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PROCESSES AND SYSTEMS BACKGROUND OF THE | NVENTI ON
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and systens for inprint |ithography. Mre

particularly, enbodinents relate to nethods and

systens for mcro- and nano-inprint |ithography
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currently wused to nmake nost m croel ectronic devices.

However, it is believed that these nethods are

reaching their |imidckgrdUNESR WHDENVENEFRHPr e, there
is a need to provide inproved |ithography techniques.
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activating light curable liquidis applied to a

portion of the substrate. Activating light curable
liquid is a | ow vi SBOMMARY| OFUTHE DRVENQI@NViI Scosity
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template and the substrate; filling the gap with light
activating light curable liquid substantially; and
solidifying the light activating light curable liquid.

In an embodiment, the template is patterned and includes
a first surface and a plurality of recesses formed in the
template extending from the first surface toward an
opposing second surface. The recesses define a plurality
of features in the first surface of the patterned
template. A predetermined amount of activating light
curable liquid is applied to a portion of the substrate.
Activating light curable liquid is a low viscosity liquid
having a viscosity of less than about 30 centipoise. The
patterned template and the substrate are positioned in a
spaced relationship to each other so that a gap is

created between them. The template is positioned such



bet ween the non-recessed portions of the tenplate and

the substrate. The position of the tenplate is such
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regions of the substrate approxi matéely below the

recesses of the tenplate. Acthvating light is applied

to the curable liquid to forma patterned |ayer on
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i nLbgtibhé, per sakiéifbédtheteenplat eThe method may then be
repeated on a second portion of the substrate. In this
manner the substrate is imprinted in multiple "steps"
rather in a single step. Imprint lithography process are
enhanced by the use of low viscosity liquids. In one
embodiment, the viscosity of the activating light curable
liquid is less than about 30 centipoise. Control of the
liquid within the perimeter of the template may be
accomplished by a number of methods. In one embodiment,
the distance between the template and the substrate is
set such that the force applied by the template on the
liquid does not force it beyond the border of the
template. A template includes a plurality of recesses
that define a plurality of features on the template.

Liquid confinement is also controlled by forming one or



These borders have a depth that is substantially

greater than the depth of the recessed portions of
woheostoaeqobat e. [ 0005] I n anot her enbodi ment, RCT/US2003/021556

pl anarization layer is formed by curing a curable

l'iquid disposed on a substratey in the presence of a

tenpl ate that includes a planarization area. In an
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displacement system, coupled to the body, to provide
relative movement between the substrate and the template
and place the template in superimposition with a portion
of the substrate, defining a patterning portion; a liquid
dispenser coupled to dispense an activating light curable
liquid onto a sub-portion of the patterning portion, with
said displacement system coupled to selectively place the
activating light curable liquid in contact with the
template by reducing a distance between the substrate and
the template, a source to impinge light upon the
patterning portion, with the light being selected to
solidify the activating light curable liquid; and a force
detector coupled to the imprint head to generate

information indicating a force applied to the template by



curable liquid, with the displacenment system

establishing a rate at which the distance changes in
weaccwrodesnce wWith the information to mnimze ACT/US2003/021556

quantity of the activating light curable liquid

extending to areas of the subsyrate outside of the

patterning portion. Wth this configuration, the
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to dispense an activating light curable liquid onto the
substrate. The source is connected to impinge light upon
the substrate, with the light being selected to solidify
the activating light curable liquid. In one embodiment,
a patterned layer is formed by curing a curable liquid
disposed on a substrate in the presence of a patterned
template. In an embodiment, a system for forming a
patterned layer on a substrate includes an imprint head
and a motion stage. The imprint head is configured to
hold a patterned template. The imprint head also includes
a fine orientation system. The fine orientation system
allows motion of the patterned template with respect to a

substrate to achieve a substantially parallel orientation



orientation systemis a passive systemthat allows the

tenplate to self-correct for non-planarity when the
woenp@laéme contacts a |iquid di sposed on the subBeTmaR@®3/021556

The inprint head further includes a force detector.

The force detector is coupledsto the tenplate and is

configured to determne a resistive force applied to
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patterned template and onto the curable liquid during
use. Imprint lithography systems for forming features
having a feature size below 100 nm are typically
sensitive to changes in temperature. As the temperature
of the system increases, the supports (i.e., components
that support the template, substrate and other components
of the imprint lithography system) may expand. Expansion
of the supports may contribute to errors due to
misalignment of the template with the substrate. In one
embodiment, supports are formed from a material that has
a low coefficient of thermal expansion (e.g., less than
about 20 ppm/°C). In addition, the imprint lithography
system may be placed in an enclosure. The enclosure is

configured to inhibit temperature variations of greater



enbodi ment, an inprint |ithography systemincludes an

inprint head, a notion stage, a liquid dispenser, a
woaom®icget ect or and an activating |ight sourcecTius2003/021556

this enbodinment, a fine orientation systemis coupl ed

to the notion stage instead of the inprint head.

Thus, fine orientation is achieved by altering the
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suppadt is aconhfigaredspensetd a patterned template. The
imprint head also includes a fine orientation system. 1In
one embodiment, the fine orientation system is a passive
system that allows the template to self-correct for non-
planarity when the template contacts a liquid disposed on
the substrate. The imprint head is coupled to a motion
stage. The motion stage is configured to move the
imprint head in a plane substantially parallel to the
substrate. The substrate is coupled to a substrate
support. Substrate support is configured to hold the
substrate in a fixed position during use. The other
components of the imprint lithography system are
substantially the same as described previously for other
embodiments. In another embodiment, an imprint

lithography system includes an imprint head, a motion



detector and an activating |light source. The inprint

head is configured to hold a patterned tenplate. The
wonpiiné4ohead is coupled to a notion stage. TheCcmmiSems/021556

stage is configured to nove the inprint head in a

pl ane substantially parallel 40 the substrate. The

substrate is coupled to a substrate support.
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thfgrégs gﬁggrbgftﬁgesubstrate than the liquid originally
covered. In some processes it is advantageous that the
liquid remains within an area defined by the template.
Proper design of a template will, in some embodiments,
inhibit flow of liquid substantially beyond a perimeter
of the template. A patterned template includes a first
surface and a plurality of recesses formed in one or more
patterning areas of the template extending from the first
surface toward an opposed second surface. The recesses
define a plurality of features that are to be imprinted
onto the substrate. The template also includes a border
formed about the perimeter of the patterning areas. The

border is formed as a recess that extends from the first

surface toward the second surface. The depth of the



recesses that define the features of the tenpl ate.
Patterned tenplates that include borders may be used
wonoo4angoef t he herein described systens. Duri RQTAUS2003/021556
the tenplate is brought into contact with a curable
l'iquid disposed on the surfacg of the substrate. The
force applied to the substrate by the tenplate may
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tenplate is osi tioned nea n edge of th trate.
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use or a fixed substrate support.
[0008] Another embodiment includes a method of
preparing patterned structures on a substrate, with the
comprising: applying an activating light curable liquid
to a surface of the substrate; positioning a template
proximate to the activating light curable liquid, wherein
the template comprises: a non-conductive layer; an
electrically conductive layer adjacent the non-conductive
layer and substantially between the non-conductive layer
and the substrate, wherein the electrically conductive
layer forms a contiguous pattern of structures
complementary to the patterned structures to be produced
on the substrate; applying an electric field between the

template and the substrate by passing a current through

the electrically conductive layer, wherein the applied



attracts a portion of the activating |ight curable

liquid toward the electrically conductive |ayer of
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pl aced on non conductive material such that the

el ectrically conductive materigal is positioned

bet ween the non-conductive material and the tenplate
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ast a portion o he structures nay have a ture
S|mateniaﬂe$s pbhantaboetl b6Owran Aheeheotrpudicelisgemay
npl.at e and t he bst

d b t th te. .
b O i S e U S SRl

st abhBuctoveemhbatialit haetadak heastiraipest o@nrebekbBes that
curable liquid toward the tenplate. The portions_ of

t hdeéipabperlngaildtyhaf Aeaturepateelet dmprantemqphbyt she
argemﬁ?gggeneﬂgﬁéyFég %EECE%ﬁESEﬂgoénghgﬂﬁﬁ9geﬁaterla1 and

i mpri on ate nment
pOtheOﬂSneéohﬁectﬁueaWEEeknqm|dayhbé anbsatbhtaefég to

the tenpl ate cone contact with.the
whEFESPRE Paka bt AdSthor  Tone o HBPILBRRLet ChRe Cemplate
tepplabe. rOkheanaki Yakyum Beht BREgkhgnat Faekedilica. At
portions nor the remaining portions of the curable

| i §ebdtcanporhioncofit 8be wErhcthrest vayl hpwe Fhéeature size

att E%nggﬁrtl 8uth96%vgm teékpor ngﬁEdflgﬁﬁ may be

tenpla un-attrac £rons d

exappliea béeWsaﬁetanteampnhaé theé aher acbedrpoeti olhe
extend toward the tenplate. The curable liquidis
cuﬁ@Bllﬁ?t%ﬁ@ 85pFF€aFF8ﬁt6FCa§P?@§tWﬁ§ PFSﬁFe Af EEptic

thfogeéaghgt Ligubdebsaeungdait BepstEuehUuResS +BBY cBgable
further defined by WO 2004/ 016406 PCT/ US2003/ 021556

101laguhéngowhedcbhed teinglipte . Et Thiengowbyonspprdvehehegurable

asEE%ﬂld that are attracted to the template are
complementary to the pattern of structures imprinted on
the template. In one embodiment, the portions of the

. curable liquid that are attracted to the template come
into contact with the template, while the remaining
portions do not contact the template. Alternatively,
neither the attracted portions nor the remaining portions
of the curable liquid come into contact with the
template. The attracted portions, however, extend toward
the template while the un-attracted portions do not
extend to the same extent that the attracted portions
extend toward the template. The curable liquid is cured

by the application of activating light. After the curable

liquid is cured, the structures may be further defined by



ration of the structures. Any of the commonly used

et chi ng techni ques nmay be used, including reactive ion
wenelines These and ot her enbodi nents are nor ePEWIUSY003/021556

descri bed herein. BRI EF DESCRI PTI ON OF THE DRAW NGS

[0009] FIG 1 depicts an enbodigrent of a system for

inprint lithography; [0010] FIG 2 depicts an inprint

I ieho?gma@h’g/hsystmad éxhqtld)éur eEtf£h0nd] meyGimBrdepi the aspect

nbod i t hography head cou
PSP ning! shBurERRES: o abkns?] BRRLORREnTS e
de@téﬁ§n@ PEehREYLeB M&?Wb@fuaédlnﬂhbﬂhdlhgaﬁeabeaié]lon
FIG 5 depicts an expl oded view of an inprint head;

[Oowahimy G Bheepi end atbesj eEPPEATSNER pFeampresfully
fI X Q015] FIG 7 depicts a projection
8 gc 1§E§2§%E%L fl exure nenber; [0016] FIG 8
deplcts a projection view of first and second flexure
menber s coupl ed to%et her ; [001 ElIG._9 iﬂt
prOJectlon vi efRGEEa DESTRIPEHO n€§iﬁ@ﬁ §%§&@ ébupled
06?8?§E|CalF?@athoaeﬁiétgnhﬁfem@BdhﬁEhtnbfhﬁagystem for

. FI'G 10 depicts a cross-sectional view o
pr empalinbr ditbagsgehEm [0019] FIG 11 depicts a

SRR oS0BE ke oL LS HE T 10, 20081016508

pr@h@mbg@ﬁeyleM/of a notion stage and an inprint head
an inprint _litho raph system _[0021] EIG 13
deépe%§la schéfat Pc 8Pé§¥§n98feﬁbPﬁEWF&t of an imprint

lithography head coupled to an imprint lithography

system;

[0012] FIG. 4 depicts a projection view of an imprint
head;

[0013] FIG. 5 depicts an exploded view of an imprint
head;

[0014] FIG. 6 depicts a projection view of a first

flexure member;

[0015] FIG. 7 depicts a projection view of a second
flexure member;

[0016] FIG. 8 depicts a projection view of first and
second flexure members coupled together;

[0017] FIG. 9 depicts a projection view of a fine
orientation system coupled to a pre-calibration system of
an imprint head;

[0018] FIG. 10 depicts a cross-sectional view of a
pre-calibration system;

[0019] FIG. 11 depicts a schematic diagram of a

flexure system;



di spense system [0022] FIG 14 depicts a projection
view of an inprint head with a |ight source and
woanariaecdopt i cal |y coupled to the inprint headPCr@82®B/021556
FIGS. 15 and 16 depict side views of an interface
between a liquid droplet and ajportion of a tenplate;
[0024] FIG 17 depicts a cross-sectional view of a
fi[e02ehbodi Ae@t o2 tepptaseacpnbigateédnfvieki glii ¢ motion

confinement at the peripeter of the tenplate;,[0025

I ekads g obs HERB5sBERd: Ponal STRA BF 4% bBeoRE™Y
eng?gtg@pt of tenplate configured for liquid

confinenent at the perineter of the tenplate; [0026] _ & .
FI €8021DA- D HEPi cl3chepicEechi spPMaréfsddpogam of a liquid
seqL f ,of a tenplate contacting a liquid

di g%%@é‘gsgnsgg‘g%@étrate. [0027] FIGS. 20A-B depict top
an@ooep$s- segL@onak depewuss aeppederueby, vobwaof an imprint
tenpl ate having a plurality of atterni areas;

[oDeBf WiER 317 dgPFcFEUECH BRRCERBATG] BRFGFAALY Grypled to
t eppLat §psYRARORLagystem coupl ed to a pre-calibration
systen1o? an inprint head; [0029] FIG_ 22 depicts an

i MPPPRB] headFEGEHpP! @8 Bpdahé Rewipbt BoéAesyiewa ©f06B0]

FI GS, 23A-23 epict _c - SeGll ' :
negnrroEaranpehFBRR: pobratis arsBlet. Yhod. Porbign ot 2
248eRBDatepi ct cross-sectional views of a negative

i mprint_lithography progess with a transfer _|ayer;
2002P84 6406 5%57’,‘ Us2008P9E558 CT9SF0FSSTiRras. V%%ﬂ-? D?
d??ﬁ%%tcé%éﬁﬁéhtoB@ t¥fn§W§t@f canf@%weaveow@aqu&d
i thography process; [0033] FIGS. 26A - 26C depi Ct

cr ossfspemnenhabtvibaspetimatpospti vhei rpmbapte;

|i&g8gg?phy pr8cesy %%%Qc%stgag%g L -sectional view of a

second embodiment of template configured for liquid

confinement at the perimeter of the template;

[0026] FIGS. 19A-D depict cross-sectional views of a
sequence of steps of a template contacting a liquid
disposed on a substrate.

