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contact between the temnplate (master) and the subsirate. This may lead to defects, low process yields, and low

ternplate life. Additionally, the template in imprint thography typically is the same size as the eveniual structures

30 on the subsirate (1X), as compared to 4X masks typically used in optical lithography. The cost of preparing the
template and the life of the template are issues that may make imprint lithography impractical. Hence there existsa
need for fmproved lithography techniques that address the challenges associated with optical lithography, e-beam
lithography and imprint lithography for creating very high-resolution features.

35 SUMMARY OF THE INVENTION
In one embodiment, paiterned structures may be created on a subsirate using imprint lithography. The
process involves applying a polymerizable composition to the upper surface of the substrate. The substrate may be
a subsirate used to prepare a semiconductor device. Examples of substrates include, but are not limited to, 8
wafers, GaAs wafers, 3iGeC wafers, or an InP wafers. The polymerizable composition may be an uliraviolet light
40  curable composition. The ultraviolet light curable composition may include a polymerizable monomer and a

photoinitiator. The composition may be spin coated onto the substrate.
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example, a planarity of 1 i indicates that the curvatiwe of the surface varies by 1 m above andfor below a center

35  point which defines a planar surface.

To achieve a surface having a planarity of less than about 1 g, the substrate may be placed on an
apparatns conﬁlgured to alter the shape of the substrate. The apparatus may include 2 holder configured to coupls
to and support the substrate. The apparatus may also include a plurality of pressure application devices coupled to
the holder. The pressure application devices may be configured to apply a deforming force to the holder such that

40  the shape of the holder is altered. The subsirate may be coupled to the holder such that the changes in the shape of
the holder may be imparted to the substrate. In this manner, the planarity of the substrate may be altered to conform
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substrate that contains a polymeric material to form nanoscale structures. This research has been for systems of
polymeric material that may be heated to temperatures that are slightly above their glass iransition tsmperature,

30 These viscous polymeric materials tend to react very slowly to the electric fields (order of several minutes) making
them less desirable for commerecial applications.

The embodiments described herein may potentially create lithographic patterned structures quickly (in a
time of less than about 1 second). The structures may have sizes of tens of nanometers. The structures may be
created by curing a polymerizable composition (e.g,, 2 spin-coated UV curable liquid) in the presence of electric

35  fields. Curing the polymerizable composition then sets the pattern of structures on. the substrate. The pattern may
be created by placing a template with a specific nanometer-scale topography at a carefully conirolled nanoscale
distance from the surface of a thin layer of the liquid on a substrate. If all or a portion of the desired structures are
regularly repeating patterns (such as an array of dots), the pattern on the template may be considerably larger than
the size of the desired repeating structures. The template may be formed using direct write e-beam lithography. The

40 template may be used repeatedly in a high-throughput process to replicate nanostructures onto substrates. In one
embodiment, the template may be fabricated from a conducting material such as Indium Tin Oxide that is alse
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techniques to measure the gap between template and substrate and to measure overlay marks to perform overlay

35  alignment and magnification correction during formation of the structures. The teroplate may also be thermally and
mechanically stable to provide nano-resolution patterning capability. The template may also include an electrically
conducting material to allow electric fields to be generated at the template-substrate interface.

In one embodiment, depicted in Figure 1, a thick blank of fused silica has been chosen as the base material
for the template. Tndium Tin Oxide (ITO) may be deposited onto the fused Silica. ITO is transparent to visible and

40 UV light and is a conducting material. ITO may be patterned using high-resolution e-beam lithography. A low-

surface energy coating (for example, a fluorine containing self-assembly monolayer) may be coated onto the

