WO 2004/ 044651 PCTI US2003/ 036012 A CHUCKI NG SYSTEM AND
METHOD FOR MODULATI NG SHAPES OF SUBSTRATES [ 0001] The
whh@lafbafs i nvention rel ates generally to inprp@fgsaesossorz
i thography. More particularly, the present invention

is directed to reduci ng undesirable pattern
variations during inprint |ithography processes.
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structures formed. Other areas of development in which

micro~-fabrication has been employed include
bictechnology, optical technology, mechanical systems and
the like.

[0003] An exemplary micro-fabrication technique is.
shown in United States patent number 6,334,960 to Willson
et al. Willson et al. disclose a method of forming a
relief image in a structure. The methéd includes
providing a substrate having a transfer layer. The
transfer layer is covered with a polymerizable fluid
composition. A mold makes mechanical contact with the
polymerizable fluid. The mold includes a relief
structure, and the polymerizable fluid composition f£ills
the relief structure. The polymerizable fluid
composition ig then subjected to conditions to solidify

and polymerize the same, forming a solidified polymeric



WD 2004/ 044651 PCT/ US2003/ 036012 2 material on the
transfer |layer that contains a relief structure

woeoplisant ary to that of the nold. The nol d i peTkR®33/036012
separated fromthe solid polynmeric material such that

a replica of the relief structure in the nold is
formed in the solidified polyneric material. The
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substrate. Thus, patterns in the nold are replaced in
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processes, reproduced in the substrate or in another
md08P’kdl whPUohtedsShdted patentheumhbstBav%z $0905) Chou

Y her | hogr a tec

YResRIBLaS] o' TRERBLLERIBERNS ! SO0 dE afpa for
|ameaaﬁngoﬁmaaoﬁﬁactsmssss ) | p&PPerMat Uhea €RIn film
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UB-8tPLAERSSf@ature is pressed into a thin film carried on

a substrate. The protruding feature in the mold creates
a recess in the thin film. The mold is removed from the
filﬁ; The thin film then is processed such that the thin
film in the recess is removed exposing the underlying
substrate. Thus, patterns in the mold are replaced in
the thin film, completing the lithography. The patterns
in the thin film will be, in subsequent processes,
reproduced in the substrate or in another material which
is added onto the substrate.

[0005] Yet another imprint lithography technique is
disclosed by Chou et al. in Ultrafast and Direct Imprint

of Nanostructures in Silicon, Nature, Col. 417, pp. 835-

837, June 2002, which is referred to as a laser assisted
direct imprinting (LADI) process. In this process a

region of a substrate is made flowable, e.g., liquefied,



region of a substrate is made fl owable, e.qg.
l'i quefied, WD 2004/044651 PCT/ US2003/ 036012 '3 by

wbeaddmgsthe region with the laser. After the pegiRivo3/o36012
has reached a desired viscosity, a nold, having a
pattern thereon, is placed in contact with the
region. The flowable region confornms to the profile
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properly position the same with respect to the substrate

upon which a pattern is to be formed.

SUMMARY OF THE INVENTION
[0007] The present invention is directed to a chucking
system to modulate substrates so as to properly shape a
mold and position the same with respect to a wafer upon
which a pattern is formed using the mold. The chucking
gystem includes a chuck body having first and second
opposed sides with a side surface extending therebetween.
The first side includes first and second spaced-apart
recesses defining first and second spaced-apart support
regions. The first support region cinctures the second
support region and the first and second recesses. The

second support region cinctures the second recessz, with a



second support region cinctures the second recess,
with a WO 2004/ 044651 PCT/ US2003/ 036012 4 portion of

wbheodaggs1i n superinposition with the second pe¢RSS003/036012
bei ng transparent to radiation having a predetern ned

wavel ength. The portion extendg fromthe second side
and term nates proximte to the second recess. The
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superimposition therewith define a first chamber and the
gecond recess and the portion of the substrate in
superimposition therewith defines a second chamber. The
pressure control system operates to control a pressure in
the first and second chambers. Specifically, the
pressure is established in the first chamber to maintain
the pogition of the substrate with the chuck body. The
pressure in the second chamber may differ from the

pressure in the first chamber to, inter alia, reduce

distortions in the substrate that occur during
imprinting. For example, the first chamber may be
evacuated to hold the substrate against the chuck body so
that separation of the substrate from the chuck body
under force of gravity is prevented. The second chamber

is pressurized to reduce distortions in a portion of the



under force of gravity is prevented. The second

chanber s pressurized to reduce distortions in a
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second side in superinposition therewith. In this

manner, hydrostatic pressurization is enployed to hold
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lithographic system shown in Fig. 1;

[0010] Fig. 3 is a simplified representation of
material from which an imprinting layer, shown in Fig. 2,
is comprised before being polymerized and cross-linked;
[c011] Fig. 4 is a simplified representation of cross-
linked polymer material into which the material shown in
Fig. 3 1s transformed after being subjected to radiation;
foo121 Fig. 5 is a simplified elevation view of a mold
spaced-apart from the imprinting layer, shown in Fig. 1,
after patterning of the imprinting layer;

[0013] Fig. 6 is a simplified elevation view of an
additional imprinting layer positioned atop of the
substrate shown in Fig. 5, after the pattern in the first

imprinting layer is transferred therein;



inmprinting layer is transferred therein; WO
2004/ 044651 PCT/ US2003/ 036012 6 [0014] Fig. 7 is a

woeb@idiedi per spective view of a print head shewsustnoso3co12
Fig. 1, [0015] Fig. 8 is a cross-sectional view of a
chucking systemin accordancegw th the present
invention; [0016] Fig. 9 is an exploded view of an
i P9 ! heaFizshohnis re Aefaified ABBEpdtigivd iy &F a

b vi.ew of,a chuck body shown in Fig. 8;
8%%%?3 'L:Wea{% asrlhown 11% op %o@r’r view of a wafer, shown in
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VR T R  EOa flodth pidh 8 IR head

V\Mhpva”nla‘ltF@rgLat'h enbodi ment; [0021] Fig. 14 is a
view of chuck body shown in Fig. 8
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[ 085224 StHagen im irS.p fd;ow. di agram showi ng a nmet hod of
refluc:l ng distortions in patterns formed using inprint
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embodiment ;
[0021} Fig. 14 is a cross-sectional view of a chuck
body shown in Fig. 8 in accordance with a second
alternate embodiment;
[0022] Fig. 15 is a flow diagram showing a method of
reducing distortions in patterns formed using imprint
lithography technigues in accordance with the present
invention; and
[0023] Fig. 16 is a flow diagram showing a method of
reducing distortions in patterns formed using imprint
lithography techniques in accordance with an alternate

embodiment of the present invention.

