| 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) of U.S. Provisional Patent Application No: 61/107,729, filed

Oct 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 incorporated by reference herein in their entirety. BACKGROUND
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structures t_hat _have features on the order 100 nanoneters or smal!er_.
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t he processing of integrated crrcuits. e sem condﬁctor processi ng
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Patent Application No. 12/582,091 filed October 20, 2009; all of which are hereby
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, all of which are hereby incorporated by reference herein in their

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
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

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



fabrication has been enpl oyed incl ude bi otechnol ogy, optical technol ogy,
mechani cal systens, and the |ike. [0004) An exenpl ary nano-fabrication
technique in use today is conmmonly referred to as inprint |ithography.
Exenpl ary inprint |ithography processes are described in detail in numerous
publications, such as U. S. Patent Publication No. 200410065976, U.S. Patent
Publ i cati on No. 2004/0065252, and U.S. Patent No. 6,936,194, all of which

are her elgpricatdr Pesat ey efrpl®le@8NGRclLGO0GRéehromyyi Nbplicdlhagsigy,
techni que disclosed in each of the aforenentioned U S. patent publications
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obtain a desired positioning to l'1tate the patterning process.
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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

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

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
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



may be had by reference to the enbodinents illustrated in the appended
drawings. It is to be noted, however, that the appended draw ngs only
illustrate typical enbodinents of the invention, and are therefore not to
be considered limting of its scope, for the invention nmay admt to other
equal ly effective enbodi nents. [0007]Fig. 1 is a sinplified side view of a
l'i thographi c system having a patterning device spaced-apart froma

subst r at gmpbBendd bethei interdRW &Rd %@@Wdréﬂo?@ nét {EPPlcahedand 1mitieg 8f its
[0008]Fig. 2 is a top down view of the substrate showmn in Fig. 1, the

substr at gc iV iahEmvE R mahdHitto ot e@HéWeﬁ&‘ﬁbé’%mdo@Q}Q&]tE' g. 3is a side
view of the substrate shown in Fig. 1 coupl’ed to a
[0007] Fig. 1 is a simplified side view of a lithographic system having a
patterning device spaced-apart from a substrate, the patterning device comprising a
template and a mold;
[0008] Fig. 2 is a top down view of the substrate shown in Fig. 1, the substrate
having an inner, middle, and outer radiué;
[0009] Fig. 3 is a side view of the substrate shown in Fig. 1 coupled to a
substrate chuck;
[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 mold
Cbupled thereto;
[0012] | Fig. 6 is a side view of the template shown in Fig. 1 coupled to a template
chuck;
[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;
[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

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



substrate chuck; [0010]Fig. 4 is a bottomup plan view of the substrate
chuck shown in Fig. 3 [001l1]Fig. 5is a top down view of the tenplate shown
in Fig 1, having a nold coupled thereto; [0012]Fig 6 is a side view of the
tenplate shown in Fig. 1 coupled to a tenplate chuck; [0013]Fig 7 is a
bottomup plan view of the tenplate chuck showm in Fig. 6; [0014]Fig. 8 is
a top down view showing an array of droplets of inprinting materi al

posi ti onp@19ponFigs! €gi1erarefiop RRWHLAEKE 8hewmowe ddindreSsiod of the droplets
shown in Fig. 8, employing the altered shape of the template shown in Fig. 12;
[0020] Fig. 16 is a flow diagram showing a method of patterning a region of the
substrate shown in Fig. 1, in a second embodiment;
[0021] Fig. 17 is a side view of the substrate shown in Fig.1 having an altered
shape;
[0022] Fig. 18 is a side view of a pin exerting a force on the patterning device
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
introduced between the patterning device and the mold.
[0024]  Fig. 20 is a simplified side view of an exemp!ary 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.
[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.
[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.



[0015] Fig. 9is asinplified side view of the substrate shown in Fig. 1,
having a patterned | ayer positioned thereon; [0016]Fig. 10 is a flow
di agram showi ng a nmethod of patterning the substrate shown in Fig. 1, in a
first enbodinment; [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 with a portion of the
dr opl et sjoeBoj NMPFignbieng anBERlificd sigbaNgw o afi kenfblary holding system in a first

position, the first position constraining a substrate during separation of a template

from the substrate.

[0031]  Fig. 27 is a simplified side view of the holding system illustrated in Fig. 26

in a second position, the second position distancing the holding system from the

substrate.

[0032] Fig. 28 illustrates a flow chart of an exemplary method for constraining a

substrate during separation of a template from the substrate.

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 ry and outer radius ro,
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 ro.

[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
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

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



[0019] Figs. 13-15 are top down views show ng the conpression of the
droplets shown in Fig. 8, enploying the altered shape of the tenplate shown
in Fig. 12: [0020]Fig. 16 is a flow diagram showi ng a nmethod of patterning
a region of the substrate shown in Fig. 1, in a second enbodi nent;
[0021]Fig. 17 is a side view of the substrate shown in Fig.1l having an

al tered shape;

[0022]Fig 18 is a side view of a pin exerting a force on the

patterni gtide\dboet Shen ahd disgeorld akie, ditheahe &irsthaRe thdheeedid aardvdif®23] Fi g.
19 is a side view of the systemshown in Fig. 1, with a gas being

orthogonal to one another, i.e., the x and y axes. Referring to Figs. 1, 3, and 4,
substrate chuck 14 includeé first 18 and second 20 opposed sides. A side, or edge,
surface 22 extends between first side 18 and second side 20. First side 18 includes
a first recess 20, a second recess 22, and a third recess 24, defining first 26, second
28, third 30, and fourth 32 spaced-apart support regions. First support region 26
cinctures second 28, third 30, and fourth 32 support regions and first 20, second 22,
and third 24 recesses. Second support region 28 cinctures third 30 and fourth 32
support regions and second 22 and third 24 recesses. Third support region 30
cinctures fourth support region 32 and third recess 24. Third recess 24 cinctures
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
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
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

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



I ntroduced between the patterning device and the nold. [0024]Fig. 20 is a
sinplified side view of an exenpl ary substrate chuck providing substrate in
a single wave formation. [0025]Figs. 21A-21C are sinplified side view of an
exenpl ary substrate chuck providing substrate in nultiple exenplary
formations. [0026] Fig. 22A and 22B are sinplified side views of an

exenpl ary substrate chuck having exenplary outer |ands. [0027]Fig. 23 is a

si nplifi esbesbale2yireini@icommananBhatith 4 pradlsateecdHiief KyAam, alicteXe aruany

substrate chuck providing an inprint lLithography tenplate and a substrate

in singl gysemesdf or mati ons.
[0036] Pump system 38 may include one or more pumps to control the pressure
proximate to first 20, second 22, and third 24 recesses. To that end, when substrate
12 is coupled to substrate chuck 14, substrate 12 rests against first 26, second 28,
third 30, and fourth 32 support regions, covering first 20, second 22, and third 24
recesses. First recess 20 and a portion 40a of substrate 12 in superimposition
therewith define a first chamber 42. Second recess 22 and a portion 40b of
substrate 12 in superimposition therewith define a second chamber 44. Third
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
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 embodimeht,
template 50 may be substantially absent of mold 52. Template 50 and/or mold 52
may be formed from such materials including but not Iimifed to, fused-silica, quartz,
silicon, organic polymers, siloxane polymers, borosilicate glass, fluorocarbon
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.



