Description PHOTO
-CURABLENANOIMPRINTCOMPOSITION,METHODFORFORMATINGPATTERN USING THE
COMPOSITION, AND NANOIMPRINT REPLICA MOLD COMRISING CURED PRODUCT OF THE
COMPOSITION Technical Field [0001] The present invention relates to a novel photo-curable
composition for nanoimprint (hereinafter, it is referred to as "photo-curable nanoimprint composition”)
and also to a novel method for forming a pattern on a substrate using said photo-curable nanoimprint
composition. In addition, the present inventiopdglates; {oya replica mold for nanoimprint (hereinafter, it
is referred to as "nanoimprint replica mold"), which has a cured product of said composition.
Background Art [0002] Recently, there are demands for reduction in feature size and for high
precision ornPSEMSARMRE FiNIMERICYE GOMREShE! fide Mrd HiGhESRESRMREENdAdUDY integrated
circuit has gesexalyHieenyresaredhy ARpriNervreiagy REB0SEA e ingaim scheatogyis a

technology for trans cribing a desira&&aﬂ%er&_to.ﬁ_l'gf &IsHlﬁ\tlrate by pressing a mold having
concavity or convexity which corresponds to a desirable pattern to be formed on the substrate against

a coating film which is formed on the surface of substrate. Utilizing this technology, it is possible to
form a nanofecdieifoed paiternl Among the imprint technologies, the technology for forming an ultrafine
pattern havipg(ﬁﬁc]é of from several hundreds to several nanometer (nm) is especially referred to as

nanoimprint technology. [0004] On the nanoimprint technology, a process for forming pattern is
Clasaified roughly ARG A0t AEpERRL TP 8 b8 BIAE AT LB AT BRNE S TBPS5AMAY fim on
surface of stibstragnoDmertype ishe pevcedd for, trabstrbiref argatetrotasoapingtfilnt widiehecomprises
steps of heatiliyehf BatNG demprsned emr sudaee Af sosugstatdie plantiovry efapressing agnold
against the %oatailng grlm’ grr]ldaof %%%Illn ]Ehee Sofatri]ng filrin 0 %%Iidifyc Lﬁncg'wgr type Iis a Process in which at
least one of us%(]I mold and SuBstrate is made mgligshat-perpmealgle Material and & Bg tern is transcribed
by steps of &9PRATd &l Hbto-tOratsidi ddrAPoskith iPr eefdrni BV BEGIdOD & sLdsaaté o form a coating
film, of pressiagl theamedd agednstrthederginafilnhandiafafradigting thescoating fign with dight through
e e ex I UPRAISO AU 16 cRAaS) MG o R Bl Gpracass n wivch the
patter is transcribed through light-irradiation has widely been used as the nanoimprint technology,
because it i§ PBRSHIE t8%orm a high-precision pattern. A development of photo-curable composition

which can sBiaklyr loenged in the photo-imprint process has been advanced. [0005]
[ 0002]
Recently, there are demands for reductionin feature size and for

hi gh preci sion on sem conductor integrated circuit and the fi ne and
hi gh- preci si on sem conductor integrated circuit has generally been
prepared by inprint technol ogy.

[ 0003]

Theinmprint technologyisatechnol ogy for transcribingadesirable
patternto surface of asubstrate by pressinga nol d havi ng concavity
or convexity which corresponds to a desirabl e patternto be forned
onthe substrateagainst acoatingfil mwhichisfornedonthesurface
of substrate. Uilizing this technology, it is possible to form
a nano-scale fine pattern. Anong the inprint technol ogies, the
technology for formng an ultrafine pattern having size of from
several hundreds to several nanonmeter (nn) is especially referred
to as nanoinprint technol ogy.

[ 0004]

On the nanoi nprint technol ogy, a process for formng patternis
classifiedroughlyintotwotypes dependi ngontype of material used
information of coating fil mon surface of substrate. One typeis



In the nanoimprint technology, adhesion between surface of substrate and pattern obtained by curing
coating film and release property between pattern and mold are Important factors. In relation to
release property, several technigues such as a process comprising a step of treating surface of mold
with fluorine-containing surface preparation agent to invest the mold with release property, a process
comprising a step of carrying out the imprint with intervention of fluorine-containing gas such as
pentafluoropropane gas, etc. at Interface between photo-curable composition and mold have generally
been known, noesather hanghdbe; |HFW@‘A%@%@E&®6§&H iysubstiatgmhas beapririedghrough the
surface prepfi\rationo(]gf ﬁlje%§tr%te ar Ehoea[nondifl?a i%q frcrcr)emp%%itignrc?f a{t@g %Qoto-gur% le é:Oénposition.
[0006] Thosug%pt%e 4dhe8ion D SubSPate dnd'the refEaSe properlt'y fom moldare’ confllctt properties,
in order to iNErRASRSHIGH ARiviG/, faFthEs i MpraveEdhéntBaidtilirédarceriémd invedt santhtekial for
forming coatsglfilmgwithghesatqandliet prepesties) adiadgditioarfifhmrochpaical suiacioss or silicone
compound p{he,majeral for lamiga.eagting B hasPeRs RIGROSP (Eeraiggl Lerature 1)
However, there Is still room for improvement in coexistence of the adhesion to substrate and the
release propéd frops TERP[608%] ehal ndrdipRat tE&cHhoRdy RS prodest Ry frRfRg™ pattern on
a substrate wytlyihag, anptosorface pblairedmuozdintg bim it vehieh feopattefn haguieken tramscribed with

amold (hergipglier oif & refereethia alsads gured Himpr the padierg enihaSUbSiFIeRgingformed on
the basis of the pattern of the c)(x/red film. In order to form the %%tiern on the substrate, the substrate is

subjected t°R} Lihy \WtPERBEr Hha9hAbHAG-EBAtERANG Yad, S itdid | M 8F e cured film
and the part dfesuipdtdater comactingswitiatiee toas waet. tiaceont thegdfy etohingreng thickmart of the
cured film whighgetectsipei subpi st issalsopicbrd HE@ giching spaethEtia betmaasghstrate and
the cured 1‘in1I ishimﬁ)cr)rrt%t.althr Oth%taree\;lsoré valgi((e)éjns pshé)é?églirﬁglﬁ com orsiltir?tn§ l;“/vt}]icr:]hli% hardly etched
by said etchiné; gas have ben c?evef'opeccjl ('lh%relnafyer, IS proper?y id 80 Called® et((:)hin%y’
resistance")PRIFISIE IntorderRESFIgIbetRel@ERIRy fiISRCEC tfd PRORSICLRABIe cOmposition
comprising bydiglygatyatotgapitosiicencainpotinebiods tiesm pippasesh(see t o iexampliee fatent
Literatures 2-5) r rijcularly, the -qur ii prising inorganic oxide particle
or hydrolysib'?eto%aﬁ@iﬁcgﬁtorégom gasgé]bggggrg%g}spe seeglggt?ent Literature 2). The
photo-curabﬁé)% positions comprising hydrolysate which is obtained by hydrolyzing hydrolysable
silicon compound tvith maater impthenamaeauardtribiad 8/ eqadhts oomdret theentreun@iantxeradf moles of

hydrolysablg giQup fayeAlsHREEBIRARNSSChEF e P atERt hECEINIT By 4i MRSYS' et pROtO-curable
composition which comprises a compoundn%r]oduc d by reaction between a compound having
BRE bl o iRy

hydroxyl grallp’ SletAbI®YrbGh ™A 061d TRROHAWBmbBEhA Sas Bekn proposed
(see Patentélephige 5P USsIrRpSRSY phetd-rurabkecempesiiohgUess posipR o foenessured film
having impreyeg atehing resistapcer [AQQQY: i Hgwayer ahe siudigs af iavantors revel that even in the
photo-curabgc? ngp%s_ition§ V\I/hosne egcur}ig Crgsislrtaenc? ziﬁ Ilrgh)r%v%crl],t tQ(e)rei‘ are g(gortrﬁ,efor I[ncprovement
in the following oints. [:O(H]_L(ﬁ orexample, sihcethe Inorganic oxide parﬂclees are used in the
photo-curabfé bgrﬁﬁbﬁ%ﬂ SiseREdd/ in theRaens LGTRIUre 2dvier RBALImpURAGeRYresent in
the photo-curablé epmpesitibnrarenesnewed, ibis difficult éo iremaventemibyga giisatae s
subsequently lhiete s, 519 fan Impravergept in,pojntof lpwesingapraductiyity: There atp sasily left

traces such as poor dispersion in the cured coatlr%(I; film (cured film) because of, probably, using the
inorganic 0X{QERRFiLIESMABFE TO L SSRGS FVemBAE Th K2QE bt M tE e Patl@ [0011] In
the photo-curadlerqgompesktinnotisclbsedan the Pabsht biterdasese®and Aethobghugis phresumed that

itis caused by4sing PleACAWRIRTo ISR &8 AAaSS At e iﬁ)@?@‘?%%ﬁ“i%‘ﬁ’ of e@éﬁbssmpl%ﬁgainst the
In case that the mold is pressed against coating film

coating film with comparatively hi r Jressure.

with high prélisdr%? ﬂ‘%%(?l’dci%qu S eﬁgf/r%) BréhR%nd consequently is unsuitable for large-seized
nanoimprintl 8@@6ldingly, in said photo-curable compositions, there is a room for Improvement in the
above-said poiio (@l ZheThamdtercurabizibemrasitiondissiesedie e Ratepe Hitpratugems has the

composition, gy Whigh the, amaut Ofr‘%ﬁteﬁtiﬁégd”Fﬁ%FQSPgth %Sn%‘?‘é‘gs@f@“%‘&é’t?%}{? the
photo-curable composition |sclosgd ih the Jatent Literature 5 comprises the organic silicon
compound HaVih§HolyARER2481B Yrdub I ®AKH RAsyntHe SZ88 by h BYeRbAuiRt8aERn B tween
hydroxyl grdug andaglkoxy igngupij itns wirewmwlsﬂnamhelrEactipnqmt@othW\membydtom group and
alkoxy groug s gase; e MYALphet agpim, o tatreasan. BHe HdSKyaSHaE BAf Ijis caused

by a fact that the dispersion state of hydrolysate of organic silicon compound (mainly inorganic
component)' iR pdIPFRMGF S8R &G ALI MO RES InfliARPS it CorhBbRBhtHS! fE &t &ted, there is
a case that the filterability is lowered. There is also a case that the transcription property of pattern is
poor and accordingly there is a room for Improvement.
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Citation List Patent Literature [0013] Patent Literature 1: Japanese Patent Laid-open No. 2008-19292
Patent Literature 2: Japanese Patent National Laid-open No. 2005-527110 Patent Literature 3:
Japanese Patent Laid-open No. 2007-72374 Patent Literature 4: Japanese Patent Laid-open No.
2007-73078 Patent Literature 5: Japanese Patent Laid-open No. 2009-283760 Summary of Invention
Technical Problem [0014] An object of the present invention is to provide a photo-curable nanoimprint
composition that has excellent properties in terms of etching resistance, dispersibility, and productivity.

A further object gidhevriesaridneentostis|to pisedt PhatesiEaBIR NeRABWYIN camaRosftion that
enables easy, tran%%r(iepstli%n Otf gattern evenewgﬁg z%meolpl iﬁ ressed with a re#at(i)vne]zlynl)?\g pressure. A still

further objecth(% fie preserr]lt mvesﬁltPosr% |rsa{o provide a method 16r chr%%tg parttern on a’substrate using

the photo-cli@®% hanoimprint composition. Further, an object of the present invention is to provide a
nanoimprint replisanald pemprisingcamsired\coating dfilmcelsiaingd by eniing heaoatng fim after

”ansc”binga?‘&%%e(rpa%'b{ﬂ% ﬁ%@&"bl%eﬁgyﬁ%gdsr% { g i”éf]eéﬂ%% h@ovfg Eﬂﬁj}‘?ﬂ%ﬁtﬂ%‘? g order to

solve the above problems. As a result, _ that a photo-curable composition comprising partial
hydrolysate§ oPRAhB DY RS dRSIGRird eRHit RAkoM &5‘mi‘)dmicpaﬁaelﬁ?étﬂygér9ﬁc drbupcontaining
silicon compaired,reach ofavbiclahasuaspddifiosirudtarpaniter water iméhewaaitic arheungmakes a

material for fming 8,£aaiing Jimwbich RYidessrealientiestlisand complatrddnghrasent
invention. [0016 Theggresent invention relates to a photo-curﬁble nanmmpng}]ﬁ%ré}gé)ﬁltlon, said

composition’ CSAL R &AL SN hlAFos YRR, " 2t B3) hBRMEAZALR Aidndm (th8th)acrylic
group (hereitraftest eieredisn tcasexthge it Basfefredoto sienplprsatpolpmaiigablet morsmery; and  (C)
photoinitiatarewhesain said padial fiyeiolysaie s elesied figm gLy censtsingcel ngA-1)
mixture of partal Rydrofysaie ol Qraanis slicon Lompeny NAVng A2CPR@RIMTKIALH of

the cured fil mwhich protects the substrate is al so etched, the

et chi ng speedrati obetweensubstrateandthe curedfilmisinportant

For that reason, vari ous phot o- curabl e conpositions whichis hardly

et ched by sai d etchi ng gas have been devel oped (hereinafter, this

property is also called “etching resistance”).

[ 0008]

In order to inprove the etching resistance, the photo-curable
conposition conprising hydrol ysabl e organic silicon conpound has
been proposed (see, for exanple, Patent Literatures 2-5). Mbre
particul arly, the photo-curable conposition conprising inorganic
oxi de particle or hydrol ysable organic silicon conpound has bee
proposed (see Patent Literature 2). The photo-curabl e conpositions
conpri sing hydrol ysate which is obtained by hydrolyzi ng
hydr ol ysabl e si li con conmpound wi t h water i nthe amount that i s equal
to or nore than t he nunber of nol es of hydrol ysabl e group have al so
been proposed (see Patent Literature 3, 4). Moreover, the
phot o- cur abl e conposi ti on which conpri ses a conpound produced by
reacti on bet ween a conpound havi ng hydr oxyl group and pol yneri zabl e
group and a hydrol ysabl e silicon compound has been proposed (see
Patent Literature 5). Using these photo-curable conpositions, it
i s possibletoformacuredfil mhaving i nproved et chi ng resi stance.

[ 0009]

However, the studies of inventors revel that even in the

phot o- cur abl e conpositions whose etching resistance is inproved,



[Ka 1] OR1 R10+1-0)-R1 In OR" (wherein, each of (R1)8 is, same or different, C1-4 alkyl group; n is
an integer of 1-10) and partial hydrolysate of (meth)acrylic group-containing silicon compound having a
general formula (2): [Ka 2] 0(4 Rijill 1 llk (H2 C C -C-0 -R3 ta -tO R5) k 1 R (wherein R2 is hydrogen
atom or methyl group; R3 is C1-10 alkylene group, C3-10 cycloalkylene group, or C3-10
polymethylene group; R4 is C1-4 alkyl group, C3-4 cycloalkyl group, or C6-12 aryl group; R5 is C1-4
alkyl group or C3-4 cycloalkyl group; 1 is an integer of 1-3, in is an integer of 0-2, and k is an integer of

1-3, but (I+nptik) is 4riB Gasshinatachhpl Ble @t RABIGRS 5| ProReng ipeiued . each of (R2)8, (R3)8,
(R4)8 and (Rgb ay be same or different); (A-2) mixture of partial hydrolysate of fluorinated organic

silane com ouari ]having a general formula (3): [Ka 3] (R8)b

For exanpl e, since the inorganic oxide particles are used in the
phot o- cur abl e conposi ti ondi scl osedinthe Patent Literature 2, when
i nsoluble inmpurities present in the photo-curabl e conposition are
removed, it is difficult to renove themby a filtration and
subsequently there is a roomfor inprovenent in point of |owering
productivity. There are easily left traces such as poor di spersion
inthe cured coating film(cured filn) because of, probably, using
the i norgani c oxide particles, there is aroomfor inprovenent in
case of formng finer pattern.

[0011]

In the photo-curabl e conpositions disclosed in the Patent
Literatures 3 and 4, thoughit is presunedthat it i s caused by usi ng
pl enty of water, there is a case that it is necessary to press the
nmol d agai nst the coating fil mwith conparatively high pressure. In
casethat thenoldis pressedagai nst coatingfil mw thhighpressure,
thenmolditself is easy to break and consequently i s unsuitable for
| ar ge- sei zed nanoi nprint. Accordingly, in said photo-curable
conpositions, there is a roomfor inprovenent in the above-said
poi nt .

[0012]

The phot o-cur abl e conposition disclosedinthe Patent Literature
5 has t he conmposi ti oni nwhi chthe anmount of water i s reduced. Though,
as bei ng nmenti oned above, the photo-curabl e conposition disclosed
inthe Patent Literature 5 conprises the organic silicon conpound
havi ng pol yneri zabl e group, which is synthesized by an equili brium
reacti on between hydroxyl group and al koxy group, it is presuned
that the reaction portion between hydroxyl group and al koxy group
is ease to be hydrolyzed again. For that reason, though it is
presunmed that it is caused by a fact that the dispersion state of
hydrol ysate of organic silicon conpound (nainly inorganic
conponent) in polyner of polynerizable nononer (mainly organic
conponent) is deteriorated, thereis acasethat thefilterability
is lowered. There is also a case that the transcription property
of patternis poor and accordingly thereis aroomfor inprovenent.



(R60)Si(R7)a (3) 4-a-b (wherein each of R6 and R8 is C1-10 alkyl group or C3-10 cycloalkyl group;
R7 is C1-100 fluorine-containing alkyl group, fluorine-containing cycloalkyl group, or fluorine-containing
alkoxy ether group; a is an integer of 1-3 and b is an integer of 0-2, but (a+b) is 1-3; in case that each
of R6, R7 and R8 is present in plural, each of (R6)s, (R7)8 and (Re)s may be same or different) and
said partial hydrolysate of (meth)acrylic group-containing silicon compound having the general formula
(2); and (A-3) mixture of said partial hydrolysate of organic silicon compound having the general
formula (1), 5aid pagtial hydrolysate of (meth)acrylic group-containing silicon compound having the
general forna,ulta 2), néj saig partial hydrolysate of fluorinated organic silane compound having the
general forml?laeég. ﬁi 1‘3'f]a H the present invention, the term "(meth)acrylic group” means
methacrylic (8P&#thacryloyl) group or acrylic (or acryloyl) group. Advantageous Effects of Invention
[0018] The ghatencunable nangimpiint gapapresitopafdhe presens guenteon capsuttabhpform a

pattern havingywidth. and dist fline.Qf f tg 10Q im. urther a pattern having width
and distance %ﬁf%eﬁtof #o%sggr?r%?teg 00 Jngnfe.é %ggcgal:%gt %@e(ﬁgspslqt%%gy}t ?edpég%]cﬁgable composition
of the prese%@%ier?ﬁﬂilean be used in formation of a pattern having the width and distance of line of

exceeding 100Ptaran{001 9]e$ ancer tihe3phdpanrdsde Rarepositiandfapernprssen? d7emizayhas excellent
dispersibility, pification pyfiliratien £an,easihe0e Gandugted SvenpbenNgSobile imsyiiies are

mixed into the composition and accordingly the productivity becomes high. Mareover, using the
composition irf” f’érﬂ&ti&ﬁ b?f:%ﬂﬁﬁ fﬁm,gaﬁgﬁs cgﬁteeigily"k?é ﬂ'a?ﬁ%ﬁb%!a'toztﬂggﬂlﬁ?%g ng even

when the m&ldhigapnesskdl ayainst the coating film with a relatively low pressure. In addition, the cured
film (patterny gbtaings bypegpngihe coating film has excellent adhesion to substrate and excellent
etching resijet@gf%against oxygen gas. [0020] Moreover, the cured film after transcription of pattern
may easily ith, for example, silane coupling agent and accordingly its surface can easily be
modified. For 8RafhhIeCin ehselthdtr£88P5trafy Biak/irty) patidrd RIRIE BFtife RIPEQ T BX¥bjected to a
surface prepariadiompvithtsitegeposipling aget certagxogl fluaiingribediel¢ase infopertysfrom other

materials cagy t&'ﬁii'ﬂ'}::{etaéﬁdStTM %,for[fi’ %‘%P&'Pﬁ?rﬁt}? Pfie?‘éﬂﬂ VHF'&]H“U%FI'@P?%?.O“W% RORO} can be

used as a nanoimprint replica moia. specially, In case at the partial nydro sate
d E | 4. [0021] E h | hyd h(] A)

comprises fRIOrFSteorgaRiPERTFEohiPEIHd, tRe! Curkd MAPWtfeR) IMARIELHFRUFiINg the coating
film throughraratormamn oimpanmp teshinalogyhaas enadellesteatsase gpnepertptfram nfoldaas evell as the

above-mentigned \areReftias HCE 37 cxseliant adhesiania sePstias, Hransgipton preperty, etc. [0022]
Further, the photﬁ-curaﬁqle nangQimprint composition comprising metal alk%dae vr}/gtl%ho\év@ g)re described

below has alsth EREEIERE FéibaRb pp&tyHdih mlgnt o 1S to provi

form ng apatternonasubstrate usingthe photo-curabl e nanoi npri nt
conposition. Further, an object of the present invention is to
provi de a nanoi nprint replica nold conprising a cured coating film
obtained by curing the coating fil mafter transcribing a pattern.
Solution to Problem

[ 0015]

The i nventors have earnestly studied in order to solve the above
problens. As aresult, they found that a photo-curabl e conposition
conprising partial hydrol ysates obtai ned by hydrol yzi ng organic
silicon conmpound and (neth)acrylic group-containing silicon
conmpound, each of whi ch has a specific structure, with water inthe
specific amount nmakes a material for formng a coating fil mwhich
provi des excellent results and conpl eted the present invention.
[ 0016]

The present invention relates to a photo-curabl e nanoi nprint
conposition, said conposition conprising:

(A) partial hydrolysate,



Brief Description of Drawings [0023] [Fig. 1] Fig. 1 is a photograph by field-emission type transmission
electron microscopy observation, which shows fine structure of the cured film obtained by photo-curing
the photo-curable nanoimprint composition of the present invention used in Example 1. [Fig. 2] Fig. 2
is a photograph by field-emission type transmission electron microscopy observation, which shows fine
structure of the cured film obtained by photo-curing the photo-curable nanoimprint composition of the
present invention used in Example 2. [Fig. 3] Fig. 3 is a photograph by field-emission type
transmission ?'BFIEU! VH@FQWVeQ‘P&%WOHaWWQR%@@W?JH}GS/WH%HthBf(thér@rﬁgffﬂm obtained by
photo-curinq ﬁhe D oto-curable pan imPrint con}positl%n used in ﬁ:omépar‘ativ Example % e[Fig. 4] Fig.
4isa photograeprh b'ysfie%E:earfc'ﬁessmr‘?1 Eiyr'Je tr'asnsrn?ls%fgneeletc?rosﬁ |CP/oscSop3fJ Sgggﬁl'altfozn? V\IIhICh shows
fine structurBWTaRBICUredafeh obtained by photo-curing the photo-curable nanoimprint composition

used in Compa@tiythExainplei 2t frig. 5] Fig. 3 is a photograph by field-emission type transmission

lect [ | [ ' t f fil ' hoto-curi
e photo-Col e TG L S Bn CLSH T B darbite EVarl & 80541 e precent

invention, tHePpatR @Ir8iysate (A) is selected from a group consisting of  (A-1) mixture of partial
hydrolysate of(@rgBniaisilicorecoinpaunddiavindrapeseral tdrnoulgaiii)c[Kal4]2RI &lfpdsind)-R1 In OR'

1) having a general forrmula (1):
[ Ka 1]

OR'

\

R1O/S' O+R'
\ | }Il (1)

OR’

(wherein, each of (RY)s is, same or different, Cl-4 al kyl group;
nis an integer of 1-10) and partial hydrolysate of (nmeth)acrylic
group-containing silicon conpound having a general forrmula (2):
[ Ka 2]

HC=C—C—O R’ S—OR* )i (2)
RE

(wherein R i s hydrogen atomor methyl group; R®is Cl1-10 al kyl ene
group, C3-10 cycl oal kyl ene group, or C3-10 pol ynet hyl ene group; R*
is Cl-4 al kyl group, C3-4 cycloal kyl group, or C6-12 aryl group;
R is Cl-4 alkyl group or C3-4 cycloal kyl group; | is an integer
of 1-3, mis aninteger of 0-2, andk is aninteger of 1-3, but (| +mtk)
is 4; in case that each of R¥, R, R* and R° is present in plural,
each of (R)s, (R)s, (R)s and (R°)s may be same or different);
(A-2) mixture of partial hydrol ysate of fluorinatedorganic sil ane



(wherein, each of (R1)8 is, same or different, C1-4 alkyl group; n is an integer of 1-10) and patrtial
hydrolysate of (meth)acrylic group-containing silicon compound having a general formula (2): [Ka 5]
O(4 Rjill I'llk (H2 C C -C-0 -R3 ta -tO R5) k2) R2 (wherein R2 is hydrogen atom or methyl group; R3
is C1-10 alkylene group, C3-10 cycloalkylene group, or C3-10 polymethylene group; R4 is C1-4 alkyl
group, C3-4 cycloalkyl group, or C6-12 aryl group; R5 is C1-4 alkyl group or C3-4 cycloalkyl group; 1 is
an integer of 1-3, mis an integer of 0-2, and k is an integer of 1-3, but (I+m+k) is 4; in case that each
of R2, R3, R4apdURds REeseRt ig [%Jélﬁ@l,; gachRiiR 28 $R3)8, (R4)8 and (R5)8 may be same or
different); %A-Z(%])mixture of partial hydrolysate of fluorinated organic silane compound having a
general forn[|u 3 (3): [Ka 6] (R8)b (Red -Si(R7)a (3) 4-a-b (wherein each of R6 and R8 is C1-10 alkyl
group or C3-10 cycloalkyl group; R7 is C1-100 fluorine-containing alkyl group, fluorine-containing
cycloalkyl group, or quorine-containI;RO@%y ether group; a is an integer of 1-3 and b is an integer of
0-2, but (atb) is 1-3; in case that each™f K3, R7 and R8 is present in plural, each of (R6)8, (R7)8 and
(Re)s may be same or different) and daid partial hydrolysate of (meth)acrylic group-containing silicon
compound having the general formula' (2); and  (A-3) mixture of said partial hydrolysate of organic
silicon compoun£ @'mﬁ]e gener imula (2), 'q'a'aartial gyg lysate of (meth)acrylic
group-containing $i #mpound ng the gevlexal fgymul l;,Jand said partial hydrolysate of
fluorinated organic silane Amﬁthnd having the general formula (3). [0025] Organic silicon compound

(wherein each of R°  and R is Cl1-10 al kyl group or C3-10 cycl oal kyl
group; R’ is C1-100 fluorine-containing al kyl gr oup,
fluorine-containing cycloalkyl group, or fluorine-containing
al koxy ether group; a is an integer of 1-3 and b is an integer of
0-2, but (a+b) is 1-3; in case that each of R®, R" and R i s present
in plural, each of (R%)s, (R)s and (R®) s may be same or different)
and said partial hydrolysate of (nmeth)acrylic group-containing
silicon conmpound having the general formula (2); and

(A-3) mxture of said partial hydrolysate of organic silicon
conmpound having the general formula (1), said partial hydrol ysate
of (meth)acrylic group-containing silicon conmpound having the
general formula (2), and said partial hydrol ysate of fluorinated
organi ¢ silane conmpound havi ng the general fornula (3).

[0017]

In the present invention, the term*®“(neth)acrylic group” neans
met hacrylic (or met hacryl oyl) group or acrylic (or acryl oyl) group.
Advant ageous Effects of Invention
[ 0018]

The phot o- cur abl e nanoi npri nt conpositi onof the present i nventi on
can suitably forma pattern having wi dth and di stance of |ine of
from 5 nm to 100 um and further a fine pattern having width and
di stance of line of from5 nmto 500 nm O cause, needl ess to say,
t he phot o- curabl e conposition of the present invention can be used
information of a pattern having the wi dth and di stance of |ine of
exceeding 100 um.

[0019]
Si nce t he phot o-cur abl e conposi ti on of the present invention has



In the present invention, the organic silicon compound having the general formula (1): [Ka 7] OR1
R10-4-0)-R1 In OR' (1) (wherein, each of (A1)8 is, same or different, C1-4 alkyl group; n is an integer
of 1-10) is used (hereinafter, it is simply referred to as "organic silicon compound"). Using the organic
silicon compound, it is possible to Improve the etching resistance against oxygen gas. [0026] As Alin
the general formula (1), there can be exemplified methyl, ethyl, propyl, isopropyl, butyl, sec-butyl,
isobutyl, tert-butyl groups, and among them, methyl, ethyl, propyl, isopropyl, or bytyl group is
preferable. Eheddh sHkoyy LeHBi T6Pres§Nten Py QARG URES an alsoneh dedlyingéionyAhén

hydrolysis, the fwotpé%urgvbé% nanoimprint composition of the %)resent inve tlor]( rg@yh(éontaln the

alcohol. ForR Pecason, consi erelﬁg'tﬂgf) {hueblslﬁ:o'hrgfusrh'otu'lg e%he Sh&Whith'can easily be mixed with

other comp&emRsarid eAnasukiBCEe reéhitiled Aher RirftHgtd ¥bhingShengs stibdfrate, in particular, Al
is preferablyveredadkyl groupgutteasanpiyil: edwyl. propyl.naopeepyt bubdtgragps elan[0827]  Ifnin
the general é%r{?(;é'ﬁn(@a%alal%@f? g“ﬁec?ﬁl%' oRPaLY 'PoaPrtth‘???rn\'& gx ifﬂa%v%fn%%n”l%rga”'c
silicon compoun maybe single compouna or a mixture of a plura |ty of ordanic silicon compounds

having diffefBHtddIGe B #5 $6 E R MNFing S n§RAEO D IUHItME WalGe 0f Al prekdrdy2-10, more
preferably 3pr esensideringtiaddicription oheatteradifithl loveaptessyreoanditrexasogptioni ofgfine patter

of 100 nm of s Qi e PHeH Raade it £APE AT YIRGINEMIMWELRE R Rlwality of,rganig,silicon

compounds, the mean value of nis ﬁreferably 1.1-10. Moreover, considering transcription of pattern
with lower pfeSdlira% & HaHs2PbEoR%SY AR pRXEIRR 19%°nm or less, the mean value of n is preferably
2-10, more pf&¥éfdbly 3-7. [0028] As the organic silicon compound, there can be exemplified

tetramethoxysijgneeieifacthexysianes tetinproppxysiaser igtalInefy pitanerangegobeandensates
thereof. Ampgg Ctpevr\El tﬁatr?rgretg)c()éyrﬁillane tﬁtraaneetho(g(a/sil?\p]e, gng nqola/r(]:gnadecnsraéeﬁ tper?(gfs are
preferable, because tﬁey produce a a?(‘:oﬁo Which Th eagily Pe refoved after %or%ni%g acoating film,
or for a reastif bPfcERityeatt. | IspeciaMi hoIgEondedis & ATRERametheR§SildiEbr detraethoxysilane

having the valie ©f 4t @ Reamyapie vénroihddeisoprefreable: §a02O] mi s subjected to a
surface preparati onw th sil ane coupl i ng agent cont ai ni ng fl uori ne,
the rel ease property fromother materials can be increased.
Therefore, the substratetreated with the sil ane coupling agent can
be used as a nanoi nprint replica nold.

[ 0021]

Especially, in case that the partial hydrolysate (A) conprises
fluorinated organi c silane conmpound, the cured film (pattern)
obtained by curing the coating filmthrough photo-nanoi npri nt
t echnol ogy has excell ent rel ease property fromnold as well as the
above- nmenti oned properties such as excel | ent adhesi onto substrate,
transcription property, etc.

[ 0022]

Further, the photo-curabl e nanoinprint conposition conprising
metal al koxi de which will be described bel ow has al so excel | ent
rel ease property from nol d.

Brief Description of Draw ngs

[ 0023]

[Fig. 1] Fig. 1is a photograph by field-em ssiontype transmn ssion
el ectron m croscopy observati on, which shows fine structure of the
cured fil mobt ai ned by photo-curing the photo-curabl e nanoi npri nt
conposition of the present invention used in Exanple 1.