DETATILED DESCRIPTION OF THE INVENTION
{0024] Fig. 1 depicts a lithographic system 10 in
accordance with one embodiment of the present invention
that includes a pair of spaced-apart bridge supports 12

having a bridge 14 and a stage support 16 extending



having a bridge 14 and a stage support 16 extendi ng WO
2004/ 044651 PCT/ US2003/ 036012 7 therebetween. Bridge

wbhoandasi age support 16 are spaced- apart. Copplrg@2do9036012
bridge 14 is an inprint head 18, which extends from

bridge 14 toward stage support-516. Disposed upon

stage support 16 to face inprint head 18 is a notion
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20. To that end, imprint head 18 is adapted to move
along the Z axis and vary a distance “d” between mold 28
and wafer 30. In this manner, the features on mold 28
‘may be imprinted into a flowable region of wafer 30,
discussed more fully below. Radiation source 22 is
located so that mold 28 is positioned between radiation
source 22 and wafer 30. As a result, mold 28 is
fabricated from material that allows it to be
substantially transparent to the radiation produced by
radiation source 22.

[0026] Referring to both Figs. 2 and 3, a flowable
region, such as an imprinting layer 34, is disposed on a
portion of surface 32 that presents a substantially
planar profile. Flowable region may be formed using any

known technique such as a hot embossing process disclosed



planar profile. Flowable region may be forned using

any known techni que such as a hot enbossing process
wOi28603%630 WO 2004/ 044651 PCT/ US2003/ 036012 8pi#/us2003/036012
United States patent nunber 5,772,905, which is

i ncorporated by reference in igs entlrety herein, or a

| aser assisted direct inprinting (LADI) process of t he
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head 18 reduces the distance “d” to allow imprinting

layer 34 to come into mechanical contact with mold 28,
spreading beads 36 so as to form imprinting layer 34 with
a contiguous formation of material 36a over surface 32.
In one embodiment, distance “d” is reduced to allow sub-
portions 34a of imprinting layer 34 to ingress into and
fill recessions 28a.

[0028] To facilitate filling of recessions 28a,
material 36a is provided with the requisite broperties to
compietely £ill recessions 28a while covering surface 32
with a contiguous formation of material 36a. ITn the
present embodiment, sub-portions 34b of imprinting layer
34 in superimposition with protrusions 28b remain after
the desired, usually minimum distance *d”, has been

reached, leaving sub-portions 34a with a thickness ty, and



34 in superinposition with protrusions 28b remain
after the desired, usually mninmmdi stance "d", has

woOeen4esached, | eaving sub-portions 34a W th acT/Us2003/036012
thi ckness t1, and WO 2004/ 044651 PCT/ US2003/036012 9

sub-portions 34b with a thickngss, t2. Thicknesses
"t1" and "t2" may be any thickness desired, dependent
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[0030] Referring to Fig. 5, additional processing may
be employed to complete the patterning of wafer 30. For
example, wafer 30 and imprinting layer 34 may be etched
to transfer the pattern of imprinting layer 34 into wafer
30, providing a patterned surface 32a, shown in Fig. 6.
To facilitate etching, the material from which imprinting
layer 34 is formed may be varied to define a relative
etch rate with respect to wafer 30, as desired. The
relative etch rate of imprinting layer 34 to wafer 30 may
be in a range of about 1.5:1 to about 100:1.
Alternatively, or in addition to, imprinting layer 34 may
be provided with an etch differential with respect to

photo-resist material (not shown) selectively disposed

thereon. The photo-resist material (not shown) may be



Alternatively, or in addition to, inprinting |ayer 34

may be provided with an etch differential with
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sel ectively disposed thereon. The photo-resist

material (not shown) may be WJ 2004/ 044651
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CERFTEGFRARY 5P VAgtuRkAK 2nppheasyreerequired to create an

integrated circuit and may be as small as a few tenths of
nanometers. As a result, it may be degired to
manufacture components of system 10 from materiale that
are thermally stable, e.g., have a thermal expansion
coefficient of less than about 10 ppm/degree centigrade
at about room temperature (e.g. 25 degrees Centigrade) .
In some embodiments, the material of construction may
have a thermal expansion coefficient of less than about
10 ppm/degree Centigrade, or less than 1 ppm/degree
Centigrade. To that end, bridge supports 12, bridge 14,
and/or stage support 16 may be fabricated from one or
more of the following materials: silicon carbide, iron

alloys available under the trade name INVAR®, or name

SUPER INVAR™, ceramics, including but not limited to
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calibration system 18b vis-i-vis a flexure system 18c.

Calibration system 18b facilitatesg proper orientation-
alignment between substrate 26 and wafer 30, shown in
Fig. 5, thereby achieving a substantially uniform gap
distance ,”d”, therebetween.

