1 DESCRI PTION TI TLE OF THE | NVENTI ON:  COVPCOSI TI ON FOR FORM NG RESI ST
UNDERLAYER FI LM CONTAI NI NG SI LI CON THAT, BEARS 5

DI KETONE- STRUCTURE- CONTAI NI NG ORGANI C GREUP " TECHNI CAL HELD [ 000]] The
present invention relates to a conposition for formng an underlayer 10film
bet ween a substrate and a resist (florSE@x&ipbe, a photoresist or an el ectron
beam resist) used in the production of sem conductor devices. Mre
particularly, the present invention relates to a conposition for formng a

|'i t hogr aphi cyhegi st uwndenla I, QLD derl.ayer filmthat is
used for an Iull;luf;lgr(_ 'a1y‘§m6?"'§¥g?%t%¢@§)§[i‘?ﬁ' ;IaBI_T ?9%@8&&&%&;’% ocess of

sem conduct anNDeK|. A8 ERTILMCEDNITAINNR: BN SSORITIIAVARARGN al so relates to a
15nethod for formng a resist pattern using the conposition for form ng an

under | ayér fRIKHTCBACKGROUNDRARTION 000 NG meGANIOOgRGphi ¢ processing using a
phot oresi st has been perforned in 20t he production of sem conduct or
devices. In the fine processing, a thin filmof a photoresist is forned on
a sem CondUCthl‘ﬁlgbﬁtIgighﬁ such as a silicon wafer, this filmis irradiated
with an actiU"é’Ill h ation such as UV radiation through a mask pattern
provided with the pattern of a sem conductor device, the filmis devel oped,
and the substrate is etched using the obtained photoresist pattern as a
protective filmoobher ebiy pokarimengord lchees B8 PLIMSIRDE AMSnBRRIAHIEANS
corresponding to the pattern on the substrate surface. However, a’trend has
r ecent | ylObednmdeirekopedstde tiltkr desist( fasmnipte, hiphodegikee aoblctdregaat i on of

sem conductor devices and a transition to a shorter wavel ength of the
active |i ghtesiskhsed indbe Rredugtiomaimemicondustar ke Hcasx cMeerpartipsbarls, thomgsent) t o
A’ excimer |aser '(5%9'3 nnr? ..i.As,a result, an effect on .Qef.l ection of
active |ight"FRETHERER T GIPOSULR R Lymingct Shosttnbis rsitt dgdgigzerddwdobecom ng a
serious pro . ) 31 Fur ) i, i.n al...el.ement such as
silicon or '? J|“t%g’1rligi ‘hﬂ?]g%]gg]%n@v&ﬁhgé; wggrrgm rcrlgg' Kyﬂﬁgcgg%gﬁﬁglﬁggé“ ‘ggﬁlﬁ)ﬁa@}yl ayer
filnms betwegrcthielsemtGRANEBCIOTe pHasEIAL ETRNSedRENRRALRLIESIchlics(Sge, for
exanpl e, Patent Docunent 1). In this case, since 5the resist and the hard
mask di flfer nitlpdifer foamitg y rasist gattasitusing éirt coopoponetot forhingnm eaddragirian, t he
renoval rate thereof by dry etching strongly depends on the type of gas
used for dry etching. Further, by selecting the adequate gas, it is
possible to d mask by dry etching, w thout a significant
reduction i #ﬁ%@lg%gﬂgbr&g{ st filmthickness. Thus, in recent years, resist
under | ayer filns have been di sposed between sem conductor 10substrates and
photoresists in the production of sem conductor devices to attain a variety
of effects suchoa®ian @m lithé@igheCirb@ssif fsafpla phoRPRAShdsibeASpd@Fmddig I esi st
underl ayer filnms have al so been investigated, but due to a great variety of
t he requfr etheateduadererfissiicemluctor devices.  In the fine processing, a thin film of a

photoresist is formed on a semiconductor substrate such as a silicon wafer, this film is
irradiated with an active light radiation such as UV radiation through a mask pattern
provided with the patiern of a semiconductor device, the film is developed, and the
substrate is etched using the obtained photoresist pattern as a protective film, thereby
25 forming fine profrusions and depressions corresponding to the pattern on the substrate
surface.  However, a trend has recently been developed to the increase in the degree of
integration of semiconductor devices and a transition (o a shorter wavelength of the
active light radiation wsed, namely, from Krl* excimer lasers (248 nm) to ArF excimer

lasers (193 nm).  As a result, an effect on reflection of active light radiation from



t hereof, the devel opnent of new materials for the resist underlayer filns
is desired. For exanple, the application, to the |ithography process, of a
pol ysi | oxane material 15obtained froma Silane having a diester structure

i ncluding an acid unstabl e group has been descri bed (see Patent Docunent
2). Prior ArieniBoodmentssbsRateints bDocwnaning a (@004 pBateent Docunent 1. Japanese
Pat ent Application Publication No. 2011-258813 (J1' 11-258813 A) Pat ent
Docunent 2: Japatf¥3k pHvEKT: f“mpjfalnpbldm@ﬁﬂepubilemé@tsmiw%thcouz@lonarz@ew@ (JP

2007- 226170 A) SUMVA | NVE 5 Problenms to be Solvyed by the
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obj ect i s5 t Ohpreawi G tig: IR diff@Righ@icants i @J@iiﬂguaoah‘véﬁéﬂ@m@ﬁm(lﬁh resi St
underl ayer filmto forma resist underlayer filmusable as a hard nask.

Anot her obj ewherjtge temomioa&b thercal bodrpeshing emorfabyr ddpardyion ghedypd dflpogusaphi c

resi st underla er filmto forma resist underlayer fil musable as an

anti - r ef | ectiPv&Yeiohipe. Yb‘ﬂ“héhéit’ Frdgetigp fhe gelequate gay, ﬁr*%)mséiéleéoﬂfi‘ﬂoﬁ%l;heé’ﬁ‘ﬁﬁ c

resi st underla¥%rdfll .t hat and has a
'R

EFED al e R R a3 e G RS Bt o S TR R ST e

dry etching ra

conposi tion mg ih a,rcm@gmg @@4;9’%;1&&[15‘)% i Savi béandﬁqeogcgﬁ)@aw%&&%rﬁ&nurt(?&f' ayer
film Still anothér object of the present invention is to provide a

conposi tioon si:b)&m afeo tund jp@tcResisBSih site pummerndnayfeém kbhdilopddvivemotattaRs Wikicty

underl ayer filmthat can inprove the pattern shape of the patterned resist

film 10Yet dnbedienclob]wontiofilacten gices eRomppvéotsiforthé ssisiomgerbyed@ma et hod

for prOdUCqu a sem conduct or device using the conmposition for formng the
r

resi st unde ‘él"y@?o feep H’i"‘“%é‘ﬁ@ bl“b?“e%la‘é’si’“ﬁ‘g"“f‘ﬁ‘é "ﬁ?lﬁb?‘é‘ﬁﬁd PowET AP r st aspect
of the pr esqﬁewdf an? H'wc, é)nm '119(?131121{%1 lalo%)(ﬁ% rcsls dmdu ayezﬁfimls 1S cl?,%u%

| it hographic resis
hydr ol yzabl e or ganQshbiange a@hm@n b me}amugﬁy BiEess; R aqso@m%xfahfyﬁm& fal

condensat e thereof, erein the silane includes a hydrol'yzable organosil ane
of For mulsa (obbaxrbélﬁc)w:a silane having a diester structure including an acid unstable group has
been described (see Patent Document 2).
Prior Art Documents
Patent Documents
{0004] Patent Document 1: Japanese Patent Application Publication No.
20 11-258813 (JP 11-258813 A)
Patent Document 2: Japanese Patent Application Publication No. 2007-226170 (JP

2007-226170 A)

SUMMARY OF THE INVENTION
25
Problems to be Solved by the Invention
[0005} It is an object of the present invention to provide a composition for
forming a lithographic resist underlayer film that can be used in the production of

semiconductor devices.  More particularly, the object is to provide a composition for



(RL) aS2) (3-a)) b (R3)Formula (1) [where R3 is a group of Formula (2),
(3), or (4): 00 R6 OOR6 R4 Fornmula (4) ,(in Formulae (2), (3), and (4), at
| east one fromanong le, Rs, and 126 is a group bonded to a silicon atom by
a single bond or as a linking group; when R4 is not bonded to the silicon
atom |e is @nhipdrdgenrapbiomsisowndariyat kil todoroupresianmdendyeigiloupablans ar al kyl
group, an al kyl halide group, an aryl halide group, an aral kyl halide
group, an al KEhPRskyr Suphernbieshis SoRpydni eonppasiiipn AP RY Sl BpedRpigicstlp, an
acryl oyl groyp,..a. Lyl oyl group, &, 4 nercapto.group, gn agno group,
or a cyano d#@&ggcgﬁkggg%ﬁﬁ?%%FgﬁﬁmFﬁ%ﬁgﬁﬁ?ﬂﬁh%ﬁmﬁ@w%h uﬁ%§§We S%? bonded
to the silicopmefRct BAGHoOkec RAnRBAPAE rdsR( dHad@RENERMRLMIoAs Ad RR&Mmi2l KY!
group, an aryl group, an aral kyl group, an al kyl halide group, an aryl

hal i de groupyittathe assiat dadlhabhatilydehippoatp higher tBdnkBnYF thg fa@itpandailsodd pRVERNI C
group having an epqu_SgIoup, an acryloyl group, a nmethacryloyl group, a
mer eapt 0 gr cuPMPasitigon s rgigusist erdeglaxsy difro iglon puchan vadetlondsifvat i on t her eof ;
when any of R4, 25 or R6.s a group bonded.to the silicon atomas a |inking
group, the grouBi%i?ﬂ?&éfaO'ﬁlscipﬁ@gmsgﬁaweﬁtoaﬁﬁ PP IR ALMPALI B PBBai ned by

nowover . wha He e T BfTa'R i L ERRRE N8 B PG IR RR Bp o (a)

are bonded t@Runshéd ean fahom these groups are groups each bonded to the
silicon atomas a linking group, rather than by a single bond); each Rl is
i ndependént | y aketah&tyitr apicolgd, thegmeantyihvegriop to povide ahieyiod gorgu@iuciap aal kyl
hal i de group, an aryl halide group, an aral kyl halide group, an alkenyl
group, or arfeBicgahiclr §eveeegisiavhargnumasiepoley foghmgphe raxistaadsrlaps filgr oup, a
nmet hacryl oyl group, a nercapto group, 15 an ami no group, Or a cyano group,
or a conbination thereof; each R2 is independently an al koxy group, an

acyl oxy gr04@&m9§w%oﬂﬂh9ﬂ?ﬂnﬁ%891 aisinteger of 0O to 2, bis integer of 1
to 3)]. A second aspecé of the present invention provides the conposition

according to thgoos]  AlfifrshspdSRe ge,prodB iRicRidnNSoNydaebdpadiic BF ganosi | ane
conprises at |east one selected froma 20group consisting of a conbination
of at | dast fomenpr Ghogsplic ceint wdearpyundns edngotsed, dsraohhuge, ghpdrplyeabisi st i ng of
an organosilicon_conpound of Fornula (5) bel ow

organosilane, a hydrolysate thereof, or a hydrolytic condensate thereof, wherein the silane

includes a hydrolyzable organosilane of Formula (1) below:

