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10001] The present invention is generally directed to
the i nexpensive manufacturing of systens that have
critical dinensions Iess than 100 nm such as 15
nano-el ectronic circuits, nand-electro-mechanica
systens (NEMS), optical sys tens (such as gratings,
photonic crystals, and other types of optical couplers
and devices), and highly sensitive sensors and

det ect ors based on nanoneter scale conponents.
However, the present invention can also be used to
fabricate any- thing that is currently fabricated
using optical or electron beamlithography tech- 20

ni ques. BACKGROUND ART [0002] Nano-inprint |ithography
was initiated as an alternative to conven- 25 tiona

l'i thography techni ques to achi eve nanoscal e structures
with high throughput and | ow cost. The nanoscal e

st r uctAIPeE YMER ISGIISTION FOR NANCIMPRINT LITHOGRARHYITO

filmcovering a substrate
process; SBEBU&%!MP RW%TE%@%,&TI@E%@B%Qéé%&ﬁﬁ ed
"Nanoscal e Patterning for the Formati on of Ex- tensive

Wres", issued to Yong Chen et al on Septenber 25,
2001; U. S. Patent 30 6,407,443, entitled "Nanoscal e

Patterning for the For j sive Wres",

i ssued to Yong Chen et @é@ﬂl%ﬁfﬁ@‘ 2002; and U. S.

Pat ent WD 2004/ 051714 PCT/ US2003/ 037858 2 6, 432, 740,

entitled "Fabrication of Ml ecul ar EI ectron 3%% cui t .

bi00PHpr i nt i The presentsipdentiop igo SgNeSREN Iﬁffig g 3inexpensive

20 urtlring ot 's9&§%sttﬂaﬂﬂh%e%ﬂﬁ@alﬂﬁﬁém [88s than 100 nm, such as
nano-electronic circuits, nano-electro-mechanical systems (NEMS), optical sys-
tems (such as gratings, photonic crystals, and other types of optical couplers and
devices), and highly sensitive sensors and detectors based on nanometer scale
components. However, the present invention can also be used to fabricate any-
thing that is currently fabricated using optical or electron beam lithography tech-

niques.
BACKGROUND ART

[0002] Nano-imprint lithography was initiated as an alternative to conven-
tional lithography techniques to achieve nanoscale structures with high
throughput and low cost. The nanoscale structures are transferred from a mold
to a polymer film covering a substrate during the imprinting process; see, .e.g.,
U.S. Patent 6,294,450, entitled “Nanoscale Patte.rning for the Formation of Ex-
tensive Wires”, issued to Yong Chen et al on September 25, 2001; U.S. Patent
6,407,443, entitled “Nanoscale Patterning for the Formation of Extensive
Wires”, issued to Yong Chen et al on June 18, 2002; and U.S. Patent



the present application, the contents of which are
totally incorporated herein by reference. 5 [0003] To

waledoanm7tdhe shape of the pol yner, the substrat BCHOS2003/037858
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polymer filmare heated to above the glass transition
tenperature (T9) of the polyner and the nold is
pressed into the film resulting in a reverse replica
of the nold on the substrate? Pol y( met hyl

nmet hacryl ate) (PMMA) has been a popul ar ther-

o2 IR T apliFafen oBohEN EidcREE oy e i
E’éﬂ(ﬁiﬁ tr?e ‘? ﬁhgﬁcﬂndAhgué?M‘%lmoafaﬂs ssagnétbtcyﬂm saxme @issignee as
ssol ved in
e mrasant anvoaan, thrortaalso yeh 315 KPR RBSREB herein by
%krga.gﬁ c@ny residual solvent inside the film This
ing procedure results in a hard polyner film

wWo0e3] i n t uFordetegon thesshagpe ghthenpelymer, et%mggpgq apg polymer

S5 bl bR B R el 1% s e
]Eékgdeg’éé;ﬁ%% gaﬁlésgé@mrtg tise fifm tnbeulltmg dn Iae‘éoenselrepllca of the mold
ngwﬂg%gul@stfa;g{ prgmgt(hyf %&&%ﬁﬁt&iﬁém%%bee%Iagp]opular ther-

%rars Z‘F%?er aﬁlté"t?@ IRGAREMERC R KigABEserhti®y temperature

the circuits being
f(a-kﬁOD&@l ang prsshreac-2Rsigks or nanoscal e

b van: cepr 88 IARPPBRESLS, = BABARE ol ippufietasoived n

r §SIVeNF id spihicbBletnto e eubstebte @ﬁﬂlthémthnf polymeg fi |m is baked to
associated with the solvent evaporatjon duri n%
Pé%e%‘WS in a

heeamoveyany m@l@l spiveshinside beuda. J&is brKINg PeRse
p

(TSP T fhict ] i) roWREES Mo IRPANE IR Re, typically
tatewaseso%ofaudm thei Byl aod| ighrpressure (toansulg vrmaus);ﬂow of the

U] n&@? V)(Ipﬁgé ?@rrgg\%é@eggcggr%v%%ﬁ?\é aﬁef&%sﬁ ffokzes. The high

??E&S?ﬁltsb@étﬂﬁ%ﬁ%wﬁ@rr;@f@dc@léﬁ&hﬂ@és oafmers{ambvzmd both the
V\hlgbﬁempgtétagg@d igh @ﬁ%és:ug)% [:gla,%%m%g tggéﬁlfcg%pf?grlnn}erials of
P@?/ %@%Btgat}%ég gégﬁt?a‘fe@sué%QQQ&é%ég ¥# nanoscale semiconductor
‘components, exposed to this process. The unwanted residual solvent in the
polymer film resulits in film shrmkage and possible cracking associated with the
solvent evaporation during the heating process, which can cause serious prob-
lems in pattern accuracy.