[0027] FIGS. 20A-B depict top and cross-sectional
views, respectively, of a template having a plurality of
patterning areas;

[0028] FIG. 21 depicts a projection view of a rigid
template support system coupled to a pre-calibration
gystem of an imprint head;

[0029] FIG. 22 depicts an imprint head coupled to an
X-Y motion system;

[0030] FIGS. 23A-23F depict cross-sectional views of a
negative imprint lithography process;

[0031] FIGS. 24A-24D depict cross-sectional views of a
negative imprint lithography process with a transfer

layer;



| ayer; [0034] FIGS. 27A - 27F depict cross-sectiona
views of a conbined positive and negative inprint
woOibtamgéesmphy process; [0035] FIG 28 depicts BCT/US2003/021556
schemati c of an optical alignnent neasuring device
positioned over a tenplate andjp substrate; [0036] FIG
29 depicts a schene for determning the alignnent of
a {enpthte wFIGSr82©B€25Bodep$@bstra$@ gschgonal views of a

I t ks. b t nd
" P ORLE g, TE oY) TEr o SooRE P EP et Seheme f or

det@@ﬂ@ﬁ'”Q thes. absAnmenscofepi éenplate-vethibpapediews of
to a substrate using _alignment marks and polarized

fuatm%lt{m@ssmpnm: Bitlepreply apreperFewt bR antransfer
%%éqgnt mark that is formed from polarizing |ines;
FI GS. 32A-32C depict top views of patterns of
CU[@@kﬁ]quUFﬂGaprVEd t D78 Qepbsttateosf0840ti6heS. views of

33A-33C depi.ct a, schene for renpvin e fro
a 3upilPiped aPPeitetiei Agd P@@ﬁE}V%I%¥P§£ ng}g%gggﬁp

enppdioent of a tenplate positioned over a substrate
fof electric field based |ithography; [0042] FIGS.
350838 depi EIGa 2Brdepiabedinephenftic pfoesbsspisral

4 BOBRRCRESL S PLAVGLYSS USLIE, EO0ATT] e Doty ace and

enBagdsveatepf a process for formng nanoscale
structures without contacting a tenplate

20029365406 PEF UB2083PHSE558 S‘?L%e‘[“@oﬁﬂaf ﬁFE%rmél?An§7Ehe

degigé nfleh €NB aéetéﬂﬁiatgChygﬁsréspéeﬁtt8u8u§ubstrate using
patterned conductive |ayer disposed on a non-

coatlighineet baseks[ bp48kqgEeti88ldepieving apdi vafecugeny;
haYBS??? SupfﬁtaES 5g££cEDdU|s¢heme for determining the
alignment of a template with respect to a substrate using
alignment marks and polarized filters;
[0038] FIG. 31 depicts a top view of an alignment mark
that is formed from polarizing lines;
[0039] FIGS. 32A-32C depict top views of patterns of
curable liquid applied to a substrate;
[0040] FIGS. 33A-33C depict a scheme for removing a
template from a substrate after curing;
[0041] FIG. 34 depicts an embodiment of a template
positioned over a substrate for electric field based
lithography;
[0042] FIGS. 35A-35D depict a first embodiment of a
process for forming nanoscale structures using contact
with a template;
[0043] FIGS. 36A-36C depict a first embodiment of a
process for forming nanoscale structures without

contacting a template;



[0046] FIG 39 depicts a notion stage having a

substrate tilt nodule; [0047] FIG 40 depicts a
wecehamaédoe drawi ng of a substrate support; and#Ci@82@p/021556
FIG 41 depicts a schematic drawing of an inprint

l'i t hography systemthat includgs an inprint head

di sposed bel ow a substrate support. DETAILED

DEBTREFITI ON DFGTHE3 TAVERT | @p{ 0049] t&nbbataephat includes a
present ed herei enerally.relate -tQ syst _
HevrEeLiaN bl GrBdopr costiesTsf 1RARLY deThrTRg Shaft 2om
deybe@sct Mk epspeci fically, enbodi ments presented

herein relate to Séstens, devices, and rel ated

pr be@4Bks of FiGpr At AEPiBeYr APt 1FBr SteZanpRrELINghdse
eq@ggégggﬁé fmy, be ysed.for inprinting sub-100 nm
featu ,

Fés on a substrate, such as a sen conduct or
waf@eo46]t shpotd be dadecstoadnbhatnt hesge kabddgnent s
may al so be used to nuf acture ot her kinds of

y
deSieetrathel bt hg™oBitSnot linited to: patterned

NBgeeLY f ned#@et0@odaé9i§£§raggchahgtgcoakaﬁgh? of a
devi ces, mcro-electro-mechanical system biologica
t esthagradeveeespreheandal testing and reaction

dey| and_X-ra k ey] . Q0 L npr LRt
113 Wi g?%CGégeggégéééd%n%%§§$g%£§ é?%giggiF?t?n

t oimeplheal ethoghaprgobutton tkay. inslhdsh annjimpmhgeshead
on_substrates_using tenplates that contain inmages as

t OPOYPAPRY %ﬁlPWeFrSBBgEE%E§.SFHBPFEt' | i t hography may

be used, in patterning substrates in the WO

2004/ 016406 PCT/ US2003/ 021556 14 manufacture of

m cr oel ect r oPEFAIEEDC DESCBIPIION @8y iTEEs INVEEEON

ot LPagRr oo PRESrsRELE! BECRTRPRE, hPrfRE Bepfpatly relace

t eeBnkgyesmARydbeisuper bl relapetécplotektbegraphy for
maki ng t hree-di mensi onal structures, such, as ghigo

| enapdfagharingapwadir deviFres: IRpBn8RESIEEC

in@ﬁﬁgaiments presented herein relate to systems, devices,
and related procesges of imprint lithography. For
example, these embodiments may be used for imprinting
sub-100 nm features on a substrate, such as a
semiconductor wafer. It should be understood that these
embodiments may also be used to manufacture other kinds
of devices including, but not limited to: patterned
magnetic media for data storage, micro-optical devices,
micro-electro-mechanical system, biological testing
devices, chemical testing and reaction devices, and X-ray
optical devices.
[0050] Imprint lithography processes have demonstrated
the ability to replicate high-resolution (e.g., sub-50
nm) images on substrates using templates that contain
images as topography on their surfaces. Imprint

lithography may be used in patterning substrates in the



l'i thography system including the tenplate, substrate,
liquid and any other materials that nmay affect the
wohysioaedos properties of the system includi ng PaT/us®i03/021556
limted to surface energy, interfacial energies,
Hamacker constants, Van der Wals' forces, viscosity,
density, opacity, etc., are engineered to properly
acvemwastere ofepdairaslegprocdss dViCEHE, Mathiodsl siavices,
sy for inmprint |i.thograph r di scussed in U
PR N5 BIE BtV W o B o, oy
angtblrasl bmprliiniathiiddiggreaphy” whirdhd 9 i tHeprfponat ed
herein by reference. Additional methods and_ systens

f o SCRPAANES MPRodCapiPeFiOT oy REIT 1idde ddddipdserhy. Sor

Pa ; Leat i s 158k al 9/ f
o PR Lassr e L N 0808 455l e

Auttawia li-galeuisd rDickperes .ng Joopoliemtisntofl_istrth dgmeapimt

= "o U S, i al, No. .Q9/907,512 fil ed Jul 6
001 CoRereEhY BN Rt D AOrEe R T mbst Fate,
thl!i@;]dﬁlc\ib ARd St R dOmaltPfilants EHRoG=APRE Fedd She

a

Serial No. 09/920,341 filed August 1, 2001 entitled
" MR Ed§ aflo Propicgi-iPre Gifsitdie GXs tami e AtaHiUeH NSe Aith ot

Bet r ren at. trat :
e <R o SR el S, S8 R oS Bl Hamackex
filcedshagist, Yhn d200Waerdtsi't Ifedcel, extirseddadsed Meored ty,

Motion Translation Stage"; U. S. Serial . 09/ 698, 317
fi PREEYob&EL 27, azr@o@n%éﬁ]ﬁeﬁe COHPFIPRSted; giprnmodate a

O hrepkaltia®l Alriat. and Gap  Control Stages for
I mprint Lithography Processes"; U S. Serial No.

09/[9P&1881 f Mesd Gver systepg0 faantimprdgtwdithography are

2004010406 BGTAR2003 001580 | b0 33 le AL BRI U a1
Room Tenperature, Low Pressure Mcrd- an

Naeorthfpeidnt' dticphegrdaplysh Unpriser rdlthiNgraphy/"1 36,1688 is
filed May 1, 2002 entitled "Methods of _ lanufacturing

a BPCREEPAFIFITERFCAe Y FoI6EEaFS -andddis 1ong4t gifthods and

apRhis¢_IH=0F LNtk 86t VRihed aptSEsteMl@her discussed in

Fabri cati ng Nanoscale Patterns in Light Curable
U.S. Patent Applications: U.S. Serial No. 09/908,455
filed July 17, 2001 entitled "Method and System of
Automatic Fluid Dispensing for Imprint Lithography
Processges"; U.S. Serial No. 09/907,512 filed July 16,
2001 entitled "High-Resolution Overlay Alignment Methods
and Systems for Imprint Lithography"; 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"; U.S. Serial No. 09/934,248 filed August 21,
2001 entitled "Flexure Based Macro Motion Translation
Stage"; U.S. Serial No. 09/698,317 filed October 27, 2000
entitled "High-Precision Orientation Alignment and Gap

Control Stages for Imprint Lithography Processes"; U.S.
Serial No. 09/976,681 filed October 12, 2001 entitled



Conmpositions Using an Electric Field" to WIIson et

al. filed May 16, 2001, all of which are incorporated
waen@ine4oby reference. Further methods and sysPemgiSa08/021556

di scussed in the follow ng publications, all of which

are incorporated herein by ref®rence, "Design of

Orientation Stages for Step and Flash | nprint

Li ¥ Fegphphy, PeBigy. fothpomSTegpansbnreM Loyl Buggsure

S. Y. . Sreenj ppga

Pﬂgé?g?bna gl%%%rlﬁ%rlnEgiléﬁoggagﬁﬁ ghSEénsE?%lag No.
Quanyizedidbgnel k@ mhgks, FaODECéhedtléﬁlﬂgeﬁhﬁdbnbflnt

Li t hography,” W Wi, B. X. Y._Sun W _Zhang

ZHait agiar Enave @h%hogyaph@cT@@P1¢E%hnBP EOlﬁ@n(e?nd U.s.

325 382 Sap oY= Lecolofit s ki hogeanbicably sy Lodcsd:

ri odic Pol yner crop
ArFaysitaSing. Nghosgale PhtubagnsJinVatghScurdabtenol .

B .17 3197-3202, 1999; and "Large,

A FGARORT EL RS LPRERS BB Ry REr TR RLPFf DLl MO E0R et al.
E'EQléﬂCngeiQS 5001, Mpsky,wHicReRedcha¥orgordB¥d, herein
M Pitsika T. Morkved, H. Jaeger and T. Russel

Ve oref ecenes - 13Funkher (meukyds ppAsoyskeEs argepisryssed

ans§TRg! BEM opled SuSLPOLE Obns! MRYLNLE! Lhaar aphY

nprin raphny system i nc es an
|npncntpheaﬂea1ﬁereinpbynteﬁeadn8é00"D551gnunfedrﬁenaation

i nprint head su ort 39 rint head. 3100
coRFrGhe o808 oSHBR b na R nlbbr Livpl e EhgSBgnny " B. 3.

Paghgtned . t ggRhaba, 3M00chbnshudessavpl ykabhivagbn, c. G.
recesses that define a pattern of features to be

i n¥tLheed. i heoappesubstrdt eof | RperheinBalngipeesing; "Large

N T T

PCﬁéiE§0ﬁ3h82&§55nt1ﬁlandgampyytFOW1awaubstrahﬁ t®.b¥. Sun,
in@rinted during use. nprint_|ithography_system 3900
al Yo Fhanddek- aZRBPRGn a@@a@e 36061 Wbt YonVetageisbaehnol B

| 5, goYR} ed359s0BEHEN ﬁé@gﬁecSHQQQYt“§9€Hogkgbh98a§§9ge
3600 is configured fo h a substrate and fove

substinaed Balé- @eaemleyoplaﬁanodmgtPohyab@uMlﬁﬁpp@hlar
Stggga§gp90§t §928ho npﬂlnkhuang, J. Vac. Sci. Technol. B

17 (6), 3197-3202, 1999; and "Large Area Domain Alignment
in Block Copolymer Thin Films Using Electric Fields," P.
Mangky, J. DeRouchey, J. Mays, M. Pitsikalis, T. Morkved,
H. Jaeger and T. Russell, Macromolecules 13, 4399 (1998).
[0052] FIG. 1 depicts an embodiment of a system for
imprint lithography 3900. Imprint lithography system
3900 includes an imprint head 3100. Imprint head 3100 is
mounted to an imprint head support 3910. Imprint head
3100 is configured to hold a patterned template 3700.
Patterned template 3700 includes a plurality of recesses
that define a pattern of features to be imprinted into a
substrate. Imprint head 3100 or motion stage 3600 is

further configured to move patterned template 3700 toward



l'ithography system 3900 further includes an activating

i ght source 3500 coupled to inprint head 3100.
waéabisasdong | i ght source 3500 is configured toPpTASDE/021556

a curing light and direct the produced curing |ight

through patterned tenplate 37 coupled to inprint

head 3100. Curing light includes |light at an

apprépavay ef vemed esigib bt raoe cup eba pobyheredadbeing use.

liquid. Curing I] i ncl ud i ol et i-gh .
i it B ostibiy i FgRo o o) a4 PAERER g porion

el gedgonzbeam ragt abh 08t ag®058p0 | DPr hbtinbeadtsuppeién stage
3910 is coupled to notion stage support 3920 by
br$@@@%§ts%gﬁ%rts MoBEon | ft%E s36 Aanher CPRpEPHESHeRE hold a

310 éérQQéiééggﬁgvébQHs 0oL L op, stagg a3§%9ergﬂpgia1anar

head support noti on stage support 920 an
brinoigi oy shppor hst 3830sange hewpportcobpaet | vEhprint

referred to as the "b . " The. t f .
LSS R ey tag RS T L heter o hERAR P8 efnrat ing
naifghgl§ouEB@rﬂ§bbyc§&§pé@ fat efbak st ha¥ggaz tber mal

expansi on coefficient of |ess than about 10ppn’ C at
abbetivebingehbehat sper¢e. 350C. js ranEbgvredhba REpfyce a
th ri f n [ a ;

eSB! LAl ¢ 0N FUEL! DR B NRNEASCDERITL i oo
| essttéaned tpppléie EX20p| esupieduch impeintl BeadcBlde.

silicon carpide, certain,alloys of iron, includin
DUEURGES [t elPEoideer {4PA" afFoy8 BPPEPBESERgvavelength

nigge&ufg-Q-pol?ﬁéPY§aEP€“?i§ﬁ§H[y avai hgbl egHpdenciiges
name INVAR ), and certain alloys of steel, nickel and
cobitravecget afgbys vienhkeclaphy, aliafrabed LhdBE.tKeray

nane . SUPER | NVARTM .. WO 2004/ 0 PCT/ US2003/ 021556
17r%%ﬁ?€} ﬂa?n%x%%%?ggo%fQgﬁéhégé?gFﬁggé i ncl ude

ce[babB] cerampesnt i Rehadsagpbut BOLOI isi tedpled to motion
ZERODUR cerami c. Motjon stage support 3920 an

d
br FE3PRAgSYBBREFt $93030Y aPELIGHTUPI BUPPTASsappBrt fRbFRLS
3?%an§ypE@?Eiﬁébhgaégﬁgo9r9¥'ﬁgéiéiéﬂgﬁtéﬂébélh%tion stage

ration ee support for the conponents of inprint
| i 3609t aphypsyst ehe3908upSoppoB P10, motion stage support

3920 and bridging supports 3930 are herein collectively
referred to as the system "body." The components of the
system body may be formed from thermally stable

materials. Thermally stable materials have a thermal
expansion coefficient of less than about 10ppm/°C at

about room temperature (e.g. °C.). In some embodiments,

the material of construction may have a thermal expansion
coefficient of less than about 10 ppm/°C, or less than 1

ppm/°C. Examples of such materials include silicon
carbide, certain alloys of iron, including but not
limited to: certain alloys of steel and nickel (e.g.,
alloys commercially available under the name INVAR®), and
certain alloys of steel, nickel and cobalt (e.g., alloys

commercially available under the name SUPER INVAR™) .



tabl e 3940 isolates inprint |ithography system 3900

from anbient vibrations (e.g., due to works, other
worachimeny, etc.). Mtion stages and vi brati oRCT/US2003/021556

i sol ati on support tables are commercially avail able

from Newport Corporation of lyvine, California.

