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WD 2004/ 055594 PCT/ US2003/ 039449 1 METHOD AND SYSTEM
FOR DETERM NI NG CHARACTERI STI CS OF SUBSTRATES
EMPLOYI NG FLU D GEOVETRI ES BACKGROUND COF THE

| NYBRIMASEPO0011 The present invention rel at eSperys003/039449
generally to |ithography systens. Mire particularly, -
the present invention is direcied to deternining
spatial relationships between an inprinting nold and

a substrat i n Wl be fornmed using
the inprj nW#ﬁ%%O%gﬁ%r ifm’iﬁ RERTFRMINING
shown pFSFABAGTERIISTICS nOFHSUBSTRATE D EMITOYING
havi ng feature sizes a result,
many prior art inpri nﬁ?ﬁoﬁ%%ﬁues have

been advocated. UnidgderstRtbesy PRLE ?’F" 6, 334, 960
to W['obﬁ?f‘ et ﬂll I Sc] oses an exe t hogr aphy
i nprint -t echni qife PERSERE | HETGHe@prerBRR gIen abe

havi Agthograpisf erystayer . MIhe garenshesri Yy aind bregent
coveged N LI; a‘?pl%l%rrerléabl e fluid conposition. i

nol d - akes  MedrafitCarteotadetfrmpning spatiateri zabl e

f I ui deldhiomaigsi betwees ri;ﬁlpi&ﬁ;iﬁér,h{gi&lf&q %ngugggrate
pol ylrge&llzva_p.l  fluid composition fillsS the relie

struckar e e FpBRy Tt 24bie Prl fipamed oppiond ttiben imprinting
t henmsldj ected to conditions to solidify and

pol yperize the. sane, formng a solidified polyneric
natefﬁa‘#zz]on tﬁ@?ﬁ%ﬁ Hhaoxgehyt hag shmeminromasieyi edsults
st r utrt Ufabrdeeph omest gt He@nkhBhv Phg 1A TRl 51 Z0E E‘E%?J[ﬂer
is then separajed fromthe solid polynmeric nmaterra

such 1 Rhe V& eplt ca THlte FRTY #TX4 @tuda@prAnt he
mol dl ithogfraphpdt échr figicsOhbdh fhésh RYWIIRILLG . MBS |8 -

The . transfer |ayer .and the solidified polyneric
Sta Eentyﬁumber 6,334,960 to Willgonyet al.

mat erial afé
discloses an exemplary lithography imprint technigue that
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 filis
the relief structure. The polymerizable fluid
composition is then subjected to conditions to solidify
and polymerize the same, forming a eolidified polymeric
mate;ial on the transfer layer that contains a relief
structure complimentary to that of the mold. The mold is
then separated from the solid polymeric material such
that a replica of the relief structure in the mold is
formed in the solidified polymeric material. The
transfer layer and the solidified polfmeric material are
subjected to an environment to selectively etch the
transfer layer relative to the solidified polymeric

material to form a relief image in the transfer layer.



subj ected to an environment to selectively etch the
transfer |layer relative to the solidified polyneric
material to forma relief image in the transfer |ayer.
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St Wc?ﬁm&?&&%ﬁt nunmber 5,772,905 to Chou discloses a
I'ithographic nethod. and apparatus o or creati ngcrmszo031039449
patterns in a thin film coated n a substrate in

whi ch a nold, having at |east one protruding

feature,.is pressed into a thin filmcarried on a
substrate. The protruding.feature, in the nold

creates a recess in the thin film The nold is

renoved fi08A3k Weitddi Atdtidsnpatdne kb fd |7%tmntbschou dlscloses s

,proqesmapﬁi@ﬁetﬁgg aﬁch%.g QJ[-J?;u‘; fmin the recess Is
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Ving SubST1-AP8 PafhgEss in a thin f£ilm
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coate

renpved ex 03|gg
patterns P
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t heptdimiaifd [FAL WM , ( ent rocesses,
rep? ﬂfceé éll’f erlesu%gtt}lgtqneoagrcr e%nao?

whi R §Sa%@ae%ﬁtr8mt% &S £} Ht-e Thé 0004 ] £ Vet tlﬁfmtﬂq{rocessed
| mp#Reit that hbgrephysilec Ii]iilltﬂﬂéerécfess digs 9[319&%@1

al . uhdd rint, of Nanostrucg%res
in S| Ir%%tnggatﬁ%rrggg Dlrﬁ‘? I?E"g‘g‘“'m8’3"’5 b Frld prferomigeed in the

whi E n Eilm.c gomplgting gge all|tagq;rapas$r9tceab Othe Qﬁtterns in the thin
i mpfilmt wiig beABh) st}ﬂf&@ﬁ&ﬁ; pkéedsBLS, %Qf&ﬁx%eéf gge sbubstrate or
e

of & aHbSIL 1 que
heating t hea&%glrg%%ﬂ? R tlﬁ a‘%)c{éage?ntc’AF{“’ersuPﬁ“erﬁtégl on

has reached a desired viscosity, a nold, having a
pattern thereon, is placed in contact mﬁth t he
region. The flowable region conforns to the profile

of RGOSRt t ervet aibthert HRH-GAO! |f the
t he substrr a[tﬁlgr [OO1 %ho%%%,ﬂ' ique is

pat 1 Nt
| oné?%%t%tﬁ%& Xu&ieo 6Fnfhg 11"péhté'ﬂrﬁgstnamdmmiﬂaiithh pk$nt

t 0 ofi¥emistmeniiek of & S angd pri entat o
betg\?enathe %%%Ztralt_le an%n%‘tcr?gi héEﬁ%e gOP 7. pp. 835-

ich is referred to as a laser assigted
dlrect imprinting (LADI) process. 1In this process a

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

After the region
has reached a desired viscosity, a mold, having a pattern

by heating the région with the laser.

thereon, is placed in contact with the region. The
flowable region conforms to the profile of the pattern

and is then cooled, solidifying the pattern into the
substrate.

{0005} An important consideration when forming

patterns in this manner is to maintain control of the
Idistance and orientation between the substrate and the
mold that containg the pattern to be recorded on the

gubstrate. Otherwise, undesired film and pattern
anomalies may occur.

REPSEdR difieakhin film. The:



nmol d that contains the pattern to be recorded on the
substrate. Otherw se, undesired filmand pattern
anomal i es may occur. WD 2004/ 055594 PCT/ US2003/ 039449

- 3 WOeo8pssehere is a need, therefore, for accurig@lsonsiossdse
determ ning spatial relationships between a nold and0 a
substrate upon which the nold w#ll forma pattern

usi NGpobgPri Nty | i;t hogr aphi rocesses, SUMVARY COF
THE ?I\I\/Ef\rifl)'l ON ? &fSTﬁen%%)‘g'sgcﬁ{érie%\%ﬁti 5AF pReRH TR S 1y
met h@etemuining tspax-dhl dee batniorishg pehaeawtén | 5t aha a
subs such_as.,the presence of contam nants,
shap%{lggtgls%‘? RS f“ﬁécgsﬁg‘% i“éﬂel ¥iadi 6A%Ri pPPdamBensing
spacéupapdring lishogi&shic Procerakkal rel ationships

i ncl ude di stance and angular orientation, between

first and second sp r bstrates. The net hod

i ncludes formng a \Wf}% Fﬁ%l PO second

subst?®™, wi Thet heevattinevehtibii frofe¥ddG M tRH8Aang
h., The volume of fluid is

assogli rew t f o
conpr %’tsegrg otgg? ﬁg%ﬁ“f%ﬁg iPeragharisting Qusabesrates o such
ef f ext Utee preshnngeot repIEPEERLES, OShde, ALFell as the

[ The changed properties

defi ni changed pr.operties.
are %é%gg& , regggl?rﬁseh%‘?a SEVEPP sTPREEHTARAE FHbSETfRE -
secOit: spabsti atebataiensaber mhebasdadamet A Madhe
. char&%%ntgq:gggrti S. Th%.sg{s__te i ncl udes features 16
car ry-out thett JRRTISHs ToFSE g deterand mresedaneant her
enmbotibssmases ar eTith smmadiﬁmméylﬂdma@llggw vBRLEE of
DES RPTI THE W 0008] .Fi g. is a
si rrpqﬁlluf1 Eegr}lp an S\/??eD%gF”glgf?{ﬁodeiﬁhitg’esy?@-@ﬁ? of fluid
i ncdrapongt angavedetsaet a0ed Sk 8wt h.aC ¢aEIRILEMNID F1uid

2 4Bt PE R e i ep e el LAY G Peend subdtratds to
effectuate a change in properties of the area, defining
changed properties. The changed properties are sensed,
and the characteristics of the first and second
substrates are determined as a function of the changed
properties. The system includes features to carry-out
the functions of the method. These and other embodiments

are discussed more fully below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Fig. 1 is a simplified plan view of a
lithographic system incorporating a detection system in
accordance with one embodiment of the Present invention;
[0009] Fig. 2 is a partial simplified elevation view
of a lithographic system shown in Fig. 1;
[0010] Fig. 3 is a simplified representation of
material from which an imprinting layer, shown in Fig. 2

r

is comprised before being polymerized and cross-linked;



of a lithographic systemshown in Fig. 1; [0010] Fig.

3is,a sinplified representation of material from

whi ch an inprinting layer, shown in Fig. 2, is

conpri sed before being pol ynerized and cross-1inked;
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a sinplified representation of cr 0%s-1inked - pol ymer

material into which the naterial4g shown in Fig. 3, is

transfornmed after being. subjected.to radiation; [0012]

Fig. 5is a sinplified elevation view of ‘a mol d

spaced apdpelifir pig.an ismar Emplﬂglécay'8§res&h%onlﬁ Elr@ss llnked
Bblfler At LE 0 NGOG0 dIPLIALLDO LAY s FQP1F) 4.