[0005] Recently, room-temperature imprinting lithography was suggested
by vapor treatment of the dried polymer film (case 1) and by using new material,
spin-on-glass (SOG; case 2). However, these processes suffer from the poor
adhesion between polymer and substrate after solvent treatment (case 1) and
fast drying of the spun film which also has a poor adhesion to metal due to its

solvent nature (case 2).
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3 [0006] There remains a need for an inprinting
process that operates at a |ower tenperature and

wo ome0spressure than the prior art, as well asPEUBT03IICE7858

nost, if not all, of the problens of the prior art. 5
DI SCLOSURE CF | NVENTI ON [ 0007] In accordance with the
enbodi nents di scl osed herein,, an i nproved nethod of

form ng features on substrates by inprinting is

provi ded. However, the teachings herein can al so be

Yo6s) t O mkﬁle%noﬁré ifYatlaal fblsaﬁfffu%rﬁgﬁlg;’pr&é@éé thépoﬁé’rta‘?ég ata

usi ng optica el ectron beam graphy techniques.
Tower teprparatire ramdnlowet prgssuse shar( $he poonarig as well pseavoiding

ty | S t_.on pol ymer di ssolved in
ﬁéﬁq’eﬁﬁ& %ﬁgPB}ﬁ %@Pﬁsa%ﬁga%'%ﬁgr; and (b) depositing
the polyner solution on the substrate to form 15 a
liquid filmthereop;.  and_ t [n e order (c)
curing the liquid B'Sﬂ‘rc%ug%#ﬂ\évtﬁgﬁﬁ'ﬂnoner(s) to
po- lymerize and optionally cross-1linking the

pol yner(s) to thereby forma polynmer film the
P07 her fi lnmadeardange avithlthe smbodiments discloseg desdinran infproved

ol M o0 el 78 Bhub Ll Wb BOLYRH, towerer,
te tezhipigs i Hagein agnt als@ bealidedy 1 inBké Angthity HHRls tuldrdhtly fabri-

0008] .The pr oac resented herein tocuses on i
bR LHE0 HoRIRal R FREas: BremdhograsbY oieGhackss The improved

Aie¥8Sd ESmBMsed:i | 1 zing a pol ymer dissolved in a poly-
neri zabl e nononer solution. The fil mdeposited from

thi s pol ymer/ nd@brfierming aopelyinen soidiopneempdsingi ainjeast one

RO st Bt BRSSP BobrB K Eorkipdtafd ool vent s

fr lqm t hg fi : m t(;l}ihde@d:éiﬂif}gl‘ théqjdly?ﬁeloéolbl&hi dlilﬁl thee Substaate t‘? form
1i o nanoscal e openi ngs o

SWQL%"@ tg%@rgﬁéﬁg Fﬁcﬁgiqng\gﬁ\ﬁl’%ﬁrl ow t enper at gr e agd

renseely L1 LN o LA ine monopers) t o
ymssigerand optionally cross-linking the polymer(s) to thereby form a polymer
film, the polymer film having a glass transition temperature of less than 100°C:
and

(d) imprinting the polymer film with a mold having a desired
pattern to form a corresponding negative pattern in said polymer film.
[0008] The apprdach presented herein focuses on reducing both the im-
printing temperature and pressure by utilizing a polymer dissolved in a poly-
merizable monomer solution. The fim deposited from this polymer/monomer
solution (polymer solution) does not contain any volatile solvents, which elimi-
nates the baking step to remove the residual solvents from the film. The elimi-
nation of baking-results in a liquid film that can flow into nanoscale openings of
the mold and deform easily with low temperature and low pressure in nano-
imprint lithography. Alternately, the film can be cured before imprint by choosing
an appropriate polymer or polymers that have a low glass transition temperature

and good adhesion to different substrate materials. "
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30 an appropriate polynmer or polyners that have a | ow
glass transition tenperature and good adhesion to

waldofiiesom substrate materials. WO 2004/ 051714PCT/US2003/037858

PCT/ US2003/ 037858 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0009] FIGS. la-1d depict a process sequence of a
first enbodinent for 5 formng nanoscale wres by
nanoi nprint |ithography; and [0010] FIGS. 2a-2c depict
a process sequence of a second enbodi ment for formng
nanoscal e wires by nanoinprint |ithography. BEST MODES
FOR CARRYI NG QUT THE | NVENTI ON 10 [0011] Reference is
made now i n d@RIEF DESCRHEETIONCOE bt PRAWENGShi ch
illustrates the best nbde presently contenpl ated by
the inventors for practicing the invention.

mos] nat i vEIGSbali dridpict & ﬁo@é@s@jde?n&é}bf@ﬁfst iehfsbdafent for

i cable. [0012] The resent teachings utilize a
TOPng Paassicald WRes by BEnaiDRT igpRorapRaBPRopr | at e
ITMM]:S'V di F%&.Vfé’%fﬂqeglo?‘élg b L%nEB'b? éecanId embodiment
r mer so

rmono m x- ture. tiron I ona
dorfoaming nanescale wisee by nanoiatpointlithagraply. rmr e
cross-linkers and/or one or nore viscosity nodifiers.
The nmononer may be the sane or different fromthe

pol yner uBEST MODESEORPOARRYING OUE THEINVENTION t he
final polynmer filmwll be relatively pure polyner
that is uniformin com 20 position. If the nononer is

: . : ' |
S et KERRAERRATion g Y SpE BRI wric
tllwetraties fiee dest pmaldyzrmesentlyaaontémplatqzdehysthaahwegtorsefowrkctlcung

HlrbVEnt. AB it s R o Aty 2331 25 appiigable.

[110@2# CO- PPhey Rssent Q8acHISgs Ofi Ilz%oé YWY mEN3bI0GorMok '&t q’é@st one

pe of nmonomer unit). Each of these types of poly
ﬁﬁproeﬂatq Roler sisselvedyiara Aelunesizable: menemesos, monomer mix-

so?'ﬁ?ﬁ% :}%lgﬂert gSIugBﬁCd tnbﬁ I%pcongéalsn%géﬂtmé’ﬁ‘emgrtéegﬁ%téﬁe one or
moggiictbsslinkerst aad/eonne or more viscosity modifiers. The monomer may
be the same or different from the polymer units. If the monomer is the same,
then the final polymer film will be relatively pure polymer that is uniform in com-
position. If the monomer is different from the polymer units, the resulting film
may be a polymer blend (i.e., a physical mixture of two different polymers), an
interpenetrating network of two polymers, a copolymer (chemical bonding be-
tween the two different types of monomer units), or a block co-polymer (regions
of polymer chains with one type of monomer unit). Each of these types of poly-
meric film may have advantages over the others, depending on the specific ab-
plications. The polymer solution is then deposited on a substrate to form a liquid
film thereon. '

[0013] There are two general paths to the utilization of these liquid films.
The first is to deposit the polymer solution on the substrate, such as by spinning
or casting, to form a liquid film, and then to cure the liquid film to form a polymer‘
film by exposing the liquid film to heat or ultraviolet radiation, or both, or any
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[0013] There are two general paths to the utilization
of these liquid filns. The first is to deposit the

w@oeioyEr7150l uti on on the substrate, such as byPGpUS2U03ICE7858

30 or casting, to forma liquid film and then to cure
the liquid filmto forma polyner filmby exposing the
liquid filmto heat or ultraviolet radiation, or both,
or any WO 2004/ 051714 PCT/ US2003/ 037858 5 ot her

process that will cause the nononers to polynerize and

f)ﬂ\%{ rﬁc}gxgs‘;sr ghaﬁt\?fllnéat‘fs%pﬁ\%?@ﬁphwgfs tt{)< é)otlsyﬂﬁénie ?Stbﬁgﬁjolymer
thaink 1o erosseinkf rfltﬁahueamnécthgﬂhmsasev atnsumpoﬂant to make sure
tenperature, Tg, in ranaq%iof abqut 0C to

that he f@l eolymer f %@ﬁst%éom 5 RPN feryRek U@ Tg' in the
eI Sty O°%hc8 1t0®p@e’f|%t€n§%1?€%dth8f Wﬁéh‘rtl?e hSHHJIﬁ'Iﬁﬂnlt Process

tal nataithful replica
lse¢a1‘tledr ouy; thedemperatwaandepressue rfsn@lrem‘ t%@btélft a frifdelseplica

