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there are energing applications of nanonmeter scale
nanQ Hegdpvy [T HOgREPEY eREC6F=8pT o- el ect roni cs and
magnetic storage. For exanple, photonic crystals and
hi gh-density patterned magnetic menory of the order
Dedctigrtdlon of pde Rehgvantnfht may require sub-100
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constructed using conplicated reflective optics. WO
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of &gt SQUH G&ikat 1hassHbhi,ChBNbws manufacturers to

meet the increased demand for smaller and more densely

packed electronic circuits on chips. It is expected that
the microelectronics industry will pursue structures that
are as small or smaller than about 50 nm. Further, there
are emerging applications of nanometer scale lithography in
the areas of opto-electronics and magnetic storage. For
example, photonic crystals and high-density patterned
magnetic memory of the order of terabytes per square inch
may require sub-100 nanometer scale lithography.

[0003] For making sub-50 nm structures, optical
lithography techniques may require the use of very short
wavelengths of light (e.g., about 13.2 nm). At these short
wavelengths, many common materials are not optically
transparent and therefore imaging systems typically have to

be constructed using complicated reflective optics.



output intensity at these wavelengths is difficult.

Such systens lead to extrenely conplicated equi pnent
wanwd4/mpsesesses that may be prohibitively expeReTAS2008/023948

is also believed that high-resolution e-beam

l'i thography techni ques, though very precise, are too

sl ow for high- volunme comrerci al applications. [0004]
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substrate film) have been limited to isolation trenches or

dense features similar to repeated lines and spaces. Hot
embossing is unsuited for printing isolated raised
structures such as lines and dots. This is because the
highly viscous liquids resulting from increasing the
temperature of the substrate films require extremely high
pressures and long time durations to move the large volume
of liquids needed to create isolated structures. This
pattern dependency makes hot embossing unattractive. Also,
high pressures and temperatures, thermal expansion, and
material deformation generate severe technical challenges
in the development of layer-to-layer alignment at the
accuracies needed for device fabrication. Such pattern

placement distortions lead to problems in applications such



addressing of the patterned nmediumbit by the

read-wite head becones very chall engi ng unl ess the
woabdsmnssopl acement  distortions can be kept toPET/US2003/023948

m ni mum Hot enbossing and related inventions

i ncl ude. SUMVARY OF THE | NVENTI ON [ 0006] I n one

enbodi nent, a patterned layer is fornmed by curing an

activating light curable |i qui d di sposed on a
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use to determ n avera ne t error. The
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1PQSidda@R et B ionship to the substrate. The patterned

template includes an alignment mark. The template
alignment mark includes a diffraction grating which matches
a corresponding substrate alignment mark. A scatterometry
alignment system is coupled to the body such that the
alignment of the template diffraction grating with the
substrate diffraction grating can be analyzed with the
system. Alignment is accomplished by illuminating the
template alignment mark and the substrate alignment mark
with light at an angle that is substantially normal to
plane defined by the substrate. Light reflected along a
non-zero order from the template and substrate alignment
marks is measured. Light measurements include analyzing
the intensity of light at multiple wavelengths. Averaging

out of light intensity readings at multiple wavelengths is



tenplate with respect to the substrate prior to

formng a patterned |layer. [0008] In another
wenbmadismat, a patterned tenplate is placed i RC&US2003/023948

spaced relationship to the substrate. The patterned

tenpl ate includes an alignnent mark. The tenplate

al ignnment mark includes a diffraction grating which

mat ches a correspondi ng substrate alignnment mark.
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wakBt eAsthY¥ feadbagstatddtdimitle an average alignment
error. The average alignment error may be used to alter
the position of the template with respect to the substrate
prior to forming a patterned layer.

[0009] Tn another embodiment, a patterned template is
placed in a spaced relationship to the substrate. The
patterned template includes an alignment mark. The
template alignment mark includes a diffraction grating
which matcheg a corresponding substrate alignment mark.
Alignment is accomplished by illuminating the template
‘alignment mark and the substrate alignment mark with two
incident light beams at an angle that is substantially non-
normal to plane defined by the substrate. DLight reflected
along a non-zero order from the template and substrate

alignment marks is measured. Light measurements include



wavel engths is used to determ ne an average alignment

error. The average alignnment error may be used to
walo@ro13ake position of the tenplate wth respect/usen03/023948

the substrate prior to formng a patterned |ayer.

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] O her objects

and advantages of the invention w/ll becone apparent

upon reading the follow ng detailed description and

upon. reference to .t nyi.n j heh:
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depicts a projection view of an inprint head; 00154
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pr%?gléé FL G 85 AeRLOLS oh i Qlaffeld 0N Vview of a first
'exure nen%é?; [0017] FIG depicts a projection
view of a second flexure nenber; [0018] FIG 8

depicts a p ect Q IS ond fl exure
menbers cou i b%g
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[ 002 L FIG 11 depicts a schematic diagramof a
inf wakghe system

[0011] FIG. 1 depicts an embodiment of a system for

imprint lithography;

[0012] FIG. 2 depicts an imprint lithography system
enclosure;
[0013] FIG. 3 depicts an embodiment of an imprint

lithography head coupled to an imprint lithography system;

[0014] FIG. 4 depicts a projection view of an imprint
head;

[0015] FIG. 5 depicts an exploded view of an imprint
head;

[0016] FIG. 6 depicts a projection view of a first

flexure member;

[0017] FIG. 7 depicts a projection view of a second
flexure member; .

[0018] FIG. 8 depicts a projection view of first and
second flexure members coupled together;

[0019] FIG. 9 depicts a projection view of a fine
orientation system coupled to a pre-calibration system of

an imprint head;



[0022] FIG 12 depicts a projection view of a notion

stage and an inprint head of an inprint |ithography
weysisnseo3[ 0023] FIG 13 depicts a schematic dpayuaz0sf23948

a liquid dispense system [0024] FIG 14 depicts a

projection view of an inprint head with a |ight

source and canera optically coupled to the inprint

head; [0025] FIGS 15 and 16 depict side views of an
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re-calibration s stem an i rlnt h 00
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th¥0t pRisy¥sheny; [ 0032] FIGS. 23A - 23F deplct
cross-sectional views of a negative inprin
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the perimeter of the template,

[0027] FIG. 18 depicts a cross-sectional view a second
embodiment of template configured for liquid confinement at
the perimeter of the template;

[0028] FIGS. 19 A-D depict cross-sectional views of a
sequence of steps of a template contacting a liquid
disposed on a substrate.

[0029] FIGS. 20 A-B depict top and cross-sectional
views, respectively, of a template having a plurality of
patterning areas and borders;

[0030] FIG. 21 depicts a projection view of a rigid
template support system coupled to a pre-calibration system
of an imprint head;

[0031] FIG. 22 depicts an imprint head coupled to an X-Y
motion system;

[0032] FIGS. 23A — 23F depict cross-sectional views of a

negative imprint lithography process;



[0035] FIGS. 26A - 26C depict cross-sectional views of
a positive inprint |ithography process with a
wonrengfig93 | ayer; [0036] FIGS. 27A - 27D depi cPCT/US2003/023948
cross-sectional views of a combined positive and
negative inprint |ithography process; [0037] FIG 28
depicts a schematic of an optical alignment nmeasuring
devi gje Eosi tioned over a tenplate and substrate;
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cura ubstrate; [0042] FIGS.
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substrate ter cur
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[0044] FI GS. 35A - 35D depict errboq: ment a
FEPSHE LR nESHETD %?Jetjscfrﬁfit%veéfs USING Eo at t 88¢
desttfiat% tenpl ate; [0045] FIGS. 36A - 36C depict a
first enbodi nent of a process for form n%1 nanosc%l e
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I'ng a
alignment of a template with respect to a substrate using

alignment marks and polarized filters;

[0040] FIG. 31 depicts a top view of an alignment mark
that is formed from polarizing lines;

[0041] FIGS. 32A - 32C depict top views of patterns of
curable liquid applied to a substrate;

[0042] FIGS. 33A - 33C depict a scheme for removing a
template from a substrate after curing;

[0043] FIG. 34 depicts an embodiment of a template
positioned over a substrate for electric field based
lithography;

[0044] FIGS. 35A - 35D depict a first embodiment of a
process for forming nanoscale structures using contact with
a template;

[0045] FIGS. 36A - 36C depict a first embodiment of a
process for forming nanoscale structures without contacting

a template;



tilt nodule; [0048] FIG 39 depicts a notion stage

that includes a fine orientation system [0049] FIG
woQomaps@Bs a schematic drawi ng of a substrat BCT/US2003/023948

support; [0050] FIG 41 depicts a schematic draw ng of

an inprint lithography systemthat includes an

i nprint head di sposed below a substrate support;

[0051] FIG 42 depicts a schematic view of the degrees
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schéematrc view o n interferoneter
cohasedopo Spa i tosrmiat ecirayctifes3pyElrGliggodedi en sa anon-
]gr oj ecti qn view of a an interferoneter based position
copdtelt et :P§IVE4] FIG 45 depicts a cross sectional

[oWkew of @rgpadd eldieidkdLnphaitd onhatagachutdeagaa substrate
~alignment mark surrounded by a border; [0055] FIGS.
tikpAmodus® depi ct schematic views of an off axis

[Oahhgnnenﬁléf?ti@ddep{i%]a RS ord Lhaged tEadephéludes a
overhead views of "a theta alignnment process; [0057]
fifeCorisitaepbrtsystaop vi ew of an alignnent target

h [ i.ff ti i:ng:; I 48B
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view of a scatteronetry systemfor analyzing nultiple
bejgvepefigPitrake N PR Cscattered |ight; [0061] FIG 50

(0898RI Cts ArgChesBdis: M &W Mctematic view of the degrees
of motion of the template and the substrate;

[0052] FIG. 43 depicts a schematic view of an
interferometer based position detector;

[0053] FIG. 44 depicts a projection view of a an
interferometer based position detector;

[0054] FIG. 45 depicts a cross sectional view of a
patterned template that includes an alignment mark
surrounded by a border;

[0055] FIGS. 46A - 46D depict schematic views of an off
axis alignment method;

[0056] FIGS. 472 - 47E depict overhead views of a theta
alignment process;

[0057] FIG. 48A depicts a top view of an alignment
target that includes a diffraction grating;

[0058] FIG. 48B depicts a cross-sectional view of an
diffraction grating;

[o0591] FIG. 48C depicts a top view of an alignment
target that includes diffraction gratings having different

spacings;



scatteronetry systemfor analyzing nmultiple

wavel engths on N order scattered light through an
wopti4madeoel ement; [0062] FI G 51 depicts a schedauiiseon3/023948

view of a scatteronetry system for analyzing zero

order scattered 1light at non-normal angles; [0063]
FIG 52 depicts a schematic view of a scatteronetry
system for anal yzi ng zero order scattered |ight at
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evi ces rocesses O I mpr 1 nt
and t hography. For exanple, these enbodi ments may be
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scatterometry system for analyzing N order scattered light
at non-normal angles through a fiber optic system.
[00661] While the invention is susceptible to various
modifications and alternative forms, specific embodiments
thereof are shown by way of example in the drawing and will
herein be described in detail. It should be understood,
however, that the drawings and detailed description thereto
are not intended to limit the invention to the particular
form disclosed, but on the contrary, the intention is to
cover all modifications, equivalents, and alternatives

falling within the spirit and scope of the present

invention as defined by the appended claims.



such as a sem conductor wafer. It should be understood

that these enbodi nents nmay al so be used to manufacture
wobhmro1ddsmnds of devi ces including, but not |inPCeEASk®m3/023948

patterned magnetic nmedia for data storage,

m cro-optical devices, mcro-electro-nechani cal

system biological testing devices, chem cal testing

and reacti on devices, and X-ray optical devices.

[0068] I mgrint; Lt Hography; o A5ESHAS MwRrdeRpnst f at ed

t he abi |l i &y—t6—Feptrcate hrgh-resorutTom (sUb-50 nnm
[oomges Enbiibeintat gxassinigdt bepeanegentdltynraiate to

h n their surfac
SY?W %p‘fff%y%ﬁ%o Iyl?& % ﬁé’FFSF’ﬁlsng su%lq?ra a4
smd e &@Wé@@t une @ sg8carfaelaRar, oambodemenes pnqmem:taéd
devi ces, MEMS, opto- el ectroni csa&ga ir ne i C

hepedh are RSt £ LMl I9SHHCESs AbF K33 J0E8Ss of
I q SYpeEEOEMbOA ORENER b
1m*#%ﬁogr€%ﬂy %é?ﬂy1 4eS Bkl e, Sk may be

maki ng three- di mensional structures
ussdchomnsimprint inehsad ditd Pgdeatusepuppupesubstrate,

sugﬁn$83§2%§?¥l @Hﬁ%ﬁgglﬁgféf th%Qr%BBﬁlEY§Eeﬁhderstood

substrate, Iiquid and any
that hehesanémsodingertmtmayayalafd det uskd physhgufacture

ropert s f the syst d_ncl udi.n u imted
Otgﬁrs]ﬁ?‘? G578 TS g‘rrqd&a% Lfljclelrifer%f;)l%egsLlml(jzlae!il EJD
a998§h@ﬂtt§agﬂ/@iﬂlcﬁ&ﬁedﬂﬂaﬁ|ﬁar da=Cc esoragecosi typ-dphseal,
opacity, etc.,_ are engineered_ to properl §§7accon1rodat e

deyifrepeataBre PR M P C N T EFE an B 18y SP&HR" f or

teE %%n&ebié 09" ARktys e WS 2001ARE3693n devices, and
S2003/ 023948 discussed in U S. Patent No.

X-@a334pBEoat odeVi¢ewn et al. entitled "Step and Flash

[o'ogE I nt {agdxgéaffe/" é{%% | NP eAhBhSE Pab¥a

r ence. tTona systenms for 1nprint
thki hbd)g;iaphyoareplmammmhsmwédmwn UISSb pat el images

ort 3ob5E 84 LR P SRR i Sy ey AePEarre

stem o
togb%ir@pgys paNshagr f ohrtapsd nt mg:mgr apmyloan:apegsssy, be

used in patterning substrates in the manufacture of
microelectronic devices, optical devices, MEMS, opto-
electronics, patterned magnetic media for storage
applications, etc. Imprint lithography technigques may be
superior to optical lithography for making three-
dimensional structures such as micro lenses and T-gate
structures. Components of an imprint lithography system,
including the template, substrate, liquid and any other
materials that may affect the physical properties of the
system, including but not limited to surface energy,
interfacial energies, Hamacker constants, Van der Waals'
forces, viscosity, density, opacity, etc., are engineered
to properly accommodate a repeatable process.

[0069] Methods and systems for imprint lithography are
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Serial No. 09/907,512 filed July 16, 2001 entitled

"Hi gh- Resolution Overlay Alignnent Methods and
weyestsmss9Bor | nprint Lithography”; U S. Serial p8DUS2003/023948

09/ 920, 341 filed August 1, 2001 entitled "Methods for

Hi gh-Precision Gap Oientation Sensing Between a

Transparent Tenplate and Substrate for Inprint

Li t hography"; U. S. Serial No. 09/934, 248 fil ed August

21, 2001.entitl ! e d r.o [
aiSPuRERG: 1m0 o notrtnf S8 L SR SRR INERR o Pl
en%Fthar“QEepgﬁgg E?%ém|ITbﬁ?ﬂuﬂLﬂﬁ?agﬁQQMX”théﬁhaﬂSon
, | gnrrent an ntr t ages S E ri.nt
mEPFHB@ﬁEEﬂyheP?Hg k% elgef SREREE g ﬁ%ltﬁgg*aﬁgf“&?&?ééland
svitbed est-obepride 1200dgenthy |ak "flanpleat eibesisgedf an

Room Tenperature, Low Pressure Mcro- and ,
U.Ran&atapEi APPLLERBEPRHNY : S U, SeTigd iNg- 094 90/ P8 f1484
hi , I & SABL Mo ds, fem MENWLAGHHWELBY

Ju&%%ﬁ?lﬁg/gpg%hyé{%g%% g(tﬁe"&lggh?/oi son;@]anc?mu. S. Pat ent:L
Flappl Déabeoaiegt Eof e@mpivbnth ol thrbyErefrosiesses”; U.S.

Fabri cat i 0 | e. t j j Gt F:1c] w4 R
SeEdrgosPri @%é%r%éaaﬁlg‘?‘écﬁ% jr—bln’elLé toe%ﬁrﬁ%ggg econ
RetolutfibhedviBY a6l 280dent | Mafhadd cndarsy siterer forat ed

herein hy reference. Furfher ho t re
Iwrﬂs%gh?ﬁra? E"f oPt Bui NG- Pl Cat c(g%fjo’%y‘]ﬁ' gf?lﬁ i ch
ARt Nconperatadi theaeirnebiodef £5:€ nieyh "Hesiign cof Gap

Yientation Stages for Step and Flash |nprint a
OniiertiggraphyenspngIBeENerl & TOUMRBTER M T BHIhG A7
Pl ratC eV dRRRine LERNGLASOM ; T9. AppRaFidin nb. of

reci sion Engineering; "Large area high density
0 eent i2A€d £11eWOAR004E 0236930 PLTRISHO3] 0 gapire Based

magneti.c di sks_f i cat J NG+ h@nod i nt
M St sh, T app il SRS Cedle P e AT AT o 00/698.317
f iZlushagtowed 37,Y20Choantitled ValiSot Prieciaioin BrigntEEion
3825- 3829 v-Dec 1998; _"Lithographicall,y-i. C
AT erPiette G oy CEBRFONI SCRRPYnErE Nreri ks ony
P dFes ;Su. ¥, EeedallNoZhoangys Jed/mct Sead TedtobeR 12,

(6), 3197-3202, 1999 and " Large Area Domai n Al i gnnent
240 Emsdi lesholTemer 2FRi Repi Phs ok RePE ETRT AR 'ﬁi"w

Pféssure Micro- and Nano-Imprint Lithography”; U.S. Serial
No. 10/136,188 filed May 1, 2002 entitled “Methods of
Manufacturing a Lithography Template” to Voison; and U.S.
Patent application entitled “Method and System for
Fabricating Nanoscale Patterns in Light Curable
Compositions Using an Electric Field to Willson, et al.
filed May 16, 2001 all of which are incorporated herein by
reference. Further methods and systems are discussed in
the following publications, all of which are incorporated
herein by reference, “Design of Orientation Stages for Step
and Flash Imprint Lithography,” B. J. Choi, S. Johnson, M.
Colburn, S.V. Sreenivasan, C. G. Willson, To appear in J. of

Precision Engineering; “Large area high density quantized
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Mansky, J. DeRouchey, J. Mays, M Pitsikalis, T.
Morkved, H  Jaeger and T. Russell, Macronol ecul es 13,
wo208/01309%8). [0070] FIG 1 depicts an enbodi remUseio3a23948
system for inprint |ithography 3900. System 3900
includes an inprint head 3100. Inprint head 3100 is
mounted to an inprint head support 3910. Inprint head
21?? i's gonfigrred to hold a patterned tenplate 3700.
atter te at 7 l.u a P
ma?%ﬁ%%%éf‘?ﬁ%t%ﬁﬁwﬁége us %gr%ggPlﬁgg%ﬁFegiﬂﬂo§§aphy "
wuj MPIicied X nto., Ewsybst.r &;lhangl mpr.i dhuhegd 8480SeorY. Chou.,

notion stage 3600 is furt c red t
7. at oed Ui & 0 5700 Conar AU ARaNaNa T e
“L§t11*9§§f£§1§léapl Be i ddRfdantsed fdukisBgbUFEoE Syéi:EmiBQOEOlymer

al so”includes 'a notion stage 3600. Modtion_stage_ 360
Mi¢sopbliredrRyit’ o stlag€io%uppor £14358: WbYRonSSt a

B §90g?rate In'§&6§“’fébé“éﬂé.&La%%@sk&ébeDaﬁglﬁvﬁﬁléﬁmént

sub a generally planar ™ notion about notion
1nthgeks€E|qmml§tm®9211”.tlrS)&lt1@fm 3@0@9 Edechsici Fépldes” af-

ng i st em 35Q0 h
oS 0L BRI, L SR8 TRl v,
TaBEedusRd aT Cukhage11 ,gl’MIacaﬂﬂnchercRﬁtest he pB@Qudél9@m| ng

(opRRT nt KeAq STOURLCSR 3 THERL TR Ges PPGRL™ Ap*

in iHYy e g an

1m?9@ﬁ9pii@$§gﬁﬁpﬁ&Eﬂﬁﬁd1t(BYBﬂéﬁl@9D©|ﬁﬁEﬂMﬂab|an imprint
Curing light includes ultraviolet

heabusboa. |1@mm¢ 2o 10 g Mok e@ Faurm TBREiRE head

r t
SRS g polion J00aeoita o 1ol 1
patoephed tempbaten37&Q ageP%Uff{mﬁd eap e ebAi’dgi agoludes
a ng?Fﬁ6§¥39§Oreégsé L Spp a6 r% rkﬁkt@@%do%lggatﬁres

d above no |on S I mprint head
toSbppombr3Nted imtdoxm smb@mr$M@poﬂmm89®@ head BAOGgPHQ

supports 3930 are herein coI t ef
weEfefagtian ool fe ittt W e B ge
ab_%l kopaedolaem aﬂ@rmy yfﬁdnabi esumtbecrantaal $£0 be
er m

1mpr1nted durlng use. System 3900 also includes a motion
stage 3600. Motion stage 3600 is mounted to motion stage
support 3920. Motion stage 3600 is configured to hold a
substrate and move the substrate in a generally planar
motion about motion stage support 3920. System 3900
further includes a curing light system 3500 coupled to
imprint head 3100. Activating light system 3500 is
configured to produce a curing light and direct the
produced curing light through patterned template 3700
coupled to imprint head 3100. Curing light includes light
at an appropriate wavelength to cure a polymerizable
liquid. Curing light includes ultraviolet light, visible
light, infrared light, x-ray radiation and electron beam

radiation.
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stable materials have a thermal expansion coefficient

of |ess than about 10 ppni deg. C at about room
woeopmasre (e.g. 25 deg C ). In sone enbodi PEDUS2003/023948

the material of construction nmay have a thernal

expansi on coefficient of |ess than about 10 ppni. deg.

C, or less than 1 ppm deg. C  Exanples of such

materials include silicon carbide, certain alloys of

' , 1 ncl udi t i to: j | f
0QPED L e e QMlorldr® 6850 9= ESLEALA 8 hO¥EOD
st agdesuphernaze d MARYIdeind ceppartsaBPd9s ofn thieel

ni cke| and cobal e.g.., allays co ciall .

BT | HB L i o 1 e BOSRRIPROARIRY AT P a0
366%aNPLASr Pt Shedy NBIssda S916! wde iear kahgeCsuppobLs, 3920
including but not limted to: ZERODUR ceram C th%on
andt bybdg i or EPBTNES o bratdy ey diip Fort § 89 3By ESLerred
tocggpkggss%gtéms tn t 39| 32¢dnea¥RPOEt thabkesB89dObody

provi substantial l'y vibration free_support for
may hie c Hopoad nf sornf theget ey 39GdLesmapert ad bl eTBoZD LY

i sol ates system 3900_f [ i.br at.i (8Nl of
ot bR A el L pLbessctend o
leaBdtuabraboan isobmti ciesuppet aloalll esoocmr semperature

i.al | ilable f o]
(SOMEECALLY puat) Shle, o ABuporl. COFBOTALE T oLe

condt@yke1oheh8y Shive tHecltxntal tdhiglansdos ketfi€enient of
bri dgi ng supgorts 3930, As used herein. the "Y-?xis"
lepef 8hant 8PPRE AR BPRAEST s Or (Fod&Ta ™ fePPR a8Fg: C-

EX@%P;%%d ReLelfl hh€erals Pla8iad $id iRlcaneagefitiaedceBain
4?013693 PCT/ US2003/ 023948 by the X-axis and

alflbgsYofixisonAsingbad ey oyt i ‘IAmblest toreCEF§3EE an
R T e
avpiaaele Gederathy aaménPNVAR )pr eodsseirhabhveslenyivh
oei8, SRR Sy Sophle (LI head alegg by |
avb@3Rett LAgkketrpat hensedurERmNEAHRE") s avddsviethal
Movenent of the tenplate,, or tion . .
examples of such materials include certaln ceramics,
including but not limited to: ZERODUR® ceramic. Motion
stage support 3920 and bridging supports 3930 are coupled
to a support table 3940. Support table 3940 provides a
substantially vibration free support for the components of
system 3900. Support table 3940 isolates system 3900 from
ambient vibrations (e.g., due to works, other machinery,
etc.). Motion stages and vibration isolation support
tables are commercially available from Newport Corporation
of Irvine, California.
[0072] As used herein, the “X-axis” refers to the axis
that runs between bridging supports 3930. As used herein

the “Y-axis” refers to the axis that is orthogonal to the

X-axis. As used herein the “X-Y plane” is a plane defined
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stage, along the Z-axis, wll bring the patterned

tenplate to a position that allows contact between
woOher4pataver ned tenplate and a |iquid di SposedrPom/Ua2003/023948

surface of the substrate. [0073] System 3900-may be

pl aced in an enclosure 3960, as depicted in FIG 2.

Encl osure 3960 enconpasses inprint |ithography system

3900. and provides a thernal and air barrier to the

1iLthography co s. Encl r 9 Lockydesza s g
byn%bgbgea%%%e%%ggﬁgﬁs > 1 h%i%uéﬁ%eo%mgl%gg%gséﬂtg 0 Zt%}éls
reif BREI Bb Aragxandrumtiion Stageothiem mhwge sopaprtopghd to

. position, as depicted in FI 2. nin a, ¢losed"

impgdpi BR2dt AdPR ohehts %fftw o687 & Prése:

Geﬁ@%&&§&|¥n|§ﬂ$ﬂiﬁﬂ prevedde Qe mMesiher eheAsobSSrate,
panel ~ 3962 also serves as a thernmal barrier to reduce

ort fheefmprist beadenpred e E%%ﬁﬁéél%lﬂrriillr the PBBRFHN
po%%@&%ﬁ"B?r@hgrgu%QEré@é SRS tMdNicheeRakeerhed

Encl osure 3960 1ncludes a tenperature control
tespdbem i8 tehpevadur eMovemniolok diehamplased Py motion
control the tenperatuyre ) t i C
=380, 2R InE Enbetibnt Y Lt SOTRETA, DaliretoRac Ryl fre
td & posfitguonedhad &hhows t contenpe testtweery dhieapagtisrogd
greater t ag ibout 1.Cw encl osur e 3%6 In sone

t hin
teampaaenents 19‘éﬁ‘5e?1hf%‘?%e%o?ﬂ IS ThAS e R FRFbi t s
sutathatkons of greater than about 0.1 C In one
enbodi nent, thernostats or ot her_tenperature

[OAFAdur i n§YEERTMCRE0Pn1RBIBE ita e vit T RIS Fe 2P 4Rs
ﬁi%%e@ﬁﬁﬁogféglg@93Eﬁ§ﬂ$é§@@Qﬁﬁﬂ?%§ﬁ§mmﬁ%s@%edm @int

i ftain a substantiall y constant tenperature Wt
1igroiogrephy 8960em[ 3074] andrpovrsidpsera jthaaRdc 859nay ¢
al sq_be prese 0 960, A LQUIRNLEL 3960
bacrgn errol%loeg?%sgtfttgﬁ gggg%eg%gé%% rraSy be coupl eg to
irenlcldesuke m396bleUserekat pafhal e3 3954 hedy aldapiscecckes to
ostic . nfaornmati

1P S50 88 BRLATELS 2 CR000BL Sl SR Ol Yepers
position, as depicted in FIG. 2. When in a “closed”
position, the components of system 3900 are at least
partially isolated from the room atmosphere. Access panel
3962 also serves as a thermal barrier to reduce the effects
of temperature changes within the room on the temperature
of the components within enclosure 3960. Enclosure 3960
includes a temperature control system. A temperature
control system is used to control the temperature of
components with enclosure 3960. In one embodiment,
temperature control system is configured to inhibit
temperature variations of greater than about 1 °C within
enclosure 3960. In some embodiments, a temperature control
system inhibits variations of greater than about 0.1 °C.

In one embodiment, thermostats or other temperature

measuring devices in combination with one or more fans may
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functioning of the enclosed inprint system 3900. User

interface 3964 nay al so be configured to receive
woperats3 comrands to alter the operating par ROBUSR®3/023948

of system 3900. A staging support 3966 nay al so be

coupl ed to enclosure 3960. Staging support 3966 is

used by an operator to support substrates, tenpl ates

and ot her equi prment during an inprint |ithography

benggggsg?u%glgggﬁneQQ&Q&Q@ déﬁ?ﬁ%ﬁgkﬂg§§§$pE%@%ﬁ%gggre

€ 0né or nore in i ons i gur ed
with bBatloausabsveate (e.g., a circular indentation for

a_sem conduct or waf er rt ,3966 _na also
roRET T COBUE 0L MeLer), AR PRIl (3988 oLe
enb§6eh§ée39&@075i @Q@pﬁté&ﬁﬂoﬂﬂﬂ&EM£ﬂE&eﬁaﬁnhérﬁéeéeﬂb64
ending on the processes that the inprin

malyi Eﬁogpaph?ds\ygtwlgswa%sﬁ%ﬁ%d t%qrwﬁné?ﬁé”ﬁtaceFéP“ may
de! é%%p ﬁe 88%5§€ §O€QP£$éHer§”(H¥§§Hd¥i1QQQhﬁg%ﬁbtlon,

ncl udi ng, imted to, an automatic wafer
joboatenrean aundonthéer 1m¢mﬂmﬂﬁ§anﬂﬁ%at§ﬁHt@nthﬁnterface

FurgeRRBe AL OF! Eaqrapho Sy T So0 J007ar e e e

1n&%ﬁ1f&b& aaeeninagh akad Ioé eopbirdumm afo a:receiiwpzr operhbad
100 | ud b
o Soob LR Ehr Ao Tt SRS, YUk Do,

A %Qlé.%llﬁ_% bﬁ}fgbﬁtDB§6Gathaiara’ﬂé@fbé}@j@]}edT@mle&tcﬁosure
por t O is coupled to fine_ qgrientatio st em
39§P11 Stagphdt éupgeﬂéo?%%lls% yeddyf q‘Hbd’He&astL?%p &Pt

u%%%r‘ﬁg%g%%ﬁatégpl abgpiac O %@%M%ulpment during an

033948 3700 fo fine orientation syst em
lrr@m:nt LéonzyrRehEr pmgeﬁ@ FITh spmy eibgdigieased staging

flexur Licn 3 f
s S Ebnny AL SIS TIESOLD BBl sche
cdigddyulreds itnghd13d0a shhptrmtehéadghnu%uqxrdnmal is

oS0 58Ok LR ALy 1L W A oot
3y BRY¥obenuvsade( bhe dackogsi edahaftiidss noe8 for
holding a template.

[0075] Additional components may be present depending on
the processes that the imprint lithography system is
designed to implement. For example, for semiconductor
processing equipment including, but not limited to, an
automatic wafer loader, an automatic template loader and an
interface to a cassette loader (all not shown) may be
coupled to imprint lithography system 3900.

