| MPRI NT LI THOGRAPHY SYSTEM AND METHOD CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains the benefit under 35 U S. C
119(e) (1 woabh104B:88Pr ovi si onal Patent Application No. 6PCTAB2089957R1 | ed
COct ober 23, 2008, and U.S. Provisional Patent Application No. 61/108, 640,
filed Cctober 27, 2008, and U.S. Patent Application No. 12/582,091 filed
Cct ober 20, 2009; all of which are hereby incorporated by reference herein
intheir entirety. [0002] This application is also contains information
related to U S. Serial No. 11/749,909, filed May 17, 2007 which cl ains
priority to U S. Provisional Patent Application No. 60/801 , 265, filed My
18, 2006, U.S. Provisional Patent Application No. 60/827,128, all of which

are hereby incor paMRRINPYITROGRAPRY'SYSTEM ANDMETRTD r ety. BACKGROUND
| NFORVATI ON [ 0003] Nano-fabrication includes the fabrication of very small
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greater process control while allow ng continued reduction of the mninmm

f eat urlérodismmas i RatenbfAppticatom Udo.ub &4 0Bgs4tk diiledt Getober 26 2008eandl dprient i n

whi ch nanof abrication has been enpl oyed include biotechnol ogy, optical

t echnabsgyit ApBLGHERIDNCNb. SPFSENB91 aned tstobék 20, 2009; all of which are hereby

10 incorporated by reference herein in their entirety.

[0002] This application is also contains information related to U.S. Serial No.
11/749,909, filed May 17, 2007 which claims priority to U.S. Provisional Patent
Application No. 60/801,265, filed May 18, 2006, U.S. Provisional Patent Application

No. 60/827,128, ail of which are hereby incorporated by reference herein in their

15  entirety.

BACKGROUND INFORMATION
[0003] Nano-fabrication includes the fabrication of very small structures that
have features on the order of 100 nanometers or smaller. One application in which
20 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 the minimum feature

25 dimensions of the structures formed. Other areas of development in which nano-



[ 0004] An exenplary nano-fabrication technique in use today is comonly
referred to as inprint lithography. Exenplary inprint |ithography processes
are descrwbedio/oa7met ai | i n nunmerous publications, such asTWsSoIBei7ent

Publ i cati on No. 2004/0065976, U.S. Patent Publication No. 2004/0065252, and

U S. Patent No. 6,936,194, all of which are here I ncor por at e&lb

r ef er JABECAATD0BRS APGERpr BRP!PYE o BYChisIRy P%ﬁ?ﬁ'&ﬁégﬂi SeptEShq ¢ '?éﬁ%fl}yyof t he
af orenenti oned U. S. patent publications and patent includes formation of a
rel i efmpehaieal dystempAnchihe lkebl e | ayer and transferring a pattern
corresponding to the relief pattern into an underlying substrate. The

subst rjg0e4jmay beAr axengslatyo nanoefhbdeatiinagecHnigqudtiai usea tales) isedopmaonlyoni ng
to facilitate the patterning process. Additionally, the substrate may be

coupl er@férﬁboatété)ssw?ﬁﬁt GiHdgfapie PREMBIEN NehpHrRORBSyPRY PrdcREBbatRespaced

apart fromthe substrate and a Tormable Iiquid applied béetween the tenplate

hat  eetBB i el A7 AR OtRelcns. o0 o' GisriRatel PliBalofi, &'

t hat has t conf or m € surface o

t hat cont e f bje liquid, After | i difi.cation e eis
separ @%d@ﬁ%neugglaaéqnéy%‘ﬂ&%ﬂ”tﬁat 2@@5/%1%&%; @%dﬁghéég&?\[% e are
spaced apart. The substrate and the solidified |ayer are then subjected to
additi6)986,1Bfloalégéwglqhoanemfgbénn@rp@nat@i by fef§Eenér-o t he substrate that
corresponds to the pattern in the solidified | ayer. BRI EF DESCRI PTI ON OF
DRAW NGS80$J0006] /Ao titmprint edithograpaynd tadhriquagedisdbsédie ipr esactt iofivehei on
can be understood in detail, a nore particul ar description of enbodi nents
of t heaforareditionedalysS bpaterd publicafieisned patenbaensinbesifornaton Iof ustreidfed in

t he appended draw ngs.

10  pattern in a polymerizable layer and transferring a pattern corresponding to the relief
pattern into an underlying substrate. The substrate may be coupled to a motion
stage to obtain a desired positioning to facilitate the patterning process. Additionally,
the substrate may be coupled to a substrate chuck. The patterning process uses a
template spaced apart from the substrate and a formable liquid applied between the

15 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

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

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

BRIEF DESCRIPTION OF DRAWINGS

[0006] So that features and advantages of the present invention can be
understood in detail, a more particular description of embodiments of the invention
25 may be had by reference to the embodiments illustrated in the appended drawings.

It is to be noted, however, that the appended drawings only illustrate typical



It is to be noted, however, that the appended drawings only illustrate

t ypi cal enbodi nents of the invention, and are therefore not to be considered
limting wb2nte43m88pe, for the invention may admt to otrheruseguabizgl
effective enbodi nents. [0007] Fig. 1 is a sinplified side view of a
l'ithogr aghi,c syst em havi n% a patterning device s aced-%&%rt froma_ .

subst reROdiHAtS &F {hae MveHlaBy PR a8ripeialpigynat teRplnsiagied AMing of [t§oos)
Fig. 2 is a top down view of the substrate shown in Fig. 1, the substrate
havi ngscapei fardhe inveandpe mayddoitt terothateaally] eftmgive Rirngbodmentss si de vi ew of
the substrate shown in Fig. 1 coupled to a substrate chuck; [0010] Fig. 4
i's a qoooom up pFign iew aimplified Wwidd riéwe ofhac kthlgeahic nsyfsitgm Balitglal]
Fig. 5is a top down view of the tenplate shown in Fig 1, having a nold

coupl Sihatdviddd8 ] ' i [ My hn Fig.
LU o e S O B R g oL of

th tq %tga%ugh?oq@.om in Fig. 6; [0014] Fig. 8 is a top down view
shéwi ng an array of droplets of inprinting material positioned upon a

regi on the substrate shown in Fiqgq. 1; [0015] Fig..9_j a. Si lified side
(o JpO0RL S peiat & S iAo el Ting subSitateisingi it Fise 't A CEhUEIET ond

thereon; [0016] Fig. 10 is a flow di agram showi ng a nethod of patterning
t he summMingee irswhidde mprd outeriradigst i r st enbodi ment; [0017] Fig. 11 is a
side view of the patterning device shown in Fig. 1 having an
[0009] Fig. 3 is a side view of the substrate shown in Fig. 1 coupled to a
substrate chuck;
10 [0010] Fig. 4 is a bottom-up plan view of the substrate chuck shown in Fig. 3
[0011]  Fig. 5 is a top down view of the template shown in Fig 1, having a moid
coupled thereto;
[0012] Fig. 6 is a side view of the template shown in Fig. 1 coupled to a template
chuck;
15 [0013] Fig. 7 is a bottom-up plan view of the template chuck shown in Fig. 6;
[0014] Fig. 8 is a top down view showing an array of droplets of imprinting
material positioned upon a region of the substrate shown in Fig. 1;
[0015] Fig. 9 is a simplified side view of the substrate shown in Fig. 1, having a
patterned layer positioned thereon;
20 [0016] Fig. 10 is a flow diagram showing a method of patterning the substrate
shown in Fig. 1, in a first embodiment;
[0017]  Fig. 11 is a side view of the patterning device shown in Fig. 1 having an
altered shape;

[0018] Fig. 12 is a side view of the patterning device shown in Fig. 11, in contact

25  with a portion of the droplets of imprinting material shown in Fig. 8;



altered shape; [0018] Fig. 12 is a side view of the patterning device shown
in Fig. 11, in contact with a portion of the droplets of inprinting

mat eri al wbawv/i4m7sBi g. 8;[0019] Figs. 13-1 5 are top doraTxiSesw/083Toni ng t he
conpr essi on of the droplets shown in Fig. 8, enploying the altered shape
of the tegi;)l ak vvn in Fig. 12; [0020] Fig. 16 is a row |agramshOW| ng
a net H881 tgtser - he) aéert@@|d&W%V'eW$eS@Q)%'§9rtQ?eC%’HBW$SIW qdronlefsay
second errbodl ment; [0021] Fig. 17 is a side view of the substrate shown in
Fi g. 1 showmip kig. 8 emplayinghHssaltdrod 22pppiaf the &mplate shewnin &ig.of2;a pi n
exerting a force on the patterning device shown in Fig. 1, to alter a shape
t her eq002end FRN21F isFa dlowl Bidgsam shalgingi £wethot e patreimgsdhoggionroffhg. 1,
with a gas being introduced between the patterning device and the nol d.

[ 0024]s fgstrate’Shdven th F|gmql irf h%@céhé%nvdoewn%t an exenpl ary substrate chuck
provi ding substrate in single wave formation. [0025] Figs. 21A-21 C are

L HPQE@XS'Q B L P T Bt AT SHRME A St A B R e

Vi ewsé] an exerrpl ary substrate chuck havi ng exenplary outer |ands. [0027]
Fig 4P§-a sinplified side view of an exenplary tenplate chuck and an
exenpl ary substrate chuck providing an inprint |ithography tenplate and a
subst r[Qf)é?] n Eithgl&isnavade ofeitofomdin [ereR8lg Bifgree on- therpatterngitgpviceed
side view of another exenplary tenplate

shown in Fig. 1, to alter a shape thereof; and

[0023] Fig. 19 is a side view of the system shown in Fig. 1, with a gas being
10  introduced between the patterning device and the mold.
[0024] Fig. 20 is a simplified side view of an exemplary substrate chuck providing
substrate in a single wave formation.
[0025] Figs. 21A-21C are simplified side view of an exemplary substrate chuck
providing substrate in multiple exemplary formations.
15 [0026] Fig. 22A and 22B are simplified side views of an exemplary substrate
chuck having exemplary outer lands. ‘
[0027] Fig. 23 is a simplified side view of an exemplary template chuck and an
exemplary substrate chuck providing an imprint lithography template and a substrate
in single wave formations.
20 [0028] Fig. 24A-24D are simplified side view of another exemplary template
chuck and an exemplary substrate chuck providing an imprint lithography template in
a double wave formation and a substrate in a single wave formation.

