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[0001] The field of invention relates generally to
inmprint |ithography. Mre particularly, the present
invention is directed to reducing pattern distortions
during i mprint |ithography processes. [0002]
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increasingly important. Micro-fabrication provides
greater process 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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&hdatcony WNet e -ef 130l (suld-25 pmm) §3Fterns in a thin film
coated on a substrate in which a mold having at least one
protruding feature is pressed into a thin film 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 f£ilm, completing the lithography. The patterns
in the thin film will be, in subsequent processes,
reproduced in the substrate or in another material whi¢h
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
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AGHRALR Y Ma MMt il sdicHt ANeRmp18Me in order to
attenuate, if not prevent, distortions in an underlying
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, each has a
contact member, defining a pair contact members. The
contact members are disposed opposgite 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 volume. The
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WQR@50006076 PCT/ US2004/ 022454 4 actuat or ar nPCBUS2004/022454

coupled to the first body to nove in response to

variations of the volune to vary the distance. In one
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BRIEF DESCRIPTION OF THE DRAWINGS
[o008] 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;
[0010] Fig. 3 is a2 simplified representation of
material from which an imprinting layer, shown in Fig. 2,
ig comprised 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;
[0012] Fig. 5 ig 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 |layer, shown in Fig.

1, after patterning of the inprinting |ayer; WO
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simplified elevation view of an additional inprinting

| ayer positioned atop of the ssubstrate shown in Fig.

5 after the pattern in the first inprinting layer is
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[0016] Fig. 9 is an exploded view of an inprint head
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b%g(g‘%nﬂp ¥{ew of the actuator device shown in Fig.
13T n accordance’ with a second alternate enbodi nent:
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[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
the position of the nold in one of the inprint
w0 e@som®76 WO 2005/ 006076 PCT/ US2004/ 022454 6 PODRS3004/022454
Fig. 18 is a bottomup plan view of the chuck body
shown in Fig. 8 in accordanceswith an alternate
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oFOBEA bk F iyt imer (5P S 1 o GOy R A ek
SIES@Rdshdrt ermat £y e ogh MBI rdM wiftilD - ar? Q 1t 1 ftleOW
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accordance 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
respect to stage support 16 along X and Y 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. Aradiation source 22 is coupled to
system 10 to inpinge actinic radiation upon notion

W@ @gm6020. As shown, radiation source 22 i s cPUPUSIOL/@R2454
bri dge WD 2005/ 006076 PCT/ US2004/ 022454 7 14 and
i ncludes a power generator 23 tonnected to radiation
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Silicon, Nature, Col. 417, pp. 835-837, June 2002. In
t REQESShYefssiafen source 22.

[0031] 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
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,

pp. 835-837, June 2002. In the present embodiment,
however, flowable region consgists 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 |ayer

34 being deposited as a plurality of spaced-apart
walk@siedore beads 36 of material 36a on waf er 3BCT/US2004/022454

di scussed nore fully below. An exenplary systemfor

deposi ting beads 36 WO 2005/ 006®76 PCT/ US2004/ 022454
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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.

[0033] To facilitate filling of recessions 28a,
material 36a is provided with the requisite properties to
completely f£ill recessions 28a while covering sur face 32
with a contiguous formation of material 36a. In 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 t,, and



with a contiguous formation of material 36a. In the
present enbodi nent, sub-portions 34b of inprinting

w0 200810060361 | N superi nmposition with protrusi onsSPCBIDS2004/022454
remain after the desired, usually m ninmum di stance
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a thickness, t 005/.Q06Q76 PCT/ US2004/ 022454
9 suBHpFT oh ﬁ%ﬁ%m q&@ﬁ%&%s Sit F2-ThiekrEREEESS “E1”
"t "andnt "t e *&%ya@yutcnhek@ea%sg%ar edepdaBendenbon the

upon the application. Typically, tlis sel ected so as
to bmblcyrarer THakraldve théswisglrctiedf so aS tO be no

SRRl d e SPSUIUR AL bl e

a de&Jkewu.dmgkannamb@'cﬂaarhgeﬁnr@agheﬁ radlatlon

sour pro uces actinic radiatiaqn that polynerizes

and EW)%@ SEHET IS 1° F6ES 'm%wgart‘fc?s's foateq desired
pol yd‘?été&@é@”@" had bed rd@fl ! rddit G euricen 2of
|npr|nt|ng | ayer 34 transforns f'rom material 36a to

mat RTeuUcH, am%wnéacblatsmn dhagp@alivmexiags and cross-
mat fi V.

et ke S LA g AR SR M er nacerian
_shapz_asa.)f aAsu feeeuBC e rmjntpo%&,tzsjmwf m@mnﬂle@; wyer 34

in Fi Afte |npr|nt|n aver 34 is transfor ,

to ¢ %‘?%‘?038?8 P imatergd s%%w’EC? ﬁ“%edfl 6i"np|’“1 his a
headsdBid shayped N fd 12, niatdmved de CTRASEI Fied to

di stance "d" so that nold 28 and inmprinting | ayer 34

ar e PEPEER- 4R 134F OUBSMIREMdrimchd averidd vath a shape
addi dd DAm U D CES S NEhJBY o0& emﬁ%e%d ded CHTRAE 261€ shown

patterni ng of” wafer 30 For exanple, wafer 30 and
| nprate el el 3% Ry fo etPdivat inprirdrisier ayiee 34 is

patt?{fh§¥o}$g§"“' n Ia eré§4 |nto§ﬁ@ﬁ§§ %%ayp éF-Fig- 4,

provi‘di iy & pat t er ned

To fiagptirdatieed cid ngshdvhﬁ imatrerdg al2 f rl(ynmwe@ to increase
imprinting layer 34 is fornmed my be varied to define

a réligtiance etth sattdalh el ffednd dmpgtiat igg, layer 34 are

des'éﬁ%&e&Tgbart.

[0035] Referring to Fig. 5, additiocnal 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



relative etch rate of inprinting |ayer 34 to wafer 30
may be in a range of about 1.5:1 to about 100: 1.

wa@\bdaosomaré vel y, or in addition to, inprinting PEyEs2084022454

may be provided with an etch differential with

respect to photo-resist material (not shown)

sel ectively disposed thereon. Tbhe photo-resist

mat eri al (not shown) may be WO 2005/ 006076
PCT/AySEEWD X S rtiepretitdet topkintisg paveer 34, using

I mprj. ng | I r 34 usjin own. _t niques. Any.etc

pr oééergjyrfr}g:ye eele% So'yezfnygggggln gr?tcg%%orr? ?h%eefa{:"élf)gfag’
desidegeraiethtt hepamdetd wtag raeesdesierts ahlathkouderlying
wafer 30 .and inprinting | ayer. 34, Ex%hplar, et ch

pr oG0S T i diftRde %rﬁ‘s fercROngRd ABRELAFdNgohayer 34.

et Chixnp 1G8Maatn W oc%ts@%isn%ag'n(infcn%d'ei F@asﬂao@%@hing,
Referring to both Figs. 1 and 2 an exenplary '
r adiZREH Vo e etrhimg podbgndeald! wedviesicai ngadingt tbe. like.