[Fig. 2] Fig. 2is aphotograph by field-em ssiontype transmn ssion



(Meth)acrylic group-containing silicon compound  In the present invention, (meth)acrylic
group-containing silicon compound having the general formula (2): [Ka 8] O( R4 Jill I lIk (1-12 C C -C-0
-R3ta-tOR5)k 1 R2 (2) (wherein R2 is hydrogen atom or methyl group; R3 is C1-10 alkylene
group, C3-10 cycloalkylene group, or C3-10 polymethylene group; R4 is C1-4 alkyl group, C3-4
cycloalkyl group, or C6-12 aryl group; R5 is C1-4 alkyl group or C3-4 cycloalkyl group; 1 is an integer
of 1-3, m is an integer of 0-2, and k is an integer of 1-3, but (I+m+Kk) is 4; in case that each of R2, R3,
R4 and R isqiresenbi mldiads €& 8bERAG (R 8. RDR anduRI)Brday basaime o diffrrent) is
used (hereinafterd i]‘r isI sninmo%le/ ar.erf]%réeg to as t"gpgtf})acglti%groH%coo_nctairnEilrt]lg g’”i%%n con}ponl{nd"). Using
the (meth)a((::r%/rli% gro'up-con al'nlng sitttdh compolfm'cn IS poSsi lie to Lr‘Jrowde iR i'ng results: it is
possible to iR theodtching FesiBfaRRNAghMsEdiXyeBNUSSRS! it I F¥8sBletdobtain a photo-curable
nanoimprint[qgrgpasjtien diadng exgsilend ghisper ibility eng aacerslingly thee purdieationdhfiltration
becomes easy:any IOAUEHYILERD BBJERIGVEEnAISR: 1R BRE STHE'WR ofceured fim gtained by
photo-curing, the mo_rgamc component and the organic component are relatively homogeneously
dispersed (tR4f &Y the' dsPRYShgetaby iR ihienGHE iRBr§ AR PESHEPRY §réGaRS@ktiéhely is not
caused). Asca ngsusli,tit mnprestined tkahparrataroe trexscppton.pattern and a uniform remaining film
can be formeg; andperygriakility i siehingresisiangs begomas smal-[PPSl: dndheggngral formula
(2),R21is hydr%%en atom or methyl g%rou . Amolgi%them, hydrogen atom'is Preferable, because the
5v¥h b

photo-curing F&fe' s FALTGH &R 56l MR R T BANE cbiSostioHe 15 51 PTRENE c1-10
alkylene growy, €23£1i0 oyekiadkyledebyraipter C8r10 @l athpletrecgralp. @ nnaaiculyr, there can be
exemplified @infeae dreHPssEN as topthiens (athens rropylene, isopropylene, butylene,
isobutylene, sec-butylene, teyt-butylene, 2,2-dimethylprgpylene, 2-methylbutylene, . .
ety B g 3t b A et B ne TP Be e S2h8ylene,
3-dimety1-2eh@§idrid SILBRREARMbRBABHEARI RGimEhgD-SMFIdid @ Hthybiudyler’d, héRylene,
2-hexylene, dthedylanen 2tnaihydeentylpnet 3-methyl s rentyleia -2-meibyk 3npaoiyiene nt

3-methylper2:txwl§§'siq-mhg_kg§qqy%§-m§@gl- - %%erge 4-methylpentylene,

4-methyl-2-pentylene, 2,2-dimethy1-3-pentylene, 2,3-dimethy1-3-pentylene, 2,4-dimethy1-3-pentylene,
4,4-dimethyEL99- @ntylene, 3-ethyl-3-pentylene, heptylene, 2-heptylene, 3-heptylene,
2-methyl-2-hekylerme, Brrasdmyl-Biveqtiene, Stimethgtiaxyllehgd bemgtlayle2 (e xy e s 2etieghexylene,
6-methyl-2-heppiene,, 6d51egr&y1|§$-gqméle@p, octylene, 2-octylene, 3-oxtylene, 2-propylpentylene,

2,4, 4-trimethylpentylene, etc.; cycloalkylene groups such as_cyclo ropyle_r\e_, cyclobutylene
cyclopropyimaiayibhdh &Jcks ety Rk cobIdNAMILNE A clody RHE Bt dIhEATRH Groups such
as trimethyléa®| rdrmetngene, pentathatiylene, hexamethylene, heptamethylene, octamethylene,
nonamethylgrg, dgcamethylene, etc.

OR'

R'O (Si o}n R" (1)
OR'’

(wherein, each of (RY)s is, same or different, Cl-4 al kyl group;
nis an integer of 1-10) and partial hydrolysate of (nmeth)acrylic
group-containing silicon conpound having a general forrmula (2):
[ Ka 5]



[0032] Among them, C1-4 alkylene group or C3-4 polymethylene group such as methylene, ethylene,
propylene, isopropylene, butylene, trimethylene, tetramethylene, etc. Is preferable. [0033] R is C1-4
alkyl group, C3-4 cycloalkyl group, or C6-12 aryl group. In particular, there can be exemplified alkyl
group such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, etc.; cycloalkyl
group such as cyclopropyl, cyclobutyl, cyclopropylmethyl, etc.; aryl group such as phenyl, benzyl,
1-naphtyl, 2-naphtyl, o-methylnaphtyl, etc. Especially, methyl, ethyl is preferable. [0034] R5is C1-4
alkyl group or C3-4 cycloalkyl group. In particular, there can be exemplified alkyl group such as methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-bytyl, gtc.; cycloalkyl group such as cyclopropyl,
cyclobutyl, cyclopropylmethyl, etc.g)%] Though alk ﬁgr(fum represented by -OR5 produces an

alcohol deriving#from R5 in hydrolyg|s, the photo-curgble panoimprint composition of the present
invention may %& h hol. &ag %ﬂﬂ riﬁﬁmﬁﬁﬁlcohol shotl)%n e the one
which can easi iXed With othef compbnents angl car eas emdved after jng a coating
film on substratg, in particular, R5 is preferably C1-44jkyl group such as methyl, ethyl, propyl,

Isopropyl, butyl group, etc. 6] Preferably, 1is 1, mis in the range of 0-2, and k is in the range of
1-3. But, the total of 1, in and n, that is, (I+m+n) is 4. [0037] As the (meth)acrylic group-containing

silicon compayng.dhgrecag tiﬁ/@?‘%ﬂ’&?{ifﬁdomrﬁﬁt'ﬁ%’f%?\ylﬁ\e&ﬂﬂ?rﬁ(F?t&a(ird lafeky| ene
trimethoxysilyldimethylene meLh acr Izlite, trimethoxysilyltrimethylene (meth)acrylate,
rothory BT IcE (R ALY (LT BRI he AN ALH I O Sup: R
triethoxysilyltenfeth¢ler ek rhed)aepylatS -thiptygorgikiinetngepe @neadi/lare)! group;
tr?gropoxyfilgetrﬁl;gﬂe L{n@thh%acrgliaggptrg}roggxxﬁi&\#gimgﬁh?geng,(mgr;]h)a_cry@tgn i nt eger
tributoxysilylmethylene (meth)acrylate, trinutoxysilyldimethylene (meth)acrylat
tributoxysily_r}r]iréééy}@r'l(g (anQe'trq)(t:aéc/(il)(?Irat(()etr,r @iiggogggogy}s?lyef%épﬁy?g% frﬁiﬁ%&c@?&té,l +m k)
triisopropoxySildiretiaeRe (Rfthea&yIftk, Riisdprofdx et imethpleprefheti)aghyiaes
dimethoxymeslayisilyIneh Wene kineth) erfylatandimethexyragtidsisddimethytene émet)acrylate,
cmethoxymetiispy i pethdsse m%thgacggglﬂeg,gsmxmﬂ%ﬁ'ly&@@éﬁvﬁr@%W@ pghate

diethoxymethylsilyldimethylene (meth)acr hoxymethylsilyltrimethylene (meth)acrylate,
dimethoxyefARMASIAREhBY nTe®5 AR Fte! ?irir‘fﬁ’éltﬁoiy)?@thylsiIyIdimetherne (meth)acrylate,
dimethoxyef{hydsiBitrimethylene (meth)acrylate, diethoxyethylsilylmethylene (meth)acrylate,
diethoxyethylsilyldimethylene (meth)acrylate, diethoxyethylsilyltrimethylene (meth)acrylate,
methoxydimethylsilylmethylene (meth)agrylate, methoxydimethylsilyldimethylene (meth)acrylate,
methoxydimethylsilyltrimethylene (g:éuaga'gglate, ethoxydimethylsilylmethylene (meth)acrylate,
ethoxydimethylsilyldimethylene (methyacrytate, ethoxydimethylsilyltrimethylene (meth)acrylate,
methoxydiethylsilylmethylene (meth)acrylate, methoxydiethylsilyldimethylene (meth)acrylate,
methoxydiethylsijyltrimethylene (mej)acrylate, ethoxydiethylsjlylmethylene (meth)acrylate,
ethoxydiethylsilx&ﬂ@@j&e—(—m@h@l\&d&e&@zg ylsil I%ifhethylene (meth)acrylate, etc. In
parlicular, trimethoxysilyltrigletgyigne (meth)acrylate, tri€thoxysilyltrimethylene (meth)acrylate is
preferable. [0038] Blending amount of organic silicon compound and (meth)acrylic group-containing

silicon compoynd o I 4 presept Lyentions tee blgnding ampuptofpreanigssiigan egrpppund and

(meth)acrylic group-containing silicon compound which constitute the mixture (A-1) used as the partial
hydrolysate $A9$¥ prefefably b8 follGhs1at id, ' tHBhR&LFPBE BuRidithydrBlySdies (AL PMR preferably a
product obtdihedrbybydmiyzing & gnixtye whidty tongrses 106250 jplany by enassvhongangic silicon
compound &{jg 3x30@Rakts By duss fi(Beh) RADAGLITOMIP-¢0RIGIAING, S|liOR-COMPOYEd With respect

which f sl TRUhy RIS o i he GRS hBF ot ¥ tinEe B ek dh 4-6 dmes with
respect to the'neinubét of aesibsadf &IRAIRox) RdcumnBré&8ns imetie hAbaare O3B]f f erent)
and said partial hydrolysate of (nmeth)acrylic group-containing
silicon conmpound having the general formula (2); and
(A-3) mxture of said partial hydrolysate of organic silicon
conmpound having the general formula (1), said partial hydrol ysate
of (meth)acrylic group-containing silicon conmpound having the
general formula (2), and said partial hydrol ysate of fluorinated

10



In case that the blending amount of organic silicon compound and (meth)acrylic group-containing
silicon compound is in the above-mentioned range, the mixture of partial hydrolysate (A-1) can be
dispersed well in the photo-curable nanoimprint composition, the purification by filtration becomes
easy, and the productivity can be improved. Also, since it is allowed to carry out the nanoimprint with a
relatively low pressure, the duration of life of the used mold can be prolonged. Considering the
dispersibility of partial hydrolysate and the nanoimprint with a relatively low pressure, the amount of
organic S'“CQF‘g-‘e{}WBOWﬂaIﬁéJQ: Hﬁﬁgdﬁ@rﬁﬁﬁfﬁ%’ thiheyeange pf BQr%Qﬁ) #3tp by mass and the
amount of (@E f}?@;ryllc group-containing silicon compound to be used is preferably in the range of
10-250 part ss with respect to 100 parts by mass of polymerizable monomer (B). Moreover, the
amount of Orgmm_bﬂﬁﬂjbj.ﬁﬁlﬂﬂbﬁﬂlsed is more preferably in the range of 30-150 parts by
mass and the ﬁmouéltpafe(mehh)aﬁvﬁm g paeantainjagi sdlispnicasnpesinsbignense chis there
preferably i Hh% %ng r}ﬁ Qarts by mass and the amount of organic silicon compound to be
used is mo pre erab y in the rande of 35-130 parts by mass and the amount of (meth)acrylic

group- contalirlﬁﬁg Hilicon compound to be used is most preferably in the range of 15-180 parts by mass.
[0040] Expressing the above- descrlied amounts with oxide equivalent, the amounts are as follows:
the amount of organic silicon nd to be used is in the range of 30-100 parts by mass on silicon
oxide conversion basis and thegamobunt of (meth)acrylic group-containing silicon compound to be used
is in the range of 1-80 partg by Jmass on slicon oxide conversion basis with respect to 100 parts by
mass of polymegl1 opomer:(B) n dlow. [OO4£ FIu rinated organic silane compound

In the present in , flgori dor compoun ihg the general formula (3): [Ka 9]
(R8)b (R60)Si(R7)a (3) 4-akb (Wherein eagipjof R6 and R8 is C1- 10 alkyl group or C3-10 cycloalkyl
group; R7 is C1-100 fluorine-c ntaln]ng alkyl group, fluorine-containing cycloalkyl group, or
fluorine-containing alkoxy eth up; a is an integer of 1-3 and b is an integer of 0-2, but (a+b) is 1-3;
in case that each of R6, R7 and R8 is present in plural, each of (R6)s, (R7)8 and (Re)s may be same

or dlfferent)(wggg (Herglg te(I)’f it %Q%HI% re@él;ged 1) aal"{lpgpgmed gilane 5(1{21 gpg Usmg the

fluorinated silane compound, it is le {0 improve the release property from without impairing

the adhesdh'b%ﬁv’béﬁtp%ﬁf‘érrpé é@Bstr%\tlésﬁﬁ)ﬁQFr f fid b%herhi fbﬁ’rﬁ]lﬁ?é}’ Re' &hd ¥8 are C1-10
alkyl group 00C8s10 @ygtoalkylsgiauppmespepinely’ As ekamue tdichesg@noups; therercan be

exemplified it QEAHP $¥Chnsdd; Bk BrORYh dSPIPRY b (LY In§ERM SR U a it bULYl, etc.;
cycloalkyl grouygsuch as cyclopropyl, cyclobutyl, etc. [0043]
[ 0026]

As Rtinthe general formula (1), there can be exenplified nethyl,
et hyl, propyl, isopropyl, butyl, sec-butyl, isobutyl, tert-butyl
groups, and anong them nethyl, ethyl, propyl, isopropyl, or bytyl
group is preferable. Though al koxy group represented by -OR
pr oduces an al cohol derivingfromR'inhydrolysis, thephoto-curable
nanoi nprint conposition of the present invention may contain the
al cohol. For that reason, considering that the al cohol should be
t he one whi ch can easily be m xed wi t h ot her conponents and can easi ly
be renoved after form ngacoatingfilmon substrate, inparticular,
R' is preferably Cl-4 alkyl group such as nethyl, ethyl, propyl,
i sopropyl, butyl group, etc.

[0027]

If ninthe general forrmula (1) satisfies the condition that it
is an integer in the range of 1-10, the organic silicon conpound
may be singl e conpound or am xture of aplurality of organic silicon
conmpounds having different value of n. 1In case of using single
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Though alkoxy group represented by -OR6 produces an alcohol deriving from R6 in hydrolysis, the
photo-curable nanoimprint composition of the present invention may contain the alcohol. For that
reason, considering that the alcohol should be the one which can easily be mixed with other
components and can easily be removed after forming a coating film on substrate, in particular, R6 is
preferably C1-4 alkyl group such as methyl, ethyl, propyl, Isopropyl, butyl group, etc. [0044] R7 is
fluorine-containing alkyl group, fluorine-containing cycloalkyl group, or fluorine-containing alkoxy ether
group. The tespditrineweniainiad &lkyl gwouR «mneais nat ong opbe ¢ Brasedpidyogen atoms of
alkyl group are su%stituted tvvith quoringatom ?nd ii[[nilarly th{a "quorine-containing c céoalkyl group" or
"fluorine-cor?t%?ﬁc'l'ngea{lk(r)]%/ ether (SI‘rOILPp"I Meafs that oneor'two or M6ie H{/grsosguern afoms of cycloalkyl
group or alkokgaher Brb @ &t SLPstiRabHaKItATIdGINBrARIM|, e6Spectieh§00URET B&bEially, the
fluorine-containigsalkeyBiheg oreep is Lheoaeopbtainngrky substtutinggane ©rdwa eomore hydrogen
atoms with fluoyi m in alk t oup represe V. ral fgrmulg, (4 10] (04 CH
é%%%ﬁ‘&% nakpy etoss leﬁ fPresenes & a%lgg'jfo%-)_‘f)? Qélcr[]lfﬁr

2)x-)-y C H3 yvherein, X IS an integer o 0, y Is ah integer of 004 the' general
formula (4), SABSIrefEily 1L 625l | K pPEYePhbRAS 159, Tovh T RRYRTdiPFRTYCE -0
fluorine-contaiamgralikyt gooupfis foreterpbta as tbe flldrinercontberng alkyl greaup; V@Bl of
fluorine-conpip@%ggpéya%th r 9rqgp iwlr%fe‘ggglfye@%gp?flgpi?i_ne-containing alkoxy ether group; and
C3-10 fluoripne-containing cycloalkyl group is preferable as the fluorine-containing cycloalkyl group.
[0048] In cb884fht each of R6, R7 and R8 is present in plural, each of (R6)s, (R7)8 and (R8)s may
be same or differdritegroupa (048] IAsthe floonnatet sildes eosapolned ethenploai led exemplified

EEeptagecaEl&rpaﬁé{,%@X@f@%?ﬁﬁ@ylh&%@ﬂgyﬁi@ﬂ%, tetr e%lpropﬁxysli | ane, I
eptadecafluqro-1,1,2 2-tetrahydrodecyl)-trimethoxysilane, nonafluorohexyltriethoxysilane,
omafiuornoSy R aE (A oM e A ) Sy Lo,
(tridecafluorbel MapBl aretfydrabety etindethdyypahane, and pol ycondensat es
heptafluorotlhk2edtetiadysirepentl) driete@xysilaneey produce an al cohol which can

heptaf'uoro'elajs’izvéﬁgg rfg@?%”&f ]r)é?iWSF'?ﬁW i?'&%aﬁ%@'mf'?ﬂmﬁf oY l)dén}eé$¥'8ﬁh gxysilane,

(3,3,3-trifluoropropyl) ylmethoxysilane, (3,3,3-trifluoropropyl)methyldiethoxysilane,
(3,3,3-trif|uofrsafdgwrﬁéthﬁro‘?metﬁasz%iw.é,y(’3,%?é%ﬁﬁﬂ&ﬁﬂﬁ%ﬁ%ﬁﬁétﬁé&?gﬁéﬁaxVS' I ane

(3,3, 3-triflucvoptagyi HetteiRpRY $Sitaree , eenflog ro po prdlriethoky silare, meenil uoad po mAtrimefhoxysilane,
5,5,6,6,7,7,889,9:10,10; LO-tfiflecafluoro-2-(tridecafluorohexy 1)decyltriethoxysilane,
5,5,6,6,7,7,?,80%8],1 ,10,10-tridecafluoro-2-(tridecafluorohexy 1)decyltrimethoxysilane,

(Meth)acrylic group-containing silicon conmpound

Inthe present invention, (nmeth)acrylic group-containingsilicon
conmpound having the general fornula (2):
[ Ka 8]

HC=G—C o-R*S—OR°),  (2)
RE

(wherein R i s hydrogen atomor methyl group; R®is Cl1-10 al kyl ene
group, C3-10 cycl oal kyl ene group, or C3-10 pol ynet hyl ene group; R*
is Cl-4 al kyl group, C3-4 cycloal kyl group, or C6-12 aryl group;
R is Cl-4 alkyl group or C3-4 cycloal kyl group; | is an integer
of 1-3, mis aninteger of 0-2, andk is aninteger of 1-3, but (| +mtk)
is 4; in case that each of R{, R, R* and R° is present in plural,
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perfluorododecy-1H,1H,2H,2H-triethoxysilane, perfluorododecy-1H,1H,2H,2H-trimethoxysilane,
perfluorotetradecy-1H,1H,2H,2H-triethoxysilane, perfluorotetradecy-1H,1H,2H,2H-trimethoxysilane,
3-(perfluorocyclohexyloxy)propyltrimethoxysilane, etc. [0050] As example of fluorinated silane
compound having the general formula (4) in which R7 is fluorine-containing alkoxy ether group, there
can be exemplified a commercially available product Optool-DSX (trade name: DAIKIN INDUSTRIES,
LTD.). In particular, considering that weak Interactionbetweenmolecules and turbulence in molecule
array structwge \viyeh(atg advaptageourios suipgedeiaphabiidy sakease Afimdrels)s of alkoxy
group representéad %r—g!% ]g(iiriéjrecalﬂtuoirg-l I1 2 F-tetr gdrrooctlyl trérge‘t (%\ﬁi#angrq i o
(3,3,3-trif|uoLr188rop(yI rimeQﬁoxysilane is pre e%dolé. [ f] Igl%n ing amount o fiGSMnated silane
compound 91PHiE pRESEMTThOENEDh! FPTicOPBPEBBSIStencE Mok TBIdURSFtE Idhd release
property frogr sgd cibvex Bliemidiag sinogahotBupdnaied silane cospownd is i phevanee tid.001-4

parts by ma?%é PSRIPRPPY 8 parts by 9&%%"%9%&?@99’ toh‘83é% BRRY

TS Mt
preferably 0.05-1 parts by mass with respect to 100 parts by mass of plymeri ab?e Imorﬁlomer (B)

mentioned 518W1$605%Y ¥85hredSing the 8bBIEIUFied SRR At BRIRs BHURRIIEN, it is as
follows: the aammimipof fluortwatedssitarencompounceiscial thentandjespk0 0di-Ri partsby mass on silicon

oxide COHVE&%i@@rlaq\ﬂ@mitlﬂ Reskeet o 10 PaRtsHRY mass of pelyrperzakle ’@Iﬁr’lg%?”é%(B) mentioned

below. [0053]8Partial_r{y olysate of metal alkoxide as an optional additive he present invention,

the partial hHGRSIYSAletAVnEARN Bt PREO%E D Stthal AHBREd, Gt HUR R RE 6HFtal alkoxide
having a gehetanfolhalan€s) [ia phpMP40URONG, 5 ) heraing i< zicocopiame ol teadiunheand (R9)s are

same or diffgreptrtd-8alkyiaiown)e TRough (e pheitogdirddbe siapeimipitampasiionof the
present invqrﬁieon Lcan f(Prrlnﬁ COg tigpﬁfil{n h@/{h&e{ﬁgll?w&?tcgm%recsoistaonL?r(]a OIagainrs(te oxygen gas, in
case of addingthe Hetarakdxi e, the elc ing resistance agalns oxyagn gas &3i've’ mproved. The
etching rateSith eNGGEnR FAPELPHE Hljuste® IRy @& Slling the RndHiRA fedal alkBkide 10 be added.
In the general forsauliapis) oM [sapteferallyiecamumimordardoreniance giezingbesisianed. [0054]

and the variability in etching resistance becones small
[ 0030]

In the general fornula (2), R®is hydrogen atomor methyl group
Anmong t hem hydrogen atomis preferable, because the photo-curing
rate is fast on curing the photo-curabl e nanoi nprint conposition.
[ 0031]

R® is Cl1-10 al kyl ene group, C3-10 cycl oal kyl ene group, or C3-10
pol ymet hyl ene group. In particular, there can be exenplified
al kyl ene groups such as nethyl ene, ethyl ene, propyl ene,

i sopropyl ene, butyl ene, isobutyl ene, sec-butyl ene, tert-butyl ene,
2, 2-di et hyl propyl ene, 2-net hyl butyl ene, 2-nethyl -2-butyl ene,
3-nmet hyl butyl ene, 3-nethyl - 2-butyl ene, pentyl ene, 2-pentylene,
3- pentyl ene, 3-dinmetyl-2-butyl ene, 3, 3-dinethyl butyl ene,

3, 3-di met hyl - 2-but yl ene, 2-ethyl butyl ene, hexyl ene, 2-hexyl ene
3- hexyl ene, 2-nethyl pentyl ene, 2-nethyl -2-pentyl ene,

2- et hyl - 3-pentyl ene, 3-nethyl pentyl ene, 3-nethyl -2-pentyl ene,
3- et hyl - 3-pentyl ene, 4-nethyl pentyl ene, 4-nethyl -2-pentyl ene,
2, 2-di net hyl - 3- pentyl ene, 2, 3-di net hyl - 3- pent yl ene,

2, 4-di net hyl - 3- pentyl ene, 4, 4-di net hyl - 2- pent yl ene,
3-ethyl - 3-pentyl ene, heptyl ene, 2-heptylene, 3-heptylene

2- et hyl - 2- hexyl ene, 2-net hyl - 3- hexyl ene, 5-net hyl hexyl ene

5- et hyl - 2- hexyl ene, 2-ethyl hexyl ene, 6-mnet hyl - 2- hept yl ene,
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R9 is preferably C2-4 alkyl group in view of adequate hydlolysis rate. [0055] Though, similarly to the
above-mentioned organic silicon compound, alkoxy group represented by -OR9 produces an alcohol
deriving from R9 in hydrolysis, the photo-curable nanoimprint composition of the present invention may
contain the alcohol. For that reason, considering that the -OR9 produces an alcohol which can easily
be mixed with other components and can easily be removed after forming a coating film on substrate,
in particular, R9 is preferably C1-4 alkyl group such as ethyl, propyl, Isopropyl, butyl group, etc. [0056]
As a suitablq_qmr}q?le_ of matalalkpxide,dhgre gan be sxeprlified wi@meitpidanium alkoxide,
tetraethyltitanium a oxidei, tfagaiso%roEyl jt{apiunrg X Ik?igﬁ:' t?té%%ro%{ltétanilém ftlé(gﬁ(f’(dc?,ene
tetraisobuty itAnioRY ahkdki e, {]eefrabUtyItl anium alkgxie, Eeytrapenty lanium %ﬁ(Odee,y
tetrahepty tiEMURPKEXIRS EALAIRDLARERNS, aHiQ6 Uteth e tyANErMORKbRRIE BB ctyltitanium
alkoxide, tetggaooylétaniueghalkexideo rixgdeeidiitanicno ettapidacietsamethytairaaning akkexide,
tetraethylzirconi koxide,tetrai ylzirconi ' ra i [ lkoxide,
tetraisobutyé?%%u?énugﬁo%g , Ftitrﬁgg h%ﬁl%ﬁédni%gmmaﬁjﬁﬁg ﬁ%ﬁ%&%@%@% rﬂ% %bxide,
tetrahexylzift@ AR AKbRRHR, tEFAhBFRAMERNG aREXRIE 1B LBEE/IZIRATRT A Eige,
tetranonylzicberaumet dlkbzide, tetradecyltitaniumalkoxide. In particular, tetraethylzirconiumu alkoxide,
tetraisopropylreoniumalkoxide, tetorapropylzirconium alkoxide, tetraisobutylzirconium alkoxide,
tetrabutylzirconiumu alkoxide are preferable. 005“7% Blendin%] amount of metal alkoxide In the
present inventio® "Gh&aiSing it 2réHhgNB JANRLAghRSt MPONMTELBL&RH IR tidHending
amount of ndstamatkduxidads iretHy Fange oprloby Ipaires by $seasoRyetarmblyp B-40Eets by mass, more
preferably 530 parts Py Raass.cnpghereierably, 1@30 pads hyemassiith respect to 100 parts by mass
of plymerizz:]'bé;%gginomer (B) mentioned below. [0058] The blending amount of metal alkoxide is
preferably i range of 0.2-100 parts by mass with respect to 100 parts by mass in total of two or
more of hydrolyskBlEEohldinds sekuteeBirdrAdRkb qahdth) aghaPgretfCBoRtairing P compound,
the organic siigssr compaaund emer de Ao asimnateshpilane earpeyndglogassitratiienanhgunt of metal
alkoxide to dis.inthe a - iongd range, t ing resistance inst fluQrine-containing
gas can spé%:?mpbeﬁirmgp?%séd? gthﬁrr;Eg?Fréagog}ﬂ}ﬂtHe?a%?gﬁ gfm%tégafi@ﬁ@é ?gg%lg utgtla}é?{é preferably in
the range o350 paMSRAMIEs, IO aHILI&Ty THE FARGERY5-36%FROH Mhass. [0059]
Expressing the hbprepmyesarided anedunt; with Yoxide egpivaleht, asisphe fiyllowdatheyamount of metal
alkoxide is ip the yapge ofl-1Rakts byoMassyn Mgl pridecenversigahagis yithgespgct to 100
parts by mass of palymerizable monomer (B) mentioned below. [0060] Amount of water for hydrolysis
In the prese?ﬁ m’\}edtﬁ)rﬁ rtﬁg%gareamount of water which is used in the hydrolysis is in the range of
not less thah @34imes but less than 1.0 times with respect to the number of moles of all alkoxy groups
present in the pixgirenfpalymarizakleronposiwsWhidal kyl group. 1n particul ar,

t here can be exenplified al kyl group such as nmet hyl, ethyl, propyl,

i sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, etc.; cycl oal kyl

group such as cycl opropyl, cyclobutyl, cyclopropyl nethyl, etc.

[ 0035]

Though al koxy group represented by -OR® produces an al cohol
deriving fromR® in hydrolysis, the photo-curable nanoi nprint
conposition of the present invention rmay contain the al cohol. For
t hat reason, considering that the al cohol shoul d be the one which
can easily be m xed wi th ot her conponents and can easily be renoved
after formng a coating filmon substrate, in particular, R is
preferably Cl-4 al kyl group such as net hyl, ethyl, propyl, isopropyl,
butyl group, etc.

