1 DESCRI PTION TITLE OF THE | NVENTION: THI N FI LM FORM NG COWPCSI TI ON FOR

LI THOGRAPHY CONTAI NI NG TI TANI UM AND SI LI CON 5 TECHNI CAL FI ELD [ 0001] The
present invention relates to a conposition for form ng an underl ayer
filmbetween a substrate and a resist (fior exanple, a photoresist, an

el ectron beamresist, 10and an EUV resist% that are used in the production
of semiconductor devices. The presPESCGRAVENNon relates to also a
conposition for formng a thin filmcoated as an upper |ayer of an EUV
resi st for absorbing out-of-band wavel ength |ight of EUV. BACKGROUND ART 15
[ 0002] Con 'Qﬁat T 1f ' ] ices, fine
processin Mt gégg%ﬂ?ﬁﬁgnﬁdﬁgﬁﬁﬁgﬁgJg%Rgfﬁﬁqgﬂggﬁﬁﬁgggggkﬁgd The fine
processin i onvexo- concave shapes
corresponglﬁgogg8§§§?$%?$gﬁﬁﬁgh%g??erng{ @%¢@g€e of a substrate by:
formng a thin filmof a photoresist on 20a senlconductor substrate such as
a silicon wafer; irradiating the resultant thin filmwth an active ray
such as aquﬁpQ@yippgyjﬁay t hrough a mask pattern in which a pattern of a
sem conductor device is depicted, developing the film and subjecting the
substrate to etching processing using the resultant photoresist pattern as
a protecting film Recently, however, the high integration of sem conductor
devi ces has googl]esJbd pasehitihe:naido pélads Rbacdmpsitioayfof Rnsngd 4 Wadgay@rshort er
wavel engt h, such as an ArF exciner |aser (193 nm replacing a KrF exciner

| aser (248lmpiwdeolalsobstrage suichresist @mdeaoyple, tipboiondsisiemnatecabnibefiheetiston of
an active ray on a sem conductor substrate has been a large issue. 1100031
As anl@nderd ayEl Viebint) et wesersed freths endcbigtiduiof ssmisedlutioatievieasd t he
photoresist, the use of a filmknown as a hardmask contai ning a netal

el ement such T presesy llnw@,niwn Félﬁiﬁs ttcr @1a%aaﬁmp@%@0n fos forayingp Ken Iﬁgm@ﬁtﬁed)@%urrent
1 and Pat ent Docunent 2% IS case, the resist and the

har dmask RRYEPE FhishABH UVarreaéq fyr a*?Spflé%ﬁ‘et qfrl@ﬁﬁ Sgvpleagthdieht eoEVNat t he
renoval rates of the resist and the hardmask by dry etching | argely depend
on the type of a gas used for dry etching. Then, by appropriately

5sel ecting ,t f gas, the hardmask can be renoved by dry etching

wi t hout agf§?§%ﬁ§§§$§§§§?in the filmthickness of the photoresist.

[ 0004]5 Thus, in the production of sem conductor devices in recent years,
for achieving various effects such as the reflection preventing effect, a

resi st_under iauen { LR AaSARCAIT. SiaReasoPabHERRuLBe AL oRRdUCt OF

substrate and t he photoresi st
processing by lithography using a photoresist has been performed. The fine processing

1s a processing method for forming fine convexo-concave shapes corresponding to the
following pattern on the surface of a substrate by: forming a thin film of a photoresist on
20  asemiconductor substrate such as a silicon wafer; irradiating the resultant thin film with
an active ray such as an ultraviolet ray through a mask pattern in which a pattern of a
semiconductor device is depicted, developing the film; and subjecting the substrate to
etching processing using the resultant photoresist pattern as a protecting film. Recently,
however, the high integration of semiconductor devices has progressed and the adopted
25 active ray tends to have a shorter wavelength, such as an ArF excimer laser (193 nm)
replacing a KrF excimer laser (248 nm). Following such a tendency, the influence of
reflection of an active ray on a semiconductor substrate has been a large issue.
[0003]  As an underlayer film between the semiconductor substrate and the

photoresist, the use of a film known as a hardmask containing a metal element such as



10al so until today, studies of a conposition for a resist underlayer film
have been perfornmed, however, due to the diversity of characteristics
required for the conmposition and so on, the devel opnent of a novel materi al
for the resist underlayer filmis desired. [ 0005] As an EUWV I|ithography
met hod, there is disclosed a nethod for containing a po&yner containing a
group i nchiliepmhgdoifanigm (ses: éorgapetafatenidochmeninl arbifHen Dogumieaioh), is
15zi r coni um_ ni obi ym . and | ybdenum i n an upper |ayer of an EUV resist for
pr ot ect i nBEtHEEEUVI} BE %G»E]i?f‘o??ﬁ’ﬁbﬁ‘ﬂddp%lhﬁf%g%‘% B%W&@@P@Pei?téllargﬂibéﬁ%@*an

ndesi rabl.e radj at.i on as UV and Pat en [ nt .3 and Pat ent
Bocorene i Geh Bineae TS e EmpYa 38 e 0t s o SR TR S B FchReant

Docunent 1: Japanese Patent | i cati-on, Pupl i cation .. H11-258813 (JP
o ooy aigel BARER ST B8 of R SRA KA URES Ut IR -ar bR ol T cat i on

Aopl 1 cat | S PB4 2aPE o R- T5aBad g 18 SRS s WA B o
Docunent 4.JaRanese falikndRBl iHedhb@Resiybl i cation No. 2008-198788 (JP
2008- 198788 A) 3 SUWARY OF THE I'NVENTI ON Problens to be Sol ved by the

I nvention [0080d4]! t Thes, aNtheRi&RlktiOh of ehibERBERE dENVEANE rQRnt Ral Y de a thin
filmform ng 5conposition which is capable of being used in the production

of a sem sdnegd Qiricde ¢ife@s shds itlse 1eslectidnagetdhting Wittdl, @rdsBsinsderloper film
photoresist, an el ectron beamresist, and an EUV resist) in a |i1thography

process. hsrtecome daspadeld, betwechshasentbyrelitctod bulishetend sienphdteredsit | Gheit,0
provide a resist underlayer filmform ng conposition for |ithography for
f or m Hy aalsesntslttodmydgndiay ef a tohposciapall e resist bedargyesildn bavesbehapehti@msied, | n
addition, it is an object of the present 10invention to provide a resist
under | ay erow¢vemdue tevihagl N aospodichrgatefigiics| requitsgriapty composivemimsceom esi st
under |l ayer film capable of being used as _an anti-reflective coating.

Furt her, the develapmensjodamonel maeiy fasibparesishyadarlager filen isrdssirede a resi st

underl ayer filmifor |ithography causing nqQ intern xing with a resist and
having a dry [@éﬁn ngs P%F@g\hﬁ%ﬁéﬁap ks dahets G cpebi methog far eontaiaing
underl ayer filmformn conposifion for fornin tﬂe 1§ynderlgger.film
a polymer contaiming a group 1nc udmg onc or more oI perylhium, boror, Carbon, SthO}’l,
15 zirconium, niobium, and molybdenum in an upper layer of an EUV resist for protecting

the EUV resist from pollutant substances or for blocking an undesirable radiation such as

UV and DUV (Patent Document 3 and Patent Document 4).

Prior Art Documents
20 Patent Documents
[0006] Patent Document 1: Japanese Patent Application Publication No.
H11-258813 (JP 11-258813 A)
Patent Document 2: Japanese Patent Application Publication No. 2007-163846 (JP
2007-163846 A)
25 Patent Document 3: Japanese Patent Application Publication No. 2004-348133 (JP
2004-348133 A)
Patent Document 4: Japanese Patent Application Publication No. 2008-198788 (JP
2008-198788 A)



[0008] It is an object of the present invention to provide an EUV resi st
upper layer filmformng conposition for suppressing |owering of the
sensitivity of an EUV resist or degradation of a pattern shape due to |ight
of wavel engths of, for exanple, 190 to 300 nm 190 to 250 nm particularly
around 200 to 240 nm by efficiently absorbing 20undesirable UV light with a
thin fil mSEXEARYGOAsTHR INYE&TIOCA) er of the EUV resist before the
undesirable UV |ight reaches the EUV resist layer in EUV lithography. It is
al so an object of the present invention to provide an underlayer film

har d k), f E i thin fil i sti derl f
the Ev r et BT ke8P in for m ng composi 1 on for a restst for
orovi de a1 everd adbiio L honsr P ipl o SRAFIER R5RE ovi des
thin 15l mc&%égéi 1h &/H#EH??&atpia R okl %??dl &Bcﬁghro% Etﬁ(ﬁ'j Stta SMRFSIUANEE aduiddn
form ng conposition for a photoresfst an e TTke, a reshst under I ayer

filmformpe; b ~far j ; i ke: i
A %Sﬁfg?n@%??{h'ep@ltfl Alredit (?%ﬁ?&%fsﬁ bin @b Bedrh k& st,];%gg %H‘fg{f\e Bdsith

upper | ayer m ng conposi a reverse materia

conposi ti N ligldgraph ¥ PHRELAY Rlorkiih BEOIMsREG bRIPOSIhE pRACKIGhvaAtbE S Slovider
sol vent devel opnrent’, "and the |i ke. Means for Solving the ProblemT]0010] The

present | avestiuBferlayer AGE WM MOcd@oitfonrfef lideRaghy fod foiming birdsBt haddA#yer
conposition that is used together with a resist in a |lithography process,
conpri si ngilma chpabkd off lesigf used tab & antdamsk.o NpaudddicpAjt isel egt@df tHeqgresangr oup
consisting of a conpound of Formula (1): GaTl(Rl) (4-a)Formula (1) [in

For mul@ ( bjven®on ® movide kyd¢sigyuodg]ayantilar fdrmgreoeompaaitivalfoglesthagrephiafoky| gr oup,
a hal ogenated aryl group, an_al kenyl group, or an organic group having an

epoxy gr olpymiegha 1Bkt nydesiayergftlougnpable vk beiag vyddoysl angmgupllecdivaepdiaygt o group,
an am no %50%53_?r a annotgroupn?ndeis Qondig to %Sttgagiuqlatonythrough a
Ti - C bondIuer; ¥ isan ehixed ey thyrmoersnt axerdiop/toryovicouissisbindgripear ddarfoat om  and
S e bbb 5 R e a2 ©
boci (R4) 4:[h(a‘taop t)he ]r'CSSist, and a resist underlayer film forming composition for forming the
15 underlayer film.
[0008] Itis an object of the present invention to provide an EUV resist upper
layer film forming composition for suppressing lowering of the sensitivity of an EUV
resist or degradation of a pattern shape due to light of wavelengths of, for example, 190
to 300 nm, 190 to 250 nm, particularly around 200 to 240 nm by efficiently absorbing
20 undesirable UV light with a thin film existing as an upper layer of the EUV resist before
the undesirable UV light reaches the EUV resist layer in EUV lithography. It is also an
object of the present invention to provide an underlayer film (hardmask) for an EUV
resist as a thin film existing as an underlayer of the EUV resist, or an underlayer film
forming composition for a resist for solvent development. It is further an object of the
25  present invention to provide a reverse material.
[0009]  That is, the present invention provides a thin film forming composition
utilizable for a resist underlayer film forming composition for a photoresist and the like, a

resist underlayer film forming composition for an EUV resist and the like, an EUV resist

upper layer film forming composition, a reverse material forming composition, an



[in Formula (2), R2 is a nitrogen atomcontaining ring group or an organic
group containing a nitrogen atomcontaining ring group, a condensed
aromatic ring group or an organi c group containing a condensed aromatic
ring group, a protected phenolic hydroxy group or an organi c group
containing a protected phenolic hydroxy group, or a bisaryl 20group or an
or gani ¢ grbdgslazerilal wirmegeecomineartipl fer piepishivg selgeyslsreapmentaans the &ker at om
through a_Si-C bond; R3 is an al kyl group, an aryl group, a hal ogenated

al kyl ~gr ofYfsanafos gobgehleddo¥EN  group, an al kenyl group, or an organic

havi . .acryl oyl . hacr.yl oyl X ,
oroup aving PO e e b A Y e e SRR P con
o o G A O G R T,
e oh o A Bl L RIS el e

m Xt ur e, ﬁgg&ﬁaghe nunmber of nobles of a Ti 5 atomis 50%to 90%rel ati ve
to the nunber of ‘total noles in terns of a Ti atomand a Si atomin the

conposi tion, cordiaf a second aspect, the thin filmformng

t
conpositio ordryr ;z i rst aspecthorsmipfiilsing a m xture of the
titaniun1cgﬁgknﬁiﬁctg E%I Kég_

#¥6m the group 5consisting of the compound
of Formula (1), a titaniumchel ate conpound, and a hydrol yzabl e titanium

di mer, t hfin$olmelagl s &fpoamdkyBrows, akaryngt@up( 2 haloasithtadl dkyliggsup, aonmpound ( C)
of Fornmula (3): Roa 'SKR )4-8,Fornmula (3) [in Fornmula (3), R5 is an al kyl
group, anhapgdnagdaeuyd,grauhah etenglt grdumlok yh oggaoueErowp H:Gipdogpena gedipanty |
group, an al kenyl group, or an organic group having an epoxy group, an
acryl Byl gerplopl graupet hedagybyl spuoupmercapteratoyt, 6n gmapgroap, aiayengr oup, a
sul fonyl group, a sulfide bond, an ether bond, an ester bond, a sulfonam do
group, or 2@upyad s gndeptogndiapsmbyadaraugh 4 181 bensh Radon alkeoigyhvm agi - C
bond; R6 is_an al koxy group, an acyl oxy group, or a halogen atom and a" is
an i nt egefCYSXIEPE: 3¥ ,a%alqs% Ao sﬂpé 25t gigtaeeop! Ao Hea Haptug ghelyge a

hydr ol ysi s-condensati on e m xture, according to a third

rodyct. of t
aspect, tHEPHIE: 1 %ﬁ*@ﬁhﬁ eEBWﬁ@%B?@%ﬁ“@ccording to the first aspect or

t he second aspect. in whi t ni.trogen atomcontaining ring group or the
or gani ¢ grou6S@%ﬁ?&?ﬁ?ﬂﬂ“ﬁﬁﬂf¥$888wai om contai ning ring group i s an

organi ¢ group~of F nulak(4%£\ [in Formula (4), R7 is a hydrogen atom a
C -lo al kyl w2 "an @k roup, .an epoxy.gheMpEzya sul fonyl group, or
an organi ¢ od oD I BS e a8 4101, 10 al Kl Caraup, “an al kenyl goroup.
y

an ep group, and a sulfonyl group; R8 is a Cl, 10 al kyl ene group, a
[in Formula (2), Rlisa nitrogen atom-containing ring group or an organic group

containing a nitrogen atom-containing ring group, a condensed aromatic ring group or an
organic group containing a condensed aromatic ring group, a protected phenolic hydroxy
group or an organic group containing a protected phenolic hydroxy group, or a bisaryl

20 group or an organic group containing a bisaryl group and is bonded to a silicon atom
through a Si-C bond; R’is an alkyl group, an aryl group, a halogenated alkyl group, a
halogenated aryl group, an alkenyl group, or an organic group having an epoxy group, an
acryloyl group, a methacryloyl group, a mercapto group, an amino group, or a cyano
group and is bonded to a silicon atom through a Si-C bond or a Si-N bond; R” is an

25  alkoxy group, an acyloxy group, or a halogen atom; and a’ is an integer of 1, and b is an
integer of 0 or 1, where (a’+b) is an integer of 1 or 2], a hydrolysis product of the mixture,

or a hydrolysis-condensation product of the mixture, where the number of moles of'a Ti



6 hydroxyal kyl ene group, a sulfide bond, an ether bond, an ester bond, or a
conbi nation of any of a Cl_10 al kyl ene group, a hydroxyal kyl ene group, a
sul fide bond, an ether bond, and an ester bond; and X1 is a group of
Formula (5), Formula (6), or Formula (7)s 5{in Formula (5), Fornula (6),

and Fornula (7), RO to R13 are independently a hydrogen atom a Cl.10 alkyl
group, an2XnkiAYe i Ylip relativedp shemyrbrip! tofalappled Hytera fipl 1 Aemaad 8rSyani ¢

group contgbgln%aggﬁﬁot.a hydrogen atom a C310 al kyl group, an al kenyl

group, an*BpLRY oS a sul fonyl group}] and is an organi c group

aspect, the tiir o GherednTieEnBe Bt flon “aeuet tihg v o e At Wpect or
the second,aSBReL codrithlh nidife B it SRALBILEAN BHLNG M, BAWRP" the
prggg;clgroup corftai ning-a nitrogen atomcontarniny ZHng g;oup Lp a

i m Xol¥]¢) ,
accord?ngC?%ﬂﬂﬁggﬁﬁﬁngggg%??gfﬁg th?gg?%ﬁﬁﬁ?%?ﬁgﬁgég% ost?%%Qaccording to

the first}HAsRaBk (RmilNLAiSEC AR IRSALEIpolfl Wik Folhea¢PNdeNS SHcay Omati c
ring group or ‘the organic group containing a condensed aronatic ring group

i's a naphtéypo@idqap oFo@mulad)hryl group, according to a sixth aspect,
the thin filmformng conposition according to the first aspect or the

second aspecf. 5in i fhe protected phenolic hydroxy group or the organic
20group cont nfﬁ@?@}éﬁ% ed *phenol i cFagawlexy) group is an

al koxyal kyl -subStituted afy oup or an al koxyal koxyal kyl -substituted aryl
group, _according to a seventh aspect, the thin filmformng conposition
accor di nglind'ormuelaf(3) & inapaky! meup.he and gon. asplegenatédaliigetngt. be bi saryl
group or the organic group containing a bisaryl group is a bisphenyl group,
7 accH? di Ayosnaid aaylghew: 48 pleny! grpe. 1on PR ofganin SOYIMPHENCYNRIKY ZF O, an
according to, apy one of the first aspect to the seventh aspect, further
conpri si n&rﬂoar%@Paar?emawa?ralowbg{@é&powegaapto group, an agERQEHAG 18 i nt h

ospect, e S B LB O LAL o0 Bccon ag,Lo aty one sof the
nCcor 103 o S MaBEREE b s B SRR BETRIRA R 9119,
acyloxy group, or a halogen atom; and a” is an integer of 0 to 3), a hydrolysis product of
15 the mixture, or a hydrolysis-condensation product of the mixture,
according to a third aspect, the thin film forming composition according to the first
aspect or the second aspect, in which the nitrogen atom-containing ring group or the
organic group containing a nitrogen atom-containing ring group is an organic group of

Formula (4):

O

A

N RS Formula (4)

/
X3

R’—N

20 O

[in Formula (4), R" is a hydrogen atom, a Cy.1g alkyl group, an alkenyl group, an epoxy
group, a sulfonyl group, or an organic group containing any of a Cy_jo alkyl group, an

alkenyl group, an epoxy group, and a sulfonyl group; R® is a C\.1o alkylene group, a



according to an el eventh aspect, the thin filmform ng conposition
according to any one of the first aspect to the tenth aspect, further
conprising water, l1l0O0according to a twelfth aspect, a thin film obtained by
applying the thin filmform ng conpositigon as described in any one of the
first aspect to the eleventh aspect onto a sem conductor substrate and by

baki ng t hBYderpdsilencagoup. a subfidediogfliy §heronf an sstsh PANG HAEOMPHHRR Abd f or
roduci ng a senjiconductor device, conprjsing: applying the thin film
R s YU A N SR AR T B AR S
el event h aspect _ onto,a i.conduct subst rate and Ki. t he conmposition
to :‘/or m aali“%llrhesfeirlbﬂjd;a %ﬁgﬂ lﬁagﬁ“@oﬁ%&'?‘??‘éﬁﬁf@m@ar@g?{sF&(I)rr‘][?%(@hgp t h: nI film

to forma resist fidm exposing thﬁg{fsist filmto light; devel oping the
resist film afterBhe exposure to bptain a resist pattern; etching the thin
filmaccording to]the resi st patterln; and processing the sem conduct or
substrate accesd the patterngt—+gsist film and-fNie—2A0patterned thin
film accordi 9 to a fourteentfl aspmct, a nmet hod flor ppoducing a

sem conductor deviggy conprising: flormihg an organic nde(r{gzyer filmon a
sem conductor substrate; applying Rﬂeén(_hi nfilmform i C osition as
described in any one of the first aspect to the el eveihlaspect onto the
organi ¢ underlayer film and baking the conposition to‘forma 25thin film
applying a co Y for a resi st dhe thin filmto forma resist
film exposi nﬁqﬁ%ﬁé ggl st film togrﬁigﬁ{lé;)( gevel opi ng t heFPERRIEHL7F i | m af t er
the exposure to obtain a resist pattern, egchi ng the thin filmaccording to
t he resi s{ingarmeleds),doohilagor hed Segani CuRder R ayes inflepemdesbyor lidiggeno t he
patterned thin fil and processi ng the sem conductor substrate according
to the pattpex ﬁéh-m;lljﬂrﬁr@umr@aé}lqeay@rowamepo:sy HOEBrANUHGNYIRIUR. of fBent h
aspect, a nethod for P[Qduci ng.a sen conductor device, conprising: formng
an or gani ¥EaHEEFPBORlaTINgARHOLa kehpgesdenat - | gup, 2y eRl 88PUhe t hi n
filmform ng conposition descri bed ji.n any one of th i rst...aspect to the
el event n SRSy i ot ST EOUA R 998 Pee R Sirb ks I HHESESBos i on
to forma,5thin {f.i ppl yi ng an organi c resist underlayer filmformng
conposi ti%lﬁou aoglf(lflughli'(ﬂi n filmto forman organic resist underlayer film
applyiqng a ¢ ' : | G esisty. r film
R L R e e S A
resi st fléggla&fotr%e éebﬁac% BGUBA MO RS, eR a&ﬁicaﬁtaﬁﬂg% & Darofb oPiAg the
organi c resi st underlayer filmaccording to the resis pa%tern; etching the
thin fil %@Qﬁ@ﬁg@d@&oﬁ&iﬁiﬂ%a%ﬁﬂ%@ﬁ @lone oA End B85S s AMNAddZaNolg &M
etching the organic underTayer filmaccording to the patterned thin film
and pr Oceaﬁd'nfggnitigﬁn%eﬁsh@@ﬁdgl@ﬁ ghidsudsroape according to the patterned
organi ¢ underlayer film according to a sixteenth aspect, a nmethod for
produci ng a senrdiogdusgfifh adexi,cles thoofiion fehmg cdnopaitivg aacardmigsd theafikker n on a
substrate; applying the thin filmform ng 15conposition as described in any
one of5 t hespkdtros theaspett aspectt ihevietlethenthdaspbabneit ong geowulsshe agenion whi ch
the resist pattern is formed and baking the conposition to forma thin
film et cHiong ceMainig scondpiractd rassgsisgaedieun B¢ mphdiyl graue or amentbrydhi ng t he
resist pattern to reverse the pattern, according to a seventeenth
aspect, t#HeYet hod according to any one of the thirteenth

according to a sixth aspect, the thin film forming composition according to the first
aspect or the second aspect, in which the protected phenolic hydroxy group or the organic
20 group containing a protected phenolic hydroxy group is an alkoxyalkyl-substituted aryl
group or an alkoxyalkoxyalkyl-substituted aryl group,
according to a seventh aspect, the thin film forming composition according to the
first aspect or the second aspect, in which the bisaryl group or the organic group

containing a bisaryl group is a bisphenyl group,



20aspect to the sixteenth aspect, in which the resist is an EUV resist, and
according to an ei ghteenth aspect, a nmethod for producing a sem conduct or
devi ce, conprising: applying a conmposition for an EUV resist onto a

sem conductor substrate and baking the conposition to forman EUV resi st
film applying the thin filmform ng conposition as described in any one or
the first aspeeerding tppB ciahdvespes- Gepaatilydfegningsompetition aegosding [d#ayt o f or m
athin film exposing the thin filmto EUV, devel opi ng.the EUV resist after
t he exposBP%Of ¢ SBHASRECA LY 88 e Pspest P“Qﬁdxﬁﬂﬁ@€§§?g&fFW§a@@ﬁfconductor
substrate aggording to the resist pattern. Effects of the Invention
[001111 n PREYSPESent invention, the thin filmis formed by an applying
method 9 eit r r i rlayer .filmforned on a
substrat e, angg%ﬁ%ﬁggﬁlﬁh a?éel%ﬁ]%eat%&e@r&]sfm% [ Coﬁpo%gﬁleo? aa)fér%(frgl,ngatlo %Wo?%er esi st
an elegtr j Fegl LS Then, a resist
patter% igP o?ﬁghﬁg§kgi%%g&$§p§ﬁ§¥6gggfg%%%%??&%%ggﬁﬁe substrate is
processed eit I i ;1 i Q1 i nto
5transfer théﬁggggggﬁ?Xgﬁ%ﬁgﬁg%ﬁ&?ﬁﬁgﬂ?ﬂgk??%kgﬁir%gghgg%?%?gﬁogﬁgégg

et chi ng t BetherBanispedd AFGE AUE bsdelcd, E‘ﬁrﬂ@r%érﬁ?ﬁﬁﬁé atfle pattern, and then using
the etched organic underlayer film [0012]1In formng a fine pattern, for
preventing a apadrtiiipno apkleapsk aspdde tiebisfilnd fdrminddoekieB®ntaeadgink@ hey smal | .
Due to the thinning of the resist, in the dry etching for transferring the
pattern tonaof thk fivexssict rghasndnaypadefurdyeconyfrididyewatesi st, it is inpossible
to 10transfer the pattern unless the etching rate of the underlayer filmis
hi ghetOt han taherdiog to hewelfthespdcayaghinf filhmobthined he applgisetive thinveint fooming he
substrate is coated with the thin film (containing an inorganic

titani um sPhpestifrhssisacrisapo ardpncod! thhdrspmserio thaeddevantoaspesitdnerawi t h or

w t hout an organi c underl ayer filminterposed therebetween, and then the
thin fil nSmicehicky supsigteAnddy; ek thetemapOsHiPani ¢ resist filn). An organic
conponent film and 15an .i norgani c conpon%%t filmhave dry etchjng rates

largely di ffeFeRtinglomtddemtbatmsrt aapehne lRgPudueing aseniepiytogevicRe et chi ng
h that .the dry.etchi te of the organi : t film,j

enhanced BB FRRNI TR S SUN IR SORPY Bt JrgoH Hn 8RY PRfelthor gani o
tofilmi - CONt.ai.ni L F le, th

componentrfd LR, TOBPSSHh kA 8 PSSR AT Bk AR FReREEL o LPer e

20pr esent 4aNEMdi0B 1675 iR ASatdhin A4EHLAYUAY Bl hBSIER] B thY it S Chi NG

the thin W ~hal ogen-co rng gas, and the substrate is processed
Wi th a halRgemesontai; kpskitPhe &EQHINNG 1iL8:; HBRINAS BlRedifiansfSkf gd to the
thin film Aternatively, by dry etching the organic underlayer film

exi sting éﬁ)d@lﬁl@ o 0Bad 2yeist gdttckhedhiignht iHimGla 2800 g th heRaditi@hfcins
transferred, with an oxygen-based gas using the thin film the pattern is

t r ansf er r adl fprocdshiag 2xodegatirelutiod eubsay@racdrimg tand fatternsdbsist alie ahs the
processed with a hal ogen-containing gas using the organic underlayer film
t o which pdienpdtthierfiim,s transferred. [0013]1n the present invention, the
thin filmhas the hardmask functions as a resist underlayer filmand a
hydr ol yzabl eagfoadipg itha fhvetesnth aspast. asnghod fre peastyesingredsmidonfoetmudievi¢e] ) |
Formula (2), and Fornmula (3) such as an al koxy group, an_acyl oxy group,

comprising: forming an organic underlayer film on a semiconductor substrate; applying

the thin film forming composition as described in any one of the first aspect to the

eleventh aspect onto the organic underlayer film and baking the composition to form a

25 thin film; applying a composition for a resist onto the thin film to form a resist film;
exposing the resist film to light; developing the resist film after the exposure to obtain a
resist pattern; etching the thin film according to the resist pattern; etching the organic

underlayer film according to the patterned thin film; and processing the semiconductor

substrate according to the patterned organic underlayer film,



10 and a hal ogen group is hydrolyzed or partially hydrolyzed to generate
thereafter by a condensation reaction of the resultant hydroxy group, a
copol ymer havi ng pol ytitanoxane (Ti-O Ti structure), polyorganosil oxane
(Si-OSi structure), or a Ti-OSi strucigure. Al though the thin filmof the
present invention contains as the main conponent, a 5copol ynmer having a
Ti-OSi  strudteréingina iftspnbpppas) gayetbeshtoaiprodysingta scanesedheo| T Ti
structure) or _ polyorganosil oxane g§i-c>§% structureé. These structures have
a sati sf attBPYSIRHEPIERE 8B PIESRICFUNETRYSH THREDA SHHT W elobipShyF tPREINE
function. ,Then,..an. i nor gani ¢ .pol r (jnternedi ate, fi is effective as a
har ik 5 BER o P P SaPen AR HAGLE ¥ oar ek e rysh Brinder & ayer
of the in Late fi or r9CesS] :hj - e. That
s, the | HETTRAER o et R up e GRS RhE N R b SRARNG  ng

the S@St{]ﬁ’i ﬁir}?;ra%ggﬁlfé@gor‘éﬁni@%s‘;ﬂ%Bd@r[by%ﬂ%‘%gﬁf{&ﬂ@&itﬁ%{}h{‘%eQlﬂﬁ for

etching the orga rffayer film . ( he present
I nvent i ONFRRSSRIHEH @ganqm@fg@%e%yerq’ﬂ%ﬁl h S yind e offpobiin thY dvekisd Jhté Bleat i ve

to the upper layer resist, and dry etching resistance during the substrate
15pr ocesshigni@hredif@nlidrieer film td RPhA rediehi i eRpdsidht edshsk Ao &ONPRSi tion of
the present invention can be used as a filmformng conposition for the EW
resi st upperclidpayethe rodkt Ghm af@r @b cipiife oayedin birésit @htt@n; Fkng @gicsianicauses
no intermxing wth the EUV resist, can bl ock exposure |ight undesirable
duri ng EUdsexpaktingsr fdmclcasindoaindreBlsMatiean eediracthe veéh ¥ilrh nessding tdetiy

20al one, and can be devel oped with a devel oper after exposure. [ 0015]
Dur i nif} exporurd wiantihresBiUvdedsystijimEeghingght oigsnicadileeodr tilmgetdosdingda h UV
light and DUV light. The EUV |ight contains around 5% of |ight having a
wavel engt eppti@oed thimfibr; gndguodrssing d seuncondydior subsgite agfordiay & @agt hs of ,
for exanple, 190 to 300 run, 190 to 250 nm particularly around 200 to 240
nm | eads PBlerE g ipgrlarerdEihe sensitivity of the EW resist or the

Co el L20. et Bl PG et B b s BB Fors 2
starts to influen?e‘the attern and af%qgﬁs adver sel .tF resol ution of the
BV 1 osi SR (A PRAFEIT SAUerap G TGN FBRATIEGE T e &FTTPE ¢ he

lith a iN.order i e h ound 200 to
240 i o RkR a8 . adork Find iAol ARSI Rl oRIHED, o
the thin §j ISk . I | 8Nl ght - of
500 10 DattpuBIn il G2+Shor dBRER i BAREd EAARIOLE HAPESIE R Bl It

in EW eXﬁH&,L&&&nﬂ'ﬂ@&hih%%QB%Qﬁ&ettlkbergéi§ts§ahﬁéé;%ﬂdl@{chh%%ﬂ&’is{ Balest o The DUV

5l ight of around 200 to 240 run can be efficiently absorbed sel ectively by
titaniunngxag@ﬂmqgﬁ&mjis preferable that an inorganic polynmer used for the
thin filmas the BUY resist upper |ayer contains titanium oxide. The
i nor gani ¢ pohyueding and sdventeenthiakseet, e ©xihdé acandibg tdinpsalevwddhd thirgectivel oper
(for exanple, an al kaline devel oper) together with the BUY resist during
devel Wpmessped Oaflcaixtesnplosyeet, irsehichae desisicann Bé \iessolavéd and renoved by a
devel oper. [0016] The thin filmform ng conposition of the present

i nventi on cafcdseding evhreg ghinenihdsnechypenetiynt for pufdueipgiasemiaticier dfviache BUY
resist, which, as an underlayer filmof the BUY resist, causes no

i nt er mi xi RS APRY BRIV soayiosttion dprpnddAV presiento ¢ sranieefdusior PEWUIBE exposur e

O N e e pabicton to Tale Sk EEAV fedst S8 Mpfing the 1itn Al forming 0"
composition as described in any one of the first aspect to the eleventh aspect onto the
25  EUV resist film to form a thin film; exposing the thin film to EUV; developing the EUV
resist after the exposure to obtain a resist pattern; and processing the semiconductor
substrate according to the resist pattern.
Effects of the Invention

[0011]  In the present invention, the thin film is formed by an applying method



15from the substrate or the interface. The thin filmform ng conposition of
the present invention can efficiently prevent the reflection as an
under | ayer of the EUV resist. [0017] The thin filmform ng conposition
of the present invention can be used asga reverse material. The thin film
form ng conposition of the present invention can be used as the reverse
material S4har OnagHBStrale piedy &t organie spderfayphaln Eamsd susupdtade. jpgd eptiiced 20
with the thi% sition of the present invention nd the

COnposi ¢ ﬁﬁn QE%%Q@%P e g %fag‘?@ﬁiari;}wqrﬁﬁmtaﬁﬂd?ﬁ@;{ PR A 41 %%i;s et ched
oK e o R T B R P E R Pk SRS E e SR Bl S b

S overs! e bAPNOELTER) Bl B BRYE G Mok Hpd Mobioa bS] o1 BT PRY
1 FIG lohs@ny %ﬁ&%,gagn%ﬁ%%qgs pehatgar ﬁﬁ@rﬂfor@yg{cgﬁ%tﬁgf}é&?i of a

resi st pattern obtalne 2 is an

el ectron [m&:RSGANG: BAAIOQF ﬂi%*}aa&fsm?a&f @ef us""éﬁ?g?ﬂe%%cﬂéﬁ dn&ShiRfer R ERLN
obtained in Conhparative Exanple I. MODES FOR CARRYI NG THE ['NVENTI ON 5

[0019] The present niemidONfihSpatettittr fretdhtinghPai@nGoNRss! the Pdkid sigd
together with a resist in a Iltﬂography process, conprising a mxture of a
titani um godmpesstendsAd beehall eut t@MeahighdigRf elossist im@e dfy @clkiappaund of
Formula (1), a titanium chel ate conpound, and a hydrol yzable titani um di mer
and a si | tremsfercogpeuntie(rBp aofilnfedstingas @2 unddleyehytthe kesst, St primgogiblefo t he

m xture, or a hydrolysis-condensation product of the mxture, where in the
conpo’i t i bapsitrhibe paitdbennlo$s tho kebingfratg of theatrolarlier 5ol bighOothapihef elrthbl y 55%
to 90% and nore Pref erably 60%to 90% relative to the nunber of total

mol es i n veradayst ThnTi Inghe pregerd iavegiiontthersubThatepy essitask withtheribindim s al so a
thin filmform.ng conposition used together with a 15resist. in a .

| i t hogr apffPnisiaeeas inosswyy HamHg-dlisankbase e compere) of theprersdBrPBIeA )

sel ected fr.gmth%egrou caQnsi tfén%r f the conpound of Formil a (1%., a
titani um ¥ |°a]§Nét tra@lo ﬁ%ﬂzfcaﬂ rdy ﬁﬁ}ﬂﬁiﬁ%ﬁe herg g‘mgmf FF?“FH msili)con

.0 rnmul a a a Sl.l 1 con.conpoun (0] or a , a
rydrolys bl Bl £t et 5@8}?&Effafﬁs‘?%9@%}8éﬁ@§9?%ﬁ”¥%?&é_§ct of
| 2% 5008 1 0B RIS olboh St ERTROB by Amink B THIREY o frn R GEn Blhcf 0 24 O
[ G020] " vnicepie i Taeteittioh Bt e R el lul ELAPuS U Aehing TATLERE deafq A1 O
group congishdag: Qfn isfk%h&%ﬁ%? Rl 0@ o FOF A Basd(abll th@ddlyl k@b sichahat e

compound, and a hydrol yzable titaniumdiner, the silicon conpound (B) of

For nul a (&brgaﬁﬁcbohgﬁnéﬁﬂﬂlﬁﬁl@ cRIRG0EPBY Adalo&dn-0dnthamewaa (3) is used, the
silicon conpound (B) of Fornmula (2) and the silicon conpound (C) of Fornula

(3) can be cobt atangde,ithert hefotanpo sdsist pactdarn tigw thirasfeateld o theakintfia ofakd o of
the silicon compound (B) of Fornmula (2) in the whole of these silicon
conpa(hdspicsent @ssntidracki §0 dsyhawlderlafarof ehearphiehy @y Stahme4desy fimlvath The
thin filmform ng conposition of the present invention contains the m xture
of a halogen-containing gas, and the substrate is processed with a halogen-containing gas
according to the pattern transferred to the thin film.  Alternatively, by dry etching the
organic underlayer film, existing as the underlayer of the thin film to which the pattern is
transferred, with an oxygen-based gas using the thin film, the pattern is transferred to the
25  organic underlayer filim, and the substrate is processed with a halogen-containing gas
using the organic underlayer film to which the pattern is transferred.
[0013] In the present invention, the thin film has the hardmask functions as a

resist underlayer film and a hydrolyzable group in the structures of the compounds of

Formula (1), Formula (2), and Formula (3) such as an alkoxy group, an acyloxy group,



13 the titanium conpound (A) selected fromthe group consisting of the
conpound of Fornula (1), a titanium chel ate conpound, and a hydrol yzabl e
titaniumdinmer, the silicon conpound (B) of Formula (2), and the silicon
conmpound (C) of Formula (3), a hydrol ysje product of the m xture, or a
hydr ol ysi s-condensati on  product of the m xture, and a 5solvent. Then, the
thin fil ni¥dt hlagencsamposivihyzse of partishs dedrolized EngsnsiiaiigregBpt B s as an

n al cohol, a curinqﬁcat st, an acid

optional conponent, an aqég, mahg;, 3 : _ I
gener at or SOSRBTAHER IFFUAhPCthp 67PN LYArosy $EPUPa B SBRPY e Hanoyane
f act ) the ik Th lid t i the thi il f i
Somact o1 b B sl L Sfve o fh i SO S Bt G - St ele Eo
mass, or Qg %p@lﬁgé gilggf}%"dé’ YeeHP Y enttin c%néamsg% PSSl @Ry, mass. Here,

the solid coé% ent remainin renovi ng ‘a sol vent

conpongent I : i i ] : Lt ArQR.T: The
oo o SARGh e Hay PRI Seeplelfic b Fbichd] AR PAYRORBOSIIRONTI, o

product t{a1aet) ordfdlh Re A Aays | SO0 M dRRGAk) ONMMIREOSuekuthgseof constituted
in the solid content" is 15 20% by mass or nore, for exanple, 50 to 100% by

Mass, or &@istaetorPRUrbYcdiBE Funcdion AAd k QatldQYerharimesk fh@ida) I n t he conpound
(hereinafter, called also hydrolyzable titaniun) of Fornula (1) used in the

present i nvefhegmn ifbresniapolhiey (ing0ePiateaiimd iydif@tiosips a Baialacig®natcdthgal Kyl
group, a hal ogenated aryl group, an al kenyl group, or an organic group 20
havi ng anarepgxyic gnderfrycafilnacxiytirgyds apriodpslaygr nethekacteyhaldte gitmowp fora ncrcapt o
group, an am no group, or a cyano group and is bonded to a titanium atom

t hr oulgh apPiessingdetdhin®) thi substratel. k Ohmt gr e ptermredinty fibw hagsasigfactooy dey hal ogen
atom a is an integer of O to 2. The conpound of Fornula (1) can be

pr ef er abl §ichiggiesigigne dujing the spodi] PrEgesrE @8 agiingt lae oxy &y bageddipy didendide

| i near or branched al kyl groups 25havi ng carbon atom nunber of 1 to 10 such
as a met hgas fgr Geiyng s BeHye vedsaper W n- propyl group, an isopropyl group

an n-butyl up,. i sqbutyl group, a sec-butyl grouyp, a tert-butyl group,
2 - pentyl g6t Mot dren Pt a2 eon e P Seble i g dap. &
e BT Y b B e Y S O B55Rs Bpe he susn

1-et - N A 14 an n-hexyl group, a 1-nethyl-n-pentyl group, a
2-ne?%$|?%8%%%%§f9§?§ﬁ%; a 3-nethyl -n-pentyl group, a 4-nethyl-n-pentyl

group, a 1, ligHnet - = . 1.9 i ) ) "
G et hyl LIRG g1 ittt torgfif sk R e ol 1R Red &

2, 3- di met Dgtlm RorBihy borBp Qi Br SN Q&ﬁﬁﬁ?p&'lﬁ}%h%higﬁ,%i Bn uppdk-i@fehYilmn- but yl
group, a 52-ethyl-n-butyl group, a 1,1, 2-trinmethyl-n-propyl group, a
1, 2, 2- t ri @RIV Reddt ORYibesHodURrmixing with the EUV resist, can block exposure light
undesirable during EUV exposure, such as UV and DUV, can selectively transmit EUV
20 alone, and can be developed with a developer after exposure.
[0015] During exposure of the EUV resist, EUV light is radiated together with
UV light and DUV light. The EUV light contains around 5% of light having a
wavelength of 300 nm or less besides EUV light.  Light of wavelengths of, for example,
190 to 300 nm, 190 to 250 nm, particularly around 200 to 240 nm leads to the lowering of
25 the sensitivity of the EUV resist or the degradation of the pattern shape. When the line
width of the pattern is 22 nm or less, UV light or DUV light (OUT-of-BAND/
out-of-band radiation) starts to influence the pattern and affects adversely the resolution

of the EUV resist.

Although there is a method for locating a filter in the lithography system in order



a l-ethyl-I-nmethyl-n-propyl group, and a 1-ethyl-2-nethyl-n-propyl group.

[ 0023] As the al kyl group, a cyclic alkyl group can al so be used and
exanples of the C1_10 cyclic alkyl group include a cycl opropyl group, a
cycl obutyl group, a 1- nethyl-cyclopropyilgroup, a 2-net hyl -cycl opropyl
group, a cyclopentyl group, a 10 1-nmet I-cyclobutyl group, a

2- net hyl - Syt lighutyyavgleogips oha@un@t’lﬂ@paaﬁg mj{omovg db@pro&ess is complicated.

