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application is a divisional application of

Si ngapor ean Patent Application No. 200300300-1, with a
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in size on a substrate. Imprint llthography may have the

potential to replace photolithography as the choice for
semiconductor manufacturing in the sub-100 nm regime.
Several imprint lithography processes have been
introduced during 1990s. However, most of them have
limitations that preclude them from use as a practical
substitute for photolithography. The limitations of
these prior techniques include, for example, high
temperature variations, the need for high pressures and
the usage of flexible templates.

[0004] Recently, imprint lithography processes may be
used to transfer high resolution patterns from a quartz
template onto substrate surfaces at room temperature and
with the use of low pressures. In the Step and Flash
Imprint Lithography (SFIL) process, a rigid quartz
template is brought into indirect contact with the

substrate surface in the presence of light curable liquid



application of light and the pattern of the tenplate
is inprinted into the cured liquid. [0005] Using a
rigid and transparent tenplate nakes it possible to

i mpl ement high resolution overlay as part of the SFIL
process. Also the use of a low v scosity |iquid
material that can be processed by light curing at | ow
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etc) may be adapted for the imprint lithography process
with appropriate modifications. The compensation
technigues have to be developed keeping in mind the
specific aspects of imprint lithography processes.

[0007] Overlay errors that typically need to be
compensated for include placement errors, theta error and
magnification error. Overlay measurement techniques have
been significantly improved during recent years as the
minimum line width of photolithography processes have
continued to shrink. However, these techniques may not
be directly applicable to the imprint lithography

processes.



[00091 In general a nethod of fornmng a pattern on a
substrate nmay be acconplished by applying a |ight
curable Iliquid to a substrate. The |ight curable
liquid may include any liquid curable by the
application of light. Typicallyslight curable
conposi tions are conpositions that may undergo a
chem cal change in tHEMAESeee TaE INvBRTIONI ght t hat
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to pemidotimeits 0@ QReREEHTt Uh&Sge i dauses the formation of
an initiator gpecies within the lens forming composition,
the initiator species being capable of initiating a
chemical polymerization reaction.
[0010] In an embodiment, the light curable composition
may be a photoresist composition. Photoresist
compositions include any composition that is curable by
exposure to UV light. A characteristic of photoresist
compositions is that only the portion of the composition
that is exposed to light (e.g., ultraviolet light) may
undergo a chemical reaction. Any of a variety of
photoresist materials commonly used in the semiconductor
industry may be used. 1In one embodiment, the light

curable composition includes an acylate monomer.



has been found that |ow viscosity |iquids produce nmuch
nore accurate reproduction of sub 100 nm structures.
In one enbodinment, the light curable liquid may have
a viscosity bel ow about 20 cps, preferably bel ow
about 10 cps, and nore preferaly bel ow about 5 cps.
[00121 After the light curable liquid is applied to
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of f setevivudie Xo¥mddr 2ayépn. BdiHud@f the small feature
size of the individual components of semiconductor
devices, the alignment of each layer with respect to the
other layers may be crucial to the proper functioning of
the semiconductor device. A method and system for
aligning a patterned template with a predetermined
location on a substrate is herein described.
[0013] In one embodiment, the patterned template may
include a template alignment mark. The substrate may
include a substrate alignment mark. After the patterned
template is positioned over the substrate, the alignment
of the template alignment mark with respect to the
substrate alignment mark is determined. If the template
alignment mark does not align with the substrate

alignment mark the orientation of the patterned template



be acconplished by a substrate support stage

configured to allow controlled novenent of the
substrate in the X-Y direction. Theta errors may be
corrected by altering the angle of the tenplate with
respect to the substrate. Mgnidication errors may be
corrected by altering the physical dinensions of the
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for in _either the t | ate and/or_the substrate.
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a"qéggaﬁe to light, however, the pattern of the template
alignment mark may be reproduced in the cured liguid on
the substrate. Alternatively, the second material may be
substantially transparent to the wavelengths of light
that are used to cure the light curable liquid. The
second material, however, may have different optical
properties at non-curing wavelengths of light. When
analyzed using an analyzer at the non-curing wavelengths
of light, the alignment mark may be readily detected.
During curing, however, the alignment mark is
substantially transparent to the curing light and the
liguid under the alignment mark may be substantially

cured. In one embodiment, the deposited second material

is 5i303. In another embodiment, the template alignment



of the tenplate alignnment mark with respect to the
substrate alignment mark. During curing, however, the
diffraction grating tenplate alignnment mark nmay be
substantially transparent to the curing |ight, due to
the relative |arge spacing of Qpe etched lines wth
respect to the wavel engths of |1ght used for curing.
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Durin %gire atterned-based alignment the gap where
t he t%E ?w%ﬁﬁ%ﬁqu§h§a?énlﬁﬁytb%S%%d%D%uFQﬁﬁQQ- as it
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mar kfroddsHtrhe ik cehBegihifead Sseparate focused images from out-
of-focus images. Alternatively, images of the alignment
marks on the template and substrate may be focused on the
same imaging plane by using two distinct illumination
sources with polarization and polarizing arrays above the
template surface. In another alternative, Moiré pattern-
based alignment error measurement techniques may be used.
During Moiré patterned-based alignment the gap where the
measurement is taken may be made as small as it possible
without template-substrate contact in order to minimize
focusing problems of the two layers of the Moiré
patterns. A high resolution (sub 100 nm) measurement and
active control of gap over the entire template-substrate

interface may be used. Any of these sensing methods may




the substrate and/or the patterned tenplate alignnment

mar ks may be difficult to visualize when the gap

between the patterned tenplate and the substrate is
substantially filled with liquid. In another

enbodi nent, the liquid may be dj sposed on the

substrate in a predetermi ned pattern. Wen the

t enpbat eséd bmovgijuridttiercentactny b thleabdwtdhscribed
only ¥ ortion of the tenplate may be in contact with
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PoERE B ontrol ling the pattern of |iquid
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portElee@fpfiﬁktéﬁﬂﬁéﬁé%mﬁ%@hg'Pﬁéugg§g+ﬂ§?ﬁhi§QHEPEFmplate

mark is not in contact wwth a liqui IS manne
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t enpEal Bednel dHhel isphist.r atte hfotbubsémpbdahdot | ithkedsquia
[00171 ternpatively, when the tenplate is brought
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t enppat ey Dehdr teeNtambibehi the-d & atiBo B¥ntact with
controlling the pattern of liquid applied to the
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cont | I QUi In this manner the tenplate

alidﬁﬁgﬁﬁﬁ%g?%mﬁgi% ghglﬁﬁ%%%rﬁf?hqﬁﬁ%t% é@F&t@aY be

al i gpeeittioverdk iw chatikct heich ntles f BET@NCE Afcht RBat a portion
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the 11 Uit RAS5a FBPR HRCTFET di 19 {SpeaaTeEk 1o not

beneit fedhiedrerpleat @ Wnghidt herd i€ manner the template
alignment mark may be aligned with the substrate
alignment mark without the interference of the liquid.
After the template alignment mark is aligned with the
substrate alignment mark the patterned template may be
positioned with respect to the substrate such that the
gap between the patterned template and the substrate is
substantially filled.
[0017] Alternatively, when the template is brought
into contact with the liquid, only a portion of the
template may be in contact with the template. By
controlling the pattern of liquid applied to the
substrate and the location of the alignment wark on the
substrate, the template may be positioned in contact with

the liquid such that a portion of the template that



substantially fills the gap between the tenplate and

the substrate. Alignnent of the tenplate alignnent

mark and the substrate alignnent mark may be
acconplished as the gap is filing up with |iquid.

[00181 In some embodi ments, the genplate may need to
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dewrg.:rssinonsiaze. To compensate for magnification errors, a
template adjustment device may be coupled to a support
configured to hold the template during use. The template
adjustment device may be configured to alter the size of
the template during use. By applying forces or altering
the temperature of the template, the template may be
enlarged or contracted. Enlarging or contracting the
template may correct for magnification errors.
[0019] After alignment of the template alignment mark
and the substrate alignment mark is complete, the
processing may be completed. Curing light may be applied
to the light curable liquid. The curing light causes the
liquid to at least partially cure. After the liquid is

at least partially cured, the template may be removed and



substrate. After formng a patterned |layer on a first
sem conduct or device, a patterned tenplate may be used
to formthe sane patterned |ayer for a second

sem conductor device. The substrate may be noved to a
new position for processing of 9the second

sem conduct or device. In local ~alignnment processing,
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al i gaedicen t rihengidbshikat Rad Pathsrded d %ygfewn%sgﬁion for

formed using the above-described inprint |ithography

pr ocRseCEFHY (sittico SERgnef senbcerdis tate deivtilver. edpetocal
to thei MRSty a8 cdslif ‘E'eEh Ot%gj orrect, .
al i gnrr:tent rray%be cﬁésr éi % referre ét?eéee%a@tel’}% reggtlgned with
" cal Fibp atulsit waticembani oaved The thalndw atdmdrion of the

. . ‘ . | 0oKi .
por (TR SR o BRLCETADSHCRY s &y Sne 5aEbIgrE ana
t he sulipstnadtes. The tbdki baahéon orienicaiti aayky BesdPed for

determ.ned and r.ecorded. After ocessi ng, the
terrp%%a%kpe Sy BE U \ci’gdgf‘éb?ﬁm?ﬁ Y$S%rred to as

nay
"st eppied]) touUsheg mextpppaté ol @fnrdie Fukstrahe to be
processed. The nmopvenent of the substrate with respect

to tHEEHHIEEET AEYI6R REPTUGRBETsE FUbSHEREPI BaY SRR
thaHﬁhﬁEiﬁﬁéﬁﬁﬁvénprgeébélonn9ﬂnfﬂ¥%f%%big5@ggsmh§hdelays,

respect to the tenplate
global alignment processing may be used. Global
alignment processing uses an initial alignment evaluation
to allow processing of additional devices without further
alignment. In one embodiment, an alignment of the
template with the substrate may be performed at a first
portion of the substrate. After the template is aligned
with the substrate a patterned layer may be formed using
the above-described imprint lithography process. The
positioning of the template with respect to the substrate
in order to achieve the correct alignment may be herein
referred to as the "calibration orientation." The
calibration orientation may be determined by looking at a
single portion of the substrate or at multiple portions

of the substrate. The calibration orientation may be



may be accurately determ ned. After nmovement of the
substrate, the orientation of the tenplate with
respect to the substrate may be determ ned and
conpared the calibration orientation. The tenplate
position may be altered to natgﬁ the calibration
orientation without having to eck the alignment of

t he ﬁenpkatﬁeﬁﬁéﬁd f&d@ﬂﬁﬁﬂﬁ REEks. pFBESs EBYg | MHOMRmplate

rocessi overal |_ t hroughput when usi ng
Pner‘ﬁ‘%’ Eigt‘ﬂg ﬁipm”ﬁ?rblcye§§fﬁ§re[10892?5Th‘ét%Pﬁd") to the

pl aceerBt peff 0 dnduced: Mgt BS » %@f&é@éé@a of he

mul tiple portions of a substrate nay measur ed an
conpBRYETeEt LRt rgis dpdstiratee wiehsoespert tasdre template

| Nt eRbGT QIRIL Yy NG IR0 WD 0k o &h&t&s B the chdnge in

be sub-nanonet’er e sirdes o
coat edsikidn aof Hilre Iay:etr@ftecwmdhcteypecmettai sdrsH template

refl erlals f npl enent capacitive and
|nte§%%rone e T F@%B@ge F@e ey, Gtnghe
t he punbsesstag tife s:ﬁ:rﬂe@mmu@h%fdeﬂé C@énpla?ceolwirt%l e¥pect

be forned to create the device. Each
I aye?xeéﬁ%\rg%%@tﬁpgﬁya Gr 8¢F 8HELYeq Gk Famppeied the

duri 881 P OLESS RE:1 et 2$08 . e”@ﬁ@'@@ﬁgf&ﬁ%“ﬂ%éﬁ%ﬁ%&.may be
formed on_the substrate may include an al'i gnnent

mar k3L 5peed d19 giaksit ther Féaéhblfﬁ*él@,r@lbmlrﬁmt@m e thout

f ned
P T S R e

t he *biFEeENtaywrks.n ghes @ﬂbodmmﬁfne prdqaqﬁlmgef@ayd and
a rin
L SRR B b R T

mark. The align
t enphreeeesgitiy.t he substrate by conparing the

orie ©n of th ub trate alignment rk . with the
terrpFa(?ii al i gnrren % ac?’ﬂ%mf n%]?ﬁcfﬁsi H&%‘%ﬁ dhgyngethe
usedpt@red=taice of mawuspbétp@i—@l@ié HIRN Rk 108 m&i?ebe

fornmed | a The new substrate alignnment mark may ~ be
us ed“efaogud'%/el% ATEhEorMBRBFAE R vite H'T IePasidansee senepng or

the lager interferometry. The resolution of these sensors
can be sub-nanometer. The sides of template may be
either coated with a thin layer of conductive metals or
reflective materials for implementing capacitive
and interferometric sensing, respectively.
[0023] During the processing of semiconductor devices,
a plurality of layers may be formed to create the device.
Each layer is overlaid upon a previously formed layer
during processing. In some embodiments each layer formed
on the substrate may include an alignment mark. The
alignment mark on the substrate may be formed from a
structure disposed on the patterned template that will
imprint the alignment mark onto the formed layer. 1In one
embodiment, a template may include a template alignment

mark and an imprinting mark. The alignment mark may be



production of additional |ayers. [00241 An advant age
of the above-descri bed enbodi nents is that by
nmeasuring and correcting overlay errors while the
tenpl ate and substrate is maintained at an optim
gap, the error correction can be_ achieved by avoi di ng
stiction and hi gh viscous frictitbn. This opti mal gap

IS 0keh esoatiyd ¢ Yicthpibiet Lopnand. hé%%’fﬁa}ﬁeﬁ%%

friction, while it is |Iow enough that t
over FAYPRF+F thfudmigntied ionostnghgapulpeitiaore bdtigesent mark

the templ ate @é}%a tar n al mnim.zed.

BRI EF DESCRI PTI agéb%ﬁé%i&?mﬁggfooz L e T
and mdyape agesd dfo tdheaitey enhkensubst tathe cineyrappar @Btk on
upon Ln e followng detailed description and
upont%lg?gé?lérﬁ%ée G e ﬁ%@oﬁﬁgnﬁ%ﬁtrﬂt}%ﬁ mERtwAREk: may
[ 00264 Figures 1A and 1B depict a cross-sectional view

of the ga&@bgééfen a tenplate and a substrate; [00271
Fi gul'8RA %0 -2 gy dficcterpdasesBetp o sHkatgase daming the

| nprpadahdd HAOrAPRMcREeeesS: 15P0281 Figure 3 depicts a
process flow chart showing the sequence of steps of

the t8Pttht | iAheGvaphpdpr eéesie a@G2oleRirglped 4mbodiments
depi ¢& I f p t l-ate; [00301

i oure B MO el AR ALy, R bk dnile
posi e rieinadre ansubsbeatrete 12s 08 Hirkedgute af optimal

depi ectional .view of, an _i.nprin .

e ey siasteeoheRts b et rd i byog e ding

Fi gus®eidtidepiactds hagbr vsscsast foneti o eWTofi s oppiREES§ap is
for formng an inprint |ithograph nplate; [0033]

i out S A8 e B 04 PheSTL et (T shdl o Eugcens Eriction,
pat twtiiied itedel abesenbQEB4tndi gthe HhARRIL LS 2161088 ror

sectional view of alternate patterned tenplate
desiéﬁﬁ%ng the closing-gap motilon between the template and

substrate can be also minimized.

