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an array of fluid chanbersy [00021 Nano-fabrication
i nvol ves the fabrication of very small structures,
e.g., having features on the order of nanoneters or
smal ler. One area in which nano- fabrication has had a
si zeabl e inpact is in the processing of integrated
circuits. As the sem conductor processing industry
continues to strive for larger production yields
while increasing the circuits per unit area formed on
a substrate, nano-fabrication becones increasingly
i nportant. Nano-fabrication provides greater process
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Dimensional Variability”; United States patent application publication 2004/0065252

filed as United States patent application 10/264,926, entitled “Method of Forming a
Layer on a Substrate to Facilitate Fabrication of Metrology Standards”; and United
States patent number 6,936,194, entitled “Functional Patterning Material for Imprint
Lithography Processes,” all of which are assigned to the assignee of the present
invention.

[0004] The imprint lithography technique disclosed in each of the
aforementioned United States patent application publications and United States patent
includes formation of a relief pattern in a polymerizable layer and transferring a
pattern corresponding to the relief pattern into an underlying substrate. The substrate

may be positioned upon a stage to obtain a desired position to facilitate patterning
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having a patterne ayer positioned thereon; [0011]

Fi g.[0007} s a sEwmbodimenis of the memngterweémbeﬂwg Erffrenics to the
Fi g. h:.F1g. 5 is atop down view of the

subs raP% chuc shown in Fig. 1, showing a plurality

of dﬂOQ&}ms of Figuhs assyreplified side viewiof d lithographic systan havigtaimold
a plur
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chuck and ubstrate, both shown in Fig. 1 [0015] Fig.
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in 1, with P
showing a plurality of columns of pump systems in fluid communication with a
plurality of fluid chambers of the substrate chuck;
[0013] Fig. 6 is a top down view of the substrate chuck shown in Fig. 1,
showing a plurality of rows of pump systems in fluid communication with a plurality
of fluid chambers of the substrate chuck;
[0014] Fig. 7 is an exploded view of a portion of the substrate chuck and
substrate, both shown in Fig. 1
[0015] Fig. 8 is a flow diagram showing a method of patterning a region of the
substrate shown in Fig. 1,
[0016] Fig. 9 is a side view of the mold and the substrate shown in Fig. 1, with

a shape of the substrate being altered;



a shape of the substrate being altered; WO 2007/126767
PCT/ US2007/ 007487 3 [00171 Fig. 10 is a side view of
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inmprint material shown in Fig. 2; [00181 Figs. 11-13
are top down views show ng the conpression of the
droplets shown in Fig. 2, enploying the altered shape
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patternl ng surface hereon. Further, nesa 20 nay

be rre¢ld peingiparballyseparsted fomthe sybstiatep)0 nmy al so be
referred to as a nanoinprint nold 20. In a further
enbodi nent, tenplate 18 may be substantially absent
of ri822]120. TRefpiriagto Hig. hadysdem A loafonna relipf pastemempgibstrate
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subdiurtheremess. 20%85%@1@0@9 mld 20, itsa 40 3y alsp Befsferied to as
ChuCknad§imptifiRb1a26. HHfktheé@mbodiment, template 18 may be substantially

absent of mold 20. Template 18 and/or mold 20 may be formed from such materials
including, but not limited to, fused-silica, quartz, silicon, organic polymers, siloxane
polymers, borosilicate glass, fluorocarbon polymers, metal, and hardened sapphire.
As shown, patterning surface 22 comprises features defined by a plurality of spaced-
apart recesses 24 and protrusions 26. However, in a further embodiment, patterning
surface 22 may be substantially smooth and/or planar. Pattemning surface 22 may
define an original pattern that forms the basis of a pattern to be formed on

substrate 12. Template 18 may be coupled to a template chuck 28, template chuck 28
being 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



bei ng any chuck including, but not |imted to, vacuum

pi n-type, groove-type, or electronmagnetic, as
woeserhoed in United States patent 6,873,087 epetivkad7/007487

"Hi gh- Precision Oientatiopn Alignnment and Gap Contr ol

Stages for Inprint Lithography WO 2007/ 126767

PCT/ US2007/ 007487 4 Processes" which is incorporated

herein by reference. Further, tenplate chuck 28 my

be coupled to an inprint head 30 to facilitate

novenent of tenplate 18, and therefore, nold 20.
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20. V‘%BI £distance between mold 20 and substrate 12 to define a desired volume

therebetween that is filled by polymeric material 34. More specifically, droplets 36

may ingress and fill recesses 24. The time required for droplets 36 to fill the pattern
defined by patterning surface 22 may be defined as the “fill time” of mold 20. After
the desired volume is filled with polymeric material 34, source 40 produces energy
42, e.g., broadband ultraviolet radiation that causes polymeric material 34 to solidify
and/or cross-link conforming to the shape of a surface 46 of substrate 12 and
patterning surface 22, defining a patterned layer 48 on substrate 12. Patterned layer
48 may comprise a residual layer 50 and a plurality of features shown as protrusions

52 and recessions 54. System 10 may be regulated by a processor 56 that is in data
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and g4 amy include one or nore punps therein.
[0028] Referring to Figs. 4 and 5, each first recess 70 of fluid chambers 68 in
a column a;-as of fluid chambers 68 may be in fluid communication with pump
system 82 via throughway 78. More specifically, first recess 70 of fluid chambers
68d, 68i, and 68n in column a, may be in fluid communication with a pump system
82a via a throughway 78a; first recess 70 of fluid chambers 68a, 68e, 68j, 680, and
68s in column a; may be in fluid communication with a pump system 82b via a
throughway 78b; first recess 70 of fluid chambers 68b, 68f, 68k, 68p, and 68t in
column a3 may be in fluid communication with a pump system 82c via a throughway

