oper ati on“bt®3 TEW 16815 20 afisEetdntheadoyrtdt sHowWAPTREYSEaNEr ol the
di stance hehmeen d&DIA e shaluaad GRe subsyrate wthout, pron, ding,
orientation alignment. A pre-calibration stage 260 may perform a

prel i m nabP¥raldgnreretaperation lodt viden serphdt £l14S0ransetnbersubsitat e
surfaces by J he . I al i,gnment to within the notion range limts
of ori ent%l??o%ég(?%gegﬁﬁéslﬁsgﬁa\égr z}i{il%'enbodi ments, pre-calibration nay be
required only when a new tenplate is installed into the machine. Wth
reference to Figure 45, therein is depicted a flexure nodel, denoted
general |y as 300, uSf ul SYRtelnd&fst #ehify the pfrRERBFes compapeiani on of a
fine decouplesdrd eab @i 64 agRe SYEHr agnar kenbali endnfershl exure
model 300 nmay i ncl ude@% our (4) p%r al I el jéglantseg)ﬁjﬁoggf%ﬁ%? El,%ﬁgegﬁd 4, that
provi de &HJiflbath¢i akbgateyst ere igeriftigured nal emdse opaveding of

configurations; Lin 10, may pass t.hough joints and 2. Line 312 nmay pass
t hr ough aﬁﬂoéi)nt%r%& a% 54.86,&%(325?%?)(%%% %‘jﬂlﬁ%ffs b@gggpeé‘g‘gd S$that fhe

conpl i antseatdrghmente{ost Doh ek bt | OPRespesivXie, | hesinguhistantially on the
tenpl ate-wafer interface 254. For fine orientation changes, rigid body 314
between Joints 2 and 3 may rotate about an axis depicted by Point C. Rigid
body 314 may be reppfsentatiyg oferigidhodies 1 20 f .fl.exure
menbers 126 and 128. Mounting a second1 fJ] exur'e c%gﬁgﬁgﬁt %ro 5glg'ﬁglgl y onto
the firsttdwvetoss dephchiast o Fhrgufér4B) andy seppodi déeaudeviveabeirtsh two
decoupl e i.ant at,i on hat _are orthogonal .to each other and he on the
t enpl at e(-éJshu I]setq?la?%}llél)n g??%%gér%Si?eTﬁémrﬁ}@%ﬁFg dShpohetR sPHEYtbRI adipt ed to

have operihegstivstal baw eauhidgfBgante femPers Wabbabt Ho passe t Argugh the
- tenplate 150. The orientation stage 250 may be capabl e of fuse alignnent

and preciPEENWSt iU Bitatehft et as0rowrecteahect debing subst r ahereideal |y,
the oriertal - R2HJIS B JRY. JAadd.Q Negld giy,& | ateral motion at the

interface and negligible tw sting notion about the nornmal to the interface
surface due to selectively constrained high structural

8. The system of claim 1, wherein the 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 1light to be
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stiffness. Another advantage of flexure nenbers 126, 128 with flexure
joints 160, 162 may be that they may not generate particles ab 4f dJiddt P8)5al
joints may. This may be an inportant factor in the success of an inprint

l'i thography process as particles nmay be particularly harnful to such
processes. Due to the need for fine gap control, enbodi ments presented
herein may require the availability of a gap sensing nethod capabl e of
measuring small gaps of the order of 500nmor |ess between the tenplate and
substrate. Such a gap sensing nmethod nay require a resol ution of about 50
nanonetera" or less. ldeally, such gap sensing may be provided in

real - ti meOtBFGIRHI 0t Gad "SensF YL 3 5 r €AF 129 nBSRay RIS He'Qaplisehsing to
be used tgegener alki acni egdbaek i$ig@n réos%gtgﬁuaﬁggt rol i § ey a&%&ﬁt ors.
In an enbodi ment, an fl exure nenbéer having active conpliance nay be

provi ded. ther fdraiplelefixpureerger dépi cosractl éxurtharesdernd déhekede
generallym Q0, i ncl udi ng piezo actuators. Flexure nmenber 400 nay be
conmbi ned w a'second flexure nmenber to forman active orientation stage.
Fl exure menber 400 may generate 24 1 4 JAN 2005 WD 02/ 06902 PCTI1JS01/ 22536
pure tilting nmptions with no lateral notions at the tenpl ate-substrate
interface. Usi Ag suéh®a $Yekee Mentsdrity lsj ngretbesr | agmarighn@nta st ep

may allo i Lpikng I n i . i u r . This
1 in | contrastTPErELeRTagR SRR AN Et PE AR S

ori ent at i bheandopat éizdmayot i wnsreBuchtbeer baypcadlibgamént ststpsiemyid ead to

di sturbances-in_X- | i gnnent, . and t.herefore require conpl i cated
field-t o-?glg%ﬁlgmé\e/%r I%gy Kot r 511 838 SEE2EASr gga%l’%epego‘éﬂf‘gnﬁﬂﬁit A% an
enbodi mentroml exer supetbet«280r-iy pessess 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 ment nay; pr ovi tiel | i ant i CE. i, flexure
menber 250 naylguppg€§ ?% af?gefge ﬁ?éﬁ%Fogas ﬁﬂfyﬁggcﬁ?e fﬁ§§ﬁ¥£p§r

ori ent at i Brek# hdea i ten betagen cobplednyicat thandri detsubsh r ategeWatkl i npri nt
|'ithograp it may be desirable .to intain a i formgap between two
nearly fIQ%eSU%P ceggaFﬁfewﬁhﬁﬁ§ﬁ%N¢ﬁ e %ﬁﬁc?#gbgﬁ%%? at@??g?enﬁﬁate 150
may be nmadenfigmrept tealmdvaattigh assibatagi sheekhgR basmrd i hhagkaphy to
ensure that it is substantially flat on the bottom The substrate (e.g., a
seni condut¥OF HAFesPLstEGey ST IRgy W@y bVRereipotheo Pasicel 1brREdEn

resul ti ngc&rﬁbﬁi%é)na@C%Qst’aéhl@_t NelEP]e EBuP?QSg%%pQ%'e Vaquum ghugk 478

(as shown in Figure 47), may elimnate variations across a surface of the
subst r at esttdee, magheasdur dbei ngctuatper ntiisng coVddgumedhuck 4#87emayheer ve two

primary purposes.. First, vacuum chuck 478 be . utilized to hold the

subst r at eO]ferl)erf) R AR LR ?Erﬁﬁ"r rr?fiaﬁﬁ;(zfﬁ’&yt gal)éﬂqsspg PHEE Y RESsubst rat e st ays
flat during the inprinting process. Additionally, vacuum chuck 478 may
ensure that no garticles are present on the back of the substrate during

processing. Thts: nelbe BEPEH aldfy FAPSFt aht t BUFHPEF niCcoRbbgieaphy as
o) eI el B ORGSR, HUSbi R g v 0o fieatenae foccton
sui t abl e floz tohedeaper podesedocoritd ngreoal worehbodi skaye. comprises
first 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

300



In Figure 48A, a pin-type vacuum chuck 450 is shown as having a | arge
nunber of pins 452. It is believed that vacuum chuck 450 may ql;tngjmtgﬂp%
"potato chip" effects as well as other deflections on the substrate d g
processi ng. A vacuum channel 454 may be provided as a neans of applying
vacuumto the substrate to keep it in place. The spaci ng between the pins
452 may be nai ntai ned such that the substrate will not bow substantially
from the force applied through vacuum channel 454. At the sane tine, the
tips of pins 452 may be small enough to reduce the chance of particles
settling on top of them Figure 48B depicts a groove-type vacuum chuck 460

with a pl 8Pgl i39P%f TEPBoVES 483PaEFRse ANS1iagr fur®. atFosVesreigr Rag
perform a;si fu i i Ng 4 f e pipsty a m 450. As
Choun, or aovas ohsy AL R CehernS vt Erane e o SRS i ved
cross sectuppongoenemper cr oss secti on of grooves 462 for groove-type vacuum
chuck 462 may be adjusted through an etching process. Al so, the space and
size of each groove may be as snmall as hundreds of mcrons. Vacuumflow to
each of grooves2462THBY HEstwVicdedcthiquagh #heeevacutme chamel s tacr 0ss
multiple grooves that run in parallel with respect to the chuck surface.
The fine SVABBURPERBARRT s? MAYHEUR oF ek al 81y WA Gy rdvvids aompadgh nan
etching pgo Laur 70 L) a t u ;,NQ _prace for both
o pm {ype vasuimrRhlcE A6 Aag ottt ae iac R Ehuge 485. TRy
optical fhadyd7€heneimddie i onahurgrfiai ngy el drs polnShimgdcsttepsppay be
needed for this. process. il ling at_determ ned | qcations . on the optical
flat 470 ?rafuﬁf%&%cg cc%u%f It%\f/ HoF e %y 20 Cﬁ?jlecacﬁmcr]%t °4y 0 My "Bhen be
masked angdsgatterned 474 before etching 476 to produce the desired features
(e.g., pins or grooves) on the upper surface of the optical flat The
surface of optical flat 470 may then be treated 479 using well-known