[ 0028] Fi g. 24A-24D are sinplified side view of another exenplary tenplate
chuck and an exenpl ary substrate chuck providing an inprint |ithography
tenplate in a double wave formati on and a substrate in a single wave
formation. [0029]Fig. 25 is a top down view of a substrate subjected 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
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substrate. [0032]Fig. 28 illustrates a flow chart of an exenplary nethod

for conspraisi NGroBve-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”. Template chuck 60 includes first 62 and second 64
opposed sides. A side, or edge, surface 66 extends between first side 62 and
second side 64. First side 62 includes a first recess 68, a second recess 70, and a
third recess 72, defining first 74, second 76, and third 78 spaced-apart support
regions. First support region 74 cinctures second 70 and third 72 support regions
and first 68, second 70, and third 72 recesses. Second 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
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,
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

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



substrate during separation of a tenplate fromthe substrate. DETAILED
DESCRI PTI ON [ 0033] Referring to Figs. 1 and 2, a system10 to forma relief
pattern on a substrate 12 is shown. Substrate 12 nay have circul ar shape;
however, in a further enbodi ment, substrate 12 may have any geonetric
shape. In the present exanple, substrate 12 may have a di sk shape havi ng an
inner radius rl1 and outer radius r2,  with radius r2 being greater than
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Fig. 1, subst rat e may be coupled to a substrate Thuck . shown

substr at Eys 14 |s a vacuum chuck, however, substrate chuck 14 may be
any chuc including, but not limted to, vacuum pin-type, groove-type, or
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chuck 14_jncludes. first 18 and second 20 opposed si de; or. edge,
surface 25tEsIEsAEPS Hut ApoRion 84 oiegwlalg n| %’QEBWE’O@%’B%A}% rd§f'"%| de 18
includes a first recess 20, a second _recess 22, and a third recess 24,

def i ni ngaff?r?‘sﬁh%berségon@e%”dt‘ﬁF?%F 48, 288 fRAPH 6P Shdemrlalpard Ruppor t
regions. First support ion 26 cinctures second 28, third 30, and fourth
32 suppof4PefigRrsian dh@rewt%s@efm as¥RceRE FEMRE 92 hi third eqese ek @89 Becond
support region 28 cinctures third 30 and fourth 32 support regions and
second 2R0rHeRI 86fiof quizdrate d@sis essiperimippaitian Hpsewith slgfing a3thirdi emies H% ourt h
support region 32 and third recess 24. Third recess 24 cinctures fourth
support Pegpsistsm 84 aparates tcheenteiiaopiieasure,in flirstsis, aecorddnand &ird ¥ rd 30,
and fourth 32 support regions may be fornmed froma conpliant material.

First 26chasemond F2&8het, Hienglae,chankl G0omay Hhe3ogplippde tarr sgproneadyShdwe a
circul ar shape; however, in a further enbodi ment, first 26, second 28,

t hi rd 30faciétate fmouernbn3d pattgrreogpevise4@ny geonetri c shape desired.

[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
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 thevdesired
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

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



[ 0035] Forned in substrate chuck 14 are throughways 34 and 36, however,
substrate chuck 12 may conprise any nunber of throughways. Throughway 34

pl aces first and third recesses 20 and 24 in fluid conmuni cation with side
surface 18, however, in a further enbodinent, it should be understood that
t hroughway 34 may place first and third recesses 20 and 24 in fluid

comuni cation with any surface of substrate chuck 14. Throughway 36 pl aces
second r gGAsSIitd 3f bPadddubshre SIImEL 6821 ATinMd & nidiieasay fiace Il 8n champuer, in a
further enbodinment, it should be understood that throughway 36 nay pl ace

second reggsg tidl drbpes ¢@2“Wz§}l fald anum LhumRYofsasdrasmaadly substict e chuck
14. Furt herrm?og),?e \/\/natr l?ls desired is that thrgugh(\)/va?/ﬁ%4 faci Yi tattg; pl aci ng
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recesses 22 in fluid conmunication™wth a pressure control system such as
a punp sysi&mS$ [0036] Punp system 38 may include one or nore punps to
control the pressure proximate to first 20, second 22, and third 24

recessesioks) t DL 1 BRY, SUAR BaLGd 16 (SRR LEMehRaSUnS AL SoB Rk 14

substr at rests I'ns ir second and Tourth 32
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recess 2 portion 40a of substrate iI'm superi sition therewith
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48 conprises a tenplate 50 having a nesa 52 extending, therefromtowards
subst ?gt g‘ei%’eﬂ’?% apisi'iled dy rf@'g%?q@@@ @@tecrﬁéﬂ@%n.ﬂhﬁgp?ﬁ(??'fe%%ﬁ"‘fﬁs may be

referred to as a nold 52. In a further enbodinent, tenplate 50 may be
subst ant filgd yithpe@lnienzabip) Baterial Tvp| sauEces 0 08narsiucad| fesey nd®: be 96 or ned
fromsuch materials including but not limted to, fused-silica, c‘_uartz,
si | i con, b@aghanct up@viphatr adiadionothah sagessy pelysrerigablgsipiesiat d 0g) tessolidify
fl uorocarbon polyners, netal, and hardened sapphire. As shown, patterning
surface 8ad/eoafosbdiel dosfrming teldhe md@pbyofaa sueas ity of sebsitadel-Zpape
recesses 56 and protrusions 58. However, in a further enbodi nent,
pat t er ni peftesning sscefasa Sdaylebeingud gedintiedl layes Abdtan autdtrete JRanBatterpadt er ni ng
surface 54 may define an original pattern that fornms the basis of a pattern
t o be f oleyed! thmaybsimprise aZesidual 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.
[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,

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

10.



[0038] Referring to Figs. 1, 6, and 7, tenplate 50 may be coupled to a

tenpl ate chuck 60, tenplate chuck 60 being any chuck including, but not
limted to, vacuum pin-type, groove-type, or electromagnetic, as described
in United States patent 6,873,087 entitled "Hi gh-Precision Oientation
Al'ignment and Gap Control Stages for Inprint Lithography Processes”.

Tenpl ate chuck 60 includes first 62 and second 64 opposed sides. A side, or
edge, supfacercblgentenmy deimesiesidir piktodl dfh 6 antsh e amrdofsddieprsthg & r st
side 62 includes a first recess 68, a second recess 70, and a third recess
72, defi ghdiind b6frke THat rBLOREULR arfBfhdsBhed H@wEPRERtaRAcd ofSiHRRAihg

regions. First support region 74 cinctures second 70 and third 72 support
regi ons gpdcd b shq@8psaeqnd 70, and third 72 recesses. Second support
region 76 cinctures third support region 78 and second 70 and third 72
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68 and 72 in fI id co with any, surfa tenpl at e ck 60.
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side 64, however, in a f@ %ﬁ Qﬁ%d iment, it ﬁ?oul nderstood t hat
t hr oughwalf %%?eﬁéyeb?’&cén gisr WeGamalgxiairay, ‘Haff’oﬁ‘i’ﬁﬁ’ﬁ EYET SHPskiA% any
surface of tenplate chuck 60. Furtherpore, what is desired is that
t hr oughwdy 802% é&lal\’P’tdat'f sot peyentn drappingt ofggasasaat Pt g2y Pockelasidweshd
throughway 82 facilitate | aci ng second recesses 70 in fluid comruni cation
with a ppetsdigie1ésmdr 6‘I0|ds9§t9é}ﬁ’1 ngerpaé@r%dp@w 44t eth8g92s40828PPaAD syst em
84 may include one or nore punps to control the pressure prOX|nate to first
68, secoReckets May@etshich @apes | dut et linmited teradr, NRSRNt eFrpPACoXEE
coupled to tenplate chuck 60, tenplate 50 rests against first .74, second
76, and and heliurg ﬁﬁﬁp@”rct/orr@%ﬁ pegkets bemeengubpirate BBand ewith§2 204 véirn t hi r d
72 recesses. First recess 68 and a portion 86a of tenplate 50 in
~ super i nppsitarpethlayreriddirody cestitrie, iatdrialist petterntbsto8®n ddeancey tocwed Y0 and a
portion 86b of tenplate 50 in superinposition therewith define a second

chanber p&teriidd lager etedew Tidelindf fegpaes foma8ito patteswdsayat 41 and a non-
superinposition therewith define a third chanber 96. Punp system 84
oper at esuiformahickoéssaofpresgisal Byen 116 rastos8 atieewahihy82 1 14 nall dfhwinidh @6e
chanbers. Further, tenplate chuck 60 may be coupled to an inprint head 97
to facil utiddseatieyenetiataindpat hethodrehdde systend 8f miifidvdddraf aotr pregetitngti 9. 1,
system 10 further conprises a fluid dispense system

trapping of gas and/or gas pockets between substrate 12 and mold 52 and within

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

1.