78c; first recess 70 of fluid chambers 68¢, 68g, 681, 68q, and 68u in column a4 may be



[0028] Referring to Figs. 4 and 5, each first recess
70 of fluid chanbers 68 in a colum a,-as of fluid
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system 82 via throughway 7& More specifically, first
recess 70 of fluid chanbers 68d, 68i, and 68n in
colum at may be in fluid connunication wWth a punp
system 82a via a throughway 78a; first recess 70 of
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The pressure/vacuum within first chambers 86 and 88 may be established to maintain

the position of substrate 12 to reduce, if not avoid, separation of substrate 12 from
substrate chuck 14 while altering a shape of substrate 12, described further below.
Pump systems 82 and 84 may be in data communication with processor 56, operating
on a computer readable program stored in memory 58 to control pump systems 82 and
84.

[0031] Referring to Figs. 4 and 5, more specifically, pump system 82a
operates to control a pressure/vacuum within first chamber 86 of fluid chambers 68d,

68i, and 68n in column a,;; pump system 88b operates to control a pressure/vacuum



substrate 12 in superinposition therewith define a

second chanber 88. Furthernore, punp system 82
wOBRFAkE§7t 0 control a pressure/vacuum w t hi n pat/852007/007487

chanber 86 and punp system 84 operates to control a

pressure/ vacuum wi t hi n second chanber 88. The
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established to maintain the position of substrate 12

to reduce, if not avoid, separation of substrate 12

from substrate chuck 14 while altering a shape of

substrate 12, described further below. Punp systens

82 awithislirshehpmber 86of fidchambearttfiaceie: oM. o IHBS ol 22;
isﬁ’ rp&ﬁ%:sgét 98c rdtestd e p&&@l@ﬂ}%lﬁmp&/gﬁg iﬂ@é iﬂa‘?ﬁtﬁp% of

to control punp systens 82
[ 003udd ¢hafmbers 6Bl 686 68k, §8p, annd 68tdn solump px pupp systemc 38d| operates to

i R PSR RS ERA S of R AR U 68,

and @3§and 68« ol ashamrea,; andpomp Sysidne B3 eBfplorates ¢o exingrel 4 0

control a, pressur.e/yacyu 2QQ7/.126767 .
T RsSE R B eHaRbe 457 Fiehaists %68, e
chardafmtm £8a, 68e, 68, 680, and 68s in colum a2;

punp tem 88c_operates to.co H}e%ﬂa ressure/ yacuum

Wit Hpﬁ?ﬁi rst Refargto Bigs Grand py JURR SYSIS 84g gperates to

68K, coffBfl.a pRSur&Bhculii Wit/ i¥BorATharbEYIBS SF i@ RhaAtfKers 68a, 68b, and
operates to control a pressure/vacuumw thin first '

charfiein B i PR SYSlewHhBRITaleg conted 8 presuie/vacyyy witgipgecond
68u dhﬁﬁnﬁé}'sﬁ%‘?ﬂéﬂich AP RY GiredBe O/ 68R G AW, §t§n6p system

control a pressure/vacuumw thin first chamber ]
f | ui #c ohemibetosonied a peBare/wejure Sithinsecond|chambes 88 of Bod 21
Ref ClulnBéls 68, 63 Wi, 661,30 66 il BOAHISIIRI StcRBAR oBefAE S control

84a operates't cont rlJressure uum w t
s ec orpressimaivbaumBithih sécbud chamhern88@f fuidThambasH68na idp, 688 684,

inro < _punmp _system 84b [ S 0 E QN o
or o8 1R B o0 BT EER ARG ERR B R Lok yaquum withi
chandseord ch&nber 88 of {8 thanth8ry, 688 168t, B8h6unn rembH2; punp

syst 84c operates to control ressurelyacuym

o B oo onaRekngds Fos %of crhnt ol chambies ¥ Bay haved)

68k, chaddkd lsﬁté‘isﬁﬁmddmhd?@vik/ ho22) pmﬁ@chmxyleddmmei dtatﬁpesbaihed; :

to contro a pressure/ vacuum wi thin seco er

of ftherewith dsproding usght,%e catiog ?Sl@éuﬂescri’ﬁﬁ %@Ffa‘?ﬂ;ﬁ‘*f d\aﬁfe
ad; QBRGNP asHYehtiSRBdAB6veORBE Ak 86coh® caRibefs®6 afld 88 are associated
pressure/ vacuum wi thin second chanber 88 of fluid

chantigh Srstamd seqoad recgsses Wand 72, respertiysly. Todhns endra Ars sxgged
t 0 Rifdf a pditibn of &b 17 by 6L &B&{K@ﬁr@?&gr)ltg)gyﬁabﬂﬁﬁgﬁhd@of the

chucked State associated therewith or X . )
non-areas ok Bt anshseepnd repesseniland |73 ipgpperimposition with the portion of

substrate 12 and a magnitude of the pressure/vacuum within first and second

chambers 86 and 88 in superimposition with the portion of substrate 12. More
specifically, for a portion 90 of substrate 12 in superimposition with a subset of fluid
chambers 68, the force exerted upon portion 90 is a combination of a force F, exerted
upon a sub-portion 92 of portion 90 in superimposition with first recess 70 / first
chamber 86 and a force F, exerted upon a sub-portion 94 of portion 90 in
superimposition with second recess 72 / second chamber 88. As shown, both force F,
and F; are in a direction away from substrate 12. However, forces F, and F, may be

in a direction towards substrate 12. Further, forces F, and F2 may be in opposite



