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In certain embodiments, methods of determining the spacing between a template and a substrate may

include positioning the template and the substrate in a spaced relationship to one another such that a gap is created
between the template and the substrate. Light having a plurality of wavelengths may be applied to the template and
40 the substrate. Light reflected from a surface of the template and the substrate may be monjtored. For example, light
reflected from the surface of the template and the substrate may be monitored for variations in the intensity of the
light across a range of wavelengths. The distance between the surface of the template and the substrate may be

determined based on the monitored light. Some embodiments may further include determining an error signal that
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Figure 26 depicts a scheme for determining the alignment of a template with respect to a subsirate using
alignment marks; '

35 Figure 27 depicts a scheme for determining the alignment of a template with respect to a substrate using
alignment marks using polarized filters;
Figure 28 depicts a schematic view of a capacitive template alignment measuring device;
Figure 29 depicts a schematic view of a laser interferometer alignment measuring device;
Figure 30 depicts a scheme for determining alignment with a gap between the template and substrate when
40 the gap is partially filled with fluid;
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inprint |ithography. For exarrpl e, these enbodi nents may have appl ication to
i mp3d nting very  DEFAILED DESCRIPTION OF THE INVENTION

Embodiments presented herein generally relate to systems, devices, and related processes of manufaciuring

small device manufacturing. 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

35 also have application to other tasks, for example, the manufacture of cost-effective Micro-Electro-Mechanical

Systemns (or MEMS). Embodiments may also have application to the mamufacture of other kinds of devices

including, but not limited to: patterned magnetic media for data storage, micro-optical devices, biological and
chernical devices, X-ray optical devices, etc,

With reference now to the figures, and specifically to Figures 1A and 1 B, therein are shown arrangements

10 of a template 12 predisposed with respect to a substrate 20 upon which desired features are to be imprinted using

imprint lithography. Specifically, the template 12 may include a surface 14 that fabricated to take on the shape of
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Fi gyre 35 depicts eterm nms based

these devices may be iess than 1/4 of the mean wavelength of a broad band signal, and may be uniform across an

active atea. 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. As
depicted in Figure 37, steps may be efched down in the forms of continuous lines 3701 or multiple isolated dots
40 3702 where measurements may be made. Isolated dots 3702 may be preferable from the point of view of
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26 19 JANUARY 2005 WD 02/10721 PCT/ USOL/ 24216 Mounting a second flexure
conponent orthogonally onto the first one (as depicted i n FIgUWANUYARYN2H05
provi de a device with two decoupled orientation axes that are orthogonal to
each ot her and I|e on the tenplate-substrate interface 254. The flexure
conponent s W8¥W&1adapt ed to have openings to allow a cuPFRYSUGEE (e.g.,
UV |i ght ) Precsssipaiss vapimmabaghel $enay bampivaitdees 4 B6ms & aiphying grchamnte e isdriats todkg® 13650 may
be capabl gacafTht kpp@ngabtivgh Be pibis 43D Elayk QGihGR:d BIE (9 Me eubstlx@ Wil Bt Haw &ﬁﬁaum& Bom
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that no particles are of the substrate during

processi ng. THiseopdRpel ti%d B pestod s | Npstrapd &y Biaree 594 S5pPG nin the *%efg?edmﬂ%/?““as
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sul H@bl € pgegoractuator 9 tlerlg Qo%t%c I(J)strate ﬂlg T]Eus, actuator % nlnEged (Figure S0B), template 12

may be pushed away from substrate 20; thus inducing an angle between them. A Z-axis motjon between the
28




40 In Figure 48A, a pin typo vacuum chuck 450 is shown as having a | arge
nunber of pins 452. It is believed that vacuum chuck 450 nd9 JANUARM 2005
"potato chip" effects as well as other deflections on the substrate during
27 19 JANUARY 2005 WD 02/10721 PCT/ USOL/ 24216 processing A vacuum channe
454 may be W8IEEd as. a neans of applyi ng vacuum to t hePSUBERP&E (o keep
it in pligedae Peed shads HoFiset 106k maxt s bpisprsto #BRatniagiide Pabdbsirneld. dued of hat
t he subst scabte 50d hdy beGifade @uites ibgd: Bntil tRAthdAt SO Mwer shiacd FHeaBlaid Pk b4 tdgaf@pgh
vacuum chm%teéﬁﬁﬁégﬁcm@%&émem g, tips of pins 452 may be snall
u