98. Fluid dispense system98 may be in fluid communication wth substrate
12 so as to deposit polynerizable material 100 thereon. Fluid dispense
system 98 may conprise a plurality of dispensing units therein. It should
be understood that polynerizable material 100 nay be deposited using any
known techni que, e.g., drop dispense, spin-coating, dip coating, chem cal
vapor deposition (CVD), physical vapor deposition (PVD), thin film -
deposi ti Qg om;fdsmahlépvwnﬂm filhPep ANt MHicK fillkedepbéRioabhy thddMe/NRY 4 zabl e
material 100 nay be di sposed upon substrate 12 before the desired volune is

def i ned hielis emosRlnfrtZodiflefHbN Fiiial f00 FAYRKSSosiRALYRRAThZATe material

100 may fill the volune er the desired volfune has been obtained. As

shown 10 @ BRoAgngRs!A@ole RIS LAl 110G: SRy BEy (FRARLE S piR@RvAYDS! rate

12 as a plurality of spaced-adpart droplets ining a matrix array

108 o EBLPTB nETE RSP Sl P TR eVl ure o
{o- di oL AN cATEANCAUENL, 09 RHRSA bt Rk anah QPR B HING, LoEigS. 1 and

9, syste f'urt her conprises a sou energy coup di rect

energy 108 .al a .pat 0., Ilnprint head 97.and_stage 16 are configured to
rrange Ao S50 SRl Hosnohi Pls doRilesd i ol fertalls, FBbETL  on
and di spos in path 110.  Either inprint head 97,. stage 16, or both vary a
G st ance B8 aednl aPaTAS 12 e ppchbatins Snad i et Yok

t herebetween that is filled, by. pol i zabl e_maferial 100, Aft he

st red SIIRSS Hiont & FISRce i SseaApats bany SoRaRbet & cagno! wolt &6 ok
produces ener%y 108, e. % _broadband ul trayi ol et radi ati on that causes

pol yrer i #4168 ERedinet. He¢litancofi fiawbansisd ArBy1asirt I¢@iPBkimMi t o t he
shape of a surface 112 of substrate 12 and patterning surface 54, defining
a patterRéd 78 &bapeaf gatteampg: deaxiee £8. mpyteeslifgad |byyentolinona R8st i se a
residual |ayer 116 and a plurality of features shown as protrusions 118 and
recessi oWdhmdgst anshthingl chembais $8panst dds Narer srpeifieebd asymanipnssteshere. 122
that is in data communication with stage 16, punp systens 38 and 84,

i mprint ReEd YFtent Bhicgeditepioncantry) theepicoguredndirss anddbird gBambpesr &t PRY on a
conput er readable programstored in a nmenory 124 [0043] Referring to Fig. 1,
syst em 132f dpt thet endclpudes sgstpim 8426 ayownphied at vagtuayevith®) fPstnand ghindy
transl ate about a third axis orthogonal to the first and second axis, i.e.,
al ong t hehambars$£8 &l a2 vesthiaughpiay 8(RSuanethatportiacs ShelatdBoct o tampte a shape
t hereof , described further below Pin 126 may be any force or displacenent
act uat or SBnoaynbow ey foin sutcdtnate g, andbvew talvbals {Enguatet chack@ezdesl &ctri c,
magnetostrictive, linear, and voice coils. In a further enbodi ment, pin 126

may be ardsuglf bewiogortons qhaessuBE: tfegpait® 60 amchydiopaBulssirdte s 2 apdrtipn St on,
with a center pin thereof conprising a vacuum source that may evacuate an

at nosphesgeh befewsidite 30 boltsabvaces ifstipad 1 2and Bgadévhceniatatiuskibst rate 12.
[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
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

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



[0044] Referring to Figs. 1, 8, and 9, as nentioned above, a distance
between nold 52 and substrate 12 is varied such that a desired volune is
defined therebetween that is filled by polynerizable material 100.
Furthernore, after solidification, polynerizable material 100 conforns to
the shape of surface 112 of substrate 12 and patterning surface 54,
defining patterned |ayer 114 on substrate 12. To that end, in a volune 128
defined Betvpei doomh 8LisedRgo o™itk Infiadie! B¥iu0A oft Sitiskaf €2 98ken BT esent,
and droplets 102 in matrix array 104 are spread over substrate 12 so as to

avoi d, ig; | of d S tange
Eignof, ch?%va%%ny %ﬁﬁg're\fl}m%tyhi gﬂ%;t%?%% GRIpISR 10720%9&1pze51? et

substrate “12 'and nold 52 a rned l'ayer 114. e gases and/ or

gas pock - i di - ik t i ki rogen,
Gar bon P SUPEEY RSHES RRF Sncelcki b o ekqlidl 380, e 132 bl 0% and
nmol d 52 1L by L er.n | .ayer. . Y, Al ' ' | ttern
distorti @ﬂﬂ%%%ée}a uofgéﬁ egr%e(ﬂau'lg%/? Saﬁegfrag%c}gﬁ:@é{r h:f'fgon% ommﬁplsdg%a?ﬁ/ggf
features fornmedJn patterned.l ayer 114, .an no ifar i cknes f

oot duat VoS8 2t BvBH 584700 B katHE 12 VAR SRR A R GIRESo?
undesirahle. To that en a method and a,systemof njnimzing, if not

b event | AgTe SR agoeT yalom g ogne o sR Tl Difbs A 2l ong
nmold 52 and within patterned | ayer 114 are described bel ow, [0045] Referring
[0 Fi ge. rfes TolerBae L4 TS CoabPsto bl ThE At S o9vex lPRg ToRS! bet ween
substrate 12 and mpld 52 is shown. Myre specifically, at step 200, as

ment i oneBreYBYY erARRIY HedasLaht B Ft§tdP0100 may be positioned on substrate
12 by drop di spense, spin-coating, dip coating, chem cal vapor deposition
(oD, phidPlal Relpaiint W@digsi b1 bh TIVB, ot K9P RPPnifepoRa PORUPRIT i1 m
deposition, and the like. In a further enbodi nent, fpol yneri zable materi al
100 nay BeVigndPimankd ateretbpéchsthat tupdepirest velpmegdefined rtwegn mold1§2  and
11, at step 202, a shape of patterning device 48 may be altered. Mre

speci fi cand gubsiraéhdgenay bpdiledrayi pajyraeniable aetenal 199, aptdasedbediahotehat a

di stance dl defined between nold 52 and substrate 12 at mddle radius r3 of
subst r at witll Zespshiotan’ign 1 Fildere B peciichlys $ha blaapeaodpatteinios diwidened Megthgeen nol d
52 and substrate 12 at renmining portions of nold 52. In an exanple,

di st ancealtdred by lthes sombiantien di stradegdBe pdissuenwéhidZirtiednithidfahaadess an
edge of nmold 52. In a further enbodi nent, the distance dl nmay be defined at
any desi 8&dnd 86atndonfnte rpdrtebRy inprint Sleap & 70Ehpat tie Fiy. g adelor stagé8itmay be
altered by controlling a pressure within first and third chanbers 68 and
72. Mor eusgrepattéroiagl devices4 frent a oeomdt atbayeactugn syigtnerizdsle opatedsies0d o
control the pressure in first and third chanbers 68 and 72. To that end,
punp sysaedmiH BRY MdrealpecificMBC asmartiohed abbust pangd siybterd 84 hpakeestd8 and
72 via throughway 80 such that portions 86a and 86¢c of tenplate 50 may bow

away frofargiebslelpbssutd irafdt HemnirawhaabetL8Phal ©6Cc Ny ehat@dd, pomp sysem t  of
bow ng portions 86a and 86c of tenplate 50 away from substrate 12, portion

ggb of teapbatesdOa Pt VBT theSHRSLIFAEBatkd VAN VA YAanti rtRIFY ERAMbalsesgchuck
| and 96 via throughway 80 such that polymerizable material 100 associated with
subsequent -subsets of droplets 100 surrounding middle radius r3 of substrate 12
shown in Fig. 2, spread to become inciuded 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

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

13.



