WD 2004/ 055594 PCT/ US2003/ 039449 1 METHOD AND SYSTEM

FOR DETERM NI NG CHARACTERI STI CS OF SUBSTRATES
wabe@¥shG FLUI D GEOVETRI ES BACKGROUND OF THEPCT/US2003/039449

| NVENTI ON [ 0001] The present invention relates
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discloses an exemplary lithography imprint technigque 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 fills
the relief structure. The polymerizable fluid
composition is then subjected to conditions to solidify
and polymerize the same, forming a solidified polymeric
material 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 polymeric 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.



transfer layer relative to the solidified polyneric
material to forma relief inmage in the transfer | ayer.
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837, June 2002, which is referred to as a laser assisted

direct imprinting (LADI) process. In this process a
region of a substrate is made flowable, e.g., liquefied,
by heating the region with the laser. After the region
has reached a desired viscosity, a mold, having a pattern
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
distance and orientation between the substrate and the
mold that contains the pattern to be recorded on the
substrate. Otherwise, undesired film and pattern

anomalies may occur.



nol d that contains the pattern to be recorded on the
substrate. Otherw se, undesired filmand pattern
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2ibScampaettal BeawéeﬁleHeefeyatlaﬁdvsembnafsabstrates to
l'ithographic systemshown in Fig. 1; _
effecdtuate 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,

is comprised before being polymerized and cross-linked;



[0010] Fig. 3 is a sinplified representation of

material fromwhich an inprinting |ayer, shown in Fig.
W@2004055580npri sed before being pol ynmeri zed andpCT/US2003/039449

cross-linked; WO 2004/ 055594 PCT/ US2003/ 039449 4

[0011] Fig. 4 is a sinplified4representation of cross-

I nk pol yner material int nich the material shown
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smbelzate Bhgwnsi nsFagsibplafied ehevpatibarnien bhea mold
first inprinting layer is transferred therein; [0014]
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respect to one another; [0016] Fig. 9.is a top down
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SnSehRooR R b et B on Tt SPERPaRBGR PhEPepR FnbSaiment of
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present invention; [0018] Fig. 11 is a sinplified plan
viBQL®} a Fig. 8 is a cross-section of the resulting
shape of an imprinting layer shown in Fig. 1, being
formed with the mold and the wafer not‘being in parallel
orientation with respect to one another;

[0016] Fig. 9 is a top down view of a region of a
wafer, shown in Fig. 1, that is sensed by a detection
system shown therein in accordance with an alternate
embodiment of the present invention;

[0017] Fig. 10 is a top down view of a region of a
wafer, shown in Fig. 1, that is sensed by a detection
system shown therein in accordance with another alternate
embodiment of the present invention;

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

[0019] Fig. 12 is a simplified plan view of a

lithographic system incorporating a detection system in



lithographic systemincorporating a detection in
accordance with a second enbodi nent of the present

WO noogfsisen; and [0019] Fig. 12 is a sinplifiedp@l/as2003/039449
view of a |ithographic systemincorporating a
detection systemin WO 2004/ 055594 PCT/ US2003/ 039449
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[ 002@htkiog.. 1 depicts a I|thographic systen110 in

whi ch a detection systemin accordance with one
enbodi nent of the present invention is included.
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cmntugnredagetm4mav@oshhptngndptnmﬁrzﬁt peadtﬂlnedcludes a
be en CCD or, 23 _and mrror 20. A processor 25
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Referring to both Figs. 1 and 2, connected to inprint
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exanpbe 28I natl sabet shtpid§ bptietabned DgDI BphsbE 23 is
head ;12 by use of a vacuum chuck (not shown) that is
cBHﬁé&P@Begoto sense 1mages from region 22. °Detection
system is configured with wave shaping optics 24
positioned between CCD sensor 23 and mirror 20. A
processor 25 is in data communication with CCD sensor 23,
imprint head 12, stage 14 and radiation source 16.

[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 using any known technique. In the present example
first substrate 26 is retained by imprint head 12 by use
of 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. In the present example, mold 28 includes a



imprint head 12 and applies a vacuumto first

substrate 26. An exenplary chucking systemthat may
wheoosnsisaded is disclosed in United States paPenus2003/039449

appl i cation nunber 10/293, 224 entitled "A Chucking

System for Mdul ati ng Shapes6of Substrates", which is

ncor porated by reference_. herejn.
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[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 numbexr 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 ncorporated by reference in its entirety herein, or a

| aser assisted direct inprinting (LADI) process of the
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I mprint of Nanostructures in Silicon, Nature, Col.
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[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 36a. In 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, depehdent upon the
application. Typically, t; is selected so as to be no
greater.than twice the width u of sub-portions 34a, i.e.,
t1 < 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



present exanple, sub-portions 34b of inprinting |ayer

34 in superinposition with protrusions 28b renain
w@bdoansishe desired, usually m ni num di st ance Pdi/pusivas039449

been reached, |eaving sub-portions 34a with a

thi ckness t1, and sub- portioﬁ% 34b mﬁth a thickness,
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28n shgwn4 noiRpelearhgainifi gshbwnAlherigopei nisNgoved to
layer 34 is transforned to consist of material 36c,
shBfkeasn Rigtance| hdfi AP RBal moldshBwAnfnimpginpingg

mpyed. 19, LPCregse.dLsbapee "d" so that nold 28 and
inprinting layer 34 are spaced apart. [0026]
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into wafer 30, providing a patterned surface 32a,
shewarpRsEpy. the PFBtesBi Pft aMBT eRERNAglaYAE Rat épfal wafer

ST MR ArLA b aUCEuRtats LR B8 o, o
mmbefaaﬂl1a8tdeetchﬂngThehe 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.