[0033] Referring to both Figs. 7 and 9, calibration
system 18b iricludes a plurality of actuators 19a, 19b and
19¢ and a base plate 19d. Specifically, actuators 19a,
19b and 19¢ are connected between housing 18a and base
plate 19d. Flexure system 18¢ includes flexure springs
2la and flexure ring 21b. Flexure ring 21b is coupled
between base plate 19d and flexure springs 2la. Motion
of actuators 19%9a, 1% and 19¢ orientates flexure ring 21b
that may allow for a coarse calibration of flexure

springs 2la and, therefore, chuck body 42 and substrate



plate 19d. Flexure system 18c includes flexure springs
21la and flexure ring 21b. Flexure ring 21b is coupled

wbebowrmssibase pl ate 19d and flexure springs 2lactMatdo9036012
of actuators 19a, 19b and 19c orientates flexure ring

21b that may allow for a coarge. calibration of
flexure springs 2l1a and, therefore, chuck body 42 and
séﬁ%{rdﬁﬁﬂxlwﬁﬁﬂﬁﬁﬁﬂ465b PEH USZ0G3/036RtA 1it2at26.
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1 35EiegY SeRElN WiRterlheatBye! pROLh oL cad sLion,
Paetkes 62 .exhepdstionncseeendnsblebody 42 in
superimposition with second recess 54 is transparent to
radiation having a predetermined wavelength, such as the
wavelength of the actinic radiation mentioned above. To
that end, portion 62 is made from a thin layer of
transparent material, such as gldss. However, the
material from which portion 62 is made may depend upon
the wavelength of radiation produced by radiation source
22, shoﬁn in Fig. 2., Portion 62 extends from second side
48 and terminates proximate to second recess 54 and
should define an area at least as large as an area of
mold 28 so that mold 28 is in superimposition therewith.
Formed in chuck body 42 are one or more throughways,
shown as 64 and 66. One of the throughways, such as
throughway 64 places first recess 52 in fluid

communication with side surface 50. The remaining



48 and term nates proximate to second recess 54 and
shoul d define an area at | east as large as an area of

worhel/d8sso that nold 28 is in superinpositi ONpeT/US2003/036012
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t hroughways, shown as 64 andq66. One of the
t hr oughways, such as throughway 64 places first
r ddeidash feughd asc ddmanigiaiaEyors 6ui ol asiede sedich@C @ cceass
5 he i nj ng WO 2004/ 044651 PRCTI US2Q03/ 036012 13
t%?%ég%ﬁg§gﬁggé ae gﬁﬁﬁh %B§FggI§8§ agEc GRd

r ef08S] 54 im felhtivd dC AR S k8 oS
It should be understood that thrgugﬁ&§§egi may

50, [0035] _ .
mEFteEt SsFISEWEETOREC Sidiesidde 288 FAdsti reterecsds as

S5%e1as 11220/ | 6 extend

e ST, Fiphgleg 4R, BN B Sen, gecona
df@ﬁﬁedSi@nﬁhaecogﬂrmeghwg£§464 thtﬁﬁs{débﬁkb?}@sdthat
p Ng.r ecesses respectively, in flui
cgﬁ%éhlgg?ﬁgn%%iFﬂ%a%grg§§&9éta58npﬁ6F1§9sf@ﬁﬁs§§§h58 and

L .peAp syspbemtifell0036] FRUNB e¥ahaRy £9:MBY WRAthude 208 cure
or nore s to control the pressure proxirate fo

u
r€8€§§€§p§isﬁﬁ@r5§90hiﬁd@y@@déﬁﬁtymoﬁoone anot her
S hihcal | nt,ed 0. b 42,
ook Yumdh 89 <TBANYS m?%régggéggngggsggo grggounps to
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pressure in first 52a and second 54a chambers.

[0037] For example, the pressure may be established in
first chamber 52a to maintain the position of substrate
26 with chuck body 42 and reduce, if not avoid, |
separation of substrate 26 from chuck body 42 under force
of gravity, g. The pressure in second chamber 54a may
differ from the pressure in first chamber 52a to reduce,
inter alia, out of surface distortions in the pattern,
defined by the features on mold 28, which occur during
imprinting. Out of surface distortions may occur, for
example, from an upward force R against mold 28 that
occurs as a result of imprinting layer 34, shown in Fig.
2, contagting mold 28. By meodulating a shape of

substrate 26, shown in Fig. 8, out of surface distortions



differ fromthe pressure in first chanber 52a to
r educe, inter alia, out of surface distortions in the

woabdsuies1 defined by the features on nold 28, pphivghoesozso12
occur during inprinting. Qut of surface distortions

may occur, for exanple, froman upward force R
agai nst nDId 28 that occurs as a result of inprinting
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and 54a to compensate for force R so that substrate 26
and, therefore mold 28, have a desired predetermined
shape. .

[0033] The pressure in chambers 52a and 54a may be
established based upon a priori knowledge of force R from
previous imprinting processes that was detected by
bressure sensor 18d. As a result, the pressure in
chambers 52a and 54a may be established either before or
after contact is made between mold 28 and imprinting
layer 34 in order .to ensure that substrate 26 and,
therefore, mold 28, has a desired predetermined shape.

In some instances it may be desirable to pregsurize
chamber 54a on-the-fly, or dynamically, during imprinting
process. For example, it may be advantageous to

establish the pressure in chamber 54a to properly shape




pressure sensor 18d. As a result, the pressure in

chanbers 52a and 54a may be established either before
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body 42 and substrate 26.

[0041] Coupled to substrate 26 is a means to compress
the game in X and Y directions, with the understanding
that the Y-direction is into the plane of Fig. 8. 1In the
present example the means to compress includes a fluid-
tight bladder system surrounding periphery surface 26¢
having one or more bladders, two of which are shown as
72a and 72b that extend along the Y axis, with the
understanding that bladders extending along the X axis of
periphery surface 26c are not shown for the sake of
¢larity, but are included in the present embodiment.
Other devices capable of compressing substrate 26 may be
employed in addition to, or in lieu of, bladder system,

such as a vice or piezoelectric actuators that function
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Fig. 2. [0042] In surface distortions in the pattern
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formng nultiple |ayers of inprinted

waler 30, in which’ the original pattern is to be
recorded, has an area smaller than the original pattern.
The deleteriocus effects of magnification/run-out errors
are exacerbated when forming multiple layers of imprinted
patterns, shown as imprinting layver 124 in
superimposition with patterned surface 32a, shown in Fig.
6. Proper alignment between two superimposed patterns is
difficult in the face of magnification/run-out errors in
both gingle-step full wafer imprinting and step-and-
repeat imprinting processes.