4



treated with a | ow ener sel f-assenbl ed nonol ayer film(e.g.,
fluorinated surfact ant)g%/o aid in detachnent of yt he 10 'Eerrgl atZIGtIﬁ%VGmberzoos
pol ymeri zed conposition. It may be possible to control the electric field,
the design of the topography of the tenplate and the proximty of the
tenpl ate tovebw4ndé3gsi d surface so as to create a patt ePaTiUR20he@5551

pol yneri zabl e conposition that does not cone into contact with the surface

of the tempblit e, mpRve the teR A HaGURIsHIBBL wRln| kR PR addiR pélﬁﬁ‘eelzeﬁa{mpmﬁlamcm _
sopar |95 kS0 S BULADG RO G381

may al so elt{&mnate?%%entla ects in t t he
absence of® ‘EORYATEbERematiop. The pelmerigble ﬂmﬁﬁV°Wb?%Pﬁa§ﬁ%ﬁjheWegMWut i on
st r uct ur e §agferddyeramep bepdpcaddbiiveed tif wafe dndals Lijuir loyae Thisis@sie faye anf @ fed folblilgermay be
?ﬂd { essed playss ThoShnsF Eﬁiﬂaﬂi’ﬁa@kﬁ%& 446 @,ﬁmega mm% ctheQ waw fo.ztﬁé%!regmﬁ 9{%&9% %th] on
at are é ] Laiven el sequen e gap
may be |%§§%§§gd)ﬁﬁmﬁ’w“ &{% t?”’g (e o ecfmgwpétf‘@l WK F@”" CliTEY ¥neous| v
i ncr easi n&EHeE baREEmthe traelatp fud pyberais byerneities FTDdq ajolfage sotrely aw out' the liquid to
formclearly deffigaed?2 sid 1) ebdivatisisW tha @bble-de@efbbld plobdgs ﬁ@ﬁ%s@ﬂéd lggacﬂ-bﬂmnt it is

pol ymeri z Md @9%@§édtu %’Egﬁaplﬁ r(gﬁgﬂ&lbgt@%u%ﬁ te&&% aq:1d the sub ate I&echc F’ Eﬁ I St

mat er i gl Eho I eg W? rocess Focess aflows fo
the for mal'f K55y dgaﬁé’ﬁ 0P %‘{ltIFSBI’mgHP&ﬁ Aracdion ?fttlfecPﬁIY@W@E?tcﬂ’P@é‘“@stPWS thehe

el ect ri cafaistd isptiges dfahe igpmate. bip Rigwrechniths e oyifeld retugindel @ tsudh et ke Pollymerizable

h: gh- gs P € Edmpésittoh DakeddiGh tér@&@h&idh@e@ tost%:d' tbﬁlalﬁ esuv SAH‘EE pro@ssl?]lxay baYET 1o ﬂﬁr&éﬁ%s may
al so be u r.m 0 ess'

the subst ?@‘jﬂe‘ﬁ BesREPRRL ope T Bl s Ry pREE RS Ry PP PRt e
trench ar 84 ingteasisg fe gyifopn gipfilf o W@é‘t"éﬁ“@?"?% g by imitigting 2 Beciypd pul tppgjoraivHersipy the

Vi scosht yepoityiypeced abdydronoRsdsidd s0fing itle dap df & RmplRie. TBddr @its Abbthé Rmbliteis

el ectric fshkdho H@ﬁé@t@d mih@ﬂw-sﬁﬁc&nergﬂr&ﬁﬁay&r%&s%%e s;.lpaago(;i s% and the

structure may rap Ure yarl ations in the
substrate and I?Eé"r B n%? f“%é%ﬁém 6505?? &‘PSSJh“ﬁ]h?“éHeé‘B“’%QfBIF‘HS tiverserly 9t &
pattern dspEht ﬁh‘bﬁm? Pﬁdltaf efdlie dariianBuis tyregohynivdm adiayed withoot- thabipe dircet congpoirveth
| npract i caé templite. A0OV turi hrocBS mikEsa bde®i0 @dea DO Ui i hat b HROSS] B BmlaR prHss@.kdfy

form @0 pﬁ&ﬁ&ﬁ@ud“!‘ Jstﬂfﬁﬁc%:engg%?og %pusgﬂgelﬁggkhg‘beslﬁm{lhus fi‘:enl Wcur%d oy :] dgf ects

associ at eg}lﬂg require cont gure 1
depicts a ﬁ‘?%‘(’ﬁa be gpd lfh‘é'm%feé}ﬁﬂr%ii’fé“’éfﬁﬂwﬁﬁﬁg‘e%ﬁgﬁdrﬂ&fe’éﬂH@ﬁeg’ﬁ%”s sn in