§F h%mglﬁ) \gw]bdé rel%lé'/% @ogg &oﬁﬁa?e&jgﬂﬂ%% phgr:ra??r&%? (FIGS.

pmlmrd)gh@ @ebblﬂat@tb depdcbiltemelh pplyeief lsblmtldui onTah esubstyaiedand im-
i | m t hen cured in the

Meskatal Reros DS dMEritina Rropass B 1o 19k e 1 2530 g fim 12
%t {ﬁ%h &fr@&ﬁ‘?ﬁwe( E eg’énc% o fife oﬁFB{,;erleaﬁﬁd? oF %RB&EL% Utb EUV radia-

res- sure re relative as conp ared
tlhle, qmbccth ar other poacess (FIGS. r&a-Zc{)eAgalrs thatainperature and pres-

P iaie Ton A5 i sd el B M AT phitelE Plther detais
eagidetatbtions fof Gs aibpﬂral;h chre pfdsentetibelbwust rat es a

substrate 10, for exanp silicon dioxid
[Qﬂ&@] d 15Spqa¢|ﬂs;aily Withs rqg?éﬂ tggﬁgsqrpg%ssxégﬁﬁtegsm\hgigg ? a-1d,

?@ Y i ﬂgsﬁ’%tegan Jkkfégrateﬂi‘? fot gk'érﬂpfe' EE}:%@ dIcﬁucf ohPfich a liquid

0SSi b Cross forma
f)lm yﬂmasfbdemn deﬂ:osued regichlesatyi sgjnoing lor/castmgaﬂ" heriquid film 12 is

Rifhes sebrized.ahd posvibl e ks, oty haFer i 12° sing

Hehtitiy BF Eﬁﬁkﬁcﬁatndﬁhw\/@r otz As Eh@wl‘mrh F1G61baa rholdntsl provided
therein a pattern_ conprisin | ur

withta yeleane layal 13ds prassedalito &g Pngl ' tof 'Weilér dising pegssure
Shal 0" e 1P T0 B8 o ki peon Behrnbalyof
pratiusions! 16zythabcan ha\uacd:ntlaal dimansions lgsh dhami@0 oy éa be gised in
gw?dlr?gt ngﬁo te}{e%ﬁ'onlgfcwgﬁ)&s nano-e?ectro—mechamcal systems (NEMS), opti-
cal systems (such as grating, photonic crystals, and other types of optical cou-
plers and devices), and highly sensitive sensors and detectors based on nanome-
ter scale components. These protrusions 16a, upon imprinting, form a corre-
sponding plurality of indentations ‘12a in the polymer film 12’,‘ as shown in FIG. 1c.
[0015] The temperature of imprinting is above the glass transition tem-
perature of the polymer film 12’ ahd preferably is as little as 10°C above the T,
The pressure of the imprinting is withiﬁ the range of 100 to 500 psi.
[0016] Once the pattern has been transferred into the polymer film 12’
then the polymer film is etched, such as with a plasma, to expose portions of

thé underlying substrate 10, as shown in FIG. 1d. Following the etching, the pat-



pl ers and devices), and highly sensitive sensors and
detectors based on nanone- ter scal e conponents. These

wEe@iosIsions 16a, upon inprinting, form a correCRBS2003/037858
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sponding plurality of indentations 12a in the polymer
film12', as showmn in FIG 1c. [0015] The tenperature
of inprinting is above the glass transition tem
perature of the pol yner film42' and preferably is as
little as 10C above the Tg. The pressure of the

1 0eq elheondted PorfRa @M heR b JHuhe pleeRind, quh =s by
pl@leR@tfdéodsmnbzmetal Zhd h@lﬂgtthe well-kmawn fllftldﬁ procekss Hedremove
such as with a pl asnms, Xpose portions

umetal Ingt iy dgr@g’gphml@al mntaézg itk subsitate 1qunetFy, the polymer

p@%@@f@%ﬁ%@%&ﬁg Iség?gtf; %ﬁwtmﬁﬁ%ﬂgﬁ kmgﬁgn top of the poly-
cmer filme,narixklevinghsshind ot deat, haslbéeradepysited in ,the grooves 12a
%%Pld%%gsiblgggénne%% Cﬁ,eﬁ' ngﬁélﬁg?wel | ‘kgﬁg\"&ns are then

phye% s8theCOBERGdesihniianbbeale dbsiteat e 10. Brief| Y. the
pol ymer filml2'" is dissolved in a solvent, fak

WOOR7]i t any“ltﬁ!ﬂ&ﬂlvel 9r<1¢§daﬁ>8t 3¢ aisor well ﬂsapvnsfoﬁ@ftcmpg into the
aﬁ@v{gﬁgxw 32 ?Hmﬁgg afSPagU ltgﬁﬁﬁgﬁﬁyé’(fpe\%;ﬁ eﬁ\é Brocedures

blchlrsoltgs@cgJI heaelnshadeebmadea}g)hoatsonsameusmeayomt eanaéeo;l‘rmlogy im-

el ectrodes, ip n

Pk AR cafer e TSI, B RropgRre dreiAted REGT fEh be used

pf?\' a‘(ﬁipﬁnﬁrwtlﬁg ]pgoces%”ﬂ'eéé‘rﬁgﬁerﬂ Yﬂb%méhﬁcﬂﬂl ﬁh@lﬂﬂﬂ'@g&?hy or
di ave

rocedures osed herein

aplpbirorathe@ﬁs |lthﬁ>9(@lé"¥o@}'<ﬁ1§0$¢athét tselesndhageither of ithe ifaggoing

a f I 1 th d di |

Bt BeosEEs | Lo Y Lr i Pt P process el
e s o e e
chaveariGal 4 MEnFBPE faedGAn SOR0ENEIaNas NBroEkd HP@E%"%% nano-
[0 c])mecﬁ Rical %@t%ms ?Mﬁk@g‘;oﬁﬂcﬁl §y’§?é|h§ 366 BY ghdtig, photonic