: Flg |saS|nF el'evation view'o
addi FFW&P“P%F i H@ll}gaﬁé?leﬁé§‘?tq°oﬁ@%}aéﬁ%‘b of the
substrate shown in Fig. 5, after the pattern in the .
first0 Pﬁ%jrl nt iF4@ dyde Assimphif ted e&ietva@nennm{e@Odﬂ]a mold
Fig. s eédaaaeﬂ;@m e waf er
_ shovvnE?n Flﬂ 1, th atghl i'\‘ngiélnlgte%?%yl%gf %ét %H’Y’Bn"@y@t%ml
showALEe g ﬁrﬂlnﬁc@érdhﬁcmmxntmmelaybﬂdl ment of
the pogpent | wgnt ic0 0 i

Cr 0SS- seﬁll on o the%eéu?@ll eg]agéﬁn Y79 RS &g
| aye?ddHsipnaln 1F°Pg"1nlln®e1¢bger fpmmdoueﬂhatdsp &l tgheand

the yabfrrdiQt | tatlon Wit h

respect t’% oneggﬁgghgﬁf 'O 6] aEter gﬁ e ddttrhe

vi evf b¥eta impgishing bayer eis tgh@.wderﬂedFtlgerén.nthat is.

sensed by a detection system shown therein in :

accor dancgo n-akte € odiment of Ihe present ,
Jinventi onl%OLO]OI%‘% F? ik J%g# domb%lﬁwdgama VIR A ?Paa water, shown in

regi®df- of & %ﬁaﬂérse@%vﬁi’ aj dptepglont sygtem shayns tirgedn bin

a defcectdamne Syish eshes BAMRI WSS OF NeH prafeall daRaeiM;t h

anot her alternate enbodi ment of the pr esent i nventi on;

(001@l1khg. 14ids & | d

l'i thographi c sJy%t emlsél %g?%grga ?%gp%n d)e‘éINé: | gﬁss‘}g’c%ﬁfn

i n &0eBPdahcan winpr intsagoddyenbeliowrenin Fif.t he Peesent

'angﬁkh@E wBH the mold and the wafer not being in parallel

orlantatlon with respect to one another

{00161 Fig. 9 iz a top-down view of a region of a wafer, shown in - -

Fig. 1 that is sensed by a detectlon system shown therein in

accordance with an altermate embodiment of the present invention; -
r

[0017] Fig. 10 is a top-down view of a region of a wafer, shown
in Fig. 1, that is gensed by a detection system shown therein in

accordance with another alternate embodiment of the present invention;
K 1 f

[0018] Fig. 11 is a simplified plan view of a lithegraphic system
incorporating a detection system in accordance with a second embodlment
of the present invention; and

[00_19] Fig. 12 is a simplified plan view of a
lithographic system incorporating a detection gystem in-



(0019] Fig. 1-2 is - a sinplified plan view of a

l'ithographic systemincorporating a detection system

i 4/ 055594 PCT/ 1JS2003/039449 0 5 accordance
Wéﬁqq%ggsg ird enbodi ment of the present i nventBGIiAIS2003/639449

DETAI LED DESCRI PTI ON OF THE | ION [0020] Fig. 1
depicts a |ithographic system O in which a detection
S ¥ LeRdahRC GARIARC & Wiird) AR %g r#]]rgs
present invention is included. Systen11 JBL an

|ﬁﬁFﬁﬁFlﬁ€bd 12 and a stage 14, disposed opposite to
inprint head 12. A radiation source 16 is coupled to

age 14. THURHEL ORI s ARUpEBLGY
, throughmay 18 and a m'rror 20 coupl es actinic

radi ation fromradiation source 16, into throughway
i 8, to inpinge upon a region.22 of stage 14. Disposed

- 0pposi fzb g i, stem t hat o
i ncl ud Ees 2apgéﬂes£gi§8%&é3§anﬁmé§aéﬁl ﬁséﬁ‘ﬁ BptPdish a
CEO°ERiToFyatem in FESPEIFREe dvith @‘@’19@13?64&9@8 offr gm present
riegkonic22is Deic@edddn SyssbRMo Sne€RAkE UH SFpMint MhdMAVEs ana a

sébcae%n g, grmf%%e% BOAL LONGH, BRI Weep B Se080eian source 16
c‘ﬁnFﬂfﬁléﬁt ‘F%ﬁyﬁﬁ"h lecy depinse ‘?@1nﬂ¢rmaldn@tll¢Baaboh2motlon stage

S#agercl 4hamn tndy ampatmwmles@urzcenc;hﬁdeé Qoéﬂ}ouBﬁL%F g ”&& Q mirror °

t t
ngr Ebtl.@sl%§ Sa%cr]cztﬁpg éé é:t(}.%n e:.prom T égi'a’jéoqpfsh'glfc@o 916 I—_lppgtthroughway

ibstT ArRings Hegr Ber?ﬁél"ﬂ %Qo oﬁ At 14healli spbed Sbpgs BYto
kaoiwn Eecfmmqﬂlﬂzecltﬁloﬂ h?s@d’nﬁﬁﬁiﬁ iaxamake, (fcbrsc‘énsor 23 a¥d wave

r [ d b ring .head 12 by use
SH%%E{JQS%#% %? 8Eﬁls Siown 359 hit PPEESRRT EPetriiss images from
i"ﬁ%‘r‘?“nt" 2h eé’@tﬂ%laﬂ EYESPF | i8S confiigotriwith fvarstshaping optics 24

Sdﬁ)ﬂ:ﬁbﬁéd} beEﬁeenAﬂcﬁ)@[%H'@J)%rz}! mﬁ{&%&sgy tSt S%&{%@L?J}H% is in
. closed in Unite at es _pat en :
e el o BT B3 59535 2 PR e boat Giuckiasg 14 ana
APE GOURER] GIGat ing

[0021] ~ Referring to both Figs. 1 and 2, connected to
imprint head 12 is a first substrate 26 having a mold 28
thereon. First substrate 26 may be held to imprint head
12 ueging any known technique. In the present example
first gubstrate 26 is retained by imprint head 12 by use
.0f a vacuum chuck (not shown) that is connected to
imprint head 12 and applies a vacuum to first substrate
26. An exemplary chucking system that may be included is
disclosed in United States patent application number
10/293,224 entitled “A Chucking System for Modulating
Shapes of Substrates”, which is incorporated by reference
herein. Mold 28 may be planar or include a feature

thereon. 1In the present example, mold 28 includes a



Shapes of Substrates", which is incorporated by

reference herein. Ml d 28 nmay be planar or include a
feature thereon. In the present exanple, nold 28

i YEQ SYEESSE4ND 2004/ 055594 PCT/ US2003/ 039449  @CT/US2003/039449
plurality of features defined % a plurality of

spaced- apart recessions 28a and protrusions 28b. The

pl urplataylitgf JredbutasedaldmesdaByoki ginall A3t L8 Bpaced-
that is to be transferred into a second substrate

suchPRE faf¥7°555.0nsc 38| B PEOsrugéona. 28k t ke phdrality
I mpréntrdgad-ek? ab$ i nada QQ:lb@.nHQVﬁa%&}gattnﬂ(}% %FaébgBe

and vary a distance "d" between nbld 28
St agerangferedapnte 2 osequﬁe SHABEraBe. atumly ashwakeanso,

Y aX@ﬁupr@d|161G%agénﬂ§f3ﬁﬁﬁ@hag &H&t £¢?%££ta@f?ﬁi?%|'

into the sheet upon whi Fig. 115

conf3RtEq &9, mpHe aleng m*@szoﬁxhﬁlah‘lcﬁsramyy abdistance *“d”
| MPridibRed MeQadah! ouaklGe, 891 ON 3

di scussed nore fug éM\%e agfv?/ %a S?é Tn sourc%digt?g to

| oc dtste Q‘@fteliraﬁon%l@IHQZSZhESX puél‘t’l@nm hdtthe ehe

r adi, gldeQ QMG 6 g %ﬁa@%ew 35: tjhat esuh{iéi:rorl?llﬁgn

28|sfabr|cate rommaterla
substheieh &y fr b sphavent Wéthhehiad@catﬁlgnrapioﬂuc&mb

by r n.so sili ca

qﬁar%zjc{ gtxjggsoﬁ }6{%%%1218?{&& rri ng ﬂ'gtﬁidh llgto gi‘%‘ﬁadojf
a f |zsgdone ofr wgfen, 3Guck sgusand i mpre rﬁulrlg bayew 34, is
di SROSAde9Baas0RPLL 10N 10f 1 SULESE C ?:baQa&oBae %@ 2

B
subst anti al Py pl anar pro € regro
formlﬁspﬁgdah9tW¢@1Dmdnecmnq$mlm¢ch6asnd wafer 30. As

enb ro I d at es t ent
nunb%:?e%g%% s ﬁ%%h??‘gglf%%%%?cﬁoa §E SEFbrdiingd Love

in iitts tenber etﬂysttm@aﬁlyotranspmt a;ssthiaenlauﬂiaften:tn

Chou'ﬂr%%ihg?c.i(#ﬁ%cﬁ@%ﬁ%&fggﬁ%ﬂ%ﬁ t@ﬁp% ggsf{léebc?ds:ﬂlca or
guartz glass.
[0022] 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. 1In the present 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. Imprinting layer 34 is formed from a



I mprint of Nanostructures in Silicon, Nature, Col.