[0029] Fig. 25 is a top down view of a substrate subjected to forces.



chuck and an exenplary substrate chuck providing an inprint |ithography
tenplate in a double wave fornmation and a substrate in a single wave
format i orwoO[200028}78Bi g. 25 is a top down view of a subst pPatrassebjoezreed to
forces.[0030] Fig. 26 is a sinplified side view of an exenplary hol di ng
systemin a first_position, the first position constraining a substrate

dur i ng08eBhr aFiDPOR & SBRTeR ider v Hoad GSMARD NoldgLySem. N TS o
sinplified side view of the holding systemillustrated in Fig. 26 in a
secondogaitiin itba, firshposigenmpnsteining @ dilsstzate dyintheepaiadiongofsy deemldteom t he
substrate. [0032] Fig. 28 illustrates a flow chart of an exenplary nethod
for cdnehrithe subgtratesubstrate during separation of a tenplate fromthe
substrate. DETAILED DESCRI PTI ON [ 0033] Referring to Figs. 1 and 2, a system

10 to Lb@Bm a F .izeifisp@%hﬁ;mme@ﬂsiée%mb'mﬁ@h@a%iﬁ@_sw@mnu%:ub@dmtpeici;léarmy

have circul ar shape; however, in a further enbodi hent, substrate 12 may
have Yy riG...sha e_ Rl . I ve a
i S aPep SR AR e, Sdbond B RET Mip e, fho, RUBAAG By ket FERY 180T g
greater than radius r-i. Further, defined between inner radius r-i and
outer FUPSI@€-r2 is a middle radius r , with nmiddle radius r3 positioned
substantially equidistant frominner radius 1 and outer radius r2. [0034]
Ref er rl0Ag2k o Figy.281illustiptasr atflowicharhpf i exepplaty raethod fios coasisaipngcR 14.
As shown substrate chuck 14 is a vacuum chuck, however, substrate chuck 14
may besursjratthdeiling separditiog,of auempdatel framtted substratecuum pi n-type,
groove-type, or electromagnetic, as described in United States patent
6,873,087 entitled "High-

10 DETAILED DESCRIPTION
[0033] Referring to Figs. 1 and 2, a system 10 to form a relief pattern on a
substrate 12 is shown. Substrate 12 may have circular shape; however, in a further
embodiment, substrate 12 may have any geometric shape. In the present example,
substrate 12 may have a disk shape having an inner radius ri and outer radius ro,

15  with radius r; being greater than radius ry. Further, defined between inner radius ry
and outer radius r, is a middle radius r3, with middle radius r3 positioned substantially
equidistant from inner radius ry and outer radius ry.
[0034] Referring to Fig. 1, substrate 12 may be coupled to a substrate chuck 14.
As shown substrate chuck 14 is a vacuum chuck, however, substrate chuck 14 may

20 be any chuck including, but not limited to, vacuum, pin-type, groove-type, or
electromagnetic, as described in United States patent 6,873,087 entitled “High-
Precision Orientation Alignment and Gap Control Stages for Imprint Lithography
Processes,” which is incorporated herein by reference. Substrate 12 and substrate
chuck 14 may be supported upon a stage 16. Further, substrate 12, substrate chuck

25 14, and stage 16 may be positioned on a base (not shown). Stage 16 may provide



Precision Oientation Aignment and Gap Control Stages for |nprint

Li t hography Processes,"” which is incorporated herein by reference.
Subst r at ew020mmd7mabstrat e chuck 14 may be supported upeaTasstages7it.
Further, substrate 12, substrate chuck 14, and stage 16 may be positioned
on a base (n shO\[%vnFé St age 16 may provrdermtlon ab ut a first apd a
seconcfnﬁﬂﬁ)'s qn s”lsﬁﬁ‘?ﬁq [Fiss i dhedirst ge Qg‘eo?? &S P8'"Gne

anot her, i.e., the x and y axes. Referring to Figs. 1, 3, and 4 , substrate
chuck arhageseldere asothes, aad thecomad2y aoq@poMeslrme@ Figsi He3. éndedige,
surface 22 extends between first side 18 and second side 20. First side 18
i ncl udashstrate chtick ¢4 ésdud@s fiestSidcamd seeorss 2025hposed sdédhi Adsidecesed@d,
defining first 26, second 28, third 30, and fourth 32 spaced-apart support

regi ongyrfdcel 34 eRi¢PBS HetWBEh Mst2idE BCARY SEcHRE Siaed 2333 FirBt §ide3(® irkNidsourt h
32 support regions and first 20, second 22, and third 24 recesses. Second

Setond” 5%?3%%3@34 SEEE Rt RO R 3, SURARE T SEMOBE AR |

secon recesses h|r support regr

support_reqio hird recess 24. Th|rd recess 24 cinct res four
subbor 181 BaHoib. 3nd o Rt e anad SHEROT a2 4 5L BRI UIThERd 30,
and fourth 32 support ions may be formed froma conpliant material .

Fi rst GBCtUERSCSRRPNEE28 tthrrgﬁ%@nda@aﬂho’ia sUPRIt £2GIPBS BNAdYFHAQ, $REPWaS a
circul ar shape; however, in a further enbodiment, first 26, second 28,
third at] thrd 28 oecebssS2 Segorcbspppser ragpng2d rmncturess thapke 36eand éalirtf 6@35]
Formed in substrate chuck 14 are throughways 34 and 36, however, substrate

chuck duppsaty refioms iR aBfond EErarefl tHiky ngrermssesThmugbupyoMreglomces first
and third recesses 20 and 24 in fluid communi cation with side surface 18,

gg%en‘ésémcth%safdcﬂﬁ BEHpSHREGIREES ard! thifdoH dsBO4ndgigf RABShaE dltigreghvway

fourth support region 32. In a further embodiment, first 26, second 28, third 30, and
fourth 32 support regions may be formed from a compliant material. First 26, second
28, third 30, and fourth 32 support regions may have a circular shape; however, in a
further embodiment, first 26, second 28, third 30, and fourth 32 may comprise any
15 geometric shape desired.
[0035] Formed in substrate chuck 14 are throughways 34 and 36, however,
substrate chuck 12 may comprise any number of throughways. Throughway 34
places first and third recesses 20 and 24 in fluid communication with side surface 18,
however, in a further embodiment, it should be understood that throughway 34 may
20 place first and third recesses 20 and 24 in fluid communication with any surface of
substrate chuck 14. Throughway 36 places second recess 22 in fluid communication
with side surface 18, however, in a further embodiment, it should be understood that
throughway 36 may place second recess 22 in fluid communication with any surface
of substrate chuck 14. Furthermore, what is desired is that throughway 34 facilitates

25  placing first 20 and third 24 recesses and throughway 36 facilitates placing second



place first and third recesses 20 and 24 in fluid comunication with any
surface of substrate chuck 14. Throughway 36 places second recess 22 in
fluid corwonooai™e with side surface 18, however, in aPCunsh@woesthodi nment,
it shoul d be understood that throughway 36 may pl ace second recess 22 in
fluid connuniégtégﬂ Wi th any surface of substrate chuck 14. Furthernore,

|

what | '€CH88S {hegm Ry tR2 pressyie GRMEOISYsaMgSYSEh 8% 2PURRd

third 24 recesses and throughway 36 facilitates placing secondrecesses 22
in fluwyteomdduni cation with a pressure control system such as a punp
system 38. [0036] Punp system 38 may include one or nore punps to control
t he pr[es36) e Puoxp spstent 88fmagindide sreandmdde pantpst foi cohtisl theqessage To
that end, when substrate 12 is coupled to substrate chuck 14, substrate 12

rests eRinisk thiffr§ti2( GecdRE 22 adl. thiriute2Bsséd) ATH AL EndAvIRePBAbStr a8 ONS,
covering first 20, second 22, and third 24 recesses. First recess 20 and a

por.t i 0 K i per i i49 i te. i figq st
Chanber? $2Co8ied 3 bRl E Otk BESHAIRA 12, Bed BBLFM o 28 GRofla 28,

superi sition therewth defjne.a second ch r.44. Thi recess 24 and
2 bor (PBA b Tt FalThE e R usPEst [SpinR creRo: Wb A0, REFRN 47t Fch2eh r
chanber 46. Pugg system 38 operates to control a pressure in first 42,
secondegasseind hifst rrgcass APaabera. pqries AVRef substigta d 2rFingsupericpasigion
spaced-apart from substrate 12 is a patterning device 48. Patterning device

48 cornperevdth alefiepphaficst Shamvemg2a rBe@nb2 revessnd ngnd he rdrtiom 4@waofds
substrate 12 with a patterning surface 54 thereon. Further, nmesa 52 may be

r ef er rbstratedsi 28 imdubepidnpdsitich fthetdneth elebingdi aesdcoride spbaiber 544 mayhive
substantially absent of nold 52. Tenplate 50 and/or nold 52
10  recesses 24 and a portion 40c of substrate 12 in superimposition therewith define a
third chamber 46. Pump system 38 operates to control a pressure in first 42, second
44, and third 46 chambers.
[0037] Referring to Figs. 1 and 5, spaced-apart from substrate 12 is a patterning
device 48. Patterning device 48 comprises a template 50 having a mesa 52
15 extending therefrom towards substrate 12 with a patterning surface 54 thereon.
Further, mesa 52 may be referred to as a mold 52. In a further embodiment,
template 50 may beA substantially absent of mold 52. Template 50 and/or mold 52
may be formed from such materials including but not limited to, fused-silica, quartz,
silicon, organic polymers, siloxane polymers, borosilicate glass, fluorocarbon
20 polymers, metal, and hardened sapphire. As shown, patterning surface 54
comprises features defined by a plurality of spaced-apart recesses 56 and
protrusions 58. However, in a further embodiment, patterning surface 54 may be

substantially smooth and/or planar. Patterning surface 54 may define an original

pattern that forms the basis of a pattern to be formed on substrate 12.



may be formed from such materials including but not limted to,
fused-silica, quartz, silicon, organic polyners, siloxane polyners,

bor osi | i caoeoglazss fl uorocarbon pol yners, netal, and hacudasedsephire. As
shown, patterning surface 54 conprises features defined by a plurality of
spaced-apart recesses 56 and protrusions 58. However, in a further
onbodilBORE), pREIRTR g Ha5T Act: 880 ajemplalaiil 811 BF PUBIFSLtoha dRaRAte
planar. Patterning surface 54 nay define an original pattern that forns the
basi s afuck q&htte@p?ete shbek f6fr beidgoanys algakr imcldineg, [ g I8t lRaites 19, (pcUYNTi gs.