met hods. As di $guUss ab ep ti t enpl >0 fr, t inprinted
| ayer may be a§gr'i tiﬂggl ,g ?ﬁglﬁ sl?)re% i%ﬂit e 2%’ 1 ?‘k%f%ﬁlgmécg‘r%\oh@f}%%%Z
PCT/ U501/ @Rs@énsemprinta | di sl eguimn tpriecess £ 18iinc elitsipentsenpl at e 150 and
substrate nmay be al nost perfectly parallel, the assenbly of the tenplate,
inprinted |layer, and substrate |eads to a substantially uniform contact

bet ween near opgicathél abgstSuchora Sysimm may ugHakkynr equer € @1.ad ge
separation force. In the case of a flexible tenplate or substrate, the
separ at i AL SPRYSHe hereljlaropeel st Priokest diapsnsati-, a flexible tenplate
or substrate may be undesirable fromthe point of view of high-resolution
overlay alignnent. In case of quartz tenplate and silicon substrate, the
peel i ng procesk>mayTheot sgetempl efentelhiensi ly. wWowesén, seépar atliwond of the
tenplate froman inprinted | ayer my perfgornmed successfully by a "peel
and pul | "éjpsl‘%%réss%r. n% 3 r%]tezpoe%ec&rﬁcp%ﬁu% GCEEEPFE | | ustrated in Fi gures
49A, 498, and 49C. A second peel and pull process is illustrated in
Figures 50A, SOB, and 50C. A process to separate the tenplate from the

i mprinted | ayel® mayThaicl SfE el cOfbi FAEABn &f t Rerthest cembrietion peel and
pul | Pr OGES$ES) 1 P | & ity q4r r e ls 1 1 2 d 40 are used
in referring tloltjizﬁﬁe()]?e%p 15%’&13?{%”5% er c{&ggg%"? %guggter 2?8, Qgﬁﬁgéur abl e
substance, respectively, in accordance with Figures 1A and 1B. After curing

of the substa either the template.12 or substrate 20 may be tilted
to intenti onaln%C " i ndute Sé’ﬁ%z?ﬁ'gl 8% 500" bt ween ‘f’{%%r‘?’el?rplﬁ"(ee f?b5t¥ate

stage 1s configured to move with respect to the fluid

dispenser as the fluid dispenser dispenses a liquid.

18. The system of c¢laim 1, wherein the fluid
dispenser 1is positioned at a distance of less than about

500 microns from the substrate during use.
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and substrate 20. Orientation stage 250 may be used for this purpose.
Substrate 20 is held in place by vacuum chuck 478. The rel ativ? Iﬁﬁ{jgb
notion between the tenplate 12 and substrate 20 nmay be insignifi clﬁa uﬁng
the tilting notion if the tilting axis is |ocated close to the

tenpl ate-substrate interface. Once angle 500 between tenplate 12 and
substrate 20 is | arge enough, tenplate 12 may be separated fromthe
substrate 20 using only Z-axis notion (i.e. vertical notion). This peel
and pull method may result in desired features 44 being left intact on the
transfer |layer 18 and substrate 20 w thout undesirable shearing. A second
peel and pull nmethod is illustrated in Figures 50A, 50B, 50C. In the second
peel and pull 1pethode OBgsEEmNME RIGAR AL} UainSiRP2 ey Bertdstad! ed

adj acent to the tenplate. The one or nore piezo actuators 502 may be used
to i nducet@Pbile i Ve RTIIeHAVEE tenpl ate 12 and substrate 20 (Figure
50A). An end of piezo actuator 502 may be in contact with substrate 20.
Thus, if actuator 502 is enlarged (Figure 50B), tenplate 12 nmay be pushed
away from substfat eTBO; dimisem nafci nfjadam ahgl ehketdmenthbemnpath ereed S
notion between the tenplate_ 12 and substrate 20 (Figure 50C), may then be
used to s%%ﬁ?g?get%mgﬁeﬁzséh%‘substrate 20. An end of actuator 502 nay
be surface treated simlar to the treatnent of the |ower surface of
tenplate 12 in order to prevent the inprinted |ayer fromsticking to the
surface of the?&ct uBlt®r . sysissunmedr yclewbodi membergiasenhed prettedmati scl ose
syst ens, S ﬂgg t devi.ces far;, successful inprint |ithography
wi t hout rgéﬁﬁiﬁ(% u%sgé%fﬁﬁjllg% tté?rlpeorxgtdl?r'es or high pressures. Wth
certain enbodi nents, precise control of the gap between a tenplate and a
substrate on &ch }gesiéed fe%:)u(ies fromthe tenplate are to be '
transferred e ACRFEVRA. OfpPL8UEF124BRarattiEha6e e & TSR %S om t he
substrat ecdigiei dvggdi nprinted layer) may be possible w thout destruction or
shearing of desired features. Enbodinents herein also disclose a way, in
the form of SIPREHIRI vacuuATERUEkdNdofli@hi syprasishstiguédi ntpl &de duri ng
i nprint 14thography,.. Further erbodi nents . include, a high precision X-Y
transl ation stage suitable for use in an inprint |ithography system

Addi tional |y, poettiodsirof fer m mgbandritiedtliiyng anpaitabhedi npplahar

l'i thography tenplate are provided. \Wile this inyention has been described
with, ref'_e‘%/r@?cae € t g0aribusS 193 sttt ihe enbBUFREnEelathen d€scPRPRion is
not intengdatkt oshe tgeRsSty ugdpl N A LiddtddNOpeenssn Yakl ousmdid i ga4i ons and
conmbi nations of the illustrative enbodinents as well as other enbodi nents
of the it seRstiglte, bevppientheo pepsbpd JKiduisd snbshentiallyipon
reference-i h escriptian. IS, fore, intended that _the appended
cl ai s eﬁfclol?rlpéaséemgnyé:&{s%cﬁl"}h%%od]é ‘?czcﬁmg’ﬁ?t%r le%bg&igr?eer%t s 726 1°H79AN 2005
CLAI M5 1.rAsyistremd ahef eubvishgagepattern on a substrate wusing a patterned

frane. the  oACHERITEh Shage EBROFFSI rifcla (A% FhexuteTRUTBRr  Liher o n
the firstsydse#t8ally parallel to substrate surface;
applying activating light to the liquid, wherein the
application of activating light substantially cures the
liquid; and

separating the template from the cured liquid.

23. The method of claim 22, wherein the liquid is
applied in a predetermined pattern to the substrate, and

wherein the surface area of the liquid on the substrate is
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menber is configured to pivot about a first orientation axis during use; a
second fl exure nenber coupled to the first flexure nenber, mhergigANthS
second flexure nmenber is configured to pivot about a second orientation
axis during use; and a support coupled to the second fl exure nenber,
wherein the support is configured to hold the patterned tenplate during
use; wherein the second flexure nmenber is coupled to the first flexure
menber such that the patterned tenplate, when disposed 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 fluid
dispenserlgﬁﬁpF%ﬂnt% TWefash Fremet dh¢ demsteat e 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

t he substrate akengTheplmatdodsubst antdial | $2pandidmtin oappé ypatt erined

tenpl ate; , and. rein the fluid dispenser is configured to apply a, 27 0 1 4
JAN 2005 T+ H%%htg éﬂgﬁbéPLﬁgéaBSSi%Wﬁﬁﬁf%ﬁu%hﬁpéﬂﬁﬁ??aFgest 1Quri ng
use. 2. Thetsystemof @hispBhierwherein the first orientation axis is

substantially orthogonal to the second orientation axis. 3. The system of
claim1, wherein the first flexure nenber conprises first and second arnms,

wherein the fisgt @rm qRIPNJISEssa fid; t xure 1ot ich are
configured to providegLivot§#§n§§i5ﬁj%$&t%2’fﬁﬁg%ﬁﬁﬁﬁx%Pégygéﬁbggh%bout t he
first orikhtatdomoaxilss andsthetei mdnpe isseconhdspens comptheed iansietond set

of 11 exurg; |01 0t g; ¥i Shendhe SQ0LLOYI8Y,1Q;REQYLde PIvotal motion of the

26. The method of claim 22, wherein applying the
liquid to the substrate comprises dispensing the liquid

with a micro-solenoid fluid dispenser.

27. The method of claim 22, wherein applying the
liquid to the substrate comprises dispensing the ligquid

with a piezoelectric actuated fluid dispenser.