therew th, dependi ng upon the application desired,
descri bed further below. Mre specifically, as
woenbhieged above, first and second chanbers 86p@ndsH87/007487
are associated wth first @and second recesses 70 and
72, respectively. To that end, a force exerted upon a
portion of substrate 12 naybe dependent upon, inter
alia, a magnitude of the areas of first and second
recesses 70 and 72 in superinposition with the portion
of substrate 12 and a magni tude of the
pressure/vacuumw thin first and second chanbers 86
and digctions.sTipdeat endoorceiFo exeried hpantsab-pertion 82 may be defined as
subs%ﬁ&$e 12. More specifically, for a portion 90 of
substrate 12 in superinposition wwth a subset of fluid
chanbers 68, the force exerted upon portion 90 is a
combi nati on oﬁ A Qpce F, exerted wupon a sub(ertion
92 of portion 90™ n éuperrnposrtlon with first'tecess
70 / first chanber 86 and a force F2 exerted upon a

sub-portion 94 of ortlon per| osition with

oo AcB g ar of Bk st 70 APy TEBTesHED G Sk with

f or GitstichamBe? @6;2Ad #16e FFbxertédl upos buboporitoked4 thdy® defined as follows:
substrate 12. However, forces F, and F2 may be in a

di rection towards substrate 12. Further, forces F, and
F2 may be in pzr]n_:pﬁ sktpg WO 2007/ 126767 PCT/ US20Qzy 007487
8 directions. To that end, force F, exerted upon
sub-portion 92 may be deflned as folloms F, At X

P1 (\Jﬂerme{s%e'%red of sééaﬁd &S 7Q£md‘ 1§£he Eﬁgﬁ?e?vazgmﬁ QQO(F ated

is the pressure/vacuun1a5500|ate first chanber
86; wittusetendeharpber 8§ cForees Ky @ﬁFwSpchﬁdtw@\ﬂmcmgb%@ may be

def 'r@ﬁﬁe@ﬁ) cfoﬁ%gnrgr\é\g as thE %léuck’ﬁ% § Fé?(g %)ngvmﬁsrtr?ite%%ué 4t b

area of secon ess pressure u%r
asscobsitaedi2. Wi t h second chanber 88. Forces F, and F2

a ed h fluid.ch e
cor NARRICG, ) BB REEY a o R PR g iy scdeifed i lave
subsdifferirg mﬁdlﬂiémbérs 6® hive diffdring sates t}ib&'.wnﬂ'l%ﬁe%}img upon, inter alia,

Referrin 1 and 4-6, .10 that end, i y..be

s he ety it bripEry Hgplpts 3 oAty a0 gap19 2 e State of
di f fmrsﬂ ang s&cbid Sanmbbe86'vhd &8 dkppRINgpongniepaits, tHerdiredtioalof forces
the spatial_ relationship betmeen droplets 36

subdtiraad £2- Moresperifirally forforcg fpbainesipa dé)‘F°“°F‘|‘?‘§"(‘dSasr‘PBs“ate 12,

S eC ofiyek hAh 86 $s 18 the b8 sﬂépﬁﬂi‘ £bréHXq beink i £8iredtibRawd

direction of forces F, and . More specrfrcally
f or ctbstratenl; figgt rhamaeroﬁ%mth%mmms o§ ffsea Fodeivg 1ma direction

Fi 1 Shwiidasietad, 's&:oh@cﬁa%epi2ﬁ§ e pRisttettard; Ghid foR b€ Fa
F, being in a direction away from
being 1n a direction away from substrate 12, second chamber 88 is in the vacuum

state.

[0035] To that end, as a result of the possibility of first and second chambers
86 and 88 each having two differing states associated therewith, fluid chambers 68
may have one of four combinations associated therewith. Shown below in table 1 are
the four combinations of vacuum/pressure within first and second chamber 86 and 88

and the resulting state of fluid chambers 68.

Combination First Chamber 86 Second Chamber 88 State of Fluid Chamber 68

1 Vacuum Vacuum Chucked

2 Vacuum Pressure Chucked




substrate 12, first chanmber 86 is in the vacuum state;

for force F2 being in a direction towards substrate
w@200788676nd chanber 88 is in the pressure stateCT/@smho7/007487

for force F2 being in a digection away from substrate

12, second chanber 88 is in the vacuum state. [0035]

To that end, as a result of the possibility of first

and second chanbers 86 and 88 each having two

differing states associated therewith, fluid chanbers

68 may have one of four conbinations associ ated

therewith Sho below in table 1 are__the four

conpi natibns' df vaclEHpresshire WYEHIR firgt andhucked

secpnd chanber [86 aneressife and the Pesut t | Ng | StaaiGBuckdd / Bowed

fl ad charmha a0 Conrdat o Ch andka oL Co na
u A= UIluIIUCI \) \v A erUl ||al| Ft | Dl \.AIaIIUCI OV dCbUIIU

Chanber 88 State of Fluid Chan%er 68 1 Vacuum Vacuum
Chucked 2 Vacuum Pressure Chucked WD 2007/ 126767

PCT. / 07/ 0

Pr e sur g Pr eglg1 ﬁ%ﬁrﬁganﬁéﬁl{r&i&g%? g vv’euiigi|rrge a%}g %ﬁchaﬁg%]% and
| n t88chatd the sanzesthté assodidied:tberbwittat Monspeq‘iﬁqaﬁy, imthe fesgcond

f E::Ebe t§06r1vgfsgcha61%8 h€6 18 g} 1Fee vasc:g% s aF\ sé%%rsl cchamtb 8 is in the
co nbjaaﬁﬁn the, ahd asi resiln ﬂbﬁrch&ﬁber 68 han; a dheckedfstatem‘ssnb'mted

and eco rrber 8 t he ac um state, .an
PP AP Gy pur semsaon, SIRGERBR 3p i1 U Preshite sate

as s Qe 8dcBfd cﬂah@élew it b thépreésiiRstatd, and J&a re<att] fidid chamber 68 has a
comnbi nat| on, first chanber 86 is in the pressure state

and noawhirked hamsetatgissociated thereiity essure state, and as
a rqepity, Il uindnCResied @frdt3mbmatisR NSt HA kadhdefbers 86

state associ ated therewith. [0037 In the second and

t hi raad 88 heve thfifiring states pysegiated terewithn Howpverfmdichamberf§das a
88 hay&ed ?tg{cedgéo@ﬁteﬁb hﬁ}e%étha%% BAE the &y S\l dleas A and A, of

