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STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] The U.S. Government has a paid-up license in this
invention and the right in limited circumstances to require
the patent owner to license others on reasonable terms as
provided by the terms of N66001-01-1-8964 and N66001-02-C-
8011 awarded by the Defense Advanced Research Projects

Agency (DARPA).

BACKGROUND OF THE INVENTION

[0003] The field of the invention relates generally to
nano-fabrication of structures. More particularly, the
present invention is directed to a method of separating a
template from a solidified layer disposed on a substrate in

an imprint lithography process.



smal|l structures, e.g., having features on the order
of nano-neters or smaller. One area in which
nano-fabrication has had a sizeable inpact is in the
processing of integrated circuits. As the

sem conduct or processing indystry continues to strive
for | arger production yields ile increasing the
circuits per unit area formed on a substrate,
nano-fabri cati on becones increasingly inportant.
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imprint lithographic processes are described in detail in
numerous publications, such as United States published
patent application 2004/0065976 filed as United States
patent application 10/264,960, entitled, “Method and a Mold
to Arrange Features on a Substrate to Replicate Features
having Minimal Dimensional Variability”; United States
published patent application 2004/0065252 filed as United
States patent application 10/264,926, entitled “Method of
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application 2004/0046271 filed as United States patent
application 10/235,314, entitled “Functional Patterning
Material for Imprint Lithography Processes,” all of which

are assigned to the assignee of the present invention.



di scl osed in each of the aforenmentioned United States
publ i shed patent applications includes formation of a
relief pattern in a polynerizable |ayer and
transferring a pattern corresponding to the relief
pattern into an wunderlying supstrate. To that end, a
tenpl ate is enployed spaced-apart fromthe substrate
with a formable liquid present between the tenpl ate
and the substrate and in contact therewith. The

ljgquidis lidified t orma, solidified,.l ayer .tha
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wth the liquid. The tenplate is separated from the
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is desired to provide inproved separati.o t.echni gues
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solidified layer are then subjected to processes to
transfer, into the substrate, a relief image that
corresponds to the pattern in the solidified layer. During
separation of the template from the solidified layer, the
recorded pattern may be damaged.
[0007] It is desired to provide improved separation
techniques that minimize the damage to the recorded

pattern.

SUMMARY OF THE INVENTION
[0008] The present invention is directed towards a
method of separating a mold, included in a template, from a
layer disposed on a substrate, the method includes, inter
alia, applying a separation force to the template to
separate the template from the layer; and facilitating
localized deformation in the substrate to reduce the

magnitude of separation force require to achieve



forces, damage to the recorded | ayer nmay be m ni m zed.
These enbodi nents and ot hers are described nore fully
bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [0009] Fig. 1
is a cross-sectional view of a tenplate in contact
with an inprinting |ayer, and pyndergoi ng separation
therefromin accordance with the prior art; [0010]

Fig. 2 is a cross-sectional view of a tenplate
under goi ng separation froman inprinting |ayer,

di sposed, upon_.a substrate, | ccordance.with one .
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the; present invention; [0012] Fig. 4 is a

cross-sectional view of a tenplate nobunted to a
tenpl ate holder in accordance with the present

i nvention; [O00BBTEFi BESGRIBTEON yF ddtkn RRAMANGE a waf er
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present invention;

[0011] Fig. 3 is a cross-sectional view of a template
undergoing separation from an imprinting layer, disposed
upon a substrate, in accordance with a second embodiment of
the present invention;

[0012] Fig. 4 is a cross-secticnal view of a template
mounted to a template holder in accordance with the present
invention;

[0013] Fig. 5 is a top down view of a wafer chuck
demonstrating a first embodiment of differing vacuum
sections that may be provided in accordance with the
present invention;

[0014] Fig. 6 is a top down view of a wafer chuck
demonstrating a second embodiment of differing vacuum
sections that may be provided in accordance with the
present invention;

[0015] Fig. 7 is a top down view of a wafer chuck

demonstrating a third embodiment of differing vacuum



[0016] Fig. 8 is a side view of the wafer chuck and
substrate shown in Fig. 3 being subject to a rel ease
schenme in accordance with an alternate enbodi nment;
[0017] Fig. 9 is a top down view of one enbodi nent of
the wafer chuck shown in Fig. 2; [0018] Fig. 10 is a
ct oss-sectional view of the wafer chuck shown in Fig.
9 taken along lines 10-10; [0019] Fig. 11 is a
cross-sectional view of a wafer chuck shown in Fig.
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Prd e afefer@ivgk, shown in Fig. 2, having a
substrate di sposed thereon; [0021] Fig. 13 is a
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BT ot " 4% RrhotpBh BBy 0B oy R B EEH, or
sihgplvdiead dhapkdewowpl an vigw 2showi ng a tenpl ate
having a plurality of air nozzles, aryanged n
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of a tenplate shown in Fig. 16; 6 [0026] Fig. 18 is
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'E%ﬂég{ﬁ%dy %&akhgyw8§egokﬁ§cgiSQQéﬁg in Fig. 2, having a
substrate disposed thereon;