28. The method of claim 22, wherein the liquid is
applied in a predetermined pattern to the substrate, and
wherein the surface area of the liquid on the substrate is
less than a surface area of the template, and 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 1liquid is being dispensed +to create the

predetermined pattern.

29. The method of claim 22, wherein the liquid is
applied in a predetermined pattern to the substrate, and

o
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fl exure nenber about the first orientation axis. 4. The systemof claim1,
wherein the second flexure nenber conprises third and fourth1a4"3rIFAN \yﬂﬁgei n
the third armconprises a third set of flexure joints which ar

configured to provide pivotal notion of the second flexure nenber about

t he 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. 5. The system
of claim1, wherein the first flexure nenber conprises first and second
arns, whergin the Lirst arm co riﬁgg a _tLlrst set of flexure joints which
are conf 'gGF&U"t 5"%r SVFHRC%i 9582l ChotPont bFUtReCR| FRE Frxtrate mewber

about the1éksstnohi enta@tffHde axisa NdAnhargifidthe 2840 1 .4 JAN 2005 second
arm conprises a second set of flexure joints which are configured to

provi de pi vot aNhABeiBn GPRUNYE N r sthe f | xanédneker WEoutsthetfarst
orientati 0B B} 8o 530 S hRLEN dHNIe LGOI [LeXUTE SRIDEr COpILses Lhi rd

and fourt rnms, whérein the third aFrm conprises 4a B flexure
joints whand duettenf i gomedi § bngr evivdegpitiod akFlufat iddrpehsdie weeond
fl exure nenber about the secqond orientation axis, and wherein the fourth

ar m conprFSEREGE £ b0ir t 'S etS WS ¥ ab&r &hidient $Dfhi ¢hIHiE cHhf ikRIFRE to
provide p&ﬂ@ﬁ@aﬁs@@tE&%ﬁéa%@%%%@déﬂ%&%d@ﬁ&%ﬁpom the second

orientation axis. 6. e systemof claim 1, further conprising actuators
coupled to the first and second fl exure nmenbers, wherein the actuators are

configured to gguUser év%eitﬂ%dofoftg ag_rinr§t2 anc esreé:or{]dt%(latrai u&a}gigniag]rs_rﬁgout

the first and “Sécond orientation axis, réspectivety,
syst em of ajgbhlenl 1inf ur therdeosmiisddgpaacé tiat 06S theuphebdatde fid st and
second fl exure, menbers wherein the actuators are configured to cause

pi voti ng BFCITHE FRT sTURIRLR TR FF ekt el HEmstrYn abefit ¥Rt ¥atstisand

less than a surface area of the template, and wherein the
predetermined pattern is a pattern that is configured to
inhibit the formation of air bubbles in the liquid when
the template contacts the liguid as the template and

substrate are oriented in a spaced relation.

31. The method of claim 22, wherein the liquid is
applied in a predetermined pattern to the substrate, and
wherein the surface area of the liquid on the substrate is
less than a surface area of the template, and wherein the

predetermined pattern is a sinuscidal pattern.

32, The method of claim 22, wherein the 1liquid is
applied in a predetermined pattern to the substrate, and
wherein the surface area of the liguid on the substrate is
less than a surface area of the template, and wherein the

predetermined pattern is an X-shaped pattern.

33. The method of claim 22, wherein the liquid is
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second orientation axis, respectively, during use, wherein the actuators
are piezoelectric actuators. 8. The systemof claim1l, whereinghe ;Nrjﬁ

fl exure nmenber conprises a first opening, the second flexure é 5
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 290 1 ,4 JAN 2005 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

nenmber e stem of cl ai further conprisin recalibration
st age couﬁpggl?aytﬁg o?ieﬁfﬁgg%ﬁrQ%ﬁﬁ antte t%%ng : , SURET e 1 he

precal i br ghkbeaigt age %ﬁedé@@fmgﬂé@dpé@té@i/elé hee el ahian S A98 Howar d
and away fromthe substrate during use. 10. The systemof claim1, further

conpri si ngiguigr édadflisbrtds ararstHyea cobpbedthatt ke oribstaaticd 1st a:QE and
the top frape, aghgrghg Sfp£ﬁgaé59£g£hg géﬁﬁgstratconflgured to nove the

orientation stage towa and awa rom e during use, wherein
the precalibration conprises at |east one actuator coupled to the
orientation stage, Wwherein the actuator is configured to nove the

orientation stage tgﬁﬁrﬁﬁﬁﬂp%mﬁ§19%ﬂﬁﬁh%25uﬁﬁﬁ§%%9 th e'ﬁ%ﬂ%%%téﬁ]Of

claiml, fypihes G_L@lrmasl ?k@geﬁerﬂﬁﬁgél irald on 53 2ggeC %Lﬁl
orientation stage and he top frame, wherein the preca |brat|on stage

conpri seswheresn thd Bé@@ﬁﬁegmp@©¢tpa@h@emSlanﬂehﬁct©@5$uQMetb£tuhmer

coupl ed t a a t he secand support t he ctu
extendingg%ﬁggﬁggg%%g Eﬁrsggguﬁﬁbﬁﬁ renber éﬂ%?ﬁﬁﬁh ?Q%%t %UE %rt
menber i ssupfiptedateatbé tiop pétaﬁfnedhEeﬁpL@mQ.support menber is coupl ed

to the first support nenber and the orientation stage, and wherein the
actuator is configured to nove the orientation stage toward

35. The method of claim 22, wherein the liquid is
applied in a predetermined pattern to the substrate, and
wherein the surface area of the liquid on the substrate is
less than a surface area of the template, and wherein the
predetermined pattern is a pattern that is configured to
inhibit the formation of air bubbles in the liquid when the
template contacts the liquid as the template and substrate
are oriented in a spaced relation, and wherein the
predetermined pattern comprises a plurality of discrete

drops of the liquid.

36. The method of claim 22, wherein the liquid is
applied in a predetermined pattern to the substrate, and
wherein the surface area of the liquid on the substrate is
less than a surface area of the template, and wherein the
predetermined pattern 1is a pattern that is configured to
inhibit the formation of air bubbles in the liquid when the
template contacts the liquid as the template and substrate

are oriented in a spaced relation, and wherein the
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300 1 4 JAN 2005 and away fromthe substrate during use, and wherein the
actuators are coupled to the top frane and the second support nenber. 12.
The systemof claim 1, wherein the substrate stage conpriseq f_ymnqmng
chuck, the vacuum chuck conprising a chuck body and a vacuum fl ow system
coupled to the chuck body, wherein the vacuumflow systemis configured to
apply a suction force at the surface of the chuck body during use. 13.
The system of claim 1, wherein the fluid dispenser is a displacenent based
fluid dispenser. 14. The systemof claim1l, wherein the fluid dispenser is

a mcro-solenoid fluid di spenser. 15. The system of .claim1, wherein the
fluid di Eﬁsagtﬁrfﬂénagpi@‘g‘éﬁbt FRBPELGES dgsﬁgﬁ’é@l.lt%. OFh A LR of

claim1, fubpBebrcamr i@ dHdndlditdidiodd Wd dispensers.equpled to the
top frame. 17. The systemof claim 1, wherein the substrate stage is
confi gur e@ft Bhfptédnidhipeppecedt bt hkef temider db S ps aporsiatheo f | thial

di spenser _gdj S o1Vl emof _claim1, wherein the fluid
di spenser Sﬁéggggﬁﬁ %ﬁ%% "gltiji%l d%[g% a%%&%%é% elsngs % %%z?%r%'ut 500 microns from
the substrate during use. 31 1 A JAN 2005 19. The system of claim 1,

wherein the pag erned tenplate conprises 2uartz. 20. The system of claim
1, wherein the Battgpﬁed‘le Iaﬁe?iﬂﬁﬁig s Feimithendigidcenrd®f claim

1, wherei ppphecpativer nedroherBlat §=40PYHSeS | fdi yRkt ifyd dg.e 22.,4 method
of planarizing a surface of a substrate conprising: applying an activating
| i ght curdbeecinqbihg seragce area of the liquid on the substrate is

less than a surface area of the template, and wherein the

predetermined pattern comprises a line of the liquid.

38. The method of claim 22, wherein the liguid is
applied in a predetermined pattern to the substrate, and
wherein the surface area of the liquid on the substrate is
less than a surface area of the template, and wherein the
predetermined pattern comprises a plurality of discrete

lines that are parallel.

39. The method of claim 22, wherein applying the
liquid to the substrate comprises dispensing the 1liquid
with a fluid dispenser, and further comprising placing the
fluid dispenser into a position of 1less than about 500
microns from the substrate prior to applying the liquid to

the substrate.