1, 2- dlnethyl cycl opropyl group, a 2,3-dineth I-cyclo r L group,

1-et hyl - c%‘l‘ér&?%ﬁ%mﬁ%‘@ﬁ thg thpo &l ﬂw@%fmp@sy aygrcaaﬁ 89%qsgﬁ@§y| gr oup,

a 1-nethy u l.ope
3- et hyl - b}@? BB Pt oiph rﬁmn&cﬁ@{r SRR IR o eupbiaafiion

et hyl - clob t.h aobut r
5 ot R TRy B BB B S LRl RSB P g o BBV

d| t I , I

T i QAo B0H o S N, e

pr OpyL? fiX¢ 1‘3@1‘290%’ hlagérpﬂlBrgaﬁlczpdn'yrH&%XJi TGS BB BRY bs BeQUPY r&ist upper
i sopropy | opropyl group, a 2-1sopropyl-cyclopropyl group, a
,2,2-tr|QggpMﬁﬁ£M§¢@9%gthd@roup, a 201, 2,3-trinethyl-cycl opropyl group, a
2,3-trimethyl-cycl opropyl group, a 1- ethyl 2- et hyl - cycl opropyl group, a
2- et hyl - 1- methylinG¥&liOpsI9RYKE caitdiumg Raduetdiyde cnmeidisbivey ¢l ®p&@per gr oup,
and a 2-ethyl -3-nethyl -cycl opropyl group. Exanpl es of the C.1 10
al kyl ene (fopexnmpic andékdihkybenepeyr oyabedeith thed: Y oemidt keriap dselament  gr oups.
25[ 0024] Exanples of the aryl group include C6-20 aryl groups such as a
phenyl0 gr efigr,exposuoe, e thyy itplae by ldigolowh andaremoved b yldehadoydr. gr oup, a

p- met hyl phenyl group, an o-chl or ophenyl ou an mchl orophenyl group, a
p- chl or ophem[DO fd ouphe drin GlmIformriog h@rnwsﬂgwro@tghe arepeniersapenprebniscgrdup, an
o- net hoxyphe X group, a p- nethoxyphen% \prou a _p-am no henyl group a

p- cyanophanyndeglagensntiaailectivashety of thsENogpist 3 hﬁihﬁbﬁt erlgy@dp

0- bi phenyl yl oup, an mbi phenylyl gro henyl y
1-ant hryl t§ %g}élesastzcaa%ﬁsmoymegpw wih %@ﬁmﬂg? pawfgﬁo*ﬁ%ﬁ%ﬂ%ﬁ?lw

2-
1
2, 2-
2,4-d
1-n-
1-
1
2,

00 o RIS BE oF FLSTTRHAY R DRI S B
C2 10
210,81 O LM ‘é@w? gt i TP e

2-butenyi . groun  a e%ﬁgg;tgryrgveg{ ARt tdpmhaelﬂaggmﬂqgwb\gfe up. a

2- met hyl - 2-'propenyl rou 1 - propenyl

group, a 1- m‘f@@w} 2TRE gReRYh f&‘iﬂH?coxﬁpésaﬂ?@rﬂ&ﬁﬁé’bzegérﬁ‘i'rﬁ)wenﬁo@cm@s@bl hs gr oup,

a 3-pentenyl group, a 104-pentenyl group, a 1-n-propyl ethenyl group, a

1- net hyl - 41 8ut@MYdiefHI OUPhe ﬁnrlﬁ[fﬁtf&)‘rﬂm%c@ﬁ}t)@sﬁtydn STtR Presént ImBE Gy tandrebut enyl

group, a 2-ethyl-2-propenyl group, a nmet hyl - 1- but enyl group, a

2- met hyl - @sdauk eiylevgtOthaterial Zs LAY a Bsibupeiam fognodipn aduBtmrtibybattd but enyl

group, a 3-methyl-2-butenyl group, a 3-nethyl-3-butenyl group, a

1, 1- diret hyih-iRe fhirofilen fdrmgnoepnpaition cfolpr mpydnt etvhetiyd, agd Gwpomgosition is

1, 2-di met hyl - 1- propenyl 15group, a 1, 2-di methyl-2-propenyl group, a

1- cyclopedﬂ@hwﬁbgn@mbﬂfﬁn@a@&&kopbﬂﬂémﬁhn@wddyﬁt@ﬂéS@ﬂ@lﬁpeﬁﬂ@mﬁﬁ@group, a

1- hexenyl group, a 2-hexenyl group, a 3-hexenyl group, a 4-hexenyl group, a

5- hexeny! syfasa s e@oaedrr@mdqvlqusem@rérmheéwaﬂpa gas (lanpapmple. g W&eéﬁ)ﬁl{iedgr oup,

a 1-nmethyl-3-pente grou a 1-nmethyl-4- entenyl grou -

et heny! gg@aﬁapaélezo%ékﬁtwdnr%ﬁl%w r@%ﬁfppa&e on Wélﬂ%t}llﬂ glﬂbgﬁ? ﬂsﬂe gr oup, a

2-met hyl - 3- pent e 20group, a 2-nethyl -4-pentenyl group, a

2-n- propyTﬂ?“BEHBéﬁ %roup a 3-net hyl - 1-pentenyl group, a

3-nethyl - 2-pentenyl group, a 3-methyl-3-pentenyl group, a

3-nmettiyl- 4-pentenyl group, a 3-ethyl-3-butenyl group, a 4-nethyl- 1

-pentenylpgZIl qS%RﬁF?ﬁﬁQXﬁT%Hﬁﬁ@ﬁgﬁﬁkKﬂgouD’ a 4-net hyl- 3-pentenyl group,
pen

a 4-nmet hy enyl ~group

[0018] [FIG. 1] FIG. 1 is an electron microscope photograph of a cross section of a

resist pattern obtained in Example 1.



1, 1-di met hyl- 2- butenyl group, a 1,1-dinethyl-3-butenyl group, a

1, 2-di net hyl-1- butenyl 25group, a 1, 2-dinethyl-2-butenyl group, a

1, 2-di met hyl- 3- but enyl group, a 1-nethyl-2-ethyl-2-propenyl group, a
1-sec-butyl ethenyl group, a 1, 3-dinethyil-1-butenyl group, a

1, 3-di net hyl-2-butenyl group, a 1, 3-dinethyl-3-butenyl group, a 1-isobutyl
et henyl group, a ilf@laﬂ gdﬁ-ﬂyxaa@ﬂbettr@ngnlwrgmn@ph%toar,asg ef #retopysectionat &ny|
group, a 2, 3-dinmethyl-2-butenyl group, a 2,3-dinethyl-3-butenyl group, a
2- i sopr opietlsr#icapapined 15 CemBH3tvaEsamplgilnet hy1-1 - butenyl group, a
l-ethyl -1 -butenyl group, a 1-ethyl-2-butenyl group, a 1-ethyl-3-butenyl
group, a 1-n-propyl-1-propenyl group, a 1l-n-propyl-2-propenyl group, a

2-ethyl -1 | -gﬁhy -%§Rg$ group, a 2-ethyl-3-butenyl
group, a %&%@§§¥¥Fﬁégﬁ§?ﬂggﬁp peh%? gr ﬁ%ﬁkgql-tert-butyl et henyl group, a
51- nethyl - 1- et hyl - 2- propenyl group, a 1-ethyl-2-nethyl-1-propenyl group, a
1- et hyl-2-nmet hyl-2-propenyl group, a 1-isopropyl-1-propenyl group, a

1-i sopropy1- o@@gpem S By cfridrs (84 Lt ﬁ;)f&'ix&p&ﬁ% MonGkORgeter

1- met hyl- 3-cycl opent en group, a 2-nmethyl-1 -cycl opentenyl grgup, a

2- et hyl - %‘itﬁ)ﬁ‘%ﬁﬁ‘?ﬂhﬁi@ifdgr%‘%ﬁ@c%,%OH@HE&Y;% a3nikucé OPENARNE c@hfd (3) 10

2- et hyl - 4-cycl opent enyl™ group, a 2-nethyl-5-cycl opentenyl group, a

2- met hy| egge@yCh-OROMNYhp &iRisHng of Scompditd-cEroyiahRRE) heiHingchlpe a

3-net hyl - 2-cycl opentenyl group, a 3-nethyl-3-cycl opentenyl group, a

3- et hyl - dery@indpatil eiydrolgrailptitaaiuda dididryhd 5-sticoh opapdeniy(B) gf Sogmula (2),

3-net hyl ene-cycl opentyl group, a 1-cycl ohexenyl group, a 2-cycl ohexenyl

gr oup}0 anghgpdrdbBisqyedwhekdnydixgrawpa hydrolfs@o@sideksatiop pesugfoftthembaliegenat ed
al kyl group and the hal ogenated aryl group include the above al kyl groups
and aryl wheugps thercowtriositionnibe ormbrerr &f hylds elgehi atowng 8§%ite PYepredubllyi t ut ed
with a hal ogen atom such as a fluorine atom_ a chlorine ato a_brom ne
atom and5¥n 1 §8Ymandunera Profraidn 797 omk SR lskatize tq the ngrRGanPidogt BGlESAAVi ng an
epoxy group include a glycidoxymethyl group, a glycidoxyethyl group, a

gl yci doxylsF8p9t 2 §F 8ap. a4 aqtyiidoxybut yI group, and an epoxycycl ohexyl

roup. 28] Exanpl es of .the  organi.c group having an_ acryl o rou
O ol Die an adie hyrmarTaop Rl St BRI adhe fRy P Ra ng: Sl 197 OUP
| oyl | ; . 25[0029] . Ex I f th i i
et hat v By SRR S BT Sy Pt AR SBRIRN D, et 1y

group, an&l@ctéﬁ&ﬁ%é’%@ﬁgP%%Es)ﬁ:nﬁ%Fg%gcom ouﬁ}&?ﬁ@r&ﬁé‘@ﬁ% Eénpﬁn %H%?até” gani

group having a nercap an e mer cap roup,

but yl mer canpf Gy o4 4 l?yd?&ﬁalﬂi@{i%ﬁﬁhpdi%e‘?ﬂﬁe si®B6h @&nﬂﬁﬁﬂd'(ﬁ%?ﬁcﬁhﬁﬂeg(z‘?yp- 17
[ 0031] Exanpl es of the organic group haying an am no group include an

anm nonet hyld D86 codpoant ro@pémafnﬁw@%a 1301361 s BROdNORITIRY > t@US: a
[ 0032] Exanpl es of the organic group ving a cyano group include a

cyanoet hyhyd6i9kip-candkndattynaito@icd py theghiaupe, WodO33he Exapmiten, de dupsbepbiani c
group haying a sul fonyl group include a nethylsul fonyl group, an

al | ylZ=ul f moids ofjp i ptonaind 080 ey, Isefefabhyis grob@e, #08die fixdarmplye®’%to t he
al koxy group include Cl1_30 al koxy groups or Cl1 10 al koxy
90% relative to the number of total moles in terms of a Ti atom and a Si atom.
[0020] When the mixture of the titanium compound (A) selected from the group
consisting of the compound of Formula (1), a titanium chelate compound, and a
hydrolyzable titanium dimer, the silicon compound (B) of Formula (2), and the silicon
25  compound (C) of Formula (3} is used, the silicon compound (B) of Formula (2) and the
silicon compound (C) of Formula (3) can be contained in the composition in such a ratio
that the ratio of the silicon compound (B) of Formula (2) in the whole of these silicon

compounds is less than 50% by mole, for example, 0.5 to 40% by mole.

The thin film forming composition of the present invention contains the mixture of



groups such as a nethoxy group, an ethoxy group, an n-propoxy group, an
I Sopropoxy group, an n-butoxy group, an isobutoxy group, a sec-butoxy
group, a tert-butoxy group, an 10n-pentoxy group, a 1-nethyl-n-butoxy
group, a 2-methyl-n-butoxy group, a 3-ngthyl-n-but oxy group, a

1, 1- di met hyl - n- propoxy group, a 1,2-dinmethyl-n-propoxy group,

2, 2-di ne Wltuww@swywww&eleateﬁfmwe %OW%@%VH@P i\gls w@ﬁOWlwa oxy

gr (r)nl;»? hyl F'Ol‘ggﬁql’] | ;)gr(] gg%ﬁ%}uoe)l(% g(grp@ WI’ angd %E}'f{] é{ %}g e {}ﬁnééneq {Pe Micon
e e .

1-di
,3 d
3-dinmeth 0 n,
ot hyI - npr)éﬁytl% )g?%erﬁé}é&gr ,a(yr _hev{%h(%ygs g%&?eh@{ 011?pr9d{fc9éf" th8 1 3%fre, nd a
1, 2- | - n- propoxy group, a 1,2, 2- trlnethyl Nn- pr opoxy group, a
1- ethyl t hyl - n- propoxy group, a 1 ethyl 2- met hyl - n- propoxy group, and a
phenoxy gr Ouﬁheg%é)%himmﬁgféorﬁﬁosﬁt% FANE BreYer® AMRd Nl Y dSni&h a3@nacy ! oxy
groups or Cno acyl oxy groups such as a nethyl carbonyl oxy group, an

et hyl car bgmdnaKyongsoReR:, adReil-PatePYh GRORANY b@Xe GV, anditid generator,
i sopropyl car bonyl oxy group, a cycl opropyicarbonyloxy group, an

n- but yl casdooiey logpayiicgioditer, alightsadooitpyil € aspeundox yuigicouns, and the like.

sec- butyl car bonyl oxy group, a tert-butyl carbonyl oxy group, a

cycl obut yl cafThenylidaynt@s gr tigphindilh- ivehimglcoopobiopn opyhk pagsbomylaipn gy, oup, a
2- et hyl - cycl opr opyl car bonyl oxy group, an n-pentyl carbonyl oxy group, a

1- met Wyl - for bxangple 2. bom§d 6oy ngaseuqy,0. Hodympashyd 30stbytnpdssaardbliplbyxyasg toup, a
3-net hyl - n- but yl car bonyl oxy group, a 1, 1-di net hyl - n- propyl car bonyl oxy
group, a 23% bdimasshyHeiq. Beophd earttny é@tlyp@ﬁe@wm@nng after removing a

2,2-d|neth | - n- propyl car bonyl oxy grou a l-e - n- propyl car bonyl oxy
group, Gﬁ%9@PB@§ﬁi§PEﬁﬂ Cﬁﬁﬁs@EgﬁﬁmnéﬂEL%ﬁPW@POEV@WBB%tyIcarbonyloxy

group, hyI ar ban r _ ‘ _

g et hyt - oyclbp A Al e oo o8 B paglene ioninlssy Predktony | oxy
group, a cl opropyl.carb

et byt S cPerah BRIy PRSP SR PR R RS dp s ot emBRYh 5y

grou 0 X 0 roup,
a 2- H_th@?Lpbg?n%Lﬁg%@g%%ﬁﬂéﬁnﬁﬂ?ggto?Oéé@ﬁéﬁﬁéfgéﬁ?gi t%ﬁgqﬁony ??fggroup,
a 4-met hy{gg; gfg&ﬁ car bonyl oxy group, a 1, 1-di nethyl -n-butyl ear bonyl oxy
group, a 1, éf met hyl - n- but yl car bonyl oxy group, a

1, 3-di met hyl fepolayt yinGae @&ﬁg&%y(hare%ﬁer alked %l & HYREN Y abls fdbivhGarbonyl oxy
group, a 2,3-dinethyl-n-butyl carbonyl oxy group, ‘a

103, 3- di neshydla P)bsecmlnctm Besat axX¥nGEQ WY is an dikelt divhip, An bkl &gy Rony| oxy
group, a 2-ethyl-n-butyl carbonyl oxy group, a

1,1, 2- trilmdbdeyihted alkyd pyolup pd hdoydnayl agyl@u@yp, an alkenyl group, or an organic group

1,2, 2-trinethyl-n-propyl carbonyl oxy group, a

1- et B - | havistgan epoxpigopyl aasdrpley] goyp.grmegbacraloyl group, a mercapto group, an
1-ethyl-2- et hyl - n-propyl carbonyl oxy group, a cyclohexyl carbonyl oxy group,
a 1-met hyammycglr@p?em y by ooy axlyis §p toatrgawma;qm dyerghpehit§bead-bony| oxy
group, 153- net hyl - cycl opent yl car bonyl oxy group

1- et hyl - c%cuS@B@ﬂerWnW W’@fr%fﬂbp 0 ajua ﬁx}lptoeayc|aol5@wmvé%ﬁrﬁéﬂw éxy group,

3- et hyl obutyl carhb o] di th | -.cycl obutyl car bonyl ox
r oup, 21 34 E?P@?ﬁ%@a@% a@;g Pt F%‘s@iff?wsg ais 0, Y yhoxy

(0]
, ;23,- di g: Eg: [@2, glng%]l]@ %@H%P%ﬂ/’g@r u Iud% linear or branched alkyl groups
3
n-
n-

1,
1
2,
1-
1,

di
?53??}2 H% (}élcboclzll %lll%arbglo Y J &Y% 4 H%Qa m%ﬂgl group, an ethyl group, an

car bonyl oxy

B:: ggg pﬁ%ﬁgl % g%lcﬁf g@né}' Oxyarg%g)ﬁgd g?oup, an isobutyl group, a sec-butyl

sopr opg{buw%ﬂ%g@gk&@r DORYERXY o @UBUP] -nfbthyl-n-butyl group, a
sopropyl -cycl opr opyl carbonyloxy group, a

, 2- 1 | R -mCH&1I0R6 @R Y I ICABDONY XY dehPUR 1, 18dimethyl-n-propyl group, a
3-trimethyl-cycl opropyl carbonyl oxy group, a

3-

t r i netdhivbtheyehpagsopyiugad Donjimentyl-grooehyl geoup, a 1-ethyl-n-propyl group,

a
g
2
2,
2,
20
1-
2-
1-i
2-1
1,2
1, 2,
2,2



251- et hy1- 2- net hyl - cycl opr opyl car bonyl oxy group, a

2-et hyl - 1- net hyl - cycl opr opyl car bonyl oxy group, a

2- et hyl - 2-met hyl - cycl opr opyl car bonyl oxy group, and a

2- et hyl- 3-net hyl - cycl opr opyl car bonyl oxyjgroup. [00361 Exanples of the

hal ogen atominclude a fluorine atom a chlorine atom a 19 brom ne atom
and an i odi hdeaylarup, a 1-ed8Fn-pentyl Bewuporponaiby! (apenydraspyizabl e titani um
conpound) of Formula (1), when RI is an_al koxy group, Rs may be either the

same al koﬁynﬁhﬁdpp@ﬂylégr%% eehmedvkasBeng i etpe. 2 Nqsfémﬁ%hnﬁuwlgr%; acyl oxy
Sane hal o2 BRIl PE S-Sy By GHBLIE B B A1 Bhen AP bERPgr oups.
el ude: APRSREREBT Ir Shh "o R G B T P p sy
i tan am 2erbLArRPOPE Rt Lo L B ot PRA L BT R pheB e o
titani um atlg&ﬁﬁﬁhﬁ@glés};-g%dﬁ O@igtﬁlmpéam ?—Qﬂ@i—‘ﬂxﬁéﬁﬁ-ﬁ;{;ﬁ(ﬁ%@%ﬂ et raphenyl et hoxy

titanium tetraphen nium teétranap Xy~titani um

tetra-2-et hYQb@ZggXYA% itﬁ@ﬂk%!'@roﬁ@, RQSENOXWLI drbSPBICRRXYe ddell 3R BfAmples of
di i sopropoxydi I sobut oxy titani um allyl oxy(pol yethyl eneoxy)tris-isopropoxy

titani um el APLRcGLQ rghﬁ@ ihélhﬁ@@@i&ﬁﬁ&bﬁ%roﬁﬂ, haptldpudi gblerd de
1 de,

di et hoxi cl e, titanium 152-ethyl hexox titaniumiodide triisopropoxide,

titani um {ghdthyTadydRpYYO pRXb0e2-nhdihdrdyuisptaplt grvepytphgeot deuptd t ani um
n- nonyl oxi de, titaniumtetrastearyl oxide, and titanium

triistost edrmythylryobasgp papexa dencthyl e yalopligk yroupt @bimmh | wyblohstyl group, a
tetranet hyl carbonyl oxy titanium tetraethylcarbonyloxy titanium
t et r a- n- pi pdinethyboysibrpyltgrowmiadnd -dinetthndyolppomwyl gmuboniHetnycydlopmpylm
20nethy|carbonyloxytriethylcarbonyloxg titanium and
di et hyl caetsonyd dxidi-cedppiopyl sravbaryrloRox icram admekangicpentl gleep.conpound
(a hydrolgzable titani um conmpound). of Formula (1) al so include_ hal ogenated
titani um Suesthdscyeloparyleroreta ammedsiicadopentylapwmet et hchcloOREé £rUPE &ni um
tetrabronjde, .and titaniumtetrajodide. .25 0038] anpl es of the conpound
(hydr ol ygéﬁrlsfwﬁahwﬁ&rewﬁ@y ’63f°1§%‘r‘¥hﬂf‘£aup(= ilﬁﬁz;%be%ﬁweﬂaémﬁl)%@w abl e
al kyl al ko dtanium su as methyl.titaniumtris-isopropoxide, ethyl
ti taanum ?%Fégﬁegﬂi%ﬂ%@ﬁg@m%& i%fiﬂ?fftﬁflﬁyﬁﬁbﬁm £19"6: Hut oxi de.
[ 0039] Exaypl fi ' ' | 0 einafter, called al so
hydrolyzagﬁéﬁﬁfﬁg%%ﬂﬁg%ﬁéﬁgkggéggﬁgﬁﬁﬁyﬁdggggpﬁd%ﬂ§$béesent i nvention
include t B}3a(ﬂh1lé{ﬂyi—cyclobutyi group, a 1-n-propyl-cyclopropyl group, a

2-n-propyl-cyclopropyl group, a 1-isopropyl-cyclopropyl group, a

2-isopropyl-cyclopropyl group, a 1,2,2-trimethyl-cyclopropyl group, a

20 1,2,3-trimethyl-cyclopropyl group, a 2,2,3-trimethyl-cyclopropyl group, a
1-ethyl-2-methyl-cyclopropyl group, a 2-ethyl-1-methyl-cyclopropyl group, a
2-ethyl-2-methyl-cyclopropyl group, and a 2-ethyl-3-methyl-cyclopropyl group.
Examples of the Cy.1¢ alkylene group include alkylene groups derived from the
above alkyl groups.
25 [0024] Examples of the aryl group include Ce.20 aryl groups such as a phenyl
group, an o-methylphenyl group, an m-methylphenyl group, a p-methylphenyl group, an
o-chlorophenyl group, an m-chlorophenyl group, a p-chlorophenyl group, an

o-fluorophenyl group, a p-mercaptophenyl group, an o-methoxyphenyl group, a

p-methoxyphenyl group, a p-aminophenyl group, a p-cyanophenyl group, an o-naphthyl



20 chel ate conpounds such as tetra-2-ethyl hexyl titanate, isopropyl

i sostearoyl diacryl titanate, isopropyl dinethacryl isostearoyl titanate,
i sopropyl tri(n-am noethyl-am noethyl) titanate, isopropyl tri(dioctyl
phosphate) titanate, isopropyl triisostgaroyl titanate, isopropyl
trioctanoyl titanate, isopropyl tricunyl phenyl titanate, 5isopropyl
tris(di ocgrphp.pyi-omtiokyieacw) an pthaplangly! gaopr opyitbiphingbd groupen 2drehesilyf ony|
titanate, octylene glycol titanate, a cresyl titanate nononer, di-n-butoxy
bi s(tri et #andiaahrEbe BtquPanLwihryl §raws aearyiy] giawp) & hwherangdpyk goup, a

di i sopropyl . bis(triethanqgl am no i tanate, diisopropoxy

bi s(acet y%l‘ah‘“éiaﬁ Yl R, &rﬁ'a?ﬁ“a%‘%“@a 1 Pph gﬁi}’leBWh&L %’I%HPeanfii 4 HRAEM B hy dr oxy
bis(lactatobtitaniunl stearyl titanate, titanium 10i sopropoxy octyl ene

gl ycol at ¢t ani um stearate, titaniumlactate,

tetra(z, 2-di al y - t L.S(ditri yl | i ate,
tetrafﬁopropylﬁ%?%?d?%%%é%Ségggﬁﬁ%%%§£§%ggﬁgpg?gf%@kéggigﬂh%?g;J%%@idecyl
phosphite j e, 11 i -eth | t.ani _bi i

Dy ophos Aty BRER s Le B . A DB M, St e
titanate, | b AN %llgﬁl 1 SRREQRXYpPL S(IRE&EEY bR7BT LDA & y1- ILhloBB Boup, a

15t etraacetyl acetonate, titani umdi-2-ethyl hexoxy

bi s( 2- et hybregryhpds o338 xR¥ip 0L -etiyil bbhHBroip, a0PMHEPOKY-propenyl group, a

bi s(et hyl acet oacetate), titaniumdiisopropoxy bis(triethanolamnate), a
titani um |-actlale-@opani yroupak 1 -pehichalnirom, laakpaiiay] pohyhy Bhpetyntligraur, am
Stearate, titaniumtetraacetyl acetonate,

t ri et Hoxy4-pemeddgedup, adet-proaybjthértydgianm a 1-methyl-1-butenyl group, a
tri-n-propoxy-nono(acetyl acetonate)titani um

20t r i i sopl-optxy-2Apratdgatpl atenchdtepuicndrgronn, a 2-ethyl-2-propenyl group, a
tri-n-but oxy-nono(acetyl acetonate)titani um

tri- sec- binmsdyd riono¢nd atappag etiosiyled-bitenyli dipyp, a 2-methyl-3-butenyl group, a
tri-tert-butoxy-nmono(acetyl acetonate)titani um

di et hoxy_fb-pgfﬁafg tlg;}tg@/étgm @)’;tmqtaﬂr% tenyl group, a 3-methyl-3-butenyl group, a

di - n- propoxy- bi s(acetyl acetonate)titaniu .
di | sopr opbyUBPEY GEEtYIREEA B E EPPARY ipeny! group. a 12-dimethyl-1-propens!

255115 DS ) 2R5IY 2561 )b 4 enent roun axcoenen o
di-tert-Db - bi I t i i
O ST B PO L DM o s, e o

noNO- N- prg| i ] t.e).td IS ; .
nnnoisoprgggé%y%I?E%%%%%%%ﬁgg%gg fﬁg%#%gﬁﬂﬂﬁ%nm“dgﬁnm’alInahylzPemEnﬂ
noNO- N- bub Xy - F-hR{RTSLhAGST 808p.8) f-hic@RiI UMentedd] group, a 1-n-butyl ethenyl
nono- sec-but oxy-tri s(acetyl acetonate)titanium

nmono- t er t g B XY nieftiys( asatenk BEShp Nt -aetliyl 2peiany] group, a 2-methyl-3-pentenyl
tetraki s(acetyl acetonate)titani um

t ri etdoxygroone(Bhiivadgicoangt aveap,td T-aniropyl-2-propenyl group, a 3-methyl-1-pentenyl
tri-n-propoxy-nono(ethyl acetoacetate)titani um

5t ri i soprgpoxyFord(elncaogt gavptat-elkti-drpanmnyl group, a 3-methyl-4-pentenyl
tri-n-butoxy-nmono(ethyl acetoacetate)titani um

tri - sec- barovxy-romsl-etbhienscepurcet-acivltpantans group, a 4-methyl-2-pentenyl
tri-tert-butoxy-nono(ethyl acetoacetate)titani um

di et hoxy- &P8R.athyeduetorainyt @puptahmghyl-4-pentenyl group, a

di - n- propoxy- bi s(et hyl acet oacetate)titanium .

di i sopr opbhﬁl—”ﬁF Y’éiﬁweébfﬁrfﬂ%é‘t ]ai ‘Q)W?t%‘glﬁé'riﬂﬁenyi group, a 1,2-dimethyl-1-butenyl

10di - - but oxy- bi s(,et hyl t oacet at e) t.i t ani _

i - s oA oy b LBy BE B R BN A -5-buteny! group, o

di -tert-butoxy-hi thyl acet,oacet ate) ti 4N . - )
monoet hox ‘Ir{eﬁlyé'?éés[@[%%@ 3 Ci SIHP, tli—sgeé-ri]aﬁ_l? rlnc%‘fl@lyl group, a 1,3-dimethyl-1-butenyl

nono- n- pr Y-t 41 VA )4 L LM 4
monor sopr Sogy b EpEhT BEEhOREENT o AT IT-buteny! group. a Lisobuty
MoNo- - buliRy1 bidup( @_@Dﬂiﬁ‘a@%@@%%é‘ﬁ?%ﬁohb a1? YMimethyl-1-butenyl group, a
15mpno- sec- but 6xy-tris(et hylacet oacefate)titani um

nono- t er t3 B axwyt-? bsfeal hytbag et naaehah ) 3-bh@nyiuibup, a 2-isopropyl-2-propenyl
tetraki s(et hyl acetoacetate)titani um

nono(acetyl acetonate)tri s(ethyl acetoacetate)titani um

bi s(acetyl acet onat e) bi s(et hyl acet oacetate)titani um

tris(acetyl acet onat e) nono( et hyl acet oacetate)titani um

20bi s( 2, 6-di fl uoro-3-(1-hydropyrrol -1-yl)phenyl) titanocene,

pent anmet hyl cycl opentadie yl titaniumtrichloride,



bi s(tri et hanol am ne) dii sopropoxi de, titanium di-n-butoxide

(bis-2,4-pentanedionate), titaniumdiethyldithiocarbamte, titanium

di i sopropoxi de (bis-2,4-pentanedi onate), 25titani um diisopropoxide

bi s(tetranet hyl hept anedi onate), titaniupgdiisopropoxide bis(ethyl

acet oacetate), titanium nethacryl oxyethyl acetoacetate tri si sopropoxi de,

( 2- met hac ByAuexd &8 Bty il ey bpexy: 4 heéw&tl dutany} giolgn brihge2-butenyl

bi s( pent anedi onat e) titaniun1oxiie bis§fetranetlaglheqtanedipgate
. H .

titani um SEUPaki S-S DU IAUPI DAYHRICAY ) BIAPERY EEOUR: At ahPiopy-2-Propenyl

tetrakis(diethylamde), titanium .2 t,r aki s(di met hyl.am %é i tani um
et oopr optstPabe el yd B e rud 2 AR PS PAERaC R gfoTR 8

nmet hoxyet t hoxi i i traki s(tni net il oxide), titanium

ri (e octyt SR Sp bbb et Sl

tris(dede ze 1) 1 | r.opoxi.de.,.. .5 (c ( ienyl) titanium
dichlgfidg¥£%§?y?§@§§%%ﬁgﬁgfbggﬁﬁffagﬁgﬁgyfmgﬁéégéggg%hggbgiloxaneethyl
titanate ¢QRRIYIREHyI-2- A 16, NYHERLYE ARt Sehit @By di mer used in the
pr esent inggﬁiion ig apég%pgg%a‘%roduc%db%yﬁ?fﬁgr?f$néyalkoxy titani um

hal ogenat egdsdy i afyl 3bOXY-rhdtham-tyvlddrbRUgNeBud i O- Ti bond and has a
structure O?E%é%?ggg??OyT?-(El)3. Eggnpﬁglrgf t gth%rolyzable titani um

di mer i nchuslehd-3-tiaseumnbugoxnp,de2-dictsl-] -@cldptaahelprddl, aobut oxi de di mer, a
titani um propoxide diner, and a titani umisopropoxide dinmer. [0041] As the
titani um gangbhyiric{d)penteny] granp,u-eeipdidnd chpksietddréupm t he group

consi sting of conpounds of Fornula (1) and titanium chel ate conpounds is
pr ef et@bl Y-mugled-4-cyclopentenyTgrenp, aad nethy | Sidyalvipancedrgpoumd (A), a titani um
conpound sel ected fromthe group 15consisting of conmpounds of Fornula (1)

i s pref er aimsthylsedicydaoan] epuphe 3 gnsthdohcxdensolenyl gBYP[sher ei nafter, call ed
al so hydrol yzabl e silane conpound (B)] of Fornmula (2) used in the present

i nvent i on3-mrehyls2-gycionenisgrherabpm 85T Y§lwEHENY 8P 8r an or gani ¢ group

Cont ai i g TABYSEREIoR B, GENEG GHENGHFC2RYHEBN Y bAD of an or gani ¢
il S ot |
ont ai ni nd P S i b eBRcd S b okt | RBH A Shy ot 288 B bond:

and R?Sis3%§cl%h%%ln¥%% ), an aryl group, a hal ogenated alkyl group, a
hal ogenat ed”aryl” g p, ‘an al kenyl group, or an organic group having an

epoxy group, [@@63” Ek%ﬁlegﬁpﬂg’ha%g?%%ﬁﬁgﬁg?%@ Q{aotHQh?liﬁg%Eéaaa%lcgrﬁl?&Up’ an

am no group, cyano group an 0 a si on at om ough a

Si - C bond;QfyqR 113 atvBamg ofdfpd sncddty PAKEXYinGa8Pondd: BE¥IHIU g8k Qdkh(s)0r
hal ogen atom a' is an |n%eger of {, and b is an integer "of 0 or 1, where

(a' +b) i sispire) Subsigeted Mithla Rilogen atom sEXPR BSorite atdig, AdHOXe GsAUP, the

acyl oxy group, and the hal ogen atom i nclude the groups and atons

exenpl i fi béndboyem, azBan iodifeG@8] Exanpl es of the nitrogen atom containi ng
ring group or the organic group containing the sane include organic groups
of Faihul a (49027hat Eaareplooniitd otmna mdlip bom@asoepaxdirapeughingu&t aC bond. By
using the nitrogen atomcontaining ring group of Formula (4), the adhesion
of the thilycidokymetbylagrouherglyigetyetherhgtsepcnplasidexyprepyl sFoipntil a (4), R7 is a

hydrogen atom a Cl1_10 al kyl group, an al kenyl group, an
glycidoxybutylgroup, and an epoxycyclohexyl group.

[0028] Examples of the organic group having an acryloyl group include an
acryloylmethyl group, an acryloylethyl group, and an acryloylpropyl group.
25 [0029] Examples of the organic group having a methacryloyl group include a
methacryloylmethyl group, a methacryloylethyl group, and a methacryloylpropyl group.
[0030] Examples of the organic group having a mercapto group include an
ethylmercapto group, a butylmercapto group, a hexylmercapto group, and an

octylmercapto group.



epoxy group, a sulfonyl group, or an organic group containing any of these
groups, and R8 is a Cl1.10 al kyl ene group, a hydroxyal kyl ene group, a

sul fide bond, an ether bond, an ester bond, or a combination thereof X1 is
a group of Formula (5), Formula (6), oryFormula (7). 10ln Formula (5),
Formul a (6), and Fornul a (7%, RO to R13 are independently a hydrogen atom
a C _10 al kyl[0@rldupExamplas Riethy lorggnisugsoumbavepsty amymeusouminglyde emy | gr oup, or
an organi c group contai ning any of these groups. [0044] Exanples of the

ni trogen @?HWﬁﬁéﬁﬁﬁﬁ%Wnﬁl@PH@GéWbﬁﬁubﬁmﬁﬁéaHP@ﬁHPEﬂQWBﬁb cont ai ni ng

t he sane i ncl an_i m dazo roup and organi c groups containin n

151t dasol o Vb Eximplzanne S Gt fae Shiahe Sua R EHs AGIRSTR! or the
organic groug q?ntainiqg}ﬁhe same include a naphthyl group and an anthryl
group. By2 08P AR £ FETOBHEER8EHPar onatic ring group, the absorption of

QUT- of ¢ BAND %@&326. EQQ%‘@%S’Qfth%%l{ﬁicf’%o%%@%%%&ngxg)gg*ﬂgcﬁ&’dei £ hydroxy

group ‘or the"organi c group cont are

al koxyal ky| i RTels | - substituted
aryl grou%?ﬂgggﬁééﬁgﬁﬁﬁ%g%¥gpgg?e lgﬁgﬁ%?F%Jﬁ§§¥%§§&g¥%h§¥:the acidity of
the compositi ofhogan @%aﬁ?fé@%?% A HERFRcIBE O SSAIRSx B! & -C 10 alkBXANDI €S
of the bisaryl group or the organi c group containing the sane include a
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havi n a mpeatapy grogpoal pxmdthd-bgany grogp cup-niealylngbanxagionp, gr oup, the
organi ¢ group having a cyano group, and the organic group 24 having a

sul fonyl Hmuiiylimitogeggupups, | elimaibyl-fipeepoaly @vaip, a 1,2-fipgate]-nExappives of t he
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i ncl ude sgiopp.ce.éWipetlinbs-PeTPORY IEHPag L Fad wi-propoxX ;02PN 50) BERYAE YN IIG 2

Formul a (B-1)
1-méthyl-n-pentyloxy group, a 2-methyl-n-pentyloxy group, a 3-methyl-n-pentyloxy

group, a 4-methyl-n-pentyloxy group, a 1,1-dimethyl-n-butoxy group, a

15 1,2-dimethyl-n-butoxy group, a 1,3-dimethyl-n-butoxy group, a 2,2-dimethyl-n-butoxy
group, a 2,3-dimethyl-n-butoxy group, a 3,3-dimethyl-n-butoxy group, a 1-ethyl-n-butoxy
group, a 2-ethyl-n-butoxy group, a 1,1,2-trimethyl-n-propoxy group, a
1,2,2-trimethyl-n-propoxy group, a 1-ethyl-1-methyl-n-propoxy group, a
1-ethyl-2-methyl-n-propoxy group, and a phenoxy group.

20 [0035] Examples of the acyloxy group include C,39 acyloxy groups or Cy.o
acyloxy groups such as a methylcarbonyloxy group, an ethylcarbonyloxy group, an
n-propylcarbonyloxy group, an isopropylcarbonyloxy group, a cyclopropylcarbonyloxy
group, an n-butylcarbonyloxy group, an isobutylcarbonyloxy group, a
sec-butylcarbonyloxy group, a tert-butylcarbonyloxy group, a cyclobutylcarbonyloxy

25  group, a 1-methyl-cyclopropylcarbonyloxy group, a 2-methyl-cyclopropylcarbonyloxy
group, an n-pentylcarbonyloxy group, a I-methyl-n-butylcarbonyloxy group, a
2-methyl-n-butylcarbonyloxy group, a 3-methyl-n-butylcarbonyloxy group, a
1,1-dimethyl-n-propylcarbonyloxy group, a 1,2-dimethyl-n-propylcarbonyloxy group, a

2,2-dimethyl-n-propylcarbonyloxy group, a 1-ethyl-n-propylcarbonyloxy group, a
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cyclopentylcarbonyloxy group, a 1-methyl-cyclobutylcarbonyloxy group, a

2-methyl-cyclobutylcarbonyloxy group, a 3-methyl-cyclobutylcarbonyloxy group, a
1,2-dimethyl-cyclopropylcarbonyloxy group, a 2,3-dimethyl-cyclopropylcarbonyloxy
group, a 1-ethyl-cyclopropylcarbonyloxy group, a 2-ethyl-cyclopropylcarbonyloxy group,
an n-hexylcarbonyloxy group, a 1-methyl-n-pentylcarbonyloxy group, a
2-methyl-n-pentylcarbonyloxy group, a 3-methyl-n-pentylcarbonyloxy group, a
4-methyl-n-pentylcarbonyloxy group, a 1,1-dimethyl-n-butylcarbonyloxy group, a
1,2-dimethyl-n-butylcarbonyloxy group, a 1,3-dimethyl-n-butylcarbonyloxy group, a
2,2-dimethyl-n-butylcarbonyloxy group, a 2,3-dimethyl-n-butylcarbonyloxy group, a
3,3-dimethyl-n-butylcarbonyloxy group, a 1-ethyl-n-butylcarbonyloxy group, a
2-ethyl-n-butylcarbonyloxy group, a 1,1,2-trimethyl-n-propylcarbonyloxy group, a
1,2,2-trimethyl-n-propylcarbonyloxy group, a 1-ethyl-1-methyl-n-propylcarbonyloxy
group, a 1-ethyl-2-methyl-n-propylcarbonyloxy group, a cyclohexylcarbonyloxy group, a
1-methyl-cyclopentylcarbonyloxy group, a 2-methyl-cyclopentylcarbonyloxy group, a
3-methyl-cyclopentylcarbonyloxy group, a 1-ethyl-cyclobutylcarbonyloxy group, a
2-ethyl-cyclobutylcarbonyloxy group, a 3-ethyl-cyclobutylcarbonyloxy group, a
1,2-dimethyl-cyclobutylcarbonyloxy group, a 1,3-dimethyl-cyclobutylcarbonyloxy group,
a 2,2-dimethyl-cyclobutylcarbonyloxy group, a 2,3-dimethyl-cyclobutylcarbonyloxy
group, a 2,4-dimethyl-cyclobutylcarbonyloxy group, a
3,3-dimethyl-cyclobutylcarbonyloxy group, a 1-n-propyl-cyclopropylcarbonyloxy group,
a 2-n-propyl-cyclopropylcarbonyloxy group, a 1-isopropyl-cyclopropylearbonyloxy
group, a 2-isopropyl-cyclopropylcarbonyloxy group, a
1,2,2-trimethyl-cyclopropylcarbonyloxy group, a 1,2,3-trimethyl-cyclopropylcarbonyloxy
group, a 2,2, 3-trimethyl-cyclopropylcarbonyloxy group, a
1-ethyl-2-methyl-cyclopropylcarbonyloxy group, a
2-ethyl-1-methyl-cyclopropylcarbonyloxy group, a
2-ethyl-2-methyl-cyclopropylcarbonyloxy group, and a
2-ethyl-3-methyl-cyclopropylcarbonyloxy group.

[0036] Examples of the halogen atom include a fluorine atom, a chlorine atom, a
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bromine atom, and an iodine atom.

[0037] In the compound (a hydrolyzable titanium compound) of Formula (1),
when R is an alkoxy group, R's may be either the same alkoxy group or different alkoxy
groups. Also when R! is an acyloxy group or a halogen atom, R's may be either the
same acyloxy group or the same halogen group or different acyloxy groups or different
halogen groups.

Examples of the compound (a hydrolyzable titanium compound) of Formula (1)
include: alkoxy titanium such as tetramethoxy titanium, tetracthoxy titanium,
tetraisopropoxy titanium, tetra-n-butoxy titanium, tetraisobutoxy titanium, titanium
tetra-2-ethylhexoxide, tetrakis(methoxypropoxy) titanium, tetraphenoxy titanium,
tetrabenzyloxy titanium, tetraphenylethoxy titanium, tetraphenoxyethoxy titanium,
tetranaphthyloxy titanium, tetra-2-ethylhexoxy titanium, monoethoxytriisopropoxy
titanium, diisopropoxydiisobutoxy titanium, allyloxy(polyethyleneoxy)tris-isopropoxy
titanium, titanium chloride triisopropoxide, titanium dichloride diethoxide, titanium
2-ethylhexoxide, titanium iodide triisopropoxide, titanium tetramethoxypropoxide,
titanium tetramethylphenoxide, titanium n-nonyloxide, titanium tetrastearyloxide, and
titanium triisostearoyl-monoisopropoxide; and acyloxy titanium such as
tetramethylcarbonyloxy titanium, tetracthylcarbonyloxy titanium,
tetra-n-propylcarbonyloxy titanium, tetraisopropylcarbonyloxy titanium,
methylcarbonyloxytriethylcarbonyloxy titanium, and
diethylcarbonyloxydiisopropylcarbonyloxy titanium.