[ (R1 )aSi (R2 ) (3—a) jb (R3 ) Formula {1)

[where R” is a group of Formula (2), (3), or (4):

RG

R® 4 RSMORG RS OM ORS
R R R

20 Formula (2) Formula (3) Formutla (4)

(in Formulae (2), (3), and (4), at least one from among R, R, and R%is a group bonded
to a silicon atom by a single bond or as a linking group; when R is not bonded to the
silicon atom, R" is a hydrogen atom, or an alky! group, an aryl group, an aralkyl group, an
alkyl halide group, an aryl halide group, an aralkyl halide group, an alkenyl group, or an

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



RcSi(R2)4_,Formula (5) (where each Rl is independently an al kyl group, an
aryl group, an aral kyl group, an al kyl hﬁlide group, an aryl halide group,
an aral kyl halide group, an al kenyl group, or an 25organic group having an
epoxy group, an acryloyl group, a nethacryl oyl group, a nercapto group, an
al koxyaryl gnrawpio @nuaay oy argb, graaymo @eupaocyantigriouhereof; a conbi nati on
thereof, and is a gron bonded to the silicon atomby a Si-C bond; each Rz
i s i ndependeHtenR apd Bl ¥engt hyndadgo theriligey ttexycagh ol angdR ™ as inddpsadsnthatom a i s
integer of Q.to 3), and an organosilicon conpound qf Formula, (6) below

| ecos (Ro) 3- AVl MR B RS SRIoT o SAPRy | b B aHer R

i ndependent | y..an. al. : v . . - : m Yis
an ol kyl one e BLuPRIha GOy, By BEK K 3 A POl BRIGIFLELE™, g

i nteger of Qulp, &) acr@sd ghdus, DMEHA VAR 1pOs BoRASD LANE, dfanfiy drR of d) |
hydr ol ysates thereof, and hydrol yti c condensates thereof A ﬁﬁird aspect of
t he present cyanpaméuponr rommbiigsn thaeotonposi ti on according to the first
aspect or second aspegct, wherein the hydrol ytic condensate of the

hydr ol yzabl evhEparyeidbsRi érfe o eionp hendsd forthe Sigontagm pyaindling greute Bdensat e of

the hydrol yzabl e organgsilane of .Fornula (1 d the organosilicon conpound
of Formula’ (2 Pre e OF suOuSh ETHER et BBy R b T ne
present invephi f8m REOULRGS LRGP CRIRASIHE L RoRGLLWHENE AR PRIeR T the
first to third aspects, wherein the hydrol yzabl e organosil ane ‘of Formul a

(1) has 115a Hekauly &) U@ d f iBF@Mhutaq4 P& B6hdedid thé tilca@spes,itha@t gtdngs pe esent

i nvention provides the conposition according to any one of the first to

f ourt h aspe@t®ips taghbhled ¢othprilistmagorans abnldnggroep, athir dhapdiy s sgatediopdt . A

si xth aspect of ,the present invention provides the conposition according to
any one of thd§ i} Bcregdqntly ap alkxlgeyns an gyl grAgh ag By &Py apalkeihaligpa

seventh aspecl,,Ofy fNGREEIEML ab DRV LaRfe PLOVIHER R LeS 5L HNderd aver film
obt ai ned by Coat ™y t he" conpost t'ion QOr or'mng tre & 881 € § erlayer film

accordi ng t o ABYaPREaPEPk P Broupditac %ﬁ&;p&bﬁ, ARRBLH 0@ M RpSEMLERARGIUGLET
substrate and perform ng baking. An éi ghth aspect” of the present “i nvention

provi degdsa arthod daip, Praducd figuss of & bhiskindise tigfcotariick’ is aRlpmd&itignt hese
processes such as: coating the conposition for
alkoxy group, an acyloxy group, or a halogen atom; a is integer of 0 t0 2, b is integer of |
to 3)].
A second aspect of the present invention provides the composition according to the
first aspect, wherein the hydrolyzable organosilane comprises at least one selected from a

20 group consisting of a combination of at least one organosilicon compound selected from a

group consisting of an organosilicon compound of Formula (5) below:
I{] SI(RQ) Formula (5)
- e S LS|

(where each R'is independently an alkyl group, an aryl group, an aralkyl group, an alkyl
halide group, an aryl halide group, an aralkyl halide group, an alkenyl group, or an

25  organic group having an epoxy group, an acryloyl group, a methacryloyl group, a
ntercapto group, an alkoxyaryl group, an acyloxyaryl group, or a cyano group, or a
combination thereof, and is a group bonded to the silicon atom by a Si-C bond; each R? is

independently an alkoxy group, an acyloxy group, or a halogen atom; a is integer of ¢ to



25form ng the resist underlayer filmaccording to any one of the first to
si xth aspects on a sem conduct or substrage and perform ng baking to forma
resi st underlayer film coating a conposition for formng a resist filmon
t he underlayer filmand formng a resist film exposing the resist film
devel opi ng theardesi st filmafter the exposure to obtain a patterned

resist film etching the resist underlayer filmaccording to the patterned
resi st fiIn1Wme%P§%ﬁ“§”B@PW@ﬁﬁé@“ﬂ@%@%’dﬁﬁderIayer film and processing

t he sem conductor substrate according to the patterned resist filmand the
patterned resistg¥gﬂesgi§gﬂéfﬂl?(éfninth aspect lgime(9resent invention
provi des a net ho of u 5ﬁ@:aﬁ skni conduct or devi ce, conprising these
processes such as: form ng an organi c underlayer filmon a sem conductor
substrate; caaiciery it fitnllo0RRAS] datioR’ & Aidep@UitRGn alkbid Hrogs, aphéGoNyashit
under | ayer filmaccording to any one of the first to sixth aspects on the
or gani ¢ uhde¢nadplogei itbim Arsdinpiyfeoe giong obadrylenet wodpeb in iategesi §or urderc!| ayer
film coating.,a conposition for formng a resist _filmon the resist

under | ayer { Rineghet § %‘rlﬁnaﬁa thg ydigragblgepmosilane ehbaig € hdydralypadss £i | m
devel opi ng the. r.esi filmafter the exposure to obtain a patterned resist
film gtcgin@gfﬁé%#@]Fg%wﬁkﬁgﬁpﬁ§épmﬁﬁfnlaccording to the patterned resist
filmto obtain ap@diPEAGENE BREGH iNBHRA hANRTes {HelcBinp&itdhia0&rdiRg i ahgani ¢
under | ayer filmaccording to the patterned resist underlayer Tilm and
processi ng tiist Bspwt eoncud bgiecswbatinalichydadaicdbndniae déthie: paidiemaped or gani c
underlayer film 15 Effects of the Invention [0007] Since the conposition
for fornithg @gamesiage olllfrdepk dheer the hydradriecaodilamgate of hhbydseleadlt i nventi on
conprises a hydral yzapl e organosilane, the resist underlayer filmformed
using the cd wgfllf‘%% H)é@u'&?5&*@8}6@%%%*%9&2&%@13%’l%{*eﬁ U{rbis coHaipes or e,
has 205uffigg%3%]h%§istance to dry etching with an oxygen-containing dry
et ching gas an dan be used as a hard mask when a substrate (or an organic
underl ayer fil mh fhdtRp&esSBEpresent invdidbh BRVided M€ chiBFdstion URIRIhAYSLy Fi T M
formed using the conposition ?or form ng a resist underlayer filmaccording
to the presemt ol theéint icahird aspedie whseth tas haholgnibie-arghbaine v drinbiln(1) has
denonstrates no intermxing with the resist, and has a dry etching rate

hi gher tHan aMetvabk op80Re ¥l st film Further, the resist underlayer

filmf d i h iti for f i.ng, a resist underl ayer film

N e
[ .0, the oy - [ LUt i ng. eladt | mhas a

Tpoc i o var e Bae il e uPRpIE R BONGhL bl B0 0% SAEDLAVEEL TR0 2 ove

the pattern shaneixefash@®of 88 p&lent ivEidoMpRIMAL NREoRYoPRINtBEMRG o any W TH
t he production nethod according to the present invention, a séem conductor

devi ce can hec atthafitsagadirsisyecpr taheadmpyisingivagr.t he filmfornmed fromthe
conposition for formng a resist underlayer filmas a resist underlayer
film 520 A seventh aspect of the present invention provides a resist underlayer {ilm obtained

by coating the composition for forming the resist underlayer film according to any one of

the {irst to sixth aspects on a semiconductor substrate and performing baking.

An eighth aspect of the present invention provides a method for producing a
semiconductor device, comprising these processes such as: coating the composition for
25 forming the resist underlayer film according to any one of the first to sixth aspects on a
semiconductor substrate and performing baking to form a resist underlayer film; coating a
composition for forming a resist film on the underlayer film and forming a resist film;

exposing the resist film; developing the resist film after the exposure to obtain a patterned