Oh I ati ce oyed, _sucgh_as

theﬁ?aq, el ec rfcsae%lu}rgl‘r:]n itc%aé)r?g%t ?emllsi'kg. aﬂ?e%sg ef iegﬁ)lary
of radiistiem sygtayad ey pirodalce e rpoliyleti zatdiation.
of the materjal  in inprinting |layer 34 is known to

one &Y GRIIRGHRD HUTETd "BypPEarIMPlAYFEndSUGh PRethermal,

Speridt PRIl O iticdle 1likedesihed gefkhehmBEe radiation
the plurality of features on nold 28 are shown as '

r ecedwiloye8® aextidriditey talcopglamedgilzestioon ofatikl material
to prot.rusi.ons rQui ross-segct:i of,

o, BESLTRANS 2PN G 8ty SLORSENNNNn the axe
recessi aypizd landiguenidsusinonhe? Siperdyf i ccappéipandohowhich

vi rt.ual .any. feafure required.to_greate an

it o S04 R cu e Y e B SRR 144 TaoFelPRERERE o
of rniddlkdoBt v Aowh 8SHelesist offgy 2Ba d&skenhgdntOalong a
manuf act ure conponents of system 10 frommaterials

t hatdirgcs icke AP L) ot 491 Progrysiongy@sh thetnmrovide a

R e T i e P

25 degreees ,Camtdegrside)s. 28kan andnprenirodgioast 2 8bt hey

nat%Qf?ng;H:'Eg'¢ﬁﬁigﬁlga%ny 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 gsystem 10 f£rom materials that
are thermally stable, e.g., have a thermal expansion
coefficient of less than about 10 ppm/degres 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 INVARQ, or name

SUPER INVAR™, ceramics, including but not limited to



have a thermal expansion coefficient of |ess than

about 10 ppm degree Centigrade, or less than 1
wepissdegree Centigrade. To that end, bridge SPQPUR1084/022454

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

fabricated fromone or nore og the foll ow ng

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

ungeroblig®t cagamiane hhw%ﬁaoﬁ51M§nEa61eS&EﬁﬁhyNMAR

ceram cs, including but not limted to WO 2005/ 006076
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conponents of system romvi brations, in

suem&mpdamg enbileodrens. annllebéﬁpfapy NaﬁperQ4CD§poratlon

avakl bl e f ogn?e ort _Corporation of Irvine,

Calr Fﬁﬁge’ g ??gﬁe%grrlng to Figs. 7 and 8,

teﬁmb@vq 26, R@E@&r1Wbltb robe.28 hadpegseeiplase 26, upon

;Eéed to_ inprint head housing 18a via a, chug klnﬁ

@M@Otlﬁiat%. ﬁél paeseBhucks FEHRLad. CQpaEPFiRh fi§ad

a %%hgﬁa gh%a &ﬁ ﬁg §9Q9Eﬁd4both39thElﬁééQ chuck

housi'ng chuc couples tenplate 26 to
c alboldjyanlzon Syetamitéh lyi, s aacaﬂsbaatﬁ bexayet sytstiém is

18c. | ipbrati,on system 18b facilitates ro

or iCEMPAE o Ca LB, t%ﬁgémggﬁsfgﬁpﬁg?é 388 s faP8fY 42

30,coupa W k%mﬁﬂ&te526th&rebylﬁebtewhngyétem 18b vis- a vis a

substantially uniform gap_di stance ,"d" hereg

[oéégrum@féWEmﬁ@ ﬂéCbotﬁa#9&§at?oan8Y§te@aFPBr
§%§? H8 %%k%@%%n aﬁ'%h%%h%yb@Ew@Ehuébﬂbia%8326189d

a base platé 19d. Specifically, actuators
19wafer950an@h©®m ame Fdannéct shepebyeanhhelisnggalsa

and, ase, RL3LS h3droFheLlEe a3usbaNL18¢ b NCLHdESpetween.

e spring and exure ring exure
ringodsh is R@&p&&dngb&tm&eﬂhbﬂigsplatand9d ardlibration

flexure sprln S Motign of actuators 19a b an
ovpeean Rakod pelEnr & PUITaLs Y, he: SpEoEPFBuiPar b and
COqr3e Rl PHAleon 1@k f h8¥Ur especifically, actuators 19a,

19b and 19c are connected between housing 18a and base

1tates

plate 19d. Flexure system 18c includes flexure springs
21a and flexure ring 21b. Flexure ring 21b is coupled
between base plate 19d and flexure springs 2la. Motion
of actuators 1%9a, 19b and 19c¢ orientates flexure ring 21b
that may allow for a coarse calibration of flexure
springs 2la and, therefore, chuck body 42 and template
26. Actuators 19%a, 19b and 19c also facilitate
tranglation of flexure ring 21b to the Z-axis. Flexure
gprings 2la include a plurality of linear springs tbat
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



springs 2la and, therefore, chuck body 42 and tenpl ate
26. Actuators 19a, 19b and 19c also facilitate

wo c@ssbaré on of flexure ring 21b to the Z-axi sSPCHUS2004/@22454
springs 2la include a plurality of linear springs that
facilitate ginbal-1ike notion ibh2the X-Y plane so that
proper orientation alignnment may be achi eved bet ween

waf &FC3GhERd SFRdpYare éFu§Woﬁﬁ¥PHlﬁPa?-2.T%o@3©T end, chuck

Ref @joidyN@ ot Qnh G8es8raRdc 1QsChHak sBedNa 42 é%éé*é@t 8ddes. a
to retain tenplate 26 upon which nold 28 is
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r adiald it BN tHaed abgvedeternmifel adelpagthons62hi 8s the
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i's d p t.h v gth.af r adi
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chuck body 42 are one or nore t ghways,. shown as _
64 &% ERlowndrofighe 2-hr SRFHEYSs 625 Gedyergs 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
gside 48 and second recess 54. What is desired is that

throughways 64 and 66 facilitate placing recesses 52 and



t hroughway 64 places first recess 52 in fluid
communi cation with side surface 50. The remaini ng

wao boosgdorey, such as throughway 66, pl aces sechPemUS2004/022454
recess 54 in fluid comunication with side surface
50. [00"e'0] It should be undgrstood that throughway
64 may extend between second side 48 and first recess
54 » asespettivalyi |ar | §4uidh rauphwielcads aray idit engressure
bet second side 48 and secand recess 54. What is
e%ﬁ“l%re]ggdl i Y Fhal ?‘h‘”rqwg%‘i% sé%q-'aegra 72% facilitate
plE@A 1D r eCESEE Ssyxek ¢ 07 NRA0 G A0GTE ne or more pumps to
PCT/ US2004/ 022454 13 54, respectively, in fluid
RO L ot PORPRRTIFEE (RESSIE e Con(ToISSt & L%

PLER SYSEERE 1P of QO] 2 AN S Y St A0 e 1hChirde eRRinted
or nore punps to control the pressure proximate to
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superinposition therewith define a second chanmber
StempRang 2§siensTRenbwmetdsion Wwnewthh defisws i eqgend

firs 2a d s d hﬂyb 'f%égj , 1 he
p?réasré%?lé ?‘ggést%gwgﬁg%ael"ﬁ i r%ér%%éa%)nbetgar a ]%%ll 4
e shpe t he posst | 308 dnd heedenp| e Gambwnsh. t he
chuck, pbody. 42 d reduce, if, not avajd eparatiqn of
URRET ST EOPBLY 1 O RITE B 42 SRicar. T Isd Thrtirst
RMtbyr IDE ©6 asSiaim dihe SEeenthic heiThae SangRite 26
differ fromthe pressure in the first chanber 52a to,

iR Epe achuelyderdi st nd ofrduee s hilf M@fpIaHF D6 t hat

0 g vo DYr 04

e el o L R0 2 YR e R ey foree
pofi ¢graelpy essline preshanbein Sdee tsecunp artsatef dréampay
differ from the pressure in the first chamber 52a to,

inter alia, reduce distortions in the template 26 that

occur during imprinting, by modulating a shape of
template 26. For example, 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. Additionally, pump system
70 may apply a positive pressure in chamber 54a to
compensate for any upward force R that occurs asg 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 ig attenuated,
if not avoided. Coupled to template 26 is a means for

varying dimensions of the same in X and Y directions,



upward force R that occurs as a result on inprinting

| ayer 34 contacting nold 28. Additionally, punp system
wQ osmyeoappl y a positive pressure in chanber SHET/US2004/022454

conpensate for any upward force R that occurs as a

result on inprinting |ayer 34j4contacting nold 28. In

this manner, produced is a pressure differentia

bevieenthdi enderagareéihonshat Ehele! #bizartimn ovintg the
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is shown schematically as actuator device 72. [0042]
Rebedieag740antigds, gmounteddon 0rpeeite prdeeret chuck body
ex I heca 0 evi 1 ncl u LLS 9{1%1
seggﬁdgl%ogffe‘gﬁggha%ﬁg%{)&%%%%t%gd %)nﬁg%é%l;%téey SdesT ot AT
chueksbodye 42, baliiesfbudly ctv aamd NDéINtmcl tdes dhexar enore

system 18c. At | east one of bodies body 74 and 76 .

