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between the two coordinate systems at multiple points is sensed to
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.
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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. BAn 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
Sidlagata V. Sveenivaszn lizted oo invenluss aud hLaving attorney

40 docket number P154-30V147 and is incorporated by reference herein.
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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., l-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 multinle ootz of parallel liues. In the present

40 embodiment, TAMEs 221, 222, 231, 232, 251 and 252 each includes three
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information, which may be desired or may simply indicate
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erles 47[), 4;1 and 472 is mapped into the memory space as an array
35 having values, from 0 to 255 arranged in 695 columns and 64 rovs.
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 Por ezach ¢f the thris SIra¥s wmappsd iulo memory space, a

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



field of view The field of view of each of detectors
72, 82, 92, 102, 112 and 122 is approximately 758
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4) A3/2 = A4



wi ndowed between addresses corresponding to pixels
0-694. Thereafter, the information in the bin

associ ated with the whol e 10 number of peri ods presen
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yv_s beanééﬁéwrﬁhn@dpe&‘s to the features on mold 198 in reference to the
detailed template placement data present in the template design that

is typically information defining the placement of features on

template and, therefore, mold 198, used when fabricating the

template. To that end, information concerning the template placement
30 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) X = %Xg + SgX,cos(0) + 5,¥,sin(@)+ Y, sin (o)

7) ¥y = Yo — S;Xysin(@) + S,Y,cos(@)+X, sin(e)



15 di scussed by Armtage, Jr. at al. in Analysis of
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40 cause heating of mold 198 and region 69. If the intensity of curing



magni fi cation/run out paranmeters and orthogonality
paraneters may be determ ned substantially

i ndependent of the distance between nold 198 and
WRBHEBO | . e., solely from X-Y di spl acemenPCT/US2005/042638
paraneters. 20 [00543 Specifically, upon determ ning

the relative spatial paraneters between nold 198 and
region 69, processor 130 generates control signals to
regul ate the operation of stages 54 and 60 so that
desired registration between npld 198 and region 69 is
achleved Regi stration i s denonstrated by detectors
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beconmes apparent that the accuracy of these

measurenents is is dependent, in part, upon the proper
determining of the ROT 478. This is to ensure
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271 ond 272 moy BE esiablished Lo be supstantially larger in area



mnimally affected by vibrations. in the present

enbodi nent, the course alignnent is achieved by

i ncluding on nold 198 a plurality of groups 500-507

B0 87446880 apart paral l el |ines defining grat PRYYS2005/042638
having a pitch nmeasured orthogonally to the pitch of
sets 270, 271 15 and 272. [0058] G oups 500 and 507

are configured in a shape of an arrow, wth the point
of group 500 being proximate to a corner of series 270
and the point of group 507 beﬂﬁg proxi mte to a corner
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40 detector 72 is Fixed with respect to TAME 221 and source 880 is moved



superinposition with one or nore TAMES 221, 222, 231,
232, 241, 242, 10 251 and 252 and in proper

orientation therewith to produce the first ord
WOR2PY744¢320n wavel engt hs desired to achi eve pF’SBE?ZOWO“"”
registration. Alternatively OCP 600 may include only
one of sets 370, 371 and 372. In this fashion, oCP

600 may be coextensive with the area of substrate 56

and placed in region 601 of stage 60 upon which 15
substrate 56 is supported. In2¢his fashion, OCP 600 is
nmerely rotated about Z-axis to faci|itate the fjirst

or der H} ?F)?SaIEJtOinoSﬁ tgéthgréedofbthedre alnfné;r Set ctors e, c{,lf detectors
pr oper 8% Gt SP¥atPortd A F%ﬁsﬁé‘t T“\?%ﬂa?tlaloﬁfiﬁ“%eoﬁ‘ ﬂr‘?é)?f ot
di spos®dr ¢re Broregi ‘GnreBG2ebf ASteagac oS itvatdide” of

