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31, 2005, entitled "Chucking System for Nano-Mnufacturing," nam ng
inventors Daniel A Babbs, Byung-Jin Choi and Anshuman Cheral a; and a
divisional patent application of U S. patent application Ser. No.

11/108, 208, filed April 18, 2005 entitled "Methods of Separating a Ml d
froma Solidified Layer Di sposed on a Substrate,” nam ng inventors

Byung-Ji n Choi, Anshuman Cheral a, Yeong-jun Choi, Mario J. Meissl, Sidlgata

V. Sreenivasan, No | i aom ng Lu.
STATEMENT REGARDI m&%%%&mﬁéwm [ 0002] The
U.S. Governnent has a paid-up A cWAFERCHMGEKi nvention and the right in
limted circunstances to require the patent owner to |icense others on

reasonabl e terns as preRPiSdeREIBRENGFe TO A THF ARBBUTIONS 1- 8964 and
N66001- 02- C-8011 awarded by the Defense Advanced Research Projects Agency

(IJARPAQ- QAGKE¥KJJNE)ﬁg% E%ﬂ%eh%“&@ﬂIh@lﬂion is a divisional patent
application of U.S. patent application Ser. No. 11/047,428, filed
January 31, 2005, entitled “Chucking System for Nano-Manufacturing,”
naming inventors Daniel A. Babbs, Byung-Jin Choi and Anshuman
Cherala; and a divisional patent application of U.S. patent
application Ser. No. 11/108,208, filed April 18, 2005 entitled
"Methods of Separating a Mold from a Solidified Layer Disposed on a
Substrate, " naming inventors Byung-Jin Choi, Anshuman Cherala,
Yeong-jun Choi, Mario J. Meissl, Sidlgata V. Sreenivasan, Norman E.

Schumaker, Ian M. McMackin and Xiaoming Lu.

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 retaining a substrate to a wafer chuck
for use in imprint lithography processes.

[0004] Nano-fabrication involves the fabrication of very small
structures, e.g., having features on the order of nano-meters or
smaller. One area in which nano-fabrication has had a sizeable
impact is in the processing of integrated circuits. As the
semiconductor processing industry continues to strive for larger

production yields while increasing the circuits per unit area formed



[ 0003] The field of the invention relates generally to nano- fabrication of
structures. More particularly, the present invention is directed to a

met hod of retaining a substrate to a wafer chuck for use in inprint

| i t hography processes. [0004] Nano-fabrication involves the fabrication of
very small 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.2 As the sem conduct or processing

i ndustry continues to strive for |arger production yields while increasing
the circuits per unit area forned 2 on a substrate, nano-fabrication
becones increasingly |nFortant, Nanpo-f abri cati on pro i des ? eater process
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pat ent appll,cal .an, 200410065252, il 2d a3 HnScoRALestiaPRbiLaLianaSer . No.
10/ 264, 92 entitled thod of Formn n a Substrate to

Facilitaté- ﬁab‘?‘ibééﬁlilei?npfb‘fe%f‘?%%@?l@t g%%(#)agw”aﬁal%} & YdhI REHBY pat ent
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L|thograp rocesses whi are ‘assigned to the assignee of the
present @ﬁ??ﬁﬁalPGUBGT#HéYfuﬁhénéﬁPéFSW%bP?H¥mlWﬁﬂéﬁ?ﬁﬁﬁy t echni que

di scl osed 2004/0065252 filed as U.S. patent application Ser. No. 10/264, 926,
entitled “Method of Forming a Layer on a Substrate to Facilitate
Fabrication of Metrology Standards”; and U.S. published patent
application 2004/0046271 filed as U.S. patent application Ser. No.
10/235,314, entitled “Functional Patterning Material for Imprint
Lithography Processes,” all of which are assigned to the assignee of
the present invention.

[0006] The fundamental imprint lithography technique disclosed
in each of the aforementioned U.S. published patent applications
includes formation of a relief pattern in a polymerizable layer and
transferring a pattern corresponding to the relief pattern into an
underlying substrate. To that end, a template is employed spaced-
apart from the substrate with a formable liquid present between the
template and the substrate. The liquid is solidified to form a
solidified layer that has a pattern recorded therein that is
conforming to a shape of the surface of the template in contact with
the liquid. The template is separated from the solidified layer
such that the template and the substrate are spaced-apart. The
substrate and the 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 there is a

probability that the substrate, pattern record in the solidified



in each of the aforenentioned U. S. published patent applications includes
formation of a relief pattern in a polynerizable |ayer and transferring a
pattern corresponding to the relief pattern into an underlying substrate.
To that end, a tenplate is enployed spaced-apart fromthe substrate with a
formable liquid present between the tenplate and the substrate. The liquid
is solidified to forma solidified |ayer that has a pattern recorded
therein thate is conformng to a shape »f the surface of the tenplate in
contact with the liquid. The tenplate is separated fromthe solidified

| ayer such that the tenplate and the substrate are spaced-apart. The
substrate and the solidified |ayer are then subj ect ed to processes to
transfer, 2HeH IHEOS (8L FRLEI TiE E2YET "R hEGeTHIE CBFr ES FORdE¥ 8  t he
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waf er chuck. SUMVARY OF THE | NVENTI ON [ 0008] The present invention is
directed towards a method of sh@taknbhgud SHBStfAte to a wafer chuck. The
nmet hod features accelerating a portion of the substrate to % t he waf er
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descri bed ypee Ly bel oy, BRLEE DESCRUEL ON (5. THE DRANMGSL0009] Fig. 1

isS a Cross- sectlonal Vi ew of ate in
with the wafer chuck is great y reduced, which is believed to reduce

the probability that the structural integrity of the substrate, and
‘layers on the substrate and/or the wafer chuck are damaged. These

embodiments and others are described more fully below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Fig. 1 is a cross-sectional view of a template in
contact with an imprinting layer, disposed upon a substrate in
accordance with the prior art;

[0010] Fig. 2 is a cross-sectional view of a template
undergoing separation from an imprinting layer, disposed upon a
substrate, in accordance with one embodiment of the 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-sectional 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;



contact with an inprinting layer, disposed upon a substrate in accordance
with the prior art; [0010]Fig. 2 is a cross-sectional view of a tenplate
undergoi ng separation froman inprinting |ayer, disposed upon a substrate,
in accordance with one enbodi nent of the present invention; [0011]Fig. 3 is
a cross-sectional view of a tenplate undergoing separation from an
inprinting |layer, disposed upon a substrate, in accordance with a second
enbodi ment of the present invention; [P012]Fig. 4 is a cross-sectional view
of a tenplate nounted to a tenplate holder in accordance with the present
invention; [O0013]Fig. 5is a top down view of a wafer chuck denonstrating
a first enbodi nent of differing vacuum sections that nmay be provided in
accordancelORitth t he ]f)irgesénits F‘n‘%fé)nij‘dfh;Vie‘ﬂ 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 sections that may be provided
in accordance with the present invention;

[0016] Fig. 8 is a side view of the wafer chuck and substrate
shown in Fig. 3 being subject to a release scheme in accordance with
an alternate embodiment;

[0017] Fig. 9 is a top down view of one embodiment of the wafer
chuck shown in Fig. 2;

[0018] Fig. 10 is a cross-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. 10 having a substrate disposed thereon;

