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| NVENTI ON [ 0001] The field of invention rel ates

generally to inprint lithography. Mre particularly,

the present invention is directed to reducing pattern

di stortions during inprint |ithography processes.

[0002] Mcro-fabrication involves the fabrication of
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feature dinension of the structures formed. O her
arkadngf idevéhopiebhogmaphirchrooessesf abri cati on has

been | oyed i ncl.ude, biotechnol tigal. . .
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providing a substrate having a transfer |ayer. The
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increasingly important. Micro-fabrication provides
greater procegs control while allowing increased
reduction of the minimum feature dimension of the
structures formed. Other areas of development in which
micro-fabrication has been employed include
biotechnology, 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 method 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 fills

the relief structure. The polymerizable fluid
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conposition is then subjected to conditions to

wo abds@bdoys and pol ymerize the same, form ng a pc1/Us2004/022454
solidified polyneric material on the transfer [ayer

that contains a relief structure conplinentary to

that of the nold. The nold is then separated fromthe

spak Polorrelrs chvat enibdlectedh tot bahdatiepki ea ebliﬁéfy
relief. structure in the mold.is forpged.in

¥ iR FYRRE 7 iSEMPat érqranmgmesoilﬁéﬁgeeii PS}‘é‘i"e’éh‘a

ndtee S I A 118tk RYMHBC 13RS kakhtabentaubieat edlioran
envi ronment to selecti-vely etch the transfer |ayer

FreruriwRe (P st adiv |’C@d tﬁ?@lty@ér the mpeidri alhguepld is
' ' t |
Tlll;@rx Sldi&dg | P Jl%t gdiyheelc rapst-en:! g6k

require mum feature di mensi on
¢hakuakxbnﬁﬁ¢aantﬁhﬂnna$m9ﬂ $td@gend@nnn gpenmol dt &8

o0t O T St 52 SR AT T8 67725005 EBCChou

it 05 Sl By d ot LD AR iss1TRtiFaddapeloppatiat matkoial are
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mddgpvdl J be |n subsequent processes, reproduced in
the substrate or in another material which s added
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Stda tiony d&nnﬂfilﬂ&ﬂ(sub}ZS po) 83Bterns in a thin film
coated on a substrate in which a mold having at least one
protruding feature is pressed into a thin f£ilm carried on
a substrate. The protruding feature in the mold creates
a recess of the thin film. The mold is removed from the
film. 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 whieh
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 Silicoﬁ, Nature, Col. 417, pp. 835-

837, June 2002, which is referred to as a laser assisted
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process. In this process a region of a substrate is

made flowable, e.g., liquefiedg by heating the region
wWth the |aser. After the region has reached a
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conpressi on device that includes a pair

spatalwiet+ contact nenbers to conpr ess a peri et er
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each ot her and spaced apart a distance. The first
body i ncl udes. an SUMMARYr OBr THE alNVBENT hasiber disposed
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pattern formed by the template. To that end, the system

features a compression device that includes a pair of
spaced-apart contact members to compress a perimeter
surface of the template between the pair of spaced-apart
contact members. One embodiment of the compression

device includes first and second bodies, =ach has a

contact member, defining a palr contact members. The

contact members are disposed opposite to each other and
spaced apart a distance. The first body includes an
actuator arm, and a chamber disposed adjacent to the:
actuator arm. One of the pair of contact members is
coupled to the actuator arm to move in response to
movement of the actuator arm, varying the distance from
the remaining contact member. A bladder is positioned

within the chamber and has a variable wvolume. The
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wi thin the chanber and has a variabl e volune. The
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actuator armis coupled to the first body to nove in
response to variations of thegolunme to vary the

di stance. In one exanple, a fluid, such as a gas,
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Fig. 1 is a perspective view of a lithographic
system in accordance with the present invention;
[0009] Fig. 2 is a simplified elevation view of a
lithographic system shown in Fig. 1;
[0020] Fig. 3 is a simplified representation of
material from which an imprinting layer, shown in PFig. 2,
is comprisged before being polymerized and cross-linked;
[0011] Fig. 4 is a simplified representation of cross-
linked polymer material into which the material shown in
Fig. 3 is transformed after being subjected to radiation;
{o012] 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;



spaced-apart fromthe inprinting |ayer, shown in Fi @ January 2007
1, after patterning of the inprinting |ayer; 8
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[0013] Fig. 6 is a sinplified elevation view of an
addi tional inprinting |ayer pgsitioned atop of the
substrate shown in Fig. 5 after the pattern in the
filp8e3)i nprFigi ng iayarsimplifimsi erlehitier efinw [dF0 b4
Fig..7.is det ai | ed perspective, view of a print head
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present |nvention; [0016] Fig. 9 is an exploded view
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the actuator device shown in_Fig. 12 in accordance
wilPR&l 1 r SFigal P elhade SMRASREAMISY A AR FMpring head
agROh O Up; §i ey, of the actuator device shown in Fig.
13 1n accordance with a second alternate enbodi nent;

[ 6022T] Fi g. Fis5. | 50 al®oa thrhugm-vireplein tiewactfuat chuck

SR ST RS0 pon e W L 2t
vieond®f a vieder,lshioevwe iperdpgegtiviy Vieanc i anpeatwhaiol
| H.cnéié}got!rr?yfrg 1.agre 8 da{rlscf)%ss%% to vary dimensions of a
template;

[0019] Fig. 12 ig a cross-sectional view of the
actuator device shown in Fig. 11, taken along lines 12~
12;

[0020] Fig. 13 is a bottom up view of the actuator
device shown in Fig. 12 in accordance with a first
alternate embodiment;

[0021] Fig. 14 is a bottom up view of the actuator
device shown in Fig. 13 in accordance with a second
alternate embodiment;

[0022] Fig. 15 is a bottom up view of the actuator
device shown in Fig. 13 in accordance with a third
alternate embodiment;

[0023] Fig. 16 is a top down view of a wafer, shown in
Figs. 2, 5 and 6 upon which imprinting layers are :
dispoéed;

[0024] Fig. 17 is a detailed view of Fig. 16 showing

the position of the mold in one of the imprint regions;




[0024] Fig. 17 is a detailed view of Fig. 16 show ng January 2007
the position of the nold in one of the inprint
woegismne7e 8 January 2007 WD 2005/ 006076 PCT/US2004/022454
PCT/ US2004/ 022454 6 [0025] Fig. 18 is a bottomup
pl an view of the chuck body gshown in Fig. 8 in

a nce Wth an alternate enbodi nent; [0026] Fig.
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1 spacged- art . pled.to bridge 14 is an
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face inprint head 18 is a notion stage 20. tion
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stage device is disclosed in United States patent

appl i cation nunber 10/194,414, filed Jul 11, 2002,
entitled " HEPERP REPERIATHON OF (THE, Ay ON

U S LT LD L R BEETS <o
mgqgndancé with one embodiment of the present invention
that includes a pair of spaced-apart bridge supporté 12
having a bridge 14 and a stage support 16 extending
therebetween. Bridge 14 and stage support 16 are spaced-
apart. Coupled to bridge 14 is an imprint head 18, which
extends from bridge 14 toward stage support 16. Disposed
upon stage support 16 to face imprint head 18 is a ﬁotion
stage 20. Motion stage 20 is configured to move with -
réspect to stage support 16 along X and ¥ axes. An
exemplary motion stage device is disclosed in United
States patent application number 10/194,414, filed July
11, 2002, entitled “Step and Repeat Imprint Lithogréphy
Systems”, assigned to the assignee of the present
invention, and which is incorporated by reference herein
in its entirety. A radiation source 22 is coupled to

system 10 to impinge actinic radiation upon motion stage

20. &as shown, radiation source 22 is coupled to bridge




inits entirety. A radiation source 22 is coupl ed t@ January 2007
system 10 to inpinge actinic radiation upon notion
woetag®oci26. As shown, radiation source 22 is ceutpusMod/en24s4
bri dge 8 January 2007 WD 2005/006076
PCTI US2004/ 022454 7 14 and i ntludes a power generator
23 connected to radiation source 22:. (0030] Referring
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| ayer 34, is disposed on a portion of surface 32 that
pr bley ragisra i safpr goandi sprgprre™oreofidbly Pelow.
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I nprint of ,Nanostructures in Silicon, Nature, Col.
4%%0&1 351887 2L 00 S9YESS PA -t he present

endiient . 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 tebhnique such as a hot embosgsing process disclosed

- in United States patent number 5,772,905, which is
incorporated by reference in its entirety herein, or 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,
pPp. 835-837, June 2002. In the pregent embodiment, .
however, flowable region consists of imprinting layer 34
being deposited as a plurality of spaced-apart discrete
beads 36 of material 36a on wafer 30, discussed more

fully below. An exemplary system for depositing beads 36



however, flowable region consists of inprinting |ayQ¥January2007
34 being deposited as a plurality of spaced-apart

woisereates beads 36 of material 36a on wafer 3PCT/US2084/022454
di scussed nore fully below. An exenplary system for
deposi ting beads 36 8 January 2@07 WO 2005/ 006076
PCT/ US2004/ 022454 8 is disclosed in United States
pat erft dHppstlicead dm Mmived Stetesipanentf pbplligatyon number
2002, it " t nd d for.Dispensin
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to Héﬁ; 2, 3 and 5, the gattern recorded in
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head 18 reduces the distan to allow 1 nprinting
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sur fre¢er3d2l 3ér.one enbodi nent, distance "d"

1S
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provided with the requisite properties to conpletely
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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 contiguocus 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
£ill recessions 28a. |
[0033] To facilitate filling of recessions 28a,
material 36a is provided with the requisite properties to
completely £ill recessions 28a while covering surface 32
with a contiguous formation of material 36a. In tﬁe.
present embodiment, sub-portions 34b of imprinting layer
34 in superimposition with protrusions 28b remain after
the desired, usually minimum distance “d”f hag been

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



with a contiguous formation of material 36a. In theg January 2007
present enbodi ment, sub-portions 34b of inprinting

wbapsosedd i n superinposition with protrusi onsp@BBszo04/022454
remain after the desired, usually m ninmum di stance

"d", has been reached, |eaving Sub-portions 34a with

a thickness t1, and 8 January 2007 WO 2005/ 006076
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to increase djstance "d" hat nmold 28 and
i mprRYRVIHE |Hhe e afe n@ﬁa@éénspaﬁver( @438jth a shape

Ref ed'd'dﬂlgnﬁﬁld:'tgb 2 gh %@I UfogaEuE}'fQE%S§b€gofaéé819628, shown

enpl oyed to conplete t atternin waf er
exanfsize %ae?l)earaﬁdg mﬁru nRifigrl ayprissingylbper 34 is

et NS d AN Pl eRabcera gl LIPSt | BOGLBYEL 7. 4,

Into Ing a erne

shovmmpmrf& el 18TO shaeinl iihareget ahi ag, mbb@dnﬂrbeih@i-ease
from.which inp rulntlngl|a | ayer. 34 is f or med may be
var (B UR e 1de 82 tEp& medd efcRnfafBrRinhipgsherertI are

vaf efp3dq-apadgsi red. The

[0035] 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 34lmay
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



relative etch rate of inprinting |ayer 34 to wafer 3January2007
may be in a range of about 1.5:1 to about 100: 1.

wol2veymatzsvel y, or in addition to, inprinting beyeso8fozzass
may be provided with an etch differential with

respect to photo-resist material (not shown)

sel ectively disposed thereon. e photo-resist

mat eri al (not shown) may be 8 January 2007 WO
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the plurality of features on nold are shown as
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r ecessi dﬁﬂ@i@@dla/ndemeuﬁsusnonhezspenmj1ccappisscpamﬂom owhich
r t.ual ny, fe re o reate,an
?”nt té%r é%téé&%a\ér cu?;iulég%g H@;I be"& E%Ffliégyao? PR EHTHE on

of madido 28t ers. shSwa laesubbessioﬁayw@ grsén@ing dalong a
%lacture corrponents of system 10 from material s
t ha

rgCE iR PRl edt 58 ErOErgsmﬁav%Bla Ehaf ngrovide a

. eXPRRYAN el 6$eﬁ518fzhe§§tﬁh§ns Qgétoﬂo battlement.

ppm degree centigrade at about room tenperature ?e.g.