[0021] Fig. 13 is a cross—-sectional view of a template
in contact with an imprinting layer, disposed upon a
subsﬁrate, wherein the substrate is subjected to a pushing
force;

[0022] Fig. 14 is a simplified top down plan view
showing a template having a plurality of air nozzles
arranged locally to exert a pushing force;

[0023] Fig. 15 is a simplified top down plan view
showing a template having a plurality of air nozzles
arranged as an array to exert a pushing force;

[0024] Fig. 16 is a simplified top down plan view
showing a template having a plurality of trenches disposed
therein to facilitate release of air located between a
template and an imprinting layer;

[0025] Fig. 17 is a side view of a template shown in

Fig. 16;



therein to facilitate release of air |ocated between a
tenplate and an inprinting |ayer; and [0027] Fig. 19
is a side down view of the tenplate showmm in Fig. 17.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0028] Referring
to Fig. 1, a tenplate 10 is shown in contact with an
i frprinting | ayer 12. Typically§ tenplate 10 may be
conprised of fused silica and inprinting layer 12 nay
be formed fromany material known in the art.
Exe ary conpositions for inprintin terial 12 are
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mat er.d al .i-ncluding silicon, fused silica, netal or
6théﬁﬁd]ﬁ§terials typically associated with the
manufacture of integrated circuits. Tenplate 10
conprises abBTAIBER NESCRAETIEON Qi (Al ITNYEST IDSat ur es
di sposed thereon, with the plurality of features )
ckﬁé%ﬁ]singRéféﬁﬁ&PélWPyFéﬁ-pEotFu§?%®%aﬁ% Hhdis shown in
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Werei ) dewpi qahly thauatgosphepeosyr&oune a@ Mergdiatles and
E%thods for Imprint Lithography, which is incorporated by
reference. Imprinting layer 12 may be positioned on a
substrate 14, with substrate 14 having a thickness ‘t’
associated therewith. Substrate 14 may be formed from
virtually any material including silicon, fused silica,
metal or compound materials typically associated with the
manufacture of integrated circuits. Template 10 comprises
a surface 16 having a plurality of features disposed
thereon, with the plurality of features comprising a
plurality of protrusions 18 and recessions 20. The
plurality of protrusions 18 and recessions 20 form a
pattern to be transferred into imprinting layer 12, forming
a relief image therein. More specifically, template 10
contacts imprinting layer 12 such that the material of
imprinting layer 12 ingresses into and fills the plurality

of recessions 20 to form imprinting layer 12 with a



and inmprinting layer 12 may be saturated with a gas,
such as helium Tenplate 10 nay be connected to an
inmprint head 11. The inprint head 11 may be adapted
to nove along the X-, Y-, and/or Z-axes, thereby
generating separation force FE5 by noving tenplate 10
along the Z-axis away from substrate 14. To that end,
substrate 14 typically remains in a fixed position
with respect to the Z-axis while inprint head 11

under.goes novenent. [0029] Inprinti | ayer 1 e
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pol yneri zed and cross-linked to form a solidified
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inprinting layer 12. In this manner, the relief inmage
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12 and.the 8 re isthce gﬁ subftrate 14 t0 trainnet.
éﬁ&ﬁﬁg anyng epg S, ermal energy, electromag ic
energy, visible light and the like. The actinic component
employed is known to one skilled in the art and typically
depends on the material from which imprinting layer 12 is
formed.
[0030] Solidification of imprinting layer 12 occurs
after template 10 makes contact therewith and the
imprinting layer 12 fills the plurality of recessions 20.
Thereafter, template 10 is separated from imprinting layer
12. In this manner, the relief image is recorded into
imprinting layer 12 with a pattern corresponding to the
pattern of template 10.
[0031] Separation of template 10 from solidified
imprinting layer 12 is achieved by application of a force
Fs, to template 10. The separation force Fs, 1is of
sufficient magnitude to overcome adhesion forces between