[0043] Referring to Figs. 11 and 12, a step-and-repeat
process includes defining a plurality of regions, shown
as, a-l, on wafer 30 in which the original pattern on
mold 28 will be recorded. The original pattern on mold

28 may be coextensive with the entire surface of mold 28,



patterns, shown as inprinting |layer 124 in _

superinposition wi th patterned surface 32a, shown in
woizgo4/048651 Pr oper al i gnnent between two superi mpos&€2003/036012

patterns is difficult in the face of

magni fication/run-out errors iy both single-step full

waf er inprinting and step-and- repeat inprinting

pr@t@sﬁsly[Meaei@rais@mﬂm thkemnd 12, ThHe present

t. d: ess includes defining a plurality
o G e p® 4Ll SSESp=a, i GoRF D i P frehre:
orpaGitfh’:l!rn 158 1285 Necice PR 28 Wi Ierhe dagardeds Tha

original pattern on nold 28 nay be coextensive wt

t Hanhtiaes wratae oF, ditd 128 shanlzh 0y euieSEtood that

PG £220034 7 [ I ted to.a ~
sugb[{ portl onoéafer eofa£|n 'I%e esé:"\\r{fterolcc%vélnﬁagﬁl #f Fegdons a
dilscussrban tdxa@spent ¢ at ket eqr-iagicialepeRat Riotclel AGy

caext.ensive with the surface of .npld 28 that faces
“3% BIAPSE &Hsienre A dorlst 38d Witk eashhofr szegions

26-has a anga @RAt eloitdhan %ﬁ&ﬂu@%sr%g'%% et harks 114a,
Proper execution of a step-and-repeat process may

i A1 a5 @péH"alaJ@nrentOIv@f orpIM$pr28 ofii teodanly af-1 includes

" QRN Rl AL O RS2 RGUdSS BhLARTER

ovvn as a
r dgidensirs Ip:acmdnldesl:fgrmuicmﬂltln’nﬂlldmclmalmaaksgn&uahng
that al ignment marks 4a _are .properly aligned wt

f P& %ﬂdr%"effoa?f &P éﬂl@&nﬁ@ﬁt obf *REL@nsganlt AR

OREIpRfr If@sANS oir ltHdkewSWRERisTROS N t her enkthehs,
ensured. To that end, nachine vision devices (not

s FRRLIRay L5d cdhpiesiiee st dnose siewnhemay| bei p@ployed to
. aldeganent, hetmeen . Al %gqg%%kngabéiwééﬁaal??gmgP UC|akF 114a

marks |11 0a. I'n the present exa rope

i gndnduldamaalup@mml iLg0me Nt Irmthe @i:éaeha ﬁgaﬁple, proper
tlon th fiduci al 1 Ca. Wt

;R é‘ﬁ%ﬁ% ’ﬁ\gd-&ﬁ]tﬁchPPBnPﬁﬁnBﬁFteF‘%% 1ptgpbping in

abu@@mn@o@a@qw wiety rdulbhigyl harkgoﬂibamv‘ﬁygﬁ tha

accordance wi th one enbodi ment of

introduction of magnification/run-out errors, proper
alignment becomes very difficult.

[0044] However, in accordance with one embodiment of
the present invention, magnification/run-out errors are
reduced, if not avoided, by creating relative dimensional
variations between mold 28 and wafer 30. Specifically,
the temperature of wafer 30 is varied so that one of
regions a-1 defines an area that is slightly less than an
area of the original pattern on mold 28. Thereafter, the
final compensation. for magnification/run-out errors is
achieved by subjecting substrate 26, shown in Fig. 8, to
mechanical compression forces using bladdesr 72a and 72b,
which are in turn transferred to mold 28 shown by arrows

F1 and F;, orientated transversely to one another, shown

in Fig. 12. In this manner, the area of the original



the present invention, magnification/run-out errors
are reduced, if not avoided, by creating relative

woizoeraigznal  variations between nold 28 and wWafefus®fsiozsolz
Specifically, the tenperature of wafer 30 is varied

so that one of regions a-| dﬁ%ines an area that is
slightly less than an area of the original pattern on
mplad- t28n Tk meald eoexttiea s ifvienali thonpensathbonf @he region
magni f.i cation/run-qut errors is  achieved by

sibjedtt FYPSTHTRPS S 198 LORSRTitR-Fig. 8, to

ngelasical  GUIFeSTORS BLEES FUSINd sbhaddasr
72b, which are in Fﬁrn t(ansfe§$%d5tg no?d Séggﬁ%a%ng
bpukstarde RP &od cRapresisdiveatodcesanboeeselry tmodoietes

.sh in Fig .12..1n this. . th .
ot Sl R rsp 508, FO Tt BERREEB065 4sho1 2 Denging of
patibetraite P6daagoedisensnteodute thetareacal thethe

region a-1 in superinposition therewith. [0045
R@%&gﬁFﬁg1F@158FﬁdFP&§9‘GmEﬁ&ng}nguBF¥€Fiﬁ@- sUbst patbern

2610 cT@IRRS 2k 1 hok e8I e Egmﬁéﬁﬁing?SElghggtgggg %? may

shape of the same through bending action. ndi ng
shgstedueegs My naltsprenendddeebdi pbeitioningnblhddesr 72a

[ ' d.intg | inti 34, Th
PIHEOR T8 L8, BobREL LG LRYED 2426 coneronrea

stibstratie 26 andeshectedieedtibh.notnpei¥eptedenbYexample,
pgiitioning bl addesr 72a and 72b so that the bending
oP 18dFEEFar 82287Fs 7@BniFoPPE4EIPBEECERr CPRPRe BB sFbgE rate

dpeeebl @B. tbnpblieipr 8SaRt-c6¥aRRl faraPiaddesr 44@ Qﬁgosite
72b is positioned to conﬁrgss substrate 26 so as
b8%:i OECE Rect B¥ncpakablLéingothanbdenppogi 08 sabstrate 26

| e iinael RhieREsb SupERe Y By S hBR e v

cooperrateef dorbbadihggf obeee, B, S@casst Poestadbl 86h mold
o.obtain a desired predeterm ned, e.g

|d,_ 28 o
g?éug?e?bEBFﬁnﬁrdﬁﬁaF? ePF?Q@EeF@hﬁeéys?eﬁw703%%Wa%%r
fﬁghﬁaedaha tﬁée§§Hé[ZePﬁHﬁ”@fétéﬂa7@P££§pﬁéaéﬁ$¥?§§% to