However , 8 has a chucked state
as s dotand seconbreesssas70 b 72 is suchdhat fortatgiven prasspreKp grpa given

ar eav%cﬁm ﬁnﬁsﬁéﬁatg with fifsPind38%nd @&%@rsrégc.gﬁ 863 %%cgsp ofa

| S SuUC or a given pressure
v ac Uoree K foaes BcargltFa dsseciatiad ith ge vaaiinssate pfifirsstandisenond 86

and 388 u f far r
2o ohmnpdy ThpREaEEedar find Bhifultsr BB of s Wlidify e
charhané Fﬁﬁsmmbmm the g:remteesntatxi dsfathstandmagnnd chdmbers 86 el 88.

for f the remainin assocj ated .
e a6 ot ftabiggeon renfonef bk E SRS EE Ain the
86 aacuuPBstate and second chamber 88 is in the pressure state.
[0038] For fluid chamber 68 to be in the vacuum state:

| Fi|>|Fa| (3)
and thus, employing equations (1) and (2) mentioned above:
| A1 xKv|>] A2 <Ky | @

and thus the ratio of areas A; and A; of first and second recesses 70 and 72,

respectively, is:

A1l Ar>| Ky /Ky | (5)



To that end, in the second conbi nati on nenti oned
above, first chanber 86 is in the vacuum state and
weespngs7ghanber 88 is in the pressure state. (POB8E2009607487
fluid chanber 68 to be in tipe vacuum state: |F1l>]F2l
(3) and thus, enploying equations (1) and (2)
nmenti oned above: 1A xK, ,I>A2xK | (4) and thus the
ratio of areas A, and A2 of first and second recesses
70 and 72, respectively, is: AI/A2>IKp/K'I. (5) WO
2007/ 126767 PCT/ US2007/ 007487 10 [00391 In the third
conbi nati on nenti oned above, first chanber 86 is in
the pressure state and second chanber 88 is in the

vac tate. . - Ui hﬁ\ﬁ& .

in tE(g'igiacuur%n;[?ea@gag?@%ohﬁen% hq%% 1 ugl ?m@(ﬁ' o % e
enp|pogssurestatg aad seoorsl chimbend8 if @)themapwinostatd. &b thatend| foafluid
X Kv l > 1 A X 1 (7 nd thus the ratio of areas

A, 5}?6‘"%6%1‘6%'? evﬁﬁ‘é’"Lset%%nd recesses 70 and 72,
respectively, is: A /A2<IK'/Kpl. (8) [00401 To that
end, it is apri:arent for fluid chanber 68 to have a e
vacuum st at e | as23bkilated therewith when first and ©
second chanbers 86 and 88 are in differing states,

the areas A and A2 of first and second recesses 70

and apg thus.egiplaying gapations,dly apk(2) mentionedjabove:s o| | ows:

| Kp/ KKI <A, / A2<I Kv/ Kpl. (9) [00411 In an exanple, Kp
may be approxi mately 40 kPa and K' may be

appr oxi mat el yIABOKk?I;aI,AIdhEpkhus, the ratio of @he

areas A, to A2 may be defined as foll ows:

0.5<A / A2<2. (10) [00421 Furthernore, a magnitude of

t he and g thegatygi aflareas A1 andudcbfdinst abbsecergl regsasep do pnd 12he

non- owed state may be varied. Mre
oFRUELER, B

speci " processor 56, operating on a conputer
readabl e program stored in nenory 58, may vary a
A/ A <|K, /Kyl (®)
[0040] To that end, it is apparent for fluid chamber 68 to have a vacuum state

~ associated therewith when first and second chambers 86 and 88 are in differing states,

the areas A; and A; of first and second recesses 70 and 72, respectively, may be

defined as follows:

Ko /Ky | <A /A <KV /K | )
[0041] In an example, K, may be approximately 40 kPa and K, may be
approximately -80 kPa, and thus, the ratio of the areas A, to A, may be defined as
follows:

05<A,/A<2. (10)
[0042] Furthermore, a magnitude of the pressure within a fluid chamber 68

being in the non-chucked/bowed state may be varied. More specifically, processor 56,
operating on a computer readable program stored in memory 58, may vary a

magnitude of the pressure within first and second chambers 86 and 88 via pump



magni t ude of the pressure within first and second
chanbers 86 and 88 via punp WO 2007/ 126767

wh R2eP7/ 007487 11 systens 82 and 88, respeet/iuNsbye07487
as a result of being in elagtrical comunication with
punp systens 82 and 84. [00431 Referring to Figs. 1-3,
as nentioned above, a distance between nold 20 and
substrate 12 is varied such that a desired volune is
defined therebetween that is filled by polyneric
material 34. Furthernore, after solidification,
polynmeric material 34 confornms to the shape of )
sur fspstansif® apfl 88 rospectively, 45a vt qfheing frelengricsligdmppynication with
definin terni | ayer 48 on substrate 12. To that
end,pufnﬁgﬁﬁ%% gljzrr?éldgg' defined between droplets 36 of