t eachi ngs ere critical dinmensions |ess

th@ﬂtalbomndnmtheuMeasofromoalec@mdereraro devieas).t and Righd. sensitive

?lge(igﬁrrsgg r@ﬁg%c*oééa baﬁ%f%rﬁ ﬁ%n%gpgcalé) RbinfBherty St ens
[0019] With regard to the process depicted in FIGS. 2a-2¢, the liquid film
12 is deposited on the substrate 10, again, by spinning or casting, and the im-
printing process is performed immediately on the liquid film to form the pattern
in the liquid layer, which is then further polymerized and possibly cross-linked
within polymer chains, by applying heat or ultra-violet radiation or both, with the
mold in place, as shown at 20, as illustrated in FIG. 2a. The pattern transfer is
shown in FIG. 2b, which is identical to FIG. 1c. An etch, such as with plasma, is
performed, as shown in FIG. 2¢, which is identical to FiG. 1d. The patterned
polymer-coated substrate 10 is then further processed as described above. In
this case, the imprinting process is carried out on the liquid film 12 at even lower
temperatures than specified above for the solid polymer film 12', possibly as low



crystals, and other types of optical couplers and

devices), and highly sensitive 'sensors and detectors
whamedsiomM nanonet er scal e conponents 20 [ 0019] PaN/UR2003/037858

regard to the process depicted in FIGS. 2a-2c, the

liquid film 12 is deposited on the substrate 10,

again, by spinning or casting, and the im printing

process is performed innEdiat%Iy on the liquid filmto

formthe pattern in the liquid layer, which is then

e ORI Eh B0 ROSSLBY oG h0S LAl mtieiil the poly-
ﬁ@égbiuﬂﬂnﬁhd%é'ihnlé‘tbﬂférge 25 rmld in place, as shown

l'ustrated in FIG 2a. The pattern, transf
i El)ﬂzehovvn i Fhe=lo@timei) ghascunans;thrugempggturgoo frhe, cufgd polymer

--Aﬁl 1§irUCh af%%(i"lﬁ g%tﬁﬁf]e?gra'bﬁr r&ﬁ Z{éfrtgg@ Cfaa?]dsrheg’f‘brefera-

5 g/ fFErAeRe 16 BOYOEThE palyaterdilast’ ataﬁ bbCprepatelden o wideheriety of
cessed as descri bed above, In

i wpys nthen grqfeﬂe@yéay of waking dhe @Q!Vrfaﬁ{ fs'wé ﬁe dﬁjhg ?rﬁerrﬁ,dlcal po-
Byt iZ2UER . | A @%aﬁ TREE-AYEAS, tfpan eﬁﬁtﬂﬁlef i E!'EWIDVQZ 2.6,6-

e sol i mer fi 7_[possl as | ow WO

ZC&FHn@&hyllﬂ-pE@wama‘rmml f'@spﬂumﬁ'lg@ﬁlmbml‘@p@ also in-
S22, 3 s TSl PhgBd TSR, Sohatation o

10 O%b%mc%¥@%8aéwml by PBat, &PEArd! iradiiationt With dlghtgcéspemally uv
pol ymer i is fromOO to 100C and ef era

fhghm PlictowareOragRMMestaypr OfaTaRrosesnas ¢abmse pafr}éd out by
h
oBFB o RtTEto BT Iinghon g peep gt i
ptpmnrpr fi | The Suciusedyf thecdesiredi palympts- u$qnﬁmih,@anqlmer solu-

including live free-radi. for

(fon ptdiove Purdlers rane i Bma Ay S A7 bRl B oyrypes and
15 fe Q%\Mﬁ%@log@t‘lrr@%e'ﬁ%ﬂ VIREIS Hive@ TRin thelsdenerangei as given above

I onic atom transfer radical polynerizations.

Gémrethalplommeﬂ‘ffllmMZree radi cals is achi eved by heat,

e-beam irradiation with |ight, especially W Ilght,

nm cr owave or gamTa rays. Ot her processes can al so be

Cie022eTyps A addi ti on, condensation and elimnation

processes novvn in the poI ymer art, [0021] The

structures of the desired polyners used in the polymner

sol u- _ R, .

[0023] where:
R4 = H, CHs, CI, F, aryl group;
25 R, = bond, C(0), O, C(0)0, OC(0);



tion that have a |ow glass transition tenperature are
classified as four types and 15 are shown bel ow. These
w@oioyer’s4 have a Tg in the sane range as gi venP@EhUY®03/037858
for the polynmer film12'. [0022] Type A*A R CCH2 R2
1 R3 120 R4 n [0023] where: R = H CH3, d, F,
aryl group; 25 R2 = bond, C(O)8 0, (OO OC(O; W
2004/ 051714 PCT/ US2003/ 037858 "8 R3 = CH2, CH2CH2 or
branched or linear alkyl chain with 2 to 10 carbons;

R SR Brony, B licABa e in gl IPESLR A 1 BEdibons

C(O O?ER&HCH GCB),R5, CRBr-bkanchES, orhhmac kYl ohaihiwittaR to 20 car-

| kyl f i t hout
2 i, ST bsifiybd 2o, 6B B S Ot ot
Type B g0035] C-'l-—l¥ p&aﬁcﬁ@d"ﬁ ifgar BRyISEHEN 'B‘P(?lofBeifZO carbons with or

structure as th but " usi ng pol yneri zation
5 ofwithaut substitutione aﬂﬂmwgstﬁp@dla@] groupsor m co- 10

pol ymers, bl ock co-polyners or polynmer blends. [0026]

Type C CH2-CH -C -O CH2CH 11

[0024] Type B
[0025] Type B comprise the same monomer structure as that of Type A, .

but using polymerization of more than one monomer species to form co-

10 polymers, block co-polymers or polymer blends.

[0026] Type C:

CH,—CH —C —O—CH,CH

|l l

Ri O R4

15
[0027] where:
R1 = H, CHa, alkyl or aryl group with and without substitution.

[0028] Type D:
20

[0029] where:
R1 = H, Cl, Br, Fl, alkyl or aryl and substituted alkyl or aryl with 1 to 20
25 carbon atoms; and
Rz = alkylene or substituted alkylene with 1 to 20 carbon atoms.