MODES FOR CARRYI NG OUT THE | NVENTI ON [ 0008] The features of the present
invention will be explained belowin greater detail. 10According to the
present invention, a resist underlayer filmis formed on a substrate by a
coating nethod, or a resist underlayer filmis forned by a coating nethod
on a subst r ateaist fidint ¢ickdim be gaist odarder filayacofiing o te papricdtresipised
t herebetween, and a resist film (faor exanple, a photoresist or an el ectron
beam resi st )CH&n f BFtrERd IS WElcHasr Bt gnd aroresyiag trRispricondygtlor @dFiEttc pattern i s
t hen forned . sure and ,devel.opment, the 15resi st underlayer filmis
dry et ched uStHSHEREH: SRR R T LIRIRL: e d PRSP e, And ¢ he
substrate is proacgasatheactalePrddthtliRchitinSrHAddanbthRr ol 60 RIGaNI ¢ under| ayer
filmis etched to performpattern transfer and the substrate is processed
usi ng the orgaidoodwend eeviay esmprisingihcbb proeesss sacH dsefveining aflegasashdigaide
resist filmthickness to prevent patterns from 20col | apsi ng when fine
patterns ar ellpopmregmiconducta sshstiierceainetthospninesitiefor dgingte a Hhegumdss, the dry
et chi ng perfor.ned tP transfer the pattern to the filmin tRe under | ayer
cannot t r ansFai WHRL aﬁﬁtﬁﬁf‘ﬁc‘%??’e@ any e Gihhinge Pthespetyinghetetiian that of
the film of ML (P Yol i.ng.to the. , _shnvention, an organic
under | ayer f%ﬁﬁ#&ggggg#gﬁggﬁ”@ﬁgﬁ%g%égg%saégﬁgﬁ&%aggaﬁggﬁ%%%#ﬁhyer filmis
not i nt er pos@ehpaftod ffdﬁfohﬁﬁ{g%trcslimﬂﬁﬁ bay@estsh Lielihne ivdhRoroARingalkOQr gani ¢
silicon conpound) is coated directly on a substrate, and then a resist film
(or gani clir edlilst efpoking thie sestso filne die artostipethe esissfiimuidethk ayersubkitd obtaithe dry
etching rate of filns jncluding an organic conponent and filns including an
i nor gani ¢ cdpyRehiesisilffnestchipgihe fassamdegaydeplengicndingro ths@aiiastasoesd et chi ng
as. Thus, the fi] minc| udi .an organi ¢ conponent has a high dry etching
Pote with ar By guhedaiani Rt AR T SORR B bR aBe RS § nor gasi ¢
conmponent h hi, gh et.chi te W ) | Nz 1.0 gas.
For " oxampl o ool Fn ek W Bl Bl o PRLAGFETERINRUMDS, I
accordi ng t Gubdd@tcRE&SERS 1o (RY Sl ofgh@t uhderlhytr g, under |l ayer of the resist
pattern is dry etched wth a 5hal ogen-containing gas to transfer the
pattern 5o the resist underlayer film and the substrate is processed using
t he hal ogen-containing gas with the pattern transferred to the resi st
under | ayer flilleais opihe dpisBGvel y, a pattern-transferred resist underlayer
filmis used, t@) rg ic),nderla.erffhlntof the‘updfrlgﬁer thereof is dry
etched wi th an G000en- s Ar T HES forfH IR b RS ERTREE b ¢ he
or gani ¢ undey| f i dr ratge.is. LG ¢
ha?ogen-con?gﬂﬁ%ﬁgjg%%ngﬁa@ﬂgggﬁy§§§%9%§gg$ 3?®$§£§§3§ﬁ?gmﬁﬁéggﬁﬁ9er film
Accor di ng t goded uping 8RREMbMVRMHAOR polyfiBarfolifdxhe WRNERF AYEhekickdmiunctions as
a hard mask, the hydrol yzabl e group such as the al koxy group, acyl oxy
group, @f halibgent rasiomce to drhetcbing mothun expdenfeontaining ¥ §tchisg pasdndbyzted t o
partially hydrolyzed, and then a polyner 15w th a polysiloxane structure is
formed by aveshehastmask whene syhstateforgpereanic apdarlayi dlip) is grrepssed.

ol yor ganosi | oxane structure, functions suff.icjentl S rd mask,
?heypoﬁyorganosﬁ“§§%h§r%¥#ﬂ%FUﬂ@'%pﬂfﬁpﬁgawﬂi’EF?T Sﬁﬁ?q@p%gWP$@§$§§ a hard
mask for et gRi@yvdEntganheiUpderl. ibh B3P 1o Jo 6L ar, for
processi ng. (ot any ng) " CRerIhEHRERE Al Rlerioh B ABENs ART EOFLR 6.
denonst r at eglesbifsirhies Bnintedinikimt ikl 1RQ rdsRE bisd R GRIN2AWHihDraiEs BRE thah Ghaddr

oxygen-contai ning dry etching gas of the organic underlayer filmor
25 the resist film.
Further, the resist underlayer film formed using the composition for forming a resist
underlayer film according to the present invention has a structure in which an organic

group incorporated in the polymer constituting the underlayer film has a specific value of

degree of acidity. As a result, it is possible to improve the pattern shape of the resist



during substrate processing. The resi st underlayer filmaccording to
the present invention increases the dry gtching rate of those upper-I|ayer
resists and inparts the resistance to dry etching when the substrate is
processed. 25The resist underlayer film conposed of the conposition for
form ng a reBistbiaindienimyteningi | m according to the present invention is
formed to include a silane having a 1-3 di ketone structure, an enol
structure mhich\V@‘@ﬁpwgwﬁ@F“@ﬁwgH%DHWK@Pgﬁﬁ“§¥?M%W%?@¥3§”T9®“W@@b ester
structure, apd.a 1-3 diester structure. Those.are structuyres including at
enst & 13 mebebhE SRS LOGHHLE wrBBRG0 fril 1S eer Ritauce of
the presenceror flinSUellu ShaGId 1 o | RSEIGIGEL . of fect with the resist
filmin the upper llayer prevents the pattern Shape from footing and a
straight pattern shape can be obtained. This is apparently due to the
degree of acidity of the hydrogen atom whi ch presents at the a position of
the 1-3 di keVOWESIHOREARRYINGHUT hMPJBANERSEION havi ng such a degree of
S5acidity is apparently denonstrated in the effect produced when the resist
in the upper |ayer is exposed. The pattern shape is inproved because of
such hi gh degre ;ackdity. ( pKa e is. low ..Howeyer . where the degree
of acidity is tﬁ%ﬁﬁkgh}ﬁéﬁéuégﬁﬁggﬁkfgh”?gﬁm of%ggaqé“?g§¥gwqﬂﬁ§@ﬁfayer

fil mundergagsigel 1ing, which is undesirable. 10Further, such an organic
group having at least the 1-3 di ketone structure should be incorporated in
a polyner) and Ancwodidgro thoplesent ineaniporated uvhderiay dily ieforméd on Ssupsteter abl y
i ncluded as an organic group of a hydrolyzable silane. By incorporating the
or gani ¢ gr oy 4 99angpoetheepr @ kel wideiayerciEm ipérpeebeneating meeded ng bur ned

15[ 0009] The BTHE Pk MbTeBH BHE EBRBLLP Lo SREel ArAEE e He rdsent
i nvention w . i . ) r 2 I |l ates to a
conposition1hn59§5r%ﬁ%§agﬁﬁ?Bﬁ%g&gggpgnﬁgggﬁ?&ﬁﬁﬁé?ﬁ%ﬁ%?ﬂ?ﬁf%%%onprising,

as a silane,undeliyslr @hyz aht RsRf GARASE haNfrmad ydhedwsMHd@evelopmdn@feof , or a
hydrol yti c condensate thereof, the silane including the hydrolyzable

200r ganoki | apestofddtayandilha i{dry efobddawing the redilipanat, pattah tiabderpapdifoabhedst ruct ur e
of Formula (2) to the silicon atons in the entire silane is |ess than 50
ol % for exéftflesubyyar ingypogssed ag@rdrag vy thie pHlaipovshe orgasicpiiglaye. Bmrvl % to 15
mol % or 0.5 mol%to 10 nol % The copposition for formng a resist

under | ayer f19HT RAEEPHR Hadief“o”at“ﬁ’g‘ *mﬂetgzg sUrafsis PIROETTEY BING HEPEHES t he
hydrolyzablqmgégﬁaqﬁhlane of Fornmula (1), a hydrolysate thereof, or a
hydrol ytic conde sate thereof, and a solvent. An acid, water, an alcohol, a

curing catal yst ThadisaGictd @eRefcali®y the tasi@ﬁi"il:rﬂ'f&ﬁﬁﬂsﬁ%oﬂﬁé%ﬂ'?a&em@from _
| i ght - absor bi ng conpound, and a surfactant can be included as optional

conponer¥ls. cthapsmgvihdn Gonpattatns iare fotmedc oPposi witlordiwion frothorrasigt thickesk,st
underl ayer filmaccording 10 to the present invention takes, for exanple,
0. 1% by massha by sobippyeribygsd oirapsfepihe pegiesn to the film in the underlayer cannot

transfer the pattern uniess the etching rate is higher than that of the film of the upper layer.
According to the present invention, an organic underlayer film is coated on a substrate, or
an organic underlayer film is not interposed and the resist underlayer film (including an

25 inorganic silicon compound) is coated directly on a substrate, and then a resist film
(organic resist film) is coated on the resist underlayer film.  The dry etching rate of films
including an organic component and filins including an inorganic component differ
significantly depending on the selected etching gas.  Thus, the film including an organic

component has a high dry etching rate with an oxygen-containing pas, and the film



to 30% by mass, or 0.1% by mass to 25% by nmass. The solid content as
referred to herein is a content obtainedgby renmovi ng a sol vent conponent
kern all the conponents of the conposition for formng a resist underl ayer
film 5The ratio of the hydrol yzabl e organosil ane, hydrol ysate thereof, or
hydr ol ytic conldéingat motcheic eohpinanithnea Bigh idd dmtpente with adglmabn-tetoningi gher
than 20% by mass, for exanple, 50% by nass to 100% by mass, 60% by nmass to
100% by masst*or 70% by mass to 10096by mass. [0010] The hydrol yzabl e

or ganosi | ane usegxé%%ﬁ{ul:i rc%ﬂ] pdl{((li)is {n?csdeﬁmmu Y%t%dlci._l hﬁﬂéac(@agaim ié}‘cﬁt ure of

Formula (1). P89 g dup " or (4).
Each Rl in F&{QMJﬁv&&%nﬂﬁnkﬂﬂﬁ@%ﬂ@ﬁ%&¥¥ﬁﬁ@u§£ﬁ%¢uﬂ @&Qewﬁ&iéﬁﬂﬁ group, an
aral kyl group, an alkyl halide group, an aryl 'halide group, an aralkyl

hal i de griuphal@an-abikgniyib ggto upnsf@thahtiemhgathc Cesght omuarinay fimng agiitlRPOXy group,
an acryloyl group, a methacryloyl group, a nercapto group, an amno 15
group, or a %@aﬁ@Agﬂﬁvﬁﬁubﬁ"ﬂ1@ﬁwﬁuﬂ@ﬁ¢@mnmhe&ewﬂﬂEanﬁkﬁQumﬁﬁﬂﬁ@épbmdentIy
an al koxy grou cy, roup, or a hal og tom integer of 0 to
2, and b is ﬁ“ﬂﬁé‘@jg‘? laggr by 1 oAgernalis e nitereRieg f@éﬁswﬂﬁsréayelziyim iE8yed. and

(4) at | easﬁl%gﬂgmf: (ﬁ} %@gﬂgn 51‘41’}]6 B?dex l%{%jt eoYE d?y gél}cH&Vﬁﬁ’loqded to the

silicon atom as a 20R4 is not
bonded to thﬁxygéﬂ ¢c@a@1ﬂn@g@mtha4aulc§1 laum@mamh%%mgﬁde@eycalrwlangmurx an
aryl group, an aral kyl group, an alkyl halide group, an aryl halide group,
an aral ki habitde igpouwpsedaninglabelytn-gmairpng s aathe patganirensred prdagivi ng an
epoxy group, an acryloyl group, a methacryloyl group, a mercapto group, an
ani no group, "dgerlayeciiino group, or a conbination thereof Wien R5 and R6 are
not bonded to t

M henr oyl or Sessiing fR Begm ne8R, the B i AR AAM e ar oup.
an aryl hal 'lgﬁ;hQBQH%mi%ﬂ\epr%df}ys zclh:?;ltiugﬁkcg(r %/cﬁ%) e?c loﬁgg%nl}glorgx B at S

organi c group having a dxy ‘group, an ac a2 et acry{oyl
group, a nerigaptsaudtr@Wwp FodhlAm ROyGoBYES toPhriRIE N IO, th@la RIERNDI nat i on
t hereof When any of R4, R5 or R6 gs a group bo% ed go t he S|I|%%n atom by a
| i nki ng gr oupith 4 ibréysgbmnp stripture esdothedtblye cendensatinn agactinniof thee stlancdk@np. gr oup
obt ai ned by renDV|ng one hydrogen atom fromthe respective group defined
above. Howevafh P%@ﬁa@@lquwﬁiuwdumy)ns sfligientlg @p arhdrd "agh-, and R6 in