t end. For_ exanple, assuning bending force,
gPEaferriganchamber 54a appropriately to that end. For

example, assuming bending force, B, is greater than force
R, pump system 70 would be employed to evacuate chamber
54a with sufficient vacuum to counter the bending force
B. Were bending force B weaker than force, R, pump
gystem 70 would be employed to pressurize chamber 54a
appropriately to maintain planarity of mold 28, or any
other desired shape. The exact pressure levels may be
determined with a priori knowledge of the forces R and B
which then may be analyzed by a processor 71 that may be
included in pump system 70 to pressurize chambers 52a and
54a to the appropriate levels. Also, the forces R and B
may be sensed dynamically using known techniques, such as
pressure sensor 18d and processor 71 discussed above, go

that the pressure within chambers 52a and 54a may be



R, punp system 70 woul d be enpl oyed to evacuate
chanmber 54a with sufficient vacuumto counter the

wbendingssior ce  B. Were bending force B weaker pb@aR2003/036012
force, R, punp system 70 would be enpl oyed to
pressurize chanber 54a approgrd ately to maintain
planarity of nold 28, or any other desired shape. The
ex@tiapished elmamlcaliyy e ime togreateicbrivitd na ipfdaar

k of, the forces R an whi ch_then may be

a%ze W, zaé pwlotg'esasg?esffetdga's?‘% be'hs magidddiden of the
pUmpncsiysy efortd: tios [TepRsiddnie RATRehS, F2aand AR O the
the appropriate levels. Also, the forces R and may
{béﬁgﬁggéﬂPéVﬁéﬁﬂﬁﬁﬁlFu@§@%§ Kiswn &-achnivipesdhers pelrighery
PreRSSHH R SRNS r l.scussed above,

so thé%ithe 8%%%%%?23%%%#%§%ﬁ§#b§%& 528 Cahtl s B CRES

b & W 520 /634 46551 2BET btdSFR 0360 b1 ideeshablki shed

d 1 cal lly during _operation to maintain substrate 26

Wi taE!:‘Bi’]a? (%esn St NapE. W‘f‘ﬁé Ay hCudecet ioRe Onp B R TY

f eogdce depertemrt bupaaeraNy2haghar §opS agp%gs al B8ree, as
r

sha of periphery surface 26c¢c, e.g., wh
pé’ﬁggh&Sy theypraterpsetekeadds 36r thogondikky 88,f shetm in

amd csegond f ad _26b_or forms _an obliqu L
AngE e n Fesnack FRR12RHo° a0k 2, BrRaePRLp Faroe ie
oFpeni pilepprosinfiateg26nst héit pbiragders #darfand, 7288ch as

appl force, _a [ t he ttern of beads 36 on
o §9§r§2,[7%§‘h8\%§ iV -Fi-SE Eﬁom'i%ngef BRdgppEgPAgthat
sinajteplenpoepeeyeilar e6rb8s §88WBe 090PPRS! AY 5@%%Qfﬁg

of geri ghery surface, such as bladders 72a and
| Fe8hBHPdChePERdRREEBoBUr RaEe RABFt | phewtonpr Bsxies Fi, F.,

f o C&83 can beRRRI te opposing- regions of. .
per i phe?&nsurfaceSZ%gf E?]’O\%?? %@ﬁf gfcrg%yg@?v%&de%%l%#d or
FeifFeréas Fagniuudes amdFéqubyedave poenideadulstrate 26

di.tferin nktudes as required to provide substrate

ZJgﬁ@vi ehosThest Bte ?%%Tﬁﬁqﬁngl&a%%ape?nﬁfﬂ%éﬁenﬁlt is

behati thésprébahrs hen P5RS SHF Eodih OaREe ROt L Chambers, ..
54 be established to be a positive

gégsgggﬁ?l?ﬁgg b@o be a positive pressure, thereby
facilitating removal of substrate 26 from chuck body 42.
This also may be accomplished under processor control, ox
manually.

[0046] Referring again to Fig. 8, when compressing
substrate 26 with bladdesr 72a and 72b, relative movement
between substrate 26 and support regione 58 and 60 occurs
along the X and ¥ axes. As a result, it is degired that
support regions 58 and 60 have surface regions 58a and
60a, respectively, formed thereon from a material adapted
Lo conform to a profile of said substrate 26 and
resistant to deformation along the X and Y axes. 1In this
manner, surface regions 58a and 60a resist relative

movement of substrate 26 with respect to chuck body 42 in

the X and ¥ girections.




facilitating renoval of substrate 26 from chuck body
42. This al so may be acconpli shed under processor

woami#mkssior nmanual ly. [0046] Referring agalnpt@mgmgymmgu
8, when conpressing substrate 26 with bl addesr 72a

and 72b, relative novenent begyween substrate 26 and

support regions 58 and 60 occurs along the X and Y

aﬂ@§4745 a mﬁﬁﬁnrln@ttbstggiredamﬂaQB suppembtheg ons
nd .60 have_.su C ions 58a nd 60a,

respeé%|§%1 %é% %ﬁéﬁggnmﬁybﬁpg HeEe P& CxdBpEedwalls,

tQuﬁQﬁﬂﬁKM@é(Js&o@hQ%b|§4Q% Séﬂgbsuﬁﬁbﬁa%%d2§4§@dextendlng

resi stant to defornation along the X and Y axes.