40. The method of claim 22, wherein positioning the
template and the substrate in a spaced relationship to each
other comprises:

positioning the template over the substrate; and

moving the template toward the substrate until the

o
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| east a portion of the substrate; positioning a substantially unpatterned
pl anar tenplate and the substrate in a spaced relation to each other so
that a gap is created between the tenplate and the substrate, lwedANn200be
applied liquid substantially fills the gap when the tenplate is placed in
a spaced relation to the substrate; adjusting the tenplate such that the
tenplate is substantially parallel to substrate surface; applying
activating light to the liquid, wherein the application of activating

| ight substantially cures the |iquid;, and separating the tenplate fromthe

cured liquid. 23. The.nethod of claim 22, erein the liquid is applied in
a predete?ﬁ?ﬁgé 551?§Fﬁn?glPhéssﬁﬁgﬁﬁgﬁéf gﬂ&re%HeFQPn iuraddiar ea of
the |iqui guBBtthteShpltaheib3132 ril14 AN %\%%5 desenthan@isyelf ace area
of the tenplate. 24. The nmet hod of claim 22, erein applying the liquid
to the suBSYedt BOVahPriBessEpsipericing the liquid with a fluid dispenser.
25. The nmethod of claim22, wherein applying the 1liquid to the substrate
conprises dispensing the liquid wth a displacenment based fluid dispenser.
26. The met hod4af. craEnmu22hodherfeidlappl 34 Nowlidwesin | b tonihe swbstrate
conpri ses disgensing§ghe qug%d with a mcro-solenoid fluid dispenser. 27.
The net hotSBPLaFai A2, thfierdi P HRNS i Y theSPRFERI dalc tiwessdpst Fat e

conpri sescgigpenshpg t ke i-quid j hezoekegtri tyat e | ui d
di spenser. 28. The nethodkbf cIai%?%gfgﬁﬁggéint?%e f%ﬁ%?ﬁH%% qﬁ%pr%ed in a
pr edet er nflhebapat t ef nl¢®s tHwn uWUtat?d0 amd fraetbensthetsatéace area of
the liquid on the substrate is |ess than a surface area of the tenpl ate,
and wherein applying the liquid to the substrate conprises di spensing

42. The method of claim 22, wherein positioning the

template and the substrate in a spaced relationship to
each other comprises positioning the template in a

substantially parallel orientation to the substrate.

43. The method of claim 22, wherein separating the
template from the cured liquid comprises:

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

moving the template away from the substrate.

44, The method of claim 22, wherein a surface of the
cured liquid has a planarity of less than about 500 nm

after the template 1s separated from the cured liquid.

45. The method of claim 22, wherein positioning the
template and the substrate in a spaced relationship to
each other comprises:

positioning the template over the substrate,
wherein the template is substantially non-parallel to

the substrate;
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the liquid with a fluid dispenser, and further conprising noving the
substrate with respect to the fluid dispenser while the liquid is being

di spensed to create the predeterm ned pattern. 29. The net hod 1){4 glé\ﬂ ?@1@2’
wherein the liquid is applied in a predetermined pattern to the subs e,
and 0 33 1 A JAN 2005 wherein the surface area of the liquid on the
substrate is less than a surface area of the tenplate, and wherein
applying the liquid to the substrate conprises dispensing the. liquid with
a fluid dispenser, and further conprising noving the fluid dispenser with
respect to the_substrate while_the Iic%ifd i s bei ngD di spensed to create the
predet er ni ned PAVEEPn. M. TeRRLALEhd P GEEI Bt BIOSHA G n vhereiguid is

appl i ed ifna pf@ﬂﬁl&t@ nechPaLd erih t Q thepsehstial gy aﬂgn-gﬁféf;é'lt he
surface area of the liquid on the substrate is less than a surface area of
the tenpl areenbadiomereth rperepr etlet bhei Asbspasterasi tha panpkabethat is

confi gured_t L phi bi ornation of _ai,r bubbles in the |iquid when the
tenpl ate ggn@%@%gﬁﬁéﬁgﬁf% Saursﬁast ié eénﬁlngte and substrate are oriented in

a spaced rel at posit3dnifihe tiet hegpafatel airma22sumhesei athe paeaite]i s
applied in a gr edeterm ned pattern to the substrate, and_wherein the
surface aPBa®BFatmel itquitdors Unet Babat rdheresn [Fhss tempd akesurT abe area of

the te”D'@BS,%ﬁﬁée&hﬁé@EBiBﬁghiBrEQGESE”EHSQtP§EEern I's a sinusoi dal
d wh el

pattern. 32. e met hod of clalim 22, ereint iquidis appliedin a

predeterm ned pattern to the substrate, and wherein the surface area of

the liquid on e s trate | l.ess, than sur.face, ar of the tenplate,
and wherein thée'prggét emrerFl%r?e% B&t terh szgn XHEY ggﬁt TIPS TR e

met hod of cahjatr ta@2, sithat@i n gdiel 1uguigkined4in) or indium.

47. The method of c¢laim 22, wherein the substrate

comprises a dielectric material.
48. The method of claim 22, wherein the substrate
comprises quartz, sapphire, silicon dioxide, or

polysilicon.

49. The method of claim 22, wherein the patterned

template comprises quartz.

50. The method of claim 22, wherein the patterned

template comprises indium tin oxide.

51. The method of claim 22, wherein the 1liquid

comprises an ultraviolet light curable composition.

52. The method of claim 22, wherein the liquid

composition comprises a photoresist material.
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1 4 JAN 2005 applied in a predeterm ned pattern to the substrate, wherein
the predeterm ned pattern is selected such that the liquid fills the gap
in a shape that is substantially the same as a shape of the $ am%
tenplate. 34. The nmethod of claim 22, wherein the liquidis appliedin a
predeterm ned pattern to the substrate, and wherein the predeterm ned
pattern is selected such that the liquid tills the gap in an area
substantially equal to the surface area of the patterned tenplate. 35. The
met hod of claim 22, wherein the liquid is applied in a predeterm ned

pattern to the_substrate, an erein the surface area of the liquid on
the substrate P?' Igég Pﬁgﬁog:5%%9%ﬁi%ﬂ%%xcﬁh?¥ﬁ93eﬁ%?a?é?eénélﬁhédein t he

predet er nhagdappl beaRitS @rPRLESrPhihalpdSt igyred to inhibit the
formation of air bubbles in the Iiquid when the tenplate contacts the

liquid as the tenplate and substrate are oriented in a spaced rel ation,
and wherein th pr termned tt.er.n ri.ses a plurality of djscrete
drops of the I?éuid59§6$e¥h88nggﬁ5&%&ﬁ‘ ﬂlﬂhﬁfe%ﬂmﬁQﬁn%?%%l??%ubﬂsis
applied i a plpnedeteraf nedspatief mbsut Escubstrate, and wherein the

surface area of the liquid on the substrate is |less than a surface area of
the tenplate, and wherein the predetermned pattern is a pattern that is

configured to shnnidhict ddihdcprom! bonsaf 201 T Albligs Jin. the 4w duben the
tenplate contacts the liquid as the tenplate and substraie are oriented in
a spaced 9l %6k oremmiat aHer gith tdeest3 Slial té IAN 2005apeedeterof nege pattern

conpri ses ity of discrete rops of the Liquid, and whereipn one of
the discre éBErJ%% ot "the" ?%ﬁﬁ%iié??ﬂeﬁ%ﬁp?n ?%qug%teFeTﬁlﬁﬂ% pb¥tion of
the substuiattearovierl Whi e t Benté enpl aile: | Shopé estredhed lsurdia-Jvet hog,#f claim
22, wherein the liquid is ,applied in a predeterm ned pattern to the
substratevh%ﬁﬁﬁn the entire surface of the substrate has a

planarization of less than about 500 nm.

56. A semiconductor device made by the method of

claim 22.