[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
layer 34. Exemplary etch processes may include plasma
etching, reactive ion etching, chemical wet etching and

the like.



relative etch rate of inprinting |ayer 34 to wafer 30
may be in a range of about 1.5:1 to about 100: 1.
W@ 0@2/05s58 t ernatively, or in addition to, inprPet/URY03/039449
| ayer 34 may be provided with an etch differentia
with respect to photo-resist9material (not shown)
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MayaPEpguesl Wt dapbRist ohadhdt 5p8cif Ckhgppl adh i bANwhich
sources may be enpl oyed, such as thermal,

eleceraingAet | EUBRACTRET e} kBhe TREUER] t6Y| ©f Bpatures on
t d t t fg
tﬂghé %Q”ar§”9$8wﬁ aéoréBéLgﬁéﬁs 5§ip§%¥gﬁahﬁa 598n§

materi a In1nprinting [ ayer own"to on
s@ikéetion pheahlel aodprgprcaibysdeahndhaonprh91de a

sEecific aFflicaklon %h 'ﬁ des urt ngre,
ECPPuPEFFL™ 0Pt 1 BRTdr 88 BAT nﬁlﬁ ?%ea? 8h ﬁht gment.
rB6R&SEONSre8as8X6LBUR Y 8h@NBrotrdbiskti 98P | €l
to protrusions 28b that provide a cross-section of

meparesrenehta shapeablyaapht feehehe. rewaheedrto create an
r?ﬁ?ég#?@8d2§f¥éﬂ tpéﬁéfMé. % %§bsHR¥1 SOrLesRANfeliPhs of
virtualTy any feature requ re Create an

i nhegnatedsci rasi & aadubay be asyshal deasradfew tenths

of nanoneters. As a result, it be desired to
nﬂﬁﬁ?ge?EPEec%ﬂ%%ﬂ%ﬁ?ESons§¥FEﬁW1%O fﬁﬂ?nﬁ?%??é?%s that

that tﬁé?m&bﬁ&ngféﬂlétagl§ ehflve BaVBemhiDe&RBhnsion
expansi on coefficient of |ess than about 10

gqﬁﬁégcg@anpf|§¢a@ethan 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.

[0029] Referring to Figs. 1, 2 and 7, an important
consideration 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 36 behave as a non-compressible
fluid with a volume “v”, distance “d” may be defined as

follows:



at about roomtenperature (e.g. 25 degrees

Centigrade). In sone enbodinents, the material of
w@onghsises i on may have a thermal expansi on coefT/U810831039449

of | ess than about 10 ppnide?ree Centigrade, or |ess

than 1 ppmidegree Centigradel0[0029] Referring to

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

successful |y practice inptlintd #ifﬁography t echni ques

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

the detection systemof the present invention is

c Lqured_tq take.ad e_of _t hange, .|

oI B3 BeadsBuB T R R B EIERE Y Pt Bspoor

As3uni mg heads e3d, behavecabiaanaBncoefipresssbheorf Roi dnd

with a volume "v", distan "d" may be defined as

f YRVEWSNapenS00RF 55584 Pé%PUészglé§§&&§lofosyffe& Lo

whehgeAohs %r'hﬁ%bdbEbBEeg6a&ﬁar€§§%Hr9%.bYWQQQ St

23. To that end, the conbination of CCD sensor 23 and

wavesshapieng 6opphcsd24apalrtodigotmhwadetredi obhsy yodmmeoof

sense _one or re beads_36.i,n _region,22.. W.th.first
SEBE PRl o2k BRafsa RoBroViran CAFS PAEY fRetLaR aFes
one akspphietbaadsedbwpravi das eaecbahead +36 wWst keddced and
area 40 associated therewith. As distance "d" is

r SHREEH25Rd 265 GBREFal BLO6EGhRE IFAL 0 CRBERSRI WALh beads 36,

ceBhAcksWibh Bead$s36, ThEQMBERPSLER 1 BACHESectliates a
conpression effectuates a change i n properties of the

artange oh beapsr8éesr efethedaree 49 oliahgeds 36, referred
properties. These changes relate to, the geo ries

PRE"8F EanetaeDeRRRtIgs he BREs, SrengesOr S TR ity fhe
ofebhetatiea. olffnochBeopr esaAt exanplient Be €hange@pe, size or

properties are shown as 42 and concern the size of the
aF¥BEMesE¥c P E8RI PreRhe EBnpPREsBrEACPESGRAEPLE {the changed

ab?@pe?@iggag§e3§hbuﬁrggshagand concern the size of the

area. Specifically, the compression results in the area
of beads 36 increasing.

[0030] 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 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:

@d = Y )

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

and P, is the area of each pixel.



[0030] The change in area 40 is sensed by CCD sensor

23, which produces data corresponding to the sane.
woemeessos 25 receives the data correspondi ng POT/USE03/039449

change in the area 40 cal cul ates, using equation 1,

the distance "d". Assuming CED sensor 23 consists of

a array. of pixels i stan 'd? is_ascertained
b§8h§6gLsso&1¥55VP PBEgRt 8aéal?gmpﬁ@ngqﬁéf?gn:gkﬁ) d
=r&&orat iBnWher ecbPskasbhe2tot Bht nygbges9t-cli X6l Scklirately
the Nx Marray and Pa is the area of each pixel. WO

208a£85859hepareraS2008Y 089449 ined] 863 iplWpWA : vol une
of beads 36 being fixed, the resolution of CCD sensor
23 that is desired to accurately neasure the area A
may be defined as foll owsy p@3)- £d~~bd Assum ng t hat
the total volune, v, of one of bédds 36 sensed by CCD
sensor 23 is 200n1, i.e., 0.1 nmB and d = 200nm then
liquid filled area "A" is 1000mR2. From equation (2)

i Asgapibg dbter hhaedotadt vohemdesiy edf pasoblt beadef 36
CCD sensor is 5me. [0032 t.should b ot ed t hat
T REedoPY 2 RS o BEEF o7l CRetOPHLa TeBabalkll Bhp a1 @ =
opeoahl 0Bhehnlifusdmanneed adest anceisdioovymbe From
calculated multiple times until it is determ ned that
t AEUBESPPed2di $FaMeE Pa" JRhSTHEBAD FRathkhe daehred

calcuhati gAS PRy cBespRELPr g8didyBamcally in rea
time, or sequentially, wth the distance "d" being