[ 0036]

Preferably, 1is 1, misintherange of 0-2, and kis in the range

of 1-3. But, the total of |, mand n, that is, (l+mtn) is 4.
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comprises the organic silicon compound, the (meth)acrylic group-containing silicon compound and the
fluorinated silane compound. The "number of moles of all alkoxy groups" is calculated as follows: on
each compound which is contained in the mixture, a product of the number of moles of used
compound and the number of alkoxy groups present in one molecule of the compound is calculated
and the obtained products are totaled. [0061] In case that the amount of water is less than 0.1 mole
times, it is not desirable, because the condensation of the mixture becomes insufficient and the
"repelling” bp@ggﬁs easy to occur due to bad wetting of a coating film. On the other hand, in case of
1.0 mole time%grtrrrllolrfeﬁétti not defsirable(j be_causte it is hard. t .ca(r5r1y out the g?rrrg%tion ofapattern with
a relatively low pres% re anei é|atcéa¥us'ecs%euaoarﬁ88]eac')fnﬁ18 Stongft eﬁﬂaﬂﬂle‘” égreée of &Siliensation
and the fornR&ticx efplaittieir§ dvith brvlawely ibw! srekBute nhe(mdldy) &soundio? water is preferably in
the range of: @ i2n@hiiresi, Yo peafayakiydherangeael 98320 & times with respect to the number of
moles of allﬁlgq?% %%sf péﬁstthrjr@ttﬁglrg u\rﬁ‘épg?gh]:r(yp g present invention, in order to promote
may be use with water in hydr

hydrolysis, an aci [ together olysis. As the acid, there can be
exemplified iid R ¥ ids/ S iEh BY! IRF ochRSHY &€fdy it acid, sulfuric acid, phosphoric acid,
polyphosphori¢ eicitheye | bygainioedigs snieh(asebhyaaicyplaasphoric acid, formic acid, acetic acid,
acetic anhydride, q:ltg,l%gqup G F‘FWetpWPQﬁEC ﬁ?ﬁ’rﬁ%wi%a&t@q valeric acid, citric acid, gluconic acid,

succinic acid, tartaric acid, lactic acid, Tumaric acid, malic acid, itaconic acid, oxalic acid, mucic acid,

uric acid, barbltffie AR A tNUERERERR SRR, BieC idt atdh RYRRIRYR! relif Y & of using
acid, thougH tredrk)is a1y patticular limitapioxysn tye acidiat kypesierdbipiuzeacinys@e molar amount that

hydrogen iofiig piaitlg yano91atéd APPE e Odninepawith resect to the number of moles of all alkoxy
groups. Thet arulziautian be. sqddas It IS, Pg'[(i_;[ ig{%{eﬁzrable fo use in the form of an aqueous solution or a
eto

dispersion in wa er.ol)r(wytﬂis Xasé{rﬁttls YJre era &6 Sofution or dispersion having the
concentratidr bPOtOBYN! [YtHis icaREeNHhE M- etRAatBras Mytah€luded in the above-mentioned amount
of water for hiyorclysisofOR§3]J | yn iee pyesast inventipac tlye pestial hydrolysate (A) can be prepared by

mixing the ctompg%ptgp\gmﬁ] F(}%’iitH\E‘f mq: Qﬁiétltfﬁe‘@’ﬁ?t é(@tﬁr However, in order to prepare a

homogeneous photo-curable nanoimprint composition, it is preferable to add water after the

componentd {d b& WRIRBR%E 4 preIBLEY! Giked B ISHARS Mhahife. [0064] The mixture of partial
hydrolysatesli(Ae2 hwhijcteishysed lagl timet repitiesh &y nelybatec (A) @hat's, the mixture of partial hydrolysate
of fluorinated; s{aneosgmpondshaving; the: ggnenal fermula G)rgndypartial hydrolysate of (meth)acrylic
group-contai _iﬁg sﬁlicon coFyiourll avirilﬁ%tq&jgenerzl forraﬂa 2)) can be prepared by hydrolyzing a
mixture of t HARRYEEFEIANE oM OURE RS thé TRNEHAS 1§(3) and the (meth)acrylic
group-contathiaghsiicame chysound malmy etegenerdl)faemyl&{2) with water in the molar amount of
0.1 times ordnetebxy eshihan Ly imas withgespesbin fhe pyner of moles of all alkoxy groups
present in the mixture. In this case, if necessary, the metal alkoxide may be added to the mixture of
the two comqgo%eﬁ%yarﬁe hyai/sf)aclays,lu ﬁécr{%?dsr@t 2 3cﬁﬁlyﬁ§ig %cr)gétﬁe?’with the components. [0065] In
the present SHVEHtIIN XRE MIEAHING ARIJUHtITFIUOTRIAR8Y YaAEDompound and (meth)acrylic
group-contadhingtsikbcgre compound wihieh iepnstitutertbehnadure §Ae)) used as the partial hydrolysate

(A) is prefergply.af 59%\@/%]@@} Sﬁ the l;@ig(ﬁ%eegfep%ﬁa Q&pvlsg{ees (A-2) is preferably a mixture of

I
hydrolysates each of which is obtained bP/ hydrolyzmgj 10-250 parts by mass of the fluorinated silane
compound & E30RY&EEySila8s e Y GHEH) JER a5 Sntaining silicon compound with respect
to 100 partsdoyeniass et plyinsetiyablermaompnese(B)eicmtiacey é¢lew. [0066] The mixture of partial

hydrolysateg(8r Howhighip 4$ed psrthegarial Rydroheaien i) (thatks, the mixture of partial hydrolysate
of organic silicog corca(t)oun avirF the erTeraI formul 13, ?rtial hydrolysate of (meth)acrylic
| met (netﬁ) re at e,

group-contaifithg ¥iN&AEh H&d ylene

met hoxydi et hyl si | yl di met hyl ene (et h) acryl at e,
met hoxydi et hyl sil yl tri met hyl ene (meth)acryl ate,
et hoxydi met hyl si | yl met hyl ene (neth)acryl ate,

et hoxydi et hyl si | yl di met hyl ene (neth)acryl ate,
et hoxydi met hyl silyltrinethyl ene (neth)acryl ate,
met hoxydi et hyl si | yl met hyl ene (et h)acryl ate,

met hoxydi et hyl si | yl di met hyl ene (et h)acryl ate,
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having the general formula (2) and partial hydrolysate of fluorinated silane compound having the
general formula (3)) is a mixture which can be prepared by the steps of () preparing a mixture of
partial hydrolysate of fluorinated silane compound having the general formula (3) and partial
hydrolysate of (meth)acrylic group-containing silicon compound having the general formula (2) by
hydrolyzing a mixture of the fluorinated silane compound having the general formula (3) and the
(meth)acrylic group containing silicon compound having the general formula (2) with water in the molar

amount of Oxh{iMBS ar 81¢1@ R \essrthast h{) tines (wikh K sResk tgr the number of moles of all alkoxy
groups presew“i)n t?je ggih(t re; mejn(‘lali ﬁ\dld(ienr%tr{;a 0 gﬁlréigrsi‘ic récompound having the general formula
(1) to the miXre: bartlaéf hydrglysa esyprepar Tin'thd st%p i)"and then hydrolyzing the resulting

mixture withelvBeerifli thehmbfdr amm@uie o). enienéser ek BLiekess than 1.0 times with respect to the

number of neeles>afcRlkbalkpixyi groiLps: PreseyIt énéhe mikH)rec hy case that the mixture (A-3) comprises

the partial h I e of (o[- ve- | p. (i etal alkoxide may be
added to th %n_F%(%/u%r%‘io é%ﬁ?@%ﬁ(ﬁ%@j Egtgﬁ%é%&rﬁngﬁ%ﬁéﬁtﬁgp%%%% of the fluorinated
silane compouln@t &9 XRé | eth A& ¥ g6 p (BritAN GG KilRidh ESnYoRIRS @&Jeiher with the organic
silicon compga@gsBhaving the general formula (1) and thus obtained mixture may be partially
hydrolyzed. [086Z}q; Fige ARbiike of PartialhvEralvsates (AshiramBedie Paret IaRy¢iglwing a
mixture of the organic sificon compound having the general formuia (1), the (meth)acrylic
group-contashi fOSh B Ay | formula (2) and the fluorinated silane
compound having tre geeseal farnvgat @y wvith heatdréndhe gnatauath afntoefgBio tresd ocatore but less
than 1_-f0 tim@§nﬁﬂ8ﬂjﬁﬁsﬂﬁ§t(tﬁéﬁ(ﬂ)r%ﬂﬂ§>ﬁf@;gﬂ@é%ﬁ ebat ﬁlmmwpuggﬁr%ﬁmdmawi@me- |g this
case, if necessar m alkoxide m added to the mixture o three components and may
be subjecte& % #{é %hLﬁd‘?o )t/@?s {Bd‘)étH%? vz%h @e %B(thpgr?erﬁg? [(5)(%3]' afm?ﬁ){gr rp@e@%ﬁ%\?c&ﬁon, the
blending amdurit'd¥itReatganas sfliebh@¥mpdlal, tife (ieehyEcr/ e r&hpRdntaifing silicon compound
and the fluonpates ganesqmpoynd whisteeansijtuiepinsdondxturet (@-Based mgdhel paitiad hydrolysate
(A), is preferab)s all ~Fhat.is, the mixiur partial es:(A-3) is prefer mixture of
hydrolysatesgi (?Q(/:)ﬁy \%vm ?;E o%‘t)f!\?ﬂéld%tgg %%rregl?}tz)ir%aﬁ:‘gar te y%la?)tngC')Ao p@r@ E§/ %a_@lg%ﬂthe organic
silicon compUMPUIBGRI Batis3B) Rask oM dBTRthiabAfiicBRdtpLtbAtdhfitPsfieBhaidhpeund, or
0.001-4 parts by ovass afploe rfidionridtedesitete coonpOQnaawith tespectt00I0pIparts byahbss of

plymerizablemepemer £B) faapiigned belpwnl006RL nbhe hygdrlyats Blevdke carigd ovtiat the
temperature of 5-35C. At this time, in order to advance easily the hydrolys spcﬂeilndllu nt solvent may be
n

IS,
used. It is pHTEFRBIB (o Fs8XH A ¥RbRiol Sedfeditfly'@RdRoPhstRE d8%8nt P ditutioh! THE amount of
solvent to b&uwisdeRsptetanabhylirt tHeernge bf3A00t parstiie masdaitofespdatooioelgarts by
mass of the gnixiutie. §P8dBEMstbedf use phpapialthyudsolysate (A) and Physical property The
partial hydrctl}%% (A) can be prepared according to the method mentioned above. The photo-curable
nanoimprint.composition of the present invention may comprise alcohol which is by-produced in the
hydrolysis and Wa&ta# YRiBAtistised e ik AgRORYIY. Mbrebdaniiensay ceRipESERae LM solvent
used to advanee BasilyythedyghrolysisdROFiLhi ngossidarng easimessdfi Bendingwith other
components, a0 dACHERYL A B cle YRkl PangIRAKD GPTARFIUPDs e Yiscagihy g 25C of the

partial hydrolysate (A) is preferably’in the range of 0.1-50 mPa sec. This value of viscosity Is the one
which is me3SUtbaRSS 38AnRY idrR LiBFaRBALDPE WL S ARPIAN MIBRETIRSEDMBTERESV-1A) and
is obtained pynéaswingmnheyptototcutalbde neamomsitasompasdiomevimchdornprisey faeher the
by-produceg)glcahpbiag .US%l ¥ated; apd ?h?i%'%mtﬁ@&% WQ!QW'%H@Q%EQ (G 9072 Itis
preferable to .btl%nd the Ipatrt|al fﬂ){/drloh\xsate with othe[rhcorggontents |m{n<?d|?telgfaf'ﬁ1r epregadratlon to
form the pha\fo- LAhS ative oW pr essure, e duration of Tife use

nmol d can be prolonged. Considering the dispersibility of parti al

hydr ol ysat e and the nanoinprint witharelativelylowpressure, the
anount of organic silicon conpound to be used is preferably in the
range of 30-200 parts by mass and the anmount of (neth)acrylic

group-containing silicon conmpound to be used is preferably in the
range of 10-250 parts by mass with respect to 100 parts by nass of
pol ymeri zabl e mononer (B). Moreover, the anpunt of organic silicon
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nanoimprint composition. But, incase of not doing so, the partial hydrolysate after preparation is
preferably preserved at the temperature of 0-15C to prevent deterioration with age. In this case, it is
preferable also that the viscosity of the partial hydrolysate is in the above-described range. [0073]
Now, the polymerizable monomer having (meth)acrylic group (B) which constitutes the photo-curable
nanoimprint composition of the present invention together with the partial hydrolysate prepared by the
above-mentioned method will be explained. [0074] Polymerizable monomer having (meth)acrylic group
(B) Inthe prrgrildavestian bedeiis RePangcetal | EBitgtion eRdheRyoerizabliesmeapmer having
(meth)acryligggroug (Ba) Q?rt"ﬁolymeriz?blef r?gonqrnfréB%/I) and the kr_lowntpolxmerizatfle monomers
which are us blréainsphgtopolfmaerr'ﬁ%onoca & udét uf,(fhgr((r)nue%fé)@ryﬁé dr(r)]gp?c':oﬁt%f)nqng silicon
compound KARGURE dEnBRaLRRFIIR (YIS REEIRIARRY ihtd the gaverRPiaBle 2R ARk $B). As
preferable coynprird ai@rereanbe exeroplitedpolymer' zalda merpaTdvhichheas{aethyacrylic
group but nq silic in,molec I riz amer e ctional
AUt 8%%%@5?1 |h‘?1 bigs Tgﬁgﬁxm%ﬁﬁ% %}Jﬂﬂoﬁn‘é?ymo Joay- t%g‘?@ﬁ[}m

polymerizable mohomer which has one acrylic grou ecule or a polyfunctional
polymerizatté nt@REMERGMIChoh Q& BMB-STARbRE Tht8hFALIVFCYrEAPB MY e MdIECURE AISS, these
monofunctiora tpghy mieeizabley nionarmer madgpolyfuicidrgd podymerizableassonomer may be used in
combinatior*[. é@%ﬁi] As an example of the polymerizable monomer (B), there can be exemplified as
the monofunctional polymerizable monomer which has one (meth)acrylic group in one molecule, for
example, alipfiaiil RSILAIARE Wic 26 PRy THRARISHIB ORI G AL R Thte, Bropy
(meth)acrylaepunib styd(meth) dolylares isdhetyh (mienh) adrytateatere- ity Gostihacpdatsl 2-@thylhexyl
Emetmacry:ai@, mqﬂl(mtﬁl}ﬂﬁryﬁgeiaﬂammt @@tmak]ptxélatﬁ: iﬁﬁlwrﬁﬁglsﬁmﬁ?ﬁw&iﬁttﬁe n-lalluryl
meth)acrylate, n-stearyl (meth)acrylate, isosteary t ate, long-chain a meth)acrylate,
betoxy et PRGOS Bt RS G Gt SOSTacl o OR ( Corb e
tetrahydrofusfury C@RePBRAKALE [Butekyedi®y (ntetH)atRAatemetey s GRdRAYES| e rylate,
dicyclopentenyk(medyacsyliate, dmyciopeiemasxyetiv metbpactylate 1dicysiopentanytas s
(meth)acrylate, -h)éqti%y I ylatg, 2-hydro th)acrylate, 2-hydroxybutyl
(meth)acrylg)ttg éOId oxyetﬁgwrégﬁgéc)ry gtg,%-(zfn%?drg%%fh%b%yl (meth)acrylate, glycidyl
(meth)acryle{l Q(? thoxyethylene glycol modified (meth)acrylate, ethoxyethylene glycol modified
(meth)acrylate; | proporgetyleng atyoolanbdifeedc mptivadrylate, methoxypropylene glycol modified

(meth)acrylatg, ethaxypyopyisie glyeehmediiied (MEthagy e, qmw&meﬂsnecﬂ%gwﬂodiﬁetﬂ
ylate, acryloyl morpholine, etc.; and

(meth)acrylz{e, isobar %émeth) crylate, zildar{@:_tane (meth)acr
(meth)acryl %‘é'ﬂ%ﬂ/iﬁg rOfatiring YUBh &s zyl (meth)acrylate, phenoxymethyl (meth)acrylate,
phenoxyethyKan&ih)acrylate, phenoxyethylene glycol modified (meth)acrylate, phenoxypropylene
glycol modified (meth)acrylate, hydroxyphenoxyethyl (meth)acrylate, 2-hydroxy-3-phenoxypropy!
(meth)acrylate, hydroxyphenoxyeth pﬁ% lycol modified (meth)acrylate, hydroxyphenoxypropylene
glycol modified (meth)acrylate, alkyl 05 hylene glycol modified (meth)acrylate,
alkylphenolpropylene glycol modified (Ime h@tacrylate, ethoxylated o-phenylphenol (meth)acrylate, etc.
[0076] Among polyfunctional polymefizable monomer having two or more (meth)acrylic groups in one
molecule, as bifynctignal golymeriz «monomey,forgxample, polymerizalbe monomers having
alkyleneoxide brﬂﬁ@%mﬁlmmﬁh(ﬁh@arlyiéﬁe can be exemplified ethylene glycol
di(meth)acrylate, propylenafylggdhdi(meth)acrylate, polydlefin glycol di(meth)acrylate having a general
formula (6): [Ka 12] Ri2 Ri R13 H20=01 -g-04--cHcH20)-( cH2&0) C-c=cH2 (e) a

(wherein each of R°  and R is Cl1-10 al kyl group or C3-10 cycl oal kyl

group; R’ is Cl1-100 fluorine-containing alkyl group,

fl uorine-containing cycl oal kyl group, or fluorine-containing

al koxy ether group; a is an integer of 1-3 and b is an integer of
0-2, but (a+b) is 1-3; in case that each of R®, R" and R¥ i s present
in plural, each of (R%)s, (R)s and (R®) s may be same or different)
isused(hereinafter, itissinplyreferredtoas“fluorinatedsilane
conmpound”). Using the fluorinated silane conpound, it is possible
to inprove the rel ease property fromnold without inpairing the
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(wherein R, R, R12 and R13 are, independent from each other, hydrogen atom or methyl group; and a
and b are an Integer of not lower than O (zero), respectively, but the mean value of (a+b) is in the
range of 2-25). [0077] The polyolefin glycol di(meth)acrylate having the general formula (6) is usually
prepared in the form of a mixture of molecules which are different from each other in molecular weight.
For that reason, the value of (a+b) is a mean value. In order to enhance the effect of the present
invention, the mean value of (a+b) is preferably in the range of 2 to 15, especially in the range of 2 to
10. [0078] Asneihiesbivachions! paieerzable nangmear.dhere can be exemplified aliphatic
di(meth)acr Igbgls]chuch as ethoxylated polypropylene glycol di(meth)acrylate,
2-hydroxy-3=acryloyloxypropyl methacrylate, 2-hydroxy-1,3-dimethacryloxypropane, dioxane glycol
di(meth)acrylate, theyaritRiciné@nfethad &) di(Reanrh ey rite, G4 Mualiaibl an@EvetPaéiyiadie, glycerine
di(meth)acryatg,dabrlyexgnedipldi(sgibiacryiate, 1,8sneranprwldi(matyacgyleigsl, thrdesanediol

di(meth)acrylate tyldl i(met te, g- -1,8- nediol di(me late,
1,9-nonane§i%%'(§]|§ne1€et i%cyrﬁgt%gb%tﬁgth '?g%%ﬁgﬁio@ gi IIe’th Eti?l\ ylétz)?é)-#ﬁclefhi/gﬁ@%éﬁdnedioI
di(meth)acrdte etS eai(BHachaRY Khvih§droRtHtE rindf Such S ERFXMALEH PighREHDI A
di(meth)acryate; yaropoxyated ethokgladed lbisghenol A di(meth)acrylate,
ethoxylatedlf)iggggpolFdi(meth)acrylate, etc. [0079] As polyfunctional polymerizable monomer having

three or more meH%ac?:i/lic groups in one molecule, there can be exemplified ethoxylated glycerine
tri(meth)acrylatBOte

WIBiPfoBaREP(RRERTEEY RsteD ¥ thoRyI RERAFTHESHHbIBHG A
tri(meth)acrylaté vhrapoxytare B trimethidoiprupase ttifraetiakeylats, aiv rtaeaytbritpirtrifieth)acrylate,
pentaerythrige)iga(mesh) agrate Hidsiaethyiobepanerdgtiedrtathpeivata, &3hexylatedr
pentaerythrig feta(metachiate, dipentagrythriioh polyimethiagrylae, e, 00301 , dn he present
invention, these po ymeriZaB e monomers may be used alone or in combihation 8epend'ing on use,
shape of pafidadHd JorAed. 1608 t iEHEGRIIGOTPeAsE Y WIACANRARRhBIRPiREARology, it is
preferable taser(mMethyaarylatechavinggaionaiio ingubsterabmation witht pelydkefin @yaa

di(meth)acr ng,the f fra int lew Si rate, etching
resistance, i@rﬁ%ﬁr@rﬁ%@ gf gaﬁ%ﬁ@%%ﬁé@%ﬁ \%%éﬁ%it@? |e’tcgﬁl\)l4 rle’o(\%/%?c,}ﬂaqyﬁ t’h?}( eﬁ%?jgr’ylate
having aronftfd/ting! fitho(Ridth)acrylate having aromatic ring or di(meth)acrylate having aromatic
ring or a miXtofa hereof may preferably be used. [0082] Then, the photoinitiator (C) which constitutes
the ph_o';q-curepblq QaFP%PE'HECQM'WWSfm%W e%‘?’&h'ﬁ‘,\_/ef‘F'BB_r\’u\’_'Hé?%SKPKJ}'H?ﬂg[OQ%]
Photoinitiator (C) In(l!he Eresent invention, there is no _artlcula}%llmltatﬁg on the ﬁhotﬁ_lnltlator ©
and any phdtiifalos LarPh8URse® brbliddd i SO/ gh&%pqy 6 S poWRER 2z abld Fronomer
(B). As thetghidesinhltisor, thedohbwiny serapbuhdy can basaalihalseteaeetoppaioner derivatives

Zur?hdas 2,é@mﬁ@lgiﬁyin&ﬁiipbﬁnulazbangl-@@@, drBydimacyclahaxyhiphenyl ketang at om
-hydroxy-2-methyl-1-phenylpropan-1-one, - .,

T2 e A BRI T ge: cons pining. ey oalky! aroup’ or
2-hydroxy-1-f4-MRe[2-R§dFeky-2L etby Brb pionyel) s& n 2y DUphe AFA NS - fiddhy RN 1 ¥pdrve -She,
phenylglyoxybe @dhy dneiiyh esten-oietbytilo-knethyltip) pheay kb2ymerplaoligppigprare 1-one,
2-benzyl-2-gipeiyigmigon (h memhqlinenianvliudaeeneid v, |
2,2-dimethylamino-2-(4-methylbenzy1)-1-(4-morpholin- -yI-phenyY)butan-l-one, etc.; acylphosphine
oxide derivatV84Juch as 2,4,6-trimethylbenzoyldiphosphine oxide,
2,6-dimethoxyEgpeoyidiphemyiehbsphinenexident2a6wdickl@lobexy @il dphenyiphosphime orale,
2;4'6"‘”met}dB?Q?ﬁVW@W'B@%@h"ﬂﬁ ARl m%hxslre\%% %‘rmﬁH?Bé!bﬁ%?)S'ﬁ'éQh%@)HHEQﬁPhW? oxide,
plvaloylpheﬁgﬁghos hinic acid |sia§]%rop I(—;ﬁ?:er, bls-éz,6-d|chlorob[end7_%l)£hen IPhlosfphlnelomde,
bis-(2,6-dicHiorSBénsofi 225 ﬂ%&%p%e ViphoSpRih&Wia&™ © general Tormia
bis-(2,6-dicHlélobenzoy1)-4-propylphenylphosphine oxide,
bis-(2,6-dichjlgephy)zoyl)-1-naphtylphosphine oxide, bis-(2,6-dimethoxybenzoyl)phenylphosphine
oxide, bis-(2,6-dimethoxybenzoy1)-2,4,4-trimethylpentylphosphine oxide,
bis-(2,6-dimethoxybenzoy1)-2,5-dimethylphenylphosphine oxide,

bis-(2,4,6-trimethylfe _Il%e@ﬁsp ine xid@m g%)
bis-(2,5,6-trimethyl elr:lgl) 2 Rri Wp I the oxide? etc.; 0-acyloxime derivatives such

)
as 1,2-octanedione,11[4-(phenylthio)phenyl-,2-(O-benzoyloxime)],
ethanone,11[9-ethy1-6-(2-methylbenzoy1)-9H-carbazol-3-y1],1-(0- acetyloximed)¥ etc.: a-diketones
such as diaddf"ddelylntnzdy R heihF 98 3-BEntirdlond, >53-8BtdUiGHE" 4% ﬁ?le%xybenzyl,
4,4'-dihydroxybenzyl, camphorquinone, 9,10-phenanthrenequinone, acenaphthenequinone, etc.;
benzoin alkyl ethers such as benzoin methyl ether, benzoin ethyl ether, benzoin propyl ether, etc.;
thioxanthone derivatives such as 2,4-diethoxythioxggnithone, 2-chlorothioxanthone, methylthioxanthone,
etc.; benzophenone derivatives such as benzophenone, p,p'-bis(dimethylamino)benzophenone,
p,p'-dimethoxybenzopehnone, etc.; titanocene derivatives such as
bis-(45-2,4-cyclopentadien-1-y1)-bis(2,6-difluoro-3-(1H-pyrol-1 -y1)-phenyltitanium, etc.



[0084] These photoinitiators may be used alone or in the form of a mixture of at least two members.
[0085] Incase of using a-diketone, it is preferably used in combination with tertiary amine compound.
As the tertiary amine compound usable in combination with a-diketone, there can be exemplified
N,N-dimethylaniline, N,N-diethylaniline, N,N-di(n-butyl)aniline, N,N-dibenzylaniline,
N,N-dimethyl-p-toluidine, N,N-diethyl-p-toluidine, N,N,-dimethyl-m-toluidine,
p-bromo-N,N-dimethylaniline, m-chloro-N,N-dimethylaniline, p-dimethylaminobenzaldehyde,
p-dimethylarr@mwetophenone, p-dimethylaminobenzoic acid, p-dimethylaminobenzoic acid ethyl
ester, p-dimethylaminobenzojc acid | ester, N,N-dimetylanthranilic acid methyl ester
NNy crony HRITCE KRN A by P SIS ithcT YA obrehet) EARBh,
p-dimethylafrif8stilbene, N,N-dimethy1-3,5-xylidine, 4-dimethylaminopylidine,
N,N-dimetyl;@ogphthylamine, N,N-dimetyl-p-naphthylamine, tributylamine, tripropylamine,
triethylamine, N-methy|diethanolaming, N-ethyldje I -di lhexylami

ihiu gt e R SO

N,N-dimethyldodecylam ylstearylamine, N, minoet ethacrylate,

N, N-diethyldRinGetHy) YREIRRTSIRRS 2 ' i8-RhsHiniAbRMBth&ROLREE! [{Ud6] 1RAAEARIRA invention,
it is preferaldekoxysericetophenpnesdprightivab) scykphdsphinsokide- demaiire 3)@-adytoxime

derivatives, arfiketones 008 H31Re Pressnt vendRNathe AQYRY /bpRYOIYIELY tosbe used is
preferably in the ran%%of 1-10 Ji)arfes by mass with respect to 100 parts by mass of the polymerizable
Y

monomer (B’ & addBvEL YR thESHABLAIALRE naXEIRBHKY bofif¥dion  The

photo-curabl®®&8bimprint composition of the present invention may comprise other additives provided

that they do nphaffgskagMarsalydhe siffadts @f the presand ipyertien. (09831 ¢PalusiRG dhe gihoto-curable
nanoimprint gos't&ggsof 6{hg ;?]r esntngvetg\éiog rtrrée grhocli?}cfuerggﬁ napgiumprint composition is used
by applying Gt &'substrate I this ase, the pho?o-curable nanoimpril% cor‘%‘position may be dilueted
by a solvent. ®#Yurpose of stabilizing the photo-curable composition of the present invention and for
other purposegsatsadventuaaynae edldsid. dieredspsupartiauiar bmitatiopeore feerpoivierddo be used and

any solvent sayhesed: yited (atyt san SR e BRELOINEDIe NBgmPHgfgompositon of the

present invention. There can be exempl , for example, acetonitrile, tetrahydrofuran, toluene,
chloroform, ERRARIGSH | HEtR Jetllrylg(@tbh%t, o RYAhide, | RIS A8 Cathylene glycol,
propylene glymadf proqrybddrex glyaal endthwy ethem eropyherdid gbyad erghomethyhethesidcatate,
methyl-?»-m?thpme&nlpnaﬁ%-qthy!%ezg{y@pi HPW%&’{ 9ﬂ)e-r_t"i“?eetﬁf=ﬁ»@}§'b/| lactate,

ethyl-3-ethox Prgcglon f[e, butyl aglea% %-hept&rgne, methyl |so_butﬁl ketone, acetylacetone,
polyethylené}g/: CREEP Redhdr. tvater I RRS Wy e F8HBA*¥P WRBPwhich has been used

in the prepah&idof parvallhydrdlysdtetarahibories Whith-Had Beembisptadigced in the preparation of

partial hydrjgpater mayr e usedz Alse ctheasQiNeBp MY, FPNtaIN fae Kikipsit sgheent which has been
used in the ration. of partial hydrolysate. [0090] | In case of using solvent, there is no particular
limitation on&%ﬁr%o%rﬁ?olfLé%rl\?@rﬁtgt%ygz %Ee ta% él9 (ln'tlcha?r%( ¥ﬁfta6‘|'}ebe selected depending on thickness
of coating filn$t& b forhidd! B LRICARMY, ThERMBLAB b K&t 38 Breferably selected such that the

concentratiqrapBie selvientiis opthegyangeohyl0dd8¥hbyysasanassuming that the total amount of the
solvent and the photprGuralls; BRPGEYPSIREERANRASIHe ™S 9PPa Ry, mass. [0091]
(3,3,3-trifluoropropyl)triethoxysilane,
(3,3,3-trifluoropropyl)trimethoxysil ane,
perfluoropropyltriethoxysilane, perfluoropropyltrimnmethoxysilane,
5,5,6,6,7,7,8,8,9,9, 10, 10, 10-tri decafl uoro- 2- (tri decaf | uor ohexy
| )decyl tri et hoxysil ane,
5,5,6,6,7,7,8,8,9,9, 10, 10, 10-tri decafl uoro- 2- (tri decaf | uor ohexy
| )decyl tri nmet hoxysil ane,
perfl uorododecy- 1H, 1H, 2H, 2Htri et hoxysi | ane,
perfl uorododecy- 1H, 1H, 2H, 2Ht ri met hoxysi | ane,
perfluorotetradecy-1H, 1H, 2H, 2H-tri et hoxysi | ane,
perfl uorotetradecy-1H, 1H, 2H, 2H-t ri met hoxysi | ane,
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The photo-curable nanoimprint composition of the present invention may comprise other known
additives. Particularly, the additives such as surfactant, polymerization inhibitor, reactive diluent, etc.
may be added. In view of uniformity of coating film, a surfactant may be added, and a polymerization
inhibitor may be added in order to stabilize so that the polymerization is not caused during
preservation. [0092] In case of using surfactant, it may be used at the ratio of 0.0001-0.1 parts by
mass, preferably 0.0005-0.01 parts by mass with respect to 100 parts by mass of polymerizable
monomer (B). {QR93] ud$ seyfacsari fluskineseeptairinongiiasiast| sileoneo@sed surfactant, aliphatic
surfactant rrT]t AL used. Especially, it is preferable to use aliphatic surfactant, because when the
composition'is apglied to a substrate such as silicon wafer, "repelling” is not caused and the
composition cAf RXaRTbAMBS apphed itd e dubstiaie. ASTBRHNEIel sigatimtIgeeaan be

exemplified egieRicsyrdaciantarsush RS metal saltsr-igheafaiingleohesuléatessugh éggsodium decyl
sulfate, sodi uryl s . etal s iphati icaci sodiu urate,
sodium stealt';lgtéé],%sé Pu%gg%gt ,('?e'tg.?,ee ﬁe%aﬁ%%ﬁé%f r%glhlgrg g%y??ﬂieﬁqgﬁhgyeggu@{ gg sorgléuﬁm lauryl
ether sulfate (PR By Loifatin Liladel B Brirt Hitdhol AAPEfHyIEHE ¥kid&P Bt d&UIfSuccinic
acid diesters Isalt_:mf_xalscidium aulfdmncbietahe,eetmptsatts lod pleosphatebaf ta’tt;eajlcmlrrt_)l ethyllm_e oxide
adduct, etc. oalgnic suaeREIs e Aa ARG salisu ) asdaderyiagmentim shigrie, et

and quaternary ammonium salts such as trimethyldodecylammonium bromide, etc.; amphoteric
surfactants &01&h 8R58k9idimetihPbysihe Xiddskeh & AdRetGRisReIathiRY okfde, etc.,
alkylcarboxylietaitenslicio a8-dodedyl2atiesxydatdineo @y, blkylselfdbioetasnéasachras
dodecylsulfghetaing t@tcr. Apidqamma acid salthsWgaiasakaeraRigprRIaRysaMine oxide, etc.; nonionic
surfactants feld%% polyoxyethylene alkyl ethers such as polyoxyethylene lauryl ether, etc.,
polyoxyalkylene atkyl ethers, polyoxyethylene distyrenated phenyl ethers, polyoxyethylene alkylpehnyl
ethers such a8p@RghRetRjRWe |30tyIibhesll Bfadest | ARR GQ/EIIUBAE tribenzylphenyl ethers, fatty
acid polyoxyethylene gstetsestich mseiatiyoacidi polyoxyetiylesexdastaiac pohyoxyibylenesasbitan esters
such as polyotygtpylenesosd %Pé%‘é%a_trﬁr Cﬁﬁer_i@e {?%‘?ﬁ%‘feu?“{fﬂ&tad?té AY PG lgpe and if
necessary, they may be used in combination of a plurality of types. !9()3094 In"case of using
polymerizatidn4Phisiigre ft fidy?Be GSERUAE fatiB b'e.63Ee phals BYmASR S RYaHRF 8:1-0.5 parts
by mass withrreSpeabty 1000iards pgrmassyofmesiymenzablemedroatery(B). (I5[pahs pdiymerization
inhibitor, thefgcan rq?sextew%@lgr%mﬁdﬁrwq_gawgwm AStthe BQRIERESRIBale: s |
polymerization inhibitor, there can be exemplified hydroquinone monqmethyl ether, hydroquinone,
butylhydroxbt%l@?@, &, phoosy '/ﬁgq‘iﬁcfﬁg@%ﬂﬁ%n{,%e%'&%oﬁg ;éﬁll&%ed known compounds
such as N-viB@pyidrolidone, etc. [0097] There is no particular limitation on adding amount of reactive
diluent. The amgyrafirggciive dikgrg-ray Suitaddly Seoselecied frakithe @gnas, wherein the formation
of pattern W,’tg am I(9 is r\}\%t_ a{fﬁgtead m%]r(?tc%? %Liihaobrl)( bet Se%,esﬁt?% rf]rom 0'[heorarr]1(§;eI of ilﬁS arts by
mass with respect to 1 8 parts by mass of ponmerizaBiie monomerzg). E%rﬂcularﬁ/, consfiering the
reduction of\ASEEsIBS 0Pt bhdtRRUFEbIRYn ARSI OAnBELI PR AR eePBNRE A st RfthI 6F pattern,
etc., the addingramesptof reactd@odibaentsisiyrefersblyin tue yarge 04158-30 martsrby mass. [0098]
Also, as othgf additives. sphsjcal fine particle such as hyperbranched polymers may be added. In this
case, it is preferable to add the spherical hyperbranched polymer having the diameter of 1-10 nm, the
molecular \/Je%%%f 10,000-100,000. The blending amount is preferably in the range of 0.1-10 parts by
mas s with respadtital 10y gankysahmsy ohpd yimelizaixedaocasnaar @)t i onal additive

Inthepresent invention, thepartial hydrol ysate (A) may conpri se,

as an optional additive, partial hydrol ysate of netal alkoxide
having a general formula (5)
[ Ka 11]

M—OR?®), (5)