57. A system for planarizing a substrate comprising:

a top frame;

an orientation stage coupled to the top frame, 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 configqured to hold the

" patterned template during use;
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wherein the surface area of the liquid on the substrate is less than a
surface area of the tenplate, and wherein the predeterm ned pajtern
conprises a line of the liquid. 38. The nethod of claim 22, whet ¢i dANN2005
liquid is applied in a predeterm ned pattern to the substrate, and
wherein the surface area of the liquid on the substrate is less than a
surface area of the tenplate, and wherein the predeterm ned pattern
conprises a plurality of discrete lines that are parallel. 39. The nethod
of claim 22, wherein applying the liquid to the substrate conprises

di spensing the |iqui W, t h fluid dispenser, and further conprising
plaging the fluid &%gﬁgﬁgeﬁﬁth%e%p%%sgi?ﬁﬁrﬁfm@@?§rtﬁéh PRIt eB 080

mcrons from th@esubsiEat erpeikaret OnaRmdyi ng dhe dHqui ¢ Hio %lﬁ%egHQEt rate.
40. The method of claim 22, wherein positioning the tenplape and the
substrate in atspréater eMarnosbisngsed dachhotfepreonprigess absuti eni ng

Subst rate unti PURE 0PO3T1 S SRR 068 spadadt PEl aEFBHEh: A"Re SERPBded,

wherein the |iqguidnoattibe asiubs@uaiergsubstantially fills the gap as the
tenplate is noved . toward the substrate. 41. The nmethod of claim 22,
wher ei n posi ti 8niHPT Rty aPe23al HREastEsned: &9mp e kpadéaposed

rel ati onshhp+ha Sgﬁggrgthgﬁdconprises positioning the tenplate at a
di stance of less than about 200 nmfromthe substrate. 42. The method of

clai m 22, wher@&in peRstrabe ng atiwe t eppndtiguard t heosubsiprte: i n thespaced
rel ati onshj ach conpri se ositioning. the t late in.a
substanti gi'lpflrcgg}cgfl eVH%’Elgérﬁt ation ‘(?)a(?%e SubdtT tel.orﬂj.en%?gor‘fbt 8§ of

cl ai m 22, onheneahisppatatieng the tenplate fromthe cured Iiquid conprises:

58. The system of claim 57, wherein the first
orientation axis is substantially orthogonal to the second

orientation axis.

59. The system of claim 57, 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 second

flexure member about the first orientation axis.

60. The system of c¢laim 57, 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
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noving the tenplate to a substantially non-parallel orientation; and
noving the tenplate away fromthe substrate. 44. The method of {¢] ajAR ggqﬁ
wherein a surface of the cured liquid has a planarity of |ess than abo
500 nm after the tenplate is separated fromthe cured liquid. 45. The

met hod of claim 22, wherein positioning the tenplate and the substrate in
a spaced relationship to each other conprises: positioning the tenplate
over the substrate, wherein the tenplate is substantially non-parallel to
the substrate; 370 1 4 JAN 2005 noving the tenplate toward the substrate,
wherein the tenﬁﬁite remains in a substantially non-parallel orientation

with resp8Ef to°thETSTHSt t4t ePECVIAR tRNIe MPEiRByedt t Shsr dfeRsth

substrat ef1ardrBOfkhbeni A8cthecteNpLab eyl Hr-nrbstapt hakLy parallel
orientation to the substrate, wherein the tenplate is In the spaced

relationship to the substrate. 46. The nmethod of claim 22, wherein the

substrate co i se i Li.con iy rmapium. _or, i ndi,u . The met hod
of claim22, vnm%gr'ei E'h%hg&%g%fgt rggt giag}gn%rfsggeﬁggpe%%t giLEg]Fméi?i“éF? 48.
The met hodenbee! aiomp22 sewheriaist tded spbabrat 8 rmeQNRHeSRS nqUaHd z£1 sapphire,

silicon dioxide, or, polysilicon. 49. The nethod of claim22, wherein the
pat t er ned®TPenptBRret P sEsrgbarist 6. ThexweehoPigtts| ahach2, anmerein

Lhe pattechegighean! abe OIS 85 J AU bt ofxbde.cral. £ithe, mpifod, of clai m
, erein the liquid "conmprises an ultraviolet |ight curable conposition.
52. The neelber ofaboiudi ntix2, fiieteiqritcme dtiigni dax Tonpesdt ivreredmprtises a
phOtoreSigécgﬁéeEE%|tomprises a second set of flexure joints which
are configured to provide pivotal motion of the second
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 fourth flexure member about

the second orientation axis.

62. The system of «claim 57, 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 abouﬁ the first and

second orientation axis, respectively, during use.

63. The system of c¢laim 57, 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

0
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381 .4 JAN 2005 53. The nethod of claim 22, wherein the cured liquid has
a planarity of less than about 250 nm 54. The net hod of cIaimL§2H£$P2@ﬁfn
the tenplate has a planarity of |ess than about 250 nm 55. T of
claim 22, wherein the surface area of the tenplate is at |east equal to
the surface area of the substrate, and wherein the shape of the tenplate
is substantially the sane as the shape of the substrate, and wherein the
entire surface of the substrate has a planarization of |ess than about 500
nm 56. A sem conductor device nade by the nethod of claim?22. 57. A
system for gla$ar|z|ng substrate conprisin a top frame; an orientation
pEgt 8

st age coup OFRENEBpIPPafE St hd B ﬂm14H§ﬁﬂ9<ﬂﬁﬁW|§h%ﬁel% first

flexure nenbesctubeses natdepfdssd1edd BXUrLtRIMSIs IS configured to pivot
about a first orientation axis during use; a second flexure nenber coupl ed

to the first flexure nenber, wherein the second fl exure nenmber is

configured to pivot 0 ecoen ept at axi s, during, use: and a
suppo?t coupleghfo ?ﬁg g %ﬁ% §?e§ﬁgéﬁngﬁbe?ﬁgre %rgPe fh%g%u§§%¥?r?s
confi gur erderhlu)ehotdmphEse$)a;htéiflsﬂ bpeplag e i | Bgcoise; £ BeD0rd rherdhN: 2005
wherein the second flexure nenber is coupled to the first flexure nenber
such t hat “PHRY HATT ePnedCCPRApIPREE 1 Nghe n? 4 s fbSe 0 1RPS He SOPPSLESSMVes

about a Phyes @gémngnt ahaeet gdeBynt Re fistrand secqnd, dj%dané LN axis
during use; a substanfially pianar unpatterned tenplate di spose
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.

65. The system of claim 57, further comprising a
precalibration stage coupled to the orientation stage and
the top frame, wherein the precalibration stage 1is
configured to move the orientation stage toward and away

from the substrate during use.

66. The system of claim 57, 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 recalibration
comprises at least one actuator coupled to the orientation
stage, wherein the actuator is configured to move the

orientation stage toward and away from the substrate.

67. The system of claim 57, further comprising a pre-

calibration stage coupled to the orientation stage and the
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in the support; and a substrate stage configured to support the substrate,
wherein the stage is positioned below the orientation stage. 58. The
system of claim57, wherein the first orientation axis is ShHSUﬁNt?@5|Y
orthogonal to the second orientation axis. 59. The system of claim57,
wherein the first flexure nenber conprises first and second arns, wherein
the first armconprises a first set of flexure joints which are

configured to provide pivotal notion of the first flexure nmenber about the
first orientation axis, and wherein the second arm conprises a second set

of flexur &oints which are gonfi urid to Erovide pi votal notion of the
second fF8RufEAMENDEPCEBOTt LPRe PEEFEL1BFRENPRL PHAIEXFOIPEDSeThELESSt em of

cl ai m 57, ayhes&tond h@@ﬁ&@@%ﬁﬂe%lrﬁd*%%bqrea%@n%gssé};hﬁ'téﬁ é&g‘?i@&rt h

arnms, wherein the third armconprises a third set of flexure jolnts which

are confFgurgdet ot g ovickmgi vantchl thst | grecohd heuppoond heskere neaber
about the orie t.ion axis, -and wherein the fourth armconprises a
fourth se?égﬁggggquég%ggﬁPg wﬁbgﬁuﬂﬂo fhﬁ J&%lfng %HQP?ﬁ)fi@ﬁﬁ%%£To
provi de pwhetainmateonfotsthesdppodth mblpxur eidreabaplabouto t haeseesnd

orientatign axis. 61. The systemof claim57, wherein the first flexure
menber cohpPPees ther stecaltf seeere ar REWORKerdd ncoweled r 50 them Ebrplk i ses a

first sets@hpbleXHERd@! Rl WHENS AT €nt SONEL IUESTe! O ROV Iy ot i on
of the fi?g%pflexure menber abou? th% f?rst or?gﬁfaf?%%%§§§§¥15ﬁ£ wherein
the secoadtarhetohprisesigusedond seve ofhé | exiertiiol o sswde ht overed
configuregnto ¥gtal tion of .the second flexure menber about

S

j . |
77 G| SRR P D Aot ReS S5 49 EiE hafioa

the first orient i
conpri sesatbihatoand afoucbhpaeds, tohafied ntbbe fhimd aiA CORBr i $&Sorad t hird

set of flexure joints which are configured to provide pivotal
support member,

68. The system of claim 57, 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.

69. The system of claim 57, wherein the substrate
stage is configured to move with respect to the orientation

stage.
70. The system of claim 57, wherein the orientation
stage is positionable such that the template is less than

about 500 nm from the substrate during use.

71. The system of claim 57, wherein the unpatterned

template comprises quartsz.