i nEF%‘BJ_égrﬁneéhP‘_”Pro_}’é b%ﬁ%n%%r%? d@ﬁ%v\m ]?1)'/15]% R
74anafbaposed Wit Bhnaceharderarta 18 flrfethatigsr arde of
A first nmenber 74c of actuator arm 74b is connected

t oabbugtdz aomr @ébpiscaceneahriit tanbedy s744¢R Feeigrocate
nEa ert7gg gxggnggdf r Of‘l?%(& Smerzg'éjr a'b@gge%g&ga] from axis
di FE2t | er 74e.

on and fernm hates ' Th a second ne
Sevoddalenhethéde éxtreadsorn ramd f teshimerderin 7d csetany

t he direction_and ternminates, in' a contact nber ‘
apemagT| Zher CoRBCHPAIRTORE IS STRRTRUF (1A Ehesibdperber
7424c| a16HE PRESENHiexarPbe 4n® b adiiesised 8on amdomBhrt
are di sposed i n chanber on opposite sides of first .

mefBePey4¢4Espet f Least yong) 7 8hS df SpoRRer pEt iteh
 GHHPLESIIEIEL 00k 000 16,0001 SERRSC: o ane
wal78b74heofiispodgdand ¢hasberemberpideitEagided of first
blggggé% Zgg.angpgggfically, bladder 78b disposed between a
first sidewall 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 introduction of a fluid therein. To that end, each
bladder 78a and 78b is in fluid communication with pump
gystem 70.
[0043] Digposed 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
move with respect to body 76. As 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



has a volunme that may be selectively varied in

response to introduction of a fluid therein. To that
weresoedch bl adder 78a and 78b is in fluid  PCT/US2004/022454

comuni cation with punp system 70. [00a3] Di sposed

opposite to contact nenmber 74f {$§ contact nenber 76f

and spaced-apart a distance D1. It is not necessary

f or actome&otr mewb@Eb766 tonbeCCQGpt@db@@Y weveowrepiprocate

resp ct..to_bod re on t er . 76f .
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76d. First menber 76c extends fromaxis 76d along the
Z dimesbeiro 64nd ﬂ@r&eﬁategnenbéaééeﬁnﬁs fdeabesedeeithin

S d nb 76 ds f
Che SRoGPEECT 8N i FOPnPRECELY| FaMBoRt Bap PReiagrd boa and
761 goMt a'I%aﬁtlS@@%e@ addenatbedi pased wbpbbhtechadberof

76a. Int resent exanpl e two_bl add 80a a
are dﬁ§§o§€ﬂ£@§ gﬁgwbeﬁp?ééféﬁaégﬁospiéggﬁaegngdlSPOSEd
i gferiRiZRer %@%stsggﬁkub§§lb¥ Bkaggﬁg 88badlsp9s8d member

bet ween a flrst si dewal | body 76 and first
mentiérc, 26d, bdaddelraddér 1soulspoee§pb§édeb@taeéﬁcand side

L

sel ot \é@‘de gl hed al Rrolemponhertt maynbeodumacomvenyavarled
fluid therein. To that end, eac bI gder ﬁga and E
i s iR FSFPATEEMren BT PGHC PN © pefeP98SiPo04ag that

Dur ik, ORQIGR bARgdkeMRloat 8ndb sbs QBS@ﬁSQQulaebb@Qﬁnlcatlon
contact menbers. Typically the distance D1 is

est@@ﬁﬁSE@@E&@Y@éem ﬁ@htly snaller than the di stance
oet Vg he o L83 0l RebIELEr 28ULLABesBB8eq
enpl at e |n co tacted fhere this

ﬂHnm&mween contact members. Typically the distance D; is
established to be slightly smaller than the distance
between the opposed regions of perimeter surface 26a of
template 26 in contacted therewith. In this manner,
template 26 is 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 D;. Expansion of
bladder 80a causes actuator arm 76b to move about axis
76d toward sidewall 76h, thereby decreasing the magnitude
of distance D;. To reduce the compression forces on
template 26, the volume of bladders 78a and 80a may be
reduced to return to nominal size. To expand the

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



tenplate 26 is described as being conpressively pre-

| oaded. To conpress tenplate 26, one or both of
whb@addesss 78a and 80a may be inflated to i ncrPEBES1004022454

vol une thereof. Expansion of bladder 78a causes

actuator arm 74b to nove about laxis 74d toward

sidewal ] 74h, thereb decr eagsi ng the ni_t ude of

di stﬁfr‘?‘ég%l.a%gng\aén D&t eaﬁllié'd%‘chﬁggggu?égmaéfzﬁﬁf’%?r
ar mdehfi ded MV nabet btihs of/ 84 atiewaed7ebdawal bokbhay be
t hereby decreasing the magni tude of distance D1. To

r ed REPARE L onFrEsSiSdRTY ofc b3 aghdert dfpBl gauses, aphuator arm
vol Wi, ¢fs hlrddeisuisa.and Aka ¢ lérﬁesigsdvaiﬁdvh%i thereby

return to noninal size. To expand the distance SO
t hatintemplsdng 266 s\agat todep odfs siieelycpr 8 WO Expansion of
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o it Grayots € BlaGeEs TAD oruReBoRts SaaETgesgand one
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rate at which one or nore of bladders 78b and 80b are
ex p&FERd rEed ton & e tyrh S SEasradQe s CPRBT8RG 186R YaPES -

def l13)eld hatkl MRy BRI delo return substrate to a
conpressively pre-"loaded state may be reduced [0045]

Ref i00i43d t o BeflrrFigy. tvlbaty Figsa piobhdnil2, a problem
enc ri .oper at | .CON fqr pLi .
e L e s SN e e e
f or cemiwte sdde! wed 1o 7@er iafEt asgsuwhkacdaz6a. cbmpirbeseon
situations expansi gn of bl adder 78a exerted a force
apmﬁ9§f8§oW?F@ea@@ﬁPe¢6§°aﬁ§Zé%E§ﬁ§iSHrgﬁcﬁlgééer‘éﬁathese

situations expansion of 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. Ideally, template 26 should be subjected to
purely compressive forces, with bending forces being
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



exerted a force on side wall 76g. The forces exerted
on one or both of side walls 74g and 76g resulted in
wheodiom®7e nomrent on chuck body 42, which is treoEIs100€022454
onto tenplate 26. ldeally, tenplate 26 should be
subjected to purely conpressyve forces, with bending
forces being substantially mnim zed, |f not avoid
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[0047] An advantage with the present design is that
the entire actuator device 72 isg pogitioned to lie on one
gside 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
gsubstantially increased. This facilitates increasing the
per 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



the entire actuator device 72 is positioned to lie on

one side of nold 28 so as to be spaced-apart froma
w@bk@smodome whi ch nold surface 28c lies. This iBCT/US2004/022454

beneficial in preventing contact between the

conponents of actuator devigg 72 and a wafer 30,

shown in Fig. 5, during inprint processes.
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exerts a force an first menber 7
asedrcavd cforaree. of bl adders 78a and 78b exerts a

force. Simlarly, the anplification of the force per
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of dder e fs 4 b
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74b  and 76b may result in an uneven distribution of
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C'%g),r eBSOSai,,onainc?liaaO%derresdu%%%’ if not avoid, this problem by
being formed of compliant material that takes the shape
of the area against which contact is made. As 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 formsg a profile that wmatches the profile
of the perimeter surface 26a that comes in contact
therewith.