[00471Referring to Figs. 10, 12, and 13, at step 204, as described above
wWth respect to Fig. 1, either inprint head 97, shown in Fig. 1, stage 16,
or both, may vary distance dl, shown in Fig. 11, such that a portion of
nold 52 contacts a sub-portion of droplets 102. As shown, a portion of nold
52 in superinposition wwth mddle radius r3 of substrate 12, shown in Fig.
2, contacts a sub-portion of droplets 102 prior to the remaining portions

of mold 53,&PRafbd BEgE NE6rLMMaNtGe d¢ ARl §lidpBieAhaml BF 3hd @dsesianguer, in a
further enbodi ment, any portion of nold 52 nay contact droplets 102 prior

to renmai RiNGhiReNbILRRS 198, BRbh 32-Fid Ogt Rﬁttr_a@ﬁdth_e?e?osh‘p%_, allsdgadescont act s
all of droplets 102 in superinposition wwth mddle radius r3 of substrate
12, sh in.Ehg. t.hal | Thi ets 102
o spr ea e T2 Sf G A B o S g B e B b o
Tt hat o7 Seaden . 3% 8L it Sl Eaairs s G5L o tyds AR GFRLEE ! TRCe

134 that functhons 'to push gases In owar substrate

12, VOl el SSLIEERL O 618 i R TR SRR M, e 0
i tion with_t . d i f t t t I f-
o 5 O3B0 SR e PR, BRub VTR RIS, o
208, bR B e BB 5B o b b 0ol 0
I i zabl terial 100, as descri bed A i.th t to Fi 1. M
RIS IR

conmbi nation of controlling the pressure within first _and third chanbers 88
and 96 aRAllate YrrvasEransPIRPEING AeVisR A8 D PTESSHIRWINIA secgnd $hamRay or
stage 16 upon patterning device 48 as a result of contact been

pol yner i $amay g@t@ﬂtraliedlomfaﬁomwf@a'm.a%re@t'@@%tiappzé%a PYMPa%yStRIAtd%ned
above, punp system 84 operates to control the pressure in first and third
chanber soBBatgh do gentratghe wagsserlin prAppdsshartar §2. decthahsed REMRGHFEIHe of

t he vacuum created within first and third chanbers 88 and 96 via throughway
80 such &hataypuesiaes prasblre wihierseabnd Ghambed R ati@ threpghway B2esisdnthatubset s
of droplets 100 surrounding mddle radius r3 of substrate 12 shown in Fig.
2, spreagbrion Béc mfetempidteddd niay bowt logiaedss stibstrale stikend139y avsasfromn i n
Fig. 14. The shape of patterning device 48 continues to be altered such

t hat nol tdnpats shsegé@ntuthen mesressitre manbacreated withire seemal ehiangbelr bl et s
102 so that polynerizable material 100 associated therewith spreads to
becone idwkudedlyi withontagpus vaheed id3lrst asdsthirdnchambeg 8818nd /A5, can be
seen, interface 134 has noved towards edge 136 so that there is an

uni npededemainedfadbvé he gases in the remaining volunme 128, shown in Fig. 8,
to travel thereto. This allows gases in volunme 128, shown in Fig. 8, to
egress foombetreremingbd-i§21 and 19y ks biept 208, Zsvingni@onddsatasigewiliBGesgeat t hi s
manner, the trapping of gas and/or gas pockets between substrate 12 and

mol d 52 tgndg W tiiym@ddabeY Ratkrlapyen rdytbe SheBe isblifified add/drrédslinkeged, i f
not prevented. In a further enbodi nent, the shape of patterning device 48
may be aldfigi@dhfRAKY rag_@rthm,vgﬁokxmdﬁcqfagagl nglsBguéthtst angepdb10,asolaestt | oned
above with respect to Fig. 11.Referring to Figs. 7 and 12, in still a
further eabpdigeiibiedtiforh BGitbinbals Rl iMRingigre of patterning device 48,
a pressure wthin second chanber 92 nay be contfolled. Mre specifically,
as menti a ; : t ; t e i n
second éﬁgﬁgerqﬁ%&”?gq?ﬁggyzﬁﬁﬁl%ﬁ&%ﬂgggigﬁFgﬁ"ﬁﬂg‘gﬁgi?ggﬁmﬁﬁgggﬁﬁé W t hin

second GhagBap 7ol b NI F20BUGHaIbOALS RPLI: HReReal o sERl g e 50

may bo owar ds substra ow away fromtenp e chuc Furt her,

o1 oat ngeePORITER 40T PR I Qb i B R R AL ERERYNS, chove

Egggg](:l?egnegurgsﬁgtet& Cl):rlrgc')ld%j.ind 10, at step 208, as nentioned above with

14.



to Fig. 1, polynerizable material 100 nay be then be solidified and/or
cross-linked, defining patterned |layer 114, shown in Fig. 9. Subsequently,
at step 210, nold 52 may be separated from patterned | ayer 114, shown in
Fig. 9. [0050]Referring to Figs. 1 and 16, a further enbodi nent of the
present invention is shown. Mirre specifically, at step 300, anal ogous to
that nentioned above with respect to step 200, shown in Fig. 10,

pol ynerl@@éhe ”REi%rrr'n téQQQQHE Qﬁ POShhd Oﬁedatoete‘bul@@@raaﬁq@noggugrtonma@ 52.
[0051] Referring to Figs. 3, and 17, 'at step 302, anal ogous to that

Tent i onegoahowa ddh Vs R%g)tecf & a@s@oéogh R NOFEGnaH orcpaRAR, Of

patterni ng device tered urt er m)r concurrentl'y wth

al tering, cseh%emgpftpé"‘ta\tltﬁféy nq: VANl qbn%%] fgtfh §HQ§4 atend% TRy be

al tered. re specrfica ape o may b .al tered by

CO”H}?: L%%}%rﬁng RS W é YR J)# &Fo trg{éd‘li I?r%z{g eggﬁ‘é'?%%r SMdfe éjcf%% ¥'\’{;’ Che