4%



notion of the second fl exure nmenber 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 fourth flexure neribérJANORNS
the second orientation axis. 62. The systemof claim57, further conprising
actuators coupled to the first and second fl exure nenbers, wherein the
actuators are configured to cause pivoting of the first and second fl exure
menbers about the first and second orientation axis, respectively, during
use. 63. The systemof claim57, further conprising actuators coupled to

the first and §%con&hflexure nme eri,. w%@rei t he, actuators are configured
to cause pivoti'fig of %t K FiFst ChnGe&Bord f | Sthehber $opB6GErRRE fir st

and 0 41tkmp13Ad 208prseeondn@ihgnt Bl i Axi s, respectively, during use,
wherein the actuators are piezoelectric actuators. 64. The systemof claim

57, wherein the first flexure menber conprises a first opening, the second

fl exure nmenber sconpLis econd ing, and the support conprises a
third opening, %ﬁe?@?% 2%@%6%} ?ﬁecﬁgiﬁt?géeéﬁﬁﬁxaﬁh Fﬁ?r&npé gﬁ?ﬁﬁ are
confi gur etemplatéomasacs i pednagi ty gt le@sbehadi epetiedsont @nt he tenpl ate

during use, wherein the first, second and third openings are substantially
aligned when the first flexure nenber is coupled to the second flexure

menber. 65. Theasystam ofystah MG, fiukkhes7 conppisido %omB\%ﬁ%%igbr tion
stage coupled to the orientation stage and the top frane, erern the

precal i br aiPéfd sfiageenger coppigledd to nbhe thepor Featati obhst ageutowar d
and awa - dyrin e._66. The stem.of claimb57,
Y albomLie suRsthatLqIYd LIS o 00, T0G SuBLem o Ol M Srs st age

further conprising a precalrbrati age coup
and the toppbsatkonwher eha thbspretal dhrahgonsstage is

75. The system of claim 57, wherein the surface area
of the template is substantially equal to the surface area
of the substrate, and wherein the shape of the template is

substantially the same as the shape of the substrate.

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

a top frame;

an orientation stage coupled to the top frame, the
orientation stage comprising:

a first flexure member, wherein the first
flexure member is configured to pivot about a first
orientation axis in response to contact during use
with a fluid disposed on a substrate;

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

in response to contact during use with a fluid
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configured to nove the orientation stage toward and away fromthe
substrate during use, wherein the recalibration conprises at { gagsNaugs
actuator coupled to the orientation stage, wherein the actuator 1Is
configured to nove the orientation stage toward and away fromthe
substrate. 67. The systemof claim57, further conprising a pre-
calibration stage coupled to the orientation stage and the 420 1 .4 JAN
2005 top franme, wherein the precalibration stage conprises first and
second support nenbers and at | east one actuator coupled to the top frane
and the second support nenber, the actuator extending through the first
support menber disgisas on e sfibsdtradwpgp@nd menber is coupled to the top

frame, the second supp qgnber i-S upled to the first su rt menber
and the orientati onuagtéaH & and S elreé:fgccfhéle a%?%%ﬁ%rﬂ%x%%frﬁp %d to nmove

the orientatiowisimge t abar d suppbranayi § r ararttieqsst rat e Hiard ngHese, and
wherein the actuators are coupled tqo the top frame and the second support
menber. 68. Th@L SRt SBPAR S AULiREr 85§ it he substrate stage conprises

a vacuum chuck,  the JRGWIR CHCKsc BT 9L 8 %%%rb;a]d%w@ggeavaegumﬂow

system coupled to the chuck body, wherein the vacuum emiIs
configured to aie y farsdct fdaxtiveceratbehe surt adthadf tthe phttkrhedy

during use. 69._ Th stem of gl aimb57,. rein the substrate stage is
configured to n%e\%ﬁv?n'sc%éh Fggﬁeccﬁs’tpé’st% Bt i €t oM st dYRV e T PPIHe Rystem

of claim57, whdreith thaner i entatrisentest agg | §hROSKt -epablggsush-dhat the
tenplate is less than _about 500 nmfromthe substrate during use. 71. The

system of cl ai MEELERECE R*¥iRe WUKPASt BEREd tenpl ate conprises quartz. 4
30 1 4 JAN 200% template disposed in the support; and

a substrate stage configured to support the
substrate, wherein the stage is positioned below the

orientation stage.

77. The system of claim 76, wherein the first
orientation axis is substantially orthogonal to the second

orientation axis.

78. The system of claim 76, 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 aim comprises a second set of flexure joints which
are configured to provide pivotal motion of the first

flexure member about the first orientation axis.

79. The system of c¢laim 76, wherein the second
flexure member comprises third and fourth arms, wherein the

third arm comprises a third set of flexure joints which are
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72. The system of claim57, wherein the unpatterned tenplate conprises
indiumtin oxide. 73. The systemof claim57, wherein the unpattgrng&
tenplate has a planarity of |ess than about 500 nm 74. The syst rTIS f‘klzg%m
57, further conprising a fluid dispenser coupled to the top frame, the
fluid dispenser configured to apply an activating |light curable
conposition to the substrate during use. 75. The system of claimb57,

wherein the surface area of the tenplate is substantially equal to the
surface area of the substrate, and wherein the shape of the tenplate is

bstantial |y, the. sh f. the substrate. 76. A system f
Formi ng. 8 CBREENT on &b AR Ry AT oF hoth cARPabd LLBRBFPSI ng: a

formng ap
top framemeabeer ignrial i te Stagengoupliedtheibhe L4aR,f rawe, whdee1Qr LgAt ation
stage conprising: a first flexure nenber, wherein the first flexure nenber
i s confi gPBdtho 3% otomoriea #i Fotrthr iselt & oblemize | hotesponbacho

contact dytin Y | Ui LSPQS: a rate; second, fl exure
rember codpred To e 11T Pravare bt CRErEsh L’ (hednaot Bur e
menber i sflesnteguesderoapovbt thbostcandeconanbateahabkops.axis in response
to contact during use with a fluid 440 1 4 JAN 2005 di sposed on a

substrate; and a support coupled to the second fl exure nenber, wherein the

support is congbgur edet eybeksl bhec1 panht 26 naghd £l atie duridlg {ise,, sherein

the second f|exure nmenber is coupled to the first flexure nmenber such that
t he patt ePRABESTt EppPateeswiddsdi svhetr¢ind hermappoherehovébealfdutsta  pi vot

poi nt i nt grgectGehbysddhe sl and 5ec9Bd £ nre 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 second
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 Jjoints which are configured to provide pivotal
motion o©f the second flexure member about the second
orientation axis, and wherein the fourth arm comprises a
fourth set of flexure 7joints which are configured to
provide pivotal motion of the fourth flexure member about

the second orientation axis.

8l. The system of claim 76, 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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orientation axis during use; a tenplate disposed in the support; and a
substrate stage configured to support the substrate, wherein the stage is
positioned below the orientation stage. 77. The system of clajm 76,
wherein the first orientation axis is substantially orthogonaiﬁtdAﬂhZME
second orientation axis. 78. The systemof claim 76, wherein the first

fl exure nenber 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

axi s, and mhergin the second aimconprises a _second set of flexure joints
which are configur éd'® o FFRe f votb# 1ot ¥ Bn of UFRBEE| r §pMPELEknge

menber abadtubberki EplipREheRAHRN BXis £ I 8013&(2%%5%19%0 ahBL£8,

“wherein the second flexure nenber conprises thir ourth arms, "wherein
the thirdharERiBofhe sestuwttdiis daset cohfibexade tooigauwsaempthoiatey 450 1 A

JAN 2005 fi d to,provid i.votal notion of the second_ flexure nenber
about thegggcgﬁgg§i%% a ?Sﬁnﬁx&gFX ﬁ?\ﬂﬁﬁ%ﬁ?ﬁtﬂéouFogﬁFh%ﬂ?ﬁ%oﬁ%@ises a
fourth seseobntll exieatipeibhs 26flisGh reyfR: ORI 1GHr eth# thPrevd dey Rk ¥oi Al
notion of the fourth flexure nmenber about the second orientation axis. 80.
The syst ehl*6f 2EFURRPYE, 2WRePEPROEABCELESt aFFBRGPES - menber conpri ses first
and second arnms, wherein the first armconprises a first set of flexure
joints which are configured to provide pivotal notion of the first flexure
menber about tH8eé-fThst sysitem atfi arlagxi s76,andhavheirei the hei rsecoHhekaren

conpri ses et _of gl%xur oi nts _wh are ured to £rovide

ond s j pch o] 1i
pi vot al n%%?%%go?o?%gl%%%ond lffgxh?%nﬁ%ﬁbe#hﬁbﬁﬁ?o?ﬁeg FFSEC of PRt AL i on
axis, andcompeisisn thessesud dpeexube NBAdErHeONPubSEst t hickgrards fourth
arnms, wherejn the third armconprises a third set of
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.