Examples of the compound (a hydrolyzable titanium compound) of Formula (1) also
include halogenated titanium such as titanium tetrafluoride, titanium tetrachloride,
titanium tetrabromide, and titanium tetraiodide.

[0038] Examples of the compound (hydrolyzable titanium compound) of Formula
(1) also include hydrolyzable alkylalkoxy titanium such as methyl titanium
tris-isopropoxide, ethyl titanium tris-isopropoxide, and methyl titanium tris-butoxide.

[0039] Examples of the titanium chelate compound (hereinafter, called also

hydrolyzable titanium chelate compound) used in the present invention include titanium



/ O0s, 14 '0 (C2HSON e-NO O "s* Fornula (B-15) d Os, r OSN 'O
(C21-150)3Sir\t-Ne-NO O Fornula (B-17)041 0 HO7,./OH (02HSO) 3Si/NrN N O
\r-CH Formula (B-19)OH r, (02HSO) 3Sit\INSA v -N e-NH 0 Fornula (B-21)
(C2HSO) 3SifA\PS N N O \Th Fornula (B-23)9

chelate compounds such as tetra-2-ethylhexyl titanate, isopropyl isostearoyl diacryl

titanate, isopropyl dimethacryl isostearoyl titanate, isopropyl

tri(n-aminoethyl-aminoethyl) titanate, isopropyl tri(dioctyl phosphate) titanate, isopropyl

triisostearoyl titanate, isopropyl trioctanoyl titanate, isopropyl tricumyl phenyl titanate,

5  isopropyl tris(dioctyl pyrophosphate) titanate, isopropyl tridecyl benzene sulfonyl titanate,
octylene glycol titanate, a cresyl titanate monomer, di-n-butoxy
bis(triethanolaminate)titanium, diisostearoyl ethylene titanate, diisopropyl

- bis(triethanolamino) titanate, diisopropoxy bis(acetylacetonate)titanium, dicumyl
phenyloxy acetate titanate, dihydroxy bis(lactato)titanium, stearyl titanate, titanium

10 isopropoxy octylene glycolate, titanium stearate, titanium lactate,
tetra(2,2-diallyloxymethyl-1-butyl) bis(ditridecyl) phosphite titanate, tetraisopropyl
bis(dioctyl phosphite) titanate, tetraoctyl bis(ditridecyl phosphite) titanate,
tetrakis(2-ethylhexoxy)titanium, bis(dioctyl pyrophosphate) ethylene titanate, bis(dioctyl
pyrophosphate) oxyacetate titanate, titanium diisopropoxy bis(acetylacetonate), titanium

15  tetraacetylacetonate, titanium di-2-ethylhexoxy bis(2-ethyl-3-hydroxyhexoxide), titanium
diisopropoxy bis(ethylacetoacetate), titanium diisopropoxy bis(triethanolaminate), a
titanium lactate ammonium salt, titanium lactate, polyhydroxy titanium stearate, titanium
tetraacetylacetonate, tricthoxy-mono(acetylacetonate)titanium,
tri-n-propoxy-mono(acetylacetonate)titanium,

20 triisopropoxy-mono(acetylacetonate)titanium,
tri-n-butoxy-mono(acetylacetonate)titanium,
tri-sec-butoxy-mono(acetylacetonate)titanium,
tri-tert-butoxy-mono(acetylacetonate)titanium, diethoxy-bis(acetylacetonate)titanium,
di-n-propoxy-bis(acetylacetonate)titanium, diisopropoxy-bis(acetylacetonate)titanium,

25 di-n-butoxy-bis(acetylacetonate)titanium, di-sec-butoxy-bis(acetylacetonate)titanium,
di-tert-butoxy-bis(acetylacetonate)titanium, monoethoxy-tris(acetylacetonate)titanium,
mono-n-propoxy-tris(acetylacetonate)titanium,
monoisopropoxy-tris(acetylacetonate)titanium,

meno-n-butoxy-tris(acetylacetonatetitanium,



0 (02HSO 3Si/Nr' N eNH 0 Fornula (B-12) N (021-150)3S(-"1 Nto eNO \---%
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mono-sec-butoxy-tris(acetylacetonate titanium,
mono-tert-butoxy-tris(acetylacetonate Jtitanium, tetrakis(acetylacetonate)titanium,
triethoxy-mono{ethylacetoacetate)titanium,
tri-n-propoxy-monof{ethylacetoacetate)titanium,

5 triisopropoxy-mono{ethylacetoacetate)titanium,
tri-n-butoxy-mono(ethylacetoacetate)titanium,
tri-sec-butoxy-mono(ethylacetoacetate titanium,
tri-tert-butoxy-mono(ethylacetoacetate)titanium, diethoxy-bis(ethylacetoacetate)titanium,
di-n-propoxy-bis(ethylacetoacetate)titanium, diisopropoxy-bis(ethylacetoacetate)titanium,

10 di-n-butoxy-bis(ethylacetoacetate)titanium, di-sec-butoxy-bis(ethylacetoacetate)titanium,
di-tert-butoxy-bis(ethylacetoacetate)titanium, monoethoxy-tris(ethylacetoacetate)titanium,
mono-n-propoxy-tris{(ethylacetoacetate Jtitanium,
monoisopropoxy-tris{ethylacetoacetate)titanium,
mono-n-butoxy-tris(ethylacetoacetate)titanium,

15  mono-sec-butoxy-tris(ethylacetoacetate)titanium,
mono-tert-butoxy-tris(ethylacetoacetate)titanium, tetrakis(ethylacetoacetate)titanium,
mono{acetylacetonate)tris(ethylacetoacetate)titanium,
bis(acetylacetonate)bis(cthylacetoacetate)titanium,
tris(acetylacetonate)mono(ethylacetoacetate titanium,

20 bis(2,6-difluoro-3-(1-hydropyrrol-1-yDphenyl) titanocene, pentamethyleyclopentadienyl
titanium trichloride, pentamethylcyclopentadieny! titanium trimethoxide,
phthalocyanine-titanium oxide, titanium allylacetoacetate triisopropoxide, titanium
bis(triethanolamine)diisopropoxide, titanium di-n-butoxide (bis-2,4-pentanedionate),
titanium diethyldithiocarbamate, titanium diisopropoxide (bis-2,4-pentancdionate),

25  titanium diisopropoxide bis(tetramethylheptanedionate), titanium diisopropoxide
bis(ethyl acetoacetate), titanium methacryloxyethylacetoacetate trisisopropoxide,
(2-methacryloxyethoxy)triisopropoxy titanate, titanium oxide bis(pentanedionate),
titanium oxide bis(tetramethylheptanedionate), titanium

tetrakis(bis-2,2-(allyloxymethyh)butoxide, titanium tetrakis(diethylamide), titanium
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tetrakis(dimethylamide), titanium triisopropoxide-tri-n-butyl stannoxide, titanium
trimethacrylate methoxyethoxyethoxide, titanium tetrakis(trimethylsiloxide), titanium
tris(dioctylphosphite)isopropoxide, titanium tris(dodecylbenzenesulfonate)isopropoxide,
bis(cyclopentadienyl) titanium dichloride, poly(octylene glycol titanate), and a
diethoxysiloxaneethyl titanate copolymer.

[0040] The hydrolyzable titanium dimer used in the present invention is a
compound produced by dimerizing alkoxy titanium, halogenated titanium, or acyloxy
titanium through a Ti-O-Ti bond and has a structure of (RH3-Ti-O-Ti-(R"s.  Examples
of the hydrolyzable titanium dimer include a titanium butoxide dimer, a titanium
isobutoxide dimer, a titanium propoxide dimer, and a titanium isopropoxide dimer.

[0041]  As the titanium compound (A), a titanium compound selected from the
group consisting of compounds of Formula (1) and titanium chelate compounds is
preferably used.

Then, as the titanium compound {A), a titanium compound selected from the group
consisting of compounds of Formula (1} is preferably used.

[0042] In the silicon compound (B) [hereinafter, called also hydrolyzable silane
compound (B)] of Formula (2) used in the present invention, R” is a nitrogen
atom-containing ring group or an organic group containing the same, a condensed
aromatic ring group or an organic group containing the same, a protected phenolic
hydroxy group or an organic group containing the same, or a bisaryl group or an organic
group containing the same and is bonded to a silicon atom through a Si-C bond, and R’ is
an alkyl group, an aryl group, a halogenated alkyl group, a halogenated aryl group, an
alkenyl group, or an organic group having an epoxy group, an acryloyl group, a
methacryloyl group, a mercapto group, an amino group, or a cyano group and is bonded
to a silicon atom through a Si-C bond or a Si-N bond. R' is an alkoxy group, an acyloxy
group, or a halogen atom. a’ is an integer of 1, and b is an integer of 0 or 1, where
(a’+b) is an integer of 1 or 2.

Examples of the alkoxy group, the acyloxy group, and the halogen atom include the

groups and atoms exemplified above.
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and a epoxy group, a sulfonyl group, or an organic group containing any of these groups, and

R® is a C1.10 alkylene group, a hydroxyalkylene group, a sulfide bond, an ether bond, an

ester bond, or a combination thereof.

X is a group of Formula (5), Formula (6), or Formula (7).

10 In Formula (5), Formula (6), and Formula (7), R” to R are independently a
hydrogen atom, a Cj.1o alkyl group, an alkenyl group, an epoxy group, a sulfonyl group,
or an organic group containing any of these groups.

[0044]  Examples of the nitrogen atom-containing ring group or the organic group
containing the same include an imidazole group and organic groups containing an

15  imidazole group.

Examples of the condensed aromatic ring group or the organic group containing the
same include a naphthyl group and an anthryl group. By using the condensed aromatic
ring group, the absorption of OUT-0f-BAND can be enhanced.

Examples of the protected phenolic hydroxy group or the organic group containing

20  the same include an alkoxyalkyl-substituted aryl group and an
alkoxyalkoxyalkyl-substituted aryl group. By using the protected phenolic hydroxy
group, the acidity of the composition can be enhanced to enhance the resist profile.

Examples of the bisaryl group or the organic group containing the same include a
bisphenyl group.

25 [0045] Examples of the alkyl group, the aryl group, the alkenyl group, the
halogenated alkyl group, the halogenated aryl group, the organic group having an epoxy
group, the organic group having an acryloyl group, the organic group having a
methacryloyl group, the organic group having a mercapto group, the organic group

having an amino group, the organic group having a cyano group, and the organic group
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N—[3-(triethoxyzF?$B§%ng§{? bgﬁgsulfg&g%ﬂﬁ%§l ?;ﬂ@ﬁ;@

N[ 3-(triethoxysilyepropyl]al yl sikfonani de, and

SN-P- (triethoxysilyl) propyhl,vi
hydr ol ysi s- condensa %gﬁ&§¥%JE2t (pol yner,
invention include the conpounrgs bel ow.

nyl sul f onam d

Q
) 0049] Exanpl es of the
g@@P?Wé%TBﬁsed in the present

ONot cH 1 -(rioa 0)-

c

-(sioi, s) -(S101. 5 )-  Fonnitayts- 2) Fonnul a £8-:3).. mula (8-4) 33
(CoHs0)s” Y N NFO (CoHs0si” ~ N =0
C?—. Ny 0 N
Formula (B-13) Formula (B-14) Q
O\\.\ / GQ *
O Pl O, S\
>N O YN O
(CHsO)s N O Camsons TN =0
O \S{»O G)'“ N\S¢O
~ :
Formula (B-15) o Formula (B-16) d \©
W '
O\:S\\ o OH
N O A~ >N
(CpHsO)si” Y N =0 CHsT VYN =0
7N_ 0 N
0 sl O Y oH
Formula (B-17} (}"? Formula (B-18) 5))\
HO, oH o /YO
Q N7\’ >N , O
(CoHs0)ss1 I‘;_NFO (CaftsO)sSi 1~f}—N‘):H(:»
Formula (B-19) OH Formula (B-20) O
o) O .~
>—NH N
Gl VEVIN =0 CoHsO)s VS VIN =0
- G,}«NH G%N\

Formula (B-21)

G}*N /‘j
(C:H50)381 /\/\S/\/\E‘;-Nr)z O
O \—\

Formula (B-23)

Formula (B-22



Cl-13 -(T102,Si0)-)- Fornula (8-5) --crlo2. co- -(siocH3 0r4 o NNFS
Y cH3 0143 -(T 02, 0)- -(S/01. 6)- -(SIOL 6)- -(SCQ, 6)- rj ONO --r

Ny FS' cH3 -Cn02. 0)-0 )- -(sioL 5)- -(Si0i, 6) [ 0050] When the titanium
conpound (A) selected fromthe group cosmsisting of the conpound of Fornmula
(1), the titaniumchel ate conpound, and the hydrol yzable titaniumdinmer and

the silicon conpound (B) orpula (2) are used, exangples f a Snet hod for
obt ai ni ng a hydrol ysi s- co%enggmon product of the mx of the titanium
compound (A and th can und ( tho @r hydr ol yzi ng
the titani A) elef’f fro pconlstl g of the
conpound of Forrml a

Formula (8-24} Formula (5'35}

O
Pny”
(CZHEO);;Sij\/\N >//JN
O

Formula (B-26) O O
0 /——D O%N/\D

>N AN
5521{55)331/\\/\%‘;_}?3 O (CoH50)38 ™ N}fﬂ

) \47 7
L OT : 28
Formula (B-27) q Formula (B-28)

O 0

AN

(CHs0)s8i” Y N )/,N
o

~raiia & \
Formula (B-29)



34 (1), the titanium chel ate conmpound, and the hydrol yzable titani um di mer
and the silicon conpound (B) of Fornula (2) to produce a

co- hydrol ysi s-condensati on product (copolyner); and a nethod for m xing a
hydr ol ysi s- condensati on product of the 47 tanium conmpound (A) selected from
t he group consisting of the conmpound of Fornula (1), the 5titaniumchel ate
conpound, and t hydr ol yz le titanium ¢HGer and a hydro i s-condensati on
product of the, Ncon co q‘und (B) f)For (2). Qﬁ@l} The titanium
conpound (A) Iect ed fr he gro onsi gtwig of the npound of Fornul a
(1), the tit |um chel e corrpoun ; and t ydrol yzabl e titani um di nmer,

t he silicon an e.silic ound (O of 10
Formul a (3) c n ?Jse | it C@gbl na@bé%‘}sgan 64)8@3 #rpl esinO?qu?ret hod for

obt ai ni ng 50M(BF‘?BI Sopgi feASatsi,gn.. @q;,gycfmmfﬂafm@}m Fowwl ®B4t he titani um
conpound (A), the silicon conpound (ps and the silicon conpound (C)

i nclude: a nethod for ol yzi ng e titanium conpound (A) selected from

t he group corsi conpoyndjof Fornyla (1), titanium chel ate
conmpound, an abl e titan um dit t he sifl i fon 15conpound (B)

of Formula (2 ilicon c ound ( #?& %rru (3) to produce a
2 D04k} or mixing a

and the

co- hydrol ysi nsatg.qn. duc
hydr ol ysi s-c¢ r‘@@ig’ 3510 ’M i(é)ﬁé 'f%?tanl um conpou g Mg sel ected from
the group ceasisbBisey Pimilhe E@W@@uﬁﬁ @bk FIPHIEBEE) | PRE* B PAni um chel at e

conpound, and the hydrol yzable ti tan| um di mer, a hydrol y5| s condensati on

product of the silicon conpound_20(B)..of For rrul a (2)
hydr ol ysi s- ensation produc he SI pn co (C) ofNE;}rmJI a (3).
[ 0052] The a hydr ol ysi s-con M j uct az pol ymséj)r a copol yner

and can be o %{)&gﬁi as a condensatl on oduct h & a weig aver age
mol ecul ar wei 6800 to 1, oooep{)o 30010 Q0 308i(00;5, 000.
ul a Z&f\)ﬁo 3by a GPC analysis in

Thi s m)|eCL1L-1§.{1 ht isa @Zﬂg
ternms of po|Dy§tayr e%’e gar?pl'% of the nmeasur ene}gmm&g q&sﬁ' onsmfi@(e-4dpe GPC
anal ysi s include: using aF@RG:&par at (&1 Pdde HAHE: LC- 8220GPC;

manuf act ured by Tosoh Corporation); using a GPC colum (trade nanes: Shodex

KF803L, KF802, KF801 Paﬂ»f\actured by Showa Denko K.K. ); using a colum
t enperature of usi ng ahydr of as th Luting liquid (eluting
SI

35 solvent); a flo unt (f m./ m n; and using

pol ystyrene rranuf act uref\g by Showa nko K K as the standard sanpl e.

[ 0053] For o @mu ,drol yS| s ondensat on roduct by the hydrolysis
of an al kogyy I 3[;? r Sty C2hR/sacy | 8&@/&1 lyl gPh Cé’i"s% hal ogenat ed silyl

group, wat @m&@(yﬁgd 'F@m@lﬁﬂB@@?u%mﬁégggﬁ tO?olanQaMS} preferably Ito 10
not, relative to 1 inol of a hydrolyzable



group. A hydrolysis catal yst can be used in an anount of 0.001 to 10
nol, preferably 0.001 to 1 nol, relative to 1 nol of a hydrol yzabl e group.
The reaction tenperature for perform ng the hydrolysis and the condensation
is 10usually 20 to 120C. The hydrol ysig may be perforned either
conpletely or partially. That is, in the hydrolysis-condensation product

t hereof, a hydrol ysis product or a i

hydrolysis ayid t he co% ensat i on,
yst for t er’ﬁ"ygf)ol yS|s

of the cata
ds, inorga aci ds,

150r gani ¢ &ci,
[ 0054] Exa s: of t tal chel. at
ga rc Hiadpa

. d asithe catalyist for the
hydrol ysis i3 f@@%{hﬁds I{EICA5 ), SI{OC2Hs)3
triethoxy- @Eﬁﬁlﬁ e@yl acEérm0RABY2) I cOMniM (B-51)  Formula (B-52)  Formula (B-53)
tri-n-propoxy- nnno(acetylacetqpate)2|rconlum

tr|-|sopropoijﬁnno(acetylaggggnate)2|rconﬁhnl G
20tri-n-buto pno( acetyl a nat e) zi r cogyi um
tri-sec-butoxy-nono(acetyl adgtonate)zi r cohi um
tri-tert-butfoXy- mono(acetylacet onate)ziricogi um

di et hoxy- bi s{#&tet yl acet onat &)z rconi um

i -1 <bpr opox P K Geately | acSt BRAOET 61T comCaHs)s  ST(Chy

di - n- butoxybbmﬁd@ﬁewylace&@ﬂmmﬁﬁzmaconyggbmﬁg5@ Formula (B-37)
25di - sec- but oxy- bi s(acetyl acet onat e) zi rconi um

di -tert-but oxy- Q)s(acetylacetonate)2|r oni um -

nonoet hoxy- trlééacetylacet g§12|rco um

moNo- n- pr opoxyAtri s(acet ypa at e) zifrconi um

nmono- i sopropoky-Jtri s(acetyd acet onat e zjr coni um

nmono- n- but oxy-¥fi s(acet yi_aget onat e) zr#€oni um

nmono- sec- buto: -trls(acet | acet onat e).zi r coni um

mono- t er t - buBbYCe Hadag "‘a onaSBO(}EDQBQr)lBu i(OC2H5);
[

tetraki s(ac nat e} ¥
triethoxy- r’r%ﬂ% ‘a?%% ac@tggﬁqg@‘ggq)mfﬁ%ﬂ? Fio Fommla(‘s 61)
tri-n-propoxy- nnno(ethylacetoacetate)2|rconlun1

tr|-|sopropoxy (ethylacekpacetate)2|tp J
tri-n-butoxy- thylacet etate)2|r

tri-sec-but oxyynono(ethyl acgt oacetate)z r n|um

tri-tert-but oxyjnono(et hyl oacet at ey’zZhyr coni ui n,

di et hoxy- bi s(e#fiyl acet oace e)2|rcon| ( )
di - n- pr opoxy- hi. ceto irc Si{OC2Hs )3
10di - i sopropo ?Eﬁégﬁﬁ Iace é)z IQjYé}## Formula (B-65)

di - n- but oxy- Bn&ﬁﬁ(@yﬁacetéﬁé@ﬁ 9|rcﬁﬁmﬂﬁﬁ36@

di - sec- but oxy- bi s(et hyl acet oacet at e) zi r coni um

di -tert-but oxy-bis(ethyl acetoacet ate) zi rconi um

nonoet hoxy-tri s(et hyl acet oacetate)zirconium 15

nono- n- propoxy-tri s(ethyl acet oacet at e) zi rconi um

nono-i sopropoxy-tris(ethyl acet oacetate)zirconi um

nono- n- but oxy-tri s(et hyl acet oacet ate) zi rconi um

nono- sec- but oxy-tri s(et hyl acet oacet ate) zi rconi um
nono-tert-butoxy-tris(ethyl acetoacetate)zirconium

tetraki s(et hyl acet oacet ate) zi rconi um

20nmono( acetyl acetonate)tri s(ethyl acet oacetate)zirconi um

bi s(acetyl acet onat e) bi s( et hyl acet oacet ate) zi rconi um and

tris(acetyl acet onat e) nono( et hyl acet oacet ate) zirconi unm and al um num chel ate
conpounds such as tris(acetyl acetonate)al um num and

tris(ethyl acetoacetate)al um num [0055] Exanples of the organic acid as the
catal yst for the hydrolysis include 25acetic acid, propionic acid, butanoic
acid, pentanoic acid, hexanoic acid, heptanoic acid, octanoic acid,
nonanoi ¢ aci d, decanoic acid, oxalic acid, maleic acid, nethyl mlonic acid,
adi pic acid, sebacic acid, gallic acid, butyric acid, nellitic acid,

arachi doni ¢ aci d,



shi kim c acid, 2-ethylhexanoic acid, oleic acid, stearic acid, linolic
acid, linoleic acid, salicylic acid, benzoic acid, p-am nobenzoic acid,
p-tol uenesul fonic acid, 37 benzenesul fonic acid, nonochl oroacetic acid,
di chl oroacetic acid, trichloroacetic a gf, trifluoroacetic acid, formc
acid, malonic acid, sulfonic acid, phthalic acid, fumaric acid, citric
acid, and tartaric acid. [0056] Exanpl es of the inorganic 2§%? as the
catalyst for the hydrglysis,include 5 drochlorg?}acid, nOCMN ¢ aci d,

sul furic aci§, hydrof aci d, aﬁa hosphori & aci d.

of the orga base as catalyst t he hy ysi s
pyrrol e, pipgrazine, pyrvolidine, ridine, l'ine,
triethyl am ne, nDnoethﬁ @ﬁén}gg, i et hanol am ne/) di meth
nononet hyl diéOitandk ai e F e’ Fansi (O nkls )di c¥ﬁ§o octa
di azabi cyct-@na® £Ondi-arals) cyEdrambimBlesene
tetranethylannng?ﬁﬁhydrOX|de [ 0058] Exanpleéﬁ%ﬁmﬂﬁé”?noFﬁﬁﬁf%&%gge as the
catal yst for tgre hydrolysis include ni a, soglun1hydrOX| e, potassium
hydr oxi de, bar, and cal hydr ogi de. 059] Anong
these catalydts, netal dghe)jate conp S, org c acids, apd 15i norganic

acids are preferred and these cat al s may b sed individually or in
0060] Ex | es of theYorganic sol vent

conbi nation of two or more of them
] ¢, hygrocarbon solfvents such as
éf?@aﬁ )3 SHECAAG) 3 1 S0t5PL NS,

used for tI{lpEhELYsi SIOC e :
Y e e

ri met hyl penfane, n-octane, {#s5095kR
20net hyl cycl ohexane: aromati c hydrocarbgnﬁgoﬁgﬁﬁlgggﬁg %%?mgéﬁ%%%e

t ol uene, xyledﬁf ethylbenzeﬁﬁ trlneth nzene, nethyl et hyl ggnzene,

I met hyl am ne,
qﬁh@nolanlne

n-propylbenz , 1 sopropyl penzene, di benzene, Oisobutyl e,
triethyl ben e, di-isopr Ibenzene n- anylnathh ene, an

trimet hyl be e; nonoal c solven such as anol, e nol ,

n- propanol , Usopropanol, n butanol obut anol , - but anol f tert-butanol,
25n- pentanol, i SO entanol 2- nethylb tanol, sec-pentanol, tfert-pentanol,

3- met hoxybuBHE¥Ez Hsdshe e ol c- hexangl
2- ethylbut@&gﬁh(ge@)hep@gﬁgkzg ? > @g?ﬁ@ é%ﬁéﬁjfgsi$ﬁ§fﬁgggﬁgg

sec-octanol, n-nonyl al ‘BW(“J {Bﬁ &:Pi’r‘@*t Eh@l ept amalitadp-7oy dECERH B
sec-undecyl al cohol, trlnethylnonyl al cohol , sec-tetradecyl alcohol

sec- heptadecyg alcohol phenol , cycleqexanol, nethylcyclohjxanol
3,3,5-trinmetkyl cycl ohe |, benzyl . met hyl gér bi no

di acet one al, ol, an esol ; pol such ethylene

gl ycol, pro ne glydol O 1, 3-but Iene)glycol anedi 12, 4,

2- nethylpent nedi ol- 2, &475i I ON=-Bj ﬁ%pta ediol - 2, 4,

2- et hyl hexapedi 01- 1, 3, di gkgfene gly-%k? |prop%i§ﬁe gl ycol, triethylene
gl ycol , 5t reipktSpadl ahe gl and eg ket ong solvéhﬁﬁxhyﬁg)@s

acet one, n?&_s@))(x a (§18h}’| ketoieB-82) Formula (B- 83} Formula (B-84)  gompula (B-85)

4 o

[
31(OCz Hs) 3 (Ej

Si{OC2Hs)a
Formula (B-86) Formula (B-87)

[0047] In the silicon compound (C) [hereinafter, called also hydrolyzable silane
compound (C)] of Formula (3) used in the present invention, R’ is an alkyl group, an aryl
group, a halogenated alkyl group, a halogenated aryl group, an alkenyl group, or an

5  organic group having an epoxy group, an acryloyl group, a methacryloyl group, a

mercapto group, an amino group, a sulfonyl group, a sulfide bond, an ether bond, an ester



met hyl - n- propyl ketone, nethyl-n-butyl ketone, diethyl ketone,

nmet hyl -1 sobutyl ketone, nethyl-n-pentyl ketone, ethyl-n-butyl ketone,

nmet hyl - n- hexyl ketone, di-isobutyl ketone, trinethylnonanone,

cycl ohexanone, nethyl cycl ohexanone, 2, 4ypent anedi one, acetonyl acetone,

di acet one al cohol, acetophenone, and fenchone; ether solvents such as

10et hyl ebtet a sukfmmp}y Erasipherd cyanb gtaup avtdhiebonded hexyilicen hlem thpoughly| hexyl
et her, ethylene oxi de, 1, 2-propyl ene oxide, dioxol ane, 4-nethy]di oxol ane,

di oxane, Si-feEongl dROkmmelkaptajpEnan grylesy gwyﬁocrfféthmge@taﬁea ang'hipla@ne gl ycol
nonoet hyl . et her, ethyl ene choI di et hyl ether, eth col
mono- n- buitf$ecepPhigfo det & ofl YessI oTEhO SRR g ud eofe rﬂc gégw%eéﬁe%ﬁ%m
nonophenyl, et her, ethylene glycol nono-2-ethyl butyl ether, ethylene
15gl ycol Vﬁﬁtyl et her, dlethylene egcoI nnnonethyl et her di et hyl ene

I I h hyl . / I I
om0 but yi, TBPRER s P B By ed) MEfsdy %r%sué@h%ﬁdo&%@ Uhe alycol
nono- n- heé%kp%&ﬂ%ﬁ?nﬁ%@ﬁﬁ%%trlglyCOl’ tetraethylene gl ycol di-n-butyl

et her, propylene onet hyl ether, propylene glycol nonoethyl ether,

propylene o] | \V: et her,
propyl ene gl ﬁﬁﬁ digg §E¥bfﬁ%?gﬁﬁPogg?éﬁgngmg%éggﬁ?g?ﬂ@?“%%%Q%Q

di propyl epgglly £9lindIRMORBLR¥ho R MBRe, telkRARRY 8RS téueabxymaret hyl et her,

di propyl ene gl ycol nonopropyl ether, dlpropylene gl ycol nDnobutyI et her,
tripropyl enae@b Iand’!@é’iﬁarfﬁbf@{)bxﬁiﬂbﬁé, tettgdopadnodyafaue adtra addtoxysilane,

2- et hyl t et rahydrof uran; ester solvents such as diethyl carbonate, nethyl
acet at®, ethydet@geilaicemeiryhrimetialxgsitanemethyltdtidoekdntcomethytiripeapybilaeet at e,
i sopropyl 25acetate, n-butyl acetate, isobutyl acetate, sec-butyl acetate,
n- pentyl aedtyittipropseysipentydthduetcatosysiBnephttbXyiutelysdoet at e, net hyl pent yl
acetate, 2-ethylbutyl acetate, 2-ethylhexyl acetate, benzyl acetate,
cycIobexthﬁwﬁﬂaK@OXﬁEbhyH@@hﬂﬁﬁ@%ﬁ@ﬂ@d@ﬁaﬂ@ﬂnwm@bﬁyﬁya&e@ate met hyl

acet oacetate, ethyl acetoacetate, ethyleneglycol nonomethyl ether acetate,
ethylenegHV&WM“h@ﬁ@&ﬁﬁ?ﬁméﬂW@WYHﬁﬁ@%ﬁéw(&WﬁﬁﬁyIeneglycol nononet hyl et her
acetate, 39 diethyl eneglycol, et et h e, di et hyl enegl ycol
nmono- n- bu8§?1@FHEF%¥@@P§W8XW%@Bﬁ 7 y?? 3$Wﬁﬁ8 » ether acetate,

gigfﬁi:eg%c%@%ﬁw e Bney - cechoh ey BOX sﬁp CSLJQQQSIS%: e
ol yool ab At areSOehihEn R RREE EDERKERh TRIRGD Brssi onat 2celtnaﬁﬁty| v
Pactate. Gy RoRRE o LRR ARy Gt el B Frin B i ohot el onat e
di met hyl g@fhﬁt:l%mg@ ﬁ@kﬁ)&?éﬂan@rﬁ Q@'@ﬂ%ﬁypx@ﬁ}]ﬁfe‘tﬁx@%‘]a&?l vents such as

propyl enegl her “dcétate, " propyl enegl ycol nonoet hyl ether

acetate, @rggzcmoszwﬂogwe%m@kymﬂ@ RO Ho8 Ry I1Fie@bRY Slane,

10ni t rogen-cont ai ni ng sol vents such as N-nethyl f onnam de,

N, N- d2gret hglictormpiioggliri o pb:disBidy | fgbiciduxly gepy acRitadstiene, N- met hyl acet ami de,
N, N- di et ylacetanlde N- et hyl propi onam de, and N-nethyl pyrrolidone; and
sul f ur - copizhicidongpiopk Ngpitesosysiihneg s~ giyoidbyHut dulridthiesysdaret hyl sul fi de,

t hi ophene, tetrahydrothi ophene, dinethyl sul foxide, sulfolane, and

1, 3- pr opaneslsud oty lTihdesysbhudhglycrayytheylusdhbxysitinei dual |y or in

15conbi nati on of two or nore of them [0061] Anmong them propyl ene

gl ycol nnhﬁh@ﬂﬁyvbév%@Wﬁﬁﬁxﬁ%@neﬂéﬂ@ﬂ?@@@uﬁﬁwéepﬁyﬂbe?her propyl ene gl ycol
monopr opyl et her, propyl ene nmonobut yl et her, propyl ene gl ycol

di met hyl @@H@ﬂk“ﬁbﬁ%yﬂeﬁﬁmgV%E@?Jhg@?ﬁ9¥ﬂ%¥ﬂEFﬂ“ﬁWSBVFene gl ycol nononet hyl
et her_ace Ien noe et her acetate, and propyl ene

20gl y &%%86? gp%ﬁéi gggﬁgzﬁ%eferred [ 0062] Nonal cohol i ¢ pol ar
sol vent S KPIépOeX)gf%%Oﬁéxy ?trlCﬁiOX}ISI%S acetone and

B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, B-(3,4-epoxycyclohexyl)
ethyltriethoxysilane, B-(3,4-epoxycyclohexyl)ethyltripropoxysilane,

B-(3,4-epoxycyclohexyl)ethyltributoxysilane,



tetrahydrofuran are preferred and when the hydrol yzabl e sil ane conpound (B)
(a silane conmpound having 2 to 3 hydrolyzable groups in the nolecule of the
sil ane compound during the hydrolysis) of Fornula (2) is used as a raw
material, the above solvents are 25prefgrred. However, in the case of a
silane having 5 to 9 hydrol yzable groups in the nol ecule of the

hydr ol yzapl(& 4sipbaymy clobepdiatiay¢Bhendxysidanch an acet one sol vent, the

hydrol ysis and the condensati on are excessively progressed, so that the

gel ati on 1-8.¢app¥yeyelabsediprgrobesietmxgsiaie hydrol ysi s- condensati on product
(pol yner, coEonner) obtai ned. 40 by hydrol yzi ng and condensi ng
hydr ol yzable+epeaisytrpcpherenyirisibpsipge.si | ane conpound (B), and the

e L O et i

:s:?:r;}l Tt R S A S D e R e C?Ee ’
| mul tanedis | |

removed by gty R HlodmBRERa8 ALk S o R bR R HIES, T For i ng

COMPOST 1 QHRETEMned:d11DAGEIRIART AR AR Ol RERIGSEMNo AKGRL | N, an

acid (orga ter, or "a conbi hati on thereof

can be bl slgg&?dr?tx?etﬁyﬁﬁiyhdiﬁﬁtﬁo@sépaaecnjlagi)kimypr%%ﬁ%ﬂﬂﬁfmw1sane,f the

or gani ¢ aci clfude oxalic acid, malonic acid, met mal oni ¢ aci d,

succinic @? Fhid BpRIpS Ind&th fldidixiy§ilame] BlelylcatokapiopyRedtithldiphtialbitanaci d,
citric acid, glutaric acid, citric acig, | actic acid, and salicylic acid.
Anongli (t hepaglyaxddxiypropgicthyldilceioxysiking, y- @eeitibeyepydmehiybipinothocydlane], butyric
acid, valeric acid, hexanoic acid, heptanoic acid, octanoic acid, acrylic
aci d, net habridokeprapyldhetiopdditdokygsilact, d;glydidgdypomtylroethBldagirdpoxtyettawoi ¢ aci d,
fumaric acid, phenylacetic acid, phenyl propionic acid, triphenylacetic
aci d, ci nnalycsloagirdpylbetipddibutasydlane.rvtgigdilexipcoydingthy bithepyxyoretd.i ti ¢ aci d
are preferred. The anount of the organic acid to be blended inis 0.5 1to
5.0 part sy-Blycidasepropeethy bompghex gsilsye, e ¥cidgxyprpyédd e 8wy 8l8pr oduct
(pol ytitanoxane, pol yorganosi |l oxane, caqpalyner, or. conbi nati on thereof).
20As t he Tnaby&roRgPBRYIBINg HBgthoRys! H‘Faéf’%‘flé?%ypﬂ‘?ﬁyﬁ)‘&ﬂ@fd@t%ﬂ’% €5 on- exchanged
wat er,_ or .I1ke can be used, and.the bl ended anount t.here cap be 1 to
%0 et (syhnfrmEo e Sus TP i B TR TR PR Al iR g
conposition,,. . J0065] The thin fil. orn . [ . a
mylulacetoxga[apelt\ﬁléyltrle?hoxmsﬂane VInEf]{tl%cglc&gmﬁa%%@fehﬁ??@gﬁﬁéﬁ%&%% e

Iithograpﬁy process o prese I nve on na

and/or a h%gﬁgﬁé&gﬂaeggﬁ?ggﬁ%&%ﬁ%gpgﬁfagﬁ9ﬁ%§§%§gH&;;ketoester may be

used as a pa a so I'es 6f the [3-diketone

and/ or t hg, iy keI RRRY & anieWLMQ%thYﬁI,@%X?ﬁ?anlejnﬁ&}nwop%%kﬁ%ﬂﬁﬁlﬁme,Ft hyl

acetoacetate; n-pro yF acet oacet ate, isopfopyl acetoacefate, n-buty
acet oac et@izl‘ﬂordgﬁﬁﬁf%ﬁ%et tigac g,@g}&m&wﬁp&wﬁa&&gxam@ ate, tert-butyl
z 1 oNn,

acetoacetate, 2,4-hexanedion, 2,4-pentane 2, 4- hept anedi on,

3, 5- hept apadiebsylckyhrastiaiiRetioRsiland ly-mercaptopropytrimethoxysilane,
y-mercaptopropyltriethoxysilane, B-cyanoethyltriethoxysilane,
chloromethyltrimethoxysilane, chloromethyltriethoxysilane, dimethyldimethoxysilane,
phenylmethyldimethoxysilane, dimethyldiethoxysilane, phenylmethyldiethoxysilane,
y-chloropropylmethyldimethoxysilane, y-chloropropylmethyldiethoxysilane,

25  dimethyldiacetoxysilane, y-methacryloxypropylmethyldimethoxysilane,
v-methacryloxypropylmethyldiethoxysilane, y-mercaptopropylmethyldimethoxysilane,
y-mercaptomethyldiethoxysilane, methylvinyldimethoxysilane,

methylvinyldiethoxysilane, phenylsulfonylaminopropyltriethoxysilane,

methylsulfonylaminopropyltriethoxysilane, phenylsulfonylaminopropyltrimethoxysilane,



3, 5-oct anedi on, 2, 4-nonanedi on, 3, 5-nonanedi on, and

5-net hyl - 2, 4- hexanedi on. Anobng t hese conpounds, acetyl acetone and et hyl

acet oacetate are preferred. These conponents nmay be used individually or in
conbi nation of two or nore of them Thez13-diketone and/or the (3-ketoester
can be used in an amount of 1 to 2,000 parts by mass, 5or 10 to 500 parts
by mass, puthylpdfoprlensngpyopsinehoxyidansondensati on product (pol ytitanoxane,
pol yor ganosi | oxane, copol ymer, or a conbination thereof). [ 0066] In the
t hi n fiInﬁ%5%ﬁﬂWBOEﬁHﬁBEKWVBW3G§@ﬁUﬁ@Wm§d%ithography process of the present
i nvention hat forns. .a conplex with titaniumor silicon

can be b|@ﬁ§%@8€t|§ﬁﬂ§§£3§yﬁgﬁ ARSHIPMEEnpound i ncl ude al Iyl al cohol

ol ended i 1 Eng DL PSRy INE SRBEREecf Dl cphenol S or & bi sphenal S
001 10 5 BB d B RS eG) mss of “the Condensation product
15pr i errod Qo or o PEr Eo e ARG iR pfd GRTRLETTHEOTErLae 1 he

conpounds 8&lli@¥he present inventidh Bckife Hﬁtéoﬁduﬁ@é’w\ﬁ (D-12) 000 oG Vo Formul a
(D-13)Formula (D-14)Forrmula (D-15) 0 oO*ci00 O O- 6 Fonuula (D-16) HQ OCH

Oj Formula (D 19) I

O N._O
o

N
N,
rS o
,i-\ ?H;_g

o , , Formula (8-1}
—(TiOg, o) ——(8i01. 5)— —(Si01.5)—

4 + —+
o
C*YE\LFO “
NYN“’% CH |
’{“‘ O i 3 T/ Formula (8-2)
—(TiOg. o) —(Si0y. 5)— —(Si01. 5)— —(Si01. 5)—
n + -+ +

®

’f‘“ @ iCHa Formula {8-3)

—(TiOg, o)— —(Si04. 5)— —(Si0;. 5)—

l + +
O O CH
+ l I e q,
—(TiOg, o)— —(SiOy, 5)— —(SiOy, 5)—  Fommla -4

+ + -+



Formula (D-20) _54 0o X 000 0-400,-00" O Fornmula (D-23) 00 Formul a
(D-21)Formula (D-22) [0068] The thin filmform ng conposition of the present
i nvention may contain a salt. The salt perforns a function as a curing
catal yst when the coating filmcontainiftg the condensation product

(pol ytitanoxane, pol yorganosil oxane, copolyner, or 5a conbination thereof)
is heated to be cured. \As the salt, there can be used amoni um salts,
phosphi nes, phosphoniumigalts, and 43 sulfoniumsalts. [0069] Exanpl es of

t he ammoni um sal ti ncl ude~,quaternary amoni um salts having a structure of
Formula (E-1): R4 (CH2)my0-12)n Formula (E-1) 5(where inis 2 to 11; n
is an integer of 2 to 3; R4 is an al kyl group or an aryl group; and Iris
an anion);

A~ e

~—(TiOg, g )— ~~(8i01, 5)— —(Si0y, 5 )—  Formula (8-5)

+ + -+

O N._O
T —
( o \_\ CHs |
’%\ r | Formula (8-6)
—(TiO2, 0)— —(8i0, 5)— —(Si01. 5)— —{(Si01. 5)—
4 tooy -+
O _N_O
?\; M N
1—( E])/ CHjy N
- CH E la (8-7
,..}\ ] 3 ormula {8-7}

~{TiOg, o) ——(Si0;. 5)— —(Si0q, 5)— —(8iOq, 5)—

+ ¥ -+ -+

O N_O
T
DGR
| O CHa o
,.i\ ,f\ ; Formula (8-8)
—(TiOg. o) ~—(Si0z. o )— —(SiO1, 5)— —(Si01. 5)—

+ } o+

[0050] When the titanium compound (A) selected from the group consisting of
the compound of Formula (1), the titanium chelate compound, and the hydrolyzable
titanium dimer and the silicon compound (B) of Formula (2) are used, examples of a

5 method for obtaining a hydrolysis-condensation product of the mixture of the titanium
compound (A) and the silicon compound (B) include: a method for hydrolyzing the

titanium compound (A) selected from the group consisting of the compound of Formula



guat ernary ammoni um salts having a structure of Formula (E-2):

R15 Ris

R

17R 18N + y- Formula (E-2) , n x, 17 (where R15, R 6,R18 are independently

an al kyl group or an aryl group; Nis 10a nitrogen atom Iris an anion;

R15, R16, Rl17, and R18 are independentl-}};4 bonded to a nitrogen atomthrough
a

a G N bond); quaternary ammoni um salts

AcN. ./ R1@)stht tifoiumi kel {tE<3hpothdRAad the hydrolyzable(higne &i@r andthR2iliape
i ndependently an al kyl group or an aryl group; and Y is an 15ani on);

quat er nar yorapovodi(Bjmskdrtsilhey itngrodust & achydielysfs-deodenshgor Eﬂdyict

1{21 is an al kyl group or an aryl rou& and Y1 is _an anion)
quat er nar {cophrontu ardamethoddor makiag 8 by diet
Formla (E-5

(where

compound (A) selected from the group consisting of the compound of Formula (1), the

5  titanium chelate compound, and the hydrolyzable titanium dimer and a

hydrolysis-condensation product of the silicon compound (B) of Formula (2).