1, 6, and 7, tenplate 50 may be coupled to a tenplate chuck 60, tenplate
chuck @mo-tyes, ngroavg-tgpelc lor i eletirdimagneticit asotiesdribeideth tidnitachStatgs paterity pe,
groove-type, or electronagnetic, as described in United States patent

6, 873,873 88V idntied “HidghPREESbA I GriefaliGn hagh e nfahe EER Corid &DfY; T ol
Stages for Inprint Lithography Processes". Tenplate chuck 60 includes first

e L R e T L

fiést si'd con Irst side €s a recess 68,

a second recess 70,,and a third recess , _defining firs 4, segond 76,
Bnd L HiHRGSGY SHatedAapiee ok s SEGROAG, SREPLE tINBEP: Irsbaidsh B7qand
cinctures second 70 and third 72 support regions and first 68, second 70,
and t Hiec@nd zidebés Jdrst saia 6dnelugps e firskranss 8. reerdseagssr 0. Anshear t
region 78 and second 70 and third 72 recesses. Third support region 78

ci nct uhed rebess 72 aefmind firstn 74, fsecohe r76 nddlithiedt 78 fspased-apars sappdrt76,
and third 78 support regions may be fornmed froma conpliant material. First

74, seegivhs’ Srirsnsligpdirt fbgién FUPEBtiures Ge@bad MY ah@MRird 7 EGHDEH rébions;
however, in a further enbodi ment, first 74, second 76, and third 78 support
r 8@ Onshd Bt BBY Sehd $6°9RH "thiFd 2R e4884 " §8cond support region 76 cinctures
third support region 78 and second 70 and third 72 recesses. Third support region 78
cinctures third recess 72. In a further embodiment, first 74, second 76, and third 78
support regions may be formed from a compliant material. First 74, second 76, and
third 78 support regions may have a circular shape; however, in a further
15 embodiment, first 74, second 76, and third 78 support regions may have any
geometric shape desired.
[0039] Formed in template chuck 60 are throughways 80 and 82, however,
template chuck 60 may comprise any number of throughways. Throughway 80
places first and third recesses 68 and 72 in fluid communication with second side 64,
20 however, in a further embodiment, it should be understood that throughway 80 may
place first and third recesses 68 and 72 in fluid communication with any surface of
template chuck 60. Throughway 82 places second recess 70 in fluid communication
with second side 64, however, in a further embodiment, it should be understood that

throughway 80 may place second recess 70 in fluid communication with any surface

25  of template chuck 60. Furthermore, what is desired is that throughway 80 facilitates



[0039] Formed in tenplate chuck 60 are throughways 80 and 82, however,
tenpl ate chuck 60 may conprise any nunber of throughways. Throughway 80
pl aces fiwetowmd7t8Ri rd recesses 68 and 72 in fluid conmeairasteconosmmt h
second side 64, however, in a further enbodiment, it should be understood

t hat throughway place first and third recesses 68 and 72 in fluid
comurR'8eng diship e ﬁ*n&nﬁfﬂ@uﬁ EREESSES (AehinueRIRWAY @%@C"Wﬁéﬁﬁ%Q S832’C’ijaces

second recess 70 in fluid comunication with second side 64, however, in a
f ur t herecessssd? Grimflyidi corsmpuicitios wititl erpressidret ¢entral myétﬂ;hm;pmes @a@urppace
second recess 70 in fluid comunication wth any surface of tenplate chuck
60. Fuwysken®dare, what is desired is that throughway 80 facilitatesplacing
first 68 and third 72 recesses and throughway 82 facilitates placing second

recesse4dp0 IpqulsgstémTHwnhsﬂddnﬁuéNohe&rab?éﬁurrﬁ)s%nédrmon&b{étp?@ss@éch as
a punp system 84 Purrp system 84 may I nclude one or nore punps to

cont rgsro&nfatgrug?.f%% RRRHIE 0 hlhsls Aflessecond gl Fﬂad@phﬁg Fateqo

reces end, s coupl

tenpl at e. 50 r ainst fir cond 76,, and thj Y sup ort

r egi o?éo IS 6P ?‘1&3 a}gmat%cr‘@c%&rdteﬁﬁ gotrﬁggsdag@n? 57213 PQJQ ecess
68 and a portion 86a of tenplate 50 in superinposition therevmth define a
first mﬁn@r 78uppeciorryiers exnyeringairgt §8p@et:omh B anst thiehpRaesesses. n
superinposition therewith define a second chanber 92. Third recess 72 and a
porti drirsdGeceds 88ibatrapertiih 86a i pemplape $0tin aupehierpaitidn therewih aefiner d
chanber 96. Punp system 84 operates to control a pressure in first 88,

oS SEe e g 57 SRERTEPIE £ 010 San ook gy S oo o

10  superimposition therewith define a second chamber 92. Third recess 72 and a
portion 86¢ of substrate 12 in superimposition therewith define a third chamber 96.
Pump system 84 operates to control a pressure in first 88, second 92, and third 96
chambers. Further, template chuck 60 may be coupled to an imprint head 97 to
facilitate movement of patterning device 48.

15 [0041] Referring to Fig. 1, system 10 further comprises a fluid dispense system
98. Fluid dispense system 98 may be in fluid communication with substrate 12 so as
to deposit polymerizable material 100 thereon. Fluid dispense system 98 may
comprise a plurality of dispensing units therein. It should be understood that
polymerizable material 100 may be deposited using any known technique, e.g., drop

20 dispense, spin-coating, dip coating, chemical vapor deposition (CVD), physical vapor
deposition (PVD), thin film deposition, thick film deposition, and the like. Typically,
polymerizable material 100 may be disposed upon substrate 12 before the desired
volume is defined between mold 52 and substrate 12. However, polymerizable

material 100 may fill the volume after the desired volume has been obtained. As

25 shown in Fig. 8, polymerizable material 100 may be deposited upon substrate 12 as



[0041] Referring to Fig. 1, system 10 further conprises a fluid dispense
system 98. Fluid di spense system 98 may be in fluid comrunication with
subst r at ew@20804am88t 0 deposit pol yneri zabl e materi al 10@Crhuse@onos7el ui d

di spense system 98 may conprise a plurality of dispensing units therein. It
shoul d be understood  that polynerizable material 100 nmay be deposited using
any kndriredyplispgeedapgrt g@ﬂiﬁxs di@péﬁgal,ng@mat%afriam@,(%ui B eR&xPRy'e.

chem cal vapor dePosi tion (CVD), physical vapor deposition SPVD), thin film
deposi e@@ndrafietcel firapietgepdinaymavaral unitevoluke. offappeadimatelydi-Vdari¢eabl e
material 100 may be di sposed upon substrate 12 before the desired volune is
def i nelitelzet videpletsl 603 2mapdbe udsangéd id ZanHawevdimeng@narediirarde mentaloer i al
100 may fill the volunme after the desired vol une has been obtained. As
shown §hdtiage 18, pol ynerizable material 100 may be deposited upon substrate
12 asa plurality of spaced-apart droplets 102, defining a matrix array 104.

In an | e ; 0 t 40 pre]e] njt o)
appr o iaeh y REERGTooPIaB: 1oandy b By Sledn 1o BYEdiy solifte TBe%s

t wo- di nensi onal arrangenent on subsirate 12. 04 Referring to Figs. 1
and o Seiok, L soUREHRa e he buel 02 shntia fri o0-eTepgy! Bat gl to
direct energy 108 along a path 110. Inprint head 97 and stage 16 are

conf i getPge 1%oar@r ¢figeredte) %@r@ﬁdmﬂﬁogg recesulzstrate dZp sespedively, t@ bgeini n
superinposition and di sposed in path 110. Either inprint head 97, stage 16,
or bot $upeainypasitibirs & ach déspfosedear rpatio [1d 05 Eithvat islbist hateé 9Y2 stagedéb, orebaih
desired volune therebetween that is filled by polynerizable material 100.
After 419 slefitafbe isdtueeni fmold |32dng Ehbsedtsme? itaabéfnded eekiéd Mflumeour ce

106 produces energy 108, e.g., broadband ultraviolet radiation that causes
PO] oy el fdtRt R e BR Rt i€ il A By IR ALHZABI material 100. After the desired volume is
filled with polymerizable material 100, source 106 produces energy 108, e.g.,
broadband ultraviolet radiation that causes polymerizable material 100 to solidify
and/or cross-link conforming to the shape of a surface 112 of substrate 12 and
patterning surface 54, defining a patterned layer 114 on substrate 12. Patterned
15 layer 114 may comprise a residual layer 116 and a plurality of features shown as
protrusions 118 and recessions 120. Control of this process is regulated by a
processor 122 that is in data communication with stage 16, pump systems 38 and
84, imprint head 97, fluid dispense system 98, and source 106, operating on a
computer readable program stored in a memory 124.
20 [0043] Referring to Fig. 1, system 10 further includes a pin 126 coupled to stage
16. Pin 126 may translate about a third axis orthogonal to the first and second axis,
i.e., along the z axis. As a result, pin 126 may contact mold 52 to alter a shape
thereof, described further below. Pin 126 may be any force or displacement actuator

known in the art including, inter alia, pneumatic, piezoelectric, magnetostrictive,

25 linear, and voice coils. In a further embodiment, pin 126 may be a high resolution

10.



and/or cross-link conformng to the shape of a surface 112 of substrate 12
and patterning surface 54, defining a patterned |ayer 114 on substrate 12.
Pat t er neawbaysr041788 nay conpri se a residual |ayer 116 amdTasspéoaned7ety of

f eat ures shown as protrusions 118 and recessions 120. Control of this

process is re t ed ocessor 2 that n dat ni cation with
D a9 eSSy o ReeAY s s OF MRt Re ALRET PG S S &t om
98, and source 106, operating on a conputer readable program stored in a
menor yvaceam poese]thaemayravaguate # gtmasphsretkatweenfan inkrsfadene Rat@sniagpi n
126 coupled to stage 16. Pin 126 may translate about a third axis

or t hogiaade 48 anldesubistrate 4Ad second axis, i.e., along the z axis. As a
result, pin 126 may contact nold 52 to alter a shape thereof, described

furt hqpoha] oWRdfefiny2 FRYS. e sahd 9 &8 wentlbndd abevent @StaRbOBet RN | N
the art including, inter ali a, pneunatlc plezoelectrlc magnet ostricti ve,

|1 near and v al e Gk '1’2 3 géﬁ%‘% s@éﬁf"’tﬂh{mé“desqréq %@urﬁ@y %é’hnlel:lgh

resolutlonpressure regu %t ot ‘an an series air center pin
t hereo risin our ce that, may evacu an_at s here et ween
an int ref S?np&ﬁ?e\sm'ﬁ éY/ @y@grréﬂtale ?]'B"%FF'QIt altoi)z Bﬂgf ¥ ?'19'ng to
Fi gs. , .and 9, as_ nentioned above, a distance betvveen rroI d 52 and .
subst r%@lelfmtloe QA TeaTiZabim MalaHalat 0@ Sonme f ee is0ag8f pingr 2t dBedineen
that is filled by polynerizable material 100. Furthernore, after

sol i di $ubsitaiten? gual yattarningbdwfacet 24,i ddfinir@Dpatdernedrsyerol then shbptatef 13ur f ace
112 of substrate 12 and patterning surface 54, defining patterned |ayer 114
on subBg tiedtentiZin Aeolunaé 128tefinedebetweunRirdgidtsied? e thdiek weely 1aomeres 102

of matrix array 104, there are gases present, and droplets 102 in matrix
arfRy ARt SRIsBAE MEBSHOSII® $h matrix array 104 are spread over substrate
12 so as to avoid, if not prevent, trapping of gases and/or gas pockets between
substrate 12 and mold 52 and within patterned layer 114. The gases and/or gas
pockets may be such gases including, but not limited to air, nitrogen, carbon dioxide,
and helium. Gas and/or gas pockets between substrate 12 and mold 52 and within
15 patterned layer 114 may result in, inter alia, pattern distortion of features formed in
patterned layer 114, low fidelity of features formed in oatterned layer 114, and a non-
uniform thickness of residual layer 116 across patterned layer 114, all of which are
undesirable. To that end, a method and a system of minimizing, if not preventing,
trapping of gas and/or gas pockets between substrate 12 and mold 52 and within
20 patterned layer 114 are described below.
[0045] Referring to Figs. 1 and 10, in a first embodiment, a method of expelling
gas between substrate 12 and mold 52 is shown. More specifically, at step 200, as

mentioned above, polymerizable material 100 may be positioned on substrate 12 by

drop dispense, spin-coating, dip coating, chemical vapor deposition (CVD), physical

11.