<11 con &t om by " MG ol RN D Re B ﬁ?wﬁ?%é’s@w@naﬁ%@ig] A
di val ent or gamie ?}EQY& d%ﬁ%}gpg&l(l) ﬁ@se‘iaﬂh@@bcﬂ{nﬁ%l él%ld@ss:ng [Seta{nyr{,) g oup, —an

aral kyl group, an ary e gro aral kyl

hal i de gr ougubsaﬂateal ’K‘Eﬂﬂ;yihc i QHRIaR il AN MOAARICE sETIOBR dRAMENS: RBSBRIXY Jr oup,
an acryl oyl group, a nethaeryloyl group, a nmercapto group, an am no group,
or a cyaito gwﬁupﬂwaﬂoalwngnn@ﬂmmngﬂhemémﬁAyanimeommaduakﬂhhm{mnnklng

group. 10[0013] The al kyl group is a linear or branched Cl.10 al kyl group,
such as netHWP“@ﬁ@ﬁﬁ“e@Pﬁ§ﬁ“@roup, n- propyl group, i-propyl group, n-butyl

- but yl t t
1 et hyl - bt y PR B ROg -2iPane i ! PaBiisl AR 6 oup

1, 1-di met hyl.g4 ave
>’ 5. di met h))il E({}lllgrlggél lhgégf&ﬂger l;'y‘? (gls h@%égggl;mgg?%%%?{ R}lcﬁ%)(étcrmb Whup,

1- met hyl - n- penduydiralddg pRd@sed - nethyl n-pentyl group, 3-nethyl-n-pentyl
group, 4-nmethyl-n-pentyl group, 1, 1-dinethyl-n-butyl group,

1, 2- di mefhyl - 'bMﬂyﬁ%gnéubyulﬂ@{dmpamhyfMne@umyhkgHOUbWMngdnAhl

2, 2-di met hy I-n butyl group, 2, 3-dinethyl-n-butyl g

3, 3- d|nethyW“W”BM@QWmé?%Uﬁngiﬁé%WﬁﬁmhmbﬂﬁVP“ﬁpﬁuﬁloﬂm ﬂhyﬁﬂﬁwﬁawygdgroup
1,1, 2- trlnet t.rimeth

T et iyl -1 - e PR PB b eRhue shioh B s hBbR kB Y 8¢ oup.
Further, a q}@lj;él&cs@w |§iYucugE OB aG %ndlps‘?et YrSQuilS eﬁ:osﬁﬁn@@&&‘ﬁ cOhcllind G cyclic
al kyl groups 1nclude cyclopropyl™ group, cyclobutyl group

1- met hyl - ey édasiy OPYIkc@hQURd sudh ABirithre Sl DY IBEYdeddr BeRwsCHGhORRh  group,
1- net hyl - cycl obutyl group, 2-nethyl-cyclobutyl group, 3-nethyl-cycl obutyl
group, a 1,2-dinethyl-cyclopropyl group, 2,3-dinethyl-cyclopropyl group,

| - et hyl -cycl opropyl 25group, 2-ethyl-cyclopropyl group, cyclohexyl group,
-tnethyl -cycl opentyl group, 2-nethyl-cyclopentyl group,

3-net hyl -cycl opentyl group, 1-ethyl-cyclobutyl group, 2-ethyl-cyclobutyl
group, 3-ethyl-cyclobutyl group, 1,2-dinethyl-cyclobutyl group,

1, 3-diinethyl -cycl obutyl group, 2,2-dinethyl-cyclobutyl group,

2, 3-di met hyl - cycl obutyl group, 2, 4-dinethyl-cyclobutyl group,

3, 3-di net hyl - cycl obutyl group,



2 1-n-propyl -cycl opropyl group, 2-n-propyl cyclopropyl group,

i - propyI cycl opropyl group, 2-i-propylgcyclopropyl group,
,2,2-trinethyl-cyclopropyl group, 1,2,3-trinethyl-cyclopropyl group,
,2,3-trinmethyl-cycl opropyl group, 1-ethyl-2-nethyl-cyclopropyl group,

et hyI-I-ne@ﬁyﬂ;ﬁypmupﬁbpgmmgﬁoupmmBQQGMhy%m@ﬂmahmwhmngMmeopgﬁs@foup,
nd 2-

a G _10 al kypaﬂﬁrbup% fat fog

et hyl - 3- neth I-cycIeropyI group 0014%The | i near al kyl group is
rqu@ Slrﬁiﬁhlﬁ’yl}iug (J@Upg cargl qﬁ})paug:]doub 1S - propy!
group, n-but pent Y 0015] Exanpl es
of the Bryt - Gieal o B DB Steny AP og bﬂb@%c‘ “ég“pﬁg'r‘ry‘r““’g?h
o- net hyl phenp’dqllﬁaﬁgpﬂe 118 JTREOR sG] o:[ar?loérgitlﬁ%m W‘J de feQHP
100- chl or ophenyl group, mc orop%eny up, eny group,

o-fl uor opiwenadld;gnoupammmmme@mhﬁwleﬁgrrwmc@rmhmwmmmh ufpe@up,

p- met hoxyphenyl group, p-am nophenyl group, p-cyanophenyl group, a-naphthyl
group, (3-nalp¥trisdxpgiedup, o- bi phenyl yl group n}blphenylyl group

p- bi phenyl yl gr o 1- ant hryl group, 2-anth roup, hryl group,

1- phenant hryl gr Eaaauew S&ﬁléﬁaﬁlﬁlﬁi"gﬂ b@w@erpof ‘*BCI‘pMé‘h‘é“#t%WPm@‘rWEd value is

154- henanthr K ou a henan hr The , n group is
20 kenéb diSBen R BeRREPEN diso N Roub s a Ry i,

2- propeny! WCQMde@rrawtthlun&or%&egﬁa}ﬂlg,gﬂﬂmx uﬁ]cfcm!itbf%nyl group, 2-butenyl
group, 3-butenyl group, 2-nethyl-1-propenyl group, 2-mnethyl-2-propenyl
group, 1Het hyl eFely,lsugr @upganic gromtaying lat paopenyd diReongStructure should be

1-met hyl- 2- propenyl group, 201-pentenyl group, 2-pentenyl group, 3-pentenyl
group, 4- peﬁﬂ@mynaqﬂmwpmbmumEpﬁopwﬁ@ﬂhéhwbmgmowpﬂllmﬁﬂvhyhﬁﬁ”@@m@myl group,
1- nmet hyl- 2- but e rou 1- 3- but enyl group, 2- ethyl-2 pr openyl
group, 2- metAgP 51‘?5 250 @ﬁ@}w érPBErBf i By drdyRyle shangyt @wa’j’r@lﬁ‘dtﬁ?s 2 the organic

sr gﬁ:),hyls 3-Db H&ﬁﬂé latpggygtég l’the d:r:m%tcclx hm %rc?cunrlcd onlgr r?gggumed om?dmy% bakrlr')rg Erenyl

251-i - pr 0py|tﬁé hepsk ooAMRg thk.udddiaf&tdixn! - | - propenyl group,

1, 2-di met hyl- 2- propenyl group, 1-cyclopentenyl group, 2-cycl opentenyl
group, 3Hbyc|opﬁmm9mylrgg@mpumkmhéﬁ&nmhmgﬁmmpmquhgmeMybmgmowpmu&mhexeny|
group, 4- hexenyl group, 5-hexenyl group, 1-nethyl-I-pentenyl group,

1- met hy1- 2- pd ﬁ@ﬁmﬂmgwuupNV1 met hy1- 3- pentenyl group, 1- nethyl 4Tent enyl
group, 1-n-buty 2- neth ent

2- et hyl - 2- pentiﬁ%@gg’ g%%g H%?%VPaﬁ B@ﬁ55ﬁ9w1§$%ﬂ%gh§@E@?W9F$ﬁLpentenyl
group, 2-n- mngc?‘)la%erzl TR 3 HXlég,%E ?E{Pdi‘regaplg}%ii(nﬁdpllc or %ﬁgstrl%g@/ L 11%{8&9%3 pent enyl

3-nmet hyl- 2- pente grou

group, 3-ethyded: (Qléth%ﬂbb yti@ E:Qrﬂiérwafe‘tﬂ@r%@ﬂho Isrl&'n@‘?rﬂ:‘hﬁﬂiﬂ th&h yzablo

4- et hyl - 2- pentenyl group, 4-nethyl - 3-pent enyl group 4- net hy1- 4- pent enyl
group, 101- dirgeetdilpie @ Hootenyl) gloaup, | , 1-di met hyl- 3- but enyl group, .

1, 2-di met hyl -1 - butenyl group, 1, 2- drnethyl 2- but en group

1, 2- dhnet hy1- 3- big gy p! fgr wpal sn:uqﬁwmkorzm&(ﬁgﬂp the p?:@p@rwms lgrprtue

1. 3- i met hy PR GBS O oM Ry PSR Ol 025 moie,
1- |-butyletQppMnggggp%ﬂ%,@Hpﬁpglpy I@mPp Jt enyl group, 2,3-dinethyl-1

1
1-
1
2
2-
a

- but enyl 10group, Bu enyl ‘group, 2, 3-dinethyl-3-butenyl
group, The composition for forming a resist underlayer film according to the present
25 invention includes the hydrolyzable organosilane of Formula (1), a hydrolysate thereof,

or a hydrolytic condensate thereof, and a solvent.  An acid, water, an alcohol, a curing
catalyst, an acid generator, other organic polymers, a light-absorbing compound, and a
surfactant can be included as optional components.