[0020] Fig. 12 is a cross-sectional view of a second embodiment
of the wafer chuck, shown 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 substrate, 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;
[0026] Fig. 18 is a simplified top plan down view showing a

template having a plurality of holes disposed therein to facilitate



[0014]Fig. 6 is a top down view of a wafer chuck denonstrating a second
enbodi ment 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 denonstrating a third enbodi nent of differing vacuum sections that
may be provided in accordance with the present invention; [0016]Fig. 8 is a
side view of the wafer chuck and substrate shown in Fig. 3 being subject to
a rel ease schene in accordance with arg alternate enmbodinent; [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 cross-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 Shovﬁ?lease of air located bétweé&n a template and an imprinting layer;

and
[0027] Fig. 19 is a side down view of the template shown in
Fig. 17.
DETAILED DESCRIPTION OF THE INVENTION
[0028] Referring to Fig. 1, a template 10 is shown in contact

with an imprinting layer 12. Typically, template 10 may be
comprised of fused silica and imprinting layer 12 may be formed from
any material known in the art. Exemplary compositions for
imprinting material 12 are disclosed in U.S. patent application
number 10/763,885, filed January 24, 2003, entitled Materials and
Methods 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 contiguous structure across surface 16 of
template 10, wherein typically the atmosphere surrounding template
10 and imprinting layer 12 may be saturated with helium. Template
10 may be connected to an imprint head 11. The imprint head 11 may
be adapted to move along the X-, Y-, and/or Z-axes, thereby
generating separation force Fs by moving template 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 imprint

head 11 undergoes movement.



in Fig. 10 having a substrate di sposed thereon; [0020]Fig. 12 is a
cross-sectional view of a second enbodi ment of the wafer chuck, shown in
Fig. 2, having a substrate disposed thereon; [0021]Fig. 13 is a
cross-sectional view of a tenplate in contact with an inprinting |ayer,

di sposed upon a substrate, wherein the substrate is subjected to a pushing
force; [0022]Fig. 14 is a sinplified top down plan view showing a tenplate
having a plurality of air nozzles arranged locally to exert a pushing
force; [0023]Fig. 15 is a sinplified top down plan view showing a tenplate
having a plurality of air nozzles arranged as an array to exert a pushing

force; [0024]Fig. 16 is a lified top down plan vi eM/shOMAn a tenplate
havi ng a dl%%%l ity &F“Pﬁrétﬁ@ﬁe G spo ey k1Eer1§i”é‘i‘er?1 £6°% AcPP9rat e 35 t€ase of
air | ocat e@tbetareencra thetipihat es:@pdednoi aprachtiing cbrageeent, the same is

polymerized and cross-linked to form a solidified material. The
actinic component may include ultraviolet wavelengths, thermal
energy, electromagnetic 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 F,, is of sufficient magnitude to overcome
adhesion forces between template 10 and solidified imprinting layer
12 and the resistance of substrate 14 to strain (deformation). It
is believed that deformation of a portion of substrate 14
facilitates separation.of template 10 from solidified imprinting
layer 12. Wafer chuck 22 may retain substrate 14 during separation
using any number of well known straining forces, F¢, e.9.,
electrostatic forces, magnetic forces, vacuum forces and the like.
As a result, the direction of separation force Fy is typically
opposite to that of the direction of the straining force Fe.
Typically, wafer chuck 22 is supported by a stage 23 that
facilitates movement along X, Y and/or Z axes. An exemplary imprint
lithography system is sold under the tradename IMPRIO™ 100
available from Molecular Imprints, Inc. of Austin, Texas.

[0032]} As shown in Fig. 1, a magnitude of the strain
(deformation) of substrate 14 is a function of the separation force
F, applied and typically 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



[0025]Fig. 17 is a side view of a tenplate shown in Fig. 16; [0026]Fig. 18
is asinplified top plan down view showing a tenplate having a plurality of
hol es di sposed therein to facilitate S release of air |ocated between a
tenplate and an inprinting |layer; and [0027]Fig. 19 is a side down view of
the tenplate shown in Fig. 17. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[0028] Referring to Fig. 1, a tenplate 10 is shown in contact wth an
inprinting layer 12. Typically, tenplate 10 nay be conprised of fused
silica and inprinting layer 12 may be fornmed fromany material known in the
art. Exenplary conpositions for inprinting material 12 are disclosed in
U.S. patent application nunber 10/763,885, filed January 24, 2003, entitled
Mat er i al s JERELNEREOERYSFol2 FAPFITECE i 'EhBgraBhyte Whi che§r?%58rifoF5‘f ed by

ref er ence.prbBpsdinti ngyibayer 12 nmay be positioned on a substrate 14, with
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maybesat te th helium . Tenpl ate t
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typlcally kinetic energy upon separation of template 10 from solidified
imprinting layer 12. Specifically, after separation of template 10
from solidified imprinting layer 12, the separation force F; upon
substrate 14 approaches zero. The straining force F; and the
elasticity of the material from which substrate 14 is formed causes
strained region 24 to accelerate toward chuck 22, such that strained
region 24 typically collides with wafer chuck 22. It is believed
that the collision of strained region 24 with wafer chuck 22 has the
deleterious effect of compromising the structural integrity of
substrate 14 and the solidified imprinting layer 12 formed thereon.
This makes 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 Fs 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.



remains in a fixed position with respect to the Z-axis while inprint head
11 undergoes novenent. 6 [0029]Inprinting layer 12 may be fornmed froma
photo-sensitive nmaterial such that when exposed to an actinic conponent,
the sane is polynerized and cross-linked to forma solidified material. The
actinic conponent may include ultraviolet wavel engths, thernmal energy,

el ectromagnetic energy, visible light and the |like. The actinic conponent
enpl oyed is cknown to one skilled in the art and typically depends on the
material fromwhich inprinting layer 12 is forned. [0030] Solidification of
inprinting |ayer 12 occurs after tenplate 10 makes contact theremﬁth and
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above with respect to Fig. 1. Additionally, wafer chuck 122, shown
in Fig. 2, may be supported by a stage 23, as discussed above with
respect to Fig. 1. It should be noted, however, that separation
force Fg may be generated by keeping the position of template 10
fixed with respect to the Z-axis and moving substrate 14 along the
7-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 2
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
¥, 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 F;. For
example, variable forces F, may have a magnitude approaching zero.
As a result of the magnitude of variable forces F, being
substantially less than the magnitude of chucking forces F,, the
magnitude of the separation force Fy; required to separate template
10 from solidified imprinting layer 12 may be reduced. More

specifically, the magnitude of variable forces F, are established to



(deformation) of substrate 14 is a function of the separation force F5
applied and typically results in the formation of strained region 24 in

whi ch substrate 14 is spaced fromwafer chuck 22 a distance d. Strained
region 24 is typically generated proximate to a region of 7 inprinting

| ayer 12 in contact with tenplate 10, referred to as the processing region.
[ 0033] However, it is desired to mnimze the nagnitude of the separation
force Fs necessary to achi eve separation of tenplate 10 and solidified
inmprinting |ayer 12. For exanple, mnimzing the magnitude of the
separation force F, facilitates alignnent processes so that tenplate 10 and
substrate 14 may be properly aligned, as well as allow an |ncreased ratio
of tenpl at’@ phtteérnitig ar €& B IS L Sfaf ROEHDIACE SFPE5°Aadi tnal Iy,
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structural rrBrlseo enpl a 10, substrate 14, and . solidified inprinting
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t hat strarlﬁea %eéﬂ %nﬁaf%ﬂ&h%l cally col |fdecs W th WafteFL chuckJr 22. 1t is

bel i eved tivaelizre é%ffqrrngmﬁl 8f TPPEFHEd f dgi 67C 24 8k Th PhatEtifuck 22 has
t he del et efdrous E@fﬁxﬁs&ﬁn@fst@@ﬁw’m%@oﬁlgwt h@agt froat warfal cntcggtia.y of

substrate .14 and the,solLdif '%ﬁp@%g&t bRG Ay Rlscl2, far BEsl Lheseon. This

makes prob ematic, inter alla i gnnment between substrate 14 and tenpl ate
10. [0035]RRefer¥sing to Fig. 2, the present invention attenuates, if not
prevents, tdegoanf or enmtnbﬂtfhﬁ:ﬁededh@tveri@u%efpfresérs: assglieatiedkwig h separation

of tenpl atgrlgsfg%ﬂ 3L el d TIALLDG o BYST A2er TS, o, agReved by

r educi ng, di ven SUbstr at 0, solidified inprinting
| ayer 12, sdvdeqtmynie lﬁf@aé'?tﬂioﬁef%féﬁanat |%’fn af 6?%9&tF°f ﬁé‘ée%]sréﬁl‘{”ooﬁchl eve
separati OntrQewﬁ%m& erpkat &, 18 iagds 8k hehi ifal @ tdnepsdmt bagHeaytetect2on To t hat

end. waf er, Lhiick, 122,18, CONMI.OpT et 0.60N18! o A MBUULLAR 0l cdigeStrain
(deformatlon) to WAT T strasé IS sulecteé particularly during
serxaratl onEs required to separate template 10 from SOlldlfled imprinting layer

12 may be reduced.