12 so as to avoid, if not prevent, trapping of gases and/or gas pockets
bet ween substrate 12 and nold 52 and within patterned | ayer 114. The gases
and/ or gasopookarmssmay be such gases including, but not pPCirmisted/ovzr2air,

ni trogen, carbon dioxide, and helium Gas and/or gas pockets between
substrate 12 and noJ d 52 and within patterned |layer 114 may result in,

i nt er »éan%,d%tt@f*ngpgm Shipi T depedd %r%kffdmﬁp@ﬂt%t%rﬁ Hed ey &0 @114,
low fidelity of features formed in patterned |ayer 114, and a non uniform
t hi cknfesthepembesliraent, pphyrerizebée matedal 14 maysdposijened 0a MmeldIS%f  whi ch
are undesirable. To that end, a nethod and a systemof mnimzing, if not
prevenD0dg] t Ragdpiring tof Fagss and/ 00, gad pOCchEsRepp 0B ansiksahs tof giatteldingnd
nold 52 and within patterned | ayer 114 are described bel ow. [0045]

Ref er rgd\icd 28 th@pbe hitdreh. 1horé Bpaciiichy, La0E BERAtteRiNTEdSAEE B RXPSE! | NG

8
gas between substrate 12 and rmlpd 52 I's shown. re specifically, at step

204, a&gée@qtze,hgﬁ‘?@arng%i}}é?an&ob Y Hhaae g8h gﬁ&g: 5p21§§g @ﬁa{?gtep% iag gﬂ&@gpgp

substra I'Spense, spln-coa , chem

deposi tion (CVD),, physi cal yapor.deposition (PVD), thin fi|mdepositiaon,

Chr ok TR GepbssnfEHe' 4 HRRET i B % s vt inarte ilBar Helnearieyieen 2 abi o
material 100 nmay be positioned on nold 52. [0046] Referring to Figs. 6 , 7,
10, an@olti52 apdsuestrate12 at serapiing ppians ofimglddes:i tean®xaapeedigianseed.
More specifically, a shape of patterning device 48 may be altered such that

a di st@hceleds thatebidigtdnbe dRe distamted d3 Dedmgl dsfimasd abbe ed@eadf moldiddb2. tadi us r3
of substrate 12, shown in Fig. 2, is less than a distance defined between

nol d S@rtaBe eAibosiirmatt tHe dRitari@dal thayg beaddfinddsatodnyBesiréd lockafionbf enaiap! e,
distance d 1 is less than a distance d2, distance d2 being defined at an

:Sﬂ):n;é%ggr%egﬁ?%% ;btfia%efr;dégf]gi?@‘r)?tgv@mimy behitebd! B eBnloflingBY di8sdski ned
within first and third chambers 68 and 72. More specifically, as mentioned above,
pump system 84 operates to control the pressure in first and third chambers 68 and
72. To that end, pump system 84 may create a vacuum within first and third
chambers 68 and 72 via throughway 80 such that portions 86a and 86¢ of template

15 50 may bow away from substrate 12 and bow towards template chuck 60. As a
result of bowing portions 86a and 86¢ of template 50 away from substrate 12, portion
86b of template 50 bows toward substrate 12 and away from template chuck 60.
[0047] Referring to Figs. 10, 12, and 13, at step 204, as described above with
respect to Fig. 1, either imprint head 97, shown in Fig. 1, stage 16, or both, may vary

20 distance d1, shown in Fig. 11, such that a portion of mold 52 contacts a sub-portion
of droplets 102. As shown, a portion of mold 52 in superimposition with middle radius
r3 of substrate 12, shown in Fig. 2, contacts a sub-portion of droplets 102 prior to the
remaining portions of mold 52 contacting the remaining droplets of droplets 102.

However, in a further embodiment, any portion of mold 52 may contact droplets 102

25  prior to remaining portions of mold 52. To that end, as shown, mold 52 contacts all

12.



52. The shape of patterning device 48 may be altered by controlling a
pressure within first and third chanbers 68 and 72. Mre specifically, as
ment i onedwakowa478np system 84 operates to control theprprassem@oial fir st
and third; chanbers 68 and 72. To that end, punp system 84 nay create a
vacuumwithin first and third chanbers 68 and 72 via throughway 80 such
that pdrdrsless 468 AnsHRRSEMReSIHMYEY BVdie radiuso? SheyDeirale $408hP4PdN12 and
bow t owards tenplate chuck 60. As a result of bow ng portions 86a and 86¢
of terfppatZe Bbstawtiallyr comeurbaitiyat elhig, caumesi dro@ets d02t tnsipaead 50 thdos
toward substrate 12 and away fromtenplate chuck 60. [0047] Referring to

Fi gs. grfdud®a @ndiglidusdiquid spe@0130 a$ pdBsneriZaide ahateeia 00, rEyeedB82tad Fi g.
1, either inprint head 97, shown in Fig. 1, stage 16, or both, may vary

IS arlﬁ]%lcfisﬂeetsﬁ‘i’?@”ﬁéﬂﬂeg'l%gq&%s gééjhﬁﬁertfg@é 1834Piak 'fQ@ct%lsgﬁéJSgu?ﬁ aQBEafts a

sub-portion of droplets . shown, a portion o

superi [ t] ] ), ddl.e .r ad] fr S t ' | 2,
co tac@&'ﬁésftf’g{] E)O\(I)\\;Yéﬁlao%‘@éj 1§|60 I%@@St&ag‘iolpzri S}rb Sfltt"fr)%t ﬁ%&%g@?%ﬁ(@@é@gﬁ ?(O)%s of
nol d 52 contacting the remaining droplets of droplets 102, wever, jn a
ot nalefORtERh RRGeRg et ML BoRENEY B8 s i 2008 6! B 10y o
to remmining portions of nold 52. To that end, as shown, nold 52 contacts
al | of liguishpes sintegfaden 13dpén | eaaiwiationn wilht her gais apassdiogs rFesiusessbdatat e
12, shown in Fig. 2, substantially concurrently. This causes droplets 102

t 0 sprprademtadtrappipgadgases irctiqiidghess 180.qui d sheet 130 of pol ynehzabl e
mat eri al 100. Edge 132 of liquid sheet 130 defines a liquid-gas interface

134 t Hab48unC Refsting OtoPFis. 9BS €9, hAd VY, USE stef 208Wand sige dBGattbrfingstrate
12. V(I;[I urre] 128 bet w%en dirﬁg)pl ets 102 define ﬂge?s? passages thr oug)h whi ch gas

T, AR, iy HEBIIER 5, MCT f UBnA SAEch ok
and subétrate 12 may be filled by polymerizable material 100, as described above
with respect to Fig. 1. More specifically, the shape of patterning device 48 may be
altered by the combination of controlling the pressure within first and third chambers
88 and 96 and a force exerted by imprint head 97, shown in Fig. 1, and/or stage 16

15 upon patterning device 48 as a result of contact been polymerizable material 100
and mold 52. More specifically, as mentioned above, pump system 84 operates to
control the pressure in first and third chambers 88 and 96. To that end, pump system
84 decreases a magnitude of the vacuum created within first and third chambers 88
and 96 via throughway 80 such that polymerizable material 100 associated with

20 subsequent subsets of droplets 100 surrounding middle radius r3 of substrate 12
shown in Fig. 2, spread to become included in contiguous fluid sheet 130, as shown
in Fig. 14. The shape of patterning device 48 continues to be altered such that mold
52 subsequently comes into contact with the remaining droplets 102 so that

polymerizable material 100 associated therewith spreads to become included in

25  contiguous sheet 130, as shown in Fig. 15. As can be seen, interface 134 has

13.



prevents, trapping of gases in liquid sheet 130. [0048] Referring to Figs.
7, 10, and 14, at step 206, the shape of patterning device 48 may be

al tered swohotomar7sshe desired vol une defi ned bet ween nolpdTAR2@mm0Tabst r at e
12 may be filled by polymerizable material 100, as described above with
respect to Fig. 1. Mre_specifically, the shape of patterning device 48 may

be al tBPRA KWAHE R4Rbil RGO thetshis amqnﬂ@pﬁﬁedpq%esfef GigRRER PitPSt and
third chanbers 88 and 96 and a force exerted by inprint head 97, shown in

Fig. remamingrvalumge12% apownpat Eigr f.nlg trevektheretas Bhig caligms gBsedribact
been pol yneri zable material 100 and nold 52. Mre specifically, as

ment i oivfrmabl@de shpwnpin Figt &ntoSdgreps faine Hetweew niald 152 died gubstsatee12 wiski r st
and third chanbers 88 and 96. To that end, punp system 84 decreases a

magni tyide &dgd A8eYamUtHR Fhai&d thé thRighind %b%”gnébigéscb@émé Dedeand 96

via throughway 80 such that polynerizabl'e materi al 0 associated with

subseqgal-s5UGeL a4 OF ol ) Sho_ JAREULAEHNG 18P $9he etk oh i

substrate spread'to i nclud I'n cont¥guous fluid
sheet 130,. a ho in Fig. 14. The sh . of patterning deyice 48 continues
o be ANTEREd. EathPraEnis I 33 it SaRBRS e B4Rt 6 RONTRAS GPYREL he
remai ni ng droplets 102 so that.RonnerLzabIe material 100 associ at ed

t her ev#& may hecaitered gopeevaptly wihwesseasing 8t distanese dhes mestionad abR¥an i n
Fig. 15. As can be seen, interface 134 hasnoved towards edge 136 so that

t her e with eespect ip&ipd pREferfing toHaggagesnd h2} inestileadurnhagendlodmed8p shown
in Fig. 8 to travel thereto. This allows gases in volune 128, shown in

|Fing£ h3aciti@t@ﬁﬁ@ﬁr$%5r%@%m&rﬁmbcbéi/?c@ﬂg, 8 phesddurk avifhin ¥esond ¢hantiége 136.
is manner, the trapping of gas and/or gas pockets between substrate 12
ang My R BRA.YtdNeR. PRIdEN 85ELitiANR ablthertiBAYE 4BbVe, bulp dystem 84
operates to control the pressure in second chamber 92. To that end, pump system
84 may create a pressure within second chamber 92 via throughway 82 such that
portion 86¢c of template 50 may bow towards substrate 12 and bow away from
template chuck 60. Further, a pressure may be created within second chamber 92
15 concurrently with creating a vacuum in first and third chamber 88 and 96, as
mentioned above.
[0049] Referring to Fig. 1 and 10, at step 208, as mentioned above with respect
to Fig. 1, polymerizable material 100 may be then be solidified and/or cross-linked,
defining patterned layer 114, shown in Fig. 9. Subsequently, at step 210, mold 52
20 may be separated from patterned layer 114, shown in Fig. 9.
[0050] Referring to Figs. 1 and 16, a further embodiment of the present invention
is shown. More specifically, at step 300, analogous to that mentioned above with

respect to step 200, shown in Fig. 10, polymerizable material 100 may be positioned

on substrate 12 or mold 52.