[0051] The titanium compound (A) selected from the group consisting of the

compound of Formula (1), the titanium chelate compound, and the hydrolyzable titanium

dimer, the silicon compound (B) of Formula (2), and the silicon compound (C) of

10 Formula (3) can be used in combination thereof. Examples of a method for obtaining a

hydrolysis-condensation product of the mixture of the titanium compound (A), the silicon

compound (B), and the silicon compound (C} include: a method for hydrolyzing the

titanium compound (A) selected from the group consisting of the compound of Formula

(1), the titanium chelate compound, and the hydrolyzable titanium dimer, the silicon

15 compound (B) of Formula (2), and the silicon compound (C) of Formula (3) to produce a

co-hydrolysis-condensation product (copolymer); and a method for mixing a

hydrolysis-condensation product of the titanium compound (A) selected from the group

consisting of the compound of Formula (1), the titanium chelate compound, and the

hydrolyzable titanium dimer, a hydrolysis-condensation product of the silicon compound

20 (B) of Formula (2), and a hydrolysis-condensation product of the silicon compound (C)

of Formula (3).

[0052]  The above hydrolysis-condensation product is a polymer or a copolymer

and can be obtained as a condensation product having a weight average molecular weight

of 300 to 1,000,000, 300 to 100,000, or 300 to 20,000. This molecular weight is a

25  molecular weight obtained by a GPC analysis in terms of polystyrene. Examples of the

measurement conditions for the GPC analysis include: using a GPC apparatus (trade

name: HLC-8220GPC; manufactured by Tosoh Corporation); using a GPC column (trade

names: Shodex KF803L, KF802, and KI'801; manufactured by Showa Denko K.K.);

using a column temperature of 40°C; using tetrahydrofuran as the eluting liquid (eluting

and

ving a structure of Formula (E-3):

Yirsecopflersatip P d pg- %}he tnélgum _R22



(where R22 and R23 are independently an al kyl group or an aryl group; and
Y1 is an anion); and 5tertiary ammonium salts having a structure of Fornula
(E-6): (CH2) n (where mis 2 to 11; nis aninteger of 2 to 3; His a
hydrogen atom and Y1l is an anion). [O %O]Exanples of the phosphoni um salt

i ncl ude quat ernary phosphoni um salts 10having a structure of Formula (E-7):
R 24 R26sobnt), Ritnda Mohammung ((dw fte)(offer mLRRAA; aRbsingRGyapctnk- 27 are

i ndependent|y an alkyl group or an aryl group; P is a phosphorus atom 1T

i s an ani{@mnutndréPdy SIRRE DBRAG Ki) Rothe atagdirddeippledent | y bonded to a
phosphorus atom through a G P bond). 15[0071] Exanpl es of the sul fonium salt
i ncl ude t ert i[8033]sul Famibtmmisatthoshyslolfepenmdengatiog)prodgt bothr hivedyiid &f ( E- 8)
(where R28, R29, and R39 are independently an al kyl group or an arxl group;
S is a sulfalkoxasibyheramt anﬁcﬂﬁxwwggfpuami aﬁ@@,gew@/ SI&%@I‘%@@W&%S used In

i ndependent|y bonded to a sulfu atomthrough.a CG.S bo : 072] The
conpowdnd Qilfaflﬂ%}’frlﬁﬂfg-s(tE-l 99 m %ef{ﬁfj’é&af FPSlQ/m& A\t dane! %ﬁhﬁ%@ymﬂf from an
amine and in Formula (E-1), mis 2 to 11 and nis an integer of 2 to 3. Rm
of the qudfefnary ammoniumsalt is a Cl_18 al kyl group or aryl group,

preerably. o e i SR Sk Sy B P B ST h ) oo

| i near al kyl group, a propy

group; a §ﬁ§ﬁ¥%H@?%%38&ﬁ?&%ﬁbqgﬁéﬁg%gkgﬂg?pa 5cycl ohexyl met hyl group; and a

di cycl ope es the anion (Y) include: hal ogen

i ons such as g, ¢hl.ord {éﬁgﬂ-ef)ﬁu&% %erﬁ)rﬁﬁr%”ﬁl? ?%@sﬁ%ﬁﬁ thAhdaikati@disne ion

(1); and acid groups such as carboxyl ato , sulfonato (-S03), and

al cohgl at g,(nPo to 120°C.

The hydrolysis may be performed either completely or partially. That is, in the
hydrolysis-condensation product thereof, a hydrolysis product or a monomer may remain.

During the hydrolysis and the condensation, a catalyst can be used.

Examples of the catalyst for the hydrolysis include metal chelate compounds,

15  organic acids, inorganic acids, organic bases, and inorganic bases.

[0054] Examples of the metal chelate compound as the catalyst for the hydrolysis
include: zirconium chelate compounds such as triethoxy-mono(acetylacetonate)zirconium,
tri-n-propoxy-mono(acetylacetonate)zirconium,
tri-isopropoxy-mono(acetylacetonate)zirconium,

20  tri-n-butoxy-mono(acetylacetonate)zirconium,
tri-sec-butoxy-mono(acetylacetonate)zirconium,
tri-tert-butoxy-mono(acetylacetonate)zirconium, diethoxy-bis(acetylacetonate)zirconium,
di-n-propoxy-bis(acetylacetonate)zirconium,
di-isopropoxy-bis(acetylacetonate)zirconium, di-n-butoxy-bis(acetylacetonate)zirconium,

25  di-sec-butoxy-bis(acetylacetonate)zirconium,
di-tert-butoxy-bis(acetylacetonate)zirconium, monoethoxy-tris(acetylacetonate)zirconium,
mono-n-propoxy-tris(acetylacetonate)zirconium,
mono-isopropoxy-tris(acetylacetonate)zirconium,

mono-n-butoxy-tris(acetylacetonate)zirconium,



[0073] The conpound of Formula (E-2) is a quaternary ammoni um salt of

10eRi 6Ri 7Ri 8N-ty-. R15, R 6, R 7, , and R18 of the quaternary anmoni um salt
are independently a Cl _18 al kyl group or aryl group, or a silane conpound
bonded to a silicon atomthrough a Si-Ggbond. Exanpl es of the anion
(Y) include: hal ogen ions such as a chlorine ion (0), a bromne ion (Br),
and an |omone—sr:@hut@r(y-tn%mtyé@qe@pr@t@mg@nmh as carboxyl ato (-C0O,

15sul fonato (-S03), and al cohol ate (-0), The quaternary ammpni um sal t

i s commer Bloapiisrt év@wé%ff @%ﬂacwtﬁa%@nf%ﬁ@%km(wtﬂ@Feetm@fer dfferHyanmoni um

acet at e, tet rabu ni um acetate, .triethyl benzyl ammoni um chl ori de,
triethyl bl rmé?ﬂ%%g?%?ﬁﬁﬁgte)?¥?% Y8 et hyl anmoni t un chl ori de,
tributyl bgrnzyl anmoni um 20trit et hyl benzyl ammoni um chl ori de.

[0074] Th 8@ﬁ%@ﬁfﬁdn%rfo(‘%E?’%ﬁfftgac(eff?%f”?@& "Yquat ernary ammoni um salt deri ved
from as 1- §rﬁ) 1@3%}@%@&# ﬂ_@é@ceg}a@&gte ?rcg rum.ll a (E-3), R19 and R2 are

i ndependen rou ary group. The sum of the nunbers of

carbon at { 7 or nore. Exanples of R19 include
a net hyl g?(ﬁgt}%&mﬁ @QP%F%%&{&%%%@&%% group, a phenyl group, and a

benzyl gr9}1E’eca{ﬂﬁoﬁ?ﬁfi‘lﬁﬁd)@%yﬁce&cétzﬂ@jz%&nﬁmbenzy| group, an octyl group, and
an octadecyl group. Exanpl es of the anion (Y) include: halogen ions

such as aufLhhokitBey- hﬁﬁo%ﬁ@iao@toﬁ&&%}ﬁrcbﬂﬂnﬂ Br), and an iodine ion (I); and
acid groups such as carboxylato (-000), sulfonato (-503), and al cohol ate

(-0). 46diethox¥ives(eanpodisiteitd) figdonign cHmpiopdal-big(ethsdddelat @ate)zircamug
produced, for exanple, by reacting an im dazol e-based conpound such as

1- net hyl i di-depopexyamd cihvwheroptdtate@zohiennwi t h a hal ogenat ed al kyl or

hal ogenat ed aryl such as benzyl brom de and nethyl brom de. 5[0075] The
conpound  @in-Botompibés(¢thyldyctpmetiajaiatamivnar y anmoni um sal t derived from
pyridine and in Fornula fE—4), R21 is a C1_18 alkyl group or aryl group,

pr ef er abl §i-secutopy- @ﬂﬁshly ageloegetae)Zaegiiugr oup and exanpl es thereof include a
butyl group, an octy oup, a benzyl group, and a lauryl group. Exanples
of the anfl‘oﬁﬁft(bf“}(”iyn}@Fﬁﬁgﬁlacﬁﬁpﬁf’é@ﬁ)mé?@u%‘uch as a chlorine ion (CL), a 10

brom ne ion (BO, and i odi ne | and aci d groups such as carboxyl ato
(-C00 , sﬁ’loflé By~ Fls@wace%e@ieg&‘ﬁgf‘% (-0s). The conpound either is

| | d d, f le, b i
oy dl e b e e e RS G PR B nat ed aryl such as I aury
chl o_rl de, E)ng%%/%m%%& tﬂnsgg%%ggaggée{%g)l ncqqglagrret hyl brom _de., fand octyl

brom de. oun NI auryl pyri di ni um chl ori de and

N-benzyl pyr, hglnrw(gg r@{@tﬂ%acetoacetb@%ﬁbnﬂiﬁ? conmpound of Formula (E-5) is a

quat ernary anmoni u erived froma substituted pyridine represented by

pi coline ﬁlﬁﬂo-'fs&eblhtb% tr?s'(@}éjgﬁcéf&[c@!&e%z&c%nﬁ)m R22 is a C1_18 alkyl group or
aryl group, preferab 15 al kyl group or aryl group and exanpl es

L her elof I Mehsleet-Butdr- ltlyd(etﬁm@tmoaoafm@zﬂrwnugﬁ QuPakidethaldeytba@fAe)Pircohign a
o y20 mono(acetylacetonate)tris(ethylacetoacetate)zirconium,
bis(acetylacetonate)bis(ethylacetoacetate)zirconium, and
tris(acetylacetonate)mono{ethylacetoacetate)zirconium; and aluminum chelate
compounds such as tris(acetylacetonate)aluminum and tris(ethylacetoacetatejaluminum.
[0055] Examples of the organic acid as the catalyst for the hydrolysis include
25  acetic acid, propionic acid, butanoic acid, pentanoic acid, hexanoic acid, heptanoic acid,
octanoic acid, nonanoic acid, decanoic acid, oxalic acid, maleic acid, methylmalonic acid,
adipic acid, sebacic acid, gallic acid, butyric acid, mellitic acid, arachidonic acid,
shikimic acid, 2-ethylhexanoic acid, oleic acid, stearic acid, linolic acid, linoleic acid,

salicylic acid, benzoic acid, p-aminobenzoic acid, p-toluenesulfonic acid,



20 group. R23 is a Chig al kyl group or aryl group and for exanple, when the
conpound is a quaternary ammoni um derived from picoline, R23 is a nethyl
group. Exanpl es of the anion (Ys) include: halogen ions such as a
chlorine ion (CL), a bromne ion (BY), and an iodine ion (E); and acid
groups such as carboxylato (-CO0S),. sul fonato (-S03), and al coholate (-0).
25The conpeitssaessiippieacids meppseorenedtic ey dichmascior a%‘éﬁ”ﬁéoﬁﬁ’lﬁ@ﬁil@@édi; for
exanpl e, by reactin substitute yri.di ne such, as picoline with a

hal ogenat B&lwwrsﬁ%%@ H%P‘ng’é‘rﬁ]at”@g@“éfr 3aid, sSHHﬂIl‘ﬁé‘ClﬁeP}HB‘Iﬂl%Céﬂnf‘éiéarl%%‘%l‘§ﬁI

brom de, ﬁﬁf % Igr de, nzyl chloride, and benzyl brom de. Exanples of
t he conpo ‘ﬂ% 8 éﬁ%ﬁlpicoliniunlchloride N- benzyl pi col i ni um

o om e 2 AT Yot PO SEAS R iSO TS FRRRIRSE
For mul A ( ﬁyfﬁz)%l%?? é §c1$ gf?lcja%uf%ﬁﬂld a%uf"ﬁghr%ﬁ%gﬁé aazlha[%d rp%ognhorlc afl& Exarrpl es

of the anion ogen 1o0ons

bromi ne ion ? 9) apda@ple ijih@%rga%b t(asé as %QQa’L% sfifog'i&qg@ (ﬁ?ﬁ?lrﬁﬁlde

car boxyl at o Ssul fonato (- , and al cohol ate
conpound Ffrﬁ‘dzﬁ)@ p@ﬁ@@ug@%mﬁeapﬁﬁﬁﬁﬁﬁeoglp@ﬁdﬁe AR, Wrhdih@apgRk acid such as
a carboxylic acid and phenol les of the carboxylic acid include

formc acmﬂgmﬁn@eahb@oeawndlarﬁmraflétmmg@ma@Icﬁlmb tylis@betiaida@eon (Y) s
(HCOM and when acetic acid is used, the anion (Y{ is 10(CH3C00). In

addi ti on, mwhemethikiiwhanotmisedriethheolamninendibXgbidyel o &bddSO)iazabicyc[d0a8he, The
conpound of Fornula (E-7) is a quaternary phosphonium salt having a

st r uctur ediefatRA4RPGRRGRR 7 piltetrRR4thy RaGnorgumBydroxide.

R and R27 are independently a Cl1 18 al kyl group or aryl group, or a silane
compound bond@$8l o Bxampletenthaimmgantie basglas sheSjatatysbndhe Prdselasiaiojudet hr ee
groups anpng four substituents of Rl' to Rl4 are henyl group or a
15subst i tm%nﬁhwm@V%ﬁ%l@u@@f%@&%hﬂf@wp» @F@thléig@ﬂéeata@ yilcypobup and the
resi dual %gﬁﬂg oup is a Cl1_18 al kyl group or aryl group, or a silane
conmpound ®to a silicon atomthrough a Si-C bond. Exanpl es of

th hi . , b i

on (Bv), anttRT; carise R ey BnmeErhetle Supeo B o a0
e B ST A B s e
tetraa'ky&gﬂﬁﬁﬁnﬂﬂﬁq@ﬁo§Hﬁﬁ% halogenated tetra-n- butyl phosphoni um and a

hal ogenated tetra propyl phosp nlun1 hal ogenat ed

trialkyl benzg(bcmm 0S PRI @o%@@rg%ﬁlcasoh%hp&%ﬂ%ﬁge hidrshRliRensy Lphiesighoni um

25hal ogenat e trlphenylnDnoaIkyIphosphonlunE such as a hal ogenated

t ri phenyl mgi-suakiosphanisush anelpantiad, e@pBaked ntHdx e Mohetdy! Rhgsakoni um

hal ogenat ed trlphenylbenzylphosphonluns halogenated
t et r aphenigblippasip i dunmictdpcngmeat-ectahd, iifodkmheamyorhyt4pbas@honi uns; and

hal ogenated tritol yl nonoal kyl phosphoni uns (where the hal ogen atomis a
chl ordtne mtpicyclobeanamrmmatat nydrocafant sotuhar dugh py Bfreeme thiuene, xylene,
ethylbenzene, trimethylbenzene, methylethylbenzene, n-propylbenzene,
isopropylbenzene, diethylbenzene, isobutylbenzene, triethylbenzene, di-isopropylbenzene,
n-amylnaphthalene, and trimethylbenzene; monoalcohol solvents such as methanol,
ethanol, n-propanol, isopropanol, n-butanol, isobutanol, sec-butanol, tert-butanol,
25 n-pentanol, isopentanol, 2-methylbutanol, sec-pentanol, tert-pentanol, 3-methoxybutanol,
n-hexanol, 2-methylpentanol, sec-hexanol, 2-ethylbutanol, sec-heptanol, heptanol-3,
n-octanol, 2-ethylhexanol, sec-octanol, n-nonyl alcohol, 2,6-dimethylheptanol-4,

n-decanol, sec-undecyl alcohol, trimethylnonyl alcohol, sec-tetradecyl alcohol,

sec-heptadecyl alcohol, phenol, cyclohexanol, methylcyclohexanol,



48 exanpl es of the conpound include: hal ogenated

tri phenyl nonoal kyl phosphoni uns such as a hal ogenat ed

tri phenyl met hyl phosphoni um and a hal ogenat ed tri phenyl et hyl phosphoni um

hal ogenat ed tri phenyl nonoaryl phosphon ug§ such as a hal ogenat ed

tri phenyl benzyl phosphoni um hal ogenated tritol yl nonoaryl phosphoni uns 5such
as a hal oggmatregethylc i @blydxansiophepydl pitos pihenylurghyédeadbinall dgestadedcohol,
tritolyl nonoal kyl phosphoni uns such as a hal ogenat ed

tritolyl mmberesdyppidsyiodndluents svbrae ethyéeneal ogé pratydenei gyl dhl-buiyleme at om or
a bromne atom. [ 0080] Exanpl es of the phosphi nes include: primary
phosphi neglysol herdanadistl 4. ghostbhilpgatanediol . pHoxpridied 2. priepianphos pAi ne,

i sopropyl phosphi ne, 10i sohut yl phosphi ne, and phenyl phosphi ne; secondary
phosphi nes-cdudrexgaediplnk? +ijethhisap aivae), dipramigie Hiigigylene glycol,

di i sopyopyl phosphi ne, diisogamyl phosphi ne, and di phenyl phosphi ne; and

Certi oy BB b b B oA MG & FoRr B DR b e

tri phenyl phgsphi ne hyl di phenyl phosphi n d dineth h hosphi ne.
15 6081]  FRSESrpEH R Sr B i BT BB e el REVE BRI SRR g
a structure of R2 Sty- R28, .2 . -, and
R ar o | nOCHENaARIL] Rt AR S s metphesY s oy s e npound

R e et

anong fou e a pheny up or a substituted

phenyl gr Qéé@o%&%&@toﬁé, BadERHc AP YR G MHndnd, @hY fendh P c ARG Ji G &8h dual one
20group is a Cl1_15 al kyl group or aryl group. Exanples of the anion (r)

include: balPORE, isopSpSilUshcrasbatyt ther, hiRxyCihdrCl-bihyheRyIQMdASeth@tnd Br) , and
an iodine ion (1"); and acid groups such as carboxylato (-000), sulfonato
(-5031), anideal zphalyddne okid?) dioxoland, @082ty lthexctmepdiuRahe] $inGoHm@oLin] | y
avai |l abl e and exanpl es of the conpound include: hal ogenated

t et r aal kykthuylehoplyvaobemsuahethgl cahdnadting emaglgcbl tnonoathiylttibrs ethflene givcalnd 25a

hal ogenated tri-n-propyl sul fonium hal ogenated trial kyl benzyl sul f oni uns
such as adietlybgbnategleak atrgl eno-pHsuylfeoririathyltral Ppenatad-n-hexyl ether,

di phenyl nonoal kyl sul foni uns such as a hal ogenat ed di phenyl net hyl sul f oni um
and a hal eifjuisat slycel phraijicetlipfhesstidenaatyc m@ge%atﬂlé@utyﬂ eibks sYIEWRf oni uns
(regardi ng the conpounds, descri bed above,  the haLo%gn atomjs a chlorine

at om b?b aglb@@iﬂi%_yiaﬁtbm @ie&h&ﬁnagiwl fgﬁb‘_%l"ﬁﬁéﬁ]i %Wc%zﬁ lL@g}F abes! @aewﬂé)? 49
11 al ko) bigy PeTnpOR oLt et 2 blen Al SRR bR PR ©

3?&223! E%@hv?%&“?%%ﬂ TRAErEIr s L GRS A B g r et ReRRen car boryl at ;.
1 pheny | SOt BHhePh S G By Corp B b o R S B bl ot of
the salt g@c&-lﬂ&ﬁe&yigthe%g@garFrsg%%éi mBhofto etﬂ%r,ggﬁ@n&& YodIRRoh @1 0.01

to 3 partS by mass, “per | mass of” the ensation pro
(pol yhd t a&ﬁ&??ﬁypyﬁﬁ& %chgpcﬂﬁﬁ:tﬁy@éﬁeﬁ ISR YRG! digfhyRe®ONBipRaIaR dher eof ) .
|

10[ 0084] The h fillmform ng conposition used for a |ithography process
of the monomethyl ether, dipropylene glycol monoethyl ether, dipropylene glycol monopropyl
cther, dipropylene glycol monobutyl ether, tripropylene glycol monomethyl ether,
tetrahydrofuran, and 2-methyltetrahydrofuran; ester solvents such as diethyl carbonate,
methyl acetate, ethyl acetate, v-butyrolactone, y-valerolactone, n-propyl acetate, isopropyl
25  acetate, n-butyl acetate, isobutyl acetate, sec-butyl acctate, n-pentyl acetate, sec-pentyl
acctate, 3-methoxybutyl acetate, methylpentyl acetate, 2-ethylbutyl acetate, 2-ethylhexyl
acetate, benzyl acetate, cyclohexyl acetate, methyleyclohexyl acetate, n-nonyl acetate,

methyl acetoacetate, ethyl acetoacetate, ethyleneglycol monomethyl ether acetate,

cthyleneglycol monoethyl ether acetate, diethyleneglycol monomethyl ether acetate,



present invention may contain, besides the conponents described above, if
necessary, organic polynmer conpounds, photoacid generators, surfactants,
and the liKke. [ 0085] By using an organic pol yner conpound, there can be
controlled the dry etching rate (a decrgqased anmount of the filmthickness
per unit time), the attenuation 15coefficient, the refractive index, and
the |ike diethylmeglycel rhoraethiydetiredadetagandidtieyleteighy cbl inamdé-ortmityl glheo gttt | on
used for a lithography process of the present invention. The organic
pol ymer chigppigneelyep! psmopgiyl elicnraciate. ierytaeakyaohmaenasthyl sthgasicttyol yner s
such as condensation pol ynerjzation polymers and additio ol yneri zation
pol ymer s @@ﬁy@éqﬂg%ﬁﬁ“%§P¥ﬁéi%PﬂéﬁF@RbBFWH%?eéﬁﬁﬂ8ﬁﬁﬁgu@E@£@' 51¥%e used

ddi ti Opol i zat i I d ti I i zat i I
Cluch a5 pORYEIEEDEan R TR AT pEHSi ey catat it BT efacy yii ¢
pol yan dee e GGGy RIS CONE, AR BRI S ARU RSP BB 5
| gt “abeneBioRB et RS BRAGU A LIBHE ol ML A R BHOE 7S “an

ant hracen g, kAZIlf [ i ' ' | al i ne ring.
00861 B o ae ! ke Rt ion e D B RS on
pol ymer i zadd Qi Qb NERE §u&%t}§bﬂlaﬂsg%oﬁm§ﬁérﬁé%hﬁlr&héﬁr&'cétaﬁeb&*oﬁ?f%neg@fbo@dd| tion
pol ynmeri zabl e nononer such as benzylacryl ate, benzyl net hacryl at e,
phcnyl acr yoab&hylnaphhbathia Candl prbeyleralRoynaR 186y ekl @cetate;
ant hryl met hyl met hacryl ate, styrene, hydroxystyrene, benzylvinyl 50 ether,
and N:(pheniytopal-edrtiding sah@dnsandemsidtmahylpoinamedd, 28Nidimephglfgmearsidsuch as
phenol novol acs and napht hol novol acs. [0087] When an addition
pol yrer i zatN-dietipdfoymemides acesmoidasNirhahynepaiicde psINdenetodagtamids, t he pol yner
conpound may be either a honmopol yner or a copol yner. For 5producing the
addi ti on Pehgtheireraenasridpeng Remethyipyaddidone ang elljyreoniaabng sitpedsheichias used.
Exanpl es of such an addition_ pol ynerizabl e nmononer include acrylic acid,
met hacr y| fiseslpil gulfiderdiethyl Sé\’é:fii‘g:» dierticnedapBiyAshiopeans adipiptydsulfordeest er
conmpounds, _acryl am de conpounds, hacryl am de conpounds, vinyl. conpounds,
styrene cBHSANRQ hﬁwéﬂﬁpﬁéaﬁﬁﬁpgﬁﬁﬁ§ﬁo P@F@ﬂﬁﬁH?BSI ‘“dﬁ%b”nln

itrile 88 s of the acrylic acid ester conpound include

I . 10]0 Ex
ﬁ;IKyﬁﬁac?V?@P@T“%FﬁVPLEEFgggIg@nhornal hexyl acrylate, isopropyl acrylate,
| oh I t b I l,at h I I hyl
corytace, 2 BTy arRgR Ok SRS S RTBR o REY tALE pr BRIt SIS 2

2- hydr oxypr I , ) vyl ..act
2.2 2 1) PR R Ahie e dyét) il Aol Bt mopebui s
acryl ate, r%égreﬂ@g;@ze&y&ﬁl%}yz asLy bRbpSlent glycahueihof 4ndupybyRas yhasie,
2-nethy|-%-adanantyl acrylate,
5-acryl oyhexyméhhydn@araaichpimirne pEasaxydeis 6thkasde@n€ and propylene
3-acryl oxypropyltriethoxysilane, and glycidyl acrylate. 885? Exanpl es of
t he nEl hagikydlissorapichyesther aceripaupecitnel. ude met hyl methacryl ate, ethyl
nmet hacryl ate, normal hexyl nethacryl ate, isopropyl nethacryl ate,
20cycl ohexyl [@#2hacNyhateholibenky kolvetthdor siaatpds, kptvenyduchets hatonel aatle,
ant hryl met hyl net hacryl ate, 2-hydroxyethyl nethacrylate, 2-hydroxypropyl
met hacr y| &wtrehyd2odra-are pfeffercadomdhyhen @hﬂ%ﬁ&tdﬂ@§ﬂ@$2&2¥®ﬁmi )ap edarigy |
nmet hacryl ate, 2-bronoethyl mnethacryl ate, 4-hydroxybutyl nethacrylate,
2- met hoxyethgaundgenias 2yip thydral gzablergravist io thaumglecws oh diersjipag gompound
2-nethy|-2-adanantgtlnethacrylate

T

during the hydrolysis) of Formula (2) is used as a raw material, the above solvents are
25  preferred. However, in the case of a silane having 5 to 9 hydrolyzable groups in the

molecule of the hydrolyzable silane compound (B), in such an acetone solvent, the

hydrolysis and the condensation are excessively progressed, so that the gelation is easily

caused.

[0063]  From the hydrolysis-condensation product (polymer, copolymer) obtained



255- met hacr yl oyl oxy- 6- hydr oxynor bor nene- 2- car boxyl i c- 6-| act one,

3-net hacryl oxypropyl triethoxysilane, glycidyl nethacrylate, 2-phenyl ethyl
nmet hacryl ate, hydroxyphenyl methacrylate, and bronophenyl nethacryl ate.

[ 0090] Exanpl es of the acryl am de conmpaynd include acryl am de,
N-net hyl acryl am de, N-ethylacryl am de, N-benzyl acryl am de,

N- phenyl aby ?)lycémiya@g aﬂé!C01N§/€NS’@EMﬂf?}'ﬂ’?&bkyltW@eiheé}ﬁérW@hEWﬂWW%%lﬁﬂ de.

[ 0091] Exanpl es_ of the nethacryl am de conpound incl ude nethacryl am de,

N- et hy| ndbnad e dniigbzaNe ot A srsneaad (4 biviagelvert gidhes YriRs eiraenyt & de,
N—phenylnetgacr¥lanide N, N- di et hy| net hacr

| i , d
N anlt hr?/l Wﬁ Tf&é W&gﬁalf@fs’f’ y | E&O i1 {fﬁ%?re%ﬁg%%ﬁweﬁ FPaﬂlaFde |
ot he abg?%%g?ﬁ%f‘%@?ﬁeW%%‘?%Sﬂ%%@ﬁﬁl%&%ﬁl C%reiba@ta%'ﬁ#“ﬁ?ﬁsw s ﬁ%’%@é? F%Elmng e

et her, e yItri-me ane,

2-chl | winyl - t Vi ' ,

o P el G s R TRACERY L i s s U RRT R e

styrene, Hy&i‘&%ﬁég&%@& ovi8% ln@ﬁt?e?lfzﬁﬁf%?@vioi%ré?&%%%%’.rene’ met hoxyst yrene,
an t 0094 Exa

cyanost yrene, acetyl styréne. es of the mal ei m de

conpound i nchyde iAfahA fign fonifedRPoRRIR Rt R 2 IRIPeARHl RO R5JTb dge

N- cycl ohexyl mal ei m de, N-benzyl mal ei'mi de, and N-hydroxyet hyl mal ei m de.

[ 0095] Whepregen€ aR@eisAkLh @adqaﬂgﬁmeraicw%td A, Raley manldoo 8L c@gbinhgorOr gani ¢
15pol ymer conpound, exanples of such an organi c polymer include
condensat ihereop adrytreeflerzdtlito ntapidizy ey @ngfosidiogl ycol conmpound and a

di carboxylic acid conpound. Exanpl es of the glycol conpound include

di et hM ene gl§d], hearaptet biythe negaglcyacal inclarde okalicydceh enadpnyc adid,

Exanpl es of the dicarboxylic acid conpound include succinic acid, adipic
aci d, 20t ecdyhedlanic ecidciugcinameridranaéic agidhydh¢ aad, tartari@cadypheliopcidhe
condensation polynerization polyner include polyesters, polyam des, and

pol yi nmi degitriaskl. g8taren aeidscae pFids lagiigecid.pod palicybk apigh e Aereitdpeniadifi de)
pol ybut yl enet er epht hal at.e, and pol yet hyl enet cr epht hal ate.. 25[ Q096] When t he
or gani ¢ p%ﬂ@r?é?rdﬂ&éﬁ*ﬂo%ﬁ?acéﬁl t BORWNIE PBW{#CQ"F@HWI%“F@C‘E&W@WC 88up can
effect a crosslinkjng reaction w.th. ol yorganosi | oxane.., . [0097] As the
o gani o pTARIC Eahdoanae dbepu s e R b BT ST e R Shidovin R ng. o
wei ght. aver.age nol ecul ar wei ght, of for exanpl to 1,000, 000, or
3000 %t o 00 TEsoR e ety £0odlent e b b ook b, 52 The
organi ¢ p fp%{ﬁfg{lﬁc%ﬂwa&ngﬁmfﬁ% PR, H&68ic i Y AUAkL Yeill add o0RLNAL LAR Of two

or nore o
are preferred. The amount of the organic acid to be blended in is (.5 to 5.0 parts by

mass, per 100 parts by mass of the condensation product (polytitanoxane,
polyorganosiloxane, copolymer, or a combination thereof).
20 As the water to be blended in, pure water, ultrapure water, ion-exchanged water, or
the like can be used and the blended amount thereof can be 1 to 20 part(s) by mass, per
100 parts by mass of the thin film forming composition.
[0065]  The thin film forming composition used for a lithography process of the
present invention may contain a 3-diketone and/or a B-ketoester. The B-diketone and/or
25  the B-ketoester may be used as a part of a solvent shown below.
Examples of the f-diketone and/or the B-ketoester include acetylacetone, methyl
acetoacetate, cthyl acetoacetate, n-propyl acetoacetate, isopropyl acetoacetate, n-butyl
acetoacetate, 1sobutyl acetoacetate, sec-butyl acetoacetate, tert-butyl acetoacetate,

2,4-hexanedion, 2,4-pentanedion, 2,4-heptanedion, 3,5-heptanedion, 2,4-octanedion,



When t he organi c pol yner conmpound is used, the content thereof is Ito 200
part(s) by mass, or 5 to 100 parts by mass, or 10 to 50 parts by mass, or
20 to 30 parts by nass, 5per 100 parts by nass of the condensation product
(pol ytitanoxane, polyorganosiloxane, copolyner, or a conbination thereof).
[0098] The thin filmform ng conposition of the present invention may

cont ai n aRsagtalediener,amonanedion, 3,5-nonkxaipl, @sd 6fmathd-2a¢hdxapedenat or i ncl ude
t hei noaci d generators and photoacid 10generators. The phol oaci d

gener at or Ageng tlatse sompowcls dhediytdcnigne apdsthy kacgfoacdiete pesprsterrethel bfsgr e, t he
acidity of the underlayer filmcan be controlled, This is gne nethod for
adj ust i ngeaneongels dnavybeoised hulividerdy arye ompingtiomok gy orgpore 19é ek skheas an

I f th der| fil By adj usti t pdit f th
ndor | aye-didtone HAr S h-Brace A Potiedie Pag St 45F bR P Haper
'ayeréfan?Pﬁxégﬂﬁﬂﬁﬁgﬁﬁaueﬁﬁﬁgﬁﬂfﬁ%ﬁﬁag£%%2§ﬂ§n§%ﬁ$ﬁiﬁ genﬁé tor contained
i n the thn iPHmt f e i ncl ude oni um
conpounde P TOBT s BB BHRE sl Sart - SURBBEN BBPEke: ' odoni um
S oo D=1\, PRI EBRLTA St PRAGERDA Frocesor e

di phenyl i odo uoronmet hanesu dr pheny onaf | uoro

nor mal bugrgé‘e%t ﬁweﬂé?&lﬁta%m@&%%ow&' Bk SIRE A oHI & WA MRhiRe badBcsulshonat e,

di phenyl i ©doni uncanphor sul't onat
bi s(4-t er{s Db ¥ddPheRyhhhiQde HFRARNQnduha fdl®le ARHalcohol.

bi s(4-tert-butyl phenyBi odoni untrifl uoronet hanesul fonate; and sul foni um sal t
25conpmpunds ?@U@T] asAkb ki pERY, Suphenil grdrexaiphuesl Gadvrivatina, be blended in

tri phenyl sul foni ummonaf | uoro normal butane sul fonate,

tri phenyl gulchbapobsteanphies aubdmooabsphawdsS or a bisphenol S derivative is 0.01 to 20

tri phenyl sul foniuntrifl uoronet hanesul f onat e. [ 0100] Exanpl es of the

sul f oni ni petsdompassna 0.0 toudepdyks(tyrmdds uarbietonapetsuiyf roasp) oty P8 peds b i de,

N- (nonafl uoro normal butane 53 sul fonyl oxy)succini m de,

N- ( canphomssH d{ohy toxlphsition pridwicd@olvaitrhoxane, polyorganosiloxane, copolymer, or a
N-(trifluoromet hanesul f onyl oxy) napht hal i m de. [0101] Exanpl es of the

di sul f onytathbirairst therseDconpound i ncl ude

bi s(trifluoraonethyl sul fonyl)di azomet hane, .

bi s(clTl ohexylr @E‘F?%WF‘)@I?#&%%’SH%&E o1} ISR Rleh 5 5 ¥ o N8I onret hane,
bi s(p-tol uenesul fonyl)di azonet hane,

bis(2,4-dFW§P%V@B§%€ nesul f onyl ) di azonet hane, and

met hyl sul f onyl - p-t ol uenesul f onyl di azonet hane. [ 0102] These photoacid
generators may be used individually or in conbination of two or nore of
t hem



10When the photoacid generator is used, the content thereof is 0.01 to 5
parts by mass, or 0.1 to 3 parts by mass, or 0.5 to 1 part(s) by mass, per
100 parts by nass of the condensation product (polytitanoxane,

pol yor ganosi | oxane, copol ymer, or a confpj nation thereof). [0103] The
surfactant is effective for suppaéﬁslng the formation of a pin hole, a
15striation, and t -- when t n fllntfornt onposi tion of the
present invent |H)® it onto @%l;e —Qg(j[q sur f act ant
contained in the thlm)fllntforntng C 05|t|on of the esent invention

i ncl ude: nonionic tants, for, ex polyoxyethylene al kyl ethers
such as polyoxyethéﬁgngﬁlguryl etﬁ?‘mﬁgﬁrﬂoxyethyleﬁ@ﬁ%$%ﬁﬁ9I et her,

20pol yoxyet hyl ene cetyl ether, and pol yoxyet hyl ene oIeyI ether

pol yoxyet hyl ene aIkyIaIIyI et her s suchégs polyoxyeth ene yIphenoI et her

and pol yoxyet hyl en éphe_‘ et et hé ypr opyl ene
bl ock copolynedﬁC%égr fé S§éig an nonol aur at e,
sor bitan nonopal nitat@®, sorbitan nDnosKEarate sor bi Can nonool eat e,

sorbitan triol eat gm@angh-porbitan trigheamte, pol yoxyetdydyene sorbitan
fatty 25acid esters such as pol yoxyet hyl ene sorbitan nonol aur at e,

pol yoxyet hyl ene sor biA an nnnopalnttat polégg%ethylene sorbitan
nonost ear at e, §E§§% an@ pol yoxyet hyl ene
sorbitan trist natgﬂE§§§> E{L%FTHP EF301,

EE303, and EF352 (tr&fle nane; nanufact red by Tohke roducts Corp.),
MEGAFAC F171, F17A3mR®F) and R- 30 Feroald@-Rane; ﬁ yred by Dai ni hon
54 Ink & Chemicals Inc.), Flugrad FC430 and FC43 3 nane; manufact ured

by Sum tonp 3M Llnl(ed , A$ ~Guar GVlO aﬁﬁiSurflg 2, SC 101, sC

02, SC 103, S€#94, » = {a d by Asahi
d ass Co., Lt gﬁ?; gano%&@‘éiﬁé act ured by

Shi n-Et su’ Chemi cagl Sg td.). 5[0104] These surfact@nts may be used
|nd|V|duaIIy or In cog% ati on ofotwa @NNDr e offekshidiD-iYen t he surfact ant
is used, the content t her eof is 0.0001 to 5 parts by mass, or 0.001 to 3
parts by nass 0 01(10 0 rts b @MSS pery 100 ggrts 91 mass of the
condensation e@%} (Qano{gﬂ} A€, )-copol yner, or a
conbi nati on thereof) 105]In the thbn fllntfornl conposi tion of the
present invention, Qgy contr ent and a esi on assi st ant
may be bl end d Tﬁgﬁghegﬂ%gyjcontro ﬂ?ﬁ% agg |s%g} g‘?qg% for enhanci ng
the fluidity ?m\téﬁﬁghhn fkkntkornlng(@o POSii ThQ)adheS|on assi st ant

is effective the a {S )i he ?¥?qizt T he
sem conductor substr@te or the resrst 1 0106] t used for the
is not particularly

thin filmfanni fgmednpesi tion of th n&gé&fﬁu inventio

limted so long as the solvent can di ssolve the sol Fomobidest. Exanpl es of
such a soIvth}tncfdg -thagoPK)ethanot) progéhkﬂ, i sopropanol, butanol,
met hyl cel | oSOl u.@'.i )’ € hyl acet ate propyl ene gl ycol,

propyl ene gl ycol nnqgnethyl ether Iene glyc nonoet hyl et er,
propyl ene gl ycol _no 5g%¥l et her, Og gﬁ ne glyc %ge ther
acetate, propyl el& Wyt nDnoethyI I cetate yco

nDnopropyI he()ace @jop epe gl y¢ol nogobut yl ethé@ acetate

t ol uene, @g %%gtzgﬁﬁtanone &f@hgﬁanone et hyl
2- hydroxyproplo hydr proplonate

et hoxyacet ate, et hyl (hydroxyacet at e, né?hyl 2- hydr oxy- 3- nethylbutanoate

nmet hyl 3- net hoxypeapi @ay e, 25et hyl g 3 0pihexypropi onat e, et hyl
3- et hoxypropi onate, nethyl 3-ethoxypropionate,

[0068] The thin film forming composition of the present invention may contain
a salt. The salt performs a function as a curing catalyst when the coating film
containing the condensation product (polytitanoxane, polyorganosiloxane, copolymer, or
5  acombination thereof) is heated to be cured.