template 10 and solidified imprinting layer 12 and the



bel i eved that deformation of a portion of substrate 14
facilitates separation of tenplate 10 fromsolidified
inmprinting layer 12. Wafer chuck 22 may retain
substrate 14 during separation using any nunber of
wel |l known straining forces, FO, e.g., electrostatic
forces, magnetic forces, vacdm forces and the |ike.
As a result, the direction of separation force Fs is
typically opposite to that of the direction of the

straining force FO. Typicgally,  wafer chuck 22.is .
APOT B Dy T SPRGESS (att AP AIEal A8 OHBuEHE - It 13
abONved Frand/dr £md%xe%sn A expapLasy bopsimétrate 14
lithography systemis sold under the tradenange,
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TSLTGE IR Rt VG O APE TR0 b ST 1Y SETCRG e O
PERSESSE Nthd eQirebt i[R033] theweverinihgi SodesiFad trgpically,
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| sy r i dreduses tFeagyohabidnd yefic@lly results in the
formation of strained region 24 in which substrate 14 is
spaced from wafer chuck 22 a distance d. Strained region
24 is typically generated proximate to a region of
imprinting layer 12 in contact with template 10, referred
to as the processing region.

[0033] However, it is desired to minimize the magnitude
of the separation force Fs necessary to achieve separation
of template 10 and solidified imprinting layer 12. For
example, minimizing the magnitude of the separation force Fg
facilitates alignment processes so that template 10 and
substrate 14 may be properly aligned, as well as allow an
increased ratio of template patterning area versus total
template area. Additionally, minimizing the separation
force Fg necessary to achieve separation of template 10 and

solidified imprinting layer 12 reduces the probability of



structural conprise of tenplate 10, substrate 14, and
solidified inprinting material 12. [0034] Furthernore,
def ormation of substrate 14 creates potential energy
in strained region 24 that is transformed into

ki netic energy upon separation of tenplate 10 from
solidified inprinting | ayer 122 Specifically, after
separation of tenplate 10 fromsolidified inprinting

| ayer 12, the separation force Fs upon substrate 14
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solidified inprinting |layer 12. This_is achieved ,
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problematic, inter alia, alignment between substrate 14 and
template 10.

[0035] Referring to Fig. 2, the present invention
attenuates, if not prevents, the aforementioned deleterious
effects associated with separation of template 10 from
solidified imprinting layer 12. This is achieved by
reducing, for a given substrate 14, template 10, and
solidified imprinting layer 12, the magnitude of the
separation force Fg necessary to achieve separation between
template 10 and solidified imprinting layer 12. To that
end, wafer chuck 122 is configured to control a magnitude
of the strain (deformation) to which substrate 14 is
subjected, particularly during separation. Wafer chuck 122
generates a straining force F. from a plurality of

independently generated forces F; and F,. This facilitates



10 providing a straining force F, that may vary in
direction and magni tude across substrate 14. For
exanpl e, the nagnitude of variable forces F2 may be
substantially less than the magnitude of chucking
forces F1. As a result, when enplate 10 is subjected
to a separation force Fs, chut ing forces F1 nay be
associated with a non-strained region 26 of substrate
14, and variable forces F2 may be associated with

st d 24 .of substrate 14. [0036
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not ed, Separation force
gemertataed by, keepi ngrihblposotcon Bf negnpleatesd@iated with

fixed with respe t he nd nmovi ng substrate
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result fromthe combination of movin nplate 10 and
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invention is discussed wth respect to noving inprint

frvachovEmen tt it anefpbaiating heveéslhl bhghie Zaphlate is
P R A S
trlati ttilb@afidgni aderofhfiokce22 Flshowm H2 mhy Havenay be
SRS B ol ELERe el o0 R0 L oD%, PP ANS ot o
Fatgai ned mmoehwaﬂarbéhuckedzalm@ﬁethetmepsaratlon force
%%b%ggtgg éé%erated by keeping the position of template 10
fixed with respect to the Z-axis and moving substrate 14
along the Z-axis away from template 10 employing stage 23.
Alternatively, the separation force FS may result from the
combination of moving template 10 and substrate 14 in
opposite directions along the Z axis. For purposes of the
present discussion, however, the invention is discussed
with respect to moving imprint head 11 so that template 10
moves along the Z axis away from substrate 14, while
substrate remains fixed with respect to the Z axis.

