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35 imprint head 20 to facilitate movement of template 14. A fluid
dispense system 22 is coupled to be selectively placed in f£fluid
communication with substrate 12 so as to deposit polymeric material
24 thereon. A source 26 of energy 28 is coupled to direct energy 28

along a path 30. Imprint head 20 and stage 10 are configured to



along a path 30. Inprint head 20 and stage 10 are
configured toarrange nold 16 and substrate 12,

WO empoedsevel y, to be in superinposition and i sPAI/Epme®H2638
in path 30. Either inprint head 20, stage 10 or both
vary a distance between nold 16 and substrate 12 to
define a desired volune therebetween that is filled by
polymeric material 24. Typically, polyneric naterial
24 is disposed upon substrate 12 before the desired
volume is defined between nold 16 and substrate 12.
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alignment marks, referred to as substrate alignment marks, which are
defined by features 48 and 50.

35 [0006] Not obtaining proper alignment between mold 16 and
substrate 112 can introduce errors in that pattern recorded on
substrate 112. In addition to standard alignment errors,
magnification/run out errors can creates distortions in the recorded
pattern dypa  inter 2142 L5 Cxtiddaiive varialions bevween mold 106

40 and region of substrate 112 to be patterned. The magnification/run-
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patterned. The magnification/runout errors occur when

a region of substrate 112 in which the pattern on nold

16 is to be recorded exceeds the area of the pattern

on nold 16. Additionally, magnification/run-out errors
occur when the region of substrate 112, in which the
pattern of nold 16 is to be r ecor ded, has an area
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35 determine relative spatial parameters therebetween. The relative

spatial parameters include a relative area and a relative shape.

These and other embodiments are discussed more fully below.



spatial paraneters include a relative area and a
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DRAW NGS [0010] Fig. 1 is a sinplified plan view of an

inmprint |ithography systemin accordance with the

prior art; [0011l] Fig. 2 is a cross-sectional view of

a patterned substrate having a plurality of |ayers

di sposed thereon with a nold in superinposition
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offset;

[0021] Fig. 12 is a plan view showing an image sensed by one or
more of detectors shown in Fig. 4 when alignment marks features shown
in Figs. 6 and 9 are in superimposition and possess a zero offset;

35 [0022] Fig. 13 is a graphical representation showing the
intensity signal produced by one of the detectors shown in Fig. 4 in
response to the image of Fig. 11;
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azoordanss with an aliciusaic embudiment, in accordance witn the

40 present invention:;
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30 radiation, both of which are typically included in imprint

lithography systems, as discussed with respect to Fig. 1, but are not
shown for clarity. An exemplary template stage includes a chucking
system (not shown) and an actuator sub-assembly (not shown) coupled
to imprint head 20 through a flexure system (not shown), all of which
35 are described in co-pending United States patent application number
(unassigned), filed (herewith), entitled SYSTEM FOR MAGNIFICATION AND
SITORTION CORRECTION DURING NANO-SCALE MANUFACTURE, with Anshuman
Cherala, Byung-Jin Choi, Pawan Kumar Nimmakayala, Mario J. Meissl and
Sidlaata V. Sreenivaczn lictcd oo inveisiivis atd ilaviig attorney

40 docket number P154-30V147 and is incorporated by reference herein.
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35 field of view. Specifically, detector 72 is in optical communication

with a region 200 of template 52 that comprises alignment marks
disposed on a mold 198 through focusing optics 78 and a half-silvered
(50/50) mirror 76.
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40 impinges upon half-silvered (50/50) mirror 76 that is then directed
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[0036] Detection systems 90 and 120, however, do not employ co-
axial illumination and detection. Rather, illumination sources for

35 detections systems 90 and 120 are disposed opposite detectors. For

example, illumination source 94 directs energy along path pg to
impinge upon region 204. A portion of the energy returning from
region 204 propagates along path p; and is collected by optical train
23, whidl:s fucusss Lite saiie vn detector $Z. 1n a similar rashion,