BRIEF DESCRIPTICN OF THE DRAWINGS
[0025] Other objects and advantages of the invention
will become apparent upon reading the following detailed
description and upon reference to the accompanying
drawings in which:
[0026] Figures 1A and 1B depict a cross-sectional view
of the gap between a template and a substrate;
[0027] Figures 2A - 2E depict cross-secticnal views of
an imprint lithography process;
[0028] Figure 3 depicts a process flow chart showing

the sequence of steps of the imprint lithography process;

[0029] Figure 4 depicts a bottom view of a patterned
template;
[0030] Figure 5 depicts a cross-sectional view of a

template positioned over a substrate:



[ 0035] Figures 10A-10B depict a top view of a process
for applying a curable fluid to a substrate; 10036]
Figure 11 depicts a schematic of an apparatus for

di spensing a fluid during an inprint |ithographic
process; [0037] Figure 12 depici fluid di spensing
patterns wused in an inprint |ithographic process;

[ 0038poFipure ﬁi?tﬁ@i@ﬁépacﬁbubdcﬁééé e dbdiRala1l RGLWdE8s an
a plurality of drops on a substrate; [0039] Figure 14

depi eTBTHs chidhiadrerbly ancgEeer nates appanmiss flever:

di s ' a fga.gd-dur isng i ' _dd phi;

or e a0 s es R s e S e d Batrerh @
thatprbﬂ%$$uﬁnrzfqﬂmimalEnyimpr$nbsliuﬁdgﬁdpbypaembﬂatf;

i nes; 041]..Fj qure 16 .depicts. a projection.view of

a sE%%%#gte kﬁﬁ%%%ﬁ §é§?gn$efb622? ?5gﬁﬁﬂ§ef?1886&gyéews of
a prppecérmad Weewwlatean alternate substrate support

syst 0043]__Figure 18 i.s a schematic diagramof a
4-baf86?+%kaggﬁﬁq &str 4EPRGLfoti oFPHT fardiopgtuvéew of

j oi N§BterddQ4atklcdred E8mb$afe SESIMMLd C di agram of a
4-bar linkage illustrating alternate notion of the

f1 extPe355 oi nthl;guF@mépAﬁiLgﬁr@eQ@ctr $ dqi Ofieet Pénavpeecess
of arfRUGIILing 1N SELVe; ; 46]. .Figure

21 is a pr olggglg fal %\%&ghart O?P%Io% aafl?'su&[rs%%essfng of
mul t {P9Ee] npr ifigesre] 004dpiryare Shemitd podcessappanatus

onat ko Lok eyl SO85A050L I 11 BB Bbgr i
rot gpreoresdf; a tenplate with respect to a substrate;
00aploFyi0ur e 24, debi ot 5.8 NESH L0 fleygsposLioned,
used in an imprint lithographic process;
[0038] Figure 13 depicts a fluid pattern that includes
a plurality of drops on a substrate;
[0039] Figure 14 depicts a schematic of an alternate
apparatus for dispensing a fluid during an imprint
lithographic process;
[0040] Figures 15A-15B depict a fluid pattern that
includes a plurality of substantially parallel lines;
[0041] Figure 16 depicts a projection view of a
substrate support system;
[0042] Figure 17 depicts a projection view of an
alternate substrate support system;
[0043] Figure 18 is a schematic diagram of a 4-bar
linkage illustrating motion of the flexure joints;
[0044] Figure 19 is a schematic diagram of a 4-bar
linkage illustrating alternate motion of the flexure
joints;
[0045] Figure 20 is a projection view of a magnetic

linear servo motor;



[0050] Figure 25 depicts a schematic of an optica

al i gnnment neasuring device; [0051] Figure 26 depicts a
schene for determning the alignment of a tenplate
with respect to a substrate using alignnment marks;
[0052] Figure 27 depicts a sche for determ ning the
alignnment of a tenplate with reggect to a substrate

usi ngooalsit gnment e ksy Usd QQFQQk%%bZ§g0&|éE§¥§'Oﬁ(§¥%ﬂal
Figure 28 depicts a schematic view of a capacitive

t enpPACESER L §a neht iEise dgrddvitse; [ 0054] Figure 29
depi qlpg483Schephlite YLW Ofy ?)ggg%%s fha&eé@agftggogﬁ ?{osca&

al i gnnent neasuring devi ce; ure
schemgofgpsiey erfrimilngipla iigmpmemtswi th a gap bet ween

h t wh t 1S rtial
R e ML L o
aI|gmmeatlnﬁr&ftéﬁﬂempﬂuﬂeudaihar@bpéatitd Hfspithede;

I|ne 57] F| ure 32 depicts a projection view of
jpogg?atl olf‘nl Jé?g [d(?é’éé’]tsl:ﬁ‘gﬁ‘?@s‘sgl%%ﬁ%"fﬂscearPOSlt101’1801

epr@d@g glg@tggrﬁggatémﬁlg@%atlon stage; [0059] Figure
34 de |cts a process flow of a gap neasurenent

t echdPQal] [ oOBbIuE i depd cdeprceshemal bs o aat iophdlcal
V'e“b@ﬁgﬁmeﬁ@Qﬁ&hﬂH%;%gl]@EE%r”‘n'ng the gap between

two material s; igure 36 depicts a
grapﬁpeéllrepr%@%ﬂﬁﬂﬁﬁbdepﬁ@tSdetech¢mﬂrﬁpﬁ(ﬁﬁﬂermlnlng the

WInl N?Qﬁf@y%kgfl%t%agithoggz % qyre 3 d%@&%Feus1ng

a tenp asurlng rec
38 debngnmentsmhﬂuatlc for using an |nterferoneter to
etmee ate erferoneter;

eSS 020 SELESD A SIRLALE Sol Mol [OELELL o
alignment of a template with respect to a substrate using
alignment marks using polarized filters;
f0053] Figure 28 depicts a schematic view of a
capacitive template alignment measuring device;

[0054] Figure 29 depicts a schematic view of a lager
interferometer alignment measuring device;

[0055] Figure 30 depicts a scheme for determining
alignment with a gap between the template and substrate
when the gap is partially filled with fluid;

[0058] Figure 31 depicts an alignment mark that
includes a plurality of etched lines;

[0057] Figure 32 depicts a projection view of an
orientation stage;

[0058] Figure 33 depicts an exploded view of the
orientation stage;

[0059] Figure 34 depicts a process flow of a gap
measurement technique;

[0060] Figure 35 depicts a cross sectional view of a

technique for determining the gap between two materials;



gap between a tenplate and a substrate using a probe-

pri sm conbi nati on; [0065] Figure 40 depicts a
cross-sectional view of an inprint |ithographic
process; [0066] Figure 41 depicts a schematic of a
process for illumnating a tenplate; [0067] Figures
42A- B depict a projection view f a flexure nenber;

[ 0068bokigur e ﬁ%;ﬁ%oe%t YepikhbSh gggpﬁfegﬁ%ﬂx@g%%ation
menber assenbl ed for use; "[0069] Figure 44 depicts a

pr oj éeri datereinigly tiesalpotindmunf andl vaxbmtmtdfom gap;

st age; 70] H e lLets.a 1.Vl of _a

i onnel 2t/ m T giPIoTs a5 Ry ERE it B heouring
crossesessednal view of a pair of flexure arns;

[ 007 Lgure 47 depicts _a.schenme for planarizati.on of

a su%é?gg e; [%ﬁ%ﬁﬁéaé%gﬁﬁg§c §A§BSEQ?W%ﬁ¥F i fifeng an
Vi ewsnoérhevataisn tohuekstiot BohghNBetwsMDH bk@late and
[ 0074] Figures 49A- C depict a schene for renoving a

t enpFat e ¥F o SHibstrate after curing; [0075] Figures

50A- Coglepj Ct ariciaessseatbonal i sMhOhat & RN Hehg the
renoving a tenplate froma substrate after curing; 15

[ 00783P Prefurean 51 AcBpdapecand schebmitiate iusnef aaprobe-
tenpﬁg{ngégméygaﬁig%pen1 and [0077] Figure 52 depicts
a side view of a gap ‘between a tenplate and a
subsi®@é®l [ 0078lurwhilbedehéctaventiorsisclusoept vihke of an
to variou i ficati.ons_and alternative fornms,
spec???%?éﬁﬂ%gﬁﬁﬁgﬁ%?hlfhgF@S?Sﬁfe shown by way of
exanpd@6éh t heridnawi rg degdicukl & betieidt e cdescpirbedss for
in deifil_ It. shoul d bE
illuminating a template;
[0067] Figures 42A-B depict a projection view of a
flexure member;
[0068] Figure 43 depicts a first and second flexure
member assembled for use;
[0069] Figure 44 depicts a projection view of the

bottom of an orientation stage;

[0070] Figure 45 depicts a schematic view of a flexure
arm;
[0071] Figure 46 depicts a cross-sectional view of a

pair of flexure arms;

[0072] Figure 47 depicts a scheme for planarization of
a substrate;

[0073] Figures 48A-B depicts variousg views of a vacuum
chuck for holding a substrate;

[0074] Figures 49A-C depict a scheme for removing a
template from a substrate after curing;

[0075] Figures 50A-C depict a cross-sectional view of
a method for removing a template from a substrate after

curing;



under st ood, however, that the draw ngs and detail ed
description thereto are not intended to limt the
invention to the particular formdisclosed, but on the
contrary, the intention is to cover all nodifications,
equi val ents, and alternatives falling wthin the
spirit and scope of the presenﬂsinvention as defi ned
by thgoyaprended; el maa -BERALLED DESCRLET N QR THE 4
I NVENTI ON 10079] Enbodi nents presented herein
genetampyafre| swepronty syypdteens andevi ces, and rel ated
proc of r I ice re

specﬁ ??Z ly, ﬁﬂﬂgagﬁﬁgne%qcﬁggén ggghg}%fﬁ%fe are thween
syst ensemdéxteesyd &uﬂhb@ﬂrated processes of inprint

appl R880Pbn 1+ ST ARy Vbr o s VAl P SRR 57 4o rioue

substhpal eicstitdhasl 9eereandvet 0brmaf edpedifitheubddiments
be understood that these enbodi nents nmay al so have

appl FREFEBR 16° ot DYskEY Pér exaxahpl &1 thee drawing and

Manuf,agi Uh&r&fn QS taff8ekisV enMict 91 Fl €CH¢ Ghouig pe
Mechani cal Systenms (or MEMS). Enbodi ments may al so

haveundppfieedi drrvayetrhe thatuthet dravfigotamsl deitadd edf
devi 8@§cr#€t§i&g ga a@%t nbkM L8, 595 @oatt%ﬁ%e%he

magnet| c di a ta storage, m cro-opt
deV|¢es¢nb1@mcgp(nﬂe amdtlchéarcﬂbrﬂe&lsm&nséﬁ-r&mt on the
optlcaltggglc % [0089% Wth r ere

the Frgures’” a n nge@i PEal Py Yo B gur &cfélons'
t her eqnmaeelstlsmmncammgeaewes ofam;tl@g’rmlairﬁnlzhe spirit
pr edi sposed mhﬁg respect to ,a substrate 20 upon which

desi PBd PERUrYs Hie G568 THYFTht @y 39 iniepr Pt the

it hegrepdya Speeid.ically, the tenplate 12 may
i nclude a surface 14 that is fabricated to take on

the shape of desired features which, in turn, may be

transferred toDﬁfﬁﬁEﬁﬂ”Béﬁ@ﬁ%?%%ON’6F59ﬁ§ Iﬁ@@@ﬂﬂﬂ?”ts’

a transfer layer 18 may be placed between
subst{P@i®l 20 dwbadigensapbaceened Thewrsiregdngyed ly8relate

to systems, devices, and related processes of
manufacturing small devices. More specifically,
embodiments presented herein relate to systems, devices,
and related processes of imprint lithography. For
example, these embodiments may have application to
imprinting very small features on a substrate, such as a
semiconductor wafer. It should be understood that these
embodiments may also have application to other tasks, for
example, the manufacture of cost-effective Micro-Electro-
Mechanical Systems (or MEMS). Embodiments may also have
application to the manufacture of other kinds of devices
including, but not limited to: patterned magnetic media
for data storage, micro-optical devices, biological and

chemical devices, X-ray optical devices, etc.



may receive the desired features fromthe tenplate 12
via inprinted layer 16. As is well known in the art,
transfer layer 18 may all ow one to obtain high aspect
ratio structures (or features) fromlow aspect ratio
inprinted features. [0081] For the purpose of inprint
lithography, it is inportant t % mai ntain the tenpl ate

12 angobpst r af £ 24 A% refl@S foliOr 2L E NAI @S ana
possi bl e and nearly parallel. For exanpl®e, for

f eat apesifharlly €aftgnres0hm andelBndclaouin ak@0shown
deep p. of _about Onmor_less wi.th a
varig%?%%g%ﬁéﬁggégiﬁhﬁegggﬁ 6532 5%r%%§9??ﬁaw*9% respect to
i npr engubgtraire @ Ofugde whibhat dakerdd feyrhed eqd rtedbe
for the ingrént . lithogra hi,e ocess to be successful.
EnbotRERT &0 Hdh (BT EE ol A LB SURRIY & WERPGfically, the

cont tehbiNge t1e wpaciRdugbebweepribe tenAl 612,8pdcated
substrate 20 for successful inprint |ithography given

sucht®i GREe R Predrseegap dreybrdchertsreq odgeh, in turn,
Fi gupgs A @achdB lldustr ahe LUBs L YRS A gﬁ;%ﬁgﬁ

that may be encountered in inprint |ithogra

Fi gueebapimentiddge tsiaasdédri hpyent b8l hawdre k6 acesubesween
beca e LS.C 0 e bstrate. 20

at sac &tél‘t‘r:tgs%’ggtlﬁlw?oi r?%‘r%u Ff‘%djﬁig‘g‘gie?é‘iswﬁ %raélsfﬁr layer 18
i 11 usty ateseitdhelanpestiandefobtunent &uram Nthet erplpateel?? via
and sHbstr@t ]}7 ngsub tantial#g garalLeIt%%rin?
pat t €Fn transfer. " Ficgur 518 shows tHe™ mpt ied Fayer
16 beragsfao Idiek.1s Bayhadiowhese eoOnshtdionsighy abpect
hi ghl y undesirabl e. Enbaqdi nents presented herein ,
pr ov%"el%y%t't%ur&ﬁoéegsggataﬁ%ls)r ef R 0t e AEES EWhFE RO

may ehbmnade ddhegerditions illustrated in Figures
1A and 1 B as well as other orientation problens

assofPRREH wi tHPTph6r PHFPOSE| holraiphit tiedheogarly., it is
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as close to each other as possible and nearly parallel. For
example, for features that are about 100nm wide and about
100nm deep, an average gap of about 200nm or less with a
variation of less than about 50nm across the imprinting
area of the substrate 20 may be required for the imprint
lithography process to be successful. Embeodiments
presented herein provide a way of controlling the spacing
between the template 12 and subsgtrate 20 for successful
imprint lithography given such tight and precise gap
requirements.
[0082] Figures 1A and 1B illustrate two types of
problems that may be encountered in imprint lithography.
In Figure 1A, a wedge shaped imprinted layer 16 results
because the template 12 is closer to the substrate 20 at
one end of the imprinted layer 16. Figure 1A illustrates

the importance of maintaining template 12 and substrate



30. In Figure 2A tenplate 12 may be orientated in
spaced relation to the substrate 20 so that a gap 31
is fornmed in the space separating tenplate 12 and
substrate 20. Surface 14 of tenplate 12 may be
treated with a thin layer 13 that lowers the tenpl ate
surface energy and assists in ;%parati on of tenplate

12 f@@%y@eﬂ@mﬁp parmqeﬁaanern QH@EH a({fa%f%gd

devices for controlling gap 31 en te ate
and Eupsreatle stoovweg dhd eemseuedbéhmw’ J-\Emelr%rtosalthlck

may n 4 conf r s
t he §§%£e$%fg%%%éatb egﬁﬁﬁg g‘%e%%f Qe n%lt erllé)esj‘fa n
enboﬂmhe@imenmﬁxnnﬂﬂamu@a ﬁ&yebﬁ pﬂoepeasgybuﬂmyq processes

sbstr rtorm tenplate, 12
doss PER ot Rb Gl POIEh GaBor ML S GhRogpRaitions

5ubsrametﬂ&my1ﬁ ofihaRsi NAr hhted bayerwsucChs @%her
inmprinted layer 16 shown in Figures 1A and 1 B.

