CHUCKI NG SYSTEM FOR NANO- MANUFACTURI NG CROSS- REFERENCE
TO RELATED APPLI CATI ONS [ 0001] The present application

is a divisional patent application of United States

pat ent application nunber 11/047,499, filed January

31, 2005, entitled "Method of Retaining a Substrate to
a Waf er Chuck," nam ng inventors Byung-Jin Choi,
Anshuman Cheral a and Dani el 1A. Babbs,; and a °
di vi sional patent application of United States patent
appl i cation nunber 11/108,208, filed April 18, 2005,
entitled "Methods of Separating a Mold from a

SoOCHUCKINGY 8Y STEMs FOR NANOMANUFACTURING
i nventors Byung-Jin Choi, Anshuman Cheral a, Yeong-jun

Choi , Mapk@sd- Rﬁ’?EﬁENCE%d' gatATYD Bpeemcx@ssns Nor man
E. Schunaker I an McMacki n and Xi aom ng Lu.

[BGAIENENTTREGﬁBBbMﬁtFEbEBAbb¥1SHONSORE81RESEAR€H PRtent
DEVELOPMENT [ 0002] The U. S. Governnent has a paid-u
appééfraEirn PRI §ni @@nﬁtéﬁeén&aﬁﬁétr@QﬁélpﬁtﬂpﬁnP&E%er
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her§ on'reasonabl e tefns as provided by the terms of
RNﬁé@ﬁinglalsageﬂrand Ne680Vag2rCC80Lk, dwarpdeddby t he

15%%%%%%@A%y%£8$ E I %h%réﬁg %%%SC gga9Y SQQRBé%iel A.
Babbs,; and a divisional patent application of United
States patent application number 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, Sidlgéta 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
reguire 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 chucking system

to facilitate separating a template from a solidified



[0003] The field of the invention relates generally to
nano-fabrication of structures. Mdre particularly, the
present invention is directed to a chucking systemto
facilitate separating a tenplate froma solidified 2
| ayer di sposed on a substrate in an inprint
I'ithography process. [0004] Nano-fabrication involves
the fabrication of very smapl structures, e.g., having o
features on the order of nano-neters or smaller. One
area in which nano-fabrication has had a sizeable
laypactiisposrdt be prscessirageofini anegratrédtcilitboysaphy
t he sem conductor processing industry continues to
PEPFFF& for | arger production yields while increasing
[bbe4gi r cuNksopebbiithtabaaihebnedsoRha Fubstitateon of
nano-fabri cation becones increasingly inportant.
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[0005] An exemplary nano-fabrication technique is
commonly referred to as imprint lithography. Exemplary
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 Forming a Layer on a
Substrate to Facilitate Fabrication of Metrology

Standards”; and United States published patent



3 application 2004/0046271, filed as United States
patent application 10/235,314, entitled "Functiona
Patterning Material for Inprint Lithography

Processes," all of which are assigned to the assignee

of the present invention. [0006] The fundanent al

inprint lithography techni que disclosed in each of the
aforenmentioned United States published patent °
applications includes formation of a relief pattern in

a polynerizable |ayer and transferring a pattern
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liquidis solidified to forma solidified |ayer that
whasha aggt eerd anedort@ed hehassilgneifarfi $heopr@sdintg to a
iﬁ@%ﬁ%i f, the surface of the tenplate in contact with

he 1iqui'd. The tenplate is separated fromthe
[900i6]i f | edhleayendaumen tialati miplre ntte iiyltatoey raapdth t Hechnique
substrate are spaced-apart. The sybstrate .and the
dLSFLarefed ) &F6P Qe WieR TOTFTECTEES PRodEsk &5 46
phbanghet phtkatt RPpIukstiahe, iadieldef dJmee iidabr a
corresponds to the pattern in the solidified layer.
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uvddeected gt ewBsdsate. 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
liguid. 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.

[0007] It is desirable to provide an improved method

of separating a template from a solidified layer.

SUMMARY OF THE INVENTION

[0008] The present invention is directed towards a
chucking system, including, inter alia, a body having a
surface with a pin extending therefrom having a

throughway defined therein, and a land surrounding the



chucki ng system including, inter alia, a body having

a surface with a pin extending therefromhaving a

t hroughway defined therein, and a | and surroundi ng the

4 protrusions defining a channel between the pin and

the land. In a further enbodi nent, the body conprises

a plurality of protrusions. The configuration of the
chucki ng system al |l ows varyigng the chucking force. The o
present invention is directed towards a nethod of
separating a nold, included in a tenplate, froma
psoitirdisflioad Idgyfem igigs posdd nove la bstthsterattdie Thien metchddie

includes, inter.alia, . applying separation farce to
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substrate to reduce the magnitude of separation force
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DESCRI PTI ON OF THE DRA 0009]Fig. | is a
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separation froman inprinting.layer, disposed upan a
aglipsirafEParataclor d&ﬁcésxmbtegrl&ﬁ@der%’&dﬁ ﬁ)é/ntre(ﬂﬂctlﬁ‘é’ the

sBb&$ERt ohN¥erRtkdN: damage to the recorded layer may be
minimized. It is believed that the present chucking
system reduces the separation forces required and
results in minimization of damage to the recorded layer
during separation. 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