40 illumination source 124 directs energy along path ps to impinge upon
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[0039] Referring to Fig. 5, disposed at each corner of mold 26
is a set of alignment marks, shown as 220, 230, 240 and 250. Each

35 set of alignment marks includes a template alignment mark element

(TAME) that consists of a plurality of parallel lines spaced apart
along a direction, with the direction along which the plurality of
lines associated with one of the TAMEs are spaced being orthogonal to
the dircscilium <luny which the pluralivy or iinss are spaced that are

40 associated with the remaining TAME. For example, set 220 includes



substrate 56 in superinposition therewith in which
patterning is to occur. The area of region 69 is

WO 97 oasky coextensive with the area of nold 1B&I/US2005/042638
[0039] Referring to Fig. 5, disposed at each corner
of nold 2 6 is a set of alignment marks, shown as 220,
230, 240 and 250. Each set of alignnment nmarks includes
a tenplate alignnent mark el enent (TAME) that consists
of a plurality of parallel lines spaced apart along a
direction, with the direction along which the
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210 and 214, and both TAMEs 242 and 251 lie outside of region 212.
[0041] Referring to both Figs. 5 and 6, although each of TAMEs
35 221, 222, 231, 232, 241, 242, 251 and 252 comprise a single set of
parallel lines, each may comprise of any number of sets of parallel
lines, e.g., 1l-n sets where n is an integer number. As a result, one
or more of TAMEs 221, 222, 231, 232, 241, 242, 251 and 252 may be
comprised of muliinle scte of porallesl liues. In the present

40 embodiment, TAMEs 221, 222, 231, 232, 251 and 252 each includes three



TAME 232 | ays outside of both regions 202 and 206, and

both TAMEs 231 and 222 lie outside of region 204.
wWoh@rnses30 263 and 264 are established so that AEVESDA3042638

| ays outside of both regions 206 and 210, and both

TAMEs 231 and 242 lie outside of region 208. Hi atuses

265 and 266 are established so that TAME 252 | ays

out si de of regions 210 and 214, and both TAMEs 242 and
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SAMEs 166. Specifically, each TAMEs 221, 222, 231, 232, 241, 242,

35 251 and 252 in superimposition with one of the SAME 166, differs from
the TAMEs 221, 222, 231, 232, 241, 242, 251 and 252 in
superimposition with the remaining SAMEs 166.

{0044} Referring to Figs. 4, 6, 9 and 10, an exemplary SAME 166
mav he comnricad of 2 oinglc got of Efacsd-apart parallel lines, as

=

40 discussed above with respect to TAMEs 221, 222, 231, 232, 241, 242,



[0043] Referring to Figs. 3, 6 and 9 , to determ ne
relative spatial paraneters between nold 198 and
w0 e@7om88®, alignnent marks 66 includes a pl ureCT/U$200$/042638

alignment mark elenents, referred to as substrate
alignment mark el enments (SAME) 166. At |east one of
SAMEs 166 are in superinposition with one of TAMES

221, 222, 231, 232, 241, 242, 251 and 252 and extend
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pai r s240f 2beatdres aldl/8e afden@fdiifeetiion vBreleijgnhs etrseB70
and 32 dxsmp3bpsiantdradd ¥idretentdnCalvetcagthber-piatch @higet
271. TBe Spac| @g a 1%943'0% Gh, L bef-waen Bdi-acehts RAkLStPhorq

feat uf9 S 37 derl d) n}?cla:l.rll r::.r? ormaq on sdbsl:zwt:?a?&}é 1nc7ep§n§18nt of a

subst ant i al cal

272. fobast bT‘B’eT%B?Hdl jt9§taéldsréfii‘s‘?lnn‘@9 of“vﬁﬁ%‘éleé‘ﬁgﬂ‘?spltm of
pr opaRyatd nf 2dlaerng feapateh 3 haredsyredngbed doisFiiquétyii t h