déoesei ned as. shouiénkat abtedvehent srofesapri A6 hemdbe

12 along.the Z axis,ocgur.. Alternatively, _or_in

SEUPL PR Phef o FBeRPekoatesP SEERALLEE. | nifaphls manner,
caisyaheat ran whiyhba caeaulycdd whatiphel vdREs until it is
conEute(-readabIe information in the formof a

| dokeupingsl EhaY. thpedpRtspAutiiohanae| 08k- has been

reached. Such calculations may be performed dynamically
in real time, or sequentially, with the distance “d”
being determined as incremental movements of imprint head
12 along the Z axis occur. Alternatively, or in addition
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 information in look-
up table 29 may include geometries , shown as 3la, 31b
and 31lc as related to differing distances, shown as di, dp
and d.. In this manner, information concerning the
geometry of one or more beads 36 may be obtained by CCD
sensor 23 and received by processor 25. The information
is then processed to relate the same to the geometry in
loock-up table 29 that most closely matches the geometry
of the one or more beads 36 sensed by CCD sensor 23.

Once a match is made, processor determines a magnitude of
distance d present in look-up table 29 that is associated

with the matching geometry.



up table 29 may include geonetries , shown as 3la, 31b

and 31c as related to differing distances, shown as
wala004ak559and d.. In this manner, informati on CPOT/ESIVWIEI449

the geonetry of one or nore beads 36 may be obtai ned

by CCD sensor 23 and recei vet? by processor 25. The

tion_.is then.p essed.to relate the sane to
RROLAE Lo raciRe L PR P REERRRE 68 ERuEeRaerS .l avel v
nehshestéhesgeesebryrioktt Bebeneate DBr 8nleadEe8630 may be
sensed bg CCD sensor 23. Once a match i s nmade,

pPblessk aﬂe?b?nﬁh§§aaCﬁaénFP@H@b@FWGGPsﬁaﬁcbedObtalned by

PRER 43, LABkeum bebkep Bl b seoRbel ottt .
PﬂﬁfUSQ@@BI@39B#9ané2yk®ﬁ§3théddymmenay bhf beadti 368 an

conce{nin%ﬁ characterjstics OE first ubstrate 26 gnd
WaPer-39H HhySbEatPRePCEHER éranFH gergte 26 and wafer

t ber ghet MECA- FBYMPRQDt ahB8dmbBY £i 288! ¥&hBErhbe bkUides in
geonetry of one or nore beads 36. For exanple, by

anaf y2shgpl Aee shrmand ywafeheklisl B8 st arggtend plane Ps.

t f
e R e SRy e
arhdisl plenetPy andaweberno3flaki bs empaogedond peasemine

sum ng_area_40 is radi mmetrjc, any | oss
FhaFAgF SHHRBEr §2 i3 r%ﬁfqﬁérégﬂﬁka of@ ¢ tsrtend
dgkeLm oe t&héﬁefhﬁé%h@kaneAEél@B9n§§§9nddQEQ”@oH@eQﬁlng
not extend parallel to one another. Additionally,

dehe esbaperaf ngreahéOshapetbisaraae4bhei hacki efcnsdial

Qfm%SEg Ofﬂ£9dbgleméigg?neﬁb.gg¥epglggP %egn Ye o formed

ermn angl é etrween secC
pbabteseP1f andt PAndndecbhear planes pheindep, fandst therefore,
substrate 26 and wafer 30, shown in Fi

. 8. As a ,
_rE§EW?enuﬁHE§Fr%Hb?HFEEﬁe§§e§n?nWFﬁﬁFlgPPnEhPHQansﬁlg 8.

RY Qerééﬁfﬁtahﬂégs§9gd therrhoLgesayRpi dg r1ﬁ£hﬁ§ layer 34
information nay be obtained, as well, suc

cmaYahenascent@inedrsndsubberafereﬁ @Vomaéér 30tber

b?ﬁ?ormation may be obtained, as well, such as the
contamination of first substrate 26 or wafer 30 or both
by particulate matter.

[0034] Specifically, the presence of particulate
matter on substrate may manifest as many different
shapes. For purposes of the present discussion, one or
more beads 36 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
contamination, as well as the presence of the defect,
e.g., on first substrate 26, wafer 30 and/or stage.

This information may be included in a look-up table as



by particulate matter. [0034] Specifically, the

presence of particulate matter on substrate nmay
wooithesh4 as many different shapes. For pur poBeBUS$003/039449

t he present discussion, one or nore beads 36 having an

asynnetrical area associ ated 183herewith may indicate

rese of particul ate contanm nants on either
fg?ggu§55 gezéothﬁéfBFO§SSS°EuPPMeF %ﬁseﬁyat%e defect
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papﬁpédpaglﬁefect such as particulate contam nation,
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[0035] Referring to Figs. 1, by anal yzi ng

i Aederaened ﬁtodnﬁﬁ@r@ngnﬁnéeseadghesﬁowmaagesaafammatlon
3§§ﬁéegcﬁegko e%égs? nb%gd§50fe%gggghgha%%edlgcussed

rate 6 and warer
cabewuer. enhbgumdetebented 38t dnﬁfeﬁengaﬁuthsuE@Qantlally

distance information for each of beads 36d and 36e is
defEPRiLABd d¥earscGhargesabbyEneadsgarngUsesds ficdtand

3§§bgé¥b€8 erébaahgahhxo hdefkheah1ateagactN@ngeswi Bn
the areas due to first substrate 26 comng into

nﬁbhahdcéb sohssenttihddiywchh ssheul webe Sabstasubskbikate 26
e b rate 2 nd
stag? 9 Sara?ﬁe “8n %YtﬁéralsFinéggatgs"élﬁﬁuPae'

bedum|WGnmﬁ0beruhegb@m dZerApygdiohf epencanybeat weerchbhe
areas of beads 36d and 36e after nechanical contact
wPERYEPRstheupserst ef3beady BEdapifi BeaBifEcromerpprical

suBstratey2bnard wef e3P APL BB REyPREALLeL pRLERe to

first substrate 26 and wafer 30 not being parallel, which
could result in a non-uniform distance, “d”, between
first substrate 26 and wafer in over region 22. Further,
the angle 6, formed between first substrate 26 and wafer
30 may be determined from this information, as discussed
above. Assuming that areas of beads 36d and 36e differed
initially, similar information may be obtained by
comparing the relative changes in the areas of beads 36d
and 36e that result from mechanical contact with first
substrate 26.

