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benefit uwmdenosdB3100S. C.  119(e) (1) of U. S. Provisional RoT/U54080533897,
filed on Decenber 4 , 2007, and U. S. Patent Application No. 12/327,618,
filed on Decenber 3, 2008, both of which are hereby incorporated by

ref erence. BACKGROUND | NFORMATI ON [ 0002] Nano-fabrication includes the
fabrication of very small structures that have features on the order of 100
nanoneters or smaller. One application in which nano-fabrication has had a
si zeable inpact is in the processing of integrated circuits. The

sem conduct or processing industry continues to strive for |arger production
yields while increasing the circuits per unit area forned on a substrate,

t heref ore nano-fabrication becones increasingly inportant. Nanofabrication

provi ges greater procepsHPARCUGHPUTEIMPRNY BASEDNUed reduction of the

mini num feature di mesiyPAB TALINEACTIONCERAEKING' CBNTRher areas of
devel opnent in which nano-fabrication has been enpl oyed incl ude

bi ot echnol ogy, opti cal @?@%@é‘nc%‘:ﬁ@lgleﬁ%eﬁ%ﬁ{ and the |ike. [0003]

An exenpl ary nano-fabrication technique In ay |s commonly referred
to a | nprint |ithography. Exerrpl ary inprint lithography processes
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BACKGROUND INFORMATION

[0002] Nano-fabrication includes the fabrication of very small structures
that have features on the order of 100 nanometers or smaller. One application in
20  which nano-fabrication has had a sizeable impact is in the processing of
integrated circuits. The semiconductor processing industry continues to strive for
larger production yields while increasing the circuits per unit area formed on a
substrate, therefore nano-fabrication becomes increasingly important. Nano-
fabrication provides greater process control while allowing continued reduction of
25 the minimum feature dimensions of the structures formed. Other areas of
development in  which nano-fabrication has been employed include
biotechnology, optical technology, mechanical systems, and the like.
[0003] An exemplary nano-fabrication technique in use today is commonly

referred to as imprint lithography. Exemplary imprint lithography processes are



2004/ 0065976, U.S. Patent Publication No. 2004/0065252, and U.S. Patent No.
6, 936, 194, all of which are hereby incorporated by reference. [0004] An

i nprint |IWOhogveEpiey t echni que disclosed in each of the atorisawswisaed U. S.
pat ent publications and patent includes formation of a relief pattern in a
formabl e | ayer (polynerizable) and transferring a pattern corresponding to
the relief pattern into an underlying substrate. The substrate may be
coupled to a notion stage to obtain a desired positioning to facilitate the
patterning process. The patterning process uses a tenplate spaced apart

f rom t he desbritiedainaletantinanunoenoab lpablicajiond, syopl ased. SR atestrPablieati@nibat e and
the substrate. The formable liquid is solidified to forma rigid |ayer that

has a paesmoesaf®rwisIPdtentaPstilizaio®Nd. [2008/0066282,0dnd UES tRABhANS. t hat
contacts the formable liquid. After solidification, the tenplate is

separ at e §360004, bt ot Which ArVIRITeByHRokdRbiclig bRTBA@L e and the substrate are
spaced apart. The substrate and the solidified |ayer are then subjected to
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embod ne%%?regéogdqﬁg iton¥r$entreilice):?’paﬂern into an underlying substrate. The substrate

may be coupled to a motion stage to obtain a desired positioning to facilitate the

patterning process. The patterning process uses a template spaced apart from

10 the substrate and a formable liquid applied between the template and the

substrate. The formable liquid is solidified to form a rigid layer that has a pattern

conforming to a shape of the surface of the template that contacts the formable

liquid. After solidification, the template is separated from the rigid layer such that

the template and the substrate are spaced apart. The substrate and the

15 solidified layer are then subjected to additional processes to transfer a relief

image into the substrate that corresponds to the pattern in the solidified layer.

BRIEF DESCRIPTION OF DRAWINGS
[0005] So that the present invention may be understood in more detail, a
20 description of embodiments of the invention is provided with reference to the
embodiments illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only typical embodiments of the invention,

and are therefore not to be considered limiting of the scope.



and are therefore not to be considered |imting of the scope.[0006] FIG 1
illustrates a sinplified side view of a |lithographic systemin accordance
wi th an ewbadiwestooof the present invention. [0007] FI GpCZ/uskéos®i33at es a
sinplified side view of the substrate shown in FIG 1 having a patterned

| ayer positioned thereon. [0008] FIGS. 3A-3D illustrate sinplified side

vi ews of Phases of contact between a tenplate and a substrate. [0009] FIG
4 illustrates a graphical representation of contact force provided by
inmprint head in relation to stiffness of a tenplate during contact between

t enpl at e [@ObDG}Ybst FES.e1 il[U30al] a Sireplifiledi dideISiewabea IRhedraphicadktem in
representation of pressure and force distribution on a tenplate. [00011]

FIG 6 ildcbsbatewith dnl @nbsdiatent 6f tharprexaitmhwantionet hod for control ling
contact transition and conform ng of tenplate to substrate. [00012] FIG 7

|| Tust rag%@ | OCFIG‘J“ é‘gl'h%'f?a‘fgsbé‘r&irﬁéﬁf@?f é‘iﬁfé \ﬁ@ntcffghgs%f&ﬁmet 9"@{%'83% 3be used

to provi de control |l ed contact between tenplate an ubstrate ] FIG

8 illust rF%.e’?g\%yiﬁlg%%(at 'rog(ﬁ géyeggﬂgg(gé&ﬁ(he%%%pl ary control systemthat may

be used to pr contr etween tenpl ate and substrate.

000141 Tl Lt ERAE P R3g sl Bt 3 SN Phals BP o
substrat Between a template and a substrate.
[0009] FIG. 4 illustrates a graphical representation of contact force
provided by imprint head in relation to stiffness of a template during contact
between template and substrate.
10 [00010] FIG. 5 illustrates a graphical representation of pressure and force
distribution on a template.
[00011] FIG. 6 illustrates a flow chart of an exemplary method for controlling
contact transition and conforming of template to substrate.
[00012] FIG. 7 illustrates a block diagram of an exemplary control system
15 that may be used to provide controlled contact between templaté and substrate.
[00013] FIG. 8 illustrates a block diagram of another exemplary control
system that may be used to provide controlled contact between template and
substrate.
[00014] FIG. 9 illustrates a flow chart of an exemplary method for
20 determining height profile of a contact plane between template and substrate.

[00015] FIG. 10 illustrates a graphical representation of a height profile near

contact plane between template and substrate.



[00015] FIG 10 illustrates a graphical representation of a height profile
near contact plane between tenplate and substrate.[00016] FIG 11

i Il ustratwe a0%d7e2e0chart of an exenplary nethod for obt &Cmiusgoos/ociznt act

pl ane. [00017] FIG 12 illustrates a side-by-side conmparison of an inmage of
a contact plane obtained froma spread canmera and an associ ated map of the
contact plane. [00018] FIG 13 illustrates a sinplified side view of a
chuck contacting a tenplate and defining a contact plane. [00019] FIG 14
illustrates another exenplary control systemthat may be used to provide

control | goo®néct FIG.na 1MifuseratdBetawdiow chap! at annrsefiphayr alethdd for
substantially real tinme. DETAI LED DESCRI PTI ON [ 0001] Referring to the

figures, oBRfiniRghtddmddpianed 0 FIG 1, illustrated therein is a Iithographic
system 10 used to forma relief pattern on substrate 12. Substrate 12 may

be coupl ﬁg)g(d’lgxg:ffé‘t ?zciﬂﬁl& t%sj;a ARie-b %'iﬁ%%rﬁ aristAP3E AL E"%%%E 41s a

vacuum c rate chuc however, e any chuc I ng, but

not limt t vac i p- e qve-typ ectr i

el ect ronﬁgﬁteatcfalan ngé"%\rn hQOWEe@rgééebr%&aerr% < dugbsacsgpgﬁgeg&sbfa}pbga tri'en u. S.
Pat ent No. 6’§7|3h087’ whi ch is hereby incorporated by reference. [0002]
Subst Pat &219CLRA € ubst rate chuck 14 rmay be further supported by

[00018] FIG. 13 illustrates a simplified side view of a chuck contacting a
template and defining a contact plane.

[00019] FIG. 14 illustrates another exemplary control system that may be
used to provide controlled contact line motion between template and substrate in

10  substantially real time.