[ 0054] As used herein, the "X-axis" refers to the axis

t madd Ttiinsn dile tevesamp s dgfi negcdupproresi 8080l nAkudg edertain

herein ,the "Y-axis" refers ta th is t ' ® .
ord IR T o e o YRt Rk Eph PHROMER'y ceranic.
Phaneion Ss@adit agosied nesh dyahdieoé dod g addbpdiets 3930 are

Y-axis. As used herein the "Z-axis" refers to an axi s

r wrmipiged riom aotuRpest dRble updtt t 39200 FHREE i 240

head support 391 rt . I he- X- I

GefieT 4t %}s an Si%ﬁrl%r%hgr%sqgi ]?En%%}%/lgsf%(en%vigun%ﬁ ﬁte for the
suhstpeient Orot himpritt Nl i tiesstaphwngy ae- ¥50pl angupport
until the proper_positjon of the substrate wt

h
r 5PRke 1 Dat TRIHERF BN Htle BYHRPTSARIER WYRLT 3900 from
g/g%fgé@éa}ft PipPatigioed tenplate 34 00orrs, NOEhOR Bi88enery,

ong the Z-axis,”w |l bring patterned tenplate
3700ct. a Mosionostades amd owsbrabiaetiselakespn support

patterned tenplate 37 and_ a, l.iqui ' n a
sﬁ'i’alﬂ%jé%s ottt gorglﬂ%]éﬂ’aa AR ko)) ﬂ%n%?%fﬁ ?‘?ﬁﬁggr aphy
SY&s £56 B3900onBYE berpldeedcal Dfemmeacl osure 3960, as
q%ct ed in FIG 2. Enclosure 3960 epnconpasses

[

PBR] | it PRYrapty RSB EM 3909 MhdPXHFovigesT to the axis
t I ' ry h j r ;
(TR DB BFLG by Ao B0, 0o g hereln
pariet BY62xihktraf¢vwstacchkessaxbst beat npei artheaanaiopo the

and nofion stage 3600 when_nove o_an_"ppen”

poSTE¥b; 23597 01RHOE: P U2 0baP 02185613 Bh=ne
depbeigddi by Hke R-aXenahd eheckoseds. poastisad héeein the
conponents of inprint |ithography system 3900 are at
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enﬁégigéethe substrate, or the imprint head, along an X-Y
plane until the proper position of the substrate with
respect to patterned template 3700 is achieved. Movement
- of patterned template 3700, or motion stage 3600, along
the Z-axis, will bring patterned template 3700 to a
position that allows contact between patterned template
3700 and a liquid disposed on a surface of the substrate.
[0055] Imprint lithography system 3900 may be placed
in an enclosure 3960, as depicted in FIG. 2. Enclosure
3960 encompasses imprint lithography system 3900 and
provides a thermal and air barrier to the lithography
components. Enclosure 3960 includes a movable access

panel 3962 that allows access to the imprint head 3100

and motion stage 3600 when moved to an "open" position,



3960. Encl osure 3960 includes a tenperature control

system A tenperature control systemis used to
woami4roaé406t he t enperature of conmponents w t hi NPCT/US2003/021556

encl osure 3960. In one enbodi nent, tenperature

control systemis configured {go inhibit tenperature

vari ations of greater than about 1C within enclosure
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i nehdUbBgrebrbsnot Ai abipdtén, cantrolled user interface
3964 may be coupled to enclosure 3960. User interface
3964 may depict the operating parameters, diagnostic
information, job progress and other information related
to the functioning of the enclosed imprint system 3900.
User interface 3964 may also be configured to receive
operator commands to alter the operating parameters of
imprint lithography system 3900. A staging support 3966
may also be coupled to enclosure 3960. Staging support
3966 is used by an operator to support substrates,
templates and other equipment during an imprint
lithography process. In some embodiments, staging
support 3966 may include one or more indentations 3967
configured to hold a substrate (e.g., a circular

indentation for a semiconductor wafer). Staging support



automati c wafer | oader, an automatic tenpl ate | oader

and an interface to a cassette |oader (all not
wehoewmn)icsooray be coupled to inprint |ithographpCsguseman21556

3900. [0058] FIG 3 depicts an enbodi ment of a portion

of an inprint head 3100. Inprimt head 3100 includes a
~pre- calibration system 3109 and a fine orientation
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calibration system 3109 is coupled to imprint head
housing 3120. Imprint head housing 3120 is coupled to a
middle frame 3114 with guide shafts 3112a and 3112b. In
one embodiment, three (3) guide shafte may be used (the
back guide shaft is not visible in FIG. 4) to provide a
support for housing 3120. Sliders 3116A and 3116B
coupled to corresponding guide shafts 3112a and 3112b
about middle frame 3114 are used to facilitate the up and
down motion 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.
Flexure ring 3124 supports fine orientation system 3111

components that include first flexure member 3126 and

second flexure member 3128. The operation and



novenent of flexure ring 3124. Motion of actuators

3134a, 3134b, and 3134c may allow for a coarse pre-
woabidmetson. I n sone enbodi nents, actuators 3BB8#AIS2003/021556

3134b, and 3134c may be equally spaced around housing

3120. Actuators 3134a, 3134b apd 3134c and fl exure

ring 3124 together form pre-calibration system 3109,
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template 3700 so that proper orientation alignment may be

achieved and a uniform gap may be maintained by the
template with respect to a substrate surface. Alignment
and gap control is achieved, in one embodiment, by the
use of first and second flexure members, 3126 and 3128,
respectively.

[0062] FIGS. 6 and 7 depict embodiments of first and
second flexure members, 3126 and 3128, respectively, in
more detail. As depicted in FIG. 6, first flexure member
3126 includes a plurality of flexure joints 3160 coupled
to corresponding rigid bodies 3164 and 3166. Flexure
joints 3160 may be notch shaped to provide motion of
rigid bodies 3164 and 3166 about pivot axes that are
located along the thinnest cross section of the flexure

joints. Flexure joints 3160 and rigid body 3164 together



first flexure frame 3170 about a first orientation

axis 3180. It should be understood, however, that
wonnwE/006406 | ess flexure joints may be used to aelragen03/021556

the desired control. First flexure nenber 3126 is

coupled to second flexure nmenprer 3128 through first

flexure frame 3170, as depicted in FIG 8. First
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i nEiudesfbeases 8220cand78222a Brmgedl’2 and 3174, as
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[0063] Second flexure member 3128 includes a pair of
arms 3202 and 3204 extending from second flexure frame
3206, as depicted in FIG. 7. Flexure joints 3162 and
rigid body 3208 together form arm 3202, while additional
flexure joints 3162 and rigid body 3210 together form arm
3204. Flexure joints 3162 may be notch shaped to provide
motion of rigid body 3210 and arm 3204 about pivot axes
that are located along the thinnest cross-section of the
flexure joints 3162. Arms 3202 and 3204 are coupled to
and extend from template support 3130, shown in FIG. 8.
Template support 3130 is configured to hold and retain at
least a portion of a patterned template 3700. Template
support 3130 also has an opening 3212, which allows



3220 and 3222 include openings that allow attachnent

of the braces to portions of first flexure nenber
wGa20@E/016400064] Referring to FIGS. 1, 6, 7 and BCTiUS2mB8/021556

enbodi ment, first flexure nmenber 3126 and second

flexure nmenber 3128 are joined as shown in FIG 8 to

formfine orientation system 3111. Braces 3220 and
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3700 disposed in template support 3130. This coupling of
the first and second flexure members, 3126 and 3128,
respectively, allows fine alignment and gap control of
patterned template 3700 during use. While the first and
second flexure members, 3126 and 3128, are depicted as
discréte elements, it should be understood that the first
and second flexure members, 3126 and 3128, respectively,
may be formed from a single machined part where the
flexure members 3126 and 3128 are integrated together.
Flexure members 3126 and 3128 are coupled by mating of
surfaces such that motion of patterned template 3700
occurs about pivot point 3252, substantially reducing

"swinging" and other motions that may shear imprinted



amounts of particles, especially when conpared wth
frictional joints. This offers an advantage for
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di srupt such processes. [0065] Referring to FIGS. 4,
3 and 9 the assenbled fine omgentation system 3111 is
coupled to pre- calibration system 3109. Patterned .
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member 3126 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.
[0066] FIG. 10 represents a cross-section of pre-
calibration system 3109, shown in Fig. 3, looking through
crogss-section 3260. As shown in FIG. 10, flexure ring
3124 is coupled to base plate 3122 with actuator 3134.
Actuator 3134 includes an end 3270 coupled to a force
detector 3137 that contacts flexure ring 3124. During
use activation of actuator 3134 causes movement of end
3270 toward or away from flexure ring 3124. The movement
of end 3270 toward flexure ring 3124 induces a
deformation of flexure ring 3124 and causes translation
of fine orientation system 3111 along the Z-axis toward

the substrate. Movement of end 3270 away from flexure



liquid on a surface of a substrate. Conpression of the
liquid on the substrate as patterned tenplate 3700 is
wonroughé406l oser to the substrate causes a resi BCTAS2003/021556
force to be applied by the liquid onto patterned
tenplate 3700. This resistive4gorce is transl ated
through fine orientation system 3111 and to flexure
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flexure ring 3124_as shown in FI GS. 9 and.10. The
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3134 such that a resistive force applied to actuator 3134
during use may be determined and controlled.
[0068] In a typical imprint process the template is
disposed in a template holder coupled to the fine
orientation system, as depicted in previous figures. The
template is brought into contact with a liquid on a
surface of a substrate. Compression of the liquid on the
substrate as the template is brought 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 ag a resistive force to actuators 3134. The

resistive force applied to an actuator 3134 may be



system 3111 descri bed herein. Flexure nodel 3300 may

i nclude four parallel joints: Joints 1, 2, 3 and 4
wohei4/01pevi de a four-bar-1inkage systemin it BCHMS203/021556

and rotated configurations. Line 3310 denotes an axi s

of alignment of Joints 1 and23. Line 3312 denotes an

axis of alignnent of Joints 3 and 4. Angle al
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system 3111, shown in Fig. 4, generates pure tilting
nothoheda feoncatmbiaht jaint ¢ at & HIt S0t i ohs AtaRhet that

surface. of_p r _ e u ]
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Fi8 Camant 1oh GRUSET 1 RS n TR 5L | SO HRerER axis
S| al RN P05 OL £ L ALLONS BhE &ndQ§h§ﬁ@hﬁ_%@%ﬂé§@ﬂts an
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desirable. Fine orientation system 3111, therefore
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papietaeted t eambhiee 37000 ahdl Bipe o¥3 U0 ng Budlesi @ntand oy,
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toaﬂ?éﬂ%@ﬁ@ 4PEs (or orientation axis) lies substantially
at the surface of patterned template 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 representative of template support 3130
of second flexure member 3128.
[0070] Fine orientation system 3111, shown in Fig. 4,
generates pure tilting motions with no substantial
lateral motions at the surface of patterned template 3700
coupled to fine orientation system 3111. The use of
flexure arms 3172, 3174, 3202 and 3204, shown ip FIGS. 6
and 7, may provide fine orientation system 3111, shown in
FIG. 4, with high stiffness in the directions where side
motions or rotations are undesirable and lower stiffness

in directions where necessary orientation motions are



proper position with respect to the substrate. In this
manner a passive orientation systemis used for
wonrb@Emiets on of patterned tenplate 3700 to a pacaiused03/021556
orientation with respect to patterned tenplate 3700.

The term "passive" refers to z notion that occurs

W t hout any user or progranmmable controller
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orientation with respect _to the substrate
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makes contact with liquid on the substrate, the

f| exdeatabibor an response to a force being. exerted upon the
template from, for example, compressing of the liquid
material between the template and the substrate.
Alternate embodiments in which the motion of flexure arms
3172, 3174, 3202 and 3204, shown in FIGS. 6 and 7, are
controlled by motors to produce an active flexure may
also be implemented.
[0071] Motion of fine orientation system 3111, shown
in FIG. 4, may be activated by direct or indirect contact
with the liquid. If fine orientation system 3111 is
passive, then it is, in one embodiment, designed to have
the most dominant compliance about two orientation axes.
The two orientation axes lie orthogonal to each other and

lie on the imprinting surface of an imprinting member

disposed on fine orientation system 3111. The two



3126 and 3128 conpensate for the resulting uneven

liquid pressure on the patterned tenplate 3700. Such
woanpmemsti on nay be affected with mnimal or ROT/US2003/021556

overshoot. Further, a fine orientation system 3111 as

descri bed above may hold the sabstantially parall el

orientation between the patterned tenplate 3700 and
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Iniﬁgrint head 3100 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.

[0073] Referring to FIG. 12, motion stage 3600 is used
to support a substrate to be imprinted and move the
substrate along an X-Y plane during use. Motion stage
3600, in some embodiments, i1s capable of moving a
substrate over distances of up to several hundred
millimeters with an accuracy of at least +30nm,
preferably with an accuracy of about +10nm. In one
embodiment, motion stage 3600 includes a substrate chuck
3610 that is coupled to carriage 3620. Carriage 3620 is
moved about a base 3630 on a frictional bearing system or

a non-frictional bearing system. In one embodiment, a

non-frictional bearing system that includes an air



imprint |ithography process. One exanple of a notion

stage that is applicable to inprint |ithography
wonropddem®s s the Dynam YX notion stage conmePCiraiSkop3/021556

avai | abl e from Newport Corporation,. Irvine, CA

Motion stage 3600 also may imglude a tip tilt stage

simlar to the calibration stage, designed to
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di $PERSGH PRy O=RB:4NJEBbYI RUsSUDRETAESs AN10ARiId dispense
system 3125 which is used to dispense a curable liquid
onto a substrate. Liquid dispense system 3125 is coupled
to the system body. In one embodiment, a liquid dispense
system 3125 is coupled to imprint head 3100. FIG. 3
depicts liquid dispenser head 2507 of a liquid dispense
system 3125, shown in FIG. 13, extending out from cover
3127 of imprint head 3100. Various components of liquid
dispense system 3125 may be disposed in cover 3127 of
imprint head 3100.
[0075] A schematic of liquid dispense system 3125 is
depicted in FIG. 13. In an embodiment, a liquid dispense
system 3125 includes a liquid container 2501. Liquid
container 2501 is configured to hold an activating light
curable liquid. Liquid container 2501 is coupled to a

pump 2504 via inlet conduit 2502. An inlet valve 2503 is



enbodi nent, liquid control is achieved using a

pi ezoel ectric val ve as punp 2504. Piezoel ectric valves
waneo4anedob abl e commerci al ly avai |l abl e from t he PC®IS2003/021556

Conmpany, Westbrook, CT. During use, a curable liquid

is drawn into punp 2504 through inlet conduit 2502.

When a substrate is properly positioned bel ow, punp

250dsisioned i heteeen ol f@rted copradeder 4P Abdend| BReP 0f504 to

liquid 1hrpugh put et nduj t, 2 The, Lj gui dpi -
i et g R E gt i 4 P ORanLEr bl B 2504 4o
ond®uphed solbet T adreid | @i épess enhoshdens 07| viai duvbéune

control is achieved by control of punp 2504. Rapid
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an open s e and novi ng strate under liquid
di cpepsey, headtB66Tk, [ 007 7Pputimanosder aeabodbhenijquid is

liquid vplume control may be achjeved by use
|i%ﬁ?ﬂnd+%5%ngﬁmph%§842%%¥9u$ﬂ raleh %Pgégfén%géﬁnp When a
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di spenser head . Smal | drops of WO 2004/016406 |
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actiuspersed nehudaghi tigusdl éhspensenal hesdok507 onto the
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actuators are incorporated into |iquid dispenser head
pump 2504 from an open to closed state allows a
controlled amount of liquid to be sent to liquid
dispenser head 2507. Pump 2504 is configured to dispense
ligquid in volumes of less than about 1 uL. The
operation of pump 2504 may allow either droplets of
liquid or a continuous pattern of liquid to be dispensed
onto the substrate. Droplets of liguid are applied by
rapidly cycling the pump 2504 from an open to closed
state. A stream of ligquid is produced on the substrate
by leaving pump 2504 in an open state and moving the
substrate under liquid dispenser head 2507.
[0077] In another embodiment, liquid volume control
may be achieved by use of liquid dispenser head 2507. In
such a system, pump 2504 is used to supply a curable

liquid-to-liquid dispenser head 2507. Small drops of



2507 to allow control of liquid dispensing. Liquid

di spensing actuators are configured to di spense
woebmmaenos about 50 pL to about 1000 pL of | i qupdT/use003/021556

drop of liquid dispensed. Advantages of a systemwth

a liquid dispensing actuator 30clude faster

di spensing time and nore accurate vol ume contro
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engggepogytppn PAt pathersgdt bamplate 3700 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 pm. 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
read by the reader to determine a relative or absoclute
position of the moving object. The scale is coupled to
motion stage 3600 by means that are known in the art. A
reader is coupled to the body and optically coupled to
the scale. In one embodiment, an exposed linear encoder
may be used. Encoders may be configured to determine the

position of the motion stage 3600 along either a single



[0079] The coarse position of patterned tenplate 3700

along the Z-axis is also determ ned using a |inear
wenoewtaé406 | N one enbodi nent, an exposed | i near PEMASA®B/021556

may be used to nmeasure the position of patterned

tenplate 3700. A scale of thesilinear encoder, in one

enbodi nent, is coupled to the pre- callbratlon ring of
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air gauge 3135 and the substrate at the various

pol @@ 80heasukefierring to FIGS. 3 and 12, in an embodiment,
an air gauge 3135 may be coupled to imprint head 3100, as
depicted in FIG. 3. Ailr gauge 3135 is used to determine
whether a substrate disposed on a motion stage 3600 is
substantially parallel to a reference plane. As used
herein, an "air gauge" refers to a device that measures
the pressure of a stream of air directed toward a
surface. When a substrate is disposed under an outlet of
air gauge 3135, the distance the substrate is from the
outlet of air gauge 3135 will influence the pressure air
gauge 3135 senses. Generally, the further away from air
gauge 3135 the substrate is, the lesser the pressure is.
[0081] In such a configuration, air gauge 3135 may be
used to determine differences in pressure resulting from

changes in the distance between the substrate surface and



The di stance between at |east three points on the,

substrate and air gauge 3135 is used to determne if a
weubsimete i s planar. |If the distance i s subst aariuakdog/021556

the same, the substrate is considered to be planar.

Significant differences in thexistances neasured

between the substrate and air gauge 3135 indicates a
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a polynerization or a
the patterned template 3700. Suitable air gauges may be
obtained from Senex Inc.
[0082] During use of air gauges, the substrate or
patterned template 3700 is placed within the measuring
range of air gauge 3135. Motion of the substrate toward
alr gauge 3135 may be accémplished by either Z-axis
motion of imprint head 3100 or Z-axis motion of motion
stage 3600.
[0083] In an imprint lithography process, a light
curable liquid is disposed on a surface of the substrate.
Patterned template 3700 is brought into contact with the
light curable liquid and activating light is applied to
the light curable liquid. As used herein "activating

light" means light that may affect a chemical change.
Activating light may include ultraviolet light (e.g.,



cross-linking reaction to take place. The activating

light, in one enbodi nent, is passed through patterned
woen@laé®e 3700 prior to reaching the conpositi 8aT/uSm03/021556

this manner the light curable liquid is cured to form

structures conplenentary to thgs structures fornmed on

patterned tenplate 3700. [0084] In sonme enbodi nent,
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coupled to patterned template 3700 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, as depicted in FIG. 4, which
reflects light from activating light source 3500 to
patterned template 3700. Light passes through an opening
in the body of imprint head 3100 and is reflected by
mirror 3121 toward patterned template 3700. In this
manner, activating light source 3500 irradiates patterned
template 3700 without being disposed in imprint head
3100.