As the salt, there can be used ammonium salts, phosphines, phosphonium salts, and



met hyl pyruvate, ethyl pyruvate, ethylene glycol nononethyl ether, ethylene
gl ycol nonoet hyl ether, ethylene glycol nonopropyl ether, ethylene glycol
nonobutyl et her, ethylene glycol nononethyl ether acetate, ethylene glycol
nonoet hyl ether acetate, ethylene glycol; nmonopropyl ether acetate, ethylene
gl ycol nonobutyl ether acetate, 55 diet%ylene gl ycol dinethyl ether,
di et hyl ensulfyinncokaldi et hyl et her, diethyl ene glycol dipropyl ether,
di et hyl ene glycol dibutyl ether, propylene glycol nonomnethyl ether,
propyl ene gl yi€6691di nExtppleeofide amprapyheple inglugeofuagiraatipmneeiien salsy opyl ene
gl ycol digrqpyl et her, propylene glycol dibutyl ether, ethyl |actate,
propyl Ia.%%m%?SW@%@?@ﬁ%PH@Ma&Edﬂé, butyl lactate, isobutyl lactate, nethyl
formate, ethyl formate, propyl formate, isopropyl formate, butyl formate,
i sobutyl format | fornmafesqisoanyl formate, nethyl acetate, ethyl
acetate, anyl i soa acetate, hexyl acetate, nethyl propionate,
et hyl propiondte, propyl #$r te, isopropyl propionate, butyl
pr opi onat e, @3bhgﬁyl Fopienat e, net hyl butyrate, ethyl butyrate, propyl
butyrate, isopropyl Mutyrate, 10but9ﬁﬂbuﬂ@f%ﬂé, i sobutyl butyrate, ethyl
hydr oxyacet at e~ et.iy!| 2-hydr gxy-2-net hyl propi onate, nethyl
3-nethoxy-2-nethy|pngggﬂﬁg nmet hyl 2- hydr oxy- 3-net hyl butyrate, ethyl
nmet hoxyacet ate, et hyl oxydfet ate, nethyl 3-nethoxypropionate, ethyl
3- et hoxypr opi onat e, ethyl 3-nmethoxypropionate, 3-nethoxybutyl acetate,
3- met hpxy pr opiheRCALRD & 1 BuBhAY ey BRLhOXYRUtYAn ARSL @bE)S or an aryl group;
153- net hyl - 3- met hoxybut yl propi onate, 3-nethyl -3-nmet hoxybut yl gutyrate,
met hyl acgipgciehatsion;ol uene, xylene, nethyl ethyl ketone, nethyl propyl
ket one, methyl butyl ketone, 2-heptanone, 3-heptanone, 4-heptanone,
cycl ohexagenanary, arddaiemhylis bavidgr seyctide wé Fhyhae €E-2ixi de,
N, N- di net hyl acet am de, N-nethyl pyrrolidone, nethyl isobutyl carbinol, and
y-but yrol act one 2q he e s&ive@ts may be used individually or in
conbi nat i on ofR FWR ORMOEE-ON t héf  Forpgdo®-2rhe thin film forning
conposition of the present invention can be utilized as a resist underl ayer
filmformng conposiitign foor a photoresist, a resist underlayer film
forming conpddvheredh fBr-> Bn. AR r 8&5 welepegdentiyan allylgroyppyem argyaspum i
form ng conposition, _a.reverse erial fierm ngs conposition, , an underl ayer
11 m Hor i ATo2SE 8RBT 1 BrATar 0 Ras e N g VAT GBHERRTING ¢ he
i ke. kbreinaftgr, éh3%§@§e Yhere the thin filmform ng conposition of
the preseRtORHVERT BIPUEE s a resi st underlayer filmforning
conposition.is described. The in fi i conposition (resist
underlaye?u¥?rﬁ?F%Fﬁ?%6%§%%%%%??%%%§&%?€Phgb%@ggp%%)invention is applied
onto a substrate used in the production of sem conductor 56 devices (for
exanpl e, silicon wafer Bstrates, silicon/silicon dioxide coated
substrates, silig6n~nitride substrates, glass substrates, |TO substrates,
pol yi m de substﬂatesu and ?8%&ﬂh@ﬁ§§§ric constant material (lowk material)
coat ed substrateﬁ%zggsﬁn appropriate coating nethod such as a spinner and a
coater and thén,Ms ed to forma thin film(resist 5underlayer film.
The baki ng condi igng"are accordingly selected from baking tenperatures of
80C to 500C or 8gé t®6 250C and baking tine of 0.3 to 60 m nutes.
Preferably, the baking tenperature is 150C to 500C and the baking tine is
0.5 to 2 mnutes. re, e formed thin film(resist underlayer film has a
film thi cknessvhefe R and ROexramplegendeotly en alkobgronppr ar aydegtogp50@ i ar 50 to
300 nm or 100 to 200 nm or 10 to

15  anion);

quaternary ammonium salts having a structure of Formula (E-4):

= Y
+~———R21 Formulia (E-4)
W,

(where R?! is an alkyl group or an aryl group; and Y™ is an anion);



100 run. [0108] Next, on the thin film (resist underlayer film, for
exanpl e a photoresist layer (film is fornmed. The formation of the

phot oresi st | ayer can be perforned by a known nmethod, that is, by applying
a photoresist conposition solution onto,the 15underlayer filmand by baking
t he conposition solution. The photoresist layer has a fil mthickness
of , for exyanghery abtindrouhGalObavinma stowctdr®@f For@yleQb-5nm or 200 to 1, 000 nm
or 30 to 200 nm [0109]In the present invention, after form ng of the
organic underlayerzjil m on the substrate, the thin film (resist underl ayer
film of the pre§¥nt invention can be 20fil mformed on the organic

underl ayer filmand fugther, the thin film(resist underlayer film can be
coated w th the photor mﬁg lﬁifﬂ %@ , even when the pattern width of the
phot or esi st | afer i N-smh er'5ﬁ8“F% 'gﬁotoresist layer is coated thinly for
preventing a patte#n coll apse, the processing of the substrate is possible
by selecting an appropriate etching gas. 25For exanple, the thin film

(resist under) ayer, il my20f th resent invention can be proc ed by using
s an et ohi ng "0KE K2 ap o i GaBLERha HRYF RS8R BERR PP SEEER oL (hi
filn1(res&§5dygd§rlayer film satisfactorily higher than that of the

phot oresi st, “and the organi ¢ undcrl ayer filmcan be processed by using an
oxygen- b i hi RGchad 8 PSldieREgani ¢ underl ayer film

sati s%c?%rﬁ%rg [ ghxe%nq'?ﬁgsgwﬁngt %f Ctbﬁée tﬁ;rn u?ﬁ m 957 (resist underl ayer
film of the pres inventipn as an etching gas. Furthernore, the

o)

substrate can be proc ssgd using a fluorine-based gas having an et ching
rate of the su k&ﬁte pnSfaptorily higher than that of the organic
under | ayer fil

, etc g gas.p Oldhe photoresist formed on the thin
film(resist un&eLL er fil of Eﬁ%gé%?ggg t invention is not particularly
limted so | ong as e qg? esist is sensitive to |ight used for the
exposure, and both a negati ¥e?type photoresist and a positive-type

phot oresi st can be used. Exanples of the photoresist include: a

posi ti ve-t ypéwhiremnoisgstost! ; madan iofegar oick/ ol adl isedivareged atom; and Y™ is an

1, 2- napht hoqui nonedi azi de sul fonic acid ester; a chem cal

anpl i fi cai®h-t ype photoresist made of a binder having a group el evating
the al kali 10dissolving rate, by being deconposed by an acjid, and a

phot oaci d ger€V4tlor; béanéﬂé?ﬁ)fc‘gFP ﬂ%ﬂhPlFlPE’a%ai“dﬂc-sl‘r‘ @J%%%rwhgﬁpéfmwml%f a

| ow ecul e conpound el evati he al kali dissolving rate of a photoresist
by bgﬁLg ‘@8%b§§&&ﬂﬁyﬁgﬁﬂgéﬁﬁg7;n al kal i - sol ubl e bi nder, and a phot oaci d

generator; and a chem cal anplification-type photoresist nmade of a bi nder
havi ng a group, 8 gvat.i, 124 4 be,at kal+ dissolving.rate by bei ng deconposed by
an 15acid, a E%mlﬁbl ulééco odﬁg eﬂ%ygﬁﬁ%&ggﬁe al kal i dissolving rate of
a photoresist by being deconposed by an acid, and a photoacid generator.
Exanpl es of {{ifePRet @85S h,d Rﬁla‘r'gﬁidh]g&%qgnt alk RS Fo RN BL b W5, §0is by
Shi pl ey Conpany, L.L.C, trade nane: PAR/10 nenufactured by Sum'tono

Chemi cal Zgghosphms atoBN A §4 Afghifanma REERRA IO prnrt'aed thigstnaynt B ddEd &1l

Chem cal ., Ltd. The exanples also include fluorine 20atonm containing
pol yrer - bagksphhat afoasihsdighdeSPridadgy in Proc. SPIE, Vol. 3999, 330-334

15 [0071]  Examples of the sulfonium salt include tertiary sulfonium salts of

Formula (E-8):

28, 29

R 30

.+

R RS Y Formula {E-8}

(where R*®, R¥, and R* are independently an alkyl group or an aryl group; S is a
sulfur atom; Y~ is an anion; and R*®, R¥, and R*" are independently bonded to a sulfur
20 atom through a C-S bond).

[0072]  The compound of Formula (E-1) is a quaternary ammonium salt derived



(2000), Proc. SHE, Vol. 3999, 357-364 (2000), and Proc. SPIE, Vol. 3999,
365-374 (2000). [0111] Next, the exposure is performed through a
predet erm ned mask. For the exposure, KrF exciner |aser (wavel ength: 248
nm, ArF exciner |aser (wavel ength: 193425nm, F2 exciner |aser

(wavel ength: 157 nm), and the |ike can be used. After the exposure, if
necessar y{ropogtanerpesdiet Gakiéa Gah), a1 5@ bd |padnos aettegehel post. ekpesure bake
is perforned under conditions accordingly selected from baking tenperatures
of 70C t othespeicHrEy HarRIoAYR Fateis 3fC10s 8Ikybareop a it 89uP{ BeiEmbind Che fkdsent

invention, as the resist, a resist far el ect.ron heam 58 |ithogr or an
EWV resi s&OURRY B! 820 aiﬂﬁ&%@aal%ﬁwf%glwﬁgﬁoﬁ%%qréﬁsyﬁg@wwc Iaéég F@& %eam
resist, both a positive type.and a negative type can .be used. Exanples of
the o ect PP autny kai e FhE TR e R T et PR LR 56 T eai ot made
ai seol 1 ny FELE B M S ol SHBb LR e BhP S e el
anplificatio resi.st.: I = i . -acid

goner ator . and EBfs e HidRA®) BLBE BhdRh o kE AR oaRCLER g rate

of the regioitindWnlBiNAnde6MASRE (PY 28 2881 HouR sGOEAE GRlox3HR) [-LickRy i on-type
resi st made of an acid generator and a binder having a group changi’ng the

al kal i di sgfinvionaS0at, endylchgilng (degonposed by an acid, and a | ow nol ecul e
conmpound changi ng the al kali 10di ssolving rate of the resist by being

deconposed byo@En|acie canpamdei¢aimalk (BPlid 4 jeasmay-dnypenit@saiofmade of a
bi nder havi ng a group changi ng the al kali dissolving rate by being
deconﬁbseﬁ”ﬁgﬁdﬁiﬁNE%trdﬁiﬂé&ﬁft&mﬂf&gnﬁquhmﬂhm@hnamphmhigﬁnﬁ@n-type
resi st nmade of a binder having a noiety changing the alkali dissolving rate
by bei ng dokeadeisly af-al ot gompbean] gidwo of a sildre coapeunt baskedtp ¢ hidical ect r on
beamresist, a resist 15pattern can be fornmed in the same manner as in the
case of udpmghepughetdrebonsk by using an el ectron beam as the radiating

source. As the EUV resist, a_nethacrylate resin-based resist can be used.
[0113] Next, Fefawgles shstanian (Yerippludediatigen iesvtroper chlgpirsiegdeht By, for

exanpl e en.a posjtjve-type photoresist .is used, .the photoresist of an

exposed \nganl?%loﬁéFEManf%ﬁI‘FWHw( ) pnd pee EFHPS &he aﬁﬁ@%f&}/%@a@{;f)&%of t he

devel gper ipclu l.kal | ne ,aque sol utions such as: aqueous sol utions of
et adad B5RMERDy

al kal 1> met@ion assi um hydroxi de and sodi um hydr oxi de;

aqueous sol utd f r N ' ] '
t et r amet hyl aﬁﬁ%gH?ﬂ%%&f?%@?@@%@%@#ﬁ%@%%ﬂ%gﬁ?a‘f %’%’%@?5 t%%fé‘)fchm i ne;
and 25 aﬁeﬁﬁg%tﬁﬁleﬂ{fﬁﬁﬂﬁoﬁﬁn%e&%ﬁ éidéé%gt 1 OBJﬁ%H]OAc%&é‘& propyl am ne, and

et hyl enedi am ne. Furthernore, 1nt pers, a surfactant and the

like my @la81Ra,AheRdsdim TheHeQndéthiBes, i ghmbhigndgygli@prent are
accordingly sSelected fromtenperatures of 5 to 50C and tinme of 10 to 600
seconds. trioctylmethylammonium chloride, tributylbenzylammonium chloride, and
20 trimethylbenzylammonium chloride.
[0074] The compound of Formula (E-3) is a quaternary ammonium salt derived
from a 1-substituted imidazole and in Formula (E-3), R" and R*" are independently a
C1.15 alkyl group or aryl group.  The sum of the numbers of carbon atoms of R'” and R*
is preferably 7 or more. Examples of R" include a methyl group, an ethyl group, a
25 propyl group, a phenyl group, and a benzyl group and examples of R*” include a benzyl
group, an octyl group, and an octadecyl group.
Examples of the anion (Y") include: halogen ions such as a chlorine ion (CI'), a

bromine ion (Br’), and an iodine ion (I'); and acid groups such as carboxylato (-COO™,

sulfonato (-SO3”), and alcoholate (-O).



[0115] Then, using the thus forned pattern of the photoresist film (upper
| ayer) as 59 a protecting film the renoval of the thin film(resist
underl ayer film) (internediate |ayer) of the present invention is
performed. Next, using the film conpos of the patterned photoresist and
the patterned thin film(resist underlayer film (internediate |ayer) of

t he present [Thyemhpamdasthar preomesdréinldy fvadilabletohean baprodhcedf farlkraroplgalmi ¢
under | ayer film5(underlayer) is perfornmed. Finally, using the patterned
thin fil mefotegiastimidedelettaped cdmparnd (sielt ey ragithalieniflagpéy gndof t he present
invention and the patterned organic underlayer film (underlayer) as a

pr ot ect i nybenayvhidazeleprise 2 Salogenagtd alkd os bfosengrecarsy suslyBg e bbrogide
performed. [0116]1n the above-described nethod, first, the thin film
(resist ulderstByleromiden) 10(internediate layer) of the present invention at

h wh h i i N d by d hi.
exXposo t hed§ fle?%?téﬂﬁd RSB OF Epentls (T SRS IR HE SRR Y m
i st fil f .t t~d i
Such a5 tEUPa TR heehERE el PaET FALCHBETEH bRlp shaCLhulippRfaltigq oases
perfl uor 0@{{%%&'}? éé@ﬁ%?%%yll %Mtfpl é?reglgﬁﬂjfég%reo?%m Wgﬁ%gﬁp, afglgQn, oxygen,

ni trogen, exa ort uor onet hane, tritluoride and

chlorine grifl [ 1,04 L emviddud. M i chl or oborane and di chl or obor ane.
In parti C%I’Ogéa%kﬂ%oﬁgﬁ? ng \’/r\{ta%% ag_hal ogen-based gas, fundanentally, a
phot oresi st Ehahples o EARRARRT YO inGhd@Hafogeh Rivk 3D AdtBothd ibh ¢Ol | at 0 be
renoved. On the contrary, the thin film(resist undertayer film of the

present ikvenid @A (BONhLA Bh @i a0 addBed ierdips 208 dsicatioxglaaBeCOs)),

i mredi ately renoved by a hal ogen-based gas, so that dry etching of the
resi st undéfohayerSdi)l sd scgiodfte(@b).y perforned using a hal ogen-based gas.
Herewith, the decrease of the filmthickness of the photoresist associated
with dry et chhagompotrdeithki @ chimnmar¢inksistlablode chmpeprotintad fog anarbple, by
suppressed. Then, as a result thereof, the photoresist can be used as a
thin fil mea@Biferidewivsith whaegdmayasralkyllomhelagertsécdaryl wek heluail sbloideh a

fl uori ne-based gas. ExanPI es of the fluorine-based gas include

tetrafl uob@ﬁﬁk%iﬁéie(@@y prervidas sredey) brapide od el beymidger Exaippleheldfane

L1 1 ok STPRCO ST PRSI NPT EPEE - RAMPY AR PROT i ne
present 80 | INRIL LoD LS BLeL Syt TS hed LD 5 hakeneng ] 0as anc
o o1 1 RSBl s RO SR SR T A, P e
CLoMI0, B8 2,16, L RIS ARUBCL LoD bl ot thugy i o oot
pat t er ned,pioiQriE&ESH in8i8e a methyl group, an octyl group, a lauryl group, and a benzyl
20 group. R¥isa Cpigalkyl group or aryi group and for example, when the compound is a
quaternary ammonium derived from picoline, R” is a methyl group.
Examples of the anion (Y) include: halogen ions such as a chlorine ion (CI'), a
bromine icn (Br), and an iodine ion (I); and acid groups such as carboxylato (-COO"),
sulfonato (-SO3"), and alcoholate (-O7).
25 The compound either is commercially available or can be produced, for example, by
reacting a substituted pyridine such as picoline with a halogenated alkyl or a halogenated
aryl such as methyl bromide, octyl bromide, lauryl chloride, benzyl chloride, and benzyl

bromide. Examples of the compound include N-benzylpicolinium chloride,

N-benzylpicolinium bromide, and N-laurylpicolinium chloride.



the patterned thin film(resist underlayer film of the present invention
as a protecting film the renoval of the organic underlayer filmis
performed. The renoval of the organic underlayer film (underlayer) or the
organic anti-reflective coating is perfpyned 10by dry etching preferably
wi th an oxygen-based gas. This is because the thin film (resist underlayer
film of the [piE§enTht amepdundfFonhalafEng ifa leatige aammanitm ahlt dediveddionat ons
is difficult to be renoved by dry etching with an oxygen-based gas.

[0118] Fi mahinyne antien pomnds §i40¢ mofs 2 el Isewlicioaducegr ofdldsBrat e i s perf orned.
The processing of the sem conductor substrate is perforned by dry etching
pref er abl y wifixamgles 5f theomigneObaweldidgdilogen iormeapp bes clgpriphnf(Clbei ne- based
gas include tetrafl uoronethane (CEQ perfl uorocycl obutane &gAFS .

per f | uor oprospanEn(BsEgnd apipdingvndhrRaAed SEHPSEREN HodhRsY (hérc)((@)»lZFZ) .
[0119] As an_.upper_layer of the thin film(resist underlayer film of the
presen Zﬁﬂﬁﬁﬁ &%é?fawiéﬁ Wé(gkgi-reflective coating can be forned

before the formati on of the photoresist |layer (film...The anti.-refl ective
Coat 1 ng. compabt CPBRUSLE G ORI EY MitaPY oF ab it Bhitia g
optionally selected.from,the conpositions cormmonly used in a conventional
Iithograp%§m19%§5§§1 %Qggwﬁg%d. The formation of the anti-reflective

coating can g*%an?[efs Qf dcapfyox i€ QMIyde%ﬁgic%?fdh&q’acgt% ac(;r‘d(.anwlhgm f&%ﬂc

appl yi ng an 25anti-reflective coating conposition by a spinner or a coater

and by baking ﬁsaatﬁegﬂaeiéi(iﬁi)@@choo-)[a%%ﬁlenﬁbaic%ﬁdﬁg%écg&hw@ay@-pg a

sem conduct or device of thé present invention includes as such a

nul ti @ yRIHAOO8S Sin AdRIRE /&Sn Pherdo isBd BOaM68 ani) & @nHephaycr filmon a
sem conductor substrate, a process of applying the thin filmformng
conposi ti on (0] st Thédowpeleid aAYyermiilial(m7) dr ayngeaovydskitonn)m oflt kdvengdr esent
i nvention onto the or%anic underlayer filmand baking the conposition to
form a t histrfidtimmof RETSRZRIEBEY 1. ayRet, R ,IRTY, and RIf arcdsdepofidemplayi ngaliml or gani ¢
resi st underlayer filmformng conposition onto the thin film(resist

under | ayegrofiplonryl grofupr on aasilaoe gampeunddwinded rrdeli¢ayasemfthiongh a Spdewds  of
Sapplying a conposition for a resist onto the organic resist underlayer
filmto fBrefgrably.dbiesterdupspmoagpewcebgitemtesiddsing taiea phald erquploiat o | i ght,
a process of developing the resist filmafter the exposure to obtain a

resi st> pafutstiytedphspyaew Bchas & mpay! gHarggairly! pesp spd dkdesiegléncti | m

according to the resis attern, a process of etchi the thin film(resist
Cinder | ayaBRD I Cor 4/Hd ehresEAr vt bR ACESRIPHY PO paliees HEw
organic rgsis erlayer film a process of etching the organic
underlayeﬁ“?%iﬁ%gggg?ﬂing to the patterned thin film (resist underlayer

L 0 SRRSO BLASCE LR AR SRS UaR el pGcer oL s, 1o
T LA PR BRSSPt A Yl el compei 1 on)
20 sulfonato (-SO3), and alcoholate (-O").
[0079] The compound is commercially available and examples of the compound
include: halogenated tetraalkylphosphoniums such as a halogenated
tetra-n-butylphosphonium and a halogenated tetra-n-propylphosphonium; halogenated
trialkylbenzylphosphoniums such as a halogenated triethylbenzylphosphonium;

25  halogenated triphenylmonoalkylphosphoniums such as a halogenated
triphenylmethylphosphonium and a halogenated triphenylethylphosphonium; halogenated
triphenylbenzylphosphoniums; halogenated tetraphenylphosphoniums; halogenated
tritolylmonoarylphosphoniums; and halogenated tritolylmonoalkylphosphoniums (where

the halogen atom is a chlorine atom or a bromine atom). Particularly preferred



15substrate having an organic or inorganic anti-reflective coating forned
by a CVD nethod on its surface and, on the anti-reflective coating, the
thin film(resist underlayer 61m of the present invention can also be

f or med. [0122] The thin film (resisjgunderlayer film formed fromthe
thin filmformng conposition (resist underlayer filmform ng conposition)
of the presentes eitknednopourdyncdadh Solopertdd yrhenydmdneatkodphidsphogwapsiyehpr ocess
dependi ng on the wavel ength of the light. Then, in such a case, the thin
fil m (restst halpgraptedyaphanymgthdpkosphempmoidadalogensied - ref | ecti ve coati ng

havi ng the effect of preventi [ refl ecte he substrate
Fur t her moF@heRy] Ltlﬁh?ﬁpﬁlptlm #é‘g’gstattﬁta@tltag}@fﬁn%r%ﬁﬁ ORHES SPEsRH

the- subst FARETERA RETTGrono b oy fﬁa@’@%teeﬁg #Sgagt”ttﬁfém St °° fwee”
pr ever!itl ng&gﬁéfliﬁfr&gﬁiﬁ trlt((ﬂglmonoghen ﬁhon Lﬁlﬁ an'drhatl g%ngt ptor esist or of a

subst @nce Xpos ot oresi agalnst t he

substr at & glﬁin%/ éé}?p\ﬁ' 0?111; kh 91% ?Ellogéfa 1'td-191[1‘| Jﬁ%m@'tﬂyfé&@'s@%nﬂfm

substance ge era e su eatin aking to the

upper 'ayﬁ&he?@@fe‘?{};;glaﬁatonﬁts%aéh'ldrﬁfe alttﬁﬂ%tafbﬁ{mﬁ@gté% ng a poi soning effect to

t he phot oresi st a sem conductor substrate” 62 dielectric |ayer,

and the |ikejoog0] Th@ahRksof ihk ?h&srpeﬁiestnctuuéeﬁﬂlast@rpttolstmhesfse&m fromthe

thin filmform ng conposition (resist underlayer filmform ng conposition)
of the preseRiphoBieny, c0Rltasliee, pRYIEGsghibd i@psifysihoasignd,n which a via
hol e used in the dual danascene process Is fornmed to be used as 5 an
enbeddl ngisoldteiphadphampadl gheaf1phodphineg sédoaddrelpeosphifeewtcheasy voi d. The thin
film(resist underlayer film can also be used as a planarizing materi al

f or pl anadingitngphdsphiserdietb@pbdsphinsediisoprupytrhosphend dtisae/aspnyge, undvenness.
[0123] Hereinafter, the case where the thin filmformng conposition of the
present i divhenimhesplineiged tearmphpsphinessiieh asipiseathylplyesphing) m f or mi ng
conposition or an 10EUV resjst underlayer filmformng conposition, is
descri bedtfiethylphﬂépftiﬁ‘*e tgelgny pdpsph I%E}qt@édiﬁgelﬁtphﬁﬁﬂe?? a)ér of the EUV resist
upper layer fil he present invention, both a positive type and a
negative g £hy W”ﬁ 19§@Hw Exanpl es of the EWV resist include: a chenical

ar oup! cﬁiﬁgf’ﬁ%ﬂtﬁﬁﬁe S dReBPorils ?5{83'%%?@%?%8&1 CERTE Qﬁv'lggc.ad
2 hem colBpt bEROREPI pegneR ek TRAG o B ALKR) | pEoliBls Rnder

aci d genera or . ‘and a1 ow nol ecul e’ Co odhd "CHANGI N Ssol VI ng

rate of t 5}?0%1%%3& a@}ﬁaﬁee&%cg@ &J&ﬂg al c’z‘;ﬂ a@fh o081 GRhd

anplificat pe resi st an aC| generator and a binder havi ng a

group chapgihg,) yhﬁl e@loklpk agl'oﬁ%%df'sﬁgstirt@én% OR'PEI RY Leg pHRRS gﬂnuBY)r an acid,
and a | ow nol ecul e conpound angi ng the al kali dissolving 20rate of the

resi st byspeiiteddRe RSN adh ph&iyd gr(ﬁtﬁrﬂﬂﬂ AGHENEeap add el rbdigat bod- t ype
resi st made of a binder having a group changing the alkali dissolving rate

by beiling gleapiqaosSed abiy] Etdvip cand/i araupn- ¢henipalof drpinidn (GAY incldé o geesi st
made of a binder having a noiety changing the alkali dissolving rate by
bei ng br okessizp aEbvhldride 24] ((H sarplogs nofont(Be),ded eh dpbne foor(I'a apdséiti ve- t ype
resist having the thin film 25(resist upper layer film formed by using the
t hi n fil ngrbopriuely ag oarporsilato G QEWsuiesitet(-ipyppennd dgaoldte (-6 or mi ng
conp05|t|on) of the present invention_ include aqueous sol utions
[0082] The compound is commercially available and examples of the compound
include: halogenated tetraalkylsulfoniums such as a halogenated tri-n-butylsulfonium and
25  ahalogenated tri-n-propylsulfonium; halogenated trialkylbenzylsulfoniums such as a
halogenated diethylbenzylsulfonium; halogenated diphenylmonoalkylsulfoniums such as
a halogenated diphenylmethylsulfonium and a halogenated diphenylethylsulfonium;

halogenated triphenylsulfoniums (regarding the compounds described above, the halogen

atom 1s a chlorine atom or a bromine atom); tetraalkylphosphonium carboxylates such as



of alkalis such as: inorganic alkalis such as sodi um hydroxi de, potassium
hydr oxi de, sodi um carbonate, sodiumsilicate, sodiumnetasilicate, and
anmoni a water; prinmary am nes such as ethyl am ne and n-propyl anm ne;
secondary am nes such as diethylamne g8 and di-n-butyl amne; tertiary
am nes such as triethylam ne and net hyl di et hyl am ne; al cohol am nes such as
di net hyl ettlh“érh}ltfdﬁtﬂﬁ@llahﬁa@pk)éﬁﬂ@@ﬁéIflaﬁlrmépqu@ﬁl%lﬁm&ﬁﬁboéﬂm@n| um salts such as
t et ramet hyI anmoni um gydrOX| de, tetraethyl ampni um hydroxi de, and choli ne;

cyclic amidsylbenaylsy Iﬁy%@rlyxampspﬁ%aﬁ dethalbepgilsn lunaﬁaraa@f #griate
oni oni 0. SiTFRATRHbe R BaTuB Geror D ieh s SVeP et SRR D f G Hr Ral |
uat or nar S RRBRRHRUSHAEE i gorpor {RRghd E&p@fféﬁ%@@nﬁﬁéé?e BiyE,Per 1o
= sem Sondticuuny Bl A e B RPN oA b DR ERALRRANGS Pecs o1

form ng ap, @h&qg@m st filmon a substrate having a processing-objective
filmin whic a transferred pattern is formed with or wthout using an BUY

resi st underljay®y] fithBum@uRr GRSSalAE 0ARb Y 0 Part@by BlYs, bEBI3 o 9pR&s by ayer
filmform ng conposition onto the resi st filmand baking the conposition to

form an Biiss @s03M tdBRAks bRyeEs, fpet D00 58 0P theoRA&sAGot 8 duct
sem conductor substrate coated with the 1 resi st upper layer filmand the

resi st fi (palytamcbxan@pobesgnofilgant, eopdlinted @y elcopbiiatiomaticedoft he exposure to
renmove the resist upper layer filmand the resist film [0126] The exposure
i s peiforned [W84 BUk¥e (haiibhdmmtihg £8nposingn used forfa Bibngrepmdpotess odléwi ce to
which the thin filmformng conposition (BUY resist upper layer film

form ng corppogiinveotipn ofay chetapy bevdrs thnvanpdnentsidssaibeil neate, Hascasary,
20constitution in which on the substrate, the processing-objective filmto
whi ch t he OREPICEON Y cOPRARIASE Plaioadichaencetprst sw%pmaw thpdkehin fi | m (BUY
resi st upper layer filn) are formed in this order. thin film

resist upper %&jﬁ B U e ARSI AU Y PES FURP PRt Pis Cﬁa Fﬁgntéﬁ%leéa% tyageous

T e e e
; .
nas it ho sstifsn SRR ERTCS, pUfBE ke BYEE b The St GoRERTR Bhhed as "
the under ket ol ich e F arnt@agg o X oL oPHE 10 ARG5S e e 2

pattern can ransferre processi ng- obj e I've foundati on

film The th'ﬂefolr%a%cf R A% oHTAS héﬁ&%aﬂtéh’l\érlg?ﬂﬁd a‘rﬁﬁ%‘ﬁ!n?s\&%%arflé' m form ng

64 conposition) of the present invention can be used as an EUV resi st

under | ayeFol?ﬂltefS'sru@lfl he63dd¥sat8RbbRthesidRa ﬁ)lﬁfléf@%ﬁ&@&ﬁl’ﬂ&g Ayhefikfthi on of
exposure |ight undesirable during EUV exposure such UE/ and DUV on the

subst r at ep@imeRecai Mt @kddaC e Bthie afpauitdaimstesonipound, QﬁelalaaIEbA/usrea%uaf&mw t hout
causing interm xi ng with the EUV resist. The
20 polymerization polymers and condensation polymerization polymers such as polyesters,
polystyrenes, polyimides, acrylic polymers, methacrylic polymers, polyvinylethers,
phenolnovolacs, naphtholnovolacs, polyethers, polyamides, and polycarbonates.
In particular, there are preferably used organic polymers having an aromatic ring
structure functioning as a light absorbing moiety such as a benzene ring, a naphthalene
25 ring, an anthracene ring, a triazine ring, a quinoline ring, and a quinoxaline ring.
[0086] Examples of such an organic polymer compound include addition
polymerization polymers containing as a structure unit thereof, an addition polymerizable

monomer such as benzylacrylate, benzylmethacrylate, phenylacrylate, naphthylacrylate,

anthrylmethacrylate, anthrylmethylmethacrylate, styrene, hydroxystyrene, benzylvinyl



S5thin filmformng conposition of the present invention can efficiently
prevent the reflection as an underl ayer of the EUV resist. Wien the thin
filmform ng conposition of the present invention is used as the EUV resi st
underlayer film the process can be perfporned in the sane manner as in the
case of an underlayer filmfor a photoresist. [0127] The thin filmforned
from the ¢thémarfd Nmbtoylmakgnarpebéanidersagen phlgmeOprtesamiymayewtiasn can be
used as a reverse material. That is, the thin filmof the present invention
can be us@UmPhwaOMQVﬁ@deb¢0b$®@@%$ng a seni conductor device conprising: a
process of formng a resis attern on strate; cess. of applyin
the thin fil M ni W&eeaﬁﬁeefer eﬂlyareﬂrrré)wiga?rtls SR IO ORE QOBRET ©

substrate on whi.ch th t tt f d d b Kk h t
to formaogwnrnr“vﬁpo@nr%?éé%ggr@f g By A HETLEORTT P F R ERpoLE the

Cettern oty BinaduBh BERR Rt St ERGaERh Stlyﬁiae%%or%mﬁaoeorééiﬁ o
of the pr&%ﬁnt:—:&@l\é@@& bgeéﬁaﬁggdlﬂgﬁgargﬂ%?%aﬁr hr&lt) fheliRs! ir}rhEg&dsm vent

devel opnent or im ng

conposi ti Ig@tr}]lgéfyﬁpg 19rz§:§ﬁﬁtacid1é’s?é}tc'o olidds, %Qﬂfé gzlhb%gldt%xte@@olﬁﬂﬂfn%)” ate

coati ng net SUC as a Spl nner a coater nd then, the COI'TpOSI tionis

baked to J&j?lﬁ?n?det&h(boﬂhdiﬂneaﬁafcﬂﬂ@mﬁ@%oﬁlﬁgﬁd'sa%%y! SongRah&d sWidd the thin

filmof the present invention, on the substrate, an organi ¢ underlayer film

is fornmed.oansbuass, mlﬁﬁ@sawnepdmﬂd@mhaameenrﬁydrm, drdeacthbiiuflel m can be forned.
The photoresist fornmed on the thin film (resist underlayer filn) of the

preset 25 [0088ht | BxunSenaithpacrylic udidrebtyr ¢dnmpduad isdudeanghglsactfiete,
photoresist is sensitive to light used for exposure of ArF light and the
|i ke. Botdthy aedat nemulipeyphwyleree soptopghatraaosydohesyltarpdatphimneylesi st can
be used. A photoresist capabl e of being devel oped by an organi c sol vent

af ter exposylete. nlmybecrﬁgedanthedmﬁéyb@mgﬂrer Shydoryghiliasylatehe

above-descri bed conditions can be applied. 65 Next, on the thin film for
exanpl e, 31-ﬁelOerb%xhédwﬁpr@péls%xla‘rea%rdr@rmrﬁyylr agrlgenmbd2-tifluoghyby | n t he
present invention, as the r srs resis EUV Lithograp a resist
for el ectBAaKekm? rﬁrrph’@&r&é}aﬁﬁc@ ragreaﬁryk%r@étf vy %%ﬁr}é@i%t As

t he r litho e res t for.electron am.| it hography,
both 3 posTiaTey acaﬂa@ﬁg%&ﬁﬁ"@ 0 9ERI8E 7 DE S SRR ot e

condltlon bov leserd d._condi C used. A resist capabl e of
bei ng deveﬁmﬁﬁgwgyf?hyIBXIﬁFGHE%fveh%%S ﬁ“:g§§R%§Ure can be used.

[ 0130] hbfg?gg%% &89€§&5m5§“§ﬁgBﬁngﬁgﬁyg#%ﬁaé developer (organi c sol vent).

In the deve éexa ositive-type photoresist is used,

the photor eswsmft %ﬁjl%ﬁ@ﬁ%ﬁla@ﬂﬁﬂc abR) e'%%[r@(\/rﬁﬂoﬁrﬁi ihauMe Aciigpi st pattern.
[ 0131] Exanpl es of th evel oper include nethyl acetate, butyl "acetate,

et hyl methacrylate, ethyl methacrylate, normal hexyl methacrylate, isopropyl methacrylate,

20 cyclohexyl methacrylaie, benzyl methacrylate, phenyl methacrylate, anthrylmethyl
methacrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate,

2,2 2-trifluoroethyl methacrylate, 2,2,2-trichloroethyl methacrylate, 2-bromoethyl
methacrylate, 4-hydroxybutyl methacrylate, 2-methoxyethyl methacrylate,
tetrahydrofurfuryl methacrylate, 2-methyl-2-adamantyl methacrylate,

25 5-methacryloyloxy-6-hydroxynorbornene-2-carboxylic-6-lactone,
3-methacryloxypropyltriethoxysilane, glycidyl methacrylate, 2-phenylethyl methacrylate,
hydroxyphenyl methacrylate, and bromophenyl methacrylate.

[0090]  Examples of the acrylamide compound include acrylamide,

N-methylacrylamide, N-ethylacrylamide, N-benzylacrylamide, N-phenylacrylamide,



acetate, isopropyl acetate, anyl acetate, isoanyl acetate, ethyl

net hoxyacet ate, ethyl ethoxyacetate, 2-heptanone, propylene glycol
nononet hyl ether acetate, ethylene glycol nonoethyl ether acetate, ethylene
gl ycol nonopropyl ether acetate, ethylege glycol 15nmonobutyl ether acetate,
et hyl ene ghycol monophenyl et her acetate, diethylene glycol nononethyl

et her ace ghmdﬁ@kﬁyﬁ@n@egn@d&wnﬁmﬁ@vybpydeether acetate, diethylene

gl ycol nonoeth et her acetate, diethylene glycol nonophenyl ether acetate,
di et hyl ene g|[9§%1| 1 mbxamley ! derasthaedpads cofinouny instrslegnsibastylawitiset hy|

3t ﬂg h§§§ hyﬁagﬁt hox%&ﬁ%ﬁ ﬁ@cet %fm %ﬁﬁ?@%ﬁ%&%&y ide,

ﬁrﬁwﬂne“ﬁgﬁ e S N e gl
acet at g, 2- ey DURK L BREL RS i SDIBIIBLABCRY Rl on - P OREXBY!

acet at'e, ypenty oxypen ace Xypent yl

acetate, gmgg&ﬁw R LhOKYREntul) agel Ak, begzg%&g%ﬂwfer mq;f#(yg Repty!

acet at e, xypentyl acet at e, oxypehtyl

acetate, I@fn%th%ﬂm%x%méﬁQ'Z @h@%&@l 61,11{1@13&}}’@ nﬁé%lﬁ&@%ﬁlyl elhydindor mat e, butyl
formate, propyl forimate, ethyl |acta butyl lactate, propyl |actate,

et hyl carbg@gﬁgnh@kg@mhdQgﬁmﬁﬁﬁﬁ&mebutyI carbonate, nethyl pyruvate, ethyl
pyruvate, propyl pynivatc, butyl pyruvate, methyl ethyl acetoacetate,

met hyl pr opi §0091] hy Exfimples ofthie8tyr@eaipyl pophd fichtseyrencs pdropystyrpiQpi onat e,
nmet hyl 2- hydr oxypropi onate, 66 ethyl 2-hydroxypropionate,

met hyl8 3- pEbhoeiyprolioonatyeenee tigiHox @stypehd @y yprsopeion atdacetylstyrene.

et hyl - 3- et hoxypr opi onate, and propyl-3-nmet hoxypropi onate. Then, as the
devel oper, bubyd4]acEranplcs of thepnarionds caamrbuni endlideenalamnide, pref erabl y used.
Furthernore, in these devel opers, a surfactant and the |li ke nmay al so be

bl ended. Brmethylraleintidma- f-’bfrﬁﬂlﬁé[e@@@éll‘éﬁﬁ@ﬁhexa’héalamlé? di-wegraylmeleseided from
tenperatures_of 5 to 50C and tinme of 10 to 600 seconds. [0132] Then, using
the thus ¥t Neydpavedylndeintifle photoresist film (upper |ayer) as a
protecting fi the renoval, of .the thin film(internediate |a er) of the
present | nve b -ﬁlﬁéﬁfc&ﬁﬁ@ﬁat%m g W?fll?r?%?gﬁﬁ&ﬂéﬂg ¢ he
patte1§ hotoreS|stdand 1 % @ tterned th (& rnedlate | ayer) of
t he preseRt T HVEHIR “ﬁl a%"agm? ot &ct't Hy Fi'tmP° Yﬁéer#‘?e% e or gani c
under L ayebol e MARIRH AAELEa LB CBRLLIRE ul Bkl HEART LS BALL o7 ned

thin fil erne ayer resen I vention an patterned

organi ¢ undergdy gﬁﬁ les o'f H@ %'lﬂ)qi @5&?&'@1@111 Adadi gfh‘}i&[@gﬁﬂ% fhb!(iﬂletﬁﬁgﬁfpél?ﬁtﬁsy ng

of the sem con tor subStrate I's pertforne First In film
(i nter medyat Buil@¥eElc@f the present invention at the part where the
photoresist is rembved is removed by dry etching to expose the

sem conduct on:xathpRk batie. difeboxaiiy acldebhpguidctude Ruddihitnetl, disic ptidsent
invention, there can be used gases such as tetraf | uor onet hane (CF4),
per f | 20br owygihdhilit acid( LARDYIeicp@h i ditr opr opane ( C3F8),

Examples of the condensation polymerization polymer include polyesters,
polyamides, and polyimides such as polypyromellitimide,
poly(p-phenyleneterephthalamide), polybutyleneterephthalate, and
polyethyleneterephthalate.

25 [0096]  When the organic polymer compound contains a hydroxy group, the
hydroxy group can effect a crosslinking reaction with a polyorganosiloxane.

[0097]  As the organic polymer compound, there can be used a polymer compound
having a weight average molecular weight of, for example, 1,000 to 1,000,000, or 3,000

to 300,000, or 5,000 to 200,000, or 10,000 to 100,000.