DETAILED DESCRIPTION
[0001] Referring to the figures, and particularly to FIG. 1, illustrated therein
is a lithographic system 10 used to form a relief pattern on substrate 12.
15 Substrate 12 may be coupled to substrate chuck 14. As illustrated, substrate
chuck 14 is a vacuum chuck. Substrate chuck 14, however, may be any chuck
including, but not limited to, vacuum, pin-type, groove-type, electrostatic,
electromagnetic, and/or the like. Exemplary chucks are described in U.S. Patent
No. 6,873,087, which is hereby incorporated by reference.
20 [0002] Substrate 12 and substrate chuck 14 may be further supported by
stage 16. Stage 16 may provide motion along the x-, y-, and z-axes. Stage 16,
substrate 12, and substrate chuck 14 may also be positioned on a base (not

shown).



stage 16. Stage 16 may provide notion along the x-, y-, and z-axes. Stage
16, substrate 12, and substrate chuck 14 may al so be positioned on a base
(not shownp.2p@d033ooSpaced- apart from substrate 12 is a tremmiSats/ 0162

Tenpl ate 18 may include a nesa 20 extending therefromtowards substrate 12,
mesa 20 having a patterning surface 22 thereon. Further, nesa 20 may be
referred to as nold 20. Alternatively, tenplate 18 nay be fornmed w thout
nmesa 20. [0004] Tenplate 18 and/or nold 20 may be fornmed from such
materials including, but not limted to, fused-silica, quartz, silicon,

organi ¢ JOQO®]sS, SpheedapaRPoyiBiistral®n D 4 teraplatedl &s Fenplateri@anapon
pol ynmers, netal, hardened sapphire, and/or the like. As illustrated,

pat t er ni neLIgdd b aresa220 eRtENdirhefSrirt teWadefJupeHiatey12 mésk abinayingfa
spaced- apart recesses 24 and/or protrusions 26, though enbodi nents of the

pr esent ig%ﬁﬁanltymg;eu@é& 99khdreBh EEHAR, kA ﬁpﬁfa%%éf R PaP to Fahidid Piong

surface efine any original pattern that forns the basis of a

pattern tA%&ﬂ%gi'gQgﬁg"ﬁgﬁ?sw%Qa"te%é’ﬁe%%ﬂgﬁ%m%%’f@f’ate 18 may be coupled to

chuck 28. e configur imted to, vacuum

pi n-type, e-type | eqt rost ati ectro net | and/or other simlar
P ek ors TOIERY o | RS piate SH ARGHE iy LB RIRE Fam P el e,

6, 873, 087, ich is hereby incorporated by reference. Further, chuck 28 ma
o coun gkt o e 0o BFEEhESe o HURIE. S5Ta BOATi AN Ean 30 Moy

be configured to facilitate novenent of ten‘%l ate
siloxane polymers, borosilicate glass, fluorocarbon polymers, metal, hardened

sapphire, and/or the like. As illustrated, patterning surface 22 comprises features
defined by a plurality of spaced-apart recesses 24 and/or protrusions 26, though

10  embodiments of the present invention are not limited to such configurations.
Patterning surface 22 may define any original pattern that forms the basis of a
pattern to be formed on substrate 12.
[0005] Template 18 may be coupled to chuck 28. Chuck 28 may be
configured as, but not limited to, vacuum, pin-type, groove-type, electrostatic,

15 electromagnetic, and/or other similar chuck types. Exemplary chucks are further
described in U.S. Patent No. 6,873,087, which is hereby incorporated by
reference. Further, chuck 28 may be coupled to imprint head 30 such that chuck
28 and/or imprint head 30 may be configured to facilitate movement of template
18.

20 [0006] System 10 may further comprise a fluid dispense system 32. Fluid
dispense system 32 may be used to deposit polymerizable material 34 on
substrate 12. Polymerizable material 34 may be positioned upon substrate 12

using techniques such as drop dispense, spin-coating, dip coating, chemical



18. [0006] System 10 may further conprise a fluid di spense system 32. Fluid
di spense system 32 nmay be used to deposit polynerizable material 34 on
subst r at ew02009R0B30er i zabl e material 34 nmay be positionedTasewssuisstrate 12
usi ng techni ques such as drop di spense, spin-coating, dip coating,
chem cal vapor deposition (CVD), physical vapor deposition (PVD), thin film
deposition, thick filmdeposition, and/or the |ike. Polynerizable materi al
34 may be di sposed upon substrate 12 before and/or after a desired vol une

i s defined between nold 20 and substrate 12 dependi ng on design

consi der aapondepdXlignéCVBabpkysiedl erapal deépositign ¢BE)j ten dilmodepositiom, Xt ure as
described in U S. Patent No. 7,157,036 and U.S. Patent Publication No.

2005/ 0187¢3R filna bk p&ditiow iaela/gartke ke e Pylyinisizapler makdiabg4 hefesedieposéd007]
Referring to FIGS. 1 and 2 , system 10 may further conprise an energy

source 3§ peRWRbEFatkol 0béfRed aRARF Aitedtd debped vBRhE BefihBBbefledieaId0 and
stage 16 may be configured to position tenplate 18 and substrate 12 in
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i n communication w stage 16, 1nprint ad 30, fluid dispense system 32,
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hereby incorporated by reference.
[0007] Referring to FIGS. 1 and 2, system 10 may further comprise an
energy source 38 coupled to direct energy 40 along path 42. Imprint head 30

10 and stage 16 may be configured to position template 18 and substrate 12 in
superimposition with path 42. System 10 may be regulated by a processor 54 in
commu-nication with stage 16, imprint head 30, fluid dispense system 32, and/or
source 38, and may operate on a computer readable program stored in memory
56.

15 [0008] Either imprint head 30, stage 16, or both vary a distance between
mold 20 and substrate 12 to define a desired volume therebetween that is filled
by polymerizable material 34. For example, imprint head 30 may apply a force to
template 18 such that mold 20 contacts polymerizable material 34. After the
desired volume is filled with polymerizable material 34, source 38 produces

20 energy 40, e.g., ultraviolet radiation, causing polymerizable material 34 to solidify
and/or cross-link conforming to shape of a surface 44 of substrate 12 and
patterning surface 22, defining a patterned layer 46 on substrate 12. Patterned

layer 46 may comprise a residual layer 48 and a plurality of features shown as



by pol ynerizable material 34. For exanple, inprint head 30 may apply a
force to tenplate 18 such that nold 20 contacts pol ynerizable material 34.
After thewoeséwogsovol ume is filled with polynerizabl e neCenisaéos®4336csour ce
38 produces energy 40, e.g., ultraviolet radiation, causing polynerizable
material 34 to solidify and/or cross-link conform ng to shape of a surface
44 of substrate 12 and patterning surface 22, defining a patterned | ayer 46
on substrate 12. Patterned | ayer 46 nay conprise a residual |ayer 48 and a
plurality of features shown asprotrusions 50 and recessions 52, with

prot r usi enatrsiorsad rapdt Eceksiess S2navithepiiothuaionk e haviagithigksedshtickmbss t 2.

[ 0009] The above-nenti oned system and process may be further enployed in

i mprint Iredithog naysEnhapingcetsameant,. systens referred to in U S, Patent No.
6,932,934, U. S. Patent Publication No. 2004/0124566, U.S. Patent

Publ i cat ifoD0®] 2004é 0hB8¥&mentidREd Usysterat St E’ll&b!s§aliﬂa‘9n . fugfed/ 021
1754, each of which is hereby incorporated by reference. [OOO @ Chuck 28

and  substehai &y e HGHprift nﬂﬁagrgshygﬁ&e@%é 88d gwéhq@trbfégreyqos#@}%epét%nﬁ' ate 18

and substrate 12 resSpecti vel may” be nount on |rrpr| nt head 30.
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[00010] Chuck 28 and substrate chuck 14 may be used during imprinting to

secure template 18 and substrate 12 respectively. Chuck 28 may be mounted on

10 imprint head 30. Imprint head 30 may be capable of controlling motion in
multiple axes. For example, imprint head 30 may be a three-axis imprint head 30
capable of controlling Z, Rx and Ry motions (e.g., tip/tilt motion) by moving to
independent Z;, Z, and Z3 positions. Imprint head 30 may also provide for
contact force F between template 18 and substrate 12.

15 [00011] Generally, there are three phases for imprint head 30 during the
imprinting process. During Phase 1, as illustrated in FIG. 3A, contacting
transitions and contact force of template 18 to substrate 12 may be controlled to
provide a substantially stable interaction between template 18 and substrate 12
while achieving a relatively rapid response.