[0042] An additional benefit provided by using
compliant bladders 78a, 78b, 80a, and 80b is that the
same compensates for any non-planarity and/or roughness
over the area of perimeter surface 26a, referred
hereafter as surface anomalies, that comes into contact

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



78b, 80a, and 80b reduce, if not avoid, this problem
by being forned of conpliant material that takes the

W@ b@pmoeond t he area agai nst which contact is nROBPUSAS4/622454
result, an even distribution of forces is exerted on
over the contact area. For sim%ar reasons, it may be

desi ta rs./4f _and76f fro
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pl ut&kitt § sofogpiedc o #@ﬁrrzfeﬁé, éﬁo%sagswéf aboygfwith
376§e§§2c€7@f’ e26R:ok a 9Eb's %&%ﬁ&@%g 58,2 and 80b could

separate act dafor arn1(no s mount
bodfa&ﬁllaatél3bussedtabdveomthht membere 1L868¢ct pAEDy 376f

arm 76b. Bladde s 80a and 80b coul d ilitate
v GhEnE TBE BaEPaZeoRsihaES SoBRaCE BEmbST P EE:

[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, 276f, 376f and 476f. To that end, bladder 78a may
be replaced with a plurality of bladders 178a, 278a,
378a, 478a, each of which is in fluid communication with
pump system 70. Each of the plurality of bladders 178a,
278a, 378a, 478a is couplaed to move one of contact
members 174f, 274f, 374f, 474f that differs from the
contact members 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 ig in fluid communication with pump system 70.



and 476f with respect to contact nmenber 76f. [0050]
Referring to Figs. 12 and 14, further conpliance with
waeookae®7@anonal i es may be achi eved by al | ow nBCT/US2004/022454

i ndependent control over the novenment of the

plurality of contact nenbers 1720, 274f, 374f, 474f,
176f, and _476f. To that end, bl adder 78

may EBE %@%&Wﬁ%%m%%w%%m%%%%%wﬂdw

2783 0ve3488: of788ntradehnehnubichiyks, '@7éfU'§75f 476f that
communi cation with punp system 70. Each of the

pl udaffeysofrpmatitier sont8at memgars3¥3af., 428éfbs376f 476f

cou 74 74
S rel e RERaGRTr) pIRRRERL LBBHp e R0k RepZl Haoa axe
174pupiéf, t87&bve474ﬁ1th&hghheheeﬁaregugngbhaddheen
178 , 278a, 378 478 are c dto F

LPEheRRG. VEE R SEP 1804 Hap  BUSFER| ARBaSAR AOg With 2
pluthkbxle§ bragdarsie}80ap1288ars 3608, aA808obensh &iso be
which is in fluid conmmunication wth _punp system /0.

WO Zep3roedovethcy pdraediby2as4blagdesehtof aghaguer s
180a, 280 0
condngpERRasREoBontPad L tOURLEd el S MBYEONFal] 27et,

fronwulie egatact7egnbernss]76776£2468, 4386f whérbtpplhahg a
the remaining bl adders 180a, 280a, 380a, 480a are
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is facilitates conmpensation for errors caused b
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include information derived therefrom to determine the
proper compression applied among contact members 174f,
274f, 374f, 474f, 176f, 276f, 376f and 476f.

[0052] Referring to Figs. 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 ag 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 500Db,
502b, 504b and 506b, respectively. Working
synergistically, piezo actuators 500, 502, 504 and 506



Thus, it may be desirable to obtain an accurate
determ nation of the tenperature of tenplate 26 and

WO p@b0a®7é nf or mati on derived therefromto det epei/ns20041622454
proper conpression applied anong contact menbers 174f,
274f, 374f, 474f, 176f, 276f, 32Z6f and 476f. [0052]
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an additional pair of contact members 73 and 75 to vary a
distance therebetween D, in a direction orthogonal to the
direction in which distance D; is varied. In this manner
the dimension of template 26 may be varied in two
dimensions. This is particularly useful in overcoming
Poisson’s effect. Poisson’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 ratio is the ratio between the tensile strain
cauged in the Y 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



bl adders associated with conpression device be

replaced wth piezo actuators. [0054] Referring to
wWo-2@5/046b76ray be desired to include an additi oPel/UpZI04/022454

of contact nmenbers 73 and 75 to vary a distance

therebetween D2 in a direction @2thogonal to the

dlre t|on i.n whic stance Dl i,s varied. .In this
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configurations of actuator device 72, a force may be

applire®as tomshereale flycrapyFions. asn¥RdiloRs of npREUracies

sang ARE-FAAMEE pHoskril ngnNs tepat laﬁatpﬁ%aﬁeer %Q'EdQQ
into inprinting | ayer 34, shown in Fi [0

Specicrmeaillyy redieseert tongsi maghd fpgﬁt:epn/ rhac @rlﬁearrors
| Nt G TR g’% 'fﬁ%a“a%% %%f %@é %EE%%sf Ef% 'Qggh akéanon of

di mrénsi on variatl 0 0 I ntl ng
waf era £33 3Thase wiiikinshen ah:vgahaat panserwh tieh tnsabebeecorded

due in part tothermal fluctuations, as well as
i naGHERGSe S hej RTERe P GEp PEEEIERAGPEEEFET haftddit ionally,

Pr oge ik ti®n/run-out errors 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-step full wafer imprinting and step-and-
repeat imprinting processes. o
[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



commonly referred to as magnification/run-out errors.

The magni fication/run-out errors occur when a region
wo@toosmedoes 30 in which the original pattern i sSPC€DURB®04/022454

recorded exceeds the area of the original pattern.

Addi tionally, magnificationpgun-out errors may occur

when the region of wafer 30, in which the origina
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very difficult.

[0057] 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 wvaried so that one of
regiong a-1 defines an area that is slightly less than an
area of the original pattern on mold 28. Thereafter, the
final compensation for magn1fication/run~out 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

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

in Fig. 17. 1In this manner, the area of the original



enpl oyed to sense the relative alignnent between
al i gnnment marks 114a and fiducial marks 110a. In the
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al i gnment marks 114a being in superinposition with
fiducial marks 110a. Wth the24 ntroduction of

magni fication/run-out errors, proper alignnment becones
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assuming bending force, B, is greater than force R, pump
gsystem 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 procegsor (not shown) that may be 4
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 technigques so that
the pressure within chambers 52a and 54a may be

established dynamically during operation to maintain



so as to bowin a direction parallel to, and opposite

of, force R By controlling the bending of tenplate
wQeoosmo60rhi s manner, chucking system 40 nay bePENphmyeeR2454

to counter the bending force, B, so as to establish

mold 28 to be a desired shape,2%.g., arcuate, planar
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andpebddeh Ot ERB1ALET 0B 434 esal]@%y@hs-rééﬁ@nst@@ dd @& Rcurs

and B nmay be sensed dynamically usi ng known '
t ecRhPRBeSNgoXt ARE Yt AXepr esAUrd YRFWlh, chanberdesizned that

and y ; tapl Lshe ' '

R i A s T e i Yo e

25 ceapl a¢sp@6tiwehya flesheddclsdiopen Fromdaacktemiefl tadapted
is _that the pressure Ln one_or_both chanbers_52a.and ,

5aa fag P EETBoF bt | BREEE 15 6 S Host TR b c2d gl Tesistant
t hetgbjefbagat i bAt ADEng ey at Did tenpkad € 26n fHOM manner,
chuck Eodg 42. . This also_may be acconpljshed under

pr oBWEERFE CHREIANS BFa RN T HRSITC FRE kS ifRyement of
T 2 e e oan ooy e ! X and ¥
t enpi veet Penand subport regi ons 58 and 60 occurs

al o X apd.Y_axes. a result, . it is, desired
tha?goéﬁgpor?E?E%F€ﬁ§§5%§§%ﬂg%0 %dﬁ%is%?fa%% %%%ﬁ%%%
58ac@ibddiment, chuck body 142 may include one or more walls,

or bafflesg, shown as 142a, 142b, 142c and 142d extending

between first and second support regions 158 and 160. In
this fashion, walls/baffles 142a, 142b, 142c¢ and 1424
gsegment 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
gsuperimposition therewith. Rather walls 142a, 142b, 142c
and 142d would be spaced apart from template 26 to