regi ondeB&tors W tda, 9B 302¢ ONAf iagli izt 10 AtxECPRLEE 0GsnaTaly the
noved akong2X ard 2¥1axes and220 20tat e, apo dinelzlagnet
to be plesed dibcusSURIEHLAPAS| dnlidBardh t:H pORREr1QI e FBES ROI
TAVEs 2321, 222, 231, 232, 241, 242, 251 and 252 and in
pr Oper (fl %{]I ent Qttje r:Lng geE"J_ngs\A th t pJanychMEn%G alu{‘ §Z¥MES

or der [action eslr % hi ev

proper“Fegirstrat Fon. '06‘6301%%@2 i &8 rlse

erri
and® 16%°539° 4fF abewrpartie 28 st rr"%?‘ﬁ 768 ‘Paé? é?lude e

r egi stReats e smafed agFtoprabirop ﬁf%‘ﬁ‘éét”l?%“rrﬁﬂg ’é‘i 770 Bs
achi evedvnriatieg chererisnt 7 pnd 783 pieycftegriorps a560-1507.
Speci fivgalitppsiti@swioppes ethbtid flprsstirerttker D.CHnfl fspaed ot
wavel efngh Bson dche QRS entcti @XANP ESshedPlaYisy Semsitags7 Ryd
det,eCt Qb S nhddes82 se9és pélzgglﬁl lgx%s,agpacaczgpart afons Q%Uﬂlaﬁ Iy
reflecy edGJaLtheleml;tl& %%@%o e &%Qtehévglﬁ(éyésﬁd wi t h

30 r esﬂecrgmp tgoen we:&}) og herUtlor?gp ? rec%§onelﬂ sXacEtQ agvaqg
renmal nj r% eJt ectors ura II6%C ngrs;

82, 92°16%" ti¥ AKY ‘ff el curﬁ’fn tln sour ce %OO
i's moveade FFeBAR Pﬁﬂﬂlﬁétlé&ﬁsorsgaff?%apagi al°“92““fb“2’“ P12
ande 12%e reagery es THES dhist #it i2al: Thanrfe 348 £Puxe5af on the

| i ght .othékohanfhatoudddrclide fwg rdesi §6€ Lt dratedraegit o2 BOE be
r ef | ecdibnveets0f67t Ises, 38691 dnh LB .Nadtsi LAV @REMmate@thelry BOUNCE
800. Upen:sensidgifintdies, dasidpednpdsidisn ofthenergythest he
rel at I;—)isngp&mcttmw Lf JLeCLOE {2 anRd SQUIG6:¢800:ctihe

| ocked, s [ { arga
' C;gm ;J'D %gatglm;ce Qatab lgrq\éses Lg;nscxpgmtgagztﬁgt &@t i\LVEZ f@ 2 :

to

223 2 iariég,acedza rt A%Qh ofzg:ia 1r§ emen s 967 and
posi t i DfF=oF B det ét’teffr SEPSSYROFY RaS° dl’ieﬁtlf’ Becl 10
TAVE 221"<aifd® S otif &° 88%)0?%tﬁ‘rﬁvédn\mea20’@7i“6%’§261tl°“ e
PCT/ U528 354026389 d2Gction & prysiretoer3y fhatradndisf 2 rme
remai niipgtdetieck orisiane, gat idabection $he §Prar@P thakQFatindsp
and 1228 $6NS® &reSiphchianbital ceddadrrgeratingd besxanafe7h iigditiqes
Then tah@er@{soﬁagﬁls.ei 3inreg,p%ﬁE&QapaAf Efhg tdhxﬁctﬂ@ﬁ ipf.1 @JE]t_:hthis
each OJonf:L ta&gg Q[zoc-‘ pzlgs 888 areggmrar;lggd’2 o lgezwﬁﬂgx §A&2 768 upon

fixed TANES.,, . sqi ) as
241, 2‘;\%‘6 enzrﬁ g °§5°g m%%?we fllr%}é%ggs;tg%%g}n% Gbs, Gl