t enpl at e Figyes B endf30 Asmpehtiorkd @iiemsurimti@usfoalbyet g tbe ussd th Stedighagphd ratiOstra@drds ok | NQ
light to ﬂb%%cﬁhﬂoisﬁﬂmﬁfw&h@%mmﬁﬁﬁa’m e conposition by exposure to
activating li ng t tefrom transp mat er.i al may al so
al l ow the use ogfuI - ]@asg]tes%ﬁc%m calt(f“ mf‘yéﬁcﬁaﬁﬁ%ﬁ@]%m’f‘% eaf%'i“"é‘* CHEFLE Bt ween
tenpl &t e Brfored, B‘sﬂe Figh-g@elifh apticad ﬂ?ﬂa@fsfmmésﬂew aih Eiupndin@xidecioneited or i Sydrsiliy 35

al i gnnment Tiantire/ Mg Rinplite 8biAlf pRaLs @Bkl MighH yraﬂaﬁg T}@@ﬁmiateoﬂpzaaﬁlymlﬁﬂdd&hur es.
The t enpl @hesMRYardoiPin e dalSly Bl Y@ ind ﬁn?s%%)(fé B{s?ae of 10 GO

nanoresolutlog%?fttermn ca gl|lt somcluéa

el ect ri cal'fF*Pe % BREHECP 1 EPge Pet‘?ef)“%ﬂvfaf?&?“éfhéﬁf?rlc@df’ f"’él""ﬁ%‘ $strriiges e at ed
at the t ety pecessing of theayager. i Inowerefubadizent] the sahveateondy belinonpiad on adidypk ehddiop swfick gur e
1, a Bl Ckapblhdyile a@fred Hjs,ﬂeﬁige&i:ﬂzyl 3 ﬁl&ﬁ@&t@@&ﬂtoﬁhmucﬁ%nm% ﬁ?%@su@%ﬁ @éc@hte for

t he t enpl

ST o) Bhiont B R b8 o o hiclElg S0 GEREGE, W;Esﬂ‘tb&%‘i‘iaaﬂ‘rg Apigiae | ng
mat er i al . SoyFeyh ltﬁ@stﬁﬂéﬁlivé?ms t&?ﬁ ngeﬁffbwhvcés@mathp traie {doagded i o Hogivelphy . A
| ow sur f as®ingsysenyfe.e¢ oapicaigutaspogaphyidaremant bystet@)nhaf Be BN RipieNG seRbdof the

assenbly smpe! a@%@a’i&)y. TRYe tﬁé%m@a@@i%}%ﬁ)gﬂ@ IQQ?WB, he aéay]ta@pimf\ﬁt%g@ QJma%Qngy be actuated 1o
33 rectify the topography variations such that the upper surface of the substrate exhibits a planarity of less than about 1
pm. Since the template is assumed to be made from an optically flat material, this leads to template and substrate

that ate high quality planar surfaces.

The mechanical device in Figure 5 may be used to perform a high-resolution gap control at the template-
substrate interface. This device may conirol two tiliing degrees of freedom (about orihogonal axes that lie on the
40 surface of the template) and the vertical translation degree of freedom of the template. The magnitude of the gap

between the template and the substrate may be measured in real-time. These real-time measurements may be used
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substrate accurately. Once the surface topology is known, the ar
pi ezoel ectric actuators may be actuated to 35 rectify the topogrggﬁQWﬂnhﬁzoos
vari ations such that the upper surface of the substrate exhibits a
planarity of less than about 1 m Since the tenplate is assunmed to be nade
froman optically flat material, this |eads to tenplate and substrate that
are high quality planar surfaces. The nechanical device in Figure 5 may be
used to performa high-resolution gap control at the tenplate- substrate
interface. This device may control two tilting degrees of freedom (about
ort hogonal axes that he on the 40 surface of the tenplate) and the
vertical translation degree of freedomof the tenplate. The negnitude of
the gap bet vWek&IMHz tenplate and the substrate nmay be nmeasured in