60a, respectively, formed thereon froma materi al

adapted to conformto a profile of said tenplate 26
wapasnesrect ant to deformation al ong the X andPOT/aXm84/022454

In this manner, surface regions 58a and 60a resi st

relative novenent of tenplate 3g with respect to

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

Ref diuriafgiarp &% gs . b Bl £18; flpighétleasfegnbodiomenthe same.

chucle BOULl2. Myl 0QS 1S 00 I Gl e 18Cer being

bet wRelr fddds thyanshgeasnd e o to regie@rs 152§ angrkeGure
In this fashion, walls/baffles, 142a, 142b, 142c¢c and
1424 et He kst a e inﬁ%fléiegﬂ Meep spb-chambers 152a,

sub-1B0 ONSs5lS28hg 19RD, b 2esaRddl52d that function

as sub-chanbers once tenplate 26 is placed in

" supelQQfidsi t | Grefdioriow tite Rith Flsmbér em528, p3pyiding
152¢ d A5 fluid-ti i ld .result
in e“éag]{w]l avagéllfa]!msfv1r%ﬁzgeﬁ\Nau’Ly‘]‘CE n O?‘L rllgzﬁjoV\Véd/n;l')dc qél\%aagit%d % he
sanedn¥ fduttat cammmiis-atdpons s 2eyn1spst am2c/@nd 152d may
Al ternatively, or_in con erewith, sub-

j unction t
cha%r@weq%%,prﬂ@@%&lféﬁ] TR BRERSEG devels.
ti ghtg chamhgis: onose tElAt & 2Edredlaead ddn on, jrzzetranlate 26

superinposition therew th. Rather walls 142a, ,
142owhemdaidtyl pwlil e tpaspiaderbrapamr ififtoma dgyleat 42@ay vary

to WD:2005/.Q06076_ PCT/ U 04 5 26 cti S a
baf (10T euisd“lﬁtr%cnésfo?rz%fggpgiagét Lh]zes 'sar?féﬂ% Rsﬁg“%

res L&a:jntd:w'betxl‘eﬁheg APRF Qe laitrey Harfefs suff e dmpleltebeienfrom

provj ded, . pu system 70 to recess 152, a pressur

B AT A O 6 o VA 1 f B o Lo e Qe fect s
1528 rom Bk nd srmddl ikbAtprasitdesj nedrerd A6 Juring

Referring to both Figs. 2 and 18, providi ?
wal | SR an e Lempiate RHEhaREirMy t oy example, sub-

confd 7 01%21&#?%%%@% s o tlAG Ah 19RGein that

may e concurre providéd wth differing pressure

| evelss.grefsaar rigsan tthe hereamunet  agfsdaoradede xdrtthe d hen

tenP%é%éié?%g gub-chambers 152a, 152c and 152d. As a result,
when increasing distance “d” the pulling force of the
portion of template 26 in superimpositidn with sub-
chambers 152a, 152c¢ and 152d 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” increases for the portion of
template 26 in superimposition with sub-chambers 152a,
152¢ and 152d is accelerated compared to the rate at
which “d” increases for the portion of template 26 in
superimposition with sub-chamber 152b, providing the
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.



when being pull ed-apart frominprinting |ayer 34 may
vary across the surface of tenplate 26. This all ows
W@ amwsiod@ver i ng, or peeling-off of tenplate 26 PCDIS2004/022454
inmprinting |layer 34 that reduces distortions or
defects frombeing forned in i2printing |ayer 34
during separation of tenplate_26 therefrom For

exafphé, 2¢df Ft?‘i?é’rﬁ?@r “‘fg?ﬁflﬁ‘ﬁ?lhﬁ\‘f@p&rﬁr &ozyfkhe wafer (not
est abldshedddishfid dh@hucks p8EGaLEL LhanvEBAUR! eSeHES
associated wth the remaining Sub-chanbers 152a, 152c

and eng2d esAsuwpnassulnegionsed SBnandasitlg tei SeyRceurface

t he A faor.c t (A ; 26._j .
B L T S
i s sikjtedteedutld v agipddiaet wiikian thiee sporifliceg (hotcehbwn) of

which the portjon of tenplate, 26 in . superinpositi .
wi 1 PS5 YRR T4 CPeRS" ITirs SUPRETFar§O1o0S 258

t hatynd"2 dgnCr e85 6 f Omae POLLFER @f reyemRlsabgsdbahl 260a
superinposition w th sub-chanbers 152a, 152c and 152d i

i s gooolisteateed lovithdriahtt eepRe wikhe the wafiegh (ngt shown) in
i ncreases for the portion of |_a Qs

supé: enﬁgselstelno%e W he;étlf%p&g ngrg%fS b,ﬁg‘;cé\rc}llldi r?ggt'he
af orimiiduingate arrtiddeder ipresefhfte et We@db2hel mupdace (not

anot her enbodi nent, sho in Eig. 19, uck bady 242 .

i ncl e a i ifare Pt Sg’?gﬁ‘) 2o ggjtel r?@‘r%f%ﬁ Fegrons
nadids SUTF AL & hla MeMidnil@Qeshippadt WP 20@5MAFRR7 G not

PCT/ US2004/ 022454 27 Pins 242a provi de mechani cal
supgdaworin Heevd eblnassiions Feme] Nost dendFoyddesudy surface
bod vJ C S u | JL QRS g2 £
and 560 T et A 20 I O R e e stBBore.

r espizctihedd ygnd orpiets f24@a @metee tiyalicaidty s ofigl ppsts having a
conpli ant, with the surface (not shown) of the wafer
(notc’s'?%ﬁr rERTHhg Bg4iNst support regions 258 and
260.[dosd1hi s rremersimface g=egiles 1258mdang ,260a operation,
provide a fluid-tight seal wth the wafer (not s

hown) ,
in AThEPRESR dFSwBansstre fuMedSE it idt i8h X ¢, g\_ﬂne 18
Vw“”hndertaken at step 200. This may be achieved by sensing

when

gross alignment fiducials 110b present on wafer 30 using
machine vision devices (not shown) and known signal
processing 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 slightly less than an
area of the original pattern on mold 28. The temperature
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-1 can be determined
by measurement of a change in distance between two |
collinear gross alignment fiducials 110b.

[o0o64] 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



particul ate matter is present between the surface (not
shown) of the wafer (not shown) and the surface

w0 e@so0®76 258a and 260a. Mechani cal support of PCTES2004/022454
wafer (not shown) in the Z direction need not be
provi ded by surface regions 2588 and 260a. Pins 242a
provi de this support. To that end, pins 242a are
t yprBaPiytAnged 1o sy inad ky a nEWb@ﬁl&ﬁ adjacent regions a-

Cr0§So§eEhb0%afE90§%]a@%BErEhQQXLQx Fis9S- 716 ﬁ%o@@gegothe

20, in operation, “an accdrate neasurenent of
in dmmxn¥lphaﬁe0b@n9@n@értabearaasspéprzgﬂonﬁhaslnay

o7 cSbRE LU AR S, 30 G - RRBn A WER 4 HEYFEed [ AGE™S the

shownhxaed ka@wme&eg@dry ﬁh@CQ&&bn&eb%@&&h@%QSma@tbe made to
step 202, the tenmperature of wafer 30 may be _vari ed,
i . edetpaiiag &hel Gherss, isoarRat Oft KEJAPES G lofdleofto

reQH9Q§P§1$na§ Sz %%%y %egéf%gaaoaaloﬁ eapnaf v hgis.