e S nent|0ne Sove oper at es o con
pressure |nf|rs 46. To that stem 38
My or eat g 4 bhef Y e SR B R B g R Y
t hr ough 6 _sugh that rtions 40a and 40c  of strate 12 bow away
from su\t,)\@%/a\”gieé %uéﬂd %’? amo "Bow$“ Wﬁpﬁsasrrﬁn%t@ﬂega?g)oé’ﬁom"]pnsn%g{jr." %@I As a
result of bow n ortions 40a and,40c bstrate from substrate
Chuck. 190P0FE a0t BF Pscers ot B9 BOuE COAERE St B9 al AR om
substrate chuck 14. Referring to Figs, 11, 13, and 16, at Eieﬁ 3/%4,,
anal 0gouRuPR SYHEM Jfemey &heale shira Uil Wihip dsgeand thid @@B‘b?fﬁl SRBVS & Fi g.
10, |rrpr|nt head 97, stage 16, or both, may vary distance dl, shown in Fig.
11, suchth fWWéY&@r%HCBrth? PoRIPES 992 @aAt4der & Salb§ﬁrﬁfepb% MaynPyy awuaww@ﬂs 102
in superinposition with mddle radius r3 of substrate 12, shown in Fig. 2,
subst ant $Wistrotec@netirideatd Powpewaids Mglid oAt g aloRIEN IR ﬁtﬂ d7shdew resolt of
pol ymeri zabl e material 100. [0052] Referring to Figs. 4, 12, and 16, at step
306, anabP@yoaortions Hae aﬂémﬁcmédbatb@eé2\prardrfé@rp§@t35&r@tesqlwpk ABaporg@wN i N
Fig. 10, the shape of patterning device 48 may be altered such that the
desi r ed 4@ ofmsubisifataetl bowsetnwardl Mol25amhds abeyrfaem substie ssutk |14ed by
pol ymeri zabl e material 100. Furthernore, concurrently with altering the
shape of Refatringrtoi frigs.deli th a4@, 16.hat S&@Be4 oénaapauts it thal 2nerdipnee abbver ed.
More specifically, as nentioned above, punp system 38 operates to control
t he pr eswithr eespactforsép 204d, stmwrd irc Rgnd ey snptidt hedd 45, staget h@atordwdh), payp
system 38

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
above with respect to step 206, shown in Fig. 10, the shape of patterning device 48.
may be aitered 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

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

15.



decreases a magnitude of the vacuumcreated within first and third chanbers
42 and 46 via throughway 36 concurrently with altering a shape of
patterning device 48 as nmentioned above in step 204, shown in Fig. 10, such
t hat polynerizable material 100 associated with droplets 102 surroundi ng

m ddl e radius r3 of substrate 12, shown in Fig. 2, spread to becone

i ncluded i:n contiguous fluid sheet 130, as shown in Fig. 14.. The shape of

substr at gecrddsdry n%gnﬁwé Hethe At BGBErENBE WithRMrbant thid themsbane ahd

patterni ng device being altered such that nold 52 subsequently cones

I Nto CONkAGH Wrddhng JeEEB UrfddufLam eﬁfe'%iné%rﬁbet atRehi¥gREl eI gat eri al

100 assocl ated therew th spreads’ to becone included in contiguous sheet

130, a5, SRANd @ in L A2 sHBRES FB. 8! YR d25honheridinbidiol oy

egress from between no subs te 12 vis--

b Lal | - [ ' - 206,
homn | neReg b T SR Ry R i R It EBRR) sh TP, e
lteri h bstrate 12, Wit hj 44
be. cont 15t a1 SHeRd Pefierdn BamiERRr BB b S e Y E TR 4 ™
| . ' hamber 44  Tg th d,
oyat om 3By ahub AT CES T B U aead CoRaHBaly 4T ehr Bt ghamy. 34
such that portion 40b gf subst aégé%gpggéhbowt wards nmol d 52 and. ?ow away

from subRYEIP9 HRYGE £, PEOY 4] IR SUOSEWEPLY RMETi M Second
chanber 44 concuyrrently with creating vacyumin first and third anber
42 and 4gontad Wéht ﬁ’t?né mé%”\,%.d'f’é@é’il]ﬁgf &Prithy) Pelymiegzable ; iptans 3\6 step
308, as nentjoned abaove with respect to Fig. 1, polynerizable material 100
may be tRAERCHESHLIRYT %He%‘?ﬂ‘?oo‘?e%@-c@ﬂﬁ‘géh?orﬁ'@f’ﬂ‘ﬁ PP drP e?helPWayer
114, shown_in Fig. 9. Subsequentl at step 310, nold 52 may be separated
from pat NeFiged®! aljter 93966, insyRIUme %-/éq:i&‘@_owg_ in [igo85 R LEFESSHECT PAVERN 6 and
18, in a further enbodinment, to facilitate altering a shape of patterning
devi ce 4®oldyp andeungliateel 2 staysdedagoi 20 épeebstpetally yhe semeipethagyaexert a
force upon patterning device 48, and in the present exanple, upon third
porti on ®eotigfediahope atid reepegido atapedld, showairt Bigni®g devi ce 48 may conpri se
the aforenentioned desired altered shape and nay be enployed in any of the
met hods [#€h8]i onBdfeatiy/le. Figs.n3 306 4rky fubibeafasditaaplioyegiatsbapaci biksitate
separation of nold 52 and substrate 12, as nentioned above wth respect to
st eps 208&,anpre368re witiomsecondricgsmbé04dmoayl e coesplext | Mele spéaiidaier a®r e,
after formation of patterned |ayer 114, shown in Fig. 9, pin 126 nmay

t r ans| at meatumnedf aoonep gitnep reydtethe\d&c epd@iteicd dohadbl et perssuryg ideecord 48 may
be substantially flat. Pin 126 nmay be in communication with processor 122
such t ha¢hgmber 26 Toathae pldoyufry eestéctibacdy teatebepabnaecavittagietoske of t he
force. [0056] Referring to Fig. 19, to further facilitate separation of nold
52 and 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
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.

16.



substrate 12, a gas 148 may be introduced between substrate 12 and nold 52
via pin 126. Mire specifically, pin 126 may conprise a throughway 150
havi ng apertures 152 in fluid communication with a pressure control system
such as a punp system 38 In a further enbodi ment, pin 126 may conprise any
nunber of apertures. Apertures 152 nay be positioned to introduce gas 148
between nold 52 and substrate 12. Gas 148 exerts a force upon nold 52 and

substrat ?0015%! t o RRESANGR Hig826 bAd q8dlnr§F{Hh%F‘eﬁW@M;rﬁér@%SfH@iﬁtfaf@él?erﬂ% émd to

push substrate 12 in a direction away from nol shown, gas 148 may
be i nt rodyged.helivas Hyéeﬁg Rd2 | dheliiBallyS pRf P24 MBLE tO
tenplate 5 homeverﬂblnwa her%gp o%?%eﬁﬁ%mgggﬂi ébe%| %gﬁfnt?%%uced

[0057] F ?gyd%é str%ﬁﬁﬂﬁeﬁ?ﬁéd\é""@ 8 St PP ur ke ?’%ﬁ%”{% shown
in FlG oh%ﬁtae'éaé(f REPYdS Agl a&ﬁbggﬁ&gm@ 5&&.@%%5}2‘ Sirbfie! et Sinole

wave II'Tp |nt I nner aneter di m ni Z€ sensi IVIty to

non- uni f g huck arit tilt S£rrors enpl at e
1o and s oisderde@ned Hfed 8 SR ALK bl ﬁ&%ﬁveofqﬁ FRoASo: rare
12. As i nner. di Substrate 1 erved as rinted
rone. i BRI e 08 12 ard o6 BRI er Bel 6t %ﬁ%@ﬂ?ﬂ Rl

Further chuck 14a m ni.m cont act betmeen out er, d3 of
Gubst 1 ot 870 SUSE S Aboks TERITRALEsg Al epsc 0[%6%88§5% @té i 14a
may |nclgde first 218 and second 220 opposed sides. A side, or q

sur f ace ﬁngﬂ@bﬁﬁﬁﬁﬁPﬂﬂénFPﬁP%F”?@8a%ﬁdb§B€WHH°§9@m%BﬁB§@@r§ des.

First side-218 nmay include a first recess 224 and a second recess 226.