[0011]Fig. 3 is a cross-sectional view of a tenplate
under goi ng separation froman inprinting |ayer,

di sposed 5 upon a substrate, in accordance with a
second enbodi nent of the present invention; [0012]Fig.

4 is a cross-sectional view of a tenplate nounted to a
tenpl ate hol der in accordance with the present

invention; [0013]Fig. 5is & top down view of a wafer o
chuck denonstrating a first enbodi nent of differing
vacuum sections that may be provided in accordance

ugionh & lsebprtesdrt, iimvemdamance 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;

[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
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;



[0014]Fig. 6 is a top down view of a wafer chuck
denonstrating a second enbodi nent of differing vacuum
sections that nay 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

di ffering vacuum sections that nay be provided in
accordance with the present ginvention; [0016]Fig. 8 is o
a side view of the wafer chuck and substrate shown in
Fig. 3 being subject to a rel ease schene in accordance
[@0RA lan alftigr.ndt3e isnsodinmes—sdAA0bHR gied iaf @ t op
t%owga geW/of one enbadi. ment .of Lh%g“ﬂfg%i%PUC%ﬁEPQﬁ@
CRCBEGS 21 CORTELR &1 b s HRdrdNe SedeEn Wik
ubbe walebstrate, 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 release of air located between 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 United States patent



chuck shown in Fig. 9 taken along |ines 10-10;

[0019] Fig. 11 is a cross-sectional view of a wafer

chuck shown in Fig. 10 having a substrate di sposed
thereon; [0020]Fig. 12 is a cross-sectional view of a
second enbodi nent of the wafer chuck, shown in Fig. 2,
havi ng a substrate di sposed thereon; 6 [0021]Fig. 13

is a cross-sectional view of; a tenplate in contact °
with an inprinting |ayer, disposed upon a substrate,
wherein the substrate is subjected to a pushing force;
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 Fg 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
headlll undergoes movement.

[0029] Imprinting layer 12 may be formed from a

photo-sensitive material such that when exposed to an



[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]Fiqg.
15 is a sinplified top down plan view show ng a
tenpl ate having a plurality of air nozzles arranged as
an array to exert a pushing force; [0024]Fig. 16 is a
sinplified top down plan vigw show ng a tenplate °
having a plurality of trenches disposed therein to
facilitate rel ease of air |ocated between a tenpl ate
aathdndn copponenng tapesame0025 plilymek zesl anﬁ(miqﬂ&aN
npl_at e sho
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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 Fg, 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.g., electrostatic forces,
magnetic forces, vacuum forces and the like. As a
result, the direction of separation force Fg is typically
opposite to that of the direction of the straining force
F.. Typically, wafer chuck 22 is supported by a stage 23

that facilitates movement along X, Y and/or Z axes. An



showi ng a tenplate having a plurality of hol es

di sposed 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

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 with an inprinting |ayer 12. °
Typically, tenplate 10 nay be conprised of fused

silica and inprinting |ayer 12 may be forned from any
erpatpipal kmpwaninltheographPxemplkamy isospdsi tndrs ftoe

rintin ¥l 2 ar. i.sclosed jn United State
tﬁgggﬂ?me ggggﬁﬁcagﬁéﬁ é&’ ,§%g'(%]1ed T§Hﬁ§§§”
124. 880Busenhijtiredabbterials and Met hods for Inprint
Li t hography, which is incorporated by reference.
;
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plurality of features disposed thereon, with the
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réranséertedasntbei ppocabsnggl aggioh2, formng a relief

imge therein. Mre specifically late 10 contacts
(P33T 1t 1 nEOVAYEF - 15t enenOERLE CHEO L B A FeoFne

mé?ﬁ[tﬁ&éngflﬁﬂgrségak9956§3§§rb@t9 al-disd sy the achieve
urality of recessions 20 to forminprinting |layer 12
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the z-axis away from substrate 14. To that end
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necessary to achieve separation of template 10 and
solidified imprinting layer 12 reduces the probability
of structural comprise of template 10, substrate 14, and
solidified imprinting material 12.