[0040] Furthermore, as a result of variable forces F, being in
a direction substantially the same as the direction of separation
force F,, the variable forces F, may reduce the impact, if not avoid
collision, of strained region 24 with template 10. More
specifically, second variable forces F, reduce the velocity, and
thus, the kinetic energy of strained region 24 as the same
propagates towards wafer chuck 122, after separation of template 10
from solidified imprinting layer :12. In this manner, strained
region 24 comes to rest against wafer chuck 122 without unduly
compromising the structural integrity of the same.

[0041] After separation of template 10 from solidified
imprinting layer 12, the magnitude and direction of variable forces
F, may be changed. For example, variable forces F, may be provided
to have the same magnitude and direction as chucking forces Fi,

Further, the change in magnitude and direction of variable forces F;



8 Wafer chuck 122 generates a straining force F, froma plurality of

i ndependently generated forces F1 and F2. This facilitates providing a
straining force F, that may vary in direction and magni t ude across
substrate 14. For exanple, the magnitude of variable forces F2 may be
substantially | ess than the magni tude of chucking forces Fl. As a result,
when tenplate 10 is subjected to a separation force F,, chucking forces F1
may be associ ated with a non-strai nedipegi on 26 of substrate 14, and

vari able forces F2 nay be associated with strained region 24 of substrate
14. [0036]In this exanple, forces F1 and F2 are both along directions
substantially opposite to the direction of the separatjon force Fs,

Separ at | orfa o EESfEYY ERrdRh ST BEEP DY roTenstit g ahR HEPThti %o head 11
to whi ch twaph@ie rosceaonnactad, aasi rdbscusspebsdbevie whtdkingspecestta Fig. 1.

Addi ti onal | fer,shuck, 122, . shoun 4.0 Rl o2 WBY-RersURRQYL ed by a stage
23, as di S jé;%ae egb%e\%gwitph r%%apec%{@tzg ;Ifi gzﬁli eIt schoulzd bge)rqu?ot ed, however,
t Ed Yy

t hat separdfPeniororedk aF8 TRy HeGErRTeA CREERFHF FehE PokPt i on of
tenpl ate IRghixed wid kirespestot ehtdiang- txdicesand meviengssiibstrate 14 al ong

the Z-axi Ssu \s,;\@yatfer gjn&nt‘é‘agnyé %L?%G’I&eSWJ %ylgpagh%}l@g)% 2§ria}'§‘hé eﬂfo_rlle-éé- VE?' y, the

separation torce F resu fromthe conbination of noving tenplate 10
and subst rigee dWvily dEpbIIAtE Hitedeed G &ﬁgart%ér?d“é‘%%.lnlgﬁ?asﬁuiggoses of
t he presemntixdiBEYssian subwaveryd thevdfay ertuicenidzs ditscussed shth respect to

moving inprint head 11 so thaf .t Le | gs.along.the Z;axis away from
substrate afi?p%dgfglesrﬁtt)gcfnr é)?e;l?besﬁa%]lnég 1?i %géggmyt hér espegt to %h‘e Z axi s.
[0037] It sheéar Eyek ned! that 2 1498 L R t te PBf 2 Pofed e EL® BV EF *haAy have
virtual | y @Ryssadeuer deghéeditsovdreng-raskporti ons of substrate 14 outside of
strained region 24 i3 Jelal ngg?:t‘{ggn%é"’ac‘;%lacc'é“%‘ 1o JAen; 4§ sane is

subj ected 10 Separati on force , . For exanple, variable forces F2 may have
a magni t udevapprioackiveg Yor 6he Airgehigsupt o THE Ry icr ok fo™Wars abl e
forces F2 hgkbghisubst anti a@doyitess thanitdeimmgi bageaolocuekd mg, forces
M, the magnitude of the, saparal T Lo 99@%,% Lr&d Lo.eemaiale it enpl ate

10 from soli dFFT88°T Mo ft' ng Tayer 12 may bé reduced. More S{),em fically,
t he magni tafdeenflapariabren fsoltdifipd Hpeiesingbl et dhe Firgetiqt afe strain
(def or mat i QR)a9fe 2opd FOMaOfpsUbsiTaatealld tie SUperdsmpesidirestiwhtde t enpl at e

14 in response to separation force. .Fs, referred r-ained region 24.
[ 0038] Ref e¥F7AY 18 Fi'ge Ef af td%rsﬁlé ey % %%ll ﬁ%%@geac?of%:e' 5. may be varied
acr oss subkoral e 14 RafehritmtotHeasdi ¥ @éedi bn tef fwaPpaticeitgréest’ may be

opposi te ts%fpfabgtidainr setdeapr £fe chuckingnfronens Fdysand: coeanpnsur ad eawi th t he
direction o i

Ty be Chd ARG GPRACor BF St hat o RS AL ST EhuRkIRG Thrces FL In
t hi s mannefs, ndobal dxddedeflonaet icontof rsuinst Pt tauilate dd pre atleds by
vari abl e fOrges.fi2nPashisnge sbr aifedsragi anrdiavay fromepafeiochuck 122.
force F,, shown in Fig. 1. The bowing force Fy may be applied in
conjunction with, or independent of, varying the magnitude and the
direction of the straining forces F.,, as discussed above. To that
end, template 10 may be attached to a template chuck as disclosed in
U.S. patent 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 31 having a -
centralized throughway 33, one side of which is sealed by a fused
silicate plate 35 and a gasket 36. Surrounding throughway 33 is a

recess 37 and gaskets 38. Properly positioning template 10 upon



This may or may not be independent of the presence of separation force Fs.
[ 0039] As nmentioned above, in the present exanple chucking forces F1
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 F2
bei ng substantially the sanme as the direction of the separation force F,
the magni tude of the separation forces Fs required to separate tenplate 10
fromsolidified inprinting |ayer 12 may be reduced. [0040] Furthernore, as a
result of variable forces F2 being in a direction substantially the same as
the direction of separation force F, the variable forces F2 may reduce the
inpact, if not avoid collision, of strained region 24 wth tenpl at e 10.

Nbre specitPPEatl yeakeEBRPSPERY a1 EOFHPE e clbiml?egt udd "the FeFER1Y, °and t hus,
t he ki net ixe@cesnerrgymiiy st saione chnegenrudowmsitdehsarmmtpe bipadatiesibeowar ds

waf er ChU% 18 afiey senaration: Al SLeoml ahewkd fipmnseldedbidwded Mprinting

| ayer I'S manner, stralned region 24 cones to rest agai nst waf er
chuck 122 %tbh"i‘)lﬁeshlfﬂﬂh%e%ﬁb?ﬁﬁ’%l‘ﬁﬁ EHE SsPRERIEFAS PRt ity of the sane.
[ 0041] Af t &resﬁecpﬁﬁzaly onpofeviaenid iaetH sbeo@m sodnkeicf ared pregaurntimgthayer 12,
the magnitiide, and,dhlectian ngffo%e'@bllnaey f0r 6655 F2 JIRYhA ochanged. For
exanpl e, vari a or ces provi ded to have the sanme magni tude and
direction Vﬁ§h%¢ﬁjéﬁiﬂﬁ‘@nﬂo‘%f€e§aﬁ fFB‘Ptbr?élV 3%*he change in magnitude and