Fi rst reé@§§‘2?5@hﬁhl%%égﬁd“?éé@@§b§2éwﬁéj“ﬂ%ﬂﬁﬁé”F¥%%?Wgﬁﬁédﬂphﬂéalon 228
and second support dglon 230. First SUP port region 228 may cincture second
support P8TBIRY dBysEotd Mmayghe sabstastiall dlab 3¢ imrdyebhage bg v srumdpicatitipe,
rectangul ar shape, square shape, and/or any fanciful shape based on deS|gn
consi der with PrecespDB2R Aych Ithalsin A28dman eRRloy Surce Japgmck tpedptemming s may

i nclude a height h] greater than height h2 of support region 230. Height h]

of suppomeagpiygiecn ttx2®remy have a magnitude greater than height h2 of

support region 230 such that during inprinting substrate 12 obtains a

si ngl e wWebdef Beteatrigprio Bpgndl9e tnatethgeffocilimte mepamtiogentmaditl ySheardkscri bed

as a single wave shape wherein substrate 12 assunes a concave bend such

t hat sur$astal2®,of gssildd8masye béantmeduche hetibsdrant bstdty 1R aarglemoldab? tvia support
regi.on 230 and/ or support region 228. For exanple, height hi of support

regi on 228 mef hikloes apeaifioaltyyden apds oxayaebelpyis80a nhesuayhsvagr ¢80 efaviriian

hei ght h2 of support region 230. Additionally, height h] of support region
228, hei ghdrtuns 0b2 SoFRed tofr@gindatidad Owittarad p ks sty borittil & yeidn eswmces ket ween
hei ght hi of support region 228 and height h2 of support region 230 nmay
be basedp@np tshétekness 14 b RithekbRiboantent 2piantlemaedoriprle &fy Auwhser 8f e 12.
For exanpl e, nmagnitude difference between height hi of support region 228

and hei gheride0f ASSHARES H 59 @84 OPe B8SIERI RENBBMIQX bR 43 Yeltnheliasps for

substrate 12 of fused silica having thickness ti of approximtely 635

M CrONS. gnd substrate 12. Gas 148 exerts a force upon mold 52 and substrate 12 to push
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.



[ 0060] Qut er dianmeter d3 of substrate 12 may generally be the first point of
separation and as such may require maxi numretention capability during
separation of tenplate 18 and patterned | ayer 46 subsequent to inprinting
as described in relation to FIGS. 1 and 2. By increasing height hi of
support region 228, vacuum force provided by chuck 14 may be biased towards
outer dianeter d3. Biasing of vacuum force nay decrease retention force

needed apghsor degr Q@S%s’ﬁ%ﬁ’é&r gﬁd)tﬂ@r ERbeginer R dudyrABLrRRRA AL sdwPfin
tenpl ate 18 and patterned | ayer 46. [0061] Forned in substrate chuck 14a may

be throu I h ot ed
substrat g%ﬁihkagﬁiy ylﬁgﬁ‘éﬁg@ggl%ﬁ@ﬁ‘ 8?%%%%%\255 Ejne%eﬁgdiglgg\pgﬁé]dem gn

Cons'derf’?‘ﬁjirf?mggﬁne-l;"%a gt%?#glav\%gﬁst?a’% 13Na? Rfnifife SOt % n%'n ifofrhk

Thr oughwa e 1n Tluid conmunication e sur%lace 218
o recees S il VY T gzl o0 o
Syt (8%, sy Séhﬁi%ﬂ?pﬁt‘éf g RSP 21 S AN S
§32p0£?%@%&%gﬂ%@ggg's%m%#A%éé%ag@aat% SR R b o
ovel aopl o essine conel drskelo feseties 22t antior 2,
(e.g.. t Qét%%gggatetr %lamrgtléreé; oaf slutbgtrate 12 and chuck 14a reducing defects.

[0058]  Substrate chuck 14a may include first 218 and second 220 opposed sides.

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

shape, and/or any fanciful shape based on design considerations.

[0059] As iIIusfrated in Fig. 20, support region 228 may include a height hy 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

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

support region 230, and/or magnitude difference between height hy of support region
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substrate 12, and/or the |ike). For exanple, height hj of support region
228 may be based on a standard pressure |evel that when applied provides
substrate 12 in a single wave as illustrated in Fig. 20. Wth substrate 12
in a single wave during inprinting, as described herein, inner diameter d2
of substrate 12 nmay assunme a substantially concave shape. [0063] Pressure

| evel (s) nmay be adapted to provide single wave deformati on of substrate 12
based onhebadtheint 8 oS URRRI IR 80 A28 b BEs&XBAMMBKNdRst, o2 MAvdttdiwist r at es
substrate 12 suthct%g to aboh@ 0 kPa%%% bstrate 12'at aboat 0 kPa may

exhi bit sybshapthalnpl analbdiate A3 'F'opr@%}nﬁie, O?@ﬁiﬁﬂee?%fgreﬁ’ﬂ@g SERRON t

regi on 230 may be separated by a distanc exanp substrate 12 and
support i 0, b t -Telo o )'dl IGHO ferring
to o, DO AR ety fesRSP 228" 85 NagRehe th CRIPoK RSyl S0 ARy B8

appr oxi L -5 KRa.b I Ng, sSubst e i hstant i : i.ngl e.wave
shape wh rpﬁ%)ﬁmgﬁ l%t@zgt@%%a?iu%@grg{ecaégoévfgs e%gllaéu@\'ﬁriﬁmlgks%rs S gbg)fZZQ of
substrate 12 may. b ubstantially tangential to support region 230. At

appr oxi n#t §"@§ﬁy§%é?“%PF%ough portions of substrate 12 may still be
substant] tangent.i al . to, support, region 230, substrate 12 assu a
doubl o vig0BO naBIF Rl i bF BRRSEUR ke dRL sreSialY o ofie Tsiapoinl or

[ 0064] Referring to, Figs. 22A and 228, in one enbodi t,, chuck 14 may

or ovi do SEREERIOR A3 SUEhMay Felare s uST RN BN B3 tNGY CHERS REPAGIAMI | e

m nim zing and/or elimnating defects at outer dianeter d3. For exanple,
Fig. 224 i%?gatﬁa%énarpaés@émﬁﬂ %PT b SHPFRAMEND O dMAERING 25 \iRscaPd dhuck 14
i ncludes a tapered |land 228a. Tapered | and 228a may provi de m ninmal contact
bet vieen SHIER £ 15 1oRI552r FheinEreannt et B KAEHBROIETIND 28 YaRIEH of
contact may further mnimze defects at outer diameter d3. Tapered | and
228a mayforGfcPiodiEel ivgphudkj 14 mayt e biassd Rwipgs ower gfaraeispdet Hagnre ! 230.
Further, tapered edge 240 of tapered |land 228a nmy be set at an angle
(e.g., asroNi faseeInyaydsyrepse defapdiondome agpded and/onndgaseags spearatiapt ed
such tapered | and 228a has m nimal contact or no contact with edge 244
(i.e., fforae neegedn)yriog sepdystiomokienplate 1Sramwhpatierredlayee46. [ 0065] Fig. 22B
illustrates another exenpl ary enbodi nent of chuck 14a wherein chuck 1l4a

i ncl uded086itst amrivadd! iy pitmtrate thinck 228bmaPodsi thramghmgyef23abatd/at @322 i n
si.ngl e wave shape may provide outer dianeter d3 of substrate 12 at a

di st anceargl Z2B4@marsidysadis.i altl shqpildinser nogend sBB&imte chuck 14a may include