mat r00d3pr r ay Réferrinp ér Biga 6, gsxaagiopedabend, 2 diskacgleteesn mold

and/qQr ga ockets. be .such ses i.ncludi but

ot 2Biand g P4 e fary Ceneifitnd 1 forfe BRipfiilen mar
hel ijgifiled Byolaseeis MAGMERN Fatthérinbry, sftct 2olidification, goRMeriay
result from inter alia, Ptlanrit%;f igbs{{}gate.erf
and AN Hconfesms toythe Shie of yulTpce Ao AE sthsiTpte 1 ancpargmipg Surtace
t he 22f ddfhinlipARemiXB MHyE: RS sabaMR. 120 To ik End? th a VOnd 96 defined

time 1s dependent upon, inter alia, the time required

f or betweendroplets3ef matriycasray 38 1hare ag gasge preseit hthegases andor gas
and st k 3itbPORkr, fifoded, carbon dioxide,
eva uategr%%obﬁcwas{blg{ g\/\%gﬁhgﬁ gﬁg@k 12“%1‘%’ ol d0 0 caér?&/ (I)Orxl _e
di sgod beliumt Brerpatep betwicen sphstetd 12 andanokh) wey el fere, inter alia,
| "t % RN s oot 95 bl mofd 20 T8 g, & thy b8 aEHD Riteidl the
a systemof mnimzing, If not preventing, trapping of
gas filtgnseentionsddboe, efimbld 20 sThedilbtimeisalependens aporh inger alia,
bel Qw...[ 0044.1 ferri t.0 Flds. , t

exp s b i T8t B8 bheBerddhe BhitRokes Rl ufhy5 26 Bbia 20
shownd withingagigraingfiiyeadd tp evarhats from teGG;en asbstrgta 2 emiodold 20

above, ol yneric terial . may, b ositiopned.on . .
o obeniar By apRRent pisridos Teipr SRt pgDmgrp material 4.
c Oat'li'd'lgat efifl Qthéthdd and AGYsteR gﬁﬁi’n?hi?ﬁlg(iﬂi&)pxevﬁhjﬁgl ﬁﬁdpini;g of gas
vapqQr deposition PVD) ,._t hi i eposition, thic
fil rRehess §}°k‘1t %ﬂfndéﬁ‘aftff‘%éz Ye .Sc“#’Ffméeq?‘ﬁr t her
e ”bgdl)ﬂ? nt, pREﬁéﬂ‘ﬁl? t6BigE i adll 8 3 mBBYd HFexpélEhd §a0 Beheemsubstrate
nmol d 20. 100451 Referring to Figs. 5, 6, 8 and 9, at
st epl2209 mold 2igshovar Mers seeeifically; ot stopehP0ins manpiened 4bge h
t hatyoRmilis W@l S mehd pRRicRaA NREPstAR 12 bgQrd Wspense, spin-
substrate 12 at a center sub-portion of substrate 12
i s |costing dimgoating; dremirebvager depesitiond CXERrPhyeiFal varpT derpsition
SubspyBh.anth i1 ldcp SR hiAE SRR GEJoGSn, Gha SHIFRE ! BfudRer |1
an exanple, distance d, Is less than a distance d2,
di stembodiment, pelymgr nietetisl 34 may be posstipped of moldd r at e 12.
In t her [ , | v a L

8[06 Rgigg'g\l tgrp{é% 5 E,I'k? aIQi Q%@gﬁﬁl@, a :Heaifci ng}.esubstrate 12

defined at any red-Totatron @ stra
may be altered such that a distance d, defined between mold 20 and substrate 12 ata

center sub-portion of substrate 12 is less than a distance defined between mold 20 and
substrate 12 at remaining portions of substrate 12. In an example, distance d is less
than a distance d,, distance d; being defined at an edge of substrate 12. In a further
embodiment, the distance d; may be defined at any desired location of substrate 12.
The shape of substrate 12 may be altered by controlling a pressure/vacuum within the
plurality of fluid chambers 68. More specifically, fluid chambers 68 in
superimposition with a portion 98 of substrate 12 are in a non-chucked/bowed state to

bow portion 98 of substrate 12 towards mold 20 and away from substrate chuck 14.



The shape of substrate 12 may be altered by

controlling a pressure/vacuumw thin the plurality of
wébdbhﬁizé%@vﬂ”befs 68. Mre specifically, fluid chafP8i7/007487

in superinposition withya portion 98 of substrate

12 are in a non-chucked/ bowed state to bow portion 98

of substrate 12 towards nold 20 and away from

substrate chuck 14. WD 2007/ 126767 PCT/ US2007/ 007487

12 Further, concurrently with fluid chanbers 68 in

superinposition wwth a portion 98 of substrate 12

being in the non-chucked/ bowed state, the remaining

f | uiFsirthéragrineyreen@B with fluih ghemberp 63 int suparimgiosilomwih o ppriian 98 of

99 of . 1. '

subst i p5EhE e REEM NGRS, B Rkl (5 Bhdhocrs o8
to Fh gﬁ).enﬂlpositﬁm vathch ;ﬂott;omw msdmra:ezlz amsin delnckédsae to retain
above wit respect t 1, either inprint head 30,
shoﬁﬁb¥%m9?§PmT$S§F% 3m “or both, may vary distance

dl, [etyepn i n Refgminfto Bgszh t0)aid Bl swﬂepplcmn;ds@escﬁbedmbab with
20 contacts a sub-port dropl 6. shown, a
centeped &bﬁgo%a £t “B?“'ﬁgF‘tﬂ‘ 33’@8*}98'&9%.@ 1 atagﬁﬁg ;%F?@Q“ Jghpy vary
of gt 8l shodk iRFigDY, shéh thiter JuBFBitich agmmarzblcaﬁtm@; sub-portion
nol d 20 contactlng t he remai ni ng dro&lets of droplets