[0085] Most activating light sources produce a
significant amount of heat during use. If activating
light source 3500 is too close to imprint lithography
system 3900, heat from the light source will radiate

toward the body of imprint lithography system 3900 and



[0086] In one enbodi nent, activating |ight source 3500

is positioned at a sufficient distance fromthe body
weuali/o1éd0at t he system body is insulated from Reats2003/021556

produced by activating Iight source 3500 by the

intervening air between activating |light source 3500

and inprint head 3100. FIG 14 depicts an activating

| ingpknt me;etmsotoemmawqa ykdprietord ¢hpkhatbadadto

3100. Acti vat i ght
optFEaT %y st %’Fg d‘g?%t%e%rm ec%%g%l lltlé&g:%é%g?%d %?/e
a 1hEhda SOUI € e dmyer s hipronta heswt 1&:10@f thghbo@gpsses

fromoptical system 3510 into |qgr|nt head 3100 V|a
(nﬁﬂ@¥%ﬁ%lb%thQ$EﬁﬁhYSSY$E$Wr%ﬁ@ JPRY CedvRr g Pody to

LEgRL A, Copl 0t 0ah RO Mo SR AO0CRY SchLhCy 3L

In inprint head 3100, shown in
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i mging system 3800 1S used to determ ne the

pl acwaedt aeteoplate coupled to imprint head 3100 by mirror
3121 disposed within imprint head 3100, shown in FIG. 4.
In this manner, the light source is thermally insulated
from the body. A suitable light source may be obtained
from OAI Inc., Santa Clara, CA.
[00871] One or more optical measuring devices may be
optically coupled to imprint head 3100 and/or motion
stage 3600. Generally, an optical measuring device is
any device that allows the position and/or orientation of
patterned template 3700 with respect to a substrate to be
determined.
[0088] Turning to FIG. 14, a through the template
optical imaging system 3800 is optically coupled to
imprint head 3100. Optical imaging system 3800 includes

an optical imaging device 3810 and an optical system



bet ween patterned tenplate 3700 and an underlyi ng

substrate as descri bed herein. In one enbodi nent,
woi004me48d 21, shown in FIG 4, is novabl e w t hPAT/US2003/021556

i mprint head 3100. During an alignnent or optica

i nspection process, mrror 311 is noved out of the

optical -path of the optical inmaging system [0089
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either Z-axis motion of imprint head 3100 or Z-axis
motion of motion stage 3600.
[0090] As previously mentioned, a light curable liquid
is placed on a substrate and a template is brought into
“contact with the liquid during an imprint lithography
process. The curable liguid is a low viscosity liquid
monomer solution. A suitable solution may have a
viscosity ranging from about 0.01 cps to about 100 cps
(measured at 25°C). Low viscosgities are especially
degirable for high-resolution (e.g., sub-100 nm)
structures. Low viscosgities also lead to faster gap
closing. Additionally, low viscosities result in faster
liguid filling of the gap area at low pressures. In

particular, in the sub-50 nm regime, the viscosity of the



liquid. Also use of a thick, rigid, transparent
tenplate offers the potential for easier

woOayariédoe | ayer alignnent. The rigid tenplat ePCSUSRIV3/021556
general, transparent to both [liquid activating |ight
and al i gnment mark measurenent3g | i ght. [0092] The
curable liquid may be conposed of a variety of
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Speci fic exanpl es include nethacryl oxypropyl tris(tri-
curable ligquid may include one or more commercially
available negative photoresist materials. The viscosity
of the photoresist material may be reduced by diluting
the liquid photoresist with a suitable solvent.
[0093] In an embodiment, a suitable curable liquid
includes a monomer, a silylated monomer, and an
initiator. A crosslinking agent and a dimethyl siloxane
derivative may also be included. Monomers include, but
are not limited to, acrylate and methacylate monomers.
Examples of monomers include, but are not limited to,
butyl acrylate, methyl acrylate, methyl methacrylate, or
mixtures thereof. The monomer makes up approxXimately 25
to 50% by weight of the curable liquid. It is believed

that the monomer ensures adequate solubility of the

photoinitiator in the curable liquid. It is further



met hyl si | oxy) silane and (3-acryl oxypropyl)tris(tri-

met hoxysi | oxy)-silane. Silylated nononers nay be
wonresdé406i n anounts from 25 to 50 % by wei ght PCThiS2003/021556
curable liquid may also include a dinethyl siloxane
derivative. Exanples of dinethyl siloxane derivatives
include, but are not |imted to, (acryloxypropyl)
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believed that the silylated monomers and the dimethyl
giloxane derivatives may impart a high oxygen etch
registance to the cured liquid. Additionally, both the
silylated monomers and the dimethyl siloxane derivatives
are believed to reduce the surface energy of the cured
liguid, therefore increasing the ability of the template
to release from the suxrface. The silylated monomers and
dimethyl siloxane derivatives listed herein are all
commercially available from Gelest, Inc.

[0095] Any material that may initiate a free radical
reaction may be used as the initiator. For activating
light curing of the curable material, it is preferred
that the initiator is a photoinitiator. Examples of
initiators include, but are not limited to, alpha-

hydroxyketones (e.g., l-hydroxycyclohexyl phenyl ketone,



enbodi nent, pol yfunctional siloxane derivatives may be

used as a crosslinking agent. An exanple of a
weoabosfoaeuos i onal sil oxane derivative is 1, 3-bi sPBT/US2003/021556

met hacryl oxypropyl ) -tetranet hyl disiloxane. [0097] In

one exanple, a curable quuid Jmy include a mxture

of 50% by wei ght of n-butyl_ acrylate and 50% ( 3-
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at a second wavel ength X2, yet
The viscosity of this mixture is less than 30 cps
measured at about 25°C.
[0098] In an alternate embodiment, the curable liquid
may be formed of a monomer, an acid-generating photo-
agent, and a base-generating photo-agent. Examples of
the monomer include, but are not limited to, phenolic
polymers and epoxy resins. The acid-generating photo-
agent is a compound that releases acid when treated with
activating light. The generated acid catalyzes
polymerization of the monomer. Those of ordinary skill
in the art know such acid-generating additives, and the
specific acid-generating additive used depends on the
monomer and the desired curing conditions. In general,

the acid-generating additive is selected to be sensitive

to radiation at the first wavelength A; which, in some



inert or substantially inert to radiation at the first
wavel ength X1. Moreover, the second wavel ength X2
wehoulodedobe sel ected so that radiation at the peTmsen03/021556
wavel ength is primarily absorbed near the surface of
the nononer at the interfacesgith the tenplate and
does not penetrate very far into the curable |iquid.
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which penettates throughout the curable liquid. U S.
Paf@m$91] According to an embodiment, a curable liquid

that includes a monomer, an acid-generating photo-agent
and a base-generating photo-agent is deposited onto a
substrate. A template is brought into contact with the
curable liguid. The curable liquid is then exposed to
radiation at a first wavelength A\; and a second
wavelength A; of light at substantially the same time.
Alternatively, the curing liquid may be exposed to the
radiation at the second wavelength A\, and subsequently to
the radiation at the first wavelength M\;. Exposure of
the curable liquid to radiation at the second wavelength
A2 prodﬁces an excess of base near the interface with the
template. The excess base serves to neutralize the acid
that is produced by exposure of the curable liquid to

radiation at the first wavelength \;, thereby inhibiting



No. 6,218,316 entitled "Planarization of Non-Pl anar

Surfaces in Device Fabrication" describes additional
wdebt@ioieoeoncer ni ng this process and i s i ncor peCamwsen03/021556

herein by reference. [0100] In another enbodi nent, the

curable liquid may include a ghotosensitive agent
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penetrate deepl y
(CH,). Radiation at a first wavelength Ai:, such as
visible or near UV, may be used to cure the curable
ligquid, and the deep UV radiation (Az) may be used to
produce one or more of the foregoing gases. The
generation of the gases produces localized pressure near
the interface between the cured ligquid and the template
to facilitate separation of the template from the cured
liquid. U.S. Patent No. 6,218,316 describes additional
details concerning this process and is incorporated
herein by reference.
[0101] In another embodiment, a curable ligquid may be
composed of a monomer that cures to form a,polymer that
may be decomposed by exposure to light. In one

embodiment, a polymer with a doubly substituted carbon
backbone is deposited on the substrate. After the



into the curable liquid, the pol yner deconposes only

near the interface with the tenplate. The deconposed
weoeundsaaetos of the cured liquid facilitates separPariusmos3/021556

fromthe tenplate. O her functional groups which

facilitate the photo-deconposjiti on of the polymer

al so can be used. U S. Patent No. 6,218, 316 descri bes
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an enbodi nent, the inprint |ithography
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e not limited to: optical lithography, electron beam
lithography, ion-beam lithography, x-ray lithography,
extreme ultraviolet lithography, scanning probe
lithography, focused ion beam milling, interferometric
lithography, epitaxial growth, thin film deposition,
chemical etch, plasma etch, ion milling, reactive ion
etch or a combination of the above. Methods for making
patterned templates are described in U.S. Patent
Application No. 10/136,188 filed May 1, 2002 entitled
"Methods of Manufacturing a Lithography Template" to
Voison which is incorporated herein by reference.
[0103] In an embodiment, the imprint lithography
template is substantially transparent to activating

light. The template includes a body having a lower

surface. The template further includes a plurality of



used to formthe tenplate and include, but are not

l[imted to: silicon germani um carbon, galliumnitride,
weizbi4maewoger mani um sapphire, gallium arsi ni dePCT/US2003/021556

epitaxial silicon, poly-silicon, gate oxide, silicon

di oxi de or conbinations theregf. Tenplates may al so

include materials used to formdetectable features,
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silicide. Both SiOx and molybdenum silicide are
optically transparent to light used to cure the
polymerizable liguid. Both materials, however, are
substantially opaque to visible light. Use of these
materials allows alignment marks to be created on the
template that will not interfere with curing of the
underlying substrate.

[0105] As previously mentioned, the template is
treated with a surface treatment material to form a thin
layer on the surface of the template. A surface
treatment process is optimized to yield a low surface
energy coating. Such a coating is used in preparing
imprint templates for imprint lithography. Treated
templates have desirable release characteristics relative

to untreated templates. Untreated template surfaces



25 Cto less than about 40 dynes/cm or in sone cases,

to |l ess than about 20 dynes/cm [0106] A surface
wonrestorens | ayer, in one enbodi ment, is formedCcbypstdsn21556

reaction product of an al kylsilane, a

fl uoroal kyl silane, or a fluoragl kyltrichlorosilane

with water. This reaction forns a silinated coatin
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treatment layer may be formed using either a ligquid-phase
process or a vapor-phase process. In a liquid-phase
process, the substrate is immersed in a gsolution of
precursor and solvent. In a vapor-phase process, a
precursor is delivered via an inert carrier gas. It may
be difficult to obtain a purely anhydrous solvent for use
in a liquid-phase treatment. Water in the bulk phase
during treatment may result in clump deposition, which
will adversely affect the final quality or coverage of
the coating. In an embodiment of a vapor-phase process,
the template is placed in a vacuum chamber, after which
the chamber is cycle-purged to remove excess water. Some
adsorbed water, however, remains on the surface of the
template. A small amount of water, however, is believed

to be needed to initiate a surface reaction, which forms



precursor concentration, flow geonetries, etc. are

tailored to the specific precursor and tenpl ate
weubsimene conbi nation. By controlling these PCT/US2003/021556

conditions, the thickness of the surface treatnent

| ayer is controlled. The thickness of the surface

treatnment |layer is kept at a mnimal value to
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[0108] In an enbodi nent, there are at |east two

separate depths aSSOC|ated with t ecesses _on the
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depict top and cross-sectional views, respectively,

of a patterned tenplate with recesses having two
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of the tenplate, as depicted in FIG 20B. Patterning
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formed.
[0108] In an embodiment, there are at least two
gseparate depths associated with the recesses on the lower
surface of the template. FIGS. 20A and 20B depict top
and cross-sectional views, respectively, of a patterned
template with recesses having two depths. Referring to
FIGS. 20A and 20B, a template includes one or more
patterning areas 401. In such embodiments, a first
relatively shallow depth is associated with the recesses
in patterning areas 401 of the template, as depicted in
FIG. 20B. Patterning areas 401 includes the area
replicated during patterning of the template. Patterning
areas 401 are positioned within a region defined by

border/outer region 409 of the template. Border 409 is

defined as the region that extends from an outer edge of



4.03e, 403f, 403g, and 403h of the patterning areas

401. [0109] Patterning areas 401 may be separated
wobrawoeemh ot her by channel / border regi ons 40BCT/US2003/021556

Channel regions 405 are recesses that are positioned

between the patterning areas4401 that have a greater

depth than the recesses of. pattering areas 401. As

deswr cfe palieleowingotarelser dél 409 anapdIch&telot &dicons

405 inhibit the flow of .liqui t t ' ;
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53&”&0] The design of the template is chosen based on

the type of lithography process used. For example, a
template for positive imprint lithography has a design
‘that favors the formation of discontinuous films on the
substrate. In one embodiment, a template 12 is formed
such that the depth of one or more structures is
relatively large compared to the depth of structures used
to form the patterning region, as depicted in FIG. 15.
During use, template 12 is placed in a desired spaced
relationship to substrate 20. In such an embodiment, the
gap (h;) between the lower surface 536 of template 12 and
substrate 20 is much smaller than the gap (hz) between
recessed surface 534 and substrate 20. For example, h;

may be less than about 200 nm, while h, may be greater



These forces may cause spreading of curable liquid 40

into the area under recessed surface 534. The m ni num
woabumiefichl at which the liquid is inhibited PCOMS2003/021556

spreading into a recess 532 is referred to herein as

the "mnimumfilmthickness."46Additionally, as hl

i ncreases, the caglllary forces are reduced,
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40 into the deeper recessed region is herein known as the

"maximum f£ilm thickness."

[0111] Ag depicted in FIGS. 17 and 18, in various

embodiments, template 12 is formed such that -a curable

liquid placed on substrate 20 is inhibited from flowing
beyond perimeter 412 of template 12. In the embodiment
depicted in FIG. 17, height h; is measured from substrate

20 to shallow recessed surface 552. Shallow recessed

surface 552 extends to the perimeter of template 12.

Thus, the edge of the template forms the height h, and is

effectively infinite in comparison to height h;. In the

embodiment depicted in FIG. 18, a deep recess is formed

at the outer edge of template 12. Height h; is measured

between substrate 20 and deep recessed surface 554.



may be used to align tenplate 12 and substrate 20. For

exanpl e, one or nore optical imaging devices (e.qg.,
waoiergdeopes, caneras, imaging arrays, etc.) aPeTwsS2@®3/021556

to determne alignnment of the alignment marks. [0113]

In sone enbodi nents, an align@gnt mark on the

tenpl ate may be substantially transparent to
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be applied to one, or_nore openjngs after curing the

i kgt - Poktesampleslpr e%%%r%b?jgﬁ%%at MM APpPT ed

afél%s%ij:fgllﬁso?%ﬁe Of o B PRSImaE Rak PEOEEESohOlight.

assist In separating the tenplate fromthe cured

| iBglidsed 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: vigible
light and/or infrared light. The alignment mark may be
formed of a material different than the material of the
body. For example, the alignment mark may be formed from
Si0x, where x is about 1.5. In another example, the
alignment mark may be formed of molybdenum silicide.
Alternately, the alignment mark may include a plurality
of lines etched on a surface of the body. The lines are
configured to substantially diffuse activating light, but
produce an analyzable mark under analyzing light.
[0114] In various embodiments, one or more deep

recesses as described above may project entirely through



[0115] The above described inprint |ithography system
3900 may be nodified according to alternate

wenhadiemnt s di scussed below. It shoul d be un#eraisemwmd021556
that any of the described alternative enbodi nents may
be conbined, singly or in conmgination, with any other
system descri bed herein. [0116] As described above,
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of patterned tenplate 3700 with respect to,the,
substhratie By dperatided Rethersesdsia, 28339 Yhd

gigééargpfﬁge e9£e$%?a¥€cfﬂﬁhoﬁﬁeSééﬁéd §§§§9dand

causées notion exure arns 3172, 74: 3202
anfoBPOY t o Théeabohe desentlaed otmpoinpal i thpgdaphy system
tenpl ate 3700. In.thi manner. an "acti ve" .
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H g ecisron Gap Orientation Sensing Between a
Trasspanent Tenpl ate and Substrate for |nprint

Lith hy,” which is i ted here .
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head, 3100 cABRYc i BA! BdgrBhescal i bhati an1syst e8r3408pasgiver

descri bed above. Pre-calibration system 3109 incl udes

fl exieetathgn of patterned template 3700 with respect to
the substrate. In another embodiment, fine orientation
system 3111 may include actuators 3134a, 3134b and 3134c
coupled to flexure arms 3172, 3174, 3202 and 3204.
Actuators 3134a, 3134b and 3134c may allow "active"
control of fine orientation system 3111. During use an
operator or a programmable controller monitors the
orientation of patterned template 3700 with respect to
the substrate. The operators or a programmable
controller then alters the orientation of patterned
template 3700 with respect to the substrate by operating
actuators 3134a, 3134b and 3134c. Movement of the
actuators 3134a, 3134b and 3134c causes motion of flexure

armg 3172, 3174, 3202 and 3204 to alter the orientation

of patterned template 3700. 1In this manner an "active"



3124, as depicted in FIG 21. In place of fine

orientation system 3100 as descri bed above, tenplate
weuppmé4osyst em 4125 i s coupled to pre-cali braPComns2003/021556

ring. In contrast to fine orientation system 3100,

tenpl ate support system 4125 kg formed of

substantially rigid and non-conpliant menbers 3129.