I €S pegbrd=x@naz ery02 -@rlﬁer‘or@pe@u&hatﬂiy doefibeetied, placement of one
wavel engiis 221, hex 20k quer apgl eqsehected 8 1 dependend tion
upon vtllgg g@s g&gr&il% M{‘;\E 11@@’re§\§.|_t\é\qlnlsegsz7a-'%yg§ %21

31 232, 241 2. 251 and 252 an der of
dﬁ? fra %"S\l/\%\?‘élwé%“ f?w33%°ea‘§dee CRGPY §°exge‘1“ 19}‘ et

or der27a| 1fo Jr”a&‘tpieﬁﬁ‘P%éVé’lnevﬁﬁT 17§t dfk &tteRHD BP?XaﬁEl‘éﬁq oft°g,
e. g.,sstrt7a isamgerefingositipn 1B tvistth 37 2 spaetdito ceexpersie
to n'Dithrewith. Typical dimensions for TAMEs and SAMEs may be as high as
400 microns along the direction D; and 150 to 250 microns along the
35 direction D,, i.e., each of the parallel lines are 150 to 250 microns
in length. They may be significantly lower in dimension, for example
100 micron along D; direction and ‘40 micron in length. Alternatively,
the dimension along D; may be higher (~1 mm) and D, may be lower (~40

miarons) .



198, in order to obtain information substantially

i ndependent of a di stance between nold 198 and regi on
w@207Dessehat end, the pitch of pairs of adj acePtT/US2005/042638

features 373, neasured along direction D2, is

approximately 2.2 mcrons. Wth this configuration,

pl acenment of one of TAMEs 221, 222, 231, 232, 241,

242, 251 and 252 in superinposition with substrate

alignment mark 166 results in_set 270 being in
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69, rebenteds t@raSsdriesCoNt@tial 1 QYL BlghgRntedoitifialo,

end, 47t J.§ 4‘%‘?%&%@& Q@Q&Q'}M%?Qh&né@&%gﬁks not .be
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247, sfﬂazrag’fsi “ar d‘“%ehe SNVE lféén e“Slt FADOST L i 0N - o

t hor GHFEHPOTS TP HAFEBRE lfg*ﬁa%ianbl@tﬁcégﬁf (-8 ERS - ERpGP e

t enplate 252 and RE0 -t Eaplaate sehiist 1 o5 eekrpsroli teduSrapes tion

pat entsr appla7cahd om, nenbesrid0s Bl dgr#&bondsi e chpAtigtieti tib3, of

ZCN)4asets 272 and 372. A desired spatial arrangement between region 69

35 and mold 198 is present upon high intensity regions 473 among seriles

470, 471 and 472 being positioned to generate a specific off-set
corresponding to the template and substrate relative geometric
information, which may be desired or may simply indicate

misalianmant
Y X



Mbat System For An Inprint Lithography Tenpl ate, which
is assigned to assignee of the present invention and
wo goo7iessepor at ed by reference herein. [0047] UpGNUS2005/042638
sensing the first order diffraction |ight, each of
detectors 72, 82, 92, 102, 112 and 122 obtains an
i mge 469, shown in Fig. 11, of three series of
spatial varying light intensities 470, 471 and 472 in
whi ch adj acent high intensity regions 473 are
separated a distance, d , by é3lom1intensity region

474. @BLdies 47RQfé}9ng§>p9ﬂgS at Q1 dinkf Hachi MeodnbORL sensing
generdled, byt g supericimestbl on, gfofsgttem§079ng 340.