Rl O RL n 15 [0027] where: RL = H, CH3, alkyl or aryl
group with and w thout substitution. [0028] Type D

wee7er -0 . If R [0029] where: R, = H QPCT/B§2003/037858
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FI, alkyl or aryl and substituted alkyl or aryl with 1

to 20 25 carbon atons; and R2 = al kyl ene or

substituted al kyl ene vvlth 1 t% 20 carbon atons. WD

2004/ 051714 PCT/ US2003/ 037858~ 9 [0030] The wei ght

aver age nol ecul ar wei ght of the foregoing polyners

ranges from5,000 to 3,000,000. The preferred range is
from 20,000 to 500,000, nore preferably from 50,000
t@o(BOp 000. TR evgightyawsrage molegdar veighi rofhhaéorzegsing polymers

RS c?rbféec}cﬁ}%fﬁb@lpb& e Bitehed g ¥ 201000'S 580,000,
ﬁmmwré@}amyfﬁbws@ 000 t&'QG@ ebul e bBI?n‘I%‘Pé éﬂ%ldy%}i Hetein have a

pol yner” sol uti'on have nmeri zabl e unsatur at ed
gpglpr@pesanWHer 1aordf andagre&w@b yrisemalctoy$ and gnosipreferably from
al ﬁg:?gl s and. unsaturated al cohols. Exanples of

ml rs 10 that can be used to dissolve the pol yner

o[003e| ymer thtmr)ﬁtsméf(gj @dmlow irardissolvirig hempodenérts) in the
ok S e ELREC L3S D, s st an
TRl Ak B 4o Einpes of monomers
béhat ydanaoe yised do dissofveube geiynger or polymer m|xtures inciude, but are
not limited to, the following: methyl methacrylate, butyl methacrylate, hexyl
methacrylate, hexyl acrylate, ethylhexyl methacrylate, ethylhexyl acrylate, octyl
acrylate, octyl methacrylate, benzyl methacrylate, benzyl acrylate, trifluoroethyl
acrylate, trifluoroethyl methacrylate, hydroxyethyl acrylate, hydroxyethyl
methacrylate, styrene, a-methylstyrene, vinyltoluene, chioromethyl styrene, bu-
tadiene, vinyl pyrrolidone, vinyl imidazole, allyl aicohol, vinyl acetate, acryloni-
trile, glycidyl methacrylate, ethyl acrylate, ethyl methacrylate, and mixtures
thereof.
[0032] The resulting polymer films 12' made from combinations of the
polymer(s) and monomer(s) described above are usually blends or interpene-
trating networks.
[0033] Another embodiment of the present disclosure is that polymers
having polymerizable end-groups can be substituted for the general structure
polymers mentioned above and optionally in combination with or without cross-
linkers in the system. Examples include polystyrene with methacrylate termi-
nated, poly(tetrahydrofuran) divinyl ether, poly(ethylene glycol) diacrylate or di-
methacrylate. poly(propylene glycol) diacrylate or dimethacrylate, poly(dimethyl
siloxane) with divinyl terminated, polybutadiene dimethacrylate. Other end
groups such as epoxy- or carboxy-containing polymers may alternatively be
used.
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Vi nyl
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acryl at e,

PRl
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Eﬁtdoft tpwelr counter-

e substitu

styrene,

nmet hacryl at e,
[ 0032] The(+esult|ng pol ymer filns

hydr oxyet hyl

SPQT/EHMW)3/037858
i m dazol e, allyl
gl yci dyl

and

. 20 polyner(s) and

G5 o

ere

ethacrylates

Eﬂ@“gﬁ O&SF&?‘nula (II) be-

ystyre

O her

Mt ai gy poly
304/0 1714

nat ed, poly(tetrahydrofuran)
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sil oxane) with divinyl
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PCT/ US2(03/ 078! 10 [0034] The po|y
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i on tenperaturep
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phengl rings, e.g. PMVA (T9{ 110 (Typel A,
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CHa CH3

ate _M@ hia

For Ia (1)
(T® =820

as

bel ow)
t hat
are nuch
w t hout
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=U 0O
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[0035] For use as imprint films, including nano-imprint films, according to
the present teachings, such aromatic-containing polymers are dissolved into
their monomers rather than dissolving them into any other solvent. This polymer
solution also contains one or more initiators to polymerize the monomer or mix-
ture of monomers during a thermal- or photo-activating process. The polymer
solution is deposited onto the substrate, such as by spin-coating, and utilized
dlrectly for nano- |mpr|nt|ng without baking. In thls case, the film 12 is liquid and
can fill the fine openings of the mold easily at 4 low temperature around the
glass transition temperature and with a low hydraulic pressure. For example, a

nanoscale pattern was transferred to a poly(benzyl methacrylate) film at a tem-
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CH2 CH3 n On 10 (1) (1l) [0035] For use as inprint
films, including nano-inprint filnms, according to the

w@e@smsit7i4 t eachi ngs, such aromati c- cont ai ni ng POI/YRW®NF037858

are dissolved into 15 their nonomers rather than

di ssolving theminto any other solvent. This polyner
sol ution al so contains one or,,nore initiators to

pol ynmeri ze the nonomer or mX- ture of nmonomers during
a thermal - or photo-activating process. The pol yner

zﬁrélfdré’ Ryt 'FO°@eQFP§ id ?H.TSQUFGP ab hSwsé@be%é?g FHE theathdihoplastic

n-coating, and lzed directly f
rram\mémﬁﬂmta hgdmuhmpmssngwca@ be apnlleristodagef Imy gitgherifrom the

:Fép L@Hﬁ?%g rfe%ﬁﬁ%lg&ée t{%inc};pr < rpge[??ﬂjr@ %pﬂé th8 “heating

tp’raaés§l on tenperature and with a | ow hydraulic

R oA e T AL e an
SHEASATOPE 501 o SEbf S 04 B o St v

trladlcalsptbagltlate thquoyymenzfatlbmfcr mﬂaﬁuﬂat&d ¢Qmmmﬁ§u T aedakowing
I h
nél%@p %ﬁ?? eutsold E’é a&efrhn%leé 4 I{I:}azﬁél ? qgﬂﬂ{i’é %@FO e 8erox1de

Benzog tﬁ@okﬂﬂét | agb  Pd ng@mds 5slioR3es The- azubi9|5tt—but§rronltrlle,
that are optionally combined with

Mamlg@ycbbexwmp@!ta@o y"r‘rér'a@éﬂ'é@r(iyﬁ"ﬁﬂ@ 3ﬂa§d 2,2
tégﬁbng? ﬁ}?lgrofp%ﬁé) GtREt EGhinerQal Bﬁoﬁh&gesutcﬁeas Trigonox 21 and

unsat urated comnmpoun
fRﬂrkadmmgG bath orgenic perxiElesseah &lso biehesededs anninitiafor. Trigonox

ARG TS e R i RetEc 1
%eﬁléal@m ﬁyai(mﬁy@?@ﬂ?émpéfdxydileérbonate Both Trigonox and

-azobi s(4- cgano val eri ¢ aci d)

e @@F("Zaf?eﬁwl leoféaweﬁ\kz@rmb%ﬁﬂﬁr@@mpd%eﬁefg_:,amc perox-
%@sﬁﬁ%bﬂ bgg:%fjso g@qnclﬁgé KA%re Hot kel tqu,“ h giromde,

per oxI used as an initiator

dioctanoyl peroxide, dimyristyl peroxide, dilauroyl peroxide, 1,1-di(t-
butylperoxycyclohexane), t-butyl peroxydiethylacetate, cumyl hydroperoxide,
and the like.