Th@@@tﬁ@hb@fsfpﬂ@vpaélélogmbgtQﬁtthBIyempéadeswppbrrespect

for p 0 sed a

subBortt 3B e ETR el R oarhERT B8 T AL s aREatLas

mayrhenaabi exedydsemgianfuothstrages3deiBbed nsnt vad. oEerial

tenpl at e sugport 3130.. [0118 In greV|ous enbadi ment
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be nounted to a nbtion systemthat al
|n@ran&pheadtSlempﬂetbeandedbatuage the merphane as
deﬂiﬁ ed i ﬁ h i nt head § goh cog gur
to"% %B%F?Pﬁgttew g & F%F%r@?ﬁﬁ g8 DEESLP erence.
anyoefi7i he enmhodhnentsrhetei BmbbaRhkAt , hemgrlaioﬁeaa 3100
coupled to a notion systemthat i ncl udes an i mprint

he@aYchneku@91BranaalﬁbF@E%OHDﬁV§ﬁe@taée93195 described
gq%%§95 hﬁﬁg §§%9b£§t Eg%&%ﬂ EEB§'QECEEQQEC?TE§ure ring

[ mpri nt head c interacts wth inpri
noBid4a, sBa@epS&E@dtmnnﬁﬂ@ |ﬁmr|nmnhpadc616® ﬁhnag an

X-Y plane Nbcha |ca el ectro

oSt LRE AR oBesuanan W BotH, SE6ABEoPETRBRTB03F B9
508ﬁ$p§£ﬁ0g§g86h|@1§SSi§n@oﬁ§1édoaot5§eU§3195raagaﬁt§1ng
to produce an X-Y planar notion in nprint head chuck

3110, comkriestl £, fancepttenbangnRt FYsE§Ht AP0, template
'”§8§§8£§tS?st@ﬁrEﬁﬁﬁnisafggqggeSEVQHBQES£¥9ﬁ g”?%écﬁ and

into noti on ~stage and rin
3146n- &hMphianacmemheréoxtes oThéhesmemhgﬁstproslde a
oVer cone of air getmeen i mpri_nt

3
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'ahi sPSSES NIN témﬁxgggcggp bPpr 8o heagy eﬂygkeéﬂéalment
and therefore inprint dp3100 is moved along a

X- ¥ipe apeientat tashinan b¢ @ﬁhleEﬁécuﬁmnggmetn@n stage 3600
instead of template support 3130.

[0118] In previous embodiments, imprint head 3100 is
coupled to the body in a fixed position. In an alternate
embodiment, imprint head 3100 may be mounted to a motion
system that allows imprint head 3100 to be moved along
the X-Y plane, as depicted in FIG. 22. Imprint head 3100
is configured to support patterned template 3700 as
described in any of the embodiments herein. Imprint head
3100 is coupled to a motion system that includes an
imprint head chuck 3110 and imprint motion stage 3123.
Imprint head 3100 is mounted to imprint head chuck 3110.
Imprint head chuck 3110 interacts with imprint motion
stage 3123 to move imprint head 3100 along an X-Y plane.

Mechanical or electromagnetic motion systems may be used.



X-Y notion stages are described in further detail in

U S Patent No. 6,389,702, entitled "Method and
wapperoaésos for Mtion Control," which is i ncoppomuat®dn21556

herein by reference. In a nechanical notion system

i mprint head chuck 3110 is atggached to inprint notion

stage 3123. Inprint notion stage 3123 is then noved

byElget pfmaaneéous symiednsi caly neansheouagtef mhgnets to

position of i int_head chuck.3110, an hus Laprin
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fine orientation system an actuated fipe orientation
syREMINIIE 220 f HeEeFpTadRe sippBreneE§stehp AEprint motion
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coupl®d to-a noving- support, the substrate may be
nofiot egks t of atls¢s¢ | vmemet s sippovercdhashyia enshion of air

al ternat e enbodi ment, .i nprint d 100 is coupled to
SPSEEe SRen O ia e RUEF wad ek Bof HRE 60 Seage
subsi i adecth St DY MR 4 Dr BoSabshgnt i 8l b¥odstadi on@b¥int head
substrate support 3640. Stationary substrate support
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RS, I o ReigE, 8E Calr HPELE Bl famet ic
suppormoicnubstagd e st | dgsenfivedt ihi fhoghaphdetail in U.S.

rocesses, S trate chuck 3644_may e 0 n
P LHEERE W b0k Br e et s kod0atosnsscnd rpararys for
I eMiSH 1ol GoRStE AL © 191 SHbSS I Bl o sheEXt 38 Merdin BRE

enmbodi ment, substrate chuck 3644 ‘may include a vacuum
sysegifewtEeh appld dsechymitcrin ot it sybsemat emppint head

co subs b C 644
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36&R2p1 Bntc anpt Boh t ©-adgt 3 08 si@agehsppovéd I920usd of various
i mpri nt |ithogr%$hy system 3900, shown in_F| G
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while inmprint head 3100 position is varied to access

diparent Porthbnsewfodirentubsimprint head 3110 may include
a passive compliant fine orientation system, an actuated
fine orientation system, or a rigid template support
system, as described herein.
[0119] -~ With imprint head-3100 coupled to-a moving -
support, the substrate may be mounted to a stationary
support. Thus, in an alternate embodiment, imprint head
3100 is coupled to an X-Y axis motion stage as described
herein. A substrate is mounted to a substantially
stationary substrate support 3640. Stationary substrate
support 3640 is depicted in FIG. 40. Stationary
substrate support 3640 includes a base 3642 and a
substrate chuck 3644. Substrate chuck 3644 is configured
to support a substrate during imprint lithography

processes. Substrate chuck 3644 may employ any suitable



[0120] Coupling an inprint head to a notion stage can
of fer advantages over techniques in which the
weubsimeHe s on a notion stage. Mtion stageBCT/US2003/021556
generally rely on an air bearing to allow
substantially frictionless nosijon of the notion

stage. Cenerally, notion stages are not designed to
aceomsodat ecsiogmi Bi caletpedss (e sapsitirede aowg pgd-  In
Z- axi s. en _pressure.i [ t j
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tilt is conpensated for by tilting the inprint head |,
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[0121] In an enbodi ment, substrate tilt nodule 3654

eyl heébdfarimal i Bk reaths wppkn 11 BeboL dl R dertiPn of

o eSS R 0 el s gy sig sl

Suhsd Igriead tid tadmstithal 36548 ign Tinphed poessives ea36562d
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meosEdiem will change slightly in response to this
pressure. During a step and repeat process, a template
that has a smaller area than the area of the substrate is
used to form multiple imprinted areas. The substrate
“motion stage is relatively large compared to the-template-
to accommodate the larger substrates. When a template
contacts the substrate motion stage in a position that is
of f-center, the motion stage will tilt to accommodate the
increased pressure. This tilt is compensated for by
tilting the imprint head to ensure proper alignment. If,
however, the imprint head is coupled to the motion stage,
all of the forces along the Z-axis will be centered on
the template, regardless of where on the substrate the

imprinting is taking place. This leads to increased ease



inmprint |ithography system 3900 in a fixed position.

[0122] Substrate chuck 3652 may enpl oy any suitable
woreniéoretain a substrate to substrate chuckRCB®52003/021556

In one enbodi nent, substrate chuck 3652 may include a

vacuum system whi ch applies gavacuumto the substrate

to couple the substrate to substrate chuck 3652.

Sulys tarldtommeint antbdsve 368 invdanis @ [daawwhnyy of the

3658 coupl ed to flexure ring support 3660. A

pIWai 9ty of actuators 3662 are coupled to flexure

riea23658 anch fdrexdue diintghts,upaasdt ra366 0 1 JAC st wlres 3654

3662 are operated to _alter the tilt of flexé{e “negd
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actatkoris 36,6 2 aige. eah tex cerdubst ratie ari He chehlsm 3 65t -

eccentric roller S ener al | [
R e AR o S T Ra%, ese
digfer endd al ﬂeadnes@mméh@pel@r&mbmtto saihsdt Bdre
tilt nodul e 3654 has a stiffness that will inhibit

t idtagefwhith subkawsate ieiPR el (BT - A pPIRRe s 3650
f%&ﬁ?dg%ﬁtfg% eQxﬁQQQiGéﬁli% d éﬁﬂggttéiéléﬁbpéfkfie .g.,

I i qui spos on the substrat ecifically
SsuEt0)ateudh | thawdullest 365 swppont | 366 @dis onelhioed oo
m)re than 5 micro radi ans WO 2004/ 0164

?i QFEPIES %stt't?mtf%@? nllbraes%tffeed FPTHrion-

abEMzzlJO I b%ub&m i @y 3dhe rﬁél}bsétﬁﬁl@ytilﬁ}@l@@lﬁiﬂ@le
liquid on the tenplate. [0123] Duri ng use sensor

gcmﬁﬂr@l to Seibsin & SWirleketSET2 Fals bt el iek “3652. 1In
t h I
SE%@%P1 oélﬁéﬁl ¢ &gfiggiétgﬁﬁéﬁlf%%%iﬂgy}%#%¥§éetgevacuum

e1s adJU y actuators
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h d. [0124] Substrate tilt nodule 3654
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depicted in FIG 38. To achieve fine orientation
cofitexohre frExgreuppegt 3660. A plurality of actuators 3662

are coupled to flexure ring 3658 and flexure ring support
3660. Actuators 3662 are operated to alter the tilt of
flexure ring 3658. Actuators 3662, in one embodiment,

" use a differential gear mechanism that may be manually or
automatically operated. In an alternate embodiment,
actuators 3662 use an eccentric roller mechanism. An
eccentric roller mechanism generally provides more
vertical stiffness to substrate support 3650 than a
differential gear system. In one embodiment, substrate
tilt module 3654 has a stiffness that will inhibit tilt
of the substrate when the template applies a force of
between about 1 lb. to about 10 lbs. to a liquid disposed
on the substrate. Specifically, substrate tilt module

3654 is configured to allow no more than 5 micro radians



3658 includes a central recess in which substrate

chuck 3652 is disposed. The depth of the centra
woeergsed06 such that an upper surface of a subermab®3/021556

di sposed on substrate chuck 3652 is substantially

even with an upper surface ofs3flexure ring 3658. Fine

orientation may be achieved using actuators 3662

c ayfattlid tofvheontomsissade mst iten ahputhd hafsretidr aRHged to
Al ternatively, fine ri.ent at.i_on ' in a
o558 Flhgkate itedl FY e She R
caui2zgnt . Theimepnpld aeenfs astudlat B6Ebatmata [dwmck
the substrate to self-correct for variations in tilt
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a position substantially even with flexure

r iing t3658 mafimee tarlite mtcatrienrt imy dfe tdehisaveatbzate ey be
substrate-liquid interface during use. Conpliance of
a&cjlé'teovreéi'SGGZ is thus transferred to the upper

surdiaag of thigdruhstd atie d nodllove d5nenr ifihatinluie a
the substrate. [0125] The above descri bed systens are

geiareal ani eI QGUratE i sy St FHPIGF T HRRPTE that
a%{)ﬂ%ﬁ%}c%eryéld@ii}}t’]e Siurahl g 4 au s S, di SREQSEA QDL aF1G.
substrate and the

substrate a tenplate "are brought
i R, prixxismiiedte fdash M0 SO DE648trol, flexure ring

PCT/ US2003/ 021556 54 ot.her. |t shoul.d he underst,0ood
hRR g fdes 1 RS T Do S e R R e chucks

nmogh 4 eds tp dm an @B idedd e f ldghtcant 2l erddaps dis
to be applied to a tenplate rather than the_.
substh diat |an sirtearswibss ethte SRSt dlspeged on

pl aced bel o r 4. i ayith
sc%%n%%%edﬁa%m%s%@anﬁe?ﬁ%%%ﬁ% a %{/%% err% 410a()rl UpPer
t hairface comffigpsect stioly t3eRs t heFirenpbatentistion may be

positioned bel ow a substrate. Syst 4100 i ncl udﬁegn
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Pasdidi oned, above,d ikd iy heagk 41101 d At e NeATE AL O

is configured to hold patterned tenplate 3700.

| nprientdtebeh 400 bmyadziaved in a passive manner.
Actuators 3662 may be substantially compliant. The
compliance of actuators 3662 may allow the substrate to
self-correct for variations in tilt when a template is in
contact with a liguid disposed on a substrate surface.
By disposing the substrate in a position that is
substantially even with flexure ring 3658, fine
orientation may be achieved at the substrate-liquid
interface during use. gompliance of actuators 3662 is
thus transferred to the upper surface of the substrate to
allow fine orientation of the substrate.
[0125] The above described systems are generally
configured to systems in which an activating'light
curable liquid is dispensed onto a substrate and the

substrate and template are brought into proximity to each



simlar design to any of the herein described inprint

heads. For exanple, inprint head 4110 may i nclude a
woi2oE/016106 ent at i on system as descri bed her ei n. PCIuIS2098/021556

head 4110 is be coupled to inprint head support 4130.

[ nprint head 4110 may be coupded in a fixed position

and remain substantially notionless during use.
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system as descri bed herein. Substrate support 4120
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substrate support during use. 012 use
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4110. The tenplate nmay be patterned or planar,

gggffmbm@e®nt¢m§iawee3b@oopefmprnnttbe@@ 40L0 may have a
4 6406 PCT/ US2003/ 02 f
2O Or S0 P R0 051 08, RR.DEL! QLURML B! LR ped:
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negaidy e, E%rcéﬁ@mpﬁélOﬁﬁpﬂin605e&ﬁvelamdmaﬁegﬁtluée a fine
i nprint I|thography systens as, descri bed here
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posiiioned Iin a spaced relation to substrate 20
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subsirate Te |ate 12 ncl ude rface.that
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mﬂ@1how$eﬁg¥hpb@@¢§rmggb@ﬂ of imprint héad 4110 during use.
[0126] The substrate to be imprinted is mounted onto a

substrate support 4120. Substrate support 4120 has a
similar design to any of the herein described substrate
supports. For example, substrate support 4120 may
include a fine orientation system as described herein.
Substrate support 4120 may be coupled to a support 4140
in a fixed position and remain substantially motionless
during use. Alternatively, substrate support 4120 may be
placed on a motion stage that allows X-Y planar motion of
substrate support during use.