di rection [rmfow;arl ablz&ffegfﬁe_;StE?hg&O Ivay aar g, |ineary yhdurdgngtadepend od of
time such . that, I @' Eh%d%ﬁatm‘{ﬁg'@ol}'cg £ 0L 68S sFiaving 2, dirkection

opposite to c |ng orces foaches “zero. Upon reachi hg zero variable
forces F2 %ﬂ@aﬁwtéw%t’“?ﬁf &hEICkarléZ 1Py qmﬁ&?@éjsedm’tr(’ih%’@“oc%nﬁé’ﬁsur ate with
the magni tadeodind ehsReheoss taiay cbréuerkpmgeeﬂ ainC eserF Bnd A®paat @subéssesubstrat e

decel erat €' strai ned re increase to fixedly secure
substrate PP&Pl%%ile\ﬁéaP%ﬁfenéheﬁﬂélH?lonTﬁ‘é?b@Fo? 1/800835 ¢ upttedete’Br St on of
substrate gdeht arp@$p<£u‘tsen tr(bmﬁ@fl'[l@(ll%l\/léltllm VhB;fsﬁE«ijne(ﬂ’lUCkasfb?Qr;eel o€.thea

col l'i sion, a il e mdz!1 the, f.orce of inpact wth wafer
chuck 122. pr[eﬁ%rzltz "Be rgtrlémse%gz;r a(forg ‘l’\ © ilat e 10 %reélm solidified
[0046] To that end, wafer chuck 22 may be configured to

provide a plurality of discrete vacuum sections 30,-30;. For
purposes of the present invention, each of the plurality 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 30,-30;. 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 as circular shapes
shown as 130 or annular shapes shown as 230, in Fig. 6.
Additionally, vacuum sections may include any one or more of

irregular shapes 330, shown in Fig. 7.



inmprinting layer 12, the direction of the variable forces F2 may be
substantially the opposite as the direction of separation force F, as
descri bed above with respect to Fig. 2. However, upon separation of
tenplate 10 fromsolidified inmprinting |layer 12, the direction of variable
forces F2 may be substantially the sane as the direction of separation
force Fs, as described above with respect to Fig. 3. [0043]Referring to
Figs. 1 and-4, to further facilitate the separation of tenplate 10 from
inprinting layer 12, tenplate 10 nmay be subjected to a bowi ng force FB.
More specifically, bowng force FB nmay be applied along a center region 28
of tenplate 10 and along a direction gpposite tqQ that of the direction of
the separ dPP&H f or cReECTERGWHC iFH9RT g /1. 2 FRE Bowi ny® PETELEB ity be appl i ed
in conjun@hb@nﬁMkh@;ﬂmkaLﬂﬂepenﬂ@ﬂmn@éptMamydmgnbhennagummadeuéﬁd t he
direction of .t *lezésuvae' 01 09,607 G68e Fancs; £ SeUSsedoABEYE, oalg. t s end,

terrplatel e attac to a tenplate chuck as disclosed in U.S. patent
appl i cat i dﬁfﬁﬂrﬁ?e‘Fk 1LY 898 ing ﬂF%‘?ﬁ%Qe‘ﬁ"ﬁéF“‘ FGEH64 3 Gs & YR E D t he
assi gnee of hef@oaéemhuxpaeeﬂiorappm cateorngnthrhavéng Sheriahadb¥d, al .

dentt 11 edi38ud VONLALS sl dos g&c%pg}{n%tlgg DruLelerence her ein.

[ 0044] The tenp ate ¢ I nc havi ng a centralized throughway
33, one sil®48F whi clnr?fieérﬂsf@aF‘écFlﬁﬁ a? fés aé‘ijlq'c&f‘%h Pt B5UHHdtH gasket
36. Surrowrdiagnhsangbnay 0330, vy becessvitaangd gaskets 38.thix operly

posi ti oni n(ﬁ.fgferg]glgaghuckg ?%@c?p(}{g¥ kgael aégéél%tggrhﬂlﬂghy}@/pﬁaflgwg md}_g a

chanber, as we as sea recess ftormng a second chanber sur roundi ng
the cent r aldcaen schamser 30 TR -ceht FALF 7@ ehrarBerioshd ThePe&eshtrthamber may
each be provided;, wbidesa dﬂﬁl r edapy,es Syf inzat borsvais-iahvd svipassageways 40 and
4l respectlyel . Brevacualing 1oe %Qﬁexﬁe%coasﬂ GRATREr AN PELSSLEIZ kN L he
central cHanbet’, bow ng force bé applied to te wi f hout
renovi ng tarﬁéogaﬁf?@df‘r’@rh b’é)%lyplBlall[t@OﬂfS]"Ré‘F‘é‘I' ERAgt RS Hagel: 1° *53hnd 6, to
vary the %Qtimelanﬁytm adbr@cini eRiOfhihexséddi abngsf oncenkjreacr oss
substrate 14, aforenmentiope fer. c qufbgg hayed.,

Furt her nor%, t?‘u Sfl r(?\% n{14t rrg &hw@ fie. Qc&%léeﬂ-@%o ? ?ndT%'tlep and r epeat
processes, Oﬁmw@mnsaﬁl@%én%ﬂz\a?r%z %qféﬁeaﬂﬁétF%lﬁéﬁﬂ Sée%lsffF’s”e‘Hlléél‘}ﬁed in
U.S. publ Iﬁ}eéxﬁ@tlentva@pﬁ}hlgéaum meeml,ZﬁkQMﬁQo&h’gA Hoi,) ed,asobni t ed
patent application nunber 10194, 414, 1.0 S &,0f..t.ne present

i nvent i on "ENdoTHESF porAr ear P et n%by tPe er eg(g‘ger ?16%1 %il%o that end, wafer
chuck 122 E’mygebl@r@tﬁﬁ Pyurhed renr ipi by ivdeuar seat st y3bf Wiescifet €% acuum
sections 304 33% FoQr 3@w |@©§,eSOQf 3b®e3w,esmt3@smvmtlm. ®achmnaf the

plurality o %uum S argie 30A- gra o gcef ]Onedd aggutp Qyé % nﬁth&elgr nor e

chucki ng forces nmag A ode an irec re may be one
straining :Tamléetatlé,d,bsaé;@@ci(&tceddwf?he@ﬁélo@ch?%l@ﬁe@%flva‘élh?ﬁW%%’ctal ons

38A' 30z I()rflrﬂéléticm ‘éox@il%@ﬂa@g)ff 9&&ﬁﬁ,s&ﬁ;ﬁbn@f3%mi3oh ang Smbshﬁl’ﬁoi; ally
identical in direction and magni The er i ze,an e vacuum
sections 3UA 30°5EY WA oS ”Eﬁen? ‘Gapcélﬁmssee\%rla ¢ Pg%t g(r)}é’ g%dd?(?l o%gal ly, the
size and s¥mpe of any one of the plurality of vacuum secti ons 30A-30z nay

differ fro ot4B rerraiz&_ie@gly Quumg%ecmmsl@f tbher ok g alacby dficvaauam
sections 30A-3 For exanple, the size and/or shape of .one gr nore of the

vacuum sectiRs ?rﬁnyb‘%-Jh CBRTRATS EPEE O FoERE Sh9's ARt i 3hape of t he
regi on 24.ciAskalzesuofitl22each iofeddsd 1yl igrapd tironfstpaciran seetli 6As 30A- 30z
may be proyigded. by ang:0fa1a cpuiberaafa-sharesind nel kel ng, ary¥ipaldygonal
plurality of channels 36 therebetween. Although shown as having a
circular cross-section, each of the plurality of pins 32 and 33 may
have virtually any cross-sectional shape desired, including
polygonal shapes and typically have a pitch of 3 millimeters. One