[0076] FIG. 3 depicts an embodiment of a portion of an
imprint head 3100. Imprint head 3100 includes a pre-
calibration system 3109 and a fine orientation system 3111
coupled to the pre-calibration system. Template support
3130 is coupled to fine orientation system 3111. Template

support 3130 is designed to support and couple a template
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visible in FIG 4) to provide a support for housing
3120. Sliders 3116a and 3116b coupled to

woaoraspondi ng gui de shafts 3112a, 3112b abourcmiusedos/023948
frame 3114 are used to facilitate the up and down
noti on of housing 3120. A disk- shaped base plate 3122
is coupled to the bottom portion of housing 3120.
Base plate 3122 may be coupled to flexure ring 3124.

exur i ng 3124 ne orientation
37§bs¢ ﬁ?% nﬁ%ﬁgﬁ%:t?ﬁﬁf%&% glﬁprst fl exure nmenber
[081313 am?eﬁéﬁ_ﬁﬂﬁbfﬂ@)ﬂm rmmaedl%kzshaphd bperare oning
an confi ation of the flexure nenbers.3 3128
3150 il Qe URREF | 1P ORI G TTOFE FRG PEkibR ot s
sy@BeﬁX@i@gegsVé@WbIgd|ﬂHNiMﬁrﬂﬁQaﬁeaa7QQusA&gsBmmn in

5, actuators 3134a, 3134b, 3134c are fix
Immnntnhﬁ@@shch@sm@o?l% o FsTEd oCo tﬁaéem&fiétls fé:‘fﬁ% 3114

d u g 4. er
SR SRR, 000! o] ohe ERbaRcgh, e

(3noyeidat sbaftsmrmarl@e rusnigi At brigki eride gbefht 68 snot

ViR BRI ROF 01 o] T Rane P ReR S hc ararg 2120

nt's, actuator
81$aaﬁa,3313ébananm1B&B4mmqﬁwxbex>equmdspogda@edgandend

housi ng 3120, Actuators 31 3134 134c¢c and
Shﬁﬁéﬁuﬁglg?ng3%ﬁ%ﬁ ?ﬁiﬂ%é%iﬁrﬁ %F&% &&Fi Brsti 57
fa%XiE%HteA@héaﬁ]Qrénﬁl&ﬁﬁl wdsidn oFl IdtasAdloow120. A dlsk—

translation of flexure ring 3124 along.the Z-axis

sheprer bRsehplghp E2urkt FJPITHES %HW%Q&%&@B of
ho%é?gsg%b gd e B, REchafi SMifAtnayl & NARAYDE36$3exure

. [ 023948 “enabl es fine orientati on control of
rltngmsllaﬂe 3¥Dexyuet hang ﬂ%eﬁrunmrém dheof ime grAsREation

g achi ey [
oL SeRRHbELEY SRS 0 e MRS, Bt
anfl isgaprAt £ aeﬂugapmem}nér 03118. acﬂhee\MramO@n @nd

ocGISLTENL Y Lhe b5 of WTRleand steond  gryre
digiehsbedephchadagenbpdisents of first and

[0078] FIG. 5 depicts an exploded view of imprint head
3700. As shown in FIG. 5, actuators 3134a, 3134b, 3134c
are fixed within housing 3120 and coupled to base plate
3122 and flexure ring 3124. In operation, motion of
actuators 3134a, 3134b, and 3134c controls the movement of
flexure ring 3124. Motion of actuators 3134a, 3134b, and
3134c may allow for a coarse pre-calibration. In some
embodiments, actuators 3134a, 3134b, and 3134c may be
equally spaced around housing 3120. Actuators 3134a,
3134b, 3134c and flexure ring 3124 together form the pre-
calibration system. Actuators 3134a, 3134b, 3134c allow
translation of flexure ring 3124 along the Z-axis to
control the gap accurately.

[0079] Imprint head 3100 also include a mechanism that
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second flexure menbers, 3126 and 3128, respectively,

in nore detail. As depicted in FIG 6, first flexure
wormdam3693126 i ncludes a plurality of flexure poTmS2003/023948

3160 coupled to corresponding rigid bodies 3164 and

3166. Flexure joints 3160 nmay be notch shaped to

provide motion of rigid bodies 3164 and 3166 about

pi vot axes that are Iocated al ong the thinnest cross

enagge?l . Of t%&é%&% ﬂyﬁi o X @at50595§ §é69hat

oge er formarm 3172, whil
praﬁért@@ﬁ@mti&fnunaﬂqgnmunt 3@@0b@nachugwddb@d¢ 81@@lf0rm

together formarm 74 Ar and, 317 c d

Gab otk SRUAE T 1H° (ETRIAES PARE SE7CCk pate

subbEXEE shfasEe 31701 Mpsnat @@ﬂwlg@@ &b&zrommehaahiemd
curing light (e.g., uItraV|oIet ght). to

int AReUGHPSHFBENE | Hre Hst Gt §]?E€t PR ﬁscgeé' flegure
meﬁggggl e 19 3{i§XL¥é%pédEﬂVéiy3l6o al  ow notion of

exure rame 3170 "about first orientation
[0ag8D$ 318PIGSt &haud d7 b&enmdste@mdlmwnév@ff figge and

| ess fl | u e
o<TRER ELHGRE FHBSLES. LAY SRS 08 sstpieyygeilpve:
mogeupgkedilo SBso@dpi¢maMrEnnﬁwhem,SEmisthﬁd@ghrﬁl@cmber

flexure frame 3170,,as d ct.ed El
31PFeRBFLuABRDBr P8 2k Y < q%%?ﬂﬁ%;nfﬁﬁlébéﬁﬁﬁk t3hpled to

coPRBBehaA8A84r 280 3B86ies Cougd iagl rardsRr s Eﬁ]a&(hranglosﬂaﬁ
i ncl ude openings that allow attachnment of th

3168upryngenerbe SSF%P$¢e§QwQ¥?V%ﬂf:ﬂﬁ?&onU§Fn§lgﬁ9 bodies

31%%' %ﬂgl §1%gsgﬁeh{:‘gp{r*?@lﬂsaxé@L@dﬂ‘@aﬁ@"ﬂ%’a&e&l&i{ongndhe
are coupled to first flexure frane 3170 via arns

thlﬁnﬁﬁtZ@@@B@l869319@j¢iE2@@3¢5289@8JQ?PFF -an@18¥Pieas
jﬂ&g chﬁgo EQQS%%ggﬁgggg%f £ f%&%ﬁaEQCBQGQS a

arns ext endi ng from second
whHillexagditdianal BzeﬁuraSJQEmM$t1&EOraﬁd(zlgld Fogyupacs

oo, B85 338, 190, OB S70% gaet ol Lo aupca o
arRP QY%+ 3240 Fi-ogethest f o1 sxaren S20de 3 FlExXurkiyjsti filex8162
fggﬁé 2%7%0%%2 ggagggngggpgfgéfk%ﬁggh g&lows curing light
(e.g., ultraviolet light) to pass through first flexure
member 3126. In the depicted embodiment, four flexure
joints 3160 allow motion of first flexure frame 3170 about
a first orientation axis 3180. It should be understood,
however, that more or less flexure joints may be used to
achieve the desired control. First flexure member 3126 is
coupled to second flexure member 3128 through fist flexure
frame 3170, as depicted in FIG. 8. First flexure membexr
3126 also includes two coupling members 3184 and 3186.
Coupling members 3184 and 3186 include openings that allow
attachment of the coupling members to flexure ring 3124

using any suitable fastening means. Coupling members 3184

and 3186 are coupled to first flexure frame 3170 via arms
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of rigid bodies 3210 and 3204 about pivot axes that

are |located along the thinnest cross section of the
woOhersinss93j oi nts. Arns 3202 and 3204 are coupl edTius2@84d23948

extend from tenplate support 3130. Tenpl ate support

3130 is configured to hold and retain at |east a

portion of a patterned tenplate. Tenpl ate support

3130 al so has an opening 3212, which allows curing

( ul oI t light) to pass through
312% %%% f}gﬁd?% éﬁé%) 128. In the depicted
[oegbpdi nmécorﬁd)uflefiueoejm@njlxeimBSZBlﬁﬂc&hﬂew m)pa:bn of
tenplate s ort 3130 about. a second .or enta is
a5 0B 02 | RSQrRAN Y T ITL (0 SRORBar  CERAT TEFEe or
32b§33a£| EXM Ered OirDtISIGTBW be Fas&thrio j@&htevelsﬁeand rigid
desired control. Second flexure menber 3128 a

boilricBadestoreclar BN A 3292 W@ﬁ&@eéd%%oaﬁg g%%ure

I t
sobE LS opEn ARy L)t oty 1o Lia or o

Fleneren’g)omn’men3162 imzy He exancdh wheped Fe2pranddeseebien
of]t %?éﬁ?ﬁﬂ | en?ffsar% e.%icpé % %él%lfsi Wnak@s':l:gat af@

i On secti on races 3220 an
10332&d alengounéeﬂhimnésusnrddsaaﬁuilbmamé Bhéoféaxhre

~that the first _orientatjon axis O.of first,f]lex

SorBhger STD8 A0 LoD b R tht s 3905 gpnd HESn

teﬁ@@ﬁﬁg ELgpure sEaber eempldshapdral I3313or tibogonaigtived
each other. In such a configuration,

toohpaft anflorehRiB 34 sbeafid & &Hd oAk ﬁt W&Bﬁrﬁﬁﬁs

te%ﬁ@gténteﬁéﬁﬁiaéé éuﬁb&%% PO N2 1325 Tt ana@géﬁihgﬂBEiy,
enter region of a patterned tenplate 1

whie04 401868 3cRCHNYSROTY oﬁ%m BHomvHickssddohl) to pass
thgg@% 3ggpgﬂﬁpgiéxn%er = QH?" e WRGikkEgt and

exur e ne |ne al'il gnment ™ and gap
emwaﬂﬁmehtoffpaktélexdréepwdmﬁ%ZBREDEduKmngDGSQH Wil e

S et SR SEOB L € JENDP AR SBLeLed 25200,
Itf isheluldapd saeerdtbbexunewerpsberciay muerd arnieskr 6ireaure
single nachined Eart wher e gﬁgaféé?%g 33%@%%&5 aLe._ 3

jqqﬁﬁggmgyege used to achieve

flexure member 3128 also includes braces 3220 and 3222.
Braces 3220 and 3222 include openings that allow attachment
of the braces to portions of first flexure member 3126.
[0082] Tn one embodiment, first flexure member 3126 and
second flexure member 3128 are joined as shown in FIG. 8 to
form fine orientation section 3111. Braces 3220 and 3222
are coupled to first flexure frame 3170 such that the first
orientation axis 3180 of first flexure member 3126 and
second orientation axis 3200 of second flexure member are
substantially orthogonal to each other. In such a
configuration, first orientation axis 3180 and second

orientation axis 3200 intersect at a pivot point 3252 at

approximately the center region of a patterned template
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toget her. Flexure nmenbers 3126 and 3128 are coupl ed by

mati ng of surfaces such that notion of patterned
woeo@lat@®3 3700 occurs about pivot point 3252, PCT/US2003/023948

substantially reducing "sw nging" and other notions

that may shear inprinted features follow ng inprint

l'ithography. Fine orientation section inparts

negligible lateral notion at the tenplate surface and

gl.igible tw sti i ahquts t n | o1t of
37?@%?% gsgﬂr%réc%&%leg?% %@7 ecti \?eHB)r})qcoggl{Ir%aicneg hi gho
thet Fuetdr ahdsséeddnd sEl afutd endnlexured ljcvisntftd neAndtipament

advant age of _using the herein descri fl exure
anilafoBr SOTEEOLNaE MHEVSH h B Oy BT ATE: BPe
whaleuphs efrparindl 8Scon®speshatd WnamMiesnrsC epacdegivt el as

frictional joints, This is_ offers an advanta fg[
dipgpetat eLPRABETF aphy PROEEL RS undersiqad Hhas %Eﬁ grst

and %@grgpggegexafe%é@sér 4083 fGed rdeni &t sihBte

asse Ine orientation systemcoupled to the
maphénedl pbrat wbarsyshenflemiremastberemilcatiatsrsretpd

ositioned,w thin | at t t hSqPagt
tO%F%é8€Ondg%F§§ﬁ?eméﬁggﬁg.%%%%. %eéﬁﬁéggFékgggp nenbgr
ma312§ bE eawphedst sufhrishat |rexuren nehipst t3k2@d teaplate
substantialk%Portho onal ,orie tio First .fl ex

. [. .
3TRENREFUITE12ROPE ROTRE RPIRF 13t £ G S 154 Vi 5%d301n9
“GAYR}INBY BRADBERer 3A86i e BB mdy} et rimpgidtad is

coupl ed to base plate, 3122, as has been descr,i

: ! . ¢ b%d .
femyoires [0082YirgGiMRDIRE pt ERPFAR Y oSS E AL GR G O

518 B & %%EEbﬁé%h9§i§Y§tf@%éﬁé*jﬁﬁtiéﬂ(Hﬂﬂthe template
cross-section 3260. As 19 WD 2004/013693
s\RCHOES20031h023998blshbwhs | NIt ien Fhqaityutde megmeizgo

i s.coupl t te 3 Lt At U an-313% nigh
th&cttlﬁaa ora%%lﬁglrfb'%gfguglélg g% &%%% 70%0%%]‘ ed:to a fé?ce
stdeteatrerl 3t3%5fhhat obnthet Slethexwelintisng JrRtheduri ng

S 0 g5 S O Ao 0P IRy o
tHEY Rt of nendgdrélatevendsthekine anctht 31 dardicéss,
a defornmation of the flexure rjing, and causes .
especially when compared with frictional joints. This is
offers an advantage for imprint lithography processes, as
particles may be disrupt such processes.
[0083] FIG. 9 depicts the assembled fine orientation
system coupled to the pre-calibration system. Patterned
template 3700 is positioned within template support 3130
that is part of second flexure member 3128. Second flexure
member 3128 is coupled to first flexure member 3126 in a
substantially orthogonal orientation. First flexure member
3124 is coupled to flexure ring 3124 via coupling members
3186 and 3184. Flexure ring 3124 is coupled to base plate
3122, as has been described above.

[0084] FIG. 10 represents a cross-section of the pre-

calibration system looking through cross-section 3260. As
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transl ation of the fine orientation system along the

Z-axis toward the substrate. Myvenent of base 3270
wawees/ofisee flexure ring allows the flexure ri RQTUS2003/023948

nove to its original shape and, in the process, noves

the fine orientation stage away fromthe substrate.

[0085] In a typical inprint process the tenplate is

di sposed in a tenplate hol der coupled to the fine

orientation st I.C i B.p ' i :
shoyry l?g%%?aféyﬁgﬁbf%%%h?q%ﬁtgﬁggngchgﬁr?%aaE??gﬂ%g on
platsusizreviti a@ctaudisinr a4 .Comptessbon3dp4t hecludes dan

on the subsirate as_the tenplate i r t to
engnet LhSevai el cudbe o SBTBENVE FarBe tacbeoaBaTTeg
£18¥utber{hgu th ont mukigg weRplaaitevathon bEshstiweot 03TRe

is translated through the fine orientation sgften1and
cauges | BRUFBERY rRf ﬁE% 327 SHGHR TS RThVRYFFERT §18HE 0.

rifiiea{ g1 ce AROILSAGR R e doldadE2dxuibl raheo
fransl ated as a resistive force to actuators 3134.
31Theindscss | ¥ edé Drweataippl iafd the 4 sxergatrdnd 8234CHAFSS

be_det er m ned. .usi or.ce Fane8o BRBSAL ax;
tr§T§gaﬁbﬁnb%Fc%%%I€§b%(éé%ﬁﬁﬁ%ﬁ%aké%%%%ggbﬁ tﬁgt a e
towesidsthy estibsceaappl iMshdnergc tafaterse3 335 0darvbrgLuem

may be  determ ned_.and_controll.ed. .[0086] ELG., 11
f18§5F6t§}%9f?££%V% ?Rﬁkﬁ%e§ﬂﬁﬁn§%?? Enéra |§°§%t%3oo,
Org?QﬁHh_gﬁaggdgﬁétaﬂﬂliﬁbtﬂkbqﬁsgNHMHVE$ thke dpeeation

of a fine decoupled orientation stage, such as the
orfiepsabiPRNERRIBNAERE L F 1AM dedi rfIRsF in. Flexure 20

[0”@%?004/?ﬂséggyﬁggﬁik%%ﬁEﬂﬂgg%ﬂﬂ&beéﬂ“ﬁﬂe 33aP16ME is
include four parallel joints: Joints 1, 2, 3 and 4,
dispatepr bui detampbate bapldeniegyplsshsitemtie 28 noni nal
and rotate s| '%n§: [ Eﬁ%;ﬂ:ﬁ%ﬁ%b a8 . axhs
©F, anﬁgéﬁﬁenygg€&30|%?%é aﬁﬁ}fﬂ§L|ne 3312 égﬁbtes an
teapilatef ial bgonght bhtdotonisa® amid.a Adgliddabn a surface

%, A GUBRCERECcentaDBT o> { Bt at 85 700 Ak O ABo33ppetrate
adPRBLe tadpl 6PEESBNbSodAght closer to the substrate causes a
resistive force to be applied by the liquid onto the
template. This resistive force is translated through the
fine orientation system and to flexure ring 3124 as shown
in both FIGS. 9 and 10. The force applied against flexure
ring 3124 will also be translated as a resistive force to
actuators 3134. The resistive force applied to an actuator
3134 may be determined using force sensor 3135. Force
sensor 3135 may be coupled to actuator 3134 such that a
resistive force applied to actuator 3135 during use may be
determined and controlled.

[0086] FIG. 11 depicts a flexure model, denoted
generally as 3300, useful in understanding the principles
of operation of a fine decoupled orientation stage, such as

the fine orientation section described herein. Flexure
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per pendi cul ar axis through the center of tenplate 3700

and line 3310. Angles a, and a2, in sone enbodi nents,
wanen4/deddgct ed so that the conpliant alignment Paxius2(061023948

orientation axis) lies substantially at the surface of

tenpl ate 3700. For fine orientation changes, rigid

body 3314 between Joints 2 and 3 may rotate about an

axis depicted by Point C. Rigid body 3314 may be

r.epr tatjv f t rt. .of d
mofEl) 5380, Bkernaflad FRESUHRY (qihil O] seesemly, 2,
3 gaderat esapupeotidié i agfoumtbansl wikadgeneysilest ant iak
| at er al tions at the, surface of _a_tenpl at Le
nopdhghaepfinso bRt ST e s iRe Thdlr gD AebhBsthn
axdakNBrMBYighA¥heeof | Meimtd entaid an systrem3siibhdehghes an
stiffness in the directions where side notions or
axiet afi ehsgamenundésieabte Jirahd dwver AXdlfef fessepresents an

di.rections_ where nece ry Ori ' [ e
angLE; F’S%WS?nF? nBST BT e%%‘gf?% na}giysgﬁak%tdut%%le :ﬁel’;eo (rg% ig? ove
tehiPhationsodf ahhe1ihempias e SURPOS to, @BgreBenebose the

tenpl ate, about the pivot point at the surface of
perpeplatul anhipkésptbydddhgihe dentsemt tegirdesfce 70R and

direction perpendicular to the tenplate.and par el
ling ?ﬁ&oten%iﬂg 85t ¢ (it t%i'anhsomSPgB%?gb%%? ?bnaal}véth
- sd1eeRed! sbothhe sHBEStE@bEiaht) dTHSnmdtBNnRLIiA (RaSSi Ve
orientation systemis used for orientation of the

onigmbpaLen: 8%aSpal arf ePubF ARt R bh 3 (1S SYFEECS: 6ta
lat he i Ra@sskVent £ €f 8L Sclhded10tiion dt Bak
t%ﬁ?ﬂ%ggz382}013285”E%#?U82003?023948 oé%irs jﬁ?ﬁout Y
33dry besereeor Jpiogeatnabfle3 cory rodtalre ahnwy PEN RS,
i..e., the sel f+ r .
Aty R by o ant S Lo0r TRLT el dPL B o eontarive
ofl itgmipd ateAstipppate3eabodE neatsnd nt Wesiwte tnfrenleat 332 8of

AL i BB S50 L B mrs e
nd¥iildr@n wafht he Bubetent eal alioersl agetimys be taet isvattede
ogng(ﬁégg?ggg'cgggaggcgocggéaggngﬁéggéﬁggéiol“é%stem. The
use of flexure arms may provide fine orientation system
with high stiffness in the directions where side motions or
rotations are undesirable and lower stiffness in directions
where necessary orientation motions are desirable. Fine
orientation system, therefore allows rotations of the
template support, and therefore the template, about the
pivot point at the surface of template, while providing
sufficient resistance in a direction perpendicular to the
template and parallel to the template to maintain the
proper position with respect to the substrate. 1In this
manner a passive orientation system is used for orientation

of the template to a parallel orientation with respect to a

template. The term “passive” refers to a motion that
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If the fine orientation stage is passive, then it is,

in one enbodi nent, designed to have the nost dom nant
woao@loizase about two orientation axes. The tweCT/US2003/023948

orientation axes lie orthogonal to each other and lie

on the inprinting surface of an inprinting nenber

di sposed on the fine orientation stage. The two

orthogonal torsional conpliance values are set to be

t he same y r
OS54ESi Ve |né %P? H?g%l%%aéﬁéégg eS|gneg%§ﬁer§Iter
1ntb&v@ht&bhatnoe.ofth@esyawgmeﬂeﬂﬁMuyrnduistempbapeopgr
not parallel wt res to a strat e
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AlkRenatbexHbearmBERes Si6 onpEns atles Tt 1die orestlet ifngxure
uneven liquid pressure on the tenplate. Sugh

arpenpensantsRliag BE mareettied WRQHGR AraC gien g Lexure
Hﬁ,vgﬁggogg E%ﬁgggﬁte fine orientation stage as

escri be ve may hold the substantially parallel
[o®Eisdnt at Mohibet wEehhe hélm@nqalrmré:aamdm siitesier 788 b6r a

uf fi ci.e Lo r | of
aqtbaeae PoBar e PEnt A 6 ot it ene B quia,
Zﬁhﬁ%ﬂhfinppakheﬁﬁiﬁlaﬁ dewgetem paeHE, :mhemnlﬁhug, in
enbodi 3910 i.s nmounted such, .t hat
Or’(en@“\bﬁgEF‘ﬁP heggSl g hava ?kﬁ?er%o%os(f%lgr? 25 al |
cdripgBSncBUBLBHEUERO akhenﬂ@’&ﬁ@iﬁ?r&x@é ongridhe wé %xﬁ]ealﬁatlon

is perforned to the substrate by notjon st
2 Nbe2OUEFOTIBE3 PCTPRED0BSI ORIV Lioogor ?%oﬁ“@f?mtlng

208 38000 §rpeedci AgSHBRGE: & SYhsdd alif tHO g
Suﬁ%mrlnted ghdm#Dvetthg substrat% al ong an X-Y plgne

omfigritag igse stiigei.onTheayey entResenahboshomed, dogpliance
v3RaPLEe QLAY D BLSUBSHE 3E 8 OF Sl SLANGES iRloriRlifg

severa hundred ers wt accuracy o
mdngast. 30npas sprvef énabl yrmenha‘amracs:mmyisofdeai@med to

BB 20 SRR TR0 PG o S48 6L ISR e 10
no¥6hiraag edepiiehedekbPebt Gool2. substrate. When the
template makes contact with‘liquid on the substrate, the
flexure members compensate for the resulting uneven liquid
pressure on the template. Such compensation may be
affected with minimal or no overshoot. Further, a fine
orientation stage as described above may hold the
substantially parallel orientation between the template and
substrate for a sufficiently long period to allow curing of
the liquid.

[0089] Imprint head 3100 is mounted to imprint head
support 3910 as depicted in FIG. 1. 1In this embodiment,
imprint head 3910 is mounted such that the imprint head
remains in a fixed position at all times. During use, all
movement along the X-Y plane is performed to the substrate

by motion stage 3600.
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Carriage 3620 is noved about a base3630 on a

frictional bearing systemor a non-frictional bearing
weyei4dnsebn one enbodi nent, a non-frictional Peamsmy3/023948

systemthat includes an air bearing is used. Carriage

3620 i s suspended above base 3630 of notion stage

using, in one enbodinent, an air |layer (i.e., the

"air bearing"). Magnetic or vacuum systens nay be

to provide co bal anci f 0 [

o881 ng PRbLrt ehefeniefl s BRELIL 3608 0n, HBekkeee
tosb&tFﬂﬁr@hﬁegOﬁﬁ@rmbfé|bhénﬂﬂbsﬁﬁ&£éIaﬂnng war Xetlypdaine
~ _suppliers and any such systens may .be .used in.an

durdpgi HEe - | ii“ﬂB@PépﬁE/a%? oLt SO SRR ts " a8 sepaRte
ofStiddenthat sliBst ARRL T 608F eat O driiyd it hig hegapeyal

procesSes is the Dynam YX notion stage comercially
huadaetapiélineherBvpbER 2ERPHERTOMT [lvilTesEA3PRE

t alLso L el [ id a

pr%&%?%§%§tggﬁﬁegéa??gggéggﬁ&gsgagﬁ;&géﬁghed%ht%%e
emodioentat ebyibevetagbeincbedeaite supatnate vhwski gAL0

lLane. It _al so_may_includ . t
el G cOHETBAL For HeL DY he DS Al ke 5 et 108
Cat@sge] 8691D] iSymbest38b6ual s doased axiesom d iffuiictional

di spense system which_is used di spense curahl e
begrdeiad Sé’ﬁttsmaorsabgwafﬁ?c“ﬁ%ﬁ%q%?as‘ﬂg}% Yf&s g ohe

eEmIs

enffi Rt 05t Rensyst 801 oRUYbed fi v esyitadiviRit inzludes
l'iquid dispense systemis coupled to inprint head

a3 B0, bRPGing dephEed- | i GRrEta3e P 2004 Grsmepded above

bagsg/Blé%%OQ)%/ Q53948 séége eﬂéfﬁ% hepd 20 7efofindrtUi @n air
I spense system extending out from cover 3127 of
laymer i (fit. eheadthdl0eirVaepolsg” konpbr@ie sl G foy [VRFWR™

SAIRNILR 53 EEoBRly P LeSRERe: MBS e
tith sfenseasyisigeleivel . depothedagnet & bd$d landarvacuum
RO LT GG 0L soelo, SILe PRLYIEN B cey oo
s Gy eghd @nRokdcansgsteMat hag bé glded uiralire imprint
lithography process. One example of a motion stage that is
applicable to imprint lithography processes is the Dynam YX
motion stage commercially available from Newport
Corporation, Irvine CA. The motion stage also may include
a tip tilt stage similar to the calibration stage, designed
to approximately level the substrate to the X Y motion
plane. It also may include one or more theta stages to
orient the patterns on the substrate to the X Y motion
axes.

[0091] System 3900 also includes a liquid dispense
system which is used to dispense a curable liquid onto a
gubstrate. Liquid dispense system is coupled to the system
body. In one embodiment, a liquid dispense system is

coupled to imprint head 3100. FIG. 3 depicts liquid

23



liquid. Liquid container 2501 is coupled to a punp
2504 via inlet conduit 2502. An inlet valve 2503 is

woasi4toisaeed bet ween |iquid contai ner 2501 andprpums2003/023948
2504 to control. flow of through inlet conduit 2502..
Punp 2504 is coupled to a [liquid dispenser head 2507
via outlet conduit 2506. [0093] Liquid dispense system
is configured to allow precise volune control of the

dlg%n%%ﬁwégﬂ’éea#?? 027 dlé?:_@o Se%ld '&]tj.%a) agnggg%&nngzﬁtendlng
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mUé er & £34 abt e ddGutd Hesadmawn i nto punp 2504 thr ough
et conduit 2502. When a substrate is properly
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sydtsmenﬁeluﬁeadaZﬁﬂjxndnqonuduaaﬂﬂﬁﬁpﬂateLlHnlthéntalner
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110,081 anL, 9gend t ot Disesk s;tsaile iad lconpladc ant aophsp 2504

anmpunt of liquid to be t to di head_2507.
VlPuhﬁ16959qn@§1%o%§?%uré%sgdﬂég I en%%8augg ROGoH e

be@&egﬁsﬁlqﬁhéncéﬁﬁyinérLQB&mQﬂQP%ﬁﬁkiQBOthQUﬁﬁnEEGﬂ flow
may allow either droplets of liquid or a continyous

Ofpahreuﬁhoinl$§u¢@PdW¥ﬁkﬁﬁQﬁspéﬂ@Eﬁ5%%%01§h€°§85§§r5?e
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[obseg1andbpquldodc$psmﬁb steten % stonddeiverd tqupdley
roduced.on the substrat | u
orBGa s VAL N RN aOREY P h L L BT O a1 PR b8l
on@lbsS Bﬁ_n&ﬁﬂebE§tdng[ Q@Béﬂ,rehre andtrhemee rpddidisent , | Equili;Id
vol unme contro pe achi eved ﬁ%%use of I|q

Co&t§ﬁénééraﬁ9é8"? obrSl% SRR B i‘éo&“‘“%
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head 2507. Small drops of Iiquid whose
available from the Lee Company, Westbrook CT. During use,
a curable liquid is drawn into pump 2504 through inlet
conduit 2502. When a substrate is properly positioned
below, pump 2504 is activated to force a predetermined
volume of liquid through outlet conduit 2506. The liquid
is then dispensed through liquid dispenser head 2507 onto
the substrate. In this embodiment, liguid volume control
is achieved by control of pump 2504. Rapid switching of
the pump from an open to closed state allows a controlled
amount of liquid to be sent to dispenser head 2507. Pump
2504 is configured to dispense liquid in volumes of less
than about 1 pL. The operation of pump 2504 may allow

either droplets of liquid or a continuous pattern of liguid

to be dispensed onto the substrate. Droplets of liquid are
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vol une may be accurately specified are di spensed using

a liquid dispensing actuator. Exanples of liquid
wdizeensiong actuators include m cro-sol enoi d Parwss000/023948

pi ezo-actuated dispensers. Piezo-actuated di spensers

are comercially available from M croFab

Technol ogies, Inc., Plano, TX. Liquid dispensing

actuators are incorporated into l'iquid dispenser head

t w cont Spen Lj d
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accurate volume control. Liquid dispensing systems are
further described in U.S. Serial No. 09/908,455 filed July
17, 2001, entitled “Method and System of Automatic Fluid
Dispensing for Imprint Lithography Processes” which is
incorporated herein by reference.

[0095] Coarse determination of the position of the
template and the substrate is determined by the use of
linear encoders (e.g., exposed linear encoders). Encoders
offer a coarse measurement on the order of 0.01 pum. Linear
encoders include a scale coupled to the moving object and a
reader coupled to the body. The scale may be formed from a

variety of materials'including glass, glass ceramics, and

steel. The scale includes a number of markings that are
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the PP nodel encoder avail able from Hei denhain
Corporation, Schaunburg, Illinois. CGenerally,
wenecmaes@zare built into many comerci al | y avacitailskm3/o23948
X-Y notion stages. For exanple, the Dynam YX notion
stage avail able from Newport Corp has a two-axis
encoder built into the system [0096] The coarse
position gf t he tenplate along the Z- axis is also
te ned using .a |line cqder.. 3..QN nt
reﬁﬁ n%%%d DR égﬁ“%ﬁ%%: J%%§%bg%&gggvgogrngggg?ggghe
po@@ﬁtbnoﬁfothéfmbifﬁgﬂdﬁjEctA silee sohlehés kbnpaed to the
encoder, in one enbodinent, is coupled to_t
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may be determ hed using interferoneters
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enent a may be determ ned during an inprint
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IR LS Zmio On e mistly, e pagiliancgt the
1iRRtat iepkoebt hent 8AB| etibodBe@t SOideoupled to the pre-
calibration ring of the imprint head. Alternatively, the
scale may be coupled directly to the template support 3130.
The reader is coupled to the body and optically coupled to
the scale. Position of the template is determined along
the Z-axis by use of encoders.
[0097] In some embodiments, the detection of the
position of the template and substrate during an imprint
lithography process needs to be known to a degree of
accuracy of less than 100nm. Since many features on a
patterned template in a high-resolution semiconductor
process are smaller than 100nm, such control is important
to allow proper alignment of the features. Fine position
detection, in one embodiment, may be determined using

interferometers (e.g., laser interferometers).
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determ ned about the X-axis (aT), about the Y-axis

(,3T) and about the Z-axis (OI). To produce alignnment
wohoddvasdenpl ate wth the substrate the XY, aaw/u&2003/023948

coordi nates as well as the a, /6 and about the O

angl es shoul d be matched. [0099] Linear encoders nay

be used to determne X-axis, Y-axis and Z-axis

positions of the tenplate and substrate. However,

enc rs,ty rQvi
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interferometer based position detection system is depicted
in FIG. 43. An interferometer system 4300 includes a first
three axis laser interferometer 4310 and a second three
axis laser interferometer 4320. Mirror 4330 and mirror
4335 are coupled to the substrate and/or template. Mirror
4330 and mirror 4335 are optically coupled to first and
second laser interferometers, respectively. Mirror 4330 is
positioned on a portion of the template and/or substrate
that is perpendicular to a side that mirror 4335 is placed
on the template and/or substrate. As depicted in FIG. 43,
this allows five degrees of motion to be determined
substantially simultaneously. First laser interferometer

4310 will provide sensing of the position of the substrate
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position detector may be nounted to support 3930 of

the body. Position detector 440 includes, in one
weonbadismat, four interferonmeters. |nterfer onmeCENS2003/023948

are, in one enbodinent, |aser based. Either

differential or absolute interferoneters nmay be used.

Two interferoneters 4410 and 4415 are used for

position determ nation of the tenplate. The other two
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epicted in : r auge 3, i s us to
en@efdpgihe Mé?ﬁe?a%e‘gubs@%%%ﬁ%r %%rﬁﬁiﬁ&%ﬁ‘bsomm
1 nRCTEUS2ARBLP23948 pai spased Bib ai iR ciled@esi 2410 and

substantially parallel to a reference plane. As used

44A8r eirm, ugnd" aPr paByeion clefgrminat iRsyidfe Hitatemplate.