417, pp. 835-837, June 2002. In the present

enbodi nent, however, flowable region consists of
|Nﬁ}?"ﬁ1f’?5ﬁ§“l ayer 34 Dbeing deposited as a pl uPET/UE2p03439449
spaced- apart discrete beads 36 of material 36a on

waf er 30, discussed nore fully below Inprinting

| ay afiat¥triad BeaMedatr HB20044 R5BP Yblymerized an

PCT/ 1JS2003/ 039449 7@&3“ erial 36a that%ﬂ) Y)r/n be 4

sel Q8RS KRy her Foeerhride eFdsiual madders Fhesein,

t he qI4iigiing ap%&smea hetRichn . dﬁéﬁéw@a 3eaeg" 488w in
pattern. Miterial 36a is shown in Fig. as bei ng

crodsd.i hkeq keipsi aressdynkedrat r@olrctrsos‘%ébm ARening
pol Yé?%‘ismﬁﬁkéé' p38Fmet %gz%hgff@éél ng to Figs. 2, 3

and 5, the pattern “recorded in inprinting | ayer 34 IS
prodifd&d] i n Baferrbyy tmedhgni cal Temdadt whehpabtekn

28. d S ce
75 okl SN0 it A0 40 O SHAANE S,y
mec avihealicedncantagl tWitiomdldg2s. s(fieddiatg ebéad'smr_&elnt

P .
For AnArbAZor DbfEl dhd T BNE 3 U4 Jui5u b okER,
28 ;irao'\ﬂrdéd Pt howe pirmwpamesbmﬂa@@l afirdleatic witd" molnbHed

0 [ ipLi t .
subs antl aPP be (g%a%e Sl'ongacgg fkgrt he grlg%éﬁ% gig?r%l%, with
di stagam@_@t'ie*ﬁous fedusdnt of andarslb3ger bvenss@dtaa 32.
| n'pr | a r 3 W3
recggg{eoﬂlglh %g %%032%6" 5F“gigam il%n%tlﬁggrﬁal ng d%Stance d
r ec@sgildnbe28aducedittar ivgioviéa 4@WMeaamr h34 heith a
req | t et [

250 AP aEGaEEy oy seEPAB: °\ e crle brERERECLARD 1,
f or wesitencef “aht by i1@duBed. to nat ey Spubepem:leu@rﬁﬂae of

Sub-;pf E:Ehi??{i? Qmeo{ 4R r@%éf%srés%g dfa H‘ll L recessions

super nposn prot remaln
28a.
[0024} To facilitate filling of recessions 28a,

material 36a is provided with the requisite properties to
completely fill recessions 28a ‘while covering surface 32
with a contiguous formation of material 26a. 1In the
present example, 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 sub-
portions 34b with a thickness, t;. Thicknesses “t;” and
“t:” may be any thickness desired, depeﬁdent upon the
application. Typically, t; is selected so as to be no
greater.than twice the width u of sub-portions 34a, i.e.,
t; < 2u, shown more clearly in Fig. 5.

[0025] Referring to Figs. 2, 3 and 4, after a desired

distance “d“ has been reached, radiation source 16, shown



desired, usually mnimum di stance "d", has been
reached, |eaving sub-portions 34a with a thickness
t],, and sub- portions 34b with a thickness, t2.

Thicckoenses "t," and "t2" may be any thi CKnepsT/us2003/039449
desired, dependent upon the application. Typically,
tl is selected so as to be no ggreater than tw ce the

dth t t 2U, .
ror b g 1 3¢ RPN = qi0036] TRt TR PROdienizes
and #hd afrbek- BlﬂmlrﬁaﬂﬂarldallSB&aCef ciiirpsrbeenlinkeded,
radi at.i on source shown WO 2004

055594 s
PCT/PRIEF 663D 380, 386‘in PPg® 1°° tddgzg‘(?scgg‘PPﬁ?%lon ot

r adisaidrameiRgt 19edy NBI | 288ns80EME I DSEn |tﬂal‘&|é$'1ﬁmt e64 alo
36a, formng _cross-]inked ol ae rraterlal As a
resmattertlﬁé 26FpI - for SPF% ntTRRFIEAyat 134  material

t r ansdoris sbi 081 PR L dRlprdfadbOsid@terd df 38GriMbiLd) 1ayer
is a solid. Specifically, material A 36c is solidified

to proovids i geapaCIHEITHIPENEPnY TRARS °f3# fPrhage 28c of

shap@,1eeBEOr BhoEh tiore T12Re19f 1A By face 2%eeof jmpPirting
28, shown nore clearly in Fig. 5. After |rrpr|nt|2(grJ b
, shown

| ayéramr 24 iparssnthimgnadoteoRsnstshrrihrsrrapl 3

showy il Fi9. idlpridPHIA E‘;Qadsﬁ&ﬂn shoWgl.N2F ¥s dovdd to
moved toO - increase distance "d* so that nold 28 and

i nprinfesge fagernay “We sgphbal-apHt 28 pad2épprinting

Ref efaryé?:gahoaﬂgs avedidiatbonal processing may be
enpl oyed to co Iete the patterni ng of wafer 30. For
exanfi0@6lnaf eReBTFHRY it Fitft | Ag 1FiGiogrlpyopessing may

et chgd eﬂp@ogréaneé eéoﬁ;h%teat;her a@fedRig B Rgrbaysy. 34or

into wafer ~30, providing terned surface 32a,
show#kamPlR gwager 3 ama’culrﬂpra%%q CHIYSS, 3¢hBaYpbe qtahed

fromyhi GRsEBPrid it @Y 8E Bflpd-Sndi0k g‘TﬁQ%rEEy3@elnto wafer

varied to define arelative etch rate with respect to
waf €0 . 3@progsdies s qihttpraed, epuface Fechshave & Fig. 6.

| mprgtdng b ayes 34Hidgiakge RP:dBa) from which imprinting
layer 34 is fofmed 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.
[0027} 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 provided to further pattern imprinting layer 34,
using known techniques. Any etch process may be
employed, dependent upon the etch rate desired and the
underlying constituents that form wafer 30 and imprinting
leyer 34. Exemplary etch processes may include plasma
etching, reactive ion etching, chemical wet etching and
the like.



be in a range of about 1.5:1 to about 100:1. [0027]
Alternatively, or in addition to, inprinting |ayer 34
WOP4HESPH ovi ded with an etch differential Wit PCT/US2003/039449

respect to photo-resist material Pnot shown)
selectively di sposed t hereon.9 The phot O-resi st

| de furth
eiesss! (ehcohbw) camucbe Brgu dGig LLter L

pattern inprin |ng ayer
Arsd b thonr esesse MRy hey eppbaned, uﬂepseﬂsmteuueaalh'egon
eéé_ltﬁ rate desjred and the underlying constituent

SF FILRF LT RPOWFRES PRY b ngmplayed, 3guchx aﬁp Laeymal,

Qilfébﬁ&ﬁfgﬁ@éhwnd NG &I0E; éas%%ﬁ%gf gippea ty\'@glatlon

ion etching, chem'cal wet etching
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el ectromagnetl c and the i i ke’ r)‘he :tsgect Riigation which
ﬂ*&dldﬁﬁié-’r? -enflgEdie e nen tﬁl'm intttm]onlyrmf | Zedt @fedfon-

er i ri 4 is kn mn to one
sKi ﬂm%? |aJnr%|t ﬁeog?t & 1%Clty Bgae elong a
dpzectiiompphadatilo mwﬂpx@tmﬁcdﬁlzstd tHaW tﬂ%m& ‘a
t he Eluralltéof feﬁtures on. nold 28 are shown as
a

FERESSPETE 19826 x MG Jibtg 2 shiince @ on heetrtdleneint .
HowpKekl, UgeeBEs28hst b%%l BV 9881 IS 238 lQp of

mold 28 w th a shape of a baftlenent. However,
FetEespend PeavarbupldT Q@Woﬁgaz&b‘mqmmerdemnmﬁ-é&e an

a u r to cr te an
?%%%%?é#ég BYrLESE AR Y PR AR el 5e™R faw st o
mnomhen&t er3s Asrasuksyl it mbhy"By Besdesid ed to

%ure co onent s otF_ s¥stem 10 frommaterials

BT ne? ?P?“E?a‘B sygtgm lAafecm pRéemipls that

aemanlseﬁﬂaw}eeééam@nte% | eﬁévéhéntﬁggﬂgllgxpansion

ggnzd ree Centjgrade
eff :l.ent 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.