[0036] Specifically, it may be determined whether the
distance “d” by analyzing the relative changes between
areas of beads 36d and 36e to determine 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



could result in a non-uniformdistance, "d", between

first substrate 26 and wafer in over region 22.
wao-oooitlosss94 the angle 0, formed between first SPOBUSBDE039449

26 and wafer 30 may be determined fromthis

infornation as di scussed abd¥e. Assum ng that areas

eads 36d and 36e differed itially, .simlar
|ﬁP Fﬁﬁ?F&nZﬁaﬁnSewﬁgﬁéiﬁgdeﬁ§engoﬁﬁ5@ﬂﬁ&1tﬁ€ &P her -

Changesike,t herar 3s<of Heads,86d26an6,3364 flhalof 88kl not
from mechani cal contact with first substrate 26

[ 6O36KESpecphiredlliy, tit omey abetlerer fheetaghdtticle Offe the
ce "d" b al y t tive changes,bet ween
CRRANCE  Hordve MAIG IS ) B e RS OF L T

sulogBrat e 26eEadrwabero3@iaks. reglnnanﬁoqate@nnmakﬁnate
to . beads 36d and 36e are spaced apart an equa
dPsvaRtagegol eppmimiang aulkdpPdgsBeagfepl @ Ae@gipes, such

canuchiudad BRat hHigkst \é@ 28@4/ @pa5944PClk U%%%Q3/ 032442 of

14 substrate 26 and wafer 30 extend parallel to one
arather. fl@Bheswbgﬁrawgré6fpmswa§absﬁpamey2®ean@mwaﬁed

found extend para Q_one ano
B Ddde S0P Ph Y RHGRa B Ao FhEd P REPa e e BR Sy O
d%k@h@ﬂﬁedakaQ3meBQ%%%ﬁbﬁgoEObEagS 3kf,2380R0 BGh, 361
anot her advantage of exam ning nultiple beads in a
r 8§CoRE;) @Mcﬁ'lrﬁg FekeS 6L, 2§6@a0§6ﬁs BEPVARGI3Bjithi grea .

thalra $haRe Qhentl HARH ahﬁsﬁ3%HbSEE%§%c%§v%ﬁyW%%%F 30

may be obtained. 'This is shown by exam ning t

chlafigessi r b@&@gesgopn pranpire, 137t er Asosprorssi beadk 136f,
beads f. 6h, _36i nd_36j f|r sub rate
D8 o0 MY By F e R o 5T e AT o0 2 BF 2055 S g a6 1y SBAve
aﬁﬁel%ébonHGQQ@@tb%Q|ﬁrbﬁabnddbéaﬁe§3€h0ﬁaﬁfQ&%l@ﬁallest
pattern 137. As shown, beads 136f, and 136] have the
gP&gRest ThieaMalekEs a136§d1¢36ionhabat fhaSsespbgtrate 26

9 gat esto E%@eagﬂgE%%@ 136h hag FtB8wéHa'B§5Eha%rg§fer 30
I's may be an indication that first subsirate 2

is bowed. From experimental analysis several different
information concerning differing types of compression
patterns may be obtained to classify and characterize
differing shapes or defects in system 10. These may also
be employed in look-up table 29 so that processor 25 may
match a compression pattern sensed by CCD sensor 23 with
a compression pattern in look-up table 29 an
automatically ascertain the nature of processing
performed by system 10, i.e., whether system is function
properly and or acceptable imprints are being generated.
[0038] CCD sensor 23 may also be implemented for
endpoint detection of the spreading of imprinting layer
34 over wafer 30. To that end, one or more pixel of CCD
sensor 23 may be arranged to sense a portion of wafer 30.
The portion, shown as 87a, 87b, 88a and 88b, in Fig. 8,

is located in region 22 and is proximate to a periphery



has a concave surface, i.e., is bowed, or that wafer

30 is bowed. From experinental analysis severa
waledokessssd i nformati on concerning differing tRQEEES®N3/039449

conpression patterns nmay be obtained to classify and

characterize differing shape$50r defects in system

10.. These ma e | ook-up. table 29 .so
Rie [BPECatats 28 rty StndLER T RonpRastrBRnsa: PoffoLred
SﬁagﬁthMeCIIkﬁeEEQ% %ﬁsﬂhbﬁ 912@MEV§§SC@B BahkBEN2BNmay
| ook-up table 29 an autonatlcally ascertain the
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spreadi ng of |npr|nt|ng | ayer 34 over wafer 30. To
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shown as 87a, 87b, 88a and 88b, in Fig. 8, is located
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an endpoint detection systemthat indicates when a
dBEPréfHaErsEanEeTEdonfa87Becf 7HchBBeand BRBr eBpta

r@éHEEkHQn?ntﬁQrEéﬂéngsOEoHﬁéH§c§§eBOtEobgbcéggbknb5”9 In
| ayer 34 of desired thicknesses. This facilitates

deeepAnaengprhecmagni BEdepefanevenenhal hpmpremehbadf12
shoul d ert.a in.order facjlitate_ ap int _of
ODPERREnGeRay £7 581 485] phe aREEABREL ARD pkERERR' sTker
d@hb@tsataezprgﬁanwafeﬁ Bnprlnltngu@nyer 34 proxi mate

gortlons 87a, 87b, 88a and 88b, data concernlng
tﬁe 38he | sRebAKGAPGatedFigSpr dcedsdhdobl fp accordance
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I mprint Read I XI ng t e di stance " between
f desection system may include one or more photodiodes,

four of which are shown as 90a, 90b, 90c and 90d may be
included to facilitate endpoint detection. Photodiodes
90a, 90b, 90c and 90d}include wave shaping optics 91 and
are arranged to sense a predetermined portion of first
substrate 26, such as 88a. However, it 1is advantages to
have photodiodes sense portions 88b, 87a and 87b, as
well. For ease of discussion however, photodiodes are
discussed with respect to region 88a, with the
understanding that the present discussion applies equally
to use of additional photodiodes to sense regions 87a,
87b and 88Db.