Pr ef 8F 5B AT b Rephdemso afggchatad| Vi PEeR 1t i t

may 1{1;1114,9%&%1}59%& u3ap 31 rather easily and
qui ckl thout the use of high tenperatures and the

gap €8#8Bk clBisBErem LRothrreghi 2F ngllui’gﬂlramee@s!ure@@odlment
Furt@ﬁrarge}i%ﬂ%fht rlg&@lrgy ga@gg%&?&é 'OO%%?I. e%f ﬁlﬁ%aagiy as

subst ance are
agent032 ImyFikBl@p@IAr edetnplahe 12 engof die ohﬁecmmieﬂgm

subs 40 t arden sune, the 18 hape of th
spacéégd&?l red- Dy ga% a{%ﬁ\:ga\_‘/\%fo gap T is

f eat fivEsed 4i 1 Ftll’@lﬂ@aZ:B) sfapeﬂath@gtw@]aitﬁa 12 rm)ﬁ sbBstrate
tran err 0 per rface of the substrate 20. ,
Tt andt or THACeL 8] GETBIBUE U Y iR |y S s th a thin
upperay@ﬂrjr:aocelalf 19wkl ahe QQmpié@@Ssr‘ﬁrfalc%V%e%éyﬁﬁﬂd
facilitate the anplification of features transferred

f r on®SThE§ eifplsePeresirs @En%%@batrﬁ gi? dspecEubatirate 20.
fgat'i’ﬁ@smam{é%o%@ A3 deRt 58 cfé\.gﬂir& %y tc%ﬁmfgiflng gap

be renoved from substrate 20 1 eaving
desi Fedrdtetan dsmplatehék eand Fhisstsepgar &0 @nreoﬁlscussed

tenp%gﬁg%}jZﬁggyp %%BSEEaEEYZEE filled with a substance 40

that conforms to the shape of treated surface 14.
Alternately, in an embodiment, substance 40 may be
dispensed upon substrate 20 prior to moving template 12
into a desired position relative to substrate 20.

[0084] Substance 40 may form an imprinted layer such
as imprinted layer 16 shown in Figures 1A and 1 B. '
Preferably, substance 40 may be a liquid so that it may
fill the space of gap 31 rather easily and quickly
without the use of high temperatures and the gap can be
closed without requiring high pressures. Further details
regarding appropriate selectiong for substance 40 are
discussed below.

[0085] A curing agent 32 may be applied to the

template 12 causing substance 40 to harden and assume the



must be done so that desired features 44 remmins

intact wthout shearing or tearing fromthe surface

of the substrate 20. Enbodi ments presented herein
provide a nethod and associ ated system for peeling

and pulling (referred to herein as the

"peel -and-pul | " nethod) tenplal® 12 from substrate 20
fol |l gw ' i Ot d - si.Led, f eat
oD Ser i GRS Bearey, SR A e

44 t daasfed reehtyreamatenipligtieel 2Dt of substlandeet( atey 12 may
be appl jfi in rtigal size by the actiqgn of _the
CranoPer S Eathe 50 R Biste Pirtree (b O Bieigeee 2.
resi Stapsbeeskesr The mayedel birbgised Ut e NRYbD&he upper
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process, denoted generally as 50, in flow chart form
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achi egwdve@nf zaiv amtageast e6ulsavong erhatdonimd feepures 44
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ncl HeaTBn SR8 Fn g oat ergnt BB i /TS haf o,
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[00881 At step 54, a substance may be dispensed onto

t he SRR €2 Thersgybpanetendy bel kovwinrabimprinting so

or gapEsi | A G0N 301U B0k 4 OLGL; QT QAN G | 1 quid t hat

may becone a solid en exposed to activating |ight.

The [9@&7] t hatFimalilgui dni Eigsed 2@y Bddtvinest a4t heansédrred
for from template 12 to substance 40 may be amplified in
vertical size by the action of the transfer layer 18 as
is known in the use of bilayer resist processes. The
resulting structure may be further processed to complete
the manufacturing process using well-known techniques.
Figure 3 summarizes an embodiment of an imprint
lithography process, denoted generally as 50, in flow
chart form. Initially, at step 52, course orientation of
a template and a substrate may be performed so that a
rough alignment of the template and substrate may be
achieved. An advantage of course orientation at step 52
may be that it may allow pre-calibration in a
manufacturing environment, where numerous devices are to

be manufactured, with efficiency and with high production

yields. For example, where the substrate includes one of



hi gh tenperatures and hi gh pressures associated wth

prior art |ithography techniques. Next, at step 56,

the spacing between the tenplate and substrate may be
controlled so that a relatively uniformgap nmay be

created between the two | ayers Eerm’tting the precise
orientation required for successtul inprinting.
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resulting in features fromthe tenpl ate bei n%
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tenplate may |1 ncorporate Unpa Terfie regions i J'°rn a

pl aneigih ttterigeerathere abhd highagessdided ecessddtied twheh
tenplate, ili), .2 rotrude fromthe tenplate, or iv
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i v) Borxomiiisatingn tbe phéentation (both course and fine)
required at step 56.
[0089] At step 58, the gap may be cloged with fine
vertical motion of the template with respect to the
substrate and the substance. The substance may be cured
(step 59} regulting in a hardening of the gubstance into
a form having the features of the template. Next, the
template may separated from the substrate, step 60,
resulting in features from the template being imprinted
or transferred onto the substrate. Finally, the
structure may be etched, step 62, using a preliminary
etch to remove residual material and a well-known oxygen
etching technique to etch the transfer layer.
[0090] In various embodiments, a template may
incorporate unpatterned regions i)} in a plane with the

template surface, 1i} recessed in the template, 3iii)



above. The tenplate support may have the advant age of
limting tenplate deformati on or distortion under
applied pressure. In sonme enbodi nents, a tenplate nay
be coated in sone regions with a reflective coating.
In some such enbodi nents, the tenplate may incorporate
holes in the reflective coating’such that |ight may
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throyghe sy si dersyhace10f ot henhenpl ats, o g
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conbEvppdoning tit aifl exirifreesabstaat efrdn0921 tHee sides, ii)
tenmp e nmanufactured using optical .
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etch, plasma etch, ion. mlling, reactive ion etch or
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[009§Até£ké¥%ﬂgp%%qinEﬂEhdgggg£§§Liég§q %E?aﬁlo% curing with
a curing agent source that illuminates through the sides
of the template rather than the top. This may allow
flexibility in the design of a template holder, of gap
sensing techniques, and of overlay mark detection
systemg, among other things. Exposure of the template
may be performed: i) at normal incidences to the
template, ii) at inclined angles to the template, or iii)
through a side surface of the template. In some
embodiments, a template that is rigid may be used in
combination with a flexible substrate.

[0092] The template may be manufactured using optical
lithography, electron beam lithography, ion-beam
lithography, x-ray lithography, extreme ultraviolet

lithography, scanning probe lithography, focused ion beam



tenplate may include a patterning region 401, an
entrai nnent channel 402, and an edge 403. Tenpl ate
edge 403 may be utilized for holding the tenplate
within a tenplate holder. Entrai nment channel 402 may
be configured to entrain excess fluid thereby
preventing its spread to adj aceht patterning ar eas,

as disepssed i I
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[0094] In some embodiments, the template may be
manufactured with a multi-depth design. That is, wvarious
features of the template may be at different depths with
relation to the surface of the template. For example,
entrainment channel 402 may have a depth greater than
patterning area 401. An advantage of such an embodiment
may be that accuracy in sensing the gap between the
template and substrate may be improved. Very small gaps
(e.g., less than about 100nm) may be difficult to sense;
therefore, adding a step of a known depth to the template
may enable more accurate gap sensing. An advantage of a
dual-depth design may be that such a design may enable

uging a standardized template holder to hold an imprint

template of a given size which may include dies of



[ 00951 A dual -depth inprint tenplate, as described
above, may be fabricated using various nethods. In an
enbodi ment depicted in Fig. 6, a single, thick
substrate 601 may be forned with both a

hi gh-resol ution, shallow depth_die pattern (02, and a
| ow-resol ution, |arge-depth pe??pheral pattern 603.
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substrate 702 (e.g., quartz wafer) may be
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substrate 702. Die pattern 701 may then be bonded to a
thicker substrate 703, which has been sized to fit into
an imprint template holder on an imprint machine. This
bonding may be preferably achieved using an adhesive 704
with an index of refraction of the curing agent (e.g., UV
light) similar to that of the template material.

[0096] Additiconal imprint template designs are
depicted in Figures 8A, 8B, and 8C and generally
referenced by numerals 801, 802, and 803, respectively.
Each of template designs 801, 802 and 803 may include
recessed regions which may be used for gap measurement
and or entrainment of excegs fluid.

[6097] In an embodiment, a template may include a

mechanism for controlliﬁg fluid spread that is bhased on



surface using standard processing techni ques used to
construct the pattern or nold relief structure, as

di scussed above. [00981 In conventiona

phot ol i t hography, the use of optical proximty
corrections in the photomasks design is becomng the
standard to produce accurate pa?%erns of the designed
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proximty correction used in optical lithography, nma

el i nopRtEALEY drs Wiferredt heseschangtiserh. ‘phyldiecaklief

PrOPELLL 88y & REFRUALLRTRLO HCNAOES. I AINSIER! ceamplate
properties, such as volumeffic expansion or

cont sacfaon, usirgl isshnsbrdcpuvecmindeadinisied teed to
generate th act esired replicated feature. For
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f or etz aeg dralitabaaecount i ng for material property

chan 01, d an _inprint formed accounting for
changgiggh naﬁg?ngveBEEBE?iiEgogﬁﬁﬁt WHEHWai he use of
emboslh RS  prvdigiiRhaberbbhichgal Ml@s MWRGa8ks design is
substantially rectangular profile 904, "may be subject

to deteRTERI oie @henfarAnter PEPIEIR i Ft@@tedprihgrns of the

Corter RS R o SR all g ) DB e

pr of iler@0:ng 9ol dhng espettptint fprtibagraphy. A

lith§ﬁ%§%§ﬁ%ﬂ§ﬁ°%§%§%§énee in imprint 1lithography processes
may be that errors may not be due to diffraction or
optical interference but rather due to physical property
changes that wmay occur during processing. These changes
may determine the nature or the need for engineered
relief corrections in the geometry of the template. A
template in which a pattern relief gtructure is designed
to accommodate material changes (such as shrinkage or
expansion) during imprinting, similar in concept to
optical proximity correction used in optical lithography,
may eliminate errors due to these changes in physical
properties. By accounting for changes in physical
properties, such as volumetric expansion or contraction,
relief structure may be adjusted to generate the exact

desired replicated feature. For example, Figure 9



the durability of the tenplate and its rel ease
characteristics nmay be of concern. A durable tenplate
may be formed of a silicon or silicon dioxide
substrate. Oher suitable materials may include, but
are not limted to: silicon germanium carbon, gallium
nitride, silicon germanium saﬁﬁhire gal I'i um
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coatln s. Such coating may be _used_in preparing
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tenpl ate surfaces nay posses ace ree energi es,
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detectable features, such as alignment markings. For
example, detectable features may be formed of Si0Ox, where
X 1is less than 2. In some embodiments x may be about 1.5.
It is believed that this material may be opague to
visible light, but transparent to some activating light
wavelengths.

[0100] It has been found through experimentation that
the durability of the template may be improved by
treating the template to form a thin layer on the surface
of the template. For example, an alkylsilane, a
fluoroalkylsilane, or a fluorcalkyltrichlorosilane layer
may be formed on the surface, in particular
tridecafluoro-1,1,2,2-tetrahydrooctyl trichlorosilane

(CsF13C2H,81C13) may be used. Such a treatment may form a



di scl osed herein may yield filns exhibiting a high

| evel of durability. Durability nmay be highly
desirable since it nmay lead to a tenplate that may
wi t hstand nunerous inprints in a manufacturing
setting. .[01021 A coatings for _the tenplate surface
may be fornmed using either a I?ﬁuid-phase process or

a vapair- PhASH-TULGRID1 A2 (Y dnPhRS & pracRSSe Lhe

substrate may be imMerséd in a solution of precursor
and selweate. In a vapor-phase process, a precursor
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gap 31. For exanple, substgnce 40 ma e a |low

vi scosksy prieuasE. In a liguid-phase process, the substrate
may be immersed in a solution of precursor and solvent.
In a vapor-phase process, a precursor may be delivered
via an inert carrier gas. It may be difficult to obtain
a purely anhydrous solvent for use in liquid-phase
treatments. Water in the bulk phase during treatment may
result in clump deposition, which may adversely affect
the final quality or coverage of the coating. In an
embodiment of a vapor-phase process, the template may be
placed in a vacuum chamber, after which the chamber may
be cycle-purged to remove excesg water. Some adsorbed
water may remain on the surface of the template. A small
amount of water may be needed to complete a surface

reaction which forms the coating. It is believed that

the reaction may be described by the formula:



nmononer solution. A suitable solution may have a
viscosity ranging fromabout 0.01 cps to about 100 cps
(measured at 25 degrees C). Low viscosities are
especially desirable for high-resolution (e.g., sub-
100nm) structures. In particular, in the sub-50nm

regi ne, the VISCOSIty of the so?@tlon shoul d be at or

bel ow.abe4 25ﬂgﬂ§ _@gr%Hp%§§e?§@%y bel ow about 5

cps (neasured at egr ees n an enbodi nent, a
sui table solutlon nay include a m xture of. 5096by

wei g ryl ate and SOW

acrygéogﬁgr%%g rﬁ% T i %yPer%x%né%mégﬁ %uﬁéyTg RFgugh“
sol utboa deyibed a@eﬁlans&a}nbepaf@wt\agf Dftetperature-

pol ynerij z on initiatq ., a photo initiatar)

For Ca%ﬁfgﬁe d acféb% wiae RESSUFSRT gFRbrohen b rfre& 380 the
and kégctﬂﬁﬁ(ﬁﬁﬂﬂﬁﬁofcgfasﬂkéégglﬁe@3¥uﬂ§ SRk en

The viscosity of this mxture is about 1 cps. [01041

I n aRGENBREFRrUCtaRs FBRPARLEI FRBRE B Sy SIreruTRay
| ncl ydg-aut Bt d,c fﬂwwd oHbRREPSLOg IE .hgr%sxﬁ%% $%50604 to

for dispensing fl'uid on the surface o bstrate

(e. gthe speeniicomhsctugrowated) tedipbath spangimagenet hod

may Use a 27 Jrodul ar autonmated fluid dispenser with

one of Tnore extended di spenser tips. The dispensing

net hodloly users greXivusiggeehoigendr atubatelnatel M@ may be a

| at er al t|o et.ween he_dj spenser tip and_the
substtAtE" Sﬁlea}f& H&dmﬁgy% iF'Fﬁ“%a?%a%ee &%PpPdbl efig®
Wi t hekaimpiant duddtegicaply wainge & ovew isiGREIdityf hugdse
For exanple, the nmethod nay elimnate air bubble

t r apPPRY SN FY Bt edAdéFbFﬁla%<? ofPLWF1 %h MR IPHET Ag
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low inprinting pressures while spreading the fluid
acr oé@eqweeinaitr éSgalsgﬁéﬁa/e@h t heoW riprdans kg est énfp| ate

and ééﬁé?&%ﬁ f@bﬁ@OEErUQQQSQﬁéﬁ&Mﬂﬂ@%?qg@ sub-

excess UI [01 ['n an enbodi nent ﬁséd

Vo|uh@0mm%/structures In particular, in the sub 50nm
regime, the viscosity of the solution should be at or
below about 25 c¢ps, or more preferably below about 5 cps
(measured at 25 degrees ). In an embodiment, a suitable
solution may include a mixture of 50% by weight n-butyl
acrylate and 50% SIA 0210.0 (3-
acryoloxypropyltristrimethylsiloxane) silane. To this
solution may be added a small percentage of a
polymerization initiator (e.g., a photo initiator). For
example, a 3% by weight solution of a 1:1 Irg 819 and Irg
184 and 5% of sm 1402.0 may be suitable. The viscosity
of this mixture is about 1 c¢ps.
[0104] In an embodiment, an imprint lithography system
may include automatic fluid dispensing method and system
for dispensing fluid on the surface of a substrate (e.g.,

a semiconductor wafer). The dispensing method may use a



typically be |l ess than about 130nl1 (nano-liter) for a
1 inch2 inprint area. After dispensing, subsequent
processes may invol ve exposing the tenplate and
substrate assenbly to a curing agent. Separation of
the template fromthe substrate may | eave a
transferred i mage on top of t he/ i nprinted surface.

The s@nsserdadnirRae fmdl B8sp@Rsdr Wi th | L rOfhore
remai ni ng exposed material. The remaining |ayer may

be reterndasl (i werwerhades) ayBhe "d iiwersiss meypbod may use
Shouég fefgg%é%éﬂ¥% %%5E959£f9£1§trﬁ?nﬂﬁéﬁi%TQEEEOHS between

i mprint rocesses may | nvolve h

presS@ee@1spﬂnﬂan'thpghnﬂenberamhsmmauﬁnﬂ|ﬂh¢ aEthbé may

tenpl at e. anc substrate terfac However

o PELETEE SRR PICPRPRBPER | REFE AR i ogiigRgEaEby using

pr ochSxS vdaEdinyg fiughs . r esel uékamp v erdray mithganeaty,
ressures and _tenperatures shoul d be avoi ded.