[0037] It should be noted that the magnitude of forces F;
and F, may have virtually any value desired, so long as
portions of substrate 14 outside of strained region 24 is

retained upon wafer chuck 122 when the same is subjected to

separation force Fs. For example, variable forces F; may



separation force Fs. For exanple, variable forces F2
may 11 have a nagni tude approaching zero. As a result
of the magnitude of variable forces F2 being
substantially less than the magnitude of chucking
forces F1, the magnitude of the separation force F
réquired to separate tenplatelio fromsolidified
inmprinting |ayer 12 nmay be reduced. More

specifically, the magnitude of variable forces F2 are
established to facilitate.strain (de ornatiog} onfﬁh
pOTYS oh DEF U PRPE P R 9s GFEPT mpogi Ei bR W T Kot the
teagh At @idl b rardiegpenserkessepasadin prsdfyeathslly less
referred to as strained region 24. [0038] Referrin
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variabl'e forces F2 may be opposite to the direction
of r o ikl il fFimcc égpRE ndnddc dawens Uk aney we hredieced. More

directio f s rati rce-F T ' e.of, _the
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manner, localized defornation of substrate 14 i :
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I e h 24 vy daremiwal eébrebuek, A rrdd sdey Gt ralyed
not be i ndependent of the presence of separation
fRTLTFL4{0039] As nentioned above, in the present

eppoBd e chusdmg nioreesifl Bungiiomieihold, substahfy
14 upon wafer chuck 122 when subjected to separation
fonee Fc mgvaber auledofCIhes diWettiadit df4 thwehy dhpgblcae
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variable forces F, may be the same, greater or less than a
magnitude of chucking forces F;. In this manner, localized
deformation of substrate 14 is facilitated by variable
forces F; pushing strained region 24 away from wafer chuck
122. This may or may not be independent of the presence of
separation force Fs.

[0039] As mentioned above, in the present example
chucking forces F; function to hold substrate 14 upon wafer
chuck 122 when subjected to separation force Fs. As a
result of the direction of the variable forces F,; being
substantially the same as the direction of the separation
force Fs, the magnitude of the separation forces Fs required
to separate template 10 from solidified imprinting layer 12
may be reduced.

[0040] Furthermore, as a result of variable forces F»

being in a direction substantially the same as the



[0040] Furthernore, as a result of variable forces F2
being in a direction substantially the sane as the 12
direction of separation force Fs, the variable forces
F2 may reduce the inpact, if not avoid collision, of
strained region 24 wth tenplgte 10. More
specifically, second vari abl %forces F2 reduce the
velocity, and thus, the kinetic energy of strained
region 24 as the sanme propagates towards wafer chuck

122, after separation of tenplate 10 fra ol idified
iy TageParatIPR FRFCEnardrt e ARIad FPEGRgnT TaY
24 LTS HO if@sictagairnabtwaleidcbotki d22n, i htittained
undul y conprom sing_the structural integrity of the
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direction of variable forces F2 may "be changed. For
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F2 change direction and are slowy increased to be
cotftfensurate with the magnitude and direction of

Clobddiing  ferees sEbarAeidnl 68 U{:ém%ﬁé*tbétf@tier&[ﬂ R hEied
subjected to a gradient of variable forces F2 that
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magnitude and direction of variable forces F,; may vary
linearly during a period of time such that the magnitude of
variable forces F, having a direction opposite to chucking
forces F; approaches zero. Upon reaching zero variable
forces F, change direction and are slowly increased to be
commensurate with the magnitude and direction of chucking
forces F;. As a result, substrate 14 may be subjected to a
gradient of variable forces F; that slowly decelerate
strained region 24 and gradually increase to fixedly secure
substrate 14 to wafer chuck 122. Therefore, an abrupt
deceleration of substrate 14 in response to contact with
wafer chuck 122, i.e., a collision, may be avoided while
minimizing the force of impact with wafer chuck 122.

[0042] Before separation of template 10 from solidified

imprinting layer 12, the direction of the variable forces F»

may be substantially the opposite as the direction of



[0042] Before separation of tenplate 10 from
solidified inprinting |layer 12, the direction of the
vari able forces F2 my be substantially the opposite
as the direction of 13 separation force F3, as

descri bed above wi th respect Fig. 2. However, upon
separation of tenplate 10 fronrsolidified inprinting
| ayer 12, the direction of variable forces F2 may be
substantially the sane as the direction of separation

force F3, descri bed a ove respect..to
[%ﬁﬁﬁﬁaqﬁﬁpe&Prﬁ %6’F?ﬁs eﬁ?%ﬁg Y 2SS O 4? sEsfect to Fig.
faci IHdwate r tﬂ@o&esébaﬁfbﬁmoﬁfofeﬂ@fh;at@té.m(f rmmIn solidified
i mprinting Iayer 12, tenplate 10 may be sub ed to
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[0044] The tenpl ate chuck includes a body 631 having a

deiretr dl-i z&det l@pwgawﬁyressb“s oty dledersrl gkl dp Fenjunction
ggghed Y mgg})%iégn | beeabe-plab e 03 hant AR che

'Surrou oughmay 633 I's a recess 637 and
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R A
&unkﬁu&@l@gshheseanthabnzeddcﬂambe$ pdtent application
number 10/999,898, filed November 30, 2004, assigned to the
assignee of the present patent application and having
Cherala et al. identified as inventors, which is
incorporated by reference herein.