[0127] During use an activating light curable liquid
40 is placed on patterned template 3700 disposed in
imprint head 4110. The template may be patterned or

planar, depending on the type of operation to be



one of the desired features. In various enbodi nents,

the desired features may be defined on the surface of
woOeoaé® 12 as recesses and or a conductive paCTAISE03/021556

formed on a surface of tenplate 12. Surface 14 of

tenplate 12 may be treated witsh a thin surface

treatnment layer 13 that |lowers tenplate 12 surface
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prior to noving tenplate 12 intq 'a desired positjon
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curable liquid 40 into a desired shape. For exanple,
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surface treatment layers for templates are described
herein.
[0129] In an embodiment, curable liquid 40 may be
dispensed upon substrate 20 prior to moving template 12
into a desired position relative to substrate 20.
Curable liquid 40 may be a curable liquid that conforms
to the shape of desired features of template 12. 1In an
embodiment, curable ligquid 40 is a low viscosity liquid
that at least partially fills the space of gap 31 without
the use of high temperatures, shown in FIG. 24A. Low
viscosity liquids may also allow gap 31 between template
12 and substrate 20 to be closed without requiring high
pressures. As used herein, the term "low viscosity
liquids" refer to liquids having a viscosity of less than

about 30 centipoise measured at about 25°C. Further



substrate 20. In an enbodi nent, curable liquid 40 is

cured using activating light 32 to form nmasking | ayer
W0O2004/0Appb61 cati on of activating |ight through pempisaiog021556

12 to cure curable liquid 40 is depicted in FIG 23C

After curable liquid 40 is suygstantially cured,

template 12 is renoved from masking | ayer 42, |eaving

t e teuirled mgmdﬂglg |aaypsrom2i aie 9l st fcs-’rr curable

hstr. as, depi ct e |G
aéa 4|cxat"’{ et ndjtshaﬂS & bdho T a St W eract
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ardlng separati on of 2from

it B R ch RS & ﬁﬁ%‘%‘ﬁa{? %Qd
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For exanple, in some enbodi nents,_ masking | ayer

42
rraaydjjesfesd U tREPReT Ayl 191 - QiR ekl R sSubstrate 20.
H c dycLaye
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quﬁfedp@éiﬁ n§c@fv§@§§§r§i§h803ﬁuﬁénﬂofﬂfm@§k1ng layer 42.
processi ng substrate 20. For exanple, maskin

I anlleamacyn b@f u@@@w@l@m%glhg%t *éfﬁr%lrlgléle’fa%@ﬂ?gﬁ 12 to
Process.i . % 1?e383i£'8 pLrLhe; ie %f@'aé3@n After
cefrarn por lons i

subs ate. "Simlarly, masking
| ayera¥Pe rrﬁjlqlbfdUfS@dlﬁSSﬁbSUﬂ]Skléblye@@h%@g sabplabeel2 is

20. To sinplify further_ discussion of naskin a
A2V TSOR RS A5 ThaKET T b e ORGP pr tEeY hasking

m”ié o Q238H3§ﬁg - £A0QdL Fept Bt H886T D daBeligpicted in
X{/ I's recogni zed that masking layers in

enEb@L nEBIDs Meskindelavieretd hay depasedrpnthat is
complementary to the pattern of template 12. Masking

layer 42 may include a "base layer" (also called a
"residual layer") between one or more desired features.
The separation of template 12 from masking layer 42 is
done so that desired features remain intact without
shearing or tearing from the surface of substrate 20.
Further details regarding separation of template 12 from
substrate 20 following imprinting are discussed below.
[0131] Masking layer 42 may be used in a variety of
ways. For example, in some embodiments, masking layer 42
may be a functional layer. In such embodiments, curable
liquid 40 may be curable to form a conductive layer, a
semiconductive layer, a dielectric layer and/or a layer

having a desired mechanical or optical property. In



vari ety of processes as previously described. [0132]

For use in an etch process, masking |layer 42 may be
webtehmde406i Ng an etch process until portions oPCT/US2003/021556

substrate are exposed through masking | ayer 42, as

depicted in FIG 23E. That is,s7portions of the base

| ayer nmay be etched away. Portions 44 of masking Iag
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F'ﬁs&%liﬁﬁﬁ]mﬁ@gmﬁéﬁ@:i] | si51y at s allse as a mask

enbodi ment of an inprint I|thography process usjing, a
CrEms I Sugeris T eresa el ayer He es Besf of Readifents

“9§Qséﬂg%9$¢6ef8&faCﬁb&Eve§Ub§Eff§erééb%aségéfﬁﬁatamséklng

orned froma nmaterial that i fferent
etbmyehahamt@mbsdlmsnt@a@eytrﬂbﬂﬂﬁﬁiﬁabﬁ may be used in a

PCT/USZOOB 21556 58 underlying substrate..20.and/ or
meSkF gy o rpﬁﬁ9?%?ﬁ%dasfPB%Yég%%#%bé%s?rlbe% 40.

Thps135}] eachotayss (€. &n,etéhapsbesss ayleasﬁ:sngnmyéﬁgzlz
| ayer 42 and/or substrate 20 may be etched at | east

sonevinke skefleed| velygwie hetelpreecesd ynpelbtReFtions of
| a 34 I t
B R e

| i @b tlcioad t ive FBET f 28E. ofThaanséerpbayeona803ndheubaﬂg
maski ng |layer 42, _shown in FLGS , 23A-23C. _Maskjn
Ia%%Yeﬁ2m%ﬁyb%eeE§%ﬁda%wa% nagﬁr?b?n%t%%'ﬂﬁ ??ghiggrlayer
| ayerndd. rMaskhn8n! 8yBEL #2tel Soet6hedsesiAgiARIBi €iing

process” until portions of
etching of portions of substrate 20. After etching of
masking layer 42 is complete, substrate 20 may be etched
using known etching processes. Portions of substrate 20
disposed under portions 44 of masking layer 42 may remain
substantially unetched while the exposed portions of
gubstrate 20 are etched. In this manner, a pattern
corresponding to the pattern of template 12 may be
transferred to substrate 20. The remaining portions 44
of masking layer 42 may be removed leaving a patterned
substrate 20, depicted in FIG. 23F.
[0133] FIGS. 24A-24D illustrate an embodiment of an
imprint lithography process using a transfer layer. A
transfer layer 18 may be formed upon an upper surface of
substrate 20. Transfer layer 18 may be formed from a

material that has different etch characteristics than



transfer |layer 18 are exposed through masking | ayer

42, as depicted in FIG 243. Portions 44 of masking
woOaymroiéde remain on transfer [ayer 18 and mayPO®USS®AE/021556

to inhibit etching of portions of transfer |ayer 18.

After etching of masking |ayeg 42 is conplete,

transfer layer 18 may be etched using known etching

prockssesinParalisntet 2@ randfer magieind elaysposedtormed
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stcg(%:ktq%g t %?£ lma %re' used to inhibit etching of

pobaixtis 44 Mskinglekdyengt3ubst ferree@on Brlehi pgrbace of

substrate nma er f or ned. in W
ro e T BF RPSRtE i o RN BLG e on ehe
| i et Ll NG P RGeSEer €1 8ydr 1ASatephat By i ma sk Gig 2UByer 42,

maski ng stack 46 may inhibit etching of the
ureteewyi Hy PEIS i 3Qub N EID0L AV EX et g% Pepgsed as
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a predetermned depth Is reached. An advant age
of i s1séthehed naskiangast @ckh 46race ss maski ¥ gpoypions of

2004/ 016406, PCT/ US2003/ 021556 .5 t i f. b
ST ear LR o toh etiaredronfeasdh Mgt 3H0R T8 ez,

hi gh aspestedalh orr@skodi, €. poB: ISk 44 haf h@Skéing layer 42
greater height than width). A high aspect ratio , . _ |
meskihaln | ey ckramyioe Hese¥ abb ARArTRY PReueeenfAginhibit

process to_ Enbihi depcyutt | f rti 4 ,
PREBE A LT LoDt LA 1 sk gRtcdlerching
FI 65. ma4iAt 24 DL @y er exanps esowplaegat tvenshipri hayer 18 may be

l'i t hography, processes. .used herein a "pegative

| TBFT AR | HOr GpRP BFOCLes GENerarrs: r efof b pBoact

PrOLESSFLP I\QJ(&P iheqcypable hhasldpbst suhst ant bal hisking

O Lpar 42 may remath substantially umetohod while fhe

. exposed portions of transfer layer 18 are etched. 1In
this manner, the pattern of masking layer 42 is
replicated in transfer layer 18.
[0135] In FIG. 24C, portions 44 and etched portions of
transfer layer 18 together form a masking stack 46 that
may be used to inhibit etching of portions 44 of
underlying substrate 20. Etching of substrate 20 may be
performed using a known etch process (e.g., a plasma
etching process, a reactive ion etching process, etc.).
As depicted in FIG. 24D, masking stack 46 may inhibit
etching of the underlying portions of substrate 20.
Etching of the exposed portions of substrate 20 may be
continued until a predetermined depth is reached. An

advantage of using a masking stack 46 as a mask for



That is, a negative inmage of the tenplate is forned in

the cured liquid. As depicted in these figures, the
woaam4/mewessed portions of the tenpl ate beconeprtias2003/021556

recessed portions of the mask |ayer. The tenpl ate,

therefore, is designed to hawe a pattern that

represents a negative inage of the pattern to be
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substrate 20. In contrast to a negative i [

t
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properly positioned, «curable liquid 40 is cured to
fQpﬂ@geﬁgsg¢m@gahggrrq@e@ﬁ to a process in which the

pattern formed in the mask layer is a mirror image of the
pattern of the template. As will be further described
below, the non-recessed portions of the template become
the non-recessed portions of the mask layer.

[0138] \ A typical positive imprint lithography process
ig shown in FIGS. 25A-25D. As depicted in FIG. 25A,
template 12 is positioned in a spaced relation to
gsubstrate 20 such that a gap is formed between template
12 and substrate 20. Surface of template 12 may be
treated with a thin surface treatment layer 13 that
lowers template 12 surface energy and assists in
separation of template 12 from cured masking layer 42.
[0139] Curable liquid 40 is disposed on the surface of
substrate 20. Template 12 is brought into contact with



substrate 20. Tenplate 12 is renoved from maski ng

| ayer 42, leaving cured masking |ayer 42 on the
weuodsaaenef substrate 20, as depicted in Fl G p2bmS2003/021556

Maski ng | ayer 42 has a pattern that is conplenentary

to the pattern of tenplate 130 [0140] Maski ng | ayer

42 may be used to inhibit etchi of portions of
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f drararidn ovh Ahekeastald RREC IR A 1FRF SFRCITH ©

Claggri 5451 2 o0 {fgptucerly 19 srapstsr Lavseidies
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layer 42 is complete, substrate 20 may be etched using
known etching processes. Portions of substrate 20
disposed under masking layer 42 may remain substantially
unetched while the exposed portions of substrate 20 are
etched, as depicted in FIG. 25D. In this manner, the
pattern of template 12 may be replicated in substrate 20.
The remaining portions 44 of masking layer 42 may be
removed to create patterned substrate 20.

[0141] FIGS. 26A-26C illustrate an embodiment of a
positive imprint lithography process using a transfer
layer 18. Transfer layer 18 may be formed upon an upper
gurface of a substrate 20. Transfer layer 18 is formed
from a material that has different etch characteristics
than the underlying'transfer layer 18 and/or substrate

20. Masking layer 42 is formed on the surface of



in transfer layer 18. [0143] In FIG 26B, nmasking

| ayer 42 and etched portions of transfer |ayer 18
woagrihensf or m maski ng stack 46 that may be UBe’d/UlSQl)03/021556

i nhibit etching of portions of the wunderlying

substrate 20. Etching of substgiate 20 may be

perfornmed usi ng known etching processes (

pltasme et chyRr bt duesiepesieqmd EYpE giﬁr%lgid_on the
proc tsarFaey |fr:]ht|2%artlé§e]{jcjﬁé}ﬁéledjfé rgd C‘a%@ﬁ%ﬁﬂg@ ﬂ@é]giﬁ@ layer

stae underyi ng portions
ofasubsidwd el EFICHE c:h}mgsz t he exposed portions of

substrate 20 may, be _continued unti redet er mi ne
def}3)s r edEHTH NG WA 117 d??ye#b%df%(ﬁtasa p‘P%%}és]gor

Ne-oMOSEL | V&, aNdh egald Mei AdPTddr 42 may inhibit
Iltﬁ‘togr hyaAterrpI&t for a corr%oﬁnrgj %%sltlve 1zimd

negfathivey |cw¢>r};|>cputtiq>m$1crgﬁ atplt‘%nSfmlecje@selﬁa%'Sr ncTirfesfer layer

recesses ,suitable. for, t|ve

| SRESEER Bt rS R R et i BANeAMs . porcions
exSPt Lan e Mhogd Fend, Qﬁl@émlm@rfmaskmmlmﬁer 42,
positive and negative inprint |ithography | [

is de |ct d
: .nnatyc;ew et arlela Ya%“%l‘é‘ﬂ?%‘te‘tﬂh’r%gﬁ@ €% ed
& LRCE. 566,19t L eastcoae. 11 £8tthi
r céeisjtgl%é% égﬁ?aa%gfeas%%ne sec%nd re%ess 564. FIJI:SSI
r ecmsse 562t hes porfegured taskirzntkayedi 42 oney nbeousenpicated
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As depicted in FIG. 26C, the masking stack may inhibit
etching of the underlying portions of substrate 20.
Etching of the exposed portions of substrate 20 may be
continued until a predetermined depth is reached.

[0144] In an embodiment, a process may combine
positive and negative imprint lithography. A template
for a combined positive and negative imprint lithography
process may include recesses suitable for positive
lithography and recesses suitable for negative
lithography. For example, an embodiment of a template
for combined positive and negative imprint lithography is
depicted in FIG. 27A. Template 12, as depicted in FIG.
277, 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



and assists in separation of tenplate 12 from cured
maski ng | ayer 42. Additionally, surfaces of first
woecrgse®s 562 and/ or second recesses 564 nmay becrsained21556
with the thin surface treatnent |ayer. [0146] Curable
liquid 40 is disposed on the ssizrface of substrate 20.
Tenplate 12 is brought into contact with, curable
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renove masking |layer 42 and substrate 20 at
subs146l i al | guthlelsahkegeidh4date. diaposhidisonahher suhéace of
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Precess18uyighsq he.penkosapdcetsdngnt ranst ensl ayarabl8

aslggigélggdfiglgtgﬁé Sggogggﬁgég'lower surface 566 of the
template 12 and substrate 20. Curable liguid 40 also
fills first recesses 562. However, curable liquid 40 is
substantially absent from regions of substrate 20
approximately below second recesses 564. Thus, curable
liquid 40 is maintained as a discontinuous film on
substrate 20 that includes surface topography
corresponding to the pattern formed by first recesses
562. After template 12 is properly positioned, curable
ligquid 40 is cured to form masking layer 42 on the
substrate. Template 12 is removed from masking layer 42,
leaving the cured masking layer 42 on the surface of
substrate 20, as depicted in FIG. 27C. Masking layer 42
may include a patterning region 568 that resembles a mask

layer formed by negative imprint lithography. In



[0148] It should be understood that recesses 562 may
have any shape desired, including one or nore
wehoulodens, one of which is shown in Fig. 27EpPas/Us2003/021556
shoul der 563a of recess 563. Additionally, a recess
may be provided with a shape@go that shoul ders 565a,
shown in recess 565 define a height hl and an '
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total surface area of the substrate,
In this manner, curable liquid 40 is disposed in

rate as

superimposition with the portions of template having
recesses therein that are no greater than height h; and
is absent with respect to portions of template 12 having
a height h;, for the reason discussed above.

[0149] A combination of positive and negative
lithography is also useful for patterning multiple
regions of template 12. For example, substrate 20 may
include a plurality of regions that require patterning.
As depicted in FIG. 27C, template 12 with multiple depth
recesses includes two patterning regions 568 with an
intervening channel/border region 569. Channel region
569 inhibits flow of a liquid beyond the patterning area
of template 12.



only a portion of the substrate includes the patterned

cured liquid. The "repeat" portion of the process
wonaed4deme depositing a |ight curable |iquid onPar/us2003/021556

different portion of the substrate. A patterned

tenplate is then aligned wthedt he substrate and

contacted wth the curable Iiquid. The curable |iquid
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This'is also the reason
light to form a second area of cured liquid. 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.
[0151] Step and repeat imprint lithography processes
offer a number of advantages over other techniques. Step
and repeat processes described herein are based on
imprint lithography that uses low viscosity light curable
liquids and rigid, transparent templates. The templates
are transparent to liquid activating light and alignment

mark detection light thus offering the potential for

layer-to-layer alignment. For production-scale imprint



why nost optical |ithography tools are step and repeat

systens. Al so, as discussed before, a need for |ow CD
woaniatedons and defect inspection/repair favorBCT/US2003/021556

processing of small fields. [0153] In order to keep

process costs low, it is inpogtrant for |ithography

equi pnment to possess sufficiently high throughput.
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prgg%fggigggignkgg%'tﬁ?oughput. Throughput requirements
put a stringent limit on the patterning time allowed per
field. Low viscosity ligquids that are light curable are
attractive from a throughput point of view. These liquids
move much faster to properly fill the gap between the
template and the substrate, and the lithography
capability is pattern independent. The resulting low
pressure, room temperature processing is suitable for
high throughput, while retaining the benefits of layer-
to-layer alignment.
[0154] While prior inventions have addressed
patterning of low viscosity light curable liquids, they
have not addressed this for a step and repeat process.
In photolithography, as well as in hot embossing, a f£ilm

is spin coated and hard baked onto the substrate prior to



approach that dispenses liquid suitable for a single

field onto the substrate, one field at a tine, nay
weabudicdhe above three probl ens. However, it P6T/US2003/021556

important to accurately confine the liquid to that

particular field to avoid |ogs of usable area on the

substrate. [0155] In general, |ithography is one of
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properties of the system including_ but not linted
t opsocéases eneedyin the cptedicrienerfi devirafmckepe cost of