t MeEvwegin fdests antasecoagi sHepPe8s avdicens ﬂé§|§nd 160 in
6 r ect _t.o
cﬁ%ﬂ% B T WL AR PR SR  Lghs | TA%G0rme 1420
Zaﬁﬁmﬁﬁmﬁ&kcE@Elws20&3t6360®2ur3Q1t9061]sBﬁﬁQéghﬁﬁsthza,
S d 13, gher enbedi nent, chuck body 142
n&% icﬂﬁgg i &F FoahafRBCtign Baf £PBs Chambgsasnce
1&2pstibh, 25426 @ﬂgcéﬁzgneéhﬁaghﬁﬁosﬁﬁﬁﬂﬁeEh% ExteAnd
second support regions 158 and 160 |on
WﬁWtSF@QFEE@§ 1x2a, 152b, 132¢ and 132d msggbenfluld—tight
I Lon
15 feh ég%lbnggfg%g ha %unc V%ﬁgaégsu @H ZPgtoﬁ%gwn)

s pistriate t26 Bamplaneﬁlumdsupﬁmuﬁmﬁatgbﬁnwthﬁfpmmbhsystem
ch ers 152a, 152b, ,152c and 152d nmm
PTG RSRERahA R YnoQPaiAcear UnAtoaBhCRAVEWhER , sub-

t bhawgkway 1604t SBQBn)lsabashaglsﬂs Y ?Ban Ebﬂhdfluldn
conmmuni cation with punp system ernatively, or

i G186h GhefPskst rerewsthstsabe %ﬁanbepéaqsdalnlszb
1é&ﬁe%&ﬁg&égg1gﬁyFﬂ8£a&9£ﬂ]flﬂééhe% gg#lghfggngaggﬁs 142c

subst r at ace SUpPEri Mposition
RandeﬁéﬁdIWSuleBe éﬁébedléﬁartaﬁﬂoﬁ4£dbM@ﬂéﬂebEG to
26_.to function as a

bAPRFGLP ?5%|%f§g¥f§ %ratg%vbés CYpRSE@HRpacross the same.

As a result, with the appropriate pressure level being
provided by pump system 70 to recess 152, a pressure
differential could be provided between sub-chambers 152a,
152b, 152c and 152d, as desired. In a sgimilar fashion
one or more baffles, shown as 142e may be positioned to
extend between opposing areas of support region 160 to
form sub-chambers 154a and 154b, if desired.

[0048] Referring to both Figs, 2 and 13, providing
walls/baffles 142a, 142b, 142c and 1424 this
configuration, sub-regions 152a, 152b, 152¢ and 152d may
be concurrently provided with differing pressure levels.
As a result, the amount of force exerted on substrate 26
when being pulled-apart from imprinting layer 34 may vary
across the surface of substrate 26. This allows
cantilevering, or peeling-off of substrate 26 Ffrom

imprinting layer 34 that reduces distortions or defects




As a result, with the appropriate pressure |evel being
provi ded by punp system 70 to recess 152, a pressure

wdizhdseressti al coul d be provided between sub-chag®gisSeosnssor2
152a, 152b, 152c and 152d, as desired. In a simlar
fashion one or nore baffles, sgshown as 142e may be
positioned to extend betmeen opposi ng areas of

sulppIR tPe - ofpuredl tin I rsuing Harteer <241 Ba-iang

igé@%r o%u%léfd Lft{% quf I es%aegf%gr?gm %&gé%%ﬁ@lf?kg;Ub-

t mrsamimmfl@h atdyorhaidile rRgisierel 328 apia2hedl 83020 that
152d ma %é be concurrently provided with differing

pres St dhan the presgyne agsecdpsset mfcwmhee
eXQni8ith 0y SHERIALS2S hen heing 9}%'1‘%‘5 ” fromsult

inmprinting |layer 34 may vary across

s drerEasitd sligtaows: “cnttitlee perliligg @brce of the
Jdnprinting |ayer 34

of f- Q bstrae26from )
f?edfﬁ% ucds Sélbsst% %55 I BEPECHEPABIS308 wakes Bub-
P@Ha&d&%&%/ﬂm&mas?ﬂ alfomsel A8 kabedtel kEPhl ”%_;&-%Qter
er 34 durlng aration of substrate 26 there rom
Fg%aé’x ams ulddmg %ﬁﬁertolsf%chayhﬁa@@ralpnesfusabstrate

EQ%th!% i %h%l%%ahlthss&%eghgﬁb%%aQEEESigreiég%gted.

associated W th the remaining su ers
aﬁ@ufSZ@h3A§a§8r§@@tt“dﬂwhanreaseeafbngtdESbaBer of

t for e of the tion of substrate 26 in
s%g%%:&#plg%? l on%wsflﬁegﬁﬁlpogﬁgﬁﬁ’é‘r §1E§25u318§6“‘§ﬁ6815§aar
i QSgabjaadI ad2toiiss agbeate@ateahaamfgagea%bl PHef RLEE LP

portlon of substrate i n superinposition
:hﬁcgub chaRbERPa889pTPE &hBj Berkdon ofThubstraberaéein

tb@ber mpbB§E§@§e§1EHrshBeﬁHQ é?nﬁgéb Sﬁgé géﬁ%zgg

superinposition with sub-c ers
|§f9€@@ﬁ@£ap@adc@ﬁpauéavemngeefﬁeetat whi ch "d"

unRt T posi T okhi RROENRECRERRT T 455b. SBPUH 1 i Thel4,
aehuekehbdpnndz cantiLeyerhngietdefty of pins 2421
projecting from a nadir surface 252a of out recess 252.
Pins 242a provide mechanical support for the wafer (not
shown] retained on chuck body 242 via vacuum. This
enables support regions 258 and 260 to have surface
regions 258a and 260a, respectively, formed from material
that is fully compliant with the surface (not shown) of
the wafer.(not shown) resting against support regiong 258
and 260. In this manner, surface regions 258a and 260a
provide a fluid-tight seal with the wafer (not shown) in
the presence of extreme surface variation, e.g., when
particulate matter is present between the surface (not
shown) of the wafer (not shown) and the surface regions
258a and 260a. Mechanical support of the wafer {(not
shown) in the Z direction need not be provided by surface

regions 258a and 260a. Pins 242a provide this support.