20 [00012] Imprint head 30 may provide template 18 in free space motion
wherein template 18 and substrate 12 may be separated by a distance d. As

template 18 moves towards substrate 12, pressure between template 18 and

substrate 12 may increase as the gas flow rate may be limited by the distance



[ 00011] Generally, there are three phases for inprint head 30 during the

I mprinting process. During Phase 1, as illustrated in FIG 3A, contacting
transi ti one 2a0h78mnt act force of tenplate 18 to substrareTAR2008)13362
controlled to provide a substantially stable interaction between tenplate
18 and substrate 12 while achieving a relatively rapid response. [00012]

I nprint head 30 may provide tenplate 18 in free space notion wherein
tenplate 18 and substrate 12 may be separated by a distance d. As tenpl ate
18 noves towards substrate 12, pressure between tenplate 18 and substrate
12 may i betweesetensplatec§andfdubstratet €2.maheblerdel deteetddbyy trhyerindibstadnd®bet ween
tenpl ate 18 and substrate 12. The force detected by inprint head 30 nay be

dependentm®nbé depencess whethdipsésdupel distiibuMonathitis isna funtioh @i tied vélbeitywel oci ty
of inprint head 30 and the di stance between tenplate 18 and substrate 12.

I'f the dic$irapef ndabSoarNtheaRbatE bdfverndemiphits n8tadlslibsFa €At Rthd han
approximately 10 nm the resistance force generated by the air may be of a

rel ati velgsth i GR@lddtlom@att #6 apdlbstra2 PR GredtertRbAGpRFaRERA even i f
tenpl ate 18 noves towards substrate 12 at velocities of approxinmtely 3
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substrate 1 ecreases the ance between tenplate 18

Newt ons. o1 iraE 1 5 S9gh REBREE B bERbTglecitn Tk el T8 WGies ey "be
reduced bSR3 SRS 1S VIR SFppriithattly s TRnjstt head 30.
[00013] Imprint head 30 moves template 18 at a velocity v towards
substrate 12 (e.g., 3 mm/s) and decreases the distance between template 18 and
10  substrate 12 to less than approximately 10 um. At this Phase, several Newtons
of force (e.g., air resistance) may be measured. This force may be reduced by
decreasing the moving velocity of imprint head 30.
[00014] During Phase 2, as illustrated in FIG. 3B, template 18 contacts
substrate 12. For example, imprint head 30 may provide contact of template 18
15 to substrate 12. The Z motion of template 18 may be constrained by the stiff
environment. For example, the imprint head 30 moving range may be limited by
the magnitude of force F that may be possibly generated by the imprint head 30
in addition to the compliance (e.g., stiffness) of template 18 and substrate 12. As
illustrated in the graph of FIG. 4, the contact force F gradually increases from
20  zero to 1 N/um and then quickly increases to 9 N/um. This contact force F may
be proportional to the stiffness of template 18 and/or substrate 12.
[00015] Back pressure may be applied to template 18 and/or substrate 12.

For example, as illustrated in FIGS. 3B and 3C, back pressure may be applied to



[ 00014] During Phase 2, as illustrated in FIG 3B, tenplate 18 contacts
substrate 12. For exanple, inprint head 30 nay provide contact of tenplate
18 to subworatw7i®dy The Z notion of tenplate 18 nay be eomatscaisnesdcby t he
stiff environnment. For exanple, the inprint head 30 novi ng range may be
limted by the magnitude of force F that may be possibly generated by the
inprint head 30 in addition to the conpliance (e.g., stiffness) of tenplate
18 and substrate 12. As illustrated in the graph of FIG 4 , the contact
force F gradually increases fromzero to 1 N nm and then quickly increases
to 9 N memphits 18 biytchatk R8ranel/dr baxk pressure poayt b applicdotot Jubstatel fhiegs of
tenpl ate 18 and/or substrate 12. [00015] Back pressure may be applied to

t enpl at e sliBstie/ fuckubs regperctildly. FAs iRxcrmée in &G 15| ust inggrind headF3@S. 3B
and 3C, back pressure may be applied totenplate 18 by chuck 28 and/or back

pressur e ji@yaf ﬁ@%bg@hd& SRl Rt Badipla¥sarebsiolried herrlek1zB hegmpect i vel y.

As illustrated in FIG 5, as inmprint head 30 increases the magnitude of
force F, EK 1B fediiceYi ded by chuck 28 and/or chuck 14 may be reduced.
[ 00016] ﬁh?errl ng to Fl GC 3B, contact plane 60 is the position at which the

surface JIGTRY2! RehiRlids B RLSuAR, HARL RO BeGRGR ASincf e S0g° Of

the c con exa

contact pl anhe 6 osi ti t nta s t he rface of
contect 1 aas. 5P SobleyPERL LGN 8L LD gt etig 8fed‘9ﬁé§g'?ﬁ1t at
fgﬁgfafg coptah P B0 by beadafinkd contact e 615 CPb! BkSmpR, e contazt e

plane 60 is the position at which mesa 20 contacts the surface of substrate 12
with the contact line 61 defining the edge of the contact plane 60. The contact

10 line 61 generally differentiates a region 63 wherein template 18 and substrate 12
are in contact with a region 65 wherein template 18 and substrate 12 are not in
contact.
[00017] Referring to FIGS. 3B, a real-time multivariable tracking strategy
may be used to control the velocity of the motion of the contact line 61 and a

15  height profile adjacent to the contact line 61. The height profile may be defined
by the varying distance d between template 18 and substrate 12 within region 65.
Generally, motion of the contact line 61 during spread of polymerizable material
34 is a non-linear function of deflection of the substrate 12 and force F provided
by imprint head 30.

20 [00018] During imprinting, gas molecules near contact line 61 may be
reduced by differential pressures generated by reducing deflection of template 18
and/or application of force F by imprint head 30. The intermolecular attractive

forces may also assist in transferring energy to gas molecules in the direction of



are in contact with a region 65 wherein tenplate 18 and substrate 12 are
not in contact. [00017] Referring to FIGS. 3B, a real-tinme nultivariate

t racki ng wonatsgyomay be used to control the velocity ofctrhms2emsisse2 of the
contact line 6 1 and a height profile adjacent to the contact line 6 1. The
hei ght profile may be defined by the varying distance d between tenplate 18
and substrate 12 within region 65. Generally, notion of the contact line 6
1 during spread of polynerizable nmaterial 34 is a non-linear function of
defl ection of the substrate 12 and force F provided by inprint head 30.

[ 00018] DDoe inmgtionngfrdontactdne @ds Fal eanhms, inesamotamdacittrhctive fércesmagy be
reduced by differential pressures generated by reducing deflection of

t enpl at e ak8isandiransfapplgi eddrgp o ghs fnasleculEs ity tHediFédtionhsable IBntathéne

internol ecul ar attractive forces may al so assist in transferring energy to

gas nmol e@dl @heh Ahé RIRstahdeL’t 189 tRAA e MRILP BT @fe ARIMAMr ddHfe Bf hctib®r

exanpl e, internolecular attractive forces may assist in transferring energy

to gas ”% Cué oku%ft@l? S Tt | qﬂeoriexgﬁﬁ}epr%@i[?e%ér Fbﬁ‘l‘%c@lnjrememafyhﬁed' stance

|slessth I1us of the nolecular sphere of action (e.g.,

appr oxi n%g&% C',-Sg shm . The height profile near contact line 6 1 may be
nodel éd as ? hO + a(r - ro)2 wherein a is the coefficient of profile,

hO is the thickness of the residual |ayer 48, r0 is the radius spread ar ea,
and r is the distance fromthe @é?\té‘f”‘@:‘en’@? aI ly, the

wherein a is the coefficient of profile, h, is the thickness of the residual layer 48,

I, is the radius spread area, and r is the distance from the center. Generally, the

pressure along the radius direction may be governed by:

6muRT
10 pdp =— so—dr
am, (hy+a(r—ry)")yr

The pressure distribution p may be obtained by integrating both sides of the

above equation to provide:

y 2 .[ 6muRT
P =P wam,, (hy+a(r—r, )z )3r

¥ +r0 ar, aryr

1+rry +
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m,_ 7 110 + 3ar0 Iy +3a’ rihy+a r0 2(1102 +2arihy + a'r0 Yar® + Ity)
arr, 3 ar 2.4 2 2 r; 2
—l-—=ua 3aryatan(——=) +4darlhy + 207 In 2 +3]
Iy 205 “ ° Jah, @ Tl Bl ™ 2o o o
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As such, the pressure distribution may be a function of the distance d between
15 template 18 and substrate 12 and gas flow rate (e.g., the steeper the height

profile near the contact line 61, the quicker the pressure drop).