[0040] To facilitate endpoint detections, photodiodes
90a, 90b, 90c and 90d are positioned to a portion of
first substrate 26 that is located proximate to a

periphery of imprinting layer 34 after “d” has reached a



substrate 26 and wafer 30. Although [0039] Referring
to Figs. 2, 7 and 11 in accordance w th another
wenedssFent of the present invention, detectipPOI/BEyEIE00EI449
may i nclude one or nore photodi odes, four of which
are shown as 90a, 90b, 90c antb 90d may be included to
C|I|tgte endpoi_nt detection._Photodio
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enpl oyed, as an endgoint det ecti on {Sten1as di scussed
abBRELWF {9 r E_PeEL Sfo ERD SBRESY 28 lipbhnrehlerging, from
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pabéessateds therebvsneduthhgr baei phweronfeppt hgal energy
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not conpletely
imprint 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, 90c 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 photodiodes 90a, 90b, 90c and 90d is that data
acquisition is faster than that provided by pixels of CCD
sensor 23.

[0041] Referring to Figs. 2, 11 and 12, another
embodiment of the present invention that facilitates
determining characteristics of first substrate 26 and
wafer 30 without knowing the volume associated with beads
36. To that end, the present embodiment of system 110
includes an interferometer 98 that may be used with the

CCD sensor 23 the photodieodes 90a, 90b, 90c and 90d or a



attenuat ed, thereby reducing the power of optica

energy inpinging upon photodi odes 90a, 90b, 90c and
w®m4/05BMot odi odes 90a, 90b, 90c and 90d pr odUPET/ES2003/039449

signal in response thereto that is interpreted by

processor 25. In response, ptbcessor 25 operates to

hal t nnv ment t head 12, .fixing the
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characteristics of first substrate 26 and wafer 30

mﬁﬂﬁ@udlﬁa@aﬁﬁglnhénv@pghﬁaésﬁééhapéd1%F?ﬁf§§9@§te3698 is
at e r t Lmen 1

" Rabe e P PLESER: sPRROLE el pBLEGDy,

t hateCEPrseaser 28 bherplibtodeddeat80acg26h, 9Bdland

QOﬁﬁor a_ WD 2004/ 055594 PCT/ US2003/ 039449 17
PH&PPohCBf SBBERT AS- BPsEGESEdTEHOTE, 2éyst em 110

i nebudes wWay8eSBAPi A PRLFERetyaREct 2dtatb8Nd80UEREning
16 and a mrror 20, inprint head 12. Inprint head 12

r digtascef | ﬁétwsgb@ptahévzegdagsggéaeoppé@Kmétmaﬂer
3gbncg&59n§ﬂ£ﬁé §8%ng?9v8Y888rEf e§8§g§614 An exemplary

Processor a conmmunicatron wi th inprint
headeizersmaQEy1éystemdéapnoyedochaeéﬁurécalseasoe 284~
and interferqneter Al so di sposed in an optica

paPhdGFCFhPe féPoHE%E?d9§tP§eSaPGBe§B APPLOFap5OphRpmDeT

e@@?b@é gobeag pr odugednbygninbher 6¢5eARECELOTRBrint
reflected onto region, ?
Lithography”, which in 1ncorporated herein by reference.

[0043] Employing interferometer 98 facilitates
concurrently determining the initial distance “d” and the
change in distance Ad. From this information the volume
associated with one or more beads 36 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 displacement
measurement Lp. During the same time, wafer 30
displacement measurement, Lg, may be obtained, in a
gsimilar manner. The change in distance, Ad, between

first substrate 26 and wafer 30 is obtained as follows:

(4)Ad = |L, - L



all om ng CCD sensor 23:to sense region 22. [0042] Use
of interferonetry facilitates determ ning distance

w0 dbo4msIstkout havi ng accurate informati on concECTIUSZI03/039449
the initial volume of beads 36. An exenplary
interferometry system enpl oyed8to neasure distance,
"d",. . is,.described in United State at ent | i_cati
H5APS° 187520 B v (IR b= Sy S Pt LoD
| BBHEBE 2bi EBogeaphyineWbhehchangaCcenparated rhenei BrBYy more
reference. [0043] Enploying interferoneter 98 ,
f 8éi Prpdeed6 asnaufreftipndefethentrgathaumpeti 8f pixels
diat afgen dnealdl hiite GBABESLN:E aLANGeneda Fr Al this ¢,
i nformation the volune assocliated wth one or nore
beads t36admyubbepbbéi nédel Boinewxwaiphe pnenver merenbeards 36

98 may be | oyed to obtain_tw neasurenents of .

{ PS5t “SHESEr AFePEo atit Vi et PRG CPFALs PHIPEAGOfoPixels
t 9nobhath bhesbrsmbstr ataadi spl aceMmBhseARASULENENtFrom

LT. During the sane tinme, wafer 30 displ acenent
nehegeetwnt valvesntebehaboai aedpikels, <imi,l drs defined as
manner. The change in distance, Ad, between first
stpdtpae 26 and wafer 30 is obtained as follows: (4)

Ad = IL'T -L"1I WD 2004/ 055594 PCT/ US2003/ 039449 18
During tines t1 and t2, neasurenents are taken with