or more of the plurality of pins are hollow defining a throughway 34

_ that extends from a passageway 35, terminating in an opening facing



shape, such as the square shape as shown, as well as circular shapes shown
as 130 or annul ar shapes shown as 230, in Fig. 6. Additionally, vacuum
sections may include any one or nore of irregular shapes 330, shown in Fig.
7. 12 [0047]Referring to Figs. 5-7, although it is possible that each of
the plurality of vacuum sections defined on a comon wafer chuck 122 have a
common shape and size, it is not necessary. Thus wafer chuck 222 may define
i rregul ar vacuum sections 330, along wsth a hexagonal vacuum section 430, a
rect angul ar vacuum section 530, a circular vacuum section 130, and an
annul ar vacuum section 230. [0048] Referring to Figs. 2, 5, 7 and 8, each of
the plurality of vacuum sections 30A-30, nay be |nd|V|duaIIy addressed o)

that diff&PREFatRutki A§ FB7Ees” Fa§- be - as%é?a?@dswv’frh 3 el tral ity o
vacuum sechireongwd0Adlcallinhihirg aadinerterd bé dmpocusigftei e de‘shmedelchucki ng

forces, e't%\'l\gr@e?i@qéoq\zrlngzof TRY R« st abl ighed. W 4hy great,igcisiom It is

desired, ver, to vary the straining forces F, associated with the
plurality BPrgEctium secti ons 30A-30z so that substrate 14 may be al ong an
axi s that @ebends acri@ssudrhea&@ntdfr girar ea af ssobstnatleiddcomfionidratorend,

adjacent r of i of _yac ectins, 30A . def
Q08 Llochld BLUALLY %<0 WACUURACHLI QDS B0ArHhc el i N 2

straining ential AFu exanpl e, vacuum sections 30u, 30,
300, 30u, BgoudpRy J02f So% ﬁﬁfhgewraﬂétx/aﬁws 3% JP¥ePF2, that is | ower
t han ChUCkllnlagv:fcﬁbraQEy Fddrgeneratedhbyhathehs ephind Agd Ecuaamosect ifdnsd 30A,

308 30. %OE SQ%re%Qm bug‘?hoggf 3191'1% 1:,319rfe §9nﬂnd§ éydeﬁpgf g’}Qerlggé flg\QT 30m

30x, and § IS wou d en e substrate end about axis A which is
facilitat efdlrbygft BT PehEaydidtf eTertpEgd Path FS@F‘ n‘@emde‘ﬂ’}’i’edllbse?\?\eer? a°first row
consi sti Ngua@f b&&@uﬂmeﬁ66§Im681rﬂﬁbne3& n308) 0f3Pihsane i30Zluiand a second row

f
consi ot 1. 96 YASUU 9854 1,005 30, 30Hy 308,.:30T A0H A0YoadAG4RL RN 11 0 T0

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.
[0051] Referring to Figs. 10 and 11, substrate 14 is retained
on wafer chuck 122 by straining force F, generated by fluid flow
through channels 36 and/or throughways 34. To that end, passageway
35 is in fluid communication with a pressure control system 41 and
passageway 39 is in fluid communication with a pressure control
system 43. Both of pressure control systems 41 and 43 are operated
under control of processor 45 that is in data communication
therewith. To that end, processor may include computer readable
code operated on by the processor to carrying out the fluid flows
mentioned with respect to Figs. 2-11. Upon being disposed upon
wafer chuck 122, one surface 47 of substrate 14, facing wafer chuck
122, rests against pins 32 and 33. In the presence of the straining
- force F.,, and the absence of separation force F;, an end of
throughways 34 facing substrate 14 is 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.



and/ or 222 with the aforenenti oned vacuum characteristics, wafer chuck 122
and 222 are integrally forned fromstainless steel or alumnumwth a
plurality of spaced-apart pins 32 and 33, defining a plurality of channels
36 t herebetween. Although shown as having a circular cross-section, each of
the plurality of pins 32 and 33 nmay have virtually any cross-sectional
shape desired, including polygonal shapes and typically have a pitch of 3
mllimeters.o- One or nore of the plurahuty of pins are hollow defining a
t hroughway 34 that extends from a passageway 35, terminating in an opening
facing 13 substrate 14, as shown in Fig. 11. These are shown as pins 32,
wth throu% typlcally having a dianeter of approximately 1 mllineter
to preventl988% ng” of PPChe’R5OE B30 0Pt SABRTTACR 24" i T s%ﬁﬁff%ﬁbgglion
t herewi t h. suﬁc@&ﬁ@k#\l iheugér ieashi bn pring 321 iid$ £ shownerimtitaildyeormduni cati on
wth a commn, ASIBICMAY o A2m SiHsS 3b%nﬁ%r NBCes§AkY.i RN kit hr oughway 34
e p u

of each of t ity of |ns 32 may be individually addressabl e such
that the \R?Paﬁ%tléﬁdbﬁdlrfeé‘é‘ﬁn@na FRIPLHYE DASSPALE AR ERF olighe Pertni t ti ne
i s independestnieiet fte Ehtt,dplhowt irodghpdserouglmaysit3dhasgesict ed with the

remai ni ng vplfer uclery25\M.mﬁ'% ??ul%ctﬂ%%g mrog{;ﬁcéhggu@%%lgr34ngge of pins 32

in fluid comunication a passageway t fers fromthe _passageways
influid (ﬁ?ﬁﬁﬁ‘?ﬁdcat’l%ﬁtm’%%a?h% fogfaitni 1y LpFHEP3R. SRS dPEHer enbodi nent
t hr oughwaysp84a1yy EOIRELS EolcSire ppedesdratied Wive opdire ipy wraksune of pins 34

may be surrounded b%'em 5and (37, ypen.pwhi gl Sybsifatestd.rgsts. Channels 36

are typical 'y in fluid comminication with a comon passagewag 39 via
aperture mera‘[@’()s&]@é’lré?frqrﬁgs‘ﬁfelzlb%lslﬂf FHATHLEPE ISP RE 19 is retai ned
on waf er chuekatk22 byesstraioti agprhoaiaecfy Tenetat edsdmlsf (xiad £h owet hr ough

channel's 36, and/ ot LI opghnays. 34,00 Ll 800, PRssAORMEY, 38,1 In 11Ul d
communi Catl on ﬁ a pressure contr stem 4 tpassagevvay 39 is in
%43

fluid con‘rﬁjﬁﬁca‘-‘t usR2 Wit AT R 43P eRRFPEIRGHLY of 0 §§/‘“slfoé‘ﬁ1 TOBF R of pressure
control systesadliand 48-amedopehat ed.ungen eenlltodf ahepratession 45 t hat

is in dat cation therew t n i ncl ude
reaga%’l glhrou hwa%ehﬁ Jae Sﬁa%eao ht@ flﬁgg coth Q&35 08 %yh

conput er rat e rocessor to carrying out the
fluid flowsssesviegnéd Wikt ghanaspect @‘éf‘ PP@’éturES 1%0- Upbit BefH§Tdi sposed upon
vaf er chuckal22s t@Bemshtase of siobisubstoade 4 infagienguwatetorchick 122,

rests agai nStS]uE) S 32 agg 3c%ere]cl)’gi::regué)lnﬁstet{]C’% ;%Jratcgﬁ %K;@érﬁ" ng force F, and

the absence™ sep 5afati 6n’ force roughways 34 *f aci ng
substrate ﬂemunse%mbsﬁmtfﬁm |opmeladleed? feRnEwréating, 1iprshefeaée 47 resting
agai nst pi &a@@/&'}@rx%’tlohboﬂ‘ |su1>£icxfalt@m batﬂ@eentzhlr oughwaysta34dand channel s

