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30  on the substrate (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 exists a
need for improved 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, patterned structures may be created on a substrate using imprint lithography. The
process involves applying a polymerizable composition to the upper surface of the substrate. The substrate may be
a substrate used to prepare a semiconductor device. Examples of substrates include, but are not limited to, Si
wafers, GaAs wafers, SiGeC wafers, or an InP wafers. The polymerizable composition may be an ultraviolet 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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To achieve a surface having a planarity of less than about 1 pm, the substrate may be placed on an

apparatus configured to alter the shape of the substrate. The apparatus may include a holder configured to couple
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 substrate 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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t han 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 transition temperature.

30 These viscous polymeric materials tend to react very slowly to the eleciric fields (order of several minutes) making
them less desirable for commercial 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., a 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 controlled 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 also
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conducting material to allow electric fields to be generated at the template-substrate interface.
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surface energy coating (for example, a fluorine containing self-assembly monolayer) may be coated onto the
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substrate interface. This device may control two tilting degrees of freedom (about orthogonal 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
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5 Further nodifications and alternative enbodi nents of various aspects of
the invention will be apparent to those skilled in the art in view of this
descri pt iwo.20e6881di ngly, this description is to be con®Cmasdos15551
illustrative only and is for the purpose of teaching those skilled in the

art the vagxeratAmmak. of carrying out the invention. It is to be
understood that the forms of the invention shown and described herein are
to be taken as the presently preferred enbodinents. Elenments and materials
may be dubst iAtmethed of ppating petterned $tusitresan e substrath, cbewdsingoed herein, parts 10 and

processes rraxpl%ra% 1?&&9%13&agosﬁﬁﬁio@s@faémme&ﬁéu f the invention may be
utilized |ndepen ent as would b apparent to one skilled in the art

after having P?Sﬁ’én%"nt&lf‘?lfte Hf’“’?‘ﬂ?’é’ﬂHe?%léf‘P‘?”ﬁﬁled’ﬁmB‘fsmf’%é’h‘frﬁ’{%étﬁ"taftéﬁ"m@*f‘éﬁ‘@es may
be made in tdaplaelissivemitdly degetivdad herein wi thout departing fromthe spirit
and SCope Of ylffel:AUERJ R 18N ARGl AR fle fBace] ,}eg\@ﬁe@gplg& AR sichpreates.
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subgtrate; 5 positioning a tenplate proximate to the pol ymerizable
conposi gi on, TRk B @aﬁmh,%%xrem%e%'é&alteqysuggtanﬁﬁ9 transparent to visible and ultraviolet light.

9. The method of claim 1, wherein the template further comprises a low-surface energy coating.

30 10. The method of claim 1, wherein the template further comprises a low-surface energy coating, and wherein

the low-surface energy coating is a fluorine containing coating.

11. The method of claim 1, wherein the polymerizable composition is a thermally curable composition.

35 12. The method of claim 1, wherein the polymerizable composition is an activating light curable composition.
13. The method of claim 1, wherein the polymerizable composition comprises a photoinitiator.
14, The method of claim 1, wherein the electrically conductive template comprises indium tin oxide.
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tenplate is electrically conductive; and applying an electric field between
the tenplate and the substrate, wherein the applied electric field creates
an el ect rwo 2004163%15f orce that attracts a portion of thePpalysaeriozshsi e
conposition toward the tenplate. 10 2. The method of claim1, further

conpri sijag p%marad%mantl neheRAa g}ﬁﬁﬁg P fic ﬁamq&lt&fggﬁ@ﬁ and &te su‘b'%ﬁte[;ﬁ}éét%gt g‘(‘) g

claiml1, wherein't pol yier i zabl onposition is
of claim1, M?%fwepﬂen%rbtﬁﬁewozaﬁrteceerrﬁ@grm ?fﬁlert%npétte} ow vi scosity
liquid. 15 5. The method of cl ai m 1 wherein the polynerizabl e conposition

is al OW. vi S%esllnétﬁlod of %al‘fllnq V%lr(l,g \Mn] gbli]e comp(%sh%? % atIQJXcte% htglin}g Lﬁ/ut cI;eI%Z%bl €