CCD sensor 23 to deterni t he|changel in area of one

ore nore of beads 36qgglgx‘Unc#ﬁﬁnqg? t he total

nunber of pixels in which one or nore of beads 36 are
sensed. At tinme tl, the total nunber of pixels in

whirch eneatiomer @ beddS 8Be mméusenfedissanpgt, At tagebe

t2, the total nunper of _pixel in which one.or nore
p2REE 56 Tar £ oA BT o Ofp 5 orF BT O HESe SEHA 98T Ges. ¢ he
change in pixels, Z~np, is defined as follows: (5)
inP = 1np2 - nPl Fromequations 4 and 5 the val ue of

di stance, d, may be (6) d, = Ad/an, h,

(7) d, = bd/an h,

where d = d; = d;. Knowing d; and d. 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 following

equations:
(8) v, = dlhm.x pixelsizel
(9) v, = dzhﬂ x pixelsize]
where V = V; = V,, and !upl X pixelsize) = hpz X pixelsize) =

A. When first substrate 26 and wafer 30 may be
maintained to be parallel, interferometer 98 may be

measure outside of region 22, shown in Fig. 1.



obtained fromeither of the follow ng equations: (6)

d, = bd/Anp~pl (7) d2 = ~d/ On ,)"p2 where d = dl1 =
walo485880 ng d, and d2, by substitution we carCcDL$®DIN039449
the volune V of the one or nore beads 36 being sensed

by CCD sensor 23 by either of12he foll ow ng

e tions: Vi=4d 1 i xel si ze) = d2

hgﬁ RTBiRE %%E%ffﬁEEW%tgf %gsur%@enﬁﬁng9P¥§ pExBpde
S%réﬁimatepgoxapbé§£e§'oze}e 1oﬁAtheerfékﬁbnéﬂﬁﬁtbégﬁs
26 and wafer 30 nmay naln?alned to be parall

i Bfer f énopbiermggnany bhe ﬁﬂbsurétéuﬁbaderﬁrﬁégﬂ@n

2 in Hg. .1l 4/ 055594. PCT/ US?2 39449,
T SERERTIE SbBrape SrEve, SRR08T shentIoTHod o Be-
nade berehta&hédtémpl@?ﬂhgrspétéﬁglmo 2ghowh EKpamglngz.

beads In this nmanner, the substrate

cﬁapéeleruthe eTRPdiRERF 8nObbE AR NBECHEPhglBYEREAPRD,
SHQ@@r&BeE'QboJe aP@yeQém%PéﬁYnedM§H9|8Méﬁ§e§y§53"1
110, shown 1n Fig 044] The enbodi nénts of the
pmeéeﬁncanwens|may Heswafbetoabbeedaselegenpl aegitilny

changes nodi fications made to th .
GrBeree PR ec oot AEBy ATy, Bfe CREPRF ngEnf bR fnvRBtLon.
SEBQ@eQBréhethévgﬁprHQf dher eheertr ibhesaeape bé the

i nvention should be determned not with reference to

t AetapBvBedesetri PitBnretpuenrasteaihshabpyepeescription,
deher Fhaedaul LhotiehehengeeLoniReq APPANEEFeELALES o the
along wth their full scope of equivalents.
2@@9&6656941§{m$LEQO@Q/@S@M4@he26 fV%ETsC@PéLQfNED | S:

1. A.neihog for determ ning characteristics of
equivalents.



first and second substrates, said nmethod conpri sing:
formng a volune of fluid on said second substrate

we a0od/osssbaume of fluid having an area associ at ePCT/US2003/039449
therewith; conpressing said volune of fluid between
said first and second substrdfes to effectuate a
cgﬁgge EnCLREﬁg rties of said area, defining a changed
pfﬁp€f§+€3&—3e4§%gg‘said changed properties; and
determ ning characteristd cs.of said .first and, secqond
substrat€s as fml?r%%’toldzﬁcI Ogrf d;.eézletf W&r{l@e&%aprragﬁéeﬁ%isce&s},cs of
defiirst ngnaeasubad ehiBsacheebsst kasd RAethba BBipodsasg:
recited in. claiml wherein said properties are
geonet ri ELTHINE t2I IR Lisdilwid YJeohtd isacond substrate
' BaludiBgunsi &8 £3028Cna0dngY IHELEs J5olBEaELNRH RS i th;
recited 1n claim erein “said properties iIncludes
an expansiampmdssiaigl ddid drdlonge @f edetiet heatpden said

itjon qQn said.secon bstrate._4. The nethpd as .
PR rebaint s Erhes SRREF srhest bPnErseentatoor naspge in
f bubgetuithepri Behydascdepaskthidg &i FEbkngRd peepheties;

spaced-apart drops of said fluid on said second
subst r at &SIHH D rifHes SThrpasd PrRamel g9y t4et i ncl udes

conpr essi 1d £ ﬁpgjﬁgg : , f
a change dléﬁ:ez}q‘lélgblr#eg{ ?C;h of one g@lscggl é&fsistfagltd eﬁ;lnl?é it
seeondddesopstrbteshesnet indcasoneoift edidnchbagedl
wherein_.said.first drog has g fbrst geome ré
aBEBRFAT &85t heP&w tRY BRaSEAPd §8R0RGTGFOpThES a
second geonetry associated therewith, with form ng
sai d vol ye of THauin@thad ey rddidldddas daRasi tii Rtherein
first and second spaced-apart drops of said fluid on
s8RrYIsREBRATELBSt PACeIBANCEEABFeSSILAGE RO S00R) 8555940L
P 0 : sald.vo f h j des
c%%%bggggﬁé ggégagﬁﬁéf g% e's%ggﬁg gﬁgpgppggg¥?éctuate
a change in said first

3. The method as recited in c¢laim 1 wherein

said properties includes an expansion of said fluid to a

predetermined position on said second substrate.