25 Heyewes, Cmtclegnsa@e)s 28anasdnpretbodi onat 38b tihey

nat%%&%es%%ngo@%t%%% uale Xny feature required to create an
integrated circuit and may be as small as a few tenths of
nanometers. As a result, it may be desired to
manufacture components of gystem 10 from materials 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 INVRRQ, or name

SUPER INVAR™, ceramics, including but not limited to




have a thermal expansion coefficient of |ess than 8 January 2007

about 10 ppm degree Centigrade, or less than 1
woppmsteegree Centigrade. To that end, bridge spepokis4/022454

12, bridge 14, and/or stage support 16 may be

fabricated fromone or nore oi the foll ow ng

materials: silicon carbide, h al l oys avail abl e

undgrdrivR® rc%‘i%rrﬁ@”e hNM&BQonam?aasm@LEERnw\%@

ceram cs, including but not to January 2007
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exe tabl LS avallable from Newport
CgpF%P% 9 ﬁé ‘California. [0037] Referring

to ooyl 7 am@f&xrﬁ@@pltat ¢igdh. wpend ¥hi &mpDhee 286) supon
present, is coupled to |ngr|nt head. housing 18a via a
al

¢ hudKichy meylek 8@1 i@ PrEcenfcl hi8esOBRLBR tRoHpPRINt head

Sp f. alyi S 1 c o)
|ng$$ﬁ?9ﬁta§ahg&§iﬁgg%ggkggﬁdggﬁu %gdiﬁig P%%%p e% chuck
t erlquidyt @226 Specdlfiipadflyonasysalébrdg8iboni gystemsiab is

| s B Tt Rl AbLBLpdY ThETLARR SA55K ' A30F %

wafipd@s leap ate EEgto5calhbf&byoﬁ0hyeuemgl&b vis- a vis a
substantially uni.faormg ag dj stance ,"d" g
[ociégfwm@f EVELRY £8ot i #ﬁs‘s‘atﬂfoanawterea’r%
3&%@&8 %m@@;lta@l%na alli hakhtybetwash Ugéap Batdan s 1903
9c and base plate 19d. Specifically, actuators
1934afe129@0an @hs?%l areFdennBet Eae*é@bm;e@%hh%%wga 18a
an I e e 18c44 N
R e R L AR A s U v
ri go2sd is EeﬁpkedngbepmbehthSQSplat@ndgﬂ,amaﬂlbration

fl f 19a
L0V LaPoF iR aPe sy PROTa L hE P R SRS S T8y WP and
coange agdl abbakeopliatef hovur egpsPi f1gs1 BlA Adtuators 19a,

therefore, chuck body 42 and tenpl ate
19b and 1%c are connected between housing 18a and base

tates

plate 19d4. Flexure gystem 18c¢ includes flexure springs
2la and flexure ring 21b. Flexure ring 21b is coupled
between base plate 19d and flexure springs 2la. Motion
of actuators 19a, 1%b and 19¢c orientates flexure ring 21b
that may allow for a coarse calibration of flexure
springs 2la and, therefore, chuck body 42 and template
26. Actuators 1%a, 19b and 19c¢ also facilitate
translation of flexure ring 21b to the Z-axis., Flexure
springs 2la include a plurality of linear springs that
facilitate gimbal-like motion in the X-Y plane so that
proper orientation alignment may be achieved between
wafer 30 and template 26, shown in Fig. 2. |
[0039] Referring to Figs. 8 and 10 chuck body 42 is
adapted to retain template 26 upon which mold 28 is



26. Actuators 19a, 19b and 19c also facilitate 8 January 2007
translation of flexure ring 21b to the Z-axis. Flexure

wo Bhishe@ @la i nclude a plurality of |inear sprpdgssihgizzass
facilitate ginbal-like nmotion in the X-Y plane so that

proper orientation alignment may2 be achi eved between
waf er 30 and tenplate 26, shown in Fig. 2. [0039]
Ref éftiasdedo empdoyisganacromc haeknbedss 42 Te thafapted chuck

to r P 26 n ' 844 S )
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46 raRr@Hecenans desd8onli tetesbdee 46gpactfdesadt firat first
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spa Iﬁﬁﬁ? ort gk egi.0 WS 0 j

cin%ﬁg)es ggggﬁggéupg%??trgg?%ﬁk%0£3§g@$hgéf?%§$@%§é§

and ssecond sSpporscasgéon S8cand thepbirst ef? omndozecond 54
cinctures second recess 54. A porti chuc
boay PR aES oy EFPREoSPPPRE P ERLoRc Bl F O e gona

tr aneRARNE4,0 Ar pdiratibanshavEnghackr pdayeem hed

wavel ength, such as the wavel ength . of _the actinic

r adiS¥OSEH RSt RBd YAk By Eecepd F%ﬁ?sana‘} bRr Y aReRa et to

"Hd%iafdi%i%ﬁ MaRrihdy &r pebaet baRsRARCHEVERERGER]  sSeNas the
as glass. However, "the” material fromwhich portion 62

i s mavelemgtdepdnthapostinhe wadépbhgehmentieaeatilopve. To
pro d radiation_sourc 2 oW, 1 H Qe

Por 1 63y, BERRLoRT s2 dE fagelexSRoM kI T et of
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ol @3, Bl aP Ao BREFaRT A2 S vREC BV et pon

chudadqdred2nant ofieradiaviont prodgbeaysy radiawias source
64 and 66. One of the throughways, such a hro%ghwqx ,
64 P2ac oMy $0 Fdess -52PPREAPR; §2 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
throughway, such as throughway 66, places second recess
54 in fluid communication with side surface 50.

[0040] It should be understood that throughway 64 may
extend between second side 48 and first recess 52,'aé
well. Similarly, throughway 66 may extend between second
gide 48 and second recess 54. What is desired is that

throughways 64 and 66 facilitate placing recesses 52 and



conmmuni cation with side surface 50. The renaining 8 January 2007

t hroughway, such as throughway 66, places second
woersssse764 in fluid communi cation with side spef/a€Ros/022454

50. [0040] It should be understood that throughway 64

may extend between second sijde 48 and first recess

52, as well. Simlarly, throughway 66 may extend

b@@meEﬁspecbndelgjcknzﬁﬂumdicnmmnniqaaaemsuﬁth What-essure

edl'StE thro% ways 64 and .66 facilitate
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Fi4 Si‘edi@@@és 52F:amt arguydd @O 448l &of pdredpnattea26fi n
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54a. Punp system 70 operates to contral pressure in
femplabe %ﬁdllsmlma:mmr@erespé@ ﬁecﬁawq/a sgeond

P est Sﬁsﬁﬁfﬁ ctt;%n‘% [ R

rréall?%fwglg% ét; & po%%‘%o é"tph—)edt A aate the
ks iroel yid 2f sk risdueend |a‘ecrmtd DA d:,har@e:prar ation of

t | a fr chuck bady .42 Y r.f . of_.

o 4 Lyl L VS P ag S5 B neBleRl am i
dflﬁérﬂﬁefrmttfte Riaasine the tﬁitm:fmrcﬁi ofhatieetempaate, 26
|nter lia reduce distortjons_in the tenplate 26 that

I 1499, 216Y HRstHASat ity PRts RYR& dof
é‘éﬁ%?&@l&@ ofoaen@aaaaé S5 YT DHIEHAyRY ARRLY Rorce

‘positive pressure in chanber 54a to conpénsate for any
uplvegih ¥ty e Rhaarressownes igs the esgiondorhampeirntiagnay

differ from the pressure in the first chamber 52a to,

inter alia, reduce distortions in the template 26 that

occur during imprintihg, by modulating a shape of
template 26. For example, pump system 70 may apply a
positive pressure in chamber 54a to cémpensate for any
upward force R that occurs as a result on imprinting
layer 34 contacting mold 28. 2additionally, pump system
70 may apply a positive pressure in chamber 54a to
compensate for any upward force R that occurs as a result
on imprinting layer 34 contacting mold 28. In this
manner, produced is a pressure differential between
differing regions of side 46 so that bowing of template
26 and, therefore, mold 28 under force R i3 attenuated,
if not avoided. Coupled to template 26 is a means for

varying dimensions of the same in X and Y directions,



| ayer 34 contacting nold 28. Additionally, punp systgelanuary 2007
70 may apply a positive pressure in chanber 54a to

woaonpmosat e for any upward force R that occursp@guseood/ 022454
result on inprinting |ayer 34 contacting nold 28. In

this manner, produced is a prgssure differentia

between differing regions of side 46 so that bow ng

of wiehptheeun@érandndimereiar e;hadl -dli28&amider fsorigdkoRthe
Is_attenu t?d Lf nﬁ% avoi ded. Coupled to, tenpl.ate 26
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actuator device eferring to Figs. 8,

andod2esi M4t AedpV 6semounesdingt eonpes Hes weiidas defvicdwck? body

i ngl.udes,first, and second _bodies 7 nd. 76, unt
onigppit BESMIBE R Mt rahyE 2 il ol Gae.
nobshetd bnecaof| badies Sysdem48md Até dredlideanemd or more
bodi es. body 74 and, 76 includes one or npre chanbers,
shBRAMPRT Bod§houn adn 72Q0Y D% 5% el 3w t rPWRﬂﬁﬁ?’Eé‘flt

| SCRAMBELURLAr 18N Gh AcfidSdy BARET A 46 At REME! Oluc of

arm /74b is connected to body 74 to reciprocate about
anaaiRiist@ndar®i 74b hentemadedxiederdy rmtaxirgcippgcate

al o he Z direction an i i n .
oL RBdpt Den ek orha T AL IR R d LA GEEP M om axis
nenbdr alddg sheny diresct hn exid drexamichatersr imatae seicong

cont act. nber 74f. At |.east_one hl adder.is di.sposed .-

o PRRREE cRaRbor 9420 e ohBE Gt S o g 1ot Rember

bl agddeasorR§atRady J8keet womli apbh satnimatdwntier’ sorontact
posite sides of first neg%g&i74c. Speci fic

b BERRET 78 i BoshEHet MR da% s é%loséwaﬂqaé %&h&fl
bodiafBeANGali I Str BRDES - Tdtbr A Ad4RS Hi8RIdes s 782 and

di sposed between a second side wall® 74h of body an
fi 78b awebdisFdeed Ehe hclufmismditerapirsil tan@ ifgtle dadigst

Vorlngnqge:t:h'%c tmysggcf :!.c@acfliy\'/,elﬁllavo%elre d7§lbn diess@p%)%ré%e between a
firgt gidewall 74g of body 74 and first member 74c, and
bladder 78b is disposed between a second side wall 74h of
body and first member 74c. Each of bladders 78a and 78b
has a volume that may be selectively varied in response
to intreduction of a fluid therein. To that end, each
bladder 78a and 78b is in fluid communication with pﬁmp
syatem 70.