‘The solid content in the composition for forming a resist underlayer film according



2-1-propyl-2-propenyl group, 3,3-dinethyl-1-butenyl group, 1-ethyl-

- butenyl group, 1l-ethyl-2-butenyl group,,.l-ethyl-3-butenyl group,

1- n- propyl- 1- propenyl group, 1-n-propyl- 5’propeny| group, 2-ethyl-1-butenyl
group, 2-ethyl-2-butenyl group, 2-ethyl-3-butenyl group,

1,1, 2-tri net loyle ;zesp:noipmyibn gk@um edantpld) 0114 et henyd 56 bumass, 0.1% by mass

151 nethyl-l-etgy pr op eqy group, l-ethyl-2- nethyl-l-propenyl group,

- et hyl - 2- met 0= b}ﬁwaﬁﬁemﬁ'lw PYORISS tq2fi% by emw Theprodidenyientgs saligsred to

1-i-propyl-2;propen neth cl opent enyl p,
1-methyl- 3- CWT‘Bbse%%gB?‘fg ‘%E‘B‘Bﬂé’y“é“ ‘t!:’rfyﬂ"? °r 1*’815%%%{%1?13“‘&ﬁ“&fﬁ‘ﬁf:""‘“ms of

2-met hyl - 2-c¢ p clopentenyl group,
2- et hyl - 4- C%glgggﬁpgﬁykfglﬂﬁﬁue§§ﬂ5h9¥%m%[ -cycl opent enyl group,

2- met hyl ene- cychopeiibyk 8MmodRlyzard dBbinekitdne, 1S YA RE ey, lor BYRYRsIc

3-net hyl - 2-cycl opent enyl group, 3-nethyl-3-cyclopentenyl group,

3- net hyl - 4- cymﬂ@panﬂenyfwghwuﬁdc@uwemhmhm5@oybgbmémnéw%My@mcumm

3- et hyl ene- cycl opent roup cycl ohexenyl grou cyclohexenyl group,
and 3- cycl oh&%BRif 5%%&5\%%[’@6@1%@ é@‘@bma&ijpdag%.bg s &1 K90 byr oup
substituted mnth gﬂ%?§y group, and exanpl es thereof include

phenyl - subst PHiiR ko) al kyl s. Specific exanples include benzyl group,
et hyl phenyl gr oygy1opr opyl E%‘?(ﬂ%'}abgr %ﬁﬁoml@ﬁ@m@&'g%lﬂ?h%rw kneQH-QER-inventior™ her
exanpl es i nclude the aforenmentioned organi c groups substituted wth a

hal ogen & om#ushudsre bl B@mukeg)).chl orine, bronine and iodine. 14

[ 0018] Exanpl es of t he organi c group having an epoxy gr oup i ncl ude
egC|doxynethyIRgmbbanQKMUﬁdaxvephvmmghd&piﬂgmyé)déﬂypmop}bngﬂmupﬁ
egC|doxybutyI gr ou and epoxycycl ohexyl gro nples of the
organi ¢ gr ouBdHEU{eH / a2 Eﬂrikuﬁy‘“r“ Cljﬂ"dﬁﬁ%'l’r ﬁbflrﬁuﬂlél f:é‘?}‘d’yﬁ“b‘iﬂ‘xjr@f‘ll‘ﬂ%l 5‘% @Up,

acryloylethyl and ac

group havi ng rélgh P{flc‘ﬁ;amu%?rm an fké] [} aYadcp {k ){1 Igl,mupyc?i an IOkf%{1'ﬁ>§"|0u6 haw%b

met hacryl oyl gtdyyky G6QHRN a@mqymﬁma&mé hga/lmp Mup,gr&m%pm groupEXAMRLES of the
organi ¢ group haV|ng a nercapto group i1 nclude ethyl mercapto group,

but yl ner tapt @ogy, otpcyahe xiphei 6 aphsinglod uisrecdn dE@ORY liedgandcat gioalRoxy
10Exanpl es of the or?anic group having a cyano group include cyanoet hyl
group and cyzpppdpsyloxyowp. or a haloExagtphesa sfinteges by trahiaed grsdupednati ng a
sul f onyl groug i ncl ude net hyl sul fonyl group, allylsulfonyl group, and
phenylsulfoﬁ? group. [0019] Exanpl es of the al koxy group in Formul a (1)
AL C S apb?f ghu%8§m1%%58%@g§ﬁ§f55&§@|O%mgghgﬁﬁxaﬁ{ﬁgﬁs t%@

Cl 20 linear, hed, and cyc of éexanp

group, et hOlef i95 Q4Rp bhidRl RPAX YiliSHOin bl 2 RhQRBYYd &rdQ'd@mklﬂg QH)IUBXYW(HE:PUD:
i -but oxy group, S-butoxy group, t-butoXy group, n-pentyloxy group,

1- net hyl2n- Uuhoxmﬁgnmﬂpouﬂsnémhmbmanmh@y&ogmnmpm(ﬁamemhmﬁemxbu&gxy group,
-di met hyl - n- propoxy group, 1, 2-dhnethyl - ropoxy group
i met hylgreppppiopaiky! 204 @auﬁkylimbdwpummpm keptigle giovpygn arﬁ-li{r)/ékayidoxy gr oup,

hyI n-pentyl o oup 2-met h ent yl oxy group
hyl - n- ﬁ%?ﬂpyf"b?&%“g gayy- chdhge ‘FE‘H“FBB‘WP%J %&?O%r%{aw’ an acryloyl group, a

- di
t
t
g, n"g; R OtiBercdn S5 Bl T MRt B o B OHRup, ora
-d
p

hnet hy | co b R e 950U W\/hc% R3afhresd Mb{'%n@éﬂt@)ﬁ% sUlceH Ql’oml eRhRyR® n- but oxy
, 2-ethyl - n- but oxy group, 1,1, 2-trinmethyl-n-propoxy group,

25  and R®is independently a lincar alkyl group, an aryl group, an aralky] group, an alkyl

(QI\)HF—‘OOI—‘I\)F—‘

halide group, an aryl halide group, an aralkyl halide group, an alkenyl group, or an
organic group having an epoxy group, an acryloyl group, a methacryloyl group, a
Imercapto group, an amino group, or a cyano group, or a combination thereof.  When

any of R', R? or R® is a group bonded to the silicon atom by a linking group, the group



251, 224ri met hyl - n- propoxy group, 1l-ethyl-I-nethyl-n-propoxy group, and

1- et hyl-2-net hyl - n- propoxy group. Exanplﬁs of cyclic al koxy groups include
cycl opropoxy group, cycl obutoxy group, 1-nethyl-cycl opropoxy group,

2- met hyl - cycl opr opoxy group, cyclopentyl oxy group, 1-nethyl-cyclobutoxy
group, 2- neth@wa@ynh©ﬁmnmﬁymgb@@pak3t@Bmmvﬂ&myHWObno@mymgﬂvd@gunan

1, 2-di net hyl - cyc] opr opoxy g@ 2,3-d inethyl -cyel opr ony group,

1- et hyl - cycIBBWdBdﬁyw8P6@ﬁ“mfc Gy Q%yc‘@ﬁ?ﬁﬁd%%“&r@hb“”@?d bReiy| oxy
group, 1- mst Xllmz?téi QPCFIQKIYTIOHXUI% E qondugri 6%6{ ;éé ai§$ {}%}laiug budd oupP:

3- et hyl - en

2- et hyl - CyC| 9&1‘65@‘2@4!}&9{1%9 310%1 & by kll%yﬁbtﬂp%W%aQ'B YRingle bond.
1, 2-di met hyl - cycl obut oxy 5gr oup, di et hyl - cycl obufoxy gr oup,

2, 2- dhnet fiyl - cy¢bm@mbut oxydigiiouprgadde grotp b@Tdydmdihyg ed abalk@eyou@l Ryl group,

2, 4-di net hyl - cyclobutoxy qroup, 3, 3-di net hyl - cycl obut oxy group,

1- n- propy! - c?bﬂdbr wymgﬁbﬂbdeéﬂMWr@pvﬂi@y@ﬂmpwnpmmykgﬂwuébyounaﬂ
1-i-propyl - roup 2-i -propyl -cycl opropoxy group

1,2, 2- triine VV'EV ﬁ? é%?”@PHU%W”¥‘@‘%°¥W$%@%ﬁWW“E?gﬁﬁ%WO%oxy group,
102, 2, 3- tr| 0 Io r opoxy group,
2- ethyl "%E%%%_gégﬁg% %9@§§m9 ”M zm%njﬁ %*EOHEbQX%E&Mﬁlogropoxy group,

and 2-et hyl - SmiBRtaiyh tfl_@bé@i&lﬂﬂ)@lﬂ@@¥1sﬂ{e(1kﬁ[%p:1r [:RR30] Exanpl es of the acyl oxy
group in Fornmula (1) include a C2-20 acyFoxy group, for exanple,

nethylcaﬂbonyloﬂyngrouwhcdkﬂy$@@nbmhmhomngmbupcuaanyMj@pyhmaﬂbmemybxy
group, i-propylcarbonyl oxy group, n-butylearbonyl oxy grou
|-butyIcarboﬁ?%bﬁwybﬁéﬁb“I%ﬂbh@yﬁb&ﬂbmm&h@%yH@PbmwﬂuﬂJﬁvb?E%%Pbdw%ﬂoxy

, t onyl t h | b ,
g et hyl - oAy ERBEHy I By blier. Sl Bty Sargory posTaioup, 1, 1-d
i met hyl - |
et L P R SREBBOVLNY L £ RS IR RUBAMLSBEROTLox o ouP.
group, n-hexyb-amidaamuleay SloapA -ty HBibwl o h%upﬂﬂiﬁ%&&%ﬂﬁp MY AN -nHeRNP,

2- met hyl - n- pentyl car bonyl oxy group, 3-nethyl-n-pentyl carbonyl oxy group,

4- et hyl kn- pgmuyBﬂmﬂb@mymowyygumGpnmﬁyM}anmgmNﬁ4nnhhﬂy1mmmbgnmboxy group,
1, 2- dlnethyl n- but yl ear bonyl oxy group, 1, 3- dltnethgl-n but yl car bonyl oxy
group, 252, 2L brdinatisdRgutyd aroubdb%r lnm&ai BOHY! groge] 39 16\9}51,\/1 p-baybemmet hy 1 -n

o Do B SR A R RN 85 B,
i ;— g E :: 'hggz E%{’[!}yir}l %{1@%)‘(} Z‘Z:); l@fgl +Bfﬁ | qg@’r’ﬁ) 1,2-trimethyl-n-propyl group,

1- et hyl -1 - Wellilyiimﬁciwmppﬂ)ﬁ)argbﬁﬂﬂ -OKYl- OmeUPL-n-propyl group, and

1- et hyl- 2- net hyl - n- propyl car bonyl oxy group, phenyl carbonyl oxy group, and
16 t osyldar boetirydapetlyyloupropyiGHRp] Bratipl esydift atkyberbat cgdn aBb asadi n For nul a
(1) include fluorine chlorlne brom ne, and iodine. The hydrol yzabl e

or ganosi | and”8Mmpies Phta cYaliy aixlaragpspreudsicysippiony! eanigecys LBy bgour

I-methyl-cyclopropyl group, 2-methyl-cyclopropyl group, cyclopentyl group,
l-methyl-cyclobutyl group, 2-methyl-cyclobutyl group, 3-methyl-cyclobuty! group, a
1,2-dimethyl-cyclopropyl group, 2,3-dimethyl-cyclopropyl group, t-ethyl-cyclopropyl

25 group, 2-ethyl-cyclopropyl group, cyclohexyl group, 1-methyi-cyclopentyl group,
2-methyl-cyclopentyl group, 3-methyl-cyclopentyl group, 1-ethyl-cyclobutyl group,
2-cthyl-cyclobutyl group, 3-ethyl-cyclobutyl group, 1,2-dimethyl-cyclobutyl group,
1,3-dimethyl-cyclobutyl group, 2,2-dimethyl-cyclobutyl group, 2,3-dimethyl-cyclobutyl
group, 2,4-dimethyl-cyclobutyl group, 3,3-dimethyl-cyclobutyl group,