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
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

determining characteristics described herein (e.g., thickness t;, materiality of
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[ 0066] Referring to Fig. 23, in one enbodi ment, tenplate chuck 28a may
provi de patterning surface 22 of tenplate 18 to conformto single wave
shape of substrate 12 during inprinting and/or separation. Tenpl ate chuck
28a may include throughways 254 adapted to provide a vacuum and/ or pressure
affecting shaping of tenplate 18. For exanple, throughway(s) 254a may
provi de a vacuum hol di ng outer edge of tenplate 18 such that outer edges of

tenpl at eg Ji @i 3 OWRISIShEMKEK R&: exHMfSA! (15)of 28 ABo PGB 2¥8 Geayviseuum

and/or pressure such that center of tenplate 18 bows towards substrate 12.
Center Of IR &l §adBaiByreCAlEALeISHAB Whah Gipbie§ PROVIAE BGhdidtsSi1RGhes wave

shape. For exanple, center of tenplate 18 may contact inner dianmeter dl of

substrat i Il ! . of,pol (o i i out ward
t owar ds %U@érw%l\%é;?r%t'féursqrgg@%?ps@ﬂfgsztdr?atvgﬁfpg%ﬁc}?tf%‘nrgléI %{\glgﬁy%\}r@%@ggar ation,
final se L on r . C Iy I i r..di er cl,
of substr r@%@ %mgt%ﬁsgrfo%gl %‘?’\tﬁ/&‘vg% a%g%gieggaﬁfbgﬁ ?Ua%eagé;q%nﬂgggﬁg%@%g shape
of tenpl at e&%r&' %0067 ReLerri ng to Figs. 24A-D, in another enbodinent,

t enpl at es%tﬁ 1928ty eﬁ NT-de patterning surface 22 of tenplate 18 in a

doubl e forgation during-inprintin nd/or,separation wth substrate 12
havi ng \E;\.ﬁ)ég?l]gl e‘ga(ﬁﬁ%res'ﬁ?ﬁﬁléssgrnfg%gSﬁ?eq%q ?(? RPHY I%'Bg e YK d\f%ﬁ) @ﬁé‘ﬁwbs

560a- 560c 0 enpl.ate chuck. provi de.va m and/ or pressure to

provi de ?Lébrﬁ%?%t ggl@sﬁﬂ el g‘&@i‘?&“ﬁ%"?%@%%ém'@ &EW&Q’ ILPr'og way
560b may_provi de pressure while throu s R60a and,.560c na rovi de
vacuum i 'H'E)ﬁf?é%%‘t’ thads ﬁ%&“B&?CTeQntﬂsa@@ggy@éZf g’(‘%?‘t@t‘? q?ﬁ?@g’oﬁ?gﬁgﬁé‘“ay
chanbers). Pressure and/or vacuum w t hin chanbers may provide .t | ate 18
in a a defirieswhsirntiebpirapiiyn AdtteRaNdt syRstretohs abf %U@H%M?@Oﬁ@ﬁ ay
superinposition with throughway 560b bow towards substrate 12 and portions
of tenpl ke eenFated RypHstApeR i | 6O AXaAAPIehPeRRIMIRY S FBOSLRAN BHHRE bow
away from substrate 12. Portions of tenplate 18 in _superinposition with

t hr oughwaNty 580bserajaiedntoaceppisxynaiahe P fmicgns. | t Refotind e Fidt €dBt hat

addi tional throughways 560 and/or chanbers may be used. As illustrated in
Fi g. 24bthreugbwans Ry and 33ddme dremide orcess @24 at @ppaxkirealg!yswdiPa hendin@npl at e
18 contacts remaining portions of substrate 12. In particular, portion of

t enpl at esutBtrate 2 perisypekintialonsingiehwave soepevapeBBOsulpsraie 12i assumes a
superinposition with inner dianeter of substrate 12), may contact substrate
12 | ast . coksaseibhnd gash bett wedacd 8aploasebdtttan@ rsapbersabetanBallyapnpentaacuat ed
at inner dianeter of substrate 12. (0069]During the inprinting process,
gener al | tp duppoduediac@30f Atudggiroatratd -8B ykPhealthtoghdedtions af subdssbent2 al |y
wel | -control | ed shape by substrate chuck 14 to avoid any |ocalized fluid

f rom spradisog baubsrmatibyy. tahgealial sorsuppert adhiesi 230, babstesa hesswesls 20 and
the patterned surface 46 on the substrate 12, however, may exceed the

hol di ng @bl Wale emagaerampshilape whdake BdndsTihirscemy2aause a | ocal i zed
bendi ng of the substrate 12 at the boundary of the inprinted area. Such

| ocal i ze@obgndi Rty ©FUSE BA A%E208, MApEMbRiRERY cRigSSURYy pddd@s such,
separation may fail.
substrate 12 in a single wave formation during imprinting while minimizing and/or
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 di. Minimization of contact may further minimize

defects at outer diameter d;3. Tapered land 228a may include height hy greater than

height h, of support region 230. Further, tapered edge 240 of tapered land 228a
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[0070] Referring to Figs. 25-27, constraint of substrate 12 nmay be provided
by a hol ding system 660 in addition to, or in |lieu of substrate chuck 14.
General ly, holding system 660 nay engage substrate 12, and by using a
force F, may provide constraint of the substrate 12 during separation of
patterned |layer fromtenplate as descri bed herein. In one enbodi nent,
hol di ng system 660 surrounds substrate 12. In another enbodinent, nultiple

hol di ng systRNBt6RANMERYILR. §t 5B 3-5@5 AGae caB ot a,eUDSs I AhBlelRal O

provide constraint of the substrate 12 during separation of tenplate 18

1 om SUbSkihBiehSuch (et b bl B3R AARo MR b biRad GRNEAG ofipad 068

and body ntact head may provi orce F to constraln substrate

L2 o oo 36 P SEBTI 08, 5 2L A0GR I 39hcel 2L epending on cesi on
o e g SO B e R el ebE R A ISR ARG 70,
o505t LA 1B, S SRl gPL R 0 SPoiBh e W LA T 20,
o8 b LSRN 25 ol Rt ME SRR pLbSpShet ered
it pat Lened Loyl dS (oMeRT FIG, 2) con substrate 12 0073] on

[0066] Referring to Fig. 23, in one embodiment, template chuck 28a may provide

patterning surface 22 of template 18 to conform to single wave shape of substrate 12

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

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

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 for constraining substrate 12 to substrate chuck 14. For
exanpl e, contact head 668 may provide force F to chanfered edge 664 of
substrate 12, as illustrated in FIG 27, to substantially constrain
substrate 12 to substrate chuck 14 during separation as described herein,

[ 0074] Hol di ng system 660 may al so conprise a base 666. Generally, body 669
may be adjustably attached to base 666 to provide radial notion of body 669

about t heygsspNdREfRN®$to FRADAA, FRSUPN9E 56085806 Y5r GESpialkosHuRaED HEO My

provi de di stance between Substrate 12 and contact head 668 for |oading and

unl oadi ng,Qfde \%‘é@ﬁ%r%{é)gorﬁgs e &P Sieniiate! 18Ustd A &e WhvB! Grmafon.in a

first position body e positioned on base 666 such that contact

head 668FHPant?ﬁplja,nth?%%%%dbhmﬁytbg%\g@é ‘gré]s%ui)ée‘&'hilelblwéﬁ%%% bgod b 27, in

a second position ra on o 69 about base 666 may provide

.cont act I t.ed i n f S 12. In
Chs bost PROrRYdibuR Sk 8" BBl R BEIGF K RIRod SO Rk T B