mnimzed, if not prevented. In a further enbodi nent, the shape of
patterni ng device 48 may be altered concurrently with decreasing the
di st ance wo2o10am7188nt i oned above with respect to Fig. l1PCcRafSesoionzy2t o Fi gs.
7 and 12, in still a further enbodinment, to facilitate altering a shape of
pat t erni ngl devi ce 48, ;(?-ngr essure within second chanmber 9

[

2 b
cont r dOP&dl MEyedersingc 8813 4s 1oernbnd ab&irp %p%?@é%g@ &dr at es

to control the pressure in second chanber 92. To that end, punp system 84
may crmeantoregabsvemithwiaspiect t@stand20hastewn 92 Rig.al@,ha shgbessf [Bittesniog t hat
portion 86c¢c of tenplate 50 nay bow towards substrate 12 and bow away from

t enpl adevichUSK ntdly teuiattbasd. aFoprtesswsre, reycharentigavigldl altdringn asekapel sfthanber
92 concurrently with creating a vacuumin first and third chanber 88 and

96, aspé{?é?ﬁiingrl?é{/i@@QB,ea S br Bab&Fate™MD hayF bS;aIt%rel?@.d M&re Spedfi@y288. as

menti oned abOve wth respect to Fig. 1, polynerizable material 100" may be
then b | i fd r 0S§=-)in Jnin . r shown
i nor g TG Moy BERRareISy ConfiGiib 4 Ei RSt L, R Fhecshir
patterned | ayer_ 114 hown in Fig, 9 [0050] Referring to Figs. 1 a 16, a
ot nehana: $2 AchAB, oo saReTeallerS GHTIONSHOARO AP TSNP LR v at
step 300, anal ogous to that nentioned above with respect to step 200, shown
i n Fi goperetespiol gandral 2ag ipsesaitrerin dirst1and inifd larpbsrs 48@5& 46 tonkatrend 12 or
nold 52.[0051] Referring to Figs. 3, 4, 16, and 17, at step 302, anal ogous

t o t hgtumpnlysiene38ahay eredteha vaspaatwitton SitstparizDthirds¢teambers 42 gnd UB via shape
of patterning device 48 may be altered. Furthernore, concurrently with

al ter itﬁ@oﬁhﬂh’:}p@e LcRahhepHiidasUOE 66d 4Bc &F subzbateh 2smbgtoow awby fiey be
al tered. re’specifically, a
10  substrate chuck 14 and bow towards mold 52, as shown in Fig. 17. As a result of
bowing portions 40a and 40c of substrate 12 toward from substrate chuck 14, portion
40b of substrate 12 bows toward mold 52 and away from substrate chuck 14.
Referring to Figs. 11, 13, and 16, at step 304, analogous to that mentioned above
with respect to step 204, shown in Fig. 10, imprint head 97, stage 16, or both, may
15 vary distance d1, shown in Fig. 11, such that a portion of mold 52 contacts a sub-
portion of droplets 102 in superimposition with middle radius r3 of substrate 12,
shown in Fig. 2, substantially concurrently, producing contiguous liquid sheet 130 of
polymerizable material 100.
[0052] Referring to Figs. 4, 12, and 16, at step 306, analogous to that mentioned
20 above with respect to step 206, shown in Fig. 10, the shape of patterning device 48
may be altered such that the desired volume defined between mold 52 and substrate
12 may be filled by polymerizable material 100. Furthermore, concurrently with
altering the shape of patterning device 48, the shape of substrate 12 may be altered.

More specifically, as mentioned above, pump system 38 operates to control the

25 pressure in first and third chambers 42 and 46. To that end, pump system 38

15.



shape of substrate 12 may be altered by controlling a pressure within first
and third chanbers 42 and 46. Moire specifically, as nentioned above, punp
syst em 38wvoperdesst o control the pressure in first andpcmiusdooohestbers 42
and 46. To that end, punp system 38 nay create a vacuumw thin first and
third chanbers 42 and 46 via t hroughway 36 such that portions 40a_and 40c
of subdeG'aeees2 MNIWER AvAS V@FHHFE‘E!@@%/Q%WéhEhUéka&Q tngﬁjC%’\Wbﬁb‘%\ﬂ? @& ol d

52, as shown in Fig. 17. As a result of bow ng portions 40a and 40c of
subst r46 wialthreeglway S6ceanauisEentixtwith: kiteting 2 sipaipe obpatteming devipst 4&itas 12
bows toward nold 52 and away from substrate chuck 14. Referring to Figs.

11, 13meationddabate Bi stpp3ID4, savaindgdig. 1@, suvhtthaepodlyoeeidablzonaterMdl M00espect
to step 204, shown in Fig. 10, inprint head 97, stage 16, or both, may vary

di st angaiated %hmvmoFrth'mz durrodrithihg hh}ameardamg fSPBf &Jbéﬁété 192 sﬁBWnalﬁt S a
subportion of droplets 102 in superi rrp05|t|on with mddle radius r3 of

strate,l C I
CO%’[I g’ﬁg & |r8§|B eg@;[n'éllgslu%]pdéﬂlt@m S%)h%d éﬁ%?ﬂ?ﬁ %%ého%gggﬁb Re?erri ng
to Fi b 1 at, step, 30 analo stoth i.oned above with
r especi i &hépspof%g?sjf@%%m REDE TUheT TS EpeCuHeRt VeI SUaDPeY 48
may be altered such that the desired vol une defl ned between m)l d 52 and
subst reatternmgnegviee 48 |beaiag baitgredysreh sl enalat 24 i subseanentsucomesrinte,
concurrently with altering the shape of patterning device 48, the shape of
subst r@irgadi2 wity the atrhaimndt diopéets pdORf isoalthat, padymenidabde echaaddale 10U
system 38 operates to control the pressure in first and third chanbers 42

and 46assheidtddtherBith RprPady ff B8ecTRE 96d168&E M o Uk et 30 hgs ¥ ReWHM
created within first and third chanbers 42 and 46 via throughway 36

copcuriheny! Y5 The Hdsak! HOVAuRERI8 O5hHRh IR RGNS ARY! &6red8 s between

mold 52 and substrate 12 vis-a-vis edge 136 in substantially the same method as
mentioned above with respect to step 206, shown in Fig. 10.
[0053] Referring to Figs. 3 and 4, to further facilitate altering a shape of substrate
12, a pressure within second chamber 44 may be controlled. More specifically, as
15 mentioned above, pump system 38 operates to control the pressure in second
chamber 44. To that end, pump system 38 may create a pressure within second
chamber 44 via throughway 34 such that portion 40b of substrate 50 may bow
towards mold 52 and bow away from substrate chuck 14. Further, a pressure may
be created within second chamber 44 concurrently with creating a vacuum in first
20  and third chamber 42 and 46, as mentioned above.
[0054] Referring to Fig. 1 and 10, at step 308, as mentioned above with respect
to Fig. 1, polymerizable material 100 may be then be solidified and/or cross-linked,
defining patterned layer 114, shown in Fig. 9. Subsequently, at step 310, mold 52

may be separated from patterned layer 114, shown in Fig. 9.
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menti oned above in step 204, shown in Fig. 10, such that polynerizable
mat erial 100 associated with droplets 102 surrounding m ddle radius r3 of
substrat ewd29108130%88 in Fig. 2, spread to becone incl ude@Crnseaaiiyanpus
fluid sheet 130, as shown in Fig. 14. The shape of substrate 12 may be
further altered concurrently with the shape of patterning device 48 being
al t er el§0s8tn Rederringita %QSS%@ﬁéqlﬁenrﬂp ugbaegmhadimeshitadacilifiete aligrng a
remai ni ng droplets 102 so that polynerizable material 100 associ at ed

t her evshapes@frraitisning destemnd8i piol 1kfethayrbe entplgyasiisMone spetiBoalyapis H@Gn i n
Fig. 15. The gases in volunme 128, shown in Fig. 8 may egress from between
ol d Sagroterubiire@iupohpatiginimgdeicely8, 436in thesphsseantkample, uppnstairg

nmet hod as nmentioned above with respect to step 206, shown in Fig. 10.

[ 0053] hdPeb& delcnsf ¥é?nﬁ'a®503 aR0a 4esbiP E)éﬁérﬁﬁ{g H@Gn’cb'i@trﬁa%cbﬁ{ ride quhape

of substrate 12, a pressure vmt?n n second chanber nt rol

Mor_e I e 0 S t ntrol
the p@?ﬁéur&%&?dﬁe?e%%ﬁae@eﬁ&%%@ b4 rﬁ%n”ﬁsr%%@%%%%@&eﬁn 58 hRYSR car e
pressure withjn seco nber 44 via throu y .34 such that portion 40b
of sub’é‘?P%‘?’E@dsé oS E&Ngf?g\m?ﬂgerﬁﬁ%em@ %)f%“g f@om%‘?&%t? %@P@W%QFM% >éhuck
14. Further, a pressure nay be created within second chanber 44
concuraryhﬁmtg/stmteH%ﬁ@anengo@ed/abgmwnw feispsct tnstepki2dB and@68r showarid 46,

as nentioned above. [0054] Referring to Fig. 1 and 10, at step 308, as
ment i ofigs. dbeve 16t tespestiedy. tFurfiegmole, pitdryformiatiablaf patteenedllayr0l gy be

a

then be solidified and/or cross-|linked, defining patterned | ayer 114, shown

in Fi Gshdvn inSFR$ egUBmt 1 76 raéy&leaarsla%oawgglfﬁm pdinbe Fsa abesudn &mt
patterned |ayer 114, shown in Fig 5] Referring to Figs. 6 and 18,

a fourtﬁﬁ{erﬁﬁBO@éWHB %%yf@&'shbgfyiw‘ﬁaﬁ’y HEE.! MIn®126 may be in communication
with processor 122 such that pin 126 may employ force feedback to determine a
magnitude of the force.