THIPGRUEERS | BC REERPUL GOl ofs SLILAMLR Aldfs el Gkl ror
oward a surface. en a substrate 1s disposed under

poaitdonl detefmanatjengef 3135, suthet whtst ande e

BB ERLS HRa" BPEbOC,SPALEL ity SIS, il
ineAgeabkterkhe THetise amayhis cnrtdreyeaientgaifge t he
ini%g%%;%%gtgié g?%ows five degrees of movement (e.g., X
and Y position and o, B and 0 rotation) of both the
template and the substrate. Laser 4430 provides light for
the interferometers. Light from the laser is conducted to
interferometers 4410, 4415, 4420, and 4425 through optical
components 4440 (note: not all optical components have been
referenced). Optical components include beam splitters and
mirror systems to conduct light from the laser to the
interferometers. Interferometer systems and the
appropriate optical systems are commercially available from
several sources.

[0101] In an embodiment, an air gauge 3135 may be
coupled to imprint head 3100, as depicted in FIG. 3. Air

gauge 3135 is used to determine whether a substrate
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| esser the pressure. [0102] In such a configuration,

air gauge 3135 may be wused to determ ne differences
wonog@rees®sre resulting from changes in the di BCamse003/023948

between the substrate surface and the air gauge. By

novi ng air gauge 3135 along the surface of the

substrate, the air gauge determ nes the distance

bet ween the air gauge and the substrate surface at the
dlvarégﬁs ROL tﬂgf%ﬂﬁgﬁslgh%u%%g eeigh1p! aRaniiyiofo a
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letsbérSUhétpﬂéESuf’elor to use, atilt of the substrate
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[OB‘QIZ\J\Ben Fﬁesugﬁbgt?%]? l%lﬁﬁattjh &'t npl gt% o Q%Faﬁgy be
usésl kG HEEeEinQnél Jiifféfétg@e@tiraqheﬂssﬁxret Ines)ﬂl‘hflsga@eom
Suitable air es nm be obt ai ne% from Sene

I .
chagop® 2005501 89 AREG/ FIOTERYS © ?Fﬁgcﬁ’é‘%

th%faﬂkrggﬁgges B&hﬁo§ﬂa§téf¥(§éﬂ e t2amp allenss thkasadface
the neasuring range o air gauge. Motion
ofofchteheubabgﬁtat ethemwa @%%udeffa%fgél%;?h@e distance

hed, b h 3
b P8 Yol o o Sy S Bl

va&TiduEpplodlhtlsl tnhegnaphy pFloeedsgree Idfgmlanegrisll ef the
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chﬁHﬂing the distance between the air gauge and substrate
at the various points measured. The distance between at
least three points on the substrate and the air gauge is
used to determine if a substrate is planar. If the
distance is substantially the same, the substrate is
considered to be planar. Significant differences in the
distances measured between the substrate and the air gauge
indicates a non-planar relationship between the substrate
and the air gauge. This non-planar relationship may be
caused by the non-planarity of the substrate or a tilt of
the substrate. Prior to use, a tilt of the substrate is
corrected to establish a planar relationship between the
substrate and the template. template using the tip tilt
stage attached to the X Y stage. Suitable alr gauges may

be obtained from Senex Inc.
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curable liquid and activating light is applied to the

light <curable Iiquid. As used herein "activating
woighoizaeans |ight that may affect a chem cabPCThamysn23948

Activating light may include ultraviolet light (e.g.,

light. having a wavel ength between about 200 nmto

about 400 nm, actinic light, visible light or

infrared |ight. Generally, any wavel ength of I|ight
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optically caupled to th tenplate as depicted ., in FE
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head 3100 includes_a mrror 3121 (depicted in FIG 4,
maghj g lusle adegavighets Loahtnée g9 wo RABEYS 2

wenel g 903023248 apaati ¥abi A tbHEoSOWEE i ! hetinic
patterned tenplate. Light passes throuQ?eh an openi ng

lightt herisadpl eofl o Pt 1ﬁéﬁ§r3q:_0bi9]&1ﬁd [ ﬁ%?q]_éé\’ffe&rﬂy
L ﬁﬂg%&dcgﬁggielgftgffec &L, c1iGhi AL IdMBinge
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ource’l es a patterned enpl ate wit hout
mde i disspdgaed asi ppcimbthegd 3d0emid¢al 0Fjagssy may be

oFHRBINL] LR SEScBrdos, sy BT SRl TR
inSlddo ¢hasad adtnpimitedysbemadpOfhethbedl fremrtion that
causes a polymerization or a cross-linking reaction to take
place. The activating light, in one embodiment, is passed
through the template prior to reaching the composition. In
this manner the light curable liquid is cured to form
structures complementary to the structures formed on the
template.

[0105] In some embodiment, activating light source 3500
ig an ultraviolet light source capable of producing light
having a wavelength between about 200 nm to about 400 nm.
Activating light source 3500 is optically coupled to the
template as depicted in FIG. 1. In one embodiment,
activating light source 3500 is positioned proximate to
imprint head 3100. Imprint head 3100 includes a mirror 3121
(depicted in FIG. 4, which reflects light from the
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the light source will radiate toward the body of the

inprint system and may cause the tenperature of
woaodsioasd3of the body to increase. Since manyPOENSR®3/023948

expand when heated, the increase in tenperature of a

portion of the body of the inprint system may cause

an expansion of the body to expand. This expansi on

nay affect the accuracy of the inprint system when
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_imprint head (see FIG 4 this manner, t
ingginge SYSERerREl MY eiiPa: b 11U T T P gordohs of

trH g €o 1h9?5a§@ur0§1ﬁ8¥ &%&n@hﬁéﬁiﬁgﬂéﬁ?HHdDNhehﬂC
Santa"C ara CA. One or nore_ optical, neasurlng
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ner al optic nmeasuting device i's any device
bddyatto alxipamsl .t hEhpesekpans apn/vay 0§ kgntattilsh asfcugacy of

Qf q@%ﬁ%ﬁﬁgﬁggﬁfﬁgﬁ ﬁﬁﬁ%ng 93u€$2§£%§h£ %fbgﬁﬁn?he
prcifdeat.e optical imaging system 3800 is optlcally
(SR b9 e, R ool oL eal el ng et o
pdﬁﬁﬂﬁﬁﬂedﬁ%&t%”b§§3901ent distance from the body such that
system body is insulated from heat produced by activating
light source 3500 by the intervening air between activating
light source 3500 and imprint head 3100. FIG. 14 depicts
an activating light source 3500 optically coupled to
imprint head 3100. Activating light source 3500 includes
an optical system 3510 that projects light generated by a
light source toward imprint head 3100. Light passes from
optical system 3510 into imprint head 3100 via opening
3123. Light is then reflected toward a template coupled to
imprint head 3110 by mirror 3121 disposed within the
imprint head (see FIG. 4). In this manner, the light
gsource i1s thermally insulated from the body. A suitable
light source may be obtained from OAI Inc, Santa Clara CA.

[0108] One or more optical measuring devices may be
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Optical imaging device 3810, in one enbodinment, is a

CCD mcroscope. Optical imging system 3800 is
wopbi4maddsy coupled to the tenplate through i mpCcTmis2003/023948

head. Optical imging system 3800 is also optically

coupled to a substrate, when the substrate is

di sposed under the patterned tenplate. Optica

i magi ng system 3800 is used to determne the

plac nt. err.Qr t t/er.n ; an
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optical "i magi ng system 3830 includes an optical ,
paitiregieg Hewmbtat8s32 QApiieml citatidly System 3884, is used
tigal s Lmegin hE&e 3810y iR LD MiFRRhedl S a
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5 By SR s 8, ALl VSl o
ncHesaki hednhar ehs. impddit i loeed ) y, Durhinepfein axiignopnical
oggygglngn%%ZEEgggsggoggzs, mirror 3121 is moved out of the
optical path of the optical imaging system.

[0110] During use of an optical alignment device, the
substrate or template is placed within the measuring range
(e.g., the field of view) of the optical imaging system.
Motion of the substrate toward the optical imaging system
may be accomplished by either Z-axis motion of the imprint
head or Z-axis motion of the motion stage.

[0111] Additional optical imaging devices may be coupled
to the imprint head for viewing the substrate in an off-
axis position. Off axis positions are herein defined as a
position that is mnot in the optical path of the activating
light source. BAn off axis optical imaging system 3830 is

coupled to imprint head 3100 as depicted in FIG. 14. Off
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be used to perform coarse alignnent of the tenplate

wWth the substrate, while the through the tenplate
wopti4madesdi magi ng system 3800 i s used for finerPCT/US2003/023948

alignment of the tenplate with the substrate.

Addi tional off-axis optical systens may be coupled to

the inprint head 3100. FIG 12 depicts an additiona

of f-axis optical system 3840 coupled to inprint head
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enbodi nent s ri For .examl.e, in.
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1magﬂﬂ§ﬂsﬁﬁiebeBBOUphedub@dafofﬂﬁimﬁ1éﬁignmdﬂtﬂbf i $he

configured to nove the inprint_head uch
teSIGEHWAEE, thReSYRBEFREEe .%5 R t‘%f:{ g3 sgetical
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al so i ncludes an ogtlcal I magi ng. device. [0114] As
demieisogsl pdgdistronddefa- ﬁxgﬁtOEE&%ﬁﬂeﬁXﬁﬁﬁﬂ(ﬁsﬁ coupled

laced qn,a_subsihate and a tenplate is brought into
1x%oﬁﬁﬁcfﬁvﬁtﬁ' Ee I'i'quid during an inprint |ithography

Uanﬁess.Aﬁhaddutabhellnglda151ma$xm@\ﬂﬁﬂﬂﬁﬁIWPM gui d
B I TR
tafsl {teapiriedlaimaging system 3850 is coupled to motion
stage 3600 as depicted in FIG. 12. Template optical
imaging system 3850 includes an optical imaging device 3852
and an optical system 3854. Optical imaging device 3852,
in one embodiment, is a CCD microscope. Template optical
imaging system 3850 is used to scan the surface of the
template without having to scan through the bulk of the
template. Template optical imaging system 3830 may be used
for off-axis alignment processes as described herein.

[0113] It should be understood that optical imaging
systems may be disposed in alternate system embodiments
described herein. For example, in an alﬁernate system
embodiment, an optical imaging system may be coupled to a
motion stage that is configured to move the imprint head.

In such embodiments, the substrate is mounted to a
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25 C). Low viscosities are especially desirable for
hi gh- resolution (e.g., sub-100 nm structures. Low
woienes@Bes also lead to faster gap cl osi ng. PCT/US2003/023948
Additionally, low viscosities result in faster liquid
filling of the gap area at |ow pressures. In
particular, in the sub-50 nmreginme, the viscosity of
the solution should be at or bel ow about 30 cps, or
e_preferabl { I at; .
g el A e h ek e N e S
dehﬁbbography t echni ques nay be solved by using a | ow
Vi S¢osi t ight .curable liguid in an inprint s
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pr%%%%%h.rFﬂ%dcukéﬁfépf{&ﬂidtfgngzﬂd%(yféﬂﬁ%ik@eli uid
potential for easier |ayer-to-layer alignnent. %ﬁe
momiogied spénpliate i3, sihtgelrersoluttiemdper Ve @ FdeRosity

[iquid_. acti Ln ig '
=g Eram PRk o - bf ke s e IR, B mpasureg at
2compasetoaf vaseasietlys ate padpyexerdldabldestatedrliealfor high-
Ceneral ly,

any hot I rizabl e materi.al -
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enbodi nents, the  curable ljquid inclu ne or
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atdVidh) ke snegati venppoloregist, M efldl Sub-Be nm regime,
viscosity of the photoresist material may be reduced
tHey wislogsiity ©ife thei galdt paot drest dtbeiath of dnlcabppout
al vent 7 ' i I e
3§ R oF iy srgﬁe%.?‘*ﬁ%ﬂi???i%‘ﬁé‘%ﬁ at%édé%ngnﬁ%%ﬁgﬁd at
2@red)nitiator. A crosslinking agent and a di net hyl

xane deri vati al so_be

t{nsuae, Moot e o TP eR cte Rt A
1i@{dpeymt & srpmnagees. mEranpl esledd by using a low
viscosity light curable liguid in an imprint lithography
process. Patterning of low viscosity light curable ligquids
solves each of the issues facing hot embossing techniques
by utilizing a low-viscosity, light-sensitive liquid. Also
use of a thick, rigid, transparent template offers the
potential for easier layer-to-layer alignment. The rigid
template is, in general, transparent to both liquid
activating light and alignment mark measurement light.
[0116] The curable liquid may be composed of a variety
of polymerizable materials. Generally, any
photopolymerizable material may be used.

Photopolymerizable materials may include a mixture of
monomers and a photoinitiator. In some embodiments, the

curable liquid may include one or more commercially
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nononers include, but are not limted to, butyl

acrylate, nethyl acrylate, nethyl nethacrylate, or
wonnd4me®3t hereof . The nonomer nakes up appr oRCTASE10$/023948

25 to 50% by weight of the curable liquid. It is

bel i eved that the nononer ensures adequate solubility

of the photoinitiator in the curable liquid. It is

further believed that the nononer provides adhesion
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also b6 %fgyudedghtMorr@@emrlamlelda,qmﬁ aﬁ?ﬁyﬂ@!:sélmlted

|ncI t of
ﬂf?é %gdﬂéL %fgﬁpsggﬁ%%%%tde ﬁﬁﬂare not
mohbmetedlnoludacrybeqxﬁcmgﬁ)lumﬂﬁ@ﬂsﬂd okamgl acrylate,
di net hyl s onane cO | oxypro
meﬁby yf FY igﬁe ﬁ%ﬁggd%%ﬁ%‘“ﬂéﬁﬁlacfgigﬁéiPEFﬁlﬁE?e%Of
ThROhyabREE hthBek oxangpprdk ikitely sid axanesdeyi waﬁghesOf
are present in, anounts fron1 about 0 to .50 %b

t%?&ﬁﬁblﬁtngub@r i ebedis RELITERFIRG I6G4I6TSBE%S
en@ggéysggggﬁgg§9§§lu§iiﬂ%f“§ﬂ1ﬂ§ﬁ%ﬂﬁﬁ§n§ﬁ@1EB©rthEEH¥|

| oxane derivatives may inmpart a hi gh ox %en etch
curebilst Ahgeide the e@r@artmﬂqmjll tihgtalthy, MpBeReT

pr Q@d&%'XhﬁéS?oﬂU 8n§ﬁsu f%%#ﬁg Sur?@fégelayer,

efrvatrves are e ieve o re ace energy
wheh uhedcured I|qU|d, therefore increasing the ability

i) LGP BheehOer lagee Lomilie SHHlaRe, oI pcea
monbfked hehigiDaBee rﬁbhorﬁ@ﬁﬂiﬂr@l@ﬂaﬁ:aﬁl_vaﬂealplo&yﬁle@ﬂZable
cg%%Lunds that include a silicon group. Classes. of
gilylated monomers include, but are not limited to, silane
acrylyl and silane methacrylyl derivatives. Specific
examples include methacryloxypropyl tris(tri-
methylsiloxy)silane and (3-acryloxypropyl)tris(tri-
methoxysiloxy)-silane. Silylated monomers may be present
in amounts from 25 to 50 % by weight. The curable liquid
may also include a dimethyl siloxane derivative. Examples
of dimethyl siloxane derivatives include, but are not
limited to, (acryloxypropyl) methylsiloxane
dimethylsiloxane copolymer, acryloxypropyl methylsiloxane
homopolymer, and acryloxy terminated polydimethylsiloxane.

Dimethyl siloxane derivatives are present in amounts from

about 0 to 50 % by weight. It is believed that the
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Inc. [0119] Any material that may initiate a free

radi cal reaction nay be used as the initiator. For
weaabisasdong | ight curing of the curabl e nater Par/used03/023948

is preferred that the initiator is a photoinitiator.

Exanples of initiators include, but are not limted

to, al pha-hydroxyketones (e.g., 1-hydroxycycl ohexyl

phenyl ketone, sold by Ciba- Geigy Specialty Chenica

phenyl ket on
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oxane” deri vat 3- bi s(3-net hacryl oxypropyl) -
Theetiapbbhyd dostheranmnd [Dirztihyiln sddexergnpesiva 1ves

118# ab%ﬁF§Fﬁaﬁ¥§ Inc ude %? Qlék%. a%&esg%%P¥G$@éQQF

acry OXYPpro
Inkli S- trlnethyIS|onane silane. To this n1xture 3% by

wei ght m xture of 1:1 Ir acure 81 and rgag 84
103787006 oFiY HBSEPBLal | HiRRT TR gte & £recd2edigal
regéEQ@ﬁrMb9XMEr@Q¥&)a§eﬁﬁéﬂﬁﬂiﬁhaﬂﬁﬁﬂ| @xanechayabéng

ded. 36" WD 2004/ 013693 PCT/ US2003/023948 The

1lgh§c§§ﬁl§lgof3ft Bhe aixekie mabqrial + Hdn 150 P&f&§eﬁ§s§uFBat
th%tlﬂE?HEF8§ Cs 2% Stol i @bl er natpRRodirmeat c ihB8rs

cura Iquid y be tornmed of a nononer, an
inadudegebetabiragnphot bmaigrhtto, zﬂ&Ph@ﬁhﬁﬂ?Q%ﬁ&@F&F?ﬁg

o SR R RPN B
GeI@Q SpbdigﬁﬂgrahemgC@hODIWI@KHﬁ ass Targecomeolid )t hand
ac§ﬁE%%§§ i%glgx gnlkgggéggrgnEh.aptl%ﬁgb&%ls(z 4,6-
trimethyl benzoyl) phosphine oxide, sold by Ciba-Geigy
Specialty Chemical Division as Irgacure 819).

[0120] The curable liquid may also include a
crosslinking agent. Crosslinking agents are monomers that
include two or more polymerizable groups. In one
embodiment, polyfunctional siloxane derivatives may be used
as a crosslinking agent. An example of a polyfunctional
siloxane derivative is 1,3-bis(3-methacryloxypropyl) -
tetramethyl disiloxane.

[0121] In one example, a curable liquid may include a
mixture of 50% by weight of n-butyl acrylate and 50% (3-
acryloxypropyl) tris-trimethylsiloxane-silane. To this
mixture 3% by weight mixture of a 1:1 Irgacure 819 and

Irgacure 184 and 5% of the crosslinker 1,3-bis(3-

methacryloxypropyl) -tetramethyl disiloxane may be added.
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light. The generated acid catal yzes pol ynerizati on of

the nononer. Those of ordinary skill in the art know
weunei¥/01zm8 d- gener ati ng addi ti ves, and the specPCTaIS2003/023948

aci d-generating additive used depends on the nonomer

and the desired curing conditions. In general, the

acid-generating additive is selected to be sensitive

to radiation at the first wavelength X1, which, in
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t he nononer near the interface of the_tenplate.
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havi ng a wavel ength X2 in the dee ran i n

adgatdye Paasia@%ﬁn%%wrhgtkaem taﬁldi i Peh eSﬁaﬁGeC‘dPng
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PCT/ US2003/ 023 48 [0123] According to an enbodi nent,
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pﬁst%uggeg%y1gea%égogggeéF%£rg%gzﬁgégﬁé¥q at th% Second
generating photo-agent may inhibit curing of the monomer
near the interface of the template. The base generating
photo-agent may be sensitive to radiation at a second
wavelength A;, yet inert or substantially inert to radiation
at the first wavelength )\;. Moreover, the second wavelength
A2 should be selected so that radiation at the second
wavelength is primarily absorbed near the surface of the
monomer at the interface with the template and does not
penetrate very far into the curable liquid. For example,

in some implementations, a base generating additive that is
sensifive to radiation having a wavelength A, in the deep UV
range, in other words, radiation having a wavelength in the

range of about 190-280 nm, may be used.
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wavel engt h X2 and subsequently to the radiation at the

first wavel ength X1. Exposure of the curable liquid
woOaor4ads@Bi on at the second wavel ength X2 pr oHOTAS208/023948

excess of base near the interface with the tenpl ate.

The excess base serves to neutralize the acid that is

produced by exposure of the curable liquid to

radi ation at the first wavel ength X1, thereby
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PCT/ US2003/ 023948 used to cure the curable |iquid,
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i ncorporated herein by reference. .
curable liquid at or near the interface with the template.
The remainder of the curable liquid is cured by exposure to
the longer wavelength radiation (A;) which penetrates
throughout the curable liquid. U.S. Patent No. 6,218,316
entitled “Planarization of Non-Planar Surfaces in Device
Fabrication” describes additional details concerning this
process and is incorporated herein by reference.
[0124] In another embodiment, the curable liquid may
include a photosensitive agent which, when exposed, for
example, to deep UV radiation, decomposes to produce one or
more gases such as hydrogen (H,), nitrogen (N:), nitrous
oxide (N,0), sulfur tri-oxide (S0;), acetylene (C;H,), carbon
dioxide (CO;), ammonia (NH;) or methane (CHs). Radiation at

a first wavelength X\;, such as visible or near UV, may be
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[0125] In another enbodi ment, a curable [iquid may be

conposed of a nononer that cures to forma pol yner
woOhei4/neep3 be deconposed by exposure to |ight. PCI/USDI3/023948

enbodi nment, a polynmer with a doubly substituted

carbon backbone is deposited on the substrate. After

the tenplate is brought into contact with the curable

liquid, the curable liquid is exposed to radiation at

a. firs v n e. d. t :
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e cur iquidfacilitates separation fromthe
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[odeBai | s caneebhhsg ehbsdjpneacessa andraksle lneprigomatye the
herein by reference., []0126] |n various enbadi nent an
cofipeen OFi PhBGRaPRG thRhUTes | S MO 4R S ro g Ry
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|.i thography, electron bean1|ithqg%%?h .. 1.Qn-beam
palimesgiaghy 2 SoHByY| FrRBGH apky %%'@_ 2FhRpS 19
déﬁ%%@&%é3@%3tB@TéU§§QQ§é8239ﬁ§teylEﬂénﬂé%pﬂate is brought
I"i thography, scanning probe |ithography, focused ion
ireamomitialcitnyi thntbef ersaetei Elanidodripgrrabds taauad 1s
exg{o%\h@tdh?tot I}Ja.'a]ifaltlighdggogl FL POy &Q\%ﬂ tk?txclh'(e . l aSHReater
ch, ion"mTling, reactive ron etch or a” conbinafion
thein @Woe abovendVetHodsiboratakiegspetnd restklenahil abesn

B AL ) Uy PRS0 L0BLL B M e
sdvbind aet Wuireg tael cibagl apbyqdeapl atiedn tithe/aiwembwhildlquid
iéSZXposed to the second wavelength \,, scission occurs at
the substituted carbon atoms. Since deep UV radiation does
not penetrate deeply into the curable liquid, the polymer
decomposes only near the interface with the template. The
decomposed surface of the cured liquid facilitates
Separation from the template. Other functional groups
which facilitate the photo-decomposition of the polymer
also can be used. U.S. Patent No. 6,218,316 describes
additional details concerning this process and is
incorporated herein by reference.

[0126] In various embodiments, an imprint lithography
template is manufactured using processes including, but not
limited to: optical lithography, electron beam lithography,
ion-beam lithography, x-ray lithography, extreme
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i ncorporated herein by reference. [0127] In an

enbodi nent, the inprint lithography tenplate is
weubsioaswsal |y transparent to activating |i ght PCT/TIS2003/023948

tenpl ate includes a body having a | ower surface. The

tenpl ate further includes a plurality of recesses on

the [|ower surface extending toward the top surface of

the body. The recesses may be of any suitable size,
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teﬁ%!a@@ f or 5B 0in @i 2 1D} Ve PArEHd ¢iodactBohbibyOkighnt.

denumsilicide are optically transparent to
Thei ghmph@bq iockudes thdoly WovigsuFolswsy surface. The

teﬁé:f{éygzglgg’{:ﬁé§9f‘§cl@@éé’@rﬂlzﬁkélleltly' @ decBabBs on the

owever, are substantially opaque to
1owe3|bhefhcghext¢ndamg tt pressred Uhﬁeﬂqnﬂayniﬁp@w@f the body.

al i gnment _mar k e cre t t hat
Th&i FECREESPnteY 1 ? b, Wi céﬁfﬁ%f() J#%e g?Fang
typubstnat et. 18329 ﬁsrtﬂ@muaﬁnﬁnelﬂﬁdﬁS@ﬁ@dhashe feature

template is treated wth a surface treatnent materi al
sigg Phr hESt RPATI 2YSRE ofPC tHR: surface of the tenpl ate.

[0A28Yr f acqitheat 8ottt PEOCABSrint lithography processes,
the durability of the template and its release
characteristics may be of concern. In one embodiment, a
template is formed from quartz. Other materials may be
used to form the template and include, but are not limited
to: silicon germanium carbon, gallium nitride, silicon
germanium, sapphire, gallium arsinide, epitaxial silicon,
poly-silicon, gate oxide, silicon dioxide or combinations
thereof. Templates may also include materials used to form
detectable features, such as alignment markings. For
example, detectable features may be formed of Si0O,, where X
is less than 2. In some embodiments, X is about 1.5. 1In
another example, detectable features may be formed of a
molybdenum silicide. Both SiOx and molybdenum silicide are

optically transparent to light used to cure the
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Is optimzed to yield a | ow surface energy coating.

Such a coating is used in preparing inprint tenplates
woaoodinpaodnt | it hography. Treated tenpl ates hag®/US2003/023948

desirabl e rel ease characteristics relative to

untreated tenplates. Untreated tenplate surfaces

possess surface free energies of about 65 dynes/cm or

nore. A treatnent procedure disclosed herein yields a

urface treatnent, | ayer .t kit igh el of
PO%RW%&&%??%F %%ﬁ1i%%ﬂ%#H?%SQEEF?éCQO??Q%?hE%§¥|ayer
sulbdt anvsial Tengdahe tw bdaiddd flaghtunePseasof nphése s

W t hout aving to replace the surface treatnen
AL S THE SR TGP AT RERE Ry EF, PR EgReor he
te@PDOML MBRL S, wiEBdULRS e Ferkas thi caeingesgythé the

|'ower surface nmeasured at 25 Cto less than about 40
undonb¥ied sepstfr%de cases, to less than about 20

slc [0L30] 28 Bt PRt tLayehtel s Offeated

‘[og%%gding%%,gls ?%%%ﬁgfby fﬁgﬁﬁeggﬁion %rodyct of an
wishky| sitfnee wredtinmroaldbdrsialate, fermga thin layer on

fluorpal kyltrichl.orgsil.ane wt e j e j
PP RELACE) P nat e SRTG | Syt ae FredurpatcPar T
ispaptendeddt espyadlel ddrowexamileee @nespli natbdngur f Seeh a

treatnent layer is forned from.,a r%actaogesp 89“%& §qnt
copEiRgchf| UBFD- 12 BERRARG dFd bt fFFERT BT o5 T ane
1i¥hbEruphel . Aréstd@cengledidEHaviayiesiraplebeel cased

using either a |jqujd-phase process or a ﬁggor- ghase

chpraebesisthca FelRf i HR Prcedss templalips r alBETgated
te@é}¥@é299%#Qéé@Qéoégégéf§4¥¥yéél¥%@% chewgkh 88dokNaBout 65

ution of precursor and solvent. In a_ vapor-phase,
dypeedemspramprecurk orréatnrsit mucsedire gasraeped herein

.carrier_gas, Lt ifficul 0 Qb AL R A PUHEELY1evel
Ylﬁ%ﬁﬁd?oﬁgrgg %e% %réﬂgé“%ﬁﬁg }F%Uﬁg$b%asg ?rea?nen??e
of\Wtieebihithe bolikalphhsey duff itiee tnediarentreagneasul ayen

saf b TEBSRAL o LI P HEISELY, STkl snne
ha®fhgdiBeRbpOhica tNaPHlir PEs cianess, lbyert enfhat surface
trggggggtlgagegécggn;ome embodiments, reduces the surface
free energy of the lower surface measured at 25 °C to less
than about 40 dynes/cm, or in some cases, to less than
about 20 dynes/cm.

[0130] A surface treatment layer, in one embodiment, is
formed by the reaction product of an alkylsilane, a
fluoroalkylsilane, or a fluoroalkyltrichlorosilane with
water. This reaction forms a silinated coating layer on
the surface of the patterned template. For example, a
silinated surface treatment layer is formed from a reaction
product of tridecafluoro-1,1,2,2-tetrahydrooctyl
trichlorosilane with water. A surface treatment layer may
be formed using either a liquid-phase process oOr a vapor-

phase process. In a liquid-phase process, the substrate is
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chanber, after which the chanber is cycle-purged to
renove excess water. Sone adsorbed water, however,
woeomin9dn the surface of the tenplate. A smrCE/US2003/023948
anmount of water, however, is believed to be needed to
initiate a surface reaction, which fornms the coating.
It is believed that the reaction my be described by
the formula: RRSIiCd3 + 3H20 => R-Si (OH) 3 + 3HA To
imhEELLA LA & LDeLIEAG 101 o e eI LAke sbvBRRUINEA S 2
YesTTed T eacton en‘pergture via a
vapenplias e rercords 0ld ettectinsck. iBhdepiweuedovipsanhiopert

fed into the_reaction er., for L esScrij i me.
careietf i 7S par Bnetef £% L?@&afg‘rgmjtteﬂ%& g? & gtl lén%epgfg%%,
anRY@BHILS Of o TRACE Nt At irf |20Wigearphasestrebtment €

tailored to the specific precursor and te Iaig in

Was@pstatlee deirdtt iltath T "o EGIHTERG PA¥sESSY
clﬁtggg?é#ggﬁi&tﬂ,e Jii akngss Favidieeayr baeectr eakmenhal

controlled. The thicknesS of the surface
quat bay nent coegerge iaf Kém amatdng.ni Fal apappbogsment of a
mnimze t ' rf.ere fo. t e; LI sal, ueR,
VaP?\]);egh?mS?hphf%éég%%’at%eer% ?ﬂ gL.atlen q%’nz}igg%%oélhnent a
chambelayeftef wirecls e cshambest mentcylcdpepuirgedf bpnegmove

0131] In an enbodi nent here are at | east
ex%@ﬁﬁr&?’&erdep%ﬂge a%@%ocﬁbae(dted"avﬁetrh t é”eyeecrésggéggﬁstﬁ% the
sukeuBe &8 {Rser&fipl e WO 20101 36R3nPCHEUS2063/, 0B38d8er,
~the_tenplate. FIGS 20A and 20B depict top and cross-
isshetienal PR, needgrhdis Va8 & SAETACReYSPEMPPaL e

wh¥ehN e LRECEREScHAVINY. t W daptds.i Relerhargthe Fb&Stion
20A and 20B, a tenplate includes one or nore
magabeedasnygibedaky 401 foymsigeh enbodi nents, a first
relatively shallow depth is associated with the
recesses in the patterning areas of the tenplate, as
depi ct ed i n FFSGC1208. 3H4te spaR-&irliOHg s ar e3HCY ncl udes
the area replicated during patterning of the
tenpl ate. The patterning areas are positioned wthin a
Tol €8ic@nidetneHe byeddiei @flgeashel Gengfl stle itsebpbatiat €ot er

desired reaction temperature via a temperature-controlled
chuck. The precursor is then fed into the reaction chamber
for a prescribed time. Reaction parameters such as
template temperature, precursor concentration, flow
geometries, etc. are tailored to the specific precursor and
template substrate combination. By controlling these
conditions, the thickness of the surface treatment layer is
controlled. The thickness of the surface treatment layer
is kept at a minimal value to minimize the interference of
the surface treatment layer with the feature size. In one
embodiment, a monolayer of the surface treatment layer is
formed.