Enbo%l e giadd sykglensraPRing Givf tiRealdeg s defRrgnption

t enpef NV ri#SInd0 ahrRW. VESEOS et 7 GUERDLeovide a
fluids. Further, inprinting pressures may be

m ni ity eef Whl@df&@@néos’qa@wm@m@rﬁc@sm whd leospreading
Spfe@ﬂ%}fﬁ%‘d'&dio %rgﬁé EH€1§Qt%§ %q%héylt%% gﬁprlntlng

ar ea herefore or the purpos base

|rnnt¢mpldmihﬂgi&@hyﬁubstratd dws@anSE1pnm¢essa$howbdtage
sat|$§ the  fqll.owing properties: 1. No air bubble

shou rappe& jet ween tenplate and substrate; 2.

Dr ebmlefdnt actIinbetweebotiheedt s p@r&mpdiiqedaw@l&mbsmagt e

shoul d be avoided to mnim l e neratio

P oo R I e org ThAR FReGa bk visbor dbPal efahc? 1
subsin@i’e ispeiht el niAEZod dibpeNeAngNi Eabsedhdth
bui | dup and/or pressure gradients should_be mnimzed

to SIS TG FEVALVBCERPREHY ddicoripabilgheopnd substrate
t enpl ad Srasub sty at %u&'ﬂ'@r faes: . a%g@ra\eﬁ%e o2 thBeremplate

di spensed fluid shoul d”be m ni m zed
from the substrate may leave a transferred image on top

of the imprinted surface. The transferred image may lie
on a thin layer of remaining exposed material. The
remaining layer may be referred to as a "base layer.™
The base layer should be thin and uniform for a
manufacturable imprint.

[01.06] Imprint processes may involve high pressures
and/or high temperatures applied at the template and
substrate interface. However, for the purpose of a
manufacturable imprint lithography process including high
resolution overlay alignment, high pressures and
temperatures should be avcided. Embodiments disclosed
herein aveoid the need for high temperature by using low
viscosity photo-curable fluids. Further, imprinting
pressures may be minimized by reducing sgueezing force

required to spread the fluid across the entire imprinting



[01071 In sone enbodi nents, relative notion between a
di spl acenent based fluid dispenser tip and a substrate
may be used to forma pattern with substantially
continuous lines on an inprinting area. Size of the
cross section of the Iine and the shape of the |ine
may be controlled by bal ancing 2% ates of di spensi ng

and a£§£atTﬂg¥éﬁgfé3nfo@uEh@gphpﬁogéséE”Eidﬁﬁ Q%%QQSEmprlnt

di spenser tips may be fixed near .g., on the or
of iehkowfaphwr endluide ddgbsneat procrwrs regtchvddis satlsfy the

for rn.are depicted in Figures 10A
andnﬁggagﬁﬁéé 4§%§ﬁ3 %eplcted in Figures 10A and 10B
is alsi mmﬂaiub}:;i@t tséonldhbeeveapped lestweat eenplare and

poss As depicted in Figures 10A and 10B a
cont?ﬁ%%ﬁ% A4S ine pattern nay be drawn using either a

si ngbe oi spensintdde BRO¥eh tAMl difdendglspaRsendt klbstrate
1002. [01081 Dispensing rate, Vd, and relative | atera

vel o%hw e astedate, minimias Partlgla egngsation;
fo'|9W5Pré§§uréﬂ}§éu1@eﬁdE%pfm%lnghac&éﬂn%éfd@é%p%gﬁbmgte and

peri od ['ine l'ength / dispensing
per i g@hst e Shﬁuidabe paheémézeda' is the cross

sect qgng; SiR2bhLEE & é é 41 f%&%@ ¥ga§ents
tadhamiem Gt RobhE B SR e

VS. e I ni
nornah¢@&dkhﬁﬂminumlzeﬂetbipeéhze wén -aurdi Spendecaliked
tip er di a fluid

|sp§%§$ﬂgacon it 1ol 16 Pmﬁfﬁflsféit%@ﬁﬁ(ﬁdi fgécéugﬁPS 11)
my e wset tof ecort dakpehbedvol ui® oflained diispeased.

(Vd) the tine taken t di spense the fluid )",

ViR 1S eﬁnesf}“?eﬁ“bogﬁ‘@?’%‘ég e]tarjr'é“’ieeﬁﬁ’ttﬁogf Bhgeen a
I i nedigapﬁcén%dtomrseaemh&d af sphesoF asip seet Iaoaugfstrate
the line pattern. increasing pattern |length na{l
Y
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continuous lines on an imprinting area. Size of the
cross section of the line and the shape of the line may
be controlled by balancing rates of dispensing and
relative motion. During the dispensing process,
dispenser tips may be fixed near (e.g., on the order of
tens of microns) the substrate. Two methods of forming a
line pattern are depicted in Figures 10A and 10B. The
pattern depicted in Figures 10A and 10B is a sinusoidal
pattern; however, other patterns are possible. As
depicted in Figures 10A and 10B a continuoug line pattern
may be drawn using either a single dispensexr tip 1001 or
multiple dispenser tips 1002.

[¢108] Dispensing rate, Vg4, and relative lateral

velocity of a substrate, v;, may be related as follows:

Va = Vg / tq (dispensing volume / dispensing

period), (1)



frequency of the periodic patterns. Lower height of
the pattern may lead to a decrease in the anmount of
fluid to be displaced during inprint processes. By
using multiple tips connected to the sane dispensing
line, line patterns wth [ong | engths may be forned
faster as conpared to the case?df a single dispenser

tip. Inan enbgd/rreptolﬁe qlesekﬁc?naﬂgp&aéeﬂg fded i
delivery systen1nay i ncl ude: ui d cont ainer 110

an inlet t\ube 21D2(whgrenl e’ viad \tde TI08s aﬂcmmllled.rea of

val v 04 ri 1105, a syringe actuator 1105,
a dlgpé%s%a %%%?nllggﬁ an X stage actuator 1109, a Y

st age act UBtcorefb¥®), a di spenser controller 1111, an
XY st age ntrolle{ 1112, and a main control conputer
1113. A sulé8ble di¥pl acement based di spenser may be

avai fabl widfomwt eHammikian @@H@allﬂé(ttéﬁil%ﬂy Ficgag 13 2depend
illustrates several undesirable fluid atterns or

di spefsthy W ode Pér A ShSPREESS: t yTHY Lﬁlcrs dispgager may be

di spepgidg Paf R RepERY mkaad EoffﬂﬁjQiléggﬂéanr%Qh@ggller
i ncl uding: trapping air bubbles, localized

def ot bt | b3 demidtadsia BLanrei d1) thy excampies, t80control
dlSp@ﬂé'@@hﬁm?kﬁgfgggﬁoalg ehggdc ﬁﬁ .n%fth? Te taken to

inmprinting area ' Spensi i rregu
1205dheyetsmad-iteo flluddal(iczed def orsnmahdond aﬁetﬁmxad

tenplate and/ or_.substrate, sSpensi several. drops .
1500 AT b aRhRL o Painf LR Tat e onagiobe
| eadof otli¢ appigig sefctabh obubhé631n@tﬁﬁﬂtdﬂﬁ5peH&bﬁ@aSlng
patterns w th nearl osed ir erenti al patterns
1204P7RySSE Mg ?’y“%éé’a tGCS%?Ve‘gﬂ%Ilémﬁfé‘ﬁﬁPﬁg he spatial
Li keﬂ\té@aer‘ﬁc@f&iﬂ RheOpekaBdom phecer@N! 1Qfued BRHBHS of the
1203 may | ead to trapping _of air bubbles.

Spi PRPERTHGY JFESt Fat 8 APERSasE o Vihse Fiompts phi §1luid to
MBY HE WSS, PP R AT T Bwﬁt LS ddy et BoBnbl hilleipie

instability. Dewetting o formatio
numek e caymsdtedy @gstbe sameddmpetrtml@mwine patterns

i”StﬁE%%ﬁ¥oﬁ§tﬂ@ﬂ%thﬁnkggrﬂé'%8 gffggéér ‘ag compared to the
case of a single dispenser tip. In an embodiment, a
displacement based fluid delivery system may include: a
fluid container 1101, an inlet tube 1102, an inlet wvalve
1103, an outlet valve 1104, a syringe 1105, a syringe
actuator 1106, a dispenser tip 1107, an X stage actuator
1109, a Y stage actuator 1110, a dispenser controller
1111, an XY stage controller 1112, and a main control
computer 1113. A suitable displacement based dispenser
may be available from the Hamilton Company.
{0108] Figure 12 illustrates several undesirable fluid
patterns or dispensing methods for low vigcosity fluids.
These dispensing patterns may lead to one or more
problems, including: trapping air bubbles, localized

deformations, and waste of fluid. For example,



[0110] In an enbodinment, a fluid dispensing nethod nmay

di spense nmultiple small drops of liquid that may | ater

be forned into a continuous body as they expand.

Figure 13 depicts the case of using five drops of

liquid. Here, five drops are used only for the

purpose of illustration. Ot her3®open" patterns, such

as ' i dal. IJ.ne, _az "W, .0 ' - R
e ot g P s arPhoas e gtter ™t Bie imprinting
t enphae®-Bibist rat eigppndéngeasesgular clulrers deOpsmag0lead to

may - becone thjnner and w der_causin ei ghborin L
o o STe et B EeBREn e SEo A0 BB AE UNERE Rughace-

t he Dhspdéradinglisspenaingropy DDO2 | N6t Udeed AQDEI AHOHS
form,the _expanding liquid may expel air fromthe gap
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ef f eglhbyeed Or 3R BishBhSiABt hodk shauld e ndibsPonsedsed
in such a way that as droplets expand, they do not _

t r apC BHAGBE ST Rde Rt ReTnE ehPP At el widdtlvat ead to air
[ 0111 5l d O plifcayi de Wh 1
accurately §gg%ﬁ¥%ed #ay ﬂegﬁfs%%ﬁ%%%kﬂgﬁhgaﬁggﬁoP acement
sol epbi drarllates WRiOBhmaypltesgure- stapoittd d adict bubbles.
Another 371 _.t.ype of the ljquid dispensing actuat y

i ncl élékEHPé o?agP%SEE%L%i2%%%5%?““%&9%%95@§¥ ggugg may
Syst e teh "alewsiteiags opeabl émvaihey eclitdpenten a$1lm

conpared .ta .a_ displacenent based fluid di spenser _nma

nor i ptthdy C GBUBRETRE Toveleat Hoto HBLaPR: Bf Himerous
vol uga xonirds cEh€saidagyanhageshsmatee espeekdl by a thin
desirable faor larger size inprints (e.g., severa

i nch&s RBdveraRtefbBdfment of a systemincl uding

m cr ppsodenoi drvahvesnhbsidert Ctedrik g Higpedslfg db€hod may
system may include: fluid container 1401, an inlet

t ubelusEEnismylgiet ey arg el 1403 s huisiuifoghagnmay later be
out | vie , 1405 Iler i Cr Q-
soléﬁ%ﬁy va§$é 489?tgﬂﬁ§%§gg%%fé%%fﬁééggggggg%trg e 3
1408lemité st @geeld0usang Xk Westdgpsc oift Adghed. 14d&re,

glngcéidv@ic{]ro%%n%%tee{lséélgﬁlé Egrb Sél'[eatpeur]p%]é]é g?yi?fustration.
Other "open" patterns, such as a sinusoidal line, a ‘W',
or an ‘X’ may be implemented using this method. As the
template-substrate gap decreases, circular drops 1301 may
become thinner and wider causing neighboring drops to
merge together 1302. Therefore, even though the initial
dispensing may not include a continuous form, the
expanding liquid may expel air from the gap between the
template and substrate. A pattern effective for use in
this method should be dispensed in such a way that as
droplets expand, they do not trap any alr between the
template and substrate.
[0111] Small drops of liquid whose volume may be

accurately specified may be dispensed using micro-

solenoid wvalves with a pressure-supporting unit. Another



on X- Y stage 1409. A suitable mcro-sol enoid val ve

di spenser system may be available fromthe Lee

Conmpany. [0112] A dispensing pattern that may be

useful for large inprint areas (e.g., greater than
several inches2) s depicted in Figure 15A. In such

an embodi ment, parallel lines ¥ fluid 1503 may be

di sp Rar.all I u Jagcq;ir

expag%lﬁ(gd?n ﬁ%%ﬁuld g eﬁélﬂé h e exp I?ﬁalh om

t he papzasaterieat dlﬁﬁemseapprmane@agﬂﬂosxfr at ey$66@. with a
TofaC|I|tate expandin nes 1503 in the d.elred
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Figure 15B), That is, the tenpl ate/substrate ap. may
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be padedheligdsd nie vkl Bapedd8Bly 4ddddn1An rRdvantage 8ize
providing a well-distributed initial fluid |ayer may

be tHERTIHe® ot -eht-afE¥ARTeE r brchetdpearilhe Panpihhpdiment of

and subsiyal %ﬂmélgﬁlg(:fﬂ%?gs%ﬁgno:{cﬁ Uéjss 1@? PFCQ&'& in

to the "hydraulic mcs of t ayer 0
and Eoywpie aTrﬂceT&Ie syetoni say al nokudg2: @ttag?ecoiﬁhelhemelflol

port tenpl.ate_na nt di d
fl w%lgearg[l er eanrmg I’1e‘|?np%1|r1 %%nga%() < H%l% %rrgfl%g 149§, an
t he gapl detwdere tLhest, eapbaﬁq_a amle swiblstrr at4@ 6, gat sicro-

smal I th reaction forc et ween

AR Sa e o Ui B R LU R Selsireen L0f..
Thi Sl4@€l);a|a&ﬂQ€—y0fstfagéCQ§OHﬁyalheéadYteﬁ:a@eﬁ@foh@%b[l_mgr 1410,
notion. for the tenplate and substrate,

t her@?ht®d %I%W&H?Faﬂﬁiﬂ parfl FErs et |1g|1r§hfﬂﬁy "Be placed

[01144 Bucecessigd 14mpri nh it Hogr apic R Seddl Bevalve
preci se alignnment and orientation of the tenplate with

r es pekIPeFThEYSHEst May ebe o2 dohtall e thwyape hepefwBRY -
the E@f@i]at e @&n‘alﬁﬁgﬁgﬂﬁéepa bt{ﬂ'a’ct ?la %eﬂgggul for

herern may provide a syStem capa chi evi ng

pr eclaege alimgrimenerend gapgcorgredtdmn tdamr sduetrabninches?)
fabriCQﬁlplcted in Figure 15&A. In such an embodiment,
parallel lines of fluid 1503 may be dispensed. Parallel
lines of fluid 1503 may be expanded in such a way that
air may be expelled from the gap as template 1501
approaches substrate 1502. To facilitate expanding lines
1503 in the desired manner, template 1501 may be close to
the gap in an intentiocnally wedged configuration (as
depicted in Figure 15B). That is, the template/substrate
gap may be closed aleng lines 1503 (e.g., the wedge angle
may be parallel to the lines 1503).

{0113] An advantage of providing a well-digstributed
initial fluid layer may be that the orientation error
between the template and substrate may be compensated

for. This may be due to the hydraulic dynamics of the

thin layer of fluid and compliance of the orientation



process. In an enbodi nent, the system may include a
high resolution X-Y translation stage. In an

enbodi ment, the system may provide a pre-calibration
stage for performng a prelimnary and course

al i gnment operation between the__tenplate and
substrate surface to bring the T2l ative alignnent to

W t hipaghe npid Olrbv\fe%n@%rgg_oﬁ EENEHBOVERBNMte may contact the
orientation stage. This pre-calibration stage may be
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of f ed Er&ﬂemmﬂrésgnd panrpel eligerenhdpow tmwinbetanee the
Oper@éﬁﬁ&htéqéﬁgﬂgﬁ%strate surface to bring the relative

alignment to within the motion range of a fine movement
orientation stage. This pre-calibration stage may be
required only when a new template is installed into the
apparatus (also sometimes known as a stepper). The pre-
calibration stage may consist of a base plate, a flexure
component, and a plurality of micrometers or high
resolution actuators coupling the base plate and the
flexure component.