[qozgl Referring to Figs. 1, 2 and 7, an important conéideration
to successfully practice imprint lithography techniques is accurately
determining distance “d“. To that end, the detection system of the
present invention is configured to take advantage of the change in the
geometry of beads 36 as the distance *d” is reduced. Assuming beads 26
behave as a non-compressible fluid with a volume “v*, distance “dq* may

be defined as follows:



at about roomtenperature (e.g. 25 degrees

Centigrade). In sone enbodinents, the material of
WOQosHesssedi on nay have a thermal expansi on coefgd®Riu€©absnieqde

of |ess than about 10 ppm degreeg, Centigrade, or |ess

than 1 ppni degree Centigrade.1(§0029] Referring to

Figs. 1, 2 and 7, an inportant consjderation to

successfully practice inpﬂihtCihiﬁ@Qraphy t echni ques

is accurately determ ning distance "d". To that end,

the detection systemof the present invention is

configured to take advanta of the change in the
GOSRE §F P Berstigt L4 T (a8 TR o aned Y cdiBcgensor
Assum ng haads &, Rehavomsidh Nk W@g%&&oi' 3% dang

W th a volume "v", distance "d" may be fined as
f WaVewshand e RUtEsEs 4 REHQUS2 008 OBE S idl dy$tdmdto

= e [ a liquid fill area neas d . ,

- SeMEC i Sl a8 SRR U WS ekt
23ubad ravay @ 6 apicedl epdHres b lvais (e, dHLhdDine of
systemto sense one or nore beads 36 in region 22. -

WPRR P §10¥ s isddPaté B SPateRl efsh sah el eh 3t area
ég@wﬁgk%@aﬁfed RRE iR e hga 's;)t(?;lrfl.‘reowcg‘esise.af%h@c?@@ and

an area 40 associated therewth.  As di'stance -
" gubiss reg¢uéd comgs dultst metchiaf cedneritretar: vectarbesads 36,

c i,th beads 36, ,.conmpressi on .occur hi s

R i b A D L e VLT
athande dh peager8esr offeried ared av JEMLds 36, referred
properties. These changes relate to the geonetries of

0

he BF FBARISS6PTORERTAESrhe TERESe Choingesorelaifmiy the
ofebh8t 2188 ofNchBeoR B8l gga}ngh%ht he ehanasd, Size or

properties are shown as 42 and concern the si z6 ot
apramep¥cPfi bkl §rephe donphespresents eagpile tihe changed

A e AL el Bl R B o

i'S sensed by
area. Specifically, the compression results in the area

of beads 36 increasing.

[0030j The change in area 40 is sensed by CCD sensor 23, which

produces data corresponding to the same. Processor 25 receives the

data corresponding to the change in the area 40 and calculates,

‘using
equation 1, the distance *d”.

Assuming CCD sensor 23 consists of a N x
M array of pixels, distance “d” is ascertained by processor 25 through
the following equation:

(2)d = %p k)

where t, is the total number of pixels in the N x M array

and P, is the area of each pixel.



produces data corresponding to the sane. Processor 25
receives the data corresponding to the change in the

WO R@H/0835%nd cal cul ates, using equation 1, theCT/US2003/039449
di stance "d". Assunmi ng CCD sensd® 23 consists of a N x
M array of pixels, dlstance "cl'1 |s ascertai ned by

UEORERT°n Lt fitioet £F oBes® Rusing Sk < e

thésbllut:h(bﬁr b2y CCNdeRsors ZtBthﬂrtefisOf R cP' lacHRately
2004/ 055594 PCT/ US2003/ 039449 0 11 [0031
v@?ﬁﬁﬁréftb@aé§396Ab@ﬁﬁgbﬁlﬂ@élnﬁﬁbasrénﬂlﬂwaﬂlof CCD
sensor 23 that is desired to accurately neasure the
area A may be defined as folloms (3) Z~A = 7dbd
~Assum ng that the total g; @ #Q; one of beads 36
sensed by CCD sensor 23 |s 00n1Y dj 0.1 mB and d
= 200nm then liquid filled area "A" is 1000nm2. From
-equation'(2) it may be determi ned that the desired
ﬂé@@mmihgntb&tchESEQBai 231use5mg. oEOB&%loEtb@@@@IqG
be not processo 25 enpl oyed in a,
f%ﬁ%@ génoﬁﬁFﬁ?Fo n?hpginaﬁngrf 83t BRGeang d =
Eyome, ﬁlﬂéﬁulﬂﬁﬁﬂdnﬂillélieai‘eHEi‘A“nibl 1bbol®2.  From
detern1ned that "the desired distance "d" has been
ongigh thl BaY dpe oRetaupinedpthatr hbe desired
AgETy ] I geentiially, with the
g?staﬁggié%"ége¢§g S%%?%?n?%egs élt%ncremantal
movenents of inprint head 12 along the Z axis -occur.
Alternatively, or in addition thereto, processor 25
may be in data conmunication with a nmenory. 27 that
i ncl udes conputer-readable information in the form of
a | odRF Fatshendd beThaelntivtnato@ason 25| AOK bUPedABL S in o

£@QibaYy lcop| oteagaiTet I @81 SRAW: 35; 308 0. 3‘140 gg{? géc
S

cﬁ%nlgx@ecﬁktsgtlﬁ edtl.if ! %rtl%nri]: ldJI_tStlgngeet?armlned that the des:.red '
distance “d” has been reached Such calculations may be performed
dynamically in real tlme, or sequentially, with the distance “d~ belng
detexrmined as incremental movements of imprint head 12 along the % axis
occur. Alternatively, or in additien thereto, processor 25 may be in
data communication with a memory. 27 that includes computer-readable

. information in the form of a look- -up table 29. The 1nformat16n in

look-up table 29 may include geometries, shown as 31a, 31b and 3lc as

related to differing distances, shOWn as da, & and d.. 1In thls manner
I

information concernlng the geometry of one or more beads 36 may be
obtalned by CCD sensor 23 and received by processor 25. The -
informathn is then processed to relate the same to the geometry in
look-up table 29 that most closely metches the geometry of the one or

wmore beads 36 sensed by CCD sensor 23. Once a match is made, pProcesgsor

.25 determlnes a magnitude of distance “d~ present in look-up table 29
that is associated with the matching geometry.



i nformati on concerning the geonetry of one or nore
beads 36 nay be obtained by CCD sensor 23 and
WOQew058394by processor 25. The information is #d¥6§2003/039449
processed to relate the sanme to Phe geonetry in
| ook-up table 29 that nost cld@ely matches, the
geonetry of the one or nore beads 36 sensed by CCD
sensor 23. Once a match is made, processor 25
determ nes a magni tude of distance "d" present in
| ook-up table 29 that is associated with the matching
geonetry. WD 2004/ 055594 o PCTI US2003/ 039449 12
[ 0033] Addlﬁlonal_infornation.concerning
char act E19°8{ | 98 pfonalr {foragiHon, eaneepsingn chavakberidBics of first
| Otm-éJISttdﬂaEHZtS |’E1dd1r'v$ﬁean3@ ctiler tthen efiRl WaRRLBR Y g~ béherebetween may
0 ' t uld eo tr of one or
of %eaﬁeéﬂpésf & a?@mzmag p.watmnfummm Bhrtgular
subdenadtd or baadeahfiest %Qh:f@ﬁé.t@ & edgh s BE G m%s $4 ngetermined

' f 'P[s%hmé%%g{ %‘ﬁgstratal §15 1'1%5 %?f ! @gﬁ%%&gagéag;bwgger 30 lleS in

| es | n
r ad| TCT g%ﬁﬁ?ef’?l chs g §E8a A0 if gfidAnlley myrmtetyid¢ nany loes of

araediafQ smﬂetb'g snpreyad hay det @iploped tbadedekhifile L@ et

PhLGA 55 QRRNALRRENA 02 A0l Uor CHLENE BRLFLLEL 1S 0N 1

géqsr :@gdltlonall data concernin
154Gy 1 e CRGTPIE thesbape f?faeraa 49ymmthys aye the
béaelnplfoyaaiiaﬁwmbmag Hel'lem@.r&@la@ € hetdRine REEVEEAe 6 formea

f bLSleecaNg; SEC es: PL.ap and, therefore,
bet ween f |Ir%§tél)r{HJI Ejéct%{r&aﬁlanfg a’nan ® Pz otherpgie | hetween first

‘@bStEat?As?G appyafer 3dnddsivneih Fidi cknessesrdsnlt, undesired
i mprqmbsm hﬂ)ﬁﬁbrﬁﬁtlﬁg)/lia@raﬁ@ @&l aienggcé]:@glnédhgﬁc? f %Eetefore,

ay.al R JTRLi on e obtai ned
S%‘? Qng tg'éﬁ&aohtgé\% rt1a & onyg%ieyf)BF%’tneguk?ﬁ i"%&le E‘GCfblas the

WEPERMBRR PR [t Rikse pubativets @beor nefeerso ¢0034h by particulate.
Spedsietical |y, the presence of particulate matter on
substrate 26 nmay--manifest. as many. di fferent shapes.

For purposes of the present discussion, one or nore

beads 36,-showr in Fig. 2, having an asymetrica

area associated therewith may indicate the presences

of particulate contam nants on either first substrate

26 or- wafer 30. Further, with a priori know edge of

cont ah®GPeit Specd pecrlllyc tdleappesedte of particulate matter on

substrate 26 may manifest as many different shapes. For purposes of
the present discussion, one or more beads 36, shown in Fig. 2, having
an asymmetrical area associated therewith may indicate the presences of
particulate contaminants on either first substrate 26 or wafer 30.