[0034] Furthermore, deformation of substrate 14
creates potential energy in strained region 24 that is
transformed into 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 Fs



[0029] I nprinting |layer 12 may be forned from a

phot o-sensitive material such that when exposed to an

8 actinic conponent, the sane is polynerized and
cross-linked to forma solidified material. The

actinic conponent may include ultraviolet wavel engths,
thermal energy, electromagnetic energy, visible |ight
and the like. The actinic cagrponent enployed is known e
to one skilled in the art and typically depends on the
material fromwhich inprinting |ayer 12 is forned.
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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. Wafer chuck 122 generates a straining force
F. from a plurality of independently generated forces F;
and F,. This facilitates providing a straining force F.
that may vary in direction and magnitude across
substrate 14. For example, the magnitude of variable
forces F, may be substantially less than the magnitude of
chucking forces F;. As a result, when template 10 is

subjected to a separation force Fg, chucking forces F;



result, the direction of separation force Fs is
typically opposite to that of the direction of the
straining force F. Typically, wafer chuck 22 is
supported by a stage 23 that facilitates novenent

along X, Y and/or Z axes. An 9 exenplary inprint
l'ithography systemis sold under the tradenane

| MPRI OTm 100 avail able fromq{wl ecul ar I nprints, Inc. °
of Austin, Texas. [0032]As shown in Fig. 1, a

magni tude of the strain (deformation) of substrate 14
mpy bef asspicdateld wWhdhs epaocat-isdr aficvese regigppldtedfand

typi call I in. f [ f [ 20
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watli staaceed. rSyianned wEyisams4ate tiypi cal |y
generated proximte to_a region of inprinting |ayer 12
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m ni'm ze the magni tude of theé séparation force F,
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and substrate 14 may be properly aligned, as well as
tal Fé@-an -i néddaségnaidtivo wRIeemshack gaty eBRioNg dfed 19-

2Yeh§§Sb%°%%pr§%8ba%§ %r%%age 23, as discussed above
with respect to Fig. 1. It should be noted, however,
that separation force Fs may be generated 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 7 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 Fg. 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



Additionally, mnimzing the separation force Fs
necessary to achi eve separation of tenplate 10 and
solidified inprinting layer 12 reduces the probability
of structural conprise of tenplate 10, substrate 14,
and solidified inprinting material 12.

[ 0034] Furt hernore, deformation of substrate 14 creates
potential energy in straineghregion 24 that is °
transfornmed into kinetic energy upon separation of
tenplate 10 fromsolidified inprinting |ayer 12.
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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 Fy 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
direction of separation force Fg, the variable forces F»

may reduce the impact, if not avoid collision, of



separation. Wafer chuck 122 generates a straining

force Fc froma plurality of independently generated
forces F1 and F2. This facilitates providing a

straining force Fc that may vary in direction and
magni t ude across substrate 14. For exanple, the
magni t ude of variable forces F2 may be substantially

| ess than the magni tude of thucking forces FI. As a °
result, when tenplate 10 is subjected to a separation
force Fs, chucking forces Fi 11 may be associ at ed
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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



12 F1, the magnitude of the separation force F

required to separate tenplate 10 fromsolidified
inmprinting layer 12 nay be reduced. Mre specifically,

t he magni tude of variable forces F2 are established to
facilitate strain (deformation) of a portion of
substrate 14 in superinposition with tenplate 14 in
response to separation forcgg Fs, referred to as °
strained region 24. [0038] Referring to Fig. 3,
alternatively, straining force Fc may be varied across
toebdltirace iva sdclsapratattiloe diorest iFen ef descabbed above
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direction of separation force FS, the variable forces

FEamybe exkeiecbiedel n npaei unéfioot wavbi dotolhdspendent 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
United States 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 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 31
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



130 strained region 24 with tenplate 10. Mre
specifically, second variable forces F2 reduce the
vel ocity, and thus, the kinetic energy of strained
region 24 as the sanme propagates towards wafer chuck
122, after separation of tenplate 10 fromsolidified
inprinting layer 12. In this manner, strained region
24 cones to rest against wafgr chuck 122 wit hout °
unduly conprom sing the structural integrity of the
sanme. [0041] After separation of tenplate 10 from
seglongdi fchegbierpimant iesgh dpe o riXidete widdnia whies iaradl
qfiers%C trii%% t(:)LfonV %rii sa—bl 5 ifso &% erwrm s %64 od h angag e6d4 For
pexarrblle, vari abl'€ forces 52 ﬁﬁ& prOV|§% to]Have

rehgesan®emygni Byde vanrtadiinec tihen sas ot ckidapdroraaes FL
Further, the change in_nmagnitude and direction of
PYEESHBLE 1NGr 88 FEIYRR Iy MoeFe ay idg ifRF & ger M8y be