[01311] In an embodiment, there are at least two separate

depths associated with the recesses on the lower surface of
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region 409 is defined as the region that extends from

an outer edge of any of the patterning areas to the
weoedgr/3693t he tenpl ate. The outer regi on has aprdems03/023948

that is substantially greater than the depth of the

recesses in the patterning areas. The perineter of

the tenplate is herein defined as the patterning

areas that are confined by outer region 409. As

depicted, in F 2 f t i e
e BeFPERER wi [10R Th Siaad Aor et by FhasCe REPSFe.
seEP.Qoﬁﬁ.llt enawigg ﬁéﬁpéciaixﬁefs}epafﬂtaeq:a‘trt@nﬁeﬁe tetgdst40with
o) the tenplate outer region 409. The " i_met er."
regESERE PE¥APPatUo; <o %neoRGg%F t@o%issﬁ’;?)%b?@eaﬁéc,
20£03d, +4038ate493E1udO383bnansk 43 atithenialt efrebag401.

areas. [0132] The patterning areas nmay be separated,
Inf sypheavhoddpBES by bbFERE Fokptoiikelapshapd e depth 1s

2s580L QRE 42,8 heCRSS éce%@@é B e iRoidd et etwesl bthetne
patterning areas that have a greater depth than the
tempdessesacf dehécpadt &ni REC arzes. T deddsirdddoered,

. _both b [ d t [ i.nhibj

L Begr P aF e e T RS Sl ek e SF e

tchgyernd .t helhaephgﬁgg?m% ai;m@aazteefrpdsﬁglam | within a
respectively. e desi t t te |

regneborchitel B The Stgre 17 [T Huu Sop iptsnes OhEEd

reQbre%anphe, darti 888l at echd3rM FOCGHL1 362 nds from an

CT/ US2003/ 023948 for positive inprint |ithography
outey gddesPgnankaPtf BierRat Eeening miigash e the edge of

el %Ceg\gtlg%qusmel BRcOP +8§:SHDSdd af Qedth R is
enbodirnment, a tenplate 127is forned such that the
subbepremt iefl Lyngrentabr hanr tiee udeth ©f dihg inasiapsegr ga the

mpar.ed to __the t ctar t I :
SR S rall 158, Bl st et 0, Rl e in
dafieed aerplakepitesnphacedeas nteatdesia exbreased by outer

relationship tq substrate I uch an .enbodi nent,
=Sy AR h1 0 BERE RS T G B ity Bt dheas
arlee a8 ch2dand tahAsthat 8rd8 dsf isd 1sradHeert dnfpdatiehe

gap h2) between recessed surface 534 and substrate
ThEg P rning areas are separated from the edges 407 of

the template by outer region 409. The “perimeter” of the
template is defined by edges 403a, 403b, 403c, 403d, 403e,
403f, 403g, and 403h of the patterning areas.

[0132] The patterning areas may be separated from each
other by border regions 405. Borders regions are recesses
that are positioned between the patterning areas that have
a greater depth than the recesses of the pattering areas.
As described below, both border regions and outer region
inhibits the flow of liguid between the patterning regions
or beyond the perimeter of the patterning areas,
respectively.

[0133] The design of the template is chosen based on the
type of lithography process used. For example, a template
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exanple, hl may be | ess than about 200 nm while h2

may be greater than about 10,000 nm When the
woOeo@lat@3i s brought into contact with |iqui dpdD/USE003/023948

substrate 20, liquid 40 |[|eaves the region under

recessed surface 534 and fills the gap between | ower

surface 536 and substrate 20 (as depicted in FIG

16). It is believed that conbinations of surface

' d i f t . quij
R e
thdeepeaseton ddrdascanpplhiedis difline bhquhd bybsenptat e In

onB EBPOROURR o\ (TS Thhddh SFOPEEs Wiy Eddbette depth

ofSBheagingosd diheudd i iismx%latthezeageaa@gaeeompaewewb
surface 534. The m ni mrum val ue of 1 at which the

thej depehi of | AbrbtEEes iR oo fHy thet BakterBLRY sTE&ZHON,
[ ed t ergin ne i [ ; laced

astﬁﬁégégéé.ﬂnA |ti%%hlﬁéfgéﬁ?lﬁgi'ng%ggggggl%%els prace

incapikbargd $paced wletrietwide tevenbgarbycakPowi By $reh

liquid.to . spread int h e r c i .
e RBRAT B Vet it (LGP VRCan PResoaer | TSRS a8 of
tedpasdf 1D Cchrat stiostiathe id ffd owadf siiadlied theo the gap
deeper recessed region is herein_kno

(s heR@ THRRT i TSRSk FEEEaCe] 52447 AsS BM%F’%%%%?%' FIE&

exgiz\pﬁg‘,j A8 mdn BANiHEs thambedoienbso henpkaile 12, mdy be
formed such that a curable 44 WO 2004/ 013693
grreruSEhas/ 8paer sl 0 §QRIimM p| e dhes 5EPLaFe 26 Pyought
 nk-Rh B f f ' ndiRearRt e, 41240k 4 40
B g o Tl 49
lehsieghthhlregiopasuded feepssabstuniites2(34t endhakl e the

recessed_surface 55 S o] ur.fa :
93@&%@§8§EP0E?HErp%?$ﬁ% %rE%§ %ﬁggpiate%%%é %HuggstﬁgglCted
inedgge.ofie) he tenpsabel foved theer heinghimatd casdofs surface

effectively infinite_in conparisqn ta height hl In
en@ﬁgléﬁbaﬁﬁnﬁﬁPligﬁﬁYcf%%F?$1 Qﬁs%hf %QQ¥&§8 FRB58S s

1ahQedeabsthenoyt ere slgeowir tasplat.e W2 hijel ghfehiZedsed,
measur ed between substrate 20 and deep recessed
fogigeraeprisad F@i@h? hijapid by template 12 may overcome

capillary forces drawing the liquid under lower surface
536. These forces may cause spreading of the liquid into
the area under recessed surface 534. The minimum value of
h; at which the liquid is inhibited from spreading into a
recess 532 is referred to herein as the “minimum £ilm
thickness.” Additionally, as h; increases, the capillary
forces are reduced, eventually allowing the liquid to
spread into the deeper recessed regions. The maximum value
of h; at which the capillary forces are sufficient to
inhibit flow of liquid into the deeper recessed region is
herein known as the “maximum £ilm thickness.”

[0134] As depicted in FIGs. 17 and 18, in various

embodiments, template 12 is formed such that a curable
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agai n neasured between substrate 20 and shal | ow

recessed surface 552. In either enbodi nent, height h2
woOo0mmaksBar ger than height hl. If hl is smal PCeEUSHYBE023948

the activating light <curable liquid remains in the

gap between tenplate 12 and substrate 20 while a

curing agent is applied. Deeply recessed portions are

particularly useful for liquid confinenment in step

and .r epeat ' 0 ;
11808 PR har bt FRET e 15 s, R Byph Ok iBhipd
be?Bﬁ_SO%beﬁﬂlh@téjrl gravest tmnpdsatdeAlmz;,n mamt timer Iembnseljtmeb’e

use o, align te te 12 b
de@%ﬁﬁﬁﬁelnoﬁg ort {g;é;%ﬁﬁqé%?lﬁiﬁﬁgﬁﬁragvfﬁ%@ f%PStrate 20

toMLELE036RPESce SEB! S FAFRGI Y, argaNMI ovwelrecksaed H&eﬁace
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55pnegbprdenbodihe Perinat el i fh FamP ifdek 1on t AEus:

a b | I r
LT el o s e o
1ngam1be 1subempnrla¢myt@ﬁ@quﬂﬁtdhal|§nn§h@ fEpRdAiment

et ect.i on e I n
a<hErEER O Frdne 8 TSm0 Toar s 1l ToRRER A e oucer
edajed o&naby@Ilatéuuooseﬂeighﬂ: ai.ete etdeasnr@ci bamete;zzu ng

Ii ht." | n an_enbodi nent, a I j des,.

Thtensd A teaerbeCesaRh iRttt Ak S oFeAgr gt e

ag%Q%én%%ﬁ%édPS&w@@lQO&@g&QA@e At ethalilght rethesed
i gnment mark gbbe formed of a mat er i al dlffergﬂarger

Suﬁﬁaﬁetﬁézﬁatéﬁ|9¥ T { ARPHSHYE o e iginfie e 18 HRCh
h%%xo m: Har k pRy, besf oraed diam I§| QhaRRA vating 1ight

I'n anot her exanpl e, the allgnnent mar kK may
cdlakﬂ@r ﬂcequ@ﬂ mhybﬂe nimn he | EE&IEI doetajassy igmElpte A8 and

nen k ma 14 [i ched
Sé%?é%atgu? acé 0 %héﬁg ﬁg e ﬁ?%e fgk%on?%% ?gd to
réﬂﬂ%ﬁeanpbathpndiéfaspaaticubarhg msqﬁul fourt hmqmddce an

anal yzabl e .mark under, anal 0137
CQH%%Q%W?“@WBBd?ﬁEHt§ndoﬁ$p%% :%% Jcégﬁ%gf%ed
herein.

[0135] In an embodiment, template 12 and substrate 20

each have one or more alignment marks. Alignment marks may
be used to align template 12 and substrate 20. For
example, one or more optical imaging devices (e.g.,
microscopes, cameras, imaging arrays, etc.) are used to
determine alignment of the alignment marks.

[0136] In some embodiments, an alignment mark on the
template may be substantially transparent to activating
light. Alternatively, the alignment mark may be
substantially opague to alignment mark detection light. As
used herein, alignment mark detection light and light used
for other measurement and analysis purposes is referred to
as “analyzing light.” In an embodiment, analyzing light

includes, but is not limited to: visible light and/or
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as descri bed above may project entirely through the
body of the tenplate to form openings in the

woOeo@lat®3 An advantage of such openings is that/ushmy023948
may effectively ensure that height h2 is very large
with respect to hl at each opening. Additionally, in
sone enbodi nents, pressurized gas or vacuum may be
applied to the openings Pressurized gas or vacuum

bRl 008 1P PLHE el Pl imad I ey PRI UGB L2 o

|qu| or-exa SSUT | gas may
malerappl dedfaréeet emmmghammztlaﬂf ot m@elboaiyd pEblr
process to ass ist in se aratlﬁ%eot e te ate

eXaiPd§ | EhEi all%fﬁl%%T L s érlo oif L8 x

1s2LIGRREAL sTBr kS aRBYhEE éi&ﬁﬁi&)'tﬁt[&ﬂﬂgﬂﬁéﬁi mark may
tenpl ate. As described herein, alignnment marks forned

bej formed: efphal BbAayuBes ikeide o AltRFRRtedapl 456 wit h
al@g%%%h@nggkaﬁggc e PSS Al 1 1 P& enbodideiinell 8n a

ate t udes alrgnment marks is depicted in
suEif@ce46f Phtt bodpd tEhpl bired 500 iqwiiligarreddta er ni ng

TR Rg Yol bh 850 R Srh L, J550 e B

arsaRakdllednbiRmipaet eanahyz anegakidttl0 and 4512 by
borders 4540 and 45ﬂ§ dres:[gectwely Bor der 4540 a %es
[04373 havdlaVaHeBtA EHBPIFUSREHst At i A NGt S5

ad hRdenblaobpblhe #A8yVEX-3984¢ Oéﬁ@a&lwdmw/t@%s%ay of
al i gnment marks. Wen tenpl ate 4500 1s brought into
thepreapil afet Foahordt PRERIRGS | 1YhEhe reiR i 4S quifd 4560,

éb\}a%a%es preadsnt 8pbhengat 1 67 Fh A9 BHEATAP Kk fand 14213,

inhibrted from spreading into the alignnment
ermarde 4520 harightbi: the trrwidasrgaayidépirespgcntp o at

o Q3L KeaRLap Lhe a6ti YAl Lag. | Lo Akl o || qui d

rgnmen a may er a vantages when
pﬁﬁssyﬂﬂaad gamasr eaentn aag beuagplz&@wto[nharqpemlngs

ty i ca i gnment rocedure |ca as rement s
s GagnepnaaBhaRoray cat 88 [t otte 0

tmﬁﬂ@ﬁﬁﬁéﬁﬁhgﬂ hgRERNtuFRhKSthE. glquld For example,
pressurized gas may be applied after curing as part of a
peel and pull process to assist in separating the template
from the cured liquid.

[0138] In one embodiment, one or more alignment marks
may be formed in a patterned template. As described
herein, alignment marks formed in the template may be used
to align a template with a patterned area on a substrate.
One embodiment of a template that includes alignment marks
is depicted in FIG. 45. Patterned template 4500 includes
patterning areas 4510, alignment mark 4520, and alignment
mark patterning area 4530. Alignment mark 4520 is
separated from patterning areas 4510 and 4512 by borders
4540 and 4542, respectively. Borders 4540 and 4542 have a
depth that is substantially greater than the depth of the
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al i gnment marks 4550) to determne if the alignnent

mar ks are aligned. The presence of a |liquid between
woOhevstoasgeBat e and the substrate during ali gnmear/us2003/023948

nmeasurenents, may interfere with optical

nmeasurenents. Typically the index of refraction of a

liquid is substantially simlar to the tenplate

naterial By keeping the liquid out of the alignnent

Lon al

13 ERplr BREAEE (FRbEDPR e O ALRE, PR dmeo
coaltlagnrmmth sys&eﬁSvaeﬂmgebhgl[uﬁlﬂﬂjaMhaerlmwsm&Eéﬁe is
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quen pr ocessi |gn
pﬂawéﬁu&ernegt1&abnmahsgngmamt$maﬂe;nﬁkanrhhq;qmgbathsso

be used to | nt of at npla e th
tgﬂééa§ﬁb§9rﬁpg un? }nﬁh%&%%%v% STV |ﬁ5€%ﬁt%% -
allllg&lh@m:amaykgysssm 47 o W@ 20041 4. 360 3 HRCH1USRRRB/0 23 9% 8
be nodifi ed according to alternate enbod

ax@ $206968- beBR. DFESSRBRI L bR LrfiErs (s %;Fewplate
aﬂ%h%hed%%ﬁghbggeahﬁﬁiﬁétéYfgﬁﬁ@EE“ﬂEﬂH&%éﬁﬁhﬂgf may

nbi ned, singly I'n conbination, with any other
n&f&ﬁ@ﬁﬁdwschlbEﬁlﬁélemﬁasuF@mﬂ@HS#G'EKE&Q@%%ﬁdtﬁﬁb@@dex

f[ahaetfr{%]cltq%n %d IT qugslg suﬂ)@@ar?c! éﬁtélfqrﬂ_tlﬁa)é@tt%mthe

o'S or a~"passive" orientati
tdmyh@tatmaWethaﬂespBytkEepihg S@bélxquxd ouh1qﬁuﬂﬂ@er

enbodi nent, .fine o ation s
a LIanysrty £ e860Pr 8p % #f%%ﬂ %?%w S%Fbrs
sﬂﬁﬁalﬁﬂédOW'da@héVeptiaalrﬁéq@iréﬁﬁhﬁsruf(ﬁheﬂﬁkﬂgnment
system

gystems reduced.

[0140] When a template is used for imprinting one of
multiple layers to be formed on a substrate, it is
advantageous that the template not only include an
alignment mark for alignment with an underlying substrate,
but also an alignment patterning area. As depicted in FIG.
10, alignment mark patterning area 4530 contacts a portion
of the applied activating light curable liquid. During
curing, the alignment mark defined by alignment mark
patterning area 4530 is imprinted into the cured layer.
During subsequent processing, the alignment mark formed
from alignment mark patterning area 4530 may be used to
assist in alignment of a template with the substrate.

[0141] The above described imprint lithography system
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During use an operator or a programuable controller
nmonitors the orientation of the tenplate with respect

woOaoo4thss9substrat e. The operators or a progranprabius2003/023948
controller then alters the orientation of the

tenplate with respect to the substrate by operating
the actuators. Myvenent of the actuators causes
nmotion of the flexure arns to alter the orientation

ma%fbépﬁ% b%gl accord1$§ n%@ﬁ %@engﬁkhﬁgmenegntro
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system is further described in U.S. Serial No. 09/920,341
filed August 1, 2001 entitled “Methods for High-Precision
Gap Orientation Sensing Between a Transparent Template and
Substrate for Imprint Lithography” which is incorporated
herein by reference.

[0143] In an alternate embodiment, imprint head may
include a pre-calibration system, as described above. Pre-
calibration system includes a flexure ring 3124 as depicted
in FIG. 21. 1In place of the fine orientation system as
described above, a template support system 3125 is coupled
to pre-calibration ring. In contrast to the fine
orientation system, template support system 3125 is formed

of substantially rigid and non-compliant members 3127.
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any of the enbodinments herein. Inprint head 3100 is

coupled to a notion systemthat includes an inprint
woeeart/o18desick 3121 and a inprint notion stage 3228/US2003/023948

Imprint head 3100 is nmounted to inprint head chuck

3121. Inprint head chuck interacts with inprint

notion stage 3123 to nove inprint head along an X-Y

plane Mechani cal or el ectronmagnetic notion systens
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plane. In this enbodi nent, inprint head na¥ I nclude a
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31passsvecenhpli tmt impricbrieat sk dySiem [BRTABE UAPRY
chucﬁelngékggégt P SY, %%{?&tFHbfﬁﬂﬁasQ'gwigﬁﬁbaES aypgort

deSCFi b ei n. th 1 nprint head
1m§fl~ﬁlﬁt chaadi edl dng aamoXi gl arEupp(MEtC,hamhe?aéu bstrate may

elgSFggﬁgéggE%%oﬁ?ﬁiﬁﬁlé&éﬁ%ﬁ%] ?Jtﬁfﬁ%'ls egugred to
El@BtXoadXétib0Ey et agel sordasey iveed of magnets to
produce an X-Y planar motion the imprint chuck. Generally,
an electromagnetic system incorporates permanent and
electromagnetic magnets into the imprint motion stage 3123
and the imprint head chuck 3121. The attractive forces of
these magnets is overcome by a cushion of air between
imprint head chuck 3121 and imprint head motion stage 3123
such that an “air bearing” is produced. Imprint head
chuck, and therefore the imprint head, is moved along an X-
Y plane on a cushion of air. Electromagnetic X-Y motion
stages are described in further detail in U.S. Patent No.
6,389,702, entitled “Method and Apparatus for Motion
Control,” which is incorporated herein by reference. 1In a
mechanical motion system, imprint head chuck is attached to

a motion stage. The motion stage is then moved by use of
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herein. A substrate is nounted to a substantially
stationary substrate support. A stationary substrate
weuppmieds depicted in FIG 40. Stationary subermabm3/023948
support 3640 includes a base 3642 and a substrate
chuck 3644. Substrate chuck 3644 is configured to
support a substrate during inprint |ithography
processes. Substrate chuck may enpl oy any suitable
neans to .retai tra 0 e tgeC K.
v FOGR Bt e b T Bl e ek PaRAY oy oFncl ude a
1mjfﬁ£wmfa@tﬁmdmA chhdapplisesha vapudm:t headhea?sgbsttla&t eX-
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substrate to the su rate
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padbfdei &o ﬁ%’ﬂihé“dﬂ%ﬁﬂta%&%&A@&saﬁmlnaﬁlattuated fine
l'i t hography system (See FIG 1). During

orentbhar ySYStREt roft & SUSHE £TBAGTFeRRPRETE nSHSF PR P

3eBORL £ LM QR 1, SUpport 3920 while the inprint head
position is varied to access different portions of
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sugpgges gehes al 1y anelzylmrmteauambddeaemg umpatthbv\head
su stantlall frictionless notian _of . the
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Z-axis. 50 WD 2004/ 013693 PCT/ US2003/ 023948
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suép@%ksr ta@ Motien; StRge. (yick fiediildnerywisibsehRange
Y TR response to this pressure. During a ste

su@pdrtr @peat ipebedes, adoq%m%ﬁ% acnéata FAPSETSE FBEC
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&3] rmprinteé ar eas strate notion stage
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RO LD L Gl oD IALe S D, Lo e
td habk bﬁb@ﬁ&aﬁ@nbﬁﬁcktheImHﬂnéﬂémﬁdﬂﬂmeﬂM|Ismbskmate chuck
36220 ?nggng.?ltciugigeal xr;gcrzggrﬁ egysptreen? Svéjl'{lech Ta?)Ip :LesI ta vacuum to
the substrate to couple the substrate to the substrate
chuck. Substrate chuck 3644 is coupled to a base 3642.
Base 3642 is coupled to support 3920 of an imprint
lithography system (See FIG. 1). During use, gstationary
substrate support 3640 remains in a fixed position on
support 3920 while the imprint head position is varied to
access different portions of the substrate.

[0146] Coupling an imprint head to a motion stage can
offer advantages over techniques in which the substrate is
on a motion stage. Motion stages generally rely on an air
bearing to allow substantially frictionless motion of the

motion stage. Generally, motion stages are not designed to

accommodate significant pressure applied along the Z-axis.
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is conpensated for by tilting the inprint head to

ensure proper alignnent. |f, however, the inprint
woeeart/o1s980upl ed to the notion stage, all of PO®US2003/023948

forces along the Z-axis wll be centers on the

tenpl ate, regardl ess of where on the substrate the

inprinting is taking place. This leads to increased

ease in alignment and nmay al so i ncrease the
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[did7ier entfipdlargeabos mkAl] a substrate tilt module may be
formed in a substrate support as depicted in FIG. 38.
Substrate support 3650 includes a substrate chuck 3652,
coupled to a substrate tilt module 3654. Substrate tilt
module 3654 is coupled to a base 3656. Base 3656, in one
embodiment, is coupled to a motion stage which allows X-Y
motion of the substrate support. Alternatively, base 3656
is coupled to a support (e.g., 3920) such that the
substrate support is mounted to an imprint system in a
fixed position.

[0148] Substrate chuck 3652 may employ any suitable
means to retain a substrate to the substrate chuck. In one
embodiment, substrate chuck 3654 may include a vacuum
system which applies a vacuum to the substrate to couple

the substrate to the substrate chuck. Substrate tilt
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I n one enbodi ment, substrate tilt nodule has a

stiffness that will inhibit tilt of the substrate
wohen/oibm3t enpl ate applies a force of betweenprabmsk003/023948

I b. to about 10 Ibs. to a liquid disposed on the

substrate. Specifically, substrate tilt nodule is

configured to allow no nore than 5 mcro radi ans of

tilt when pressure up to about 10 Ibs. are applied to
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[0149] During use sensors coupled to the substrate chuck
may be used to determine the tilt of the substrate. The
tilt of the substrate is adjusted by actuators 3662. 1In
this manner tilt correction of the substrate may be
achieved.

[0150] Substrate tilt module may also include a fine
orientation system. A substrate support that includes a
fine orientation system is depicted in FIG. 39. To achieve
fine orientation control, flexure ring 3658 includes a
central recess in which substrate chuck 3652 is disposed.
The depth of the central recess is such that an upper
surface of a substrate disposed on substrate chuck 3652 is
substantially even with an upper surface of flexure ring

3658. Fine orientation may be achieved using actuators
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Conpl i ance of actuators is thus transferred to the

upper surface of the substrate to allow fine
woni@miason of the substrate. [0151] The aboyeT/UsS2003/023948

descri bed systens are generally configured to systens

in which an activating light curable liquidis

di spensed onto a substrate and the substrate and

tenpl ate are brought into proximty to each other. It
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suB8trRtaced on a notion stage that allows X-Y planar
notion of inprint head 4130 during use. [0152] The
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sy%%gaéa£;§a£éymgg£%ggé%i? a lé&“%n activating light
curable liquid to be applied to a template rather than the
substrate. In such an embodiment, the template is placed
below the substrate. FIG. 41 depicts a schematic drawing
of an embodiment of a system 4100 that is configured such
that the template is positioned below a substrate. System
4100 includes an imprint head 4110 and a substrate support
4120 positioned above imprint head 4110. Imprint head is
configured to hold a template 3700. Imprint head may have
a similar in design to any of the herein described imprint
heads. For example, imprint head 4110 may include a fine
orientation system as described herein. Imprint head is be

coupled to imprint head support 4130. Imprint head may be

coupled in a fixed position and remain substantially
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Al ternatively, substrate support 4120 may be pl aced on

a notion stage that allows X-Y planar notion of
weubsina®e support during use. [0153] During BEE/USZ03/023948

activating light curable liquid is placed on a

tenpl ate 3700 di sposed in inprint head. The tenplate

may be patterned or planar, depending on the type of

operation to be perfornmed. Patterned tenplates may be
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nati ons f positive and negative’inprint
plbbeﬁognaphyosysmemmags thigs erlilveds Rerieipd anpg184Fisn of

imp§Ret ShendbhLEh QR R G PoSh template 12 1s
[opsesiti ongHei Bubstpacedd e&atjm:ﬁaetdwaesubsmtatieoﬁao a

such that f d bet t I 1 d
SuDEBSRER( SUDBOTC THE o DRSS S LI tn 00t 28 Ehat

51%§&bge§egﬂgnofon9ﬁ§ oﬂeﬁhéfﬁkﬁéﬁﬂl&éﬁbrﬂﬂ@dC@uE&krb@e
transferred to the substrate 20 during patterning
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are described herein. [0155] In an enbodi nent,
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configured for use in positive, negative, or combinations
of positive and negative imprint lithography systems as
described herein.

[0154] A typical imprint lithography process is shown in
FIGS. 23A-23F. As depicted in FIG. 23A, template 12 is
Ppositioned in a spaced relation to the substrate 20 such
that a gap is formed between template 12 and substrate 20.
Template 12 may include a surface that defines one or more
degired features, which may be transferred to the substrate
20 during patterning. As used herein, a “feature size”
generally refers to a width, length and/or depth of one of
the desgired features. In various embodiments, the desired
features may be defined on the surface of template 12 as
recesses and or a conductive pattern formed on a surface of

the template. Surface 14 of template 12 may be treated
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partially fills the space of gap 31 w thout the use of

hi gh tenperatures. Low viscosity |liquids nmay al so
wabkbawistdee gap between the tenplate and the spOTUSAI08/023948

to be closed without requiring high pressures. As

used herein the term"low viscosity liquids" refer to

iquids having a viscosity of |ess than about 30

centi poi se neasured at about 25 C. Further details
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with curable liquid 4 q

shape. For example, curable liquid 40 may conform to the
shape of template 12 as depicted in FIG. 23B. The position
of template 12 may be adjusted to create a desired gap
distance between the template and substrate 20. The
position of template 12 may also be adjusted to properly
align the template with the substrate.

[0156] After template 12 is properly positioned,
substance 40 is cured to form a masking layer 42 on the
substrate. In an embodiment, substance 40 is cured using
activating light 32 to form masking layer 42. Application
of activating light through template 12 to cure the liquid
is depicted in FIG. 23C. After the liquid is substantially

cured, template 12 is removed from masking layer 42,
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[0157] Masking | ayer 42 may be used in a variety of

ways. For exanple, in sone enbodi nents, masking | ayer
wo2004ma369pe a functional |ayer. In such enbodi FEDNS2003/023948

curable Iliquid 40 may be curable to forma conductive

| ayer, a sem conductive |layer, a dielectric |ayer

and/ or a layer having a desired nechanical or optica

property. In another enbodi ment, masking |ayer 42 nay
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fe%ﬁﬁpégg OCESS M doPe rdicieihised hh erbRdhaBRisg layer

escri bed bel ow. . However, it is recognized that
42 mbs kilome | ey etlat rdesimsol i festug ege serpBEJIIRERET NWHEC We
used in_ a varie C S B ey
sni3Eipy e, LPrhEl fiom DIA RARIACEE o BHbBLELYe 20, ng
Fulayer d@cahys begatdirver segiengtdoneoEhtpmpéats LAt from

ortions_of _supstrate 20 ar.e exposed_through i ng
supalrCa 20 LS HEFH Gt L B S5E CTRaLoree BALTY one
[02671 he basekiayerayeay 4w oy We 2004 Qh3693ariety of

PCT/ US2003/ 023948  etched away., Portions 44 of_ mask
waygyer Fap FE5PEPei H1 01PN AIRIHIE 36 f BRSHERTI haYer ik

magnggbgtfﬁﬂc@l&ﬂéfglé§ef¥”tﬂﬂ”ﬁhdﬂ embdBS eate, 28urdbier
tching of masking l'ayer 42 is conplete, substrate 20
1igaydbe0 emehicde usirrP kndvh EEhisn FongeEe¥§esaYPsr t fons

of suls | SPOS ynder; [ of, fBsking
SepéﬁngﬂéEﬁgg %% g#h %Jﬁ%?ant|éfiggﬁﬁ%g?@ﬁ2§rmhiIe§the
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substrate 20. For example, masking layer 42 may be used
during a material deposition process to inhibit deposition
of the material on certain portions of the substrate.
Similarly, masking layer 42 may be used as a mask for
etching substrate 20. To simplify further discussion of
masking layer 42, only its use as a mask for an etching
process will be discussed in embodiments described below.
However, it is recognized that masking layers in
embodiments described herein may be used in a variety of
processes as previously described.

[0158] For use in an etch process, masking layer 42 may
be etched using an etch process until portions of substrate
20 are exposed through masking layer 42, as depicted in

FIG. 23E. That is, portions of the base layer may be
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removed | eaving a patterned substrate 20, depicted in
FIG 23F [01591 FIGs. 24A-24D illustrate an

wenbadismat of an inprint |ithography processPasiusgn0a023948
transfer layer. A transfer |ayer 18 may be forned
upon an upper surface of substrate 20. Transfer |ayer
18 may be forned froma material that has different
etch characteristics than underlying substrate 20
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[Tquid on the surface of transfer | a d curing
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or STy UL i el puaNeakiAg of s
patayet 42 temsiatori meys foer tlrayleiexgedndomvb%*ér@‘%%dzo-

to inhipbit etching of partions._of t
Thag YRS S SU0R U O TR OI680 0955487 T hg of
refBo&l Med Aes #Ddiengd eudstirhansber Hayeetdd imuyIG.

be etched using known etching processes. Portions of
23Fransfer |ayer 18 disposed under portions 44 of

[oﬂ?§r' Ng pi@yera42 Jmy inanRitratebshashbalilenbesdthesl
t he exposed portions of transfer |ayer 18 are

impréhedlithogiarhy REARass Usdnsart EFANSECRadRY R | Her
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portions of transfer
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underlying substrate 20 and/or a masking layer formed from
a curable liquid 40. That is, each layer (e.g., transfer
layer 18, masking layer and/or substrate 20) may be etched
at least somewhat selectively with respect to the other
layers. k

[0160] A masking layer 44 is formed on the surface of
transfer layer 18 by depositing a curable liquid on the
surface of transfer layer 18 and curing the masking layer
as described with reference to FIGS. 23A-23C. Masking
layer 42 may be used as a mask for etching transfer layer
18. Masking layer 42 is etched using an etch process until
portions of transfer layer 18 are exposed through masking
layer 42, as depicted in FIG. 24B. Portions 44 of masking
layer 42 remain on transfer layer 18 and may be ugsed to

inhibit etching of portions of the transfer layer. After
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substrate 20. Etching of substrate 20 may be perforned

using a known etch process (e.g., a plasm etching
WORoB@Es93 a reactive ion etching process, etcPyT/UA3003/023948

depicted in FIG 24D, the nmasking stack may inhibit

etching of the wunderlying portions of substrate 20.

Etching of the exposed portions of substrate 20 may

be continued until a predeterm ned depth is reached.
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maﬁﬂpfin&héiﬁ£EngﬁﬂBE OGO A%y edS ased Pepeibated in
negative i1 nprint |lithography" process generally
trapféées ltayarpkdcess in which the curable liquidis

[Ogg?@t ant f[fi‘l %‘i’G C%% ,r %gi%ﬁg]%@ I&%@,e e‘EfchEBfep?iﬁgﬁ.reﬁét &f

re curing. i"s,” a negative inmage o
trhagpeat Baysrf 08 neohe thdh e aur ed rasipiing. sheclepbcthatimay

these figures,, h the non-recessed .portign f :
bey BAgare LBeUsHe THE Pibelodt Bortiors ofct R iaLkine
subB¥ehte The . 58V 2094 0 IR6I3 REE US20R3 BA3P48Lormed
templ ate, therefore, is designed tq have attern
usfipgt 2 Fepresehtl EF?E&EEiU%*gnaébp SRe SH&tH-BPNPEBCHRS

a %gQ@E§9Q §Ont BEcHBSK py&Ess [ BkR3)) As pesedphieeetinia FIG.
positive inprint |ithography" process generally
24Pef the washipgosieask imanHiEH Rite grattid@en Ot 5Rfed in

arbRELERR) BPLELRS JF PUETITRGR o lkrriny bE Suc i he
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masking stack as a mask for etching of substrate 20 is that
the combined stack of layers may create a high aspect ratio
mask (i.e., a mask that has a greater height than width).

A high aspect ratio mésking layer may be desirable during
the etching process to inhibit undercutting of the mask
portions.