[0056] Referring to Fig. 19, to further facilitate separation of mold 52 and
substrate 12, a gas 148 may be introduced between substrate 12 and mold 52 via
15 pin 126. More specifically, pin 126 may comprise a throughway 150 having
apertures 152 in fluid communication with a pressure control system, such as a
pump system 38. In a further embodiment, pin 126 may comprise any number of
apertures. Apertures 152 may be positioned to introduce gas 148 between mold 52
and substrate 12. Gas 148 exerts a force upon mold 52 and substrate 12 to push
20 mold 52 in a direction away from substrate 12 and to push substrate 12 in a direction
away from mold 52. As shown, gas 148 may be introduced between mold 52 and
substrate 12 when pin 126 is proximate to template 50; however, in a further
embodiment, gas 148 may be introduced between mold 52 and substrate 12 when

pin 126 is in any position.

17.
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shape of patterning device 48, pin 126 may be enpl oyed. Mre specifically,

pin 126 may exert a force upon patterning device 48, and in the present

exanpl e, wpaniwdarrsd portion 86¢c of tenplate 50. As a reggrtus2@anvzeni ng

devi ce 48 may conprise t he af orenenti oned desired altered shape and may be
enpl oyed in any of the nethods nmentioned above. Pin 126 may be als

enpl oylB885fh f G144 é\'ﬂ’ét@tﬁ%?a@ﬁh@ﬁ wb%m%pr%r@&pPaﬁ% 1f23 SQ%WPre'Ht i oned
above with respect to steps 208 and 308, shown in Figs. 10 and 16,

r espedtiGvel yhatFhmayherovisiee single ewa\teobaadingnobfsupaurater had Ilna9e$ingle4waghomn in
Fig. 9, pin 126 may translate away from patterned device 48 such that

pat t erimpnigt, denéc@iadibtony, be sabbsat@nt2 ahdy nfihiatize Bensiliziby teayoheauniformity
comuni cation with processor 122 such that pin 126 nmay enploy force

f eedba&‘%hh@k dgt@/dn %n%n(fewgﬂ't EHees BEtvdkn fé?ﬁﬁl%te h 8RRl sutaheé 1 Qg ah8/dri 9

9, to further facilitate separation of nold 52 and substrate 12, a gas 148
t C & 1 r

T D! B SIS SR 2P, S iR B LS 1
fdec nmuni cati on with a pressure control stem su ha stem
3. | PURSITARG flerMaNGRRIRSIVED % 100N HRPTIESHpFPRe R THIRLAR eSS APEIT ur oo
Apertures 152 maé be positioned to introduce gas 148 between nold 52 and
subst regparatipn dakecisgnay bet mininfizede fupthrernshdclk 2 4anmayubinirize coptad push
nold 52 in a direction away from substrate 12 and to push substrate 12 in a

di r ectbatweamaytdrrdiamesterdi ;557 . substrateot® andachutk 8l 4aenedbeingrdafedtsced bet ween
nol d 52 and substrate 12 when pin 126 is proximte to tenplate 50; however,

IS Ebgt 1; g?gdmirz ﬁhﬁggﬁéﬁéﬂfﬁuckgﬁfa Ay iRBVdBEirst T EHE 8eched PREDPP)IsEd Bidedd

10 A side, or edge, surface 222 may extend between first 218 and second 220 opposed
sides. First side 218 may include a first recess 224 and a second recess 226. First
recess 224 and second recess 226 may define first support region 228 and second
support region 230. First support region 228 may cincture second support region.
Support regions 228 and 230 may have a circular shape, rectangular shape, square

15 shape, and/or any fanciful shape based on design considerations.
[0059] As illustrated in Fig. 20, support region 228 may include a height hq greater
than height h, of support region 230. Height hy of support region 228 may have a
magnitude greater than height h, of support region 230 such that during imprinting
substrate 12 obtains a single wave deformation. Single wave deformation may

20 generally be described as a single wave shape wherein substrate 12 assumes a
concave bend such that surface 229 of substrate 12 may be substantially tangential
to support region 230 and/or support region 228. For example, height hy of support
region 228 may have a magnitude approximately 80 microns greater than height h;

of support region 230. Additionally, height hy of support region 228, height h; of

25  support region 230, and/or magnitude difference between height hy of support region

18.



pin 126 is in any position.[0057] Fig. 20 illustrates another enbodi nent of
substrate chuck 14a shown in FIG 1 that may provide single wave bendi ng of
substr at ewd20100037m8si ngl e wave i nprint, inner dianeter acTafs2egbsieate 12
may mnimze sensitivity to non-uniformty of chuck 14 (e.g., planarity),.
tilt errors between tenplate 18 and substrate 12, and/or axial errors

bet weet?d 8P INeight1e efnetpnask faaier 289, may henhasedioanibidness topf subsiatate 12
may be reserved as a non-inprinted zone, inprinting defects and/or

separ atd andduf eeterialayf $ubstiate M2 ed-orFaxamete, mbgoitudel differgnoe rhetiveen
contact between outer dianeter d3 of substrate 12 and chuck 14a reducing

def ectiseight0B58df - Suppdrt alegich I8 bha Reight e wiesdppoit ré%ﬁ)naadosﬁmndeZZO

opposed sides. A side, or edge, surface 222 may extend between first 218

and segondxidileQPPOS ShicRiriefor 5&6§Fatéigz;02Jfésé%mdaghadﬁgathﬁékrn%%sr@c(gss 224

and a second recCess 226. First recess 4 and second recéss 226 may define

first gggg%wé}élgg&%nmﬁgggnd second support region 230. First support

re&i on inctu cond support region. Support regions 228 and 230

may h circul ar, shape, rectangul ar shape, square shape, .and/ or any

f anci ﬁé&@hap@%‘%{%é’@rﬁﬁgﬂéﬁ @ﬁ UbRirelre i Mo .gqa@@@bq Bec e sl Paine P! n
Fig. 20, support region 228 may include a height | 1 %reater t han hei ght h2
of supiRPeraayaoth az3vIchHeRY ieqhire ehaxinmupo retenbign capabBtyndyrintgaseparatiagni t ude
greater than height h2 of support region 230 such that during inprinting
subst rait eniatebt 8i arsd patiengdd Iapare4dedubsapuient to Smpgintingaae déskdbeatinon may
general ly be descri bed as a single wave shape wherein substrate 12 assunes

ononee A 2 el Re L T gt ke
hejodhtiohle BlovidPBYichuck 14 may be biased towards outer diameter ds. Biasing of
vacuum force may decrease retention force needed and/or decrease separation
force needed during separation of template 18 and patterned layer 46.
[0061] Formed in substrate chuck 14a may be throughways 232a and/or 232b
and 234a and/or 234b. It should be noted substrate chuck 14a may include
15 additional throughways depending on design considerations. Two throughways 234
and 236 are shown for simplicity. Throughways 234 and 236 may be in fluid
communication with side surface 218 at recesses 224 and 226. Throughways 234
and 236 may facilitate positioning of recesses 224 and/or 226 in fluid communication
with a pressure control system (e.g., pump system). For example, pump system
20 may provide one or more pumps capable of controlling pressure proximate to
recesses 224 and/or 226.
[0062] Referring to Figs. 21A-21C, in one embodiment, height h; of support
region 228 may be determined based on a pre-determined pressure level applied by

pressure control system to recesses 224 and/or 226 in addition to or in lieu of

25 determining characteristics described herein (e.g., thickness t;, materiality of
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region 228 may have a nmagnitude approximately 80 mcrons greater than

hei ght h2 of support region 230. Additionally, height hi of support region
228, hei gho 2bf/oaf7ssupport regi on 230, and/ or magnitude ecTfusc@aoesbet ween
hei ght | 1 of support region228 and hei ght h2 of support region 230 nay be
based on thickness }i of ,subs&rate 12 and/or material of subsérate 12. For
exanpl EbstEimI EuBRIGT the Hkpk eF BEBFRERI 1INt h-9f BIPROTHISSIAN £E8iBAY $88 and
hei ght h2 of support region 230 may be approxi mately 100 m crons for

subst rlasediongd stanstadd giresswrenigyehihathvbamapplied| providgs psubdtiade €14 in635

m crons. [0060] Quter dianeter d of substrate 12 may generally be the first
poi nt gsifigleepavatasoiluatrdteris irs e BBy Wathusulestratei MR tsingle omava|aaiingi ty
during separation of tenplate 18 and patterned | ayer 46 subsequent to

| r | RghOnAg, d8Seddchpeal ferehl. ahhen didinBlP%, dr aDBstPateBy2 sy SRslinG Bel ght

hi of suppori region 228, vacuum force provided by chuck 14 may be bi ased

tOVgarngb%gérg[auﬂigﬁﬂgé\zé sﬁ‘é” eBi asi ng of vacuum force nmay decrease retention
eeded a or dec

force n rease separation force needed during separation of
t enpl and pattern | ayer, 46., [ 006 Fornmed.in substrate chuck 14a
" belDRRbuGRIESRIS JOUEATEY b SahiRd Bl cdlo e HEERaUPd e

not ed substrate chuck 14a may include additional throughways dependi ng on

desi grsubsireteldabpsed onmisiahtiribughwapeontawgion 2286 &ios exasaplef drig. 21A

simplicity. Throughways 234 and 236 may be in fluid comuni cation with side
sur f acidustiBessubsitatests saBkcatitd aboullh keaghhBaystradd 2ataB86t Ok af malyl i t at e
positioning of recesses 224 and/or 226 in fluid comrunication with a

Pr essugxhilsio BbsthnBaISHianaitg. JAddiREARINS Ysuibetthte FRrarRKaimdctt rélon 280siain nay
provi de one or nore punps capable of controlling pressure proximte to
10 be separated by a distance d. For example, substrate 12 and support region 230

may be séparated by approximately 100 microns. Referring to Fig. 21B,
throughways 232 and 234 may provide recess 224 at approximately -5 kPa bending
substrate 12 in a substantially single wave shape wherein substrate 12 assumes a
concave bend such that surface 229 of substrate 12 may be substantially tangential
15 to support region 230. At approximately -80 kPa, although portions of substrate 12
may still be substantially tangential to support region 230, substrate 12 assumes a
double wave shape forming multiple concave bends in recess 224.
[0064] Referring to Figs. 22A and 22B, in one embodiment, chuck 14 may provide
substrate 12 in a single wave formation during imprinting while minimizing and/or
20 eliminating defects at outer diameter d;. For example, Fig. 22A illustrates an
exemplary embodiment of chuck 14a wherein chuck 14 includes a tapered land
228a. Tapered land 228a may provide minimal contact between chuck 14 and
substrate 12 at outer diameter d3. Minimization of contact may further minimize

defects at outer diameter d;. Tapered land 228a may include height hy greater than