CONpPOosi t| ‘on i's such i¥i on
when3t he el e@?ft“ictfheftiﬂ@?lﬁe Wleenﬁpptetﬂetﬁeidns 4pe1§§ fOtﬂﬁPFﬂtdﬁ@@ﬂ@S@é‘Wnd 20 6. The
met hod of claim11, further conprising poI ymeri zi ng t he pol yneri zabl e
conposi tion, erei l.ectric. fi the el ectrical
conduct::l%/e t eApT4Ed ngtrltdm t higﬁhfhct?g’??séﬁggﬁ\%ﬂ?r?’@gg‘g?@ a&’?r‘f&“‘t"ﬁ@m é)ftf}?fjérﬂ?ezabl e
conposi tion. P@W@@mbmdb1®¢ombsmom 1, wherein the tenplate is
substanti al I y transpar ent to visible and ultraviolet light. 25 8. The
g m1, V\{I rein the substrate IS substantrally transparent to
vr sr etrPeéltPfl Aim L vggein thegubstiqtecopprisiifilisen ¥fti m 1) wherein the
t enpl ate further conprises a | owsurface energy coating. 30 10. The net hod
of claiml, whsl | ow surface energy
coati ng,% and mhe%?ﬁ”ﬁgqu{/e\?tstﬁr {‘ﬁéﬁaté&gn%r?sgﬁ%gtg’?fﬁ‘g is a fluorine
containing coating. 11. The nethod of claim 11, wherein the polynerizable
CONPOSi £0.0N  THe rBetliod &f didh I ywietdmatklsebs €A PAGristd GeBtdt2. The net hod of claim
1, vherein the polynerizable conposition is an activating |ight curable
conmposi tion. 13. The method of claim1, wherein the polynerizable
conposi £t-on Etmmﬂroée%claanb:w@teernmhetsrlatmcomnmses afpewafest hod of claim 1, wherein
the electrically conductive tenplate conprises indiumtin oxide. 40 7 WO
2004/ 063815 PCT/U 2002/ 0155 5. The t od of claim1, wherein applying
the el eg?rr ¢ APTEIEP PEPYRE PR e%?%@‘emasﬁ’&ad?% B Pt lauses a portion of
the polynerizabl e conposition to contact a portr on of the tenplate. 16. The

et hpd of. cl AinBnbd oS &g@dﬁgguyggghggm@&glmrtr on is attracted to
the tenplate but d(())es %%tlg@a contact the tea | ate when the electric field

is applied t&PONE 2PEWPTEEL Caﬁa"stﬁﬁ‘etoéﬁtlﬁ%‘ter”athesubi&f“e The nethod of claimi1,
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wherein the suljsirate conprises I con wa claim
1, wherein t ARl glretie %%Cf&ab‘ﬁﬁr slestais staficprpecthafafiracts a porsion of fhe golymeriagi corasitgn m
1, wherein theadiesdnipitee conpri ses a Si GeC wafer. 15

24, The method of claim 23, further comprising polymerizing the polymerizable composition,

25. The method of claim 23, further comprising polymerizing the polymerizable composition, wherein the
30 electric field is applied to the electrically conductive template and the substrate while polymerizing the

polymerizable composition.

26. The method of claim 23, wherein the polymerizable composition is an activating light curable
composition.
35
27. The method of claim 23, wherein the template is substantially transparent to an activating light.
28. The method of claim 23, wherein the substrate is substantially transparent to an activating light.
40 29, The method of claim 23, wherein the template further comprises a low-surface energy coating,



21. The nethod of claim1l, wherein the substrate conprises a InP wafer. 22.
A substrate conprising patterned structures nade by the nethod of claim1.
20 23. A wetZaed6ss15pr epari ng patterned structures on a ParaiSeeaR®]15551
conprising: applying a polynerizable conposition to a surface of the
subst rabe, bl Ao afkPR ! ilhl dote G EphIPLAL S QXLBLR, LA L e
pol ynmeri zabl e_conposition; and applying an eFectr[c e et Weeh %he

el ectrical | y "COHY e {0 oatace sy cutmg s fysanesopytipgedingwher ei n the appli ed
electric field creates an electric static force that attracts a portion of
the. p0| Yireri é%hoﬁgp&?ﬁlﬁ%,lvs}ﬂa‘einﬁé 31 %gletchrﬁpotsigo 1|se?‘ gﬂnal%4mal-3ﬁggomn§sﬁtgog of
claim 23, further conprisi'ng po yPre I ZI ng t'he pol Vher 1 2abl & conposi ti on.
25. The nethod of claim23, further conprising pol ynerizing the