[0115] Figure 16 depicts an embodiment of an X- Y
translation stage in an assembled configuration, and
generally referenced by numeral 1600. The overall
footprint may be less than about 20 inches by 20 inches

and the helght may be about 6 inches (including a wafer



may al so provide extrenely high resol ution. However,
nost fl exure based systens nmay possess |limted ranges
of notion (e.g., sub mmrange of notion). Enbodi nents
di scl osed herein may have a range of notion of nore
than 12 inches. It is believed, that such stages may
be cost- effective for lithographic applications,

part baybRy |y dion VAL WiBodhkEhPehay f 9Fc B itand v-axis
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disclosed herein may have a range of motion of more than
12 inches. It is believed that such stages may be cost-
effective for lithographic applications, particularly in
vacuum. Further, for imprint lithography technigques, the
presence of imprint forces may give embodiments presented
herein significant advantages.

[0118] In general, an X-Y stage may include two types
of components: actuation components and load-carrying
components. Lead screw ascembly mechanisms have been
widely used where the positioning accuracy is not a very
gignificant factor. For high accuracy applications, ball
screw assemblies have been used for both the actuating
and load-carrying components. Both of these designs may
be prone to problems of backlash and stiction. Further,

the need for lubrication may make these designs



(1803) may remain parallel to a line between joint 1
(1806) and joint 4 (1807). In |linkage 1800, the range
of notion, 1m nay be given as: = 2d1 [COS (0. -
a../2) - Cos (0,, + u.12)] 4d1 sin(6.) sin(u./2), (5)
where, 0,, is the angle of join% 1 (1806) when al
flexure joints are in their eq 4Iibriun1conditions,
IS t NG SBXAHREN At QfdeON nf 3086uAl of NE, flLXUr8 NikkStive
and d, is the length of links 1 and 3,7 (1804) and
(1808pprl satsiwwh (4.9 -EqAampEspt orhegxanphwl., the

not i ge i | = rLeea. . -
Thergﬁ%%if théﬁilﬁkcggﬁggﬁ %gﬁgbggsayggﬁggg}ﬁgglge art
| ml [ Bsanifys . . Adr-Raringg) mpPl2dis Theriefldre elusiingtan

um , _of. 600, the mi ni.num__Lipk ngth for a 12 inch :
ot | BRCRERES 0 e i enyBick B8, Ry 18 bearings
depi ga¢ wroeihodiiEnedolicadbBeheind | ddkagei tSidg.l ar to

I i nkage, 1800,  but with the addition of two i
cyIiﬁ%@?%%@n%ﬁ%ﬂésaf@b?@aﬁleﬁeﬁ%Yi%e§FH%§“§ﬂ8ﬁsfPﬁaPSE 1o

I f ) ohbtud 4204 nt 3 1905 of Figure 19 rotate

in o ggsite directions by the sane angle, the stage

may [gefel

at e L Piree 18 shsat fopalheritio e falnend icheoK a

axi s ?&Q;C lgpdri di s 0 f.l r

] Oi n?asg%cigjg{ aengwsg%l'%g'?h{(h% irég%%?)t %{8; rloﬁrﬁel(%gqlsos) nay
cont betofrayhe gteatee lemgich.1 WBE8 ambTrimk RJApOAGOilnmoves
opposite directions, ILp.an odi nent ,. no .aqdi ti

j oi n%%é%? sar r?gz{gsﬁay?ﬂ%ec}frgg%i ?%%letssl nlcneciclﬂq{iaﬁgr ?ggb

di scsotl®02 baytHee scagplhedotatel ankke 1908 ambul@0be hated

order. to prevent., di scs 1902 from slippjnag,
appr DRFT dLhe R icond REs BaY aBpl RSP Ok rbe; henoth of
di sksinConparsd )t.o eenvenki fanht 8¢ agesswwhanrg s, dilhagt 2

driven nmechani sms or bearings may be used, the
cont 4§ 0Bt & SHEie rayapecl eFatd Velne daMecrgdgint 1

rel atiygdy éﬁﬁﬂﬁ&ﬂﬁtﬁgiﬂﬁ@bﬁ?.hbfﬁ ifﬁﬁaj?tﬂy%%ghtﬁgsg§nge of

1902 are not depicted in relation to X-Y stages 160
and motion, 1Im, may be given as:
In = 2dy [cos (0o - Ogax/2) - cos (8o + Omax/2)]

= 4d; sin(f8s) sin(oma/2), (5)

where, 8, is the angle of joint 1 (1806) when all flexure
joints are in their equilibrium conditions, op.x is the
maximum rotation range of the flexure pivots, and d; is
the length of 1links 1 and 3, (1804) and (1805). Ag shown
in Egqn. (5}, for given d;, the motion range is maximized
when 8y = 90 Degree. Therefore, the link length may be

given as:

dh = 1a/ [4sin(omax/2)] (6)
[0121] Therefore, using an opax of 60°, the minimum

link length for a 12 inch motion range, is & inches.



1700, disks 1902 may be present in sonme enbodi nents.

Li nks 1602 and 1601 in Fig. 16 may correspond to |inks
1908 and 1906 of Fig. 19. Thus disks 1902 nay be

present at |ocation 1603 (as well as other |ocations

not visible in the Figure 16)._ Referring to Figure

17, disks 1902 nmay be present 3 location 1702 (as

wel | 188291 her pilpeat heNgpoLLYi §hbérﬁ>dcﬁn%rﬁzuro% R basic
[0123] As the actuation systemfor either of stages

16001 srkag@Einal itwedinsageol 890 orlsul asl tdepihet eddiihion of
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suita i near servo not Serve eac
transfajoion axileod Smﬂtabhet|BnEB@SSEﬁMD{ﬁnkDHQ mayabe in

available. fro ogy, Syst ens |on

e e R DR HioHBaPY LBR L 3o ot G Sy T SEHGE may
absegege fitd rd GhireNalraeenhacbnal ARGE I8 aﬂ_d:\f@"tt@]@eXoExls.
such_linear servo nptors may be the 36 fact that the

may PRI s ety di FhR T REAL Teaater JopaRS £ 1904

aboufnd09 pyndsneTheLehies gy ﬁéiyfﬁéQﬂxn%Qﬁp ?nEétH§¥ link
provide only translational notion contr ol

and Y H?Q%Gﬂﬁbﬁ@nkl? éﬁ@élénb@ppmﬁxﬁﬁtdmﬁeqn10n§oneln an
enbodi et S, he A ?E?Enﬁi 5?ﬁné8 | %Q& be
an” the ac t he

need to be nor'e pomer uator o
uppereq@izqﬁa5ﬂn¢esawéladbmdahedis¢sIk&&ﬁ may be coupled to

interf rovide a feedback Si l. to

cont;oek i?d?ﬂ%géPPEOnlgﬁ OBFeT he” eI VSt g?lsF? (802 from
bel|ey£pbiﬂgu dras@proprtiettepOEEIsyd Mayy MeOvipde iBM between
| evel 05|t| ni_.ng cantrol 10124] Pl acenent errors

can Blé ed GSTRGTRAsE? COMYBNT PEpgegnyhere
hi ghdiﬁ@@_ W iR Xm¥ cBhag8hs (SHChe &8 ngs Yoot 8@ ubé0, the
depicted in Fig. 17). If the orientation alignnments

bet WeRRE3He FBHFICS &<aRIM3YLRE rat B Erely fdegendant
fromgeg th.thpré%,syt he phapeaEn!l aidQ (1% aﬁ%%gubﬂ Q?sks

conpensated only Once for an entire substrate
(i.el902 gishalotodepigpey. inf refateimratticoX- Yalsrtggﬁemléoo and

bet wegd N H&MIabeg)dnguBsiidle Al & FUREdgiments.
Links 1602 and 1601 in Fig. 16 may correspond to links
1908 and 1906 of Fig. 19. Thus disks 1902 may be present
at location 1603 (as well as other locations not visible
in the Figure 16). Referring to Figure 17, disks 1902
may be present at location 1702 (ag well as other
locations not wvisible in Figure 17).
[0123} As the actuation system for either of stages
1600 or 1700, two linear servo motors (as depicted in
Fig. 20 and referenced by numeral 2000) may be suitable.
One linear servo motor may serve each translation axis.
Suitable linear servo motors may be available from the
Trilogy Systems Corpcoration. An advantage of such linear
servo motors may be the absence of frictional contact.

Another advantage of such linear servo motors may be the



with X-Y notions and/or excessive |ocal orientation
variations on substrate exist, then X-Y position
changes of the tenplate relative to the substrate nay
need to be conpensated for (i.e., field-to-field
overlay). Overlay alignnment |ssues are further

di scussed with regard the over? y al i gnnent section.

Fi guggs: 24, and 122 R Vk,d.sdlgg go“ facet'u%t&%n_f Esifées

overlay error conpensation respectively
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be actlve or.passive. Either or # t hese st ages
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enbodi mrent may thereby forma seri nmechani ca
ar r apgerentX-Y @128t -A fiknaésob¢bhteed dhasdt dgesemay

| ) .
an EH@ef%g%éﬁétgﬁ?&Sﬁﬁﬁ%é?igeCgﬂpié§g¥lqggﬂ%§P%1n?ocontrol

passi Vé co mey generally rerer
menb&e124iat géﬂacbm@ntnattonsfcamnh&nqﬁmpmmaateahaslng laser

noti on ctivated b dlrec t contact

W DRI X Ffen VPnE- ey Wit Poit Sragesi deuen s
passkve, stdpn ifoonayepectdasignedy ! ahave rthehabstientation
dom n nt conpl i ance about two _orientation axes. The

two of ISR DPeYEE nEYehEe B} # Ho GHithIS RS TRES PF8 on

the {ga@lHRAOWRbmS HEFam8L {88, deSCHRRAMhENerror may
referenced to Figure 43). The two orthogona

torsﬁ%%%lthhﬁﬂqoﬁﬁéésﬁﬁﬁée@nhﬁy0@9%|ﬁQﬂI%ﬁ patirfesyhgerate
for @, sguare ete”p%;%BSalTB@e% Bgnpri efH 100 55 B MaYy

be designed such when t e tenplate i s non-

par ahl ejnmgirtts egpeen tbet hemsldvse raatce substirbtrakes coupled
with X-Y motions and/or excessive local orientation
variations on substrate exist, then X-Y position changes
of the template relative to the gubstrate may need to be
compensated for (i.e., field-to-field overlay). Overlay
alignment igsues are further discussed with regard the
overlay alignment section. Figures 21 and 22 provide
global and field-to-field overlay error compensation
algorithms, resgpectively.
[0125] In an embodiment, corientation of template and
substrate may be achieved by a pre-calibration stage
(automatically, using actuators or manual, using
micrometers) and a fine orientation stage, which may be
active or passive. Either or both of these stages may
include other mechanisms, but flexure-based mechanisms

may be preferred in order to avoid particles. The



contact with the liquid, the resulting uneven |liquid
pressure nmay rapidly correct the orientation error. In

an enbodi nent, the correction my be affected with

m nimal, or no overshoot. Further, a fine orientation
stage as descri bed above may hold the substantially
paral l el orientation between th%7tenplate and

SUbSLE plieratf QAn 3L kel eBL! ¥o0P8a PES I PG LRed! LAW the fine
curing of the liquid. [01271 In an enbodi nent, a fine

or i eptaeNoIE Fima g agry may nbk udewsihed oro e pact-gal dbsation
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corpt Do Pttt B blpls! 18, RESHLAY, (i 2RhSY BSes.
A si dpbegnapprodelvet ohehinsss ydeohiasast naynpie ahoemakeut two
t he goggééqgfe of theTgctgators.aHQ , thei.r actuation
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syst ssive, sel f-cqrrection
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this conpliance should be chosen to allow for rapidly

cor r'eRe | FRMOrIBN PabABATEr FOFRIANF t h THA AilM&l o&feppation
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substanti al I'y parall orientation between

t enppa®l anld widls regpect ok o stli¢ | sileittard, ong périnalles o
contact with the liguid, the resulting uneven liquid
pressure may rapldly correct the orientation error. In
an embodiment, the correction may be affected with
minimal, or no overshoot. Further, a fine orientation
stage as described above may hold the substantially
parallel orientation between the template and substrate

for a sufficiently long period to allow curing of the

liguid.
[0127] In an embodiment, a fine orientation stage may
include one or more actuators. For example, piezo

actuators (as described with reference to Figure 46) may
be suitable. 1In suéh an embodiment, the effective
passive compliance of the fine orientation stage coupled
with the pre-calibration stage should still be

substantially torsional about the two orientaticon axes.



allow curing of the liquid. [0128] overlay alignnent
schenmes may include neasurenent of alignnent errors
foll owed by conpensation of these errors to achieve
accurate alignment of an inprint tenplate, and a
desired inprint |location on a ubstrate. The

nmeasur enent techni ques used in g§oxinity l'ithography,

X- I ayhbi L HORLaPY .arRndhaRREL QL | LRPGREPYs .81 thaser
interferonetr capaci tance sensing, automated I nage
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[0128] Overlay alignment schemes may include
measurement of alignment errors followed by compensation
of these errors to achieve accurate alignment of an
imprint template, and a desired imprint location on a
substrate. The measurement techniques used in proximity
lithography, x-ray lithography, and photolithography
(e.g., laser interferometry, capacitance sensing,
automated image processing of overlay marks on the mask
and substrate, etc) may be adapted for the imprint
lithography process with appropriate modifications.
[0l129] Types of overlay errors for lithography
processes may include placement error, theta error,
magnification error, and mask distortion error. A2n

advantage of embodiments disclosed herein may be that



positioning errors between a tenplate and substrate

(that 1is, translation along the X and/or Y-axis).

Theta error may generally refer to the relative
orientation error about Z-axis (that is, rotation

about the Z-axis). Nhgnlflcatlﬁg error may generally
refer to thermal or naterial uced shrinkage or
expapgsRnd Pt 418 d R REedma rﬁ@taﬁe corpalRd Jeo.2LBe the
original patterned area on t tenplate. [01311 In
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posi ¢dapd gl afo iesel iahbghaphi ﬁ%é@ssésﬂ wWHaiel gt
l'ithography processes, the  tenplate and substrate

i NEAPRL B G HOERP TS RAI FEBaBOC TRl THEHRSE 6f mask may
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requi r enen
ig, translation along the X and/or Y-axis). Theta error

may generally refer to the relative orientation error
about Z-axis (that is, rotation about the Z-axis).
Magnification error wmay generally refer to thermal or
material induced shrinkage or expansion of the imprinted
area as compared to the original patterned area on the
template.

[0131] In imprint lithography procegses, orientation
alignment for gap control purposes between a template and
substrate corresponding to the angles o and § in Figure
23 may need to be performed frequently if excessgive
field-to-field surface variations exist on the substrate.
In general, it is desirable for the wvariation across an

imprinting area to be smaller than about one-half of the



not be critical for devices with features that are
relatively large (e.g., about 0.5J.1nm). However, for
critical features in the sub-100nmregion, the images
of the two overlay marks should to be captured on the
same focal plane in order to achieve high resol ution
overlay error nmeasurenents. [0%%31 Accordi ngly,

over i @yrLhtQi fRASHLIRALLAND 187 LPleSUPRNS 3h1®Anents are
met hods for inprint |ithography processes should
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planes onto the same focal plane. Such a requirement may
not be critical for devices with features that are
relatively large (e.g., about 0.5J.1m). However, for
critical features in the sub-100nm region, the images of
the two overlay marks should to be captured on the same
focal plane in order to achieve high resolution overlay
error measurements.