10



pressure along the radius direction may be governed by: The pressure
distribution p may be obtained by integrating both sides of the above
equati on wo2pesn7sme: 2 2 r brmRT Po =1 -clr p '",,, oi ( PCT/US2008@1%362 - >OYYr
As such, the pressure distribution my be a function of the distance d

bet ween tenplate 18 and substrate 12 and gas flow rate (e.g., the steeper
the height profile near the contact line 6 1, the quicker the pressure
drop).[00019] There may be a pressure gradient near the contact line 6 1.
Mol ecul es of gas and polynerizable nmaterial 34 may be subjected to the

pressure [@OOL SNt . Therehady e GaPesSssudy egradieat | neadrytHeowodtats i linee$1and
vi scosities, and as such, gases nay be squeezed out of the gap near the

contact IMdlgcifled dTyghor#ifi IpoRymterabis Wstegiladiemay. bbi Subjéed o tie ot her
hand, are generally characterized by higher densities and viscosities, and

as such, ghayobmsnt! ether A1y §H8:hEROEIANVRIBWSRIHsitRE S AbdARicket ween
dropl ets of pol ynerizabl e material 34. e gas pressure gradient and the

4. Th
b 7oL Y AEL L S DRRE R L YA RSP e
o0 S LR K B A TRAES L2 GRS BB B e beiEs
transter c%grac énez(églbei\lshigﬁerp gér}/sﬁ]{%rsi azne}jb\lligcomtleesr, ia%!j a%4su6c‘:§\, ]fhréevolumes tend
to remain constant by self-association between droplets of polymerizable
material 34. The gas pressure gradient and the intermolecular attractive forces
between polymerizable material 34 and substrate 12 may drive the spread of
10 polymerizable material 34 laterally and vertically between template 18 and
substrate 12 to fill features of template 18. Some of the kinematic energy from
the gas molecules may transfer to molecules of polymerizable material 34 as the
gas molecules are squeezed out with a high velocity.
[00020] Trapped gas molecules surrounding the polymerizable material 34
15 may have a strong influence on the spreading of droplets of polymerizable
material 34 as gas exerts a high pressure on the polymerizable material 34
hindering spread if there is no adequate vent channel to expel gas molecules.
This may result in longer spread time during the spreading process of
polymerizable material 34.
20 [00021] The venting of gases may be improved by gradually conforming the
template 18 to the substrate 12. For example, venting action may be improved

by gradually conforming template 18 to substrate 12 from the center of the

contact plane 60 outward.
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gas nol ecul es are squeezed out with a high velocity. [00020] Trapped gas
nol ecul es surroundi ng the polynerizable material 34 may have a strong

i nf | uenceworroedne3mpr eadi ng of dropl ets of pol yneri zabl e Pomtuseeoalo1842 as gas
exerts a high pressure on the polynerizable material 34 hindering spread if
there is no adequate vent channel to expel gas nolecules. This may result
in longer spread tinme during the spreadi ng process of polynerizable
material 34. [00021] The venting of gases nay be inproved by gradually
conform ng the tenplate 18 to the substrate 12. For exanple, venting action
may be i [EO022] byDgriag Pakaby 3¢ @sfitustiated tnefi@. B0 thé magrdtubdetof ddree 2 from
the center of the contact plane 60 outward.[00022] During Phase 3, as

i 11 ustratpesbidéd by Gmpsibt hebe IRaRb bR Hesb@eCsroidedony dadciosi amd/ont head
30 and back pressure provided by chuck 28 and/or substrate chuck 14 may be

gradual | yyp&eate &huck A @43 §raduBfly PEIREHUdEOéxARpIECte RIagHiteRd oPY
I mprint head 30 and back presSure provided by chuck 28 and/or substrate

chuck 14f<%%¥ ﬁ)‘gr&[i@éwtﬁk'eibhfoFiﬁfjHEE&' #aﬁd’%%[:%{&é@u‘ré( p?@&i&e#'gyrkg}lfcﬁ%?wk

control. By reducing orce and bac essure, over stortions

hat gy HaNT SuBEh4® RERELA RS B0 AihycES o YRR Rany 1o B REE

denonstra a rce cause nm-over . i on and
10 K2, { OB SRS, BB R SR R R H T DAL
distorti ?r?:ﬁ rrrr%¥ gaeuse extra force may be minimized. For example, it has been
demonstrated that a 1 Newton force F may cause 5 nm overlay distortion and 10
kPa template back pressure may cause 7 nm overlay distortion during imprinting

10 of template 18 that are substantially thin. These overlay distortions may be
minimized by reducing force F and back pressure prior to and during solidification
and/or cross-linking of polymerizable material 34.

[00023] FIG. 6 illustrates a flow chart of an exemplary method 100 for
controlling contact transition and conforming of template 18 to substrate 12.

15  Generally, in a step 102, template 18 may be adjusted to a position z to provide a
suitable distance d between template 18 and substrate 12 having polymerizable
material 34 on the surface 46 thereof. In a step 104, a pre-determined amount
of force and pressure applied to template 18 providing contact between template
18 and substrate 12 may be determined. In a step 106, the pre-determined

20 amount of force and pressure may be applied to template 18 to provide contact
between template 18 with substrate 12. In a step 108, the pre-determined

amount of force and pressure applied to template 18 may be adjusted to provide

an adjusted amount of force and pressure. The adjusted amount of force and

12



m nim zed by reducing force F and back pressure prior to and during
solidification and/or cross-linking of polynerizable material 34. [00023]
FIG 6 ilwosveatremoa fl ow chart of an exenplary nethod POO/USew0s®wdssz ol | i ng
contact transition and conform ng of tenplate 18 to substrate 12.
Generally, in a step 102, tenplate 18 may be adjusted to a position z to
provide a suitable distance d between tenplate 18 and substrate 12 havi ng
pol ynmeri-zabl e material 34 on the surface 46 thereof. In a step 104, a
pre-determ ned anount of force and pressure applied to tenplate 18

provi di ngressuraataybprovidersuiteblel aindadt8inanc!auith stndatresuliableslyeipiet prefiler mi ned.
In a step 106, the pre-determ ned anobunt of force and pressure may be
applied to 4 etgy ate, biehtatipn oofi kenmatet a8 tmbetbeeadjustatplsatie th8t vortds
substrate 12. In a step 108, the pre-determ ned anount of force and

pressure a@?l@éd B¢l imBrihRBYABE ald withih Bradetshiited errBF @idbw.am aditeist ed

anount of force and pressure. The adjusted anount of force andpressure nmay

provide sybt aRl £q4jGoBHARolt T (YRE M Yre88ite thay BelBBLSd1eF8NExahpki 1 €. 1N a
step 110, orientation of tenplate 18 may be adjusted such that forces

appl 1 99 e GRIIN 2BAM SOGE ' fibleie Ry BE'EHILAPH SN MigH. LD 2

step 11 usted anount of force and pressure may bé r For

xampl e 11° NS A TRRla 0 LCebBNLBIER U GOl Proberhadlicethd 0 zero

In a step 11 ymeri za mater i al e soll and/ or

ey IR e G E B

ADJUSTING IMPRINT HEAD

10 [00024] Referring to FIG. 3A, the distance between template 18 and
substrate 12 may be adjusted such that template 18 is moved to a position z to
provide a suitable distance d between template 18 and substrate 12. Position z
is generally higher than the contact plane 60 and provides for little or no contact
between template 18 and substrate 12. Position z may be calculated as:

15 Z = Zeontacr AZ,, -4z
wherein Az is the error window of the contact plane 60, Az is the estimated
deflection, and z.,...- is the estimated contact plane 60.