enough to hance articles settling on top of them 5 Figure
48B depi cts aq’b ??E“ei}té@ﬁﬁﬁ?ﬁdé‘ﬂﬁﬁ RSBy SHme: ﬁr"&esﬁf B EF“F‘)*[‘ Jevige fog PS5BS 462
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n ne may

paral l el w.t spect. to. e vaculm chan

be formed : élf‘)gs OEI%%I‘{EF?M e%“&%%%"t? E ﬁi‘%&%ap ift‘é‘h"l;f‘?d“eﬁf"ﬁ’éﬁlss. Fi gure 47
illustrates t ﬁﬁ%ﬂﬁ%@@ﬁrhﬁ@ﬁpﬂb@@@é\ﬁ@ﬂﬂEGEﬂ1@ﬁ®@mnﬂm¥p@mvabmmMMEhuck 450
and gr OOV@scﬁQﬁﬂlels ntagtnda 16 Be)elstddiQn » lniinpe RNt VEBs shddftatidhd Qnd BEbiASGE Bii t9ena|

grindi ng AGAcrRRllS0LAE 81 ﬁa%mﬁ@yneaieof@gsg%%w% beta{)‘épa?em Q58 e ok &l | N9

at termned | ocations on t ce vacuun1? ow

hol 472mmbBFFEﬁF°PFé¥“@§m%7E1%ﬁ$“?ﬁbﬁ“ﬁ@dﬂﬁk%%aM€Wﬂlﬂ%?%@%ﬁ@ﬁSA%ﬂwﬁbfore
et chi ng 4%@ifitagony prochbeianetthe desired features (e.g., pins or grooves) on the
upper surface of the optical flat. The surface of optical flat 470 may then
be treated 479 using well-known methods. As di scussed above, separation of
tenplate 150 fromthe inprinted | ayer may be a critical, final step in the
inmprint |ithography process. Since the tenplate 150 and substrate may be

al nost perfectly parallel, the assenbly of 20 the tenplate, inprinted

| ayer, and substrate |leads to a substantially uniform contact between near
optical flats. Such a systemmay usually require a | arge separation force.
In the case of a flexible tenplate or substrate, the separation may be
nerely a "peeling process.” However, a flexible tenplate or substrate may
be undesirable fromthe point of view of high-resolution overlay
alignnment. In case of quartz tenplate and silicon substrate, the peeling
process may not be inplenented easily. However, separation of the tenplate
froman inprinted | ayer may be perfornmed 25 successfully by a "peel and
pul | " 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 tenplate from the inprinted

| ayer may include a conbination of the first and second peel and pul
processes. For clarity, reference nunerals 12, 18, 20, and 40 are used in
referring to the tenplate, transfer |ayer, substrate, and curable
substance, respectively, in accordance with Figures | A and 113. After
curing of the substance 30 40, either the tenplate 12 or substrate 20 nmay
be tilted to intentionally induce an angle 500 between the tenplate 12 and
substrate 20. Orientation stage 250 nay be used for this purpose. Substrate
20 is held in place by vacuum chuck 478. The relative |lateral notion
between the tenplate 12 and substrate 20 may be insignificant during the
tilting notion if the tilting axis is |located close to the

tenpl ate-substrate interface. Once angle 500 between tenplate 12 and
substrate 20 is | arge enough, tenplate 12 nay be separated fromthe
substrate 20 using only Z-axis 35 notion (i_e. vertical notion). This peel
and pull method nmay result in desired features 44 being left intact on the
transfer |layer 18 and substrate 20 w thout undesirable shearing. A second
peel and pull nethod is illustrated in Figures 50A, 50B, 50C, In the second
peel and pull 29




met hod, one or nore piezo actuators 502 may be installed adjacent to the
tenpl ate. The one or nore piezo actuators 502 may be used {18 JANUARY;2005
relative tilt between tenplate 12 and substrate 20 (Figure 50A). An end of
40 piezo actuator 502 may be in contact with substrate 20. Thus, if