(wherein, Mis zirconiumor titaniumand (R s are sane or different
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[0099] The photo-curable nanoimprint composition of the present invention can be prepared by
blending the partial hydrolysate (A), the polymerizable monomer (B), the photoinitiator (C), and other
additives which may be added in accordance with necessary. There is no particular limitation on order
of addition of these ingredients. [0100] Then, a method for forming a pattern on a substrate using the
photo-curable nanoimprint composition prepared according to the above-mentioned method will be
explained. [0101] Method for forming pattern using the photo-curable nanoimprint composition First
of all, a coaiing fifnds HYrMEHRPRPPINIREIGE RMICHEHERI MeaRi @Dk SOmRPFtion which is
prepared by the aboYe-men%iqrhed methodt accordipg to a kn?wn metho%[OlO I]I Irﬂ]relation to the
substrate, tereRgho 'pgptigular fhiatiof on's Va?pne, r%gtgﬁgl, and’ aan)(}os% 's?r%te, sWeeef}IfiIrr]TQ, etc. can
be used. In PEARIIIENTa Ko ME8UbRSIa3E 2818 RBRKIAIS Y AST5iN86Nn WAfERRI&Zag—SRI sapphire,
various metaheatetials,teqariige sudheasadiimigar akinginaa @itighe, idlicex gaevidgasilicon nitride,
etc, polyethylene al il lynro, film, pol bopate fi riace lase film,
cycloolefin r)églrr]il | rr{.g?ngg}d:ﬁ‘]oé inrgtp?(?\llﬁép %!d e%gi({)rﬁ o?%giﬁraqg%o%c%%éﬁI%n(a?o%ﬁeg%hgd%o-curable
nanoimprint<YthpBkitiondof e SrEEMt ifNemBdR! thd! {axdifise! Ml ddBfbeted to a surface
preparation. [0103]heA geadingl filhocanlkze (Gmed/bysapplying titd pheto-cardlim ananyeint
composition, @f tg%%r&sgrgtirgyﬁzrp,téoq oy thesidstrate by a known method such as spin coating,
dipping, dispensing, ink-jet, roll-to-roll. There is no particular limitation on thickness of the coating film.
The thicknes8 & suitably be determined according to the intended use, but it is usually in the range
of 0.1-5 lam. /54, shier shetoablisalsle-rfarmbikyprior compasitibawictheagespedténbigdtioh yaasg suitably be
used in formafian of coating film having the thickness of 0.01-0.1 [0104] In order to form thin coating
film, itis po\je%tél%o dilute the photo-curable nanoimprint composition of the present invention with
organic solvent. In that case, a drying step may suitably be Incorporated in accordance with boiling
point, volatility"P@EusEdbIgHEAY 561G FReV e BrYdeReB Of IRt tfoRl dfl FAPRNPAWS]. Then, a
pattern-forming skijfagerap melgs esenhish pydesiljerafters Basareyimsisiydiaan fymednis brought
into contact it e, iygace coatiaefighor Be dTplehi-PEelRERAN MACe OHIAgPPAMbMARYA such as

guartz, transparent resin film in order to cure the applied composition via photoirradiation to form the
cured film. THEPRBLo-COYEHTE! Rah M HAEShPosRorPbERP bresRt inVBRtiohed$Mes a pattern to be
transcribed withsa dompayativaly tow prEeRSyieodn geesaimgatheomsldegainstiéne eardd filmeThere is no

particular lingitation,@n themiesstbrpBibitesPatie tcrRRS rRnRerikadWth dhe pressure of 0.01-1
MPa. Of course, it |sﬁ%o sélljtl)le to transcribe pattern with ﬁlgp ssure_geyond upper [imit fchE range of
r

pressure. [010872 T & U FRAIHiIAG Ghe' S pRIS Bhtadting $h8 FatRA%oYmitig Surface of
mold with tha! dodtireg filka, auigint &S ireadiaked 1o @pyé thé soRtiaRYilm.blh¢ light fbe igtacliated has the
wave-length @bgpto 500 nm and the irradiation time is selected from the range of 0.1-300 seconds. It

‘[g fgg]a”y In thes"angi b9 SRERRMR Bt Hepay AW SgRRN NG 101 thisknsss Bl ppatag film.
tetranmet hyl titani um al koxi de, tetraethyltitani um al koxi de,
tetrai sopropyltitani um al koxi de, tetrapropyltitani um al koxi de,
tetrai sobutyltitanium al koxi de, tetrabutyltitani um al koxi de,
tetrapentyltiani um al koxi de, tetraheptyltitani um al koxi de,
tetrahexyl titani um al koxi de, tetraheptyltitani um al koxi de,
tetraoctyltitani um al koxi de, tetranonyltitani um al koxi de,
tetradecyl titani um al koxi de, tetranethyl zirconi um al koxi de
t etraet hyl zi rconi um al koxi de, tetrai sopropyl zirconi um al koxi de
tetrapropyl zi rconi um al koxi de, tetraisobutyl zirconi um al koxi de
t etrabutyl zi rconi um al koxi de, tetrapentyl zirconi um al koxi de,
t et rahexyl zi rconi um al koxi de, tetraheptyltitani um al koxi de
tetraoctyl zi rconi um al koxi de, tetranonyl zirconi um al koxi de
tetradecyl titani umal koxide. |In particular, tetraethylzirconiunu
al koxi de, tetrai sopropyl zi rconi umal koxi de, tetorapropyl zi rconi um
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In relation to atmosphere in which the photo-polymerization is carried out, the photo-polymerization
may be carried out in the atmosphere, but it is preferable to conduct the photo-polymerization in an
atmosphere in which inhibition due to oxygen is low, such as nitrogen gas atmosphere, inert gas
atmosphere, fluorine gas atmosphere, vacuum atmosphere, etc. [0108] After the
photo-polymerization, a laminate having a pattern formed by the cured coating film (cured film) on the
substrate is obtained by detaching the mold from the cured film. [0109] Formation of pattern in

substrate (efghibgifdamiaateanawing: pesiars darmeddak surek ikt sing: hepheoncurable

nanoimprint (iq(mgoaition of the Qreseg‘t invention, the formed cured film shows the excellent etching
. gxide are preteiable. S i .

resistance. For that reason, the pattern formed by the cured film is extremely excellent in resistance

against etcHif§With oxygen gas, fluorine-containing gas, etc. and accordingly it can suitably be used

in production @ asdibsly adehavingnamers¢alel nedef aructure. As the fluorine-containing gas, it is

possible to us n |C e used | lve ing, rticular, .t can be
exemplified su?l u?ﬁ\é&xzi%ﬁ%f\? e{, Huﬁc?}%ﬁét ,ﬁahe‘,&%l %f%ﬁeh?ﬁ]aﬁgtr%fﬂo@eth%%%ttgtﬁrg%uoromethane.
[0110] In &PRbESLs fdriRinitg SPAREM B tH8SubdtatB\ARIEhNSa LB RE RirfdB¥, 3he cured film to
which a patteirk dveisdecies itranderibadgwithf the $0qbc the ipattessbeing femaedyos-the pabstsate on the
basis of the patRIEof i eied ilmafly of abh i INnpamkalcurRebirp er sremaling o) s
removed by dry etching to expose a surface of the substrate. Then, the zone of the substrate in which
the remainiHi (SYe B o ALBESRRFTo 4 SONIRG cr Bl Pt Stio SREHZAHe hand, the
zone of the substrate (Bichmntoverst wethotick part of the cured film is not dry-etched because of
masking. [01 bbEsyse of laminate on which pattern is formed by cured film (use as replica mold)  In
accordance W1H]| etheI %trx]oye-mentiongd | process, tgﬁpoe)t(tltecrn can be g%rrr%%ﬁi on thef' gbrstrate by dry
etching. However, Pne p%

ng ano .1'S pre 1N nge ;
otg-curagpe nan0|_mpr|nt composﬁlon o?the preseXt mven on %a% superior
performanc®cHardcHS R AfdeaceBhinyly Fahas@eskd ih dtePmitéAdey (BESHOP éx@rble, the
cured film mgda abthe phote-cofabledrangisxyirt ecanposivs eklhaecpesantinventéon has good

hardness, bg@?ﬁ%% ﬁgﬁ%ﬂ%ﬁﬁ@p&ﬂ@gg of Inorganic, Sﬂnﬁqﬁfﬁﬁd Fg{ Ilitéatorrre%:@nc the laminate

comprising S e pattern made of the cur as been fo can be used as a

replica molcdfdr! EbFPRAUTE1A t e ddPbt D8feftse | ARt SRITBS W fbplidd RBRFOP Abnoimprint, it
is preferable teetread @nsudacesdfahealakorate with be fluseite-sontainhey shame-coemtlingregent. The

d_etachablllt)_( 9?1&%‘? St‘#ﬁ@_(‘é?t eht _ lainatefrem Q%r@@tﬁf'ﬁb?@'ﬂ@-ec%fe@%ﬁ%ew gaction with _the
silane coupling age t It is considered thEt thqﬁlmprovement of detachabw;[@f cauzl d b.yga reaction of
silane couplTFAGANE WhR BRRSS§up I9AIATg FRHETe S ATRAS tofim EHhiEMy ThZge. For that
reason, the lamhtateseiotdisedragtegrthbl nedotionhwithaheesitin€ cblphagtagdt ikestil mureeexcellent in
release propgity.i [Odls] | N\ e sitane cotPENg@gaiit Kngywmiligerine-containing silane agents can be
used providﬁgéggi they may improve the release property. In particular, there can be exemplified
compounds‘which'are obtained by substituting a part or all of hydrogen atoms of alkyl group in
trihalogenatedFSRI&fiE iSfane R ey Sleg kSR orgRNR st neeeaI € QIR AL Gihe. 1 T

isas follows: the amount of netal al koxideisintherange of 1-15
parts by mass on netal oxide conversion basis with respect to 100
parts by mass of polynerizable nononmer (B) nentioned bel ow
[ 0060]

Anmount of water for hydrolysis

Inthe present invention, the nol ar anmount of water which is used
in the hydrolysis is in the range of not less than 0.1 tines but
lessthan 1.0tinmes with respect tothe nunber of nol es of all al koxy
groups present in the mxture of pol ynerizabl e conpounds which
conprises the organic silicon conpound, the (nmeth)acrylic
group-containing silicon conpound and the fluorinated sil ane
conmpound. The “nunber of nol es of all al koxy groups” i s cal cul at ed
as follows: on each conpound which is contained in the m xture,
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[0114] Though there is no particular limitation on the reaction between the silane coupling agent and
the laminate, it is preferable to conduct the reaction under humid condition. In particular, the reaction is
preferably conducted at the relative humidity of 40-100%. The silane coupling agent is come into
contact with the laminate under humid condition to react them. Though there is no particular limitation
on the temperature at which the reaction is conducted, it is preferably in the range of 40-80C. As a
process for contacting, in case of using liquid silane coupling agent, known processes such as soaking

of the surfage pnguhich aPatiesntiambeeprfopmesksindhe liqide 8ipeaat JMa coRé. pRiAyesoat, etc.
may be used, The reaction time ma)éﬁyiltab(ljy be slelect?g ggqemadin on th& .temg%%éfjg? g&]d the

relative hum?(f:iiﬁl/l. Sﬁlé‘ir %Pesr%re?ﬁ'g feacdted Wit th& Silgfe coup‘fing é)éjenn iy SECSTdafhce with the

above-mentiitted ProcsRitRedarlingkecisSvasRel Aligh @dorine-containing solvent such as hydro
fluoro ether | etgs @nd then is dried. Thus obtained laminate is superior in release property and can be

used as a replica mald }%ﬁa@ﬁi@%%(jz FPRlg: 9114 |’X[8@”gﬂs [FSENkMepligrvill ge described
IN more detall by way OT examples and com arative examples, ut the pre_sent invention Is not limited
to these exdmplt¥. (884171 aqlnethéoéﬁéh'ﬁﬁeg heeRABABATHILAN tRE SHBITEAIAHIE METARRSint
composition efstinef prsisemt iavientioe iseeduatiathongbedmsisaidhetfollovdng properiedald118]

Evaluation Qfdiiterahility a ThePhRLPKUraPlecnaniMping compesitiopsWhIChh#ra piepaied in the

examples and the comparative examples mentioned below are treated as follows; using syringe filter

having the gdrBfiafhel® & 0'2 1AM Und ST HARFingE SRR 3t tHe B So5RiIdHRIS & llally filtered.
The evaluatidrestandatdarefshairebslowt Th Itds onveleyelpfilipredswitifim R0 secmdesA: It is

completely filirehimiginsIngeninutecsy Flegoing is kaseshare bis aidéiesadi KH h@kiEvaduation of

adhesion offcurr(rerg filmnt% fsu%?ttrate WIUtsg']ng Fl’éef gthlo\t/o-lcuqabble paggi&periqtr{:orrpnqoasritign L<];1n|9hoto-cured
film is formed0n & Sificon Wa ere(H]type, one mlrror-ﬁn%hedvgur?ace, o oxXidized mém rane). The

cellophane @ipdei(B Havipigethr @ith bh I51arhamgeRiBAN-EO9 LITTES isrgiekPioetrr gkbio-cured film
through the foree ahgeessure. By threea rowd Wips of fisges tancther the eedopbaneotage if peeled. The

;clar;]edsail(r)(;\;f&p? %rggwnb;oomgss%p%t@ﬁ isI %vqugtqﬁi Q{:ﬁ%cjing to the following evaluation
[ 0062]

Inthe present invention, in order to pronote hydrolysis, an acid
may be used together with water in hydrolysis. As the acid, there
can be exenplifiedinorgani c aci ds such as hydrochloric acid, nitric
acid, sulfuric acid, phosphoric acid, polyphosphoric acid etc.;
organi ¢ aci ds such as organi c phosphoric acid, form c acid, acetic
aci d, acetic anhydride, chloroacetic acid, propionic acid, butyric
acid, valeric acid, citric acid, gluconic acid, succinic acid,
tartaricacid, lacticacid, funaric acid, malic acid, itaconic aci d,
oxalic acid, nmucic acid, uric acid, barbituric acid,
p-tol uenesul fonic acid, etc.; acidic cation-exchange resin. In
case of using acid, thoughthereis noparticular [imtation onthe
acid, it is preferably used in such nol ar amount that hydrogen i on
isinthe range of 0.0001-0.01 tines with respect to the nunber of
nmol es of all al koxy groups. The acid can be used as it is, but it
ispreferabletouseintheformof anaqueous sol uti onor adi spersion
in water. In this case, it is preferable to use the solution or
di spersi on having the concentration of 0.1-6 N In this case, the
used water is not included in the above-nentioned anmount of water
for hydrol ysis.

[ 0063]
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The cured film is not peeled at all: 5 The peeling area is less than 10%: 4 The peeling area is not
less than 10% but less than 50%:

In the present invention, the partial hydrolysate (A) can be
pr epar ed by m xi ng t he conponent s which constitute the m xturew th
water. However, in order to prepare a honpgeneous photo-curable
nanoi nprint conposition, it is preferable to add water after the
conponents to be hydrol yzed are previ ously m xed to forma m xture.
[ 0064]

The m xture of partial hydrolysates (A-2) which is used as the
partial hydrolysate (A) (that is, them xture of parti al hydrol ysate
of fluorinated silane conpound having the general fornula (3) and
partial hydrolysate of (meth)acrylic group-containing silicon
conmpound having the general fornmula (2)) can be prepared by
hydrol yzing a m xture of the fluorinated sil ane conpound havi ng t he
general formula (3) and the (nmeth)acrylic group-containingsilicon
conmpound havi ngthe general fornula(2) withwater i nthenol ar anount
of 0.1 times or nore but less than 1.0 tines with respect to the
nunber of noles of all al koxy groups present in the mxture. In
this case, if necessary, the netal al koxide may be added to the
m xture of the two conponents and may be subjected to the hydrol ysis
together with the conponents.

[ 0065]

I nthe present i nvention, thebl endi nganount of fl uori natedsil ane
conpound and (neth)acrylic group-contai ningsilicon conpound whi ch
constitute the mxture (A-2) used as the partial hydrolysate (A
is preferably as follows. That is, the m xture of partial
hydrol ysates (A-2) is preferably a m xture of hydrol ysat es each of
which is obtained by hydrolyzing 10-250 parts by mass of the
fluorinated silane conmpound or 3-300 parts by mass of the
(meth)acrylic group-containingsiliconconpoundw threspect to 100
parts by mass of plynerizabl e nmonomer (B) nentioned bel ow.

[ 0066]

The m xture of partial hydrolysates (A-3) which is used as the
partial hydrolysate (A) (that is, them xture of parti al hydrol ysate
of organic silicon conpound having t he general fornula (1), partial
hydrol ysate of (neth)acrylic group-containing silicon conmpound
having the general formula (2) and partial hydrol ysate of
fluorinated silane conmpound having the general fornmula (3)) is a
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3 The peeling area is not less than 50% but less than 100%: 2 The peeling area is 100% (whole area
is peeled): 1 [0120] Evaluation of release property from mold

m xt ur e whi ch can be prepared by the steps of (i) preparinga m xture
of partial hydrolysate of fluorinated silane conpound having the
general formula (3) and partial hydrolysate of (neth)acrylic
group-containing silicon compound having the general formula (2)
by hydrol yzing a m xture of the fluorinated sil ane conpound havi ng
the general fornmula (3) and the (nmeth)acrylic group containing
silicon conmpound having the general formula (2) with water in the
nmol ar anmount of 0. 1tinesor norebut lessthanl1l.0tineswthrespect
to t he nunber of nol es of all al koxy groups present in the m xture;
and (ii) adding the organic silicon compound havi ng the general
formula (1) tothe mxture of partial hydrol ysates prepared in the
step (i) and then hydrolyzing the resulting m xture with water in
t he nol ar anount of 0.1 tinmes or nore but less than 1.0 tinmes with
respect to the nunber of noles of all al koxy groups present inthe
m xture. In case that the m xture (A-3) conprises the partial
hydrol ysate of netal al koxide, in the above-nentioned step (ii),
t he net al al koxi de may be addedtothe m xture of partial hydrol ysates
obtai ned by hydrol yzing the m xture of the fluorinated silane
conmpound and the (neth)acrylic group-containing silicon conpound
together with the organic silicon conpound havi ng the general
formula (1) and t hus obtai ned m xture nay be partially hydrol yzed.
[0067]

The mi xture of partial hydrol ysates (A-3) can be prepared by
hydrol yzing a m xture of the organic silicon conmpound having the
general forrmula (1), the (nmeth)acrylic group-containing silicon
conmpound havi ng the general fornmula (2) and the fluorinated sil ane
conmpound havi ngthe general fornula(3) withwater inthenolar anount
of 1.0 times or nore but less than 1.0 tines with respect to the
nunber of noles of all al koxy groups present in the mxture. In
this case, if necessary, the netal al koxide may be added to the
m xt ur e of t het hree conponent s and may be subj ectedtot he hydrolysis
together with the conponents.

[ 0068]

In the present invention, the blending ambunt of the organic
silicon conmpound, the (nmeth)acrylic group-containing silicon
conmpound and the fl uori nated sil ane conpound, whi ch constitute the

25



A silicon wafer (P-type, one mirror-finished surface, no oxidized membrane) having a coating film of
the photo-curable nanoimprint composition is prepared by applying the photo-curable nanoimprint
composition on the silicon wafer by spin coat and drying at 120C for 1 minute. Using a quartz plate, 20
mm long and 20 mm wide, as a mold, in the nanoimprinting apparatus (SANMEI ELECTRONICS CO.
LTD.; ImpFlex Essential), the silicon wafer is pressurized with the pressure of 0.25 MPa and is
irradiated with light from the light source LED 365 nm for 10 seconds to conduct the nanoimprint. The
stress tonfdrﬁggmlg mglgi?ytqgl@@ﬁ gé)mfﬁt@e rg’gp{_qtgple}ﬁﬁjpgqggqﬁ_)gs (r;zr\?gsp%ecb;@gggg@@ the iele?se
property from mo valuation qgf transcription property e, shape-transcription.property o
the pattern v?/ﬁri?:ﬁﬁsl o\?ﬁiedihnathé Ssubtgr'freatré] l:))()% hﬁsﬁng‘]) ﬁ]g prh{o'tgl-cﬂ]lya%rlé) Frl%Sn&(l)ir%sﬁ)r({ﬁlt"(l;éé)m'ps(')sition is
evaluated b fodseiradiion avith scahfif dEtkeh Yairt6@ScEde ISEMMWTH EFaRRitRimBdcddducted on
the transcribgdipattesn ggreppaing £5 yines: kavingthe Wdthed SGnm israngadias i spaee of 80 nm
(hereinafter it | redt . [ ") vV, I r r in below. C):
Pattern shagé @%ﬁﬁ?ﬁle%{é%ﬁﬁgs%%y ié gS‘Qoar.ﬁ(:zt e%e ?{f%?ﬁ%% niﬂgg’ Lg?é%%i?e?%%gattem
shape is nofirhh§eMeeMROAN 40 £32P eV lu4iBA dretihifRSe skthRed | ABhAveL &6r&d Fifficof the
photo-curabie mpooim print lcorappsition préparediin sheyexasplefopiheneoimpavatvewmxa@mple is formed
on a silicon y\@feﬁgﬁttygﬁeenggpgwr-finished surface, no oxidized membrane). Using a reactive ion
etching apparatus, the dry etching with oxygen gas, CHF3 gas is conducted under the conditions
mentioned 88\(319]'I'he dry etching rate (nm/min.) is calculated from the relation between the dry
etching time ahbetHeydeotessing ravobat ofphioes-ceneddiint. ohditiotrsadiuthe dfy Btctifg: Oxygen
gas: gas flowratai20 sca), RE fioyeer 180Xy aaeEob Repssuiene. (i 6iHRS 9asa @S flewt rate 50
scem, RE pgwp\g&rg)tovyrhgoggobgg%slsuqe[ is preferable to use Cl-4 al cohol,

especi al ly ethanol as the solvent for dilution. The anmount of
solvent to be used is preferably in the range of 50-400 parts by
mass with respect to 100 parts by mass of the m xture.
[ 0070]

Met hod of use of partial hydrolysate (A) and Physical property

The parti al hydrol ysat e (A) can be prepared accordingtothe nethod
ment i oned above. The phot o- curabl e nanoi nprint conposition of the
present i nventi on may conpri se al cohol which is by-produced inthe
hydrol ysis and water which is used in the hydrolysis. Mbreover,
it may conprise the diluent solvent used to advance easily the
hydr ol ysi s.

[ 0071]

Consi deri ng easi ness of blending with other conponents and
productivity of the photo-curabl e nanoi nprint conposition, the
viscosity at 25°C of the partial hydrolysate (A) is preferably in
the range of 0.1-50 nPa sec. This value of viscosity is the one
which i s measured by a tuning-fork vibration type visconeter (AND
VI BRO VI SCOVETER SV-1A) and is obtai ned by neasuring the
phot o- cur abl e nanoi npri nt conposition which conprises further the
by- produced al cohol, the used water, and the dil uent sol vent which
is used to dilute.

[0072]

It is preferable to blend the partial hydrohysate with other

conponents i nedi atel y after preparation to formthe phot o-curabl e
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2.0 Pa [0123] [Example 1] Preparation of partial hydrolysate (A) A mixture was prepared by blending
13.6 g of ethanol, 3.0 g of trimethoxysilylpropyl acrylate as (meth)acrylic group-containing silicon
compound, and 6.8 g of ethyl silicate 40 (COLCOAT CO., LTD.; on average, pentamer of
tetraethoxysilane) as organic silicon compound. To the mixture, ethanol/water/2N-HC1 mixture which
consists of 4.25 g of ethanol, 0.85 g of water and 0.16 g of 2N-HC1 was gradually added in drops at
room temperature with stirring. Moreover, agueous ethanol solution which consists of 1 g of ethanol

and 0.32 g WM@I%N@%@@%%&@W@WJ” BliPPs anedbe bf?SHléi_aniHFiﬁ rs%WQ?h&ﬁ .;ﬁq froom
temperaturethéroor]e Qg% t% 1ptb(taerun a gagtrl%ltq%dnrollysat? e(fb\%ro;@lxturreeg e?(%iﬁplg Siligon compound and
(meth)acrylicygroupycontainlng dilidon Bompound. I§rerara ion ofykaoto-cura e hanoimprint
compositiont eMReRt poFraérifabke’ fdromee FRIVing ¢hRith@Y i@ yrauphE392.5 d bf bblyoethylene
glycol diacryatse(SIHINiNAKABRA IGHEMIE AL &0t Hel Di; ST SV ESR A-BeOhat.bigapf ethoxylated
bisphenol A,djacryl - U - TD.; NK ESTER A-BPE-10), 5.0 g of
phenoxypol)}éi)?f%r?e Sﬁew%%z@%s%?@%%g%ﬁ@#mL CO.,LTD.; NK ESTER
AMP-10G), a9 g0 hydroxyethylated o-phenylphenol acrylate (SHIN-NAKAMURA CHEMICAL CO.,
LTD.; NK ESTHeERV,A-LIEN {1d))y,ramnd 5 geofrinioy olad davienimetieahdladiagHylatey (SHEN(BAKAMURA
CHEMICAL GO ThhsNK ESTERA- DR LMEIR 4568 nASithpANataldiahi Gord-8r91dle
2-dimethylamino-2- 4-,metkgl-,benzié&t-%-#-moI,pholln-4-y|- henyl) -butan-1-one (BASF JAPAN LTD,;
IRGACURE® 898"EG) WAL LS8R, WO SO AN AdH RMibligt 69878! § 3RS dPoGRRI0RE
monomethybgtHdrearad OvBognd i loumgthytbRotbiuehé Vberecdpé@l nEHe above-mentioned silicon
compound hayirrgj(meth)acrylic group (B), the photoinitiator (C) and the polymerization inhibitor were
homogeneou%lblegk?g 10 pereoﬁerpi ture %d 4 q %g\{eippgdfgr@th Bmixture. To 4 g of the
mixture, 13.4 G ofthe partia-Rydrolysate (A preparet as mentoned Fabove-was added and the
resulting mixtire WAS S¥rRIPAt rédeRSratiRefd 15 nAuRSS td eBtah thePRGtbL&iradile
nanoimprinttaemposifieer iThebbleneing fiatio g the viseoritnof yihe objaines pimpta-eurable

nanoimprintamynSIioneLe sONIN Fabls Ly §t%tq{ﬁng@mm%m%ﬁ?mm

composition was evaluated as mentione ve and the resu shown In Table 2. [0124]

ConfirmatioMdf s e @idFEPHY PELTRIN ORREYSRE T bRBtS-2Ur&51e4s&doimBHht cbifposition was
sandwiched(betiveeat guhrtz plates; swrided mf mghith wasnsubjgobed dohale aget theageeeat ahnd was

photo-cureds ig fanma eyred filgy The ahiainedhcyreddilgamwaremiaddeddn sRaxy Bsin agd subjected
to cross-sectloniré?\fg%/_ ultramicrotome. Usmg a fleld-emlssilon.type transmissiop electron microscope,
|

the FE-TEMPSE of 57 PO e i FES L ATEERE i BRRM YA PSS p AU UIESs-section
was shown FiRh Dashenphbictaphi shawaunp Ply. Delénbnsaatatiadtthenteed filim Ndaeuniform
structure. Wherehyr theadispersikditi of thg phgjorairabieAanaiepriohaPnisitien wabeenfirmed.

nmonomer which has one (neth)acrylic group in one nolecule or a

pol yfuncti onal pol ynmerizabl e nononmer which has two or nore

(meth)acrylic groups in one nol ecule. Also, these nonofunctiona

pol ymeri zabl e mononer and pol yfuncti onal pol yneri zabl e nononer may

be used in conbi nation

[ 0075]

As an exanple of the polynerizabl e nonomer (B), there can be

exenplified as t he nmonofuncti onal pol ynerizabl e nonomer whi ch has

one (nmeth)acrylic group in one nolecule, for exanple, aliphatic

(met h) acryl ates such as et hyl (neth)acryl ate, ethyl (neth)acryl ate,

propyl (meth)acrylate, n-butyl (meth)acrylate, isobutyl

(meth)acrylate, tert-butyl (nmeth)acrylate, 2-ethyl hexyl

(meth)acryl ate, isodecyl (neth)acrylate, isoanmyl (neth)acryl ate,

i sonyristyl (meth)acrylate, n-lauryl (neth)acrylate, n-stearyl

(meth)acrylate, isostearyl (meth)acrylate, |ong-chain alkyl
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[0125] Application of photo-curable nanoimprint composition The obtained photo-curable nanoimprint
composition was diluted with 1-methoxy-2-propanol to adjust the concentration to be 25% by mass.
The diluted photo-curable nanoimprint composition was applied on a silicon wafer (P-type, one
mirror-finished surface, no oxidized membrane) by spin-coating at 2000 rpm for 30 seconds and then
dried at 120C for 1 minute. Thus, the silicon wafer on which the coating film of the photo-curable
nanoimprint composition was formed was obtained. The coating film was cured at the same condition

adhosion of e SHTanEl Sired (o g il il e Cualroled imiet (e Sbove mentoned
conditions. Phé %%tam%eg ﬁéjs%(ftr\x/a%ts%ov(\ﬂ){ (I:I’l] qq%l%)fé?] 2. wﬁg‘]? BSfmaflon of pattern (formation of

laminate) tU8Sihghy duak meld WitHBOMMdnNg/sp&ce PNITIATt AN OFRIBRRCAYIGNELTD. ;
80LRESO;) 2inea inanedsopringingl griparatus ( BPaeviHl &l CTRQMNIGSeabnITD.; ImpFlex Essential),
the obtained gili r having.t oating fil to-, e Iprint composition was
pressurized ﬁftéhlpﬁfg\gp? sé%?%’ o? b%ﬁl(\:jP%;g}r?{dé\ﬁgg?rryg%lat d Wi#]gTing? ?r?n?r?ﬁe% light source LED 365
nm for 10 sédSYeE RPEBRENY tHETRARORAPMhETEhe GsBYH YL WaBpReFiolshAEEbjected to
release treamieyntimothy puopné-qardainiag galrfaoe, prbpwe_itiom&gﬁr_ul (Q_Aniktl N) INDYISTIRIES LTD.;
OptooI-szgy'gpg@@qupf PAEEH) H@{?EQP@Q ag_t?rzt_hgylégtgxny%@qm_\lg;%%gmz@p observed by SEM. The
e’

obtained result on evaluation of transcrlptlor;ﬂ%g)@ertéwas shown in Ta [0127] Evaluation of dry

etching resiStERCY AGEHPE Feallive idh etd PAGE Ghe T YRR Wi Ex i &i§ Yas, CHF3
gas was coraiiteded hengityneiehing sate (rehmixypohydastegab yead caiulildteedfrom the relation
bﬁtwee_n t_?qb?&;ﬂ')lgﬂgﬁ? angl thﬁlr Qg@g’éﬂwwg %l_ah}orfaéaufecbﬁlmn{hﬂ&%am% Eesult was .
shown in Ta . xamp reparatjon arti rolysate mixture was prepare
by blending rﬁ(’?g %lgp (reﬁléﬁo?n §.§quolfotlrimﬁgt 'o*x'ygﬁylgrrrgé)y)%rwg:tgt as ((r(%é%%gc%r/l? ﬁici?p?-containing
silicon compButP! 6.808lof iedidly I( STREAveaLn YT 1S OX PREBY, ArED Y s 8vetage| pdR@nhéedf
tetraethoxygilame) jascorgaiie silicosbopmpoundetamnct 1 g af 85%dararassmeolution of zirconium
butoxide (tejr Izitconium alkoxide) in 1- . Ta the mixture, et I r{2N:HC1 mixture
which consigt@,\t?c_*)J %65? Io;%l{;gtha%%)r, %Fég' EﬁH V\&T‘)’aft?(-:'grII éﬁ%o%%  of g&&H@%?/v@ls%?aﬁggl%gadded in
drops at roo”d Y MPEFatlirRt Wih' SNty MofSoPen2dudSis B HiGtioRRERRIWYEGH ¥ of 1 g of
ethanol and(0rd6h) at mdtat eyasphdded raduhlly i thd ps ayidathe, resudiing yeikhyleenas stirred at room

temperaturegfof Q1€ RoH {0 Qp1RiRed Wéﬁ@l}/ﬁ‘}é‘#@yiﬁ{@r{&?ﬁmﬁwmo igisiligrp epEypound,
(meth)acryli rng-con'g ining |I|§r_n conweonuonxd gpﬂ mez%a%lhgélgre. | [gtéZ ] Preparation of
photo-curabl&RaRbiRbY; ?ESmEH fignyP yethy yhate,

2- hydr oxy- 3- phenoxypropyl (neth)acrylate, hydroxyphenoxyet hyl ene

gl ycol nodified (nmeth)acrylate, hydroxyphenoxypropyl ene glyco

nmodi fied (neth)acryl ate, alkyl phenol et hyl ene gl ycol nodified

(met h)acryl ate, al kyl phenol propyl ene gl ycol nodified

(met h)acryl ate, ethoxyl ated o-phenyl phenol (neth)acrylate, etc.