[0162] The processes depicted in FIGS. 23A-23F and FIGS.
24A-24D are examples of negative imprint lithography
processes. As used herein a “negative imprint lithography”
process generally refers to a process in which the curable
ligquid is substantially conformed to the shape of the
template before curing. That is, a negative image of the
template is formed in the cured liquid. As depicted in

these figures, the non-recessed portions of the template

become the recessed portions of the mask layer. The
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shown in FIGS. 25A-25D. As depicted in FIG 25A,

tenplate 12 is positioned in a spaced relation to the
weubsinae 20 such that a gap is fornmed bet weedT/US2003/023948

tenpl ate 12 and substrate 20. Surface of tenplate 12

may be treated with a thin surface treatnent |ayer 13

that lowers the tenplate surface energy and assists

in separation of tenplate 12 fromthe cured masking

temB YSLe [Qgié? @é%?é]?%ltg?éii#ég 40 o dispasedAnchhe
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ortion ubstrate 20 are etched, as depicted in
4% %1nﬁn 8PS "nmanner, the pattern of

[0165] A curable liquid 40 is disposed on the surface of
substrate 20. Template 12 is brought into contact with
curable liquid 40. As depicted in FIG. 25B, the curable
liquid £ills the gap between the lower surface of the
template and the substrate. In contrast to a negative
imprint lithography process, curable liquid 40 is
substantially absent from regions of the substrate
approximately below at least a portion of the recesses of
the template. Thus, curable liquid 40 is maintained as a
discontinuous film on the substrate that is defined by the
location of at least a portion of the recesses of template
12. After template 12 is properly positioned, curable
liquid 40 is cured to form a masking layer 42 on the
substrate. Template 12 is removed from masking layer 42,

leaving the cured maskiﬁg layer on the surface of substrate
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tenplate 12 may be replicated in substrate 20. The

remai ni ng portions 44 of masking |ayer 42 nmay be
woeomeskoBo create a patterned substrate 20. pPOL@E003/023948

FI Gs. 26A-26C illustrate an enbodi nent of a positive

imprint |ithography process using a transfer layer. A

transfer |layer 18 may be fornmed upon an upper surface

of a substrate 20. Transfer layer 18 is formed froma

mat erial, that ha | ff nt .etch ch epLsiics. than
20¢ e u‘h%l%Jr‘FE/‘?‘gwg”f ?Palﬁc‘lé:f ezs‘:’rqe'aygl%l S%énéng% g‘%s%%s%légtae 20.
pafc8Bs ki gt | By eford dnterfiaiyed conheheastiefacef otemplate

transfer layer 18 by depositing a curable liquid on
12t he surface of transfer layer 18 and curing the
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25A-25C. [ 016 Maski ng | ayer 42 may be used as a mask
of fpprtéoeti af swkisfatie 28 er AMEenVESkMAG PRy BF Eésﬁﬁ99

inhipit. _e ' f Ians. of e r
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knpwncessksng Rorddesses of Rawmisher dfapebst8atdi 8podegrosed
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ki I 42 b plicated in,t I
acERCC60 W 5004/ DTS6os A USIIEF023088 CHOTEST Th

tefibEat 2682 ARy KbaG-dayatatdd and Rissftedtporbi.ongheof
transfer layer 18 together form a masking stack 46
rempaningapobelesadi4 ©F MABHNSLIENSTy 48f "F8r PPoRgMgYed to

Cr%§§eg§dgéé¥%9985ggéééégéﬁéubo-EtChing of substrate 20

ormed using known etching processes (e.g.,
[0a6pl asmaFIeschk fly- PFOcebistrateacm wabogdanenghpiiga

. ._etc.). depi ' .26C '
poBi Bk e Rl bt {aeditng T el s rSnie e one
la@brsubat eahRrs26r Ehgdi np afait e feyuesedppor ehonspef

Suadpch Df PeRERBNSFRIT0] |1 AN bIAWREN & °pf ERE
£rORY aCRBPLREaPOShAE VBas different etch characteristics
than the underlying transfer layer 18 and/or substrate 20.
A masking layer 42 is formed on the surface of transfer
layer 18 by depositing a curable liquid on the surface of
transfer layer 18 and curing the masking layer as described
with reference to FIGS. 25A-25C.

[0168] Masking layer 42 may be used as a mask for
etching transfer layer 18. Masking layer 42 may inhibit
etching of portions of transfer layer 18. Transfer layer
18 may be etched using known etching processes. Portions
of transfer layer 18, disposed under masking layer 42 may
remain substantially unetched while the exposed portions of
transfer layer 18 are etched. In this manner, the pattern

of masking layer 42 may be replicated in transfer layer 18.
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and negative inprint |lithography. A tenplate for a

conbi ned positive and negative inprint |ithography
wonroB@ds93may i ncl ude recesses suitable for poBCTiIU$2003/023948

i thography and recesses suitable for negative

l'i thography. For exanple, an enbodinent of a tenplate

for conbined positive and negative inprint

lithography is depicted in FIG 27A. Tenplate 12, as
i cted | G, 27A, ihclud I S & POk 1
[ogﬁgieassnbﬁgF'iﬁgﬁtrggggﬁ 6§%Y§ﬁd8£$£?%a§%£ﬁ%ne Tons
of SEERSFdeCeSf1b04 Hdgetharecessn 56Rabkingnétactk etb ttchat
create a_di scontinuous partion of curable I'ﬂuid 40
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mayHe® USSR §enptuiE e aBRe Phqtfa. A

und&t M nPfeudd St d eaess Hrhdlings ofUBEHABLABE| ¥0 gneAties
than a height of second recess (hl). [0171] A t%glcal
perbebineddis Hpg i Frovn tSfeEash PrEF6EEsE (S - IshonP ™2

ctEh By FEAD: £ LRAGLA N FLbing? rotedh) abec. 12 as
'S ﬁ% roned in a spaced relation fo the.substrate 20

depiiched hit BI@apR4G, foremethshdngesiacknphut énhpbipdetching
supstrate . 20. At |east t rfgce

ot Ehe) SPA s Mt e, S U 073, Bt of one

expbgalineditlayerof naibssthawe) 20t aty bewepstiheedenptal ea

surface, ener nd, assists jn separation of tenplate
Pregef eH R %%E@a %ﬁﬁﬁqdayer. 61 WD 2004/ 013693

[oPFd] US2003/ 92 3% Addit | enaddopessurbgcesmbinéi pstitive
recesses 562 and/or second recesses 564 mm

b
andr agetd vie t FPRERE h H-RQETRRky t r @attﬁﬁ‘ﬁllatlea¥8?:?a[ 0172]
co@ﬁgﬂéé Ss%%ﬂ%%ﬁaﬁ?:dé@éﬂfﬁéxﬁﬁﬁf%%ttﬁﬁtﬁ@é&é@ﬁyoﬁrogess

strate nplate 12 is brought into contact wth
maguiabledéi gateds4es witEpietiat pesttdéve2Igthpgsaphy and

-<E Tk Y foL el aen Semm e e,
anl gbbdifénal 60 aftéhsldie stor ecadsasdsepsiHoweyand
neBRGLORC B ERe LUHRITRE apbrAREATkrdl § DEF e S8Bond
TehPt888€82564s dbysSct&drablErg. 27a, includes a lower
surface 566, at least one first recess 562, and at least
one second recess 564. First recess 562 is configured to
create a discontinuous portion of curable liquid 40 when
the template contacts the curable liquid. A height of
first recess (h,;) is substantially greater than a height of
second recess (hi).

[0171] A typical combined imprint lithography process is
shown in FIGs. 27A-27D. As depicted in FIG. 27A, template
12 is positioned in a spaced relation to the substrate 20
such that a gap is formed between template 12 and substrate
20. At least the lower surface 566 of template 12 may be
treated with a thin surface treatment layer (not shown)
that lowers the template surface energy and assists in

separation of template 12 from the cured masking layer.
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liquid 40 is maintained as a discontinuous filmon the
substrate that includes surface topography

woaoraspondi ng to the pattern forned by firstPCEAUSI®ED23948
562. After tenplate 12 is properly positioned,
curable liquid 40 is cured to forma masking | ayer 42
on the substrate. Tenplate 12 is renoved from maski ng
| ayer 42, leaving the cured nasking | ayer on the
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layREt does not include any nasking material. [0173] In
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a tenplate. For exa &P rate may
Lionatude 4 ]@P‘EHPEPFF?do?S r2gi b trfaﬁu%?q t
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tiple depth recesses includes two patterning
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P RTBLLEE L1E Lhe SUOPLLRLE, (B (LD pasiins
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27CLgh&ask layer 42 may include a region 568 that resembles
a mask layer formed by negative imprint lithography. In
addition, mask layer 42 may include a region 569 that does
not include any masking material.

[0173] In one embodiment, mask layer 42 is composed of a
material that has the same or a similar etch rate as the
underlying substrate. An etch process is be applied to
masking layer 42 to remove the masking layer and substrate
at substantially the same etch rate. In this manner the
multilayer pattern of the template may be transferred to
the substrate, as depicted in FIG. 27D. This process may
also be performed using a transfer layer as described in

other embodiments.
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curable liquid on a portion of a substrate, aligning a

pattern in the cured liquid to previous patterns on
woOheo4/38d9st rate, inpressing a tenplate into thecriugmod23948

curing the liquid, and separating the tenplate from

the cured liquid. Separating the tenplate fromthe

substrate may |eave an i mage of the topography of the

tenplate in the <cured liquid. Since the tenplate is
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processes described herein are based on_inprint
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4féy# aﬁegﬁﬁg Bhghd EE@BﬁpéfegtsﬁB§ﬁ¥éﬂéﬁ5aimgilng

are tran parent to liquid activating |I%
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1ERRY GrAl&aRl i0BUShe0uEEB5rabhyli 6f Oflid Ofen@sldfes iim the
cured liquid. Since the template is smaller than the total
surface area of the substrate, only a portion of the
substrate includes the patterned cured liquid. The
“repeat” portion of the process includes depositing a light
curable liquid on a different portion of the substrate. A
patterned template is then aligned with the substrate and
contacted with the curable liquid. The curable liquid is
cured using activating light to forma second area of cured
liguid. This process may be continually repeated until
most of the substrate is patterned. Step and repeat
processes may be used with positive, negative, or
positive/negative imprint processes. Step and repeat
processes may be performed with any embodiments of

equipment described herein.
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maki ng of the tenplates. Step and repeat processes are
used so that only a portion of a substrate is

wonon@ds®s during a given step. The size of therfusedod023948
processed during each step should be small enough to
possess pattern distortions of less than 1/3rd the
MFS. This necessitates step and repeat patterning in
hi gh-resolution inprint |lithography. This is also the

on most. optical . |ithog
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2004/ 013693 PCT/ US2003/.023948 .proce%skng IS gui%g@les
hlﬂBrrﬁ?@%“?h?%ubﬁ%ﬁﬁit%ﬂﬁ%X?Ii@9&ﬁﬁﬁﬁ§ theJbendfits" o
1 /b8 5 k0=l AYBAmahi geaehte $0449 W¥B1)e prior _
I nventions have addressed patterning _.of |ow viscosit
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ma&gﬁpagftﬁﬂeaggmﬁ Pracessnd RepBet girbtbBageaphye as
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I'n hot ‘enbossing, a filmis spin coated and
uskdr dobaket onty 2 heostbwt roft @ Fubstresei f§ processed

B
duk@Wwgvesensktyp $houldsoarsnadilf fancuigh to peesesgapattern
s SRR b el d i Bk 0, P, AL IR
stRpO6a8S rebBEt | baLE Sraeer goas gieepolation therehy
li%%gzgg%h¥?ry%ﬂgsaggugiég(ghéIéggéég(%hgemost optical
lithography tools are step and repeat systems. Also, as
discussed before, a need for low CD variations and defect
inspection/repair also favors processing of small fields.
[o1781] In order to keep process costs low, it is
important for lithography equipment to possess sufficiently
high throughput. Throughput requirements put a stringent
limit on the patterning time allowed per field. Low
viscosity liquids that are light curable are attractive
from a throughput point of view. These liquids move much
faster to properly f£ill the gap between the template and
the substrate and the lithography capability is pattern

independent. The resulting low pressure, room temperature
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| eft behind on the substrate as the tenplate steps and
repeats over the substrate. Finally, a blanket |ight
wexpaaus@3t ends to di sperse beyond the specifi ectiusbas/023948
being patterned. This tends to cause partial curing
of the subsequent field, thereby affecting the fluid
properties of the liquid prior to inprinting. An
app{gach thaL di spenses liquid suitable for a single
e ont.o the.s t e e SBYi 14
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papfePhfy affﬂ@%asqgc}p%%eagbg%aﬁaqg Qbelihg: eHDBbH A Escosity
llqﬁldsanﬂhé&ﬁC&rerﬁhheemwbhcﬁSFMﬁbléas/OlBG@SVlSCOSltY

PCT/ US2003/ 02394 h
L5 BBLAEAATF | HHoh by )F© RAFLTT o PREPEnEF Ry Eres of o

we S AHRJ 08N 66 aF & bt e He avrndidtf ar ebhthntlbogr Aphyi. Also,
t echnol ogi es. It 'S advanta%fous to t he inprint

in| pt AbgP aPphY PIRRAS PLUIAFAR | h?\hlﬁﬁlgtﬁﬁ CIPPERogr aphy
evgggggﬁﬂgﬁsthé¥$§¥cEHuéfﬁﬁ‘¥&ﬁf§n§h%m6@ﬁt§noth@iquld to be

arates two acent fl1elds on a substrate. In
leﬁtabehm‘ld thethe tsmu@aﬁe |5t IFdsr &eAplesel sterpsand

bor 5 r The
TeRFI &S ?V? g%or%ébgﬁg'ggyplchP§§i|%|%g%ngset%£§2er
expbstibe beadestoseibpearsefanatel tthe pperéfaedfiegfopsing
Thi s snall bor der

bod EREIDI aHRLS t RS D CTES (R uSE R E ot
subBbBieht FieDidefhéfeRe coMEdtsing hibe fimldngenpebbmelerof
thzliiqas uéifggnéo ££§}i§¥f§§(”1£§ S%p ocach that dispenses
liquid suitable for a single field onto the substrate, one
field at a time, may solve the above three problems.
However, it is important to accurately confine the liquid
to that particular field to avoid loss of usable area on
the substrate. _

[o1801] In general, lithography is one of many unit
processes used in the production of devices. The cost of
all these processes, particularly in multi-layer devices,
makes it highly desirable to place patterned regions as
close as possible to each other without interfering with
subsequent patterns. This effectively maximizes the usable

area and hence the usage of the substrate. Also, imprint

lithography may be used in a “mix-and-match” mode with
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excess liquid that is expelled fromthe patterned area

shoul d be well confined and repeatable. As such, the
wondi#oisheal conponents, including the tenpl at ePCT/US2003/023948

substrate, liquid and any other materials that affect

t he physical properties of the system including but

not limted to surface energy, interfacial energies,

Hamacker constants, Van der Waals' forces, viscosity,
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Substrate 20 as a pattern of lines or dro S
ingdpiidrad Phlpﬁcgeﬁgx‘ebl@ia%m e iHSF 48 2 ‘%‘?&‘Pﬁrﬁ&% this
stqQ%%eﬂgtbSQMQE Qﬂzénfé@ﬁﬁf@ﬁéht(ﬁtﬁéﬂ¥3déﬂrbn2%ft@n?e

i nted | ower surface 536 of tenplate 12

emmsaéugundquhdtms etee} bed el tihe RAFNSATERTERe

snghdt e, RTL°Soh e neh B LR R T ey

1rid_ier1nmae tompenehhat ischpiliediy tdwpladiepl sudstyathe
1ikh 4 St N LULAIET gL GL dpoit cal 945 e
pﬁﬁ@@ﬁt&@s bitethieqeiy/dtemy becluding but not limited to
surface energy, interfacial energies, Hamacker constants,
Van der Waalg’ forces, viscosity, density, opacity, etc.,
are engineered as described herein to properly accommodate
a repeatable process.

[0181] As discussed previously, discontinuous films are
formed using an appropriately patterned template. For
example, a template with high aspect ratio recesses that
define a border region can inhibit the flow of a liguid
beyond the border area. The inhibition of the liquid
within a border area is influenced by a number of factors.
As discussed above template design plays a role in the
confinement of a liquid. Additionally, the process by
which the template is contacted with the liquid also

influences the confinement of the liquid.
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forced beyond a perineter of the tenplate, as depicted

in FIG 19C. By controlling the forces applied to the
woizoquiod3eby the tenplate the liquid is confi nedCwiuskos023948

the predeterm ned borders of the tenplate, as

depicted in FIG 19D. [0183] The anmount of force

applied to the liquidis related to the anmount of

l'iquid dispensed on the substrate and the distance
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D
19tDerrpI ate. Additionally, the thickness
[0183] The amount of force applied to the liquid is
related to the amount of liquid dispensed on the substrate
and the distance the template is from the substrate during
curing. For a negative imprint lithography process the
amount of fluid dispensed onto the substrate should be less
than or equal to a volume defined by: the volume of ligquid
required to substantially fill the recesses of the
patterned template, the area of the substrate to be
patterned, and the desired thickness of the cured layer.
If the amount of cured liquid exceeds this volume, the
liquid will be displaced from the perimeter of the template
when the template is brought to the appropriate distance
from the substrate. For a positive imprint lithography

process the amount of liquid dispensed onto the substrate

67



of the layer should be approximtely conparable to the

hei ght of the patterned features. If the cured |ayer
wWO020041008698 hi ck, the features forned in the curedTiUayms/023948

may be eroded before the features can be transferred

to the wunderlying substrate. It is therefore

desirable to control the volune as descri bed above to

fall to allow the appropriate filmthickness to be

used., [0185] The forc [ he te a 3 h
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pagsarredlling the rate at which the tenplate is brought
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appropriate film thickness to be used.

[0185] The force applied by the template to the liquid
is also influenced by the rate at which the template is
brought into contact with the liquid. Generally, the ’
faster the template is brought into contact the more force
is applied to the liquid. Thus, some measure of control of
the spread of liquid on the surface of the substrate may be
achieved by controlling the rate at which the template is
brought into contact with the liquid.

[0186] All of these features are considered when
positioning the template with respect to the substrate for

an imprint lithography process. By controlling these
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FIG 14. [0188] FIG 28 illustrates a schematic

di agram of an optical system 3820 of through the
woeo@lat@3opti cal i maging system 3800 (See al BOT/ISEH03/023948

14). Optical system 3820 is configured to focus two

alignment marks fromdifferent planes onto a single

focal plane. Optical system 3820 may use the change

of focal Iength resulting fromlight with distinct
vape%% :ngnt.z\?m Q.%egc%teer rlll%dt HI%. e'rgnqﬁ@t £9bwt BE ligquid may
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Fef &fénced by nuneral 2604. \Wile imges are depicted
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alignment mark on the
configured to focus two alignment marks from different

planes onto a single focal plane. Optical system 3820 may
use the change of focal length resulting from light with
distinct wavelengths to determine the alignment of the
template with an underlying substrate. Optical system 3820
may include an optical imaging device 3810, an illumination
source (not shown), and a focusing device 3805. Light with
distinct wavelengths may be generated either by using
individual light sources or by using a single broad band
light source and inserting optical band-pass filters
between the imaging plane and the alignment marks.
Depending on the gap between the template 3700 and
substrate 2500, different wavelengths are selected to

adjust the focal lengths. Under each wavelength of light
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tenpl ate. Wien i mage 2602 is focused, inage 2601 is

out of focus. I'n an enbodinent, an image processing
woeclhwisiee may be used to erase geonetric dat RCT/US2003/023948

corresponding to pixels associated with inage 2602.

Thus, the out of focus image of the substrate mark

may be elimnated, |eaving only inmage 2601. Using the

same procedure and a second wavel ength of |ight,
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ar@UEeph¥tHQ@| 8¢ | Zinigred | ats siA.d Ae ashdemtsagedothati any
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een” used for optical |ithography processes. For
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A e
asebcfiaesa withhemapei zad2 neasusmeite toal cindowushdwage
ofdkagcgubstrate mark may be eliminated, leaving only image
2601. Using the same procedure and a second wavelength of
light, image 2605 and 2606 may be formed on optical imaging
device 3810. The out of focus image 2606 is then
eliminated, leaving only image 2605. The two remaining
focused images 2601 and 2605 are then combined onto a
single imaging plane 2603 for making overlay error
measurements.

[0190] A second method may utilize two coplanar
polarizing arrays, as depicted in FIG. 30, and polarized
illumination sources. FIG. 30 illustrates overlay marks
2701 and orthogonally polarized arrays 2702. Polarizing

arrays 2702 are formed on the template surface or placed

above the surface. Under two polarized illumination
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contact between the tenplate and substrate may al |l ow
two layers of Miire patterns to be sinultaneously
weacequinsd3wi th mnimal focusing problens. |t PET/US2003/023948
believed that other standard overlay schenes based on
the Moire patterns may be directly inplenented to
inmprint lithography process. [0192] Anot her concern
with overlay alignment for inprint |ithography
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[0192] Another concern with overlay alignment for
imprint lithography processes that use UV curable liquid
materials may be the visibility of the alignment marks.
For the overlay placement error measurement, two overlay
marks, one on the template and the other on substrate are
used. However, since it is desirable for the template to be
transparent to a curing agent, the template overlay marks,

© in some embodiments, are not opaque lines. Rather, the
template overlay marks are topographical features of the
template surface. In some embodiment, the marks are made
of the same material as the template. 1In addition, UV

curable liquids may have a refractive index that is similar

to the refractive index of the template materials (e.g.,
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used as the curing agent. The line w dth of polarizing

l'ines 3101 should be snall enough so that activating
wOigi013¢9assi ng between two lines is diffract eBCT/US2003/023948

sufficiently to cause curing of all the Iiquid below

the lines. In such an enbodiment, the activating

i ght may be pol arized according to the polarization

of overlay marks 3102. Pol arizing the activating

l'ight provides a re [ ' e £k
T T L ey
ga%ég&tegﬁOitheLtghplﬁsegam@dtt)mamjéosixﬂa’deay teancl££28102 on
ate may be broadban ight ,or i_fi
OV e @%gﬂp‘ﬁ MEKaPEREYE nBE L Je%%%‘%p;l J&i d:ae it efi:zée:'.c it
they%'(ﬁnﬂl'a@%t Reedpoharke 26t anddedviiPolar ictedndd meserial

are substantially opagque to the asurina |iaht
(e tchus chalomigmy hetB@eWay‘urﬁlﬂ%%le%Jr‘%l%erf@T e veridy

nadi %%l}) %gﬁ:d eV ?r\:loggr@ F QL pHBAG UED Nehe tioP! 15.1_%115:' .ne
e

pol arr*zed overfay narks are fabricated on t
[01991p| at Erusinngmbrdstieny . t e¢enl &y aBarlkycradissey dhe

bea [.i.t hography. 7 0 9 3
SRR TR aRGeheF BBl entE oyt | 2y Tarke ara T ormed
butofare ;‘bﬁafcﬁ:[eemb riee cuainghangbhe (¢ egpl dfe.1iht) . An

exanple, a nmaterial selected.to formthe t | at.e
emREIRS Rl KT fPBE ©2§ b&?aﬁ%#%?%?a%%%qﬁ%:§%?V?£fblgn
prdi g, il ddBRED ARt cb@lyachhyati Dinds ghtversiery amrks

the curing agent (e.g., W Iight). For e le, Si-QX
31qhere Hhe SamEIRten ARY2 PRayobRSHsRE IR RHL R Zing Lines

31§£Per§5%(e£éﬁﬂ¥g}iéﬁﬂt@%leskﬁﬂétEbﬁériﬁiﬂ@dliﬁeéﬁﬁ30e a
“where I'S out 1.5 are substantially opaque to
w1¢“lt]:i |9 dg?@?ﬂ it % mft theawepalerethocENAGHF VRGP ghight

n one enmhodi nent | i 3
us{a‘gn?ﬁ aifk_ée af Hgnt natg%rrrft}ﬁ ksTﬁ%yh%gggggg%l ?g ﬁ%(gi%?i)inﬁgan
11086& 38X ssidulghmentserldc essughs sdesbat bedt ahaling gl ight

pad L e 5, 3 OB PR R oy s
caMbi! &&hﬁf@i | oMi Nthe daspiiidpbieapwi shdi Léneed tn such an
emggggggﬁtf fﬁergggiéigiﬁgﬂfﬁbkit%ay be polarized according
to the polarization of overlay marks 3102. Polarizing the
activating light provides a relatively uniform exposure to
all the template regions including regions having overlay
marks 3102. Light used to locate overlay marks 3102 on the
template may be broadband light or a specific wavelength
that may not cure the liquid material. This light need not
be polarized. Polarized lines 3101 are substantially
opaque to the measuring light, thus making the overlay
marks visible using established overlay error measuring
tools. Fine polarized overlay marks are fabricated on the
template using existing techniques, such as electron beam

lithography.
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nounted to a notion stage, it should be understood

that the process may be readily nodified for system
woOheis/ohasee an inprint head nounted to a nDti ORCEAUSYM3/023948

Additionally, it should be understood that the

foll owi ng description assunes that magnification

errors have been corrected prior to performng an

al i gn_rrelnt process. Magnification errors occur when

erials ex or, : d nges 4

Lo erilper atlﬁ} eafrpo?fgl%ﬁnieg%g)ggh %%Eéo?f;%%??%gﬂ rragni%]?aca%(i)rénned
of &f I et estdrdied ithad SheSkemplafe. 0PVOHIJIRLE, 2

file July 16, 20 entitled "High- '
e T LS Ahdo TR SyEt SEPTBES mrr ey ki e
suﬁé%&gﬁfm@ﬁﬂﬂﬁ@ tioS _vfi!sﬁ@@épmﬁ.ghed bet et natyparent to
reference. so, magnificatiorn ti
AU AT LI ST R0 GORaF R PECRPBRG. (S5t hdpi BHeRe)

rofl e d oAt tefd NG areas of i termpl af aafBye aked be such
required before aligning. [0196] FIGS. 46 A-D depi ct
a sehenmlc Virwawfialayst emruespresft faxnedapf g%%ﬂ‘gnf”h@fre

I i . .
« BCTALS Aokt MBS SN 200 P i

but etphrdea 3H00 amdnarcwfimaadiighti.magi ng devi ce 3840.

Substrate 4600 i unted tqg.a__substra chuc 10
[OWAPLh i s TPt e’ﬂ&fogg)]é“ i G gﬁggségoggﬁbg?oﬁogfgage
teRB28c & Sa TORMhEM athilas et bel arbinpd ishedt heisgbst rafe-

in a direction substantially parallel to the
ax{ gnpl HERISTe Y 2F S Opt i%ﬁ%ﬁ?&dﬁoﬁ& ?%QFSm 3g8YSFEm may
1nBPHBL edr £ t 9 IBtHON SH1RGRA2Y SWeh celatotibe@ptobcthe
_ Imaging system will nove wWith the notion stage. The
impy$neninehd cand chliuel 2ot ko HeER -al iW@ﬁHf@thFa‘F@giLo‘ﬁB%%.
des %%g@}_&k' gg@ﬁeé@é@qo séf%%.%n{ss t$Q¥Phedet ena. stib¥efate

portton of "the systemin optical alignment with an
moontegatm aaligdaggozsysttagﬁ, Sys tsdoudld penendersapgdt thaBothe

may be coupl ed to.ihe body. o n. iypeint Lt
pr§§?éf§nﬁn‘3¥ en’é‘ﬁggrb#{ Ny op l|eccisllf6<‘3lrrn:1 irJ1Cg(;;egls3%1tEl Emﬁggéégﬂ?/
im@RtheahehaBgbagL 6§ St &M ItG)on Stsigem alriddnrennallizr get

I's used as _a fixed reference in [
should be understood that the fJ%io#iﬁ%O%egbkggggg% assumes

that magnification errors have been corrected prior to
performing an alignment process. Magnification errors
occur when materials expand or contract due to changes in
temperature. Techniques for correcting magnification
errors are described in U.S. Serial No. 09/907,512 filed
July 16, 2001 entitled “High-Resolution Overlay Alignment
Methods and Systems for Imprint Lithography” which is
incorporated herein by reference. Also, magnification
corrections that are different in two orthogonal directions
in the plane of the pattering areas of the template may
also be required before aligning.

[0196] FIGS. 46 A-D depict schematic views of a system

for off axis alignment of a template with a substrate.
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measurenents. [0197] Tenplate 3700 and substrate 4600

include at |east one, preferably two alignnent marks
waosheysin FI G 46A. During an inprinting pPOTASS003/023948

alignnment marks on the tenplate are aligned with

correspondi ng alignment marks on the substrate prior

to curing a liquid disposed on the substrate. In one

enbodi ment, alignnment may be performed by using off

Imé%iﬁt %éé&%lém% 0, VI LeemThEe 4600 BRI §hSoff€axis

temin an 1 nitil ized staté. In this initial state
mageng edpvite 384gnnehtbstmeaks #600ndes apbhlghed tai &h the

suBYPRAE" Sadh SUES hulRit e TREAR €8 2ALbIOMRIL cage

omever are allgn
363y st %tﬁémg@t‘@é Iazcgeits Ztﬁﬁfflgﬂllesl tbheostapii mgtion of

position of each _of nDtIO th re t ot fixed
thEoFH?SWﬁa$%el%y%t%ﬂﬁ?§§1981 §¥§%o 88??%?h$€° the
teﬂblaﬁgenttré’&pw@e t sopd e ﬁfl'éﬂ_}lr@l Eﬁitsl”cétne 33\E)bgﬁlﬂ'eﬂbupled

mar ks the positions of the allgnnent
tozmgnimsﬁgag@cﬂﬂ 50031 04894 & %%%H AmpgdpeceYEbem

w1%mem8'¥§t \9{@: ﬁlgé] R 1cgr§r%%%ear e Tl‘gaets?rs%ﬂlegl s&0includes

eterm ne t e positions he tenpl ate alignnent
a Baskemv\alhgmeelp’ectal‘@ett h@esiﬁiyst @visdlangpdegnmeatgepraet

ti,on _sta 3610 | I a
46 é%t cpep %dt%% ?le} V|emf%f§%Q?£%a?%%em EhQBBEEEal
aldlgnment 38b0h &h Gpebial T:hmgmmger@utemf tlsgsutretm ahlgnment

required to fi d the X-Y
taEBSEef‘5?9 MA¥ B t B° rﬁChet 3}% §“' Fﬁrelg
1itepprabByaki gpamnér M&S— iceHiald \epdie atLh amaygihgnsystem

alignment target. The position of the substrate
(eaBi- gnABALCRAr §82S1 ARy SHE SHA AN ne FYSY SHoGLAGRIRBE
ta§g,€§t £ 8l G Ukt Es Mot £ PR St AGR A8 J¥it fRrsubsbhakit

I'gnment mark is in the field of 'view of the off
meagugenptitsal imagi ng system 3840, as depicted in FIG

of358 heoTRESTRRL Pl B TR AU el g, e
one, preferably two allgnment marks as shown in FIG. 46A.
During an imprinting process, alignment marks on the
template are aligned with corresponding alignment marks on
the substrate prior to curing a liquid disposed on the
substrate. In one embodiment, alignment may be performed
by using off axis optical imaging devices. FIG. 46A
depicts the system in an initialized state. In this
initial state the template alignment marks are not aligned
with the substrate alignment marks. The optical alignment
systems 3840 and 3850, however, are aligned with system
alignment target 4630. Thus, the starting position of each
of motion with respect to a fixed point in the system is
known.

[o198] To perform alignment of the template and

substrate alignment marks the positions of the alignment
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determi ne the position of the tenplate alignnment marks

relative to the systemalignment target. In an
wenbmdis®at , the notion stage may be brought Bathstms/023948

the initial positions (e.g., as depicted in FIG 46A)

prior to determning the position of the substrate

al i gnnment marks. [0199] once the position of the

slu_bstrate and tenplate alignment marks is deternined,

i gnirent_ | i.ev b [ : b t he
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degdighest st ate dftdive reegbleapeosandonsup§t e et ooy
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taf?et,t heott 25| A yd B30 €¢f edvied ahkal al tgmpkate of
alignment marks on the tenplate and su

; > 0 strate.. . ,
aligprent | §ardso bt ihote disgnimeht Vﬁrﬁi"kg?aPBtf%?}mjd“acﬁﬁng
de?i&§n§%§6?' £@! r £5PONEIY rRki-gRABNbEMBRKSMaE eoll Sage

ornmed on the substrate. Wen the alignnent marks on

regrbre@npd af ndirthe 78 \MWDEG4 rersed3npat KSPopirpekoks

al.l _properly. ali j Lian K “
Bl GPELY PN S e ERbABE K oonide,
matRs SeEEa etbe di orertts , stdtent edploarentay abigerot alled

about th - axi ith respect t he S t In
p°§bEﬁ?neﬂgoé%%%¥ﬁﬁm%a@W%% t|§)_‘c"§lsr %g an%\ g g?i gn
deftbhipte bl heriRnttardkosrad emphatetibhhstage 3610
correspondi ng alignnent marks .on t h% substrate_by.
un§ L hpf eSO FREF L IR TS fratE TFE Bropartb KHTYrof
chkheskeqpl at oM tdn thengSel entftf i3ehd oasadephsteaten
the substrate (or tenpgfate) Is rotated about the
FIZ-a%b€. THhe movemewh£f ddie aabion P&ad8erefnFrerel? ed

£i48 %ﬁeaalﬂgﬁlrnén?lth%ge n ard BRL1ENe) 4ZAqdeal ebs an
overnead vrew of a tenplate 4716) positioned over a
desubstnat ehd 780siTeopl| off ey 1empipdieuddd gamengaBprkio

<R SBEPS, FRCAS 808 4R A, 180y 1olMISh Skl o,
the motion stage may be brought back to the initial
positions (e.g., as depicted in FIG. 46A) prior to
determining the position of the substrate alignment marks.
[0199] Once the position of the substrate and template
alignment marks is determined, alignment is achieved by
moving the substrate to the appropriate position. Fig. 46D
depicts the final aligned state of the template and
substrate.