84. The system of claim 76, further comprising a
precalibration stage coupled to the orientation stage and
the top <frame, wherein the precalibration stage 1is
configured to move the orientation stage toward and away

from the substrate during use.

85. The system of claim 76, further comprising a
precalibration stage coupled to the orientation stage and
the top frame, wherein the precalibration stage 1is
configured to move the orientation stage toward and away |
from the substrate during use, wherein the precalibration
comprises at least one actuator coupled to the orientation

stage, wherein the actuator is configured to move the
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flexure joints which are configured to provide pivotal notion of the
second fl exure nenber about the second orientation axis, and wherein the
fourth armconprises a fourth set of flexure joints which are1c&njAgggﬁs
to provide pivotal notion of the fourth flexure nmenber about |
orientation axis. 81. The systemof claim 76, further conprising actuators
coupled to the first and second flexure nenbers, wherein the actuators are
configured to cause pivoting of the first and second fl exure nenbers about
the first and second orientation axis, respectively, during use. 0 46 1

;4 JAN 2005, 82t he sgﬁten1gf cla|n176 further conprising actuators
coupl ed t 8 ¢HB Fl??? 898 LOHA P 8Rbr BVARNDEPR, th@hereFhI2Re- act uators are
configured to cause pivoting of the first and second fl exure nenbers about
the first and second orientation axis, respectively, during use, wherein
the actuators &fe p?@§0e$%%#¢mc<§%t@éﬁéms 783. iﬂh@ﬂsyst@mm@tlshagn1a6

wher ei n tBn%Eéi§Er££§5Hr%taEE”QQ) oqprlse%ha flg%%to enép? ther$§ gng

fl exure ne conprises a secon&’openlng, an
third opehhﬁgthuﬁmamexﬁm%Efélmhehél@&@caambwmiﬁuMiéﬁug& cORSPLHYS are
conflgureg to,allqw activating light to be directed onto the tenplate

during us THhePBFn SERETF SLP] Or?egﬁﬁ@ﬁﬁﬁj%qﬁr%Fc&ﬁ#ﬁ%g@n%récéﬂ®§@%ntlaIIy
al i gned wbBefpiddetdi tat %ﬁXEf&m@EQH@thé gge&l.&ds&,i@%w@ R&RoNd flexure

menmber. 84. The systemof claim76, further conprising a precali ratlon
st age cou%?%@a¥Q¢t¢ﬁ¢Qﬁ4¥ﬂﬁaﬂhnmm9§t§@@ éndsttheppoptfmambermh@méménmhe

Bnd auay CFF omt T he SUBBPES AT g Use i The ShE SaPort A e
further C@ﬂ@@m@lrgppport member 1is 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.

87. The system of c¢laim 76, wherein the substrate
stage comprises a vacuum chuck, the vacuum chuck comprising
a chuck body and a vacuum flow system coupled to the chuck
body, wherein the vacuum flow system is configured to apply
a suction force at the surface of the chuck body during

‘use.

88. The system of claim 76, wherein the substrate
stage is configured to move with ©respect to the

orientation stage.
89. The system of claim 76, wherein the orientation

stage is positionable such that the template is less than

about 500 nm from the substrate during use.
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precal i bration stage coupled to the orientation stage and the top frane,
wherein the precalibration stage is configured to nove the origntation
stage toward .and away fromthe substrate during use, wherein ih‘eJAN 2005
precal i bration conprises at |east one actuator coupled to the orientation
stage, wherein the actuator is configured to nove the 470 1A JAN. 2005
orientation stage toward and away fromthe substrate. 86. The system of
claim76, further conprising a precalibration stage coupled to the
orientation stage and the top frane, wherein the precalibration stage
conprises fir an ec uppart nbers. and, at | east. one actuat qr
coupled to the§:00'p &Pé%negg%%&?héjoéeggﬁﬁmsui%or?’hﬁﬁﬁ’bar,thtehepagaeﬁa?gr

ext endi ngtehpaugk tbapktikst guppeet menber, wherein- the first support
menber is coupled to the top franme, the second support nenber is coupled
to the first support nenber and the orientation stage, and wherein the
actuator is cenfig d e ftehe jentat i rd_and away from
t he substrate ggri ngﬁgseé,&)%n V\k?tefr e?fh)ﬁf ebgét ﬁ{a}?%%gﬂ?atrtg\égo%%&e%r?%@t he top
frame andtenplsseondmpuppest imdiber ti87o0xTHe.system of claim 76, 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 fl ogzsystraem i sycomnf | gur edid maprl,y wResdEhi Ahd OLGEL@LnLAe
surface of the chuck body during use. 88. The system of claim 76, wherein
the subst FetRlakealasia rbandgiredt dafsv&hant Bboasp86P no.the orientation
stage. 89. The systemof claim 76, wherein the orientation stage is
positionable such that the tenplate is less than about 500 nmfromthe
substrate duri fig-us@he48sydten JAN 20068i00.7Fhe fsysthem otonpaiBiZg, aherein

the patteff&ﬂd dispenser coupled to the top frame, the fluid
dispenser configured to apply an activating light curable

composition to the substrate during use.

94. The system of claim 76, wherein the surface area
of the template is substantially equal to the surface area
of the substrate, and wherein the shape of the template is

substantially the same as the shape of the substrate.

95. The system of claim 76, wherein the template

comprises a patterned template.

96. The system of claim 76, wherein the template

~ comprises a substantially planar unpatterned template.

97. A device comprising a feature layer disposed on
a substrate, wherein the feature layer comprises at least
some predetermined features that are less than about 250

nm in size.
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tenpl ate conprises quartz. 91. The systemof claim 76, wherein the
patterned tenplate conprises indiumtin oxide. 92. The system of claim 76,
wherein the patterned tenplate has a planarity of |ess t han1abalAN 2006 nm
93. The systemof claim 76, further conprising a fluid dispenser coupled
to the top franme, the fluid dispenser configured to apply an activating

| ight curable conposition to the substrate during use. 94. The system of
claim76, wherein the surface area of the tenplate is substantially equal
to the surface area of the substrate, and wherein the shape of the

tenplate is sta aI t S hapge of .t he subst ate. 95. The
syst em of clalﬁg76 q&her%%Vl$%ecﬁgﬁ%f%f %ggnpgﬁgﬁgl% ETeFH gLfahpl ate.
96. The syshemieksclsaiimcén, wherein the tenplate conprises a substantially

pl anar unpatterned tenplate. 97. A device conprising a feature |ayer
di sposed on a substrate, wherein the feature |ayer conprises at |east

sone predeterngaed frgat ujes; that, rarg S gishan 2 n e. 0 49
1 A JAN 2005 98. The deV|ce}of cl a|§1%§ﬁ ﬁﬂéreYﬁQ? %nsgggir bQt%%ﬁprlses

silicon. 99mpTheedegermaniumlai m 97, wherein the substrate conprises
germani um 100. The device of claim97, wherein the substrate conprises
gallium 101. The device of claim97, wherein the substrate conprises

indium 102. Theodevhee dvideai BrI7z1aher ohn tigef&ak Uns aseLsfpsaRd in
the substrate | ayer. 103. The device of claim97, wherein at |east sone of

the feat uFeBPE}8FegalLhiM- about 100 nmin size.

101. The device of claim 97, wherein the substrate

comprises indium.

10Z2. The device of claim 97, wherein the features are

formed in the substrate layer.

103. The device of c¢laim 97, wherein at least some of

the features are less than about 100 nm in size.

104. The device of c¢laim 97, wherein the substrate
comprises a dielectric material and wherein the features

are formed in the substrate.

105. The device of claim 97, wherein the substrate
comprises silicon, and wherein the device is a

semiconductor device.

106. The device of claim 97, wherein the device is

a optoelectronic device.

107. The device of claim 97, wherein the device is a
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104. The device of claim97, wherein the substrate conprises a dielectric
material and wherein the features are forned in the substrate. 105. The

device of claim97, wherein the substrate conprises silicon,1ﬁrg Nh in
the device is a sem conductor device. 106. The device of clal 9, rein
the device is a optoelectronic device. 107. The device of claim97,
wherein the device is a 500 1 A JAN 2005 photonic device. 108. The device
of claim97, wherein the device is a biological device..109. The device of
claim97, wherein the device is a MM device. 110. The device of claim
97, mherehﬂogg%igeﬁgggcis a photonic device. 111. The device of claim97,
e

. @, . . .
wherein t evice 1s d "surface acoustic wave device. 112. The devi ce of

claim97, wherein the device is a mcrofluidic device. 113. The devi ce of
claim 97, mherzin the device is a mcrooptic device. 114. A nethod of

formng a pattePf-on dPsusitvii®e ofisfhaln fart ahwagitenpiatdethee Ls

substantiglbxolgbqggga@%@gcgg curing light conprising: applying an
activating light curable Iiquid to a portion of the substrate, wherein the
liquid is applied in a predeterm ned pattern to the substrate, and wherein

the light cura liquid is curable int presenge of curing |ight;
posi ti oni ng thgbgat?g?ngﬁvPéﬁbﬁ§$eC%%Hntﬁz'SH EfFaPe theu P tiine thea
patt er nedMEEBpHateceontacts at least a 510 1 4 JAN 2005

110. The device of claim 97, wherein the device is a

photonic device.