[ 0076]

Anmong pol yfunctional polynerizabl e nononer having two or nore
(meth)acrylicgroupsinonenolecule, as bifunctional polynerizable
nmonomer, for exanple, polynerizal be nononers havi ng al kyl eneoxi de
bond in nolecule are preferable. In particularly, there can be
exenplified ethylene glycol di(neth)acrylate, propylene glyco
di (nmeth)acryl ate, polyolefin glycol di(neth)acrylate having a
general forrmula (6):

[ Ka 12]
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The polymerizable monomer having (meth)acrylic group (B), the photoinitiator (C), and the
polymerization inhibitor, the type and the amount of which are same as those used in Example 1, were
blended to prepare a mixture. To a part of the mixture (4.0 g), 14.2 g of the above-mentioned partial
hydrolysate (A) was added. The resulting mixture was stirred at room temperature for 15 minutes to
prepare the photo-curable nanoimprint composition. The blending ratio and the viscosity of the
obtained photo-curable nanoimprint composition were shown in Table 1. The filterability of the
photo-curable nanoimprint composition was evaluated as mentioned above and the result was shown
in Table 2. [0130] Cogfifmation of digpélsibility by FE-TEMR!2The FE-TEMBbservation of
cross-section was cofducted in the shme manner as Exampple 1. The obtained photograph of
cross-section Wh&stown F@%ﬁ‘d—ﬁﬁbig Kot mdastiatdd thatthe cured film
has fine, uniform structurelof nano-scale. Wheréeby, the dispersibiﬂty f the photo-curable nanoimprint
composition was confirmed. [0131] Application of photo-curable nanoimprint composition Operating
in the same manner as Example 1, the silicon wafer having the coating film of the photo-curable
nanoimprint(d’éﬁ?ﬁb%ﬁioﬁ{lwas%btaiﬁled.aﬁﬁ'e RdheXién of ﬂ%@ﬁ@@'ﬁ]mf\/\?éﬁ%ﬁ&% iRffle 2. [0132]
Formation of pattege{fenoatian ofarmyiate) oupenading ianithebsame ananneregeExampletl, the
photo-nanoimyyint apd then theryservationdpy B Were condugied. Theesyit ehihg eygluation of
transcription property was shown in Table 2. [0133] Evaluation of dry etching resistance  The dry
etching rate'\Ba R&%{I&ﬂﬁ%ed M tfe é3%hve manner as Example 1. The result was shown in Table 3.
[0134] [Exai@l&'B] Operating in the same manner as Example 2 except modifying the amount of
each ingredientaspigundniTagleytof pa(tiad tyrielypptd 64 vas frenaigshdmans Biehato-curable
nanoimprint m.pé)sition as é)rrEB%F%%iri] rt]h,[ehsalf‘noer manner r%sxltzéagn%lp 1 xceL[ﬂt ad?qiﬂg %4 g of the
partial hydrcgly ate (gj.u?he%l nding ratio and he viscosity were Shown in avle £orhe fﬁterability of
the photo-c@adlei Adsitdriht eBIAReBINGMVas aIke @ralliatei IRentibRed B86VeeaTP e result was
shown in Tadte 2:0485)f Qpearpting in teasameuvannai as fxampledhihe @pplicatiareof the
photo-curablg r}%bolp}rerggrﬁom@\?ém%ﬁpdtghg Fﬂ%??a(}%'i‘ & F?ﬂ“g%& Frecapdycted,agd;the adhesion

and the transcriptio propertéo the obtained cured film were evaluated. The obtained results were
shown in Td0IE 2 aEdRS efcHifg Tate GRREGAIBLIel T tHE SaRREn&hnér 58 Bfample 1. The result
was shown [r00aB]e 3. [0136]

As ot her bifunctional polynerizable nmononmer, there can be

exenplified aliphatic di (nmeth)acrylates such as ethoxyl at ed
pol ypr opyl ene gl ycol di(neth)acryl ate,
2- hydr oxy- 3- acryl oyl oxypropyl nethacryl ate,
2- hydr oxy- 1, 3-di net hacryl oxypr opane, di oxane gl yco
di (neth)acrylate, tricycl odecanedi net hanol di (neth)acryl ate,
1, 4-butandiol di(meth)acrylate, glycerine di(nmeth)acrylate,
1, 6- hexanedi ol di (neth)acryl ate, 1, 9- nonanedi ol di (net h)acryl at e,
1, 10- decanedi ol di (et h)acryl ate, neopentyl gl ycol
di (neth)acrylate, 2-nethyl-1, 8-octanedi ol di(neth)acryl ate,
1, 9- nonanedi ol di (neth)acryl ate, butyl ethyl propanedi ol
di (met h)acryl ate, 3-nethyl-1,5-pentanediol di(neth)acrylate,
etc.; di(nmeth)acrylates having aromatic ring such as et hoxyl ated
bi sphenol A di (nmeth)acryl ate, propoxyl ated et hoxyl at ed bi sphenol
Adi (met h)acryl ate, et hoxyl at ed bi sphenol F di (neth)acrylate, etc.
[0079]

As pol yfunctional polynerizable nononmer having three or nore
(meth)acrylic groups in one nolecule, there can be exenplified
et hoxylated gl ycerine tri(nmeth)acrylate, trinethylol propane
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[Example 4] Using the same method as Example 2, a partial hydrolysate (A) was prepared. Then, the
photo-curable nanoimprint composition was prepared in the same manner as Example 1 except
adding 7.1 g of the partial hydrolysate (A). The blending ratio and the viscosity were shown in Table 1.
The filterability of the photo-curable nanoimprint composition was also evaluated as mentioned above
and the result was shown in Table 2. [0137] Operating in the same manner as Example 1, the
application of the photo-curable nanoimprint composition and the formation of pattern were conducted

and the adh@ﬁiqmenﬁ)taertwwajptme et of the ﬁ@ﬁﬂ{/‘ﬁgl %@Safﬂ@ were evaluated. The
obtained results We{% showr? iq Table 2. The dr etc]pin r"i‘tﬁ \{Vié]s calculated in the same manner as
nme Tg} gm

Example 1. hfe( resull)v%rsysh%vx?n irﬁ)[r%%?é(@. fg8 [rl':lxar_np e prCS’Bgrna%ing in the same manner as
Example 1 éxXddptahBifging tecampimt 3 Water idsoshéwh(Aetdniacr Yd phftial hydrolysate (A) was

prepared. Thent the phato-corabletnaneisipricegmaositial (vesi prepayedlin e sae manner as
Example 1 i . th [ ly lending ratio and the viscosity
were shown? ﬁﬁ%ﬁn’?ﬁgﬁf tlg?gk%i’lit% gﬁ éﬁé} b%c%&cﬁéﬁlé@gggm%mt composition was also
evaluated ab PheAGRERHIW 8hE tHE (REIT RESYSHYWH ®h T 281V NIBACT Bk 8tinkf it the same

manner as Exadple 1, the application of the photo-curable nanoimprint composition and the formation

of pattern werg,copducted gnd ithe adhesion ad INSJrIRsEHni RrepRskkihe Piiainsdpured film

were evaluated. The obtained results were shown in Table 2. The dry etching raté was calculated in
the same manfBfF agrEka‘b?éﬂi'. A3 P&ﬂ?%@dé%ﬂqnuﬁfole%‘.a[é’ﬂ%ﬁ [@géﬁﬁflg 6t]O ?)erating in

the same mhnaneeds Example 1 except modifying the amount of water as shown in Table 1, a partial
hydrolysate [(§p#as prepared. Then, the photo-curable nanoimprint composition was prepared in the

same manner as nglagmle 1 except adg'%n %|42 g.or1;t Eeoanrti%py%rrql %atlee@r?m')rlhg blenldting ratio and
the viscosity wereshdwnin Tabl&® rite fi erarlﬂlify of the pﬁoto-c rable nanmmpnrﬁyc,*omposition was

also evaluatet! ® phéEnmbhed bBBovecakdehd)asnly hWaleshexhia PaIsERs i [©14179 OPerating in the
same mannebasi hxampte Wi, the peipjioaton of gheqhotargurably aengimpenhaempupsitien and the

formation Of%%%‘?ré‘l "‘f%?n‘iﬁ'&dt’éée?’_nrag}gt”ﬂ% %%ri'%?i%‘ %ﬂdeW_‘Bft@%ﬁe%@%‘?ﬁt%r%%@ Phfhe obtained

cured film were evaluated. The obtained results were shown in Table 2. The dry etching rate was
calculated if 5 sBfhd RFARANES ExXhPRY 11 THe FosGRIVALENDWIN TEAIFS! RILAJ] [Example 7]

viscosity, etc. Mreover, as the (neth)acrylate having aromatic
ring, nono(neth)acryl ate having aromatic ring or di (neth)acryl ate
having aromatic ring or a m xture thereof may preferably be used
[ 0082]

Then, the photoinitiator (C) which constitutes the photo-curable
nanoi nprint conposition of the present i nventionw |l be expl ai ned.
[ 0083]

Photoinitiator (Q)

In the present invention, there is no particular limtation on

t he photoinitiator (C and any photoinitiator can be used provi ded
that it may photoplynerize the pol ynerizabl e nononer (B).

As the photoinitiator, the follow ng conpounds can be suitably
used: acetophenone derivatives such as
2, 2-di met hoxy- 1, 2- di phenyl et han- 1- one, 1-hydroxycycl ohexyl
phenyl ketone, 2-hydroxy-2-nethyl-1-phenyl propan- 1-one,
1-[4-(2- hydr oxyet hoxy) - phenyl ] - 2- hydr oxy- 2- et hyl - 1- pr opan- 1-
one,
2- hydroxy- 1- {4-[ 4- (2- hydr oxy- 2- net hyl pr opi onyl ) - benzyl ] - phenyl }
- 2-net hyl - 1- propan- 1-one, phenyl gl yoxylic acid nethyl ester,
2-met hyl - 1-[ 4- (et hyl t hi o) phenyl ] - 2- nor phol i nopr oppan- 1- one,
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Operating in the same manner as Example 2 except using 9.49g of tetraethoxysilane in stead of ethyl
silicate 40 and modifying the amount of water as shown in Table 1, a partial hydrolysate (A) was
prepared. Then, the photo-curable nanoimprint composition was prepared in the same manner as
Example 1 except adding 15.6 g of the partial hydrolysate (A). The blending ratio and the viscosity
were shown in Table 1. The filterability of the photo-curable nanoimprint composition was also
evaluated as mentioned above and the result was shown in Table 2. [0143] Operating in the same

manner as Bxgaplg L. theappisafianiafidhe Rt WRbIe RepRERPINE saMmpRsiton and the formation
of pattern W?I’% C‘(ﬁn%ﬂf gnd nt(f)le%a(zllesnirgphaq%ghne trﬁgsi:riP%;orr}é)rroizj)glrtynofélthel obtt?(ierﬁe(fl cured film
were evaluated. Theobtired fesdiis werg shown I fable 2\ ThedR eichihg rate Was Calculated in
the same maRHEARSIERARPIEUC TheadUINRBBE IRV dRiie . Yol LYPE&APlea8] Operating in
the same mannee asriExamne BeeresntdisingshRomd tormetboxysilylpropyl methacrylate in stead of
trimethoxysilylpropy. oditying t nt of as shown in Table 1, a partial
hydrolysate?évﬁﬁgé&%%ﬁ,%fgﬁa{ﬁc%%%ﬁﬁ%n\%?&%ﬁht composition was prepared in the
same mannér S5 £anpi RESEBPtURNRGH £ D5 BRIHE partidlshydrolysate (A). The blending ratio and
the viscositﬁw@,ré-sﬁﬂvmiryﬂh@ta dy Mniechilye nalbd gy lofihe pttdt_d-am*abj& nasopanprint corr_lpo;,ition was
also evaluated s eHONRA PROYRANA H1d S8k wax sheWhin ZrbIE Bn XA JIpRIing in the

same manner as Examfle 1, the aé)(fllc%,ion of theéf_hoto-curable nanmragnnt composition and the

formation offSAtte/PRBFHEREhIERIE and el &R SoRM A BRE TR cHBHBAY RREMR b e obtained
cured film wexé évallried THe dbtaihed ebsnkowerestrowh irtTableieMhie s pithiag rate was
galculatl_ted _ira)tiﬁeiéanm AN a5 Eﬁﬂa@aalleekzgpe)r{eaulw@sﬁﬁwyiqtoﬁaemnfgn[@ﬁﬁ]dfgfﬁample o]
erating in the anner as Exam , the silicon wafer havin coating film of the
pr?oto-cu?ab e thi%?r?p@n%@o%ﬁzosﬁ%ﬁ @fs-?%frgg ?Ea{dy EHH ?ﬁgﬁdbqgin(g(d V‘&%Ter Wa% subjected to a
photo-nanoitSrikt2. Phds Bk airerbsingen Waree Whieh ¢ iheec@edPflm having the transcribed
pattern (lamiyate) ayas ubadtinexpaparayion-of, raaeimphirt iepliparmgld idp kilicerowiader was cut to

the size of 20 mp x 0 g rg;geegpgra-, ENGNnae A PISURAIBIRL S Mo tplpase teatment,

the hydrolyzing treatment of the su attern was conduct _ ication condition.
The hydroly2intj fréafhBnt WaEBLEWARERENS AR PRERRISIR PrhvEfer (laminate) is put in an oven
and besideda srec8ebcontainimet Wwakdreiszuytl in-thedvert. \vind elpriepentingthedphinate from coming

directly into gontact with watgr glhg evends glaseshand daedamyingle is heated at 70C for one hour.
Thereafter, in qgrder to coduduct the mok(jgh%leaﬁe treatment, the gpa t§rn surface of tr?é Aﬁ)re-treated
[ ) I

laminate is corneSRtG LERERGSuith BRSO AR E0Wace {a\ PEHGEGERTEAIKIN
INDUSTRIES, haroneoptdd-BERY o préparebhyiplieaznapld. {04 zhr eaaheJtudrinel tre@ted
pattern-traagg&ipgos&rrg@qq , llt@gcmjxtgtg p]f%@@;ﬁgi ir;s %%mﬁ?g,awgﬁqgo?gi&%@gt@pz 99hhyimerizable
monomer havin eth)acrylic.gro : otoinitiator ng, the. polymerization inhibitor, was
dropped an%%&‘a c()vttjaé]r‘e%d (%?tﬂ%%%g?(&gpla é.g'r g?n:a fﬁ(%%%gn’oir%’p%n'ti%g”aegp%rx ZBS?E GINEERING
SYSTEM C&. AL TH.."y Ot be) Zitle oBRIIREQ 34eRng was SobRitaBanbH PRBIUNARREAMprint by
pressurizingagietigpprassusquifibadylPet and isadiasing tiekgixter@avith gbhfras twnsislenof quartz

plate for 60 seeapps fy.ihe lightseineed: R 3% nLp. AUSHPSPH”EBQIEWE' gragz plate, the SEM

observation of the obtained pattern surface’'was conducted, whereby it was confirmed that the same

pattern as thdll YRR HARE nét5El Wiak kiGschi. 314sf- i et hoxyt ni oxant hone,

2-chl or ot hi oxant hone, nethyl t hi oxant hone, etc.; benzophenone
derivati ves such as benzophenone,
p, p’ - bi s(di et hyl am no) benzophenone, p, p’ -di met hoxybenzopehnone,
etc.; titanocene derivatives such as
bis- (n°- 2, 4- cycl opent adi en-1-yl)-bis(2, 6-di fluoro-3-(1Hpyrol -1
-yl)-phenyl)titanium etc.
[ 0084]

These phot oi niti ators may be used al one or inthe formof am xture
of at least two nmenbers.
[ 0085]
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[Comparative Example 1] To 2.0 g of the mixture prepared in Example 1, which consists of the
polymerizable monomer having (meth)acrylic group (B), the photoinitiator (C) and the polymerization
inhibiter, 1.98 g of the surface-treatedorganosilicasol (NISSAN CHEMICAL INDUSTRIES, LTD.,
MEK-AC-2101, mean particle size: 10-15 nm, solid content: 30% by mass) was added and the
resulting mixture was stirred at room temperature for 15 minutes to prepare a photo-curable
nanoimprint composition. The blending ratio and the viscosity of the obtained photo-curable
nanoimpr.int CQWQ%’%@°8£‘M§£§§@WBMJ&M% L. Ehedilterahility,of h?s@ﬁoiﬁ%'%ﬁ?l%géﬂg{np”m
composition s pise evalualed as mentioned ahove and e result was shown it 7 8bie, 2, [0149]

The FE-TEM'obseration &f Ero8s-S8Cton' Was conéu&e in tHE ame manmer as xample 1. The
obtained photographiwas shiowi irh Fig.B.Matthesphdtograpk acirbslag struetureiefitens nm was
observed. Qpavatingdnibe same meanKenag Exanmaail, ithe apyplicagionnofbileyphatsi-curahle
nanoimprint,&q@[]pﬁgiﬁaﬁ%.tm farmafi fRat p_ﬁggg%pg[:ﬁ%teed and the adhesion and the
transcription property of the olbtainedcdred ilm were evaluated. The obtained results were shown in
Table 2. Th&dN StERiRY! rafe WAL ELidifatel) i thell SBhBYhafneP dd BkAfple 1. The result was shown
in Table 3. [p1bOb@enperdiivetExdrapld Rhe, Tme polymerixabledmwetdmernhavinge(meth)acrylic group
(B), the phofpinjtiater(®hAnb i palviesyrtion IhiREPR gty RE AR Ui afpint which are same as

those used in the Comparative Example 1, were blended fo prepare a mixture. After adding 1.98 g of
the surface-He3tES AR ZRIS AN EHEMICR! INDUS PRAEBZ PHH 2RjhEKEABY2101, mean
particle sizeed0e15 npn dsoied bphaemtngben byi mass) enadny.29eg bésurface-treated organic zirconiasol
in the type qf dispeisng i e eaRig $qveat(NISRANCHEVI-EAL INDUSTRIES, LTD., OZ-S30K-AC,
particle size; 9.nm, solid content: 20.5% by m to the mixture of the same.amount (2.0 g), the
resulting mix ure %aﬁél é{iﬂ)éﬁegtﬂlyolo%] 'te/}nrbgéraﬁlji@f(grh%dfn?ﬁ(ﬁ/t%ih%l br%'éa?q;ud éﬂgfed-curable
nanoimprintRedth pBS o2 MHEOBkeERY radb ¢ftPihe PisebBRY Y tREomaindd§RSto-curable
nanoimprintizamgpsaiiomivess Shewn i hablesldT hetfiltarahbility pf thelijpheto-curable nanoimprint
composition,wgs also evaluated gs mentioned ahoye and [he resultwas shoyn,in Table 2. [0151]
The FE-TEM ‘observation of cross-seétion was cohducted in the sane manner as Example 1. The
obtained phbtddtabh Gt ides-L&dtRiPRMEsPASGN ihHi§t BY PR Bhotograph, circular structure of tens
nm was obssrved h@ipdratihgno tlaeisaene Katmgl ds Exeanpleatn thee application of the photo-curable

nanoimprintygqpaPationand ihe fasmatioR QiRatiRIPHYeER, gergrsiadhand the adhesion and the
transcription rﬁ%ebrt of the obtained cured film were evaluate 'Th}ﬁ}-}? tained resu|ts were shown in

Table 2. [0152 %iob AR 3F OB AT IS ELARE HNANdPPAL B BiE®L except
modifying the &ndieit oflvaater desrnyd. Snidheganplete 1.8 tied mdletad sHone) idi TabNY) a partial
hydrolysate A} was prepared. Then, the photo-curable nanoimprint composition was prepared in the
same mann Bﬁgbjxample 1 except adding 14.2 g of the partial hydrolysate (A). The blending ratio and
the viscosity 0 photo-curable nanoimprint composition were shown in Table 1. The filterability of
the photo-curdBletdhdiffsifiticdripBBitioPwaktalss eVafli&edPAS niéhtitife @ aBvRNENP B result was
shown in Tadde i2v§0198k, Qpeigingsiphineesaicormamameanas Exaple-ladhe@pptieation of the
photo-curablg, Q?QQ@QQQE compagsition gg_d the formation of pattern were conducted and the adhesion
and the transcription property of the obtained cured film were evaluated. The obtained results were
shown in Tdb9% lrhe transcription of pattern was not completed, probably because the coating film is
stiff. [0154] [Compaeaive Ex@mple diht i Operatirgamhet sam@modioner &6 &xaniplele exgept not using
the partial hydrejyaai& e @ pIﬂOEOn@Uraanls@wimar@mmgogw%wwﬁw edpdbe Rlgnding ratio

and the wsci)ggy pcgrtpg %kg}awéasds pQPtc%-ﬁgr%%lleyrrlT%r}?lgl ﬁ'%t cn%rﬂggglrtlo&\ﬁv.ere shown in Table 1.

[ 0088]
O her additives in the photo-curabl e nanoi nprint conposition

The phot o- cur abl e nanoi npri nt conpositi onof the present i nventi on
may conprise other additives provided that they do not affect
adversely the effects of the present invention.

[ 0089]
On usi ng t he phot o- cur abl e nanoi npri nt conposi ti on of the present
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Operating in the same manner as Example 1, the application of the photo-curable nanoimprint
composition and the formation of pattern were conducted and the adhesion and the transcription
property of the obtained cured film were evaluated. The obtained results were shown in Table 2. The
dry etching rate was calculated in the same manner as Example 1. The result was shown in Table 3.
[0155] [Comparative Example 5] Operating in the same manner as Example 1 except not blending
(meth)acrylic group-containing silicon compound, a partial hydrolysate was prepared from organic

silicon compaHRchPNbh, THED BHRECH-CUFABIENABRAIBIRITG GRMPESHIY WasPiepaigddnile same
manner as Exarlnple 1 e>t<cc-%%t aaddsingslf(?f.0,[qe of tPﬁ thrtigl Qggroly%tg. The[ tglecndi% ratio and the
viscosity of ﬁPerKbpoq_chrable nanéjlmprlr% cdmpositloﬁ wete shown in T abIS 15 Yrie inﬁerability of the
photo-curabl@pahdihbiht comMpssitioprwvaayake euakeited &Y repfibhedtaboveamy tR@$Esult was

shown in Tafde & afiha FEn§EM ebsesvatiouphbresseaptien wasm conduptegirensame manner as

Example 1. T rt.\‘?e?\?'iaérﬁe%’&‘o#%grja‘%éhi%fﬁ%ﬁ%%@‘?” yas Pl iHaé:/igbé- é’?i é@l% Phatpgraph, circular

structure of tens nm was observe in the' same manner as Example 1, the application of

. >d. Upel
the photo-clirathie RahbirhpliAt ddMibbatio? s the Ben4tidh b Retess vahd hdaetetfahd the
adhesion anththbdransdriptiovi pirepetigtoi the abteaetd curepfibh were abhleatadoiTig obtained

results were-ghawe; ip; 1aPI6r2 -t e HanseHiPtion iR aiten Wakpat eamnleted, arpbapeRecause the
coating film js stiff. [Comparative Example 6] A mixture was prepared b blen?'l{n 1?.6 of ethanol,
3 BER NGRS o

3.0 g of 2-hyFoxStMAErYIAEEHOPOE ! CREMFEARNY S, Of #EAN: I ATUERS 9.4 g of
tetraethoxysiaing. Taceteatrixture! bsHareslwatekNHC 1 dhixetifeyWhichreohdists of 4.25 g of ethanol,
0.87 g of waige ppH AR &f N HjFdnwag g@siually aggeern gropoat repepigBpergiyiefnd the
resulting mixtutr% was, ts(bigred. I\/Irc())reqveerq,e aguequs er'%%%raﬁle %Iu}iogtwgircha%%rt\sitc,tg of 1 g of ethanol and
0.61 g of waler was addé&d ’grgdugﬁy ndr p¥ and the resu tiﬁ’g mlxpure Wwas stirred at room
temperature®r e BolEthevYRhoR barddithy frold#8 e THEWC 8l pHBrBoQifaYe faM®imprint
compositionawasfirepagedyn thaSesme manngr as-ExavpieLopieapitaddingtld. O« of Hhe partial

hydrolysate THS&'%HHF@ rg&ﬁtﬂ@ﬂ)? tPSo‘ﬂB‘ES/?WQf E{h%Phé’é%'t rapl 3ol 8“%?9%\%&“0” were

shown in Table 1. The filtér of the photo-curable nanoimprint composition was also evaluated as
mentioned BRPENI B Festlt AL ShoWidiiF TaBlkCONOloRRYaBRY M e adfRE ninMef 85 Example 1,
the applicatioim ofhtHeaphbéecurable hanoirapping ganap ositioof apdthe dbrigationl ofyatéeandere

conducted anct K1 AARRSIN AR thedr BT PERPERY Of dhgaiiaingd ewrest filmwerg evaluated.

Th ined results were shown in Table 2. [01 Table 1 rtical hydrol A
e obta eﬁygrsgltys/svg?g rsfay(/)%eluseacP eA% s[g, WJ sag)l (\ele t ngtl?:%nt%ﬁj r?¥?1%ted|( I)uent

sol vent which has been used in the preparation of parti al
hydr ol ysat e.
[ 0090]

In case of using solvent, there is no particular limtation on
the anobunt of solvent to be used and it can suitably be sel ected
dependi ng on t hi ckness of coatingfil mto be formed. Particularly,
t he anount of solvent is preferably selected such that the
concentration of the solvent is in the range of 10-99% by nass,
assum ng that the total anmount of the sol vent and t he phot o-curabl e
nanoi nprint conposition is 100% by nass.

[ 0091]

The phot o- cur abl e nanoi npri nt conpositi onof the present i nventi on
may conprise other known additives. Particularly, the additives
such as surfactant, polynerizationinhibitor, reactivediluent, etc.
may be added. In viewof uniformty of coating film a surfactant
may be added, and a pol yneri zation inhi bitor may be added i n order
to stabilize so that the polynerization is not caused during
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polymerizable (B) parts by mass of used monomer photoinitiator (C) parts by mass* viscosity (mPa
sec) . organic :no Inc compound parts by mass* (meth)acrylic group-ing

preservation.
[ 0092]

In case of using surfactant, it may be used at the ratio of
0.0001-0.1 parts by mass, preferably 0.0005-0.01 parts by nass with
respect to 100 parts by mass of polynerizable nononer (B).

[ 0093]

As surfactant, fluorine-containing surfactant, silicone based
surfactant, aliphatic surfactant may be used. Especially, it is
preferabletousealiphaticsurfactant, because whent he conposition
is appliedto a substrate such as siliconwafer, “repelling” is not
caused and t he conpositioncanbe uniform yappliedtothesubstrate
As exanple of surfactant, there can be exenplified anionic
surfactants such as netal sal ts of hi gher fatty al cohol sul fate such
as sodi umdecyl sulfate, sodiumlauryl sulfate, etc., netal salts
of al i phati c carboxylic acidsuch as sodi uml aurat e, sodi umst ear at e,
sodi umol eate, etc., netal salts of higher al kyl ether sul fate such
as sodiumlauryl ether sulfate (prepared by sulfating adduct of
| auryl al cohol and ethyl ene oxide), etc., sulfosuccinic acid
di esters such as sodium sul fosuccinate, etc., salts of phosphate
of fatty al cohol ethyl ene oxide adduct, etc.; cationic surfactants
such as al kyl am ne salts such as dodecyl ammoni um chl ori de, etc.
and quaternary anmmoni um salts such as trinethyl dodecyl anmmoni um
brom de, etc.; anphoteric surfactants such as al kyl di et hyl am ne
oxi des such as dodecyl di net hyl am ne oxi de, etc.
al kyl car boxybet ai nes such as dodecyl car boxybet ai ne, etc.,
al kyl sul f obet ai nes such as dodecyl sul f obetai ne, etc., am doam no
acid salts such as | auram dopropyl am ne oxi de, etc.; nonionic
surfactants such as pol yoxyet hyl ene al kyl ethers such as
pol yoxyet hyl ene | auryl ether, etc., pol yoxyal kyl ene al kyl et hers,
pol yoxyet hyl ene di styrenat ed phenyl ethers, pol yoxyethyl ene
al kyl pehnyl et hers such as pol yoxyet hyl ene | auryl phenyl ether, etc.,
pol yoxyet hyl ene tri benzyl phenyl ethers, fatty aci d pol yoxyet hyl ene
esters such as fatty acid pol yoxyet hyl ene | aurate,
pol yoxyet hyl enesor bi tan esters such as pol yoxyet hyl enesorbi tan
| aurate, etc. The respective surfactants may be used al one and i f
necessary, they may be used i n conbination of aplurality of types.
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[ 0094]

I n case of using polynerization inhibitor, it my be used at the
ratio of 0.01-1.0 parts by mass, preferably 0.1-0.5 parts by mass
with respect to 100 parts by mass of polynerizabl e nononer (B).
[ 0095]

As pol ymerization inhibitor, there can be exenplified the known
conmpounds and as t he nost representati ve pol ymeri zation inhibitor,
there can be exenplified hydroqui none nononet hyl et her,
hydr oqui none, butyl hydroxyt ol uene, etc.

[ 0096]

As reactive diluent, there can be exenplified known conpounds such
as N-vinyl pyrrolidone, etc.
[ 0097]

There is no particular limtation on addi ng anount of reactive
di luent. The anount of reactive diluent may suitably be sel ected
fromthe range wherein the formation of pattern with a nold i s not
af fected and can suitably be sel ected fromthe range of 1-50 parts
by mass with respect to 100 parts by mass of pol yneri zabl e nononer
(B). Particularly, considering the reduction of viscosity of the
phot o- cur abl e nanoi nprint conposition, mechanical strength of
pattern, etc., the addi ng anount of reactive diluent is preferably
in the range of 5-30 parts by nass.

[ 0098]

Al so, as other additives, spherical fine particle such as
hyper branched pol ynmers may be added. Inthiscase, it ispreferable
to add t he spherical hyperbranched pol ymer having the di aneter of
1-10 nm the nol ecul ar wei ght of 10, 000-100, 000. The bl endi ng
anount i s preferablyintherange of 0.1-10 parts by masswi threspect
to 100 parts by mass of pol ynerizabl e nonomer (B)

[ 0099]

The phot o- cur abl e nanoi npri nt conpositi onof the present i nventi on
can be prepared by blending the partial hydrolysate (A), the
pol ymeri zabl e nononer (B), the photoinitiator (C, and ot her
addi ti ves whi ch may be added i n accordance wi th necessary. There
is no particular limtation on order of addition of these
i ngredients.
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[ 0100]

Then, a method for formng a pattern on a substrate using the
phot o- cur abl e nanoi nprint conposition prepared according to the
above-nmenti oned nethod will be expl ai ned.

[0101]
Met hod for forming pattern using the photo-curabl e nanoi nprint

conposition

First of all, acoatingfilmisformedby appl yi ngthe photo-curable
nanoi nprint conposition which is prepared by the above-nenti oned
nmet hod according to a known net hod.

[0102]

Inrelation to the substrate, there is no particular limtation
on shape, materi al, and any substrate, sheet, film etc. can be used.
Inparticular, aknown substrate, sheet or fil msuchas siliconwafer,
quartz, gl ass, sapphire, various netal materials, ceram cs such as
alum na, alum numnitride, silicon carbide, siliconnitride, etc,
pol yet hyl ene terephthal ate fil m pol ypropyl ene fil m pol ycarbonate
film triacetylcellulose film cycloolefin resin film |In order
to i nprove the adhesion of substrate to cured filmof the
phot o- cur abl e nanoi npri nt conpositionof the present i nvention, the
substrate nmay be subjected to a surface preparation
[0103]

A coating filmcan be formed by applying the phot o-curabl e
nanoi nprint conposition of the present invention on the substrate
by a known net hod such as spi n coati ng, di ppi ng, di spensi ng, ink-j et
roll-to-roll. There is no particular limtation on thickness of
the coating film The thickness can suitably be determ ned
according to the intended use, but it is usually in the range of
0.1-5 pym. Also, the photo-curable nanoimprint composition of the
present i nvention may suitably be usedin formation of coatingfilm
having the thickness of 0.01-0.1 um.

[0104]

Inorder to formthin coating film it is possible to dilute the
phot o- cur abl e nanoi npri nt conpositionof the present i nventionw th
organic solvent. |In that case, a drying step may suitably be
i ncorporated in accordance with boiling point, volatility of the
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used organic solvent into the process for formati on of pattern.
[ 0105]

Then, a pattern-form ng surface of nold, on which a desirable
pattern has previously been fornmed, is brought into contact with
theformedcoatingfilm Thenoldis preferably nmade of transparent
mat erial such as quartz, transparent resin filmin order to cure
t he appli ed conpositionviaphotoirradiationtoformthecuredfilm
The phot o- cur abl e nanoi nprint conposition of the present invention
enablesapatterntobetranscri bedw thaconparatively | owpressure
on pressing the nol d agai nst thecuredfilm Thereis noparticular
[imtationonthe pressure, but the pattern can be transcribed with
the pressure of 0.01-1 MPa. OF course, it is possibletotranscribe
patternw th a pressure beyond upper linit of the range of pressure.
[0106]

Thereafter, as remaining the situation of contacting the
pattern-formng surface of nold with the coating film alight is
irradiated to cure the coating film The light to be irradiated
has the wave-length of up to 500 nmand the irradiation tine is
selected fromthe range of 0.1-300 seconds. It is usually in the
range of 1-60 seconds but it may vary depending to the thickness
of coating film
[0107]

In relation to atnosphere in which the photo-polynerization is
carried out, the photo-polynerization may be carried out in the
at nosphere, but it is preferabl etoconduct t he photo-pol ynerization
in an atnosphere in which inhibition due to oxygen is |ow, such as
ni trogen gas atnosphere, inert gas atnosphere, fluorine gas
at nosphere, vacuum at nosphere, etc.