[0049] In yet another enbodi nent, shown in Fig. 14,
chuck body 242 includes a plurality of pins 242a

wpnroj4aaidésmg from a nadir surface 252a of out reee8%2003/036012
252. Pins 242a provide nmechani cal support for the
wafer (not shown] retained op,chuck body 242 via
vacuum This enables support regions 25B and 260 to

haTRa Swatf dowl, megiso st 26 8srearng pded,lyr esgeel ipeitys, having a
éLfromrnuerrwt that is fully conpliant with the
suﬁfaceafhéi oW 0P  t he waf er (not shown) resting

aged 0Bl] suppeflerredicdn® 288 s.and 260, by th s 1@@%%&511:10:1,
surface regi ons 258a and 260a rovide a fluid- tig

sédl AFFH AR MRABIT I SHow@E o 30t Har @megfehfceﬂ@fne is
e e n, c
X RITR 35 age o 3P 1% m a%% (EanlElv?ﬁO%X) sgpsing

matter is present etween thé sur
tlg¥QﬁﬁealugmmenﬁhdewuamaiqIma0®up&aeente@momafe%5§a using

and 60a. _Mechani cal, port o mafer (not  shown)
55 fEASH GFHSEF HoPthé aed Bpownr pagaal

‘ qmwa%sai%a raRtndRs P Bg %&%% @b@vr 4ot %ﬁrpégaﬂﬂ% of
WO 2004/ 044651 PCT/ US2003/ 03601 22 To that éen pl ns

2X7d e&r 8 Ot Eive & )Varafl@ldd posts Kaiped ar dbwewkd; so that
CEQ%Sa%%%Fb?nonEOQéOLe o8kl 09 49 Eigﬁgt%% %éégfggagoan

15, in operation, curate neasur e
i RrER xfytpbapelgsnaan@emtakanoatms&deEOO ThBi SefiB¥rature

hi_eved sensi_n s alignnment fiducials 110b
p%@%éatlgﬁsmg%gr ?oaﬁgﬁﬁ% %nﬁéﬁpﬁe ay FEMBRTREVFEeSOPRBPL1ed
Sktmak ardpkdewtadi ghak sﬂbﬂrﬁ@sé?EQnEECQRhGHeﬁraf@{- 30

step, 202, %he t enperature of 30 may be vari ed,
| TEStSroi T8§ BESPoREr £8CNsOTt KagionAeaal eganf bendebermined

r%@'%@ﬁsﬁrémbﬁtsbfggtbﬁahgés #haﬂsegncér 8 9Loh Ny

orr&rna pattern on no he"te era ure
vaeldineas gupsbeaddbhaesat ﬁsdnglalsemmebature
not al ns

Eggaferséggg%ég?% gTﬁétgb@égﬁfl@aEﬂeo@lgE@F6ﬁsb%tVeen
CﬁﬂobgrdeBGQMh@ﬁﬂenEyfﬂ&ﬂéﬂé@ﬂeﬂloﬁfc@lEbﬁ@Qﬁ 4Tong one of
dlitance b%tgggg ggodetermlned. Thereafter, this chan

’ ge
in distance is divided by a number of adjacent regions a-
1l on the wafer 30 along the X-axis. This provides the
dimensional change of the areas of regions a-1
attributable to dimensional changes in wafer 30 along the
X-axis. If necessary the same measurement may be made to
determine the change in area of regions a-1 due to
dimensional changes of wafer 30 along the Y-axis.
However, it may also be assumed that the dimensional
changes in wafer 30 may be uniform in the two orthogonal
axes, X and Y.
[0052] At step 204, compressive forces, Fy and F,, are
applied to mold 28 to establish the area of the original

pattern to be coextensive with the area of one of the

regions a-1 in superimposition with the pattern. This



col linear gross alignment fiducials 110b. [0051]
Specifically, a change in the distance between two
wor2oego4adiignment fiducials |1iOb collinear al ongc@ag60b/036012
the X or Y axes is determ ned. Thereafter, this change
in distance is divided by a nuyber of adjacent regi ons
a- 1 on the wafer 30 along the X-axis. This provides
t Heay dvereadiioegd chanwatntrﬁee ean;é!aca/m{g regionge arilsion

at ble.to d| nS|o cha n wafer 30 al ong
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aﬁbﬂﬁﬂﬂy&&@thﬂrﬂaﬂaowﬁ amrelmhetlwafeal3wabksmol&028 may .

206,. after I, nment i s achieved and
nagn|§%b591gﬁgphﬁ g ﬁp%ﬁ&?§ gPESred§E§G hery kb
Vmbgahédcathenq&h@lﬁﬂh eatbeENmhy h%%obéegdbﬂtﬁaﬁl in both

ggloH& a-1 that is in superinposition with nold 28,

rﬁﬁélopécoréédap§?ﬁéﬁﬁf Pmpgeﬁénoneéessasy F; and
L Bt mEPIRI £8S Ol LG dve ARG FendBY S he SAe

magni tude, as the nS|ona varla I ons
watgithggmorenokd E&SHH?.grﬁateberaduﬁoﬁﬁhlmnal|

' i f tion/run-out errors
LSRR BIE e R Lhest sy ot erier
r eaulbldcospinegsbenuhgeeeskefladhdr mold 28 contacts

imprinting layer 124, shown in Fig. 6. However, this is

not necessary.

[0053] Referring again to Figs. 6, 11 and 12, the
alignment of mold 28 with regions a-1 in superimpogition
therewith may occur with mold 28 being spaced-apart from
imprinting layer 124. Were it found that the
magnification/run-out errors were constant over the
entire wafer 30, then the magnitude of forces Fi and F,
could be maintained for each region a-1 in which the
original pattern ig recorded. However, were it
determined that the magnification/run-out errors differed
for one or more regions a-1, steps 202 and 204, shown in
Fig. 15, would then be undertaken for each region a-1 in
which the original pattern is recorded. It should be

noted that there are limits to the relative dimensional




F2 may differ to conpensate for these anonalies.
Furthernore, to ensure greater reduction in

woRgOW/dikgsat i on/ run-out errors, the di mensional pcr/uS2003/036012
variation in nold 28 may be undertaken after nold 28

contacts inprinting |ayer 124, shown in Fig. 6.
However, this is not necessary. [0053] Referring
agzhamgeca Feihgse H@,y blcand bE2 wekine waileixgmmeraamdofmorml d828 For