original pattern on~nol tenperature
var Hatvewrs ,may bevaefisevee asenged thapethbudamensional
controlled .chuc

d
o ERSRERS: 1807352, SV HRY PeuRoroRton of Hhagiang Tibpeonal

canafesdekermdngd by neasurenent of a change in
di stance _between two collinear gross alignnent
fi dU€PEPY 110Pt EOEPAROSpeEPrMPESERYVeafonaRge Fn @R F2, are

d's%?giﬁeﬁekweﬁﬁldtﬁ% QE?%%tQE&QB@EEBefb?%%'@%St%éogglglnal

col ear along one of e X or axes I's determ
Thepeatten, tbhbs cbamgenﬂﬁwéOﬁﬁtﬁOﬁﬁéGarea of one of the

PCT/ US2004/ 022454 28 i n_distance g &é? gé Thi
nunb&P 8 Sadj aceéht SHEGTORE8* i°8nwﬁﬁ eP?306%4Fong ~"+°
t hemXyakes achiievepr avi gealthemedefiplslyonal mebange @fision
the areas of regions a-1 _attributable_to di nensiona
chaAG¥3CPR V&PEr SBOWEY 0AgSt KBOWR- §%9§a1|9rﬁ€@§§§aey

thetééﬂﬁlﬁE@§Uf%%Ea%t%§%1hé Wﬁgﬁ E%o ﬁbgbn%ftgglgnment

change in“area of regions a-1 due i mensi onal

changeksofl 1daf ere3@labord WhEhYtamlsr mboeevér fiduciay marks

aIsgleg’asi%ngge%h§%6€hgf Egeggbgg%lallgnment 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 varistions 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
magnification/run—out errors, the dimensional variation

in mold 28 may be undertaken after mold 28 contacts



changes in wafer 30 may be uniformin the two
orthogonal axes, X and Y. [0065] At step 204,

waoeopne®ssé ve forces, F1 and F2, are applied tpCTvDRZNORB22454
to establish the area of the original pattern to be
coextensive with the area of onggof the regions a-1
in superinposition with the pattern. This may be
achiepednt hngedpyermd2énpbbyvnginaEhinebvi Bpwaver, this is
devj ces éggg g@omn) and known signal processing
tecﬂnlqu to deterni ne when two or nore of al i gnment
mar ksoddfa arredbighad whhhntwe Pigsvre, ofef adacial the
marks, 110a., At step 206, after proper alignnent is
ach?%%@ﬂmeﬁﬁdoﬁa@ﬁF§|EétWéﬁﬁrﬁﬁgbaPse?rBrénaﬁéperlmPOSltlon

redHﬁ@QewhEthgy ¥b5h§t@gthtﬁglerég'B@thaEbQE@dLﬁPart from

recorded in the region a-| I'S In superinposition
MAthmpUhdtzﬁg 1@Yﬁrn92ﬁhe Weeeortdefopndt Bhat theis not

necessarﬁ. g an on__forces gl and 52 hayv ertgg
sanB Agnt fa0e®" 48 PRRUE GPRERSP oRaF Sy GRS FBRs OV RT iie

ei tbativef @ard0 90, nehen28havyagnotube ubi feraeenrFaldnd F,
di rections. Further the magnification/run-out_ errors
nayCﬁaidbbeu@éhﬂFeaneﬂnfeétﬁacR YegiiPBcRr dndt Whigh the

resyli q; GQTPLEEELON EQrEééorEédandHo5§v€§¥ geitescto
o

conpensat e these anonmali es. Furthernbre, to
ensdeéegmeaeérthedutheomagnlfwaghnbnéaunonntuﬁrugrs differed
errg | Mensi onal. varia |ont in g é ggx bghown in
und PFaREﬁ SFtEP FoF 892878 oRt act & 9@?2 / 8860

PCTFUS2004/ 022454 tB@nlHETuﬂﬁéﬁgakaﬁeEoiZéacﬁhQéglbﬁ a-1 in
Fig. 6. However, this is not necessaré
RefEPFPHth@aPﬁlﬁénFFggatéer@61§nHeT?r Fﬁe éF.ahﬁéﬁé be

of fABld428nuttPrEeai gpe §1$1E§ §Hp€ﬁén99§hEh9@ dimensional
therewth may occur wwth nold 28 bei ng spaced- apart

fronhang96|hhahgmhayepcmz4beVWﬁenlwafeunaothaﬂ mhéd 28. For

OB, LG LOBLE D B o LBE et S coRst Db BYEL e

F2 appropriate dimensions 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 superimposgition with mold 28 is determined. At
step 304 it is determined whether the area of one of
regions a-1 in superimposition with mold 28 is larger
than the area of the pattern on mold 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



could be maintained for each region a-1 in which the
original pattern is recorded. However, were it

waledsonioned t hat the magni fication/ run-out errBCBHUS2004/022454
differed for one or nore regions a-l, steps 202 and
204, shown in Fig. 15 would thgn be undertaken for
each region a-1 in which the original pattern is
r ecéodegs Fi shdéuFd e detotmwuindrhtte momhare Inedd 28 ¢o
the rel ati I nrensi_gnal hanges that may_ occur .
ot GEBH et SP a0 TRt @8 RErT AP FOREESPRd g, gfth the
of thea egi ehs sarkosheulad1he okt sappr opni,atempressive forces
di mensions_to enable pattern on_nold 28 to define an

ar ed1cBBRt Endie ARRY R th PR ntf d BgEea kiRl edtotd 28 is

COMYRIHI0R 4 CeS- Il tad egyi o Lhqut; g&yﬂ' NG 5 ith
t he structu?gl intébrity of #& d 28.1Fb06 ] Re erﬂlﬁfn Wl
to Fiodsl 28 amd 2he proaessr gaocesdist fo steherll2 where it is

enbodi_nent. _of. the present _i nventi.on, _accurate
oo Brhrsy WS e R pade B e A e water
at 3%t ep 3BAchAtoStrerodll tHeherdigienrsl @Rs tefrrone 16¢f there
regions a-1 in superinposition with nold 28 is ,
det 84fi-nége REOCSESp PIRESeds &Y StEPNiSAdd WRFeteHer moel 1s
are f..one of. . regi a-1 0. [ It AV
e A
nol gpr2@esksf priviceeids ttlve stegs 8,04t.he pheressepr dbee@dsdaess
st ep_306, otSt%ervvi i% the process proceeds to step 308.

36 d'%s is pl aced in contact with the

regif@oeail i nwetRehicmMeRSicridhed Rer ewieph 3 0and Hzlte the region
requi site magni tude of conpressive WD 2005/ 006076
PCTRUS2 304 FURSESRPOSE b &d Uy mpdt 28 hadjéreafisfe@reater

to apphy the ARkd 2% ke %%%%%ﬁgﬁh%kehh%h%r AFRfess proceeds

pattern i s coextensive w't area of this region

a- | toAstspep 081 Ohecenpr édsi enmberedesireFbfand 12 28 6 s varied
appl_ied _to nmold_28.. There% ter, nold._28 ;ths

spat8dBpEFt SFPBRCERE Pogito 821 n dip&frnPE&Srdn

W t lembisaliche® , amd 1dhe spriec ess tidoeee @t oo 39ikeRo3tBhat the
where it is determ ned_whether there remain any ‘
regP§ﬁ§e§nllénS%dE@F1Y larger than the area of Tregion a-1 in

superimposition therewith. Then the process continues at
step 310.

[0069]  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-sgubstrate combination with positive fluid
pressure, the substrate may be quickly released from the
chuck body. Further, many of the embodiments discussed
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.