[0108]

After t he phot o- pol yneri zati on, al am nat e havi ng apatternfornmed
by the cured coating film(cured filn on the substrate i s obtai ned
by detaching the mold fromthe cured film
[0109]

Formation of pattern in substrate (etching of |anm nate having

pattern formed by cured film

Usi ng t he photo-curabl e nanoi nprint conposition of the present
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i nvention, the formed cured filmshows the excellent etching
resi stance. For that reason, the pattern forned by the cured film
is extrenely excellent in resistance against etching w th oxygen
gas, fluorine-containing gas, etc. and accordingly it can suitably
be used in production of a substrate havi ng nano-scale relief
structure. As the fluorine-containing gas, it is possible to use
known gas whi ch can be usedinreactiveionetching. Inparticular,
there can be exenplified sul fur hexafl uoride, fluoronethane,

di fl uoronet hane, trifl uoronethane, tetrafluoromethane.

[0110]

In a process for formng a pattern on the substrate which has,
onitssurface, thecuredfil mtowhichapatternhasbeentranscribed
withthenmold, the patternbeingformedonthe substrate onthe basis
of the pattern of the cured film first of all, the thin part of
curedfilm(or “remaining filn) i s renoved by dry etchingto expose
asurface of the substrate. Then, the zone of the substrate i n which
the remaining filmis renoved i s subjected to dry etching or netal
deposition. On the other hand, the zone of the substrate whichis
covered with thick part of the cured filmis not dry-etched because
of maski ng.

[0111]
Use of | ami nate on which patternis formed by cured fil m(use as

replica nold)

I n accordance with t he above-nenti oned process, the pattern can
be formed on the substrate by dry etching. However, the
phot o- cur abl e nanoi npri nt conposition of the present i nvention has
superior performance characteristics and accordi ngly can be used
in other intended use. For exanple, the cured filmmade of the
phot o- cur abl e nanoi npri nt conposition of the present i nvention has
good hardness, because of good dispersion state of inorganic
conponents. For that reason, the | am nate conprising a substrate
on which the pattern made of the cured fil mhas been fornmed can be
used as a replica nold for nanoi nprint.

[0112]

In case of using the lamnate as a replica nold for nanoinprint,

it is preferable to treat a surface of the lamnate with a
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fluorine-containing silane coupling agent. The detachability of
the surface of the | am nate fromother naterial can be i nproved by
reactionwith the silane coupling agent. It is consideredthat the
i nprovenent of detachability is caused by a reaction of silane
coupling agent with al koxy groupremaininginthe curedfilmtoform
chemical ly linkage. For that reason, the | anmi nate obtained after
thereactionwi th the sil ane coupling agent is still nore excell ent
in rel ease property.

[0113]

As the silane coupling agent, known fl uorine-containing silane
agent s can be used provi dedthat t hey may i nprovetherel ease property.
I nparticul ar, there can be exenplified conpounds whi ch are obt ai ned
by substituting a part or all of hydrogen atons of al kyl group in
tri hal ogenat ed organi ¢ sil ane nol ecul e or trial koxy organi c sil ane
nol ecul e with fluorine.

[0114]

Though there is no particular limtation on the reacti on between
the silane coupling agent and the lamnate, it is preferable to
conduct the reaction under humd condition. |In particular, the
reactionis preferably conductedat therelativehum dity of 40-100%
The sil ane coupling agent is cone into contact with the | am nate
under hum d conditionto react them Thoughthereis no particular
limtation on the tenperature at which the reaction is conduct ed,
itispreferablyintherangeof 40-80°C. As aprocessfor contacting,
i ncase of using liquidsilane coupling agent, known processes such
as soaki ng of the surface on which a pattern has been fornmed in the
liquid, dip coat, spin coat, spray coat, etc. may be used. The
reactiontine may suitably be sel ect ed dependi ng on t he tenperature
and the relative humdity.

[0115]

After being reacted with the silane coupling agent in accordance
with the above-nenti oned process, the lamnate is washed with
fl uorine-containing sol vent such as hydro fluoro ether, etc. and
then is dried. Thus obtained lamnate is superior in rel ease
property and can be used as a replica nold for nanoinprint.
Exanpl e
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[0116]

Now, the present invention will be described in nore detail by
way of exanpl es and conpar ati ve exanpl es, but the present i nvention
is not limted to these exanpl es.

[0117]

In the exanpl es nmentioned bel ow, the photo-curable nanoi npri nt
conposition of the present invention is evaluated on the basis of
the foll owi ng properties.

[0118]
Eval uation of filterability

The phot o- cur abl e nanoi npri nt conpositions which are prepared in
t he exanpl es and the conparative exanpl es nmenti oned bel ow are
treated as foll ows; using syringe filter having the pore di anet er
of 0.2 ymd and 10 ml syringe, 10 ml of the composition is manually
filtered. The evaluation standards are shown bel ow.

O: It is conpletely filtered within 20 seconds.

A It is conpletely filtered within one m nute.

X: Clogging is cased and it is not filtered.
[0119]

Eval uati on of adhesion of cured filmto substrate

Usi ng t he photo-curabl e nanoi nprint conposition, a photo-cured
filmis fornmed on a silicon wafer (P-type, one mrror-finished
surface, no oxidi zed menbrane). The cel | ophane tape 405 havi ng t he
wi dth of 15 mMm (NI CHI BAN CO., LTD.) is stuck to the photo-cured film
through the force of pressure by three round trips of finger and
then the cel | ophane tape i s peel ed. The adhesi on of the cured film
tothe substrate i s eval uated according to the foll owi ng eval uati on
st andar ds.

The cured filmis not peeled at all:

The peeling area is | ess than 10%

The peeling area is not |ess than 10% but | ess than 50%

The peeling area is not |ess than 50% but | ess than 100%

N NV )

The peeling area is 100% (whole area is peel ed):
[0120]
Eval uati on of rel ease property fromnold

Asiliconwafer (P-type, onemrror-finishedsurface, no oxidi zed
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menbrane) having a coating filmof the photo-curable nanoinprint
conposition is prepared by applying the photo-curabl e nanoi npri nt
conposition on the silicon wafer by spin coat and drying at 120°C
for 1 mnute. Using a quartz plate, 20 nmlong and 20 nmw de, as
a nold, in the nanoi nprinting apparatus (SANMVEI ELECTRONI CS CO
LTD.; I npFl ex Essential), thesiliconwafer is pressurizedw ththe
pressure of 0.25 MPa and is irradiated with [ight fromthe |ight
source LED 365 nmfor 10 seconds to conduct the nanoinprint. The
stress on draggi ng the quartz plate fromthe nold (rel easing force)
is neasured to evaluate the rel ease property from nol d.
[0121]

Eval uati on of transcription property

The shape-transcription property of the pattern which is fornmed
on t he substrat e by usi ng t he phot o- curabl e nanoi npri nt conposition
i s eval uat ed by observati onw t h scanni ng el ectron nm croscope (SEM .
The eval uation is conducted on the transcribed pattern conpri sing
15 lines having the wdth of 80 nmarranged at the space of 80 nm
(hereinafter, it is referred to as “80 nmline/ space”). The
eval uati on standards are shown bel ow.

O: Pattern shape is conpletely transcri bed.

A: Sonme defects of pattern shape are visible.

X: Pattern shape is not transcribed at all.
[0122]
Eval uati on of etching resistance

A photo-cured fil mof the photo-curabl e nanoi nprint comnposition
prepared in the exanple or the conparative exanple is fornmed on a
silicon wafer (P-type, one mirror-finished surface, no oxidized
menbrane). Using areactiveion etching apparatus, the dry etching
Wi t h oxygen gas, CHF; gas i s conduct ed under t he condi ti ons nmenti oned
bel ow. The dry etching rate (nmmn.) is calculated fromthe
relati on between the dry etching tine and t he decreasi ng anount of
phot o-cured film

Condi tions of the dry etching:

Oxygen gas: gas fl owrate 50 sccm RF power 100 W control pressure
5.0 Pa
CHF; gas: gas flowrate 50 sccm RF power 100 W control pressure
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2.0 Pa
[0123]
[ Exampl e 1]
Preparation of partial hydrolysate (A)

A m xture was prepared by blending 13.6 g of ethanol, 3.0 g of
trimet hoxysilyl propyl acrylate as (neth)acrylic group-containing
sili con conpound, and 6.8 g of ethyl silicate 40 (COLCQAT CO., LTD.;
on average, pentaner of tetraethoxysilane) as organic silicon
conmpound. To the mxture, ethanol/water/2N-HCO m xture which
consists of 4.25 g of ethanol, 0.85 g of water and 0. 16 g of 2N-HO
was gradually added in drops at roomtenperature with stirring.
Mor eover, aqueous et hanol sol ution which consists of 1 g of et hanol
and 0.32 g of water was added gradually in drops and the resulting
m xture was stirred at roomtenperature for one hour to obtain a
partial hydrolysate (A) of m xture of organic silicon compound and
(meth)acrylic group-containing silicon conpound.

Preparati on of phot o-curabl e nanoi nprint conposition

As t he pol yneri zabl e nononmer havi ng (neth)acrylic group (B), 2.5
g of pol yoet hyl ene gl ycol diacrylate (SH N- NAKAMURA CHEM CAL CO. ,
LTD. ; NK ESTER A-200), 7.5 g of et hoxyl ated bi sphenol A diacrylate
( SHI N- NAKAMURA CHEM CAL CO., LTD.; NK ESTER A-BPE-10), 5.0 g of
phenoxypol yet hyl ene gl ycol acryl ate (SH N- NAKAMURA CHEM CAL CO.,
LTD. ; NK ESTER AMP-10G), 5.0 g of hydroxyethyl at ed o- phenyl phenol
acryl ate ( SH N- NAKAMURA CHEM CAL CO., LTD.; NK ESTER A-LEN-10), and
5.0 g of tricycl odecanedi net hanol diacryl ate (SH N- NAKAMURA
CHEM CAL CO, LTD.; NK ESTER A-DCP) were used.

As the photoinitiator (C, 1.0 g of
2-di met hyl am no- 2- (4- et hyl - benzyl ) - 1- (4- nol phol i n- 4-yl - phenyl)
- but an- 1-one (BASF JAPAN LTD.; | RGACURE® 379 EG was used.

As the polynerization inhibitor, 0.0375 g of hydroqui none
nmonomet hyl ether and 0.005 g of butyl hydr oxytol uene were used.

The above-nmentioned silicon conpound having (neth)acrylic group
(B), the photoinitiator (C and the pol ynmerization i nhibitor were
honmogeneousl y bl ended to prepare a m xture and 4 g was wei ghed from
them xture. To4gof them xture, 13.4 gof thepartial hydrol ysate
(A) prepared as nentioned above was added and the resul ting m xture
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was stirred at roomtenperature for 15 mnutes to obtain the
phot o- cur abl e nanoi npri nt conposition. The blendingratioandthe
viscosity of the obtai ned photo-curabl e nanoi nprint comnposition
were shown in Table 1. The filterability of the photo-curable
nanoi nprint conposition was eval uated as nenti oned above and t he
result was shown in Table 2.
[ 0124]

Confirmation of dispersibility by FE- TEM

The obt ai ned phot o- cur abl e nanoi npri nt conpositionwas sandw ched

between quartz plates, surface of which was subjected to rel ease
treatment, and was photo-cured to forma cured film The obt ai ned
cured filmwas enbedded in epoxy resin and subjected to
cross-sectioning by ultramcrotome. Using a field-emssion type
transm ssion el ectron m croscope, the FE-TEM observation of
cross-section was conducted. The obtai ned phot ograph of
cross-section was shown in Fig. 1. The photograph shown in Fig.
1 denpnstrated that the cured fil mhas uni formstructure. Wereby,
the di spersibility of the photo-curabl e nanoi npri nt conposi ti on was
confirmed.
[ 0125]

Applicati on of photo-curabl e nanoi nprint conposition

The obt ai ned phot o-cur abl e nanoi npri nt conposition was dil uted
wi th 1-met hoxy- 2- propanol to adjust the concentration to be 25%by
mass. The diluted photo-curabl e nanoi nprint conposition was
applied on a silicon wafer (P-type, one mrror-finished surface,
no oxi di zed nmenbrane) by spin-coating at 2000 rpm for 30 seconds
and then dried at 120°C for 1 minute. Thus, the silicon wafer on
which the coating fil mof the phot o-curabl e nanoi npri nt conmposition
was formed was obtained. The coating filmwas cured at the sanme
condition (condition for photo-curing) as the condition for the
formationof pattern nmentioned bel owandt he adhesi on of t he obt ai ned
cured filmto the silicon wafer was eval uated under the
above-nmenti oned conditions. The obtainedresult was shownin Tabl e
2.

[0126]
Formation of pattern (formation of | am nate)
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Using a quartz nold with 80 nmline/space (NTT- AT NANCFABRI CATI ON
LTD.; 80L RESG ), in ananoi nprinting appar atus ( SANMEI ELECTRONI CS
CO., LTD.; InpFlex Essential), the obtained silicon wafer having
the coating fil mof the photo-curabl e nanoi nprint conposition was
pressurized with the pressure of 0.5 MPa and was irradiated with
light fromthe |light source LED 365 nmfor 10 seconds to conduct
t he nanoi mprint. The used quartz nold was previously subjectedto
rel ease treatment with fluorine-containing surface preparation
agent (DAIKIN I NDUSTRIES LTD.; Optool -DSX). The shape of pattern
transcri bed after the |ight nanoi nprint was observed by SEM The
obtained result on eval uation of transcription property was shown
in Table 2.

[0127]
Eval uati on of dry etching resistance

Usi ngareactiveionetching apparatus, thedry etchingwth oxygen
gas, CHF; gas was conducted. The dry etchingrate (nmmn.) on each
gas was calculated fromthe relati on between the etching ti me and
t he decreasi ng anount of photo-cured film The obtai ned result was
shown in Table 3.

[0128]
[ Exampl e 2]
Preparation of partial hydrolysate (A)

A m xture was prepared by blending 13.6 g of ethanol, 3.0 g of
trimet hoxysilyl propyl acrylate as (neth)acrylic group-containing
silicon conpound, 6.8 g of ethyl silicate 40 (COLCOAT CO., LTD.;
on average, pentaner of tetraethoxysilane) as organic silicon
conmpound, and 1.7 g of 85%by mass sol ution of zirconi um but oxi de
(tetrabutyl zirconium al koxide) in 1-butanol. To the m xture,
et hanol /wat er/ 2N- HC mi xture whi ch consists of 4.25 g of ethanol,
0.85 g of water and 0.16 g of 2N-HCl was gradual |y added i n drops
at roomtenperature with stirring. Mreover, aqueous ethanol
sol uti on which consists of 1 g of ethanol and 0.46 g of water was
added gradually in drops and the resulting m xture was stirred at
roomtenperature for one hour to obtain a partial hydrol ysate (A)
conprising organic silicon conpound, (meth)acrylic
group-containing silicon conpound and netal al koxi de.
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[0129]
Preparati on of phot o-curabl e nanoi nprint conposition

The pol ymeri zabl e nononer having (nmeth)acrylic group (B), the
photoinitiator (C), and the pol ynmeri zation inhibitor, the type and
t he anmount of whi ch are sane as those used i n Exanpl e 1, wer e bl ended
to prepare a m xture. To a part of the mxture (4.0 g), 14.2 g of
t he above-nentioned partial hydrolysate (A) was added. The
resulting mxture was stirred at roomtenperature for 15 m nutes
t o preparethe phot o-curabl e nanoi npri nt conposition. The bl endi ng
rati o and the viscosity of the obtained photo-curabl e nanoi npri nt
conposition were shown in Table 1. The filterability of the
phot o- cur abl e nanoi nprint conposition was eval uated as nenti oned
above and the result was shown in Table 2.

[ 0130]
Confirmation of dispersibility by FE- TEM
The FE- TEMobservati on of cross-secti on was conducted in the sane

manner as Exanple 1. The obt ai ned phot ograph of cross-section was
shown in Fig. 2. The photograph shown in Fig. 2 denponstrated t hat
the cured fil mhas fine, uniformstructure of nano-scal e. Wereby,
the di spersibility of the photo-curabl e nanoi npri nt conposi ti on was
confirned.
[ 0131]

Applicati on of photo-curabl e nanoi nprint conposition

Operatinginthe same manner as Exanpl e 1, the silicon wafer havi ng
the coating fil mof the photo-curabl e nanoi nprint conposition was
obt ai ned. The adhesion of the cured filmwas shown in Table 2.
[0132]

Formation of pattern (formation of | am nate)

Operating inthe sanme manner as Exanpl e 1, the phot o- nanoi npri nt
and then t he observati on by SEMwere conducted. The result of the
eval uation of transcription property was shown in Table 2.
[0133]

Eval uati on of dry etching resistance

The dry etching rate was cal cul ated i n t he same manner as Exanpl e
1. The result was shown in Table 3.
[0134]
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[ Exanpl e 3]

Operating in the same manner as Exanple 2 except nodifying the
anount of each ingredi ent as shownin Table 1, a partial hydrol ysate
(A) was prepared. Then, the photo-curabl e nanoi nprint comnposition
was prepared in the same manner as Exanple 1 except adding 24 g of
the partial hydrolysate (A). The blending ratio and the viscosity
were shown in Table 1. The filterability of the photo-curable
nanoi nprint conposition was al so eval uated as nenti oned above and
the result was shown in Table 2.

[ 0135]

Operating inthe sane manner as Exanpl e 1, the application of the
phot o- cur abl e nanoi npri nt conposition and the formati on of pattern
wer e conduct ed and t he adhesi on and the transcription property of
t he obt ai ned cured fil mwere eval uated. The obtained results were
shown in Table 2. The dry etching rate was cal cul ated in the same
manner as Exanple 1. The result was shown in Table 3.

[0136]
[ Exampl e 4]

Usi ng t he sane net hod as Exanpl e 2, a partial hydrol ysate (A) was
prepared. Then, the photo-curabl e nanoinprint conposition was
prepared in the same manner as Exanple 1 except adding 7.1 g of the
partial hydrolysate (A). The blending ratioandthe viscosity were
shown in Table 1. The filterability of the photo-curable
nanoi nprint conposition was al so eval uated as nenti oned above and
the result was shown in Table 2.

[0137]

Operating inthe sane manner as Exanpl e 1, the application of the
phot o- cur abl e nanoi npri nt conposition and the formati on of pattern
wer e conducted and t he adhesi on and the transcription property of
t he obt ai ned cured fil mwere eval uated. The obtained results were
shown in Table 2. The dry etching rate was cal cul ated in the same
manner as Exanple 1. The result was shown in Table 3.

[0138]
[ Exampl e 5]

Operating in the same manner as Exanple 1 except nodifying the
anount of water as shown in Table 1, a partial hydrol ysate (A) was
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prepared. Then, the photo-curabl e nanoinprint conposition was
prepared in the sanme manner as Exanple 1 except adding 14.2 g of
the partial hydrolysate (A). The blending ratio and the viscosity
were shown in Table 1. The filterability of the photo-curable
nanoi nprint conposition was al so eval uated as nmenti oned above and
the result was shown in Table 2.

[0139]

Operating inthe sane manner as Exanpl e 1, the application of the
phot o- cur abl e nanoi npri nt conposition and the formati on of pattern
wer e conducted and t he adhesi on and the transcription property of
t he obt ai ned cured fil mwere eval uated. The obtained results were
shown in Table 2. The dry etching rate was cal cul ated in the same
manner as Exanple 1. The result was shown in Table 3.

[ 0140]
[ Exampl e 6]

Operating in the same manner as Exanple 1 except nodifying the
anount of water as shown in Table 1, a partial hydrol ysate (A) was
prepared. Then, the photo-curabl e nanoinprint conposition was
prepared in the sane manner as Exanple 1 except adding 14.2 g of
the partial hydrolysate (A). The blending ratio and the viscosity
were shown in Table 1. The filterability of the photo-curable
nanoi nprint conposition was al so eval uated as nenti oned above and
the result was shown in Table 2.

[ 0141]

Operating inthe sane manner as Exanpl e 1, the application of the
phot o- cur abl e nanoi npri nt conposition and the formati on of pattern
wer e conduct ed and t he adhesi on and the transcription property of
t he obt ai ned cured fil mwere eval uated. The obtained results were
shown in Table 2. The dry etching rate was cal cul ated in the sanme
manner as Exanple 1. The result was shown in Table 3.

[0142]
[ Exampl e 7]

Operating in the same manner as Exanple 2 except using 9.4g of
tetraethoxysilane in stead of ethyl silicate 40 and nodifyi ng the
anount of water as shown in Table 1, a partial hydrol ysate (A) was
prepared. Then, the photo-curabl e nanoinprint conposition was
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220 Ex6 2 19 Ex3 1 14 Ex8 1 14 Comparative Ex. 4 193 16 [0159] [Example 10] Preparation of
partial hydrolysate (A)

prepared in the sanme manner as Exanple 1 except adding 15.6 g of
the partial hydrolysate (A). The blending ratio and the viscosity
were shown in Table 1. The filterability of the photo-curable
nanoi nprint conposition was al so eval uated as nmenti oned above and
the result was shown in Table 2.

[0143]

Operating inthe sane manner as Exanpl e 1, the application of the
phot o- cur abl e nanoi npri nt conposition and the formati on of pattern
wer e conducted and t he adhesi on and the transcription property of
t he obt ai ned cured fil mwere eval uated. The obtained results were
shown in Table 2. The dry etching rate was cal cul ated in the same
manner as Exanple 1. The result was shown in Table 3.

[ 0144]
[ Exanpl e 8]

Operating in the sane manner as Exanple 2 except using 3.2g of
trimet hoxysilyl propyl nethacrylate in stead of
trimet hoxysilyl propyl acrylate and nodi fying the anmount of water
as shown in Table 1, a partial hydrolysate (A) was prepared. Then,
t he phot o- cur abl e nanoi npri nt conpositi on was prepared in the sane
manner as Exanpl e 1 except addi ng 14.2 g of the partial hydrol ysate
(A). The blending ratio and the viscosity were shown in Table 1.
The filterability of the photo-curabl e nanoi npri nt conpositi on was
al so eval uat ed as nenti oned above and the result was shown in Tabl e
2.

[ 0145]

Operating inthe sane manner as Exanpl e 1, the application of the
phot o- cur abl e nanoi npri nt conposition and the formati on of pattern
wer e conduct ed and t he adhesi on and the transcription property of
t he obt ai ned cured fil mwere eval uated. The obtained results were
shown in Table 2. The dry etching rate was cal cul ated in the sanme
manner as Exanple 1. The result was shown in Table 3.

[ 0146]
[ Exampl e 9]

Operatinginthe same nmanner as Exanpl e 2, the silicon wafer havi ng
the coating fil mof the photo-curabl e nanoi nprint conposition was
pr epar ed and t he obt ai ned waf er was subj ect ed t o a phot o- nanoi npri nt.
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A mixture was prepared by blending 0.28 g of a solution prepared by diluting
(3,3,3-trifluoropropyl)trimethoxysilane with ethanol to the solid content of 10% as fluorinated silane
compound, 3.0 g of trimethoxysilyltrimethylene acrylate as (meth)acrylic group-containing silicon
compound, and 13.6 g of ethanol. To the mixture, ethanol/water/2N-HC1 mixture which consists of
1.63 g of ethanol, 0.31 g of water and 0.06 g of 2N-HC1 was gradually added in drops and the
resulting mixture was stirred at room temperature for one hour to obtain a partial hydrolysate in the

form of mixtytre, §opstsiingeel €ia fliQinaiedesilang eamnaundhandhed MeihiaaRicdyouRecontaining

silicon comqound. To the obt?inednp rtial hxd{ol sate 6'8e%Pf' ethXI silicate 49.(COL OAT CO., LTD,;
rascrlbdipaher (la aegvms’.f.:s in pr(?aralano
on average, pehtameroftetraethoxysi anersl as organic silicon compound Was added and ethanol

/water/2N-HBNRiRRIre WhichPt b isis b2, 6 X BeoBéthagon 9@ley of@satedtando0 timeg Bf2N-HC1 was
added gradually in giipprsAo e Brisiuie athegrattesiperaturemwitastiipgeMareavasgieeus ethanol

solution whigh, Gonsipte of 'Ppe%tortn?m?n?h%nﬂgdfogrl%r% ﬁvg“‘?? ‘é’éﬁn%%‘?e%fgrﬁﬂga% }](?j gkgps and the

resulting mixture was stirred at room temperat  hour to obtain a partial h #](s;fite (A)
comprising RirtHEd pafidrasy frBRA4E ¢ dtgdRic §iliBIR@nhpEaht Ofb 188] P rdiatio
photo-curabihy daoloymipngt coezgosition was he palyoteriz adode fnobhomer (Bh¢he phatoinittator (C), and

the polymerizgtion ihibitafaresPEStivg:of Which resame aadhase used da BxaipRiginyvsge blended
to prepare a mixture and 2,0 g was weighed from the mixture. To the mixture (2.0 '%)ﬁfi?@% of the

above-mentBH& partflhydrdifE¥ §R) wil'd B D tHd L 0kiAG MiRAHE room
temperaturedforeld miriues woptegsdravat fhots-eurdoie raroiinpthtosetpositidre Taeilslahding ratio
?Ind tr:)‘?l_ViSCP%itM&I‘SQ@ cépvtat-)')llﬁdIp@@p‘&ﬁ@@@d@”?@@@@h@@@ﬁp%@%Wfé? Str}pV&%ril@J@ﬁﬂe 4aTEe
ilterability of the photo-curable nanoimprint composition was evaluated as, mentioned apove and the
st wae S BT A B T D S AT 28 BB e bBeation of
the photo-clraBl@abaoimpFPRRONIHEsiEBALA thé Forralibd OTipt<rAnbatd thEdBEfEREAd the

adhesion, the tpasatiptonag@pentypan ke KEessR Eepertpof thptalypimeskyuredplilepwese
evaluated. The QBFEi‘iQSdngﬁH!tS were shown in Table 5. The dry etching rate was calculated in the
same manner as_ Example 1. The result was shown in Table 6. [0162] [Example 11] Preparation of
partial hydrc[l%ét@ (A) A mixture was prepared by blending 0.28 g of a solution prepared by diluting
(3,3, 3-trifluoropnopyd) trinnethoxg'stlaratveithpetheoh o thee sofid momges rof dd¥6 abdloornated silane

compound, 3,Q.gRTdFMAtRPaYRIVETMEHRY 'EHec%Wé/ﬂ%tﬁsa%f(r@%@%aGWWegﬁ%P@%HHﬂ%ﬁ”iPO“
compound, and.13.6 g of ethanol. To the mixt g etl'@gollwater/ N-HC1 mﬁreavr\]/glctm%onssts of
1.63 g of etfﬁﬁYblf‘@.é [5P Rt 4% %f(?é’%f N-584 RAL YR R

pol ymeri zati on i nhi bi tor, was dropped and was covered with a quartz

pl ate. Then, i nananoi nprintingapparatus (ENG NEERI NGSYSTEMCOQO. ,

LTD. ; EUN- 4200), the obtained assenbly was subjected to a

phot o- nanoi nprint by pressurizing at the pressure of 0.3 MPa and

irradiating the mxture with light fromthe side of quartz plate

for 60 seconds by the light source LED 375 nm After peeling off

the quartz pl ate, t he SEMobservati on of t he obt ai ned pattern surface

was conducted, whereby it was confirmed that the sane pattern as

that of the used nold was transcri bed.

[ 0148]

[ Conparati ve Exanpl e 1]

To 2.0 g of the mixture prepared i n Exanpl e 1, which consists of

t he pol yneri zabl e mononmer having (nmeth)acrylic group (B), the

photoinitiator (C) and the pol yneri zation inhibiter, 1.98 g of the

surface-treatedorganosilicasol (NI SSANCHEM CAL | NDUSTRI ES, LTD.,

MEK- AC- 2101, nean particle size: 10-15 nm solid content: 30% by

mass) was added and the resulting mxture was stirred at room
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in drops and the resulting mixture was stirred at room temperature for one hour to obtain a partial
hydrolysate in the form of mixture consisting of the fluorinated silane compound and the (meth)acrylic
group-containing silicon compound. To the obtained partial hydrolysate, 6.8 gof ethyl silicate 40
(COLCOAT CO., LTD.; on average, pentamer of tetraethoxysilane) as organic silicon compound and
1.70 g of 85 % by mass zirconium butoxide (tetrabutylzirconiumalkoxide) solution in 1-butanol were
added and to the resulting mixture, ethanol/water/2N-HC1 mixture which consists of 2.62 g of ethanol,
0.66 g of waterpBHR 4P A N4 mlnyas Added aspdrally ipriopscal roen tREHSaBienwith stirring.
Moreover, agueous. ethanol SﬂUtiBPe% icrr]1 ccr)g§ists gr]; éﬂ)l(q) 9 aof eé[ggng agpl $h3e7 9.9 awgg%{ was added
gradually in %‘?ngsa{nd fht resy ing Mixturd was'stirfed at' toom emp'er%ture orone KOUto obtain a
partial hydrd&hte QU eP iz fuhéNth€ PEPEAI Ry droly&ite shenganie siikdrecdbmpdlfder and the
partial hydrglysater abmetaladfoxiske pktas] Fuiepsiratipgnel phetmewabiBRNPERPEY apBYOSition

To 2.0 g of homo 0 i in.t p Ich cansists. of lysnerizable
monomer (é%\,?ﬁll(e& %gﬁnﬁtii%m(é%ﬁgr%%eﬁ%%o%?ngeﬁﬁio}ie%rgr%ig&%gre%g%@iv@ o??%?]ii)c g':e same as
those, 7.0 g[cﬁ]tﬂ% above-mentioned partial hydrolysate (A) was added and the resulting mixture was
stirred at roonT tenffieraiNe farel v aniinote sftocp egmareex photovas atde dsrtaohprint benspasition. The
blending ratjg,and thesviseqajty of the ehiaipsrphrie-pHEAYE NP IRLEAMAQSiEPY Were shown in

Table 4. The filterability of the@\ﬁ?}oto-cura le nanmmgarmt composition was evaluated as mentioned
above and thB re%6itRVL WLARin ThbRM52" odrithy'ifi tRE dathe rRIhMBF 28985k 10, the
application épicaphow-corable saneimprinecoatpdsigoplandthé fierraanbh edtpateref wehe conducted

and the adh@ﬁiﬁfb-tbﬁrtéﬂﬂiﬁﬂla%m WQPQHYC%@&BEtrﬁlﬂa%@m@fpﬁ@fﬁbpfrﬂiﬁ? tham%tcﬂé?ﬂ fi_Im were
evaluated. The obtaquggﬁrtesalltsn\getr% ghé)%ré én Table d'-', 'l;]he dr etchl.n;g[;traée was cal&)ulatgd in the

same manner as I‘::Qamp e ¢ e redditWas Showin 'Ilab?e t6r. 8?85] karrhglreofﬁr Vep?aration of

partial hydrdIPafTAR) nesp&rating fr tHe Wahee §vahHat 6d- Exdhfpledt Rigxedpt @asH Nt amount of
each ingredigidvas shovebire Tablethe gaytiat byl rajysate(Apwasapeeparesd [Dh66hErepasation of

photo-curabrlr%ﬁﬁgpi?ﬂ%ri& g I%QS_Lit.iO”Th d9 %Sougtof\mﬁ P‘éqw\%ggnﬁoyg%%tgr.e used in the Example
p :

10, which consists of the polymerizable monomer (B), the photoinitiator and the polymerization
inhibitor, 12[908f3me above-mentioned partial hydrolysate (A) was added and the resulting mixture was
stirred at ro¢@oimpapertdtuee Exabpineindles to prepare a photo-curable nanoimprint composition. The

blending ratio and the yisepsiy Bf thegiaitedrleiCyrahlenangimrring carmppPesafion were shown in
Table 4. The filtera |I:%z of thevgtxoto-cu a%%le nanoimprint compaosition was evta}llll]Jated as mentioned
above and tRAFERLR WAE5RowTin PANE ?[@fégfeb'p{a?éhr?é) ihtHEUARE makhd YRS Bnple 10,

the applicatioheofitie photdHctitable remtingsrinthes® pastton mden&donantbh st Fxeem were
conducted and e adbesipdhedrppegapiion RipRelyand Ahedelears REOREWE of the @biained cured

e e T A R LU0 STy TG s s colouiace
MEK- AC- 2101, nean particle size: 10-15 nm solid content: 30% by
mass) and 0. 29 g of surface-treated organic zirconiasol inthetype
of di spersinginorganic solvent (Nl SSAN CHEM CAL | NDUSTRI ES, LTD.,
OzZ- S30K- AC, particle size: 9 nm solid content: 20.5%by mass) to
the m xture of the same anmount (2.0 g), the resulting m xture was
stirredat roomtenperaturefor 15 m nutesto prepare aphoto-curable
nanoi nprint conposition. The blending ratio and the viscosity of
t he obt ai ned phot o-curabl e nanoi nprint conposition were shown in
Table 1. The filterability of the photo-curabl e nanoi nprint
conposition was al so eval uated as nenti oned above and the result
was shown in Table 2.