‘ Further, with a priori knowledge of contaminants, specific shapes of
one ore more beads 36 may be associated with a particular defect, such
as particulate contamlnatlon, as well as the presence of the defect,
e.g., on first substrate 26, wafer 30 and/or stage 14. This
information may be included in a look-up table as discussed above =so
that processor may classify the defect and characterize first substrate

26 and/or wafer 30, accordingly.



one ore nore beads 36 may be associated with a

particul ar defect, such as particulate contam nation,
wa@s00amkisoas the presence of the defect, e.g.,

substrate 26, wafer 30 and/or stage 14. Thi s P?ﬂ‘llfiézﬁ(?s/osgug

i nformati on may be included in3a | ook-up table as

di scussed above so that processor may classify the

defect and characterize first substrate 26 and/or

waf er 30, accordingly. WO 2004/ 055594

PCT/ US2003/ 039449 0 13 [0035] Referring to Figs. 1,

2 and 9, by analyzing information fromtwo or nore

beads, shown as 36d and 36e in region 22, the

magnitue\og gi tge dj stance "d" between first substrate

26 and warar “$6STHEY bR Fé8ficdrr 2y o ddverrilvetinmtinformation

diffrberiwegosincee. békde , ditstance 368 ndnar s&d ii@Nr g%n%cht}g
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i §BRtYT Pn%HréSgtlY éﬁ'é?@%eql Rt i fgrins sdtes t OTHd d$btance
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S b I wer.e
SR R TR o b B8 e gAY oiniipay areas,
t (BARASSt Bhdde #pes dypolipdEiyet umibkorateoRercameny dnta drechanical
~Any difference between the aréas of beads 36d and 36e
aF?‘?etraCi‘?e%ﬁr*t‘a} shgHicabe SHPbERaTtipdly Shbstamat eve2® frimpt :
gmmatémsabﬁce waBeif IBDSEut&lﬂgﬁﬁlraaﬁ.? p%@aam wad Gcrhe391s!%ghce wgr,
I I resu I n-uni form
‘leég{igngg &Jé{!fg%“ O\X/e@gﬁ% f(?ﬁs)# of sub¥t? aft ﬁ%lt‘”{ﬁ&flefrh%ereas of
obeAdsr 3% GRa3Le Efrethepchapfealysghacy wmlnédrstbgwmte 26 may
f be S t8ihahbD eozﬁna;radszteaté%geraw hsféieb@rﬂytnﬁgufgf PMa1ie1,
t s_di scussed .above.
a‘?{e%g &?I g%LJJ%G%In Ang " TBEEA faTRgct éts l&‘i’q"ﬂ‘?gn fizat
sTHRSCERtY R otifatrbAT ARyOVse wistighi®d Byrtheonpaei agylehe formed
rlﬁit&béﬂ eichang@stidtet he aanens-of 3Pead%380: ANGREP%rom this

It m. ec anlcal ont act th first
su sﬂ%%%ﬁ%ag [18 ‘L’;pem Fi céffvmﬁt yaYf@s of beads 36d and

dFtee fif freEd bvuéh@r]y’m Figrithe infetmatiive relyarg edbthotedenn
afotpsrifg bEﬁd&l3@ﬂreaﬁlﬁjan%§S id tH@)é.rQ@s SteLeldy 5‘@&1 and 36e that

fir r at 0 at regions
v;%%g? gcf ro%r%eﬁh Ecirrllwslil %tlt 0 bé ftag g gd L5 gpaced
apart an equal di stance "

[0036] Specifically, it may be determined by analyzing the
relative changes between areas of beads 36d and 36e it may be
determined whether first substrate 26 and wafer 30 at regions located
proximate to beads 36d and 36e are spaced apart an equal distance “d-.
If this is the case, then it may be concluded that first substrate 26
and wafer 30 extend parallel to one another. Otherwise, were First
substrate 26 and wafer 30 found not to extend parallel to one another,

the magnitude of the angle @ formed therebetween may be determined.



If this is the case, then it may be concl uded that
first substrate 26 and wafer 30 extend parallel to

woneo@usstdaer . Ctherwise, were firsto substrate g@{.
wafer 30 found not to extend parallel to one ano @%03/039449

t he magni tude of the angle O fgfned therebetween may

be determ ned. WO 2004/ 055594 PCT/ US2003/ 039449 14

[0037] Referring to Figs. 1, 2 and 10, another

advantage of examning nmultiple beads in a regions,

such as beads 36f, 36g, 36h, 36i and 36j, .is that a

shape of either first substrate 26. or wafer 30 may

be obtained. This is shown by exan1n|ng the changes in

beads 36. For exanpl e, after conpression of beads '

36f, [9963! REERrrigi tafdosejl.by #id 30, amobktr ateargearh

exaﬁlﬁimlmdﬂdtp%tﬂbaaéﬁ imgloﬁ§6&ucﬂﬁhbe§&6%6§n(;,6? 36h, 361

ern
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exaffldeadeSOhonRest e shld.Q5ta e%%TBlsﬁ Ry & 38 by first

n ation that first, substrate 26 has a concave
s fEL AR b O LY s D Red YAt B Foei 2260 th S gt and.
13FB omeém'etrlfvnﬁmttaht avdliyes s comotetsiomapatteirar 1@t.i 0Ok shown,
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o<k SEe AT B PO PRAG AP AE] Ghe FRBLIAFopren SoThis nay be
aneiypligypetbr whitodhrep stbdtrete 25 88s thabn@veCenTake 25 | qay ig

23
bARKC o2 cEIMI8SS 0N PALEEN %@f\g %%pgym%ﬁg?l 3 g g&%

w.th a _conpressjon pattern in
additdaral (RF9spe b FERGSFDLIR dﬁsfﬁaﬁa@go‘fYPﬁF ot sempipssion
pastefny meg Iy obysinet td @lassify, asth ehdeictaybiee B A€kriifig shapes

odf uee&et%nmquer;ap%rl y 1%]@9[2.:%{53, gfseooiaéb%&lo g@f hniqgokaap table

bei n ener at ed % sensor
23 A8 PERFEFBYT ST RRtCh @t RIS i Pﬁ"et%r%@éﬁﬁgw ccp
sepfsot NgH Whth RYcénayressdh pyafernafeo30-.upTOabichad sad, -

a¥B8a a1 easegz@moéhe &%ﬂgﬁ)@%@em% b er%foﬁ@@%y .?stem

sense a portion of wa
10374: emﬂhe%’% SFeBRat, 1F rfungr{pnipg E@PFB%)aPééfqm acceptable
inpeghion a2@ idg igenpravddamat e to a peri phery of
inprinting |layer 34 after "d" has reached a desired
magni.tude. In this fashion, pixels of CCD sensor 23
may Heod$iplcoy ednasr @3 endpdiditbe impiemented for endpoint

detection of the spreading of imprinting layer 34 over wafer 30. To
that end, one or more pixel of CCD gensor 23 may be arranged to sense a
portion of wafer'so The portion, shown a=z 87a, 8§%b, 88a and 88b, 1n
Fig. 7, is located in region 22 and is proximate to a periphery of
imprinting layer 34 after “d” has reached a desired magnitude. In this
fashion, pixels of CCD sensor 23 may be employed as an endpoint
detection system that indicates when a desired distance “d” has been
achieved, thereby resulting in spreading of beads 36 to form imprinting
layer 34 of desired thicknesses. This facilitates determining the
magnitude of movement imprint head 12 should undertake in order to
facilitate an imprint of imprinting layer 34. To that end, once CCD
sensor 23 detects the presence of imprinting layer 34 proximéte-to
portions 87a, 87b, 88a and 88b, data concerning the sgame is
communicated to processor 25. In fesponse, procegsor 25 operates to
halt movement of imprint head 12, fixing the distance “d” between first
substrate 26 and wafer 30.



detection systemthat indicates when a desired

di stance "d" has been achieved, thereby resulting in

spreadi ng of beads 36 to forminprinting |ayer 34 of
WQI2#/08$%4 hi cknesses. This facilitates determ rROTU$2003/039449

magni t ude of novenent inprint head 12 shoul d undertake

in order to facilitate an indbfint of inprinting |ayer

34. To that end, once CCD sensor 23 detects the

presence of inprinting | ayer 34 proximate to portions

87a, 87b, 88a and 88b, data conCerning the sane is

conmuygi sALE cessor response, processor
ZSHE@Sera]?esg?%ﬁnﬁa‘?t et vemént’ a&lg 1 5 #fcomdapel pith another
empoddmegt 1 e tHe SraAert '1GVerUepneet¢téwzsh s yBAEBE tulagt Enca@de oni
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9unt et iamA sq&ﬁﬁmdaaywéﬁéchhﬁiﬁngﬂ?ptleé sri%ﬁd g@tg%la%ggé 'to
s homn a y c_an
E“{Jﬂeggkél ngrﬁg’g{d% 1&% 8?7: T4t 8 eﬁa%ﬁ’fgsﬁ’a t&ct§-ofuch as gsa.
Hpkgebdiisdes guantagools t9Okavanph@Odiodesl Bge WOWE soc and 20d
sesRapporG 168 885, Shaandh are, akradiged o e§§é1§§ c%.schtssion '

t n or |on f first substrate 2
hc%;gsgle %&°£°dgs 95 £gva9r?t°a§‘édo&’§ darengdireushesd sdEbdmspect
toogagicgoBsa.o@étarle mersméng) Ghet oite BSdbend @ saliskion

apBIbes aguillyl co e £0%8a01cdL$ !
szhOtcP% des 90a, 90b, AB e MR E U Ele regiaps 072,

“to region 88a, with the understandi ng that
the present di scussion applies equally to use of

ddi | 87 d
28 bI Ed[ O%gZOTlcp _IIE%t-_ O_qutg g Sen go%ﬁgé%eﬁgg Lflg?:}él%otgﬁ%odes anq $0b,