Simlar % serles correspords to su perinmposi ti'on of
sets 271 15nd" 8742 Pt Ser Fjeq§aj4’f§atcbsr FESPEAdY jrgeesser 130
superisnpasitionippimetssaz7ecaivdd 37 rro®kselesiIed TBpat i al
ar§ angenenis Betwee moregt @hsGeanthe beksd 98tH SePe@SBNDNE
upon J¥ @R 3L ARSjchdkat £ObPRS Alo3s AADNG2, S6F,1 €5, 410,and 132
apd 4f_‘702 4293!1@9 Q:&%I’E o&ggrsﬁ:%d%%ng[a@tt%e 2-‘-i'>r§ @g Iofcéu(}‘fs on each

f-set correspondin | ate. su strat
rel at |l%nalgper§leE°F? Ko %erIPaﬁﬁfnigo?lete Th® rr%y e Wésit %dnd
or mef?si Aisl Aoridircarsr 0048 fméfﬂéf?ﬁmﬁbwwaﬁu@%d by 11
and I1Rfedtprsr &5 pense, t W2sénsiang 1RIrages, isfechrtas inrages
469 andiAddviwachnofcidat &ctiel Sor7edeh 82,deO2t0 k02, ]2,

and 122 959@&1&@,@2 s %b&@gmaw@tugsﬁumg@l M&‘Ju@}i along 477, by
processor. u si,x_signal.s e recej

13 S y
1crons,1§%asur[eﬁl aﬁ.}pnq %%OWI k: prcja J_gam store 1nv\gemory §2d

by processor SS,
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r en&lﬂgl ex%%tnﬁlgzlgﬁé ozg}'lxe%g algx%’ bo]tg2dlrg'cjcgon§nd GéISZngeI-Lr e

signal. 1 nc] udes e ln ornatlon ca
detecﬁlorsg 27 m%ﬁﬁ @iimlﬁ?ngfié and® I3 ’Q
i AF OriRRt47B ST TPIELR /) BReotinghdons WéCJPF%’I WthTWFPSe%@lof
each Bt, det.eei2orx®l,/242,8251 YR, 25202d TRYD 18Md 122 iS

appr opobsmat el y 1¥58i48 6f B8Ses MRGS urieshaal @Nr4éhondbyto 500

mi cr aps, oaa@mr@zq ahongs A8, 64pr OgY, 8581 54:QrRH, kflich is
”e”orééua?ﬁ@? tée th %%%by 1%2%%9% ot39h Qo 9%”%;11‘ y

a region o t1on

f £l oesaarblvﬁhsevbw rfil\‘f\%’ﬁlﬁ‘—’n t%%BJsdttar?P? é‘Ff%?tafFFOﬁlﬁtFES “Tht SO Lee
ot herang FA¥Est frat Eenéerntilg Két 344781 47128y Yp2sizs of
om t tted.pifgstdfatetedtdys hesr.eg.om20flienhneriest XROlipndlsy,
est abht ShegsiH HerGN1BYVENRnUL td-plogd ©b R elBelsONG to be
bot h i gv@,qtmwﬂ;le 692ndlLxBLs -2l.Qna 449, and aéﬁzumm&ﬁm

al on t he di mensi ons of RO
a %uquﬁme&f¥€?ﬁ%£dlné%EIOHS associated with TANEs

221, BYP) 2312932 TouRI*eu ey HEF Ang 5T g T ANE St
166. {0049]t=The-25pz eTiof pigel jvelyed 20e ndfbpd dnth HF@ry 132 at -
corr %p&ﬂ:ﬁld‘& tgetR@ to as a memory space. BAs a result, for each

series 470, 471 and 472 is mapped into the memory space as an array

dlmens:%ns of

35 having values, from 0 to 255 arranged in 695 columns and 64 rows.
Thus, memory 132 has three arrays of values mapped therein
corresponding to the image sensed by detectors 72, 82, 92, 102, 112
and 122.
foos11 Par each of the throo arrays mapped iillu memory space, a