[0044] The template chuck includes a body 631 having a
centralized throughway 633, one side of which is sealed by
a fused silicate plate 635 and a gasket 636. Surrounding
throughway 633 is a recess 637 and gaskets 638. Properly
positioning template 10 upon body 631 seals throughway 633
forming a chamber, as well as sealing of recess forming a
second chamber surrounding the centralized chamber. The
centralized chamber and the second chamber may each be
provided with a desired pressurization vis-a-vis
passageways 640 and 641, respectively. By evacuating the

second chamber and pressurizing the central chamber, bowing



centralized chanber and the second chanber may each be
provided with a desired pressurization vis-a-vis
passageways 640 and 641, respectively. By evacuating
the second chanber and pressurizing the centra
chanber, bowng 14 force FB ?ﬁy be applied to
tenplate 10 wi t hout renoving sane from body 631
[0045] Referring to Figs. 1, 5 and 6, to vary the
nagnitude and the direction of t he straining force F,
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substantially identical in direction and magnitude.

e nedeiyencesi ze and shape of vacuum sections 30A 30z
gg%%%ﬁry d%Be@gE@teﬂeonwa§§¥e£ﬁ$cﬁaf§§"ﬁéy be %pﬁﬁ%gured to

tironal l'y, e Sl ze and shape of any ‘one o
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shapelity of vacuum sections 30,-30; is defined as providing
one or more chucking forces of common magnitude and
direction., e.g., there may be one straining force, F,
associated with one of discrete vacuum sections 30,-30; or
multiple chucking forces, each of which are substantially
identical in direction and magnitude. The number, size and
shape of vacuum sections 30,-30; may vary dependent upon
several factors. Additionally, the size and shape of any
one of the plurality of vacuum sections 30,-30; may differ
from the remaining vacuum sections of the plurality of
vacuum sections 3OA—3OZ. For example, the size and/or shape
of one or more of the vacuum sections may be commensurate
with the size and/or shape of the region 24. As a result,
each of the plurality of vacuum sections 30,-30; may be
provided with one of a number of shapes, including any

polygonal shape, such as the square shape as shown, as well



of one or nore of the vacuum sections may be

comensurate wth the size and/or shape of the region

24. As aresult, each of the plurality of vacuum
sections 30A 30Z may be provided with one of a nunber

of shapes, including any polxgonal shape, such as the
square shape as shown, as wel F°15 as circul ar shapes
shown as 130 or annul ar shapes shown as 230, in Fig.

6. Additionally, vacuum sections may include any one

or nore aof irregul ar  shapes 3%8, shown in Fig. 7.
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hexagonal vacuum section “430, a rectangular vacuum
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TR s e eudieodcr Bhes JoRcapdiat iy Yedtion
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pTecii9Ton. 30 1% 3de SPPBA AT hEREVER, SEOT VAP yzfie

sfgcddy Ng RS i rasgegkated with ihe 9] wadd tor he
vacuum secti ons 30A-30z so that substrate 14 may be
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SEE S 0 20t P e 20, o9 ed g Hrces,
chucki g did e Fl, mgenes ad echidiyi dHeel nermi riregtvaceaision.
gﬁgtgéng%sf¥%®ﬁ %%%évggﬂ'to vary the straining forces Fc
associated with the plurality of vacuum sections 30,-30z; so
that substrate 14 may be along an axis that extends across
the entire area of substrate 14. To that end, adjacent
rows of said plurality of vacuum sections 30,-30z define a
straining force differential AF.. For example, vacuum
sections 30p, 301, 30, 30y, 30z, 305, 30p, 30y may generate
variable force F;, that is lower than chucking force Fi,
generated by the remaining vacuum sections, 30a, 30s, 30,
30g, 30g, 30¢, 30y, 30k, 30., 30y, 30y, 30g, 30, 30s, 30:, 30y,
30x, and 30y. This would enable substrate 14 to bend about
axis A, which is facilitated by the force differential AFc
being defined between a first row consisting of vacuum