520.00 or 8.00 to 13.00 can be used. When the pKa is equal to or |ess than
8.00, the degree of acidity is too high f'aznd the stability is | ow. Wen the
pKa is greater than 20.00, a good resist pattern cannot be forned in the

| i t hographi c process. Exanpl es of the structure of Fornmula (2) in the
hydr ol yzabl el-organbsydaneybfroforrupapyl Lyclanepyp pespntegofpélcpuopro@@HSO,  Si
C2E4070H C2HSO Fornula (2-1 -1) (C21-130 \Si C2HSO7r C21-1606 0 Formul a
(2-7- 1 ) CPRED Nﬁi@fﬁgviomﬂm P | S HsorRty-Srcl appsoeeBnul a (2- 5- 1)

C21-150 For mlJlZ% tﬁimus%}i cyc%plop)cz}zg,tou% 5,@,3?%1‘;‘1@?&] cycllégié)%)zl g'?gul%)_ OHSi

{-ethyl-2-methyl-cyclopropyl group, 2-ethyl-1-methyl-cyclopropy! group,
5 2-ethyl-2Z-methyl-cyclopropyl group, and 2-ethyl-3~-methyl-cyclopropyl group.
[0014]  The linear alkyl group is a Cy.jpalkyl group, for example, methyl group,
ethyl group, n-propyl group, n-butyl group, n-pentyt group, and n-hexyl group.
[0015] Fxamples of the aryl group include Ce.50 aryl groups such as phenyl
group, o-methylphenyl group, m-methylphenyl group, p-methylphenyl group,

10 o-chlorophenyl group, m-chloropheny! group, p-chloropheny! group, o-fluorophenyl
group, p-mercaptophenyl group, o-methoxyphenyl group, p-methoxyphenyl group,
p-aminophenyl group, p-cyanophenyl group, a-naphthy] group, 3-naphthyl group,
o-biphenylyl group, m-biphenyly} group, p-biphenyly! group, 1-anthry! group, 2-anthryl
group, Y-anthryl group, 1-phenanthryl group, 2-phenanthry! group, 3-phenanthryl group,

15 4-phenanthryl group, and 9-phenanthryl group.

[0016]  The alkenyl group is a Cy.19 alkenyl group, for example, ethenyl group,
I-propenyl group, 2-propenyl group, 1-methyl-1-ethenyl group, [-butenyl group,
2-butenyl group, 3-butenyl group, 2-methyl-1-propenyl group, 2-methyl-2-propenyl
group, 1-ethylethenyl group, I-methyl-I-propenyl group, [-methyl-2-propenyl group,

20 l-pentenyl group, 2-penteny! group, 3-pentenyl group, 4-pentenyl group,
I-n-propylethenyl group, 1-methyl-1-butenyt group, 1-methyl-2-butenyl group,
1-methyl-3-butenyl group, 2-ethyl-2-propenyl group, 2-methyl-I-buteny!l group,
2-methyl-2-butenyl group, 2-methyl-3-butenyl group, 3-methyl-1-butenyl group,
3-methyl-2-butenyl group, 3-methyl-3-butenyl group, 1,1-dimethyl-2-propenyl group,

25 l-i-propyletheny! group, 1,2-dimethyl-1-propenyl group, 1.2-dimethyl-2-propeny! group,
I-cyclopenteny! group, 2-cyclopentenyl group, 3-cyclopentenyl group, 1-hexeny! group,
2-hexenyl group, 3-hexenyl group, 4-hexenyl group, 5-hexenyl group,
I-methyl-1-pentenyl group, 1-methyl-2-pentenyl group, 1-methyl-3-pentenyl group,

I-methyl-4-pentenyl group, 1-n-butylethenyl group, 2-methyi-1-pentenyl group,



C2HSO | FC21- 1507 Formula (2-8-1) CD Jyr-T-0 [ 0023] Exanpl es of the

structure of Fornmula (3) in the hydrol yzf'ajbl e organosilane of Formula (1)

are presented below. 18 C211,50 \ 0 co-150, cot,dO Oco- 150-p-

c2HSQ) Fornul a (3-5) vyi 0 CHSO ..r-0 0 CH50O Pi C2HSO oAo Fornul a (3-6)
2-methyl-2-pentenyl group, 2-methyl-3-pentenyl group, 2-methyl-4-pentenyl group,
2-n-propyi-2-propenyl group, 3-methyl-1-pentenyl group, 3-methyl-2-penteny! group,
3-methyl-3-penteny! group, 3-methyl-4-penteny! group, 3-ethyl-3-buteny! group,
4-methyl-1-pentenyl group, 4-methyl-2-pentenyl group, 4-methyl-3-pentenyl group,

5 4-methyl-4-pentenyl group, I,1-dimethyl-2-butenyl group, 1,1-dimethyl-3-butenyl group,
1,2-dimethyl-i-butenyl group, 1,2-dimethyl-2-butenyl group, 1,2-dimethyl-3-butenyl
group, [-methyl-2-ethyi-2-propenyl group, 1-s-butylethenyl group,
1,.3~dimethyl-1-butenyl group, 1,3-dimethyl-2-butenyl group, 1,3-dimethyl-3-butenyl
group, I-i-butylethenyl group, 2.2-dimethyl-3-butenyl group, 2,3-dimethyl-1-butenyl

10 group, 2,3-dimethyl-2-butenyl group, 2,3-dimethyl-3-butenyl group, -
2-i-propyl-2-propenyl group, 3,3-dimethyl-1-butenyl group, 1-ethyli-1-buteny! group,
t-ethyl-2-butenyl group, I-ethyl-3-butenyl group, I-n-propyl-1-propeny! group,
I-n-propyl-2-propenyl group, 2-ethyl-I-butenyl group, 2-ethyl-2-buteny! group,
2-cthyl-3-butenyl group, 1,1,2~trimethyl-2-propenyl group, 1-t-butyletheny! group,

15 I-methyl-1-ethyl-2-propenyl group, 1-ethyl-2-methyl-1-propenyt group,
1-ethyl-2-methyl-2-propenyl group, 1-i-propyl-1-propenyl group, 1-i-propyl-2-propenyl
group, 1-methyl-2-cyclopentenyl group, 1-methyl-3-cyclopentenyl group,
2-methyl-1-cyclopentenyl group, 2-methyl-2-cyclopentenyl group,
2-methyl-3-cyclopenteny! group, 2-methyl-4-cyclopentenyl group,

20 2-methyl-5-cyclopentenyl group, 2-methylene-cyclopentyl group,
3-methyl-1-cyclopentenyl group, 3-methyl-2-cyclopentenyl group,
3-methyl-3-cyclopentenyl group, 3-methyl-4-cyclopentenyl! group,
3-methyl-5-cyclopentenyl group, 3-methylenc-cyclopentyl group, 1-cyclohexenyl group,
2-cyclohexenyl group, and 3-cyclohexenyl group.

25 [0017]  Anaralkyl group is an alkyl group substituted with an aryl group, and
examples thereof include phenyl-substituted C 1y alkyls.  Specific examples include
benzyl group, ethylphenyl group, propylphenyl group, and butylphenyl group.

Other examples include the aforementioned organic groups substituted with a

halogen atom such as fluorine, chlorine, bromine and iodine.



Exanpl es of the structure of Formula (4) in the hydrol yzabl e organosil ane

of Fornmula (1) are presented below. [00241According to the present

i nvention, a conbination of at |east one organosilicon conpound sel ect ed

froma group consisting of the organosilicon conpound of Formula (5) and

t he organosili cd‘)@ﬁl&brrpﬁumbim;fofmnmina dr&)p, haaing ab bpoxlyednpliydalbl e

50r ganosi | ane of Fornul a hydr ol Ysat es thereof; or hydrolytic

condensat es %M‘é?‘é‘dfﬂcﬁlé%'%’ E:Héﬂdt)?@@bhy group, mlcidaeYPropyt erRighg idosyld present

i nvention, a_hydro ‘L tic c de sate of the hydrol yzabl e organosil ane of

Formul a (1), 884" 3?%‘1 ‘é\y Yhltnsat e of the hydrol yzabl e organosil ane of

Formula (1) and C used.
lgcglﬁ 104 QEE)&FM;@ QB PRTR g%qﬁ 3F/F595lgg-llb?15é°50% dﬁﬁgmp(ﬁl

10According to the present nvent 1'on, ne of
Formul a (4) gap, bayusety!l a961, Bﬂ{ac\ﬁy]b)hp;bbﬁ gahganosi | i con conpound of Fornul a

(5). Thus, the hydrol yzabl e organosi| ane of Fornmula (1), a hydrolysate
t hereof, or a hifd%lb}biyﬁtQwhmmwmhdtvmemem‘lhacamyd)emusen.t Ltdeget her with the
organosi |l i con conpound of Formula (5), a sate thereof; or a

hydrol ytic ciaﬁﬁw@tieewweﬁ’r meﬁef'@s@zhs]ifrhféOmav%mytbwieyfawgélrmqn ane of

Formula (1) andl \nosi | icon used at a

nol ar ratio therqéo?plgSr gy Cagrﬁ&lg)clbaf“ $ admtr%apT ’%6‘5) m‘fa]Hée %[l&/glpe’ic@’?%bt ain a
good resi st sa@doeutynmab dgFalpymphe:& pEANOR, AR ds@n%e:%ﬂﬁmg'lloﬁp 20 (1) and the

organ05|llcon conpound can bé used at a ndblar ratio thereof
wi t hi n alrange 8kadpldQg uﬁea)ngan& grﬂﬁtﬂ&@m@Qmpﬁlw@d&a;ﬂh@uw@ﬁﬂﬁaﬁ@l Moused as
hydr ol yti ¢ condensates (pol yorganosil oxane polyners), and it 1s preferred
that a hydrdb?wnﬁwwbﬂdensate 5( pol yor ganosi | oxane pol yner) of the

hydr ol yzabl e organ %ne of Formula (1) and the organosilicon conmpound of

Formula (5) are’ 6’28?"@%0% hal"‘r’i‘étdﬁélf‘a’rybgﬁl‘b%i“l“h‘é‘o’r’i‘e?‘:‘éiﬁib‘&ﬁlﬁﬂ of

Formul a (5) an aryl group, an aral kyl
group, an alékylfp ﬂ@ﬁﬁﬁg gr"(r)(ﬁ}é a“rar??e”ryyslunﬁlg? elpgroup, an aral kyl halide
group, an al kenyjo19f Oqﬁaln‘ﬁ[cs@ﬂhQEQ@iyﬁoﬂfﬂ@%nﬂ@lytUgnc@d?ie%ﬁ’%a)fkm}%nﬁf)é)up, an
acryl oyl group, a methacryloyl group,” a nercapto group, an al koxyaryl

group, arb aayéroxpyaifichilgnidop, groupsavityana, Gicat prancifed fand @l icrididyl pattibmer eof ;
and is a group bonded to the silicon atomby a Si-C bond; R2 is an al koxy

group, an adyfowyplsr @iat;boxmmlaﬁ, hlémgze ﬁummmﬁ@poay group, nt@@?@r«y gfoup, nt-lnt@y
[ 0027] Exanpl es of the al k rougr § rouB aral k roup, al kyl hal i de
15group, ar VATOURA [ PURYHD S -b PP RPOFB 8y Pyd‘ppe“H'll M“pgroup t he

organi ¢_gr oup, iyl Ng. Al ;58.9&%-;1?&1%% By BRS! PRl R4S Nacr v! oy

group, a nercapto grou
1,1-dimethyl-n-propoxy group, 1,2-dimethyl-n-propoxy group, 2,2-dimethyl-n-propoxy