[ 0151]
The FE- TEMobservati on of cross-secti on was conducted in the sane
manner as Exanple 1. The obt ai ned phot ograph of cross-section was
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[Example 13] Preparation of partial hydrolysate (A) Operating in the same manner as Example 11
except modifying the amount of each ingredient as shown in Table 4, a partial hydrolysate (A) was
prepared. [0168] Preparation of photo-curable nanoimprint composition To 2.0 g of the
homogeneous mixture used in the Example 10, which consists of the polymerizable monomer (B), the
photoinitiator (C), and the polymerization inhibitor, 3.6 g of the above-mentioned partial hydrolysate
(A) was added and the resulting mixture was stirred at room temperature for 15 minutes to prepare a

photo-curabig saRaimating. cOMpasitioRe Thicoblarcing rabiprand Hie ¥i9qasityr@f Bre obiained

photo-curable nanoimprint composition were spﬁwn in Table 4. The fiIB(rabiliIty o{th? Iphoto-curable
. WAS obssf. ved, erating ih the sans menner’ ds Bxanpl e e.
nanoimprint cComposition was evaluated as mentioned above and the result'was shown in Table 5.

[0169] Operaihyaatthersfhetanpleplad EXaATYI€ 1TRIRAEEYPIRatIGPNBPHE piedtaBdrabie
nanoimprintfeymaesienoang dne dermakea of aliernareaondyctathasddheaatihasien, the

transcription pLaReIy Bsﬂfjotﬁep'}e(%%%ﬁggr%e{%%m PREINEG Ay Mmpete gvalyptedyThe

obtained results were shown in he dry etc mgﬁ;‘%te was calculated in the same manner as
Example 1. Th@ QA Wae dHeith §iF T4RIE 65 [O1P0] [EXERRPR 24] Preparation of partial hydrolysate

(A) Operafingsajthe same manner as Example 11 except using
(tridecafluorpc%,ﬂp%,gégqt@g@ﬁxﬁyel)griethoxysilane as fluorinated silane compound in stead of
[ i

(3,3,3-trifluoropropyltrimethoxysilane, using 0.66 gof a solution prepared by diluting the fluorinated
silane compo Qﬁwdr{bI{ ‘?hé%drﬁ%ﬁ}ght%? 1658 F i gﬁ)ihﬁt&%&%tngf Wafer as shown
in Table 4, @paridl ofdresatef (2)rwvls prepaesd N 167 1]cP de farttioesohphetas usdiolemanoimprint
compositiontadiae2 P gofthethamoggnesrsabduieaysaddn she faramaple fikvhicRconsists of the
polymerizablc?1 monomertﬂ%, the 8hotoiniti{;\tor C d the erization inhib{tﬂr 7.0 g of the

ot 4 nol nt_co n € sa

a olym
above-mentPoneoo b%Lrjtriﬁ y rgiaysathM was a 8%'2%#1& ﬂwg'?eysmﬂ{iﬁsa%& u}e was stirred at room

temperature RIS nait e3B! b &7 8 PhROE NG BIE: FalB Pl B8RTpition dTREMSBhEIng ratio
and the viscpajty offthe abtaiaed phaioicurabte nasoimpEds compsisitior watetshawnan(Table 4. The

filterability of, e, p F‘?m“ré‘BlﬁpBQPPirBR”\'R/EFB”%FP]%%QHOPnW?QbEFVe‘?"E?‘te%é mantigngs] pppye and the
result was shown in Table 5. _ ) o
of the phot o-curabl e nanoi nprint conposition was al so eval uat ed as
mentioned above and the result was shown in Table 2.
[ 0153]

Operating inthe sane manner as Exanpl e 1, the application of the
phot o- cur abl e nanoi npri nt conposition and the formati on of pattern
wer e conducted and t he adhesi on and the transcription property of
t he obt ai ned cured fil mwere eval uated. The obtained results were
shown in Table 2. The transcription of pattern was not conpl et ed,
probably because the coating filmis stiff.

[ 0154]
[ Conpar ati ve Exanpl e 4]

Operating in the same manner as Exanple 1 except not using the
partial hydrolysate (A), a photo-curabl e nanoinprint conposition
was prepared. The blendingratio and the viscosity of the obtai ned
phot o- cur abl e nanoi nprint conposition were shown in Table 1.
Operating in the sane manner as Exanple 1, the application of the
phot o- cur abl e nanoi npri nt conposition and the formati on of pattern
wer e conducted and t he adhesi on and the transcription property of
t he obt ai ned cured fil mwere eval uated. The obtained results were
shown in Table 2. The dry etching rate was cal cul ated in the sanme
manner as Exanmple 1. The result was shown in Table 3.
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Operating in the same manner as Example 10, the application of the photo-curable nanoimprint
composition and the formation of pattern were conducted and the adhesion, the transcription property
and the release property of the obtained cured film were evaluated. The obtained results were shown
in Table 5. The dry etching rate was calculated in the same manner as Example 1. The result was
shown in Table 6. [0172] [Example 15] Preparation of partial hydrolysate (A) Operating in the same
manner as Example 11 except using (3,3,3-trifluoropropyl)methyldimethoxysilane as fluorinated silane
compound ip(ﬁggqj of (3,3,3-trifluoropropyl)trimethoxysilane and using 0.26 g of a solution prepared
by diluting tr[} quoripatt?(\j/ sil%frze cqlmpgrnd with ethanol to the solid content of 10%, a partial

16875

hydrolysate Wae Srepaere THJI.) eparation of photo-curable nanoimprint composition To 2.0g

of the homogemai#d hilgture UdeRl FRFRafIIe e, afhiekasBNiSisis 6X aePpoliheAk&DR Rbnomer (B),
the photoinitiaiar (e apditberalymeszat@minhipitan, i7cdg cotivoanaye-znpatienad partial hydrolysate
(A) was adged pg #@%{8%%” rd Itlg%%%?’?%ﬁ%@%ﬁﬁt A it%%ﬁ%%%%%r& W'”“tﬁ%&? prepare a

photo-curablé nanoimprint comp on. The blending ratio and the viscosity of the obtained
photo-curabfe PRAAMPHNRROAPGEAbARIERYE SREWRORI TABIR XePhR fidRa6ity Bf tAE prfG-curable
nanoimprintrermposiso Bxveap leyd uated @s adeintoned. sbgve arfietiparesalt \Wwadrshloyegaire Table 5.

[0174] Opefaling|IBARRATSMENARE AH*aMBle 40: {he APPlicaliApf themigte-curable

nanoimprint composition and the formation of paﬁ%}rn were c%nduc ed and the adhesion, the

transcriptiod BRSPETRY BAl FRRASELE BroPBHS SN obhife Gurkd filthSvEke EERARIEH! ¥he
obtained result$ heenshowaunaRhisien8nThendryrétching eatd ivvasvedcalatedeiviatheas@heamanner as

Example 1. Hie: ieswtidvas shovandn fiedle &s [01 79k an8Rle 16] Pg@paragion of partial hydrolysate
(A) Operating in the e manner as Example 11 except using 1.50 g of a solution prepared by
dilting (333 T orop BT R oo e Wi e a0 e G Fush i oh 1086, % Dertal
hydrolysate TRAPWis #¥eb4pa®! P ilz6]) The obt ai ned phot ograph of cross-section was

shown in Fig. 5. In the photograph, circular structure of tens nm
was observed. Operating in the same nmanner as Exanple 1, the
appl i cati on of the photo-curabl e nanoi nprint conposition and the
formation of pattern were conducted and the adhesion and the
transcription property of the obtained cured fil mwere eval uat ed.
The obtained results were shown in Table 2. The transcription of
pattern was not conpleted, probably because the coating filmis
stiff.

[ Conpar ati ve Exanpl e 6]

A m xture was prepared by blending 13.6 g of ethanol, 3.0 g of
2- hydr oxyet hyl acryl ate (KYOEl CHEM CAL CO., LTD., LI GHT ESTERHOA),
and 9.4 g of tetraethoxysilane. To the m xture,
et hanol /wat er/ 2N- HC mi xture whi ch consists of 4.25 g of ethanol,
0.87 g of water and 0.16 g of 2N-HCl was gradual |y added i n drops
at roomtenperatureandtheresultingmxturewas stirred. Moreover,
aqueous et hanol sol uti on which consists of 1 g of ethanol and 0. 61
g of water was added gradually in drops and the resulting m xture
was stirred at roomtenperature for one hour to obtain a parti al
hydrol ysate. Then, a photo-curable nanoi nprint conposition was
prepared in the sane manner as Exanple 1 except adding 12.9 g of
the partial hydrolysate. The blending ratio and the viscosity of
t he phot o-curabl e nanoi nprint conposition were shown in Table 1.
The filterability of the photo-curabl e nanoi npri nt conpositi on was
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Preparation of photo-curable nanoimprint composition To 2.0 g of the homogeneous mixture of the
polymerizable monomer (B), the photoinitiator (C), and the polymerization inhibitor, respective of which
are same as those used in Example 10, 7.1 g of the above-mentioned partial hydrolysate (A) was
added and the resulting mixture was stirred at room temperature for 15 minutes to prepare a
photo-curable nanoimprint composition. The blending ratio and the viscosity of the obtained
photo-curable nanoimprint composition were shown in Table 4. The filterability of the photo-curable
nanoimprint.gayppasiianves Reasuiehryaludiedaarnenionad abpugansdibeesii s shown in
Table 5. [OlZ?] Operating in the same manner as Example 10, the application of the photo-curable
nanoimprint™composition and the formation of pattern were conducted and the adhesion, the
transcription propeayidrtl tRetréfe888% ripRss o th&ubiaIred curba MRPWetatdiluatetin¥he
obtained regits weea shiovennadaie 5. nithe s sschingnratieawasecalgutatachin greiamermanner as
Example 1. \XQFerecsﬁH‘dYYé‘?esd“%WH P EaRle 8 06'171 %HEWBP{‘? LALE 53@?5%1@%9’1 gS‘F‘R} [pydrolysate

(A) Operating in the same manner as xamE)Ie except using 0.02¢ a solution"prepared by
diluting (3,33 &iMRSRIPIEPyD iR thbkJEHERE \GiR'SRAREH to ThE NGBt ARGt &TUl doh, WepArtial
hydrolysate SApwras prajsdiesl. 20179] Preparation of photo-curable nanoimprint composition To 2.0 g
of the homoggpegus mixture used in Example 10, which consists of the polymerizable monomer (B),
the photoin;Eator ), and the polymerization inhibitor, 7.0 g of the above-mentioned partial hydrolysate
(A) was ad [PRhG tﬂf resulting mixture was stirred at room temperature for 15 minutes to prepare a
photo-curable nanoimprint composition. The blending ratio and the viscosity of the obtained
photo-curable nanoimprint composition were shown in Table 4. The filterability of the photo-curable
nanoimprint composition was evaluated as mentioned above and the result was shown in Table 5.
Operating in the same manner as Example 10, the application of the photo-curable nanoimprint
composition and the formation of pattern were conducted and the adhesion, the transcription property
and the release property of the obtained cured film were evaluated. The obtained results were shown
in Table 5. The dry etching rate was calculated in the same manner as Example 1. The result was
shown in Table 6. [0180] [Example 18] Preparation of partial hydrolysate (A) A mixture was prepared
by blending 0.28 g of a solution prepared by diluting (3,3,3-trifluoropropyl)trimethoxysilane with ethanol
to the solid content of 10% as fluorinated silane compound, 3.0 g of trimethoxysilylpropy! acrylate as
(meth)acrylic group-containing silicon compound, 6.8 g of ethyl silicate 40 (COLCOAT CO., LTD.; on
average, pentamer of tetraethoxysilane) as organic silicon compound, 1.70 g of 85 % by mass
zirconium butoxide (tetrabutylzirconium alkoxide) solution in 1-butanol, and 13.6 g of ethanol. To the
mixture, ethanol/water/2N-HC1 mixture which consists of 4.25 g of ethanol, 0.97 g of water and 0.16 g
of 2N-HC1 was gradually added in drops with stirring. Moreover, agueous ethanol solution which
consists of 1.00 g of ethanol and 0.37 g of water was added gradually in drops and the resulting
mixture was stirred at room temperature for one hour to obtain a partial hydrolysate (A) comprising
partial hydrolysates of the fluorinated silane compound, the organic silicon compound, the organic
silicon compound and the metal alkoxide.
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[0181] Preparation of photo-curable nanoimprint composition
used in Example 10, which consists of the polymerizable monomer (B), the photoinitiator (C), and the
polymerization inhibitor, 7.0 g of the above-mentioned partial hydrolysate (A) was added and the
resulting mixture was stirred at room temperature for 15 minutes to prepare a photo-curable
nanoimprint composition. The blending ratio and the viscosity of the obtained photo-curable
nanoimprint composition were shown in Table 4. The filterability of the photo-curable nanoimprint
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as evalu

To 2.0 g of the homogeneous mixture

ted as mentioned above and the result was sho

nin Tah

le 5. [0

Operating in
composition
and the relea
in Table 5. Tk
shown in Tal
manner as E
trimethoxysily
hydrolysate (

and the for
Se propert)
ne dry etch
le 6. [0183] {EX&MpkE 19
xample 11

the same manner as bxamaplgiidsath@application jof the ph

Ipropyl ac

) was pre

INGikate v

organic

except u

5ing 3
ylate and rmtdbiylr getheéva
Pliciol [Qn RZI‘PSPrena'Pﬁﬁnr

mm"p'mmm
of the obt%iﬁfe@f“cured fiI

p
&&BQACU

ompou

2.

Vv

1 dPreparatl n of pg
ethoxyj
12:5.5]3'1

of tri

amoun

meund
rtfarehy

5ilylprg

he adhegi
evaluaieaertdne
Rrera®s
drolysate

pyl meth

pfglater asgssho

n?‘}s)%mﬁa-?"l*r rabl&{ii\ng

ion, the t
obtainetd
ExamplﬂéE
(A)  Oq
pcrylate i
vreats Bval]
imp#iat ¢

DtO- curabie nanoi

' (Phesde

ranscrip
réeats

erating
1 stead (
led,aq

1mpnqiti

82]

mprint

ion property
vere shown
sult was

n the same
nf 3.0 g of
artial

n To20g

of the homogeneetis mi

Ktureouse

d ||34Exarnple 10,

wibich| coBnsis

5ts ofothe

polymeri:

rable md

the photoiniti

ator

CJ, an
ed

dthe po
‘SU?FI’]O

ymerizatio
hixture was stirrgd

nni

:)II(%lg

o

e

(A-3) was ad
photo-curabl¢

P nanﬂimprlnt camp

pbsition. T

hezds)ien

ding ra

ne 1%EOV(

|ooand theovisc

a-meptlon

sity of th E obtain

ed [gartl

nomer (B),

al hydrolysate
prepare a

b

photo-curabl¢
nanoimprint

nan0|mp
OmDOSItIOI

it comp
30,4
1 Was ev

Sit 051 W
Iuezed a

5Te Sho
84 ..
5 menti

VT i 1

Dle 4

0.9
ned a ove a

T n1%0ri|te
d the re

abitity of
sult was S

the pho
hown i

o-curable
Table 5.

[0185] Opertatingxin the saore M

anBes as

Examy

nanoimprint
transcription

ompusluo
rooertv all

Tand the

d 98 reLeagé'gpro

formatio

erty of

le 10, t

th&%obtaifigd

hev.applicaton qf thenpho

to-carab

le

of paﬁtem‘WETE‘CUn'ouaeu a
Cureﬁ filnp Were evaluated

d me ad

eS|on

he
The

obtained res

Its were sl

nowngin Tabk.&. Thadlry

Example 1. T
Example 1, t

heTesultw

e sifiton waféfhav

as show,

TTT -i;dbi
nqat(he C(

6. 10

atify

eteiung

A?lmthe o

rate w

as aalcul

lated4in th

g same

manner as

x:unple

201
ofo- choroable nanoimprint corr position

Oop

ldLIH}) 1p)

he Sam

manner as

prepared in Ex@mﬁre“_’fl was pre

pared an

d the ol

dtained

wafer

Wasosu bj

bcted to 3

pheto-1

lan0|mpr|nt .

Thus obtain

d é&lﬁk&.’;ﬁv\é"
used in a prepdkation off nanoimg

afer-whic

Thasth

ririt replica mold. The s

cured

T hayimyg the

2 I.ldllb(,ll
licon waféf’({/vac cut to the

ged pdue

T(tarmit
b siZe of

1ate) was
20 mm x 20

mm around t

1e0etm

Then, as

a pre-tre

atment

forgno|d rele

Aseitieatmenty the

hydsolyz

ing treatment

of the surface

was conductedeas follo

‘é'o Rt

WasS CUI
vs: The ¢

ut silicon

ductedu

dera
wafer

ation
)isp

yornichf
amina

condition:
Ut in%3n o

IIIB llyL

ven and |

IUI LIII

DES 8%8

treatment
n vessel

containing w

i grpt

N thgeove

n. While

preven

ingghellagpin

hte feem (

toming di

rectly info contact

in order to

with water, t
conduct the 1

nadsreleag

< Cotparative |

1 |
1USTU A

e treht

o

ry) [
Ui iarll

. -
mTatc 13

8%he p

attern 9

F e X
al Iy

ofthe

heateq
urfdce

£
TUT UT1

1o Tla
mour. 111

tredffd Ig

£
reaitci

minéte is

corfe i

to contact

with a fluorine-containing surface preparation agent (DAIKIN INDUSTRIES, LTD.; Optool-DSX) to

prepare a repliCa ﬂﬂe@lﬂg amount (parts by mass) of each ingredient with respect to 100 parts by mass of
polymerizable monomer

[

k¥

Inluding also water deriving from 2N-HCI

*%% : Comparative example in which 2-hydroxyethyl acrylate is used.

0157]

[ Tabl e 2]

54

: Number of moles of used water with respect to the number of moles of all alkoxy groups (times)



[0187] On the fluorine-treated pattern-transcribing surface, the mixture prepared in Example 10, which
consists of the polymerizable monomer having (meth)acrylic group (B), the photoinitiator (C) and the
polymerization inhibitor, was dropped and was covered with a quartz plate. Then, in a nanoimprinting
apparatus (ENGINEERING SYSTEM CO., LTD.; EUN-4200), the obtained assembly was subjected to
a photo-nanoimprint by pressurizing at the pressure of 0.3 MPa and irradiating the mixture with light
from the side of quartz plate side for 60 seconds by the light source LED 375 nm. After peeling off the
guartz plate, the obtained pattern surface was subjected to SEM observation, the SEM observation of
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Operating in the same manner as Example 11 except not using the (meth)acrylic group-containing
silicon compound, a partial hydrolysate was prepared. [0191] Preparation of photo-curable nanoimprint
composition To 2.0 g of the homogeneous mixture used in Example 10, which consists of the
polymerizable monomer (B), the photoinitiator (C), and the polymerization inhibitor, 5.0 g of the
above-mentioned partial hydrolysate was added and the resulting mixture was stirred at room
temperature for 15 minutes to prepare a photo-curable nanoimprint composition. The blending ratio
and the viscosity of the obtained photo-curable nanoimprint composition were shown in Table 4. The
filterability of the photo-curable nanoimpript, commAPsItionWasSvaluated as mentioned above and the
result was shown in Table 5. [0192}-Operating-in-the same manneras Example 10, the application of
the photo-curalple nanoimprint compositiearegas the form&ittin eépattefn were conducted and the
adhesion, the rgiease property and thetranscriptionpropertyoitheobtaipedcuredfilm were evaluated.
The obtained results V\%’hfshown in Table. The tr nscriptiéﬁ of pattgrn was not completed, probably
because the cdating film is stiff. [0193] [Comparative Example 9] Preparation of photo-curable
nanoimprint composition“ Operating in the same manner a% xample 10 except not using the partial
hydrolysate, a Jhoto-cgr le nanpimprint gompositipn was qr&pared. he blending ratio and the
viscosity of the obtained photo-cUrable nanoimprint|composition were|shown in Table 4. The
filterability of the photogcyrable n noimpriqt compogition wa§49valuated as mentioned above and the
result was shoywn in Table 5. [0194] Operating in the same manner s Example 10, the application of
the photo-curable nangigyprint compositiom and the fformatioggof pattefn were conducted and the

adhesion, the release property and thetranscriptionpropertyoftheobtainedcuredfilm were evaluated.

The obtained results wetg shown|in Tablesb. The diy etchinggate wag calculated in the same manner
as Example 1. FFhe-result-was-shown-rTable-6—163951HTable4}
Ex.7 1 14
Ex.8 1 14
Comparative
Ex. 4 193 16
[ 0159]
[ Exampl e 10]

Preparation of partial hydrol ysate (A)

A m xture was prepared by bl ending 0.28 g of a sol ution prepared
by diluting (3,3,3-trifluoropropyl)trinethoxysilane with ethanol
to the solid content of 10%as fluorinated silane compound, 3.0 g
of trimethoxysilyltrimethylene acrylate as (neth)acrylic
group-containing silicon compound, and 13.6 g of ethanol. To the
m xture, ethanol/water/2N HC m xture which consists of 1.63 g of
et hanol, 0.31 g of water and 0.06 g of 2N-HO was gradual | y added
indrops and the resulting m xture was stirred at roomtenperature
for one hour to obtain a partial hydrolysate in the formof m xture
consi sting of the fluorinated sil ane conpound and the (neth)acrylic
group-containing silicon conpound. To the obtained parti al
hydrol ysate, 6. 8gof ethyl silicate 40 (COLCOAT CO., LTD.; on aver age,
pent amer of tetraethoxysil ane) as organi c siliconconpound was added
and et hanol /wat er/ 2N- HCI m xt ur e whi ch consi sts of 2. 62 g of et hanol,
0.60 g of water and 0.10 g of 2N-HCl was added gradual Iy i n drops
tothem xture at roomtenperaturewithstirring. Mreover, agueous
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partical hydrolysate(A) polymerizable monomer (B) parts by mass photoinitiator (C) parts by mass*
viscosity (mPa 'sec) fluorinated organic silane compound parts by mass* (meth)acrylic group-
containing silicon

et hanol sol ution which consists of 1.00 g of ethanol and 0.28 g of
wat er was added gradually in drops and the resulting m xture was
stirred at roomtenperature for one hour to obtain a partial
hydrol ysate (A) conprisingfurther apartial hydrol ysate of organic
silicon conpound.
[0160]

Preparati on of phot o-curabl e nanoi nprint conposition

The pol ynmeri zabl e nononer (B), the photoinitiator (C, and the
pol ymeri zationinhibitor, respective of whi ch are sane as t hose used
i n Exanpl e 1, were bl ended to prepare a m xture and 2. 0 g was wei ghed
fromthe mxture. To the mxture (2.0 g), 5.6 g of the
above- nmenti oned partial hydrol ysate (A) was added and t he resul ting
m xture was stirred at roomtenperature for 15 mnutes to prepare
a phot o-curabl e nanoi nprint conposition. The blending ratio and
t he vi scosi ty of t he obt ai ned phot o- cur abl e nanoi npri nt conposition
were shown in Table 4. The filterability of the photo-curable
nanoi nprint conposition was eval uated as nenti oned above and the
result was shown in Table 5.

[0161]

Operating inthe sane manner as Exanpl e 1, the application of the
phot o- cur abl e nanoi npri nt conposition and the formati on of pattern
wer e conduct ed and t he adhesi on, the transcri ption property and t he
rel ease property of the obtained cured filmwere evaluated. The
obtained results were shown in Table 5. The dry etching rate was
calcul ated in the sane manner as Exanple 1. The result was shown
in Table 6.

[0162]
[ Exampl e 11]
Preparation of partial hydrolysate (A)

A m xture was prepared by bl ending 0.28 g of a sol ution prepared
by diluting (3,3,3-trifluoropropyl)trinethoxysilane with ethanol
to the solid content of 10%as fluorinated silane compound, 3.0 g
of trinmethoxysilytrilmethylene acrylate as (neth)acrylic
group-containing silicon conmpound, and 13.6 g of ethanol. To the
m xture, ethanol/water/2N HC m xture which consists of 1.63 g of
et hanol, 0.31 g of water and 0.06 g of 2N-HO was gradual | y added
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compound parts by mass* organic silicon compound parts by mass* metal alkoxide parts by mass*
2N-HCI parts by mass amount of used water molar ratio**

indrops and the resulting m xture was stirred at roomtenperature
for one hour to obtain a partial hydrolysate in the formof m xture
consi sting of the fluorinated sil ane conpound and the (neth)acrylic
group-containing silicon conpound. To the obtained parti al
hydrol ysate, 6. 8gof ethyl silicate40 (COLCOAT CO., LTD.; on aver age,
pent amer of tetraet hoxysilane) as organic silicon conpound and 1.70
g of 85 %by mass zi rconi umbut oxi de (tetrabutyl zi rconi umal koxi de)
solution in 1-butanol were added and to the resulting m xture,
et hanol /wat er/ 2N- HC mi xture whi ch consists of 2.62 g of ethanol,
0.66 g of water and 0.10 g of 2N-HCl was added gradual Iy i n drops
at roomtenperature with stirring. Mreover, aqueous ethanol
sol uti on which consists of 1.00 g of ethanol and 0.37 g of water
was added gradually in drops and the resulting m xture was stirred
at roomtenperature for one hour to obtain a partial hydrol ysate
(A) conprising further the partial hydrolysate of organic silicon
conmpounder and the partial hydrolysate of netal alkoxide.
[0163]

Preparati on of phot o-curabl e nanoi nprint conposition

To 2.0 g of the honbgeneous m xture used in the Exanpl e 10, which
consi sts of the pol ynerizabl e nononmer (B), the photoinitiator (O,
and the pol ymerization inhibitor, respective of which are sane as
those, 7.0 g of t he above-nenti oned parti al hydrol ysate (A) was added
and the resulting m xture was stirred at roomtenperature for 15
m nutes to prepare a photo-curable nanoinprint conposition. The
bl ending ratio and the viscosity of the obtained photo-curable
nanoi nprint conposition were shown in Table 4. The filterability
of the photo-curable nanoi nprint conposition was eval uated as
menti oned above and the result was shown in Table 5.

Operating in the sanme manner as Exanple 10, the application of
t he phot o-curabl e nanoi nprint conposition and the fornmation of
pattern were conducted and t he adhesi on, the transcripti on property
and the rel ease property of the obtained cured fil mwere eval uat ed.
The obtained results were shown in Table 5. The dry etching rate
was cal cul at ed i n t he same manner as Exanple 1. The result was shown
in Table 6.

[ 0164]
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[ Exampl e 12]
Preparation of partial hydrolysate (A)

Operating in the same manner as Exanpl e 11 except nodifying the
anount of each ingredi ent as shown in Tabl e 4, a partial hydrol ysate
(A) was prepar ed.

[0165]
Preparati on of phot o-curabl e nanoi nprint conposition

To 2.0 g of the honbgeneous m xture used in the Exanpl e 10, which
consi sts of the pol ynerizabl e nononmer (B), the photoinitiator (O,
and the polynerization inhibitor, 12 g of the above-nenti oned
partial hydrolysate (A) was added and the resulting mxture was
stirredat roomtenperaturefor 15 m nutesto prepare aphoto-curable
nanoi nprint conposition. The blending ratio and the viscosity of
t he obt ai ned phot o-curabl e nanoi nprint conposition were shown in
Table 4. The filterability of the photo-curabl e nanoi nprint
conposi ti onwas eval uat ed as nenti oned above and t he resul t was shown
in Table 5.

[0166]

Operating in the sanme manner as Exanple 10, the application of
t he phot o- curabl e nanoi nprint conposition and the fornmation of
pattern were conducted and t he adhesi on, the transcripti on property
and the rel ease property of the obtained cured fil mwere eval uat ed.
The obtained results were shown in Table 5. The dry etching rate
was cal cul at ed i n t he same manner as Exanple 1. The result was shown
in Table 6.

[0167]
[ Exanpl e 13]
Preparation of partial hydrolysate (A)

Operating in the same manner as Exanpl e 11 except nodifying the
anount of each ingredi ent as shownin Tabl e 4, a partial hydrol ysate
(A) was prepar ed.

[0168]
Preparati on of phot o-curabl e nanoi nprint conposition

To 2.0 g of the honbgeneous m xture used in the Exanpl e 10, which
consi sts of the pol ynerizabl e nononmer (B), the photoinitiator (O,
and the polynerization inhibitor, 3.6 g of the above-nentioned
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partial hydrolysate (A) was added and the resulting mxture was
stirredat roomtenperaturefor 15m nutesto prepare aphoto-curable
nanoi nprint conposition. The blending ratio and the viscosity of
t he obt ai ned phot o-curabl e nanoi nprint conposition were shown in
Table 4. The filterability of the photo-curabl e nanoi nprint
conposi ti onwas eval uat ed as nenti oned above and t he resul t was shown
in Table 5.
[0169]

Operating in the sanme manner as Exanple 10, the application of
t he phot o- curabl e nanoi nprint conposition and the fornmation of
pattern were conducted and t he adhesi on, the transcripti on property
and the rel ease property of the obtained cured fil mwere eval uat ed.
The obtained results were shown in Table 5. The dry etching rate
was cal cul at ed i n t he same manner as Exanple 1. The result was shown
in Table 6.
[0170]
[ Exampl e 14]

Preparation of partial hydrol ysate (A)

Operating in the same manner as Exanple 11 except using
(tridecafluoro-1,1,2,2-tetrahydrooctyl)-triethoxysilane as
fluorinated silane conpound in stead of
(3,3,3-trifluoropropyl)trimethoxysil ane, using0. 66 gof asolution
prepared by diluting the fluorinated sil ane conpound w th et hanol
to the solid content of 10% and nodi fyi ng the anount of water as
shown in Table 4, a partial hydrolysate (A) was prepared.

[0171]
Preparati on of photo-curabl e nanoi nprint conposition

To 2.0 g of the honbgeneous m xture used in the Exanpl e 10, which
consi sts of the pol ynerizabl e nononmer (B), the photoinitiator (O,
and the polynerization inhibitor, 7.0 g of the above-nentioned
partial hydrolysate (A) was added and the resulting m xture was
stirredat roomtenperaturefor 15m nutesto prepare aphoto-curable
nanoi nprint conposition. The blending ratio and the viscosity of
t he obt ai ned phot o-curabl e nanoi nprint conposition were shown in
Table 4. The filterability of the photo-curabl e nanoi nprint
conposi ti onwas eval uat ed as nenti oned above and t he resul t was shown
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in Table 5.

Operating in the sanme manner as Exanple 10, the application of
t he phot o- curabl e nanoi nprint conposition and the fornmation of
pattern were conducted and t he adhesi on, the transcripti on property
and the rel ease property of the obtained cured fil mwere eval uat ed.
The obtained results were shown in Table 5. The dry etching rate
was cal cul at ed i n t he same manner as Exanple 1. The result was shown
in Table 6.
[0172]
[ Exampl e 15]

Preparation of partial hydrol ysate (A)

Operating in the same manner as Exanple 11 except using
(3,3,3-trifluoropropyl)nethyl di net hoxysil ane as fl uori nated
si |l ane conpound in stead of
(3,3,3-trifluoropropyl)trinmethoxysilane and using 0.26 g of a
sol ution prepared by diluting the fluorinated sil ane conpound with
et hanol to the solid content of 10% a partial hydrolysate (A was
pr epar ed.

[0173]
Preparati on of phot o-curabl e nanoi nprint conposition

To 2.0 g of the honpgeneous m xture used in Exanple 10, which
coni si sts of the pol yneri zabl e nononer (B), the photoinitiator (C),
and the polynerization inhibitor, 7.0 g of the above-nentioned
partial hydrolysate (A) was added and the resulting m xture was
stirredat roomtenperaturefor 15m nutesto prepare aphoto-curable
nanoi nprint conposition. The blending ratio and the viscosity of
t he obt ai ned phot o-curabl e nanoi nprint conposition were shown in
Table 4. The filterability of the photo-curabl e nanoi nprint
conposi ti onwas eval uat ed as nenti oned above and t he resul t was shown
in Table 5.

[0174]

Operating in the sanme manner as Exanple 10, the application of
t he phot o-curabl e nanoi nprint conposition and the fornmation of
pattern were conducted and t he adhesi on, the transcripti on property
and the rel ease property of the obtained cured fil mwere eval uat ed.
The obtained results were shown in Table 5. The dry etching rate
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was cal cul at ed i n t he same manner as Exanple 1. The result was shown
in Table 6.
[0175]
[ Exampl e 16]
Preparation of partial hydrolysate (A)

Operating in the same manner as Exanple 11 except using 1.50 g
of a solution prepared by diluting
(3,3,3-trifluoropropyl)trimethoxysilane with ethanol to the solid
content of 10% a partial hydrolysate (A was prepared.

[0176]
Preparati on of phot o-curabl e nanoi nprint conposition

To 2.0 g of the honogeneous m xture of the pol yneri zabl e nononer
(B), the photoinitiator (C), and the polynerization inhibitor
respecti ve of which are sane as those used in Exanple 10, 7.1 g of
t he above-nentioned partial hydrolysate (A) was added and the
resulting mxture was stirred at roomtenperature for 15 m nutes
to prepare a photo-curabl e nanoi nprint conposition. The bl ending
rati o and the viscosity of the obtained photo-curabl e nanoi npri nt
conposition were shown in Table 4. The filterability of the
phot o- cur abl e nanoi nprint conposition was neasured eval uated as
menti oned above and the result was shown in Table 5.