real -time. These real-time neasurenents nay be used 5 16 Novenber 2005 WO
2004/ 063815 PCTAUS2(R2¢e@15854f toedtdent bf gesheed pateethven 4 eaghat e noti ons
required a I ees of freedom and the vertical
d|splaceneggggeggg%géﬁéﬁﬁg ggg "The three gap neasurenents nmay be obtai ned
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t he one us% or measuring thicknesses of thin filns and thin f ilin
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t hese three gapgrlQhﬂQMQ:héndntﬁmﬁkamatponsuanda&bteamatluanehbodlnents of
vari ous aspects Y )se skilled in the
art in view of ? fl&iya cglg?%%ﬁgaéxﬁigﬁglng$§ﬁ{ hlsgges%gfptlon is to be
construed &§SPP¥%@ﬂ¢zﬂﬁe¥éWlbh4be§W$eﬁsSﬁ@¢ 1Ue tparposed ofaideachi ng t hose
skilled intthgia¢d; the general manner of carrying out the invention. It is
to be understood that the forns of the invention shown and described herein
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material s waypbgrsulshict ubgeufAnthROSECLHLAMSTY aked anghdsser bhed herein,

parts 10 and processes may_be reversed, and certain features of the

i nvention fay b%l%ﬁﬁqﬁcz5ﬂeiﬂd%bé%ﬂﬁhﬁl9°n%ﬂqu9%§ wealer ¥ sapParent to one
s)dUed initheiart after having the benefit of this description of the

i nvention. Changes nay be made in the elenents described herein wthout
departing fromthe spirit and scope of the invention as described in the
fol | owi ng cl ai ns. 1&@&&3&&&5& meltealnwmlmeneﬁm& aneqspecifically
i ncor por at ed, herei n reference More from Mone's," Gary
tix, Scienfl Fp Com aﬁesAprJ?cipoiﬁg¥ Sc?ec‘tﬁqgﬁrﬁ’ﬁdtﬁ ST PnBEi nt

Lit hogr aphjzop@hogi:letsercna‘sw‘enapmfoarebesmemlaghi pesotudédn spabtryning, " M
Col burn, 5 4J Q..M Stewart, S. Dan-de, B. J. Choi, T. Bailey, M
Weal ake, T. ael'son, 'S. V. Sreenivasan, L 20 Ekerdt, C.C. WIIson,
Proc. SPIE Vol. 3676, 379-389, 1999. 3. "Design of Orientation Stages for
Step and Flash 4 mprigl hithootaphieieBy Ly Qldiy S Aghnson, M _ Col burn,
S.V. Sreenivasan, C. son, appear In ? V reci si on Engi neeri ng.
4. U S Paﬂéﬁ%eﬁalmg éa@ﬁo@lmnc@gﬁ%ﬁh%BtrmimﬁﬁeldoVJStgepaadd Fl ash | nprint

Li t hogr aphyiqtoq @aft sWoh! S0 b%ﬁ?,N@&&af&”é@iﬁntemplate, wherein

said liquid abstains from contact with said template.r

5. The method as recited in claim 1 wherein
arranging said ligquid further includes arranging a low

viscosity liquid between said template and said body.

6. The method as recited in claim 1 further
including providing said template with an electrically

conducting material.




25 5. US. Patent Application No. 09/698, 317 entitled "Hi gh Preci
Orientation Alignnent and Gap Control Stages for Inprint Lit hogfélg yember 2005
Processes” to B.J. Choi, SY, Sreenivasan and Steve | ohnson. 6~ "Large area
hi gh density quantized magnetic disks fabricated using nanoiniprint
l'ithography,” W Wi, B. Cui, Y- Y, Sun, W Zhang, L. Zhunag, and S. Y.
Chou., J. Vac Sci Technol B 16 (6) 3825-3829 Nov-Dec 1998 30 7.