[0200] To properly align a template with a field on a
substrate, the position of the substrate with respect to
the template is selected to allow alignment of alignment
marks on the template and substrate. Typically, two or
more alignment marks are formed on a template.

Corresponding alignment marks are also formed on the

substrate. When the alignment marks on the template are

75



properly aligned, all of the tenplate alignnment marks

should align with all of the correspondi ng substrate
weabkogroneaes marks. [0203] Initial alignment is eonaseiosd23948

by noving the substrate (or the tenplate) to a

posi tion such that at |east one of the alignnment

marks on the tenplate is aligned with at |east one of

the alignment marks on the substrate, as depicted in

I In i C f oot o
al{é%%P?mfiX gi <%ﬁQ§$?b$§% aﬁﬁénhgﬁEamag%%gnnent ﬁ;:ﬁ;
sulsﬁtotlehmbnatm imp:rx/mn‘ﬂmm pawgeber uheperﬁgvmﬁ@nt of the

substrate. As d t Fl 4 howe
m?a?*énnen%ne‘?‘?‘?ﬁ gé%cci 1 é‘%fé t%ﬁ‘g gf:ﬁglagal i g nenth]?(?mtgar%(ed
ab8hit t fige 2Pl B avidid rdpsictate thebgubbitsatégneln such

Before further |rrpr|nt|ng is perfornmed, thet ror
embediBeRtHn 1% PR MGeE EﬂleTFr@t 3%9?0?“‘@6??13%“ on

Qi Re & 1§l ali
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ma PET/ @Jsz@l@@/@zmte( ibye simpe FxismektendPhgtbat of
r_-t. a 0 he
subREREOD P R o lidn e BeAld e et o
sebécakll Hieldieon emmxatsa:mtda,sm sabstrakeghaentempkkise)
ted in FIG_47C [0205]. Theta.error
lsd‘é?E%?% TR T LB F or)z'[g1 ]uSS|rr?gae|:L 8? o$?¥eg€lon is
hegéiﬁuﬁ%fﬁﬁﬁhiedeﬂ@ ad ];uf al e ril igpmeaedur es.
escri be erein,_o axi s alignne t ech
[08R3] oo F7en GTAVARRIALS B9 GHTAEonPEE ™ e %Etemlg ate’
‘ 47?@ BLEE Pedn¥ht Bréespasindiaaa d ioved .refrengnaes poiot
g., the systemalignnent target). FIG 47D depicts

inghudegerhehdast eW@faJalQIéTrﬁﬂtaﬂT@rACﬁl @ngosrbrbRRES0%é#0 a
incﬁﬁéééaéﬁ fZé t Jeaml ﬁ%tejﬁ%gaﬂq%§m§htlﬁ§§kst“DWhen

gnmen and su O i1 ncludes at | east
prbmrlyoaiLEgpeddl ayl abf gﬂrrﬁertternrdﬁi@ loeosEntnineiks] v,

shouigg Qggha%ﬁéhig?ﬁigg eVIC%%egﬁd%dlng substrate

. alignment marks.

[0203] Initial alignment is conducted by moving the
substrate (or the template) to a position such that at
least one of the alignment marks on the template is aligned
with at least one of the alignment marks on the substrate,
as depicted in FIG. 47B. 1In the absence of any theta
alignment error (and magnification errors), the other
alignment marks should match up without any further
movement of the substrate. As depicted in FIG. 47B,
however, theta alignment errors will cause the other
alignment marks on the template and substrate to be
misaligned. Before further imprinting is performed, theta
error correction is performed.

[0204] Theta error correction is accomplished by

rotating the substrate (or template) about the Z-axis
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position of the two tenplate alignnment marks and the

two substrate alignnent marks is determned relative
woOaod4a3e9syst em al i gnment target 4730. The sSysPemiUS2003/023948

alignment target 4730 defines the vertex of an X

reference axis and a Y reference axis. The direction

of the X reference axis and Y reference axis wth

respect to the systemalignnent target is determn ned

by the di i TR 4O Y200t |  bg1
(08 e 2 SR glash ot Y atpghal b o
théexphd eY sz pnnehttheadesedr.e Rogattiondefethiensubferate

.angl e. of | i ne 4740t hat es .t
o1 7 Sk Shigmten (68 i S TR cRAEIHOE BA LaHBL AL
ald¥hSent grh@rlpgéiaté Qiﬁpjaifteﬁiﬁetrsmst.r atze .al i gnnent mar ks
are used to eterm ne the angle of a line 4750, .t hat
10535100t FRGLRIFTHE Cibty SeboareOn et Rarkecchfs por)
usiR§PEEEnLhec ¢ ald & of &AL thd Temphatanghegnaént he
[1hes 4740 and 4750 ma be determ ned using standard

prgeederesc fhncdeerisiberhdengitfecdfcaxis aeéigrRPREd

. 4 Y VA : 4/,
el Budoodf iucl Yt e o IR SRRt make to
beadeserepned ewt sh thespdmt o a ifgmedntrederencepORO¥RE
After _detern ning the theta errar, 0 e
(ei‘g_'r‘oFg‘?eﬁyg%eTh%l I?%rbritaatreqeggﬁun?}? dngtg!Pr gg{ﬁ%g? at
ovkbhRhsagr voew &hce tafplecied;7itheaiglienstl bvee 4740,

drawn through the tenplate alignnent nmacks, and |ine
SuRPEHACEr 44A0 - t Nt e47s]1P05’t“rC§t”gl%§I iaejnﬁrgﬁtstng?”ﬁs,
alWbhRehBSREEkst And NBubat @k i 1ef arRileRieaxbs shavkdihe

substantially the same. After theta correction is

copyRpPenddngt Ablgempriatea it substrate alignnent marks
[O?Eglbro.uﬂﬁﬁti&ﬁ’yf'@é’ing’}"éigﬂ'@{lts ieginy GRvewRRt ehe

nmotion stage.’ Inprinting processés are afterward
popétfionmed whehtvhetenpberd e ldldrged memplsagad hg two

o BAPSHERL L RRREL O BOOL Ot AARIE Ot R0 LHE
sylsliehaakigament target 4730. The system alignment target
4730 defines the vertex of an X reference axis and a Y
reference axis. The direction of the X reference axis and
Y reference axis with respect to the system alignment
target is determined by the direction of X-motion and Y-
motion of the motion stage, respectively. The positions of
the template alignment marks are used to determine the
angle of a line 4740 that passes through the template
alignment marks with respect the X and Y reference axis.
The positions of the substrate alignment marks are used to
determine the angle of a line 4750, that passes through the
substrate alignment marks, with respect the X and Y
reference axis. The angles of the lines 4740 and 4750 may
be determined using standard geometric functions. The

difference in determined angle of 4740 and 4750 with
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and align the tenplate with the substrate. Through the
tenpl ate alignnent techni ques are conducted by
wohemrosarg the alignment of a tenpl ate al i gnmear/usa0B/023948
with respect to a correspondi ng substrate alignnent
mar k by observing both marks. As described herein,
this nmay be acconplished using an optical systemthat
allows viewing the tenplate and substrate alignnment
mar k hr t t 0 ephet
relBEI R T s o BB 4 70 paS T FTSaei ovts e
al sghsénat erdd?20. Tenplate 4710 includes at |east two
al i gnment _mar ks and substrate 4720 _includ a t
[O?RE?corr%gﬁ%ﬁdi?ﬁfﬁﬁ*ﬂﬁﬁﬁa e %%? ef5§f0]gﬁﬁi#92$$ﬁ,
stH§ENYs arbhLes@bd hehd edfpipricfid edlounitmagi pgraewt céor
the notion stage is noved such that a first 't nplgte
thapi gAReRt neRRE | LETYRY vilth 2255 &f é&B&t #538' rawn

th?#)hgﬂnﬁﬂé FBRK1 288 SeRbGiat i HG «hAE1iRBe4pesi t Boasn
0 the second tenplate alignment mark and the second
thsobghrbhe sabsgnaentalgneste maatkenniviéd BESREFLENEOt e

S ool i ; . _ A
x G5 KaksERULDS, 12, JR00N Qasca PCHLI st ecade
Afaee thetadcofrneetidre 1oocatnmretsfd t det depipdbsenanks

re found, , inmagjnary |ines .4740 . (between.
=B sRREneL HEPRET: GBS0 (B ttn PNE SaBaLy SraonAChe
pyaki-gnBotmeREksE alie newlaulatert andmsddttiogderecrEnes
the theta angle between the two |lines. Thi,s angle
areepfEsENREdt RETEREREC ¥l . ERg FPRSY & IR GERRAE LS
angheuBesi-tian of the second tenplate and substrate
[

alignment marks is determ ned by the novenents of the
[02681 on siagenotheri empgdiment i ridiroudiniihg &egRrdate

alﬁ%%&%ggf%$%hgggnﬁggibgaﬁgéda&§ &bl gned @Ry t%%@%CE%QogB

e optic I magi ng device is noved to fin
aridheldgaontet eappatee avignnem swystratfa.er Thinegiohg the

e B AR LM AR e o b, Wi
tHROSI i HaRentnbifl a tbeplitstal syphaite naddkgnnrht mesplecks to
brought back into the , oy
a corresponding substrate alignment mark by observing both
marks. As described herein, this may be accomplished using
an optical system that allows viewing the template and
substrate alignment marks through the template.
[0209] FIG. 47E depicts an overhead view of a template
4710 positioned over a substrate 4720. Template 4710
includes at least two alignment marks and substrate 4720
includes at least two corresponding alignment marks.
[0210] Initially, using a through the template optical
imaging device, the motion stage is moved such that a first
template alignment mark is aligned with a first substrate
alignment mark, as depicted in FIG. 47E. The positions of

the second template alignment mark and the second substrate

alignment mark are determined by moving the optical imaging
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field of view of the optical imaging device. The
nmoverment of the notion stage is nonitored and this
wonvemes3di s used to calculate the position oPCThS2003/023948
second tenplate alignment mark with respect to the
first tenplate alignment mark. The position of the
second tenplate alignment mark with respect to the
first tenplate alignment mark is determ ned based on
an _X-Y r lned | t 9K ef
ae e RS e T s arhnen s hagkslare
foﬁ?m | aoncantinerlotdiei posift itdre dempletscnentssalst Faged,
,alignment , mark _j et.erm.n Wi, th I ect .
inppi TR b era &7 | IR sk BRI A inthE marks)
anﬁehe_f)mdmlgéﬂwiéﬁ thet aupitoite t4ld gimienen maskageais
rotate e the appropriate anount to correct for this
cagrpdpteds prd BHeE a- R PTG it:sl“ec&g‘ﬁlté’t EB?IEthetween
tnkerpbai 8,280 SHbss rater aldghvendn ks ahethr evebt.
into final alignnment” by X-Y novenent of the notion
[0giafe. 79nVEneoorrodBEYD PCHUSFTISOP3948 thenfrrAttng
rocesses .a - 2t FaRar
e R R e el S R TR 4P Rt poa by che
moeahedi sent, thet hoofdn axiageand Trhirtdwdiy tthe faimpkat e

al Lgnment _nmay. be used 1ogether to.ali ate
ceflptA Enang BUPPAFRCS | M TS i et ifopbRlEs
de\%ﬁbrh@as iﬁaymﬁwﬁed Tige pest oran ainfdgisiy adeivgraeents, moved
ile through the tenplate alignnent used.tq.
0y BPRe tPRSCAPRYNRERb B (Fe U tE R 1 h ATREE Tibding
tridbbi-Rt e nBohBL { bRt @ta%@r;t@fiﬁc'b@a,a%i)ieYt@l@r o@etians
~are perf'O(ned_u5| ng bot techni ques. [0214] The )
imagone- devicehid MadREAERRE b | HiF A3 RaT tioRocBEEL
e u SLEPgANELE GREAL Y ARRRRAT LACRP indBdth
th%g)gé"gf%taﬁ%glﬁ%g%te %myg e conduct e%either by Ioégl or ©
fifeilel dfbyikivebd ahéegopehtal FonaginhaevaldegnnERe, MORemeRt
e fiel.ds of a substrate w LIl_] I t .
oL R S PReSe o P B Rt q D G St hERT, 4b"eea
to calculate the position of the second template alignment

mark with respect to the first template alignment mark.

The position of the second template alignment mark with
respect to the first template alignment mark is determined
based on an X-Y reference plane defined by the direction of
X-motion and Y-motion of the motion stage. 1In a similar
manner, the position of the second substrate alignment mark
is determined with respect to the first substrate alignment
mark.

[0212] After determining the theta error, the motion
stage is rotated be the appropriate amount to correct for
this error. After theta correction is cbmpleted, the
template and substrate alignment marks are brought into

final alignment by X-Y movement of the motion stage.
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alignment is conducted at two or nore fields and the

theta alignnent error and X-Y alignnent error at each
woielsh13693 determ ned. Optionally, alignment arPCeask03/023948

field may be acconpanied by an inprinting step. The

theta alignment errors and X-Y alignnment errors at

each field are then average to determ ne an "average

alignnent error.” The average alignnent error is used

to. determ ne t cqQrlect c Y, any
Im??%ﬁ%ﬁ%ﬁ1Rﬁ%?%é]%ﬁ:%g%é%Ef%2¥§?8Tﬁé§gég?ége@g?$g%ﬁ%nt
prépéEly Sl idiedd usebliatea anst epbahdatepeat process. In

the. st d t fiel g i ti.on i
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stage is noved such that tenplate is oriented ov :
tenphabesiF el i B -he ISubSEFafBPBILRT b ?ﬁ%‘aﬂs

meéﬁ%&gi 85e SiM£dd Bl Matakaser Iheghrent at ghand

strat'e are then subjected to an allannent _
throngkcthent §Go D 2 GO4/TIBEE3 TRETPESRE6S/ b239881 ¢ kR

on_t he, average ' . . [ ' l
R e R I
cootecafberand i yrimedrcarntriests ere ‘pActovaedngsinghpotl

applied to cure the activating light curable liquid
teﬁﬁﬁlgﬂ%stenplate separated fromthe cured liquid. The

[0BRL] ON StRgEabSveIEastrieDriatha dhereerpbat el byement
anot her portion of the substrate and the process isSt
prpepeaeedray 024 63s9d timatisReIdrd FSPFaId PE@"FF%FE : P

anfl LOPOEA 5 P OGRSSE By e dsifthctRdl ieng@niePbyNglePat her
notion stage IS nove such that tenplate is oriented
fieldrbyhtidedi abiommentd. offox kE hsds PLaEEMEREed YR Phe

nof QAL 0ALeS e SLOLGYL { D6, Al ahRseacEagh  Ehgkdeqh the
SUbstrate rncludes two or Aore  a I gnment mar ks that
aléghmeapondrks. al Hbirents mar kshmowathéhet égplodeée The

S SRy PAATRL LG ot IR ol Bk
aliBPmeAt edrusingniM X heraDidnmsrits erdarough eble field is
determined. Optionally, alignment at each field may be
accompanied by an imprinting step. The theta alignment
errors and X-Y alignment errors at each field are then
average to determine an “average alignment error.” The
average alignment error is used to determine the correction
necessary to apply at any field on the substrate.

[0215] The average alignment error is then used in a
step and repeat process. In the step and repeat process,
each field’s position is predetermined and stored in a
database of the lithography system. During imprinting the
motion stage is moved such that template is oriented over
the desired position of the substrate based on the
coordinates stored in the database. The template and

substrate are then subjected to an alignment correction
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tenpl ate, or a conbination of these alignnment

techni ques. Activating light curable liquid my be
wohemed3os the substrate prior to or after al PgmSi03/023948

Activating light is applied to cure the activating

l'ight curable liquid and the tenplate separated from

the cured liquid. The notion stage is noved to orient

the tenplate over another field of the substrate and

baseg SRh t%’ eﬁoé t e séks%g elahareAghligne

I Vi dua [0217] In One
cueabddi hkaqtid aha§grm€erplamgd (2231 rté?ef @mﬁv@dramgl nglor to or

scatteronetr Scat t.er onetr chni S
afﬁ@ﬁsﬁfég?rﬂeen ST et AGH sca qu o # %ﬂp%?ed to
cusHr £ 86 eact Fest Bhd gningd cﬁ.fraﬂa]leﬁﬁﬁ]cﬁlh.d \mnﬂhtae template

substrate, scatteronetr uses di.f fracti on gr atin

sepREataBsEFan et R el The M oR: SEPERoY a‘Bﬂved
toaBrEEhenﬁﬁétt%fa@@ dher atr?dmiea;gt caitd can o&l kganent

on the substrate can be separated from each
supsheatbyahdskhe hmpfzéﬁﬁ)s nke rEReaEAND 2004/ 013693

[OE iuszqgﬁéggggéﬁve ]1?%8; alﬁ@%ﬁ%ﬁ@rﬁrocess

S sinu taneous
mae}eber abkyl, | Durl:h&gmtlrhplg.hutmg tthee Hwﬂlgm‘r@lttagﬁ?aﬂﬁsm%’ﬁﬁ

attered omthe align hks 4
S%&B%@Faﬁ?@pﬁ{\ﬁd’s a%ﬁe%‘?egeove n%él ori g%tr%ﬁ 5acsf Phe
thel icgpEeRbtaBbKSed & tl0S pesdrdimegash sitdrerd. iln thee

enbodi ment, the scattering of |ight when the alignnment
dajpgbREar eEarhghis! ‘Flsoga‘Fl&%I egelr\jéirjé’t%s TwoIor More

alagﬁﬁntegr;l RErkBr ehht eco%égs&l s@ Aligheen raykacbhevad
by nmoving ether the substrate or the tenplate until

temipd ageat t Bhedtenghete prbigpeent grARRe 319 &ﬁﬁ@n@l&aiﬂﬁé
w1§:¥1b$&ﬁ%ntshﬁgg¥§?@t gff nhdge Redetar miped Reatdier iFRgl1d

pr o Dur| g patterning of a substrate using
beimpr iimbrihtelogeapdyvither paf £ et ttémﬂtmhe tihe

SR arEE QBB 205 TR SR Ll
AcMihelt ing bebhe tupabbéeliginld thay doestplisdad es the
sdﬂg?gg%%sg¥1ggrggdorpgkgértglié%hentIrukég¥%atlng light is
applied to cure the activating light curable liquid and the
template separated from the cured liquid. The motion stage
is moved to orient the template over another field of the
substrate and the template. Alignment is conducted with
each individual field of the substrate.

[0217] In one embodiment, alignment may be performed
using scatterometry. Scatterometry is a technique used to
measure the properties of light scattered off of a surface.
For alignment of a template with a substrate, scatterometry
uses diffraction gratings on the substrate and the
template. In imprint lithography an alignment mark on the

template and an alignment mark on the substrate can be

gseparated from each other by less than 200 nm. The

81



patterned tenplate needs to be aligned with the

previously forned structures on the substrate. For.
weut4bdgsonm i nprint |ithography, alignnent of PaT/Uus2003/023948

tenplate with features on a substrate should be

possible with an accuracy of |ess than about 25 nm

for sone enbodi nents, |ess than about 10 nm

Alignment of the tenplate with a substrate is

i cal l achi d e qof g t
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pr%&a%e§myﬁeanscaayeb@ng|§f¢£aué to |nplenent mnthln an

imprint |ithography system Scatteranetr,
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llQ%.?QgphgétEﬂgep£9€e£ﬁééuiéﬁbléﬂé OeRRIAlLidike over a

sca tool includes optical hardware, . such as
pmde@btrmpg@depert@@nr@ﬂ@h@om%ﬁrratem Fyacglly, the

dm OceSSI ngh%n &EQ?Q?Q \\M’l}. a1§ck§ét Qm%}rrl)ht%‘é‘f tManehave
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R e o
fd%ﬁhetch%t&*dﬂé&hﬁfébeonaﬁﬁet gapsetete TheFdr ghtb Sidur cen feprint
114ﬁ$§?§$%§? %ngggggtaof a template with features on a
substrate should be possible with an accuracy of less than
about 25 nm, for some embodiments, less than about 10 nm.
Alignment of the template with a substrate is typically
achieved by the use of alignment marks. Matching alignment
marks are formed in the substrate and the template and
positioned in a predetermined position. When the alignment
marks are properly aligned, the template is properly
aligned with the substrate and the imprint process is
performed.

[0219] Generally, alignment may be performed using high
power microscopes. Such microscopes collect images of the
alignment marks. The collected images are analyzed by a

user and the user may alter the position of the template
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portion of a diffraction grating structure of an

al ignnment mark. The detector takes optica
woresHMEYent S, such as intensity or phase, of PCIAIS2003/023948

reflected light. the data processing unit receives

the optical neasurenents fromthe detector and

processes the data to determ ne the scattering
, profile of Iight off of the diffraction grating.
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scatteronetry tool ically includes r ef
Ve?ébn%’éﬁ@?ﬂl‘(ﬁ and “i"’\%?gfeﬁatlfaflygr(j’l"%teﬁﬁall@p FRFT c‘f”e‘ielhln an

Angk onponent (i.e., incident
1m§£9+ 1oes éﬁn equal tﬁg reflected angle). For
[Oamobosessmt’wmmocﬁf(fﬁ;@@ Pevhusgpe3fepsgallecting
lmﬁ'%gcﬁsé' 0 %&‘?ﬂ?ﬂ B! o htcbq_nlﬂa emth'éeEEFQEEfg light is

nconpass co nent s 0222] When the
geﬁérgnnemmerﬁwéttnrdméumgﬂunni|x90éudgﬁedptmpah hardware,
al i gnnent rk on a substr

i f ff
sugh eReR T °W§F§¥'ﬁ§hﬁ§$5fﬁ:t cgﬁrbza% a%gg%erlzgd

prB¥edsigd| @61t Orofied ivith M saldtgerenetal Bbétt«ran@l ate
alignment mark with the substraéﬁ al i nge t 1
ADRA SRS O] HERGGRTPIFFHING SHAteL (N SHE G PY [BSqoptica

hakBiER&1 t YThPhaSE: t e RN 17 Ald AN, g%&l@r)amyasnbeddby ahe
scatteronetry tool as conpared to the |ight
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processing unit receives the optical measurements from the
detector and processes the data to determine the gcattering
profile of light off of the diffraction grating.

[0221] The scatterometry tool may use monochromatic
light, white light, or some other wavelength or
combinations of wavelengths, depending on the specific
implementation. The angle of incidence of the light may
also vary, depending on the specific implementation. The
light analyzed by the scatterometry tool typically includes
a reflected component (i.e., incident angle equals

reflected angle) and a scattered component (i.e., incident

angle does not equal the reflected angle) . For purposes of
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reflection profile library. The differences are

between the neasured reflection profile and the
woebmresoe reflection profiles are used to det ecmwiuse03/023948

the alignment of the tenplate alignment mark with the

substrate alignment nmark. Alternatively, when the two

gratings are aligned, the scattering pattern froma

normal incident beam should be symetric, ie the +

., and - 1 orders ould S er;
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m croscope. [0225] An il I t
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e.g., the tenplate or the substrate u
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ali&ﬁ%éﬁgzﬁgfﬁgq 9ratdigS rel®edin #825rafted82dy .profiles

mark 4800 1s shown in cross-section in FIG
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al i gnment
the measured reflection profile and the reference

reflection profiles are used to determine the alignment of
the template alignment mark with the substrate alignment
mark. Alternatively, when the two gratings are aligned, the
scattering pattern from a normal incident beam should be
gsymmetric, ie the + and - 1 orders should be the same, or
any order (including zero) from two opposing low angle
incident beams should be the same. The symmetric signals
from multiple wavelengths would be subtracted, and the
differences summed to measure alignment and the wafer or
template moved to minimize the sum.

[0224] Scatterometry offers advantages over optical
imaging processes. The optical requirements of a

scatterometry tool are much less than for an optical
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along a first axis (e.g., the X-axis). A second group
of trenches 4827 define a diffraction grating for

weabhkognees al ong a second axis (e.g., the Y-arCE)NS2003/023948
[0226] An alternate enbodi ment of an alignnent mark is
depicted in FIG 48C At |east four sets of
diffraction gratings are used for alignnent of a
terrpl ate with a substrate. Diffraction gratings are

orned from a r. f L
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2l herused heisl (gnga, templBtaxis). A second group of

trenches 4827 define a diffraction grating for alignment
along a second axis (e.g., the Y-axis). .

[0226] An alternate embodiment of an alignment mark is
depicted in FIG. 48C. At least four sets of diffraction
gratings are used for alignment of a template with a
substrate. Diffraction gratings are formed from a
plurality of trenches etched into the substrate as
described above. Two of the diffraction gratings, 4830 and
4840 are used for a coarse alignment of the template with
the substrate. The coarse alignment gratings are formed
from a plurality of trenches that have substantially the
same width and depth and are evenly spaced. The coarse
alignment diffraction grating trenches may be spaced at

distances of between about 1 um to about 3 um. Diffraction
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with a substrate with an accuracy of up to about 5 nm

Diffraction grating 4850 is used for alignment along a
woiomiHo13008s (e.g., the X-axis). Diffraction graCTmg2003/023948

4860 is wused for alignnent along a second axis (e.g.,

the Y-axis). [0228] FIG 49 depicts a configuration

of a scatteronetry tool used to determ ne alignnent

between a tenplate alignnment mark 4910 and a

substrate alignnment . g 2Q. t r
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first axis (e.g., the X-axis). Diffraction grating 4860 is
used for alignment along a second axis (e.g., the Y-axis).
[0228] FIG. 49 depicts a configuration of a
scatterometry tool used to determine alignment between a
template alignment mark 4910 and a substrate alignment mark
4920. Scatterometry tool produces an incident light beam
4930 which is directed to the alignment marks as depicted.
Incident light beam 4930 is directed in a direction that is
substantially normal to the plane of the template (or
substrate). Incident light beam 4930 may be produced from
a white light source or any other source of light that is
capable of producing multiple wavelengths of light. The

light source used to produce the light may be disposed in
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gratings along an angle that differs fromthe angle of

i nci dence. As depicted in FIG 49, light rays 4942 and
wo2dok/nepsesent |ight produced al ong the posit PeEUSRI03H23948

order (i.e., order +1) and |light rays 4952 and 4954

represent |ight produced al ong the negative first

order (i.e., order -1). Wile the +1 and -1 orders

arz depicted it should be understood that other
or ight (e t
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igéfgggge. As depicted in FIG. 49, light rays 4942 and
4944 represent light produced along the positive first
order (i.e., order +1) and light rays 4952 and 4954
represent light produced along the negative first order
(i.e., order -1). While the +1 and -1 orders are depicted,
it should be understood that other orders of light (e.g., N
order, where n is greater than zero) may be used.
[0230] During use, light reflected from the substrate
(and the through the template) is collected by detector
4960. Detector 4960, in one embodiment is an array
detector capable of simultaneously measuring light
properties at a plurality of positions. When light is

scattered from a diffraction grating, individually

wavelengths of light are scattered differently. Generaily,
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than blue Iight 4944. Thus the scatteronetry tool nay
si mul taneously neasure |ight properties at nmultiple
woavelesys hs. [ 0231] An advant age of neasuri ngPCT/US2003/023948
scattering at multiple wavelengths of light is that
phase errors may be averaged out. Phase errors are
caused by irregularities in the etching of the
trenches that formthe diffraction grating. For
afX AP erddr H& Al |b% a8 tReRedPal 8hkebner of hendot t om
of the trench is angled, light scattéring may not
diﬁrmlqrhe:xpﬁeem,ctm@rm@el thesudhféereont vevelewrgtiargt
lgiﬁfnﬁfﬁg séJE%é¥¥é?%%”%EE 3&1% gg%f&?&ﬁtfgﬁ%}es. FIG.
a SI'S or ex 1€, proc g errors in rm ng
49h§h¢wgnnﬁunay>GBEEErmmmewadeweagthe 66r Light | axgat

t han ue i in r eadi pgs_at [tipl
R YOG i ay BLCSE8r agle FRouIBakt Boted
tHBE eclee Cd,l_ﬁaﬂee:éawedqrf @catlegiigNhng38 ME: 20844013693

PCT/ US2003/ 023948 [0232] In an_alternate enbodi nent,
exegretaied f o GhesEurnores, ef EbLeddfPgHESTPBmM tFigrning

£8! LRNBN SRS 1R D@ e aRC abhgr %Qp%és@ﬁ%%@@dlﬁé}%/@uhlle
or FIG 49. 'I'nstead of rel ylng on the resolution of
B

lidet detaet4f44 oren:aqﬁaﬁr@St kduediligbEent Faavehengt Herdsdr,

{0 ped et LGSR LA Y 05y ARLLE VELPE Bl 050

rap gedrerd bmué<£ﬂ§ﬂl .and 2z siebitrtatie Ehégnﬁénllgmwaeams

0 t ed th t 030.
e L9 RS ST 2t BAECRLER  oHF FAE0R oRE 1T
déSedOs ARl D& dddr plowte idefluded by tbeayespl mght Li ght

reflected fromthe diffraction gratln gs of th

dafreghiemteRiets s, Hralsizredang dpgarhan+at oF]a%rllght
| dé@@é‘@iox@@letﬁerﬁ{sd%[re( 0RY) ol B14BWS angMhedineAt than

optical element 5070, is placed in the "optical path
dbef et tw@bﬂmtrkm @faﬁdglhﬁe dasedepicte60in Eh¥i 4l

f?}'g% 5&5492 'hc'l Lfrf%‘} qﬁﬁ QI% aﬁ&thb&?&ﬁl Zhement

nt angl es ase on 't el engt
tﬁpmibhme Hanmemoa070 Tes lthe ScatEEanpbe¥yatool may

59$£I{§§é$&é régéséie light properties at multiple
wavelengths.
[0231] An advantage of measuring scattering at multiple

wavelengths of light is that phase errors may be averaged
out. Phase errors are caused by irregularities in the
etching of the trenches that form the diffraction grating.
For example, if the walls are non- parallel or the bottom
of the trench is angled, light scattering may not follow
the predicted model. Such errors tend to vary depending on
the wavelength of light used for analysis. For example,
processing errors in forming the trench may cause more
deviation for red light than for blue light. By taking
readings at multiple wavelengths the singles may be average

to create a more accurate guide for alignment.
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(e.g., as part of a spectrophotoneter) or a prism

Both prisnms and diffraction gratings will diffract
woigho1z®3 di fferent angl es based on t he wavel eaguis2mB/023948

the light. As depicted in FIG 50 red light is

diffracted at a different angle than the blue Iight.