actuator 502 is enlarged (Figure 50B), tenplate 12 nmay be pushed away from
substrate 20; thus inducing an angle between them A Z-axis notion between
the 2@ Y 2005 WO 02/ 107 gk=aled ;
subst rig il e: BOCRroRY 1t Ave R 0 Sepg RL RABAT
substrate 20. An end of actuator 502 may be surface treated si “t°0"t he
treatffent of the | ower surface of tenplate 12 in order to prevent the

i nprinted | aye™ BHAYFERi ng to the surface of the actuator. In sumnmary,
enbodi nents presented herein disclose systens, processes and rel ated

devi ces for sucoessfuldtagniizampreingfetvied xppromad tmteyr anliz fubstalet #Ith eropuiit feingg t he use of
hi gh t enper at UBgSwdEwdN 1§ Brtpic@SHHE ®Sthe s\thiIl Iheoahbiabipiggbodi nents, preci se
control of tshe gapphedM@epatand eFph &b G- satntc A « SrISHFahe 0 el ddat G wdgSi 1 ed
features from L L eiHkal & pkrid fxRhldhd td K3 el Li@hiHRMInRRpoRE R LAYRD .
Mor eover, separat| 9p9|g%fugh'i !QﬁcptarﬁrﬂmcﬁﬁaﬁJdﬁh@ﬁ%&ﬂ%&hﬁiéh?&&ﬁ&% lﬁyho‘:r‘ | mprint ed

| ayer) may be_possibl'e w thout destruction or - shearing of desired
features. Enmbodl hEnt's herein also disclose a way, in the formof suitable
vacuum chucks, ° of 'H?S'f“ﬂi‘“r\’bh"éﬂ"%’ﬁB%W“F’éff"%"rfhfl‘”?ff“%%‘@"%ﬂ?q“f‘i@“’ﬁ‘fp‘r“‘i""f?% l'i t hogr aphy.
Furt her enb8di meirrdtiz#0 i ncl ude, a high precision X -Y translation stage

sui tabl e for use i ftcenining apenitrt of thy spebig i paithy pagonsd temprste st stbitortaded on the et hods
of form ng  andmdifceétigh RGLiEnig ddtlradsknetive figr ingbity biatiaognapirateglxaicaear e

provi ded Wi | ewith it onitoRVIRR brid @RmRIAS: W8 BRbclaSa -l e ditiwhinh Seedvehaaacas t o0 vari ous
illustrative emlirneataSiye iladrer e Ao ki it JaOlngth SR efvacivOlt R/ WbeRld hQnil® const rued
inalimting KiENFBton¥RhlMmnyadi fi cations and conbi nations of the
illustrative enbodi nents as- well as other enbodi ments of the invention,

description 11 2doPRtaged by If-Fhln b IR BRLEREE 0 0 acs
any such mdi"f'?ctggrf%ﬁcgmglra%gm o |°rr§2t§°"§%mf5mf§ﬂ%%&?’ ’?Bﬁggﬁ@fg%“BROO(S LAW
WHAT IS CLAIMED I'S: 07 51 1. A nethod of determ ning a spacing bctwetn a
patterned £&npl %t’@‘h%i'ﬁff]-“ﬁ’-'srtfﬁ‘éw%f‘f“&d‘“iﬂ“‘t‘ﬂﬁ’W’éf’?ﬁf“g‘i‘b@‘ﬂg‘“°?TFSP‘13‘6acd bet ween
t he patter ned téertate derutid derdiisergeeathegatered ems oo Bereerynpy tupagpiuds

posi tioni ng t he sypdistheqmraighelitahipit et ©tutpn dbetei e o ke oie petite is ponfigacdspéicod

rel ati onshi p tEsgnevaeaniebiver of berathmdd hadlaxiad he girtei s cr eat ed between t he
patterned tenplate and the substrate, with said material being disposed in
sai d gap; 2:3pRliynrGedbicghit, wh@eilpli@repertpt@ Rt { A} atesand sdhesrgbst r at e,
wherein the | pghtasmprpri ses a plurality of wavel engths; nonitoring |ight
reflected froma surface of the patterned tenplate and the substrate,
defining 10 QOL6 ikt Wdein pRlElOAbDioR s ARG LIS Qbud-N8ns PACT NG