"Li t hographi cal | y-i nduced Sel f-assenbly of Periodic Polyner Mcropillar
Arrays,"” S. Y. Chou, L. Zhuang, | Vac Sci Tech B 17 (6), 3197-3202, 1999
8. "Large Area Domain Alignnent in Block Copolynmer Thin Film Using Electric
Fields," P. Mansky, J. DeRouchey, J. Mays, M Pitsikalis, T. Mrlwed, H
Jaeger and T. Russell, Macronol ecul es 13, 4399 (1998). 35 6 16 Novenber
2005 CLAIMS: 1. A nethod of creating a desired pattern on a body, said

met hod conpri si ng: ar Famgiatdiod bequedittesl he biéiveen waetrenpl at e and said

body; or | €T 16h:%i dat £Pl Ak B OXL R, g sal do) LUl & defini ng an

electric field, having a nagnitude associ ated erew th

substrate afw’dfsstapétt?é?rrﬂhaif@rlaldfxmr@asil Agsarefl steaneenbet ween sai d
substrate and said tenplate while concurrently increasing said nagnitude
of said electric field to forma contiguous region of said |iquid. 2. The
met hod as recitéd i nTR$ dishhpdnher eedites dn plﬁxrerlnhth@mpmnses a topol ogy

sel ected framdnketgrOUD Qf ol n
pr otruded srmotht SZ%CF%PI atr?a?ng%%)gﬁ%%h%Q %éi‘%d% gosﬁggﬁf‘%ﬂ i cI aim1l

wherein i §Fﬁg GPSTANEEY hrtiRed ifwEdudes moving said liquid away
from sai d body, toward said tenplate, wherein said liquid abstains from

contact with sald teerPI ate. 5. The nethod as recited in claim1 wherein
e method as recited in claim 1 further

including solidifying said liquid.

10. The method as recited in claim 9 wherein
solidifying further includes solidifying said liguid in the

presence of said electric field.

11. A method of creating a desired pattern on a body,
said method comprising:

dispesing a liquid between a template and said body;

orientating said template proximate to said liquid;

defining an electric field, having a magnitude
associated therewith, between said substrate and said
template; and

increasing a distance between said substrate and said
template while concurrently increasing said magnitude of
said electric field such that said liquid moves toward said

template and forms a contiguous region.

12. The method as recited in claim 11 wherein said

~pattern comprises a topology selected from the group of




arranging said liquid further includes arranging a | ow viscosit i qui.d
bet ween said tenplate and said body. 6. The nethod as recited inﬁ%ﬁgﬂﬁmezoos
further including providing said tenplate with an electrically conducting
material. 7 0 O 16 Novenber 2005 7. The nethod as recited in claim1

wherein defining said electric field further includes formng a first
pattern differing fromsaid desired pattern. 8. The nethod as recited in
claiml1l wherein orientating said tenplate further includes positioning

said tenplate spaced-apart fromsaid liquid. 9. The nmethod as recited in
claiml further including solidifying said Iiquid. 10. The nethod as
recited in claim9 wherein solidifying further includes solidifying said

liquidint 1 n al d el ic field _11. thod of ,creating a
desi r ed pat?gpron gﬁ%g ggﬁ%/)ISﬁglgl 8%%%105 CoRpr EF%%FUC@JQESQP&W%% i qui d

bet ween a t@Mplrdia@aghdedai d body; orientating said tenplate proximate to
said liquid; defining an electric field, having a magnitude associ ated

therewith, between said substrate and said tenplate; and increasing a
di st ance bet weerl3sai 8heutssthost esanecsmdl int ebpimtil whirtteeconcurrent |y

i ncr easi ng saiid ABORLYIAS Lfia §akb6: €l 8EkHIG FLal d.guch.thaty said |iquid

noves toward said tenplate and forns a contiguous region. af%lfhe met hod
as recited ¥9¥R43&Pm 11 wherein said pattern conprises a topol ogy sel ected
fromthe group of 8 16 Novenber 2005 topol ogi es consisting of recessed and

pr ot ruded, snoot hed,
14, The method as recited in claim 11 wherein

defining said electric field further includes forming a

first pattern differing from said desired pattern.

15. The method as recited in claim 11 further
including polymerizing said liquid, with said liquid

comprising a polymerizable composition.

16. The method as recited in claim 15 wherein
polymerizing said liquid occurs in the presence of said

electric field.