20 group, l-ethyl-n-propoxy group, n-hexyloxy group, 1-methyl-n-pentyloxy group,
2-methyl-n-pentyloxy group, 3-methyl-n-pentyloxy group, 4-methyl-n-pentyloxy group,

I, I-dimethyl-n-butoxy group, 1.2-dimethyl-n-butoxy group, 1,3-dimethyl-n-butoxy group,
2,2-dimethyl-n-butoxy group, 2,3-dimethyl-n-butoxy group, 3,3-dimethyl-n-butoxy group,
l-ethyl-n-butoxy group, 2-ethyl-n-butoxy group, I,1,2-trimethyl-n-propoxy group,

25 1.2, 2-rimethyl-n-propoxy group, 1-ethyl-1-methyl-n-propoxy group, and
l-cthyl-2-methyl-n-propoxy group. Examples of cyclic alkoxy groups include
cyclopropoxy group, cyclobutoxy group, 1-methyl-cyclopropoxy group,
2-methyl-cyclopropoxy group, cyclopentyloxy group, 1-methyl-cyclobutoxy group,

2-methyl-cyclobutoxy group, 3-methyl-cyclobutoxy group, 1,2-dimethyl-cyclopropoxy



group, or a cyano group, and al so the al koxy group, acyl oxy group, or

hal ogen at om contai ned in the hydrolyzab,@ group, which are represented by
RI and R2, include those described in relation to Fornula (1) above,

20[ 0028] Exanpl es of the organosilicon conpound of Formula (5) include

t et r anet hoxy gichae3-dimethy bohklopropsiy @ne, |iedtyt-aad@tapoys ploape,

tetraet hoxysil ane, tetra-n-propoxysilane, tetrai sopropoxysil ane,

t et r a- n- but ox ¥V [-aEPrarery Hawe CsrYiamesrovie t Hyatntcraensainsy Igeme,

met hyl tri et hoxysi ) ane. nmethyltrichl oragsil.ane nptﬁylt i acet oxysi | ane,

Tt byl tri propoy et AR g Fotebh SAeaL Ry ST TR et b PR P BRYS | ane,
met hyl tri propexy sidudneycl |t by 24TE 4, QXY S hyldihERNE Lipane,
Tot vl 11 bengyl by ana Al p AP bRES, i, AL ARSI

gl yci doxysret fyl, rliznsineoxisicloamexy goys 2daxybmet dylobiiog) foxysi | ane,

oc- gl yci doxyet hyl tri net hoxysi | ane, a-gl yci doxyethyltriethoxysil ane,

p- gl yci doxyeZ:AylimethyhetHobuyeiy|zamve, 2.Pdghglniidpdyatdylgraipet hoxysi | ane, 21
a- gl yci doxypropyl tri met hoxysi | ane, a-gl yei doxypropyl triethoxysil ane,
fi-glyci doxy%?zsiﬁw'Exlica@?%&%zﬂ,vﬂmmhézprqu-x@rw'%ozs&9&9?ze;py| triethoxysi |ane,

y-gl yei doxyps Qpyl Ly Lheth ilanc,. y- gl yei doxypropyl tyiethoxysil anc
V51 e doxy pr bR ERE Sk R PR TR R bR S b S e,
Yo doxy ot B ey 1 Ui LAY ane:
y-glycidﬁkybuﬁyhﬁmﬁﬂﬂHWGMm$p®@Q§mthgﬂwb?d@ﬂmbuﬁmhimkmy@mmysiIane:
3- gl yci doxybut yl tri met hoxysi | ane, 8-g!yC|doxybutyltplethoxy5|Iane,
(l 8( g ipoxycy%rp fﬂe&cy‘swlﬁfw Oﬁﬁpfﬁét fh‘t@lﬁy§reltlp[hlé",mclhylwcyclopi opoxy group, and
, 4- epoxycycl ohex me ri et hoxysi | ane,
FEMERS Byl S Ben Pt Fhonysi ane.
- , 4- epoxycy Xy [, | [ PN . : ,
];:)3& 23,44_ epoxycéﬂﬁﬁ]gxy fﬁﬁéﬁstori ﬁi()gé@f?ﬁgﬁé’m mula (1) include a Cypp acyloxy
- (9, 4- EPOXY&LdE, XML, Mdiyd Y bro@fl @ihylcarbonyloxy group,
13-(3,4-epo£§cyclohex@%ethyﬁ?fiphgﬁdiésﬁyla%é?rf%§?h§fgygpoxycyc
| ohexyl ) br opypopyloebdnyioxrs igrdugneyropylcarbonyloxy group, n-butylcarbonyloxy group,
y- (3, 4-epoxycycl ohexyl ) propyl tri et hoxysi | ane,
8- ( 3, 4- epoxyidypeilesrnylony eipbe. st drehopsloxagreup. t-butylcarbonyloxy group,
8- (3, 4- epoxycycl ohex utyl triethoxysijl ane ‘
gl yfai dp)(;yrregﬁ?'lﬁg‘fa&ﬁ‘aéﬁ%g‘gﬁ?«%’?’f{?ﬁé’f{’ﬁzgeP‘H}B’Wiﬁ‘f‘l‘?i@ﬁgt !hyl '?ihef gpx%/ﬁi | ane,
=01 vel doxy oL fuh R Il SLIBH AR 0G5 PAABLSHARNYE! Dl Tt My di et hoxys!
| ane, 13-glyel doxyet et hy @hpphoxy5| ane, ’
13- gl yei doxyet-hidegtynylpghgyRE xSty ,g.},l@tﬂi? 1,2-dimethyl-n-propylcarbonyloxy group, _
a- gl yci doxypr opyl net hyl dhnet hoxysi I ane, a- gl yci doxypr opyl net hyl di et hoxysi
| ane, 13gl yci-dmeyipit-opydpyttbphdoredrngx ¥ sthyl-apegpyRadloydidoxygr, opyl et hyl d
i met hoxysi | ane, y-glycidoxypropyl nmethyl di rnet hoxysi | ane,
e oo gy e
y-gl yci doxypr o net hyl di pr opoxysi | ane, gl yci doxypr opyl met hy
butoxysi Qlﬁia?%v;?w%'%%Pes@ab%m{ Fh i @ﬁg&p@y pﬁ?vftje», N
y- gl yei doxypr,ap¥!igl.-hykded: Ane, V1 gl r y i et hoxysi
| ane, y-glyefﬁoxgpr bVﬁ%?%%&@?ﬁé%ﬁ%%&gﬁﬁgﬁﬁ?gtMBh 9§M909P¥0&&
y- gl yei doxy progiyetyRitlbdivehioxnyist, 806, 18t dinkihyi-mBilRYbSh & roup,
et hyl tri et hoxysil ane, vﬁnyltrynékﬁoﬁysiIane,&vinyPtricﬁ%orosi?%ne,
vi nyl t r iZdeet2dxyisicthahe-butyicashotyl et droxy 8i3k-dimethy Mi-hytly enibacy@d:Qxyrsip, ane,
phenyl tri met hoxysi | ane, 22 phenyltrichlorosilane, phenyltriacetoxysil ane,
phenyl t ri et Roxdigicthyhe-bulykarbgnylpyyae et ydivi-arhatylcarbonyloxy group,
Thchl or opropyl tri oxysi| ane, y-chloroprapyltriethoxysilane,
Thehl or opr oB BTGy ey R gtoul 5 e SRR b S Ry si 1 ane,
y-rnet hacryl LR1- OV L1 il - GanL.opr.op I i |.ane,
1Y 9[11%}91 %r{i(;%glm&bkﬁg%up,% ABRISaRLAR xﬁ@é%ﬁﬁrgﬁg!&% ¥Rlub;

5y- mer capt opropyl tri‘et e, p=cyanoethyltriet

chl or onet hyI1tdﬁiyrmtxhawsi—;ha@aearmw&p F@k.bﬁh&ﬁﬁ&ﬁ-ﬂ?&@my B, and

di et hyl di met hoxysi | ane, phenyl net hyl di net hoxysi | ane,

di met hyl di et hoxysi | ane, phenyl net hyl di et hoxysi | ane,

y- chl or opr opyl net hyl di met hoxysi | ane, y-chl oropropyl net hyl di et hoxysi |l ane, d
i met hyl di acet oxysi | ane, y-met hacryl oxypropyl net hyl di met hoxysi | ane,

10Thret haer yl oxypr opyl et hyl di et hoxysi | ane,

y- mer capt opr opyl i net hyl di met hoxysi | ane, y-i nercapt onet hyl di et hoxysi | ane,
nmet hyl vi nyl di met hoxysi | ane,



met hyl vi nyl di et hoxysi | ane, phenyl sul fonyl am nopropyl tri et hoxysil ane,

nmet hyl sul f onyl am nopr opyl tri et hoxysil anc,.

phenyl sul f onyl ar ni nopr opyl tri met hoxysi | ane, and

met hyl sul f onyl am nopropyl tri met hoxysi | ane. 15[ 0029] Rl of the organosilicon
conmpound of feeyloatha@ny(dey gicspan al kyl group, each R2 is independently an

al koxy group, an acyloxy group, or a halogen atom Y is an al kylene group
or an aryl ene gr{@i@rﬁ/ blihsllWle@"gmilab?fgC@al@ﬂ? i Forandh @) insluilntlegie. dfor@eor 1.
Forrmul a (6) resents .an organosilicon conpound in which two silicon atoms
are bonded b g“&rﬁ ¥iiediBond when b is 0, and represents an organ05|llcon

corpound in whi i A0% w@m%néaéga%s.@a &gﬁﬂ@@@@ﬂg gkamhﬁ'»ﬁhg] hEORAB0RLP O

aryl ene group when

acyl oxy 95Oum)mﬁ&dﬂﬂﬁb@@@@cﬁﬂﬁﬁk&ﬂcNHQﬁ1&hﬂ§ﬁ Qﬁﬁﬁbbbﬁgsmaagﬁéaﬁdon to
Formul a (1) above. Exanples of the al kyl ene group and aryl ene group incl ude

di val ent or géagre of radipsis cwrrigsnanici stgilite istive. aWikyd thg pRBu s @ewkeralianl 20@0poup
descri bed above. 25Specific exanples of the hydrolytic condensate of the
hydr ol yzabl e? 8pagdeids patterecaspotbe formed in(thy lidipgrapiierioreganosi | i con corrpound of

F | 5 t --- S 01. S/Ol
ay- 1212 o R et by Tensrste e b PoRerehidsigb T o) s )
- (S101. 5) 14011114&1 (?%Mc%n(cﬁbgl)ow CZHSO 002H6CH3 --(5i02. )- --(SiQ S