[0043] Disposed opposite to contact member 74f is
contact member 76f and spaced-apart a distance D;. It is
not necessary for contact member 76f to be coupled to
mové with respect to body 76, Asg a result, contact
member 76f may be rigidly attached to body 76. As shown,
however, contact member is shown connected to a second

portion of actuator arm 76, and first member 76c of



to introduction of a fluid therein. To that end, ethJanuan(2007
bl adder 78a and 78b is in fluid comruni cati on Mﬁth

WPWes/068076t em 70. [ 0043] Di sposed opposite to pOnussing/ 022454
menber 74f is contact nenber 76f and spaced-apart a
distance D1. It is not necessafy for contact nenber
76f to be coupled to nove with respect to body 76. As
zal%ﬁﬂﬂuatqnnﬂnmn76hﬂdmbebnﬁebtﬁdytbeboﬂgiﬁEytatrachpdocate
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2005/ 006076 PCTI US2004/ 022454 15 actuator arm 76b is
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Z direction and termnates in a second
Sec @fhaeanY&L . 76 Atedeasts cheobl fRder irénﬁespoaed 'aibimgn

t he C n a r.m.na [ t [

761 hRMHeEE 760 2%y KETPORE8Re BxBnGPl A0 »TEHRER 02 ana
76asdh1amhegﬁm@saﬁﬂﬁgnaﬁnhabémo7bbadﬂe@pPBﬁatanfldéwbof

are di sposed.i n chanber. 76a_on es _of _,
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betWﬁﬁﬁhé&ﬂ”afiﬁr%%d%W@b%ai§g7@§ Bed¥odd 28dahll Birst member
menber 76c¢, and bl adder Bob is di sposed between a

sec O /siadel b@@ﬁ@ersﬁObf1§odysnﬁaeﬂ|bgtwa@nb@rse@@nd side
EaChaﬁf Ws%g%%r%og§oﬁné”91§89 H@ébér %%gﬁC% %fygigaders

selectlvel vari n response to |n
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conteaglt, emwhebladdgpi eakl ynéiheodi & ahwef Diid Scommunication
estahl ished to be sllghtly smal l er than the di stance

bet We&it PHEPOSYEEER F8gi ons of perineter surface 26a

of flogumrhat e %ﬁrhﬁgceﬁbﬁswgnt h€éxﬁﬁ\l£@e 38 1diSisposed
manner, tenplate 26 Is described as being

Con§ﬁ§§§e@epynpagt members. Typically the distance D, is
established to be slightly smaller than the digtance

between the opposed regions of perimeter surface 26a of
template 26 in contacted therewith. In this manner,
template 26 lg described as being compressively pre-
loaded. To compress template 26, one or both of bladders
78a and 80a may be inflated to increase the volume ‘
thereof. Expansion of bladder 78a causes actuator arm
74b to move about axis 74d toward sidewall 74h, thereby
decreasing the magnitude of distance Dy. Expansgion of
bladder 80a causes actuator arm 76b to move about axis
76d toward sidewall 76h, thereby decreasing the maénitude
of distance D;. To reduce the compression fofces on
template 26, the volume of bladders 78a and 80a may be
reduced to return to nominal size. To expand the

distance D; go that template 26 is not compressively pre-




| oaded. To conpress tenplate 26, one or both of 8 January 2007

bl adders 78a and 80a may be inflated to increase the
woabhasmeo7s her eof . Expansi on of bl adder 78a causes/ius2004/622454

actuator arm 74b to nove about axis 74d toward

sidewal | 74h, thereby decreasing the magnitude of

dist$%%§<%F. ansi on _of Dbl adder 80a_causes act uator
arm 3 UbIRY D& £asidy CoRerBLEFddwan aghator
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contowolddtlg of bdh@datsWriseh an@neoBr afer 8eiabbadders time

78b and .Bob are exganded and one or both of bl adders
78b TETHIEES &P TEENFT: EYPStRBLEI ke 2requPredsivelvimrer

subskﬁ@kg,@Qa@eCQgprggskgghﬁegre- | oaded state nmay be
reduced 0045 eferrlng to both Figs. 11 and 12, a
P

pr ol @ﬁﬁ encoBREEFEANEUFPREobBeFaBFonlt ornedrhed @ problem
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| ar ge conpr essi on S Were app o per |
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78a exerted a iled to side walLl 76g_ and

expdReCER BP25I ARBLLoR0R° BYEITRReR TEFERCON S de Talthese

76gsithattienseexpXnEliefl 88 bladder 78a exerted a force
applied to side wall 76g and expansion of bladder 80a
exerted a force on side wall 76g. The forces exerted on
one or both of side walls 74g and 76g resulted in bending
moment on chuck body 42, which is transmitted onto
template 26, TIdeally, template 26 should be subjected to
purely compressive forces, with bending forces bein§
substantially minimized, if not avoid entirely. Bending
forces on substrate are problematic in that is results in
pattern distortion. Substantially reduce the
aforementioned bending moment, a compression ring 79 is
provided. Compression ring 79 surrounds an area 81 and
includes a surface 79a facing the area 81. Bodies 74 and
76 are connected to surface 79a and disposed opposite one

another. In this manner, the force exerted by bladder

i



one or both of side walls 74g and 76g resulted in 8 January 2007
bendi ng nonment on chuck body 42, which is transmtted
wonbws/noéoeepl ate 26. ldeally, tenplate 26 shoul gcles2004/022454
subjected to purely conpressive forces, with bending
forces being substantially Tyn|n1zed if not avoid
entirely. Bending forces on"substrate are problenmatic
78 hat disleweddl Uagi Arepakbean diakdrahdnopposite force
Substantially reduce the aforenentioned bendin
& 594 Cofrir ESTPER=FLAY 379n9379p%%m%ad oppdsite to
G emsi OB ikiiNArTY, SHhéo%Qéeaaxafeéd%yaﬂﬁada@.@l a6leSon
a surface 79a faC|ng the area 81. Bodies 74 and 76
&ldepide J66d creasgsf anecq9alanaddPEpes ke obpBHsEe t @ che

LRy 7S B 005 B0 To bedy CABo0aY dasa 170

T®a oﬂtsmaamaube7&geceé&ée51aaneqaabfaudmpp9331¢m ring

Tlsod 83208y o710k RBFaPEy Lo ELPorbE Bhidieh HP 2
bleaddenl 3%As0R ofi dewphhrébgscreates an equal and

OIf)pOSlte force on a region of conpression ring 79
°§|§(§§ed opfodPt Bosgibéay to7empYay nasiwRber tdevice 72 to

ShiaHd (eRBIacal 260MBECRRNEN hBORP cAaflCUbhholx! S

hereof, is closely aligne neufral axis A
gfertbens] qué 26d Fe646pultd bs ﬁ@ssdeeatbaeh@dowo

act uat devi e 72 expand te Iat 2 S To
B e Bk el 2h8 oo B i T Be i ERred L5

feoeatily a@tahhedetusepeflaeneslsastac%héGaecdﬁdSmdmbers
be achi_eved, np e use of adhesi ves.
P IR IR TR R S ot L R A
BRIdC crrstfe,lctre 8Belecl¥4by, aBdr 7T6kampBspest ivedaaddy, for
exanp a threaded coup Iln%gand/or adhesi ves.

véa’q@ilu@gf srgdervadhashEesappireaiie ferptatwRd iy
%ﬁ,ﬁgg\%‘d”%oogé mpgﬁéetﬁsoﬁgsg ?Qg&m 7§Hea£f 1?9& 4 #047]

anta t he eS| nis t he
@deﬁﬁeracﬂahtanddSObce 72 is positioned to lie on one
[0047] An advantage with the present design ig that

the entire actuator device 72 is positioned to lie on one
side of mold 28 so as-to be spaced-apart from a plane in
which mold surface 28c lies. This is beneficial in
preventing contact between the components of actuator
device 72 and a wafer 30, shown in Fig. 5, during imprint
processes, Additionally, by providing a relatively long
firm member 74c and 76c, that area upon which a force may
be exerted by bladders 74a, 74b, 76a and 76b may be
substantially increased. This facilitates increasing the
pexr unit area of force applied to perimeter surface 7éa
by contact members 74f and 76f. The amplification of the
force per unit area exerted by contact member 74f is a
function of the ratio of two areas: the area of

perimeter surface 26a upon which contact members 74f




side of nold 28 so as to be spaced-apart froma pl argJanuary 2007
in which nold surface 28c lies. This is beneficial in

wOonResspki7eg contact between the conponents of pelugd004022454
device 72 and a wafer 30, shown in Fig. 5, during

inprint processes. Additiongkly, by providing a
relatively long firmnenber 74c and 76c, that area
uoertndni & i ardoraed nehe areaexdr tfdd sy membdderg fé4ayer

74b, 76a and_7 b substantially increased. This
féhﬂ?@t%ﬁ%§°§Hgﬁﬁgg%ﬁb%ﬁﬁeanéeﬁaghﬁﬁeéFéaao OFGFce
apihi BS-19, PEid MRkl Siw=ftdes 68a thly feerkagk rMBARE! Srea

74f and_76f. The anplification of the force per unit |
T e rive U O e e Mbdr 1R fyngtipgnefi Bheoratio

t [ 1 ; i e u e
R A o A R T e

2005710 06O RCTdISEO0Y /B2 454r1& aeerce anflotbe anmda of

t fi nber 74f 55h f
oh il e IAF AP OIEL rPople PLGRRERARPg, apifesod

aspdidd catiowneof the force per unit area exerted by
contact menber_76f is a function of the ratio of two

akQRAB] t he Biradiedrs pda.ndtd $Qrf ad@R2E88PupERViGRI 8R
COM ACE oI B A £ 68 ta%o%dfi%bcgo%%‘iitzgé #Eeae0f

first menber 76c over which one~of bl adders 80a and
soncexeration fay cet oS rBisadddr nA8Eb78be BOa, for

and Bob_ provi i vant f.-ayni
Ofariie b R, ACCnd TR 30 3RSk AL OLRen.
gﬂphdiﬂi¢h&ﬂy;xtﬁansurémampkeugh@a@bnefsactuhhersarmac@4b

in caontact therewi th.. Specificall, t.he surfacge;
R TR Tt A I APhEoRYEY AE OBy BeuFhe; foree
aHppinieye et sddr it iRadkrishgshor g8h, apphi, edniihesson as a

by bl adders 78a, 78b, BGa, and 80b. As a result,
R toa b hRre ¢ed Beedosarizes sunEarer SPRERBLERtipRR of

LT T T Mo aar oy o8] IR0 P8 o sop
Admt TR8b, reB0Ht dmd nBob liedare combrrstianci dRlifidsrs 78a,
P! BLY and s0b reduce, if not avoid, this problem by
being formed of compliant material that takes the shape
of the area against which contact is made. 2As a result,
an even distribution of forces is exerted on over the
contact area. For similar reasons, it may be desired to
form contact members 74f and76f from compliant material
so that the same forms a profile that matches the profile
of the perimeter surface 26a that comes in contact
therewith.