sections 30p, 30:;, 300, 30y and 30z, and a second row

consisting of vacuum sections 30¢, 30y, 30y, 30¢ and 30y,



30E, 30F, 30c, 30H, 30K, 30x, 304, 30N, 304, 30R
30S330T, 30W 30X, and 30y. This would enable
substrate 14 to bend about axis A which is
facilitated by the force differential 4Fc being
defined between a first row cgnsisting of vacuum
séctions 300, 301, 300, 30u and 30Z, and a second row
consi sting of vacuum sections 30c, 30x, 30N, 30T and
30y. 16 [0049] Referring to Figs. 9 and 10, to

p | de wafer_ chucks 1 and/or 222 wth the
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cross-section, each of the plurality of pins 3 an
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pins 32 is shown in fl comuni cation with a common

pasTEyaER)a85 35 hits rind nAsE ngnébesBapyen Rag hexcing substrate
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be i al I'y addressabl e 'such une arfd
dilrentghova yoft yidigiad lgassiviiggt bedébthe oeigho perppmdt imatiany 1

i s, independent of th | ui,d flaw_t hrough. t hr ough S
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achi eMedupe mpoisigionetaeranienof pins 32 in fluid

[0050] Although each of pins 32 is shown in fluid
communication with a common passageway 35, this is not
necessary. Rather, throughway 34 of each of the plurality
of pins 32 may be individually addressable such that the
volume and direction of fluid passing therethrough per unit
time is independent of the fluid flow through throughways
34 associated with the remaining pins 32. This may be
achieved by placing one or more of pins 32 in fluid
communication with a passageway that differs from the
passageways in fluid communication with the remaining pins
32. In a further embodiment, throughways 34 may comprise a
stepped structure. The plurality of pins 34 may be
surrounded by a land 37 upon which substrate 14 rests.
Channels 36 are typically in fluid communication with a

common passageway 39 via aperture 40.



communi cation with a passageway that differs fromthe
passageways in fluid comunication with the remaining
pins 32. In a further enbodi nent, throughways 34 may
conprise a stepped structure. The plurality of pins
34 may be surrounded by a land 37 upon which
substrate 14 rests. Channel s136 are typically in
fluid conmuni cation with a conmon passageway 39 via
aperture 40. 17 [0051] Referring to Figs. 10 and 11,

S rate 14 is_.retained on fer .chuck 122 b .
s'té;bglﬂl ng #&fggrlé,ngg fer afdd ya??urg’ 16 %%%to%g% s
channelest 36 andker chireugbways 8draivitdatoesd,F. generated
passageway 35 is in fluid communication with
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fl i 5 1CREIINELGALLER W, B5a; Pr €8 SET €1 § Oiln SY®IA with a
43. Both of pressure control systens 41 and 43 are
pesated wedérolcensten 61 prdcessPRIAFY hat i jm fluid
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In the presence of the straining force F,, and the
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e fraciing r3ubst nateiddebiswsthstagtiad [y seaj£d.2-11.  Upon
hernetically, by surface 47 resting agai nst pins 32
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36 ,as . esu h f i
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solidified inprintin | a 12 b ted f
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rredu@ighgudsregiet vdeiof substantially sealed, hermetically,

by surface 47 resting against pins 32 and 33. No fluid
flows between throughways 34 and channels 36 as a result of
the seal by surface 47.

[0052] Upon application of separation force Fg, a portion
of surface 47 in superimposition with solidified imprinting
layer 12 becomes separated from pins 32 and/or 33. To
facilitate this separation by reducing a magnitude of
separation force Fs required to achieve the same, pins 32
are disposed throughout the area of wafer chuck 122. The
fluid flowing through throughways 34 is selected so that
variable force F, is less than chucking force F;.

Typically, chucking force F; is generated by operating
pressure control system 43 at full vacuum. When variable
force F, is operated in a pressure state, it is of

sufficient magnitude to generate a pressure of



separation force F5 required to achieve the sanme, pins
32 are disposed throughout the area of wafer chuck
122. The fluid flow ng through throughways 34 is

sel ected so that variable force F2 is |ess than
chucking force F1. Typically, chucking force F1 is
gener at ed by operating pressE?e control system 43 at
full vacuum When variable force F2 is operated in a
pressure state, it is of sufficient magnitude to
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end, a surface 49 of wafer chuck 322 includes a plurality

of apertures 50 and 52 that may be configured to have a
flow of fluid therethrough, the magnitude and direction of
which may be independent of the flow of fluid through the
remaining apertures 50 and 52. Apertures typically have a
3 millimeter pitch and a diameter of 2 millimeters,
sufficient to reduce the probability of bowing of the
portion of substrate 14 in superimposition therewith.
[0054] In the present example, apertures 50 are in fluid
communication with a common passageway 53 and apertures 52
are in fluid communication with a common passageway 55.