Exemplary processes in which differing embodiments of the



30 in which to record the original pattern. If there

are, the process proceeds to step 314 wherein nold is
w@b@smaborér superinposition with the next regi oPCENS20041@22454

process proceeds to step 304. O herw se, the process

ends at step 316. [0068] Were i4y determ ned at step

304 that the region a-1 in superinposition with nold

28 bheesant ateeegt tatemnayt banemptogeeaintlufe @ah09rﬁmbossin9

t hen_t he ces ceed to.step, 306 ereint

{ onPEY AT e 0P HB a8t UnbhT e et AP ee oAt Se- bxBAHET B

of $he7spees, | whibe péeﬁﬁaérﬁab@deaeny r@Péded8ei 5n its

heated at step 306 so that t pattern is slightly

| ar GeF 1 ¥REY EREchRea BDEdEREPBALAY L Wﬂnysﬂﬁthﬁp6§P?@bﬁents

t he h thQu t 0

T T S R e e A R

desaﬁﬁbedeéb@weeatelmgenptang (MARY) changessanl the type

nodificatjons

o b PRl BERT ne i aCE2ER8R cafa BELLEE Tuprine

I NVERt NORost FREL €X38PLE, sDYi BhASSNaLELEY @bl . cm@ﬁbeﬁ§. 835-
formed by the chuck body-substrate conbination wt

posB37ved®ngi 4003 esEhreeiohe, stBst paPeenaf bheqiin¥rRyion
relggéggdfﬁgnaéggrmfgga Bdeltﬁugébéfe gBny,o ghéhgbove
enbodi nent's di scusse ove may enente
eX|éésoglpnponntbttthngta@ﬁyshpubdebeeéethamldednwﬁth

formatjon_of an i r|nt r by. deppsitio
of  HRARESBFE phby heri SRBPRSR Gifape SERhaptffReRtEoBun
pr ogessesotf Nedhi ¢h1dhtEeri ng enbodlnents of the WO
2005/ 006076 PCT/ US2004/ 022454 31 present invention
may be enpl oyed include a hot enbossing process
di sclosed in United States patent nunber 5,772,905,
which is incorporated by reference inits entirety
herein. Additionally, many of the enbodi nents of the
present invention may be enpl oyed using a | aser
assisted direct inprinting (LAD) process of the type




described by Chou et al. in Utrafast and D rect
Imprint of Nanostructures in Silicon, Nature, Col.

wd 1005/0pp76 835- 837, June 2002. Therefore, the BCDPS2004/022454
the invention should be determned not with reference
to the above description, but igstead should be
determ ned with reference to the appended cl ai ns
al odAn t1% (H&ATMED|IS: scope of equival ents. WO
2005/ 006076 PCT/ US2004/ 022454 32 WHAT IS CLAIMED | S:
1. A systemté-vary diyfdmsi dies Vefrva dismglssitons Itailimg:emplate
opp r ten er epbet ween
def?%ﬁﬂéﬁycﬁgggﬁ% er suf$§g§”%§hld%%y ék QSing:
fir stheamedetaeend deddirsisng eaqiemfmemﬂercisdm& Gty stem
menber . def.ining a pair contact nenbers, di sposed
opp&?qp o "&4ich ot her and spaced apart a distance,
with said fiEstsbodyd Relbddingoaneact daker & Whl%@ld h%s a
chanber di sposed adjacent to said actuator arm W t
one SR tH&itd meFlier  ofdedfdmiag anmaiar sovgiasy et t GilSposed
sai (Kol t ve in response to nov
sai gpg)c%%gat ofcoa%m@h g)rt}: a k?ln% (%Jacgo& e d agtesﬁziaﬁlce' with
sai @aardarﬁimstam;@dyhawdlgldaﬂga@rﬁladceu\aeldin&rm/w tdhdal Ghamber

actgldtor arm upI ed to said first body to nove in

r es FOTEESEE \"71 |a€F|n<§n§°ofsal§a|a€t\V§It9|¥eatr6‘rv&’rl)ﬂSé¥@ of said

di StARGe of2 cohtBctY HebPeds HRGnedupiekaiy % %ﬁf&e Rdhator
one of said pair of contact nenbers i's forne rom

congrMafe Mever ial re3pofise $psmeveasntecift ediidn acdtauamor arm;
whereisgn said first body further includes an

addltl onal contact nenber, spaced apart an additional

di stance fronashildddee pbssaidnpdi wiohinophadt chamber and

h
angFV&Hga Sg%?é%gqltlo P“ﬁe?%&u tgglgrgktﬁ%%orsgb% coupled

to said first body to move in response to variations of

said 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
gaid 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

sald distance and said additional distance.



coupled to said additional actuator arm wth said

bl adder di sposed within said chanber so that both said
wa@easabeore ar m and sai d addi ti onal actuator ar nmPEDUS20041022454

response to said variations of said volunme to vary

both said distance and said adghjtional distance. WO

2005/ 006076 PCT/ US2004/ 022454 33 4. The system as

recited in cldi m 1Thersheten| agl| vafhgednimdel2imnhl further

bl adder, .havi ng an.additiona ol .u ssociated... .

Chetur i 17 SdnEChohet TRl endtt TPl rpfaffat eiona

addié1 @nal a €60t dst eAePherewsPAs edi epasdid riosdy sttt hae

of said pair of contact nenbers an addjti onal

di sipebedingdeanadddr i PoRkl CaBEaaE oFSEPRT - WWPRCEE) gpart from

addé&i@n§+e089tQQEdnEQPfrofeEBEtQQHph@ﬁbé?sséhdadditional

additional actuator arm wth said additional bladder
bei dgsdaspesedndi &hi addat oshlhnberuaborharmsawgth said

ei Agstisy _ _
var AR renef SR EraRal oA DT e ra i §ocard

addh g opabndi stangetondepandenthobavar aatiionsnab baadder
distance. 5. The systemas recited in claim1 wherein
sai Beargudi sPoarth MhEhiBesaan aBaWAREr SQuFPaEeSaRfch

Saigd%9téggsi capLacks g@% 58 dsCont agk BRERCE, said
udes a

i nc contact surface adapted to tontacts sa[d
periraeietionsr bceaidi aidahianed wedvweatedvakyhssaid

. ' l h ' .
w (ROGkFiSHaL (iRpbRnet, +aartattaRoof) isRREer il gete

in ghatahdewherein said actuator armattached to said
first body to .reciprocate about an axis that lies in
a pl ane spaced- apart fromsaid te

: HELgée“ 7'-Th% 1 wherein

systemas rected RecFYFHFT PlrthE n&PuSFﬁé a
CONRLe8shePuLtRY SPRONAASSHEES aA akeda8Bd shavhBe @hich said
circunferential surface facing said area, with

bladder 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
said 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 recited in claim 1 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 said

circumferential surface and opposite one another.



said first and second bodi es being coupled to said

circunferential surface and opposite one another. WO
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recited in claiml1l wherein said bladder is positioned

wthin said chanber to increasg4said distance in

response to said volune increasing. 9. The system as

recited in cl &-m 1 Thieerseistens gisd rieicadeer ins cdedmt ilowbagrein

Wi thi_n -sai r to..decrea i.d_vaol.u [

ressgﬁge% %dégggq%opﬁﬁétlPR@%eégFﬁgh f@ng%§a§€§Fé§Pas

r eciihegtebeClsaiid® Hilswaiiker in relspdingg ao addid venake

bl adder havi ng an additional volunme associ ated

t her&WCRS1WNS-h sai d bl adder and said additiona

bl adder defining a bl adder system wth said bl adder

bei ng positioped Wiy &gRith GRamRestld iRCIA3SH 1SAhdrein
di stance in response to said volune increasing and

sai ¢dadddiliedaglr Blsadgeitheineg pdsihinosed dnichisimpesaite

cha %&eS]% J8Cr A58 13 1 %te%%%%s' eog- ek SrcQpdl d
addi'tional” "vol'ume i ncr easi ng. . systemto vary

di nemsireasioly.a tenpl ate havi ng opposed surfaces with

a side extending therebetween defining a perineter

surface, said_syste conprising: first. gnd secon
o 1o of o AL endieoPNHAEh @5 FEFEEd e Gedgt - further

menbelcl udihl bR BN aTh e eRle 23306 R, 86 Wdd t3ind1
first pair of bodies defining a first pair of contact
nenyelgngn @ selee legecadth fy  vWigdosirdcedr lmiddersang said
sec .pai f | fd.ni. , ' . .
confaniREched; PINET IRCUHIG 2 pISENE Wkl yith said
fir$flagdier beiimg dicspdsetedppuisitia eadld ehkebeando timerease
cont act ers of, _said _secon ai_r. bei di sposed _.
oppoa e TACHT O AR TGe T6ha7 01 AN o P eqsing and
firghid additional bladder being positioned within said
chamber to decrease said distance in response to said

additional volume increasing.