Wil e depicted as a single elenment in FIG 50 it

shoul d be understood that optical elenment 5070 may be

62sppsed g 4oy i didindrdlahuRleiRaks . depdetbional Fye. so,
whi | e optical elenent 5070 and detector 5060 are

thepreflerizd i hidhi duan dhenadfignmentspagkd way be

od. t I t e i,acor ipto
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optical ele ens C
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spXientisigy #h fdgacddiorliencd@sa&d,70l.n par tiesepibbe dbsex, a
of 89 WD 2004/ 013693 PCT/ US2003/ 023948 refractlon of
teprldlem 2 hamrent mefie S RPdf GUPPERRFPOAL 1PRMERE Jnark

5@§§egr@rhifﬁhﬂﬁﬁ%%dﬂﬁﬁﬂk.Q%cﬁ@%nk|gthtDBbﬁgrentn01dent

wavel engths of [|ight be diffracted at different
lagﬂgt e5030his @Jattﬁ,césedmat a silufﬁé\moals thakr dAappEmal to the

p 'y ffﬁ%dfégwéﬂguﬂéﬁ e!atiﬁ hEa¥e?§eF§F8nﬁrom the

advant age 0 enhan e sep ratlon 0 nto
dﬂfffe¢t¢mn gwa@dmggﬁdﬁ;thawaiom@membomawkﬁtss amﬂlyzed

enses, sed ach ord [
%33%4? té? t?%? 5%%cr|be5degojgogg bgP%st%ls
elﬁ‘thSdltﬂéhtt rrpatm ndptl i dd10 g laptan tpsogess isl plane&rﬂi)ﬂdt]ﬁént
redet erm ned anoynt of an actlv%S Eg ht curable
GBSt Plﬁ

opt il DA PERFTDIFIE SOPESRLSr 25 ECEGT pR0s0-

obBPELDt Efemdht PR FEMNEGIrENRAER S BeFiEkhenetdight at
proximate to the substrate. Generally, the tenplate

di Efeepal aardgl 9 dratsk ors st wavelispoihdprst éhabt of Prigkcal
eiQﬁé‘n@b%*?o %1(1) rgg Jﬁﬁ]% Q.epr P%&F%b%&%ﬂt %Pgthlfﬁ

patterned te ate Vi dus orned strUuctures
(engt heasubstt e, a aspee:ﬁ_pdoaih@tometer) or a prism. Both

prisms and diffraction gratings will diffract light at
different angles based on the wavelength of the light. As
depicted in FIG. 50 red light is diffracted at a different
angle than the blue light. While depicted as a single
element in FIG. 50 it should be understood that optical
element 5070 may be composed of two individual elements.
Additionally, while optical element 5070 and detector 5060
are depicted as individual elements, it should be
understood that the elements may be incorporated into a
single device (e.g., a spectrophotometer).

[0233] Alternatively, optical element 5070 may be a
lens. When optical element 5070 is a lens, diffraction
occurs when the light passes through the lens. The extent

of diffraction is based, in part, on the index of
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alignment target is aligned with a substrate alignnent

target. The tenplate alignnent target includes a
wdi20dsroasBon grating to allow a scattering techarqsesn23948

be wused for alignnment. Initial alignnent of the

tenplate alignnent mark with the substrate alignnment

mark is acconplished using optical imging of the

mar ks. The marks are aligned using pattern

reéﬁcqulthp %Pfﬁﬁgk mavdGliz1al i gpaepicaRy be esethdion

TeVe an a |gnrrent accuracy wthin about 1 mcron.
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v L PRI S Tk S g, ST FF A eFr oA oUAE e 2nd a
anflde. a@hiﬁ”ﬁﬁuséﬂfWHé&ChBORn@maIaBg“CEEOMaESCthe

alignment mark depicted in FIG 48

abarreghkent” of HIRaH1Y Wtratﬁﬁﬂkglamebiéag%’?f D RRYage
0 1
ofu /%E5%8§§02394é§ AR 020 1VEn2004L818688erent

8 diffraction gratings. A fine
waaélgnglem of In heowsg jqyiashmendgr k §W@a9‘eB§eEe‘|‘1ﬂSr%dused

Ong| #aﬂ %ct(?hféﬁc?exalégﬁt diffraction gratings. All
ne

neasur enen may be perfornmed with the
[oasn] vat i fgat i givmeuralde dasqm@eda spovedmprt heensehefor

npl at e the substrate. descrl n, . an
anob‘f‘PEéPtl ﬁhg]? cpér%%}ssoe stied og‘ggg @%Ir%n{:f ha
‘ prleaét:éﬁulnln@dilgmm ofraroradmvmrlﬁqgr mlg@tscarabitenbiqmd

t he opti cal magi ng devi ce d t _of the
lSoBﬂ-ﬁ@Sﬂl Patd %%?%e%‘% O%Valrl %@&rec %8 gﬁ‘@rgﬁﬁﬁﬁiat €.

Lehagt ’c&%ﬂal’até ' %tpéémoﬂeﬁf ;Jziogmnas:@u EeethBY be
Irected i n such a manner that the optical i.m

subewraeedoe@enérallél i Hhe HewpEateall s &eRarpieted O‘FhEhe
su%%grat%oggcg éﬁﬁ%éﬁ%%t (ﬁ%éatﬂa%?%%buknz@ﬁ nm. To

ected to the tenplate and‘
ensubst patpeal a@mgmnenmf(sthmmeaitetmle@éep@éﬁée WéEhned

o Qlabne L ETRLELS, SLISHL. Sestderyo Ahong e 1. anghacd
alligheRskt Yakg¥el ssohlidnghd i@t tee rsmbaa\jratuee atigomdat
tai%%t. The template alignment target includes a
diffraction grating to allow a scattering technique to be
used for alignment. Initial alignment of the template
alignment mark with the substrate alignment mark is
accomplished using optical imaging of the marks. The marks
are aligned using pattern recognition software. Such
alignment may be used to achieve an alignment accuracy
within about 1 micron.

[0235] Scatterometry is used for the next iteration of
alignment. In one embodiment, an alignment mark may
include a coarse alignment diffraction grating and a fine
alignment diffraction grating, such as the alignment mark
depicted in FIG. 48C. A coarse alignment of the alignment

marks may be performed using the coarse alignment
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conpared to light intensity levels of light scattered

at the -1 order. If the tenplate alignnment mark and
woOheo4/3sdost rat e al i gnment mark are aligned, theCcT/US2003/023948

intensities should be substantially identical at any

gi ven wavelength. Differences in the intensity of

i ght between the +1 and -1 orders indicate that the

al i gnnent narks may be m saligned. Conparison of the

dlgggaggao?ogra nneﬁ& fg éiéifﬁﬂﬁén.yoﬁfth@a¥§¥SH§%€t

e" an "aver age nment
maakls gmay nbe ﬁﬁékﬁorrﬁ@& 374 inkhec ey efriage angahlegnnémf foéction

bstrate alji t k .
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th%faEB%v&@ﬂHbaingttéhréﬁﬁ%ﬂﬂﬂqdﬂﬂ1dﬂ%pﬁ£@ﬂtbét&eéﬁ the
properly align the alignnent marks.

on
tegpbotEneRe, thﬁes§%%§¥?%ﬁfa|%§(ﬂ%ﬁﬁﬁﬁ??do#egelgub§Frate

P 013605 Bl DD0L b 2008 b e he SUbSt Fare 7

aldgnapptopr Paier nbonper fsrmim@rsratderanptee sber ageical
m _sal i gnment cal cul t
1m[aﬁéLn?e§,8| itel] He %(?r c?sé)tﬂ:g SEahfe q% Y- ﬁaﬁiﬁ BEtween

g Aid stbs e are proper
aKnghﬂgsaﬁrbheahquhd £ exhb avissl. byﬂgepaﬁanw@ﬂyoflugét from

ate fromthe cur d [ ma e perforne
1ﬂfbé§§PtFF@Pr§T Béﬁlg?s i %%éwﬂ%t ?% |§ﬁpgflgﬁa5ftge
op%%btle mag&hg 160l cdsesed onstet Brar ite Wd gprartlbetwnren

a ﬁﬂg ate alignment mark 5110 and a substrate
begmeghnthe ragkt 5@29063%%@t@?%n1ﬁf?13/1&1t€o| 5100 uses

[dRBFUr eNept §H0EnbWRImdRE O PILSY dff lvctdidctedf kot BBe
substrate to determ ne the alignnment of the alignment

templlese Tnd Bu@htrgbar@bsgnm#@knmﬁik%wﬁQﬁmﬁhﬁ&%:tbﬁgﬁ%ane

d%ﬁiﬂnﬁ %1?%hgnge%é§gaghlc? ségﬁéggeﬂéli}éﬂgethe +1 and

nar Ks epi ¢ I nci dent beans
-451&@ea@dm5y35eaaaamyzedted arpruxhlxnx|Qﬁ1WH%§len9§hS

£ R ERL Y op TR L Lo gl a0l e lgpate
cdiparidoducadghtommaenbite 1éodls sofirtieyiar sﬁ@¢t@khérat
tﬂi?%GF%r%Lr. If the template alignment mark and the
gsubstrate alignment mark are aligned, the intensities
should be substantially identical at any given wavelength.
Differences in the intensity of light between the +1 and -1
orders indicate that the alignment marks may be misaligned.
Comparison of the degree of misalignment at a plurality of
wavelength is used to produce an “average” misalignment of
the alignment marks.

[0237] The average misalignment of the template and
substrate alignment marks may be used to determine a
correction needed in the position of the template with
respect to the substrate to properly align the alignment

marks. In one embodiment, the substrate is disposed on a

substrate motion stage. Alignment may be achieved by
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light that is capable of producing nultiple

wavel engths of light. Incident |ight beans 5130 and
wo28&/0as@3 passed through beam splitter 5192 ardTA%9003/023948

respectively. [0239] Wen light fromthe |ight source

contacts the alignment marks, the light is scattered

as described above. Zero order light is the light

that is reflected back to the 1light source along the

sa tical e_l.ncidee [ ' ;
mo"flel}?etc etfq%asng%ttt%mg?ld%?hgbp%gtﬁ%gef%%%%l; Lé?ﬁ?teecﬁngél ed
by yhdearmrsgeatntierd ighf2nandabt0dat edandivet ecatdrsrons By -

and 5162. tectors 5160 and 5162, in erpodi nent ,
nei e SRR GFS CHRABER S JSPrRrCRTESuaT J e
curBap Wi Nthe 11iGhti Prepebiieasbat sappkdt abnt yf ofhe template

positions. Wien light s scattereq froma diffraction

Erem dih Funasid MRY RevePERGFRE 0l |ight are

[0§§ﬁ teradrdi ffereplilots @%n%ﬁ.@%lrﬁateabbnf@%@fmﬂﬂsof a
W be scattered al ong one of the 92 WO 2004/ 013693
sCcPOTRWSRO0Y 0289481sedi ftor detiesminedarl sgnRenke et vedte 2

di fferent. e f A Lght W a
coft AR NI, Bz A abllebEateid) SO0 nank
513toul skdte: exadneet tyh atodtlh & 1diof igeenmeasnrsoanterphgtwo

angl e. has been exaggerated.for th [ e '
ofip SEtRet OFEL T 1T raGnt [TonC BasRebEa0s Trahm Hearne
alﬁéﬂxaexﬁ@pttmaﬁm Sal{i@ﬁdéxghmawﬁtjsl.e IrivghL i gBanESiddes

represents, blue light. For incident |igh eam 5135
PrpRuHE TR G Ao e Rod LoPGRECUATF S FRERE Tm
d1iPdobed rHEPrEse U S et nhts As deplieted. thecieseht

I'rght beam ,and Dblue |ight beans contact a different
light thewms HlIheand&ISE Gre Drestst 5266 AAEPTHLIN Arfat

isag{@%tglflt%%%enﬁ—;rﬁ%dagg e @IRNS anlh8rSLEE BBfblate

| o¢cati on tection el enents are such to
- (oal bobsarmtysi s Ticidmnt diffidhdr deemsaraBengns5d85 | hghtbe

or Py SRLALSE AL, b, SRS BZINE g o
11§hé4chdhuss t bgpsised tell ERidue itngo muley plsi welreaaeguis yot
1igﬁg§ur%néi ggt‘%f)ﬁﬁtgég%éﬂsfgg %E%!%lBS are passed
through beam splitter 5192 and 5194 respectively.

[0239] When light from the light source contacts the
alignment marks, the light is scattered as described above.
Zero order light is the light that is reflected back to the
light source along the same optical path as the incident
light. Light reflected back toward the light is further
reflected by beam splitters 5192 and 5194 toward detectors
5160 and 5162. Detectors 5160 and 5162, in one embodiment,
are array detectors capable of simultaneously measuring
light properties at a plurality of positions. When light
ig scattered from a diffraction grating, individually
wavelengths of light are scattered differently. Generally,

all wavelengths will be scattered along one of the
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wavel engt hs. The use of an array detector has the

addi tional advantage that any small changes in the
woni@miason of the wafer or tenplate or any OPOEMUS2003/023948

mechani cal changes that cause changes in the positions

of the order peaks can be detected and the

intensities can be correctly neasured. [0240]

Scatteronetry systemdepicted in FIG 51 takes

. advant age of . t.h tr t f kO j :
os FRLENLRTE SloflP SAAASS! € peed ROl Lot
light ferEndes dentteeral isgnmaighoflyt He fgeaenngangsenotas
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order shows nobre sensitivity to nisal%gnnent °f%55€t
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a AN 2004/
be B B O NS Tl i The Sl acerernt bran epti cal
repragemygs delie el E180. | Fathdnsdeieat dfighkebspst §FT$5Asli9ht

described herei opti cal .1 i i.C 8 b
begfohl 15, SRBEsCais Mid Mhong WRIIR019GKLCB A0 5RY b
repubséfias ebhhé ghivgint . mardes ddpirdtegl, althgneedt 1ightt heam

templ ate. and substrate usin teronetry. t
anfiohHent LGRE LREATpIS EL T G g LABT o bRk TaBE Bo TR
detedtbred. peff2ddl d1e@nihniammim erhedi oEN igtepi ct ed

in FIG 52, the reflected light fromthe _alijgngen
defgrkioRaglBRENES at tERR RS FE BEF 1250 E Ebt g?@f‘t

degéctigﬁtgﬁgmgﬂtsr@%aiéﬁbﬂ”té|Hiﬂd%“§d£l&@ﬁsobfthﬁe

detector to capture the different wavel engths of
diffghentt wevebénachedf i Yahtmy Ase dagpiatedusingtn 1.
regp E%ﬁ% ghggeﬂiésnggtﬁﬂgfggyﬁjéﬁ& feschiibadeabpuge a
effpFate™al i gnment ~ mar and’ a substrate
thahi phoenlight k55220 dfleus | thaeristatdenaine ywsooberd® of

e S5k AR 3G, L oA e L e
waR@n=AgtABl. tohthespl aneatledired datddert dagpl abe. Li ght
additional advantage that any small changes in the
orientation of the wafer or template or any other
mechanical changes that cause changes in the positions of
the order peaks can be detected and the intensities can be
correctly measured.

[0240] Scatterometry system depicted in FIG. 51 takes
advantage of the strongest reflected signals (i.e., the
zero order signals) for alignment. Generally, the
differences in the alignment of the gratings is not very
great along the zero order when the incident light is
normal to the gratings. By using non-normal angles of
incidence it is believed that that the zero order shows
more sensitivity to misalignment of the gratings.

Additionally, the optical path for the scatterometry system
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reflected fromthe diffraction gratings of the

alignnent marks is analyzed al ong the zero order by
woebdsmasdong the |ight with beamsplitters 529PCamsg2003/023948

5294. In this enbodinent, optical elenents 5272 and

5274, are placed in the optical path between the

substrate and the detector 5260. Optical elenents

5272 and 5274 are configured to diffract |ight at

e e S e e
thali ddaet ioh Watdyrg efre. gAs despaibedfﬁerein, optical

. spectrophotoneter) or_a prism. Alternatiy i cal
e A S B L 557 BBl G| SRS Phat L TRy F, the
el HBtd g aheidaldiensli@adddl hmarab . al berhad eal ignment

enbodi nent, depicted in FIG 53, the reflected |ight
of fileen teTeP kA iy ARth S URee tea ) ShBY SEaEERFERCHEY system,

i b ve .f. Fls - ead i

o 150 P USR03 BT 10 Te e ol e o he e
[0245Db| ut i bm @i alienisttec tooddmeast ufePiaeed dinf BF@nt52,

wavel engt h f ol r.efl i
thgpﬁ%f%‘g?%% 181pcir|ltca = té%gentag lgg'&%ﬁgnhégg%@%i%ﬁt t hat
sc%Stifédlggtfgb@ﬁfbeﬁ ddwerealfiognE@t. Aar ksIhsteadeef ed
y.beam splitters 5392 5394 .into_fiher '
re UPRGLOBITE FHF OB o R ARGy OTnkoT PRRE ER e
dieabL&st Csvyl digrid AiE Lifghey the replentedysighttmoay be

optical elenments 5372 and 5374. ~Optical elengnts 5372
SPARE BSVAT oS GRRITLISAPTS T FR2cEnS PORE - af Ao

de '&Hs&gna?é@&! e é@%ﬁdat@ atlngn%vﬁl aagkhsafol hghta
tical elenments 5372 and 5374 may be, for exanple, a
sublsttabet abhognent rreple. P20 arepardiugingted with two

neBRECLE RHELONEL o)t 2003, S et op e,
beahsoaaBDCaaa¢5235iawsLdﬂheqmmwamtagdigecgggn ghat is
B L T
retthecLBAr EPbmSYBE e Sf Z&ct ibrbeyeatiingat of thienbldpnment
marks is analyzed along the zero order by reflecting the
light with beam splitters 5292 and 5294. In this
embodiment, optical elements 5272 and 5274, are placed in
the optical path between the substrate and the detector
5260. Optical elements 5272 and 5274 are configured to
diffract light at different angles based on the wavelength
of light. Optical elements 5272 and 5274 may be, for
example, a diffraction grating (e.g., as part of a
spectrophotometer) or a prism. Alternatively, optical
elements 5272 and 5274 may be a lens that exhibits a
chromatic aberrations.

[0242] In an alternate embodiment, depicted in FIG. 53,
the reflected light from the alignment marks may be

scattered as described above for FIG. 51. Instead of
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[0243] An alternate enbodi ment of a configuration of a
scatteronetry tool used to determ ne alignnent between

we 20d4enpdoat e al i gnment mark 5410 and a substr aPeT/US2003/023948
alignment mark 5420 is depicted in FIG 54. Two |ight
sources produce two incident |ight beans 5430 and
5435 which are directed to the alignnent marks as
depi ct ed. Incident i ght beans 5430 and 5435 are
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of incident |ight beam 5430. Li ra :
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e al nnent s 1s directed by beamsplitfers
Th34921apnds5484 impointidesteptsizeds & 5406 akd 35478
regﬁictivgly. The fiber optic cables carry the |ight
the inprint systemto optical elenents 5472 and
[02434. Ophical tekrsest smbddPmamnd of a configuration of a

scatterometry tool used to determine alignment between a
template alignment mark 5410 and a substrate alignment mark
5420 is depicted in FIG. 54. Two light sources produce two
incident light beams 5430 and 5435 which are directed to
the alignment marks as depicted. Incident light beams 5430
and 5435 are directed in a direction that is substantially
non-normal to the plane of the template (or substrate).
Incident light beams 5430 and 5435 may be produced from a
white light source or any other source of light that is
capable of producing multiple wavelengths of light.
Incident light beams 5430 and 5435 are passed through beam
splitter 5492 and 5494 respectively.

[0244] When light from the light source contacts the

alignment marks, the light is scattered as depicted in FIG.
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5474 are configured to diffract |light at different
angl es based on the wavel ength of |ight. Optical
wehemmni®3 5472 and 5474 may be, for exanple, &CT/US2003/023948

diffraction grating (e.g., as part of a

spectrophotoneter) or a prism Alternatively, optical
el ements 5472 and 5474 may be a lens that exhibits a
chromatic aberrations. [0246] Beamsplitters 5492 and

45494 %g%c? 2 P Lion 1af htth%eﬁﬁfebﬁéﬁegalzkglﬂé i9gnt
he

pass t beams it ortion of
so{lrghtaldmg msmm rﬂrn@;:rgh Ketzen 5310 asp'll unpedsntsllght

anal yzed us ht detectors 54 d 5 h
begny 5%%%‘”‘@,0 i@g% %‘? FUS e t lrfggt affélg%t %ﬁéhgyis
reficattal bght tipasei MPrddyiaugyhedmgsphiloher an5 4831landhat

5494. Data concerning the total intensit

i, gh
difherpefTRBJILR® aRREIRIN e AiderasS gnAEnteB CFﬁQ ifl'b1e.
te e t &ald an k$edl B18Ag the +1
>4 rrgﬁgﬁreﬁ?ygt%@il ]itééén]%esnt e Saagg the +
orBET/ 0520081 0289 4B Jlefe thaam rfk® Cas éﬁ@ﬁﬁeﬁ-’&@é 8f5Phe

reggggrropﬁﬁ%rffﬁgééer gﬁﬂ! tPM.E&& b am 5440 -1

onetrrc anal ysis the n or +1
ordedebgamef beet edt | degh c taaril. thﬁmhegmhe |+r1t @m@ﬁﬂ-‘y are

A<BECERD: abbyaRoBEErt BB SHINEY (e B CRoRbIng

1ibae qefgerent or@@ﬁfhﬂh&fnﬁélmnﬁs dJrigratdear mise, zetroghmaydbe
e understood that the light properties used to
usgdtermine the alignment of the tenplate and substrate

[o&EBES ' nﬁh%ﬁ@ tH£€n§ét1yepieéﬂegi1toﬁ1%f ROleakll 2 ghinent of
['i ght In all enbodi ments of an inprint

mafrkshagr dph?ctpﬁd@lés]@ea% $Phi PSS %%@ﬁ@eé‘l@ﬁt gngo
f1§%235§@%8t0¥ghég khes & é'§WWéKJfE§§aad¥déi .'SThe fiber

I spensi ng | qui ds’ on ‘substrafe, it
opshaukdbbesundergt bod li’@httheor@;am,e |dimgporiigpt @B’§;§éﬁlsi‘—ﬁg

o SEIT, 4315, 830 R IED PRSI g 8t
saganti-el bedfpgaeesdstol @i gemastal J,lghtq WHtd dilﬁpea&‘lmtngngies
based on the wavelength of light. Optical elements 5472
and 5474 may be, for example, a diffraction grating (e.g.,
as part of a spectrophotometer) or a prism. Alternatively,
optical elements 5472 and 5474 may be a lens that exhibits
a chromatic aberrations.

[0246] Beam splitters 5492 and 5494 will allow a portion
of the reflected light to pass through the beam splitter.
The portion of the light that passes through the beam
splitters is analyzed using light detectors 5462 and 5464.
Light detectors are used to determine the total intensity
of all light passing through beam splitters 5492 and 5494.
Data concerning the total intensity of light may be used to
determine the alignment of the template and substrate

alignment marks. In an embodiment, the alignment is
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controll ed such that a predeterm ned anmount of |iquid
is dispensed in the proper |ocation on the substrate.
waddi4tonsaeal |y, the volunme of liquid is al so corcrmisk®dn23948
The conbination of the proper volunme of |iquid and
the proper location of the liquid is controlled by
using the liquid dispensing systens described herein.
Step and repeat processes, in particular, use a
acfRIRINak! 00 Of LIGHILL YOUIP AU tloaBidehlbAtbd
plracenent to contine patterning to a specified field.
deE8249hed bartké yspdct raphat aieipans iamg Lystise Phis theen
sed., Patterns be.in the form a ntin l'i nes
orgRp AP Ernse STAT bR BB (G T S LB
inephadtrentssurehattye notion between a di spl acenent
based iguid di spenser tip and an inprintin negber
[0R47dsed Th PBP\‘H‘E barmaersiat hads emat o Fge apove

de%%g;ioeaogﬁbbamén@a RaPd | @indda O FMD320@441848693
PCT/ US2003/ 023948 i nprinting nmenber. BalanC|ng@rates

copfiduspehonag aFdrtheieeree Hotdhsmlidk bgs s@degséeres bhat
t he.size . t . i : e

s

tethodpensandt spbsaraté i macksearcwlg. intemstity ofddigbt and

ens of .m cran to the substrate. Two exanpl es of
poé@ﬁﬁ?ﬁ%&ﬁ? Bgtiggﬂg'are depicted in FIGS. 32A and

[0328B] Therpahkler smbe@iméets i of FGCSm@AAtaid t328riephya
si nusoi dal  pattern; however, other pa terng are

ProcEsehl 8. 1igeidepf cEEEPFIEEY (Bt S Sconttid§ushe

fdlh%%iﬁ%tE@%ErigEYogeigréﬂfbé%%dﬂhdﬂdﬂyﬁéﬁ%i%bngﬁinds on
di spenSer tip 2401 or nmultiple_ dispenser tips_2402.
sulistertigt e i taspanl érpe gpndeFopred sthaly Hhe feag lasuid

dlg.%%l&%é.?% :t% g?l’l Puds Gard N P Lgﬁ%% Qe i s AL g8k ds

S a centra |l et that "has a
orgreeat empdbtipe t hagusdr dbspehsiongriopletearaiallyed.

-JIShyi15 LEmPLabe ooRlgELscie SIaR e qiie ) 1
cat dondiegats@dhi Rhbhbea Fbfed@€rmined amount of liquid is
dispensed in the proper location on the substrate.
Additionally, the volume of liquid is also controlled. The
combination of the proper volume of liquid and the proper
location of the liquid is controlled by using the liquid
dispensing systems described herein. Step and repeat
processes, in particular, use a combination of liquid
volume control and liquid placement to confine patterning
to a specified field.

[0249] A variety of liquid dispensing patterns are used.
Patterns may be in the form a continuous lines or patterns
of droplets of ligquid. In some embodiments, relative
motion between a displacement based liquid dispenser tip
and an imprinting member is used to form a pattern with

substantially continuous lines on a portion of the
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[0250] Dispensing rate, vd, and relative |latera

velocity of an inprinting nenber, vs, may be rel ated
waodmidess: vd = Vd / td (di spensing vol unme / PCT/US2003/023948

di spensing period), (1) vs =L/ td (line length /

di spensing period), (2) vd = a L (where, "a is the

cross section area of line pattern), (3) Therefore,

= a Vvs. (4) [0251] The width of the initial line

att nor Vi t f
im r%%éns r. eP gﬁ%hgﬁg§$E?4a%%s o H??§§%§§?% gﬁd
reBabOUE nmtloza i$ qmedi tcb sqmrtslqig t@@nsmbl ef tbeuSE@IS$ 0
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/ 023948 of the line |leads to | rugeLght
(ee® - t hen kb8 sOxeRk | ¥h Wins (He MRS tFQrﬁg ate.

wangksﬁéigg Bﬁté&w‘lﬁﬁl% R R a%%hld%!)@étéﬁ in FIGS.
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32paghér 3]313 Lo'ﬂ\m Thret g, dienmq%t%ﬁﬁ%yﬂzéaén@ow% is
decreas [ p e
A e G
Ascaapeeted in ices SHIE ahdsmlqozgzﬂum@ua LAaeppetbens

W th Ion | engt orned faster. as d.to
mthEecggé fu§9§$H@$€Meﬂl%§%H§gf dlSpgﬁ%F%rﬁgglvePE gt
mulk4paki BY spénstoselys spaced pcﬂruumat@ usegataefor mfa

line with an accurate vol une. ({0252 ﬁét

drpRéeEEqURH P BERPI et Bd0eRMEeq diib 1T | ?rsep Fagg
enﬁa[:&%%ﬂ‘é CHVEQt’céPaLf'gf é&é&ﬁeﬂ&e;hétemlsabe cendral

substraté are alnost perfectly parallel, the assenbly
droplehethefphatea PHPRTSE etPhuire rthath FURANNCATG dF@EEH%tS

iof QeBaSUPRLAN LAL! Vol LOL MSHNAM R WBepILhe, che
tenp ate an € cur Iquid. Such a sy em may
11@@«1@1 spraadkatgef skpathe i pat forcieang @rwpawfattélet fremplate

a%|l u%%ge%ggg}ggg g?arggclqu|d In the case of a

[02501 Dispensing rate, vgq, and relative lateral velocity

of an imprinting member, vy, may be related as follows:

va = Va / ta (dispensing volume / dispensing period), (1)
ve = L / tg (line length / dispensing period), (2)
vg = a L (where, ‘a’ is the cross section area of line
pattern), (3)
Therefore,
Vg=aVs. 4
[0251] The width of the initial line pattern may

normally depend on the tip size of a dispenser. The
dispenser tip may be fixed. 1In an embodiment, a liquid
dispensing controller is used to control the volume of
liquid dispensed (V4) and the time taken to dispense the

ligquid (ta). If Vg and tgq are fixed, increasging the length
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substrate, the separation, in one enbodinent, is
performed wusing a "peeling process." However, use of

wa 20043doBe tenplate or substrate may be undeBCrAaisk®3/023948
for high- resolution overlay alignment. In the case of
a quartz tenplate and a silicon substrate, a peeling
process may be difficult to inplenent. In one

enbodi ment, a "peel and pull" process is performed to
of %rfgﬁét{g%ééﬂg% t&%éywﬂgi%ﬁt bEPLLAt edobaYglet ¥ of
e drrent” of a peel and pull process 1is illustrated

th?te nlﬁiléatl“pa?gé&mnegﬁga ng:teaﬁﬁng[ ®258krEl GengBA uepilkes a
enpl at e enbedded ,i,n a ured_| ayer 40 aft
achiFvag. PR IRFERAFIIY B ﬁ?@%ﬁ@stfgﬁé%en%, g%i ?ﬁeer t he
pel- 2881 8t Sade s SUlKWert ecdnimy tbehti bhedern may lead to
intentionally induce an angl e 3604 betggen t he

a deppease 12 Chm PR of d 150 idadoqBpi eLERIPAoR Ering
imggEPEr P&Séééééﬁ)%QP%LQ&&P%%J%@E&@S%anlQ%ﬁﬂé&ted to the

oration stage, ei ther” coupled to the tenplate or
sathedispéssing el My, belngs aptteringdwééhalenpt L pegheemay

t t { . at.i
ool ZPBRE HATTSh Do VAT T b Al e T2 and ShRCtrat e

digPefByrbeipi nsAhmefnatainteldurd md uded ityl tiEnglaselpnspaced
t he tilting axié is located.cl ose to. t e

drERRplEt BSEALE? r ?%Pi?n%ﬁﬁ%uﬂiéhaﬁgeacgﬁé 523862 BEt ween

[okenp! at eateAndusipstshticheUiicmildarige compleghd, the

tenpl ate 12 may be_separated fro he substrate 2
tegplageonPyserakdsedo 1IN the ur hﬁﬁ@&%'no§?85?.g%ﬁis

tefBehrBndnAublneLhod JRy JRRM ddt deeliegaealul pseud
ing left Intact on a transfer |ayer 18 and substrate
aszembliyt huthendesplaibs e reimitRg 1e0=34] opd sy8ctrahke

tg the abqve- ' j e e dichBnt-$,
1e3§§cFfb%d8H§?§$ﬁg{%gfgdgﬁgggﬁyﬁghggf?é?%%gbggiFugtures
teaplasiengndl eher turéd el tguidur ehidhmypersystemugy gysHpgre a

1oLy PSS TRt PR S, R ol e
cur@eatiqupBaQCcesseshe case of a flexible template or
substrate, the separation, in one embodiment, is performed
using a “peeling process.” However, use of a flexible
template or substrate may be undesirable for high-
resolution overlay alignment. In the case of a quartz
template and a silicon substrate, a peeling process may be
difficult to implement. In one embodiment, a “peel énd
pull” process is performed to separate the template from an
imprinted layer. An embodiment of a peel and pull process
ig illustrated in FIGS. 33A, 33B, and 33C.

[0253] FIG. 33A depicts a template 12 embedded in a
cured layer 40 after curing. After curing of the substance
40, either the template 12 or substrate 20 may be tilted to

intentionally induce an angle 3604 between the template 12

and substrate 20, as depicted in FIG. 35B. A pre-
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[0255] FIG 34 depicts an enbodi nent of tenplate 1200

and substrate 1202. Tenplate 1200, in one enbodi nent,
woO0d4nsms froma material that is transpar enPCTmws2003/023948

activating light to allow curing of the activating

l'ight curable liquid by exposure to activating |light.

Form ng tenplate 1200 froma transparent materi al

al so all ovvs t he use of established optical techniques

0 measur € overlay farks to perform
suloyerd By oy ngTBIHedinﬁ) nagiticki eatidn betweenl dlne dvemipte
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I ncludes an ‘electrically conducting material , and/ or
ing e £ Aot t@@lﬂ%ﬁ@@%l@@om%i%gef the tilting axis
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strate |nteface 56] In one
anghdaom@mmetveeem ammmfatfajs;l@d aslldl |S@3§S(1@§a§e ZOanr%ﬂgﬁFs

as t i al or 6 t
el unf TR AP (THOPS S haatetogeon: SPE, 2ibgsh0 20
usid® @ﬁl‘p rmpfeas amit fcn vd:suebl e vardt ide 1l mghtioahd i Ehas
conducting materi y he patterned using._hjgh-
Pe?%s%’ll‘atl?%ﬁl e‘F%W?%ﬁnaé’éd?ﬁsi Yhagr gﬁﬁﬁreﬁ ?S\A/Egﬁr a%g
beCA8’ B¥ft COMAMY, ordSa AR SRS M afescnisbedd sapsbeate 20
coated onto the tenplate to inprove the rel ease
witharhcredesiFraloethi®dniihe tenplate and the

[oB8kYTEr i 28d, §QMPOSH td O hSUAIR sL29B e dMBKbLAShEHES ,
st andard ? materials such as Si, GaAs, Si GeC and

embpRimanyg c@w@moqacﬂ cfmme:am/rmluaiet ﬁ@mamey PéEFﬁBP@d
stfggguregag% us%@%deﬁ%% I Ee%“ﬁa a :ggyhgd

va |ng ight ¢
uslihguelled268c nBjelde Spi mdmaet ed rerttermhénwiher ct2¢d.