The straining force F. generated by fluid flows through one
or more of the plurality of spaced-apart apertures 50 and
52. Before separation, the portion of the plurality of
spaced-apart apertures 50 and 52 may have fluid passing

therethrough at a first flow rate, 0 sccm or greater. Were



portion of substrate 14 in superinposition therewth.
[0054] In the present exanple, apertures 50 are in

fluid comrunication with a conmon passageway 53 and
apertures 52 are in fluid conmunication with a common
passageway 55. The strainingngsrce F, generated by

fluid flows through one or e of the plurality of
spaced- apart apertures 50 and 52. Before separation,

the portion of the plurality of spaced-apart

apertures 5Q and may_have Ui as
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[0055] Referring to Fig. 2, to further assist in

separation of template 10 from imprinting layer 12, the
imprinting layer may be composed of material that produces
a gaseous by-product when exposed to predetermined
wavelengths as disclosed in United States patent number
6,218,316 which is incorporated by reference herein. The
gaseous by-product can produce localized pressure at the
interface between imprinting layer 12 and mold the flat
surface. The localized pressure can facilitate separation
of template 10 from imprinting layer 12. The wavelength of
radiation that facilitates generation of the gaseous by-
product may include such wavelengths as 157 nm, 248 nm, 257
nm and 308 nm, or a combination thereof. After generation
of the gaseous by-product, it is desired to expeditiously

commence separation of template 10 so as to minimize damage



6, 218, 316 which is incorporated by reference herein.
The gaseous by-product can produce |ocalized pressure
at the interface between inprinting |layer 12 and nold
the flat surface. The localized pressure can
facilitate separation of tenplate 10 frominprinting
| ayer 12. The wavel ength of 2di ation that
facilitates generation of the gaseous by- product nay
i ncl ude such wavel engths as 157 nm 248 nm 257 nm
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i imgdintding llayer 12.. [ 0056] Referring to Fig. 13 to

f r assj i.n_ separation.,of t ate 10 fr.om
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atdrargeq hecaityctas shove a mftartibh oppoadten to
separation force Fg; thereby the magnitude of the separation
force Fg required to achieve separation may be reduced. The
pushing force Fp may be applied by a plurality of air
nozzles 62 arranged locally, as shown in Fig. 14, or as an
array 162, as shown in Fig. 15. The gas employed within
the plurality of air nozzles includes, but is not limited
to, nitrogen (Nz). The pushing force F, may be applied
independent or in conjunction with varying the straining
force F., as discussed above with respect to Figs. 2-12.
[0057] Referring to Figs. 2, 16, and 17 to further
assist in separation of template 10 from imprinting layer
12, template 10 may comprises a plurality of trenches 38 to
decrease the vacuum sealing effect between template 10 and
imprinting layer 12. Trenches 66 facilitate release of air

positioned between template 10 and imprinting layer 12 when



array 162, as shown in Fig. 15. The gas enpl oyed
within the plurality of air nozzles includes, but is
not limted to, nitrogen (N2) . The pushing force Fp
may be applied independent or in conjunction with
varying the straining force as di scussed above
with respect to Figs. 2-12. {bOS Referring to Figs.
2, 16, and 17 to further assist |n separation of
tenplate 10 fron1inprinting | ayer 12, tenplate 10 may
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with reference to the above description, but instead should
be determined with reference to the appended claims along

with their full scope of equivalents.



Cainms: 1. A nethod of separating a nold, included in
a tenplate, froma |ayer disposed on a substrate,
said nmethod conprising: applying a separation force to
said tenplate to separate said tenplate fromsaid
| ayer; and facilitating Iocsilzed deformation in said
substrate, wherein facilit further includes
applying a positive pressure to first regions of said
(HéM? trate and applying a vacuumto second regi ons of
sald substrate such that said vacuum constrains said
substrate in second reglons of said substrate as said

p05|t|v ssure deforns firs gi ons, of s
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frJn?%Hdgg)gér??ﬁa aim1l wherein facilitating further
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sube‘.amlatabng rioeahzeg| deuformatmpenl amdssmbsbnate wivhereii facilitating
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erein sail to said ayer by an
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appl e tion for Wit h | (o}
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| ayer di sposed on a substrate, said nethod

conprising: 23 applying a separation force to said
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ing,a vacuumto said substrate at a plurality of
W'@ﬁ%&é og?)‘art regi ons, a subset of which has a vacuum

associated therewith that is | ess than the vacuum

assomated Wi th the rengining. regigns, of sai )

Io| url&ei me thed %splg%:ggd in claim 1 %/he n?aglltaImg <?urﬁuar includes said
facilitating localized deformation of said substrate in a region in superimposition
with said mold while avoiding deformation of areas of said substrate outside of

said region.