[0037] Photoinitiators are used for UV curing, and include, but are not

limited to, any of the commonly-known photoinitiators, including a-hydroxy-

ketones, o-amino-ketones, and benzophenones. Included within the generic

. class of a-hydroxy-ketones are acetophenones. An example of a photoinitiator

suitably employed is o,a-dimethyl-a-hydroxy acetophenone (2-hydroxy-2-
methyl-1-phenyl-propan-1-one), which is available from Ciba Co. under the
trade mark Darocur® 1173.

[0038] One or more cross-linkers may optionally be added to the polymer
solution to increase the strength: of the film and to keep the integrity of the
polymer film 12’ during etching or other processes. The cross-linkers that can
be used in these cases are derived from moieties having difunctional or poly-

functional polymerizable groups. Examples include, but are not limited to, ethyl-
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21 is chemcally known as t-butyl
per oxy- 2et hyl hexanoate, while Perkadox 16 is

we b@riosahd y known as PCT/US2003/037858

di (t-butyl cycl ohexyl) peroxydi carbonate. Both Tri gonox
and 15 Perkadox are avail able from Akzo & Nobel. O her
exanpl es of organi c perox- iq?s sui tably enpl oyed
herei n include, but are not mted to, dicunyl

per oxi de, dioctanoyl peroxide, dinyristyl peroxide,

e, o RS Rl hon o
anethabrylate k ebetrmhwélﬁ)é@lycdwmnmtmaarylateo r tBehexanedidl fdimethacry-
O8te; HEORIEAT SR bR aEits: o Ve B¥lsme dtel TERET girfiGhacriate

avﬁétéfnqw'pdﬁ@}tmﬁe gI@c@lfﬁama kel evues weigist from 400 to 6000 tetra-
benzophenones. 1 ncluded within the generic

£ihylene glycrkdipatiaaciylate, eihpinied Risphepgl %Mﬁﬂ@caflats with up
98‘50%1%&%%% Mﬁe&%éﬁ W{I\%Y\Spdi‘n‘?etga%rylgte tnpropX lene glycol

a- di net oXy acet ophenone
rmhbﬂiacﬂquube Ihyrheﬂwtqlmnpan@ rﬁmﬁethﬂcmﬂta; Qeamrythbﬂob timefimacry-

518" opoiaPBAitel deraieieriR: o IREBRE) EL  BenialitHorvate,
taioxyRitedrglyce S Withi td 80 icaficrAss) ecnmtemrmrbpané tiidoeylate,

filmand to keep the |ntegr|ty of the
tos2chydraxyethvbni ingexanuiige rtrigethascsy %r(@cryloyloxy)-z -hydroxy-

h
P Ay S
fmmthacwha! aploldyidey |mhdaeryﬁwﬂmlpklallﬂ(aeﬂpnéresdl(etbylede, glyoo!) di-
ragalgftpmt : %@%ﬁ%ﬁé ggrt lv\é&}% oeAf/d %ﬁéﬁﬁ'&‘?‘lﬂ glygol diviny! ether,
Bi(étHerRNgEsl ditichpate QE(&b@kﬁdox@lr-Qﬁyﬁwﬁﬁﬁnp@I Yedhadtlate and

nmet hacryl ate, tetraet i;l eneg yco di met hacr%ﬁ!xate

In@mav(m%lmqsyloﬂpm)ﬁm imaleatg; whereig R Methagyiate group can
GeEPREER i ah R ARSI g g mthaorgamide
godigx: (Husthevyethg labote aronddters ma304l60 beeaibatitbtest Wigh etter groups,
Stk aghen. Sl o Sy SIPSYCRYRRAY. LTS morbmers (high mo-
%&Jlé]*\ﬁégﬁﬁ nmﬂm&éiaﬁmth cbd@h&wabllé éh@-gréti;is]%&ﬂﬁlrﬁig? polymers

i methacrylate, trinethylo
1can rﬁifﬁmbérlpclud%d aget aétrqftaﬂmtwortt@|rﬁel@ﬁ@éh9above difunctional

moieties. Examples of such end groups include, but are not limited to, acrylate,

methacrylate, epoxy, and carboxy groups. |

[0039] The percentage of polymer in the polymer solution is important to
assure a high-quality pattern transfer over the entire area of the film-covered
substrate. If the percentage of polymer is too high, then the viscosity of the so-
lution is too high to flow to the edge of the mold during the imprint process. This
produces a non-uniform film thickness after imprinting, eveﬁ if the solution fills
the mold openings. The thicker regions of the film can be completely removed
from the substrate during the lift-off process, taking with it all of the material that
was deposited to form some type of structure. If the percentage of polymer is
too low, then the spun film beads up on the surface or forms other non-
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trimet hyl oi propane triacrylate, 10
tris(2-hydroxyethyl) isocyanurate trinethacryl ate,
3-(acryl oyl oxy) - 2- hydr oxy- pr@pyl nmet hacryl at e,
nono- 2- (met hacryl oyl oxyet hyl ) "nmal eat e, di vi nyl
benzene met hacrylic anhydri de pent aerythrit ol

r?lfﬁnll%ﬁqesec;é&% seg §L?r‘fdélﬁ\% tﬁgﬁo Bfﬂr)théjinab fba\ﬁéMhéts‘érface on

ene gl yco er, tetraet | ene
gstvl;ncb lthei fili wials dephsited. This( reabires that ghey mpr)ntlog Fcogadatre should

BB B3GR Y S, e oPBLEC ¥l BRRle 8t ne im.
NEdrads HRt Ltrad &-off l:fb@neel’ﬁfher wgdosite df Wld $olatioreand thet @amount of
CHTBR P FISRORIEY ILCRb SHeORUh SREIRLS Ejors L ) becomes non-
l]‘ﬂﬁtrht L ﬁﬁ’s hibctibh efhe%d?ié@ﬁtr I&P&f‘théspdh%é’rgﬂrthe polymer so-

or ar group S é, macro nononers
(lhthﬂn isip- thlee'augarOf \Qe1 gchﬁo rwtﬂ(o rpseterably tihtop2) witler apdnest pref-

end: gr tai ning polyners 20 can al so be incl uded
%raggfitéof%‘”%dltive or to replace the above

diobag)ct i onathe opiiratimesonditiennfdrea pdrticulah pelycheyrandoprocessing
i nclude, but are not limted to,

n@iwgemnalrwst @goq@terrglﬁg JM&%r@SoéJﬁon?r@Gémr'WS utilizing
p&flﬁt?dﬁsagﬂpoalffg@n‘f 'Fdlyg‘nﬁr 5) qua t rBeﬁHéét ) ush thcra relative

i mportan assure pattern
caraounis ef eotyimer andemonémeh gt isidlsn pmnsabletﬂo ugs small amounts of a
substrat e, enta t 09 i