[0049] An additional benefit provided by using
compliant bladders 78a, 78b, 80a, and 80b is that the:
same compensates for any non-planarity and/or roughﬁess
over the area of perimeter surface 26a, referred

hereafter as surface anomalies, that comes into contact

with the contact members 74f and 76f. Specifically,



being formed of conpliant material that takes the 8 January 2007
shape of the area agai nst which contact is nade. As a

woesislooso7e an even distribution of forces is exget/Rco08022454
over the contact area. For simlar reasons, it may be

desired to formcontact nenber$9 74f and 76f from

conpl.iant material so that the sane forns a profile
t hat>RElISHEs OFe  piedti 882 opnnBOBepiereriennf bR et Zba

t haty ;GBS sidh ggnEQQ%t h@ﬁb@%@th4c(99é9$6 Qg%{ PR3 any

benefit provid by using conpliant bl ad ers
78b be@@d ngamerely iescertiet therevpam bnnpentsattesmércﬂoers 74f

/ th
oy A P e b3R5, S hANIARE  fomBY a0 LR R o ace
anoqumaileEhabdqoﬂEsmaytdncmnﬁaca pMuthlihg sHntagtact
74f d 76f f I J 007 WO
200 ook P8 %%‘Pf"ﬂsz"ﬁo&%g%ﬂéﬁg%gy%ggdgﬂ S%ph of

80ayrakt 800 Rk teal oMkt epa¥atdi §600ALER Qf—mf (&t shown)
menbers 74c and 76¢c result fromany bending nonent

exetdiad tlﬁeﬂ@&lMﬁdb)fiocbﬁﬁﬁcWn@ﬁ‘o@%%cvweda@]@lovmmm@

fur crea [ e th

b SIBbebRESeSs RATRL A0E LD BUARUELoFE: g o conla
nenﬁamﬁllshmwnm&&eMEﬁt oE?ééntS&ﬁfmamﬂeﬁ§4és &bstusded above
Mhlchfbf attached to a separate act

to t
Sholff e EREPSFE oy RoBRach Botses e AE: o sEhLLeAten drdy 76

Wi t hay' €sReatict @ aelalotyasm Zﬂblu&- aglaeT SraBac @nsk contact
78b could facilitate novenent of contact nenbers as

di sPGEOEHSabSPEWIAPh17EEpetl ot 0 3O R nkhblr gagh of

SI whaehynsbaéiazﬁednew LNELYELafe PALEGELY Dfmi fEddfhown)
plurality of contact menbers, shown as 176f, 276f,

3761thaﬁd ig7epunsgdhtef bodhi ¢h, | 82 Adisewesed pkove with
Sep%ggsce% aBSEuQEgk g% ?Eﬁm)méé}&ér a“aﬂ‘gcia;ﬁc}bf could

|scusse ove With “resp ec
arnfaﬁhllBhaédmove&@atanﬂ 8@ht£@m|mbmﬁémﬁ|116ﬁﬁ3276f, 376F
novenent of. confact nenbers 176f, 276f, 376f _and 476f
NP t APROEABE: Wi BhoEREREPC ERLEPRERFE menber 76E .

[0050] Referring to Figs. 12 and 14, further
compliance with surface anomalies may be achieved by
allowing independent control over the movement of the
plurality of contact members 174f, 274f, 374f, 474f,
176f, 276£, 376f and 476f. To that end, bladder 78a may
be replaced with a plurality of bladders 178a, 278a,
378a, 478a, each of which ig in fluid communication'with
pump system 70. Each of the plurality of bladders 178a,
278a, 378a, 478a is coupled to move one of contact
members 174f, 274f, 374f, 474f that differs from the
contact membersg 174f, 274f, 374f, 474f that the remaining
bladders 178a, 278a, 378a, 478a are coupled to move. For
the same reasons, bladder 80a may be replaced with a
plurality of bladders 180a, 280a, 380a, 480a, each of

which is in fluid communication with pump system 70.




[0050] Referring to Figs. 12 and 14, further 8 January 2007
conpliance with surface anonmalies nay be achi eved by

walzberosayei ndependent control over the novenmenpciostdiforr4s4
plurality of contact nenbers 174f, 274f, 374f, 474f,
176f, 276f 376f and 476f. To tbat end, bl adder 78a

may ;églaced wth a pluralltg of bl adders 178a,
278¥ac Lzger seddPaof 2/RReh3B82) n4PPai & coupled to

CONAMRY 0 of
plurallt;i};n{)f%fmc:?'91 F§%29§§¥§%§ggzgf3Eg§Ef %E?é 476f that
coupliddetrs fover Gie @bn¢antamEmbaeab@V§f17zﬁsf27mvsf, 476f

374f 74f that dif.fer n1th con S
Lraithedy e 38t o8 Btk Tp 0 R AR "R uerton axe
178aoudl&a, t&V&@ve478al&heugnuphedfbﬁegBYﬂg E@é béde

sane reasog% ggder 80a nag bg r Elaced W.th a

ol usisP s pikfuerplegeng apddesso4Basang, 2eackith 2
whi g uir& 1R b 6] eerm Cﬁ&heae%thssuaﬂdsy%% i be
Januar{ 2007 D 2005/ 006076 PCI/ U82004/ 022454 2

Eachreptlageddweits 2gpduraddsy s8ohladdensi tocachiedeto

n ers 176 76f 3706f 47 6f
Mo arABenlachRLact JRT80es 408 act TRhndl2"154L 0 0ar,
376@74476@74Ehan76ﬁe Qeﬁalnsmgfbhﬁddevsfleﬁem aﬁﬂaylng a

380a, 48Qa 3 coupl ed to nove. Although the
f or &§8FAGSh Qrﬁgeﬁo &FEP485Ed28k t h repl aci ng bl adder s

78a @ip¢130a WahhagqiRlivhahi b¥nefibl ﬁﬂ@lﬁrﬁmbi@ﬂﬁ@r S
78b and Boh may al so be replaced with a plurality of

bl ad#depengdenthrepErolngupenibn: mevanet ofcfheoptwieality of
nen%%h%aéz4aem3545 17§E4f274?4f37456f47356f17§56f2iﬁﬁi 376£

when applying a tensile force to tenpl ate
[oognp AR65ddpt Fba&l ipefiatilibptes prowpeisgtion for errors

S O BUEE LG STl ALY 2.
276Thus/6hit mag Bé6HebsrhbBde ts dBEaihtah eSccurate

conmpensati,on for errors caused by anisotropic thermnal
expgﬁgﬁamaﬁtf-eﬁppgt‘é SptempREatuTe %ytwﬁ%@ r3fh|and

to ghkahBeaRn86EHERE BN derived therefrom to determine the
proper compression applied among contact members 174f,
274f, 374f, 474f, 176f, 276f, 376f and 47_6f.
[0052] Referring to Pigs. 12, 14 and 15 although the
foregoing has discussed use of bladders, it is possible
to replace any of the bladders 78a, 78b, 80a, 80b, 178a,
278a, 378a, 478a, 180a. 280a, 380a and 480a with a piezo
actuator, four of which are shown as 500, 502, 504 and
506. The contact region between each, shown as 500a,
502a, 504a and 506a is allowed to flex with respect of
the interface of contact regions 500a, 502a, 504a énd
506a with perimeter surface 26. To that end, each of
piezo actuators is coupled to body 76 via flexures 500b,
502b, 504b and 506b, respectively. Working
synergistically, piezo actuators 500, 502, 504 and 506




determination of the tenperature of tenplate 26 and g January 2007
i nclude informati on derived therefromto determ ne the

wOROBM06rONPr essi on applied anong contact nenbeeHudnddezzdass
274f, 374f, 474f, 176f, 276f, 376f and 476f. [0052]

Referring to Figs. 12, 14 and 13i1al t hough the

foregoi ng has di scussed use of bladders, it is .
posSTH e (FHepIes Eafpprnspsenfagdenstags, angpalies and

80a,1, BoIe /89,2 FB%a 3580, 4432 7§§0@?y§§ggﬁm§§§?ed to

and 480a wth a piezo ‘actuator, four
showrmperEede 502, 1534geamdansegrofiefoontacfereggotemplates

ol | PR oot T BREpae ofPBhEaPRELETAER DRiREaining

contwaiplraa® Qs ceiftariviPaesp@4s 8bda BAGAiIWEt Boordinate
perimeter surface 26. To that end, each of piezo
act Uat®¥s is coupled to body 76 via flexures 500b,

502bpogE3db and1%08Rgh @5RSE! hveL¥LoYer E%‘%gshown in

synergi stically, piezo actuators 500, 502, 504 and 506
8 Jammipazdor Wl bs pdesadibgTrEShbadiera45482)1 278a,

may enpl ;o to nsate, for rfac nopal i es
R e e R e
enpliyedidre magnmpensaidoed har geturBoredevisef 92, For
differing tenplates cqupled to chuck body 42._ This

f aci9y g&#ﬁt&?ﬁiﬁ@ezpeﬁﬁFHFEOEGmQEnP%rFﬂ@l?é§%é%? one

t 0 »IWCHAE &ARPIENaR Ay, 808, [QBR 3_504%3“ HeuUgbnPLEZ Cone or
(0]

actuators are shown in conbination with the plurality

of mog&depéltﬂsame@#gaﬁ bging whgid¥gaatpaghed thereto or
COMpaRALiGOR nRh §49ngChugt Bﬁstﬂgdblghéggeéém‘??ﬂa@f ns shhéown in

enpl oyed™i n actuator device 72. For exanple, only o
pi eF398ct dadr oR2mapdbd3enphdyed oh bRcpobetlhlé ofhat all

exa d : 1.t h.bpd t e _or.  nor
contaeidet kesbincthl DiPANOABEERRLAN ABPEE s Tl acea
haviwigh pikwdi agtaayoek.t he bl adder conbi nati ons shown