20RO di%arRe Be%tltlgetfi tOQWS&nﬁ gHien of pbigist | ometrite 26
tisense lacposd podkiahté idoSh ﬁﬂtbﬁlﬁd’x@'t et 2epridatgi ﬁ.yleQCﬁt %@ter

cﬁ'r 9% q%ta@hédo aadé%%éé’ hn%%-}é d’g‘ma r I ntfegg‘stl: a¥’g%%‘tﬂlf° eg 90a,

9%0?%%?8%:93%9'8%/ be g‘tettfwllowc aarfal spdpaiay %eemﬂnoymeasas
diznuerndpebdte dbtleebipirtsystem amsofliBCUsSed 1 ahaye iNl t h
<oBERRE, 3 CEP SRS Fua OIS S g5 By W on
argntpsggaa communlcatlon with processor 25 to transmit information
concerning portions 88a and 88b, such as intensity of light reflected
from portions #88a -and 88b. Specifieelly, portions 88a aﬁd 88b may be
reflective, i.e., a mirror reflects ambient onto rhotodiodes 90a, 90b,
90c and 90d. Upon being covered by imprinting layer 34, the energy of
light reflecting from portions 88a and 88b is substantially reduced, if
not completely attenuated, thereby reducing the power of optical energy
impinging upon photodiodes 90a, 90b, 90c¢c and 90d. Photodiodes 90a,
90b, 90c and 90d produce a signal in response thereto that is
interpreted by processor 25. In response, processor 25 operates to
halt movement of imprimt head 12, fixing the distance “d~ between first
substrate 26 and wafer 30. It should be understood that the detection
system discussed with respect to photodiodes 90a, 90b, %0c¢ and 90d may
be used in conjunction with CCD .sensor 23 and wave shaping optics 24,
discussed with respect to Fig. 1. The advantage of employing
photodicdes %0a, 90b, 90c and 90d is that data acquisition is faster

than that prov1dec1 by pixels of CCD Bensor 23.



are in data conmunication wth processor 25 to
transmt information concerning portions 88a and 88b,

gc&ap intensity of light reflected from portions
2°#1d°8%b. Specifically, portions 88a and 88tyusayodyesssss

reflective, i.e., amrror reflects anbient onto
phot odi odes 90a, 90b, 90c and®90d. Upon bei ng covered

by inmprinting |ayer 34, the gpergy of |ight

reflecting fromportions 88a and 88b is substantially
reduced, if not conpletely attenuated, thereby

reduci ng the power of optical energy inpinging upon
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prtgﬁ)ib'lt 9@ eceraridn 9Gd s jpFwad uEe: &a&il@ﬁﬁlzeé aeftier?rﬂgfﬁge cglglea[c%terlstlcs
ost ot e n respons
f t §ubs|t9£t?er Bk Jtn%dwg%( rp Eﬁ E%tvi(ﬁ% gof:hq: g‘ﬁllﬁlri‘ﬁ

rgcessor operates
Mk 11-£2 (6 i “’lFM%&St%?e d?f%ttaﬁbeenad"twepmmtfemament of

sysuﬂysunatmcﬁﬁieandn Wk F Fe3Bmeddy §QQ:11|1|ag nt%l%/ ng%reﬁt ‘S)Q:% the CCDh
1hat 0 st di scussed wth respec

bt 8 CBRRER O SUEL B0 pgsneg, WL, (R L
O'Ebn | B AP ERF SRt #PaTED. seten r112311m1ddmwevs hapbigy QPELES 24,

racﬁ&tloxﬁlss:aueésad WkittRoF e9P8sd ﬂnﬁrﬁitglseajd ;’he dva tﬁ%a?d 12

é& | ot odi pdes 90a, 9
rodlh LAY 18, PO 901 AdEs, 002, 00, B, e A ey
belﬁﬁx%?@oaf;e@@@ 89S0t 4 23Prdf@s280 45055594 data communlcatlon

w:.ifﬁﬁﬁﬁ@&%a(a?:%‘hl%ta& 19, ﬁaggfggi]onRE&gc I:[]g ES? SedBor 223 and
in e n s%r Se ML, 2 ese
sonteber AT A R3PS J51 tr Capie BrEr A ntatgrteroneter

|nvent|on i's’'s
%8 ERat 20re? imderes 12@ftlfartr stabdabhst bate r26dakd WATOEe 3 rometer

98 wt&mw&fi@mw Nehtbheegieh WE a8SQCL AL eads
d, the present embodi nent of sys%xmoifﬁ

senIQ {e@g
I nc es an interferonmeter 98 that nay be used with
the CCD sensor 23 the photodi odes 90a, 90b, 90c and
90d or a conbination of both. As discussed above,
system 110 i ncl udes wave shaping optics 24, radiation
source 16, mrror 20 and inprint head 12. Inprint head.
12 retains first substrate 26 di sposed opposite waf er

30, [o0kd1h veafsar 13&rf@%ﬂr§%@il&q,epyde%gg n:Ln i
! S ‘\dﬂ’
w:LtlchuQ:Cﬁ%g‘%g cculrg J.n? 2o cat i on r?Jh c} LS
5 S RYER 1Y 1 SIPAL PO RoBEtES TEe %Blsénsxinme&f
beadf 6. | r?rleﬁlﬁ@lpén:est dnt@F erphaaydinres eshpll Byan coid6ale
distpaich of~ hﬂtﬁsﬁﬁi&ﬁElﬁrUnlted States patent application number
10/210,894, entitled “Alignment Systems for Imprint Lithography”, which

in incorporated herein by reference.

[0043] Employing interferometer 98 facilitates concurrently
determining the initial distance “d” and the change in distance Ad.
From this information the voiume associated with one or more beads 3¢
may be obtained. For example, interferometer 98 may be employed to
obtain two measurements of first substrate 26 at two differing times t,

and t; to obtain first_ substrate 26 displacement measurement Ly. During



98 is a 50-50 mirror 120 that enables a beam produced
by interferoneter 98 to be reflected onto region 22,
ile allow ng CCD sensor 23 to sense region 22.

g 66%42105@@%4 interferonetry facilitates det @Fmusengs/039449

di st ance "d" wi t hout havi ng7accurate information
thcogé:mer rtl.'uﬂ g I ni tﬁlifg%l) vol une of beads 36. An

exenpl ary i NEerT 6F omePHHeTFraE dIPEHHTSTEd fso MAYakeirebtained,
indkstianider dines. descrdhbegk in dRicheek SR e RALEN 1 rst
su@@@]!‘dt%agé %d%ﬂ?%?rao 19{ ]toat1181e94>?, € %/a;#l ed "AI I gnnent

stens | nprint 0
i ncor por at ed herein by reference. [0043] Errpl oyi ng

interferometer 98 faci Iitoﬂacge_g, gon urrently
determining the initia “Ae' d" and the change in
distance Ad. Fromthis information the vol une

wi t.h one or nore beads 36 may be obtai ned.

| at e
DuEEEP Eifios Ty dnd e FRARSRETIES 0 enigh P YERb |G ctprEer 23 o
deemnamﬁ Ehﬁoclnqmsunemeaa ofobné iorshosubstbaalie 26 adta tAMAction
of Oifef QBta{]g B S o f |p1x@ﬂéj 1&12wﬁ1Q:homealoQ lgd{%ogﬁgoﬁgﬁ r tgﬁe

26 dis cenment neasurenent LT. During 5
Seﬁ%/&%ﬁﬂ%%esﬁ‘&gﬂ’tﬁ ?‘n@egaﬁs PL¥#, ipaffdehame or more

be@issépmmsqcieag e ment tiks,t;Mehebeotaiit anmned, of ipAx&ls in

whEdHTbh@loMRBRE beadd 86 CARNGE, I ¢l SL ANC
first substrate 26 and water 303ﬁf’s oﬁt al %%é K §w° Values the

change| Fhpixely. |Mdy= i |9pfined aPufdligwsi mes t, and t2,
measurenents are taken with CCD sensor 23 to
determ ne the change in area of one or nore of beads

36 as a function of 4)he I}ot_all ﬁr of pixels in
whi ch one or nore of bead§ 36 eﬁze Pdensed. At tine t1,
the total nunber of plxels in which one or nore: beads

r 6,a i ud 1 p ath ot al  nunber of
F 031 &‘Jaec SRNSE nck% Pre vALud | JFBal Zc e‘éi'; P betgined from

ixels in one or nore

5. °fFFB?n“1°|]re%"émﬁv\bq‘-KP§F% the change in pixels, LnP,
Is defined as follows: (5) LnP = 1np2 -n P1l From
equations 4 and 5 the valu 9:{ di sttance "d" nmay be
obt ai ned from eith& @ ¥ #ng equations: (6)
d,, = bd /LnPkPI .

(1) d, = bhd/an b,

- where d = d, = d,. Knowing d; and dz, by substitution we can obtain the
volume V of the one or more beads 36 being sensed by CCD sensor 23 by

either of the fellowing eguations:
(8) V, = d, lnpl x pixelsize)
(9) V, = d, bpz x pixelsize)
where V = V; = V,, and hpl X pixelsize} = hpz X pixelsize} = A. When

first substrate 26 and wafer 30 may be maintained to be parallel,

interferometer 98 may be measured outside of region 22, shown in Fig.