CYtPatRanortien L BpREH R PRI S S BrapsTids gad @ing tmes.

fE%pl@sthﬁmﬁﬁﬁﬁy @nﬁodlhﬁs ratidd&|ubiitngret het liriesd m polyethyl oxa-
process. This produces a non-uniformfilmt h

CFaliee. | rRahMerberienay oRol EIRSASNERdsn A | ROV Bem'ae"es

S OSSR SR I S30VIRY asrlo

Iethylené)‘ miy@mey!s:himrale—mcglswbuiyl vinylgthenf polu@nnmpbhrlde-co-v1nyl

|?Ce§?f§s)&\f$\sg(g%§gaﬁ Fﬂﬁ p fora@\'mooqu‘%g mS?gW‘ étrh%crylate)
\S}B 2 pIbeeisos, %gg%g%%gyggg%%aﬁﬁ?ﬁrﬁﬂgwme'd'e"e

HRRIWNE®E- of surface tension and/or the inability to wet

L1964 ﬁurfac QPin- L& llhni‘a fill MRS B8RP SSE4I bRighe or more
P, R

qui'res t he I npri'nting procedure shou
polymers dlssolved in one or more polymenzable monomers has several advan-

tages over that based on the prior art process, which involves dissolving a poly-
mer in a volatile solvent and baking:

[0042] | (1) Low imprint temperature, preferably as little as 10°C
above the T4, compared with the prior art imprint temperature on the order of
50°C above the T, or even lower in the case of a liquid film.

[0043] (2) Low imprint pressure (100 to 500 psi) because of the
use of the liquid film, compared with the prior art imprint pressure on the order
of 2,000 psi.
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be perforned as soon as possible after coating to
avoi d beading of the film There is thus a trade-off

wheimesrT14 he viscosity of the solution and theP@mos2UD3/037858

of 5 time the deposited filmcan sit on a sanple

before the filmbeconmes non- uniform In this

connection, the concentratiog,of the polymer in the

pol ymer so- lution is in the range of 0.1 to 50 wm %
preferably 1 to 20 wt% and nost pref- erably 5 to 10
36(?@4%[90040] The@@linﬁH%&PBﬂ’cﬁé E’ékn‘ﬁgéte% @\&Hg' \Wll\ dny cracking
0 r and pro ssing 10 environnent 'must

e distortiorsi of therfilm. seri es of control experl rrents

5Lt ages  netd ABE et forn ¥pRbiarBR of P resihn pyents ot
oér lﬁmrMﬂﬁg oﬁl’tﬁe?ﬁlymﬁﬁlﬁlm_l t is aI so possible to use

a_ viscosity nodifier to gbtain the
AMMSbpri at e 1 uf Minspieptwear” ahthegmpidh By tYysings low 'mpﬂnt pres-
| es of viscosity nodifiers include, but are not
I'"m'ted to, polyethyl oxa 15 zoline, polynorbornene,
maﬂm al pha- pi ne(ﬁesE&sydtqooémlcbtet thepnaroseaje features of the mold

ene-co ma I t rene t rahydr of
BOHEIRIAS Gphss Mataph Bpause arthe R oy vy
¢6U48y i de- co- 'Sogpt%hdﬁbéwhe%B&Dilon P thé ImPiht, since generally
chl oride-co-vin acet at e) l'y(vinyl phenyl

reldgrpaditions|aje Mﬁﬁ? wltbnéwarge:@iampﬁw tempaaliye PhPEessure.
t hy]
BHODY Por e, B ibcfiiise (e B8 of Ui Tiihéne to functiona) mate-

ﬁalsrmakmgalpethel d:lwﬂl:;[d éudlhmrmﬁmd dulesnorasemicohdusioohamodevices,

or nore ners dissolved in one or nore

5P9,§ﬁ§#ﬁoztgﬁ|l PHBYRIRESSS- has several advan- tages over

that based on the prior art process, which involves

di ssolving a poly- ner in a volatile solvent and

baki ng: 25 [0042) INDUBFRIALPPPRICABIETES at ur e,

preferably as little as 10C above the Tg, conpared

Wth the prior art inprint tenperature on the order of
fovSopbove The usg.of thie pulgmel svlation prégaced by ehssblvmg polymer in

bt sRonomet i @pested fok g diseh it faaraPRy fof mexsensively
ﬁ'ﬁ.iﬁﬂ?dcﬁﬂlﬁﬁ' éﬁtérﬁ§ O;S’Jrh&ﬂar}v handTRhpriting WASeHIRaRakIEs smaller

order 30 of
than 100 nm.
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El i m nati on of the baking step, along with any
w@e@aksytgds or distortions of the film [0045] ¥ah/uBwo3/037858

defects from evaporation of the residual solvents af-

ter inprinting on the polynmer film 5 [0046] (5)

Mnimze wear of the nold by using low inprint pres-

sure. [0047] (6) Easy to replicate the nanoscale

features of the nold and elimnate .excess materia

because of the liquid film [0848] (7) Enhance the

resolution of the inprint, since generally 10 mld

conditions are used w thoutg|gfge changes in

tenperature or pressure. [0049] (8) Decrease the

stress on and damage to functional mate- rials making

up tineattd CrRithé®ls: such as nol ecul es or sem conduct or

nanodevi ces, exposed to the inprint process. 15

| NDUSTRI AL APPLI CABI LI TY [0050] The use of the pol yner

§o| uti ont. inrEmaI‘rmtiath,/pdilj/rﬁet)édetbi f@olhumrnd rsaudlﬂdlwrhéﬂ solution

ph
For Coreste 81 BERRE bl Afagliiyndy LB o rgé&'rr%?r%ﬁl Fo-

nan®&rapri nti ng mﬁth critical features smaller

than 100 nm WO 2004/ 051714 PCT/ US2003/ 037858 15
CLAIMS Wiat Is Clained Is: 5 1. An inprintable

pol yner %dingtRobnerselufionef Gleig wheesinisaid byisrmer sailtioniforther

1©0 m@b thQs @lea's?&ﬁcoﬂﬁ)%n@tﬂ'swé@t'éd %ﬁﬁﬁé }iﬁ)@p lbBndtin %@ac‘ttleast
one ri zabl e nono- ner. nmer solu

of Hiforfide R MR EIPes- lissesy ﬁ‘ﬁ‘i’ a*sleﬁspn% ¥iseasity meflfier.