bet ween t he pa;g.mtmgc[ﬁ%gmQvgmglﬂ,g;e@mmq“tkn,gna strate based on the nonitored
light by ohtalning data representative of the intensity of at |east sone of

the wavel engths associated wth ‘}he nmonitored |ight and determ ning a wave
nunber associ SEEFPAEHBG T PTET EPIC PRE WP ABET™ 1285wl of ffncti on ol die
refractive i nHERUFPERE HETRPTAE R d PRy P BHYER" srrEnerdii act | ve
light, with s&Pd neghrtdbe=<=tS bejing a function of the wavenunber.

35 7. The meithud of claim [, wherein the pattemud template comprises a plurality of rooess on a suclave of the
pattetned template and wherein e depth of each recess is at Jeast % of the mean wavelength of the light applicd
to the palterned remplate and substrate, :

8. The method of elaim [, further comprising determining the distance between the pafterncd templute and the

40 substrate at a plurality of lacations and delermining whether the patterned termlat: and substrate are
subxlantially parnlle| based on the plurality of distance determinations.

30. .

5 AMENDED SHEET




2. The nmethod of claim 1. further conprising determ ning an error signal,
wherein the error signal corresponds to the difference bet 1@shANUAFY 2005
di stance between the patterned tenplate and the substrate and the

magni tude. 20 3. The nethod of claim1, further conprising determ ning an
error signal, wherein the error signal corresponds to-the difference
betmeen a desrred d|stance betmeen the patterned tenplate and t he substrate

betmeeﬁ»the surface of tie patterned tenplate and the‘substrate
nethod% of claim1, mherern patterned tenplte conprises a plurality of re
eases bn a- surfsae q} ‘{%ns cm xﬂﬁéjdeérﬁmgm} fﬂ%ﬂsiwhfm"fhcmrgmswg%m%ll aim 1,

wherei n patterne Fe ses a plu y 0 surface
of the pattern%d“W%ﬁ%T V% Pﬁ hgic: ’%%%@@%é“ﬁ?ﬁde*ﬁ”ﬁﬁﬂ%ﬁ“ﬂ@pth 36
f. The nmethod o besuksups intoa s “@ipﬁ“"ﬁa‘t"’t‘%’f“t‘l’ed tenpl ate conprises a plurality
of recesses dn a surface of the patterned tenplate and wherein applying

| ight to the pabtmasdoftcienpliatccompiths Stthdiny aker GRnpldes GSerPagdcdagpdads gt
through one or widve@bvebdBerl-RER RB@HEd endfit: sbd b WG TRLINOEG b iGhi@hedledplVNET €1 N
the patterned tRiHRkibd: sHQHR kB Sardict Rhhdheib: drcodh &%mrem@& llfufaﬁ?rce of the
the %Qﬁdr;e”t'ﬁ%mﬂmwm“ﬁﬁ"@ SeBldolil? he“aﬁteérﬁt B, o ana”
Ssubstrate. )g/"e ,@9” m Fg’m"%% QJOL+ E;Jtnurther conprising determ ning the
di stance between the patterned tenplate and the 40 ‘substrate at a
plurality of |ocations and determn ning whether the patterned tenpl ate and
substrate arc substantially parallel based on the plurality of distance
determ nations. 3t) AMhN CDED SHEET - sn: s n.+r 19 JANUARY 2005 Y 1 : |
BA BROOKS LAWQ -" ! . 51 9. The nethod of claim8, further co prising
determ ning an error signal, wherein the error signal corresponds to a
rel ative novenent between the patterned tenplate and the substrate required
to bring the patterned tenplate and the substrate into a substanxially
paral l el confi-guration. 5 10, The nmethod of claim8, further conprising
determ ned an error signal, wherein the error signal corresponds to a

rel ai ve novenent between the patterned tenplate and the substrate required
to bring the patterned tenplate and the substrate into a substantially
paral l el configuration; and nending the error signal to at |east. one
actuator, wherein the at |east one actuator is configured-to adjust the
relative position of the patterned tenplate and the 10 substrate to achieve
a substantially parallel configuration. 31 AMENDED SWEET
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