[ [ 11, 12 and 13. Also, it is possible that al

n Kl gs, . : ) J
bIad&@gélassogﬁgﬁ§alﬁﬂtﬁocgﬁﬁre%%i%%yd%@i@%ﬁ%%ﬁd to include
rephacgdditional pair of contact members 73 and 75 to vary a

distance therebetwsen D, in a direction orthogonal to the
direction in which distance Dy ig varied. 1In this manner
the dimension of template 26 may be varied in two
dimengions. This is particularly useful in overcoming
Poisson’s effect. Poisgsson’s effect may result in linear
coupling of template 26 that may necessitate activating
actuators to vary both distances D, and D;. Specifically,
the Poisson ratlo is the ratio between the tensile strain
caused in the ¥ and Z directions in template 26 to the
compressive strain imparted to template 26 in the X
direction. Typical numbers are in the range of 0.1-0.4.
Were template 26 formed from fused silica is the ratio is
approximately 0.16. A dimensional changed that is purely

in the X direction, therefore, i.e., with no dimensional




W th piezo actuators. [00541 Referring to Fig. 11 nqyJanuary2007
be desired to include an additional pair of contact

woBBaIG7d3 and 75 to vary a di stance therebepetrobio22454
in a direction orthogonal to the direction in which

distance D1 is varied. In this ganner the dinension
of tenpl ate 26 may be varied in two dinmensions. This
;éh%ﬂ&ﬁu%ﬁ|%FqJ fAdreck iofe PedREngesPEpdsonag necessitated
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coupling of tenplate 26 t ecessitate
act|Qﬁﬂqqmpenﬁﬂt@aﬁ@msPD@SeanysbefﬁedtstanEh &iyaofl the
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ot v s e, SR ehE AR A gbRLoF P b EokngtBice 2. a
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|np ted to te %% 26 in the X dlrgetlon Typi cal

f%ﬁl@fﬁsn afigEcofng. Te6uge JYBFeTEiADPalR Bl°

formﬂ‘e&@mxfé&e@eal kined LsphkhBciali ®al8r 34, shown in Fig.
apprOX|nater 0.16. A dinensional changed that 1s

pur Y |n the X direction, therefore i.e., wth no

et/ 00 02 9¥E 33C=ARa o8 RRERRROH P hckbe Rabiehy

desuﬂﬂmbrdemy1meoe$mptahedngamhyéatB@nme? acigat O¥Sm} Ointer
vary both di stanced_ D and npensat e for
Poi S5ddtrs RRESEOnaE Ha§ﬁ§‘tbf’n?h8f IPBvenhLeg, 1Regr 34 and

confyjagdratioQns raksachyakak 1 i ceazﬁatﬂoné Or G83 myméaﬁ be due
applied to tenplate 26 to var di mensi ons of t he

sanénaﬁ’@rlte&&’cehéffg‘ﬁérﬂéﬁ§uf’i£19ﬁ§r pELVRth RBcobRREFUracies
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Specifically, distortionS in attern record
i Nt GOMMERILEt FR§erager tem&wmniﬁecatm/rme@ut aﬁemaprs

d'”%%%'8&§$ﬁégé525682§u8f #EpéfPé%ngéédfrwﬁ%%EE“E?ggon of

waf e ronal “varrati ons
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I naccur agj| [ revi ous processing steps that

es. in
pr o€ th?sargﬁnﬁgnFyer%?ég%%ﬂltﬁﬁ%.ern Addltlonallyr
Mg Rabhe 2t baRALHMHAHL0BE 88 Bors may occur when the region of

wafer 30, in which the original pattern is to be
recorded, has an area smaller than the original pattern.
The deleterious effects of magnification/run-out errors
are exacerbated when forming multiple layers of imprinted
patterns, shown as imprinting layer 12; 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 single-gtep full wafer imprinting and step-and-
repeat ilmprinting processes. .
[0056] Referring to Figs. 16 and 17, a step-and-repeat
process includes defining a plurality of regions, shown
as, a-1, on wafer 30 in which the original pattern on

mold 28 will be recorded. The original pattern on mold




The magni fication/run-out errors occur when a regi 018 January 2007
of wafer 30 in which the original patternis to be

woOeeldeds exceeds the area of the original papd¢giEh04/022454
Additionally, magnification/run-out errors may occur

when the region of wafer 30g3in which the origina
pattern is to be recorded, has an area smaller than
28 eyt Jien doepatararive wiba dbbetatipassabfaetsopfmold 28,

ﬁ}?jnlfl cjﬁ{]l on/run-oqut errors are exgcerbat ed when
11953589 LPefs SUP -PRFFLAPeBNSHSPE er nERE SABSFETE

anvetidi iWia il @éerdlis%ﬁssadsu@ehl %Qﬁé&t%o‘%h@ original

patterned surface 32a, shown in Fig. . Proper
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cussed V\na:MqTrespect to the, o tern_bein

e G Ak 15 BUPeni PrbatsonobResevREh. £5 eRguf
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ess i ncl ud al ignme nt o ld 28 with
e 6 GResE EreTgBtAkE vy AL THBIGRS 3P RS CRles
alllgrﬁmﬂt MRks 1l4a, a8BowNdasial" markbgniosNe D M e
of regions a-l  includes fiducial marks 110a. By

Evegenty xRl eal PYAREAT AAAPRECRT 44SaiBdpraped| ypon

[4i a ks 1 t of
A9t Wi 148p%belRE En olBer PhOBSS - Boh SOIRY
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devl 958 (oL, shoun), my. be. o eMBLSYed L9;SERSS: Heuomes
very difficult.

[0057] However, in accordance with one embodiment of
the present invention, magnification/run-out errors are
reduced, 1f 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 ig slightly less than an
area of the original pattern on mold 28. Thereafter, the
final compensation for magnlfication/runnout errors is
achieved by subjecting template 26, shown in Fig. 8, to
mechanical compression forces using actuator device 72,
which are in turn transferred to mold 28 shown by arrows
¥, and Fy, orientated transvérsely to one another, shown

in Fig. 17. In this manner, the area of the original




alignnenf mar ks 114a and fiducial marks 110a. In thQSJanuaryZOOT
present exanple, proper alignnment is indicated upon

wolb@most marks 114a being in superinpositi onpiM/i8r004/022454
fiducial marks 110a. Wth the introduction of
magni fi cation/run-out errors,aproper alignment becones
very difficult. [00571 However, in accordance with one
epbtdemant. sofmadeheocpresepive rwelt i ime area of the region

magﬁi ficatian/run-out eréors ar reduced, if not
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nRerature of wafer 30 is varied sqo that one of
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subjecting tenplate t o conpressive ftorces,
heseyertonbdul ahes dimsctstapeaofaliled dane aridt epplosite of,

b ' action ndj of . t | ate 26 l.so .
R AR P et i e R S TAnlald geotn

| vipi & mamget ayehudd ng heygraint eyt madt Heordripdsed to
attribut p#e to bendi of tenplate 26 may be .
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controlled to occur in a"desired direction. in
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agsuming 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 system 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 (not shown) that may be
included in pump system 70 to pressurize chambers 52; and
54a to the appropriate levels. Also, the forces R and B
may be sensed dynamically using known techniques so that
the pressure within chambers 52a and 54a may be

established dynamically during operation to maintain




force R By controlling the bending of tenplate 26 igyanuary 2007
this manner, chucking system 40 nay be enpl oyed to

w6 9uRloedo7¢ he bending force, B, so as to est ablpShutbior2as4
28 to be a desired shape, e.g., arcuate, planar and

the 1like. Punp system 70 may BB enpl oyed to

pressuritz anb 54a appropriately to that end. For .
exa T“E%LagﬁsgEn?"ﬁg{lb%n%?%g’??cgr%@p%, A @r‘%ﬁde%eflﬁgﬁt 18
foreRaR themMpresytteMidCoN®ub:d hseieaHaMe0-d G2avaeatea may
chapber 54a wth_sufficient vacuumto counter the

benBfng§sEaPedshedvipp ebe b ik ¥é G B Sike thewaRy
for fsci&taeggﬁgggag%f Oof %ﬂ% ?@lw.éh%ck body 42.

- pressurize cC 4a appropri at to maintain
pl afhist §led waydbe8acormphished emdiesipmeestapeonthel, or
exa%tngrgfsure | evel s may be determined with a priori
knoWr e 5 ¥t the forces R and B which then may be

analfgabd] by arpEeeessgradai shawy. thatwHay ddtpressing
i ncluded in gunB,s stem 70 to_pressurize chanbers 52a
andteBR:2tg £he éﬁ%r%ﬁ??%ﬁ??l e W s Felatd deomeyerrnt

andy, Br. w88y ésm}t%ﬁg?sd%ﬁyw SR d S I'n&gﬁggb and 69 occurs

t.echni ques so e pressure wt ers
andabdngnblpeb¥ ardt dbdkehed Ay rranfenilty, duriisgdesired that

perPoRbSh) Dedhehe 06F Sadiiss Kixied Gaqiely 568 ana

shapea, Aneagddetdibenef | formed titadrddie ffeas Wnatetriale adapted

or both chanbers 52a a 54a_ may, . be established to be
a pbSi £9% °5me§eu?e?r?ﬁ’5r%a§}‘ S35 MUY AR emdRg) TePLstant

t enpb s &£ 3B £ DB CAUSKg Dady 8 and Thiscedd SO THAYHI® manner,

acconpli shed under processor control, or. nmanually.
[ 0089T=3€? YT+ AgaTh ¥ MY 185 iiferr arpries spvgment of
t enpb@bLa2d Ntﬂi%tf@d&c@% itk Ho‘dyatai'zV%anE%ﬁ%”Rnhnd Y

between tenplate 26 and support regions 58 and
occdizecihlomg.the X and Y axes. As a result, it is

OeLaRthL D pSpRRILlo gl O Ak G have i fes

f r osmpodbhent Al clag@ptiasly 142 may include one or more walls,
or baffles, shown as 142a, 142b, 142c and 142d extending
between first and second support regions 158 and 160. 1In
thig fashion, walls/baffles 142a, 142b, 142c and 142d
gegment recess 152 into a plurality of sub-regions 152a,
152b, 152c and 152d that function as sub-chambers once
template 26 is placed in superimposition therewith. Sub-
chambers 152a, 152b, 152c¢ and 152d may be fluid-tight
which would result in each have a throughway (not shown)
placing the same in fluid communication with pump system
70. Alternatively, or in conjunction therewith, sub-
chambers 152a, 152b, 152c¢ and 152d may not form fluid-
tight chambers once template 26 is placed in
superimposition therewith. Rather walls 142a, 142h, 142¢
and 142d would be spaced apart from template 26 to



to conformto a profile of said tenplate 26 and 8 January 2007
resistant to deformation along the X and Y axes. In

wohRiBsooaner, surface regions 58a and 60a respSEus2004/022454
relati ve novenent of tenplate 26 with respect to

chuck body 42 in the X and Y dlzgectl ons. [0060]

Referring to Figs. 8 and 18, in~another enbodi nent,

c hucturbadyorl 425 rmyba fflldid®0fa vdd tehasiall Scrofs the same.
baff] es, sho as l42a, 142b, 142c and 142d extendin

vet i i3St ndr Lk e SappoRt Ay brespnca h§vesofeing

142 dgsﬁaxsléé@ P ol d ol elead f7|09%014%@es§43§2 2, 142g--a88ure

segnent recess 152 into a pluralit
sub Gidfi rentlisela, coulBP e 152y ided Psideenasubuabeinbars 152a,

h I d
superl %og%ial‘?ﬂﬁzvé ?H@ gte%l%% LafrbgrgciSZLAn 152b,
- 152clo0ei]152d Resfie el rid Ltldj-]doltglhtFlg\M]I chawdublld, r pgoviding
n ea e t hrou own C t he
A3 ARV P BEREY s VP P g L L

Al t eddratigigtab icH, |hEaRigikes QBZ%DGESWbth15§@band 152d may
chanbers 152a, 152b 152c and 152d may not form fl ui d-

tigthe e Biee rraiidede with diffardng pressure levels,

sup t o a,.1

142?{5! @g%&g?m&%%béggaggd%gggg? %‘%g%nétae% ggep%%te 26

t 0. 8vhlan usrind GAYL 1 SAD 200%/ &Qﬁ&?ﬁn@ﬁhﬂﬁﬂ@%b@éﬂ&i 28y vary
functi~on as ,a baff e for fI ui gsgp_ fer crosiﬂlt he

samPCroRE Fhe syt {HFEP, |atrer'r3?e§

| evelarhsgiIRgre QY M ;J@;élriu@poﬂsbenté&puatéegesgr&ﬁz
a pressure . differenti al could be praqvi ded bhetween
sub-IRHIsEARS SRy eT Peffh afs.i‘@d&ﬁ&slééa‘t%%la@%l PEddefec’:s

[ 006G onReeBIg Mbrnedatkh i Eﬂiﬂintln ndad8r Qnoauﬁlwg
wal | s/ baffl es 142a, 142b, 142c an 14 dth

confﬂetmraﬂqm %B’—qﬁé{}la@ﬁs 2f5pherefygm. 15§@raﬁaam532@: sub-~
d d
o ér%f%nb%%g% ol ljs{yy HALRY Iy %% \r%ahb}fa FEE%&E!QnQ@egﬁ%%&m that

the a orce exer

t errp]satga:ezﬁ:ewitémrbmheg prelkcbadeapastcfinomdi wpthnthag

lay%%&%inlﬁg\gg -chambers 152a, 152c and 1524d. As a result,
when increasing distance “d” the pulling force of the
portion of templaté 26 in superimpositidn with sub-
chambers 152a, 152¢ and 1524 is subjected to is greater
than the pulling force to which the portion of template
26 in superimposition with sub-chamber 152b is subjected.
Thus, the rate that “d” increaszes for the portion of
template 26 in superimposition with sub-chambers 152a,
152¢c and 1524 is accelerated compared to the rate at
which “d” increases for the portion of template 26 in
superimposition with sub-chamber 152b, providing thé
aforementioned cantilevering effect.
[0062] In yet another embodiment, shown in Fig. 19,
chuck body 242 includes a plurality of pins 242a

projecting from a nadir surface 252a of out recess 252.