20t ri fl uor onet hane, carbon nonoxi de, argon, oxygen, nitrogen, sulfur
hexaf | uori de, difluoronethane, nitrogen trifluoride and chlorine
trifluoride, chlorine, and trichl oroborane and dichl or obor ane. In
particular, by dry etching with a hal ogen-based gas, fundanentally, a
photoresi st that is conposed of organic substances is difficult to be
renoved. On ftlhe otganicrpmiymertdoe@Sndd may bé medfindilw'eluplrlsesxeintcom*hﬁmﬁbh ofAtwo
containing a |large amount of silicon atons is inmediately renoved by a
hal ogen- baisedregdshenso that dry etching of the thin filmof the present

invention is_preferably perfornmed using a hal ogen-based gas. Herewi th, the
decrease of tWhkenfthe picehic dRhed comppped lﬁwé% thesqomtent dhewral &t btp AP na(Qr y

t chi f the th b d. Th It th f, th
phot or esi & me%n%étqi@opf a2 By ;F%sso”rp@{%%ﬁ»ﬁns by msgp ot 2 %?%Twﬁéﬁg )
resent inv i on refera etc uor i ne- bas

Exanples BF ORETFY f%F‘i%FF i 8%}%5@9(%0}1 erte: ol hedRaaot el
perfluoroﬁ%% H%gt &g?g@%ﬁfg uoropropane (C3F8), trifluoromethane, and

5di f | uor ane 'bsequently, using the fil mconposed of
the patterne t t

i nvention asﬂxﬁ@?oﬁggﬁ#ﬁﬁﬁ@Pﬁn&hﬁ% réﬁ%@g%fh?hﬂﬁ%hogkgﬁﬁﬁnﬁﬁgéﬁﬁﬁg%? film
is perforgg@ enkPRgof enoval of the organic underlayer film (underlayer) is
per f or med by dry etching preferably with an oxygen-based gas. This is
10because t hg:dahiphesfofhin Rid %@@rd@éﬂﬁ@lﬁ&le {hRMBoHCI PPerePRbRIaRd PBotBadi@r ge anmount
of silicon atons |s difficul't to be removed by dry etching with an

oxyge- bagedragas. [0135] Finally, the processing of the sem conduct or
substrate is perfornmed. The processing of the sem conductor substrate is
performed byThHe phabdbaid pencpatef gmatatas aniachl durfnlgueaponee bbibedesias . THOEwa Pl es

of the fluorine-based gas include tetrafl uoronethane (CF4),

per f | uor oiby etidhiyvbibe uhGAES ks fipecén bocoprodpdnelEEBFRB)k, method fuwedonetghane, and
di fl uoronet hane (Cl-12F2). [0136] As an upper l|layer of the thin filmof the
present ithoeriditpal thgnnderdpyai ﬁlramiha?@ﬁ‘th@éﬁtslsw goarcnlpyenef theutdsrlage bef or e
the formati on of the photoresist |aye 20 The anti-reflective

coat i ng cféﬁm)os@x adipstipedle #adiyy ?%thﬁ@}flders%@m %lm &g Ratiermihepe obihg resii be

optiq I ed fr n1the COT%F 1 ons commonly used in a conventiona
Iith&g H% %EPW% %@f 81?%rnat|on of the anti-reflective
coating can

2ppl v ng-an nenErett Seenote e SPmTa s Spagr g thhﬁm T .
and by b tﬁﬁ}é}e?e%t ?M@éﬂ %{eﬂl{ae O%R&r?gq:fﬂc]ol ohﬁgs Bulg(ﬁ‘ﬁ c{e c%}lxﬁgﬁhhc?sh anc‘?f ter

formng o organi ¢ underlayer e’su rn filmof

the presef % ﬁﬁ%hﬂﬂﬁﬁﬁ@cgﬁg%hhﬁgfOr”Ed on the organi c underl ayer film and

further, |n f11mcan coated with the photoresist layer. Thus, even
when the pat @@9{ W ehta s dhige BamMohRSbahohk BERUESbIANEHR c&hg&ﬁfd@SI st

| ayer is coated thinly for preventing a pattern coll apse, the processing of
t he swbstguah es diph@B$istidliemhexafluorophosphate,

diphenyliodoniumtrifluoromethanesulfonate, diphenyliodoniumnonafluoro normal butane

sulfonate, diphenyliodoniumperfluoro normal octane sulfonate,

diphenyliodoniumcamphorsulfonate, bis(4-tert-butylphenyl)iodoniumecamphorsulfonate,

and bis(4-tert-butylphenyl}iodoniumtrifluoromethanesulfonate; and sulfonium salt

25  compounds such as triphenylsulfoniumhexafluoroantimonate,
triphenylsulfoniumnonafluoro normal butane sulfonate,
triphenylsulfoniumcamphorsulfonate, and triphenylsulfoniumtrifluoromethanesulfonate.
[0100]  Examples of the sulfonimide compound include

N-(trifluoromethanesulfonyloxy)succinimide, N-(nonafluoro normal butane



68 by selecting an appropriate etching gas. For exanple, the thin film
of the present invention can be processed by using a fluorine-based gas
having an etching rate of the thin filmsatisfactorily higher than that of
t he photoresist as an etching gas, and the organi c underlayer filmcan be
processed by 5Susing an oxygen-based as having an etching rate of the

or gani ¢ undléyigrepsuctinmuslat N eaeplonsu &mﬁhghbnu@mandmﬁad of the thin film of
the present invention as an etchin Furthernore, the substrate can be
processed}bgnﬂ%@ﬁﬁmgmﬂﬁﬂ6@Pﬁ@Xﬁ@§@g %H@lﬁaV|ng an etching rate of the

L S B B it S AR 1T
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acetone, gl 2855, @0k ACRINL 68 gqaseax@agonyh% {98dclahe a 300-m flask and

whi | e feacti on ure SO Utl amagnet|c stirrer,

5.21 ¢ Ofbg:949%naﬂ¥ﬁkmﬁxg£ﬂgﬁhg15£nﬁ£hﬂm“$ﬁ%df0pped into the reaction

m xture solufion. After t pI ng, sk was placed into an oil bath

control | egheg, ]ﬁé@h?ﬁﬁﬂﬂﬁg%&ﬂﬂﬁ&ﬁh&%nk%&hgX the reaction was effected for
240 m nutes. "Then reaction solution 20was cool ed down to room

tenperature goeijo Thechhawhtidkes@hidid @8y béGsddindiviRfuaBE 6t ¥l REH QMSn WaS
added. Fromthe resultant reaction m xture, ethanol, which was a reaction

by- pr oductwo acgbans,thérgsobut anol , water, and hydrochlorlc acid were
distilled off under reduced pressure and the resultant reaction m xture was
concehd r at ed Wberotht photoacill ganarhtys isssed nbeosatit drergrfod(ot tq pephyney hass,

acetyl acetone solution. To the obtained 25sol uti on, acetyl acetone and
propyl eneogdydol pasnbetiagd, oetlidp lweartés) dodeabster 409 pats hmasseduhe ant
solution to have a solid resjidue concentration at 140C of 15% by mass while
a sol vent comlepsition el (pabditanesns: oplypesasogloyens) conmhapehor 2 earhinatigs

10/ 90. The obtai ned pol yner corresponds to Fornula (8-1) and had ci weight
aver age € -ar wei ght measured by GPC of Mv 700 in terns of polystyrene.

t6 2&&1 gg]t)u'ts %Q@Fﬁ FE% ”}%%t e(%?t%ﬁ%% g%&e“ﬁ%@r%%%@aﬁs@wﬁ@ ag. 85

of phbiy1 RFFRbAGY e”%%vihenzb@%&f?éi%ﬁ&ﬁi;'a% NGy Gibohdf

S5acet yl ac r ed into a 300-nL flask and while the reaction
m xture sgﬁﬁgggﬁﬁﬁggﬁgﬁégred with a magnetic stirrer, 4.30 g of a

0. O1-mol 7Lyl Gl fie Atf WS RRPRANL it m%ama%&alﬁﬁo ot it

solution. After the droppl ng, was ace
cont r ol | egrcbéht BREnBHEiNdRABI ndMSHTE QG fdcBiatyXor e&&%preeﬁ&%ﬁ@tﬁw@e%imct ed for

240 minutes. Then, the reaction solution was cool ed down to room
t enper at ueBedROCH & gdMoxyethylene lauryl ether, polyoxyethylene stearyl ether,

20 polyoxyethylene cetyl ether, and polyoxyethylene oleyl ether, polyoxyethylene alkylaliyl
ethers such as polyoxyethylene octylphenol ether and polyoxyethylene nonylphenol ether,
polyoxyethylene-polyoxypropylene block copolymers, sorbitan fatty acid esters such as
sorbitan monolaurate, sorbitan monopalmitate, sorbitan monostearate, sorbitan
monooleate, sorbitan trioleate, and sorbitan tristearate, polyoxyethylene sorbitan fatty

25 acid esters such as polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan
monopalmitate, polyoxyethylene sorbitan monostearate, polyoxyethylene sorbitan
trioleate, and polyoxyethylene sorbitan tristearate; fluorinated surfactants, for example,
EFTOP EF301, EF303, and EF352 (trade name; manufactured by Tohkem Products

Corp.), MEGAFAC F171, F173, R-08, and R-30 (trade name; manufactured by Dainihon



10reaction solution, 36.00 g of acetyl acetone was added. Fromthe resultant
reaction m xture, ethanol, which was a reaction by-product, acetone,

i sobut anol, water, and hydrochloric acid were distilled off under reduced
pressure and the resultant reaction mx{ure was concentrated to obtain a
hydr ol ysi s- condensati on product (pol yrrerﬁgj acetyl acetone solution. To the
obt ai ned bdl &tGhemjcaclery) Hoendh€4afdnpFOpy] érmleghyepmaisrunedityyl et her
were added to adjust the resultant solution to have a solid residue
concent r abiwiomp 3MbOiedd) 159 fyuand 4& ARiahad Sarlyo yefi. YEililoSet02, SC103,

acetyl acet gne/ propyl ene gl ycol nonoet hyl ether was 10/90. The obtai ned
pol ymer cort¥spérds. and nglrﬁémrade(leam g fastaehbdrdh Class éroadddwomdeul ar

i agh d by G~ f 00 i f f 20[ 0140
o hes i <Ot lastns polvgrREaP D Cuaticiegiieg b Por e BB Eh Ry LA um 3. 20
20 | © h i h il . 2, 40. 0 | © f .
O ot A Rt MRS TN tnad B8 st Bty o S bty of vygp o
tyl t i 00- f all i
e o PR RO VAT A PeRiefh R el mel RSy ARl 4 ByE SRR O"

0. 01-nol / ' ' ' ' ' r

sol ution. hﬁ%‘?gggp ﬁgmd'? g%r‘gsi lﬁg&g%sﬁ@s?ﬁggﬁ@ﬁghﬁgg{g%e ipﬁl'?g&)taﬁna?%ib r%éas'%l ﬁle
control | e@letcen&%g‘amﬁarM@(powtaad&gﬁé,%ly&ganbmoxﬁﬁ@%papm\é@%r gf fected for
240 minutes. Then, the reaction solution was cool ed dowh td room

t enper at usgn@nstidnanélenr eaction solution, 48.00 g of acetyl acetone was
added. Fromthe resultant reaction m xture, methanol and ethanol, which
wer e reacti on0108Q brthe ddulCilis formgiag @t podiS@PsOBapidsent WakeRlion,antleology
hydrochloric acid were distilled off under reduced pressure and the

r esul t ant carg@tingogent antl unednassorcancent may éd bieadabt aihe rAeology controlling
hydr ol ysi s-condensati on product (polyner) acetyl acetone solution. To the
obt ai ned agshutsiefiactiaeciet gilaoeng te Bwditp pbiby landilygl fpoving vompesingh. etheer wer e
added to adjust the 5resultant solution to have a solid residue

concent r atdhgsionessid@Ciofilceg96 by ernbgwingdhe adhesme| of diin thigfiinptoghe

acetyl acet one/ propyl ene gl ycol nonoethyl ether was 10/90. The obtai ned
pol yner cBRHeYRYAEE substpgoiheaedist 3) and had a wei ght average nol ecul ar

U S R M TR R R T
AR N e A e ST
[ o o 05,8 LTI R AR I LR By PO
eact o B0k aR, 40 ey 0BB! B 1L 01 Aok Blaces o

effected £,9h0R4AyIEuRYL B8pyIdRENycdIRSodRBS @B, PRI gkh@@y%rsms&%u%q RN O
roomtenperature and to ltghe reaction solution, E .00 g of acetyl acetone was
addedip Freapiibee 1964 IHicHdin8aetHe® Redl pi6ilerBil ian alonaady Bithanotatewhi ch
were reaction by-products, acetone, isopropanol, water, and hydrochloric
aci d wer eprdpgltnd glecblahdnoprugpet etBr @diee grqpyess i eobhmdnbdheylretisiu latamt, r eacti on
m xture was concentrated to obtain a hydrol ysi s-condensati on product

( pol yner )toheet, Wyhkee! madysahyltkicome, Geldieptaoaicnddhaxehate, othyl acet yl acet one
and propyl ene glycol nonoethyl ether were added to adjust the resultant

sol uti on 3-bydrayeprapisodte.ctid Srlafikeosorezathyl propmatst cthylothefyaddas yhyiass whil e
a solvent ratio of acetylacetone/propylenc glycol nobnoethyl ether was

10/ 90. THwrdroxyacetate, methyl 2—hydroxy-3-met?lylbutanoate, methyl 3-methoxypropionate,
25  ethyl 3-methoxypropionate, ethyl 3-ethoxypropionate, methyl 3-ethoxypropionate,
methyl pyruvate, ethyl pyruvate, ethylene glycol monomethyl ether, ethylene gltycol
monoethyl ether, ethylene glycol monopropyl ether, ethylene glycol monobutyl ether,
ethylene glycol monomethyl ether acetate, ethylene glycol monoethy! ether acetate,

ethylene glycol monopropyl ether acetate, ethylene glycol monobutyl ether acetate,



250bt ai ned pol ynmer corresponds to Formula (8-4) and had a wei ght average
nol ecul ar wei ght nmeasured by GPC of Mwvw 800 in terns of polystyrene.

[ 0142] Synt hesi s Exanple 5 17.63 g (70 not% of tctraisopropoxytitanium
3.16 g (20 nol %9 of nethyltriethoxysilage, 2.73 g (10 nol % of 71

6- (et hoxynet hoxy) - 2- (tri net hoxysi | yl ) napht hal ene, 35.28 g of acetone, and
35. 28 g oflictybinglghoel dnetingd ediec hiaetddnd glyoolali@bg-atherfdietbkicanglyebli | e t he
reaction m xture solution was stirred with a magnetic stirrer, 5.91 g of a
0. 01- ol / Hiphgryt edat. dicthy lensi elywd dibwid sthes iremydenerByqob awnpeathn sther e

solution. After the drop t he flask was Iace into an 0|I Sbat h
control | eawﬁaasiesse;lya%ﬁlmg’@ Cihgk: ﬁfqpq qn@%iwi LFW@ Plagle PiooNIRagYePk ect ed for

C empor ot uRBrogih obis: D KSR BRI BBV b Heh eBIA60 % PP LEREYt SBTEHe uas

tere rbactRHF Ey&ﬁfashfcesgbuﬁi&f%ﬁ S S Bsao S R PR R RS or
aci d wer e1sgp1i %H tloﬁrgatgflg ylrkgﬁ{l%t{s (ilg)q ﬂ?{ﬁeﬁ rn?yl%&%a ?soa 1%’9%0&‘&1’3}6 10reaction

m xture was centrat e ysi‘s-condénsat ron product

I t t I t
tha b opy FRAS! ¥oBEE AR 8@t} é*?*%%?%fﬂﬁ%%e%@ héé‘éﬁﬁé’f?% Fheucant
sol ution Lo hAvR. @th§p5rbﬁoﬁ§télﬁa§qu&&9§ﬁﬁté abdREbyAbr a;ﬁ&{ét@fou%é{gogyonaﬁ,ss whi l e

1oy

a sol vent gtlo of acetyl acetonel pr opyl ene yco? monoet hyl er was

10/ 90. TheophtphopidniXe] Memk1 s&yzraease&@dsmym&g:@ ButfyStd JsobRop3nButfrek, a
o

wei ght average nol ecul ar wei ght neasured by f Mv 800 in terns of

pol ystyr eBewyl biddd] isSputyhestiytatdxaiybhedroxyacetalBe®9l g (70 nol %) of

tetrai sobutoxytitanium 3.44 g (24.7 nol % of methyltriethoxysilane, 1.61 g
(5 nol % dhy8roktyrd-methokyspibydtprogi])3-tiethok yl2-moby nerianas, n20By106 g (0. 3
nmol %9 of N-(3-triethoxysilyl propyl)-4,5-di hydroi m dazol e, 35.55 g of

acet one, amgdesysEmgthyfbusioeteytthglonahexyweetatec bihygabioiyacdiata, BObyhi f1 ask and
while the reaction m xture solution was stirred with a nagnetic stirrer,
5.21 g of 3anfehq>orpmwpu¢wﬁ@c’hB@thoesyar@pwn@\ﬁsethylobp@&qur@pmﬁéter eaction

m xture solution. After the dropping, the flask pl.aced into an oil bath

controlIeafﬁ%'%Q@ﬂ%h@xﬁﬁﬁé¥“ﬁﬁpﬁﬂﬁﬁpﬂéﬁﬁﬂ¥ 3ﬁW%hﬁg%€Fﬂ§ﬁymﬁ¥ %§E$$ected f or
240 | t
Cenpelat us B Tty hERGHr SRnSe Tine i YRy eg‘fl% l@Y”é%*&ffa% Yone was

dded h | h
oo duetr et e‘n’é‘%ﬂ.%r%ﬁ%%c*hy&g@tke‘%%e o B RS ol B et on
di stilledy &fl gg&%g{ano e?%cl?e%t fdJ]I'ieSpaHoﬂg E)hE ‘dhé CGIND %%yzfaﬂp%ﬁeure

was COI’ICEI’I ra aln SI's-co ensa Ion p’ro uct yrrer

acet yl acefg ethg@wamﬁ ﬁﬁ@-dﬁrﬁﬁt&?}%&éhxﬂ&fé ﬁ%%ygg}mﬁ&&;e{}n@ﬁﬁt geﬁu@ﬁd

propyl ene glyc monoet were added to adjust the resultant
sol ution EQ%R@ygngy§gb&ga&g§édue concentration at 140C of 15% by nmass whil e
a solvent ratio of acetyl acetone/ propyl ene glycol nonoethyl ether was

10/ 9020 The olihaig iRt MiEbe R IAHEPANASy §:10nkofmiidadiof 8f 6o & ame didigkna wei ght
aver age nol ecul ar wei ght neasured by GPC of Mv 800 in terms of polystyrene.
[ 0144] Synt hé&i(¥] Ex@hpthén Alm forming composition of the present invention can be utilized

as a resist underlayer film forming composition for a photoresist, a resist underlayer film

forming composition for an EUV resist, an EUYV resist upper layer film forming

composition, a reverse material forming composition, an underlayer film forming

25  composition for a resist for solvent development, and the like.
Hereinafter, the case where the thin film forming composition of the present

invention is used as a resist underlayer film forming composition is described.

of

S

The thin film forming composition {resist underlayer film forming composition

the present invention is applied onto a substrate used in the production of semiconductor



18.74 g (70 nol % of tetraisobutoxytitanium 3.46 g (24.7 nol % of

met hyl tri ethoxysilane, 1.42 g (5 nol% of 3-(triethoxysilylpropyl)

di met hyl i socyanurate, 100.065 g (0.3 nol % of

N-(3-triethoxysilyl propyl)-4,5-dihydroi4g dazole, 35.53 g of acetone, and
35.53 g of acetylacetone were charged into a 300-nL flask and while the
reaction ﬁ¢&@m(ﬁngamupkomhmnswgkimgﬁmmmmﬁﬂmamhﬁ@ﬂ@ﬂiwkbﬁmﬁWéﬁpmﬁmes,g of a
0. 10-nol /L _hydrochloric acid was dropped into the reaction m xture

sol ut i on. siAgqreritridgesubistensysi algss uhetrates s KO wakstigios crdy inHEosubstraes. apadny
controlled to 85C and under warm ng-reflux, the 15reaction was effected for
240 ni nut%‘§1.€°f1‘ﬁé3ﬁ§15tﬁﬁé“?t@éfétq%kértﬂ%?}'ﬁ?b‘f?%sgugﬁ@i&‘ééjgﬂBKNHPR%F"F%%ﬁ?atmg

tenperature and to the.reaction solution,.48. 00 g.of et yl acet gne was
ndded. - Fr OHOHSuTIEa A YA FLRERBIT LB & SRR EPBRD RGeS £ eact i on
by-prqfuc& qgetggea i sobut anol, water, and hydrochloric acid were
distilled (k? UAdeMr educed pressure and the resultant reaction m xture was

cetyl acet ond e DR A SRl AraaEnRE RO R BL ol PR APET
propy! e”es@i%cd?'soﬂ@@&?ﬁd% an%.tﬁéﬁﬁag‘@ﬁﬁ@oﬁﬁ@'?%é QlixﬂngUStPréfQ%b%ﬁfélgaﬁﬁgss i e

solution to have a solid residue-concentration at 140C o % by

a SO'Ventmh&%ﬁﬁxgﬁsﬁﬁ?@%b@@@%9&%hﬁé%@%h§ﬂﬁuﬂhM%Qb2@9ﬁ9§%hy| ether was
10/ 90. The obt ai ned pol yner corresponds to Fornmula (8-7) and had a wei ght

aver age nol e¢lékarha@igbd thive ik (eslstwn s @ fildwh BQ0f i tHi @me®s «f for

25pol ystyrene. [0145] Synthesis Exanple 8 15.60 g (60 nol % of

t et r ai (s oberagxid,i10an i LOGD nin, 92 2Q t¢ 3@ mal 89 500h e tna et hok ysiiltane, ord008 g (25
nmol 99 of nethyltriethoxysilanc, 1.89 g (5 nol% of 3-(triethoxysilylpropyl)
dial lyli st@ymmurate, 35.21 g of acetone, and 35.21 g of acetyl acetone were
charged into a 73 300-nL flask and while the reaction m xture sol ution was
stirred w t h[&0%hgn¥extcos therthiarfilmg(rasist gnddrlagenlilon, fos erxampleypdiothitsetti ¢ aci d
was dropped into the reaction mxture solution. After the dropping, the
f1ask waslaperdédn) isdooneh dibe foamation ehtheamokged s lsecanbe ppiframed by a

war m ng-reflux, the reaction s effected for 240 m nutes. Then, the

reacti on KM eogkE Ty ﬂ@a}@amp%%ow%mwéw&ﬁaﬁ@oaﬁawtt €the reaction

sol utj_on, %%.00 qjof g e&%kacqéone was. added. From the resultant reaction
m xt ure, ¥t Qﬂgv,lﬂﬁ¥f WS E %%E??EHFEV$ B8uct, acetone, isobutanol
water, and hyfaeh,orlei el 48ns FlRhLELeGePLlnnden f sHupsd.PLepsHr e and
the resultant "FRACTION KT Xt Uré Was CONcentrat e o ’obtai nm a

hydrolysi%gg ﬁﬁﬁﬁgﬁﬁqog@QQHELOggghy@@j%nacetylacetone solution. To the
olutio

obt ai ned n, acetyl acetone and propyl ene glycol nonoethyl ether

were added t 0 1@@!] ust, ha ?re@éﬁ WhteRlbn, SO fdrRihd & ¥R afic3BhithyELRIFHE
concentration at 140C of 15% by nmass while a solvent ratio of

acet yl acefheRg4phRPiH-aRE Mhyeast TRMeREByfingtdTele Masenl v8Rionlha webt ai ned

pol ymer corresponds to Formula (8-8) and had a wei ght average nol ecul ar

wei ghto megisuHi@ theld Yon GRCo1@hiniMonderB006r filn tuet fmsihef, trahysily @asst underlayer

15[ 0146] Synt hesi s Exanple 9 17.73 g (50 nol % of

t et r ai sopiilapaey bi tartedimith The7hagoredst lapdrd) This, mednyhdir the phicecy siidlthrnd the2. 00 ¢
(5 mol %9 of 3-(triethoxysilylpropyl) diallylisocyanurate, 35.22 g of

acet one, phtorggstdayey ivfmakbetyl heehotvecsin tayechapaied thinlydonp80oimE af | ask and
while the reaction mxture solution was stirred with a nmagnetic stirrer

6. 09 g ofpaitepo@liopsorthy Mgwhsges Poic suliag Mpessile pp seles antanerapsatt i on

m xture solution. After the dropping, the flask was placed into an oil bath
control | d<HiBE 85C and under warm ng-reflux, the reaction was effected for
240 mnutes. _Then, the r

R action sol ution cool ed down to.room
Campebatur e Esemn g GacThReSS SR e Rin b S R B BB was
added. Fromthe resultant reaction m xt.ur t hanol., which was a.25reaction
by~ pr oductobesegt b g S SRR T ek Sirn S Ent e A2
distille f [ e : t I.: ] xt.ure was
concent r ab B h SRt NS RE 0B PO S ANHERS G ERH Ahe DRAGKIONA Bt
acetyl ac eéi‘%&ﬁc ﬁf?kjldilfa'ygrﬁln{r &ﬁt‘&eprgpbls@dr!%dasing an oxygen-based gas having an

etching rate of the organic underlayer filim satisfactorily higher than that of the thin film



sol ution, acetylacctone and 4-nacthyl-2-pentanol were added to adjust the
resul tant solution to have a solid residue concentration at 140C of 8% by
mass while a solvent 74 ratio of acetyl acetone/ 4-net hyl - 2- pent anol was
5/95. The obtai ned pol ymer of Formula (8;1) had a weight average nol ecul ar
wei ght neasured by GPC of Mv 800 in terns of polystyrene. [0147] Synthesis
Exanpl e 1Qe§d8ingerlgyef fibmhof 9§ pofentetveaiigo butrostyhing gas. urfurdedgorg, thes ol %)
of nethyltriethoxysilane, 1.62 g (5 npl@% of S-Etniethox silyl propyl)

di al | yl i sedyphnigrar k¢ pREcHSd §y gsingedluenac-based 35 hagngapeichipgrye 8 &icone wer e
charged into a 300-nL flask and while the reaction m xture sol ution was
stirred whihytratesagrieatordly dugher gian that o1 thy esgandc pndsrlayey) Hlm a4 aesdmidbEdse aci d

1R 4 oPDeS, D10y (15! SR o, B aLES O AR St ARSI SRR 0 e
ing-reflux, th i 1. f 40, ni . Then,. t.
et o el S350 e T S b BB e OB o
| uti , ..48.00 t ] { ¢ t ti
2oL o 480048 2 A5 DSRG0S ASHRCLPRA DG R a1 cact o

vat er, angg&&%ﬂ%@@?%ﬂ{ei&e@d kRN & SH R bllldt&‘ésigtfihclﬁé%@%sit@%%o%r@ﬁﬁur e

and the r tant reaction m xture was concentrated to obt

hydrol ysi §1,80p62RSR1A0RsIRRAG Y nd Rl IR e ALAYY L ALRIONE] S@dUL LiRMicdio the
obt ai ned sol ution, acetylacetone and 4-nethyl -2-pentanol were added to

adj ust t hgmpesedioanipsHowtan rhalehmeiRles Ahviflg b @pdiULe@aAE aRtdlialli on at 140C
of 8% by nmass while a solvent ratio of acetyl acetone/4-nethyl -2-pent anol
was 51©5. dikkaviabtat bedeipgldeomnpakd bornmatid, &G { Shotdachbgenararet ghhermi¢alr age

nol ecul ar wei ght nmeasured by GPC of Mv 700 in ternms of polystyrene. [0148]
Conpar at i wepSicetivesise hoanplig rade of aléwHolgeuld Compdiifl eddvatieg thaetiabxysi | ane,
5.14 g (25 nol % of nethyltriethoxysilane, 1.14 g (5 nol % of

phenyl t ri disstioxgsitk ahe pheintsBobR heige décoarmseahey serad cmalkpddsalyitlo biad25300- L
flask and while the reaction m xture solution was stirred with a nmagnetic
stirrer, bsphptedcidheoeptonsrd & chgraicacmbiiicatieelyipepastomsppade Phto t he
reaction mxture solution. After the dropping, the flask was placed into an
oi | bath BEAeTHIVINgR grouBsievan tha akall desehv g rriEy peing 45somaaset b8 iwas
effecied for 240 m nutes. Then, .the reaction.sol ution s _cool ed down to

" oom Fompinte iy HHECHS SPHEO LT IR S5 T b ehE B O g ot POy P e 75

gl ycol nopoet hyl et her. was added. From the resultant reaction, m xture,

et hanol G ArRATSre! L e ALalPr B e R o ere SRR LY and

hydr ochl op g, a6l,d. yehe Astid et i MIRGNIEIUERR.RL 50K G ADGbbe

resultant reaction mxture was concentr

hydrol ysi FAR‘?W'E{AE &tﬁ{’bdﬁfg@}hﬁto&?@hé‘ﬂ%ﬁ CP! PRV £08r-0k ¥6ak: sromegihy! et her

5solution. To the obtal ned solution, acetylacetone and propyl ene gl ycol

nonoet hyl pghivaéuRns aeetut Chadcaltto. ting. 1 ea8biaMlcSAbMncRA: FlRohave a solid
resi due concentration at 140C of 15% by nmass while a solvent ratio of

acet yhpcehoneédanyk 9o ngrhesdd prneeadity lesetibar invlasc. BPIB0Vol TH®ooks i hed
pol ymer corresponds to Formula (9-1) and had a wei ght average nol ecul ar
wei ght nme@ot e @rdry SERC Vol. 300,13 5270804 @00®Er asl xbe MY SVylr B9, 365-374
(2000).
[0111]  Next, the exposure is performed through a predetermined mask. IFor the
exposure, KrF excimer laser (wavelength: 248 nm), ArF excimer laser (wavelength: 193
25  nm), F2 excimer laser (wavelength: 157 nm), and the like can be used.  After the

exposure, if necessary, post exposure bake can also be performed. The post exposure

bake is performed under conditions accordingly selected from baking temperatures of

>

70°C 1o 150°C and baking time of 0.3 to 10 minutes.

[0112]  Inthe present invention, as the resist, a resist for electron beam



10 [0149] Conparative Synthesis Exanple 2 19.25 g (70 nol % of

tetrai sobutoxytitanium 3.60 g (25 nol% of nethyltriethoxysilane, 0.80 g
(5 nol 99 of phenyltrinmethoxysilane, 35.48 g of acetone, and 35.48 g of
acetyl acetone were charged into a 300-rdg fl ask and while the reaction

15m xture solution was stirred with a magnetic stirrer, 5.39 g of a

0. 01- non hipdgephy o arcEHY| rdsitiersn e opgseiasicad of thpeheterststondA il elfeBo” ol ut i on.
After the droppjn%, the flask was placed into an oil bath controlled to 85C
and under begak 7RG PP RESIEHEPG Klct TesAl iy Pe £k BYdt oﬁxﬁﬁﬁlef’r?{]%?es. Then,

th ti | uti |l ed d t I t { dto th
eact i on SOTHY AT FESGECY oM GemiSH ARRl B oL RS 44 SPE 20r esul t ant
ti i xture, .methanol .and et hanal .. whi . t - product s,
oatona, PsbiineEOET B A s e Tl PRE FhCPy BB of 1 Lnder
d . . j j Xt d
reduced p{l}e%?nﬁ)?ed ntz{%gdéra%%@nﬁ&?&m%@@%tﬂoggsé@yﬁ%%ﬁad@&f aﬁ%’ﬁ@a‘ﬁ’-‘éoﬁ@&l@ to

obtain a ySi s- condénsati on pr acetyl acetone sol ution.

To the obfghfesh 204 géaﬂ;]ﬂ?%gr, t(ﬁgydvaﬁﬁﬁ&a& RRFhoRAO B ﬁfgotﬁéﬁ Y& aTRAORELNY !

ether were added to t e 25resultant 'solutio ave a sol i resi due

concent r ath o8y 18 rebAPSy Bind ALY IIBE By Wnhdi@, Achehfical ApRtatiAltype Rsist
acetyl acet one/ propyl ene gl'ycol ‘nonoet hyl ether was 10/90. Thé obt ai ned

pol ymer ofafosian &id &ndlatbramhda biedghbviay araas dmRhgiay ks alei @béolﬂﬁ%ﬁdﬂé ed by
GPC of Mwv 1,000 in ternms of polystyrene. 5[ 0150] Herei nafter, the

eval uat i oby besgiéniposédiey sased windndotheolthilticdhponndehangige therfiadi ti on of
the present invention is used as a resist underlayer film are shown bel ow.
[ Pr epHr at dissolofig taie of the lresigt be desig dendtepdsay by afiiatid) § non-ch@yichll endi ng each of
the titaniumsilicon-containing polyners obtained in Synthesis Exanples |
to 10 andarGoifeatianityne rSysitrhatsi o afbtadep hewngd a gneipxhapging diedilkadl dsgolvigg

catal yst, 10an additive, a solvent, and water so that ratios of these
conponent ¥test keipthdecogmosrs! hyvrestipntspmeand aen-sherpicplrasmlifigationstypesul t ant

blend with a 0.1 mn fl i hat ed . in filter, each of th ti f th

Chin 111 nieraH RO ey Bl Troie Senging i A Erorins Bipngene T ¢
conposi tion d. In . Table 1, t bl endi ti f. th I

" oat estTIE Phe BRERE bt o S BorRa SO BAR IBUE § RSl and! ng
2 WA beRy RIS bE hresmapi<al P S shieaTRafld bl BPRIRY! ot o

N-(3-trie&p%§¥§hhﬁ%@%$g%g%ﬁﬂmﬁ%ggﬂ%groinidazole i s abbreviated as | MLDTECS

tri phenyl sulfoniu |'uoronmet hane sul fonate is abbrevi ated as TPS105;

monot ri pheny gy d poivum; iRk 8akieichIa@ RRIRYARYE 8di@Sal hoidd, propyl ene gl ycol 20
nmononet hyl ether acetate i1s abbreviated as PGQVEA, propyl ene glycol

monoet hyl et p@rn3) s Rbar emicRipadnds REEE PEPRPNERND ! YCMscqamnapebhy| et her
is abbreviated as PQVE, acetyl acetone is abbreviated as AcAc; and

4- met hy 1- &appid ahel a pddiate-iype phstblvgist Saled, Yhepddbrogkt)ofiag capbeéyhaied as
MLBC. As the water, ultrapure water was used. Each bl ending amount is
expr edksedrchmvpard foriby roasgattern.

[0114]  Examples of the developer include alkaline aqueous solutions such as:
aqueous solutions of alkali metal hydroxides such as potassium hydroxide and sodium
hydroxide; aqueous solutions of quaternary ammonium hydroxides such as
tetramethylammonium hydroxide, tetraethylammonium hydroxide, and choline; and

25 aqueous solutions of amines such as ethanolamine, propylamine, and ethylenediamine.
Furthermore, in these developers, a surfactant and the like may also be blended. The
conditions for the development are accordingly selected from temperatures of 5 to 50°C
and time of 10 to 600 seconds.

[0115]  Then, using the thus formed pattern of the photoresist film (upper layer) as



nz [01.511 77 Polynmer Acid Curing catalyst Additive Solvent Water
Exanple 1 (parts by mass) Exanple 2 (parts by mass) Exanple 3 (parts by
mass) Exanple 4 (parts by nmass) Exanple 5 (parts by mass) Exanple 6
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a protecting film, the removal of the thin film (resist underlayer film) (intermediate layer)
of the present invention is performed. Next, using the film composed of the patterned
photoresist and the patterned thin film (resist underlayer film) (intermediate layer) of the
present invention as a protecting film, the removal of the organic underlayer film

5 (underlayer) is performed. Finally, using the patterned thin film (resist underlayer film)
(intermediate layer) of the present invention and the patterned organic underlayer film
(underlayer) as a protecting film, the processing of the semiconductor substrate is
performed.

[0116] In the above-described method, first, the thin film (resist underlayer film)

10 (intermediate layer) of the present invention at the part where the photoresist is removed
is removed by dry etching to expose the semiconductor substrate.

For dry etching the thin film (resist underlayer film) of the present invention, there
can be used gases such as tetrafluoromethane (CF4), perfluorocyclobutane(C4Fs),
perfluoropropane (CsFyg), trifluoromethane, carbon monoxide, argon, oxygen, nitrogen,

15 sulfur hexafluoride, difluoromethane, nitrogen trifluoride and chlorine trifluoride,
chlorine, and trichloroborane and dichloroborane.

In particular, by dry etching with a halogen-based gas, fundamentally, a photoresist
that is composed of organic substances are difficult to be removed. On the contrary, the
thin film (resist underlayer film) of the present invention containing a large amount of

20 silicon atoms is immediately removed by a halogen-based gas, so that dry etching of the
resist underlayer film is preferably performed using a halogen-based gas. Herewith, the
decrease of the film thickness of the photoresist associated with dry etching of the thin
film (resist underlayer film) can be suppressed. Then, as a result thereof, the photoresist
can be used as a thin film.

25 The resist underlayer film can be dry-etched also with a fluorine-based gas.
Examples of the fluorine-based gas include tetrafluoromethane (CFj),

perfluorocyclobutane (C4Fy), perfluoropropane (Cals), trifluoromethane, and

The titanium-silicon-containing thin film (resist underlayer film) of the present



(parts by mass) Exanple 7 (parts by mass) Exanple 8 (parts by nmass) Exanple
9 (parts by mass) Exanple 10 (parts by mass) Synthesis Exanple 1 2
Synthesis Exanple 2 2 Synthesis Exanple 3 2 Synthesis Exanple 4 2 Synthesis
Example 5 2 Synthesis 60

invention is preferably dry-etched with a halogen-based gas and examples of the

halogen-based gas include hydrogen bromide (HBr) and chlorine (Cl). By mixinga

fluorine-based gas such as CF4 and CHF; and an oxygen-based gas such as O; with the

halogen-based gas to prepare an etching gas to be used, an etching selection ratio relative

5  to the resist can be obtained.

[0117]  Subsequently, using the film composed of the patterned photoresist and
the patterned thin film (resist underlayer film) of the present invention as a protecting
film, the removal of the organic underlayer film is performed. The removal of the
organic underlayer film (underlayer) or the organic anti-reflective coating is performed

10 by dry etching preferably with an oxygen-based gas. This is because the thin film (resist
underlayer film) of the present invention containing a large amount of silicon atoms is
difficult to be removed by dry etching with an oxygen-based gas.

[0118] Finally, the processing of the semiconductor substrate is performed. The
processing of the semiconductor substrate is performed by dry etching preferably with a

15  fluorine-based gas.

Examples of the fluorine-based gas include tetratluoromethane (CFy),
perfluorocyclobutane (C4Fg), perfluoropropane (C;Fy), trifluoromethane, and
difluoromethane (CH;F3).

[0119]  As an upper layer of the thin film (resist underlayer film) of the present

20 invention, an organic anti-reflective coating can be formed before the formation of the
photoresist layer (film). The anti-reflective coating composition used here is not
particularly limited and can be optionally selected from the compositions commonly used
in a conventional lithography process to be used. The formation of the anti-reflective
coating can be performed by a commonly used method, for example, by applying an

25  anti-reflective coating composition by a spinner or a coater and by baking the
composition.

[0120] The method for producing a semiconductor device of the present invention

tvnliidac ac crinls cinriltilnsras manang o mraoaog o
INCIUAcs as sucn a UEUl{ilayUI PLULTOS, d plutos U

a semiconductor substrate, a process of applying the thin film forming composition (resist



Exanple 1 2 Synthesis Exanple 1 2 Synthesis Exanple 1 2 Synthesis Exanple 8
2 Synthesis Exanple 8 2 MA 0.02 MA 0.02 MA 0.02 MA 0.02 MA 0.02 MA
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underlayer film forming composition) of the present invention onto the organic
underlayer film and baking the composition to form a thin film (resist underlayer film), a
process of applying an organic resist underlayer film forming composition onto the thin
film (resist underlayer film) to form an organic resist underlayer film, a process of
5  applying a composition for a resist onto the organic resist underlayer film to form a resist
film, a process of exposing the resist film to light, a process of developing the resist film
after the exposure to obtain a resist pattern, a process of etching the organic resist
underlayer film according to the resist pattern, a process of etching the thin film (resist
underlayer film) of the present invention according to the patterned organic resist
10 underlayer film, a process of etching the organic underlayer film according to the
patterned thin film (resist underlayer film), and a process of processing the
semiconductor substrate according to the patterned organic underlayer film.
[0121]  The substrate onto which the thin film forming composition (resist
underlayer film forming composition) of the present invention is applied may also be a
15  substrate having an organic or inorganic anti-reflective coating formed by a CVD method
on its surface and, on the anti-reflective coating, the thin film (resist underlayer film) of
the present invention can also be formed.
[0122]  The thin film (resist underlayer film) formed from the thin film forming
composition (resist underlayer film forming composition) of the present invention may
20  absorb a light used in a lithography process depending on the wavelength of the light.
Then, in such a case, the thin film (resist underlayer {ilm) can function as an
anti-reflective coating having the effect of preventing a light reflected on the substrate.
Furthermore, the thin film (resist underlayer film) of the present invention can also
be used as a layer for preventing an interaction between the substrate and the photoresist,
25 alayer having a function of preventing an adverse action of a material used in the
photoresist or of a substance generated during exposure of the photoresist against the
substrate, a layer having a function of preventing the diffusion of a substance generated in
or on the substrate during heati

layer for reducing a poisoning effect to the photoresist layer by a semiconductor substrate
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dielectric layer, and the like.

The thin film (resist underlayer film) formed from the thin film forming composition
(resist underlayer film forming composition) of the present invention can be applied onto
a substrate in which a via hole used in the dual damascene process is formed to be used as
an embedding material capable of filling the hole without any void. The thin film (resist
underlayer film) can also be used as a planarizing material for planarizing the surface of a
semiconductor substrate having unevenness.

[0123] Hereinafter, the case where the thin film forming composition of the
present invention is used as an EUV resist upper layer film forming composition or an
EUYV resist underlayer film forming composition, is described.

As the EUV resist applied as an underlayer of the EUV resist upper layer film of the
present invention, both a positive type and a negative type can be used. Examples of the
EUV resist include: a chemical amplification-type resist made of an acid generator and a
binder having a group changing the alkali dissolving rate by being decomposed by an
acid; a chemical amplification-type resist made of an alkali-soluble binder, an acid
generator, and a low molecule compound changing the alkali dissolving rate of the resist
by being decomposed by an acid; a chemical amplification-type resist made of an acid
generator and a binder having a group changing the alkali dissolving rate by being
decomposed by an acid, and a low molecule compound changing the alkali dissolving
rate of the resist by being decomposed by an acid; a non-chemical amplification-type
resist made of a binder having a group changing the alkali dissolving rate by being
decomposed by EUV; and a non-chemical amplification-type resist made of a binder
having a moiety changing the alkali dissolving rate by being broken by EUV.

[0124] Examples of the developer for a positive-type resist having the thin film
(resist upper layer film) formed by using the thin film forming composition (EUV resist
upper layer film forming composition) of the present invention include aqueous solutions

of alkalis such as: inorganic alkalis such as sodium hydroxide, potassium hydroxide,

amines such as ethylamine and n-propylamine; secondary amines such as diethylamine

BTAC
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and di-n-butyl amine; tertiary amines such as triethylamine and methyldiethylamine;
alcoholamines such as dimethylethanolamine and triethanolamine; quaternary ammonium
salts such as tetramethylammonium hydroxide, tetracthylammonium hydroxide, and
choline; cyclic amines such as pyrrole and piperidine. Further, an appropriate amount of
alcohols such as isopropyl alcohol and a surfactant such as a nonionic surfactant may be
added to the above aqueous solution of alkalis to be used as the developer.

Among them, a preferred developer is quaternary ammonium salts and a further
preferred developer is tetramethylammonium hydroxide and choline.

[0125] The method for producing a semiconductor device of the present invention
includes: a process of forming an EUV resist film on a substrate having a
processing-objective film in which a transferred pattern is formed with or without using
an EUV resist underlayer film; a process of applying an EUV resist upper layer film
forming composition onto the resist film and baking the composition to form an EUV
resist upper layer film; a process of exposing the semiconductor substrate coated with the
resist upper layer film and the resist film; and a process of performing development after
the exposure to remove the resist upper layer film and the resist film.

[0126]  The exposure is performed with EUV (wavelength 13.5 nm).