[00025] The error window Az of the contact plane 60 may be determined by
estimating the accuracy of the contact plane 60. The estimated accuracy of the
20  contact plane 60 is generally the estimated accuracy of the combined variation in
template 18 and substrate 12 thickness. Generally, the error window Az of
contact plane 60 may be large enough to avoid any contact when the template

18 is moved adjacent to the substrate 12 under position control of the imprint
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[00024] Referring to FIG 3A, the distance between tenplate 18 and
substrate 12 nay be adjusted such that tenplate 18 is noved to a position z
to provi dwoaoei7sm@bl e di stance d between tenplate 18 an@CTaisgeosatiscd?2.
Position z is generally higher than the contact plane 60 and provi des for
little or no contact between tenplate 18 and substrate 12. Position z may
be calculated as: z zC(Wlc t - zp - z wherein Dz is the error w ndow of
the contact plane 60, Dz is the estinmated deflection, and zCQONTACT is the
estimated contact plane 60. [00025] The error w ndow Dz of the contact

pl ane 60 heag 30e ItUsha@rdibranbtdn;, hestaventthatgcontact dmositias ynaf be irereasedatt pl ane
60. The estimated accuracy of the contact plane 60 is generally the

est i mat edhereds malaygeosepdiatioroaitared wieen simplate 18 seypel beerh8ntatodiasdddst r at e
12 thickness. Cenerally, the error window Dz of contact plane 60 may be

| ar ge engupétrdte 1@voi d any contact when the tenplate 18 is noved adjacent to
the substrate 12 under position control of the inprinthead 30. It should be

not ed, hgmgy h%e%h%g%d tfeRBStdr QD Y (R baBSY SRS R E{Dpﬁefaegscﬂ s a

| ar ge se di st ance en tenplate” st ops novenent towards substrate
12. [00026] The estimated defl ection Dz may be based on the applied back

pr essar e Pressurreta thepteaipate 8.8. Foer exeamqie ethet 4y Ny berkased ondbe@pplied he

appl i ed back pressure to the tenplate 18 using a calibrated tenplate

defl ecti @ackBARsurd AR mplee ¢8 st £6abPREatmBlat 8 Ad &R Fod@y be first
determ ned by

[00027] The estimated contact plane z.,... may be first determined by

using mechanical dimensions of mechanism design. A more accurate estimate
may then be made by gradually reducing the gap between template 18 and
10  substrate 12 until interference fringes are observed by a spread camera 70. For
example, when illuminated with energy (e.g., white light), fringes generally are
not observed until the separation distance is less than the interference length of

the energy (e.g., < 1 um). The contact plane z.,.,., may be measured by

recording the position z while maintaining the desired amount of contact force

15  during contact transition.

CONTROL SYSTEM

[0.0028] FIG. 7 illustrates a block diagram of a control system 72 that may

be used to decrease the moving velocity of the imprint head 30 to provide
20 controlled contact between template 18 and substrate 12. Mapping between

contact force F and length of contact line 61 may be calibrated using spread

camera 70 to provide contact force trajectory. Generally, by tracking the profile

of the contacting force, a substantially constant velocity of contact line 61 may be
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usi ng nmechani cal di mensi ons of nechani sm design. A nore accurate estimte
may then be nade by gradually reducing the gap between tenplate 18 and
subst r at ew@20emi78100i nt erf erence fringes are observed byPaTApse@adizsanera 70.
For exanple, when illumnated with energy (e.g., white light), fringes
generally are not observed until the separation distance is |ess than the
interference length of the energy (e.g., <1 nm. The contact plane
ZCON1ACT may be neasured by recording the position z while maintaining the
desired amount of contact force during contact transition. CONTROL SYSTEM
[ 00028] mmidihtaihedl prosidirat @ snaodth dcdasdicagrsatengilate t®ebniaktssysistrate 22t hat nmay
be used to decrease the noving velocity of the inprint head 30 to provide
control | qaiscipay asld lagineg eattcampa fidce udiforaiitg of whs tasid il 18er MBBhoWN bet ween
contact force F and |l ength of contact line 6 1 may be calibrated using
spread caeray 70 to provide contact force trajectory. Generally, by
tracking the profile of the contacting force, a substantially constant

vel oci 1Y rglop6§ aCkehLifl Syt mragsﬂy %e}mﬁg RHAE Bty SFRGhBlald anst ¢ o

as ]Eerrpl strate |s ma enc can ﬂ‘fect
| ,

?E'e génmt ﬁél"% %pg%ra?% 1%3&' SF |(!Iéecuon acot érbtg b%tw?é f%rg\%fa[%%hg%rﬂﬂ:t ey12

oy 9L e o0 LA PeLIESR LT L I8, B AV 4By o0

measuring the contact force F applied by imprint head 30 at different locations.
Force sensors 74 may be in communication with controller 78 and provide a first
signal (input signal) to controller 78. Controller 78 receives the first signal
10  providing information regarding the force and pressure applied to template 18
and uses this information to provide a second signal (output signal) having an
adjusted force and pressure to position actuators 76 of imprint head 30.
[00030] A combination of integral action and feedback control may be used
to provide the adjusted force and pressure to position actuators 76. Generally,
15 the state of the contact line 61 may be estimated based on a mechanical
dimensions of mechanism design in addition to the measured position of the
imprint head 30 and contact force F and pressure. Variations of the contact
plane 60 may be canceled by the integral action. The error of the contact force
F, therefore, may be substantially equal to the set-point force reduced by the
20 measured force as the contact forces may be approaching zero prior to contact
of template 18 with substrate 12. The contact force F may be integrated and the
actuating signal may be proportional to the integral of the error. This signal may

continue to accumulate as the imprint head 30 progresses toward the substrate



measuring the contact force F applied by inprint head 30 at different

| ocati ons. Force sensors 74 may be in comrunication with controller 78 and
provi de awbizeto7siognal (i nput signal) to controller 78. pContSeaisloes3cy 8
receives the first signal providing information regarding the force and
pressure applied to tenplate 18 and uses this information to provide a
second signal (output signal) having an adjusted force and pressure to
position actuators 76 of inprint head 30. [00030] A conbination of integral
action and feedback control may be used to provide the adjusted force and

pressur e 120 Aosmplote 88 coataotsssubistrateen2r ad lilystrated is FaGe3Bf theheonti@act act | i ne
6 1 may be estimated based on a nechani cal di nensions of nmechani sm design

in additifeget rhd\e coResgead pasitpdivvabie tdieni thar it cbrgdt 36rcare gt act
force F and pressure. Variations of the contact plane 60 may be cancel ed by

the int eghateland bﬂBrofrthé Rt iR 6l RRtiGAN act force F, therefore, may be
substantially equal to the set-point force reduced by the neasured force as

the cont g Q?ii SFIBY s My ARRECIL AR ABER10hnd Rl RLARlac ! corfiBp! ale 18

with sub con force F i ntegrate e actuating
I I t l. of..t Thi I
cont uesI%t% MIVé Radeigedly oﬁﬁpéﬁpﬁ%ecianéwpﬂdgme Bl Blde ee ™
bstratel?2 t t te 12, | | ustr.at ed FI G
3B, the ?«‘Bﬂialcﬁﬁfee BIPdY e 2oedleach s aotiatad Tideitine B ot B veRal "t he
contact force F nay cancel the error of the contact line 6 1 estimte.

[00031] BFad 39 ‘P'Iq/ﬁ%P’reé’%%e eroyidsdioYariskath 8PdiRn StRdFate daNEk dfy Eifnt r ol

magnitude of force F and/or pressure provided by imprint head 30 and chuck 28
respectively may be based on a physical model related to the spread of
10  polymerizable material 34. Controller 78 may evaluate applied force F and/or
pressure based on the physical model to provide the adjusted magnitude of force
F and pressure. The adjusted magnitude of force F and/or pressure may be
provided to actuators 76 and/or chuck 28. For example, control of force F may
be implemented by adjusting position of imprint head 30 using a cascaded
15 control scheme.
[00032] The contact line 61 and the height profile near the contact plane 60
may be measured using spread camera 70. For example, contact line 61 during
fluid spread of polymerizable material 34 may be measured using white light
interferometry. The white light may contain all visible wavelengths, A = 400 nm —
20 700 nm, from an LED array that illuminated substrate 12 through template 18.
Some incident beams may reflect and/or deflect from substrate 12 off of template
18. These reflected beams may interfere and the resulting beam interference

pattern may be provided in an image (e.g., an image on a CCD screen). The
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system 72a. Moving velocity of the contact line 6 1 and the height profile
near contact line 6 1 may be controll ed by adjusting magni tude of force F
of i npri nvohea@d73®oand/ or pressure provided by chuck 28pramaisesssudsst r at e
chuck 14. The nagnitude of force F and/or pressure provided by inprint head
30 and chuck 28 respectively may be based on a physical nodel related to
the spread of polynerizable material 34. Controller 78 may eval uate applied
force F and/ or pressure based on the physical nodel to provide the adjusted
magni tude of force F and pressure. The adjusted nagnitude of force F and/or
pr essur e lighly indengityoofi thedintageaotayatany sfolléwiag déavererduec kunz8on edrthe Xighpl e,
control of force F nmay be inplenented by adjusting position of inprint head
30 usi ng saumRs CRARDIRNaDligiftcihtmeity [MK032ly dha fandtidacsf thendistanteand t he
hei ght profile near the contact plane 60 nmay be neasured using spread

camera 7QasbMerd) d8MRRd 16Ut G htighs tetdeshitdrilafel 18 dngRUBSWHatef12 as
pol yneri zable material 34 may be measured using white light interferonetry.