(7) d2 = d LnP/"P2 where d = d~ = d2. Know ng d, and
d2 by substitution we can obtain the volunme V of the
nore beads 36 bei ng sensed by CCD sensor 23 by
FPE 95P°% he fol | owi ng eqyftions: (8) V, = BCT/US2R03/039449
plerS|ze) (9) v2 = d2"° p; X pi xel si ze) mhere vV =V,

= nd_ 1P I 2 I = A
ey ettt o bGP oAy dbb made proxinate
tomai sadenesf tregbe par ald etpanding erddy et am Qﬁlm&ymb@: the

uBBESILCs Uhh AL Pft fLILANN22s oS
S 0041 055594 0 PCT] US2003] 03’25'4?1140551 Q%mfeacﬁlg? isgem 10, shown
0 Rt%r flerrﬂjﬂ%%f"ér°k§8’"ﬂ9é’a§’[ﬂ?3’éﬁ¥éﬂ$ §Y§H%I1é°besh?ﬁﬂe‘-n Pig. 12.
proximate to a center of region 22, or expandi ng
, beads 36. In this manner, the substrate 26
£47 ¢ erl S't:hé LAbOATMEEES QB! @haed USERE $HELAR: LA,
s own Fig. 1, may be obtai ned enpl oyi ng system
ﬁ@scshbm flpoVe garg 2ex¢mphaty TheManpodhanges aidt he

BRERERLCACSAA! i S5SFAARH, PR qghes SEEP okt

dHIser@s ilei 1€ Cirémalin i viei t i | €hé esBbpENGEWLhE] mntraﬁtlon .
scope of the invention._ Therefore, the scoge of the

i TRRFREOTE s ol PERPe fef ehipe nbavest iqnt aheridrbace to
tdier RpMSe S aSsY |10 %efé’f!énéé‘sésaghé heubde bﬁescmptmn,
determined wth reference to the appended clalns
dwhgingtend hrould| be s@@@@mineréq‘mwlal referei@e to the

9 US2003/ 039 I N CLALNS: 1.
%%’3%4110&% éfﬁ%} ?(ﬁ %13% taﬁl%}]ﬁgggﬁ%\r%%?%?ig%i cs of
fansitvashtsecond substrates, said method conpri sing:
formng a volunme of fluid on said second substrate.
said volume of fluid having an area associated
therewith; conpressing said volune of fluid between
said first and second substrates to effectuate a
change in properties of said area, defining



changed propertieé; sensing sai d changed properties;
and determ ning characteristics of said first and
second substrates as a function of said changed

wpropeybssess defining neasured characteristi sy us003/039249
(Amended) The nethod as recited in claim1 wherein

said changed properties are geonetries selected from

Iy ®m& cufivgeonetries including size, shape and

symretry. 3. (Anended) The nmethod as recited in claim

1 \Nh@f e!A‘ﬂ\eﬁ@éd:’ Chaﬁgtﬁé:!:hgﬁ %@r&ét%g'miﬂ%l ughea cter:. tlcs of

ansion of said flurd to a predeter pos Ion
SS

YSATY SSERUh FUBTIISt Pt §219 metipRd ﬁé‘f‘ﬂ*ﬁi&l’% recited in
cl ai m lfomitce ianvéImme o) £3@id on Vielidn®e @hd f duibs Sh-Frdr £5@1 volume

ok N8 36p Q5! LLN0LLIdSkcanghsagong, spaced- apart

drops of said on sal second Substrate and
conpr es‘"sofnﬁﬁessgéflﬂ sajg| (e (it REH Y] hetiwede sad dnfires sindgsecond

seaitdatdd &b ﬁi’fdcﬁlﬁaﬁ:@nﬂ HEARS ihOproptieciuat @adg q}égg%elf{]nlng
one of said first and second drops. 5.

cﬂm@£83§%¥¥ gshethod as recited in claiml1l wherein
f or m ngersind sgbl ghensst prapedt¥egrt &t i ncl udes

depOSI tdeR grufiink 54 cﬁﬁﬂac&%@@sﬂﬂcs sfaeeds @9@&1’; a@l&ofﬂz%oﬂ’ci
bstrate W th id first

duid o I.d_second :
tga%asvfagg r%u i rsf1 gtgo c% a%gssoﬁ’fdéieﬁaleishe FHrLre FRgsured
C%%Fﬂt§%€éﬁﬁ drop having a second geonetry associ at ed
therewith, with formng said volume of fluid further
i ncl mdi(ﬂ@emﬂQSi ti nehes akthdal £§treaﬂﬂ=_ds$ﬁQﬂ@lm 1 wherein said

c 1 e rleds E_-‘.e e Sal d second eri
Su%g(?q)rGBQI[tt ggré&%S gg %al g, gr}f UFFh geometries

strate an ressing sald vol une
"5 tRfe §1 ton e PRY BRI rst and  second drops to
effectuate a change in said first geonetry, defining a

0 139 V\Qngn%gé 05559%1 PCT/ U§2003{39139%41n céggtgl w]ﬁic&ﬁ@es(fld

geonetry further Pneladt I'ng “compari n
,c*&é‘%%tPWPF'-%lﬁﬁ g5l Wi ep oneaptioneef paie Heiérmw e

prdiit f @fiene® pok hercabet waed =edefd Bipgaryari ance, with
determ ning said characteristics further

4. The method as recited in claim 1 wherein forming said
volume of fluid further includes depositing first and second spaced-
apart drops of said fluid on said second substrate and compressing said
volume further includes compressing said first and second drops to
effectuate a change in a geometry of one of said first and second

drops.

5. (Amended) The method as recited in claim 1 wherein forming
said volume of fluid further includes depositing first and second
spaced-apart drops of said fluid on said second substrate, with said
first drop having a first geometry associated therewith and said second
drop having a second geometry associated therewith, with forming =aid
volume of fluid further including depositing said first and second
spaced—apart drops of said fluid on said second substrate and
compressing said volume further includes compressing said first and

second drops to effectuate a change in =said first geometry, defining a

O -
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i ncluding determning said characteristics as a
function of said variance. 6. (Amended) The nethod as
Woezdouéosasaacl aim 1 wherein determ ni ng sai dpcr/ug2003/039449
characteristics further includes determning a

di stance between said first and second substrates. 7.
cbm@ﬁd@mem aed Hodtles deciuiéng icompdrainm s]amhataexigad geometry
wﬁjﬁt Q&N NeBGnd @b&n&%“@&ﬁ@Eéﬁﬁhg%ﬁfkjéf&%Es %%%\Sﬂe

det er mi ni ng, whet h irst and secon tra
SEVERE DAPEITR. 08 cB B aRBTHER “ 0 PRTARIHpC o R ther

lnfe]tq@edg dstediniegl shnd clharmterivdicicei 48 safthctfibh Sde said
verhsteate lies in a first plane and said second
substrate lies in a second plane form ng andangl e
with_sajd f t plane, with determ ning sai

char g(‘:t@‘?’?’é‘ieldis fpur?leeF“eFli‘ﬂﬁ a8 TrG LRt érngiFing vhpEein
defreginénirg, sdile chetakodrias ice duketkr in€lhae & detwARMe Ly a
aSRRBLOGEA A, o£NARORL BRONRLLLES.LULREL | nCl udes

ach|r|ng a first image of a region said second

subst r ﬁhl ch said volunme is | ocated before

conpf es eg d voltfmBethodt pRiTgehine 4R Ui g vhersin
deecoitinonegd cfarsateristeg GnrefereinQaaps a&sgﬂgﬁ@g Grhether
s¥Ql Wi 0fnd |sHb<§i1danb§EQQP@J Ieggeﬂdnggfa%%%%% ohd! \?S?};her

first and second |rmges assocl ate sal dme " of
fluigd. ? method as recited in claim1l wherein .
said (#5?’518 %srl st’ f&f B Podep ety dindadptl gherein said
figlsarsubiseritst s donsifsréngland aad pra@geneendfsubstrate lies in

a @@B&@d’ﬂpmﬁté @Brm:@xgsﬁatahéie rw@l:l@téagasﬂyrgt ;ﬁgge,s %ng del:ermlnlng
laim 10 further 1ncludin

Ej usatraCter§§FJocs S‘Aﬁ%&F Jrréﬂlé'fbr’%?ngﬁ‘?eﬁ‘“b%’t%é?ﬂds&%l@lefl r st

and second substrates in response to said nmeasured
spati-al r&earstdrdhig reoltedt ai wladn deslhmdnsmtsmd said
clfaﬁb@d |p@3}_§=_h:|t@es EoreAMended) d%qgﬂllﬁgd ffql}: eﬁng{qéno@ Qq‘eglon

at| nshi ps ween a fifst su stra
o Bt Becddl BaPRl R oo g el s SO 1 dBETYeAL BEEFS | ng
Cqmﬁr%ﬁ%% cradd picdpee ofaf thinethbaAcqoiming Si BgeoddOiMAdRJo said
reg@bil m@tg cf:ﬁMeQS% said SeeAN gf Sﬂ%[‘l raﬂ‘ldecorﬁfﬁlrgxbg \éghormatlon

of fdg havi ng an. area associ ated t herew
irst

in"sai and sgcond images associated with said volume of fluid.

10. The method as recited in claim 1 wherein said
characteristics are selected from a set of characteristics consisting

of a presence of contamination, a spatial relationship, and shape.

11. The method as recited in claim 10 further including
adjusting said spatial relationship between said first and second
substrates in response to said measured spatial relationship to obtain

a desired spatial relationship.