Lok PR SIDRCHIENL oy DEIELO e KOS e
prg@ggsgge substrate in a predeterm ned pattern as
[O%%%?rlbeglgergandeéfcggqgnﬁggg%hmggksoftE%%% ate 1200 and
substrate 1202. Template 1200, in one embodiment, is formed
from a material that is transparent to activating light to
allow curing of the activating light curable liquid by
exposure to activating light. Forming template 1200 from a
transparent material also allows the use of established
optical techniques to measure the gap between template 1200
and substrate 1202 and to measure overlay marks to perform
overlay alignment and magnification correction during
formation of the structures. Template 1200 is also
thermally and mechanically stable to provide nano-resolution

patterning capability. Template 1200 includes an

electrically conducting material and/or layer 1204 to allow
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| ayer 1212 may be placed between wafer 1210 and

activating light curable liquid 1208. Transfer |ayer
wa2d®/mederi al  properties and thickness may beCcThSs®B/023948

to allow for the creation of high-aspect ratio

structures fromlowaspect ratio structures created

inthe cured liquid material. Connecting ITOto a

vol tage source 1214 may generate an electric field

I e e

ingaboyecdescri bed process are iIIustrated I n each

enbodi ment for in ai
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resulting in the attraction  of actlvatl n
1280k abFedi wHUTH 120812 oW Us tsh&lepaisdégh & %t%%ase 1206.

IT%OQé/ 01386 éaf&jfé US20034 0239483 Rer tiiome hak6ief a
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d
repRIbF PR Shotpron R ot R ¢ s e Shriedce, engray

coaﬁlﬁgandéoprehfamslyr&yemm @y Upee colaeeldi goitd. the

desired structures have been rmad | at
CePDOG LoD INBEREF S0H T TSRNS MEACE gt oy BeaEeRsthe
tedpietibadahenei pol{MebBied Nedngosidhokr.C, smhetgapeamdoz
freld magnitudes may _be chosen such that activa
mayyj gﬁ?lﬁdﬁaEF@n‘lﬂ?ﬁ‘él‘tﬂaﬁ%gna%ﬁc”?ﬂaél\fe§u§b( &Fograp ha?le'ec

th%§Senk'§b|¥u£Q§1§3ﬂ§Qﬁ§Ht o0fa trermhatie y120@able
IS topography may be achi eved wi thout making direct

liguitameywbehuehd aenprterting thighy sgemble diguid 1208.
act h
oo 5 KELARRHOLtp 2Pl IR BRsed aomins A oot day

besgipd@aquent edt ohtpr thessafmy L&l Lsednt eudiere emll?@dlment
cur d_mater furth er . et e
r e rsrerLRed Hgbna g5 reb et Tl eh-ahueg 188t
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and FIG 36 A-C 02 |
pa@‘)ﬂgr@epagt glegﬁrlbéd gg:]:eer anIOIE_ hseormeenebrr?b Jreents,

layer 1212 may be placed between wafer 1210 and activating

g&ansfer

light curable liguid 1208. Transfer layer 1212 material
properties and thickness may be chosen to allow for the
creation of high-aspect ratio structures from low-aspect
ratio structures created in the cured liquid material.
Conhecting ITO to a voltage source 1214 may generate an
electric field between template 1200 and substrate 1202.
[0257] In FIG. 35 A-D and FIG. 36 A-C, two embodiments of
the above-described process are illustrated. 1In each
embodiment, a desired uniform gap may be maintained between
the template and the substrate. An electric field of the
desired magnitude may be applied resulting in the attraction

of activating light curable liquid 1208 towards the raised
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electrically conductive tenplate that includes a
continuous |ayer of electrically conductive portions
wa30k/asepl ed to a non-conductive base 1502. ASTAISZOM/023948
in FIG 37B the non- conductive portions 1502 of the
tenplate are isolated from each other by the
conductive portions 1504. The tenplate may be used to
in a "positive" inprint process as described above.
0260 of r l,ds I | hEhpgra
po%%& %%né%ﬁstf%§{ gst%B 2? for%%dgﬁgn ggng Png?%%égg)and
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[0259] In another embodiment, FIG. 37A depicts an

electrically conductive template that includes a continuous
layer of electrically conductive portions 1504 coupled to a
non-conductive base 1502. As shown in FIG. 37B the non-
conductive portions 1502 of the template are isolated from
each other by the conductive portions 1504. The template
may be used to in a “positive” imprint process as described
above.

[0260] Use of electric fields allows lithographic
patterned structures to be formed, in some instances in a
time of less than about 1 second. The structures generally
have sizes of tens of nanometers. In one embodiment, curing
a activating light curable liqguid in the presence of

electric fields creates a patterned layer on a substrate.
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poi nts. However, the attachment of the liquid film

Wi Il occur provided the ratio of electrostatic forces
wanen4/oasaypar abl e to the capillary forces, whi cRCTAIS2003/023948

nmeasured by the dinmensionless nunber A The magnitude

of the electrostatic force is approximtely E2d2,

where Eis the permttivity of vacuum E is the

magni t ude of the electric field, and d is the feature

h
Th%p%?%%%ﬁ%t%? &%%Ie&ﬁ%01%§phekgﬁﬁlgeécﬁ§thsspe01f1c

qui d-gas surface
nah&hst @h- s ddiee rta:tpcngnﬁphyheete at wontoptésd ds sjAaﬁCEzdaé 'Y

In order to defor terface a se
L ORI T e GET CArE SPory PR, Lhyat fog, the
cuPgp1sUtigth@tonh 4 ssai@tidat alfy aani by. aTberpienleﬁ the

val ue depends on the details of the topo qh
deplnedss hrdc U NG TR 0HDEFEIY Fﬁe?FB@zeeng 81’1% fﬁ%c as

an %££8%O£ 'a&yéf1 HEéﬂﬂ'@nt%%% arfphatahhsy bt

er w 1) Thus, the electric fleld IS
coappdem}nhyelayr@wetma;y the siyg Bf) the, deRitsedcFPRER T HRY
st gg curable liquid may be hardened in place by
pBFYHETPzati on of the conposition. The tenpl ate may
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R e e
adfYrakenposshhtectivardat I Dduidians) et mizgief itel dttach to
the template and dewet from the substrate at certain
points. However, the attachment of the ligquid film will
occur provided the ratio of electrostatic forces are
comparable to the capillary forces, which is measured by
the dimensionless number A. The magnitude of the
electrostatic force is approximately ¢E°d?, where € is the
permittivity of vacuum, E is the magnitude of the electric
field, and d is the feature size. The magnitude of the
capillary forces is approximately yd, where y is the
liquid-gas surface tension. The ratio of these two forces
is A = €E*d/y. In order to deform the interface and cause it
to attach to the upper surface, the electric field must be
such that L is approximately unity. The precise value

depends on the details of the topography of the plates and
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the design of the topography of the tenplate and the
proximty of the tenplate to the Iiquid surface so as
woOaoo4ne@Be a pattern in the activating |ight earaiskms23948
liquid that does not come into contact with the
surface of the tenplate. This technique nmay elimnate
the need for nmechanical separation of the tenplate
f{on1tre polynerized conposition. This technique nay
al so_el i 1.2l : f e n
B TREr R, OF L Re e Al O EEe RfevEroRtEh e

owever,
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cukaﬁlea$1QNﬁ&|ﬁﬁy|béﬂﬁaﬁdﬁﬁﬂﬁfiﬂlp1WC@ bbaboayﬂerlzatlon
partially defined at a glven electric fie

of stibseqorRes it iohe gE e RIG O FAHORS0 ST SRoNIth & Tow

eng%gu§g993éﬁg%%§ed RS SRsRG: betiwear ghe taemh@k@naaéd
substrate si mul t aneéously increasin

sumfignteude ob ah@ bh edgtdahmeritelaf the §e éG?"tbﬁe

forn1 y defined structures w thout
poh@%er%lng ot a {E?%%264] The activating |ight curable
[okequi d n?y éﬁamﬁb@&ﬁftmhh(HdeﬁJayPEQXﬁmaMQbes Laygives
revi ous y escri bed uch er_process.allo
ESW'as gEtdrat i@y f%soﬁﬁ?“gk%g ctureé grmeg6 12
c2psimg §|£CJI rd caly i e/ﬁl$ #Bichecdordoy@iiditarm glotlential

process to gleld hi gh-aspect rati o, hlgh r, sogutl
dl§@f?@§f19?e§e “8eh gheiplakRs Hr RUEStEP Val g%ﬁe

LeiRgriQr g nieiak 1&d tv ofd dHOGASE deposit 1800
Sp l ? on the substrate such that%flhee %?ﬁf |g | ef t

nmbehNnueathet thet fetture *ﬂrﬁae td endtf cdf ea¥hdfhtheans that
th%rg InaIJLEyth rfg%ggrgt&é§# qugp%be gﬂgr@ B@m%he
y rng lig curab

Vi SCOSi ac i va 1T qui pattern
el%@tﬁ&blﬁﬂeMélngTbtect%@cnmlﬁéahnnﬁﬁ/melﬁageqU@éeg ,

ehE3Bah0 S, PR Lot e A A HUCTALE TR B 100
nnsgh%k@aggaamﬁgghe activating light curable I|qU|d may
[0263] It may be possible to control the electric field,
the design of the topography of the template and the
proximity of the template to the liquid surface so as to
create a pattern in the activating light curable liquid that
does not come into contact with the surface of the template.
This technique may eliminate the need for mechanical
separation of the template from the polymerized composition.
This technique may also eliminate a potential source of
defects in the pattern. In the absence of contact, however,
the liquid may not form sharp, high-resolution structures
that are as well defined as in the case of contact. This
may be addressed by first creating structures in the
activating light curable liquid that are partially defined
at a given electric field. Subsequently, the gap may be
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avoi d undesirabl e pattern distortion that nmakes nano-

resolution |ayer-to-layer alignnent inpractical. In
waddi4to18a93 as nmentioned above, it is possible POT/US2003/023948

quickly form a pattern wthout contact with the

tenplate, thus elinminating defects associated with

.nmprint methods that require direct contact. [0266]

In this patent certain U S. patents, and U S. patent

a ans have b en r f . Th
in Jg%[z, the §Gi'1e e(‘:[e l%%%a%gtﬁg%ggsggeéﬁt Ghehee €
s1ﬁ@?&&ﬁéﬁmé%ys1¢Frednmmgmﬂhe arkbyiitnder pér shedebgctric

.reference to the exte t. t, f t
1 B Ef e S T8t iR SioL i TotPaFAREALY SRnEned
st fhavhAgs ﬁ%%hé&&tfbduﬂﬂiﬂg dontike .event of such

conflict, then any such conflicting text in such 105
[02@412004/@11%@9@P@vwdeyfezmeblﬁnééﬂﬁaﬁat‘eﬁ g?

de?ggfﬂggc §# patent s, Ad- YaFerPakeBlevaBhkigations

S speC| y not 1 ncorporatéd by reference in this
depatibed. [0%6’1]1 Vb1 -elasrems nuerests 64 lews Bewnagesek i Brifto:

hlghere%%ﬁfE{%$F§§r&c cé§(¥§§ﬂe§ g% eYQCQQQQQin§Qé§dS to

onis n be construed Iin a
bel EaLLbREA Bense. e i miscamditfd gdtdldndighdaspect ratio,

conbinations of the il ust d t
. high-geRet UeheR df Ment s ois - tﬁ%*qtth ﬁ%ngo 'mgngagsv\%f
al8BPBEeLel Ot pepSorSTm ka [ Inegt 41 1tiffe - oIt puperskef eoence

to the description. It is, therefore i nt ended t hat
depheihppendbal cPRi HRe eHTHPRLE Sy ﬁ%& PREati bistett

i 3
R B e e

crgbigdnehrubbtivieen a tenplate having a tenplate
[oglsbg”me”tr Lk ai‘gwav:r?m czéf(ﬁ: S B iy 1%%8 tat8ple

nmen sald onprising:” placing said
hﬁﬂﬁLapataéﬂnsﬁodmsubsmruﬁxngrelectrlc fields may be fast

(e.g., less than about 1 sec.), and the structure may be
rapidly cured. Avoiding temperature variations in the
substrate and the activating light curable liquid may also
avoid undesirable pattern distortion that makes nano-
resolution layer-to-layer alignment 1mpractlcal In
addition, as mentioned above, it is possible to quickly form
a pattern without contact with the template, thus
eliminating defects associated with imprint methods that
require direct contact.

[0266] In this patent, certain U.S. patents, and U.S.
patent applications have been incorporated by reference.
The text of such U.S. patents, and U.S. patent applications
is, however, only incorporated by reference to the extent
that no conflict exists between such text and the other
statements and drawings set forth herein. In the event of

such conflict, then any such conflicting text in such

105



superinposition; obtaining a plurality of alignnment
nmeasurenents; identifying, fromsaid plurality of
weabkognees neasurenents, deviations from a deBCTA82003/023948
spatial orientation of said tenplate alignnent mark
and said substrate alignnment mark, defining alignnment
devi ati ons; and determ ning an average devi ati on based
upon said alignnent deviations. 2. The nethod as
., recited in.claiml further,ingluding terkn j
lnﬁ%ﬁ’ﬁ%?# nb%crc%@re aenr%:ccrae \I?VIF £t E’%T%?%%t’i gﬁlh gb?é?%igé% om
app i daBvenages depdat i raltly elbttaiimceaipdrdesir b repeardrde
_orientation. 3. The nethod as recited in claiml
inwkBi @i Pe®2Ei ning a plurality of alignnment
[0BBRPUr eNPRL Be | gl 41068 diMIII0INAG Ddeghtiebavibgdf wish
and second wavel engths upon both said, tenplate
refiprgnaent terayRT RS shi s € ROCdRRRRE  nhPR,
aefbbRoL SR Y00 NIy Iof pillicam ARETL A BOLamit {8
aFlg%nen error of said tenplate alignnment mark with
senespecVatrbosai todibbtatatans|angh merbimatiopdsed bhesai d
..al ignnent neasurenents col t j [

134 ERROTR SOrOTT BRI Sr et e Shosagrente of
thel i gheRBioRl rei1dfbe ambatearnpltat eeadsopmmeirt Ldadk ini the
respect to said substrat al i gnnent r%sba%ggrggor
argaPo| FERRERECHetS U MR W01 1%t ed tar-®¢ai-d “secona’
invauakanghhtofnki ghperniiéd Saiiths ldrghimpdateener sutB7 WO

2004/ 013693 PCT/ US2003/ 023948 4. The nethod as
modaéilralipascPai ARBCRHRRREH- det er mi ni ng an aver age

devi ation further includes averaging said first and

second alignnent errors to determ ne said average

deviation. 5. The nethod as recited in claim3 wherein

determning said first alignnent error further

i ncl udes sensing a non- zero order of said first

wavel engt h and determ ning said
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second alignment error further includes sensing a
non-zero order of said second wavel ength. 6. The
wortdimd3@s recited in claim1 further includi ngCT/US2003/023948
providing said tenplate with a first grating having a
plurality of features, each of which is spaced apart
from an adjacent feature a first distance in a range
of about 1 mto about 3 mto define said tenplate
i kand providing said substrate with a
aving a plurality of markings, each
1.0f mhhsthdés spadetkmparindg radmgnarenadpatwrennar kemglate

second di stance in, a range of about 1 t o, abput . 3
hapghdet | RETE LT EE SUDLPTRTE AR AB e RetrSterhe e A
suBBEDQd: ag1 {§6hiRd hakie) aldndl rfettdiecompetivdhgg

providing said tenplate with a first grating having a

pl upaktingosaidatemekate s s ighiStRsteasfadld apart

froe .adj acent feature less than 1 mto define said
SuPS%gbggglég%ﬁgnnent mar k and providing said substrate

W t hbaas$etogda gratahithai g ignlemtalmiegp UEEMRRERY ngs,
each of ich is._spaced far. '
nar &fiﬁﬁt\ii\ggéngha%r% o%?lql%.lﬁnq{]{a& & 341}"%2 ag g' ﬁ% &%st rate
meakugament s aakvi8t idhe fiduncd des inec tspatilalcbaiantation
further including, providing sai te%?lg%pt%%kg a
off prdfl HREPLAGSNR ??éﬁ%Fth 1FYY 5F-F E300E8, Ceach of
21WBhRBNE SmEPRC €de APAT hig f 4 DIGrkh tNAc2ACA/1013693nd
PCT/ US2003/ 023948 an adj acent feature in a ran%e of

100debeIMEBONENRL| AFRIRIY SR hesed §PeinsPafe
al%é%%ggﬁnﬁegﬁékiﬁﬂg, providing said substrate with a
secon avin

grating g a plurality of markings, each
of which is spaced apart from an adjacent narking in
2.a r Shgemethedoasorecbbed nip Claidt dsiﬂkr,tf{e& deCNEL8gi d
rate.al Lgpnees k 7. ; ; ikted in
D R e RS S
obistimefli Fsbmandidesvadage adénistian tefdht@ignisgid desired
t nplate.ali%@nent mark, with said first and second
SQﬁiﬁﬁln ELERERTTRBI uding a plurality of features,

3. The method as recited in claim 1 whgrein obtaining a
plurality of alignment measurements includes impinging
light having first and second wavelengths upon both said
template alignment mark and said substrate alignment mark,
with identifying further including determining a first
alignment error of said template alignment mark with
respect to said substrate alignment mark based on said
alignment measurements collected at said first wavelength
of light and determining a second alignment error of said
template alignment mark with respect to said substrate
alignment mark based on said alignment measurements
collected at said second wavelength of light with said

light detector.
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with each of said features of said first grating being

spaced apart from an adjacent feature in a range of 1
wonom@/013%98 and sai d features associ ated w th SaCT/US2003/023948

second grating being spaced-apart from an adjacent

feature in a range of 100 to 100 nm and providing

said substrate with third and further gratings to

define said substrate alignnent mark, wth said third

and_f our ratings.eagh.in | n ' f
4. rra?%enﬁét i %ﬁlg 835?&%%%9@%&%?% ttétﬂ:hnrlﬁrnc']L =
an GrAlidie Beivigtipace&drahart ihcbudas adrasivig meid Mgrst
inarang.of 1 mto 3 mand each of said.clirarkins
andy SsInst &d IHMEREafgTPEEr ER 5?5‘??%1%?%@ S V<:;lec:re%eapart

dedT@MAn adjacent marking in a range of 100 to 100 nm
10. The nmethod as recited in claim1 wherein

determining said first alignment_error fur

er .
5. | nTles 3ads ARy CeEikRd 11 CondBr 3 BFEESHY Jryemining

val A 4 et e Rgrs8aLd i SELONEs addiHRANta non-
Sa%}?r%r%raphl% ncl udes sengi ng +i and -1 orders of,

ze @i ardsac arfd swdvde [fémgth wayelerashnapf ode berrERine F£34¢

¢l ai m-3, wherei LRL0Og; ,SA | Lot o ahd ann|nt
Se?‘fﬂ‘éf R FHE nl}dees%rg%tn%grq:tﬁggpég??}lggg nééo? deér] al'i gnment
ord@asaff eyt saadorghivdvellesgtivavel ength to 109 WO

2004/ 013693 PCT/ US2003/ 023948 negative n order

al i gnment _nmeasurenents at. _sakd.firs | engihyiand
6. det BT HYS & SEoH taltlnl %%%é’tﬁlt FLetrflflg}rf\ﬁg urt%ier i
proRLd Lee SsLilmeenipig eosiitive fiosdegratiganeaving a

neasurenents at said secon vel ength to npe Lyve
SR ndsdi R R R
anWay-€4 &t Needidiral NE FBIROGIi@s aheel tadai Banbai of 22about 1

further including _applying activating | i,ght cur abl.e 4
um| FQuilePulo Zat upiakisce saddd teBRLaLei AY1gRGRt mark an

pr89%§¥ﬁ$iégﬁéiéﬁgséyﬂﬁgﬂﬁiﬂﬂ QUisd Whtihgraai gt BaPiad ea

W attering said position further “including

plesahbty sbf mpseings emaich ofamiiichi dssapacedt abept Feom
in.a desired spatial_orientat] Lle maiLntai Bk NGpout 1

an 3 %%?n%etﬁ\xlékeﬁn%a? d eicgorzrlp éf‘ tgtgﬁg\@l;ékdagg? %at?ng o8

pml t@hébout 3 um to define said substrate alignment mark.

7. The method as recited in claim 1 further including
providing said template with a first grating having a
plurality of features, each of which is spaced apart from
an adjacent feature less than 1 pum to define said template
alignment mark and providing said substrate with a gsecond
grating having a plurality of markings, each of which is
spaced apart from an adjacent marking less than about 1 um

to define said substrate alignment mark.

8. The method as recited in claim 1 further including
providing said template with a first grating having a

plurality of features, each of which is spaced apart from
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curable liquid. 13. The nmethod as recited in claim12

further including solidifying said activating |ight
wouroamigs9Bi quid, formng cured |iquid and sepacawiSmy3/023948

said tenplate fromsaid cured Iliquid. 14. The nethod

as recited in claim12 wherein altering said position

further includes altering said position wwth said

activating light curable |iquid being substantially

absent fr regi.on_i n_super.i ifLo j oth said
an ﬁ%ﬁ‘}e&{te%gﬁ%’rﬁ?eﬁfl r?arrﬁmgndogg?gét é%’p?é%é rz}fnlp'gnrnant
iném;ééive ,15:|-o B iR :@,@gdasfemgmhtedanmgnﬂnemm tlawhh erred n

said tenplate _includes first and second.opposed
PreGREEAT PSR MLD 1 SPECBScEs= rHrAed VIS & n
pll?f‘é%&?e N ffamisRid oM &l dnithr $& spatéseapamariron

sal ¢ cond surface a first distance, _defining a
an phdgatenty wirkiag dres irangs @Lf LP8t ESutf AL ¥fr said

nd IRLAL & 110,410, 2004/ 013693 ,BCT 62003623948 16

method as recite arm urther including
providing said tenplate with a border formed about
9. sai The phatrtadd tas ofeqidess sas cl@ilih lsafarbbeyetncluding
extending fraom sai finst agg 4t LHaSEE9PEhgs t
Pr%‘_djr‘%ar&% %ajscég—bennépalaa?cset ¥#§§ tfﬁgisfti %ﬁgr’ggteerdtﬁan sard
definst sl Stonnelatlsd alihmmeetthodrks wetht edifdnferaf g

wherei n separati . sai d templ ate_from said
sefPRYi 3t iFRred |ldbcg'ﬁld“rﬂ%/i%é’ﬁélgﬁglglgnékaféggﬁge%hi d
wiHbsisRtSF | S Dd Arefibsdanit aldiy Hdwspagabhbéhg being

orientation wth respect to one anqther; and v'nlgln
spagapd 2RMHF af EOBRP Gettte LSS HOnP aﬁagang? hjer P to

3 &ﬁ an@es 4B hpds B$rd £CAd Lebidt & Aihl3aiBluetbend grating
conprising applying separating |ight before
besppaspaied-spadt t Bt ae adiesdaif@acured 1R guFandsi oh

LffLY LA QRaliiiiclisn 8 qeman cemog e,
fuethsal draempyat eot deShia sairddubsquia¢e alignment mark,
with said third and fourth gratings each including a
plurality of markings, with each of said markings of said
third grating being spaced apart from an adjacent marking
in a rang of 1 um to 3 pm and each of said markings

associated with said fourth grating being spaced apart from

“an adjacent marking in a range of 100 to 100 nm.

10. The method as recited in claim 1 wherein determining
said first alignment error further includes sensing +1 and
-1 orders of said first wavelength and determining said

second alignment error further includes sensing +1 and -1

orders of said second wavelength.

11. The method as recited in claim 3, wherein determining
said first alignment further includes comparing positive n

order alignment measurements at said first wavelength to
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19. An inprint |lithography system conprising: a
body; a stage coupled to said body; a substrate
woaoupleskoBo sai d stage, said substrate havi ngrPar/Uus2003/023948
substrate alignment mark; an inprint head coupled to
said body; a tenplate coupled to said inprint head,
said tenplate including a tenplate alignnent mark; a
source of light to produce Iight having first, second
and, third vel en ' ' LLSL+ and; ToTala¥
negRvE e ﬁbt%x\ég?rnpa} n%“nq‘%“& E%“tr‘?gs?’ g?gglg EE% t %gt %g:é% Sf:t enpl at e
watbl gipEnt ard kisteandnihy WOi2084£008683ignment error

PCT/ US2003/ 023948 a .detecti.on systemiLo §f$ @m Lght

FURERPHGLREHWAFT IRt S 574 T TePe GRS FefPacting

meh EQMRAh s SabSid Al &ctithd WweRplLlahetal tgnnegatime ks anter
obtaining a plurality of alignnent neaﬁurenﬁnts
aligenenl OReRFUTLRSRGT AL FRdH $RCaRdpaVEI PTY b1

al i gnment neasurenents, deviations froma desired

spatial orientation of said tenplate alignment_ mark
12andThai weshibdt ant el iqghientcladik 2 derthPRglBFi ARt

devi ati ons. and. det.er m.ne er deybakhon basserat
apaSésﬁngs%‘F TPE ]%tgrﬂ&gvﬁ%ﬁbg\r%s.ﬂ%gﬂTEe system as a=e
anfeebhedct ing| @ d 184 iwrdthiery ilighidicugaklel Lgghgd with

di_ spenser coupled to sai d body, to depasi said
saidpEevalats: pﬁ%ﬁ% PTG EpS SPSAT1RE %\‘%gfgu&rgiﬁ i ght
ineltabhg Lhaybtismitd seid waidleatd pgd isghtl subabkete to
li qui d bging responsive to said third wavel ength and
besoni g AgFhgedi APRespbrivel ey aEial thil'd Waverangehd
| TRI-PY r The, 6 KetieMaas ikeelihgd 1ight
CO%EEFE1%EQWE§§e$%P§2?%n eéﬁfate has first and gecogd
cusppdsediiguifiaces and a patterning area including a
plurality of recesses extending fromsaid first
surface toward said second surface a first distance.
13. The method as recited in claim 12 further including

solidifying said activating light curable liquid, forming
cured ligquid and separating said template from said cured

liquid.

14. The method as recited in claim 12 wherein altering
said position further includes altering said position with
said activating light curable liquid being substantially
absent from a region in superimposition with both said

substrate alignment mark and said template alignment mark.

15. The method as recited in claim 1 wherein said template
includes first and second opposed surfaces with a plurality
of recesses formed therein extending from said from said
first surface toward said second surface a first distance,
defining a plurality of features in said first surface of

said template.
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22. The systemas recited in claim19 wherein said
substrate and tenpl ate alignnment marks each conprises

wea 20@proatdomng having a plurality of features, eaetdTwl2003/023948
which is spaced apart from an adjacent feature a
di stance in a range of about 1 mto about 3 m 23.
The systemas recited in claim19 wherein said
substrate and tenplate alignment marks each conprises

16 i EE 1 00 Shot s Sttt s et s o0 5555 L iins
r@@ﬁainé [ §40 @Ne &Y acentwiftdatuberdedi Sbamed bbsstt dand

about 1 m 24. The systemas recited in,c
DLURGLEFY Shi HCaTtRtr A Thrid I BOTHES BREGRAHP MEPReSaid

fl?QEhsﬁPfQééS€€WékdEHéHddHJéﬁﬁﬂdaé a pkubali 8ysbénce that
eatures, each of which is spaced apart from an

isadieskbar thanupalid HizttasdEtiomc® range in a range of
about 100 and 1000 nm 25. The systemas recited in
claim 19 wherein said substrate and tenplate

17a||gnaeméthadkssea©¢umﬂﬁnnnsﬂiaﬂm‘ﬂ§twh§ﬁél§eééﬁératln9

h. of f.
saﬁgv iaﬁ?u E?Tféa% ?égﬁéjlfdﬁ d.%%gt% 909 c1gkaki ngs

ures, each o eat ures

moQ%n%abaéLﬁlftétflpgéﬁé | dgy heed iy sa;han:a:uhtt@pamtd ao(rjn an

adj acen eature in a range o mto m_and _s
SUP@&?BFé§légsBEPaP%Ha%&?#1é%ﬁqyﬁégﬁﬂﬂj d? & FR§PEsng° °ne
an%Eﬁ%?d aﬁ@aﬁEviﬁgn%éﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂefdﬁﬂlﬂUﬁ%ﬂﬁat& bapage Hfom

to 100 nm 26. The systemas recited in claim 19

onwh@n@theSald detection systemincludes a detector

selected froma set of detectors consisting

essentially of an array camera, a spectrophotoneter,
18a CCReameaipdasst wechiked imtekdiar grfot durthedd compryging

i g interferometer, 27., Y, Gz ed it 1 t
a3§i¥1H926ePaF?géPglnc %%I?E%é?é g%%%kﬁﬁfggtgk coSp a -
fricm $Alid copedntlibead, twitetsid reepardonge ldgiti @dtp@;s a
cﬁgﬂfzaaeco%%gglg ConEaCté£¥kf§%F%f“é§¥h cured liquid to

reduce adhesion of said template to said cured liquid.

19. An imprint lithography system, comprising:

a body;

a stage coupled to said body;

a substrate coupled to said stage, said substrate
having a substrate alignment mark;

an imprint head coupled to said body;

a template coupled to said imprint head, gsaid template
including a template alignment mark;

a source of light to produce light having first,
second and third wavelengths, with said first and second
wavelengths impinging upon said substrate and template

alignment marks; and
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28. The systemas recited in claim19 further

including a precalibration stage, with said inprint
woeearn/beiong coupled to said precalibration stageusimhm323948

WD 2004/ 013693 PCT/ US2003/ 023948 29. The system as

recited in claim2l wherein said tenplate further

i ncl udes a border fornmed about said plurality of

recesses, with said border extending fromsaid first

ourLage LOVELS SSEORY lagh 3 0860 I anea Lhaie
and second wavelengths reflecting from said substrate and
template alignment marks and obtaining a plurality of
alignment measurements therefrom to identify, from said
plurality of alignment measurements, deviations from a
desired spatial orientation of said template alignment mark
and said substrate alignment mark, defining alignment

deviations and determine an average deviation based upon

said alignment deviations.

20. The system as recited in claim 19 further including a
liquid dispenser coupled to said body to deposit upon said
substrate a plurality of drops of an activating light
curable liquid, with said activating light curable liquid
being responsive to said third wavelength and solidifying

in response to said third wavelength impinging thereupon.

21. The system as recited in claim 19 wherein said
template has first and second opposed surfaces and a
patterning area including a plurality of recesses extending
from said first surface toward said second surface a first

distance.

22. The system as recited in claim 19 wherein gaid
substrate and template alignment marks each comprises a
grating having a plurality of features, each of which is
spaced apart from an adjacent feature a distance in a range

of about 1 um to about 3 pm.

23. The system as recited in claim 19 wherein said
substrate and template alignment marks each comprises a

grating having a plurality of features, each of which is
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spaced apart from an adjacent feature a distance less than

about 1 um.

'24. The system as recited in claim 19 wherein said
substrate and template alignment marks each comprises a
grating having a plurality of features, each of which is
spaced apart from an adjacent feature a distance in a range

in a range of about 100 and 1000 nm.

25. The system as recited in claim 19 wherein said
substrate and template alignment marks each comprises first
and second gratings, with each of said first and second
gratings having a plurality of features, each of said
features of gaid first grating being spaced apart from an
adjacent feature in a range of 1 um to 3 pm and said
features associated with said second grating being spaced-
apart from an adjacent features in a range of 100 to 100

nm.

26. The system as recited in claim 19 wherein said
detection system includes a detector selected from a set of
detectors consisting essentially of an array camera, a
spectrophotometer, a CCD array, as two-axis interferometer,

and a five axis interferometer.

27. The system as recited in claim 20 further including a
force detector coupled to said imprint head to determine a

force applied to said template by contacting said drops.

28. The system as recited in claim 19 further including a
precalibration stage, with said imprint head being coupled

to said precalibration stage.
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29. The system as recited in claim 21 wherein said
template further includes a border formed about gsaid
plurality of recesses, with said border extending from said
first surface toward second surface a second distance that

is greater than said first distance.
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