40 one~-dimensional array of 695 values is generated. This is



size of TAMEs 221, 222, 231, 232, 241, 242, 251 and

252, which is equal to the size of TAME 166. The
waleoveigisens of the RO 478 is established by dp@i/tib1ug5/042638

the wi dth and hei ght associated with SAVE 166 and

TAMEs 221, 222, 231, 231, 241, 242, 251 and 252 by the

size of the pixels of detectors 72, 82, 92, 102, 112

and 122. Additionally, the dinension of RO 478 al ong

direction 480 is selected so as to be an even multiple

of the nunber of series 470, 471 and 472, which in the

pres %Eon%lﬂ?sfﬂ@é 8y iSediRige- foi Q030) ¢ E@@%@Ed&ﬁ% pAnxﬁJe?»age

may ha\_{e gov ue ,associ at ged wﬁ%rtqlvm&h [ an

assocla IOWS g 1 Cco (=) onas
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ar r anggghii $Hhab25nHeLlIMNS A8 OerBdhch OMEoma ik B o JTRITRN Hasd 32

has tk@ﬁﬁ%r aIrrgr@s)é§rm E‘Fa.l)&llo}:J %SDJE@:%QQ q"o%ﬂ%[ %lzﬂxsform (DFTﬁ belng

corres ondln to the 1 nmage sense etectors

92, 10 d°wid12 HRE 155°°FO BT R dEN °o‘?le]hse ThRtee

arr ay”%le‘aﬁaéte\ﬂ Potof FEHOPY 1B AT ELn SR HETisTEendiete
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corresponds t ibst'anti a ree Sinusol

repr e@érﬁﬁat%%nge%ﬁcttlﬁ@w nfist ﬁ*ﬁﬁ? GAT %8 11 ﬂmzananbd Ag73no 2
obt aiwaetk br emtset, | 28 #¥&nidkdlviandehéd; t6 @sPpectdivekthe

Each Qfidhg $idAUSQIH8, Are, iSedd BAl 8418502 1 LiMBseVaRYiI NG
signal and is mapped into the frequency donain

ommence

enpl 0\ a Fast Fourier Transform (FFT) or a Discre t
Fourlé?l05 r ansFPoP T TR 1hetaTg "R 1A RREr D St isatf's 481- 482
addr ex8e$3 dortesporndi agttéopi xel s 0-694 . Thereafter,
the information in the bin associated with the whole
nygber of periods present,jp the RO is analyzed. The
ATAN2 function of the values in the aforenentioned

bins is determned to find the phase value fi , f2,

and f3 associated wi th eadh2st guséi-dal signal 481, 482
and 483, respectively. The phase values fi , f2, and
f3, rbavﬂlaagh 3nMAbdieoOtqunPich® 1Panadd QeddtLESNOE MM tlotution

r g§p htap él?gflegalnge ﬁia*skﬁ%eitggiso&uﬁed' Y &1ERE g

if ?‘re re eaosllre e | nt er eSt n4l:'l78 Clofn]'?c;etn\(r:l%§ate rror
[0052C] ® Sf‘tflf‘elpeﬁ& BiASe VAl UeTUBer weel s uE6i 8

481, #8ZPEAIU83 T da‘éaFéOrrm Red?ag?f gPt-ows: 3 J22A22 {3
- 2. avAtawhodgtheohiffereomes gbteguat iionsudtiardl 2nghéetk be
sol vediednhear£sediugdson

30

3) (Al - Az)/2= As.

Then the absolute phase difference, A4, between sinusoids 418, 482
and 483 is obtained as follows:

35

4) A3/2 = A4



of the phase difference neasurenents is doubled by

obtaining two differential phase neasurenents. To
wa@edoenuate, if not vitiate, error attributabl er€¢DUSIV65/042638

detectors 72, 82, 92, 102, 112 and 122, an average of

the differences determned in equations 1 and 2 is

determned as follows: 3 ) (1 - D2)/2 = D3 . Then the

absol ute phase difference, D, between sinusoids 418,

482 and 483 is obtained as follows: 4 ) D3/2 =

D4[ 0053] From equation 4 ) t he’ correspondi ng |inear

di spl gggent, F@om eQﬁLl\é@eﬁ &@rm!c@efsﬁonéﬁngamemhgpi&&“e%y
be determ ned from phase = Png

4 |t (PIPEV99D) Eeipar & SPRnT EoAhE P it SEEBErHt S it
SAME €87%11l@kong direction D1, and TAMEs 270 and 272,
and P2 is the pitch associ at ed with TAME 271 and SAI\/Es
370 and 372. In this ngnner,, detaetons 72, 82, 92,

102, 112 and 122 facilitate obtai ni ng i nformation
concerning six different displacenment nmeasurenents
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f eat ures “on erence to etall ed
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t d
130, PP et FiSTGEe BlacoRont- als, U He Vel aitve

spat Iigrnplrjxé? anﬁ *éli,ag eﬁ;ﬁy 1nformat10n concernlng the template placement

data is stored in memory 132 to be operated on by processor 130.