mnth regions a- in ri osi tion remith ma

i, s st 0 s PRgea At SR st PR i ng
|%)gﬁrob3:4_at\ééﬁ:ﬁrdetn§1@ﬂ%d tbhahath® pattern on mold 28 to
na ni fication/run-out errors were constant over the
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area of this region a-l. At step 310, compressive forces
F1 and F; are applied to mold 28. Thereafter, mold 28 is
gpaced-apart from the region a-1 in superimposition with
mold 28 and the process proceeds to step 312 where it ig
determined whether there remain any regions a-1 on wafer
30 in which to record the original pattern. If there
are, the process proceeds to step 314 wherein mold is
placed in superimposition with the next region and the
process proceeds to step 304. Otherwise, the process
ends at step 316.
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than the area of the pattern, then the process proceeds



than the area of the pattern on nold 28. If this is
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- cBrbinpaargnpwotaspesi inhvehididiffering embodiments of the
present invention may be employed include a hot embossing
process disclosed in United States patent number
3,772,905, which is incorporated by reference in its
entirety herein. Additionally, many of the embodiments
of the present invention may be employed using a laser
assisted direct imprinting (LADI) process of the type
described by Chou et al. in Ultrafast and Direct Imprint

of Nanostructures in Silicon, Nature, Col. 417, pp. 835-

837, June 2002. Therefore, the scope of the invention
should 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.




pressure, the substrate may be quickly released from
the chuck body. Further, many of the enbodi nents
woizeenEsad above may be inplemented in existi BgTUS2003/036012

imprint |ithography processes that do not enpl oy
formation of an inprinting |aywer by deposition of

beads of polynerizable material. Exenplary processes
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said.first and second recesses in fluid communication

with one of said exterior surfaces.

2. The chucking system as recited in claim 1
wherein each of said first and second support regions has
a support surface associated therewith, facing away from
said second surface, with said support surface being
formed from a material adapted to conform to a profile of

sald substrate.

3. The chucking system as recited in claim 1
wherein said first recess includes a plurality of spaced-

apart pins extending therefrom.

4. The chucking system as recited in claim 1

wherein each of said first and second support regions has




fromsaid second side and term nating proximate to

said second recess, said second side and sai d edge
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including a throughway extending through said body

pl acing one of said first angysecond recesses in

fluid communication wth one of said exterior
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selected from a set of shapes consisting of annular,

polygonal and circular.

7. The chucking system as recited in claim 1
further including a means coupled to bend said substrate

80 as to curve a shape of said first and second opposed

sides.

8. The chucking system as recited in claim 1
further including a pressure control gystem in fluid
communication with said throughway, with said substrate
resting against said first and second support regions,
covering said first and second recesses, with said first
recess and the portion of said substrate in \
superimposition therewith ‘defining a first chamber and

said second recess and the portion of said substrate in




sel ected froma set of shapes consisting of annul ar,

pol ygonal and circular. 7. The chucki ng system as
woeod|dssuin claim 1 further including a nmeanspeouRb®9036012

to bend said substrate so as to curve a shape of said

first and second opposed sidesg 8. The chucking

systemas recited in claim1 further including a
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control system operating to create a pressure

differential between said first and second chambergs.

10. The chucking system as recited in claim 1
further including providing an additional throughway,
with said throughway and said additional throughway
placing each of said first and second recesses in fluid
communiication with one of said exterior surfaces,
including a préssure control system in fluid
communication with both said throughway and said
additional throughway, and means, coupled to bend said
substrate so as to curve opposed sides thereof, with said
substrate resting against said first and second support
regions, covering said first and second recesses, with

said first recess and a first portion of said substrate




differential between said first and second chanbers.

10. The chucking systemas recited in claim1 further

i ncludi ng providing an additional throughway, wth

sai d throughway and sai d additional throughway

pl aci ng each of said first, nd %econd recesses in

fluid conmmunication with one of said exterior

surfaces, including a pressure control systemin

fluid comrunication with both said throughway and

said additional throughway, and neans, coupled to

bend said substrate so as to curve opposed sides

thereof, with said substrate resting against said
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Secharaber
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substrate in superimposition therewith defining a first
chamber with said pressure control system operating to
control a pressure in said plurality of sub-chambers to

create & presgure differential therebetwean.

12. A method for modulating shapes of a substrate, having first and
second opposed surfaces, spaced-apart from an imprinting layer, said method
comprising : |

creating a pressure differential between differing regions of said first
opposed sutface to attenuate structural distortions in said second opposed

surface, with said structural distortions being a function of said imprinting fayer.

13. The method as recited in claim 12 wherein creating
further includes subjecting a first subset of said regions
to a pulling force and subjecting a second subset of gaid

regions to a pushing force to establish a



second opposed surfaces, spaced-apart from an

inprinting layer, said nmethod conprising creating a
wonresiddeesidi fferenti al between differing regi oreT@82003/036012

said first opposed surface to attenuate structura

distortions in said second opmsed surface, with said

structural distortions being a function of said
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first subset of saild regio to a pulling force and

subj ecting a second subset of said regions to a

pushi ng forgg to tablish.a WO 2004/ 044651 .
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creating a pressure differential further includes
16. The method as recited in claim 12 wherein
c¢reating further includesg egtablishing a first of s=aid
differing regions to cincture a second of said differing
regions, with said first region having a pulling force
applied thereto and said second region having a pushing

force present thereon.

17. The method as recited in c¢laim 12 wherein
creating a pressure differential further includes
attenuating structural distortions in said second opposed
surface by varying said pressure differential to

compensate for external pressures bearing on said second

surfaces.



attenuating structural distortions in said second

opposed surface by varying said pressure differentia
woaondamgsensat e for external pressures beari ngrowUS2008/036012
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18. The nmethod as recited in ghaim 12 further

i ncl udi ng providing said second surface with a nold

havi ng a pat8er nTheemethodndsareefieedhani afjadam 12 further

i gprh N0 | aver..di sposed thereon facing sajd pattern
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and second support .regions, covering said first_and
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defining a first chanber and said second recess and
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The_pethod as recited in claim18 further including
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fromsaid I nprinting
defining a second chamber, with said pressure

differential being created by establishing differing
pressure levels within said first and second chambers,
and further including establishing a positive pressure
within said second chamber after contacting said

imprinting layer with said mold.

19. The method as recited in claim 18 further
including separating said mold from said imprinting layer
and evacuating gsaid second chamber before separating said

mold from said imprinting layer.