pol yner Bzabl encadmasi ddian3, wakieih @k Bledutally 3Riulve &hpl€ cbd@kd iddgmaRRkized to the
electrically conductive tenplate and the substrate while polynerizing the
pol yneri zabl e conposition. 26. The nethod of claim 23, wherein the

pol ymer BZabl &hcmtred of ddim A3, iwhergin appbyinig itaeleshir fieldgh the Gupkis sl thoobpas tanieon. 35
27. The met hgehigfor Gk fdifhetidableWhiEFositith tb Bfatal i@ BBk & tleSenpiiRSt anti al I'y _
traquarent to an activating light. 28. The nethod of claim 23, wherein
the 'substrate is substantially transparent to an activating light. 40 29.
The net Bdd offharhethorhoRBim @h evhertin the halyrhegimble abapobitiort ibv@tract @ tplic ta@ateebut does not

| ow-surface gy Gk 551 30. The
met hod of cl ai %Et%it V\/neér‘giglrllthte%géﬁeﬁﬁﬁpgggﬁﬁﬁgﬁﬁ%ﬁg%?%%g | ow surface
energy coating, and wherein the | owsurface energy coating is a fluorine

cont ai nBhg cORthetgd offlaim T3) Guth@tchadisaf potin@iizmh A, poWhefiRAble cdntp6sitR@ ki Bihing bl e
co sition | . [ conposition. 5 32. The nethod of claim
23,rmaher ein ﬂe é‘%%?{ﬂ?%rlazﬁliléagngﬁgﬁ%ti ve tenplate conprises indiumtin

oxi de. 33. The nethod of claim 23, wherein applying the electric field to
the tenpé.at e Tedbiiol 6f Hith 33, FvBdréin S:3 58S te Bompieds b kiBdbn Qhatet, N€ pol yneri zabl e
conposition to contact a portion of the tenplate. 10 34. The nethod of
claim 23, wherein the polynerizable conposition is attracted to the

t enpl at 87-but Tekgesthod efi claimg & tvherein thp eubstetypdrartriees wivedks wife. el ectric field is
apphbed to the tenplate and the substrate. 35. The nethod of claim 23,
farther _gconprj si I rizing. th ol yneri zabl e conposition and etching
t he 153%0I y ?W@’gﬁgﬁﬁ%?’vﬁ?ﬁ%@%“@ SLTRFSASIO$E ¥afthe net hod of cl ai m 23,
wherein the substrate conprises a silicon wafer. 37. The nethod of claim

23, whekei N TGRS 8, GRIRS IS &8st AN 4 20 38. The nethod of
claim 23, wherein thec asubs’t rate corrSpu?[tleses ?gg?n%ew&fe\%/af er.

25  40. A substrate comprising patterned structures made by the method of claim 23.

41. A method of preparing patterned structures on a substrate, comprising:
applying a liquid polymerizable composition to a surface of the substrate;
positioning a template proximate to the poiymerizable composition, wherein at least a portion of the
30 template is electrically conductive; and
applying an electric field between the template and the substrate, wherein the applied electric field creates

an electric static force that attracts a portion of the polymerizable composition toward the template.

42. The method of claim 41, further comprising polymerizing the polymerizable composition.

35
43, The method of claim 41, wherein the liquid polymerizable composition is an activating light curable
composition.
44, The method of claim 41, wherein the liquid polymerizable composition is a low viscosity liquid.
40
45. The method of claim 41, wherein the liquid polymerizable composition is a low viscosity liquid and
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39. The nethod of claim 23, wherein the substrate conprises a InP wafer. 25
40. A substrate conprising patterned structures nade by the nethod of claim
23. 41, WOormee4eds1sf preparing patterned structures on RCIUS02A1F551
conprising: applying a liquid polynerizable conposition to a surface of

the substrat neBR&k Ws&ﬂ’ry@gth@h&\ﬁfﬁa lyBk s &ﬁfp&ﬁ{o&sts&httﬂaﬁpﬁq%rﬁ/%'ﬁﬁpl e