5. The method as recited in claim 1 wherein said mold is adhered to said
layer by an adhesion force with applying further including applying said

separation force with a magnitude to overcome said adhesion force.

6. A method of separating a mold, included in a template, from a layer

disposed on a substrate, said method comprising:



apart regions. 7. The nmethod as recited in claim1l
wherein facilitating further includes applying a
pushing force directed agai nst said substrate to nove
said substrate away fromsaid tenplate. 8. A nethod
of separating a nold, incluged in a tenplate, froma
° layer disposed on a substréatfe, said method
conprising applying a separation force to said
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regi ons Ot oA d sU ate 1n I rectton.
apmﬁnbgmnas recited in claim8 wherein generating

further includes facilitating |localized deformtion

of said substrate in a region in superinposition wth
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‘substrate outside of said region. 10. A nethod

appbfng atmﬁs@lrw foscaidirested \against said subsirate &0 Wé%@l supstrate
n adhesion force, which is disposed on
am%)Jf?%S” %\tlad met hod conprising: 24 applying a
separati on force havi ng a nagni tude associ ate

therevvlt t sai d.t enpl ate, . and aeneragi
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separati on force, wherein gener at | ng[ further includes
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asscﬁamlaamg vlmahzeu edeformativmdgn r eqjil osigbsifateawtnerein facilitating

ur.a aced rt ' . . t .
roffugt ek 2o RAREE HorliPR rad e S0 Tusebuic B sdl afPupte. i
supetifpBsition with sald mold, and applying a vacuum to second regions of said
substrate outside of said first regions such that said vacuum constrains said
substrate in second regions of said substrate as said positive pressure deforms

first regions of said substrate in a first direction.

9. The method as recited in claim 8 wherein generating further includes
facilitating localized deformation of said substrate in a region in superimposition
with said mold while avoiding deformation of areas of said substrate outside of

said region.

10. A method of separating a mold, included in a template, adhered to a layer,
with an adhesion force, which is disposed on a substrate, said method

comprising:



wi th an adhesion force, which is disposed on a

substrate, said nmethod conprising: applying a

separation force, having a nmagnitude associ at ed

therewith, to said tenplate; and generating

sufficient localized defor ion in said substrate to
°facilitate overconi ng sai d dhesion force with said

separation force, wherein generating further includes
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12. The method as recited in claim 10 wherein facilitating further includes

generating localized deformation in response to said separation force.

13. A method of separating a mold, included in a template, adhered to a layer,
with an adhesion force, which is disposed on a substrate, said method
comprising:

applying a separation force, having a magnitude associated therewith, to
said template; and

generating sufficient localized deformation in said substrate to facilitate

overcoming said adhesion force with said separation force, wherein generating



conprising: applying a separation force, having a
magni t ude associ ated therewith, to said tenplate; and
generating sufficient |ocalized deformation in said
substrate to facilitate overcom ng said adhesion
force with said separation % rce; and applying a

° pushing force directed agai gt said substrate to nove
said substrate away fromsaid tenplate, wherein
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préSRir®@s&forms first regions of said substrate in a first direction; and

applying a pushing force directed against said substrate to move said
substrate away from said template.

14. The method as recited in claim 13 wherein pushing further includes
directing a flow of gas against regions of said substrate outside of a zone of said

substrate in superimposition with said mold.

15. A method of separating a mold, included in a template, adhered to a layer,
with an adhesion force, which is disposed on a substrate, said method
comprising:

applying a separation force, having a magnitude associated therewith, to
said template; and

generating sufficient localized deformation in said substrate to facilitate
overcoming said adhesion force with said separation force; and

applying a pushing force directed against said substrate to move said
substrate away from said template, wherein generating further includes applying
a vacuum to said substrate ‘at a plurality of spaced-apart regions, a subset of
which has a vacuum associated therewith that is less than the vacuum

associated with the remaining regions of said plurality of spaced-apart regions.