A semiconductor device to which the thin film forming composition (EUV resist
upper layer film forming composition) of the present invention is applied, has a
constitution in which on the substrate, the processing-objective film to which the pattern
is transferred, the resist film, and the thin film (EUV resist upper layer film) are formed
in this order. The thin film (EUYV resist upper layer film) can form a resist pattern
having an advantageous straight shape by reducing adverse effects caused by a
foundation substrate or EUV to obtain a satisfactory margin relative to an EUV
irradiation dose. The thin film (EUV resist upper layer film) of the present invention
has the same large wet etching rate as that of the resist film formed as the underlayer of

the thin film and by a wet etching process, the resist pattern can be easily transferred to

The thin film forming composition (EUV resist underlayer film forming
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composition) of the present invention can be used as an EUV resist underlayer
anti-reflective coating capable of preventing a reflection of exposure light undesirable
during EUV exposure such as UV and DUV on the substrate or the interface as an
underlayer film of an EUV resist without causing intermixing with the EUV resist.  The
5  thin film forming composition of the present invention can efficiently prevent the
reflection as an underlayer of the EUV resist.  When the thin film forming composition
of the present invention is used as the EUV resist underlayer film, the process can be
performed in the same manner as in the case of an underlayer film for a photoresist.
[0127]  The thin film formed from the thin {ilm forming composition of the
10 present invention can be used as a reverse material. That is, the thin film of the present
invention can be used in a method for producing a semiconductor device comprising: a
process of forming a resist pattern on a substrate; a process of applying the thin film
forming composition of the present invention onto the substrate on which the resist
pattern is formed and baking the composition to form a thin film; a process of etching the
15 thin film to expose the resist surface; and a process of etching the resist pattern to reverse
the pattern.
[0128]  The method for using the thin film forming composition of the present
invention as an underlayer film for a resist for solvent development, is described.
Onto the substrate, the thin film forming composition of the present invention is
20  applied by an appropriate coating method such as a spinner and a coater and then, the
composition is baked to form a thin film. Before the substrate is coated with the thin
film of the present invention, on the substrate, an organic underlayer film is formed and
on the organic underlayer film, the thin film can be formed.
The photoresist formed on the thin film (resist underlayer film) of the present
25  invention is not particularly limited so long as the photoresist is sensitive to light used for
exposure of ArF light and the like. Both a negative-type photoresist and a positive-lype
photoresist can be used. A photoresist capable of being developed by an organic solvent
after exposure can be used.

As the condition for baking, the above-described conditions can be applied.
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Next, on the thin film, for example, the above photoresist layer (film) is formed.

[0129]  In the present invention, as the resist, a resist for EUV lithography or a
resist for electron beam lithography can be used instead of the photoresist.  As the resist
for EUV lithography or the resist for electron beam lithography, both a positive type and
a negative type can be used. As the exposure condition, the above-described conditions
can be used. A resist capable of being developed by an organic solvent after exposure
can be used.

[0130] Next, development is performed using a developer (organic solvent). In
the development, when, for example, a positive-type photoresist is used, the photoresist at
an unexposed part is removed to form a resist pattern.

[0131] Examples of the developer include methyl acetate, butyl acetate, ethyl
acetate, isopropyl acetate, amyl acetate, isoamyl acetate, ethyl methoxyacetate, ethyl
ethoxyacetate, 2-heptanone, propylene glycol monomethyl ether acetate, ethylene glycol
monoethyl ether acetate, ethylene glycol monopropyl ether acetate, ethylene glycol
monobutyl ether acetate, ethylene glycol monophenyl ether acetate, diethylene glycol
monomethyl ether acetate, diethylene glycol monopropyl ether acetate, diethylene glycol
monoethyl ether acetate, diethylene glycol monophenyl ether acetate, diethylene glycol
monobutyl ether acetate, diethylene glycol monoethyl ether acetate, 2-methoxybutyl
acetate, 3-methoxybutyl acetate, 4-methoxybutyl acetate, 3-methyl-3-methoxybutyl
acetate, 3-ethyl-3-methoxybutyl acetate, propylene glycol monomethyl ether acetate,
propylene glycol monoethyl ether acetate, propylene glycol monopropyl ether acetate,
2-ethoxybutyl acetate, 4-ethoxybutyl acetate, 4-propoxybutyl acetate, 2-methoxypentyl
acetate, 3-methoxypentyl acetate, 4-methoxypentyl acetate, 2-methyl-3-methoxypentyl
acetate, 3-methyl-3-methoxypentyl acetate, 3-methyl-4-methoxypentyl acetate,
4-methyl-4-methoxypentyl acetate, propylene glycol diacetate, methyl formate, ethyl
formate, butyl formate, propyl formate, ethyl lactate, butyl lactate, propyl lactate, ethyl
carbonate, propyl carbonate, butyl carbonate, methyl pyruvate, ethyl pyruvate, propyl
pyruvate, butyl pyruvate, methyl acetocacetate, ethyl acetoacetate, methyl propionate,

ethyl propionate, propyl propionate, isopropyl propionate, methyl 2-hydroxypropionate,

13



13 Vater 13 Water 13 Water 13 Water 7 78 Table 1 (continued) Pol ynerAcid
Curing catal yst Additive Sol vent Wat er Exanpl e 11Synt hesi sMA"I PSI vl ATP S105
PGVEPGEEACAcWAt er Exanple 6 (parts by mass)0.020. 0120. 02108055 2 Exanpl e
12Synt hesi SMAPGVE PGEEAcAc Water (partsgdy mass)Exanple 70. 021072513 2
Synthes! Sethyi 2-hydroxypropionate, methyl-3-methoxypropionate, ethyl-3-methoxypropionate,
ethyl-3-ethoxypropionate, and propyl-3-methoxypropionate. Then, as the developer,
butyl acetate, 2-heptanone, and the like can be preferably used.
Furthermore, in these developers, a surfactant and the like may also be blended.
5  The conditions for the development are accordingly selected from temperatures of 5 to
50°C and time of 10 to 600 seconds.
[0132]  Then, using the thus formed pattern of the photoresist film (upper layer) as
a protecting film, the removal of the thin film (intermediate layer) of the present
invention is performed. Next, using the film composed of the patterned photoresist and

10 the patterned thin film (intermediate layer) of the present invention as a protecting film,
the removal of the organic underlayer film (underlayer) is performed. Finally, using the
patterned thin film (intermediate layer) of the present invention and the patterned organic
underlayer film (underlayer) as a protecting {ilm, the processing of the semiconductor
substrate is performed.

15 [0133]  First, the thin film (intermediate layer) of the present invention at the part
where the photoresist is removed is removed by dry etching to expose the semiconductor
substrate.

For dry etching the thin film of the present invention, there can be used gases such
as tetrafluoromethane (CF,), perfluorocyclobutane(Csl's), perfluoropropane (CsFg),

20 trifluoromethane, carbon monoxide, argon, oxygen, nitrogen, sulfur hexafluoride,
difluoromethane, nitrogen trifluoride and chlorine trifluoride, chlorine, and
trichloroborane and dichloroborane.

In particular, by dry ctching with a halogen-based gas, fundamentally, a photoresist
that is composed of organic substances is difficult to be removed. On the contrary, the

25  thin film of the present invention containing a large amount of silicon atoms is

immediately removed by a halogen-based gas, so that dry etching of the thin film of the

present invention is preferably performed using a halogen-based gas. Herewith, the

film can be suppressed. Then, as a result thereof, the photoresist can be used as a thin
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The thin film of the present invention is preferably dry-etched with a fluorine-based

gas. Examples of the fluorine-based gas include tetrafluoromethane (CFy),
perfluorocyclobutane (C4Fg), perfluoropropane (CsFy), trifluoromethane, and
5  difluoromethane (CHF»).

[0134]  Subsequently, using the film composed of the patterned photoresist and
the patterned thin film of the present invention as a protecting film, the removal of the
organic underlayer film is performed. The removal of the organic underlayer film
(underlayer) is performed by dry etching preferably with an oxygen-based gas. This is

10 because the thin film of the present invention containing a large amount of silicon atoms
is difficult to be removed by dry etching with an oxygen-based gas.

[0135] Finally, the processing of the semiconductor substrate is performed. The
processing of the semiconductor substrate is performed by dry etching preferably with a
fluorine-based gas.

15 Examples of the fluorine-based gas include tetrafluoromethane (CEy),
perfluorocyclobutane (C4Fyg), perfluoropropane (CsFg), trifluoromethane, and
difluoromethane (CH;E»).

[0136]  As an upper layer of the thin film of the present invention, an organic
anti-reflective coating can be formed before the formation of the photoresist layer (film).

20  The anti-reflective coating composition used here is not particularly limited and can be
optionally selected from the compositions commonly used in a conventional lithography
process to be used.  The formation of the anti-reflective coating can be performed by a
commonly used method, for example, by applying an anti-reflective coating composition
by a spinner or a coater and by baking the composition.

25 [0137]  In the present invention, after forming of the organic underlayer film on
the substrate, the thin film of the present invention can be film-formed on the organic
underlayer film and further, the thin film can be coated with the photoresist layer. Thus,
even when the pattern width o

coated thinly for preventing a pattern collapse, the processing of the substrate is possible
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(parts by mass) 2 [01521 (Preparation of organic underlayer film(layer A))
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to 60C ang,{sPictorily higher than that of the thin film of the present invention as an etching gas.
Furthermore, the substrate can be processed by using a fluorine-based gas having an
etching rate of the substrate satisfactorily higher than that of the organic underlayer film
as an etching gas.
10
Example
[0138] Synthesis Example 1
18.60 g (70 mol®%) of tetraisobutoxytitanium, 3.48 g (25 mol%) of
methyltriethoxysilane, 1.62 g (5 mol%) of 3-(triethoxysilylpropyl)diallylisocyanurate,
15  35.55 g of acetone, and 35.55 g of acetylacetone were charged into a 300-mL flask and
while the reaction mixture solution was stirred with a magnetic stirrer, 5.21 gofa
0.01-mol/L hydrochloric acid was dropped into the reaction mixture solution. After the
dropping, the flask was placed into an oil bath controlled to 85°C and under
warming-reflux, the reaction was effected for 240 minutes. Then, the reaction solution
20 was cooled down to room temperature and to the reaction solution, 48.00 g of
acetylacetone was added. From the resultant reaction mixture, ethanol, which was a
reaction by-product, acetone, isobutanol, water, and hydrochloric acid were distilled off
under reduced pressure and the resultant reaction mixture was concentrated to obtain a
hydrolysis-condensation product (polymer) acetylacetone solution. To the obtained
25  solution, acetylacetone and propylene glycol monoethyl ether were added to adjust the
resultant solution to have a solid residue concentration at 140°C of 15% by mass while a

solvent ratio of acetylacetone/propylene glycol monoethyl ether was 10/90.  The

weight measured by GPC of Mw 700 in terms of polystyrene.



79 the reaction m xture, chloroform (34 g, manufactured by Kanto Chem cal

I ndustry Co., Ltd.) was added to dilute the reaction m xture, which was
foll owed by reprecipitating the resultant reaction mxture in nmethanol (168
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glycol monoethyl ether was 10/90.  The obtained polymer corresponds to Formula (8-2)

and had a weight average molecular weight measured by GPC of Mw 900 in terms of
polystyrene.

20 [0140]  Synthesis Example 3

17.85 g (70 mol%) of tetraisopropoxytitanium, 3.20 g (20 mol%) of

methyltriethoxysilane, 2.40 g (10 mol%) of biphenyl-4-ylirimethoxysilane, 35.26 g of
acetone, and 35.26 g of acetylacetone were charged into a 300-mL flask and while the
reaction mixture solution was stirred with a magnetic stirrer, 5.98 g of a 0.01-mol/L

25 hydrochloric acid was dropped into the reaction mixture solution.  After the dropping,
the flask was placed into an oil bath controlled to 85°C and under warming-reflux, the

reaction was effected for 240 minutes. Then, the reaction solution was cooled down to

From the resultant reaction mixture, methanol and ethanol, which were reaction



[0155] To 10 g of a solution containing 2 g of the above-obtai ned pol yner
10 [Formula (11-1)], 0.5 g of tetramethoxynethyl glycoluril (trade nane:
PONDER LI NK 1174; manufactured by Mtsui Cytec Ltd.), 0.05 g of

pyridi ni um p-tol uenesul fonate, 23 g of gyopylene glycol nononethyl ether
and 31 g of ethyl lactate were added to prepare a solution. Then, the
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02 5Each of the solutions of the thin filmformng conpositions (resist
underigayer fi1Bmifeq70inng%s ofipasisbpopsyytpaudpar 843 igr2Exmifd)eS 1 to 15,
Exanples 18 to 19, and Conparative Exanples 1 and 2 was applied onto a

si l'i con wakewylttisthogysdasgi2iides (1 OFaclko)aff 1tirehtghposibokpnlanel AdtIdonst was heat ed
on a hot plate at 240C for 1 minute to forma thin film (resist underlayer
films) ofa@@8, amh 351 gof imstdanstongarane ehargdveingr yal-aLulgle pndydile the m

form ng conposition was applied onto a silicon wafer usi ng a spinner to
forma comestiny mixtyre Ceiutip tvap slrekwith @ npgngty stirpsr@est 2 the Vddymelehing rate
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plate at gnﬁgn%e[rﬁ;;mgﬂe %ﬁ&%ﬂﬂg 6%&;9@5@@0@%@@%?%#39& BQ&BA@?O% addeym (layer A)

having a f _ ckness" of rnn - Onto 't ( ni© underlayer film each
of the thmni iR R0 B RACAIRES intdiRD1 hiesthatol UndeE haatadidam (B) forning
conposi tions] obtal neJ In Exanples 1 to 15, Exanples 18 to 19, and
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hot pl ate aF 240C for 45 seconds to obtain a thin film[resist underlayer

fil m1d ayedu@dpreskie dnllithe fekhimnt feasiiat munaerdayencehirhm (6 ayein 8) ] had a
filmthickness of 25 nm 250nto each thin film a conmercially avail abl e
phot or esi ktdrslgkisichodentdticmdeohanepol PAR) acetylacetone solution.  To the obtained
solution, acetylacetone and propylene glycol monoethyl ether were added to adjust the
resultant solution to have a solid residue concentration at 140°C of 15% by mass while a
solvent ratio of acetylacetone/propylene glycol monoethyl ether was 10/90.  The
25 obtained polymer corresponds to Formula (8-4) and had a weight average molecular

weight measured by GPC of Mw 800 in terms of polystyrene.
[0142]  Synthesis Example 5
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methyltriethoxysilane, 2.73 g (10 mol%) of



855; manufactured by Sum tono Chem cal Co., Ltd.) was applied by a spinner
and the solution was baked on a hot plate at 100C for 60 seconds to forma
photoresist film (layer D) having a filmthickness of 120 nm The
patterning of the resist was perforned #sing an Al f exposing machine (trade
name: S-307E; manufactured by N kon 82 Corporation (wavel ength: 193 nm

NA, a: 0. 8%5metho9gmothesy ¥ B polcdhoxyrithmaghtbalend, gai28: ¢ alecetony..anTiié Bar ¢fet was
a photoresist that has, after the devel opnent, line wi dths and |ine
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(manuf actured by Santo, Inc.) 15CF4: 50 sccm Ar: 200 sccm 15 Pa, 200W 02:

10 sccm NéateZGn8 6§MochloRa acid0@¥ diklile S eE @RS reduced pRksaur ashowsealthef racti ve
i ndex nl and an optical absorptivity kl at a wavel ength of 193 nm a

refrapl i veactidexinZrearnd cancedphiedad obdasors ptdraliytiy-ck2deatatmnvavaice (@iymad 220
nm a refractive index n3 and an optical absorptivity k3 at a wavel ength of
248 nm aacttilhet@@patutionn $hédpebadinet sditonetachilagtone@hs pjopFabk elyzol 83 nl
I nz k2 rrrlliné(e?;hyl ether were added to adjust the resultant solution to have a solid residue
concentration at 140°C of 15% by mass while a solvent ratio of acetylacetone/propylene
glycol monoethyl ether was 10/90. The obtained polymer corresponds to Formula (8-5)
15  and had a weight average molecular weight measured by GPC of Mw 800 in terms of
polystyrene.
[0143]  Synthesis Example 6
18.59 g (70 mol%) of tetraisobutoxytitanium, 3.44 g (24.7 mol%) of
methyltriethoxysilane, 1.61 g (5 mol%) of 3-(triethoxysilylpropyl) diallylisocyanurate,
20 0.06 g (0.3 mol%) of N-(3-triethoxysilylpropyl)-4,5-dihydroimidazole, 35.55 g of acetone,
and 35.55 g of acetylacetone were charged into a 300-mL flask and while the reaction
mixture solution was stirred with a magnetic stirrer, 5.21 g of a 0.10-mol/L hydrochloric
acid was dropped into the reaction mixture solution. After the dropping, the flask was
placed into an oil bath controlled to 85°C and under warming-reflux, the reaction was
25  effected for 240 minutes. Then, the reaction solution was coocled down to room

temperature and to the reaction solution, 48.00 g of acetylacetone was added. [I'rom the

resultant reaction mixture, ethanol, which was a reaction by-product, acetone, isobutanol,

reaction mixture was concentrated to obtain a hydrolysis-condensation product (polymer)
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acetylacetone solution. To the obtained solution, acetylacetone and propylene glycol
monoethyl ether were added to adjust the resultant solution to have a solid residue
concentration at 140°C of 15% by mass while a solvent ratio of acetylacetone/propylene
glycol monoethyl ether was 10/90. The obtained polymer corresponds to Formula (8-6)
5 and had a weight average molecular weight measured by GPC of Mw 800 in terms of
polystyrene.
[0144] Synthesis Example 7
18.74 g (70 mol%) of tetraisobutoxytitanium, 3.46 g (24.7 mol%) of
methyltriethoxysilane, 1.42 g (5 mol%) of 3-(triethoxysilylpropyl} dimethylisocyanurate,
10 0.065 g (0.3 mol%) of N-(3-triethoxysilylpropyl)-4,5-dihydroimidazole, 35.53 g of
acetone, and 35.53 g of acetylacetone were charged into a 300-mL flask and while the
reaction mixture solution was stirred with a magnetic stirrer, 5.25 g of a 0.10-mol/L.
hydrochloric acid was dropped into the reaction mixture solution. After the dropping,
the flask was placed into an oil bath controlled to 85°C and under warming-reflux, the
15 reaction was effected for 240 minutes. Then, the reaction solution was cooled down to
room temperature and to the reaction solution, 48.00 g of acetylacetone was added.
From the resultant reaction mixture, ethanol, which was a reaction by-product, acetone,
isobutanol, water, and hydrochloric acid were distilled off under reduced pressure and the
resultant reaction mixture was concentrated to obtain a hydrolysis-condensation product
20 (polymer) acetylacetone solution. To the obtained solution, acetylacetone and propylene
glycol monoethyl ether were added to adjust the resultant solution to have a solid residue
concentration at 140°C of 15% by mass while a solvent ratio of acetylacetone/propylene
glycol monoethyl ether was 10/90. The obtained polymer corresponds to Formula (8-7)
and had a weight average molecular weight measured by GPC of Mw 800 in terms of
25  polystyrene.
[0145]  Synthesis Example 8
15.60 g (60 mol%) of tetraisobutoxytitanium, 1.91 g (10 mol%) of tetraethoxysilane,
4.08 g (25 mol%) o

diallylisocyanurate, 35.21 g of acetone, and 35.21 g of acetylacetone were charged into a
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300-mL flask and while the reaction mixture solution was stirred with a magnetic stirrer,
6.10 g of a 0.01-mol/L hydrochloric acid was dropped into the reaction mixture solution.
After the dropping, the flask was placed into an oil bath controlled to 85°C and under
warming-reflux, the reaction was effected for 240 minutes. Then, the reaction solution
5 was cooled down to room temperature and to the reaction solution, 48.00 g of

acetylacetone was added. From the resultant reaction mixture, ethanol, which was a
reaction by-product, acetone, isobutanol, water, and hydrochloric acid were distilled off
under reduced pressure and the resultant reaction mixture was concentrated to obtain a
hydrolysis-condensation product (polymer) acetylacetone solution. To the obtained

10 solution, acetylacetone and propylene glycol monoethyl ether were added to adjust the
resultant solution to have a solid residue concentration at 140°C of 15% by mass while a
solvent ratio of acetylacetone/propylene glycol monoethyl ether was 10/90. The
obtained polymer corresponds to Formula (8-8) and had a weight average molecular
weight measured by GPC of Mw 1,000 in terms of polystyrene.

15 [0146]  Synthesis Example 9

17.73 g (50 mol%) of tetraisopropoxytitanium, 7.75 g (45 mol%) of

methyltriethoxysilane, 2.00 g (5 mol%) of 3-(triethoxysilylpropyl) diallylisocyanurate,
35.22 g of acetone, and 35.22 g of acetylacetone were charged into a 300-mL flask and
while the reaction mixture solution was stirred with a magnetic stirrer, 6.09 g ofa

20 0.01-moV/L hydrochloric acid was dropped into the reaction mixture solution.  After the
dropping, the flask was placed into an oil bath controlled to 85°C and under
warming-reflux, the reaction was effected for 240 minutes. Then, the reaction solution
was cooled down to room temperature and to the reaction solution, 48.00 g of
acetylacetone was added. From the resultant reaction mixture, ethanol, which was a

25  reaction by-product, acetone, isopropanol, water, and hydrochloric acid were distilled off
under reduced pressure and the resultant reaction mixture was concentrated to obtain a

hydrolysis-condensation product (polymer) acetylacetone solution. To the obtained

solution to have a solid residue concentration at 140°C of §% by mass while a solvent
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ratio of acetylacetone/4-methyl-2-pentanol was 5/95.  The obtained polymer of Formula
(8-1) had a weight average molecular weight measured by GPC of Mw 800 in terms of
polystyrene.
[0147]  Synthesis Example 10
5 18.60 g (70 mol%) of tetraisobutoxytitanium, 3.48 g (25 mol%) of
methyltriethoxysilane, 1.62 g (5 mol%) of 3-(triethoxysilylpropyl) diallylisocyanurate,
35.55 g of acetone, and 35.55 g of acetylacetone were charged into a 300-mL flask and
while the reaction mixture solution was stirred with a magnetic stirrer, 5.21 gofa
0.01-mol/L hydrochloric acid was dropped into the reaction mixture solution. After the
10 dropping, the flask was placed into an oil bath controlled to 85°C and under
warming-reflux, the reaction was effected for 240 minutes. Then, the reaction solution
was cooled down to room temperature and to the reaction solution, 48.00 g of
acetylacetone was added. From the resultant reaction mixture, ethanol, which was a
reaction by-product, acetone, isobutanol, water, and hydrochloric acid were distilled off
15 under reduced pressure and the resultant reaction mixture was concentrated to obtain a
hydrolysis-condensation product (polymer) acetylacetone solution. To the obtained
solution, acetylacetone and 4-methyl-2-pentanol were added to adjust the resultant
solution to have a solid residue concentration at 140°C of 8% by mass while a solvent
ratio of acetylacetone/4-methyl-2-pentanol was 5/95. The obtained polymer of Formula
20 (8-1) had a weight average molecular weight measured by GPC of Mw 700 in terms of
polystyrene.
[0148] Comparative Synthesis Example 1
16.70 g (70 mol%) of tetracthoxysilane, 5.14 g (25 mol%) of methyltriethoxysilane,
1.14 g (5 mol%) of phenyltrimethoxysilane, and 69.24 g of acetone were charged into a
25 300-mL flask and while the reaction mixture solution was stirred with a magnetic stirrer,
7.68 g of a 0.01-mol/L hydrochloric acid was dropped into the reaction mixture solution.
After the dropping, the flask was placed into an oil bath controlled to 85°C and under
warming-reflux, the 1

was cooled down to room temperature and to the reaction solution, 46.00 g of propylene
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glycol monoethyl ether was added.  From the resultant reaction mixture, methanol and
ethanol, which were reaction by-products, acetone, water, and hydrochloric acid were
distilled off under reduced pressure and the resultant reaction mixture was concentrated
to obtain a hydrolysis-condensation product (polymer) propylene glycol monoethyl! ether

5 solution. To the obtained solution, acetylacetone and propylene glycol monoethyl ether
were added to adjust the resultant solution to have a solid residue concentration at 140°C
of 15% by mass while a solvent ratio of acetylacetone/propylene glycol monoethyl ether
was 10/90. The obtained polymer corresponds to Formula (9-1) and had a weight

average molecular weight measured by GPC of Mw 1,200 in terms of polystyrene.

—(Si0g, o )— —(SiO{ 5)— ““(S.i(_)i' 5)— Formula (9-1)

+ - +

10

[0149] Comparative Synthesis Example 2
19.25 g (70 mol%) of tetraisobutoxytitanium, 3.60 g (25 mol%) of
methyltricthoxysilane, 0.80 g (5 mol%) of phenyltrimethoxysilane, 35.48 g of acetone,
and 35.48 g of acetylacetone were charged into a 300-mL flask and while the reaction
15 mixture solution was stirred with a magnetic stirrer, 5.39 g of a 0.01-mol/L hydrochloric
acid was dropped into the reaction mixture solution.  After the dropping, the flask was
placed into an oil bath controlled to 85°C and under warming-reflux, the reaction was
effected for 240 minutes. Then, the reaction solution was cooled down to room
temperature and to the reaction solution, 48.00 g of acetylacetone was added. From the
20 resultant reaction mixture, methanol and ethanol, which were reaction by-products,
acctone, isobutanol, water, and hydrochloric acid were distilled off under reduced
pressure and the resultant reaction mixture was concentrated to obtain a

hydrolysis-condensation product (polymer) acetylacetone solution. To the obtained

25  resultant solution to have a solid residue concentration at 140°C of 15% by mass while a
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solvent ratio of acetylacetone/propylene glycol monoethyl ether was 10/90. The
obtained polymer of Formula (9-2) had a weight average molecular weight measured by

GPC of Mw 1,000 in terms of polystyrene.

+~ o

_“(TiOQ, {})—“” -_(SiOL 5 )"—" “'“"'(Si01, 5 )""" Formula (9-2}
5 [0150] Hereinafter, the evaluation results in the case where the thin film forming

composition of the present invention is used as a resist underlayer film, are shown below.
[Preparation of thin film (resist underlayer film)]
By blending each of the titanium-silicon-containing polymers obtained in Synthesis
Examples 1 to 10 and Comparative Synthesis Examples 1 and 2, an acid, a curing catalyst,
10 an additive, a solvent, and water so that ratios of these components were the ratios shown
in Table 1 and by filtering the resultant blend with a 0.1 pm fluorinated resin filter, each
of the solutions of the thin film forming compositions (resist underlayer film forming
compositions) was prepared. In Table 1, the blending ratio of the polymer indicates not
the blending amount of the polymer solution, but the blending amount of the polymer
15 itself.

In Table 1, maleic acid is abbreviated as MA; benzyltriethylammonium chloride is
abbreviated as BTAC; N-(3-triethoxysilylpropyl)-4,5-dihydroimidazole is abbreviated as
IMIDTEOS; triphenylsulfoniumtrifluoromethane sulfonate is abbreviated as TPS105;
monotriphenylsulfonium maleate is abbreviated as TPSMA; propylene glycol

20  monomethyl ether acetate is abbreviated as PGMEA; propylene glycol monoethyl ether is
abbreviated as PGEE; propylene glycol monomethyl ether is abbreviated as PGME;
acetylacetone is abbreviated as AcAc; and 4-methyl-2-pentanol (that is,
methylisobutylcarbinol) is abbreviated as MIBC.  As the water, ultrapure water was
used. Each blending amount is expressed in parts by mass.

5

i<l
l‘Ul._ 1]

[
Lh

Table 1
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Polymer  Acid Curing Additive Solvent Water
catalyst
Example 1 é;;{i]else’sl MA  BTAC PGME  PGEE AcAc  Water
(parts by mass) 213 0.02 0.012 10 72 5 13
Example 2 Fs)g;heljsz MA  BTAC PGME  PGEE AcAc  Water
(parts by mass) 213 0.02 0.012 10 72 3 13
Example 3 Es)gg’efe‘z MA  BTAC PGME  PGEE AcAc  Water
(parts by mass) P 0.02  0.012 10 72 5 13
Example 4 S}f;;’el’zz MA  BTAC PGME  PGEE AcAc  Water
(parts by mass) 2*’ 002 0012 10 72 5 13
Example 5 15832?81255 MA  BTAC PGME  PGEE AcAc  Water
(parts by mass) 2" 0.02  0.012 10 72 5 13
Example 6 Fsz:;qhifsl MA  IMIDTEOS PGME  PGEE AcAc  Water
(parts by mass) 2p 0.02 0.012 10 72 5 13
Example 7 Englilrt;le]Selsl MA  TPSMA PGME  PGEE AcAc  Water
(parts by mass) zp 002 0012 10 72 5 13
Example 8 gjﬂ’}?ﬁs} MA IMIDTEOS TPS105 PGME  PGEE AcAc  Water
(parts by mass) 21’ 0.02 0012 0.02 10 72 5 13
Example 9 gga“lfe]fsg MA PGME  PGEE Achc  Water
(parts by mass) 2p 0.02 10 72 5 13
Example 10 Synthesis 1 TPS105 PGME  PGEE AcAc  Water
Example 8

(parts by mass) 5 0.02 0.02 10 78 5 7




Conparative 1.68 0.56 1.74 0.49 1.86 0.46 Rectangle Exanple 2

[0160] An el ectron m croscope photograph of the shape after the etching in
Exanple 1 is shown in FIG 1. An electron m croscope photograph of the
shape after the etching in Conparative fxanple 1 is shown in FIG 2. In the
above pattern shapes after the etching, "rounding" is such a phenonenon
that 5when a pattern is transferrk®la b(aohbnendgani ¢ underl ayer film a

pattern rounding is caused by an oxygen-based gas etching, so that the

pattern is rounded. Thg.npre iggtanguibar theipattern i g, the more gy
advant agenu:l y t he pattern can be tREMEf erred [ﬂ’l ﬁ’l] (I\/ha':ur ement  of

et ching rat@hmple 11 sg;;hise‘sﬁ MA  TPSMA  TPS105 PGME PGEE  AcAc  Water

(parts by mass) Zp 0.02 0.012 0.02 10 80 5 5
Example 12 Esg;?elseﬁ MA PGME PGEE  AcAc  Water

(parts by mass) 2p 0.02 10 72 5 13
Example 13 Es)f;;;hi:; MA TPS105 PGME PGEE  AcAc  Water
arts mass . .

(parts by mass) 2p 0.02 0.02 10 78 5 7
Example 14 é?;fijz MA BTAC PGME PGEE  AcAc  Water
arts mass . .

(parts by mass) 2p 0.02 0.012 10 72 5 13
Example 15 s)fanlﬁ“’lse‘; MA  IMIDTEOS PGME PGEE  AcAc  Water
arts mass . .

(parts by mass) zp 0.02 0.012 10 72 5 13
Example 16 ﬁgﬁ?ﬁf; MIBC AcAc

(parts by mass) 4p 97 3
Example 17 Eii;ghfe:f 0 MIBC AcAc

(parts by mass) f 97 3
Example 18 Esganlg*else‘sl MA BTAC PGME PGEE  AcAc

(parts by mass) zp 0.02 0.012 10 8s 5
Example 19 Esjg;he]ilsl MA PGME PGEE  AcAc

(parts by mass) 2p 0.02 10 85 5
Comparative Comparative
Exa?n e 1 Synthesis MA BTAC PGME  PGEE AcAc Water

( ansbpnmsg Example 1 0.02 0.012 10 72 5 13
parts by 5
Comparative Comparative
E Fn 62 Synthesis MA BTAC PGME  PGEE AcAc Water

(mﬁlp;%g Example 2 0.02 0.012 10 72 5 13
parts by )

[0152] (Preparation of organic underlayer film (laver A))

10

In nitrogen, into a 100 mL four-neck flask, carbazole (6.69 g, 0.040 mol,

manufactured by Tokyo Chemical Industry Co., Ltd.), 9-fluorenone (7.28 g, 0.040 mol,

manufactured by Tokyo Chemical Industry Co., Ltd.), and p-toluenesulfonic acid

monohydrate (0.76 g, 0.0040 mol, manufactured by Tokyo Chemical Industry Co., Ltd.)

were charged and thereto, 1,4-dioxane (6.69 g, manufactured by Kanto Chemical Industry

Co., Ltd.) was charged to stir the resultant reaction mixture.

reaction mixture was elevated to 100°C for dissolution and the polymerization was

The temperature of the

initiated.  After 24 hours, the reaction mixture was lefl to be cooled down te 60°C and to
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under |l ayer film 10form ng conpositions) prepared in Exanples 1 to 19 and
Conparative Exanples 1 and 2 was applied onto a silicon wafer using a

spi nner. Each of the conposition solutigns was heated on a hot plate at
240C for 1 mnute to forma thin film(resist underlayer filns) of 0.05 um
The or ganihe reatder maywre, thlomibon (4g ncomposired by Kaaw Gepicddndsty G.sili con
waf er using a spinner to forman organic underlayer film (filmthickness:
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onto a silicon wafer using.a spinner. The resist was heated on hot plate
at 100C f&PUlENE]IpRe Mtpg s thagal (168 igstnawfﬁ%wﬂ by lqantg fppmical D@gmgpa

ﬁiﬂ‘gf 2ot uf e E&@“L%e%@%%%&%?céﬁ‘ﬁaﬁ@%ﬁsﬁﬁse%% E}g”%'%?f&ieé%Sf%drﬁgch%HEﬁ@satgﬁed

[ CF4/ 02- ne.. '

Fesi st P VAS OB Bt S Rge of Or e iR PrE e Fagral 6der  ayer
film of e?giﬂatg rt@&?%gé%@asép&%ég and Conparative Exanples 1 and 2. Using

RTE- 10NR (manuf a anto,” Inc.) and using as an etching gas, an 02

gas, the dry etching rate of the organic underlayer filmwas neasured and

it was conpared with the=d hing rate of the thin film(resist

under| ayer fil ‘ #hples 1 to 19 and Conparative Exanples 1 and

2. 10The etchj by Hoguwiad1@geN- based gas was cal cul ated as
31 8 d ilm(layer B)))/(resist film(layer D)).

The resistance agdi n§§ an oxygen-based gas (02 gas) was shown as the

etching rate ratio (2) of (thin film(resist underlayer film (layer

B)))/ (organic underlayer film (layer A)). 15[0162] Table 3 Rate ratio (1)

Rate rati o (ZheBeanptmedt resultlofd HOSVEB afPCel[2was as follows.

"H-NMR (400 MHz, DMSO-dg): 87.03-7.55 (br, 12H), 57.61-8.10 (br, 4H), 511.18 (br,

10 1H)
PCzFL had a weight average molecular weight Mw of 2,800 and a polydispersity
Mw/Mn of 1.77 that were measured by GPC in terms of polystyrene.
[0153] With 20 g of the obtained polymer [Formula (10-1)], 3.0 g of
tetramethoxymethyl glvcoluril (trade name: POWDER LINK 1174; manufactured by
15 Mitsui Cytec Ltd.) as a crosslinker, 0.30 g of pyridinium p-toluenesulfonate as a catalyst,
and 0.06 g of MEGAFAC R-30 (trade name; manufactured by Dainihon Ink & Chemicals
Inc.) as a surfactant were mixed and the resultant mixture was dissolved in 88 g of
propylene glycol monomethyl ether acetate to prepare a solution.  Then, the solution
was filtered using a polyethylene microfilter having a pore diameter of 0.10 pm, and the
20 filtrate was further filtered using a polyethylene microfilter having a pore diameter of
0.05 um to prepare a solution of an organic underlayer film forming composition to be
used for a lithography process by a multilayer film.
[0154]  (Preparation of organic resist underlayer film (layer C))

100 g of monoallyldiglycidylisocyanuric acid (manufactured by Shikoku Chemicals

[ ]
W

Carimnratinn) nnd A6 A o~
Lourpolauuli) aiid . g u -

ol

ware dicanlvead in 487 o Af
WCIC Q15501VEQ 111 U642 g2 O

propylene glycol monomethyl ether. The resultant reaction solution was warmed to
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140°C, and simultaneously nitrogen was flowed into the reaction solution. Then, to the
reaction solution, 4.1 g of benzyltriethylammonium chloride as a catalyst was added and
the resultant reaction mixture was stirred in a nitrogen atmosphere for 24 hours. When
the obtained reaction product was subjected to GPC analysis, the reaction product had a
5  weight average molecular weight of 6,800 in terms of standard polystyrene.
The reaction product obtained by the present synthesis is estimated to contain a

compound having a structure unit of Formula (11-1):

N

Formula (11-1)
Ho)\ N M

[0155] To 10 g of a solution containing 2 g of the above-obtained polymer
10 [Formula (11-1}], 0.5 g of tetramethoxymethyl glycoluril (trade name: POWDER LINK
1174; manufactured by Mitsui Cytec Ltd.), 0.05 g of pyridinium-p-toluenesulfonate, 23 g
of propylene glycol monomethyl ether, and 31 g of ethyl lactate were added to prepare a
solution. Then, the solution was filtered using a polyethylene microfilter having a pore
diameter of 0.10 um, and the filtrate was further filtered using a polyethylene microfilter
15 having a pore diameter of 0.02 um to prepare a solution of an organic resist underlayer
film forming composition.
[0156] (Measurement of optical constants)
Each of the thin film forming compositions (resist underlayer film forming
compositions) prepared in Examples 1 to 15, Examples 18 to 19, and Comparative
20 Examples 1 and 2 was applied onto a silicon wafer using a spinner. The composition
was heated on a hot plate at 240°C for 1 minute to form a thin film (resist underlayer
film) (film thickness: 0.05 um). Then, the refractive index (n value) and the optical

absorptivity (k value; also called the attenuation coefficient) of the thin film (resist

25  spectro-ellipsometer (VUV-VASE VU-302; manufactured by J.A.Woollam Co., Inc.).
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[0157] (Measurement of dry etching rate)

Etchers and etching gases used in the measurement of dry etching rates were as

follows.
RIE-10NR (manufactured by Samco, Inc.) : Oz

5 Each of the solutions of the thin film forming compositions (resist underlayer film
forming compositions) prepared in Examples 1 to 15, Examples 18 to 19, and
Comparative Examples 1 and 2 was applied onto a silicon wafer using a spinner. Each
of the composition solutions was heated on a hot plate at 240°C for 1 minute to form a
thin film (resist underlayer films) of 0.05 pm.

10 In the same manner, the organic underlayer film forming composition was applied
onto a silicon wafer using a spinner to form a coating film (film thickness: 0.20 pm)
thereof. The dry etching rate of the organic underlayer film was measured using O, gas
as the etching gas, and was compared with the dry etching rate of each of the thin films
(resist underlayer films) of Examples 1 to 15 and Comparative Examples 1 and 2.

15 [0158] (Pattern wafer etching evaluation)

The organic underlayer film (layer A) forming composition prepared as described
above was applied onto a silicon wafer and the composition was baked on a hot plate at
240°C for 60 seconds to obtain an organic underlayer film (layer A) having a film
thickness of 200 nm. Onto the organic underlayer film, each of the thin film forming

20  compositions [resist underlayer film (B) forming compositions| obtained in Examples 1
to 15, Examples 18 to 19, and Comparative Examples 1 and 2 was applied. The
composition was baked on a hot plate at 240°C for 45 seconds to obtain a thin film [resist
underfayer film (layer B)]. The thin film [resist underlayer {ilm (layer B)] had a film
thickness of 25 nm.