[0133] Accordingly, overlay error measurement and
error compensation methods for imprint lithography
brocesses should satisfy the following regquirements:

1. Overlay error measurement tools should be able to
focus on two overlay marks that are not on the same
plane;

2. Overlay error correction toolg should be able to

move the template and substrate relatively in X and Y in



2400, substrate 2401, fluid 2403, gap 2405 and overl ay
error nmeasurenent tools 2402. The hei ght of a
measuring tool may be adjusted 2406 according to the
gap information to acquire two overlay marks on the
same imaging plane. In order to fulfill this approach
an imge storing 2407 device nﬁ& be required.
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for the inprint |ithography process. [0136] Figure 25
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OUt'EHIJ§¥:US EE%%%E EQ gigggtrates the positions of template
2400, substrate 2401, fluid 2403, gap 2405 and overlay
error measurement tools 2402. The height of a measuring
tool may be adjusted 2406 according to the gap
information to acguire two overlay marks on the same
imaging plane. In order to fulfill this approach an
image storing 2407 device may be required. Additionally,
the positioning devices of the template and wafer should
be vibrationally isolated from the up and down motions of
the measuring device 2402. Further, when scanning
motions in X-Y directions between the template and
substrate are needed for high resolution overlay
alignment, this approach may not produce continuous

images of the overlay marks. Therefore, this approach



to elimnate each out-of-focus image, several nethods
may be used. [0137] In a first nmethod, under
illTumnation with a first wavel ength of light, two

i mages may be received by an inmaging array (e.g., a
CCD array). |mages whi ch may g%received are depicted
in Figure 26 and generally ref®& enced by nunera

2604ma} r@@ead?a@%dr%rc 26168 ROBYy t Dow AL LYRIi@% overlay
al ignnent mark on the substrate. Inmage 2601 may

cor r esporeento saenesr Koy ahﬁghmﬂhlnvmﬁu¢hmgnﬂm@y process.
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for nggl, othdii@d PRYI REGRT 58Y¥raddesPFr e du0s MYy
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r ema} hLuiHe igs senacai ngof oelwer) i mages f60usand 260bce
may §4en be @%’Eb'wﬁ%ﬁ Q0L0; A-S1 RIS d JIR Qisng\fgg%@ 988898t ed

for nmeking overlay error neasurenents
seco@ithﬁﬂlhijﬂgwguunﬂnzedtab nghuuﬁnurqam arlbyn951ng a
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arrays 2702. An advant age’ of this net

it nEe ridlgesq ey heahinpaine pracess nigptl@chm gueFigure 26.
e||fﬁt¥§f§éﬂﬂha%g EQEHSSQY be a clearly focused image. A

second image 2602 may be an out-of - focus image. In order
to eliminate each out-of-focus image, several methods may
be used.

[0137] In a first method, under illumination with a
first wavelength of light, two images may be received by
an imaging array {(e.g., a CCD array). Images which may
be received are depicted in Figure 26 and generally
referenced by numeral 2604. Image 2602 may correspond to
an overlay alignment mark on the substrate. Image 2601
may correspond to an overlay alignment mark on the
template. When image 2602 is focused, image 2601 may be
out-of-focus, and visa-versa. In an embodiment, an image
processing technique may be used to erase geometric data

corresponding to pixels associated with image 2602.



i mages. [01391 It should be noted that, if the gap
between the tenplate and substrate is too snal

during overlay neasurenent, error correction may
becone difficult due to stiction or increased shear
forces of the thin fluid |layer._ Additionally, overlay
errors may be caused by the no 3ideal vertical notion

bet weg(ist hend esml ade rands %ﬁﬁ%@r akeché Lh6:51980 d $134R0may be

| ar ge. Therefore, an opti ma gap between the tenplate
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the gapihgtyeem heemhrabauaBlegugstrate within the
depth of focus of the optical measurenent tool and
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substrate are independent from X-Y notions,_ placenent

er r oF PREGSPHRERT F D& CafpeRsht WavEtenalt \Rish & lpgi zahion)

enti ngy SMOSIF e tiR qmgan§em99@du0fms VRl o SUels

a method may be referred to as a "global overlay." If

ori ehrageprnay be filtered out by polarizing arrays 2702. An
advantage of this method may be that it may not require
an image processing technique to eliminate out-of-focused
images.
[0139] It should be noted that, if the gap between the
template and substrate is too small during overlay
measurement, error correction may become difficult due to
stiction or increased shear forces of the thin fluid
layer. Additionally, overlay errors may be caused by the
non-ideal vertical motion between the template and
substrate if the gap is too large. Therefore, an optimal
gap between the template and substrate should to be
determined, where the overlay error measurements and
corrections may be performed.

[0140] Moiré pattern based overlay measurement has

been used for optical lithography processes. For imprint



al i gnments between the tenplate and substrate are
coupled wth X-Y notions and excessive | ocal
orientation variations exist on the substrate, X-Y
position change of the tenplate nmay be conpensated
for using capacitance sensors gand/or |aser
interferometers. Such a nethod may be referred to as

" thigihponephyi pracesess aywhers qinced-aye8sanll Moivfemattterns
su 1B ACROERL B RIER A A% e Bye2Padgph ofip A
enbodi nent a capaci t'ance sensing sy
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simlarly, ure 29 %%lcts an enbodi nent of a | aser
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290%nd 38@hotikdAdbec2 9Bt RAGISS +BR0BembBSEL and
signals received b recei ver 2903 may be used to
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nag@ﬂﬂd?ﬂéﬁ%%ugﬁgoéc eeﬁf%ﬂﬁ%i%ﬁ%ﬂmgﬁyfggﬁglng problems.
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t he r . 0of _the ther r ertle
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pat tmpraahtaﬂéahognapﬂnp pudestis.ate may be adjusted to

t hat ate. However i s believe
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nagrispade chhas 9&@@@5@% ard=fr Ahtelietamef&éos, Wieh raljh
I mpri nt lithogra %F rocess is conducted at room
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My 39 «6REReBAAS BfyhRn S IRG R el REEAL8LA0L L NAla RADstrate
been wi dely used for photolit hogr aphy processes.

Thetgeeingderragene frxonpensacedonsr byauenerf tswyror may

o Foaronel oo Spbe R AblyR GRERCEAL Kb Pl e

r esslubitontehée ag er rorsessitdamiuetofheafer) . Such a method
may be referred to as a "glcbal overlay." If orientation
alignments between the template and substrate are coupled
with X-Y motions and excessive local orientation
variations exist on the substrate, X-Y position change of
the template may be compensated for using capacitance
sensors and/or laser interferometers. Such a method may
be referred to as a "field- to-field overlay." Figures
28 and 29 depict sultable sensor implementations. Figure
28 depicts an embodiment of a capacitance sensing system.
A capacitance sensing system may include capacitance
sensors 2801, a conductive coating 2802, on a template
2803. Thus, by sensing differences in capacitance, the
location of template 2803 may be determined. Similarly,

Figure 29 depicts an embodiment of a laser interferometer



theta error may be conpensated for when the tenpl ate

is positioned a few mcrons apart fromthe substrate.
Therefore, no shearing of existing patterns may occur.

[ 01441 Another concern with overlay alignnment for
imprint |ithography processes t4fmt use UV curable
liquid materials may be the visibility of the

al i gPErR™ fgrdadingoref hechiee | esateimor2 998as bresensignal
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to the UV light,.which is hjghly .undesjirable. [01451
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and the %ap controlling stages aré disclosed herein.
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t he tHafi dreéepeptedted by a sufficiently large distance to
provide a high resolution theta error estimate. The
theta error may be compensated for when the template is
positioned a few microns apart from the substrate.
Therefore, no shearing of existing patterns may occur.
[0144] Another concern with overlay alignment for
imprint lithography processes that use UV curable liquid
materials may be the visibility of the alignment marks.
For the overlay error measurement, two overlay marks, one
on the template and the other on the substrate may be
used. However, since it may be desirable for the
template to be transparent to a curing agent, the
template overlay marks may typically not include opague
lines. Rather, the template overlay marks may be

topographical features of the template surface. In some



in Figure 30 are only for the purpose of illustration
and should not be construed in a limting sense.

Vari ous other overlay marks, overlay mark | ocations,
and/or liquid dispensing patterns are al so possi bl e.
First, in step 3001, a Iqu|d ggos may be di spensed
onto substrate 3002. Then, ep 3004, using the

hi ghefiBsal téhoON 1Y infikat magy §Eaﬁ§det$1f3 P LeleeBRerial as
tenpl ate 3005 and substrate 3002 may be careful ly
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be tenaekErapeci al overlay marks on the tenplate that
may g1 FEEN Dyp e%%%agaxrenaééei §§9Hx§%%lr%ggeg§xe

not be opaque to the curing agent
An epboidieremt ofectoing zappr bachlats dtduistyr ated iin the
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the gsud it agentconthe1ling wtagds ofrdoliavdigseg nkkBes. ror
3101 shoul d be small _enough so that activating |ight

passFigy BERRsEn ofnd HLPAES2F 40/ fEERE edreps of an overlay

alignment are depicted in Figure 30. The locations of
the overlay marks and the patterns of the fluid depicted
in Figure 30 are only for the purpose of illustration and
should not be construed in a limiting sense. Various
other overlay marks, overlay mark locations, and/or
liquid dispensing patterns are also possible. First, in
step 3001, a ligquid 3003 may be disgspensed onto substrate
3002. Then, in step 3004, usging the high-resclution
orientation stage, the gap between template 3005 and
substrate 3002 may be carefully controlled so that the
dispensed fluid 3003 does not fill the gap between the
template and substrate completely. It is believed that
at step 3004, the gap may be only slightly larger than
the final imprinting gap. Since most of the gap is

filled with the fluid, overlay correction can be



sufficiently to cause curing of all the liquid bel ow
the Ilines. In such an enbodi nent, the activating
light may be polarized according to the polarization
of overlay marks 3102. Pol ari z)nng the activating
light may provide a relatively uniform exposure to

al | ﬁﬁéhﬁfdl&ﬁ'&d alee iﬁfeg'hen%apiﬁ@f@déa@lre%wlgn%ihﬁganﬁith the
overlay marks 3102. Light used to |ocaté overlay '
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light passing between two lines is diffracted
sufficiently to cause curing of all the liquid below the
lines. In such an embodiment, the activating light may
be polarized according to the polarization of overlay
marks 3102. Polarizing the activating light may provide
a relatively uniform exposure to all the template regions
including regions having overlay marks 3102. Light used
to locate overlay marks 3102 on the template may be
broadband light or a specific wavelength that may not
cure the liquid material. This light need not be
polarized. Polarized lines 3101 may be substantially
opaque to the measuring light, thus making the overlay
marks visible using established overlay error measuring

tools. Fine polarized overlay marks may be fabricated on



may provi de support for a housing 120. Housing 120 nay
contain the pre-calibration stage for course alignnent
of a tenplate 150 about a substrate (not shown in
Figure 32). [01491 Housing 120 nmay be coupled to a
mddle frame 114 with guide shafts 112a, 112h

attacﬂgd to mddle franme, 114 opposite houskgg_lZO. I n
one & o‘EﬁfF%%r%t,e IS8 EFL=tupdeceRi T FraP e gseglectron
(t hepbagkl i t is not wvisible in Figure 32) to

provi de a support for housing_ 120 as it slides up and
down IBL#Thg vert isc &higdarabadivant of oxampvar@rksomay be
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Iomereﬁ$ate YA at FoR srayel s ncfifdediener & 46 less than

fl expreayerter sleé sandrsecqnd fiexuy.e ieaher 128;5The
operation and configuration of the flexure nmenbers
126, PabBvad thdits étgseuras déerned b SAOxAwhgepi &t éd about
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' e he i eissenati) e, RIVALD T,

t enptEAESHEBENN tel B¥eldghtng the inprinting process.

Typi , tenpl 0 . Lngl i,ece of quartz
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and flexure ring 124, In operation, actuators 134a,
1340 Gnd %254 d iy MBEREBRL r BYFR PSS e IFHERRET - nEPF oM BF

the fdiepidaf ilonN@rlddvise8CHh Y qbodRleii®R Qbhvironment using
imprint lithography processes as described herein. As
shown, system 100 may be mounted to a top frame 110 which
may provide support for a housing 120. Housing 120 may
contain the pre-calibration stage for course alignment of
a template 150 about a substrate (not shown in Figure
32).
[01459] Housing 120 may be coupled to a middle frame
114 with guide shaftg 112a, 112b attached to middle frame
114 opposite housing 120. In one embodiment, three (3)
guide shafts may be used (the back guide shaft is not
visible in Figure 32) to provide a support for housing
120 as it slides up and down during vertical translation
of template 150. Sliders 116a and 116b attached to

corresponding guide shafts 112a, 112b about middle frame



the actuators may all ow for coarse pre-calibration. In
sone enbodi nents, actuators 134a, 134b and 134c may

i ncl ude high resolution actuators. In such

enbodi nents, the actuators may be equal ly spaced
around housing 120. Such an endgddi ment nmay permt

very Erecise translation of the ring 124 in the .
vert Fe&l Y fddildih s EBaEr P R Yap natdenapé| fousing
Thusjophe system 100 nay be capable of achieving

coarse orientation alignment and precise gap control
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facilitated by the configuration of the first and
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appl yimigeamciugubet weent fi i desh sep pardtngspiapeibiéd on it.
and tenpl ate 02 may. suppor the separation force. ,
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pi ezitn agdilatk@osmbhe8hsay . be used. The | ateral

supp rtijgg forces may be careful I% controlled b
usi ngmpﬁ zo alfufhore 5A0BLIYTR S PesichHakaySaldba, 134b and
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capability for layer-to-layer alignment 1n Tnprint

|itﬁﬁgﬂ§ﬁﬁyplate 122 and flexure ring 124. In operation,
actuators 134a, 134b and 134c may be controlled such that
motion of the flexure ring 124 is achieved. Motion of
the actuators may allow for coarse pre-calibration. In
some embodiments, actuators 134a, 134b and 134c may
include high resolution actuators. In such embodiments,
the actuators may be equally spaced around housing 120.
Such an embodiment may permit very precise translation of
the ring 124 in the vertical direction to control the gap
accurately. Thus, the system 100 may be capable of
achieving coarse orientation alignment and precise gap
control of template 150 with respect to a substrate to be
imprinted.
[0152] System 100 may include a mechanism that enables

precise control of template 150 so that precise



processes. Distortion correction may be very inportant
to overcone stitching and placenent errors present in
the tenplate structures made by el ectron beam

i thography, and to conpensate for distortion in the
previous structures present on56he substrate.

Magni fi.ca rection may_only require one piezo
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corre%p@@tﬁk@wd be conpleted prior to the use of
vacuuymtio constrain the top surface of the tenplate.

Thi s P%sﬁ%cauéglﬁﬁbﬁ?#@@épﬁﬁﬁ ah8ma} 89 riidn may be held in

COrrgehbONues IRy H&RRBEELY 60RLE OLLShANNY ithRet B101 that
the top and bottom surfaces of the tenplate are
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desi gn that caus tron o e curing-agent
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in such a way that the curing agent directed to the
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CUr €18 magnification and distortion correction capability
for layer-to-layer alignment in imprint lithography
pbrocesses. Distortion correction may be very important
to overcome stitching and placement errors present in the
template structures made by electron beam lithography,
and to compensate for digstortion in the previous
structures present on the substrate. Magnification
correction may only require one piezo actuator on each
side of the template (i.e. total of 4 piezo actuators for
a four sided template). The actuators may be connected
to the template surface in such a way that a uniform
force may be applied on the entire surface. Distortion
correction, on the other hand, may require several

independent piezo actuators that may apply independently



obstructed portion bel ow the other edge of tenplate
5102. [01541 In an enbodi nent, high resolution gap
sensing may be achi eved by designing the tenplate

such that the m ninum gap between the substrate and
tenplate falls wthin a sensingltechnique' s usable

range. The_ga ei ng neasured may be mani pul_at ed
128
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nmay akbenugap sONHOde1ber peEtoraegh Wdiltivdhit Bequired,
useful range of the sensing technique. For exanple,
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to be used to analyz he gap, en t nplate nmay
havecprarat echatishrargd onnt o Theems@ni f ergpt atre awidt Hiatortion
dept a f 150 nmor.greater. This. may ensur
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| ower practical Ilimt when the viscous forces

appr BaetoR i A UME EBRJEETBRSE M 2¥e tURCamSHirpéged.  In

CONPESHS | dfod Pzt o] N B MBYmp PEEUT hINELY LR SW £2C818fre 51
the tenplate is in close proximty to the substrate:
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i nclination and gap of the
template holder to divert the obstructed curing agent in
such a way that the curing agent directed to the region
below one edge of template 5102 may be bent to cure an
obstructed portion below the other edge of template 5102.
{0154} In an embodiment, high resclution gap sensing
may be achieved by designing the template such that the
minimum gap between the substrate and template falls
within a sensing technique’s usable range. The gap being
measured may be manipulated independently of the actual
patterned surface. This may allow gap control to be
performed within the useful range of the sensing
technique. For example, if a spectral reflectivity
analysis technique with a useful sensing range of about
150nm to 20 microns is to be used to analyze the gap,

then the template may have feature patterned into the



tenplate with respect to a substrate. In order to
acconplish the orientation and gap control, a tenplate
manufactured with reticle fabrication techni ques may
be wused in conbination with gap sensing technol ogy
such as i) single wavel ength iszerferonetry, ii)

mul ti -wa interferonetry, iii) ellipsonetry,

|
i v) 5§BQzSF§R%éth§%ﬁ¥3F§-C@ra@Puﬁré§§uP@ QerfEgrager- This

[015ﬁ&y|@n@ﬁr@n@ﬁﬁﬁrﬁﬂgamﬁilﬁﬁhhggpoﬁhggt@&tﬁémbéﬁy%d is
bet ween tenpl ate and substrate may be used in

conp@F?ﬁﬁertﬁF%%n%@§“bf films on the substrate. A
descrippsspn ofa tﬁé3 %%ebﬁgeQOQQ E3si Lo 8l

Transforn1(FFT) of ctlve aia obf ai he roma
broa§UbahdaSpecth$wﬁﬁuﬂd 5@y bs dkpelbsédfhmn aile ghlpi Between

techghgu ggzyag%gus%g forFnggsgrlng $ﬁ%%§q%%ﬁkﬁgﬁghe

the tenp HE sulss

meassobagrite muidi thenassplboe fult hppbayesh 4 ildex Eﬂﬁctlcal
teChTLﬂ ue nﬁ%n rovi de an average t hi ckness of _ eac
T n %

thin e HiSeNEs SOV SFF afPBRS CIA %1l ki ium
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overcome such problens, first the reflective indexes

may PQ@PQW%R%|Qﬂ%$wlﬁtﬂav§nunber donmai n, between
1th[@&Bé¥“’ For production-scale imprint patterning, it may

be desired to control the inclination and gap of the
template with respect to a substrate. In order to
accomplish the orientation and gap control, a template
manufactured with reticle fabrication techniques may be
used in combination with gap sensing technology such as
i) single wavelength interferometry, ii) multi-wavelength
interferometry, iii) ellipsometry, iv) capacitance
Sensors, or V) pressure sensors.