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
gecond 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. The method as recited in claim 1 wherein
said first drop has a first geometry associated therewith
and said second drop has a second geometry associated
therewith, with forming said volume of fluid further
includes depositing first and second spaced-apart drops

of said fluid on said second substrate and compressing



geonetry, defining a changed geonetry, and further
i ncl udi ng conparing said changed geonetry with said
WG emansssgeonetry to determ ne differences theredBUSI®E039449
defining a variance, with determning said
characteristics further including deternining said
chat ac |.SLi ¢S : ' f i.d_vari Q. h
reataaSLuRk FReEeR AHEThEER RompRctatlh B0RE. fhretEng
cbaraatiedirspisc s of dffbecubnnel adehadekennm Baig farst
di stance between said fjrst and second substrates. 7.
THEORELRYd 98friBinded FHaEESaWEfOWﬁéFXPnanéeFEFﬁgﬁan
chﬁ&@ﬁhgh?SEbﬁgakwﬁghgaianehaﬁgédd%@%&gk@yHQitwhghhar
said first and second substratés extend parallel to
osecaendt pepme8ryThe dethovnias dédifeednicescthemebesupdn,
fhr§t .subgtrate lies %th Eggg&mpl§%e agd sai d second
substfat'd @ "85 PR°5 " s&cond planelP0r§iﬁglgn angl e
WehBraatdrictsts plhiabRerwihbldatiagndeicegmsaibdg said
characteristics further including determ ning said
affprEacteriRbifst A§d2as UREERPBd Oifn SGREi YRT 1RRERei n
sensi ng said changed properties further includes
acquiring a firgle iMAIRDPHLA LY QY Ofn AL rPeCUMrein
substrate in which said volune is |ocated before
coapeeyshnaggsahdrackamessfchl fudtand aogdifeagdatermining
sgcand. LIRgR 0l 80l d.180k0n.af Ler compreassing. safd,.
vol umme ~8t*“f Pard “and conparing rnrormation’in-sa
first and second inages associated with said vol une
of fluid.710. The meithed ass rreciitted iim cdlaiim I wherreim
s%id characte%%stics ar e sele%ted froma sst of WO . |
2B64FEE580RIPETAURSHE3/ 658950 - UFSERar gEL RSt AgSermining
CRRELBELNG 9 2iPEeSERAEBEsAbon6ORLARLRAtANexRefBabhRh11el
relati onship, and shape. 11. The nethod as recited in
ckai angoahgthker

8. The method as recited in claim 1 said first
substrate lies in a first plane and said second substrate
lies in a second plane forming an angle with said first
plane, with determining said characteristics further

including determining said angle.

9. The method as recited in claim 1 wherein
sensing said changed properties further includes
acquiring a first image of a region of said second
substrate in which said volume is located before
compressing 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 second

images associated with said volume of fluid.

10. The method as recited in claim 1 wherein

said characteristics are selected from a set of



including adjusting said spatial relationship between

said first and second substrates in response to said
woremgssl spatial relationship to obtain a desPCBUS2003/039449

spatial relationship. 12 A nethod for determ ning

spatial relationships betweed2a first substrate,

Iﬁkng ig a.first plane,.and g second substrate I yi ng

i i8r8& SH&SﬁFSﬁeC°n§éFElﬁ%tﬁ d2cBRFFRECRgC Tt orming a

vebHRBmOhathBhd anspatdasecendrsvhshliat e angakdapal ume

of fluid having an area associated therewith;

conpressing said volunme of fluid between sald first

and seconid subﬁhﬁatﬂ@é:htoél &ff eqidied alretdipgen 49 further
\%ﬂgﬁ%&&g@pr 'tgngr 6§21 q98§ EEHQ @ﬁggﬁgnghgge%k%éen

sai ertle are se ecte rom
psamerfﬁestianﬁudengndSEEBStshape andreypmebeyto said

sensin ai d changed_ properties; deter ni.n
sBﬁP?H% eFBf"FéﬁEhFﬁ g &BE 1BaF8 P &t Nafd 8&6%8 spatial
syg§55§5§§h§§ a function of said changed properties,

defining a neasur ed spatial relationship, wth said

spatial relationship selected froma set of
rel ati onstd ps ifn@aidiody feirs Catee Harvise Radi i@ Xf i r st

a a d,a be |
et LA pL R oBRa08; 100! B LOCRGGPE VRN, 308, girer
cbéanelZamﬁeaebacohdrHhhgtsatd vokung ah &l sedohdr phane,

i ncl.ydes ESBOSItIn first and second spaced-apart

dPop dCPWBF SdA98ai d second substrate and

conpr eSSlﬁtS]rml&aj h vl for thiefid i siel sies SMHE SR rate
said first and second drops to effectuate a change in

t Reidrsalomesafdfinidt havepg WD 2064/ @55594ated therewith;

PCT/ USZOO%%%“%&%%&?{ LU N ﬁaf‘ﬂﬁdd fidiSledH &ia

and further npari ng e area sai d
CﬁaﬂgedaﬁdrSécandasmbehrhhes to effectuate a change in

properties of said area, defining changed properties,
with said properties are selected from a set of
properties including, size, shape and symmetry;

sensing said changed properties; and

determining a spatialbrelationship between said
first and second substrates as a function of said changed
properties, defining a measured spatial relationship,
with said spatial relationship selected from a set of
relationships including distance between said first and
second planes, and an angle formed between said first and

second planes.

13. The method as recited in claim 12 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 the area of said first drop,



area of said second drop to determ ne differences

t her ebet ween, defining a variance, with determ ning
weaiodosspati al rel ationship further includi ng PCT/US2003/039449

determining said spatial relationship between said

first and second substrates & a function of said

variance. 14. The nethod as reC|teg in claiml

whef eRhn9sanshAgaedi 1 FRangES  ar 88 fEPFEE?rlﬁEFEHg%ng

a@SM?ék@ﬁgathE'5§Ea'8§9§a9& @haﬁgéenf9£s§a59e§e&993 the
substrate in which said volume i's | ocated before

canpaeg§|ﬁgléasdcvoﬂud§09ftOfd@taramdeadqﬁferﬁgcas
second e of sai.d.regio essin
vg ﬁﬁ%b8EH dgganégﬁpé Oa9££§5 B 8 £ gmfﬁggg said