Cogfia@ﬁgéeyggoggésgéﬁlSérticularly 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 other kinds of lithography, such as optical
lithography, wherein different levels of the same device
are made from different lithography technologies. It is
advantageous to make the imprint lithography process
compatible with other lithography techniques. A
kerf/border region separates two adjacent fields on a
substrate. In state-of-the-art optical lithography tools

this border region may be as small as 50-100 microns. The



forces, viscosity, density, opacity, etc., are
engi neered as described herein to properly

weacomrrenlat e a repeatable process. [0156] As #CsmSs®aM21556
previ ously, discontinuous filns are forned using an
appropriately patterned tenpl age. For exanple, a
tenplate with high aspect ratio recesses_ that define
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apgkgg ggCUrable liquid 40 may be forced beyond a
perineter of tenplate 12, as depicted in FIG 19C By
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curable liquid

'~ that define a border region can inhibit the flow of a
ligquid 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.
[0157] FIGS. 19A-19C depict a cross-sectional view of
a process wherein discontinuous films are formed on a
surface. In one embodiment, a curable liquid 40 is
dispensed onto a substrate 20 as a pattern of lines or
droplets, as depicted in FIG. 19A. Curable liquid 40,
therefore, does not cover an entire area of substrate 20

to be imprinted. As lower surface 536 of template 12

contacts curable liquid 40, the force of template 12 on



40 is related to the anmount of liquid dispensed on

substrate 20 and the distance tenplate 12 is from
weubsimene 20 during curing. For a negative i mpCcrms2003/021556

l'i thography process the ampbunt of fluid di spensed onto

the substrate should be | ess gRan or equal to a vol une

defined by: the volune of liquid required to
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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
gsubstrate. For a positive imprint lithography process
the amount of liquid dispensed onto the substrate should
be less than the volume defined by: the desired thickness
of the cured layer (i.e., the distance between the non-
recessed portions of the template and the substrate) and
the surface area of the portion of the substrate to be
patterned.
[0159] For an imprint lithography processes that uses

a template that includes one or more borders, the



descri bed above to allow the appropriate film

thickness to be used. [0160] The force applied by
woeo@laé®c12 to curable liquid 40 is al so i nfPaemsem3/021556

by the rate at which tenplate 12 is brought into

contact with curable liquid 49. Generally, the faster

tenplate 12 is brought into contact, the nore force
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proper alignment after the tenplate 1s brought into
contdes whed-the liquid, referred to as in-liquid
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liquid noves beyond the
contact, the more force is applied to curable liquid 40.
Thus, some measure of control of the spread of cﬁrable
liquid 40 on the surface of substrate 20 may be achieved
by controlling the rate at which template 12 is brought
into contact with curable liquid 40.
[0161] All of these features are considered when
positioning template 12 with respect to substrate 20 for
an imprint lithography process. By controlling these
variables in a predetermined manner, the flow of curable
liquid 40 may be controlled to stay confined within a
predetermined area.
[0162] Overlay alignment schemes include measurement
of alignment errors followed by compensation of these

errors to achieve accurate alignment of a patterned

template and a desired imprint location on a substrate.



patterning area, the m ni num di stance between the
tenpl ate and the substrate nust be selected to
wabkbawiewe in-1iquid align. In other words, foPC&UIR008021556
viscosity of the liquid material, the m ninmum
di stance between the tenpl ategoand the substrate, upon

which the liquid material is disposed, is established
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tenpl ate optical device, as depicted in FIG 14.
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filters between the inmaging plane and the alignnent
nmer&«sisiDepeadi agnevendet gapt beenekhe template and the

ligquid material. For example, the distance may be
established to attenuate resistance to movement between
the template and the liquid material due to stiction of
the ligquid material. 1In this fashion, placement errors
may be avoided while minimizing distortions in a recorded
pattern. Placement error, as used herein, generally
refers to X-Y positioning errors between a template and
substrate (that is, translation along the X- and/or Y-
axis). Placement errors, in one embodiment, are
determined and corrected for by using a through the
template optical device, as depicted in FIG. 14.

[0163] FIG. 28 illustrates a schematic diagram of
optical system 3820 of through the template optical
imaging system 3800, shown in FIG. 14. Optical system



patterned tenplate 3700 and substrate 2500, different

wavel engths are selected to adjust the focal |engths.
wandaroiemeh wavel ength of |ight used, each overCaySomsk21556

may produce two i mages on the inmaging plane, as

depicted in FIG 29. A first 7lmage 2601, using a

specific wavelength of light, is a clearly focused
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second image 2602, using the same wavelength of light, is
an out-of-focus image. In order to eliminate each out-of-
focus image, several methods may be used.
[01l64] In a first method, under illumination with a
first wavelength of light, two images may be received by
optical imaging device 3810. Images are depicted in FIG.
29 and generally referenced by numeral 2604. While
images are depicted as squares, it should be understood
that any other shape may be used, including crosses.
Image 2602 corresponds to an overlay alignment mark on
the substrate. Image 2601 corresponds to an overlay
alignment mark on the template. When image 2602 is
focused, image 2601 is oﬁt—of—focus. In an embodiment,
an image processing technique may be used to erase

geometric data corrésponding to pixels associated with



2701 and orthogonal ly polarizing arrays 2702.

Pol arizing arrays 2702 are fornmed on the tenplate
weuodsaaener pl aced above the surface. Under twROT/US2003/021556

pol arized illum nation sources, only focused i mges

2703 (each corresponding to ayxistinct wavel ength and

pol ari zation) may appear on the inmaging plane. Thus,
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sopetehBodphenizing arrays 2702. An advantage of this
method may be that it may not require an image processing
technique to eliminate out-focused images.
[0166] Moiré pattern based overlay measurement has
been used for optical lithography processes.- For imprint
lithography processes, where two layers of Moiré patterns
are not on the same plane but still overlapped in the
imaging array, acquiring two individual focused images
may be difficult to achieve. However, carefully
controlling the gap between the template and substrate
within the depth of focué of the optical measurement tool
and without direct contact between the template and
substrate may allow two layers of Moiré patterns to be
gsimultaneously acquired with minimal focusing problems.

It is believed that other standard overlay schemes based



the marks are nmade of the sane material as the

tenplate. In addition, WV curable |iquids may have a
woebmdaaédove index that is simlar to the refracrivgen03/021556

i ndex of the tenplate materials (e.g., quartz).

Therefore, when the UV curabls |iquid fiIIs the gap

between the tenplate and the substrate, tenplate
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are made with an opaque material (e.g., chromium), the UV
curable ligquid below the overlay marks may not be
properly exposed to the UV light.
[0168] In an embodiment, overlay marks are used on the
template that are seen by optical imaging system 3800 but
are opagque to the curing light (e.g., UV light). An
embodiment of this approach is illustrated in FIG. 31.
In FIG. 31, instead of completely opaque lines, overlay
marks 3102 on the template may be formed of fine
polarizing lines 3101. For example, suitable fine
polarizing lines have a width about % to % of the
wavelength of activating light used as the curing agent.

The line width of polarizing lines 3101 should be small

enough so that activating light passing between two lines



error neasuring tools. Fine polarized overlay marks

are fabricated on the tenplate using existing
woeoligwes, such as el ectron beam | it hographpCT[U8i®9)21556

I n anot her enbodi nent, overlay marks 3102 are forned

of a different material than yhe tenplate. For
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liéﬁﬁﬁbléf]é“HE%é¥§5¥“é@¥gé%ed to form the template overlay
marks 3102 may be substantially opaque to visible light,
but transparent to activating light used as the curing
agent (e.g., UV light). For example, SiOx where X is
less than 2 may be used as such a material. In
particular, structures formed of 8i0x, where X is about
1.5, are substantially opaque to visible light, but
transparent to UV curing light.
[0170] In all embodiments of an imprint lithography
process, a liquid is dispensed onto a substrate. While
the following description is directed to dispensing
liquids on substrate, it should be understood that the
same ligquid dispensing techniques are also used when
dispensing liquids onto a template. Liquid dispensing is
a carefully controlled process. In general, liquid

dispensing is controlled such that a predetermined amount



relati ve notion between a di spl acenent based |iquid

di spenser tip and an inprinting nmenber is used to form
wea 0@aéosn wWith substantially continuous |i neBCOWS2003/021556

portion of the inprinting nmenber. Bal ancing rates of

di spensing and relative notigg is used to control the

size of the <cross-section of the |ine and the shape
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fl&;(r?g'rélnai?j?veenrgg‘gljonr?nié Sséciiqé'lci) dcontrol the size of the
cross-gsection of the line and the shape of the line.
During the dispensing process, the dispenser tips are
fixed near (e.g., on the order of tens of microns) to the
substrate. Two examples of continuous patterns are
depicted in FIGS. 32A and 32B. The pattern depicted in
FIGS. 32A and 32B is a sinusoidal pattern; however, other
patterns are possible. As depicted in FIGS. 32A and 32B,
a continuous line pattern may be drawn using either a
single dispenser tip 2401 or multiple dispenser tips
2402. Alternatively, a pattern of droplets may be used,
as depicted in FIG. 32C. In one embodiment, a pattern of
droplets that has a central droplet that has a greater
volume than surrounding droplets is used. When the
template contacts the droplets, the liquid spreads to
fill the patterning area of the template, as depicted in

the FIG. 32C.



di spensing controller is used to control the vol une of

liquid dispensed (Vd) and the tinme taken to di spense
woheod4/0ieaei d (td). If Vd and td are fixed, incrPeagiSeg3/021556

the length of the line |eads to | ower height of the

cross- section of the |line pat#igerned. |ncreasing

pattern length may be achieved by increasing the
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cl osely spaced drops I1s used To forma line with an
accurate volune. WO 2004/ 016406 PCT/US2003/ 021556 77

[0174] After curing.,of the liquid is conpleted, -the
te&%ﬁaﬁé*féISJp&ﬁag%ﬁnFrgﬁpghgyéﬁﬁgsnﬁﬁggiH?répgéé t he
tenpl ate and substrate are al nost perfectly parallel,
the assenbly of the tenplate, inprinted [ayer, and
subdt rat e d dadehegen S@stidntihg IGFass FEGRIIhtaRge of

bg{w@gq%%ﬁgérﬁpnplate and the cured liquid. Such a
sys%enw y require a large separation force to

separate the tenplate from the cured liquid. In the
case of _a flexible tenplate or substrate, the
seh®EEF O, in one enbodiment, is performed using a

"peg) i ng, Ir cegs. " However, use of a flexible
tenpl ate or substrate may be undesirable for

hi gh-resol ution overlay alignment. In the case of a
quartz tenplate and a silicon substrate; a peeling
process may be difficult to inplenent. In one

enpoti pENt , Bhé peedtlndf ptihé " ipt otek slise peat benedmnap
separate_ the tenplate froman |npripted
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dispensing controller is used to control the volume of
liquid dispensed (Vd) and the time taken to dispense the
liquid (td). If vd and td are fixed, increasing the
length of the line leads to lower height of the cross-
section of the line patterned. Increasing pattern length
may be achieved by increasing the spatial frequency of
the periodic patterns. Lower height of the pattern may
lead to a decrease in the amount of liquid to be
displaced during imprint processes. By using multiple
tips connected to the same dispensing line, line patterns
with long lengths may be formed faster as compared to the
case of a single dispenser tip. Alternatively, a

plurality of closely spaced drops is used to form a line

with an accurate volume.



curable liquid 40 after curing. After curing of
curable liquid 40, either the tenplate 12 or

weubsimene 20 may be tilted to intentionally PoTwse0a021556
angl e 3604 between tenplate 12 and substrate 20, as
depicted in FIG 33B. A pre-calibration stage, either
coupled to tenplate 12 or substrate 20 nay be used to
i nHULZ4h tilAfber weening eppl the LPaahd &8raprelergds dthe
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In addition to the above-descri bed enbodi nents,
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[0175] FIG. 33A depicts template 12 embedded in

- curable liquid 40 after curing. After curing of curable
liguid 40, either the template 12 or substrate 20 may be
tilted to intentionally induce an angle 3604 between
template 12 and substrate 20, as depicted in FIG. 33B. A
pre-calibration stage, either coupled to template 12 or
substrate 20 may be used to induce a tilt between
template 12 and curable liquid 40. The relative lateral
motion“between template 12 and substrate 20 may be
insignificant during the tilting motion if the tilting
axis is located close to template 12-substrate 20
interface. Once angle 3604 between template 12 and
substrate 20 is large enough, template 12 may be
separated from the substrate 20 using only Z-axis motion

(i.e., vertical motion). This peel and pull method may



during' formation of the structures. Tenplate 1200 is

al so thermally and nechanically stable to provide
waama/1649601 uti on patterning capability. Tenpl aCe&/US2D6/021556

includes an electrically conducting material and/or

| ayer 1204 to allow electric f¢delds to be generated

at tenplate- substrate interface. [0178] |In one
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FI GS. 35A-35D and FIGS. 36A-36C, two enbodi nents of

t heesbove- gestl phedl pppress apd 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 electric fields to be generated at template-
substrate interface.

[0178] In one embodiment, a blank of fused silica
(e.g., gquartz) is used as the material for base 1206 of
template 1200. Indium tin oxide (ITO) is deposited onto
base 1206. ITO is transparent to visible and UV light
and is a conducting material. ITO may be patterned using
high-resolution electron beam lithography. A low-surface
energy coating, as previously described, may be coated

onto template 1200 to improve the release characteristics



illustrated. In each enbodi nent, a desired uniform gap

may be mai ntai ned between tenplate 1200 and substrate
wa20R/016M6el ectric field of the desired nmagnit BA®/USBN3/021556

be applied resulting in the attraction of

pol yneri zable conposition 1208 towards the raised

portions 1216 of tenplate 1200. In FIGS. 35A-35D, the
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source 121 there nay be a control device to
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ongllustrated In each embodiment, a desired uniform gap

may be maintained between template 1200 and substrate
1202. An electric field of the desired magnitude may be
applied resulting in the attraction of polymerizable
composition 1208 towards the raised portions 1216 of
template 1200. In FIGS. 35A-35D, the gap and field
magnitudes are such that polymerizable composition 1208
makes direct contact and adheres to template 1200. A
curing agent (e.g., activating light 1218 and/or heat)
may be used to cure the liquid. Once desired structures
have been formed, template 1200 may be separated from
substrate 1202 by methods described herein.

[0180] Referring to FIGS. 34, 35A-D and 36A-C, in a
further embodiment, template 1200 may be "adjustable".



or nore of the conductive portions. In an enbodi nent,

el ectrical connectors may run through non-conductive
worbv@roiedos f r om anot her side to connect to the PCT/US2003/021556

conductive portions. In an alternate enbodi nent, the

conductive portions may extergh t hrough the

non-conductive material such that electrica
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el 07 aFoHb3 oA HaT { ReP SURAUFRYVal Bo Shue fs BT { Lnsulates
transf @l rFayehg 1ddgah st presgsit behweenonueadh oeheri al Non-
1220 and wafer 1210, shown in FIGS. 35A-35D and_ FIGS.

36eeréaCtivagriteniahot Ret BAYOER nERAYMeR| Erogyafor example,
qegtf%éoﬁndigkfﬁéf'cégﬂ ugefggcﬁb¥€i5ﬁgp%?ﬁfdtEékm a

i ncTudes ‘a”~contrnuous Tayer of electrically
copdttéinecpapl nastdbP4tocoupbetdetn tonba- ponducedven a
bases. 1502, As shomg in Fl G BEB thg non-condugtive .
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ot BgfmbY {hensRndysli¥ei Rl hheesidd0dsindhRetBBBEakBOWN to
may be used in a "positive" inprint process as

detbosbedkabbed. ipotBg) atke oforfugtive PPeFdsnsasre
described in th dj '
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pat héependently adjust the electric field generated by one
or more of the conductive portions. 1In an embodiment,
electrical connectors may run through non-conductive
material from another side to connect to the conductive
portions. In an alternate embodiment, the conductive
portions may extend through the non-conductive material
guch that electrical connectors are not required.
[0181] In FIGS. 36A-36C, the gap and field magnitudes
may be chosen such that polymerizable composition 1208
achieves a topography that is essentially the same as
that of template 1200. This topography may be achieved
without making direct contact with template 1200. A
curing agent (e.g. activating light 1218) may be used to
cure the liquid. In the embodiment of FIGS. 35A-35D and

FIGS. 36A-36C, a subsequent etch process may be used to



created by placing a tenplate with specific nanoneter-
scal e topography at a controll ed distance (e.g.,
waoizodsinesonanonet ers) fromthe surface of a thi RCTAR203/021556
of the curable liquid on a substrate. If all or a
portion of the desired structgres are regularly
repeati ng gatterns (such as an array of dots), the
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el edecoztiabildyf opodumhyvee tbPr2004/ 0he408ncludes a
PCT/UEZOOB/OZ 556 8% %gne%ated éhat attr cts reg i.ons 1504
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capblubaew EbeésﬂbﬁscbﬁﬂdctﬁvesbabéblASOQhe EB|§hoﬁh in FIG.
high el ectric field strengths, the actlvatlng lLi ght
4Bl 8hei §aPdCRRGUEE LivedBaE6Salb8enh ot Shené &t &re
anqsggaﬁgﬁ EESH‘EQ%hSBQﬁE%akg @F C%Eh@b%tl@%'?b%tlons 1504.
However, the attachnment o e liquid fil occur
pr&hbdedmpheteamag bt ekedt Hostat'posfitived iisprint process
conpar.able.to.the capillary forces, which are neasured
by 25t HESGiH ﬁ§|8ﬁP¥§s nunber A. The magnitude of the
e'QQEBQ§tat|Gs%obﬁeeﬂéc@@@60£h€&69|yaEEa@%CIWBéﬂelﬁ ikBese
the permttivity of _vacuum E is the ma n|tude of the
el eebPPamPNERd, Makd2d 1Py LHehpERPRR CsPpéterRed structures
nagglwgd%oraédtaﬁlgaep'uéhy o PLGES oIS 1200 QALY e 1
ui d-gas surface tension.
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deformthe interface ause it to.,attach t

.the,
LpPEFCEEE LS,  LReOBReEMPPAITRIEY d CHELR9b@ s ACH LRELTE
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the details of the-topography of the plates and the

r acirgabes| pqppdtgasegedaveti ont pesupfgrate. The pattern is

created by placing a template with specific nanometer-
scale topography at a controlled distance (e.g., within
nanometers) from the surface of a thin layer of the
curable liquid on a substrate. If all or a portion of
the desired structures are regularly repeating patterns
(such as an array of dots), the pattern on the template
may be considerably larger than the size of the desired
repeating structures.