36 I th | by f 1 052 . | i [ f
Sepgfatal Lﬁsc?()(?%&e = lge g?%nc_b I!T'J{g a?? 1n an az.lLtLpna§e] el%t%%gn@"&,l \gﬂelron 0

chuck 322 may provide the aforementioned vacuum characteristics,
without use of pins 32 and 33. To that 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,



surface 47 in superinposition with solidified inprinting |layer 12 becones
separated frompins 32 and/or 33. To facilitate this separation by reducing
a magni tude of separation force Fs required to achieve the sanme, pins 32
are di sposed throughout the area of wafer chuck 122. The fluid fl ow ng

t hrough t hroughways 34 is selected so that variable force F2 is |ess than
chucking force F1. Typically, chucking force F1 is generated by operating
pressure control system43 at full vaggum Wien variable force F2 is
operated in a pressure state, it is of sufficient magnitude to generate a
pressure of approximtely 200 kilo Pascals (kPa) in the vol une di sposed

bet ween strained region 24 and wafer chuck 122. This is usually creates
appr oxi nattélyrd@inh crfonise oflupplident sepcirssefarec14raf 1t Paf med™f¥gi on 24.
As a resuldavefrithe &ﬂ@hn@eﬂ@ge@ﬁﬁk@ﬂattﬁﬁﬁﬂghWﬂyﬁ Bdkeare gueaced into fluid
conmuni cation wth e 39 via . channe . This
further redages thwgre se? Wgéorb?foé T afr np %r%g%@%a?%%séu%h??r}pom tion

Wi th straiaredtyzsgi bh a’Ml 5% hér ebif orethiei ﬁ]@f*tt HefSapafzam Bhe fioree 8" required
to separ atx%tteeﬁmpaéﬁfﬂeglw Orﬁfhé nPbivntdtRgot ayietd hecausse tatswainn/ def or mat i on of
Substrate 14 in re éo 28,1 faC|IltatedonS[eOQ53C] Ref eseh{;gotfo Fig. 12, in an
al t er nat e EFHOHI TN ,*N FoEhick 322 °may pr ovi orenmenti oned vacuum
char act er i sopca;ioni ﬁcmmt FsuseTBCPflcalhs t39 aafﬁéel%ltlwol fatneend: &o¥urface 49
of }Naf er gxbalﬂgk?]sgagcéﬂ?cz:ebldl%sfag?fddismElhOt ﬁn@l;‘?zaﬁ)ﬁl‘stlj@éemp%@l&ﬁﬁh b2 hat may be
configured to, have a id ther r ou t it

direction BF2HHiCReHS ge m%]epglr"i1 &nt™o ?Vhéag? ow g@?ﬁ%ﬁd s'l[d gloc%ggﬂ t he
remai ni ng @peedugeeshS agnit B2, ofApee t tiresningpifesdd ye-hade @B, fhel i net er
pitch and @ .diangt efoWfrade mybhémgleﬁﬁﬁecsgfﬁﬂecfﬂﬂh pasdiaguapubhenpyobabi ity
of bowi ng of the portion_of substtrate 4 in sy er| nposition therew th.
[0054] I n tHE Bfee%”@ﬁ?ure)?a 1, “RHEPT T 68 50 Ar &°9hF1 ui'd cofmunication with
a common passagiewayrB8eant .apertupeeidipie Whtff IsGrainegntrficeadd-on with a
common pasgRggWehnge - so-nﬂﬁatSttlfl@I Jﬂr@gnir@r gsrdorgepasaited tmertbwiid fl ows

t hrough one or nore of_the pl urallt% spac, gloa ag}nagg]gstt%rngs 30 and 52.
Bef ore sepdiFdtton, Thei§lfﬁer368r?1?r(§ﬁg PR 1% ur al 5t aced- apart
apertures &hsaad-52 may have fluid passing therethrough at a fi rst flow
rate, 0 SCEps8f Or eatbierr MG €oSERAr af |t@nf1ftﬂ:rh%§ f5s51PF 6S€BEparbk b oy pass

t hrough apertures 50 and, 52 at flowr te that di fcfer fromtrlie first flow

rate. Speci¥Peaty yo g frf‘%%nﬁaﬁge 18Y°% 1Mar d5as S MG i 6897 Apériures 50 and
52 may vargpnmpnse¢dsponsertol tthet prresessce aocﬁasseeparka/tpmﬁllfC@r@@nFSXPO'Wﬁl cally

the af Ore@&gkgy&%rﬁh@gag@ameaggyg Lat@ sksodcalized tac-aparkuees 50 and 52
in superi ngosml on wth strained regr:abgln 24. The chalg gﬁ%flow rate is

typi cal |y St ¢i%hpth iF ethrosPPife Seni Lk 6F THE" i§°F6rce F,. As
such, the hangeudtncild ewotatee 1bygpiicad Ipreafdects theeiffjarifdcpssiery t hough

onl y one OImeE).g‘E nlér ?§ye§2 19ran@1pﬁ£ltd-m:§§ f@gt fﬁrfagé(arr@h@ loEg'?lzfeldOW rate

t hrough apertures 52,” in_superinposition with strain ign, 24, woul d
change so RIFEEUEThE2Et Fabini Ty ef 87RO 2EE Y CherAPEEt nggrtﬂ?‘ ’gp?é‘atf(%d The

flow rate tdyeeugh apes twaresSerhBhrefrahastdubstant falilytaeasyamration

[0055] Ref E£f Itlﬁg (%a%eg{lg jo) prgo@ct Urﬁatﬁ”'?:ﬁcl%%é' §L¥Ch| wax%qg%@‘;sl o 1Q)f7 ltu@rrpl ate 10
frominprinting é] nprintin ayer be osed of materi al

t hat produt®s M8 & e’fb‘ﬁlsanﬁy3%' Bﬂué’cr e %éﬁi‘)’iisoé‘dt}te&eﬁifedélf i ned

wavel engt h@er&&adicﬁlcbﬁStﬂﬁ py#sdduS. bypatentctnuitbers €&218¢ Ib6ewrdihidwsly

i ncorporat gd By [ &f BLed 8, & %ygplawel@%%egyscoba{um@quitams@@ +Br oduce

| ocal i zed pr essur e e intertace between i n’grl nting layer 12 and nold
~the flat stmfaeelnaTheveoeat i F88ireshft §28a s &lﬂroti‘é‘f‘é legpErati on of
tenpl ate 1Petieom isfprLaty 10gddayesrih?ind heywavel engtihabfour atiicat i on t hat
facilitateg generaf, ﬁ9ate igti}% IR5EQN S DYARLOAUCT Y Lichuda sHed

wavel engt he*Bs 157 Am and nm aor a conbinatiaon thereof.
Af ter geneFattiherngte: tﬁtﬂ? @8@@@&%0%)/3%?2%}%6?9 ]Iot fram dBRTYEAY J2E€RDEdi ti ousl y
conmence Sstm;’:lﬂatkbé)rérelﬁogoesaphﬁbt endfinsOn@ S alyer Mz2nterinz@isiaagestootiemer i nti ng

| ayer 12. F thher hte r%a§eous y-product |ocated between tenplate 10 and

i mprinting® ayer% | 63 from between tenplate 10 and inprinting

| ayer 12, which is undeS| r abl e Furthernore, the separation of tenplate 10
frominprinting |layer 12 should be orthogonal to inprinting layer 12 to

m nimze distortions of the inprinting |ayer 12.