[0177]

Operating in the sanme manner as Exanple 10, the application of
t he phot o- curabl e nanoi nprint conposition and the fornmation of
pattern were conducted and t he adhesi on, the transcripti on property
and the rel ease property of the obtained cured fil mwere eval uat ed.
The obtained results were shown in Table 5. The dry etching rate
was cal cul at ed i n t he same manner as Exanple 1. The result was shown
in Table 6.

[0178]
[ Exampl e 17]
Preparation of partial hydrolysate (A)

Operating in the sanme manner as Exanpl e 11 except using 0.028 g
of a solution prepared by diluting
(3,3,3-trifluoropropyl)trimethoxysilane with ethanol to the solid
content of 10% a partial hydrolysate (A was prepared.
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[0179]
Preparati on of phot o-curabl e nanoi nprint conposition

To 2.0 g of the honpgeneous m xture used in Exanple 10, which
consi sts of the pol ynerizabl e nononmer (B), the photoinitiator (O,
and the polynerization inhibitor, 7.0 g of the above-nentioned
partial hydrolysate (A) was added and the resulting mxture was
stirredat roomtenperaturefor 15m nutesto prepare aphoto-curable
nanoi nprint conposition. The blending ratio and the viscosity of
t he obt ai ned phot o-curabl e nanoi nprint conposition were shown in
Table 4. The filterability of the photo-curabl e nanoi nprint
conposi ti onwas eval uat ed as nenti oned above and t he resul t was shown
in Table 5.

Operating in the sanme manner as Exanple 10, the application of
t he phot o- curabl e nanoi nprint conposition and the fornmation of
pattern were conducted and t he adhesi on, the transcripti on property
and the rel ease property of the obtained cured fil mwere eval uat ed.
The obtained results were shown in Table 5. The dry etching rate
was cal cul at ed i n t he same manner as Exanple 1. The result was shown
in Table 6.

[ 0180]
[ Exanpl e 18]
Preparation of partial hydrolysate (A)

A m xture was prepared by bl ending 0.28 g of a sol ution prepared
by diluting (3,3,3-trifluoropropyl)trinethoxysilane with ethanol
to the solid content of 10%as fluorinated silane compound, 3.0 g
of trimethoxysilylpropyl acrylate as (nmeth)acrylic
group-containing silicon conpound, 6.8 g of ethyl silicate 40
(COLCOAT CO., LTD.; on average, pentaner of tetraethoxysilane) as
organi c silicon conpound, 1.70 g of 85 %by nass zirconi umbut oxi de
(tetrabutyl zi rconi um al koxi de) solution in 1-butanol, and 13.6 ¢
of ethanol. To the m xture, ethanol/water/2N-HO m xture which
consists of 4.25 g of ethanol, 0.97 g of water and 0. 16 g of 2N-HO
was gradually added in drops with stirring. Moreover, aqueous
et hanol sol ution which consists of 1. 00 g of ethanol and 0.37 g of
wat er was added gradually in drops and the resulting m xture was
stirred at roomtenperature for one hour to obtain a partial
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hydrol ysate (A) conprising partial hydrolysates of the fluorinated
si | ane conpound, the organic silicon conpound, the organic silicon
conmpound and the netal al koxide.
[ 0181]

Preparati on of phot o-curabl e nanoi nprint conposition

To 2.0 g of the honpgeneous m xture used in Exanple 10, which
consi sts of the pol ynerizabl e nononmer (B), the photoinitiator (O,
and the polynerization inhibitor, 7.0 g of the above-nentioned
partial hydrolysate (A) was added and the resulting m xture was
stirredat roomtenperaturefor 15 m nutesto prepare aphoto-curable
nanoi nprint conposition. The blending ratio and the viscosity of
t he obt ai ned phot o-curabl e nanoi nprint conposition were shown in
Table 4. The filterability of the photo-curabl e nanoi nprint
conposi ti onwas eval uat ed as nenti oned above and t he resul t was shown
in Table 5.

[0182]

Operating in the sanme manner as Exanple 10, the application of
t he phot o- curabl e nanoi nprint conposition and the fornmation of
pattern were conducted and t he adhesi on, the transcripti on property
and the rel ease property of the obtained cured fil mwere eval uat ed.
The obtained results were shown in Table 5. The dry etching rate
was cal cul at ed i n t he same manner as Exanple 1. The result was shown
in Table 6.

[0183]
[ Exampl e 19]
Preparation of partial hydrolysate (A)

Operating in the same manner as Exanpl e 11 except using 3.2 g of
trimet hoxysilyl propyl nethacrylate in stead of 3.0 g of
trimet hoxysilyl propyl acrylate and nodi fying the anmount of water
as shown in Table 4, a partial hydrolysate (A) was prepared.
[ 0184]

Preparati on of photo-curabl e nanoi nprint conposition

To 2.0 g of the honpgeneous m xture used in Exanple 10, which
consi sts of the pol ynerizabl e nononmer (B), the photoinitiator (O,
and the polynerization inhibitor, 7.1 g of the above-nentioned
partial hydrolysate (A-3) was added. The resulting m xture was
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stirredat roomtenperaturefor 15m nutesto prepare aphoto-curable
nanoi nprint conposition. The blending ratio and the viscosity of
t he obt ai ned phot o-curabl e nanoi nprint conposition were shown in
Table 4. The filterability of the photo-curabl e nanoi nprint
conposi ti onwas eval uat ed as nenti oned above and t he resul t was shown
in Table 5.

[ 0185]

Operating in the sanme manner as Exanple 10, the application of
t he phot o- curabl e nanoi nprint conposition and the fornmation of
pattern were conducted and t he adhesi on, the transcripti on property
and the rel ease property of the obtained cured fil mwere eval uat ed.
The obtained results were shown in Table 5. The dry etching rate
was cal cul at ed i n t he same manner as Exanple 1. The result was shown
in Table 6.

[ 0186]
[ Exampl e 20]

Operatinginthe same nmanner as Exanpl e 1, the silicon wafer havi ng
the coating filmof the photo-curabl e nanoi nprint conposition
prepared in Exanple 11 was prepared and t he obtai ned wafer was
subj ectedtoaphot o-nanoi nprint. Thus obtai nedsiliconwafer which
has the cured fil mhaving the transcribed pattern (|l am nate) was
usedinapreparati onof nanoi nprint replicanold. Thesiliconwafer
was cut to the size of 20 mMmmx 20 mmaround the pattern. Then, as
a pre-treatnment for nold rel ease treatnment, the hydrolyzing
treatment of the surface of pattern was conducted under a
hum di fi cation condition. The hydrolyzingtreatnment was conduct ed
as follows: The cut siliconwafer (lanm nate) is put in an oven and
besi des a vessel containing water is put in the oven. Wile
preventingthelam natefromcom ngdirectlyintocontact withwater,
the oven is closed and the laminate is heated at 70°C for one hour.
Thereafter, in order to conduct the nold rel ease treatnent, the
pattern surface of the treated lanminate is conme into contact with
afluorine-containingsurface preparati onagent (DAl KI NI NDUSTRI ES,
LTD.; Optool -DSX) to prepare a replica nold.

[0187]
Onthefluorine-treatedpattern-transcribingsurface, them xture
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100 4 108 : Blending amount (parts by mass) of each ingredient with respect to 100 parts by mass of
polymerizable monomer ** : Number of moles of used water with respect to the number of moles of all
alkoxy groups (times) Inluding also water deriving from 2N-HCI [0196] [Table 5] Evaluation of
filterability Evaluation of adhesion Evaluation of release property

prepared i n Exanpl e 10, whi ch consi sts of the pol yneri zabl e nonomer
having (nmeth)acrylic group (B), the photoinitiator (C) and the
pol ymeri zati on i nhi bi tor, was dropped and was covered with a quartz
pl ate. Then, i nananoi nprintingapparat us (ENG NEERI NGSYSTEMCQO, ,
LTD. ; EUN- 4200), the obtained assenbly was subjected to a

phot o- nanoi nprint by pressurizing at the pressure of 0.3 MPa and
irradiating the mxture with light fromthe side of quartz plate
side for 60 seconds by the |ight source LED 375 nm After peeling
off the quartz plate, the obtained pattern surface was subjected
to SEM observati on, the SEM observation of the obtained pattern
surface was conduct ed, whereby it was confirmedthat t he sane pattern
as that of the used nold was transcri bed.

[0188]

[ Conparati ve Exanpl e 7]

Thi s conparative exanple intends to show that the presence of
fluorinated silane conpound in the partial hydrolysate (A) of the
present i nventi on enabl es an i nprovenent i nrel ease property of the
obt ai nabl e phot o-cur abl e nanoi nprint conposition.

Preparation of partial hydrol ysate (A)

A m xture was prepared by blending 13.6 g of ethanol, 3.0 g of
trimet hoxysilyl propyl acrylate as (neth)acrylic group-containing
silicon conpound, 6.8 g of ethyl silicate 40 (COLCOAT CO., LTD.
on average, pentaner of tetraethoxysilane) as organic silicon
conmpound, and 1.7 g of 85%by mass sol ution of zirconi um but oxi de
(tetrabutyl zirconium al koxide) in 1-butanol. To the m xture,
et hanol /wat er/ 2N- HC mi xture whi ch consists of 4.25 g of ethanol,
0.85 g of water and 0.16 g of 2N-HCl was gradual |y added i n drops
at roomtenperature with stirring. Mreover, aqueous ethanol
sol uti on which consists of 1 g of ethanol and 0.46 g of water was
added gradually in drops and the resulting m xture was stirred at
roomtenperature for one hour to obtain a partial hydrol ysate (A)
conprisingthe (nmeth)acrylic group-containingsiliconconmpound, the
organi c silicon conpound and the netal al koxide. This parti al
hydr ol ysate corresponds to the m xture of partial ahydrol ysates
(A-1) of the present invention.

[0189]

66
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The pol ymeri zabl e nononer (B), the photoinitiator (C, and the
pol ymeri zati oninhi bitor, thetype and anmount whi ch are sane as t hose
used i n Exanpl e 10, were bl ended to prepare a m xture. After adding
7.0 g of the above-nentioned partial hydrol ysate (A) tothe m xture
of the same anobunt (2.0 g), the resulting m xture was stirred at
roomtenperature for 15 mnutes to prepare a photo-curable
nanoi nprint conposition. The blending ratio and the viscosity of
t he obt ai ned phot o-curabl e nanoi nprint conposition were shown in
Tabl e 4.

[ 0190]

Operating in the sanme manner as Exanple 10, the application of
t he phot o- curabl e nanoi nprint conposition and the fornmation of
pattern were conducted and t he adhesion, the rel ease property and
thetranscriptionproperty of the obtainedcuredfil mwere eval uat ed.
The obtained results were shown in Table 5. The dry etching rate
was cal cul at ed i n t he same manner as Exanple 1. The result was shown
in Table 6.

[ Conparati ve Exanpl e 8]
Preparation of partial hydrol ysate

Operating in the same manner as Exanpl e 11 except not using the
(meth)acrylic group-containing silicon conpound, a parti al
hydr ol ysat e was prepar ed.

[ 0191]
Preparati on of phot o-curabl e nanoi nprint conposition

To 2.0 g of the honpgeneous m xture used in Exanple 10, which
consi sts of the pol ynerizabl e nononmer (B), the photoinitiator (O,
and the polynerization inhibitor, 5.0 g of the above-nentioned
partial hydrol ysate was added and the resul ting m xture was stirred
at roomtenperature for 15 mnutes to prepare a photo-curable
nanoi nprint conposition. The blending ratio and the viscosity of
t he obt ai ned phot o-curabl e nanoi nprint conposition were shown in
Table 4. The filterability of the photo-curabl e nanoi nprint
conposi ti onwas eval uat ed as nenti oned above and t he resul t was shown
in Table 5.

[0192]
Operating in the sanme manner as Exanple 10, the application of
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t he phot o- curabl e nanoi nprint conposition and the fornmation of
pattern were conducted and t he adhesion, the rel ease property and
thetranscriptionproperty of the obtainedcuredfil mwere eval uat ed.
The obtained results were shown in Table 5. The transcription of
pattern was not conpleted, probably because the coating filmis
stiff.
[0193]
[ Conparati ve Exanpl e 9]

Preparati on of phot o-curabl e nanoi nprint conposition

Operating in the same manner as Exanpl e 10 except not using the
partial hydrol ysate, a photo-curabl e nanoi nprint conposition was
prepared. The blending ratio and the viscosity of the obtained
phot o- cur abl e nanoi npri nt conpositi on were shown in Table 4. The
filterability of the photo-curable nanoinprint conposition was
eval uated as menti oned above and the result was shown in Tabl e 5.
[ 0194]

Operating in the sanme manner as Exanple 10, the application of
t he phot o- curabl e nanoi nprint conposition and the fornmation of
pattern were conducted and t he adhesion, the rel ease property and
thetranscriptionproperty of the obtainedcuredfil mwere eval uat ed.
The obtained results were shown in Table 5. The dry etching rate
was cal cul at ed i n t he same manner as Exanple 1. The result was shown
in Table 6.

[ 0195]
[ Tabl e 4]
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partical hydrolysate(A)
fluorinated (meth)acrylic i ; polymerizable |photoinitiator viscosity
. |group— organic amoun B C
orﬁanlc containing silicon lr;e)‘l(:zl 2N-HCI | of used monomer () © (mPa-sec)
coaagjnd silicon compound alkoxide water
P compound
parts by parts by parts by |parts by|parts by| molar parts by parts by
mass” mass” mass® | mass* | mass | ratio™ mass mass”

Ex.10 0.3 28.9 65.4 - 1.5 0.5 100 4 5

Ex.11 0.3 34.0 77.0 16.4 1.8 05 100 4 5

Ex.12 1.0 172 124 26.3 2.3 0.5 100 4 3

Ex.13 0.2 17.5 39.6 8.4 0.9 0.5 100 4 8

Ex.14 0.8 342 77.6 16.5 1.8 0.3 100 4 5

Ex.15 0.3 34.0 77.1 16.4 1.8 0.5 100 4 5

Ex.16 1.7 33.2 75.2 16.0 1.8 0.5 100 4 4

Ex.17 0.03 34.3 77.6 16.5 1.8 0.5 100 4 5

Ex.18 0.3 340 71.0 16.4 1.8 0.5 100 4 5

Ex.19 0.3 35.7 75.8 16.1 1.8 0.8 100 4 5
Comparative| 343 7727 | 165 | 18 | 05 100 4 5
g;"g’arati"e 0.3 - 614 | 131 | 14 | 05 100 4 6
Comparative _ _ _ _ _ _
Ex. 9 100 4 108

% : Blending amount (parts by mass) of each ingredient with respect to 100 parts by mass of
polymerizable monomer

#% : Number of moles of used water with respect to the number of moles of all alkoxy groups (times)
Inluding also water deriving from 2N-HCI

[ 0196]
[ Tabl e 5]
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Evaluation of Evaluation of
Evaluation of filterability| Evaluation of adhesion release( ﬁ;ope"ﬂy transcription property
Ex.10 @) S <! °
Ex.11 O 5 <! °
Ex.12 ®) S 1 ©
Ex.13 O ° 2 ©
Ex.14 ®) S < °
Ex.15 ) S 1 °
Ex.16 ©) 4 <! °
Ex.17 O S 1 °
Ex.18 A ° ’ °
Ex.19 ®) S 1 °
gzn;parative '0) 9 6 ©
gzn;parative X 3 7 X
g;n;parative @) 1 10 ©
[0197]
[ Tabl e 6]
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dry etching rate (nm/min) oxygen gas CHF3 gas Ex.10 2 19 Ex.11 1 14 Ex.12 1 12 Ex.13 5 17 Ex.14

dry etching rate (nm/min)
© oxygen gas CHF, gas

Ex.10 2 19

Ex.11 1 14
Ex.12 1 12
Ex.13 . 5 17
Ex.14 1 14
Ex.15 1 14
Ex.16 1 14
Ex.17 1 14
Ex.18 1 17
Ex.19 1 14
gzrr;parative 1 14
I(E))c()-n's;para’cive 193 16
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CLAI M5
[Caim1]
A photo-curable nanoinprint conposition, said comnposition
conpri si ng:

(A) partial hydrolysate,

(B) pol ynerizabl e nonomer having (neth)acrylic group; and

(© photoinitiator,
wherein said partial hydrolysate (A) is selected from a group
consi sting of

(A-1) m xture of partial hydrol ysate of organic silicon conpound
having a general forrmula (1):
[ Ka 1]

(wherein, each of (RY)s is, same or different, Cl-4 al kyl group;
nis an integer of 1-10) and partial hydrolysate of (neth)acrylic
group-containing silicon conpound having a general forrmula (2):

[ Ka 2]

q
] |

HC=G—C o-R*S—OR°),  (2)

2z

R
(wherein R i s hydrogen atomor methyl group; R®is Cl1-10 al kyl ene
group, C3-10 cycl oal kyl ene group, or C3-10 pol ynet hyl ene group; R*
is Cl-4 al kyl group, C3-4 cycloal kyl group, or C6-12 aryl group;
R is Cl-4 alkyl group or C3-4 cycloal kyl group; | is an integer
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1 14 Comparative Ex. 9 193 16 CLAIMS [Claim 1] A photo-curable nanoimprint composition, said
composition comprising: (A) partial hydrolysate, (B) polymerizable monomer having (meth)acrylic
group; and (C) photoinitiator, wherein said partial hydrolysate (A) is selected from a group consisting of
(A-1) mixture of partial hydrolysate of organic silicon compound having a general formula (1): [Ka 1]
ORI R'0+1 SI-00)-1R.1 In OR’

of 1-3, mis aninteger of 0-2, andk is aninteger of 1-3, but (I +mtk)

is 4; in case that each of R{, R, R* and R° is present in plural,

each of (R)s, (R)s, (R)s and (R°)s may be same or different);
(A-2) mixture of partial hydrol ysate of fluorinatedorganic sil ane

conmpound having a general fornula (3):

[ Ka 3]

('Ts)b

(RBO)ibSi——(RT)a (3)

4-a-

(wherein each of R°  and R is Cl1-10 al kyl group or C3-10 cycl oal kyl
group; R’ is C1-100 fluorine-containing al kyl gr oup,
fluorine-containing cycloalkyl group, or fluorine-containing
al koxy ether group; ais an integer of 1-3 and b is an i nteger of
0-2, but (a+b) is 1-3; in case that each of R®, R" and R i s present
in plural, each of (R%)s, (R)s and (R®) s may be same or different)
and said partial hydrolysate of (nmeth)acrylic group-containing
silicon conmpound having the general formula (2); and

(A-3) mxture of said partial hydrolysate of organic silicon
conmpound having the general formula (1), said partial hydrol ysate
of (meth)acrylic group-containing silicon conmpound having the
general formula (2), and said partial hydrol ysate of fluorinated
organi ¢ silane conmpound havi ng the general fornula (3).
[Caim?2]

The phot o- cur abl e nanoi npri nt conposition accordingto the claim
1, wherein said (A1) mixture of partial hydrolysate of organic
silicon conpound having the general formula (1) and partial
hydrol ysate of (neth)acrylic group-containing silicon conpound
havi ng t he general formula (2) is a product obtained by hydrol yzi ng
a m xture of the organi c silicon conpound havi ngthe general fornula
(1) and the (neth)acrylic group-containing silicon conpound havi ng
the general formula (2) with water in the nolar anount of not | ess
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(1) (wherein, each of (R1)8 is, same or different, C1-4 alkyl group; n is an integer of 1-10) and
partial hydrolysate of (meth)acrylic group-containing silicon compound having a general formula (2):
[Ka2] 0(4 RjillI'llk (H2C C-C-0-R3ta-tOR5)k 1R (wherein R2 is hydrogen atom or methyl group;
R3is C1-10 alkylene group, C3-10 cycloalkylene group, or C3-10 polymethylene group; R4 is C1-4
alkyl group, C3-4 cycloalkyl group, or C6-12 aryl group; R5 is C1-4 alkyl group or C3-4 cycloalkyl
group; 1 is an integer of 1-3, mis an integer of 0-2, and k is an integer of 1-3, but (I+m+Kk) is 4; in case

that each oftRanR3. R4 ianskREus mr%mhaﬂlqrai eARBOMIRANG; €838« (R4)§ AB(R)& may be
same or dlffe]re%l %QAR%) rr]lxtur? artial hydrol sate ffluor r%ated or%anlc silane compound having
( (ﬁg)'

a general formul® O)% ) Af a- Whereln 83tn'6FR6 and R8 is C1-10 alkyl
group or C3L1h @yBlodIky! group, R7 is C1-100 fluorine-containing alkyl group, fluorine-containing

cycloalkyl grocrmeopﬁupdn@uemmak@xyi ethet grpup; iisraadeieger ef 13 and blisian integer of

0-2, but (a+h) I aPeinC rTAe%Csau Rfrap (?R?a{? B P&%/%&’M?Jf §390Lp1 (RRPI8 (R7)8 and

(Re)s may be same or d| ere partla hydro ysate h)acrylic group-containing silicon

compound r%{\ﬂﬁﬁ”tﬁesgéﬁé‘t%l%%ﬂ%@?aé’hd‘g [AS)IRRATRR f%ra{’fb"p% ) HRloRAELE Hf organic
silicon compouttd hayatgethef geesahjcaorylai (), gaod pachalt fay driohgs ase lof (metiyacpdiond
group-contaipipg,JlicAR GAMEACMNG MG e gerReaLisaINA () QPHe%P%p@%'&X&fP%SatG of
fluorinated organ G Sra G PO Lo TR B8 275ar OV Eh ) baound having t he
general formula (3) and the (nmeth)acrylic group-containingsilicon
conmpound havi ngthe general fornula(2) withwater i nthenol ar anount
of not less than 0.1 tinmes but less than 1.0 tinmes with respect to
t he nunber of noles of all al koxy groups present in the mxture.
[ C ai md4]
The phot o- cur abl e nanoi npri nt conposition accordingto the claim
1, wherein said (A-3) mxture of partial hydrolysate of organic
si |l i con conpound havi ngthe general fornula (1), partial hydrol ysate
of (meth)acrylic group-containing silicon conmpound having the
general formula (2) and partial hydrolysate of fluorinated sil ane
conmpound having the general fornmula (3) is a product obtained by
hydrol yzing a m xture of the organic silicon conmpound having the
general formula (1), the (meth)acrylic group-containing silicon
conmpound havi ng the general fornmula (2) and the fluorinated sil ane
conmpound havi ngthe general fornula(3) withwater i nthenolar anount
of not less than 0.1 tinmes but less than 1.0 tinmes with respect to
t he nunber of noles of all al koxy groups present in the mxture.
[ C aimb5]
The phot o- cur abl e nanoi nprint conposition accordingtothe claim
1, wherein said (A-3) mxture of partial hydrolysate of organic
si |l i con conpound havi ngthe general fornula (1), partial hydrol ysate
of (meth)acrylic group-containing silicon conmpound having the
general formula (2) and partial hydrolysate of fluorinated sil ane
conmpound having the general formula (3) is a product obtained by
the steps of
hydrolyzing a mxture of the (nmeth)acrylic group-containing
si i con conpound havi ng the general formula (2) and t he fl uori nated
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The photo-curable nanoimprint composition according to the claim 1, wherein said (A-1) mixture of
partial hydrolysate of organic silicon compound having the general formula (1) and partial hydrolysate
of (meth)acrylic group-containing silicon compound having the general formula (2) is a product
obtained by hydrolyzing a mixture of the organic silicon compound having the general formula (1) and
the (meth)acrylic group-containing silicon compound having the general formula (2) with water in the
molar amount of not less than 0.1 times but less than 1.0 times with respect to the number of moles of
all alkoxy greupgHressab U HE MIVIWHE- {GRIGeAkr AherRheioreurable paneiger it Gampagition
according to tl]e claim 1 Wh?rein S?id A-Z;? mi(yjtu e ofngar ial hydro ysf’%\te of f%l rinated .org]anic silane
mol.ar :ﬁrmuht of ot T £S )t an .J;.tu hut ess Fhan 1. ?IITES Wi { e
compound having the ‘general formula’(3) and partial hydrolysate of (meth)acrylic group-containing
silicon compRFRERRVIRY the derdl fofmima €2) & agdrodildt @btaticl By Y@SBMing nhikture of the
fluorinated orgrnig silane peepatndaharingihe gsmerakfopatia £8) apdithe yaatb)asrylihe

- tainj il] ng.t | it ter t of
ot loss thag EoL T L T A 0P o o roups
present in tHEhiXtuRel FEIART 4] NaRAphbfd-clYShR HERb#nFfint BB paQfibAEEDraIdFRFthe claim 1,
wherein said ¢Apdumikthiee iof gpatrtial lygorelydatéofmrigan{@silicon compound having the general
formula (1), paydigl Rydref¥saigah(reethacedic SMHRGRAARINGSIICRR CiRRPYNd ViR she general

formula (2) and partial hydrolysate of fluorinated silane compound having the general formula (3) is a
product obtdined'y hDardﬂ&ﬁﬁf& k2o dRar®y Sidor @ Soudhaving the general formula
(1), the (methfactykd groung-ddreaiiag! dilicen woxpoenyi hdvingtteie genehal farhaulaa(® wrd the
fluorinated sileneeomeupdhaving thereeneial foewsla kAhwithowatae ) Wie P ErBPUNG of not less
than 0.1 tim{aﬁ butLIl(raT%s than 1mO) tiéne% fwitt? [espectlo threorlljurgberr osf erp](t'm-:;sno %Ié arlrl§o>$yu%oups present
in the mixture.‘TCrI]alm %ﬁ q'fhe photso-cura?ble nanomYprgnt cc?mp%sﬁlon according to the Claim 1,
wherein saidl @A@Y m®tture of partial hydrolysate of organic silicon compound having the general
formula (1), pariel pydt@ysateadf Enetheicryia growpepotaininghsiticobrafimpousddravingdhe general
formula (2) and.partial hydrolysate of flugri [ cQm ing.t e formula (3) is a
product obtgji?letdq%ry?ihg i&gpg o%’ k@(ﬁt‘%ﬁ%@f%%ﬁ;{) Itmdgr gcry_ igz\%fgﬁ%hltéi%%\g silicon
compound Halih§the RiEridral rdtnlig! (25 &lrfel tHle GO Ahatld S cBAYISUh @ na& Y tHe general
formula (3) withruater(iB)the molar amount of not less than 0.1 times but less than 1.0 times with
respect to thgqupiber of moles of all alkoxy groups present in the mixture to prepare a mixture of the
partial hydrolysate of the (meth)acrylic group-containing silicon compound having the general formula

(2) and the partial hydrolysate,of the fluoringe silane gompound having the general formula (3),
adding the organMon CO @R h gener(&ﬁ\:@ (1) to the mixture of the partial
hydrolysates, an rolyzinig t Ithhg miytlre wit en the molar amount of not less than 0.1

times but less than 1.0 times with respect to th mber of moles of all alkoxy groups present in the
mixture. [Claim 6] The photo-curable nanoimprint composition according to any one of the claims 1-5,
wherein saidl MaRii&I FydPdIy§atd [APBEbHIPred Hirdne Lk IRAFDIald ol bl SR having a
general fornallef &) ¢Ka, 4]A1AL0(GREY)4 Bro(wherein, M is zirconium or titanium and each of (R9)8 is,
same or diffepgnt; ,c,;L,]lo alkyl group). [Claim 7] The photo-curable nanoimprint composition according
to the claim 1, wherein said composition comprises the (A-1) mixture of partial hydrolysates obtained
by hydrolyzing' 50 oF YR58 HRRYY RIS of HEPBRIANIRSRESR ' BMSobAd RSV GHR general
formula (1) Andvigr308 pastsi sl coase i the inetpaciytic groeid-sohjaming sileat comnpoahd having
the gengral Qrandiey(La vgth Yeater %H“%W@?Hﬁ@?‘i‘ﬂh@f QOH%&%ﬁh@fb@-ll@'Tjﬁob%Qﬁtssﬁi}‘a” 1.0
times with respect r&o the number of moles of all alkoxg roup &r(te]s?ent in theﬁ(nrture,lang rfa-lo parts by
mass of the'ﬁ%o%o? itfa%r?bg%l[ﬁ r%'slo'eEP{bi?jBOBé{H &?Yﬁg 0 %h%eﬁ&& efi2hBle Mondmer having
(meth)acryligitffodp $B9. [Cihs SPYTHephotelcurbdle( @b dihastint ¢emposiHpncatticrtidit the claim
1, wherein sgiid icoptpesitppusrMpasERdhenA gamapdure of partal(ydilysaigs: eachrot waich is
obtained by fyyciplyzing 0 O parte mass of (s fiHetnaied araanic slane gampgynd gr 3-800
parts by mass of the meth)acryﬂc group-containing silicon compound, and 1-10 parts Wy mass of the
photoinitiatdr§&)&Fith r&@spBEt I8! 1Be p&ts By st ofttle BbKAN¥riZABIPIBIRGABE HaVihge
(meth)acryligigtoupegBand 1- 10 part s by mass of t he phot oi nitiator (C) withrespect

to 100 parts by mass of the polynerizable nononer having
(meth)acrylic group (B).
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[Claim 9] The photo-curable nanoimprint composition according to the claim 1, wherein said
composition comprises the (A-3) mixture of partial hydrolysates, each of which is obtained by
hydrolyzing 0.001-4 part by mass of the fluorinated organic silane compound, 10-250 parts by mass of
the organic silicon compound, or 3-300 parts by mass of the (meth)acrylic group-containing silicon
compound, and 1-10 parts by mass of the photoinitiator (C) with respect to 100 parts by mass of the
polymerizable monomer having (meth)acrylic group (B). [Claim 10] The photo-curable nanoimprint
compositior{ @%Qrﬁlm to the claim 6, wherein said partial hydrolysate (A) comprises 0.2-100 parts by
mass of metaLr%Iko id(? with restﬁect to 10(?85)artst bg mass.irtl total of two or more thl)(dro ysable
compounds select® ?room(iHreaorg%nr}g WG (':cr)]mpoodw ,St'heI ()rr?eﬁ"l %%rry Ecnarogp-cc?nfaiﬁfnra silicon
compound and theTrRiofirsded SitamOEohi fBURANTTIaRASL L eA Avethod ot forminl AYdticth on a
substrate byhpaneinppentag, saithvethnd gemprisrstheateysHfdrapylyingtioe phnta-garable

nanoimprint ition ording to ne of the claims 1-10 ids r of a coating
film of said (k:) mr?%%gs)%i(!)%; P@%nﬂﬁggﬁrﬁ% ga{% _(go(gtciiri\a}%l?n %i{hggj%{ﬁ?ﬁﬁ]%miﬁg‘b?ur aﬁé’é% I;Fr;‘l:'nold, on

which a destaBIBSsaftbrhfas Bedh ffhed RbHRUFAHFWHN Rt hsGemarTRYAE si@istion to cure
said coatinglfili@ quzd ralelagimpsaicbmaltddraindhel curedataatir{dCfilmi wihaerebypecpattern®thich

corresponds, tg the patigH forgred HLsaid Ak iyninggigiage HBWH? I fimed grysaid substrate.

[Claim 12] A reliPIica mold for nanoimprint; characterized in that said mold has the cured product of

the photo-c@rra% é)ngiﬁ)oimprint composition according to any one of the claims 1-10.
[Caim9]

The phot o- cur abl e nanoi nprint conposition accordingto the claim
1, wherein said conmposition conprises the (A-3) m xture of parti al
hydr ol ysat es, each of which i s obtai ned by hydrol yzi ng 0. 001-4 part
by mass of the fluorinated organic silane conpound, 10-250 parts
by mass of the organic silicon conpound, or 3-300 parts by mass of
the (neth)acrylic group-containingsiliconconmpound, and 1-10 parts
by mass of the photoinitiator (C) with respect to 100 parts by mass
of the polynerizable nmonomer having (neth)acrylic group (B).

[ C ai m10]

The phot o- cur abl e nanoi nprint conposition accordingtothe claim
6, wherein said partial hydrolysate (A) conprises 0.2-100 parts by
mass of netal al koxide with respect to 100 parts by nass in total
of two or nore hydrol ysabl e conpounds sel ected fromthe organic
silicon conpound, the (nmeth)acrylic group-containing silicon
conmpound and the fluorinated sil ane compound.

[Caim11]

A nmet hod of form ng a pattern on a substrate by nanoinprinting,
said net hod conprises the steps of

appl yi ng t he phot o- cur abl e nanoi nprint conposition according to
any one of the clains 1-10 on said substrate to forma coating film
of said composition;

contacting said coating filmwith a pattern-form ng surface of
a mol d, on whi ch a desi rabl e pattern has beenforned, andirradiating
with [ight as remaining the situation to cure said coating film
and

rel easing said nold fromthe cured coatingfil m whereby a pattern
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which corresponds to the pattern formed in said pattern-formng
surface of nold is fornmed on said substrate.
[Caim12]

Areplica nold for nanoinprint, characterized in that said nold
has t he cur ed product of the photo-curabl e nanoi nprint conposition
according to any one of the clainms 1-10.
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