The whi t gkisbdyg Ry contain all visible wavel engths, | = 400 nm- 700 nm
froman LED array that illum nated substrate 12 through tenplate 18. Sone

i ncident beanms may reflect and/or deflect fromsubstrate 12 off of tenplate
18. These reflected beanms may int rferé(jand ahe)resulting beaminterference
pattefn may be provided in aff?iTrhgd % g.COSkmT nmage on a CCD screen).
Thelight intensity of the inmage nmay vary foll"éwi hg coherence function of
the light source. This observed light intensity may vary as a function of

the di st fHeReifl / is the light intensity on the CCD, h is the gap height between template
18 and substrate 12, Ac is the central wavelength of white light (e.g., 0.5 um), and
Ic is the coherence length of white light (e.g., 1.2 ym).
[00033] FIG. 9 illustrates a flow chart of an exemplary method 200 for
10 determining height profile near the contact line 61 using the image provided by
the spread camera 70. In a step 202, high frequency noise of observed light
intensity may be removed using a low pass filter. In a step 204, the DC value of
light intensity /o may be evaluated. For example, the DC value of light intensity /o
may be evaluated by averaging observed light intensity /(h). In a step 206, the
15 maximum value and minimum value of intensity modulation may be determined

h 2
J may be evaluated using

(e.g., peak and valley). In a step 208, modulation e-("—'

the maximum value and minimum value of intensity modulation. In a step 210,
the height difference between the maximum value and minimum value of
intensity modulation may be determined. In a step 212, the height variation (or
20 phase change) between adjacent maximum value and minimum value of
intensity modulation may be evaluated. FIG. 10 illustrates a graphical

representation of an exemplary height profile near contact line 61.
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(also herein referred to as gap height) between tenplate 18 and substrate
12 as described by: wherein / is the light intensity on the CCD, h is the
gap hei ghwoletvwaawot enpl at e 18 and substrate 12, |c is Phe/USeevsHaI362

wavel ength of white light (e.g., 0.5 nm, and Ic is the coherence |ength of
white light (e.g., 1.2 mm. [00033] FIG 9 illustrates a flow chart of an
exenpl ary net hod 200 for determ ning height profile near the contact line 6
1 using the inage provided by the spread canera 70. In a step 202, high
frequency noi se of observed light intensity may be renoved using a | ow pass

filter. I[0CO34%p B@@E, 11 htuddGtesalaufiowwfchairigbt ahndxensplay hetinory 3be fewal uat ed.
For exanple, the DC value of light intensity o nay be eval uated by

aver agi D%bﬂbﬁiﬂ]@\éﬁﬁ]ay &donitadtainel 6 uking)the limage Pre@dEd by dpheadradingtun val ue
and m ni mum value of intensity nodul ati on may be determ ned (e.g., peak and

val l'ey). 700 @ $5RP 3B ceARAYr2bhRRt find 61 mAPYe RRtIMGHE AN sisd Bo4 tie

maxi mum val ue and m ni mum val ue of intensity nodulation. In a step 210, the

nei gt  JEbBEENER: RELYSEAbNE JTRHEYB) BLus Ao 1 MUP Ak UfOimedt enst ty

nodul ati on nay I'na's e heig variatron (or phase

changg) l?r%%ame%fynagoe'%lamo%%tve@! Uth %“S'teW %Mbp{aftéb%e%y noise of
observed light intensity may be removed. For example, high frequency noise of
observed light intensity may be removed by using a low pass filter. In a step 308,
at least one edge of contact line 61 may be determined by locating the position of
maximum and minimum light intensity. In a step 310, the diameter of the contact

10 line 61 may be estimated. In a step 312, if needed, position of contact line 61
may be transformed from polar to Cartesian coordinates. In a step 314, the
center of contact line 61 may be estimated. In a step 316, map of contact line 61
obtained by image provided by spread camera may be provided. A side-by-side
comparison of an exemplary image of contact line 61 obtained from spread

15 camera 70 and the associated map of the contact line 61 is illustrated in FIG. 12.
[00035] FIG. 14 illustrates another exemplary embodiment of a control
system 72c. Generally, spread camera 70 may provide at least one image.
Image may undergo image processing to determine velocity of the contact line 61
between template 18 and substrate 12 and height profile near contact line 61.

20 For example, velocity of contact line 61 and height profile may be determined
using white light interferometry. The velocity of the contact line 61 between

template 18 and substrate 12 and heig'ht profile near contact line 61 may be used
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intensity nodul ati on may be evaluated. FIG 10 illustrates a graphical
representation of an exenplary height profile near contact line 6 1.[00034]
FIG 11 iwbuseweasme a fl ow chart of an exenpl ary net hod P8OM@SE@8/00d362i ni ng a
map of contact line 6 1 using the inage provided by spread canera 70. In a
step 302, center of contact line 6 1 may be estimated. In a step 304, if
needed, light intensity profile obtained by spread canera 70 may be
transforned from Cartesian to polar coordinates. In a step 306, high
frequency noi se of observed light intensity may be renoved. For exanpl e,

hi gh f r etpyenatrolisri Actoaddjudi smprietthéady8@, dhutke 28| apd/ioayulisrate nbyadidio usi ng a
| ow pass filter. In a step 308, at | east one edge of contact line 6 1 may

be det er pravede byntraliedidongact betvans tehplatef1 8rend sabstratd1 2 ni num | i ght
intensity. In a step 310, the diameter of the contact line 6 1 may be
estimated. In a step 312, if needed, position of contact line 6 1 may be
transfornmed frompolar to Cartesian coordinates. In a step 314, the center

of contagigieny&aBok BRYrENgPEATEMRted. In a step 316, map of contact line 6
1 obt ai ned Ey i mge pr O\Fib‘gecfagy spread camera nay be provided. A

P 0o b i SQIP kLAl AL PIR B Xl AR R Mo Tt 2
et e laf oo I8R5 Sl LS LR Y BSPRE Yy v e
Vel oo 1 y PGP0 HORLBARE 8 AE WY 8BS BHPT A aOL 8RN s UBSTPEIN. 12 and
hei ght prcg::tialcte for:geasrolg:soer;\t/éj‘dc'%rolmi frg)er'\ceGSG::thors 74 may be combined with distances
between sensing locations and a central contact point to determine orientation of
10 template 18 at the initial set point. For example, controller 78 may be used to
adjust the orientation of the template 18 by adjusting three axis z positions until
the difference among the forces is within a pre-determined error window.
Additionally, template 18 may be adjusted such that template 18 and substrate

12 are substantially co-planar and template 18 is substantially parallel to

15 substrate 12. This may be further verified by observation with spread camera 70.

SOLIDIFICATION/CROSS-LINKING OF POLYMERIZABLE MATERIAL
[00037] After template 18 and substrate 12 conform, the magnitude of force
and pressure applied to template 18 may be gradually reduced. For example,
20 the magnitude of force and pressure applied to template 18 may be gradually
reduced to zero. Reduction of the magnitude of force and pressure may be

based on information provided by control system 72.
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For exanple, velocity of contact |ine 6 1 and height profile may be

determ ned using white light interferonetry. The velocity of the contact
line 6 1 wetzawat3toenpl ate 18 and substrate 12 and hei ghtcpruskeos®13senr
contact line 6 1 may be usedby controller 78 to adjust inprint head 30,
chuck 28, and/or substrate chuck 14 to provide controlled contact between
tenpl ate 18 and substrate 12. ORI ENTATI ON OF TEMPLATE [ 00036] Referring to
FIGS. 7 and 8, after tenplate 18 contacts substrate 12, orientation of
tenplate 18 may be adjusted such that forces applied by inprint head 30 to
t enpl at e [DDOB8] Wi Wiihnthe pagnitleiecofrfones aat rpressviradeducds ailyahényzabtont act
forces observed fromforce sensors 74 nmay be conbi ned with distances

bet ween senelin®4 & el QUracen® of sudBirarl 1Al akén POIsBlditicd dRd/RF Bioe-
orientation of tenplate 18 at the initial set point. For exanple,

control | gredd ABYréfolsiPlistQsstd, Ued rddiRtion irelkéd hRd piisstitendagebidée 18 by

adjusting three axis z positions until the difference anong the forces is

within a - de: nned error window. Additionally, tenplate 18 nay be
adj ustedogéﬁ?f@%g{r@r{egeﬁpl ate 18 and substrate 12 are substantially co-pl anar

and tenplate 18 is substantially parallel to substrate 12. This may be
furthér verified by observation with spread canera 70.