5
E



across the surface of tenplate 26. This allows 8 January 2007
cantil evering, or peeling-off of tenplate 26 from

wo BWshdor§g | ayer 34 that reduces distortions @ fr/us2004/022454
defects frombeing forned in inprinting |ayer

during separation of tenplate 2% therefrom For
exanpl e, sub- chanber 152b may have a pressure
est &iiss2d@at lyerwiimiet rethanicgl eavpporhaforheherester e(not

associated w.th th remai ni ub- chanber a,
ands%gggs RSTEHPESUIE, o1 gnggﬁgrgggiﬁggdyé?éﬁﬁé "%QEQ
t he gpalblieng shapea-tofregienspob8i andoke0ehpl htee 26urince

' it i 1 b- chanbers. 152a, .152c.apd 152d .
s SEEGEEed Y 170 2elFer ToPRER LHE pul FPRO-For £¢Ferial

whi efhatthe andlilgh Rinpieapkagth26hensaupateNPAst t Edwn) of
W th sub-chanber 152b is subjected. Thus, the rate |,

t hatthegwafiedy dawts shewny) haepbipgoadsinst e FPPRPEL 2pegHOns 258
super] i ti Ity - cha 23.41dR4C theo

IS g%%ﬂ?%ﬁ%te cg%%g1EﬁgpggfEgﬁ%g?ééa?eg%%?§h2$§g 43§ s50a

i ncreasdsief @r filve dpariphansehlt eiphatbe2@atar (not shown) in
superinposition with sub-chanmber 152b, .providi ng_the

af O GiTo ARSI % 41 (PEFEFEn G BEPEEL ToFO0BP noy@t oD
anotasit ieeld Rt eshQWN pirB sbhg. béBweén ehuckubddye (not
242 includes a _plurality of pins 242a _projectin

!
a n&nwmyucfaddiosmdest (5ot PEEEES 259, Eéeaaﬂ’aﬁ?aez%oqons
VO 2005/ QB0 46 2CT! #&%%%Qﬂa&@%i?éﬂp%zrtpb@stﬁéZﬁapéﬁvi(ﬁst |

mechani cal support for the wafer (not shown] retained
on agei)bddy 24P yidd regstaom nerdsnosnkbl psovigpdrpy surface

regi.o 58 ave f '
20830 2L 00 LRt ep el a5, peplens Eh%p difhor.
ful Iy oyl icant, witds 2heasartatgplinel lyhoigidopostaehaving a
waf er, nq} shown res%Ln agai nst support regions 258

and EEHAT HPSraTTer-"Hsurf ace regi ons 258a and 260a

provigdea f| Uirdfdaingseal ragkh the waf and(po} shovperation,
in the presence of extrene surface variation e.g., ,
whe @l BEQUTATS MEARMTERENTES Ofr W3ERE Bt hBeARt KoY Plane is

Sur%ﬂﬁ%fﬂgﬁen at step 200. This may be achieved by sensing
gross alignment fiducials 110b present on wafer 30 using
machine vision devices (not shown) and known signal
procegsing techniques. At step 202, the temperature of
wafer 30 may be varied, i.e., raised or lowered, so that
the area of one of regions a-1 is glightly less than an
area of the original pattern on mold 28. The température
variations may be achieved using a temperature controlled
chuck or pedestal (not shown) against which wafer 30
rests. The area of each of regions a-1l can be determined
by measurement of a change in distance between two '
coilinear grogss alignment fiducials 110b.

[0064] Specifically, a change in the distance between
two gross alignment fiducials 110b collinear along one of

the X or Y axes is determined. Thereafter, this change




shown) of the wafer (not shown) and the surface 8 January 2007
regi ons 258a and 260a. Mechani cal support of the

wob®@fooée?9t shown) in the Z direction need nopcRBs2004/022454
provi ded by surface regions 258a and 260a. Pins 242a

provide this support. To that epd, pins 242a are
typically rigid posts having a circular
Cro§§-§é@ﬁam¢e [1G0&EViRefiebyi agnunbBrgef &6jat@nandegions a-

ra n _accur asurene of wafe
Co 3 BB 3 AC0 Bhe AR Ak 8 el £he 2 ene
be ahheam&@nh% &&@&g&gofgthésaﬁbhgnﬁﬁnkeéhgﬁﬁlaL§ Lle
pres nt , er 30 usi ng macni ne vi sl on evl ces not
shoﬁﬁfr&%& %%Gﬁhtﬂ GREenSippaésSPAYILEChRI HaEsr AP along the

steR-2@ds .t he it glpeiabuhe b sﬁﬁEe&eﬁgug@%egg %ﬁ 'gg made to

i.e., rai sed or | owered, so that the area o
r egidefisraing $hel F@ﬁ@@? Lessrenanfanegapes efltHee to

o SRR o 0220 e MBS M -ani

contbekled, dhuamyoalaedaatabsﬁmaa shawnthagdifMehsional
mhlc mafer 30 rests. The area of each of regions a-1

can CBEgE e R B SThy OnBa¥uPEERE T8FMalBhiRgetA orthogonal
di stkagge Rekweer two collinear gross alignment

fiducial's IiOb. [0064] Specifically, a change in the

di st/8A68] bet wlén Stemo2§fossombrgamine fpddesal B 1reb F;, are

col al.an e ,qf t S_i ned.
herRBEREa”tB Aolanaa ror OB Rt ol BE et Ra St AL A Piginal
PCTp@Sﬁeﬂn/ﬁa2b54caaxtensﬂvetaﬁth tBedavededf byn@ of the
nunber , of adj;cent regions a; 1 on the mgfer 30 al on qr .

t heTXIARFE. 3Thi $BpPUTFELEPPREE 1O nBhET ohBF BRGHEE R of Ihis

t hemayens aEhﬁ@geaninaréalatimebéﬁgbbﬁlﬁg HHERNSE OR8dion
changes in wafer 30 along the X-axis necessary

t hedS¥rECFedBaFeRBATMIRG B R HInAbt RFAFRRS i@
Chaﬁ@@hh@gﬁ ga oL REOLPRSHA- &h%ﬂet%g og é'gfaé%lgawgnt

changes o fer 30 along the axl s wever
al swabksadidaedrehal igheddivivenstonabr wbeagest fidweaf£l marks

30 T?g be- Hglfg ﬁgsthgfégg 5¥é£g§o£f{gnment is achieved
and magnification/run-out errors are reduced, if not
vitiated, the original pattern is recorded in the region
a-1 that is in superimposition with mold 28, forming the
recorded pattern. It is not necessary that compression
forces F; and F,; have the same magnitude, as the
dimensional variations in either wafer 30 or mold 28 may
not be uniform in all directions. Further, the
magnification/run-out errors may not be identical in both
X-Y¥ directions. As a result, compression forces, F; and
F; may differ to compensate for these anomalies. '
Furthermore, to ensure greater reduction in |
magnifiqgtion/run-out errors, the dimensional variation

in mold 28 may be undertaken after mold 28 contacts




axes, X and Y. [00651 At step 204, conpressive force$janua
F2 and F2, are applied to nold 28 to establish the ry 2007

weheR0s07t he original pattern to be coextensiyerbiobaorzass
the area of one of the regions a-1 in superinposition

with the pattern. This may be hieved in real-tinme
enpl oyi ng machi ne vision devicés (not shown) and

knownpsigbahgplagessing, bsREWAI HeBigl Os detionar-8e, WEDs is
two or nore of alignment marks 114a are aligned with
t wo'BF RBFES8RTYiducial marks |10a. At step 206,

aft gpopsprer RLEAPIRAL LSa8ahi&VRUg=aNg, 16 and 17, the
magni fi cation/run-out erfors are reduced, if no

V|tﬁéngameﬂhe05rmgidaBSpuithrnegSOMQc@rhedn|ﬂupamlmposition

ion. with I d 28
for bifgefin' Pak bl AHPE OTT 2D PR 2RedBedr GPart rom
t hatmpoihpt £A§i bayetorLres FhepadiE2fbané ther seme

magni t ud E as th? di mensi onal variations in either
maf@?géb SFehbPR EEnnﬁyt FEFOPR VRTT or pRF el | over the

di r gt PBSwaFEEL HET ., chBR tH@grﬂé ﬁf@ﬁcﬂé’%f Ufs PLld 5 eﬁ{ U P,
may not be identical in bot Y directions. As

r esgouldcbﬁpm@sstamnedr ﬁes em11 vam:Lsza rayimi vﬁlﬁmh ttthe
conpenseherl gL LOgse; aNONBLLSSs FUELOSLIONG, .10

ensur e~ gr eat réduc nmagni Toh/ T Tn- ot
er r desermhredi tRasi f)hal magniﬁid:@mom,frermt%erlﬁyr@ediffered

undertaken after nold 28 cont cts 8 Jan 07 ,
20027’60%’6%0%‘??’6%26%%%‘%%4% 295‘:*?%@‘?? %%3 |23y S Ehown 1n
124%; ghoys, i Golrl &- tﬁenkﬁ@ﬁﬂﬁ&erﬁikéhlﬁbrrﬁﬁdmeﬁﬁﬁﬁﬁﬁya 1l in
[ 0066 Referrlng again to Figs, 6, 16 and 17,

al i Ypheht the apIginel wpaktewmi bnsrecarded. 1t should be
SuDﬁSt@@°§H§£O@he£Qe£f@”iﬂmfay {06 GL W%éfhg%&éjégben51onal

bei ng spaced-apart from |npr|nt|ng ayer
f oundandhas thet megnet¢ceathbarieam-waferer3randwneld 28, For
const ant over the ent% waf er n th nlpyde
u Q

of "Sh LS St ret b L TSRS ATl
I eghPprepihe WHiwbniféns to enable pattern on mold 28 to

define an area coextensive therewith when mold 28 is
subject to compression forces F; and F,, without
compromising the structural integrity of mold 28.