25 height h; of support region 230. Further, tapered edge 240 of tapered land 228a

20.



recesses 224 and/or 226. [0062] Referring to Figs. 21A-21 C, in one

enbodi nent, height hi of support region 228 nmay be determ ned based on a
pr e- det erwonenh/qarmsssure | evel applied by pressure contr ecTagsaemiioln
recesses 224 and/or 226 in addition to or in lieu of determ ning
characteristics described herein (e.g., thickness t i, materiality

of substeyte set atangangled g1 RRRIPXINEEElYe-gmpredativeeiog® agis 442-s OB MaYegi on
228 may be based on a standard pressure |evel that when applied provides
subst rke edaptedrsughdiapgites laade228a had minimal edniact Br go @ntasivith edge A4t e 12
in a single wave during inprinting, as described herein, inner dianmeter d2

of subger daerdglompyf Asstake a2 ishsiown ingFigy22ancave shape. [0063] Pressure
| evel (s) may be adapted to provide single wave deformati on of substrate 12

based @Oe5ET IRig 1278 ffusEaRROEACthES eRBmpRaTy é:rgboﬁih?éf’mcﬁ’crﬁjcﬂ-w?alﬁrherein

illustrates substrate 12 subjected to about kPa. Substrate 12 at about O
kP, hj bj t ' ol i it i onal . tr 2

suppor i Ehol Bh e SUBRBuBY B ond gk, ahe il uBfares 12 M
substrate 12 and support regi,on 230 may be separated, by _approximtely 100
i 1 orfNGIRSVEYS SHAPE gIRY Provds mUlehARARIRESS O BbSHAST2 Hod FHB0PAE ecess
224 at approximately -5 kPa bending substrate 12 in a substantially single
wave shreipsulitantiahy planer land228b.assunes a concave bend such that surface
229 of substrate 12 may be substantially tangential to support region 230.

At app00gbrat Rejerridg thHeg. 28 1 incarghepiodimest, aémpldis tchatk 282 may movide be
substantially tangential to support region 230, substrate 12 assunes a

L0121 RABTIEIIECOEIUTILG ™  SOTeNIo SN vt SISO

10  during imprinting and/or separation. Template chuck 28a may include throughways
254 adapted to provide a vacuum and/or pressure affecting shaping of template 18.
For example, throughway(s) 254a may provide a vacuum holding outer edge of
template 18 such that outer edges of template 18 bow towards chuck 28.
Throughway(s) 254b may provide vacuum and/or pressure such that center of

15 template 18 bows towards substrate 12. Center of template 18 may contact
substrate 12 conforming to single wave shape. For example, center of template 18
may contact inner diameter d; of substrate 12 with fluid motion of polymerizable
material 34 flowing outward towards outer diameter d; of substrate 12. Additionally,
during separation, final separation may occur at center of template 18 and inner

20 diameter d, of substrate 12 with single wave shape of substrate 12 and conforming
shape of template 18.
[0067] Referring to Figs. 24A-D, in another embodiment, template chuck 28b may

provide patterning surface 22 of template 18 in a double wave formation during

imprinting and/or separation with substrate 12 having a single wave shape.
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substrate 12 in a single wave formation during inprinting while m nim zing
and/or elimnating defects at outer dianeter d3. For exanple, Fig. 22A

i 1l ustratwe 2am/@xmapl ary enbodi nent of chuck 14a wher ei rCTlusedoovdsencl udes
a tapered | and 228a. Tapered | and 228a may provide mninmal contact between
chuck 14 and substrate 12 at outer dianeter d3. Mnimzation of contact may
f ur t hdPORPhi niiederdippdetfdgagdHutepugivuat ep0a So60sHf derwplate huskazbapy

i ncl ude height hi greater than height h2 of support region 230. Further,

t aper eproridgevazg0npandmp@ressurarid oBidedgMdatects it a aloudlgvavedognation.
approximately 2-5) relative to an axis 242. Angle may be adapted such

t aper efbrl @28 thrbaghwapigetb iyt olvider pressamiviilie tdughedys 28da @nde. |
flat region) of substrate 12 as shown in Fig. 22A. [0065] Fig. 22B

i1 UStSéﬁReﬁwa?“ﬁ’r%)m%{g l@é&ﬂr}h%ym%m%ﬂs”%lﬂﬁwe@f by Matids 562aeek QB CIHIEK drda

I ncl udes substa I I'y planar | and 228b. Positioning of substrate 12 in

singl e v rovi t ' r

i S arBe AR Ry et S s8R tesS Ry b BuiteinGer o
23, in one enbodi nent, tenplate chuck 28a na rovi de patterning surface 22
of "t e B STEPURE BGNEPITBHO SHEh U ald QR L SR gl B i EPaaMBgs TRg
inprinting and/or separation. Tenplate chuck 28a may include throughways
254 ad4iph ddroughpiayydeRb hovedawardmeubstrateed2uard NS 9 temmiateg 16fin

tenpl ate 18. For exanple, throughway(s) 254a may provide a vacuum hol di ng
out er ggeingdositempwih ehibBighuwaystItilta and &60e g botv dwayp frahe sliBstate t2war ds
chuck 28. Throughway(s) 254b may provide vacuum and/ or pressure such that

cent erp@tioh§"eH ddripihte b\VSNt QUBSHRPSSIBEH M Rt thloudhrid\er5eTb treapP! cirtadt8 may
contact substrate 12 conformng to single wave shape.” For exanple, center
of ot eNR)RbGtel 82 first. It should be noted that additional throughways 560 and/or
chambers may be used. As illustrated in Fig. 24b, vacuum may be reduced and/or
pressure reduced such that template 18 contacts remaining portions of substrate 12.
In particular, portion of template 18 in superimposition with throughway 560c (e.g., in
superimposition with inner diameter of substrate 12), may contact substrate 12 last.
15 As such, gas between template 18 and substrate 12 may be evacuated at inner
diameter of substrate 12.
[0069]  During the imprinting process, generally the surface of substrate 12 may
be provided in a substantially well-controlled shape by substrate chuck 14 to avoid
any localized fluid from spreading abnormally. Local surface adhesion between the
20 mask 20 and the patterned surface 46 on the substrate 12, however, may exceed
the holding effort from the substrate chuck 14. This may cause a localized bending
of the substrate 12 at the boundary of the imprinted area. Such localized bending
may cause a loss of vacuum holding pressure, and as such, separation may fail.

[0070] Referring to Figs. 25-27, constraint of substrate 12 may be provided by a

25 holding system 660 in addition to, or in lieu of substrate chuck 14. Generally, holding
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may contact inner diameter di of substrate 12 with fluid notion of

pol yneri zable material 34 flowi ng outward towards outer dianeter d3 of
subst r at ew02010Addis8i onal | y, during separation, final sepaTAiS2@9/008Y1 OCCur
at center of tenplate 18 and inner dianeter di of substrate 12 with single
wave shape of substrate 12 and conform ng shape of tenplate 18. [0067]

Ref er rSYSEET B8 goayoangage iW%‘f@f%eszeﬁﬁgdPYre‘Hﬁ'[‘gt%nﬁﬂr% & .c Ak PFeYdfay
provi de patterning surface 22 of tenplate 18 in a double wave formation

dur i ngcansprainttaf dige shbisbates ) sluaingaepsratiors ob pattatnedl yraliony template)be wave
shape.[0068] Referring to Fig. 24A, throughways 560a-560c of tenplate chuck

28b majespribed dhersiac ulnnord eéhtbodimens tiaddihg gystem @60 supbatds $6bstrate hubl e
wave formation. For exanple, throughway 560b may provi de pressure while

t hr ougRvaGth 6 BibiatmaRL MBI heMikE sySEHWT6eED Paghestratdidml Prackands

562a-562f (e.g., three or nore chanbersS). Pressure”and/or vacuum w thin

chanbe | e | 0 upl e i t hat
port 1 aoBlefdte 12 ERRAAE cEstilel & B8 S 1A SRY Shadioh Hover as
substrate 12 an ortion tenplate 18 in superinposition with

t hr oudRRRed gprgrﬁytl@g'@?e y bow away from substrate 12. Portions of

tenplate 18 in superinposition with throughway 560b may contact substrate
12 fir8071)it blekding systerst 660t may Heida @ngpntagt o 56d hady d7169.
chanbers may be used. As illustrated in Fig. 24b, vacuum rmay be reduced

and/ orComtastshead 668unayl psavide forae R enpbastenit Substratect 2. rGoreact ngpdp668i ons
of substrate 12. In particular, portion of tenplate 18 in superinposition

wi th thapbeaiorbfer a8jubtable epepaing MPabsigAtoNsideratidiey. di ameter of
substrate 12), may contact substrate 12 last. As such, gas between tenplate
18panqog¥dst r abhtdd HERG BBseMAGURpridd d Q0Rkce for contacting substrate 12.
Contact head 668 have at least one surface 670 at an angle O relative to body 669
such that surface 670 aligns with a portion of substrate 12. For example, surface
670 at an angle O relative to body 669 such that surface 670 aligns with a chamfered
edge 664 of substrate 12 as illustrated in FIG. 26. Having contact head 668 contact
15 the chamfered edge 664 of substrate 12 may prevent interference of holding system
660 with patterned layer 46 (shown in FIG. 2) on substrate 12.
[0073] Upon contact with substrate 12, contact head 668 may provide force F to
substrate 12 for constraining substrate 12 to substrate chuck 14. For example,
contact head 668 may provide force F to chamfered edge 664 of substrate 12, as
20 illustrated in FIG. 27, to substantially constrain substrate 12 to substrate chuck 14
during separation as described herein.
[0074]  Holding system 660 may also comprise a base 666. Generally, body 669
may be adjustably attached to base 666 to provide radial motion of body 669 about

the x-and y-axes. Radial motion of the body 669 about base 666 may provide

25 distance between substrate 12 and contact head 668 for loading and unloading of
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di anmeter of substrate 12. [0069] During the inprinting process, generally
the surface of substrate 12 may be provided in a substantially

wel | - contwol2bmd43tsape by substrate chuck 14 to avoi d anycClrasadoomesy2f | ui d
from spreadi ng abnormal ly. Local surface adhesi on between the mask 20 and
the patterned surface 46 on the substrate 12, however, may exceed the

hol di rey'bstreds 12+ r PR @xmBlen a6 illtsirated bk 13 26HD @ firal Pesitiel bedy o4 maYy
bendi ng of the substrate 12 at the boundary of the inprinted area. Such

| ocal i beegpasioniedgomebaseaé6 sudhodilsatoContacu et obaB myaprks snreontagidwits such,
separation may fail. [0070] Referring to Figs. 25-27, constraint of

subst ratstrdte may Ae ilustrateedn NIGa 21olidliangesyrst posilion radishddotioroof tbwdyor in
| ieu of substrate chuck 14. Generally, hol dingsystem 660 nay engage