[0157] In an embodiment, a method of detecting gap
between template and substrate may be used in computing
thickness of films on the substrate. A description of a
technique based on Fast Fourier Transform (FFT) of

reflective data obtained from a broad-band spectrometer



Then, the digitized data may be processed using a FFT
al gorithm This novel approach may yield a clear peak
of the FFT signal that accurately corresponds to the
nmeasured gap. For the case of two |layers, the FFT
signal may yield two clear peak® that are linearly
related_to _the_thickness of each |ayer. [01591 For
opti ¢8I HRFHOFRE MET e odEiiF| HEFBALANS B be used for

refl aehbyiiyg afige RAMH QitGebR WRXEPURDEL & WPt he substrate,
wavel ength. W such as shown in the reflectivity of a

si ngh& ¥ptlcad ien MeEuwibg €hémf ohickhers equird owltizlayer
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t he Burfacdaradrerdlalse? pebxEnguye 52dh &0l itedlete-
absor éion coefficient of the film (mterial 2 of

Fi guF’g sblalehyr 1MpigteditPaerephy piecesses may be

char ag&;@ﬁé&irsgy QU8 hgaBab¥She a MBYnItR HSehdke distinct
technique to determne the period of the function R
r epr BSERE R ACHFPUEY ARcoPtnthet sisfaered that, for a

Singk@lgﬁﬂr]fiﬂﬂnaﬁiéHb%aEh¥ng?fén§£p%&égﬂéaéﬂaﬂﬁ LPhless may
may result when a Fourier transform of R( 'S
obt abPpadeased i filemachibdkaesen (df wiey eomd-fasmct i on of
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gap measurements, especially in the case of multi-layver
films, for imprint lithography processes. In order to
overcome such problems, first the reflective indexes may
be digitized in wavenumber domain, between 1/Anign and
1/Aow. Then, the digitized data may be processed using a
FFT algorithm. This novel approach may yield a clear
peak of the FFT signal that accurately corresponds to the
measured gap. For the case of two layers, the FFT signal
may yield two clear peaks that are linearly related to
the thickness of each layer.
[0159] For optical thin films, the oscillationg in the
reflectivity are periocdic in wavenumber (w)not wavelength

{A), such as shown in the reflectivity of a single

optical thin film by the following equation,

ard

R = p;, + p;.e™ - 2p ,p,.e™ cos@md/ A)

o

L~ (p,.p,,) e + 2p,,p, e cos and / A)



process flow of filmthickness or gap, neasurenent via

a FFT process of a reflectivity signal. For

multi-layer films with distinct reflective indexes,

| ocations of peaks in a FFT process nmay correspond to

| inear conbinations of each fi%4nthickness. For

exanple, a two- layer filmmy |lead to two distinct
peakwhetat Pons iarea theFTedhatysv sty Rapiffa GSndepiact sha
met hod,_ of deter ni n t he thl ckness of two fil s
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FFT may result in an inaccurate on.
ordeY tol/vercone such a problemand to extend the

| owe t o h r m t.hi ck a_novel .
et hg%iéds]? di scll%esg hgﬁg\ %QL? érl lfc’usq,‘:%ﬁ%laer BETYSS
al gomay Hre te0 Ltsmfmlt eet:helgem tcml dﬁtéﬂmmmﬂel dbir@8d of the

an algorithmto find a cal mni maxi num
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at W and W2 The reflectivit Slr\ﬁglégof Equation 7 has
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i ts PEkiTRA G Wher=aoForgiehe TR Friér 1pangeained.

(nw) Tied Eﬁﬂ%‘Eﬂlckﬁﬁ%%tﬂgﬂeﬁ§ysbémﬁ’ﬂﬂ%ééyaﬁebftgﬁ@ Ycation
For a spectrometer wth 200nm - 800nm wavel ength

r anget ?MS-WO@U\%#eﬁéas W, = 1/800. Therefore, the
oscillatipn lenghhof, the, reflectivity data between 0
- W may be sial I er t)han that of Aw. As depicted in

Fi gurlee136 vt e~y Yae Livonigowed W.of LHBmlkocati ons of

m ni nd ven t hat
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t hi cforte;uaem:azn olfeacdmputede asiddl @rwq; beC&&ecth@ & a
| ocal ' sts Ther ef WL = one half

of -ttt e 15, B B et vin, waiey 1ghee §hisoleehpique may

(WX )useful for in-situ analysis and real-time
applications. Figure 34 depicts an embodiment of a
process flow of film thickness or gap, measurement via a
FFT process of a reflectivity signal. For multi-layer
filmsg with distinct reflective indexes, locations of
peaks in a FFT process may correspond to linear
combinations of each film thickness. For example, a two-
layer film may lead to two distinct peak locations in a
FFT analysis. Figure 35 depicts a method of determining
the thickness of two films based on two peak locations.
[0162] Embodiments presented herein may enable
measuring a gap or film thickness even when the
oscillation of the reflectivity data includes less than
one full period within the measuring wavenumber range.

In such a case, FFT may result in an inaccurate peak



Case 2 WM: a local naxi mumexists at W2. Therefore,
W2 = one period of the periodic oscillation, and
hence d = 1/ (W2x2n). [01631 A practical configuration
of the neasurenent tool may include a broad-band
l'ight source, a spectrorreter wbih fiber optics, a
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t hese devi ces nmay be
Therefore, W; = one half of the periodic

I

oscillation, and hence d = 0.5 /(wix2n).

* Cage 2 WWl: a local maximum exists at W,.
Therefore, W, = one period of the periodic
oscillation, and hence d = 1/ (w,x2n).

[0163] A practical configuration of the measurement
tool may include a broad-band light source, a
spectrometer with fiber optics, a data acquisition board,
and a processing computer. Several existing signal
processing techniques may improve the sensitivity of the
FFT data. For example, techniques including but not
limited to: filtering, magnification, increased number of
data points, different range of wavelengths, etc., may be
utilized with gap or film thickness measurement methods

digclosed herein.



| ess than 1/4 of the mean wavel ength of a broad- band
signal, and may be uni form across an active area. A

di sadvant age of broad-band interferoneter may be that
it may be unable to accurately nmeasure gaps snaller
than about 1/4 of the mean wavébtength of the

br oaq-,.band si | ..(e.qg., about 180nm. In an ,
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hp, iven as: = (hy #h2 + h3) /3.1 - h,
(55 et ED, AanulBeFire Sindid st Whbia 1oV eR
Yi) devidier.e Xiagdeylaxes aseiossthaidubst kdteon size
surface), the rel at'h\/e orientatjon of the tenplate

wi t PP g FRe DSEBsTPaPE MR e dbprddsegsagngd Light
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surface with respect to a frane
material in certain geometric shapes on substrates. The
imprinted layer thickness of some of these devices may be
less than 1/4 of the mean wavelength of a broad-band
‘signal, and may be uniform acrosg an active area. A
disadvantage of broad-band interferometer may be that it
may be unable to accurately measure gaps smaller than
about 1/4 of the mean wavelength of the broad-band signal
(e.g., about 180nm). In an embodiment, micrometer size
steps, which may be measured accurately, may be etched
into the surface of the template. BAs depicted in Figure
37, steps may be etched down in the forms of continuous
lines 3701 or multiple isolated dots 3702 where
measurements may be made. Isoclated dots 3702 may be
preferable from the point of view of maximizing the

useful active area on the template. When the patterned



whose x-y axes lie on the top surface of the
substrate- n =r /11r1j, (10) where, r =1 (X3, VY,3,
h3) - (X, Y1, hj) ] x HX2, Y2, h2) - (X, Y1, hi) |
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whenS@sigite may be expressed as a unit vector (D) that is
normal to the template surface with respect to a frame

whose X-y axes lie on the top surface of the substrate.

n==x/|lr|l], (10)
where, r = [(X3, Y3, hs) - (X1, Y1, )] x [(X2, Y2, hy) -
(X1, Y1, hi)l. Perfect orientation alignment between two

flats may be achieved when n = (00 I)Y, or hy = h, = h;.
[0167] Measured gaps and orientations may be used as
feedback information to imprinting actuators. The size of
the measuring broad-band interferometric beam may be asg
small as about 75um. For a practical imprint lithography
process, it may be desirable to minimize the clear area
used only to measure the gap since no pattern can be

etched into at the clear area. Further, blockage of the



tenplate is installed or a machine conponent is
reconfigured. The orientation error between the

tenpl ate 4102 and substrate 4103 nmay be neasured via
an interference fringe pattern at the tenplate and
substrate interface as depictedgin Figure 41. For two
optical ., flats, the interference fringe pattern may
appeSHTass P3R5l |Ble Far khengrEsgREebahdecapyprent tool

Ori eBhahiNco Gal idiAkiigRqTRy be performed using a
pre-calibration stage as disclosed herein.
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f r aneon 70ayely teavde aragperingcd8lqataihi cm g peesehce of

t he rat. . a curing ent, (e.g., UV I|ight 0
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for joini with second fl exure nenber 128 as

ing . ] .
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[0169] It may be necessary to perform orientation
measurement and corresponding calibration when a new
template is installed or a machine component is
reconfigured. The orientation error between the template
4102 and substrate 4103 may be measured via an
interference fringe pattern at the template and substrate
interface as depicted in Figure 41. For two optical
flats, the interference fringe pattern may appear as
parallel dark and light bands 4101. Orientation
calibration may be performed using a pre-calibration
stage as disclosed herein. Differential micrometers may
be used to adjust the relative orientation of the
template with respect to the substrate surface. Using

this approach, if no interference fringe band is present,



corresponding rigid bodies 208, 210. Rigid bodies 208
and 210 may he adapted to cause notion of flexure
menber 128 about a second orientation axis 200. A
tenpl ate support 130 maybe integrated with frame 20G
of the second flexure nenber 128. Like franme 182,

fra 20G may _have an opening 212 permtting a curin
agen hFooFé%%‘ﬁatJt%ﬁrﬁD& 58 R CRTRRY-#e FRiRf gyss than %

suppeft tA30wat ik H Bopenati Qeura‘:é reted | exure menber
126 and second fl exure nmenber 128 may be joi ned as
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secopddoes endat i0Mm axisS mdP0rar@ 5%@%@%@%5 and,| hg40n
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[01731 Referri O% t.o Fi ures 42A, 42B and 43, flexure

j oi nf's® ]fiafsrf‘.)ls‘é‘hog1 62 A8y Bewhﬁc%%%o%afﬂé‘dmtré’ prBYFHel28 as

not | o @ Fd @ ibodigerd 643 166, 208, 210 about pivot
axes that are |ocated along the thinnest cross section

of {%k7Hot chédkevArs, coneridir ke sir aaepesyild8 v include

(2) a pair of arms 202, 204 extending from a frame 206. Arms
202 and 204 may include flexure joints 162 and
corresponding rigid bodies 208, 210. Rigid bodies 208
and 210 may be adapted to cause motion of flexure member
128 about a second orientation axis 200. A template
support 130 maybe integrated with frame 206 of the second
flexure member 128. Like frame 182, frame 206 may have
an opening 212 permitting a curing agent to reach
template 150 which may be held by support 130.

[0172] In operation, first flexure member 126 and
second flexure member 128 may be joined as shown in
Figure 43 to form orientation stage 250. Braces 220, 222
may be provided in order to facilitate joining of the two

pieces such that the first orientation axis 180 and



fl exure-based sub-systens for a fine decoupl ed
orientation stage 250 having decoupl ed conpli ant
notion axes 180, 200. Flexure nmenbers 126, 128 may be
assenbled via mating of surfaces such that notion of
tenplate 150 may occur about pbeot point 252
substantiﬁll elim natln SMAnglng and ot her

not i 8RS %Ib‘f%tjsoﬁje Snﬁlo nfel Sreatipteilnorrihegonal

substbatech Thtiser OF iBNARHH0R SbABEgdPRr iRy Mgl sely
nmove the tenpl ate 150 about a pivot point 252;
t her 8B¥CNBRE HPMaAAF Iy lssr?eé‘PFlnﬁeéPn@egﬂ%@taﬂ‘e?a?tmrf@é’ intersect

fromea gubstéats ! law ag L Ebmm&égggrﬁfeo%mgh%é“l

Referring to Figure 44, ur| operat |
100, sabztramsizmamia@t @@é (n@hesﬁ@m)tm ﬁ:mattr olriéhtation

t he gk§§af§@ %ﬁiWﬁ? en%a%SgnaggthﬁN§%$%}or&%ogonal

wi t hout ~provi di ng orlentaton ar
cal i bndtiba @tagﬂ:e'/iﬁf@tcﬁéa)ZSFleméprprﬁvpcﬂ@|fmd’laﬂ)ignment and

al i gnnent ation tenplate 150 and the
subsf7Ht %o%?f%cesgp ErFFﬁSYt heLFR| B s ALHaNgRIERE . @
MAthﬁécbﬁ@ﬂiﬁﬁldﬂ1dﬁﬂaﬁ%athbﬂl§§1Qﬁm@ﬁ&eﬂﬁéﬁ|ﬂ§?eitﬂgelayer
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substanti al I% on the tenplate-wafer interface 254.

For TPreeraferttisticohodéranges; ¥99i  BodyR1914bbetwedyot
joi nfsed AN 37BY okQEBHCalong the thinnest cross section of

the notches. This configuration may provide two (2)
flexure-based sub-systems for a fine decoupled
orientation stage 250 having decoupled compliant motion
axes 180,200. Flexure members 126, 128 may be assembled
via mating of surfaces such that motion of template 150
may occur about pivot point 252 substantially eliminating
"swinging" and other motions that could shear imprinted
features from the substrate. Thue, orientation stage 250
may precisely move the template 150 about a pivot point
252; thereby, eliminating shearing of desired features
from a substrate following imprint lithography.