a% lt:L'e@e t%u_ct%mgl%ttet he) W_i&'?lio '%dqregfoﬂf?{ﬁj. ack?‘lee Ja‘?r{ec 85 drd
aving a direction opposite to chucking forces F1
bappr 63dhes zero. Upon reaching zero variable forces F2

e ditection and are slowy.increased to he
L08R n s ur SEEREURD e gL b “adu trecid g ig the
mebuckiuag tauceseFldi rAstd ohesil tthesS Wstaiatieigl4Jre e

subjected to a gradient of variable forces F2 that

asKewPy SHbséFraiat d st ichienéd oregican 12peshwadead wauak 122
Locpeashoh 8 bl edsy, S aeYLe  2UbhLate 1 54, o nak el G 2kr
m . . S
%82. T%ePe?gre, an gbrupt deéeleration of’éﬁ%%tf%te %
mey bespopieyed dantszep wnth repeat plrucesk?s, iwhereia an
collision, may be avoi ded while m,nin.zi tQF.force g
SEPPABAY SHPPh 2RAET EFPERICRTPS2 S d6asBEOrgd tn Unite
S%QE@éa%hgmiQBeH?§BE@h% égpﬁﬁ@ﬁk§%h!%hhb@} 1204l OIS 3 4
| ayer 12, the direction of the variable forces F2 may

fhéedubst Hpitarl patkatoppesdiicetasn ngmber 10/194,414,
assigned to assignee of the present invention and
incorporated herein by reference.

[0046] To that end, wafer chuck 122 may be configured
to brovide a plurality of discrete vacuum sections 30a-
30z. 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 30p-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 wvacuum



the direction of separation force F' as described

above wth respect to Fig. 2. However, upon separation
of tenplate 10 fromsolidified inprinting |ayer 12,

the direction of variable forces F2 may be

substantially the sane as the direction of separation
force F' as described above with respect to Fig. 3.
[0043] Referring to Figs. 1 and 4, to further °
facilitate the separation of tenplate 10 from
inmprinting layer 12, tenplate 10 may be subjected to a
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may be applied to tenplate 10 wi t hqut renDV|ng t he
S§§%éoﬁréEBbOEyCG§TU1ar vacuum section 130, and an
annular vacuum section 230.

[0048] Referring to Figs. 2, 5, 7 and 8, each of the
plurality of vacuum sections 30a-30; may be individually
addressed so that differing chucking forces may be
associated with the plurality of vacuum sections 30,-303.
In this manner, the locus of the desired chucking
forces, e.g., Fi; and,or F,, may be established with great
precision. It is desired, however, to vary the
straining forces F. associated with the plurality of
vacuum sections 305-30; 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 30a-30; define a straining force



[0045] Referring to Figs. 1, 5 and 6, to vary the

magni tude and the direction of the straining force F,
across substrate 14, the aforenenti oned wafer chuck

122 may be enployed. Furthernore, the foll ow ng

enbodi nrents may be enpl oyed in step and repeat

processes, wherein an exenplary step and repeat

process is disclosed in Uniied States published patent o
appl i cati on nunber 2004/0008334 filed as United patent
appl i cation nunber 10/194,414, assigned to assignee of
dﬂﬁéepeesénﬂ ﬂﬁVentF@n andmpheorpapQUQdShetébnSb90D, 301,
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pins are hollow defining a throughway 34 that extends
from a passageway 35, terminating in an opening facing
substrate 14, as shown in Fig. 11. These are shown as
pins 32, with throughway typically having a diameter of
approximately 1 millimeter to prevent bowing of the
portion of substrate 124 in superimposition therewith.
[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



[0048] Referring to Figs. 2, 5, 7 and 8, each of the
plurality of vacuum sections 30A-30z may be
i ndi vidual |y addressed so that differing chucking
forces may be associated with the plurality of vacuum
sections 30A-30z. In this manner, the | ocus of the
desired chucking forces, e.g., F1 and/or F2, may be
established with great precigion. It is desired, o
however, to vary the straining forces F, associ ated
with the plurality of vacuum sections 30A-302 so that
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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. 1In the presence of the straining force Fg,
and the absence of separation force Fg, an end of

throughways 34 facing substrate 14 is substantially



comuni cation with a comon passageway 35, this is not
necessary. Rather, throughway 34 of each of the 18
plurality of pins 32 may be individually addressabl e
such that the volunme and direction of fluid passing
t heret hrough per unit tine is independent of the fluid
fl ow t hrough throughways 34 associated with the
remai ni ng pins 32. This nmay e achi eved by placing one o
or nore of pins 32 in fluid communication with a
passageway that differs fromthe passageways in fluid
se@hﬁdnubarm©h1Wﬁﬂ&yuhbyrénﬁﬁﬁpﬁg45|m@ssznglﬂgalﬂ§¢tnens
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This 1is usually creates approximately 10 microns of
movement of substrate 14 at strained region 24. As a
result of the seal being broken, throughways 34 are
placed into fluid communication with passageway 39 via
channels 36 and apertures 40. This further reduces the
magnitude of straining forces F¢ in superimposition with
strained region 24, thereby reducing the separation
force Fs required to separate template 10 from imprinting
layer because strain/deformation of substrate 14 in
region 24 is facilitated.
[0053] Referring to Fig. 12, in an alternate
embodiment, wafer chuck 322 may provide the