From the template placement data, the relative spatial parameters may
be obtained, using a least squared solution, for the following

equations:

35 6) Xs = Xp + SuX,co8(0) + S, ¥,sin(@)+ ¥, sin(e)

7) ¥y = Yo - S.X(sin(@) + S,Y,cos(@)+X, sin(o)



be obtained, using a | east squared solution, for the

follow ng equations : 6 ) Xs = X0 + SxXwcos( q ) +
WERNRDHLM) + Yu sin(f ) 7 ) Ys = YO - S Xwsi n(BYT/8S2005/042638

SyYwcos (Q +XWsin( f )where X is the neasured

di spl acenent, D, along the X-direction as determ ned

fromequation 5 and sutmmed with the Xw . The known

quantity Xw is the ideal |ocation along the

X-direction of the TAME of inﬁgrest with respect to
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the TAME is a universal alignnent target. The SAME

targets have solid features if zero order imaging is
w@eoosoes20 Wth inclined illumnation, a zero oPOEDS2005/042638

i magi ng can be achi eved using inclined collecting

optics. If higher order imaging is pursued, the

targets nmay be created as a conposite of paralle

lines with appropriate orientation as a function of

the orientation of the inclined collector optics.
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coordinate system corresponds to a first substrate lying in a first
plane and said second coordinate system corresponds to a second
35 substrate lying in a second plane, spaced apart from said first

plane.

7. The system of claim 6 wherein the spacing between the first
and the second planes is less than 1 micron.
40

8. The system of claim 6 wherein the spacing between the first

fluid.



and the second planes is less than 1 micron. 8 . The
system of claim6 wherein the spacing between the
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filled with inmprint fluid.9 . The systemas recited in
claim1 wherein said first coordinate systemis
defined by a first set of gratings disposed on a first
substrate and said second coordi nate systemis defined
by a second set of gratings dlsposed on a second
substrate in superinposition Wth said first set of
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said first direction.14. The nethod as recited in

claim 13 wherein ascertaining relative

35 13. A method to determine relative spatial parameters between two
coordinate systems, said method comprising:
varying a distance between said two coordinate system along a first
direction while ascertaining relative alignment between said two
coordinate systems along a second direction, orthogonal to said first
40 direction and at multiple points to determine relative spatial
parameters therebetween at differing distances along said first

direction.



al i gnment between said two coordinates systens is
along a third direction that is orthogonal to both

wa@ adod/oddseet and second directions . 15. The nep¢iDUSHS5/042638
recited in claim 13 wherein said ascertaining spatial
paraneters include ascertaining alignnent,
magni fi cati on and skew paraneters. 16. The nethod as
recited in claim 13 wherein ascertaining relative
al i gnment between said two co gdi nate systens further
i ncl udes sensing optical energy diffracted at an
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further including ascertaining relative alignnent at a
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a normal to one of said two coordinate systems and propagating from

said multiple points.

25 18. The method as recited in claim 13 wherein ascertaining relative
alignment between said two coordinate systems occurs when said
distance has a magnitude associated therewith from a set of

magnitudes consisting essentially of 4 microns and 1 micron.

30 18. The method as recited in claim 13 wherein said one of said two
coordinate systems is a mold with a remaining coordinate system being
a wafer, with ascértaining relative alignment between said two
coordinate systems further including ascertaining relative alignment
at a final distance, with a volume being defined between said mold

35 and said template, with said volume being filled with polymeric

material.