56. OESTEIFE36. A8 SEOTRACHRFT BHBBHPRERTD 2R\FopaTE 3 Bb-Roftion of
ol (iir%ﬁets Syride Q(pﬁ\g ?éma%nq t(ﬁ‘héns%@ n{Md y1iJ cohﬁctirfgr{ﬁé ﬁingﬂmg

portions of nold at end shown "nol

contdzenless of dropiéts 36 o‘é‘P‘EQst I6a ﬁg@e@iﬂa@é@% Ay E%‘I‘Ql’rﬁf modd 20
sho tHhy

oty ot brorfes 16 R A R frapo NG AERADY o Btk . o

liq LSdeE mek20ca0tacts albof droplets 36 associatedawvitiBdolurmnl gpe shownin Fig. 2,
and I

"t PPy csp ity 19 et et Bt At diites condguons
t o pigehi shees @20 d)frpolymlalriu mate%l 34bv&lgelsl Zéd gmilelZB ®éliqui@ Steet 120

i g I8 fﬁﬁﬁg" @T‘% %asdlgﬁ?%g nga ‘ggé G %gpe?:{\ oeg)h gﬁ‘\f%cn n'th gush gases in

may \bﬁmmme\darﬁ@edgégma 123821,28d,288 12802 ®junsa b bkﬁ&én drsplets

aresult, Ili UId interfac nd 12

0 oy T E41BRY on IS EpriRsaECBiouEh MBS At B¢ Mihed to edges
pr eviorh 9288, 1284 i1 286, Aas eésult,mqhidogaus thterfab&ei24d 264 124b m

[ 0047] Referring to Fig -6 and 8, at step gﬁé

s hasenypetonydththe gs stsm reda%es;flﬁmtw&ve%fﬁ’t"@%ag a6¢5an liquid
di stgaggr@ll is further reduced such that the desired
volunme defined between nold 20 and substrate 12

be fl0P47dd by Refeymaite Eigerdrbandd, atntep 196, thejthapy 9fweeptra%é 12 may
ab OV& il Al SR e élgar{c::b 91 is :knrﬂh{pfe@u&g Q6dnfthft el désuerdh/%lume

shape of substrate 12 nmy be altered via fluid
chardséined Bgvden modsha) andishlstratg 12 mayee fidled bypplyinericamaterial 34, as

via g | Ca(il %ﬁon%ﬁ rr%ﬁ?a ﬁ)tﬁ 9, ]l\ﬁoregﬁecﬁﬂgﬁ]y e of substrate 12

speC|1 |one above
may be altered via fluid chambers 68 in combination with decreasing distance d; via

imprint head 30, stage 16, or both. More specifically, as mentioned above, the
magnitude of the pressure within first and second chambers 86 and 88 of fluid
chambers 68 in superimposition with portion 98 of substrate 12, shown in Fig. 9, may
be varied. To that end, as the distance d;, shown in Fig. 9, is decreased, the
magnitude of the pressure within first and second chambers 86 and 88 of fluid
chambers 68 in superimposition with portion 98 of substrate 12, shown in Fig. 9, may
be decreased. As a result of decreasing distance d;, shown in Fig. 9, and decreasing

the aforementioned pressure in first and second chambers 86 and 88 of the fluid



magni t ude of the pressure within first and second
chanbers 86 and 88 of fluid chanbers 68 in

we dReibévpPsi tion with portion 98 of substrate B@rusiemunras?
in Fig. 9, may be varied. 130 that end, as the
di stance d1, shown in Fig. 9, is decreased, t he
magni t ude of the pressure within first and second
chanbers 86 and 88 of fluid chanbers 68 in
superinposition with portion 98 of substrate 12, shown
in Fig. 9, may be decreased. As a result of
decr easi ng d| stance dl, shown |n 9, and o
decr@agbsrs 68 i uPEHTBRASIER With Reiop P%ggwsmtfhl% shown in fig. 9,
Sec o&‘gyrﬁet}@m rial $Pa36t5ar&Bw i dﬁ)fl@ts B3l 44t EbrVi¥eh SR k4L 26RiAn Fig.
PCT/'US2007/ 007487 13 chanbers I n superinposition
wi t h2, spread tobeganedncludeddn pentiguops ﬂugirﬁbm 126, aFﬁl@wngn Fig. 12.
pol y, h &l Fi
Col LDRlahdy Bl i, 39 B LHEF ool s ichifngion ot rasing
| ncI tlhei magmmdc ofthe gmsﬂuse Wikhin ﬂrssilmdezecom ©hamt$rse86cmd 88 of flmd

st ance ma. e fu e
r ed u C bfl’ﬁ Q% ‘“n%’P% sirt]m{,lvI vvtn‘.},%vn parélgrrl gka gf srllxégsuattenyz Qh \Jnl i’@(j, such
of tthet molé 28 sm:eeqmexiﬂy domies inkd contadt widcdroples 36 mmte,s@,th

and 88 of flu nbers 68 in. eri ition
Sl i1 < Pl palysne mh TRl T AP ied thoreghopreads o
t hat batBheél indfhded AT eRIRBIY s}see;t QPE Ss sHowa 16 Bl 85t In ﬂ;ulmer
dropl ets. 36 assom ated w col u s cl ang ‘?

t hat PR the Rregswewaih zfst;fggaeep Ba#P ??of flid

spr eé—lﬁﬁxb&r@ 68 hﬁﬁgemmbdamoy dad pbﬂloﬁ o8 bf Suste Bhas) be]r&@.)ced such

as shown in qu% In a further enbodi nent

pr estigHROTHEnOS; swhsﬁr%t@ 12§ positieonsd dperhsuhtimtechyek !a‘has Sgwafn Fig

fluigh g B@W@ﬁfr&eﬁénuoam%aem ms%béﬂd%amrbs@a{dtsmﬂ%
of substrate 12 may be reduced such that portion 98
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f| rst second c and 88 of fluid chanbers
68 i Iﬂoﬁlper i mBo&mmgm Fi/g?stihaqddﬂtasann b@sceh, intenfares blda and124b
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st epdefiomg pate ayes A& shepdind ig |$ubsequent]y at step 110, mold 20 may
be separated from patterned layer 48.