16 [0056] Referring to Fig. 13 to further assist in separation of tenplate
10 frominprinting layer 12, a pushing force Fp nmay be enpl oyed between
tenplate 10 and substrate 14. Specifically, the pushing force Fp nay be
applied proximate to substrate 14 in areas of substrate 14 not in
superinposition with tenplate 10. The pushing force Fp facilitates in
separation of tenplate 10 by noving substrate 14 away fromtenplate 10. To
that end, pushing force Fp is directedgal ong a direction opposite to
separation force Fs; thereby the magnitude of the separation force Fs
required to achi eve 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 E@@58Fray 1BFeragosheviiioi nlFitg. fusheThesgals ienptrayetiam ehin t he
glhur ali th Y @hp@dde mngzrloasuigﬁqhﬂﬂ%s ;LaM éizs @bt indl Equket B, nBY tde0gEN _(N?]) :

e pushin orce may. be appl.i e n endent, or_in.conj,unctiaon wt
varyi ng theg“pgweadl ﬁ?ﬁwgeef]oF%m 1&%%3 R 585%5%%'32{)4dves%ﬁctl%l?4elgﬁécﬁhet o Figs.
2-12. [ 0057sRefefriery b onali Bs.2rRlidb pravficdiaty tooskRatraes ldssh irepn
separati Orbfoélllﬁﬁrfle!c@tla %Qt fiho%]ﬂémg%ﬁikﬂ% |w@i’lerteﬂag%]atteem§)] atrge 10I may iy
conprises a plurality of_trenches to decrease t vacuum seal i ng effect
bet ween téjr?ﬁﬁé?ge%ﬁfﬁc%ﬁﬂ fiar%r??ncnattleﬁgml &yt eroor 'Fr%eﬁ% ggt%g%f a}(':inloivfré%g rel ease
of air posivrsbred bétawegnitoanpiuptletd 00andrd mpat wnngpushyesr fePcaMiien tenpl at e
10 and i nprd Blidd@ el ayi@hgl2 AEEcHiBnCaHoacts thhusodeer@asbag Fhe vacuum

sealing effect between tenplate 10 and inprinting layer 12 As a result,
the magni t0§&%dt %glﬁemasggbté{%t f’%nthfeo‘?e eé‘rlé!%m)n%fo e rgécfﬁéléﬁr,e]a P &S desi r ed.

[ 0058] Ref erepingtive Mgbe dBlugad 18he igwshifafoher Fembudbamenpliedehplaat e 10

nmay conprisera Rhubalditynofz180! €S a68ingwherRiam ¢ hespinyial id ¥igf 1ol es 68
function anal ogouslr#/ tg %renc es 66, such that holes 63 ftcjiincti an to
Rt Beal it

decr ease tHe®Vatu ng  eF 180 "hetfeel? t enpl 462 THIIE "Agtinti ng | ayer

12. [ 0059]tHeerbnbddinerdt sinfhothespiesiedesid rentd ont degdér¢dbed, above are
exenpl ary.,;Mapye.changesrand.smdisf FGaki ANs. e BssimedeidQpthendi scl osure
recited above, while remaining within the scope of _the ipvention. The scope
of the i nvEnfPEHShtM §ith ﬁ’é‘f‘gi‘r@r &he FETARY SN HET ot a@\,i‘{]lﬁc'fsesfegrence to the
above desacbioptivonh irApernstoeddos. 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 alr positioned between template 10 and

imprinting layer 12 when template 10 and imprinting layer 12 are in

contact, thus decreasing the vacuum sealing effect between template

10 and imprinting layer 12. As a result, the magnitude of the

separation force F; may be reduced, which is desired.

[0058] Referring to Figs. 18 and 19, in a further embodiment,

template 10 may comprise a plurality of holes 68, wherein the

plurality of holes 68 function analogously to trenches 66, such that

holes 68 function to decrease the vacuum sealing effect between

template 10 and imprinting layer 12.

[0059] The embodiments of the present invention described above

are exemplary. Many changes and modifications may be made to the

disclosure recited above, while remaining within the scope of the

invention. The scope of the invention should, therefore, be

determined not with reference to the above description, but instead



17 shoul d be determned with reference to the appended clains along with
their full scope of equivalents. 18 What is clained is: 1. A nethod of
retaining a substrate to a wafer chuck during separation of an inprint

| ithography tenplate fromthe substrate, the nmethod conpri sing:

applying a first pressure at a first portion of the substrate and the wafer
chuck and applying a second pressure at a second portion of the substrate
and the wafer chuck; appl yi ng ayseparation force to the inprint
lithography tenplate to separate the inprint |ithography tenplate fromthe
substrate such that the first portion of the substrate accel erates toward
the wafer chuck generating a velocity of travel toward the wafer chuck; and
adj ust i ng rheld Pestetrrasraf aith eherFicesto 5BF t3RBR"HT ChRYSubstat e whil e
subst anti aliky tmiiptaiini pgdeher seeondidpeessure at the second portion of the
substrate such that the velocity of travel of the first portion of the
substrate toward the wafer chuck is reduced before the first portion of the
substrate reaches the wafer chuck. 2. The nethod as recited in claim]l
wherein applying the separation force to the inprint |ithography tenplate
to separate the inprint lithography tenplate fromthe first portion of the
substrate further includes storing potential energy in the substrate by
separating the first portion of the substrate fromthe wafer chuck and
converting the potential energy into kinetic energy by noving the first
portion of the substrate towards the wafer chuck. 3. The nethod as recited
in claiml wherein applying the separation force to the inprint |ithography
tenplate to separate the inprint |ithography tenplate fromthe substrate
further includes increasing a distance between the first portion of the
substrate and the wafer chuck by applying the separation force and
termnating the separation force.



4. The nmethod as recited in claiml wherein adjusting the first pressure
further includes adjusting the first pressure to a positive pressure
applied to a volunme defined between the first portion of the substrate and
the wafer chuck. 19 5. The nethod as recited in claim1 wherein applying
the separation force to the inprint lithography tenplate to separate the
inprint lithography tenplate fromthe substrate further includes increasing
a di stance between the first portion p§ the substrate and the wafer chuck
by applying the separation force to the substrate and a positive pressure
to a voluggadﬁgigﬁgmggyﬁgen the first portion and the wafer chuck and
terninating'Ehe Separation force and decreasing the pressure in the vol une.
6. The nethod as recited in claiml| wherein applying the separation force
to the inprintal mkhiogr aphyrdtenplrat @ tswbsepreatte thevaifempr ¢ntekl idehbwr aphy
tenpl ate fEomathen sibsty atgr it tihehodnehydesndlaes easinngna distcanes bet ween
t he flrsttgo%kkgg %L pg%i%upstrate and the wafer chuck by applying the
separation force ?Q fhe su%strate and a positive pressure to a_vol ume

defi ned bet weeAPPHEPPr 3t TIFEEt PLRTSEFR Athe Wieér PYHUER Fnd"EefHihati%hg t he
separati oandlotice @ntri Ropeasamy ddpeypressusecdnd Phessrgbunre. 2 Pec@udret hod of
retaini ng,g,SAstf ahe {dsariaf aha Gdckardrhenum;hod conpri sing:

applying a first pressure at a first.portion of the sphstrafe he waf er
chuck and appl YPhg a%setond pressure at a second poftiaon of tﬁgggaéstrate
and t he Méf@ﬁlaéﬂLl @; separate the imprint lithography template from the

substrate such that the first portion of the substrate accelerates
toward the wafer chuck generating a velocity of travel toward the
wafer chuck; and

adjusting the first pressure at the first portion of the
substrate while substantially maintaining the second pressure at the
second portion of the substrate such that the velocity of travel of
the first portion of the substrate toward the wafer chuck is reduced

before the first portion of the substrate reaches the wafer chuck.

2. The method as recited in c¢laim 1 wherein applying the
separation force to the imprint lithography template to separate the
imprint lithography template from the first portion of the substrate
further includes storing potential energy in the substrate by
separatihg the first portion of the substrate from the wafer chuck
and converting the potential energy into kinetic energy by moving

the first portion of the substrate towards the wafer chuck.

3. The method as recited in claim 1 wherein applying the
separation force to the imprint lithography template to separate the
imprint lithography template from the substrate further includes
increasing a distance between the first portion of the substrate and
the wafer chuck by applying the separation force and terminating the

separation force.