[0174] Referring to Figure 44, during operation of

system 100, a Z-translation stage (not shown) may contxrol



about an axis depicted by Point C. R gid body 314 may
be representative of rigid bodies 170 and 206 of

flexure nmenbers 126 and 128. [01761 Mounting a second
fl exure conponent orthogonally onto the first one (as
depicted in Figure 43) may pro¢lde a device with two

decoupled.orientation _axes that ort hqgonal, to
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sel ecti vel nst.rain high.structural stiffness.
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fl ext0275Dbi nt WikG0 refe2cimy be Fhahre t4Ey RNt is

enerate particles as frictional joints may. This may
be. aBCPHHOT dht™ (Ieier TPHSL heleReted SIS LY, #8r PRO.

| i t hege BphyiProtRSS tasdRagt LB eSr IRy Pres RAT pethat by of a
harnful to such processes. [01781 Due to the need for

fi nef 2P ivHDIEd EiEBEREERAR sSEREReMEd [fer OrAenagtion
requi¢ £5d hes @vaidiahinhkt ¥oqef 2 3 d

capablﬁgof measuring sna?l gap%@q§P§tq§hg%§£?Bg é%bnm
or |easabehwdenintse tedprate. add 3 subdt4.attdatSpechvade a
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ool e oL Lo DB 400, SSTBLIN 4 0,08 ¢ VSR8LAS, < onn
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haVI{g% orientation axis) axis lies substantially on the
template-wafer interface 254. For fine orientation
changes, rigid body 314 between joints 2 and 3 may rofate
about an axis depicted by Point C. Rigid body 314 may be
representative of rigid bodies 170 and 206 of flexure
members 126 and 128.
[0176] Mounting a second flexure component
orthogonally onto the first one (as depicted in Figure
43) may provide a device with two decoupled orientation
axes that.are orthogonal to each other and lie on the
template-substrate interface 254. The flexure comporents
may be adapted to have openings to allow a curing agent
(e.g., UV light) to pass through the template 150.
[0177] The orientation stage 250 may be capable of

fine alignment and precise motion of template 150 with



active conpliance may be provided. For exanple, Figure
46 depicts a flexure nenber, denoted generally as 400,
i ncludi ng piezo actuators. Flexure nenber 400 nmay be
conbined with a second fl exure nmenber to forman 25
active orientation stage. Flexubp?e nenber 400 may

generate re tilti.n tions .w no_l ateral notions
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used to generate a feedback signal to actively control
the actuators.
[0179] In an embodiment, a flexure member having
active compliance may be provided. For example, Figure
46 depicts a flexure member, denoted generally as 400,
including piezo actuators. Flexure member 400 may be
combined with a gecond flexure member to form an
25 active orientation stage. Flexure member 400 may
generate pure tilting motions with no lateral motiong at
the template-substrate interface. Using such a flexure
member, a single overlay alignment step may allow the
imprinting of a layer on an entire semiconductor wafer.
This is in contrast to overlay alignment with coupled

motions between the orientation and lateral motions.



Vacuum chuck 478 (as shown in Figure 47), may

elimnate -variations across a surface of the

substrate that may occur during inprinting. [01821
Vacuum chuck 478 nay serve two primary purposes.

First, vacuun1chuck 478 nay be @Bilized to hol d t he

subs e durin nprlntln Lan ensure
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subsPFREREHF 1 Hﬁtne&ﬁkﬁlc§u8§ﬁﬁﬁ?41a¢m§l Foremhatice angr the
appl ggstfgugh vacuum channel 454. At the sanme tine,
the tips of pins 452 may be small enough to reduce

t he é?}g fitle of bem iigpEdnts i thoagpmhy t of ofavt bendesirable

(01844 o Q6 48D, 98 R ?‘“g?%‘%%%%%f‘ YR, (AU ¢huck

460 with a plura ity o ves across
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shown grooves 04855, t bR 7R Her? tlgéﬁﬁﬁeto

464 @rswresmiaith muweéuhﬁeéﬁtl@ﬂ?ﬁlﬂrht%ﬁ tHReHeERSH. The

SeCtlorllatEQH%gy%% %g%tggge réé?ﬁg electron beam
lithography. The substrate (e.g., a semiconductor
wafer), however, may exhibit a "potato chip" effect
resulting in micron-scale variations on its topography.
Vacuum chuck 478 (as shown in Figure 47), may eliminate
variations across a surface of the substrate that may
occur during imprinting.
[0182] Vacuum chuck 478 may serve two primary
purposes. First, vacuum chuck 478 may be utilized to
hold the substrate in place during imprinting and to
ensure that the substrate stays flat during the
imprinting process. Additionally, vacuum chuck 478 may
ensure that no particles are present on the back of the

substrate during processing. This wmay be especially

important to imprint lithography, as particles may create



type vacuum chuck 4& may be adjusted through an

etching process. Al so, the space and size of each
groove may be as small as hundreds of mcrons. Vacuum
flow to each of grooves 462 may be provided through
fine vacuum channel s across mnub4i pI e grooves that run
inp respe to the ¢ surface. The
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met hods..JlO 861 As di scussed above, separation of
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crittsateed iinAlinStRBckN The &PREiM HddWRREY @PRYpins 452
process- Since the tenplate 150 and substrate nay be

al moBY k& Mty ipgraplel, thake s anisrrste wall not bow
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substantially uniformcontact b en near pt i cal
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pr ocess: 'indoway &épp aff thainbl e terrpl ate or substrate
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t enpl et eviamd a @Ehramﬂt§UBﬁtgﬁﬁdheé|¥%2P%%&b@@ RESCESSface.
may not be |rrpl enmented easily. However, separation of

t he TEIHISa %4 Fa Bﬁrfﬂgﬁ‘?‘l%t%‘dmiléﬁferfuﬁéfﬁlﬁé per poreretb4 of
succgssfddld-¥ yB¥ vacuum chuck 450. As shown, grooves 462 may

take on either a wall shape 464 or a smooth curved cross
section 466. The cross section of grooves 462 for groove-
type vacuum chuck 462 may be adjusted through an etching
process. Also, the space and size of each groove may be
as small as hundreds of microns. Vacuum flow to each of
grooves 462 may be provided through fine vacuum channels
across wmultiple grooves that run in parallel with respect
to the chuck surface. The fine vacuum channels may be
formed along with grooves through an etching process.
[0185] Figure 47 illustrates the manufacturing process
for both pin-type vacuum chuck 450 and groove-type vacuum
chuck 460. Using optical flat 470, no additional grinding

and/or polishing steps may be needed for this process.



a "peel and pull" process. Afirst peel and pull
process is illustrated in Figures 49A, 49B, and 49C.
A second peel and pull process is illustrated in

Fi gures 50A, 50B, and 50C. A process to separate the
template fromthe inprinted | a§®r may incl ude a
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this purpose. Substrate 20 is held in place by vacuum
chucke@r®ls The rel ative lateral notion between the

tenpk@i@sﬂZ aﬁﬂ;%HEéLE§E8 gg ?ﬁé % afégaéﬁm.%l%%%blate 150

during the tilting notion I ting axis
| ocafedh ctloselnpo inltedt éapkat Bag Ubsta aizatzjcraatler ffanel step in

Once ngle 50 e en_t npate 12 a rate 20

is Ial?agemépnrolﬁlothqlttger?ﬁlrgfj 1B REy  De r%é'ﬁ: dtfaanﬁ'f‘te 150
t he swdsiutsitera2@ waiynpeonl yodt apéBramilivoharEillel, the
vertical tio$) Thi s Eeel and pul |l pethod nay

r esuf¢® ‘?‘?Frﬁgfeﬁ &her Espalates 41%%]F3rfgt€fdefjia§’eﬁtfaé‘fldoﬁuPﬁErate
transéeds layes sl®saaersHbsyrah erfn Wddiowt: wadeskhahler
shearing. [0188] A second peel and pull nethod is

i || Uk fleteri g§Hel 80RYSHER MB0@sURd lvhaeqguésada large
peel gahg Ruldn f@%%QOdan@ﬁeo&ag@r6Tf%.%ﬁ%xﬁ%ﬁgakg&glégg or

may be installed adjacent to the tenplate e or
mor eSlﬁP%‘z@t&actt@at 6epaBeRiomynie hesawredvi adlpecding

E SRl AR eELatn 15 A0 SR HLR R

contbmnundadlrababsﬁrametﬁé pdhiss, oﬁfvﬂym:b&thﬁgﬁgﬁebélution

enl%&%s%jgf%ggg%ment. In case of guartz template and
silicon substrate, the peeling process may not be
implemented easily. However, separation of the template
from an imprinted layer may be performed successfully by
a "peel and pull" process. A first peel and pull process
is illustrated in Figures 49A, 49B, and 49C. A second
peel and pull process is illustrated in Figures 50A, 50B,
and 50C. A process to separate the template from the
imprinted layer may include a combination of the first
and second peel and pull processes.
[0187] For clarity, reference numerals 12, 18, 20, and
40 are used in referring to the template, transfer layer,
substrate, and curable substance, respectively, in
accordance with Figures 1A and 1B. After curing of the

substance 40, either the template 12 or substrate 20 may



50B), tenplate 12 nmay be pushed away from substrate

20; thus inducing an angl e between them A Z-axis
notion between the tenplate 12 and substrate 20

(Figure 50C), may then be used to separate tenplate

12 and substrate 20. An end of %&ctuator 502 may be
surfage:t S{d@dar toent . of t L ower
surf g%et%%gﬁﬁ%f a%ﬂgdf% ointr?q&y;gfl&{lggp%%v%nrﬁol? h%beo be ween
i mpr Eheeterplate fimrst isckistgateo20he Guidrace: iah tdhage

actu r I u r.y, _enbodi men resented,

her e?%e ﬁ?%%%?esesé;sfoé‘ﬁm%r BC&ESES- an%“sr?%l]ﬁteedzo is held
devi ¢asplare Ispoeessiulchvapr knt .| i thegrapvswi tthedt-al
requirjing the use 6 of high tenperatures or hi%{w

pr esE‘SFé&l T FETRHB68; fentRd i cont ray be

of t hesggRi bedRema i e wRkate] 8Ny anstist 18t @ 1@ tilting
whi ch desired features from the tenplate are to be

trand¥ef ret HRERIsE sdkicevEe. thbrenvkrte sopmtatiten of
the §geplalge 1 AMdNESHBSEHB! e bl G 1IH 10" g

| ayer) may be possible out destruction o
sheafithgt vitaled) ried lhegeurssugEnboaipierttes 12hemgi beal so

di sc \ he formof syitable vacuym . .
chucl%gl?g%%%%lfdﬁoﬁrg ttgesﬁﬁlgﬁ %? Iéei %b prade dmaiyng_ams motion
i mpri(atel itdwgreaihyotEond her TRiMosk e drsd iplAliuderhdd may
hi gh pr ci si ol -Y tran%I ation stage suitahle for use

'n° ahe Bt hipr S g FRERY S9t &t R {a'dndFiRCE on the
net hotisnofer flerming sanddt EeBELAGEE SdliabR L MRAERE rable

l'ithograph tenpl ate are provided. [01901 Wiile this
inveﬁﬁ‘?%ﬁlﬁéﬁ% been described with references to

vari pesesll | usty akicvadepbedi 48atSu1 1 Mer i8S REh QB lSted in
not intended to be construed in a limting sense.
Var | BT i 4PcabPBns S8Ad chbiratsarmndopeefeand pull

il i V di ts; t-her enbodi nent s
of Aty SRR IR 5528 HErde BLSUE! cBROBE TPk o0
in tédjacEnt eotheetemphaket 0 The dwesed pbirenpiktoi s,

Ene o fldtord BhETREY b0Astd PRI 181 Rive cine
between template 12 and substrate 20 (Figure 50A). An
end of piezo actuator 502 may be in contact with
substrate 20. Thus, if actuator 502 is enlarged (Figure
50B), template 12 may be pushed away from substrate 20;
thus inducing an angle between them. A Z-axis motion
between the template 12 and substrate 20 (Figure 50C),
may then be used to separate template 12 and substrate
20. An end of actuator 502 may be surface treated
similar to the treatment of the lower surface of template
12 in order to prevent the imprinted layer from sticking
to the surface of the actuator.

[0189] In summary, embodiments presented herein

disclose systems, processes and related devices for

successful imprint lithography without requiring the use



nodi fi cations or enbodi nents. 68 WHAT IS CLAIMED | S:

1. An inprint lithography systemhaving a tenplate,

said systemconprising: a nmount to hold said tenplate;

and a device coupled to said nount to vary dimensions

of said tenpl ate 2. The systeffas recited in claim

1, W@?fﬁ& hS fé%loHC%H8§ geggﬁ$§g t %%{%ert n
tenperature o sa| PEausSe Sai d 'diensi on

to varﬂpodSmeﬂm gy&tcameas:omearbﬂedfl tlh®|@.}_1$n]ﬂet®feezl, a

wher |n i d_device rther i ncludes_ a u

pi ezg gc?ﬁ%t%rf aatstug g&tfeoogpﬁiwcg ‘fl%ﬁ‘%e‘{? 25 from
t enpkhtetangll atearares aicd bl FRB8EE8Sred . maP G i Bvas .
recited in claiml or. 2, wherein said device includes

a pi Bo5eattiat BRHAERe @t §15ppryPEate of g ttdies gigstrate
tenpliahe and MAsirsaid 1@5;@%518 Wgsbé pddi8i SIS LA
recited in claiml, 2, of 3, erein said tenplate

f ur t BEPLTWRT iRfeon Whesirdag ofxdeatired teanyesr.séimpotdments
eachy,ot bey , g 5 viee inglu

pi ezo act ua‘%ors @Cqﬁ%%or e%? %oﬁlgéofolggl%c?a%u&)réggﬁ?y

of pveznuracd;maﬂm,s otfehwgd@ngplaedubstrm hirofplsaied duwdng
sideg to. a force thereto. Th tem

recited i ?‘Pc yt ot oPoY 'orggftcﬁﬁﬁe?‘gl?%gjsr%\%% iélfiS' a high
furt peecimxudesz ttwensildes onext eg4di é@lﬁd’hﬂl&&f@ﬂs@s}é i an
each, ot her,, 2 q&%(a}l d.device furth i ncl udes a

pl ur AP} of RLY U SYEFEMat t A Je'bllcéga o Fs5phedg of

for ceomns@laild Weresitdes anduativle Saigshirt MBASSRSphY-
The systemas recited in claiml1, 2, or 3, wherein

sai dEFBAR LR eFuPmR@idefc] udes two sides di sposed
Oppog$higot O eaghi 1Rl hefis aRFesaldn deYd aRdHMdeS bR with

references to various illustrative embodiments, the

description is not intended to be construed in a limiting
sense. Various modifications and combinations of the
illustrative embodiments, as well as other embodiments of
the invention, will be apparent to persons skilled in the
art upon reference to the description. It is, therefore,
intended that the appended claims encompass any such

modifications or embodiments.



plurality of piezo actuators, with nore than one of
said plurality of piezo actuators being coupled to
each of said two sides to apply a force thereto. 8.
The systemas recited in claim1, 2, or 3, wherein
said tenplate further includes to sides di sposed

opposite tgreach ke &6, sai d device further
i ncl udes ‘ezo actuators attached to
apply a force to said two sides and alter said

di mensions. 9. The systemas recited in clajm]l, 2, or
3, wher elir'] safd T ?*acﬁ}ci%&p PnEYGHES a Bt at ity
of siedpdatandssad dspeske exdrpivdesg.a plurality of

piezo actuators, with nore than gne of said plurality

of piezo AcPgufbrie diifl it texeiabeisard plurality

of sides HLOgedPBLYody IH&*%&'E@T@I%Dp%@'tgh§a§y§$fﬂgﬁgions of
recited in claiml, 2, or 3, wherein said tenplate

furt Feddi hempdesea plurality of sides, and said

device further includes a plurality of piezo

actuators, with one of said plurality of piezo

act uat or s2bei nfhe czeydteh ta emchitefl sai dlpimra) ivhemfin said

SIde%e%gcgpEhgléﬁéé”éx%ééﬁgge %'vary a temperature of said

template to cause said dimensions to vary.

3. The system as recited in c¢laim 1 or 2, wherein
said device further includes a plurality of piezo
actuators attached to apply a force to said template and

vary said dimensiong.

4. The system as recited in claim 1 or 2, wherein
said device includes a piezo actuator attached to apply a

force to said template and vary said dimensions

5. The system as recited in claim 1, 2, or 3,
wherein said template further includes two gides
extending transversely to each other, and said device
includes a plurality of piezo actuators, with more than
one of said plurality of pilezo actuators being coupled to

each of said two sides to apply a force thereto.

6. The system as recited in claim 1, 2, or 3,
wherein said template further includes two sides
extending transversely to each other, and said device

further includes a plurality of piezo actuators attached
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to apply a force to said two sides and alter said

dimensions.

7. The system as recited in claim 1, 2, or 3,
wherein said template further includes two sides disposed
opposite to each other, and said device includes a
plurality of piezo actuators, with more than one of said
plurality of piezo actuators being coupled to each of

said two sides to apply a force thereto.

8. The system as recited in claim 1, 2, or 3,
wherein said template further includes two sides disposed
oppogite to each other, and said device further includes
a plurality of piezo actuators attached to apply a force

to said two sides and alter said dimensions.

9. The system as recited in claim 1, 2, or 3,
wherein said template further includes a plurality of
sides, and said device includes a plurality of piezo
actuators, with more than one of said plurality of piezo
actuators coupled to each of said plurality of sides to

apply a force thereto.

10. The system as recited in c¢laim 1, 2, or 3,
wherein said template further includes a plurality of
sides, and said device further includes a plurality of
pilezo actuators, with one of said plurality of piezo
actuators being coupled to each of said plurality of

sides to apply a force thereto.