conposi tion, ereln at ‘| east a _portion ate I's electrically
conducti ve: ANFHREH VP’H@OSIQPI“@i‘eéf,hfF?@qﬁe@llﬁpﬂgﬂ%@ﬂmﬁ@m&téﬁT?P%{lte and the
substrate, wherein the applied electric field creates an electric static
force that atAtrﬁe%ggf [aTaT AW oY R 2) AN | [ g.conposition toward the
tenplate. 42. The rrep?erll)od gtp Hﬁea{%tﬁ%ogg gﬁ& &ﬁg}ls i si ng polynerizing the
pol yﬁerl zabl éppéyé‘}%(B%W?rﬁi”Ple comigositign to'FH‘é?fa?PéIfFi’ééPbéﬁateel aim 41, wherein the

liquid pol ynepdzahpiratigrpnsded tb @B sibsrattRuddeHal HAdhhrd @f thé Gbdirat waﬁé}éde

composi t on Pt IRRE RS Rye Bl Garhek v h et b L
wherein the tuglied %m%%?qné%?eea@onpom tionis alowviscosity liquid and

9 WO 2004/ 063&ImeREdl édﬂﬁ%ﬁ%ét@l@eﬁ%lempmﬁ@ﬂ@su&m@te W/h%l%fﬁstﬁeta}fplfeé eléclafc el Gk
on, 1S, su hat. a att forms. in t

pol rizable osi t

pol ;{Hﬁgl’l zabl & %%%Btg?cttj?m BRRALRS ﬁaﬁ’gmgl? ddep ?fm‘frizéqleo“’fngosﬁlﬁb °Wéta ﬂﬁe FPBEs t han
about 1 second. 46. A nmethod of preparing patterned structures on a
substraug, CaDhdiplBlaim 76, ARALYLRY ﬁ% léflﬁﬁétﬂ@}myﬁneﬁﬁﬁp% Li@h, to a surface
of the substrate; applying a plurality of forces to the substrate such that
the shape of the substrate is altered; positioning a tenplate proxinate to
t he pol yérer i Thdxhathod ofqpedrs A6, iwberein Wa@o‘lﬁﬁen’zaale cbm@Sitionds MQLdvad Light clirk®e t enpl at e
is ghectri caL(Ln% g@pductive; and applying an electric field between the
tenpl ate and the substrate, wherein the applied electric field creates 10
an electric static force that attracts a portion of the polynerizable
conposi #9.on Tnei@d bivkih 5y Pphatiethe folymeliBle 0REJAQENGE a 16% RisdBkidbiquiflur t her
conprising polymerizing the polynerizable conposition. 48. The method of
claim 46, wherein the poL%nerl zabl e conposition is an activating |ight

cur abl e30-15 Ekampsdst of dsim 44 9herqine pabmivgerbl orpgitionivdiquidher ei n t he
pol yoreri zabl e conposition is a | ow vi SCOSI ty liquid. 50. The nethod of

claim4 wh h ol ri.zabl. e on is, uid. 20 51. The
met hod g]% ¢l gfl; eﬂ’éa Oﬁlﬁ’g? %?E f {1 ﬁilpﬂ ?”P’E%fﬁ’l"%lséé‘%b"d%?w Baidagd 5 | ow
viscosity | i gherdn Gandscosiih ef thd lmutdmelymrsdadmomgosmbnrs bveh thitquhithfodmy iethd zabl e
conposi tion b(ﬁyn%ﬂ?alglek s1§onﬂ>@1reﬂﬁé aectrgrfgﬁ is aﬂplﬂe@ﬁles@lﬂ&%ﬂ&fti ZB@Q'Jde conposi tion

when the electric fieldis applied in less than about 1 second. 25 52. A
met hod of preparing patterned structures on a substrate, conpri sing:
25 52. A method of preparing patterned structures on a substrate, comprising:

applying a polymerizable composition to a surface of the substrate;
applying a plurality of forces to the substrate such that the shape of the substrate is altered;
placing an electrically conductive template proximate to the polymerizable composition; and
applying an electric field between the electrically conductive template and the substrate, wherein the
30 applied electric field creates an electric static force that attracts a portion of the polymerizable composition

toward the template.