3. The polymer solution of Claim 1 wherein said at least one polymer has
a concentration in said polymer solution of about 0.1 to 50 wt%.
15
4. The polymer solution of Claim 1 wherein said polymer solution com-

prises one monomer and one polymer.

5. The polymer solution of Claim 1 wherein said at least one polymer is
20  dissolved into any monomer or monomer mixture that said at least one polymer is
soluble in.

6. The polymer solution of Claim 1 wherein said polymerizable monomer

is selected from the group consisting of methyl methacrylate, butyl methacrylate,

25 hexyl methacrylate, hexyl acrylate, ethythexyl methacrylate, ethylhexyl acrylate,

octyl acrylate, octyl methacrylate, benzyl methacrylate, benzyl acrylate,

trifluoroethyl acrylate, trifluoroethyl methacrylate, hydroxyethyl acrylate, hy-

droxyethyl methacrylate, styrene, a-methylistyrene, vinyltoluene, chloromethyl

styrene, butadiene, vinyl pyrrolidone, vinyl imidazole, allyl alcohol, and vinyl ace-

30 tate, acrylonitrile, glycidyl methacrylate, ethyl acrylate, ethyl methacrylate, and
mixtures thereof.
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3. The polyner solution of Claim1l wherein said at

| east one polyner has a concentration in said polyner

sol ution of about 0.1 to 50 wt% 15 4. The pol yner
solution of Caim1l wherein said poI ymer sol ution com

pri ses one nononer and one poIY 5. The pol ymer
solution of Claim1l wherein sald at |east one pol ymer

is 20 dissolved into any nononer or nonomer m xture

that saif @ JRAN: sBRFoPE! R | merépgaélpslyfn%r scﬁut.om ther
pol ymer solution of Cdaim1 wherein said nmeri zab

ron dHfkdes ALleaR ORe FaaroRalIAeR Wil PN Yc§Tguis, oach con-

met hyihingaipBRmey ! ate, butyl nmethacrylate, 25 hexyl
net hacryl ate, hexyl acrylate, ethylhexyl methacrylate,

et hyl hexyl acrylate, octyl acrylate, octyl
set hacr ys. mmphﬁ/ea yethioeitdf &g mirgaésturds @nzyibstatss/ (18] 8 imprint-

trlf eth cryl ate trlfluoroethyl nmet hacryl at e,
hydr oci: '? %‘?iﬂeﬁt"@,‘” [ISTa9- oxyet hyl net hacryl ate,
styrene, a- m(aa)rﬁgﬂ"rﬁmg/saéthlymerrspltttloh aE@keim ¢hl or onet hyl

styrene, but l‘i&ﬂ C%BET'%@SQ(A pcﬂ%réépéo'llﬂgﬂ on sgféig%k)sat{aetz’e (10) to form

i m dazol e, ace
acr;ﬁ"@ﬁlldtﬂh" ('®) tf‘@r%mb@iwthﬁ%@lﬁ‘@tr yl ate, ethyl acrylate,

@t hyl et haciylatifg sagd wH‘flPﬁ‘i WZ?%y'bQ@‘f{lﬁgP\@ald ¥Qeast one mono-
2004/ 051714 / US2003/ 378 8

sol GM§TdR RAYresrEensnd Qpfionaivn cogs-inking $3id at é%ﬁ%pn@rpolymer to
f ur ttheeby foftf laustsnertiilrh ¢6B), sai @olyarf ﬂln{rplrzqrmxmwat dlass transi-

pol yneri zabl e ou on- ta| a_pol ymer,
A R A O R I
subshdlat 13 haling al@!)éswmdttl@tfn (d1l66}}t|o o 8 cbrlrﬂ@épfwendg Fﬂ@%&twd pat-
0 or m.n pol ymer solution o ai m
B R it R B Ry sl i o on ai d
substrate (1@QJ) itnprifitoygnsaid liquid film (12) with said mold (16) and curing
said liquid film (12) in the presence of said mold (16) to form said polymer film
(12’) with said negative pattern (12a).

20 9. The method of Claim 8 wherein said features have critical dimensions
less than 100 nm,

10. The method of Claim 8 wherein said liquid film (12) is cured by a p o-

lymerization process.

25 ‘

11. The method of Claim 8 wherein said imprinting is performed at a pro c-
ess temperature that is higher than said glass transition temperature for said solid
polymer in step (c) or even less for said liquid film in step (d) and at a pressure
(20) of about 100 to 500 psi.

30

12. The method of Claim 8 wherein said imprinting comprises compre s-

sion molding, followed by a pattern transfer process.



aliquid film(12) thereon; and then either: 10 (c)
curing said liquid film (12) by causing said at |east
wo@p@4srTo+ nmer to polynerize and optionally  PCT/US2003/037858
cross-linking said at | east one polyner to thereby
forma polynmer film(12'), said polymer film(12")
having a glass transi- tion tenperature of |ess than
100C, and inprinting said polynmer film(12') with a
nold (16) having a desired pattern (16a) to forma
correspondi ng negative pat- 15" ern (12a) in said
poynerfilm (12'); or (d) inprinting said liquid film
(12) with said nold (16) and curing said liquid film
(12) in the presence of said nold 516) to formsaid
pol ymer 13-1The methed of grlaim tawhergiagaliqwieg said tnenrinting, zaid mold
20 94 6)T§1ﬁénf83/bb Qfd ah a@lséﬂréﬁl@et\éﬁlﬁigl'dée§§i's(ﬂxs§@ﬁ)ttl°ﬁn§f%r BaUPat-

critic ons The net hod
o 5T adiePriTe aPBEr B 020 heiMaepY femaunaRpgyerdim
3 O«(12'yweRiairdrafih edmpre@s&$sreagd> 11. The nethod of Caim
8 wherein said inprinting is perfornmed at a pro c- ess
tenperature that is higher than said glass transition
tenperature for said solid polymer in step (c) or
even less for said liquid filmin step (d) and at a
pressure (20) of about 100 to 500 psi. 30 12. The

net hod of Claim8 wherein said inprinting conprises
conpres- sion nolding, followed by a pattern transfer
process. WD 2004/051714 PCT/ US2003/037858 17 13. The
nmet hod of Claim 12 wherein follow ng said inprinting,
said nold (16) is renoved and an ani sotropic etching
process is used to transfer said pat- tern (12a) into
the entire polynmer film (12") thickness by renoving
polymer film 5 (12') remaining in conpressed areas.