[0067] Referring to Figs. 5 and 21, in accordance with
another embodiment of the present invention, accurate
measurement of wafer 30 in an X-Y plane is undertaken at
step 300. At step 302, the dimensions of one of regions
a-1 in superimposition with mold 28 is determined. At
step 304 it is determined whether the area of one of
regions a-l in superimposition with mold 28 is larger
than the area of the pattern on wmold 28. If this ié the
case, the process proceeds to step 306, otherwise the
process proceeds to step 308. At step 308, mold 28 is
placed in contact with the region a-1 in superimposition

therewith, and the requisite magnitude of compressive




original pattern is recorded. However, were it
determ ned that the magnification/run-out errors 8 January 2007

woizbdseoede for one or nore regions a-1, steps g@g,U?ibg4,0n454
204, shown in Fig. 15 would then be undertaken for

each region a-1 in which the or?ginal pattern is
recorded. It should be noted tﬁ t there are limts to

t he fctcatd \/R dhteRsi Dhadlet &hangas tdhaipgBy tQCGE1d 28 to
bet ween wafer 30 and nold 28. For exanple, the area

of tHEY&yi &he HER eheadterapproprestensive with the
di MRAL0RTF G ien Rattgrn I to i .

area coextensﬁVe%%ﬁgkew%t% Whgﬁ %%F% %goiscogggfggﬁ@%oforces
conpiied8of: fare expllietde &2yold t2ut Thoommfimisi mpld 28 is

t he r ral .i i of nmold _28. .[0067]. Referrin .
Lo gt iy PR ok BedlRed A0 40 SRBEReREORitidn with
enbodilee2s ahd hdepreserisd prediceds, tacetept 812 where it is

measur enent ofﬂ*Ff r 30.in an X-Y plane is undertaken
at &FHEEd IBEre KEE R AEYoKEIdPNENE -f on wafer

r €giz@NSn ko t3URLIRROL %&i\@dihawghgté nl.S If there
determined. At step 304 it is déterm he et her the
ar e®xsf, Ghe oirocesg procaetsi fosgpepi Apdsivhievrini mbld is

ol 81588 o BB R Bl VS ERCh b ReBE' (26 RaBems e

St epr3@essopirewesie the stppoGeas preaeedist) s8heappzdb8ess

At sbﬁp 3%8, nolg 28 is placed in contact with the

r egi®oft*a® fﬁegu &Pi*nposi ti on therewith, and the

requiodisisg MagRiek-dde toticearpiassl ¥e 8rdanyahycRI07ch¥0region
2005/ 006076 PCTI LJS2004/ 022454 30_ forces F1 and F2 is

det &t A8dStEeapprysisingl wigh meldeR8uhadt Antarpe greater

ar egp tgr-aLi SFCERXE ' W h thj

oo an, BRE! SR BLOSRY. BNk urnu Hich EpeCbEBpths Hhicecas

aretepptepd306 whede28. thketemperatumel df 28014 28 is varied

spa ed-aﬁart fromthe rsg'gn a-1in upe%i osi tion
W thO FBLAC28*RAUSLRE BFoCaSs BPEcech T SPERSSHS
wheegbbtimentdehenrda nediwhgeheedt Ber st&8NBHE 8HYthat the

regions a-1 on wafer_ 30 in which to record the
origﬁﬁgprﬁaggepﬁ;ghplyhépgger than the area of region a-1 in

superimposition therewith. Then the process continues at
step 310. _

[6069]  The embodiments of the present invention
described above are exemplary. Many changes and
modifications may be made to the disclosure recited
above, while remaining within the scope of the invention.
For example, by pressurizing all chambers formed by the
chuck body-substrate combination with positive fluid
pressure, the substrate may be quickly released from the
chuck body. Further, many of the embodiments discuésed
above may be implemented in existing imprint lithography
processes that do not employ formation of an imprinting
layer by deposition of beads of polymerizable material.

Ekemplary processes in which differing embodiments of the




are, the process proceeds to step 314 wherein nold i
pl aced in superinposition with the next region and giégnuaryZOOT
woHhaBRHG7Or oceeds to step 304. O herw se, the QFOGE884/022454
ends at step 316. [0068] Were it determined at step
304 that the region a-1in supffinposition with nold
28 had an area greater than the area of the pattern,
t heprébenpr 065t PHACALHShe t Sl SPeBUtnahelei ) RdE embossing
tenperature of nold 28 is varied to cause expansion
of PHRecesfediFaleped piesent tefbderFenta Rt peher
heag egly At o 5 EPyROEH SPe t DAL o1 PSraPdd 16 Ned S SAA QDY itg
| arger than the area of region a-1 in superimposition
t heeminirdty Theneihe phddessomahly nuesnntof stlep Sdigodiments

[ 0069] e ] of the prese i nyenti on

GesSF| Bt REDUE by ShESRTHPANTRY v, L Ufpo 2 laser
nmoda & tat @ndifayt bempadier 1:0g t (A 5 opossees refi tles type
above, mmilg remaining wihin the scope of the, .

i NVEREFHHCd By Ehanptle, aby e dikik3 ATy and Rdwedie Grprint
f or GEdNBYoL BELCRHEX DOOY: BLOSE I A8 \GadTDI @S | Ofy M tcgf(b 835-
posTtive fturd— pressure, —the substrate may be qui ckly

rel 83%eddfinen2®d2. choekebody. e tdeope nuhytiod itmeention
enmbodi ts_discussed .above be. i npl nt i n

exis ?%&i}ﬁ%r‘?%‘t:gﬁ%%%%r%%%le% o%%fs%]ggs)nf%gbto ggi%o?bove
ep'p%@gc(:jﬂ)p?ﬂéﬂzlpnb@tﬁ ﬂdﬁ]sét}:éﬁxﬁisﬁﬁdnﬁlui‘l H)eayceété)?vmﬂﬁtb' Siidon

0 eads of pol ynerizable terial. Exenplar ,

pr OE25SESIFR Whi TUh° d???%‘i“f‘%g SO R d?lt't%et%e“ full
Jany@sye 2907 20054 £06076 PCT/ US2004/ 022454 31
present invention nmay be enpl oyed include a hot
enbossing process disclosed in United States patent
nunber 5,772,905, which is incorporated by reference
inits entirety herein. Additionally, many of the

enbodi mrents of the present invention nay be enpl oyed
using a laser assisted direct inprinting (LADI)

process of the type described by Chou et al. in
Utrafast and Direct |nprint




of Nanostructures in Silicon, Nature, Col. 417, pp. g January 2007
835- 837, June 2002. Therefore, the scope of the
woORyBRbéwyn should be determ ned not w th ref epRg&obHozzass
t he above description, but instead should be
determined with reference to the appended clains
along with their full scope of equivalents. 8 January
200 WHARD BR) AR AQUENY 6L SPCT/ US2004/ 022454 32 WHAT 1S
CLAIMED IS: 1. A systemto vary dinensions of a
tenpl ate havilng oppesetesurdoacarywidimefsiioh of a template

ext 1.0 t her ebet we defining a perineter surface,

sai g{ég}yls er%pp&sr?gf isﬁrﬁrfgatceﬂ PR By S&%_@oﬁa‘tﬁ@éﬁl@ﬁ each

of wiheteHasre®n eRIFiatGingTeTRRi delhNistgradRal Isaid system
contact nmenbers, disposed opposite to each other an
spad&drapari’% distance, with said first body

ncl uding an 2¢tya! QhakELoARILBAERBTELoNILEPARE, nas a
adj acent to said actuator arm wth one of sSai pair

of comtact members Weifigingupl pditrocsatdcactesabet s, atdikposed

to La_response to,nmovenent of said actuator arm .
and?&*%ﬁ&gge%%p% Fﬁi&%@&%M_ iﬁP§EF§ 8Rarbef gagtance, with
havisad da fiakicabbdyV andiRdiWgt Bnsaktduaebyahef, 8N a chamber
coupl,ed tq sai,d first body to nove in response to

var F4EPeRedopdiggeaty srureidoaghrgteni arw swihbeong. of said
Thergayst em a it [ | aj j n '

pai Fur con aneoes arbire! Befhg 2pARELE cg0eaRh BBtdacor
mat @EMalEC BOVEhansyeepengs tecimbedmentcbdi saieanetnator arm;
sai dyfi rst body further includes an additional contact
nmenber, spaced apart an additional distance fromsaid

one of said pabladferopdaiticmederSthifte®yd chamber and
adﬂ%tional act ua ﬁr argj with,said addi ti onal contact

nmenBer *bdi ﬁgvajé?;ﬁ% BdVPOUESr VAR FR 0N aRCBER bRa¥ oRTEr fRupled

W t BosBhild. first body to move in response to variations of

sald volume to vary said distance.

2. The system as recited in claim 1 wherein
one of said pair of contact members is formed from a

compliant material.

3. The system as recited in claim wherein
said first body further includes an additional contact
member, spaced apart an additional distance from said one
of said pair of contact members, and an additional
actuator arm, with said additional contact member being
coupled to said additional actuator arm, with said
bladder disposed within said chamber so that both said
actuator arm and said additional actuator arm move in
response to said variations of said volume to vary both

said distance and said additicnal distance.




bl adder di sposed within said chamber so that both S January 2007
actuator armand said additional actuator arm nove in

wHesiRANGest 0 said variations of said vol ume top@{i¥2004/022454
both said distance and said additional distance.
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The systemas recited in claimI further including an
addi tional bladder Théayysigeanaadosdionhlin valaime 1 further
associ ted therewith, with said body further

i nclBeH Wi BS %lad?@ﬁibwa@n%rﬂ?la% d%wb*&*fl%a&%oﬁ%ﬂtonal
0%11%%%@@&9&1:@&' ShPAki Of, CRMIRCEaIRMRSES Alther

addi tTonal di stance, and an additi onal actuator arm
wi t inebiding aaidi 2aidhal onaht cent ackbesmRY neputad aabayy from

sal do; gL gRal. patURl T oRTMMi LD SANL AN 100 ¢ 4 ona

bl a ei ng disp ed Wi nsard c
sai disaste | omad antmaﬂbtlemain@m@satmrr&sppnﬁftmcsald

sald yarlat ons of said additipnal vo ar

ool fatfleftl oiontrel reSeh s e Rt E 49 d5ids 1
sai faq ot stRltCacPualbe SYR! oM B8 §£LH L]t Shal Miladder
wherein said actuator armincludes an act uat or

surpateg whi shosad dwibhiades id oplamber ot el sa¥d act
sa:‘r%gdl{—' ngn fjeéc@uagggt g:%l égcf“n @%@g%él g%c? dggvm&?t S

perlne Sur an ar ea
sai daghat bohs sfir facé b@dﬂgléﬁas tdéhman-areary said

sSseghfledud 10, SPLd, aclysLon,sur(ape, B The SvBt

attachegnte.said first body to reciprocate about an
axis that lies.in a plane spaced- apart fromsaid

tenplate. 7. The systemas recited jn claim1l further ,
| ncl udi ng & conpr eE8F oY F FHl &R CERHERT i A Hhet dfterein

havinga 8, SEh&HE €5 BAT L 8b1 88k ae éé@ma@oﬁ%&ﬁ@@ which saig

with said first and second bodies being coupled to

saidladder contacts and said contact member includes a
contact surface adapted to contacts said perimeter
surface, with an area associated with said contact
surface being less than an area associated with said

actuator surface.

6. The system as recited in claim 1 wherein
saild actuator arm attached to said first body to
reciprocate about an axis that lies in a plane spaced-

apart from said template.