SOLI DI FI I - LI NKI NG OF POLYMERI ZABLE MATERI AL [ 00037] After
t enpl at eﬁﬂ%%@é\}gg 12 conform the magnitude of force and pressure
applied to te%rgl ate 18 may be gradual |y reduced. For exanpl e, the magnitude

of force [BAPPPbsslisborig e @@egdh@t@ﬁrw%a&@ ’W\%{E}O‘Eﬁad%‘-‘rfé@gglheye'n may

be applied to the loading of templates 18. Variations in the parallelism errors
between chuck 28 and template 18 may be minimized using closed loop control
10 during loading of template 18. The low contact force may prevent potential
damage of template 18. For example, as illustrated in FIG. 13, the vacuum land
surface 120 of chuck 28 may be moved to a position close to the surface 122 of
template 18. The contact plane may be detected and orientation of imprint head
30 may be adjusted to make vacuum land surface 120 of chuck 28 conform to
15  surface 122 of template 18 with minimum contact force. Template 18 may then
be transferred and secured by chuck 28 by turning on vacuum of chuck 28.
[00040] In using the systems and methods described herein in the loading
of template 18, generally, the position z, Rx and Ry may not need to be
accurately registered. For example, low contact forces, limited by force
20 measurement accuracy, may be sufficient to automatically detect where and
when the template 18 contacts an object. As such, the reliability in loading

template 18 may be increased.
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reduced to zero. Reduction of the magnitude of force and pressure nmay be
based on information provided by control system 72.[00038] Wth the

magni t udewof2od9m7smoand pressure reduced, polynerizabl e matramszeis/o8B6nn t he
surface 46 of substrate 12 nay then be solidified and/or crosslinked. As
previ ously discussed, the reduction in force and pressure may reduce
overlay distortions. TEMPLATE LOADI NG [ 00039] It should be noted that
systens and net hods descri bed herein may be applied to the |oading of
tenplates 18. Variations in the parallelismerrors between chuck 28 and

t enpl at e VIBATHH QAIMED KB:zed usi ng cl osed | oop control during | oading of
tenplate 18. The | ow contact force nay prevent potential danage of tenplate
18. For exanple, as illustrated in FIG 13, the vacuum | and surface 120 of
chuck 28 may be noved to a position close to the surface 122 of tenplate

18. The gont a%tcdﬂtn%meisffém foe cortr@nh dgecleuaamy 6f 4 @Bhikt Mk 8hd hBRht Rrofitead 30
may be adjusted to make vacuum | and surface 120 of chuck 28 conformto

surface 122,&f, haBRbAiE ok %Ebst%tg'dW|HEQ%?lﬁﬁﬁg et BﬁlmeTFz'QBieaﬁwﬁté%I may then

be transferred and secured by chuck turning n vacuum of chuck 28

[00049] oiﬁéHé'sUgstH}ﬁ ﬁgﬁoﬁga qi?l Onp@qig I.&)e(scrl bed herein in the | oadi ng of

tenpl ate enera and R may not need to be
sceur st o PR Fen b SATAG HTSER MBS B,
determined amount of force to template;

a chuck positioned adjacent to template and capable of providing a pre-
determined amount of pressure to template, the pre-determined

10 amount of force and pre-determined amount of pressure providing
an applied force and an applied pressure on template resulting in a
first velocity of the contact line between template and substrate and
a first height profile between template and substrate;

at least one force sensor positioned between template and substrate and

15 capable of providing a first signal of applied force and applied
pressure on template; and,

a controller in communication with the force sensor, actuators, and chuck,
the controller capable of receiving the first signal from the force
sensor and evaluating the first signal to provide a second signal to

20 actuators and chuck, the second signal having an adjusted force
and an adjusted pressure to provide a second velocity of the
contact line between template and substrate and a second height

profile between template and substrate.
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when the tenplate 18 contacts an object. As such, the reliability in

| oading tenplate 18 may be increased. WHAT IS CLAIMED IS: 1. A control

syst em f owocoowa7edobi ng vel ocity of a contact |ine and hecghts2@soiisbe
between a tenplate and a substrate during inprinting of polynerizable
material on the substrate, the control system conprising: an inprint head
having a plurality of actuators capable of providing a pre determ ned
anount of force to tenplate; a chuck positioned adjacent to tenplate and
capabl e of providing a pre determ ned amount of pressure to tenplate, the
pre-determ ned anount of force and pre-determ ned anount of pressure
providing an applied force and an applied pressure on tenplate resulting in
a first el ociThg edntidiesyewmh asit clhinmel hathee edorheighditee spruhdsubsieraie and a
first height profile between tenplate and substrate; at |east one force

sensor pephich@lestidreiviBeihet SoMIALE MBdsSieRat dheraapbvicimal Gedt oovi ding a
first signal of applied force and applied pressure on tenplate; and, a

control | %F?@ &mmg{ @e&g%amn\eﬂ'té thd BSntfMEEGhS EBﬁt%llerl%SPé'@EQﬁ%valﬁaﬁlné;hUCk’

the controlTer capa receliving the first signa romthe force sensor

and eyal yal iir%ggéﬁ géﬁ‘-.sdf igr{]esﬁrsﬁisﬁ}ﬂa'é tg ﬁargg%'stﬂg daadfjtzﬁgg’}grc%i gR@ind Sftupt or s and

chuck, the sec a a
pressure.
3. The control system of claim 1 wherein the spread camera includes an LED

array in superimposition with template to illuminate substrate through template.
10
4. The control system of claim 3 wherein the spread camera includes a

charge-coupled device (CCD) providing the image.

5. The control system of claim 2 wherein the controller is capable of
15 evaluating the image to provide the second velocity of contact line between

template and substrate.

6. The control system of claim 2 wherein the controller is capable of

evaluating the image to provide the second height profile between template and

20 substrate.
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and an adjusted pressure to provide a second velocity of the contact |ine
bet ween tenpl ate and substrate and a second height profile between tenplate
and substwet2e0973ihe control systemof claim 1l further @eorprS2@BoIE3a2 spread
canmera in conmunication with the controller, the spread canera providing at
| east one inmage of the first contact line to the controller, the controller
capabl e of evaluating the image and the first signal to provide the
adjusted force and the adjusted pressure. 3. The control systemof claim1l
wherein the spread canera includes an LED array in superinposition with
tenplate 2o i A metmat éorscdrgtatlaigecontactuyandigop lbat econdornehtiencioetiveeh syst em of
claim3 wherein the spread canera includes a charge-coupl ed device (CCD)

provi di ngempkaté ardesubbtratEhdurigniniprintiny if olydheridablenmatenst oai a1 suface
controller 1s capable of evaluating the imge to provide the second

vel oci ty gpkubgtrdtacthelmétBodebmpeiBingenpl ate and substrate. 6. The control
systemof claim2 wherein the controller is capable of evaluating the i mge

to provide the/Gs5iREY JIRhEEE bBRRIdh! tBripRit¥aRA sLBSPARI © and substrate. 7. A
met hod for controllTng contact transition and conformati on between a

LT a0, BUPPIEE! By T BrATHEREL G Boch R AR BRGS0 00 2.
tenpl ate and subst {e%&éte, the pre-determined amount of force determined to
provide a first velocity of a contact line between template and
substrate and a first height profile between template and substrate;
determining, by at least one force sensor, applied force to template;
10 providing, by force sensor, a first signal containing the applied force to
template;
receiving, by a controller, the first signal containing the applied force to
template;
determining, by controller, an adjusted force to provide a second contact
15 line velocity and second height profile between template and
substrate;
providing, by controller, a second signal containing the adjusted force;
receiving, by imprint head, the second signal containing the adjusted

force;

20 applying, by imprint head, the adjusted force to template.