aforementioned vacuum characteristics, without use of



[ 0052] Upon application of separation force Fs, a

portion of surface 47 in superinposition with

solidified inprinting layer 12 becones separated from
pins 32 and/or 33. To facilitate this separation by
reduci ng a nmagni tude of separation force Fs required

to achieve the sane, pins 32 are disposed throughout

the area of wafer chuck 122, The fluid flow ng through o
t hroughways 34 is selected so that variable force F2

is less than chucking force F1. Typically, chucking
pflosc82Fands 3genefat &daly coger at sug fpcesdur e fcontes
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rate I'n Tegion 2 atil'ttate
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enbodi ment, waf er, CE ck 322 may  provid
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chuck 322 includes a plurality of apertures 50 and 52
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superinposition therédw th. [0054] e present
pezaapt e, fhpedtmagspsesathronghlapdrcgnﬁﬁnE@aEhdn5@Aah a

efgiommpn passageway, 53 and gpertures 32047 g.ta fluid
Specifically, the flow rate of fluid passing through
apertures 50 and 52 may vary in response to the presence
of separation force Fs. Typically the aforementioned
change in flow rate is localized to apertures 50 and 52
in superimposition with strained region 24. The change
in flow rate is typically sufficient to reduce the
magnitude of the straining force F.. As such, the change
in flow rate typically affects the fluid passing though
only one of apertures 52 or apertures 50. For example,

the flow rate through apertures 52, in superimposition



passageway 55. The straining force F, generated by
fluid flows through one or nore 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 flowrate, O sccmor greater. Wre separation
force Fs present, fluid may,pass through apertures 50 o
and 52 at a flowrate that differs fromthe first flow
rate. Specifically, the flowrate of fluid passing
wittihosglradpert uegs of0 2dnd Wi lgay-heage ise ¢@@¢o¢@@ to
resence of aration.force F. Typi the
PG Bian, FoRsS RaNOBeFREPRonrFarRY; SoPbERRrYdy s Bre
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region 24. The change in flowrate is typically
cepffiggitent to reduce the magnitude of the straining
F. ge infl e isgals
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I's deS|re to expeditiously commence separation of
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137 K090 L0 FRLLILLBAI B8, Tonik? Srprinicing
lhp@EGlRefehibhgiBOuEHgsiiabﬂe futhemha$mb$E,imhe
separation of template 10 from imprinting layer 12
should be orthogonal to imprinting layer 12 to minimize
distortions of the imprinting layer 12.

[0056] Referring to Fig. 13 to further assist in
separation of template 10 from imprinting layer 12, a

pushing force F, may be employed between template 10 and



separation of tenplate 10 frominprinting |layer 12, a
pushing force Fp may be enpl oyed between tenplate 10
and 22 substrate 14. Specifically, the pushing force
Fp may 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 substyate 14 away fromtenplate o
10. To that end, pushing force Fp is directed along a
direction opposite to separation force Fs; thereby the
smbghiratee 1df. t Bpesadarcatlilgn ftdvec eushimgquiores tfy may be
achi.eve separation may.be reduced.. The pushi force
R Liey B2 CRIBREd 6y AP T JF AEPosH Sy rgs et
1ar hamrgee lsegalrihpoas tshowwiith Feghpllbde Q0.AS TR PidstYing
162, as shown in Fig. 15. The gas enployed within the
felrgealFbt faoi latataszinesePatptides, cbuterelabe LPnPYed
nh@oll LLROER). The PUSIINGLpNGe R OTRY e Rl 8,
I'ndependent or in conjunction wth varying the

pskhangl fgrier g F4 dsrdcsedssédngbavéiwethiorspppbstoe

Figs. 2-12. [Q057]Referrjng to Figs. 2,.16, an 7 to
Py BeHar <ers P ookpar RPERDSr CDEnBRabETHde] Pont he
stE&b@Ebﬁgfb%ﬁérF}Zre&ﬁﬂPEét@olgcﬁﬁév§058ﬁh§§§i@n may be

plurality of trenches 38 to decrease the vacuum
reduceedg efhecusétingedorerplFat BayobandePhpefnPyng