11. A system 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
associated 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 members
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 arm

and a chanber disposed adjacent to said actuator arm
WOwRaok/oV@72 005/ 006076 PCT/ US2004/ 022454 35 onePOf/USBN4022454

pair of contact nenbers being coupled to said

actuator armto nove in respons85sto novenent of said

actuator arm_ and a bl adder positioned within said ,
champér cdn@aH4l iDeg ra Ofa FralPE by BRTRE T swoef nggicgupled to said

act uat.ar, . g mGoup| ¢d. 10 i?lair@_sgbh%k RAdY AR BRYE deN said

response to variations of sald volune to vary said

di stancetci?.arfhe asis e mlasideecipbed tileneldawihthin said
wherein. said one hody further inclydes an .addi ti.gonal
conlcé‘@f“_ber?er?ﬁ‘éir hagy, e d é’ﬁ‘gﬁf"%&ﬁ (e iuﬁednéﬂl%g"i Sfancgctuator
fromgaicd@ned @o wRiid Faidst0bo@gNtal indWRMer Sespitthsdn to
addi tional = actuator arm_w th said additional contact
nenber isgiings cdupadd Vo lagied tad dirtiYo fall da GLEdEHCSar m

with said bladder disposed within said chanber so

that both said, actyal i M aRd 330i¢ fddid AR 11 wherein

actuator armnove in reésponse to said vqri ations of
sai gadd wme thwdyarfnrisdely  igmiladdiss taneelddnd ogwild contact

addi ti onal distance. 13. The system. as J.ecited i .
cl affmPE 5 urfRE=S R8T iRy 28N ad & o SUE B rom said one

er,

havio¥g s gt RlcontelctMneaseati ated ther@aitdi ol
contact said additional actuator arm wth said

addiaCtandoladte 13l 1G 161 SFciéd onil KR teaTd eTkifge e ing
SO g&%&)l%@ ctc?g‘%itd QR +aCh4at %rctﬂg@or”%\&%ﬁ With said
response to sa variations of said additional volune
to \odreyidsad dliseghetisteico malt hdins tsaricle dhaddgpendenttheft both said
vari_ations in _said distance,...1l4. The syst ecited.
o eRnates el e i SRkt AR S f A i
eachre@ipordied td rsiidartrisedond pd sRiid vicdrumed da omry both
conpliant_material. 15. The systemas recited in claim

i Ji‘ﬁ%afﬁﬁe

11 Wit staqiae aduaede L&t 3G rat or

surface_ whi ch said bladder contacts and sai d contact
menber includes @ The gystem as recited in claim 12 further

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

variationsg in said distance.

14. The system ag 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 member includes a

contact surface adapted to contacts said perimeter



contact surface adapted to contacts said perineter WO

2005/ 006076 PCT/ US2004/ 022454 36 surface, with an
wae@a/ne®3oci ated with said contact surface beP@mUbmEe$022454

than an area associated with said actuator surface.

16. The systemas recited in cl% m 11 wherein said

t t ttached t idfi body to,
Cec P RaEe Moot SHn-BSFsSERAT-FrES Fhed prafleSphEsh.

apagtrfaem saidgt eaRkatBanldn dPEasSyStERL AScHEGiERDshNA
claim1l further including a conpression ring

encefpusspPrgsanfasrea and having a circunferentia
surface facing said area, said first and second pairs

of bodies being coppled Loenatd rCLEEUR ehCBiLA 11 wherein

surface, with assoclated wth
paisabdiagtpesbrianmdabppohédetonsaadofhest bmdyhtohe
bodi es, assoclateg{D bei ng

oo ER AR CE R0 PPl oe akbpnEnat  BECh 2B Rdpiape spaced-

var ypaetdicpepstang ekmplatenpl ate having opposed
surfaces with a side extending therebetween deflnlng

a perineter surface, said system conprising
conpr essi on dé@rceThﬁcEMEFﬁ@ éspﬁﬁﬁléﬁd éﬁaééélﬁpéﬂtfurther

Con&ﬁe&uﬁgggeasco gF%QEE5ﬁS§1ﬁ dnPsk Fggggﬁ%eﬁﬁrgées and

bet ween sai d pair spaced-apart contact ers, .
w t hagiegoh sardupéierentispasedfapar facongastidmemberssaid

be| fron1 materi a

P 85t AR arePhd, Prase SEobSeRgtbbtith BolprBHrEs saia
In ek atimE8 reher gl nsugahdeGoWpEtRSShenbdayeseakubthated with
includes a generator to create a force to cause said

per Befle£ 156Ef RE&Tt BebBI EORpFésted pePREéResarg another,

COﬂh%Eh gﬁgbBB&l@QdaésgeiﬁgedaWEEhfbS&dt91k9€r§§§% 881ing
amount of sald force per uni t area on said one of

sai gopakriopkdcoprast taeaher snother.

18. A system 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.

19. The system as recited in claim 18 wherein
said compression device further includes a generator to
create a force to cause gald perimeter surface to be
compressed between said contact members and a force
amplifier to increase an amount of said force per unit

area on said one of said pair of contact members.
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recited in claim18 wherein said conpression device

wo oosladqo7é ncl udes first and second bodies, eartm/v§2004/022454
whi ch has a contact nenber, defining a pair contact
menbers, di sposed opposite to 8ach other and spaced

apart a distance, wth said first body incluyding. _an .
act uat or arn?oandTg%cﬁgﬁgSP aﬁsﬁsgégeédfﬁchﬁlpolgaw erein
aCEH@HOEoﬁuFJ%S\NibB aeeiet sar@hpai Kneflugest get-sieahEr second

bei ng coupled to said actuator armto nove in response
t obopdesneracsf ofaiiight hafor &PREARE BCBP&HdeAstining a

posit.i one it hi L.d [, kng habhe d
DoRbE, CartACcs HelBEE(, T EPEEETBRERE L0 R KRt Rer an
bodpatedmayparina téspense,t @itar satidofsret bady volcdmeing
to vary said distance. 21, The systemas recited. in .
cI&PnPEGuﬁﬁQFe?ﬁm'san §cfa Fréﬁﬁﬁpﬁgﬁgdggjgﬁent to said
achatQhk SULEACce wMRhCBngaiod shliadden xCoft achs said neaibers
contact menber includes a contact surface adapted to
cobedty sauplpdr tresaid SGELAEST RfhtanmeMea in response to

asgaci ated wt @aﬁ_gi qc%%a%% ardUiiace Rein e're_ij%zg;_@%ned

an area associ atéd wth sa actuator surface
TheisyStremads caeitbed andchaivin20 amversiaiplesaicdume, with
actuator armattached to_said first, hady .t C
r e EPpCo G&ER 3SR TN CRPL Sth &L 1S &ﬁrétpgﬁﬁ%’§ﬁhg@ =
APl fo® $R dah@rRlidhe. o23 callle veskeMLas viaesi ted d n
claim20 further including a conpression ring
endégyassieng an area and having a circunferentia

surface facing said area, with said first and second

bodi es bei ng,goupkgd 1Q3@hfl 5 LifCUFer 6 icala iSRG Rerein

and opposite one anot hér. :
said actuator arm includes an actuator surface which said
bladder contacts and said contact member includes a
contact surface adapted to contact said perimeter
gurface, with an area associated with said contact
surface being less than an area associated with said

actuator surface.

22. The system as recited in claim 20 wherein
gailid actuator arm attached to said first body to
reciprocate about an axis that lies in a plane spaced-

apart from said template.

23. The system as recited in claim 20 further
including a compression ring encompassing an area and
having a circumferential surface facing said area, with
gaid first and second bodies being coupled to said

circumferential surface and opposite one another.