8. The method of claim 8 further comprising:
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applying, by an inprint head, a pre-determ ned amount of force to tenplate,
the pre-determ ned anobunt of force determned to provide a first velocity
of a contwot2odyaia2obet ween tenpl ate and substrate and a PCrAtS2008i0¢d362 profil e
bet ween tenpl ate and substrate; determ ning, by at |east one force sensor,
applied force to tenplate; providing, by force sensor, a first signal.
containing the applied force to tenplate; receiving, by a controller, the
first signal containing the applied force to tenplate; determ ning, by
controller, an adjusted force to provide a second contact |ine velocity and
second hei ght applyfng, dybetcheen a4 enpHateemared ambsebtr aft prespureviodiemplatey
controller, a second signal containing the adjusted force; receiving, by

i nprint head, the grcpreddetégniabd @aniumit f peessbee asterrained tb @revde, apith yi ng, by
i mprint head, the adjusted force to tenplate. 8. The nethod of claim38

further conpri si ngiRPpleddtermiEdaaribtkof fBrdd ehdearviley ®¢bhtaef
pressure to tenplate, the pre-determ ned anount of pressure determned to

provide, with the pre-tRlEEMERGIATHY st Cohd the ffrétrﬁélgHﬁ peid y of a
contact |ine between tenplate and substrate and the first height profile
5 between template and substrate;
determining, by at least one force sensor, applied pressure to template;
providing, by force sensor, a third signal containing the applied pressure
to template;
receiving, by a controller, the third signal containing the applied pressure
10 to template;
determining, by controller, an adjusted pressure to provide, with the
adjusted force, the second contact line velocity and the second
height profile between template and substrate,
providing, by controller, a fourth signal containing the adjusted pressure,
15 receiving, by chuck, the fourth signal containing the adjusted pressure;

and,

applying, by chuck, the adjusted pressure to template.

9. The method of claim 8 wherein the applied force and the applied pressure

20 are provided in the same signal.

10. The method of claim 8 wherein the adjusted force and the adjusted

pressure are provided in the same signal.
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bet ween tenpl ate and substrate; determ ning, by at |east one force sensor,
applied pressure to tenplate; providing, by force sensor, a third signa
cont ai ni nyot2b@/Epbi ed pressure to tenpl ate; receivi ng, Poy/s2a8013362 | er,
the third signal containing the applied pressure to tenplate; determ ning,
by controller, an adjusted pressure to provide, with the adjusted force,
the second contact line velocity and the second hei ght profile between
tenpl ate and substrate; providing, by controller, a fourth signal
cont ai ning the adjusted pressure; receiving, by chuck, the fourth signal
containing the adjusted pressure; and, applying, by chuck, the adjusted
pressure to tenplate. 9. The nethod of claim8 wherein the applied force
and the appli gdeprmesisat eofackirpr dvivilecin nthehapplite feicgnahd pfessdiee igret hod of
claim8 wherein the adjusted force and the adjusted pressure are provided
in the saeRriitbusihg. foldee seRdetb@itichledl &t 4 MORNIGI Bf Idtatiopd beddedror ce and
pressure is determ ned using force sensors positioned at a plurality of

| ocat i ongeplafesid kehditaée and substrate. 12. The nethod of claim8 further
conpri si ng:

5
12.  The method of claim 8 further comprising:
providing, by a spread camera, at least one image of the first contact line
between template and substrate; and,
receiving, by confroller, the image of the first contact line between
10 template and substrate

wherein determining the second height profile between template and
substrate includes evaluating the image provided by spread

camera.

15 13. The method of claim 12 wherein evaluating the image provided by spread
camera comprises:
removing high frequency noise of light intensity from the image;
evaluating the DC value of light intensity;
determining maximum and minimum intensity modulation; and,
20 evaluating maximum and minimum intensity modulation to determine

phase change,;
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providing, by a spread canera, at |east one imge of the first contact |ine
bet ween tenpl ate and substrate; and, receiving, by controller, the i mge of
t he firstwoanesaos20bi ne bet ween tenpl ate and substrate wreraispoodetassz ni ng
the second height profile between tenplate and substrate includes

eval uating the image provided by spread canera. 13. The nethod of claim 12
wherei n evaluating the i nage provided by spread canmera conprises: renoving
hi gh frequency noise of light intensity fromthe image; evaluating the DC
value of light intensity; determ ning maxi rumand m ninmumintensity

nodul ati dd;, afte reetlodadf clginmel2i wheneamdetarminimgnthentseosnd yelooiy lohtthen to

det erm ne phase change; 14. The nethod of clarm 12 wherein determ ning the

second vebontict Minef befeemondrapiatd iand bebstegs ihelnpéateyapminguidet irpage i ncl udes
eval uating the image provided by spread canmera. 15. The nethod of claim 14

wher ei N gy&\liged bPgpfda@d damearg. provi ded by spread camera conpri ses:
determ ning an estimated center of contact line; renoving high frequency

noi se of observed light intensity fromthe inage;

5 15.  The method of claim 14 wherein evaluating the image provided by spread
camera comprises:
determining an estimated center of contact line;
removing high frequency noise of observed light intensity from the image;
locating maximum and minimum light intensities in the image to provide
10 the location of edge of contact line;
determining an estimated diameter of contact line based on location of the
edge of contact line; and,
providing map of contact line based on estimated center of contact line
and estimated diameter of contact line.
15
16. The method of claim 8 further comprising adjusting orientation of template
such that adjusted force and pressure applied to template is within a pre-

determined error window.

20 17. The method of claim 8 further comprising solidifying polymerizable

material.
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| ocating maxi rumand mninmumlight intensities in the inmage to provide the
| ocati on of edge of contact line; determ ning an estimated di aneter of

cont act |woeolyagsmoon | ocati on of the edge of contact | ipog/USa00d/01336DVi di ng
map of contact |ine based on estinmated center of contact |ine and estinated
di anmeter of contact |line. 16. The nethod of claim8 further conprising
adjusting orientation of tenplate such that adjusted force and pressure
applied to tenplate is within a pre determ ned error window. 17. The net hod
of claim8 further conprising solidifying polynerizable material.18. The
nmet hod ofi8cl airhe Infethodt dfeclaiorir fusthag coepusinggeddiing tatjusted dercanahdr essur e
applied by inprint head and chuck. 19. The nethod of claim 18 wherein the

adj ust ed freys@.ag éﬂﬁhel@lrtﬁﬁmmmthéad addeeadck.o substantially zero. 20. The
met hod 01P claim19 wherein the adjusted force and pressure is reduced prior

to solidifying polynerizable material. 2 1. The nethod of claim7 wherein
the contact transition and conformati on between a tenplate and substrate is

per for medod! T $RL! Helbg> UPKIAN 18! Wiiefeilth | MGustéd: E?Até"gﬁwﬁoprécsg et rolling

contact transition an ormati on et ween chuc ate during

| oadi ag Qéd‘}c%rar%%gst\% uja“)ﬁze%.l i thographic system the

20. The method of claim 19 wherein the adjusted force and pressure is

reduced prior to solidifying polymerizable material.

10 21. The method of claim 7 wherein the contact transition and conformation

between a template and substrate is performed directly in substantially real time.

22. A method for controlling contact transition and conformation between a
chuck and a template during loading of template within a lithographic system, the
15  method comprising:

providing a distance between chuck and template;
applying, by an imprint head, a pre-determined amount of force to chuck,
the pre-determined amount of force determined to provide a first
velocity of a contact line between chuck and template and a first

20 height profile between chuck and template;
determining, by at least one force sensor, applied amount of force to

chuck;
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met hod conprising: providing a distance between chuck and tenpl ate;
applying, by an inprint head, a pre-determ ned anount of force to chuck,

t he pre- debenswaregmoanount of force determ ned to provi deca/useeosioisset ocity
of a contact |ine between chuck and tenplate and a first height profile
bet ween chuck and tenpl ate; determ ning, by at |east one force sensor,
appl i ed anount of force to chuck; providing, by force sensor, a first signal
containing the applied force anount of force to chuck; receiving, by a
controller, the first signal containing the applied force to chuck

det erm ni ng, hyoxcidingr dyl érce asersdy,uat firdt S@Nak cootgimingittle apiedofuticeont act
line velocity and second hei ght profile between chuck and tenpl ate;
provi di ng, by cont agblugt of farceetoadndicki gnal cont ai ni ng the adjusted force;
receiving, by inprint head, the second signal containing the adjusted

force; applyi Rebeiig,i BPhaI E8nthAae . theRsesigHat eshthRingetHeOasmideKorce to
chuck;
5 determining, by controller, an adjusted force to provide a second contact
line velocity and second height profile between chuck and template;
providing, by controller, a second signal containing the adjusted force;
receiving, by imprint head, the second signal containing the adjusted
force;

10 applying, by imprint head, the adjusted force to chuck.
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