Subst rgde abdut Bask BEG%&?%réviHBr%tgct MER BE8MbUSe fovatdd @& S6t @ibtdre D

substrate 12 during sepa lon of patterned layer fromtenplate as

S5 g a8 ek, TR Bl R P gt

In ther ‘e 1 drng systens
strategi cal | d about substra 12 to proyi constraint. of the
Subst r A el PG ripiis: o 0 b becuiastsd fetnylan do Shopdgn
Hol di 8% system 660 may include a contact head 668 and body 669. Contact
head 668&.rayThe ovatige rRoge ©f the dody BHOrahaut Hasettosh aenerallrimpa dronesthanees
may be stationary or adjustable depending on design considerations. [0072]

Cont aateduealdfof 68adiny arahpnicaelirg sfirsubstrateon 2 c oRdvmekamples ubstioatrangé . of
Cont act head 668 have at | east one surface 670 at an angle Qrelative to

body &&4yseEdabbdttbaser 668 /b shitBeDradidt 50 RRIrbh o AfmebMitedh ftivedy, For
exanpl e, 'surface 670 at an angle Qrelative to body 669 such that surface
670 al h8hsn ¥ b8dR6692bLEE Bdse 666 may exceed necessary requirements for general
loading and unloading of substrate 12 depending on design considerations.
[0075] As body contacts substrate 12, base 666 may provide an additional force
Fc to body 669 for constraining substrate 12 during separation as described herein.
In one example, body 669 may be adjustably attached to base 666 to provide a
15 constraining force F¢ about the z-axes. For example, contact head 668 may be
coupled to base 666 by a vacuum preloaded air bearing, magnetic preloaded air
bearing, and/or the like.
[0076] FIG. 28 illustrates a flow chart 680 of an exemplary method for
constraining substrate 12 during separation of template 18 from substrate 12. In a
20 step 682, substrate 12 may be loaded to system 10. In a step 684, contact head 668
may be placed in contact with substrate 12. For example, surface 670 of contact
head 668 may contact chamfered edge 664 of substrate 12. In a step 686, contact
head 668 may provide force F constraining substrate 12. In a step 688, base 666

may provide force F¢ for constraining body 669. In a step 690, the system 10 may

25 . perform the imprinting process. In a step 692, contact head 668 may be separated
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edge 664 of substrate 12 as illustrated in FIG 26. Having contact head 668
contact the chanfered edge 664 of substrate 12 may prevent interference of
hol di ng sweterv@6éBswi t h patterned | ayer 46 (shown in Fl GCTA)S2@0/0837R6t r at e
12. [0073] Upon contact with substrate 12, contact head 668 nmay provide
force F to substrate 12 for constraining substrate 12 tgQ substrate_ chuck
14. Foromxsihstete cn Py ciadial 49088 qteBody 66P @b 22ssF668. chapr #erPYUge 664
of substrate 12, as illustrated in FIG 27, to substantially constrain
subst r autstrete 18 _apbe mleadgiibemisystemiity separati on as descri bed herein.

[ 0074] Hol di ng system 660 may al so conpri se a base 666. Cenerally, body 669
may be adjustably attached to base 666 to provide radial notion of body 669
about the x-and y-axes. Radial notion of the body 669 about base 666 nay
provi de di stance between substrate 12 and contact head 668 for |oading and
unl oadi ng of substrate 12. For exanple, as illustrated in FIG 26, in a
first position body 669 may be positioned on base 666 such that contact
head 668 nmay be in contact with substrate 12. As illustrated in FIG 27, in
a second position radial notion of body 669 about base 666 may provide
contact head 668 to be |ocated a set distance D away from substrate 12. In
this position, substrate 12 may be unobstructed by contact head 668 and
thus may be able to be unloaded fromsystem 10 shown in FIG 1. The notion
range of the body 669 about base 666 generally is no nore than needed for

| oadi ng and unl oadi ng of substrate 12. For exanple, notion range of body
669 about base 666 nmay be on the order of 50 mcrons to 1 nm

Al ternatively, notion of body 669 about base 666 may exceed necessary

requi renents for general |oading and unl oading of substrate 12 dependi ng on
desi gn consi derati ons.
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[ 0075] As body contacts substrate 12, base 666 may provi de an additional
force Fc to body 669 for constraining substrate 12 during separation as
descri bedwbensioaz788n one exanpl e, body 669 may be adj ustabius2@bneszbed to
base 666 to provide a constraining force Fc about the z-axes. For exanple,

cont act hegg 238 maﬁ be coupled to base 666 by a vacuum prel oaded air.
beari n§/H } ded air bearing, and/or the like. [0076] FIG 28
illustrates a flow chart 680 of an exenplary nmethod for constraining

substrate 12,1%?5@@’%@@@@ of tenplate 18 fromsubstrate 12. In a step
682, substrate 12 nmay be |loaded to system 10. In a step 684, contact head

cont act hoc ‘eeaononiapAabet I sBPBGH  sBostare, Roaf SR Facdlh HRIC LY

686, contact head 668 may provide force F constraining substrate 12 . In a
step 6'@%‘{'n%ase 666 may provide force Fc for constraining body 669. In a
step 690, the system 10 may performthe inprinting process. In a step 692,
corft act head 6632Mm@pterclasdpadantedftoosHpnass anaewen giaseteadif dhermistiatef body
669 about bass 666. In a step 690, substrate 12 may be unl oaded from system
10. WHAT | S tBeAlUMEDah8:halingAa fiesstpgaighityandconpri si ng: a vacuum chuck adapt ed
to support a substrate during, the vacuum chuck having: an outer | and

adapt ed to supposd irfer PAHEAd EbteBRb U pRbritditinhieP aldéter of e Suistraté and
having a first height; and, an inner [and adapted to support an inner

di anet ﬁhepiranhr}?avﬁﬂj)étsﬁe&ﬁd hbtb%té nner | and having a second hei ght;

wherein the first height and the second height are determined to provide a

10  substrate in a single wave formation.

2. The apparatus of claim 1, further comprising a template chuck adapted to
support an imprint lithography template, the template chuck having a plurality of
lands and throughways forming chambers.

15
3. The apparatus of claim 2, wherein at least one chamber provides pressure to
the imprint lithography template and at least one chamber provides vacuum to the

imprint lithography template.

20 4. The apparatus of claim 3, wherein the chambers are adapted to provide the

imprint lithography template in a single wave formation.

5. The apparatus of claim 3, wherein the chambers are adapted to provide the
imprint lithography template in a double wave formation.

25
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wherein the first height and the second height are determned to provide a
substrate in a single wave formation. 2. The apparatus of claim1, further
conpri si /yoaoteemapisat e chuck adapted to support an inpri mCcTiUSROvO@OEPHY
tenpl ate, the tenplate chuck having a plurality of |ands and throughways
form ng chanbers. 3. The apparatus of claim2, wherein at |east one chanber
provi d‘gs pr B @parfus e Ay ang of ithe chovsnglairesp Whegeignheapuiesdand e
chanber provides vacuumto the inprint |ithography tenplate. 4. The

appar ategsrast. cl ai m 3, wherein the chanbers are adapted to provide the
inmprint |ithography tenplate in a single wave formation. 5. The apparatus
of claim3, wherein the chanbers are adapted to provide the inprint

|l ithography tenplate in a double wave formation.6 . The apparatus of any

one ofzthe @Wﬁosloahgﬁg tﬂ’_@eefp?a'ﬂathg%ff&%iﬁrﬁ,'&ﬂ\qpﬂiﬁn apered. 7. A method of
using the apparatus of ¢laim1, conprising: retainihg a substrate on the

zggar at us; ;egati,qi},]giegg%@st{ag%ﬁbg alcbﬁ)agatggrrpl ate chuck, the tenplate chuck

pted to prov ubl e wave formation, the double wave
formati on havi.ng a portion of the tenplate bowi ng towards the substrate and
L bort i on JPIRBOr ahaRISe, B0 B SRR £k HBCo ARG ShUER AARShJo! he
portion of the tenplate bow ng towards the substrate to polynerizable
mat er | Rovidggdheitermwdpterin tehdoghlpswaye &rmation, domdavbienyavedomaatigmhagngorti on
of the tenplate to the substrate.
a portion of the template bowing towards the substrate and a portion of the template
bowing away from the substrate;
10 contacting the portion of the template bowing towards the substrate to
polymerizable material positioned on the substrate; and,

contacting the remaining portion of the template to the substrate.

8. The method of claim 7, further comprising evacuating gas through an inner

15 diameter of the substrate.

9. The method of any one of claims 7-8, further comprising solidifying the
polymerizable material forming a patterned layer; and, separating the template from
the patterned layer positioned on the substrate;

20
10.  The method of claim 9, wherein a final point of contact between the template

and the patterned layer is in superimposition with an inner diameter of the substrate.

11.  The method of any one of the above claims, wherein the outer land provides

25 minimal contact with an outer diameter of the substrate.

27.



8. The method of claim7, further conprising evacuating gas through an

i nner dianmeter of the substrate. 9 . The nethod of any one of clains 7-8,
further cwopoisi4mgssol i difying the polymerizabl e nmat eri acTfuseemongsal
patterned | ayer; and, separating the tenplate fromthe patterned | ayer
positioned on the substrate; 10. The nethod of claim9, wherein a final
poi nt of contact between the tenplate and the patterned layer is in
superinposition with an inner dianmeter of the substrate. 11. The net hod of
any ont.of theappaatusobiiasn twhetherrcont@rising er | and provi des ni ni mal
contact with an outer dianeter of the substrate.12. The apparatus of claim
1, further gpowingsyem, dohprizghgystem conprising a body;, and, a contact
head adj ustably connected to the body and adapted to provide a force to
constrain the subgbgatsd o the vacuum chuck, the contact head having at
Ieast one surface positioned at an angle reI ative the body such that the

dim a2 ortnet Lot OPng SuSER%, GerbBlisty ¥ hE fe apd HERAES 8 e

base providing. radl al notion of the b d about one or nore axes. 14 The
appar at us JiTO¥idg; ffase Wn%‘?’é‘ftF?'f‘HBen%{ shate X0 dae yaCHHR BRIk 4BBONtRRE base

may be between approximately 50 mcrons and 1 mm
head having at least one surface positioned at an angle relative the body such

that the surface aligns with a chamfered edge of the substrate.

10 13. The apparatus of claim 12, further comprising a base adjustably attached to

the body, the base providing radial motion of the body about one or more axes.

14.  The apparatus of claim 12, wherein the motion range of the body about the

base may be between approximately 50 microns and 1 mm.
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