[0062] Referring to Figs. 17, 18 and 20, it should be understood
that each of gratings 766, 767, 768, 769, 868, 867, 869 and 870 may

include a checkerboard pattern, as discussed above and shown as

any n er of

aratinos 087 @42 02 070 and 13467, 1365, 108% and Lvuiu. rinally,

40 as shown in Fig. 21, gratings 967, 968, 969, 970 may be formed so as



techni que di scussed above is undertaken to properly
regi ster ROS 47B. [00611 Referring to Figs. 5, 6 17
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WRFTHEB20 253 may conprise of any nunber of PQHUSZOOS’/O““S
designs for alignnment marks. For exanple, SAME 766 nmay
include two pairs of spaced-apart gratings el enents
767, 76B, 769 and 770. As shown grating elenents 767
and 769 are coextensive in area, in superinposition
wi th one anot her al ong directeon D2 and spaced apart
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35 equivalents.



[ 00631 The alignnent schenes presented here may be
used in the presence of optical elenents whose
paraneters are not precisely known 5 wthout
significantly conmpromi sing the quality of the neasured
signals. For exanple, the jeaplate can be nomnally 1
to 10 mmthick and the tolerance of its thickness can
be 0.1 mmor higher. In addition, the inprint system
\ﬁﬁ%igeﬁﬁnéﬂgltlona| wi ndows through whi ch the
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7. The system as recited in claim 1 wherein said first coordinate system is defined by
a first set of gratings, periodic along a first direction, disposed on a first substrate
and said second coordinate system is defined by a second set of gratings, periodic in
two orthogonal directions, disposed on a second substrate in supetimposition with

said first set of gratings.

8. The system as recited in claim 1 wherein said first coordinate system is defined by
a first set of gratings disposed on a first substrate and a subset of said detection
systems includes a source of illumination and a detector, with said source directing



measurenents and generate a signal in response a
processor in data comrunication with said plurality of
detection systens to receive said signals and
determine relative spatial parameters, said relative
spatial paraneters includipgo.a relative area and a
relati ve shape; and a nenory in data conmuni cati on
with said processor with a sub-portion of said
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set of gratings, creating first order diffraction
energy, with said detector configured to sensing said
first order diffraction energy propagating along said
path. 10. A systemto determ ne relative spati al
relative paraneters betweensttwo coordi nates system
said systemconprising: a plurality of detection
systens, each of which is configured to sense opti cal
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two orthogonal directions, disposed on a second
substrate in superinposition with said first set of
gratings. 17. The systemas recited in claim10
wherein said first coordinate systemis defined by a
first set of gratings dispesed on a first substrate
and a subset of said detection systens includes a
source of illumnation and a detector, with said
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diffraction energy, with said detector configured to
sensing said first order diffraction energy
propagating along said path. 19. A systemto

determ ne, relative spatial paraneters between two
substrates in an inprint |ithography system the
system conprising: a first one of the two substrates
havi ng an inprint |ithography fluid deposited

t hereon; a second one of the two substrates conprising
a tenplate having an inprint |ithography nold for
inmprinting a pattern into the inprint Iithography
fluid; UV source positioned to emt a U/ beamto cure
the inprint lithography fluid; and nultiple inmge
capturing units for determining relative spatia
paranmeters between the two substrates, the nultiple

I mage capturing units capturing norie inmages that are
diffracted into oblique vectors that are normal to an
axi s of measuring data, wherein the nultiple inmge
capturing units are positioned outside of a path of
the UV beam 20. The systemas recited in claim19
wherein the image capturing units i nage noire
patterns as a gap between two overl appi ng narks
changes from 100 microns to less than 10 rim 25 21.
The systemas recited in claim219 wherein the inmge
capturing units imge obliquely diffracted noire
patterns as a patterning area i s undergoi ng exposure
to the UV beam 22. The systemas cited in claim19
wherein the image capturing units imge obliquely
diffracted noire patterns as a patterning area i s
filled with air or inprinting fluid. 23. The system
as recited in claim19, wherein each inmage capturing
unit is positioned on a two degree-of-freedom st age
W th position feedback.