[0050] Referring to Figs. 1, 8 and 15, as described above, the shape of
substrate 12 may be altered along a first direction. However, in a further
embodiment, the shape of substrate 12 may be altered concurrently in first and second
directions, with the second direction extending orthogonal to the first direction. More
specifically, substrate 12 may be altered such that a center sub-portion of substrate 12
contacts mold 20, and thus, a center sub-portion of droplets 36 contacts mold 20 prior
to the remaining droplets of droplets 36 contacting mold 20, as described above with



respect to Fig. 1, polyneric material 34 may be then
solidified and/or cross-linked, defining patterned

wo 300826467 shown in Fig. 3. Subsequently at stpErddshor/007487
nold 20 may be separated fijom patterned | ayer 48.
[ 00501 Referring to Figs. 1, 8 and 15, as descri bed
above, the shape of substrate 12 nay be altered al ong
a first direction. However, in a further enbodi nent,
the shape of substrate 12 nmay be altered concurrently
in first and second directions, with the second
direction extending orthogonal to the first direction,
Nbr eespsgde Filsi H0aThis causgpdroplats 36 10sprrag aprbtoredupeepniigegys liquid
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. e. seeqsaharabers 86 and 88 rasmeetively, mai be haye ap pEegsurejvacuum created
facuhﬁg?te pushi ng gases in volunme 96 towards edges
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m ni@03¢, if ReferrmgduEigt 16, ir afuphergmbpdigmest, suhsidte chugk 44 may
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def ormafi on of ‘a portion of substrate
ratio of template pattemmg area versus total template area and minimize probability

of structural compromise of template 18, mold 20, substrate 12, and patterned layer
48.

[0052] To that end, as mentioned above, a magnitude of the pressure within
fluid chambers 68 may be varied. To that end, during éeparation of mold 20 from
patterned layer 48, fluid chambers 68 in superimposition with a portion 13 of
substrate 12 may be in the non-chucked/bowed state. As a result, fluid chambers 68
in superimposition with portion 13 of substrate 12 may exert chuck force F, forces F;

-and F;, shown in Fig. 7, in substantially the same direction as the direction of the



facilitates separation of nold 20 from patterned | ayer
48. To that end, it nay be desired to mnimze a
woB@niibdsge of the separation force F, to achi eper/us2007/007487

separation of nold 20 fronspatterned | ayer 48.
M nim zing the magni tude of the separation force FS
may, inter alia, facilitate alignnment between nold 20
and substrate 12, increase a ratio of tenplate
patterning area versus total tenplate area, and
m nimze probability of structural conprom se of
tenplate 18, nold 20, substrate 12, and patterned
| ay separatign fgropE:p AsTgesulicthe magnitude of thaseparmaon s Ferequired to
mag
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hav ena'ﬁytvwatmmm of t tmh wfadilitate dendipgthereefn dn siﬂl a further
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More_ specificall late 18/
D051 P atie GBI E ISR e acapf QERE 1vestpny, Thpilors he scope of the

bendhvgtibhaosaiot Bt IR id Able/ddséiiptionHat HBkdiHould be
descri bed above with respect to substrate 12, To that

end, detegmispd with 1ed9raRse dp o aPReRgedtiams %J%mﬂ)@wlbfrcoae ¥m
to fégg;vgklt,@t e bending thereof. In still a further

I ment, substrate 12 may be altered enploying a
plurallty of actuators in lieu of, or in conbination
W th, substrate chuck 14. [00541 The enbodi nents of
the present invention described above are



exenpl ary. Many changes and nodifications nmay be made
to the disclosure recited above, while remaining
wohdoRiiBs75he scope of the invention. Therefore, p¢t€s2007/007487
scope of the invention shqgld not be limted by the
above description, but instead should be determ ned
wth reference to the appended clains along with their
full scope of equivalents WO 2007/ 126767
PCT/ US2007/ 007487 16 Clains 1. A chucking systemto
hol d a substrate, said system conprising: a chuck body
having first and second opposed sides, said first side
including a fluid chanber, said fluid chanber
conprising first and second gp@ped- apart recesses,
defining first and second spaced-apart support
regions, with said first support region cincturing
sai d sec ﬁﬁ%% econd
rec gs ses %rkqm‘g&gé; %Jem 5 %lgg sﬂﬁﬁ%t?,fsh% gét%g %0 cl ncturing
sai d secanblickbodslmvingifiri amhsedomim:pbsedsldesr, ead firsyside including a
agagp 4 d first and second support regions, wth
sai dyq ¢he ?ecess and a portion of said substrate in
super i npesid flaidRharhthe E@ﬂ\bﬁsmthlaﬁ& Ebgoﬁﬁ s‘phtfeﬂtapﬁk’ﬂ fokseds, defining
and sai d second recess and a porti.on of_ sa

subdirstapd squncg%aﬁrézp aﬁﬁ‘b%‘ipf’?%f? g,rvg spid ﬁigfswmoﬁde%on cincturing
secQpid sedoad Bffport Yegidh and kald fikst Sild seévndip@essed) dn@@idjsecond support