Fii d aring FR” Sal

fépat1amdr§eaamdnbﬁagesuﬁssec|ahemudmhghdsaedmyﬁhugeSaid
of fluid. 15. The nethod as recited in claim13
aBPakiphgredardouphiPaPerBraRi BRsHI pibet weBA sarand

fgﬁﬁgtfgéeéesgng FAHRSI AL 88 LB1HCIRPDSACLO said
nmeasured spatial relationship to obtain a desired

spatial relationship. 16. A system for determ ning _
char act erli%st i c§hef meghpidr sts Fe@lssttiest én [oliadg i1@ aherein

f%éﬁg laggid cg ﬁgggcggga P§££§t?nghxda 5c girang a
sécond pl ane"an a~volune: of %ose
thefeen;magedosysteagmonpbfssagd aedbﬁﬁlaﬁBHEﬁhte in which

nmechani smto var¥ a di stance between.said first and
séedftdvelHeer afeloGRrtRdsBPHC R SPRREESHLPENPAIaVgapme of

“ElﬁléahﬁdVQEHUErQB féuéQcBﬁ&'Eﬂagénoﬁr§§1éS§Q§héhleter
therewith and 'said 3lsp | acenent nmechani sm adapt ed

cgqppessssagdsa@ﬁunelumefbﬁuﬁlubétaeéncgapdrﬁngst and

second s bgtrg%es t gffe tuate a. g associated
p%o%g Pf&ed8f *4ai rea |n|ng ceh ngeag proper i es;

Wi 2R044 085584 uRETHES20A84039449 24 a det ect or system
to sense said changed properties and produce data in
response thereto and

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.

ls6. A systeﬁ for determining characteristics of
a first substrate, lying in a first plane, and a second
substrate, lying in a second plane and having a volume of
fluid disposed thereon, said system comprising:

a displacement mechanism to vary a distance
between said first and second substrate, with said
distance defining a gap, with said volume of fluid having
an area associated therewith and said displacement
mechanism adapted to compress said volume of fluid
between said first and second substrates to effectuate a
change in properties of said area, defining changed

properties;



a processing systemto receive said data and produce

i nformati on corresponding to a spatial relationship
whedmoesssosai d first and second substrates as BCT/US2003/039449

function of said changed propertles defining a

measur ed spatlal relatlonshlp 17. The system as

recited in ¢cla 16 wh c aracteristics

sel ected ¥ réc:) tec ft Bf° %ar ac erl st |%1s§c§1r15| et& r &?ertles

aaﬁde§26@ecefdaean&anr@apbﬁﬁe ahspatbalahalatlonshlp,
and shape. 18. The systemas recited in claim16

wherei n SHPIHTYED i BEER RodRiasies seiedadd %
§§S&ueé 1%88§R%E&Sﬁ baekegbeadlﬁgzeo éhgggﬁggg

netry . hod as reciteéd in c
whelet nonshig peopeehi esifinfiudesand egpanéienbetrsaEd as
flut to.a g%edetg nbned osition_on sai,d_second
sBbSPPEEEOR28T FRaIsGSRRAT sPFSEFFEaan SF&FHEE @
whessiBedsapdtdhgpk-acaneshsaeghani smis coupled to
receive said information and adjust said spatia
relatlonshlp between said first and secqond substrates

in resporiske t hdhst GYiSs ebiEaitie cd [FosilfeF 1S34at il§ wherein
r@é@&leﬂﬁyaete%}sthg systemuasceaCELed hnsetapm 17

wherein said detector system further includes an
enhapacnerldeueetConssysueg1Dﬁ sepseseheeppésence of
aid_volu re dete n1ned oshtlon on

e LR AR R VRS e

systemas recited in claim17 wherein said volune of
fluid furtsher IMel uwdes i St rard teecdid clsdacad apartein
drops of said fluid positioned on said W _2004/ 055594
PE?%@BEG@BFGE@&&gar959§8@8E61§EbEFiEFEe mfrﬂmsaiaet of

dgé@héQ?E@Btlﬂgﬁﬁéﬂh m sadapt gflabe SHHPE?ﬁ§e992
said first and second drops to effectuaie a change a

geonetry of one of said first and
19. The method as recited in claim 16 wherein

said properties includes 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. 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
liquid at a predetermined position on one of said first

and second substrates.

22. The system as recited in claim 17 wherein
gsald volume of fluid further includes first and second

spaced-apart drops of said fluid positioned on said



second drops, with said detector systemincluding a

CCD sensor. 23. The nethod as recited in claim17
woberesis94 sai d vol une of fluid further includeBCHUB2005039449

drop having .a first geonetrg associ ated therewith

and second drop having a secdhd geonetry associ at ed

therewi.th, said first _and [

. d.d b .
SpREeHTapHPECaRGSpodi HoRed 0N “BAPGCEEbNESBE Pt e

Wy hhpsailde di sphpeesBNbnBEehanhs M fadapt addt 8eeBHAr 886ps to
said first and second drops to effectuate a change in

saffefrratcandcbapgnrdagesaBeEr¥sOf geri ptngaadchangedand
. _ _ . 5
EéégngeSQBE%%e@?ggagggﬁngggeé@SEgggﬁgg%gghEgudﬁgbaﬁdCCD

f

processor ¢ conpare t ang I'rs
seeandrgeonetries to determ ne differences

t her ebet ween, defining a variance, and determ ning

said characterjstics.as a function of said varjance. ,
24. The system3e M&HNWY 3% TQH MU 7 '"hawséﬁkifreln
deheat Lenuaysbemeiuiihenrt Aekudesianeknterf @E@MBEk8p having
to determ ne a di stance between said first and second
sabirgtegeometry associated therewith and second drop
having a second geometry associated therewith, said first
and second drops being spaced-apart and positioned on
said second substrate, with said displacement mechanism
adapted to compress said first and second drops to
effectuate a change in said first and second geometries,
defining a changed first geometry and a changed second
geometry, said processor connected to compare the changed
first and second geometries to determine differences

therebetween, defining a variance, and determining said

characteristics as a function of said wvariance.

24. The system as recited in claim 17 wherein
said detection system further includes an interferometer
to determine a distance between said first and second

substrates.