25 Onto each thin film, a commercially available photoresist solution (trade name: PAR
855; manufactured by Sumitomo Chemical Co., Ltd.) was applied by a spinner and the

solution was baked on a hot plate at 100°C for 60 seconds to form a photoresist film

using an ArF exposing machine (trade name: S-307E; manufactured by Nikon
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1.02 0.02 85 [0163] The thin film (resist underlayer film used in the
present invention has a higher etching rate (rate ratio 1) than that of the
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[0164] [ Formation of resist pattern by four-layer stack] = For the

f our - | ayeaptoceshe Biast #as poRotorgsst iaghs éﬂ@rﬁé%éﬁr\@wemiw (Yigihe andh)

form ng conposition tained fromthe polynmer of Forpula (10-1) was applied
onto a sileyrengs %5-595 HAY Whirdh 4&‘6%&%15%18}?5 SpSREdERY HeRof1pingt e at

400C f 60 ds t bt ai i der | fil. | A) havi

11 m t i cRTSSTEGrSEHoRPR Degtied R e O aHP B SHRIC PHYBETT | m (L ayer A). each
f the.thin fil 1 LL i St | fil | B

o the e oL i omesians Lpenial e g ([pver

o . o = ot

Compe AP o 55, 0L 0,00 L GATPASILL RPN 01 o o

film(l ay%lut@r% (dg?d%;?}lﬁ) RIGSEN Lo AN ERdn QT2 388 bi m_algs il d 60-LdcBRA §ﬁ1%1‘énder | ayer

film(layer B) present 1 nvention had a filmthickness of 25 nm

Onto the phHdie plobéss] r epd plicundendfay®bs &tbhd &i&@mret@ﬂgagésm@lw GANhE (figsi st
under |l ayer fil'm (Il ayer form ng conposition obtained fromthe polynmer of

Formul a ( fifkin 3hapedises@pphdedidyeraish shhge)oOmROsESdnOvid@onadice theichindats 20pl at e
at 205C for 60 seconds to obtain the organic resist underlayer film(layer

C) hail ngolssefsicllm irhihe ks afth@himfilm Quesict tiderlayq@diing of gsipstscunidesdtayner
film(layer C), a commercially available photoresist solution (trade name:
PAR 855; irerasfcaciimreedhitythStm fibmoreGhiemdedhyeCdilm) of the prasas isypplipedaby a
spi nner and the sol ution was baked on a )
etched using a CF,4 gas under the conditions below and then, the organic resist underlayer
film was etched with an O,/N; gas.
RIE-10NR (manufactured by Samco, Inc.)
15 CF4: 50 scem/Ar: 200 scem, 15 Pa, 200 W
05: 10 scem/N,: 20 scem, 1 Pa, 300 W, 110 seconds
Table 2 shows a refractive index nl and an optical absorptivity k1 at a wavelength of
193 nm; a refractive index n2 and an optical absorptivity k2 at a wavelength of 220 nm; a
refractive index n3 and an optical absorptivity k3 at a wavelength of 248 nm; and the
20 pattern shape after the etching.
[0159]

Table 2



hot plate at 100C for 60 seconds to forma plaotoresist film(layer D)

having a film 25thi ckness of 120 nm The patterning of the resist was
performed using an ArF exposi ng machi ne (trade nane: S-307E;, manufactured
by Ni kon Corporation (wavel ength: 193 nm NA a: 0.85 0.93/0.85 (Dipole),
i mrer si on |IC]UId vvater)) The target was a photoresist that has line

\(Mddt hs iand 9 ﬂ[E 0 9 wh A e

ense |ines 86 and ‘the exposure perfo ugh

form such a IeS| s 7"‘Theno fp}he rels st p ern é)bgkea‘i ]giZ) ate
at 105C for a ec?onds,lﬂfvas coal’ed do Yas de opedo\% gect “g1
tetramet hyl a A8 hyqlrpm de 0q}gueous1 bgol ut| (dev pper) jRavin gzzgzggle
concentrat i o p 38%1 mas secon(gisgsl ngl @9paddl g sproc ﬁ&ﬁmée

5[ 0165] 87 OA Paqtﬂ@rn f%rsgatl o] P?%tter Ny shape Exanpl e 4 Rectangle
1Possi bl eAdv%Q;rglgeepus xanpl e p2Rossi bll fAdvant ageous | xanpl @41 Rectangle

3Possi bl eAdv%anqueeé)us Exanpl e 0%5’05& fAdvant ggeous; Exanpl g 4 Rectangle
SPossi bl eAdvant agepus Exanpl e ggosm Adva nt ageous, kxanpl g 4,

7Possi bl eAdvan ggq pus rrpl e

Rectangle

0SSl blI ’/%Advan(;%geousl @<arrpl 8.41 Rectangle

9Possi bl eAdvant npl e ,X0Possi bl.eAdv geou anpl,g
11Possi bl eAd\%an a eousligarrpl o 2Possl|beI eAd\?;gi]S?ageo;%fxExamg] : Rectangle

|
]
i
i
13Possi bl eAdVEHPYdéous 173 Rectangle
i
|
]
|
]

Example 13 1.73 0.50 1.75 0.45 1.87 0.41 Rectangle
Example 14 1.70 .43 1.72 0.37 1.81 0.32 Rectangle
Example 15 1.70 0.45 1.72 0.37 1.81 0.32 Rectangle
Example 18 1.74 0.50 1.76 0.44 1.87 0.41 Rectangle
Example 19 1.74 0.50 1.76 0.44 1.87 0.41 Rectangle
Comparative ¢, 0.12 1.57 0.01 1.49 0.00  Rounding
Example |
Comparative ) 0.56 174 0.49 1.86 046  Rectangle
Example 2

[0160]  An electron microscope photograph of the shape after the etching in
Example 1 is shown in FIG. 1. An electron microscope photograph of the shape after
the etching in Comparative Example 1 is shown in FI1G. 2.
In the above pattern shapes after the etching, “rounding” is such a phenomenon that
5  when a pattern is transferred to the organic underlayer film, a pattern rounding is caused
by an oxygen-based gas etching, so that the pattern is rounded. The more rectangular
the pattern is, the more advantageously the pattern can be transferred.
[0161] (Measurement of etching rate)
Each of the solutions of the thin film forming compositions (resist underlayer film
10 forming compositions) prepared in Examples 1 to 19 and Comparative Examples 1 and 2
was applied onto a silicon wafer using a spinner. Each of the composition solutions was
heated on a hot plate at 240°C for 1 minute to form a  thin film (resist underlayer films)
of 0.05 um. The organic underlayer film forming composition was applied onto a
silicon wafer using a spinner to form an organic underlayer film (film thickness: 0.20
15 um)onasilicon wafer. In the same manner, the resist was applied onto a silicon wafer

using a spinner.  The resist was heated on a hot plate at 100°C for 1 minute to form a



Exanpl e 14Possi bl eAdvant ageous Exanpl e 15Possi bl eAdvant ageous Exanpl e
18Possi bl eAdvant ageous Exanpl e 19Possi bl eAdvant ageous Conpar ati ve Exanpl e
2Possi bl eAdvant ageous [0166] [ Formati on of resist pattern by EUV exposure]
15The organi ¢ underlayer film (layer A)gform ng conposition obtained from
t he pol yner of Fornula (10-1) was applied onto a silicon wafer and the
conposi ti cxsisnibnbfkéd van a hot plate at 240C for 60 seconds to obtain an
organi ¢ underlayer film (layer A) having a filmthickness of 90 nmu. The
or gani ¢ underysayaes 2340 Yargysay@rngypragsuspidrit kyatidchainber @adnnghcit he thin
filmform ng conposition (resist underlayer film 20form ng conposition)
sol ut i ons "EAURREsseHn Repsassh ¢ omoRtiepaidd sine @éf?bqgé’?bfsqdoet‘i@?g Banpl es

18 to 19, ti EXx | 2 dth | uti. heat ed ,at. .240C f

L8 0 10 TR TR G S a0 MR B B a0 T
S T R S TR R O e
EUWV i Y i I I - dt
LY, SLALGYEL Uhgver Rl e RV 5 b bl LS TPl rposed Lo

MET) unde Etcﬁ%@%i?ﬁ;a‘ﬂ s, £, tﬁg‘f}rz’ taﬁg rile 5§ (e 3640 B dSHA: BRAl Bas Ak Gkqt he

exposure, t resi st ayer D) was subjected to PEB, was cool ed

down to roQm:tegREMBAMA Svitthad dSPQLLAY A 8f @e 1BAGINARRURARSLEY f1M) of
devel opment and a rinse treatnent to forma resist pattern. The resist

pattern wash 38 xemplddatied obyid evalpaadtive Exwhgldidrangn, not the pattern
formation of a |line and space of 26 tun was possi ble or not possible and by
the pattern shapehihsatcwato by Hytke pabiar-based gsswseel dubnedixs@iivdilmon. [ 0167]
5Table 5 Pattern formati onPattern shape Exanpl e 1Possi bl eAdvant ageous
Exanpl e 2ResistundeddheafitradepersB EXaopitdil@Rbysi B))eAdvant ageous Exanpl e
4Possi bl eAdvant ageous

The resistance against an oxygen-based gas (O3 gas) was shown as the etching rate

ratio (2) of (thin film (resist underlayer film (layer B)))/(organic underlayer film (layer

A)).
15 [0162]
Table 3
Rate ratio (1) Rate ratio (2)
Exampile 1 1.11 0.02
Example 2 1.30 0.02
Example 3 1.30 6.02
Example 4 143 0.02
Example 5 1.28 0.02
Example 6 1.1 0.02
Example 7 .12 0.02
Example 8 1.12 0.02
Example ¢ 1.11 0.02
Example 10 1.12 0.02
Example 11 1.12 0.02
Example 12 1.1 0.02
Example 13 1.1 0.02
Exampie 14 1.29 0.02
Example 15 1.30 0.02
Example 16 1.35 0.03
Example 17 1.15 0.03
Example 18 1.1 0.02
Example 19 1.11 0.02
Comparative Example 1 1.03 0.02

Comparative Example 2 1.02 0.02




Exanpl e 5Possi bl eAdvant ageous Exanpl e 6Possi bl eAdvant ageous 10Exanpl e
7Possi bl eAdvant ageous Exanpl e 8Possi bl eAdvant ageous Exanpl e
9Possi bl eAdvant ageous Exanpl e 10Possi bl eAdvant ageous Exanpl e
11Possi bl eAdvant ageous Exanpl e 12Possi bjgAdvant ageous Exanpl e
13Possi bl eAdvant ageous Exanpl e 14Possi bl eAdvant ageous Exanpl e
15Possi bl eAdvant ageous Exanpl e 18Possi bl eAdvant ageous 15Exanpl e
19Possi bl eAdvant ageous Conpar ative Exanpl e 2Possi bl eAdvant ageous

[0168] I n t heéBBY ekipodin Blm (aest yndgheyesfilmar wigddn thepressnbipgeniionihgs gener at ed
as light outside of 13.5 nm band, there occurs the problemthat the resist

i s exposed2hd cfghira rajyasie rafiophbitthay hatfthe resistnssdlayerfimggash ¢ sol ve such
a proble a filmifor absorbing OUT-of - BAND wavel engt h, as.an upper | ayer of
The esi RORBLBHLR AR Sheh PRERT PRI DK ATARE W (S
considered that the resist underlayer filmexistjng as_an underlayer of the
Fon: st exiter ) BB Pt thr e RS PP Re 0SSR  ange.  so ¢ hat
t he reer&&kﬁgm f QUT- of - BAND wavel ength on the resist interface can be
easily 25controlled. [0169] (Measurenent of optical constants) Each of

the thin fiIgﬁ%@lgiggnﬁgﬂpﬁ?g%g&ﬁ%gg%¢§Pﬁupﬁﬁéwackﬂnvention prepared in

Exanpl es 16 s app do I co er using a spinner. The

conposi ti on yashRe&ahadyQPréecRlvaPlaBbE, Bt 0RARE nBErdyeMtine (Bydi f BFfIEhe thin
film(resist underlayer 89 film of the present invention (filmthickness:

0. 05 ] .t ompbRivn dobgnddetdraeid pyhBdeE druldll 08) waRdpia e 4 sifibon
absorptivity (k value; also called the attenuation coefficient) of the

10 wafer and the composition was baked on a hot plate at 400°C for 60 seconds to obtain an
organic underlayer film (layer A) having a film thickness of 200 nm. Onto the organic
underlayer film (layer A), each of the thin film forming compositions [resist underlayer
film (layer B) forming compositions] obtained in Examples 1 to 15, Examples 18 to 19,
and Comparative Example 2 was applied and the composition was baked on a hot plate at

15  240°C for 45 seconds to obtain the thin film [resist underlayer film (layer B)] of the
present invention.  The thin film [resist underlayer film (layer B)] of the present
invention had a film thickness of 25 nm. Onto the thin film [resist underlayer film
(layer B)], the organic resist underlayer film (layer C) forming composition obtained
from the polymer of Formula (11-1) was applied, and the composition was baked on a hot

20 plate at 205°C for 60 seconds to obtain the organic resist underlayer film (layer C) having
a film thickness of 25 nm.  Onto the organic resist underlayer film (layer C), a
commercially available photoresist solution (trade name: PAR 855; manufactured by
Sumitomo Chemical Co., Ltd.} was applied by a spinner and the solution was baked on a
hot plate at 100°C for 60 seconds to form a photoresist film (layer D) having a film

25  thickness of 120 nm.

The patterning of the resist was performed using an ArF exposing machine (trade

name: S-307E; manufactured by Nikon Corporation (wavelength: 193 nm, NA, o: 0.85,

1ot fhat lhag lina
L L

Nnalines e ot aTe ot rats!
UL C 1141 1idoy 1ile

4 RS PPN sregr s bierrsiede rrratos
A0 LLALDUIG F AU ESIVHE VUL, wa

widths and line spacings of 0.065 pm, which are so-called lines and spaces (dense lines),



thin filmat each of wavel engths of 193, 200, and 248 nm were neasured
using a spectro-ellipsoneter (VUV-VASE VU 302; manufactured by J. A Wol |l am
Co., Inc.). 5[0170] Table 6 nl kIl n2 k2 n3 k3 Exanple 16 1.68 0.32 1.65
0.24 1.70 0.20 Exanple 17 1.73 0.50 1.74,0.44 1.87 0.41

and the exposure was performed through a mask set to form such a photoresist.  Then,

the resist pattern was baked on a hot plate at 105°C for 60 seconds, was cooled down, and

was developed with a tetramethylammonium hydroxide aqueous solution (developer)

having a concentration of 2.38% by mass in a 60-second single paddle process.

5 [0165]



10[ 0171] (Resi st m xing test) When the thin filmfornmed fromthe thin
filmformng conposition of the present invention is used as the EUV resi st
upper layer film (EUW out-of-band radiation absorbing film or a reverse
material, the thin filmform ng conposi¢4ion is applied as an upper |ayer of
the resist. Therefore, it is necessary that the thin filmformng

15conposi tion does not cause the m xilaglesi t h t he resist. A commercially
avai |l abl e photoresist solution (trade narre PAR 855 rranuf actured by

Sum tonmo Chem cal Co., Ltd.) was apﬁg, onto a sil on waf er by a spinner
and the solution was baked on a hot B‘iteé'té“ét?“"fooc for %tff’”ése]é%nds to forma
phot oresi st fil m hawvixagpl ifi | m t hi cknegsssibfe 0. 10 pm Ed&ehtagéoushe thin film
form ng conposition B@mpllut i ons prepaPedibien Exanpl esAdGntagechy and

Conpar ati ve Exanpl e Ekampis 3appl i ed ont oPbdamler esi st usi Agvaatag@iuaner. The

sol utilson was heat ed pamgleliot plate at pOQGIS or 1 m nuhevah@gdsma thin film
of O }, 1111 for nﬂﬂ(afﬁqb@m the thin fibpmsfher M ng conp@giahia@sbus| f the resist
was di ssol ved in thexapplised conpositi epsihe cause t healaxiaBgus such a thin
filmform ng conposigiQpewas eval uat edpggipfli sadvant agg@ussgand i f the

resi st was not 25 dlf@éQE;\é%d in the appbjgfcompositi opqaRts éo‘ﬂ? thin film

form ng conposition pag,applicable ontg.ifae resist, SHQ\QHQ éoQk nfilm
form ng conposition | uated as ad ggﬂt ageous. Aclg‘gi}1 y, the thin
ﬁta

fllmforn'edfromthxmd (?llmformng ?ER}OSI'[IOI’] of g0%§ent i nvention

At
can be used as an EUV r t upper Iay [ | m (EUV ou 90
12 a reversegrr%éeri al. [017 i‘%lfta %}397 Resi st

U)

radi ati on absor bi ng T Tﬁ}il? a

m xi ng Exanpl e 16Ad ﬁéhntpq us Exanpl e TRdVant ageous Va“éi ative Exanpl e
1Di sadvant ageous [0 ’?%;E i%vel oper rempViYy property ;agW%n the thin
filmfornmed fromth E i I mformng B6iPosition of ‘THE %?%%ent

10i nvention is used ée‘ﬂ%lag EWV resist OPBRIE |ayer fil MY °Yit - of - band
radi ati on absor bi ng 1“?“]’ j after t he eﬁ%@tﬁ’re the thﬁﬂvaﬂtaﬁ?ﬁ”?s necessary
to be renoved_byofRerae pler 2| N fi*scHecessary to be
di ssolved in the devel oper. Each of the thin fil m form ng conposition (EW
resi st upper layer filmformng conposition) solutions prepared in Exanples
16 to 17 and{@?ﬁbarg@i@@‘%ﬁ?‘@%ttﬁ@sbya%‘éyleéao%‘ﬁqo a 15silicon wafer by a
spi nner and hot plate .at 100C for 60 seconds to

| uti
fP e A hBe pniry ?fkr%@?m:ff Pﬂg}ggomppﬁﬁtlpﬂ. msésﬁ‘os:r £00 nm
Th to.th film t hyd d
2queous ST At Uf?fé S anp P o Bl 55T e bR G dils 1YL ot de

t he EUV §A f h
de\e/el ope?g%g °8 ﬁg@eﬂlao% %40 ¢ iCognéhl §%o”§;)£oe%lt$§% gtolg an}c ﬂdg%%r&i%%&gs} N
upper | aygf{Jildm Was tﬁl@lfﬂ%‘é?gﬁ o B8, dEMELRRRT underlayer film (layer A) was

spin-coated with each of the thin film forming composition (resist underlayer film

20  forming composition) solutions of the present invention prepared in Examples 1 to 15,
Examples 18 to 19, and Comparative Example 2 and the solution was heated at 240°C for
1 minute to form a thin film [resist underlayer film (layer B)] (25 nm). The resultant
hardmask was spin-coated with a resist solution (methacrylate resin-based resist) for
EUV and the resist solution was heated to form an EUV resist layer (layer D). The EUV

25  resist layer (layer D) was exposed to light using an EUV exposing apparatus (Micro
Exposure Tool, abbreviated as MET) under conditions of NA = 0.30, o = 0.36/0.68

Quadropole.  After the exposure, the EUV resist layer (layer D} was subjected to PEB,

development and a rinse treatment to form a resist pattern.  The resist pattern was



removi ng property of such a thin filmformng conmposition (EUV resist upper
| ayer filmform ng conposition) was eval uated as advant ageous. If the EUV
resi st upper layer filmwas not renoved or an undi ssol ved matter remai ned,
t he devel oper renoving property of suchg@ thin filmformng conposition
(EWV resist upper layer filmform ng 25conposition) was eval uated as

di sadvant agmeatsd by evdafutiting SdheTz ben® tbepatcopérmatapef nhnpamhatsoiBempl e
16Advant ageous Exanpl e 17Advant ageous 5Conparati ve Exanpl e 1D sadvant ageous
[0175] Ac®wp dpssgily or raieoshbla apd brilearattem shapnelsseved hiyihs paliers eopi ng
conposition of the present invention can be used as the EUV resist upper

| ayer fil FSURUODEEYAEN. band radi ation absorbing filn). 10[0176] (Eval uati on
of patterni ng g%? resi st for solvent devel opnent process) The above
organi c unde PI8Ar filmformi ng conposition [conposition containing a

pol ymer containing a unit structure of Ee% mula (10-1)] was applied onto a
silicon wafer and the conposition vvas/‘}!i) ated on a hot plate at 215C for 1
mnute to forman-organic-underlayer film{layer A having a filmthickness
of 200 nm 150nto the organi c under| ag@ém forhdiog | ayer A)ran@mghpeof the thin
filmfouning conposi %i on I(resi st underl aye filmform con‘Fosi tions)
prepared in Exanpl es ’iaml?’%215, Exanpl es ﬁg Skb% 19, and %Eé@g Ve Exanples 1
and 2 was applied and ¥Re conposition wa$ hegated on a hgi''pFate at 240C for
1 mnute to forma t iaﬂlpEi | m[resi st uﬁ% S)bpeyer film “A%)’%{agj%ij havi ng a
filmthickness of 20pnm . .Gnto the thin l;j(_j’sma[ resist ungggjn@ 8l film20
(layer B)], a commer gj, le% avai | abl e phetQpesi st sol utiQRfEdade name:

FAI RSI®521NT05; manufaghired by FUIIFI LMGRlpor ation) vas.apRld ed by a
spinner and the sol ugigpiewas heated on @ el plate at 1Q0GwEQLs 1 mnute to
form a photoresist fglappkloayer C) havi ngogibfel | m t hi cknegsan@feo®d M.
Subsequent |y, using BamNSR S307E scannemrosmrnuf act ur ed Aayanbdean Cor por ati on
25(wavel engt h: 193 rammpdj1 a: 0. 85, 0. 9%QibB5), the expasutagowas perforned
through a nmask set tExahgeém a phot or esi stPogsthlet has, af t ewvdnheeogkevel opnent,
line widths and |i nexgpgeings of 0. 065 wngsibtehat is, dergenlagmees of 0. 065
pin lines and spacesExghplS)&1l. Then, the Pphibtcor esi st wagdipakeduson a hot
plate at 100C for 6CFgeeeohds, was cool edoddlin, and was AdedpBbgped usi ng

but yl scet ate (sol vépemglel®el oper) for 60osélonds to forWyatagcgys

negat {ve-type patterffBpieihe thin film [Pe&lest under | aydrpPerm (1 ayer B)].
Anong the obt.ai n€ampirsrofespie? pat t er ns Fowibshot or esi st A9 Reer t hat di d not
have a | arge pattern peeling or an undercut was eval uated as advant ageous.
[0177]

aifn

[0168] Inthe EUV exposure, when light of around 160 to 240 nm is generated as
light outside of 13.5 nm band, there occurs the problem that the resist is exposed to light
20 and a pattern blur is caused. In order to solve such a problem, a film for absorbing
OUT-0of-BAND wavelength as an upper layer of the resist has been studied. Then, in
the present invention, it is considered that the resist underlayer film existing as an
underlayer of the resist exhibits the absorption of light in a wide wavelength range, so
that the reflection of OUT-0f-BAND wavelength on the resist interface can be easily
25  controlled.
[0169] (Measurement of optical constants)
Each of the thin film forming compositions of the present invention prepared in

) PET NSO lac 14 anAd
18

. 17 137 1o
LA 1 [ 03N Sy il

ag ol Aty o eilicon wafer ieing 2 sninner
Wdbd dppilcd UG g SHICULL Walll UsIE a Sspillicl.

was heated on a hot plate at 240°C for 1 minute to form the thin film (resist underlayer



5Table 9 Pattern formati onPattern shape Exanpl e 1Possi bl eAdvant ageous
Exanpl e 2Possi bl eAdvant ageous Exanpl e 3Possi bl eAdvant ageous Exanpl e
4Possi bl eAdvant ageous Exanpl e 5Possi bl eAdvant ageous 10Exanpl e
6Possi bl eAdvant ageous Exanpl e 7Possi bl vant ageous Exanpl e
8Possi bl eAdvant ageous Exanpl e 9Possi bl eAdvant ageous Exanpl e

10Possi bl fhuvdanhagesus isxangl @1lhliPegsdd] @Adlvant afkoyshdicaapive index (n
12Possi bl eAdvant ageous Exanpl e 13Possi bl eAdvant ageous Exanpl e

14Possi bl edds)ant sreenisallBEsmtipite (kK Boe sildsl ca e, ths égastion Exeffipicat) of the
18Possi bl eAdvant ageous Exanpl e 19Pgssi bl eAdvant ageous Conpar.ative Exanple
| Peel edDi $iuinebeneb o werspatht ¢V SEXdhpnd 22PawstHiF 8X5avHA¢ HyBoas

[0178] Accordingly, the in, fil red fromt in filmformng

Composi t | TRCBUETIPECISF MU EREIY naaawfwrﬁgﬂﬂs%ﬁh%&%mIag,ﬂr film of
a resist for @lo) ent devel opnent. | NDUSTRI AL APPLI CABI LI TY 25[0179] The
thin f Inlfol 'Qg conposition of the present invention can be utilized

Table 6
nl ki1 n2 k2 n3 k3
Example 16 1.68 0.32 1.65 0.24 1.70 0.20
Example 17 1.73 0.50 1.76 0.44 1.87 0.41

10 [0171]  (Resist mixing test)

When the thin film formed from the thin film forming composition of the present
invention is used as the EUV resist upper layer film (EUV out-of-band radiation
absorbing film) or a reverse material, the thin film forming composition is applied as an
upper layer of the resist.  Therefore, it is necessary that the thin film forming

15 composition does not cause the mixing with the resist.

A commercially available photoresist solution (trade name: PAR 855; manufactured
by Sumitomo Chemical Co., Ltd.) was applied onto a silicon wafer by a spinner and the
solution was baked on a hot plate at 100°C for 60 seconds to form a photoresist film
having a film thickness of 0.10 um. Each of the thin film forming composition

20 solutions prepared in Examples 16 to 17 and Comparative Example 1 was applied onto
the resist using a spinner.  The solution was heated on a hot plate at 100°C for 1 minute
to form a thin film of 0.10 pm formed from the thin film forming composition. If the
resist was dissolved in the applied composition to cause the mixing, such a thin film
forming composition was evaluated as disadvantageous, and if the resist was not

25 dissolved in the applied composition and the thin film forming composition was
applicable onto the resist, such a thin film forming composition was evaluated as
advantageous.

Accordingly, the thin film for

present invention can be used as an EUV resist upper layer film (EUV our-of-band



as a resist underlayer filmformng conposition for a photoresist or the

li ke, a resist underlayer filmformng conposition for an EUV resist or the
| i ke, an EUV resist upper layer filmform ng conposition, a reverse
material form ng conmposition, an underlgyer filmform ng conposition for a
resist for solvent devel opnent, and the like. 93 CLAI M 1. Athin
film for nadiptivompesbing dimd hat rivsrsasederiabget her with a resist in a

| i t hography process, conprising a mxture of a titanium conpound (A)

sel ected from®2group consisting of a conpound of Fornmula (1): o 1-Z a
l)(4-a -Formula (1) |[in Fornula (1), R is an alkyl group, an aryl group, a
hal ogenat ed al kyl group, a halogenatéﬁm5?§l group, an al kenyl group, or an
organi ¢ group having an _epoxy group, an acryloyl group, _a nethacryl oyl
group, a nercapto group, an am no gResighmizinga cyano 10group and i s bonded
to a.tgtaniun1aton1throughEiéHﬁéJ@ond; Rl i ssdan@apdoaxy group, an acyl oxy
group,” or a hal ogen atom qggnﬂﬁés7an I nt egeraRbn@gddns2] ., a titanium
chel at e conpound, and i tani i d a silicon conpound
(B) of Formula (2): Lo i, #1141 Aty e Formula (2), R2
IS a nitrogen atomcontaining ring group or an organi c group containing a
nitrogen atomcontaining ring group, a condensed aromatic ring group or an
organi c grou t ajyhd ﬁﬁﬂﬂ%ﬁ? ic ring group, a protected
phenol i c hyd?%gﬁwgrlﬁggg) gn organ@gpgﬁggggcontaining a protected phenolic
hydr oxy gr oUpwh&f tha tiah $ifth ¥brn@ddodn @ic Bih B &MnendIf D sRALAI Y Fggseﬁt bi saryl
group and is bonded to a silicon atom 20t hrough a Si-C bond; is an al kyl
gr oupi0 animaeptiondik @kl asahdhBUGDRsIL @ishealaky filgr AUPY oat-bRboagandibesh aryl group,
an al kenyl group, or an organic group having an epoxy group, an acryl oyl
group, a awbhacg filmoy kitgribepxpaauretheapindilgrioupcesany enbarengrvedipy ther a cyano
group and is bonded to a silicon atomthrough a Si-C bond or a Si-N bond;
R4 is an ddvetoper. gridepsfomnthadlyindiyn igneegssarpto lze disdobpdnn dteatevelanet. aEatls an
integer of 1, and b is an 25integer of O or 1, where (a' +b) is an_integer
of 1 or 2p{tha thydiwlowiise ppododtionfElW et wppgrdayer gimdprnaing composition)

hydr ol ysi s-condensati on_product of the m xture, wherein the nunber of noles
of a Ti solutions prepared in Examples 16 to 17 and Comparative Example 1 was applied onto a

15 silicon wafer by a spinner and the solution was baked on a hot plate at 100°C for 60
seconds to form an EUV resist upper layer film having a film thickness of 100 nm.
Then, onto the EUV resist upper layer film, a tetramethylammonium hydroxide aqueous
solution having a concentration of 2.38% by mass was applied and the EUV resist upper
layer film was maintained for 1 minute. Then, the developer was shaken off by a

20 high-speed rotation. If the EUV resist upper layer film was removed, the developer
removing property of such a thin film forming composition (EUV resist upper layer film
forming composition) was evaluated as advantageous. If the EUV resist upper layer
film was not removed or an undissolved matter remained, the developer removing
property of such a thin film forming composition (EUV resist upper layer film forming

25  composition) was evaluated as disadvantageous.

[0174]



atomis 50%to 90%relative to the nunber of total noles in terns of a Ti
atomand a Si atomin the conposition. 52. The thin filmform ng
conposition according to claim1, conprising a mxture of the titani um
conpound (A) selected fromthe group coggsisting of the conpound of Fornula
(1), a titanium chel ate conmpound, and a hydrol yzable titaniumdiner, the
silicon conpound (B) of Fornmula (2), and a silicon conpound (C) of Formula
(3): 5.6 R aSI(R)4--a" Forrmula (3) 10[in Formula (3), R5 is an alkyl
group, an aryl group, a hal ogenated éﬁ@%1 group, a hal ogenated aryl group,
an al kenyl group, or an organic group having an epoxy group, an acryl oyl
group, a nethacryloyl group, a nercapto Bewmlgperagmenmaporogedup, a sul fonyl
group, a sulfide bondExampeiter bond, an estendbanggeoas sul f onam do group,
or a cyano group and E§ag,ﬂppﬂ to a silicon ahamtideugh a Si-C bond; R6 is
an aIKgxy group, 2f ) or a halpgan..a .ghsand a" is an
integer of O te StS ct—0 e 11X
hydr ol ysi s- condensat i on product of the m xture. 3. The thin film
form ng conposition according to claiml or 2, wherein the nitrogen

at om cont ai nijfgy 51 NG G5AHR1 RS PRORFME] BbRUBe ARR tigh rfbﬂilgng c&hbé
20aton}contaln|ng ring group is an organic group of Formula (4) 95

al kenyl g5 OHB prABntaRMAYioH AYBe uRdths TeSElTT/aBMbt @heuRyerRBmi (EUEV &J{_aﬂbaaa kyl ene
group, a hydroxyalkylene group, a sulfide bond, an ether bond, an ester
bond, or mdeehiabairbiap fidh)any of a Cio alkylene group, a hydroxyalkylene
group, a sulfide bond, an ether bond, and an ester bond; and X1 is a group
of Fortmul a ( $§176For (iistatuatioh of patteEmnpof ses{s7Jar solventREdelopment process)

The above organic underlayer film forming composition [composition containing a
polymer containing a unit structure of Formula (10-1)] was applied onto a silicon wafer
and the composition was heated on a hot plate at 215°C for 1 minute to form an organic
underlayer film (layer A) having a film thickness of 200 nm.

15 Onto the organic underlayer film (layer A), each of the thin film forming
compositions (resist underlayer film forming compositions) prepared in Examples 1 to 15,
Examples 18 to 19, and Comparative Examples 1 and 2 was applied and the composition
was heated on a hot plate at 240°C for 1 minute to form a thin film [resist underlayer film
(layer B)] having a film thickness of 20 nm. Onto the thin film [resist underlayer film

20 (layer B)], a commercially available photoresist solution (trade name: FAIRS-9521NT05;
manufactured by FUHFILM Corporation) was applied by a spinner and the solution was
heated on a hot plate at 100°C for 1 minute to form a photoresist film (layer C) having a
film thickness of 85 nm.

Subsequently, using an NSR-S307E scanner (manufactured by Nikon Corporation

25 (wavelength: 193 nm, NA, o: 0.85, 0.93/0.85), the exposure was performed through a
mask set to form a photoresist that has, after the development, line widths and line

spacings of 0.065 um, that is, dense lines of 0.065 um lines and spaces (L/S)y=1. Then,

+h
I

[}
D

+14 hhnt i
the m a hot pl own, and

was developed using butyl acetate (solvent developer) for 60 seconds to form a



R120 R10 R13 SFornmula (5)Formula (6)Formula (7)

92
negative-type pattern on the thin film [resist underlayer film (layer B)].

Among the obtained photoresist patterns, a photoresist pattern that did not have a

large pattern peeling or an undercut was evaluated as advantageous.

[0177]
5 Table 9

Pattern formation Pattern shape
Example 1 Possible Advantageous
Example 2 Possible Advantageous
Example 3 Possible Advantageous
Example 4 Possible Advantageous
Example 5 Possible Advantageous
10 Example 6 Possible Advantageous
Example 7 Possible Advantageous
Example 8§ Possible Advantageous
Example 9 Possible Advantageous
Example 10 Possible Advantageous
Example 11 Possible Advantageous
Example 12 Possible Advantageous
Example 13 Possible Advantageous
Example 14 Possible Advantageous
15 Example 15 Possible Advantageous
Example 18 Possible Advantageous
Example 19 Possible Advantageous

Comparative Example | Peeled Disadvantageous
Comparative Example 2 Possible Advantageous

[0178]  Accordingly, the thin film formed from the thin film forming composition
20  of the present invention can be used as an underlayer film of a resist for solvent

development.

INDUSTRIAL APPLICABILITY

25 [0179]  The thin film forming composition of the present invention can be utilized
as a resist underlayer film forming composition for a photoresist or the like, a resist

underlayer film forming composition for an EUV resist or the like, an EUV resist upper

film forming composition for a resist for solvent development, and the like.

30



in Formula (5), Forrmula (6), and Fornula (7), RO to R13 are independently a
hydr ogen atom a Cl1, 10 al kyl group, an al kenyl group, an epoxy group, a

sul fonyl group, or an organic group containing any of a hydrogen atom a C
hio al kyl group, an al kenyl group, an eppxy group, and a sulfonyl group)]
and is an organic group bonded to a silicon atom 10t hrough a Si-C bond.

4. The thin filmforning conpositionCh&diSdi ng to claim1 or 2, wherein the
nitrogen atomcontaining ring group or the organic group containing a
nitrogen atomcontaining ring group is an i mdazole group or an organic
group containing an 15i m dazol e group. X 5. The thin fi|lmformng
conposi ti on ackdkBim§ln doranng gempesition thajs ugsdiogrBersyia RSB 1 omati ¢ ri ng
group or fhe organic group containin condensed aro iC.ri roup is a
napht hyl b8P prgﬁesgnff%msng%wm%o%amamuméomﬂ%n Msekeih e f ng

conposj tion according.to claimil.or 2 erein the protected phenolic
hydrof@ g?@ﬂﬁ°8?“¥ﬁ%96?§8ﬁwgu%%%ﬁ%”ggﬁ¥égning a protected phenolic hydroxy
group is an al koxyal kyl -substituted aryl group or an 96

al koxyal koxyal -substitutjf aryl group. 7. The thin filmform ng

conposition dirrgg or 2, whereg gsaryl group or the
organi c gr oRor@migFg bir{rléjgh«ar up i's ggﬁtﬁgﬁbﬁg%zl group. 5 8.
The thin filmform ng conposition according to any one of clains 1 to 7,
further conprising P-di ketone and/ or P-ketoester. 9. The thin
filmfor n['iﬂgoﬁ@mgﬁ)i, RP @ e R odb g ah erﬁi@bbdlp[l@hﬁlf)g@ia’éﬂd@k}il gkqupBa 10f urther
conprising an acid. 10. The thin filmform ng conposition according
to any ongalefenalediaf® gtodp) af alkenyltdieup, conPoIigahid@raursialving dbehbbxy Ehaptdri n film
form ng conposition according to any one of clainms 1 to 10, further

conpri si ngerwayegroup, a methacryloyRgroAp} inarchpiorproly, an amehdogroappir picygnd he t hin
filmformng conposition as clained in any one of clains 1 to 11 onto a
seni cihdugtoop asdibsdiondedtoamidtabipnbatkintlronple a A€obpgs R isgm. alkoxy group, an13. A
met hod for producing a sem conductor device, co rising:‘appl¥ing the thin
film for niqydoroarpersiot pdalogen alog: gad aipraiiegene bk i afiggium ¢hslada onto a
sem conduct or substrate and baking the conposition to forma thin film
25appl yi ngPTAPRBHE & hskioly arblg it dimsataddt he thin filmto forma resist

film exposing, the resi st fibmig, ki ant,

2 53 capd .
R ﬁ.jR bSl(R ) 4‘“‘“(8,) +h> Fornula (2)

15  [in Formula (2), R? is a nitrogen atom-containing ring group or an organic group
containing a nitrogen atom-containing ring group, a condensed aromatic ring group or an
organic group containing a condensed aromatic ring group, a protected phenolic hydroxy
group or an organic group containing a protected phenolic hydroxy group, or a bisaryl
group or an organic group containing a bisaryl group and is bonded to a silicon atom

20 through a Si-C bond; R? is an alkyl group, an aryl group, a halogenated alkyl group, a
halogenated aryl group, an alkenyl group, or an organic group having an epoxy group, an
acryloyl group, a methacryloyl group, a mercapto group, an amino group, or a cyano

group and is bonded to a silicon atom through a Si-C bond or a Si-N bond; R*is an

25  integer of 0 or 1, where (a’+b) is an integer of 1 or 2], a hydrolysis product of the mixture,



devel oping the resist filmafter the exposure to obtain a resist pattern;
etching the thin filmaccording to the resist pattern; and processing the
sem conductor substrate according to the patterned resist filmand 97 the
patterned thin film 14. A nethod for pgpducing a sem conductor device,
conprising: formng an organic underlayer filmon a sem conduct or

subst r at eor dapipblykingotdmsathinprodianof Gemingire onposi theomnazr of micksdlaA1 any
one of claims 1 to 11 onto the organic underlayer film and baking the
conposi t i gnmtie SPYrtm94% telativeitd the rappiey bhigta nedespo sermison af loptoa awkd 8t ont o
the thin filmto forma resist film exposing the resist filmto |light;
devel opi ngorhe theenapostionm aft er the exposure to obtain a resist pattern;
10etching the thin filmaccording to the resist pattern; etching the
organi ¢ underlayer film according to the patterned thin film and
processing the m conduct or. substrate according to the patterned organic
Cnder tayor {117 T8 A hehingoR oadneryge & shih domatietbl G501 de

conprising..formng an or ¢ _under.l ayer fil|lm s e r
subst r at egf%ﬁg‘Faﬂﬂ‘g C?]ﬂgolflﬁﬁn&) Flle?rlﬁeggronmyﬁla ga%ur?pcgg:éstgt%l&% g‘F}gﬁ (%}él % any one
of cl ai sy 1t Q. ' d ' . ' .
conposi tig(#niuga &é‘r %H%R%U%T?ﬁle?%ﬂ?%&hg%%@yﬁldgggﬁ{rgi 5%’ g[&glel}sﬁ?éftn&g’nthgr%lhg@%r film
form ng C%@ﬁ?f i t hign, & ganke resi st

under | ayer r?lH (Bﬁlopmrgg%%]%)’n@dgh %%@o%ﬁpﬁgél@;@ﬁgoggsi srt??ont o the organic
resi st underl ager filmtonforma resist film exposing the resist filmto

l i ght; develﬁ' ngggagﬁﬁf} filypafter trie‘?i%ggs e to obtain a resist
pattern; 25ét¥hfng g ayer

cdlesi st under il maccording to the
resist pattern; etching the thin filmaccording to the patterned organic
resi st0 undeFbayes (3), Ris @t adhilngoden aryganiug, ahadegdnaydraliyil lennacaor di ng t o
the patterned thin film and processing the sem conductor substrate
accor di nghdloganhedpatlteesupe dn ekkgayli groumdend asgenicferdup havi® dahG:pory gewhoah f or
produci ng a senm conductor device, conprising: )

acryloyl group, a methacryloyl group, a mercapto group, an amino group, a sulfonyl

group, a sulfide bond, an ether bond, an ester bond, a sulfonamido group, or a cyano

group and is bonded to a silicon atom through a Si-C bond; RS is an alkoxy group, an

15 acyloxy group, or a halogen atom; and a” is an integer of 0 to 3), a hydrolysis product of

the mixture, or a hydrolysis-condensation product of the mixture.

3. The thin film forming composition according to claim 1 or 2, wherein the
nitrogen atom-containing ring group or the organic group containing a nitrogen

20 atom-containing ring group is an organic group of Formula (4):

R7_“ N N ‘ RB Formula (4)

@,

. R TR DU Alloo] i mis a1l
{in Formula (4), R’ is a hydrogen atom, a Cy_y¢ alkyl group, an a

w

group, a sulfonyl group, or an organic group containing any of a Cy.j alkyl group, an



formng a resist pattern on a substrate; applying the thin film
formng conposition as clainmed in any one of clains 1 to 511 onto the
substrate on which the resist pattern is formed and baking the conposition
to forma thin film etching the thin fg4d mto expose the resist surface;
and etching the resist pattern to reverse the pattern. 1017. The net hod
accor di ngalkenydgyoupnen effoxyl gaopurs afd atsol (Aey] gwhver B i & Geordgiae grepan EUV
resist. 18. A method for producing a sem conductor device, conprising:

appl yi ng bydexypdsileicamionpr saiidelbygnd ) efherdwnd. a esermbeeh @u e combyuben @gte and
15baki ng the conposition to forman EUV resist film applying the
thin fil no?id hyoabmpasigownadsdorEplkpans grogpye ghadobond ar ?Fggflgoc“égll ont o

the EUW/ resjst filmto fQqrma thin film. e ing the thin filmto EUV,
devel opi n@nc{ %@Sﬁ%@?@ﬁ@%dﬁﬁ&'@ Prfa‘f ﬂ@%ﬁ&@ﬁﬁ%ﬂ@‘ﬁt@ At Boruds & pat t er n;

and 20processing the sem conductor substrate according to the resist

pattern. RQ Rl 1
E i
U ) B
Ri 0 R 1203 0O
R13
Formula (5) Formula (6) Formula (7)

{in Formula (5), Formula (6), and Formula (7), R% to R"™ are independently a hydrogen
atom, a Cy.1p alkyl group, an alkenyl group, an epoxy group, a sulfonyl group, or an
organic group containing any of a hydrogen atom, a C;.;¢ alkyl group, an alkenyl group,
an epoxy group, and a sulfonyl group}] and is an organic group bonded to a silicon atom

10 through a Si-C bond.

4. The thin film forming composition according to claim 1 or 2, wherein the
nitrogen atom-containing ring group or the organic group containing a nitrogen
atom-containing ring group is an imidazole group or an organic group containing an

15  imidazole group.

5. The thin film forming composition according to claim 1 or 2, wherein the
condensed aromatic ring group or the organic group containing a condensed aromatic
ring group is a naphthyl group or an anthryl group.

20

hydroxy group is an alkoxyalkyl-substituted aryl group or an



10

15

20

25

96
alkoxyalkoxyalkyl-substituted aryl group.

7. The thin film forming composition according to claim 1 or 2, wherein the

bisaryl group or the organic group containing a bisaryl group is a bisphenyl! group.

8. The thin film forming composition according to any one of claims 1 to 7,

further comprising -diketone and/or p-ketoester.

9. The thin film forming composition according to any one of claims 1 to 8,

further comprising an acid.

10. The thin film forming composition according to any one of claims 1 to 9,

further comprising a salt.

11. The thin film forming composition according to any one of claims I to 10,

further comprising water.

12. A thin film obtained by applying the thin film forming composition as claimed
in any one of claims 1 to 11 onto a semiconductor substrate and by baking the

composition.

13. A method for producing a semiconductor device, comprising:
applying the thin film forming composition as claimed in any one of claims 1 to
11 onto a semiconductor substrate and baking the composition to form a thin film;
applying a composition for a resist onto the thin film to form a resist film;
exposing the resist film to light;
developing the resist film after the exposure to obtain a resist pattern;
th .

3en 1 e d Ty Fo LT
Erlag L1iigl lbbuldl 1 LU LHE 1SS

processing the semiconductor substrate according to the patterned resist film and
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the patterned thin film.

14. A method for producing a semiconductor device, comprising:
forming an organic underlayer film on a semiconductor substrate;
5 applying the thin film forming composition as claimed in any one of claims 1 to

11 onto the organic underlayer film and baking the composition to form a thin film;
applying a composition for a resist onto the thin film to form a resist film;
exposing the resist film to light;
developing the resist film after the exposure to obtain a resist pattern;

10 etching the thin film according to the resist pattern;

etching the organic underlayer film according to the patterned thin film; and
processing the semiconductor substrate according to the patterned organic

underlayer film.

15 15. A method for producing a semiconductor device, comprising:
forming an organic underlayer film on a semiconductor substrate;
applying the thin film forming composition as claimed in any one of claims 1 to
11 onto the organic underlayer film and baking the composition to form a thin film;
applying an organic resist underlayer film forming composition onto the thin film
20 to form an organic resist underlayer film;
applying a composition for a resist onto the organic resist underlayer film to form
a resist film;
exposing the resist film to light;
developing the resist film after the exposure to obtain a resist pattern;
25 etching the organic resist underlayer film according to the resist pattern;
etching the thin film according to the patterned organic resist underlayer film;
etching the organic underlayer film according to the patterned thin film; and
he comiomnd

processing tne semiconauctor suostrate accoraing to tne patieine

A i e T
18]

underlayer film.
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16. A method for producing a semiconductor device, comprising:
forming a resist pattern on a substrate;
applying the thin film forming composition as claimed in any one of claims 1 to
5 11 onto the substrate on which the resist pattern is formed and baking the composition to
form a thin film;
etching the thin film to expose the resist surface; and

etching the resist pattern to reverse the pattern.

10 17. The method according to any one of claims 13 to 16, wherein the resist is an

EUYV resist.

18. A method for producing a semiconductor device, comprising:
applying a composition for an EUV resist onto a semiconductor substrate and
15  baking the composition to form an EUV resist film;
applying the thin film forming composition as claimed in any one of claims 1 to
11 onto the EUV resist film to form a thin film;
exposing the thin film to EUV;
developing the EUV resist after the exposure to obtain a resist pattern; and

20 processing the semiconductor substrate according to the resist pattern.