111. The device of claim 97, wherein the device is a

surface acoustic wave device.

112. The device of claim 97, wherein the device is a

microfluidic device.

113. The device of claim 97, wherein the device is a

microoptic device.

114. A method of forming a pattern on a substrate
using a patterned template that is substantially
transparent to curing light comprising:

applying an activating light curable liquid to a
portion of the substrate, wherein the liquid is applied
in a predetermined pattern to the substrate, and 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
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portion of the liquid disposed on the substrate; adjusting the spacing
between the patterned tenplate and substrate so that the applied |Iiquid
substantially fills the gap between the patterned tenplate and fhie JAN 2(35
substrate, and wherein the gap is substantially uniform applying curing

i ght through the tenplate to the |iquid, wherein the application of
curing light substantially cures the liquid. 115. A systemfor formng a
pattern on a substrate wusing a patterned tenplate conprising: a top franeg;
an orientation stage, the orientation stage conprising: an orientation
substruct wher ei he. . Qt e I subs C e _conprises a support
configureggﬁglﬁglggtEggpg%ggéﬁegigéggg%t%gd%égn%&%%%fat 'nd wherein the
orientation subsinattoge the senfirgureswsamh that phbecpattetepgibespl ate,
when disgoged i.n the orientaﬁion ubstructure, noves about a pivot point
at a surfafe of e Pt t EPnet2 bt e3PRAYSE FHiAW S spbRsartéalpred to

the top frames argabdd@t @c3tage Ccenpki g%é@@ef:?e&“% 1dde gyhst

e
wherein the stage is positioned bel ow the orientatio st age, ané %herein
t he subst FaPetsahge fBdcohergincthe cyapmive sestsubstaldhe wlidgrg pl ane

substantial ly - t t tterned tenplate. 116. met hod_of form ng
a layer on a sggé?&gﬁé ﬁﬁ?ﬁjgg E?géngﬁ? a%%gon%W%%fé%j&xhﬁY%%d

conpri si ngigdeppsi tilgraihi quitte as appiliv=alidry obrspaegdiagartyigkhepl ets

di sposed in a grgde;&rnined pattern on said substrate; and spreadi ng said
liquid i n"Y8PG2pFifral Yt FUsPSshAEediQdpdrt droplets to forma conti guous

| ayer of said liquid

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

a top frame;

an orientation stage, the orientation stage
comprising:
an orientation substructure, wherein the
orientation substructure comprises a support

configured to hold the patterned template during use,

and wherein the orientation substructure is

configured such that the patterned template, when
disposed in the orientation substructure, moves about

a pivot point at a surface of the patterned template;

and

a fluid dispenser coupled to the top frame;

a substrate stage configured to support the substrate,
wherein the stage 1s 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.

116. A method of forming a layer on a substrate with
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over said substrate, wherein said predeterm ned pattern inhibits trapping
of a gas in said contiguous layer. 117. The nethod as recited ijp,claim 116,
wherein said predeterm ned pattern is selected such that said ﬁqdﬂﬂ 2005
fills a gap defined between said tenplate and said substrate to cover an
area of said substrate that is substantially coextensive with an area of
said tenplate. 118. The nethod of clains 116 or 117, wherein said

plurality of spaced-apart droplets conprise a predeternm ned volune and are
spaced at a predeterm ned distance such that trapping of said gas is

i nhi bi ted thod of .claims 116,. 117, or 118, wherein said nethod
further inc%%%gégggﬁggﬁé smﬂﬁ&ﬁdﬁﬁgﬁ$ﬁ&5§£@d tenpl ate over said substrate,
wherein sai d t ekpbatieing sabstaptidal 4y ronpparaliel tur §§5€e§UQ§5£€te?
moving said tenplate toward said substrate, wherein said tenplate renains
in a subsfAAPLECPy AdAPREEEI | 4P  ori BRedeLoAMAER rBapbernt oovai dasdbstrat e
as said tappkatecl.s ppved toward said substrate; and 530 1 4 JAN 2005
positioning said tenplate in a substantially parallel orientation to said
substrate, whespirrasand tsmpd attégudd nin asspacepluehbit pnsif pspocsai-d
substrate, %%g.dThe ng;hod o% clainms 116, 117, 118, or 119, said nethod
further coRPFis&E P Ahgt hgt8ald & TN AW | +3YPR &ff i5&id pl adeidnd

sai d substwate $0idi gubdtaaseconghelang, Wid sakdehikst ned %%@éfﬁ“di ng
obliquely with respect to said second plane; and providing relative
nmovenent %@P%EéﬁsngapPéﬁﬁlQ?eaaﬁés 38i 8asdbsenhigusuehleapar.sai d tenpl ate
contacts differing areas of said predeterm ned pattern at differing tines
until a desired spatial relationship is achieved between said tenplate and

sai d substrat eld?.wihehmpbhntl sai decited in claim 116, wherein said
predetermined pattern is selected such that said liguid
fills a gap defined between said template and said
substrate to cover an area of said substrate that 1is

substantially coextensive with an area of said template.

118. The method of claims 116 or 117, wherein said
plurality of spaced-apart droplets comprise a
predetermined volume and are spaced at a predetermined

distance such that trapping of said gas is inhibited.

119, The method of claims 116, 117, or 118, wherein
said method further includes comprises:

' positioning said template over said substrate,
wherein said template is substantially non-parallel to
said substrate;

moving said template toward said substrate, wherein
said template remains in a substantially non-parallel
orientation with respect to said substrate as =aid

template is moved toward said substrate; and
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tenplate is orientated to be substantially parallel to said substrate.
121. The nethod of claims 116, 117, 118, 119, or 120, further conprising:
form ng a transfer layer on said substrate prior to qep05|p|nbﬁsdﬂﬂ 2005
l'iquid; and etching said transfer |ayer, wherein etching said transfer

| ayer inparts a pattern to said substrate. 122. The nethod of clainms 116,
117, 118, 119, 120, or 121, further conprising solidifying said liquid in
said contiguous layer to forma solidified layer. O 54 .1 4 JAN 2005 123.
The nethod of clains 116, 117, 118, 119, 120, 121, or 122, further

conprisin r ovj.di Ld Li_qui it a .surfac rea le t han surface
argg of sgig téh%?g?85§%§4?aﬁﬁeqﬁﬁ%ﬁ%&eofj%f%i%ﬁhﬁ ,ﬁﬁﬁ%ff&;%?rﬁﬁb?flzoz
121, 122,cpiefhP8tiont her sanel wdibeg rereyi dintgssai GdiduwdhpMdd B vigcosity
of less than abogt 29 centi pose, nmeasured at 25 C. 125. The method of
clainms 118, SR39ed15glagignshsp toisaidigpbsprates furt her i ncl udi ng
providing said liquid with a viscosity of |ess than about 5 centi pose,

nmeasured at 25 C. 55 0
120. The method of claims 116, 117, 118, or 119,

said method further comprises:

arranging said template to lie in a first plane and
said substrate to lie in a second plane, with said first
plane extending obliquely with respect to said second
plane; and

providing relative movement between said template and
said substrate such that said template contacts differing
areas of said predetermined pattern at differing times
until a desired spatial relationship is achieved between
said template and said substrate at which point said
template is orientated to be substantially parallel to

said substrate.

121, The method of claims 116, 117, 118, 119, or 120,
further comprising:

forming a transfer layer on said substrate prior to
depositing said liquid; and

etching said transfer layer, wherein etching said

transfer layer imparts a pattern to said substrate.
122. The method of claims 116, 117, 118, 119, 120, or

121, further comprising seolidifying said liquid in said

contiguous layer to form a solidified layer.
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123. The method of claims 116, 117, 118, 119, 120,
121, or 122, further comprising providing said ligquid with

a surface area less than a surface area of said template.

124. The method of claim 116, 117, 118, 119, 120,
121, 122, or 123 further including providing said liquid
with a viscosity of less than about 20 centipose, measured

at 25° C,

125. The method of claims 116, 117, 118, 119, 120,
121, 122, or 123 further including providing said liquid
with a viscosity of less than about 5 centipose, measured

at 25° C.
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