12. (Amended) A method for determining spatial relationships
between a first substrate, lying in a first plane, and a second
substrate, lying in a second plane, said method comprising:

forming a volume of fluid on said second substrate, said

volume of fluid having an area associated therewith;
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WO 2004/ 055594 PCT/ US2003/ 039449 conpressing said’

volume of fluid between said first and second

substrates to effectuate a change in properties of

said area, defining changed properties, with said
wohzoggdsgmvaperti es being selected froma sebePfysa003/039440
properties including, size, shape and symetry;

sensi ng sai d changed properties; and determ ning a

spati al complregdiogssrig pemeest sahill betwlenagdd 5RGANShd second

s%pc-cttaE@; Q:% @:Lsfe%tﬂgé{:%cgl cﬁﬂn&é 1%6%?05%99:[12%egf pJaQLQ € rtelaes%?flnlng

defini ng measured sp ti onshlg
cBPRASIaP ?P’e’FE\’ceison%hps%Jéﬁ é’&"t“@&d BIOBRT H esebeinp selected from s

seel et 'pmsﬁrtp& iacluddhdg sdis! angee Aot Waakesad;d first
and ané)'sgi‘@%hfﬁ%% gpof%gg e for d between said
es

flrst a second pla é fMethod as recited in
cl ai m 1FtRRRYERS & 6P IRG ’é%haélowpanli?tﬁﬁmf lsaid figst lad
skfldudasstdepas aﬁldﬁguﬁd:tﬁ&h @daﬁ@%ﬁgggeﬁpﬁﬁﬁértﬁﬂar&eflnlng a

d te
mggt&&%dospa‘%?ap !(Lja%lonfohnl sal :g: SECD SH%T%& ea].é%fﬁﬁsgéglsﬁ ected

ur t
f§%ﬁ ¢ PeY oF %ﬁi@t%w drepyiirg d:@fcam batveea sfidnfierstnand

stbmmdapBmedf i gh fahbBd rOEAIR vEBIdeR] £18 aar LGRANGRH seddast
§ ea, and further including comparing the area of said
anged first area wwth the area of said second drop
to determ ne differences therebetween, defining a
vari dhce, ThE fEteRst af riiesitrs dai el adpatd aherqig) Ertrimangs fviapd
véuireher flaed lfdtﬂgerdﬁtcﬁ.ﬁlﬂbsgld?ﬁo@&hﬂg Zﬂa&&t &Jng secgnd spaced—
akians n._sai irst. and second. substrate
S R e i i L e L e LR
VAR oSS dEFL eS| ?Pﬂ@rramngzsw%ma@ anbstong dedrg to
e thwnged: aréﬁhnﬁ?rﬂhhe%rIaﬁﬁilﬁ§e§a€?CGdeﬂ B8ord ﬁéfiiﬁné'ﬂagﬁanged
sai econd substrat [
fi)lfslt ?rli_egaof &%Fugrther * o cat'ed “beror e’ ctg‘rerparréagsci’ ng aé‘g cg‘anged
EiFstumee o i Ghel saRa ofcqedd mrepwl Seeofid ddtragercofli ffarences
tEe@gbotweahl Q:Tef@@fﬁ@r £SE&irign gl alahobw@meﬁnfgl b 1 @ﬁaq;lal

rnratl Lrst and sec
e S e e L S R S BN
befyepr iaiddfirgt cﬁnél ﬁ?%daﬁijbl%mtwg zaiad fwpatiemlof said
vdrakatd onshi p between said first and second substrates
in response to

14. (Amended) The method as recited in c¢laim 12 wherein
sensing said changed area further includes acquiring a first image of a
region of said second substrate in which said volume of fluid is
located before compresging said volume of fluid and acquiring a second
image of said region after compressing said volume of fluid and
comparing information in said first and sgecond images associated with

gaid volume of fluid.

15. The method as recited in claim 13 adjusting said spatial
relationship between said first and second substrates in response to
said measured spatial relationship to obtain a desired spatial

relationship.

16. A system for determining characteristics of a first

substrate, lying in a first plane, and a second substrate, lying in a

21



said nmeasured spatial relationship to obtain a deS| red
spatial relationship. 16. A systemfor det erm ni ng '

wehagoaghygdogti cs of a first substrate, lying
first plane, and a second substrate, |vying |rFC§/@92°?i/°39449

WD 2004/ 055594 PCT/ US2003/ 039449 second pl ane and
sbexsianglney ehaimvoks ol otlall SPoseds LISk oo t§ar|§gn,syc‘=§at1c?rg}f8tem

c%% rI.SI ng: a displ acenent nechani sm
AfcE between said first and second substrate

with sai didbistcanes: defhiaming t gapy aWiidtassl bet¥OMIBI4 £irar
herewith and sa cfl

sbbaHd M e 8Ny1 elsslfalteeln
%]lfs I acerrgnt Ilrangechg"n?érr%ag élt %8 <foocllc:% Nprdssd ERi dvir| ﬁfh‘é
“‘?I‘iﬁ &1t Resing &aiarep F%ﬁocaﬁw%ébwwub&ﬁr a4igs to

difefecdneat eﬂ@hﬁhwfgedmear 0PRblpRSs 015 3b il SR £luid between
sHef ENIRO, %gggrgd er, !aest a dettector system
pr opert i %Cs SHTF Cpriudc an@atsal ipﬁopertles

sense sal hange
of é%b‘bﬁé’éat W@lféli%?g ahahggdppopessiang system to recei ve

sai d dat @etardoPraaduss col M RE ndi n
atd & ¢ o""n‘?st‘,_,_egrll SE?FCS as a fu% |dggh%%r b % &t produce
- properti rf%saﬁltemas recited in cIa|m16

wher ei n sa@irdcesshiat agiseeh Slol escake sghegled Ly QML A, et
in@brGhabackerd si st resence of
.a g\ms ti on%ggjgnpgg?:ga = ?%trac{]esrrﬁsglcs fd 3Hapetiongot

s aa%%ﬁfp*r%erﬁgi em as reC| ted in claim16 wherein -

said changed properties are geonetries selected from

a set of geonetries including size, shape and

Symuet .7edSoy AR e6d: cEhes et had BSdesiled hn olaim

e an

c d 1saes n roperties in
el 10, S0 o FRIOHR oV ChETTRHRBEF 68  wohoieting

expansi on of ‘sai
©f gh PESFIRgetD ﬁ-‘d’%ﬂt}é}?f—ﬁtm a2fpatThe reystienshty,l 86d s8dpd N

claim 16 wherein said displacenent nechanismis

coups edatends@gei ve Taai sk of QNBLd1@Rg angd c@ﬂéergec%eaﬂn said

hﬁ@%&'[ﬁl tpE?\l:J?etsl Qpéc' Bmgzrtl\é\ges%lggéed f:lrcngta SaQt of geometries

1nc udlng size, shape ahd symmetry.

19. (Amended) The method as recited in claim 16 wherein said
changed properties include an expansion of said fluid to a

predetermined position on said second substrate.

20. The system as recited in claim 16 wherein said displacement
mechanism is coupled to receive said information and adjust said
spatial relationship between said first and second substrates in

response thereto to obtain a desired spatial relationship.

21. (Amended) The system as recited in claim 17 wherein said
detector system further includes an end-point detection system to sense
the presence of said volume of fluid at a predetermined position on one

of said first and second substrates.

22. {Amended) The system as recited in claim 17 wherein said
volume of fluid further includes first and second spaced-apart drops of
said fluid positioned on said second substrate, with said displacement

o
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response thereto to obtain a desired spati al
reI ati onship. 21. (Anended) The systemas recited in
m 17 wherein said detector system further
qoﬁé%? 53f end- poi nt detection systemto seREB/USERES/0394459
presence of said volume of fluid at a predeterm ned

efol] t.Lon 20..on of said first and _second substrates.
R b ol E Rl oL b o PO SiPod e co

efifratupye Safkhnoeolugeonftrl/| of dné wit betd ifnedtudes dedebsd drops,

wabKl <868 CREe SRACSFARA Hc108ARS s Uep SalL,f ! Ui d
posi ti oned on sal d second substrate, w ith said

di Sp ?C ? 22 OhV\D 2004/ 055594 PCT/ US2003/ 039449 |

mech&hi & %’Hifs ed t OPCHTPPELES e 1btd 4B gfarimr &t vhmrpin said
vehwgnef dlopd fuothesf feciudas & au;eltaﬁg@ havieoaet ingt Ofeometry
a@ﬂﬁ:;@éecﬁ@hgrefwhﬁﬁtanangec%ﬁﬁocﬁ% LR a %E%?SS%%&E% ed)

et ect or ggSt em i ncl ud |n sensor

asr%"élﬁﬁ% e FREY ﬁlﬁselaéﬁnﬁef?nwﬁﬂéeee Pedag Fraged-gpert
apd pbkifiignédircnherid netandesutastiatest wilitopahi i Bl R ehédiSt
nSGRBIL ¥daAS06) abag-deL o (Ejbrﬁngnc? &% é‘r% 9 ogPsf Igg'velf%gctuate

a second eorret ry assocl ate erew t

2 &HaRSe dont gy Sb*éstbe% Fespuk aaenasaies . aﬁampes.at ichpreapdofirst
geaiet s @0l nd chenystar aéCE;ndV\gédﬂle&aj dsdis @lra@e%@eﬁtcc)nnected to
c&fpebé\ruaem éfiﬁ&é@‘h}& SAHPILEE R Sg%'orqeérgggt e Bt o8 Se‘ix?e”d

ect uate change i'n sai Second

d fé&ﬁ%‘ﬁeﬁe%hera}éﬁ‘*ﬁﬁﬁg defipiagge darienge. @r@o#ewzwanw aaid
clefranged ssBoong geon@tioy, ofSakfd paetassor connected to
conmpare sai d changed first and second geonetries to

det eﬂn neI‘hedb;sft%FneQec%ci%r %’%ﬁ%&% Qﬁgﬂegﬁ naQ..8 detectlon
nce and determning said characteristics a

S?‘fStﬁ% USRRHT 1RSI0 1 ARCTF ESDACETREOs fetesmiBs ar éesqaeae

bgtweel aaml Firwhemdi secadl dbutbet sakon system furt her
includes an interferoneter to determ ne a di stance
bet ween said first and second substrates. 0 23
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