.12. TFrench fa ili% t I aif.
19!
g B 0E kel ) Se T AR AorPevhg Taybe T
inhengt enpl, abe 38 andariprii N62ng alsayeowh? iar €iign 15.
contact, thus decteasin% t he _vacuum seal i ng effect

TBet degn TBhBYAFe V1§ AR ThRp PLHERHG tWapér 213, DRE 24 eS
ihesuhks, t Becmagnihbude i af e ceepanatieanf qQige. F. rABY

be reduted, which is desired. [0058] Referring to Figs.
pt8hang fOrcenfFa thaytierapplied 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 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



enbodi nent, tenplate 10 may conprise a plurality of

hol es 68, wherein the plurality of holes 68 function
23 anal ogously to trenches 66, such that holes 68
function to decrease the vacuum seal i ng effect between
tenplate 10 and inprinting |ayer 12. [0059] The

enbodi nents of the present invention described above
are exenplary. Many changes,saaind nodifi cati ons may be
made to the disclosure recited above, while remaining
within the scope of the invention. The scope of the
ahavegbiusn ysioultdencheseér e sulod déedr Moded Ht ﬁmmdtiOn
reference to.the _above desc | nst ea %

egtrp ate

B ORGEBEAen Gl o e ULt SPaABa & TRS afshias
18! ang mmbalhh@h@ flaklkersgope of eqU|vaIents 24 \WWHAT

[B%SE%AINE?he 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 should be determined with

reference to the appended claims along with their full

scope of equivalents.



1. A chucking system conpri sing: a body having a
surface with a plurality of pins extending therefrom
defining a plurality of channels therebetween, a
subset of said plurality of pins having a throughway
defined therein, with said surface having a plurality
of apertures forned therein in superinposition with a
subset of said plurality ofpghannels; and aland o
surroundi ng said pin defining a channel between said
pin and said land. 2. The chucking systemas recited
WHATCIS| FLATMEDr &iS1 sai d surface further includes an
aperture forned therein extending fromplurality of
apertures in fluid conmmuni,cation with a first
pass 98§a§ 4Rg FHSFFﬁ FCETTAi"Cdt i on therewith, with
sai dat Boayd AW nbelan@ usFad ephuifdl iat xal@fratlhrt@ugﬁvx@ms n
fluid conmuni cation with a second passageway differing
ekitgpddand therst rpas s Sgdiayng 3. Pk q% néhSas
cl ai r C [
t&??ﬁgggwggnfngagg%ggﬁd% déﬁﬁgo% I%gﬁgggegigﬁﬁg gdying
apthmabbhwagfdpﬁmaedwthhrwhanemnt@aebud=sunfqmauhaMimg a
subset of said glurallty of pins includin nclude

PSHF AL hYoBGhRRS TdEf P d FTHECRITR ST AT Tk S H}P&Sltlon
w§¥ﬁtgnbﬁ§sé%cbkegah@ Shairm thutifheh dne1udi Rgd
additional pins with said pin and said additional pins
def i ai Agnd pharalindyngf spilds pdat dgdriindey a2Zhamng L
r st an ond bs, wi t.h each of the pins
bgég C|aFeéém§€ﬁ ?gﬁd %ﬁﬁsgagu set bei ng wherei n an
addi ti onal subset of said plurality of pins, differing

fromsaid subset, is solid and each of the pins
2ass0ENgt EBUGKERIs SVELEBC 65d TeGESEC iime mmg lsghgrein

SEQHOQQQfQXe further includes an aperture formed therein

1

extending from plurality of apertures are in fluid
communication with a first passageway and in fluid
communication therewith, with said throughway being said
plurality of throughways in fluid communication with a

second passageway differing from said first passageway.

3. The chucking system as recited in claim 1 further
including additional pins with said pin and said
additional pins defining a plurality of pins, with
wherein each of the pins of a subset of said plurality
of pins including includes said throughway defined

therein.

4. The chucking system as recited in claim 1 further
including additional pins with said pin and said

additional pins defining a plurality of pins categorized



5. The chucking systemas recited in claim21 further

i ncluding additional pins with said pin and said
additional pins defining a plurality of pins

categorized into first and second subsets, with each

of the pins associated with said first subset being
wherein an additional subset of said plurality of

pins, differing fromsaid spbset, is solid and each of o
the pins associated with said second subset including

sai d throughway and said subset of said plurality of
ipites fthaistgang Blegiogdc cﬂwnm@at iwgrk hnietdeha adorifsn pins

agg%%agg\g%y with sHg Gy Sct 'Ql § rvﬁféé Qq, idh
crarm érein said sur ace ncludes an
aaﬁemhuhelf@mweéttbér@aﬁd&xﬂ@mwhmiﬁIuﬂnpidér&ﬁlfferlng
passageway and in fluid comunication therewth, with