17. A method of creating a desired pattern on a bedy,
said method comprising:

disposing a polymerizable liguid on said body;

orientating a template proximate to said polymerizable
liquid; |

defining an electric field, having a magnitude
associated therewith, between said substrate and said
template;

increasing a distance between said substrate and said
template while concurrently increasing said magnitude of
said electric field to form a contiguous region of said

liquid; and




and planarized. 13. The nethod as recited in claim 11 further iﬂﬁhu%ﬁ@{
having said liquid abstain fromcontact with said tenplate. 14.1%PN8veRkeRa05
as recited in claim1l wherein defining said electric field further

includes formng a first pattern differing fromsaid desired pattern. 15.
The method as recited in claim11l further including polynerizing said
liquid, with said |iquid conprising a- polynerizable conposition. 16. The
met hod as recited in claim15 wherein polynerizing said liquid occurs in
the presence of said electric field. 17. A nmethod of creating a desired
pattern on a body, said nethod conprising: disposing a polynerizable

liquid on said body; orientating a tenplate proximate to said

pol ymeri zabl e Ihﬂuidf.defining an . electric field, having a magnitude
associ at ed t her & YR batite &7 EaPA- BUsZRhie LhdPihid  tenpl ate: i ncreasing
a di stance between said substrate and said tenplate while concurrently

i ncreasi ng said gnitude . of, said electric . field to forma contiguous
region of said - Tqﬁ%%fm%ﬁﬁﬁgaﬁ i%c$5§£ﬁﬁeFlﬁﬂbéphdmﬁﬁﬁiPzing sai d

pol yrer i zablieplisquidsail8.liHue dnet hidtk s nieeadé e digposhay m lilbwher ei n

di sposi ng id liguid. furtfher includes disposing a low viscosity |iquid.

19. The neﬁﬁ€%°§%g¥eg} ped in claim17 further including providing said
tenplate with an electrically conducting material. 20. The nmethod as

recited in Cla'ﬁb17 mﬂﬁ!%b@hod as recited in claim 17 further
including providing said template with an electrically

conducting material.

20. The method as recited in claim 17 wherein
polymerizing said liguid occurs in the presence of said

electric field.

21. The method as recited in ¢laim 17 wherein
defining said electric field further includes forming a

first pattern differing from said desired pattern.

22. An apparatus for altering a shape of a substrate,
comprising:

a holder configured to couple to and support fhe
substrate;

a plurality of pressure application devices coupled to
the holder, wherein the pressure application devices are
configured to apply a deforming force to the holder such
that a shape of the holder is altered during use;

wherein the substrate is coupled to the holder such
that the shape of the substrate substantially conforms to
the shape of the holder during use.




21. The nmethod as recited in claim17 wherein defining said eIe PP e

further includes formng a first pattern differing fromsaid desired
pattern. 22. An apparatus for altering a shape of a substrate, conprising:
a holder configured to couple to and support the substrate; a plurality of
pressure application devices coupled to the holder, wherein the pressure
application devices are configured to apply a deforming force to the

hol der such that a shape of the holder is altered during use; wherein the
substrate is coupled to the holder such that the shape of the substrate
substantially conforns to t he shape of the holder during use. 10 16
Noverber 2005 2%3 arat&s offcla|n1%§ &ﬂere;n t he_hol der conprises a
vacuum chuck. 2 6&?%1 E50PT cF M B eith Whelpleksure

appl i cati oncadices aOWﬁnumECpuekoelectrlc actuators. 25. The apparatus of
claim?22 further conprising a detector configured to neasure the planarity
of the substrate during use. 26. The apparatus of claim 22 wherein the
substrate conpﬂHsesThﬁsﬁﬂﬁanamumaéércldlm.2Ihehe¢qmnwﬁh55poéssﬂﬁﬁ|ﬂ 22 wherein
t he substr S f he_ap of claim 22

wher ei n thgggﬂﬁggggég 8%8§£S?§§%$gﬁ§ p oﬁg %Frhg %$ﬁ§ paratus of claim
22 wherein the substrate conprises an InP wafer. 0 11

25. The apparatus of claim 22 further comprising a

pol ynmeri zing said |liquid occurs in the presence of said electri |e|q¥%?805

detector configured to measure the planarity of the

substrate during use.

26. The apparatus of claim 22 wherein the substrate

comprises a silicon wafer.

27. The apparatus of claim 22 wherein the substrate

comprises a GaAs wafer.

28. The apparatus of claim 22 wherein the substrate

comprises an S5iGeC wafer.

22. The apparatus of claim 22 wherein the substrate

comprises an InP wafer.
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