[0184] The replication of the pattern on the template
may be achieved by applying an electric field between the
template and the substrate. Because the liquid and air
(or vacuum) have different dielectric constants and the
electric field varies locally due to the presence of the

topography of the template, an electrostatic force may be



hei ghts, but this nunber will be 0(1). Thus, the

electric field is approximately given by E -
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decreases wt he WO 2004/ 016406 PCT/ US2003/ 021556.
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tenplate fromthe pol ynerized conposition. This
gmi G idyoas seurieen trirelen pot Bie | Bt koupketiptse two
efects in the pati : n e ,
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as in the case of contact._Thi b d dDb
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el'ectric field. Subsequently, the gap nay be o
i nicheaskat det awdnthderaehpl of ol badlduhas raeEpREieities and

heights, but this number will be 0(1). Thus, the
electric field is approximately given by E ~ (y/ed)*.
This activating light curable liquid may be hardened in
place by polymerization of the composition. The template
may be treated with a low enexgy self-assembled monolayer
film (e.g., a fluorinated surfactant) to aid in
detachment of the template the polymerized composition.
[0185] An example of the above approximations is given
below. For d = 100 nm and v = 30 mJ/m and € = 8.85 x 10-
12 C¢2/J-m, E = 1.8 X 10g V/m, which corresponds to a
potential difference between the plates of modest 18 V if
the plate spacing is 100 nm or 180 V if the plate spacing
is 1000 nm. Note that the feature size d ~ v/eE’, which

means that the size of the feature decreases with the
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electric field to "drawout” the liquid to form
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[0187] The activating light curable liquid may be

deposited on top of a transfergsl ayer as previously
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1ncreased between the template and substrate while
simultaneously increasing the magnitude of the electric
field to "draw-out" the liguid to form clearly defined
gtructures without requiring contact.
[0187] The activating light curable liguid may be
deposited on top of a transfer layer as previously
described. Such a bi-layer process allows low aspect
ratio, high-resolution structures formed using electrical
fields to be followed by an etch process to yield high-
aspect ratio, high-resolution structures. Such a bi-
layer process may also be used to perform a "metal lift-
off process" to dep6sit a metal on the substrate such

that the metal is left behind after lift-off in the

trench areas of the originally created structures.
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limting sense. Various nodifications and

conbi nations of the illustratgye enbodi nents as well

as ot her enbodiments of the invention will be
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In the clains:_1. A nethod of formng a pattern on a, _

suBgYrBEeraPifpYoagla t BNPLELBY tREPREERHES variations in

co éi§ﬁﬂgtra@@sEEEOgh@gaEEEVEEngaﬁggﬁedchggble liquid may

substrate 1n a spaced relationship to"each other so
t halsa gupidsundesatellbepuebrrihditénpktave &hdtt hekes

substrate; fi]Jling.the g ith light activatin .gh
cURaBPeEePPhtF AoBUbeY SR Far LoV o Ana SR TarFy AHEoERG oo In
|i ghtiigebhyahkngiehtgbhequbnble, hikqusdpodsibhe methodckly
as recited in claimL further including, before

fi EPrY eheaghprnpwdthPvh cRECRERPIALE tgﬁdtﬁW@later thus
supst . anp - n ;
S
substinate. d3redhecorthotd.as recited in claim1 further

topiaeE andn: hB1e BeFFate, AppriPng -8 -pPetgtEPm AEA U-S-
a”BHEEan?b?EécéEEbﬁéth89e|bQBh eubakberhiad Byt @efierence.

portion o tenplate. 4. The nethod as recited in
cl Zhem texbr ehepuchnll Gdi RgLpRo® anAgUt e PafigRbte with

BT GRULREC I AP 2L ThcLaREsIERl BTetonce

antopphei egteacondasunbacenflict exists between such text
and the other statements and drawings set forth herein.
In the event of such conflict, U.S. patents and U.S.
patent applications are specifically not incorporated by
reference in this patent.
[0190] While this invention has been described with
references to various illustrative embodiments, the

“description is not intended to be construed in a limiting
sense. Various modifications and combinations of the
illustrative embodiments as well as other embodiments of
the invention will be apparent to persons skilled in the
art upon reference to the description. It is, therefore,

intended that the appended claims encompass any such

modifications or embodiments.



where the recesses define a plurality of features in

the first surface of the patterned tenplate and
woizbdsingros he gap further includes filling thergaws2003/021556

bet ween the non- recessed portions of the tenplate and

the substrate, and wherein thg activating |ight

curable liquid is WD 2004/ 016406 PCT/ US2003/ 021556 86
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acthwat+amgel i ght curable liquid is produced on the
portion of the substrate. WO 2004/ 016406
PCT/ US2003/ 021556 87

3. The method asg recited in claim 1 further

including, before filing the gap, position the template
and the substrate, applying a predetermined amount of the
activating light curable liquid to a portion of the

template.

4. The method as recited in claim 1 further
including providing the template with a first surface and
a plurality of recesses formed in the template extending
from the first surface toward an opposing second surface,
where the recesses define a plurality of features in the
first surface of the patterned template and filling the
gap further includes filling the gap between the non-
recessed portions of the template and the substrate, and

wherein the activating light curable liquid is



10. The nmethod of claim 1, wherein applying the
activating light curable liquid to a portion of the
weubsmete conprises applying the liquid to areas/uso3 021556
the substrate corresponding to areas of the tenplate
that are not recessed and notgeapplying the liquid to
areas of the substrate corresponding to areas of the
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non-recessed portions of the tenplate and the

s ulEstirigicel spes nidwsUesplat €25 s°Posi ti oned over the

substrate. 12. The nethod of claim1, wherein

positioning the tenplate and the substrate in a

spaced Tied afdtansdi Pf € | BeSwipdsd in ofhgadtievating light

tenpl ate at a distance of |ess than about 500 nm from
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comri si g separating i hes teapl ate fromthe cured
i qui y applying a separating light to the cured

liquid, with the separating |ight alters the cheni cal
composi tion of a_portion of. cured liquid such that
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rel eased by the cured liquid near the interface of
the tenplate and the cured
8. The method of claim 1, wherein the template

comprises a first surface treatment layer on at least a
portion of the lower surface, and a second surface
treatment layer on the recessed portions of the template,
wherein the first and second surface treatment layers
have different wetting characteristics with respect to

the activating light curable liquid.

9. The method of claim 1, wherein applying the
activating light curable liquid to a portion of the
substrate comprises dispensing the liquid with a fluid
dispenser such that a predetermined pattern of the
activating light curable liquid is produced on the

portion of the substrate.



l'iquid. 15. The nethod of claim11, further conprising

sensing the distance between the tenplate and the
weubsimene, and altering the di stance betweenpPCiais2003/021556

tenpl ate and the substrate, prior to applying

activating light to the actiwgting |ight curable

liquid. 16. The nethod of claim1, further conpr|5|ng
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substrate.

12. The method of claim 1, wherein positioning the
template and the substrate in a spaced relationship
comprises positioning the template at a distance of less

than about 500 nm from the substrate.

13. The method of claim 1, further comprising separating
the template from the cured ligquid by applying a
separating light to the cured liquid, with the separating
light alters the chemical composition of a portion of
cured ligquid such that the adhesion of the template to

the cured liquid is reduced.

14. The method of claim 1, further comprising separating

the template from the cured liquid by applying a



gap; and formng, fromthe additional activating |ight

curable liquid, additional solidified material. 19.
woherseéd06d as recited in claim17 further incka@iusgno3/021556
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The nmethod as_recited in claim 17, wherei ositioning .
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17. A method of forming a pattern on a substrate with a
template having a patterning area, the method comprising:

placing the patterning area opposite a region of the
substrate, defining a gap therebetween;

positioning an activating light curable liquid
between the substrate and the template;

filling the gap with the activating light curable
liquid by contacting the activating light curable liquid
with both the template and the substrate, while confining
the activating light curable liquid within the gap; and

forming, from the activating light curable liquid, a

golidified material.

18. The method as recited in claim 17 further including

placing said patterning area opposite an additional



the substrate and the tenplate further includes
applying a predetermned pattern of the activating
woighoiewsabl e liquid to a surface of the subBCTASE003/021556
24. The nmethod of claim 17 further including.
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activating light curable liquid by contacting the
additional activating light curable liquid with both the
template and the substrate, while confining the
additional activating light curable liquid within the
plurality of additional gaps; and forming, from the

additional activating light curable liquid, additional

solidified material.

20. The method as recited in claim 17 wherein
positioning the activating light curable liquid between
the substrate and the template further includes applying
the activating light curable liquid to a surface of the

template..



29. A systemfor formng a pattern on a substrate

conprising: a body supporting the substrate; a
woenplaéme coupl ed to the body and having a paPCeUSe®3/021556

region; a displacenent system coupled to the body, to

provide rel ative novenent betwsen the substrate and

the tenplate and place the tenplate in
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24 . The method of claim 17 further including determining
a distance between the template and the substrate by
determining a resistive force between the template and

the activating light curable liquid.

25. The method of claim 17 wherein the patterned
template comprises a first surface, facing the substrate,
and a plurality of recesses formed extending from the
first surface toward a second surface of the template,
disposed opposite the first surface, with the plurality

of recesses defined the patterning area.

26. The method of claim 17 wherein positioning the
activating light curable liquid further includes placing

a predetermined volume between the template and the



third axis that extends transversely to the first and

second axes. 1 31. The systemof claim29 further
wonaed4dédng a fine orientation system connect eBCTaSkwa8/021556

tenplate to allow pivotal novenent of the tenplate

with respect to the substrateito maintain a

substantially parallel orientation with respect to the
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wherein said notion stage further includes a |

s stead g et kthe astubpating helghbseystlel andiguid beyond
trate tilt nodule coupled to the substrate chuck,
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pattern surface toward the second side,_endi ng in a _
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di i §RESurable liquid upon one of said template and said

substrate.

29. A system for forming a pattern on a substrate
comprising:

a body supporting the substrate;

a template coupled to the body and having a
patterned region;

a displacement system, coupled to the body, to
provide relative movement between the substrate and the
template and place the template in superimposition with a
portion of the substrate, defining a patterning portion;

a liquid dispenser coupled to dispense an activating
light curable liguid onto a sub-portion of the patterning
portion, with said displacement system coupled to

selectively place the activating light curable liquid in



35. The systemof claim?29 further including a fine

orientation systemhaving a first flexure nenber,
woehewnsienoet he first flexure nenber is configur edTiUs2003/021556

pi vot about a first orientation axis and a second

fl exure menber coupled to theofirst flexure nmenber,

wherein the second flexure nmenber is configured to
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liquidto a surface of the substrate; positioning a
tenplate proximate to the activating |[|ight curable

liguid wherein the tenmpl %g ONDy{ i $£S; .
’ : ; 29 &wh th
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which the substrate is supported, to provide relative
movement between the substrate and the template along
first and second transverse axes and an imprint head, to
which the template is attached, to provide relative
movement between the template and the substrate along a
third axis that extends transversely to the first and

second axes.

31. The system of claim 29 further including a fine
orientation system connected to the template to allow
pivotal movement of the template with respect to the
substrate to maintain a substantially parallel
orientation with respect to the substrate in response to

a force applied to the template.

32. The system as recited in claim 29 further including

a fine orientation system connected to the motion stage



conductive |l ayer and the substrate, wherein the

el ectrically conductive |ayer forns a conti guous
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structures conplenentary to the patterned structures

to be produced on the substratgs applying an electric

field between the tenplate and the substrate b
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activating light curable liquid toward the

el ectrically conductive | ayer, of the tenplate. .

40.
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fithel tamppie eth bet swemse heo t Enptas ebaingt fpplied to the
substrate while curing the activating Iight curable
|i%ﬁﬁ%ﬁrﬁﬁ?-The met hod of claim 39, wherein the
tenplate is substantially transparent to activating
light. 45. The nmethod of claim 39, wherein the
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cohprrEss s o SS8ruY SR Y00a EaeRoRitE the pattern
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wherein the tenplate further conprises a | ow surface
en@m@yp@gggx@gregion including a pattern surrace and a

recess extending from the pattern surface toward the
second side, ending in a terminus, with the first surface
being spaced-apart from the second side a first distance,
the terminus being spaced apart from the second side a
second distance and the pattern surface being spaced-
apart from the second side a third distance, with the
first distance differing from both the second and third

distances.

35. The system of claim 29 further including a fine
orientation system having a first flexure member, wherein
the first flexure member is configured to pivot about a
first orientation axis and a second flexure member
coupled to the first flexure member, wherein the second
flexure member is configured to pivot about a second

orientation axis a support coupled to the second flexure



47. The nethod of claim 39, wherein the tenplate
further conprises a |ow surface energy coating, and
wohewnmienos he | ow surface energy coating i s a PCOmS2M8/021556
containing coating. 48. The nethod of claim 39,
wherein applying the electri®4ield between the
tenpl ate and the substrate causes a portion of_the
actemeEy ngHeanghin dirarwnauite el dohrtapbite ofe
oftﬁpel&gpplate. 49. The nethod of claim 39, wherein
t f& actiVating light curable liquid is attracted to
the electrically conductive |ayer but does not
contact the electrically, conductive |ayer when the
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ofsyrtem, alteereionsis ipgeadl Gt i@ Glgmols npenfigured to

move the fine orientation system toward and away from the

substrate during use.

37. The system of claim 29 further comprising an
enclosure around at least the imprint head and the motion
stage, and a temperature control system, wherein the
temperature control system is configure to inhibit
temperature variations of greater than about 1 °C within

the enclosure during use.

38. The system of claim 29 further comprising an air
gauge coupled to the motion stage, wherein the air gauge
is configured to determine a distance between the

substrate and the template.

39. A method oflpreparing patterned structures on a
substrate, comprising:

applying an activating light curable liguid to a
surface of the substrate;

positioning a template proximate to the activating
light curable liquid, wherein the template comprises:

a non-conductive layer;

an electrically conductive layer adjacent the non-
conductive layer and substantially between the non-
conductive layer and the substrate, wherein the

electrically conductive layer forms a contiguous pattern
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of structures complementary to the patterned structures
to be produced on the substrate;

applying an electric field between the template and
the substrate by passing a current through the
electrically conductive layer, wherein the applied
electric field creates an electric static force that
attracts a portion of the activating light curable liquid

toward the electrically conductive layer of the template.

40. The method of claim 39, further comprising curing
the activating light curable liquid by applying
activating light to the activating light curable liquid.

41. The method of claim 39, further comprising forming a
transfer layer on the substrate prior to applying the

activating light curable liquid.

42. The method of claim 39, wherein the activating light
curable liquid has a viscosity of less than about 30

centipoise measured at 25 °C.

43. The method of claim 39, further comprising curing
the activating light curable liquid, wherein the electric
field is applied between the template and the substrate

while curing the activating light curable ligquid.

44. The method of claim 39, wherein the template is

substantially transparent to activating light.

45. The method of c¢laim 39, wherein the substrate is
substantially transparent to activating light and the
electrically conductive material comprises indium tin

oxide.
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46. The method of claim 392, wherein the template further

comprises a low-surface energy coating.

47. The method of claim 39, wherein the template further
comprises a low-surface energy coating, and wherein the
low-surface energy coating is a fluorine containing

coating.

48. The method of claim 39, wherein applying the
electric field between the template and the substrate
causes a portion of the activating light curable liquid

to contact a portion of the template.

49. The method of claim 39, wherein the activating light
curable liquid is attracted to the electrically
conductive layer but does not contact the electrically
conductive layer when the electric field is applied

between the template and the substrate.

50. The method of claim 39 wherein the substrate
comprises of material selected from a set of materials

congisting of GaAs, SiGeC and InP.