53. The method of claim 52, further comprising polymerizing the polymerizable composition.

35 54, The method of claim 52, wherein the polymerizable composition is an activating light curable
composition. ‘
55. The method of claim 52, wherein the polymerizable composition is a low viscosity liquid.

40 56. The method of claim 52, wherein the polymerizable composition is a liquid.
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appl ying a polynerizable conposition to a surface of the substrate;
applying a plurality of forces to the substrate such that the shape of the
subst r at ewD0@d/68816d; pl aci ng an el ectrical ly conduct i PeTiuSawl2at 51
proximate to the pol ynerizabl e conposition; and applying an electric field

b h ' : Lye. : he . Lat.e [ h
etween 5’?’. € ?Lé%ﬁéﬂ_{oh gi]?JIIJéIIM éf; %Q&E {h!e ¥ 1&%[@&%@6 N osm.aﬁ 1s?"]!&§$1£c?ﬁ&ltghqm%5 ern the

30 applied electric fie Ccreates an ctric static force t "attracts a
portion of tMEeTfBbS ey shheliippausizetigrompesiian i such et agaifaies ishe  The

met hod of cl pélymdnZablefcbifiiobi€ién YERATE ElsdtitFicldQd appiRd in2éssifad dB6ut pedcy@®er i zabl e
conposition. 35 54. The nethod of claimb52, wherein the polynerizable
conposition is an activating |ight curable conposition. 55. The method of
cl ai fn 528 whépapraranier Petngrehapy ellslsesegnpepiitngon is a | ow viscosity |iquid.
40 56. The nehh@dcafigedddd dufio BRI the LBGaRO! YMBri Zabl e conposition is a

l'iquid. 10 WO 2004/ 063815 PCT/ US2002/ 01555 7. The pethod of .claim.b52,
wherein the FP’%I&?% °%’6“’|S§/“rrf’eaP?lk°"‘a"t%’Pg”é“&%ﬁ@i‘i%t?‘i %%h"?d?’ FRTIRNO PERge Fpnpi}wk?nci’ﬁ?%fs and
wher ei n t he wiesadgirtdyto wlytdefoiniiggforce tptk Yolder ivplathite slippnpdsibbiders altsreddndie t hat
a pattern fopgs in the polymnerizable conposition when the electric field
i's a&pl ied in |ess than about 1 ﬂslecond. 5 58. An aglparat us for alteri ngoa
shap® of a sUBEER & @OsTEE PRt he holforiashipa the Hiare of te Stsal Sty PplomH
support the $wulbspactheholderplringadei ty of pressure application devices coupl ed
to the holder, wherein the pressure application devices are configured to
apply a deformng force to the holder such that a shape of the holder is

al t er ed>Yur i Mg 2PPrEEss of Prii hprpin th Boldsg pranprise VA& EHYGH ed to the hol der such
that the shape of the substrate substantially conforns to the shape of the
hol der ring, Uuse. h r at f .aj. 8. .wherein the holder

corrgr?i sg(g a gléeca ﬁagﬁmgﬁa%%mgﬁ%B%gm%?ﬁr:essgrﬁﬁp;plhga {;Jgsd%‘c')l I T %eg%’elec er célfa%r?l)rst he
pressure application devices conprise piezoelectric actuators. 61. The
appar at g5 of Ted ppatanfads clditd 58, BEthe:CORMIsing b AfbcRr ABfiQRY & mBARN thOitngdy bfnsTeasur e
the planari t%(bot}‘ tetdhe substrate during use. 20 62. The apparatus of claim
58, wherein the Sib8¥PEte conprises a silicon wafer. 63. The apparatus of
claim58, wherein the substrate conprises a GaAs wafer. 64. The apparatus

of gbai 82.58, TMIBHSINRA of {MEm S8 ABEEAHE sBRPRIbSHResd sBbdafaray@f €r. 25 65. The
apparatus of claimb58, wherein the substrate conprises a InP wafer. 11

63. The apparatus of claim 58, wherein the substrate comprises a GaAs wafer.
64. The apparatus of claim 58, wherein the substrate comprises a SiGeC wafer.

25

65. The apparatus of claim 58, wherein the substrate comprises a InP wafer.

11