£E9Md SPAFOFYRRET + bditn§ It F 128id S@eimed G&S O th a
2866014 tRas §39evay i d Sy elud et YHANGA g id
pressure control systemin fluid comuni cation with
tbapdghiwest passageway to create a first fluid flowin
said channel, and a second pressure control systemin
fluid conmuni cation with said second passageway to
5cr eatraeacﬁae:amdgf syistt el W trleicQughl sai &lthmoughwayther

7. The chucking systemas recited in claim?2
lPGlltlﬁéFlgl AeRdiRgati Pdnsamd thederid pids i S8t r ol

n d ign [
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lurali of _pins.includin hr.ou and belng
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second passageway, said a first pressure contro
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roughway an a Second pressure CONt T o stemin
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create a nd fluid flow through said aperture. 8.
OFHEICROCKT RGOS STBNAS &Lt 8 thn ScPAFCT PRSEREEAY -

i ncl udi ng a pressure control apparatus and additiona

pins with said pin and said additional pins defining a
6pl ur 3het ghutkspacedsapar espicesiivieth iaddileiional, wherein
Sghgnngl aggl9grg8rnegnFﬁﬁd%Qe%me8265%?&% %%f%ed therein

surroundrn plrura efining said
egbanaehg wrbin safﬁirshapaelsaqadayalaehdadw tﬂlcmnail

channel s defining a plurality of channels, said
C%W%B%ﬂ?étéﬁﬂtFBﬁrﬁwﬁépatH§t5e§ﬁ@d|ﬁhFPEgéwaY being in

£EQIHUBLERLA OB W bR Rakd Ghagpehs 30ds3@letial) Whdl 'fﬁM:t‘Plfer

pins to provide said wafer chuck chucki'ng systemwth
1aCbudmag|ayfmrsvapuansseetcongrhévswgtpmed@tédMlmed
ucklngiSé%ten1as recit in claiml

§

h ) h
cRERE e i BikfopSear iR BR-8RokRy B FhkS o

fPr86 PaMiddflow in said channel, and a second pressure
control system in fluid communication with said second
passageway to create a second fluid flow through said

throughway.



27 a throughway defined therein is a hollow pin, where
said throughway is defined through a holl ow section of
each pin. 10. A chucking system conpri si ng: a
body having a surface with a plurality of pins

extending therefrom defining a plurality of channels

t her ebet ween, a subset of said plurality of pins

havi ng a throughway defined¢herein, with said surface o
having a plurality of apertures formed therein in
superinposition with a subset of said plurality of
7chanﬁéﬁscth$hnga§&s§E@r@ﬁ|ﬂpcgﬂeabéﬁt&ﬂ@gnb& @@nqher

L dsegainLcatan ulh 2 Ll massaaiay and s 4,

addﬁh1ansecpmdspaisagewaﬁ,pamdand said adoriesswad pins
caontrol apparatus in fluid communication with said

defi8ingnd BeESAdIpAsSigEMAYs 18 Ter £ACE Pod S d
aEEB@HQEeéaWQtR|Hr@hb%%tOEfa%%rHU@Q%r%QQt§h%Q# Way's

h the characteristics of said d fl'ow t hr ough
1saﬂddphgraaudytbtoagéwauregddbbﬂ@gln@ fflovhct he
c aracteglst CS sa t ows of fl U'dwthEPU%h @ur co
BPmPaF ytof e uah E t §9BPEVCHE Ysaid "ourPace Skt

1ﬂtiﬁaﬁh@gaﬁhug&rﬁgrEOﬁﬁeilauarwamha@e@e@bnﬁapassageway,
surface. 11. The chucking systemas recited in claim
sapdwhef érAtsRrasprtrarrpyref ég@ﬁ@@r@@l@ﬁdlﬁhréﬂ@ﬁvays

éﬁﬁ EEEQE%SH RYEh ?Q&Q g5 eatt Q4R e%%gsﬁb Hake

chuck wtha plurality of “Vactum sect i ons haV|ng %’
fshapefselidcfédw 28 said throughway and a second
pressure control system in fluid communication with said
second passageway to create a second fluid flow through

said aperture.

8. The chucking system as recited in claim 1 further
including a pressure control apparatus and additional
pins with said pin and said additional pins defining a
plurality of spaced-apart pins with additional channels
being formed therebetween, with said surrounding said
plurality of pins defining said channel, with said
channel and said additional channels defining a
plurality of channels, said pressure control apparatus
being in fluid communication with said channels and said
plurality of pins to provide said wafer chuck chucking
system with a plurality of wvacuum sections having

predetermined shapes.