second chanber belng in fluid communication wit
di f Fesemgnaeinecaidsecond Troessy Witk it TUbHTale Teftisg 2ggingt F*H‘i‘ fjrst and
i n salodd khppol iabers. 2. The chucklng system as
recited in cIa|n11 further co |S|n a pressure,

contr oI s¥jthsaithfirss recpssiand & poRomPicard; ssbﬁ Rietim SUPSTIRIPPSItiont
and gﬂdefﬁ t%mmoe?msrasal sefonilh @cés%%&awbﬁlnh 6 afd d
flrst and seco nbers such that one said first
and substratedn &lmnbmsshdnaberamﬁtﬁ!ﬂf ninga seroad SWCL herein
and the (v?tﬂ%!nﬁ 'ﬁpsg ch %%m%rsaﬂfsec%ﬂh Jrﬂbrelsﬂel fﬁlﬁp&’)ﬂ] umcatlon
chanbers 'has a neg at v pressure erein, ere
a giwithm qifferirg searce pfe&adl toecovxﬁmlhl ﬂo“mféluaxf insaid dlud qhambfaﬂd
second chanbers and a negative pressure within the
remai ni ng chanber of said first and second chanbers, a
rati2n of Theckickiag batenesitecitad th dlaimsl, firther aﬁtptbiﬁiﬂg:
recesses i s such th]at sai.d_flui d chanber @tfts a, d
negat i ve 2 PEEES SHRBAI SR I COPmUBCEoD i Fid st apd secon
S UP @hadbs ioldofitiol Wipkddsuséivithinsdidd ifickt 6RPYEEGId. chambeguch that one of

chuckjing s sten1a recited in . claiml1l or 2 further,
i nc |salg|f}%§ aé ﬁﬂcﬂ?daq rp erﬁgxas a positive pressure therein and the remaining

chamber of said first and second chambers has a negative pressure therein, wherein

for a given positive pressure within one of said first and second chambers and a
negative pressure within the remaining chamber of said first and second chambers, a
ratio of an area between said first and second recesses is such that said fluid chamber
exerts a negative force upon a portion of said substrate in superimposition with said

fluid chamber.

3. The chucking system as recited in claim 1 or 2 further including a plurality of
fluid chambers.
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4. The chucking systemas recited in claiml, 2 or 3

wao deohgg7et ncl uding a first and second throughpeyssionr/o07487
pl ace said first and second7chanbers, respectively, in
fluid communication with said pressure contro
system 5. The chucking systemas recited in any of
the preceding clainms wherein said pressure contro
system conprises a plurality of sources of fluid. 6.
The chucking systemas recited in any of the preceding
clainms said system further including an array

fluid c h é(hb@lrlelﬂag sysirgees Teited dvelaianid 206 P fithsr mv\hutlﬁg a fighand

col

cecangprpragihtale b plact M TRL SR o et n i

di ff@numglcsm‘m@ safd rlirbsuum coftro} systénpl ural ity of sources

of fluid to control a flowof fluid in said array of

fluid chanbers. 7. The chucking systemas recited in

cl aisn 6 Whetlaicking aystent ag 18tited irvariyef thepravedisgtlaims vdferein said

said fluid chznbers is in flulﬂ& ﬁnnun ceﬁ n Mﬁth a

comPBFSHE POl gy iepEcompgises aplurality of Jources of fui

recited in claim6 wherein each second chanber in a

rom;of sald flujd chanmbers |s in fluid c ni cati.on
(o cahmehrchngsyrmesEeted s anypf tiepege IRgclais sai syem

r eci fufifkr hxfi:hﬁlhr%' N abrayBEMAE BhaddeR afragell upiwabﬁd cdlfim, with each
colum of said fluid chanbers is _in flui

conrRgtimnafisaid figst chambers and eachgawghsaid %ﬁ"F?Pd chambersarg ffluid
whe r(%'n‘l?mﬁlﬁ.‘iﬁomy glfﬁhﬁé' Rifcel loP fi&id 0P Wl@%luﬁﬁfy%f fsJ)tHfbéa of fluid to
chanbers 1s in id conmunication a second

c onmRontrelja floy @fdl!!ld:'@ sgidfafray pif}jid ehambetsi d first common
fluid source. 10. The chucking systemas recited in

claim6 wherein a fluid chanber of said array of ]
fluid chdimehwking spsterh ecirefitedrin ¢lhien ¢ wherbiniepth firstighember ina

g 232‘% u;']'gn "?;sai? Hufh AofnBrs ?sfla ﬂmdléoﬁm%ni%%@osx %lhaléonnﬂ-&q’luld source.

Stém as reci
including a plurality of throughmays W th each

col u of .sajd.first chamber nd h row,of .
seco %@F‘é‘g ey 2Tt é‘bl a‘f‘ G g‘”ﬁ?’%‘n" iAGr Secid cflamber in a
t hr Q’d@rhiﬁ@é&& flbid chArabees R an fluill coramuication eﬁmmcbonmtmrﬂner sdurce.
in fluid communication with said differing source of
fluid.

9. The chucking system as recited in claim 6 wherein each first chamber in a
column of said fluid chambers is in fluid communication with a first common fluid
source and wherein each second chamber in a row of said fluid chambers is in fluid
communication with a second common fluid source differing from said first common

fluid source.

10.  The chucking system as recited in claim 6 wherein a fluid chamber of said
array of fluid chambers is sealed from the remaining fluid chambers of said array of

fluid chambers.

11.  The chucking system as recited in claim 6 further including a plurality of
throughways, with each column of said first chambers and each row of said second
chambers being coupled to differing throughways to place said first and second

chambers in fluid communication with said differing source of fluid.