4. The method as recited in claim 1 wherein adjusting the first
pressure further includes adjusting the first pressure to a positive
pressure applied to a volume defined between the first portion of

the substrate and the wafer chuck.



storing potential energy in the substrate by separating the first portion

of the substrate fromthe wafer chuck; converting the potenti al
energy into kinetic energy by noving the first portion of the substrate
towards the wafer chuck; and reduci ng the kinetic energy before the

first portion of the substrate contacts the wafer chuck by adjusting the
first pressure between the first portion of the substrate and the wafer
chuck whilee substantially maintaining;§he second pressure at the second

glortl Og 3}2 theTﬁ%‘E%'&%@t apd xtefa@ta@; ek g,hugrk 1 8whem$nmbk3@§dn@s fecited in
aim erein e firs or strate rat Jirst
porti on of RHE SUBSFET e agprﬁg '”% %h (ﬁb?ql %ﬁ) 8 gjggﬁgéﬁ%t od as
reci ted i Ameyigitmlztiprsreehn §Pﬁﬂﬁh© ffﬁ%fﬁﬂelﬁﬂ?Pﬁﬁﬁ§ iHEHTsi gL a0 st ance
bet ween t hecfdasshg popt stomcansetaeeeginontiofstt hertwah erf cheickberate and

super i ”Do%hélﬁiketrh%@a/m ty %biﬁnéotﬂ@-l srgp@kmlr&g osabslanhé aldpscepnst ant
di stance between e second port on of Eume sduet%st rate,

t chuck.
10. The néfhod éDS?sFélchet d TRV ai'm 7 whersi n st ori ng %w%rg?htegfﬁey\%g 5Ltdes
separ at i ngothienf prdtthporafiesnchorckt #e §8H§’t“|aé’t%g fsye g%ﬁéf%tﬁoﬁgf%‘ccﬁo%r?dt ive
pressure idaceasahgmredefdspede bet weerotlvee.first portion and the wafer chuck
and subjecting the substrate to a separation force. 11. The met hod as

recited in cl ai melo er e| n coe{wgrél fqg tf1e potent }lleeyelgnearrp t o kinetic

ener gy by hovi Eg t K& PP st°portion of the substrate e waf er chuck
further imePUdESCR SoATRTT HEe tiHer separl Htq96AP o e ate to Separate the

imprint lithography template from the substrate further includes
increasing a distance between the first portion of the substrate and
the wafer chuck by applying the separation force to the substrate
and a positive pressure to a volume defined between the first
portion and the wafer chuck and terminating the separation force and

increasing the pressure in the volume.

7. A method of retaining a substrate to a wafer chuck, the method
comprising:

applying a first pressure at a first portion of the substrate
and the wafer chuck and applying a second pressure at a second
portion of the substrate and the wafer chuck;

storing potential energy in the substrate by separating the
first portion of the substrate from the wafer chuck;

converting the potential energy into kinetic energy by moving
the first portion of the substrate towards the wafer chuck; and

"reducing the kinetic energy before the first portion of the
substrate contacts the wafer chuck by adjusting the first pressure
between the first portion of the substrate and the wafer chuck while
substantially maintaining the second pressure at the second portion

of the substrate and the wafer chuck.

8. The method as recited in claim 7 wherein the first portion of
substrate decelerates as the first portion of the substrate

approaches the wafer chuck.

9. The method as recited in c¢laim 7 wherein storing further
includes increasing a distance between the first portion and a

region of the wafer chuck in superimposition therewith while



12. The method as recited in claim 11l wherein reducing the kinetic energy
before the first portion of the substrate contacts the wafer chuck further
i ncludes increasing the first pressure in the volune. 13. The nethod as
recited in claim7 wherein storing potential energy in the substrate by
separating the first portion of the substrate fromthe wafer chuck further
i ncl udes separating the first portion of the substrate by subjecting the
substrateoto a separation force and appl ying a vacuum pressure as the first

pressure heiween:ide. substtat £1apd bha waf ek sehek vhowdefl ivhe acdsfor mation
vacuun1pressure,O{O%FdeEgEggglon vacuum pressyre bei ng I ess than the second

pressure 2ppiicdd h&°§EE01d “Port ol 6 the Substrate. 14. The method as

recited in claim 13 wherein converting the potential energy into kinetic
energy byipovi mget hetdddr sis pordicen of theirsubsthateent ewaridy ttwetwaf er chuck
further inglugdes 1&Lrknaly pge thesseparald op iRl ceandis edueingat g her
includes termnating the deformation v %gug}q{%asggqj%nqigﬁp%%kpgng
posi tive PrB&EUrE®i RPITHER thet 66F ™ 15 A method of Yetalni ng a substrate
to a waf ernéhtiek,"afRe ARtHodneoRpricsiharg the subsigiagei i pofEPAIC"energy in
t he subst rate.by separating a first portion of the substrate fromthe wafer
chuck while maintaining a substantially constant distance between a second

portion the substrat nd the wafer chuck by applying a first 2 ressure
bet ween tﬁg'fi EE? ﬁ%ﬁfolado.nasofre_tcﬁgé(gub%trcg?lem aanS,t %e\?\gf E?nvceﬁﬁb a%hcfpappl yi ng
“a second preysire drerereldechirPtpor gAY oty rREIRUBEEr Bt arkr AR Uaf er
chuck; the sw@ppltyiangosasepahat voferf oheek tforthe iinphudss ketrhogt aphy

tenpl ate tQ.separatient Agdprint |ithography tenplate fromthe substrate
and converting the potential energy into kinetic energy; and

adj usting the first gressure between the first portion of the substrate and
t he waf er 18huckhatitdtecs dssramittiedl 1y chadhtlai Maf§t iedsetthd pressut®e at the
second porhéyy bbfddre tBabSitrsat randn tdfe tivafemschatek cboacedute whgeki neti c

ener gy betor&: tehecfdir stciRQLt ioR-0fsihhenpubstdabeccontact sntheiwad er chuck
by slowng a velocity of the first portion. 16. The nethod as recited in

claim15 wherein storing further includes increasing a distance between the
first porffon dhtl Betedi 6 6pctire Wwaf &FaFhutkhiene8upErdripodsPticdhttther ew t h.
energy in the substrate by separating the first portion of the
substrate from the wafer chuck further includes separating the first
portion of the substrate by subjecting the substrate to a separation
force and applying a vacuum pressure as the first pressure between
the substrate and the wafer chuck to define a deformation vacuum

pressure, the deformation vacuum pressure being less than the second

pressure applied to the second portion of the substrate.

14. The method as recited in claim 13 wherein converting the
potential energy into kinetic energy by moving the first portion of
the substrate towards the wafer chuck further includes terminating
the separation force and reducing further includes terminating the
deformation vacuum pressure and applying a positive pressure in

place thereof.

15. A method of retaining a substrate to a wafer chuck, the method
comprising: »

storing potential energy in the substrate by separating a
first portion of the substrate from the wafer chuck while
maintaining a substantially constant distance between a second

portion the substrate and the wafer chuck by applying a -first



17. The method as recited in claim15 wherein reducing further including
increasing the first pressure. 18. The nethod as recited in claim15
wherein the first pressure is a vacuum pressure between the substrate and
t he wafer chuck, defining a deformation vacuum pressure, the deformation
vacuum pressure being |l ess than the second pressure being applied to the
second portion of the substrate and reducing further includes term nating
the deformation vacuum pressure and applying a positive pressure in place

of the de%@éggﬂﬂboge@%géﬂu@h@rf%%%@rEortion of the substrate and the wafer
chuck and applying a second pressure at the second portion of the
substrate and the wafer chuck; v
applying a separation force to the imprint 1lithography
template to separate the imprint lithography template from the
substrate and converting the potential energy into kinetic energy;
and
adjusting the first pressure between the first portion of the
substrate and the wafer chuck while substantially maintaining the
second pressure at the second portion of the substrate and the wafer
chuck to reduce the kinetic energy before the first portion of the
substrate contacts the wafer chuck by slowing a velocity of the

first portion.

16. The method as recited in claim 15 wherein storing further
includes increasing a distance between the first portion and a

region of the wafer chuck in superimpositicn therewith.

17. The method as recited in claim 15 wherein reducing further

including increasing the first pressure.

18. The method as recited in claim 15 wherein the first pressure
is a vacuum pressure between the substrate and the wafer chuck,
defining a deformation vacuum pressure, the deformation vacuum
pressure being less than the second pressure being applied to the
second portion of the substrate and reducing. further includes
terminating the deformation vacuum pressure and applying a positive

pressure in place of the deformation vacuum pressure.