7. The system as vrecited in claim 1 further
including a compression ring encompasgsing an area and
having a circumferential surface facing said area, with
said first and second bodies being coupled to said

circumferential surface and opposite one another.




circunfefenfial surface and opposite one another. tl
January 2007 WO 2005/ 006076 PCT/ US2004/ 022454 34 88§anuary2007

wohespyslzem as recited in claim1l wherein sai lcbrphgﬂg@(hMM
is positioned within said chanber to increase sa

di stance in response to said vo?gne I ncreasi ng. 9.
The systemas recited in claim1 wherein said bladder
i s positionedsw thiThesayétemeketrecdtede¢heasaimaildwherein

vol unme | esponse to said valune, .increasing. 10. The
systs@mdagﬂraéefee*ed% ROSH&LRNESs WEEtRAP SRAE) eaawaeanto

addijijceralseblsaddenihaviig ap %@@gbh@@ako g&sal qlume

associated therewith, with said bl adder
addiiicasals ipcadder deflnlng a bl adder system wth
said bl adder being positioned within said chanber to

increase saig dis % IQeEEEEO %géggds LA YQLHME herein

i ncreasi ng and sai tTona e|n
posm@udn@dawdehlnss@b@ltdbaaﬁeW1thldeeaédsehaabdr to

di stance _in respon to said additional u

o PBAERAS® FELtntey e ToAPyIPnEaPaNG. TP gme

t emphat-eashaw.Nng opposed surfaces with a side

extendi ng therebetween defining a perineter surface,

said system conprising: first and second pairs of

bodi es” each ofOwhi dke Eyetaledsare6htget 1ReAbaiM W fRrther

t he 16A1y @Shg”%ﬁbéﬁﬁltééﬁgi'BﬁSQd@&tHa§§h§ Bhr§§g96h6na1

of bodies défining a first pair cont ers
andVpﬁum@oﬁﬁa@plngﬁdetberawsbbuawedhmﬁahdsblddéeCOﬂud said

pai rd&ﬁt?ﬂ%ﬂ{aﬁs ehialng, in3f O”dbEQQE 98PLAT with saia
nme

ers € cont ac ers FFSt part
be|b@addemobedngpposuteoaadhwmthen aadd bhambeﬁtaotlncrease

menber, f. said second pair being di.sposed opposite

cacResingrotareR ShoTbaRgnar CRoRRoR aranr Fapressing and
said additional bladder being positioned within said
chamber to decrease said distance in response to said

additional wvolume increasing.

11. A sgystem to vary dimensions of a template
having opposed surfaces with a side extending
therebetween defining a perimeter surface, said system
comprising:

first and second pairs of bodies each of which
includes a contact member, with the contact members
agsociated with said first pair of bodies defining a
first pair of contact members and the contact members
associated with said second pair of bodies defining a
second pair of contact members, with the contact membexrs
of said first pair being disposed opposite each other and
the contact members of said second pair being disposed
opposite each other, with one body of each of said first
and second pairs of bodies including an actuator arm, and

a chamber disposed adjacent to said actuator arm, with




and second pairs of bodies including an actuator arrgj
and a chanber disposed adjacent to said actuator armanuary2007

woizbds/deiFs January 2007 WO 2005/ 006076 PCT/US2004/022454
PCT/ US2004/ 022454 35 one of said pair of contact
menbers being coupled to said agtuator armto nove in
response to novenent of said actuator arm and a
bl acder qﬁ)sﬁaiimﬁwqﬂniq@rﬁ@i@ MehiDerS b@ridlghmum:@ea'i to said
var i a% e.volunme, wt JNELY i.d act] m coup
bRE:

d .
Vo PR g Y R PR R spia

sai thataldtiy thrny; aramdsal thldicsleangds it onkle m&mtlemsas,d
recited_ in clajm 1l wherein sal d one body further

i ncltfeRem aRfitaome 3 oRFdeR lendrdare s raded sapsr petuator
an addl tdAnaledivy) aNGR YOS lodyORS rfreSaid ra%bbn%te to

contact nenbers, and an additi onal actuator arny wt
sai draazi@ﬁmmlofbcﬁma?ctvq@mert%éfamg' seddpésgtancsali d
addi tional actuator arm wth said bladder disposed

wi thin said chgnbery; %Ps&%@%npgkhr%%HQedaﬁhy%ﬁg a&q]whereln

and sai d addi tional “actdator arm nove responset
sai csadal icatd drslyoffisdiery dnededes war pdddthonsai d:ontact
di st an and sai d. addi ti onal dj,st.anc 13. The $ stem

as Fi& paded APRFt Gy RECIHLRER dgﬁgtgﬁce om said one

addidﬂ @%ﬁ'd fiﬂaﬁ‘id@f, JOMEaRE Femdedist | anal anvakluR®ional
associ ated therewith, to contact said additi onal

act StHRtATMATH ¢ Widhi eadddrErdsdrnpilagestapsi mgmber being
di S%%g:‘ied""ttd"s%ﬁ?'aﬁdﬁ@é%%ﬁ %%th'é\%%rs alfh a@.ddth' ggg

actuator arm noves in response to said valiations o
sai dladdietri giigiposedl withtio earyl sardbeddisti bhak both said

d|s i ndepen t ri.ation |nsaddsta
RESCCRIERAl Qo oBig LAEHELLALS LOCRALECLEPREEs in
sa| tespainae! tioe riadrs vafrlaadbnef ofaidifll vslumadtosesepdboth

pairs . i.s formed fro liant materi 15. The
sysFertas Farcsd % EPafnPedL FABRELN 31§5Pacact uat or

armincludes an actuator surface which said
13. The system as recited in claim 12 further

including an additional bladder, having an additional
volume associated therxewith, to contact said additional
actuator arm, with said additional bladdex being disposed
within said chamber so that said additional actuétor axrm
moves in response to sald variations of said additional
volume to vary said additional distance independent of

variations in said distance.

14. The system as recited in claim 13 wherein
one of said contact members of each of said first and

second pairs is formed from compliant material.

15. The system as recited in claim 11 wherein
said actuator arm includes an actuator surface which said
bladder contacts and said contact wmember includes a

contact surface adapted to contacts said perimeter




bl adder contacts and said contact menber includes agJanuaryzow
contact surface adapted to contacts said perineter

January 2007 0 36 surface, with an area aSSOC|ated

with said contact surface being |ess than an area

associ ated with said actuator 8arface. 16. The system

as recited in.claimii wherein, said ac&gator arm

at t &G WiTE A &rodysPsiatesd prédtataishsontant

aXl%u&E@hé|b%iﬂg1r%s%|%ﬁ%nsB%C%@eaa@%%501aQ@H§®h@h said
enpl ate. 17. The systemas recited in claiml

furﬁﬁ§ﬂaQQﬁﬂammﬁm§ea conpression ring enconpaSS|ng an
area and haV|ng a circunferential surface facing said

area, said thtc rcun?ggg% B%'E%GQFegpqh?%gbe'ngl wherein

coupl ed to sai erential “surface
bodsesdass&mmat&dammﬁhttaahddftbsbaﬁdiElhetn@ody to
positigned opposite one another, w.th the bodies

assGELAPEQCRITEN 2081E £y 8 FafPabeilngSs 685ﬁtpéﬁ€& spaced-

oppeghi-e Q&%mﬁ%ﬁ&@e&emﬁﬁaté systemto varying
di mnensi ons of a tenplate having opposed surfaces with

a side extending therebetween defining a perineter
surface, sai d13yst&he éﬁﬁﬁﬁmsaﬁgre§l§§%p#és§ﬂ@ﬁmdé¢|é@rther

mChH@iﬁ@ﬁ pa' Lol mga@gﬁdrgagfegg mga%gl moer aregoand

conpress sar peri heter  sur en sa d pal'r
spabeﬁlagaatcamnhmfbrenEmhérsurﬁﬁbh 6aeinfy saiid paka, said

o SeagTspacL hon ac) TRPOECS, B8 1 o mRAL AN oot

sur &aeeumfm@heuals shereeapr sehodhedpyticesl HEkBiated with
i ncludes first and second bodi es, each of  which has a
confaet AeRBEr PAAEf PRIRG BOPAFIORSAt AEPOSHERHERS, another,

dlsngéﬁdtaepgéaasstQs§§@baeéae&leﬂds§@acggr§9a§£1rabelng
di stance, with said first body including an actuat or

arnPOSéhEOEe@hﬁnﬁéﬁlﬂﬁs@@@e@ngﬁpatent to said actuator
arm wth

18, A gystem to varying dimensions of a
template having opposed surfaces with a side extending
therebetween defining a perimeter surface, said system
comprising:

a compression device including a pair of
spaced-apart contact members, to compress said perimeter
surface between said pair of spaced-apart contact
members, with one of said pair of spaced-apart contact
members being formed from a material to comply with a

shape of said perimeter surface,wherein said compression
device further includes first and second bodies, each of
which has a contact member, defining a pair contact

members, disposed opposite to each other and>spacéd apart
a distance, with said first body including an actuator arm,

~and a chamber disposed adjacent to said actuator arm, with
one of said pair of contact members being coupled to =aid

actuator arm to move in xesponse to -




one of said pair of contact nenbers being coupledt

said actuator armto nove in response to 8 January%JanuaryZDOT
2007 0 37 novenent of said actuator armand a

bl adder positioned wthin said chanber and having a

vari able volune, with said acsmator armcoupled to

said first body to nove.in response to variations of
saM@VVGEEWECﬁbswéﬂyaSaMdtOdismanaad 89 blEdelesy poarhtdsned

re in c mher sald co i on device |
fu%?%?g EG degyggﬁgngp i59 @rgg? giFoW@ g, with
cagsd ds aictpeormeter coupliage tbosbed ¢orpressad bet weee in -
said contact nmenbers and a force anplifier to

i nEFPERSBSEN tanTaRL26E 088 8ff 5rdE yelummi Fo dHpew emid
saihdcenecef said pair of contact nenbers. distance.
20: The systemas recited in claim18 wherein said
actuator armincludes an actuator surface which said

bl adder contmct s el Saitchee oY akdc RIS I 498% ‘herein

contact surface adapted to contact said perineter
suﬁ*afld%ecowlfffﬁ%@farcg%}ﬂé@so‘-éﬂ%ﬁf@r \mqqhglaaaj ac@ﬂmtor to

Sy face, bei acesccbztlc@%jansa% e%%?n%@e%:t WA %:al %e

actuator su m-as reC|te i IS
18;cmmremised Ssttvegst watial cmrmaaitt a@mxtso asl & fﬂoﬁ:’@b

rocate about an axis that lies in a
Js%]aec%ﬁcao 50 APs AP IEa £ D £0TPRe DeFs Bkt

a%ﬂ@@'dr?dsdﬂi Sl A& Hheh Jdenchudi embers,
conpression ring enconpassing an area an avi ng ‘a

ci dtatknrenti al surface facing said area, with said
first and second bodi es being coupled to said

circunferen@bql S¥ﬁ£a§§s@Qﬂ Q§p9§éi@e§n§nagfﬁiﬁﬂrg wherein
said actuator arm includes an actuator surface which Said.
bladder contacts and said contact member includes\a
contact surface adapted to contact said perimeter
surface, with an area associated with said contact
surface being less than an area associated with said

actuator surface.

21. The system as recited in claim 18 wherein
gald actuator arm attached to said first body to
reciprocate about an axis that lies in a plane spaced-

gpart from said template.

22. The system as recited in claim 18 further
including a compression ring encompassing an area and
having a circumferential surface facing said area, with
said first and second bodies being coupled to gaid

circumferential surface and opposite one another.