9. The chucking system as recited in claim 1 wherein

each pin of said subset of said plurality of pins having



froma set of shapes consisting essentially of

pol ygonal and circul ar shapes. 12. The chucki ng
systemas recited in claim 10 wherein each pin of said
subset of said plurality of pins having a throughway
defined therein is a hollow pin, where said throughway
is defined through a holl ow section of each pin. 13.

A chucki ng system conpri si ngy a body having an °
aperture forned therein with a plurality of

spaced-apart pins extending fromsaid surface, mnth
apaBFoBphvRY Fiehd nesk shicaed® it Ik Adlilost Ridbsetherd g id

I c [ 0G|
R A S T A S R
pdanmuni cation with a first passageway, wth said

surface having a plurality of apertures fornmed therein

in fluid conmuni cation with a second passageway, Wwth

18Pl ar ghiky 10k shanesl %oh@ﬂg;l%fl ned between said
plurality of pins; first pressure contro

syst embayf hawdn@ommré@tcleomrl\m lp $divgFliitgt of pins
eggégﬁggm)éhe%%%ro dﬁ%vl\?&ﬁx . g)r 153340 ‘:}yc %rg c%an%yeﬁt £m

conmmuni ca secona “passageway,

thekrbbsaiwdehi, r it s&b@eieb(fn@aﬂlde@&lw&alaw fof Riyst ésring
configured to create flows of fluid through said

prrapswaaf dehisgghidpscdid ¥aditd seddaisuhfage having a
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area of “sai d Surface. . The chucki ng system as
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ace to pr éﬁ sai d chu J%JWith

rranged over _said _sur
pLjSramivi B APEGHARFL Y Sof v AR SeL (TS HAv
apEedetepaBagdenhgPasd Bafiaspange ltie ysai tﬁir@@ways
bggggdin fluid communication with a second passageway;
and,

a pressure control apparatus in fluid
communication with said first and second passageways to
create flows of fluid through said plurality of
apertures and throughways with the characteristics of
said fluid flow through said plurality of apertures
differing from the characteristics of said flows of
fluid through said plurality of throughways to provide

said surface with differing chucking forces over an area

of said surface.

11. The chucking system as recited in claim 10 wherein
said plurality of apertures and throughways are arranged
over said area to provide said wafer chuck with a

plurality of vacuum sections having a shape selected



15The chucki ng systemas recited 14 wherein said

shapes are selected froma set consisting essentially

of annul ar, polygonal and circular. 16. The chucking
systemas recited in claim13 where said fluid fl ows

are established so that fluid conmunication between
sai d throughway and each of said plurality of channels
ceases in response to a subgtrate resting upon one of e
said plurality of pins associated with said

throughway. 17. The chucking systemas recited in
fepmi tn 38twAér eNAPSEI GONF&RS 188 PFEPBTA34YI afe@ohivoRnal

a§§g9i£Q§9$?E%@¥PE?ve in a direction opposite to said

W5~ 0 ough said plurality of apertures.
18. The chucking systemas recited in claim13,
wherejn eacthin of sai d second suybset hs a

. [ .
14T FferBackEnS: AV otgrway FeCasrinat Phrddgl Ca“REFFER
cSER1HOR OF 83¢H BlBset of said plurality of pins having

a throughway defined therein is a hollow pin, where said
throughway is defined through a hollow section of each

pin.

13. A chucking system comprising:

a body having an aperture formed therein with a
plurality of spaced-apart pins extending from said
surface, with each of the pins associated with a first
subset being solid and each of the pins associated with
a second subset including a throughway and being in
fluid communication with a first passageway, with said
surface having a plurality of apertures formed therein
in fluid communication with a second passageway, with a
plurality of channels being defined between said
plurality of pins;

a first pressure control system in fluid
communication with said first passageway; and

a second pressure control system in fluid
communication with said second passageway, with said
first and second pressure control systems configured to
create flows of fluid through said plurality of
throughways and said plurality of apertures to provide

differing chucking forces over an area of said surface.
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14. The chucking system as recited in claim 13 wherein
said plurality of pins are arranged over said surface to
provide said chucking system with a plurality of vacuum
sections having predetermined shapes in response to said

flows of fluid.

15 The chucking system as recited 14 wherein said
shapes are selected from a set consisting essentially of

annular, polygonal and circular.

16. The chucking system as recited in claim 13 where
said fluid flows are established so that fluid
communication between said throughway and each of said
blurality of channels ceases in response to a substrate
resting upon one of said plurality of pins associated

with said throughway.

17. The chucking system as recited in claim 13 wherein
said flows of fluid associated with said throughway move
in a direction opposite to said flows of fluid through

said plurality of apertures.

18. The chucking system as recited in claim 13,
wherein each pin of said second subset is a hollow
pin, where said throughway is defined through a hollow

section of each pin.