th b b | oad f t. i . Th ti
angeof v Hadobays Premufe BRdie R BN AT DR md dbths embiea  or |
| oadi n d unl padj ng of . substrat 2. For e I tion range of bod
600 nboutina BRBINHe Y wraTon 85 ha pamoadtRRIae Ryh FlpkBsbn 20
Al ternatively, tio body 669, abqu a 66 y exceed necessar
requirenﬁﬁ?§¥¥ﬂgﬁﬁ@%2ﬁ§L Vﬁ%ﬁ?W@“ﬁnﬂﬂﬁ%?géagHa“gpggﬁﬁ§t?aF%nQQKHigéﬂéing on
desi gn consi der atj ons, 0075] As bhody contacts substrate 12, base 666 ma
o ov P e e g atiny brehpeys SofadIagacrey et amay TAGIbstae o 15
during separatiaon as described herein, In one exanple, body 669 may be

adj ust abP§rtigps RinteRIFepA3 dNeBPHRASBIPP IR BERIGIMEY nPHTP FBRE LBE L bout

t he z-axes. For exanpl contact head 668 T@é&@@ coupl ed to base 666 by a

e
vacuum pPéts¥atfed2afitst belirshayld rhggRetadc that e | 4hrougBWRYH POlaRAREY t he

like. [0076]FIG 28 illustrates a flow chart 680 of an exenplary nethod for
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.
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
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

holding system 660 in addition to, or in lieu of substrate chuck 14. Generally, holding
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constraining substrate 12 during separation of tenplate 18 from substrate
12. In a step 682, substrate 12 may be | oaded to system 10. In a step 684,
contact head 668 may be placed in contact with substrate 12. For exanpl e,
surface 670 of contact head 668 may contact chanfered 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 nmay provide force Fc for constraining

body 669sydiénassd eﬁaﬁ%ﬁaweﬂ%ﬁb@m@ dmay b?etﬁsfigj M tfBRel FPIhAY i 518viE OCess.
In a step 692, contact head 668 nmay be separate from substrate 12 by

radi al mpddenin®br P%dé’u&@%bé‘ﬁ’?%ﬁ%%%p%@%n o pattShel 1880 roiHRShpRSad2 MY

be unl oaded from system 10. . An apparatus,” conprising: a vacuum

chuck ad@@éo‘g‘ge& PeRHRPH bnd eRH .t,eholht?ﬁ éﬁ%?@%@%uﬂéé’isﬂgﬁtrﬁ@ euter

| and adapted to support an outer dianete trate, e outer |and
el A e S BNy Ae A0E1ol S20 PR3P O pRL ST, | ono
having a,S566 R RSEIY 1) PSvidd Wnlfsind bf e DMt A0 b0S P YL AN 1
template 18 from substrate 12. '
[0071] Holding system 660 may include a contact head 668 and body 669.
Contact head 668 may provide force F to constrain substrate 12. Contact head 668
may be stationary or adjustable depending on design considerations.
[0072] Contact head 668 may comprise a surface for contacting substrate 12.
Contact head 668 have at least one surface 670 at an angle © relative to body 669
such that surface 670 aligns with a portion of substrate 12. For example, surface
670 at an angle © 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
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
ilustrated 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

distance between substrate 12 and contact head 668 for loading and unloading of
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wherein the first height and the second height are determ ned to provide a
retained substrate in a single wave fornmation and to provide a biasing of
vacuum force towards the outer dianmeter of the substrate. 2. The apparatus
of claiml1, further conprising a tenplate chuck adapted to support an
imprint |lithography tenplate, the tenplate chuck having a plurality of

| ands and t hroughways form ng chanbers. 3. The apparatus of claim 2,

wher ei n glibdtRasi2 o r eRAMBRY, aBNIRMHERS IRIFEESEE an irkthsoditRr bty ddd hagr aphy
tenpl ate and at | east one chanber provides vacuumto the inprint

l'i t hogr as@?otsmemé@t&- bade 6EBEs@PPHAIUSRE H=8l 8B mABEEInNcMEctcharber s

are adapted to provide the inprint |ithography tenplate in a single wave

formati ofypstfate THE RORBLPAS inFlﬁ;%%mn% SWBSEFhBsitibe rI anbelisn ¥ ®oagapt ed

to provide the inprint ogr ap tenplate in a double wave formation.

The appag@gg f‘dBo ‘;tfér%'eiééﬁ ﬂwa%/‘r’}ﬂ;?{}iﬁierbo%ba%t %58%6%6%?05 BchPes &6t distanctns

apparatus of cl fur conprising a holding system provi cﬁ]!cng a force

R S e L LG LA TS

the chanfghgd A9 MR thal 1o QkSH (1 AABLEL Fhnt BFstEHPRS SAbRA in
FIG. 1. The motion range of the body 669 about base 666 generally is no more than
needed for loading and unloading of substrate 12. For example, motion range of
body 669 about base 666 may be on the order of 50 microns to 1 mm. Alternatively,
motion of body 669 about base 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
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
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

perform the imprinting process. In a step 692, contact head 668 may be separated
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9. An apparatus for holding a substrate having a chanfered edge angl ed
relative to its surface, conprising: a holding systemadapted to secure the
chanfered edge of the substrate, the holding system having a body and a
contact head connected to the body and adapted to provide a force to
constrain a substrate at its periphery, the contact head having at | east
one surface positioned at an obtuse angle relative the body such that the

surface abhybsostiatd 12nsl engagestismer ebapfesoesbedgrsofcdshe irs ubsbp &9, t her eby
avoiding interference of the holding systemw th the substrate surface.

10. The apparad us ntfy vd @hivadad frddtd)slent dopri sing a base adj ustably attached
to the body, the base providing radial notion of the body about one or nore
axes. 11The apparatus of claim 10, wherein the notion range of the body
about the base may be between approximately 50 mcrons and 1 mm 12. The
apparatus of claiml1 wherein the first height is greater than the second
hei ght. outer lands. 14. The apparatus of claim 13 wherein the inner |and
further defines a second recess.
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15. The apparatus of claim9 further conprising a substrate chuck adapted
to support the substrate. 16The apparatus of claim 10 wherein the base is
adj ustably attached to the body by a prel oaded air bearing.

CLAIMS

1. An apparatus, comprising:

a vacuum chuck adapted to support a substrate, the vacuum chuck having:

an outer land adapted to support an outer diameter of the substrate, the outer land having
a first height; and,

an inner land spaced apart from the outer land and adapted t-o support an inner diameter
of the substrate, the inner land having a second height less than the first height of the
outer land;

wherein the first height and the second height are determined to provide a retained
substrate in a single wave formation and to provide a biasing of vacuum force towards the

outer diameter of the substrate.

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.
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.

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.
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6. The apparatus of claim 1, wherein the outer land is tapered.

7. The apparatus of claim 1, further comprising a holding system providing a force to

the outer diameter of the substrate.

8. The apparatus of claim 7, wherein the holding system includes a contact head
having a chamfered edge, the chamfered edge contacting the outer diameter of the

substrate.

9. An apparatus for holding a substrate having a chamfered edge angled relative to
its surface, comprising:

a holding system adapted to secure the chamfered edge of the substrate, the holding
system having a body and a contact head connected to the body and adapted to provide
a force o constrain a substrate at its perivphery, the contact head having at least one
surface positioned at an obtuse angle relative the body such that the surface aligns with
and engages the chamfered edge of the sqbstrate thereby avoiding interference of the

holding system with the substrate surface.

10. The apparatus of claim 9, further comprising a base adjustably attached to the

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

11. The apparatus of claim 10, wherein the motion range of the body about the base

may be between approximately 50 microns and 1 mm.

12.  The apparatus of claim 1 wherein the first height is greater than the second height.
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13. The apparatus of claim 1 further comprising a first recess between the inner and

outer lands.
14. The apparatus of claim 13 wherein the inner land further defines a second recess.

15. The apparatus of claim 9 further comprising a substrate chuck adapted to support

the substrate.

16. The apparatus of claim 10 wherein the base is adjustably attached to the body by

a preloaded air bearing.
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