)--(Sia.
& F
CatsO, /\/f CatiOy 0 z"‘:sg 0
ool Lo e o
Cab ]50 CZHGO CoHsO
Formula {2-1} Formula (2-2) Formula (2-3)

OH

CzHEO

CszO o Si\i?() O o
Cas0) o s

CaH 0 CsHgO
2 CeHsO  Formula (2-5) C / . 0
Farmula (2-4) 2H50  Formula (2-6)
O
@ 7
CzH,,O @ OH
CzH5O:
CZHEO/ O O \ 0 CZHSO\ o
CoH:0 CZHSO 0 5
i @ CoHs0,
CaHsO /
Formula (2 7} OH i Formula 2-8) - CyHsO Formula (2-9)
CzHs0,_ S o
CoHs0 / 0 CZHSO O C:ZHEO
ColHsO D CaHsO/ Col- 350/
HO
Formula (2-10) CoHsO  Formula CoHs0
€ (-1 Formula (2-12)
CaHpO '
CZHEO: 3 © MO 0
3 / H3CO", Formula (2-14)
CaH0 (J°
Y Torowia (2413 HsCO

-
10

{0022]  In the hydrolyzable organosilane of Formula (1), a keto form having a

structure of Formula (2) which presents as an isomer form and an enol thercof can be also



4. Formula (5-3) Si2. 0)-(SiG a)-a)- -(Si0l. 5- --"(Si01, 5- Fornula
(5-4) -1-F.10C I1S1 0 ---(Si®a o) (SI1]7 5)- -(Si0ol. 5- -(Si0l. 5)-

--(SioL 5)- 4"'+ oitr- -(si02. 0)- --(sio, . O- " (SM 5)- --(Si01. 5)-
-NCI. 5)- +4"+-4-+ Fornul a (5-6) ()--(6101 5)- --(Si0l. )-SiG 5)-
---(Sich, 5)uscBormula 6-7) 25 rfi O NO 1" t 11| NFI....O%-l---( 001r,

O FaC

CE%O\S{%O CQHSO\S. 0 Czl‘iso\SinLo
CoHs 0, 0 CoHs0, ' i CeHsO / OH

H Ol FyC
CoHg CoHsO 0 CoHs0
Formula (2-1-1) Formula (2-2-1) Formula (2-3-1)
OH
Call50. 0
{ CoH50.
CszO’/Sl “on 2; S (0 GHO 0
Formuta (2-4- Formula (2-5-3) 6400 Formula (2-6-1)
/
CEHSO 0 OH
021-150
C;.;H;,O l QO CoHsO., o
C2H‘r C2I'150 O OH ,Si
(.,gHg,O CatlsO OH
Formula (2- 7 h IO”"” a(28-1) Calls Formula (2-9-1)

CgHrO
Gt 130 Ol CgHsO C:)Hq()
CgHs Cals0, / 0N C.zH.JO /

Formula (2 0 1) CatlsO C2Hs0 ;
Formula {2-11-1% O Formuda (2-12-1)
CatsO
c?ojsi 0 0 7O
s OH CO, cormuia (2-14-
e P! HiCO S OH Formula (2-14-1)

F yonmutag2-13-1)  HaC P

f0023] Examples of the structure of Formula (3) in the hydrolyzable

organosilane of Formula (1) are presented below.



-(5102.0)- -(si01l. 5)- -(8107, 5- -(SIa, 5)- -++4- NM la (5-8) 0O NO
"t rx .JIJNN-%O0CHa | O ir -(8102.5)- 1(83|o - ----(sio,. 5)- -(sSlo1.
5- --(SIQ- .4-1--4--1- 4 Fornula (5-9) 1] 0) NyO 1 -(8102 )- -(sioi. 5)-
--(sic), 5)- --(SICh 5)- -(Si01)- 4-++-4--4- Formula (5-10) r ONO 1t
1i0?DrGlls -(5102. 0)(SiG.gR)- "-(3i01. 5)- -(S101. 5) (SiO], 5) -
Formula (5-1 1) CallsO

CuHs0™} i
C2H50

0 Coll;0

Catts0 i O CaHsO, /\/f
0 0 2 { -5
- [§] Col;0
J n CszQZ )0 Cil {50 0
) Formula (3-2) Formula (3-3)

»i

Formula (3-

Formula (3-4)

Cals0
0
C2§SIOBS /\QZJ; CC::g?”S /\/f CoHsO, \ /\/IL
2 'IS (1\' 2C2H50 o (JZHSOW o

O
Formula (3-5) \]) 101mn]a (3 6) %

Cc;}igg g 0 . HyCO
2tls RN 0  H Co-'-Sl
CatisO CoHs0— 5 ? o

chO O
Formula (3-9) )

o

CoHz0
Formula (3-8)

Qoé

o

Formuia (3-7)

NOy
Ny
L Cols0,
-—uS
C2H50 o CszO o ngg&()
cz%l,;o-’S CzFISO"'S‘

C:;HsO 070 CZHSO O 0 Formula (3-12)
Formula (3-10) y Formula (3-11)

Examples of the structure of Formula (4} in the hydrolyzable organositane of

Formula (1) are presented below.



ri....,00NOZ1 tI NN..----- -1---01'60n, 1 -(3102, o /- -(8101" 5)-
--(Si 01. 5)- -(SiCh, 5)- '-(Si0l. 5)- 4pg+-4-+ Fornmula (5-12) [0030] The
hydrol yti ¢ condensate (pol yorganosil oxane) of the hydrol yzabl e organosil ane
of Formula (1), or the hydrolytic condensate (polyorganosil oxane) of the
hydr ol yzabl e organosil ane of Forjrula (1) and the organosilicon conpound of
Formula 5 (5) and/or Egxeyul a ( n%§ﬁ§ it posSible to obtarn a condensate
with a wei ght-aver age,ph$C Qej ghts g t¢"$,0Q0,.040 or 1000 to
100, 000. These nnleculaﬂﬁmei% S a?ﬂﬁ@ptai d (@%g%g?ate é@s pol yst yr ene)
by GPC anal ysis. [Q031 exanple, devices and idi tigns’ for GPC

measur ement are aqu%T%Eaé. GPC 5@@%@2% HLC- 8296¢PE( t rade nane)
manuf act ured by Tosoh Corp; GPG™ 26 col um: dex KF8031",, KI7802, KF801
(trade nanes) manufactured by Showa Denko KK)*™gol umm tenperature: 40C,

eluent (eluting sol vesky, tetr&uydrofuran; flowrate (flow vglocity): 1.0
m/mm and standard sagptE P tyréﬁ@ag f t%ﬂgg by Shgha Denko KK)
5[ 0032] I n the hydrol ysigdof gt al ko 17y oup, ™ )q <Lyl group, or

silyl halide group Ler s/ used at 078°nol ¢t & 168h ferably 1 rnol
to 10 nol, per | n%?yﬁﬁ t hydr oi'yzakte graup. ?ﬁigghy ol'ysi s catal yst
can be used at 0.001 nol to 10 nol, preferghly 6@@Uimﬁbl§to 1 mol, per 1

nol of the hydrol yzabl e group. 10[ 0033] The teaction tenperature during

hydrol ysis and condensation is qﬁﬂally 20C to 80C. The hydrol ysis may
be conplete or partialg,khus, aohydrolysate or a_mononmer nay remain in the
hydrol yti ¢ condensate,, A can B&C@sed i ng hydrol ysis and

condensat i on. 15ExaonV§{@f t heohydr ol ygiosficat a y8t i nclude a metal chel ate
conpound, an organic aci d anf i nor gani c Hé1 d, hn®or gani ¢ base, and an

i norgani ¢ base. [0034] Exanfles of netall¢hel at'e conpounds as the hydrol ysis
catal yst include Formula (4-7)

[0024]  According to the present invention, a combination of at least one
organosilicon compound selected from a group consisting of the organosilicon compound
of Formula (5) and the organosilicon compound of Formula (6), and the hydrolyzable

5 organosilane of Formula (1), hydrolysates thereof, or hydrolytic condensates thereof can
be included.

Further, according to the present invention, a hydrolytic condensate of the
hydrolyzable organosilane of Formula (1), or a hydrolytic condensate of the hydrolyzable
organosilane of Formula (1) and the organosilicon compound of Formula (5) can be used.

10 According to the present invention, the hydrolyzable organosilane of Formula (1)
can be used together with the organosilicon compound of Formula (5).

Thus, the hydrolyzable organositane of Formula (1), a hydrolysate thereof, or a
hydrolytic condensate thereof can be used together with the organosilicon compound of
Formula (8), a hydrolysate thereof, or a hydrolytic condensate thereof.

15 [0025]  The hydrolyzable organosilane of Formula (1) and the organosilicon
compound of Formula (5) can be used at a molar ratio thereof within a range of 1:0 to

1:200.  In order to obtain a good resist shape, the hydrolyzable organosilane of Formula



titani um chel ate conpounds such as triethoxy-nono(acetyl acetonato)titanium
tri-n-propoxy-nnno(acetylacetonato)titaq{um

20tri -i-propoxy-nono(acetyl acetonato)titani um

tri-n-butoxy-nono(acetyl acetonato)titani um

tri - sec- but okly andiho prgetsilicac etngratd)tliotrami (fncan be used at a molar ratio thercof
tri-t-butoxy-mono(acetyl acetonato)titani um

di et hoxy- bi spHB@RyrEest bA&t ©)1t3-t ani UM

R S S

25di - n- but Oxéﬁbﬁ!oﬁvﬁﬁ&ﬁt))yéll@ﬁ&?ﬂ&@}, Qd ik Fsga?dfyrmd that a hydrolytic condensate

di - sec- but oxy-bi s(acetyl acetonato)titani um

di - t but oxy - bips(yagehystiacet pslanhey) bi thahidibiRzable organosilane of Formula (1) and the
nonoet hoxy-tri s(acetyl acetonato)titani um nono-n-propoxy-tris

(acet yl acet opratnpiliceragnimpoyndad ormivlptopoxyed ri s(acet yl acet onat o) ti t ani um
nono- n- but oxy-trj s(acetyl acetonato)titaniu 7. o
nnno-sec-butgxyléi¥ﬁ(aJé@y$aﬁg? ’”%%?%Pﬁéﬁg%HW§0fﬂ”mum(ﬂIsﬂﬂewmdmﬂw

nono-t - but oxy- fir. etyl.ac nat o)t it ani um .tefrnakis )
(apetylacet6%3@8??&@gﬁbfﬁﬁiﬁ%ﬁéﬁﬁgﬁéﬁ%%3?@?ﬁ@?g%gﬁg ce hnezﬁﬁﬁgﬁﬁun]
tri-n-propoXyonmar bk Vﬁeﬁiﬁ@%x@@ﬁ%ﬁ alkeyl bERAP] diBh orpanic group having an epoxy
5tri-i-pnpoxy-nono(ethyl acet oacetate)titani um

t ri - n- butxygromnoq edrilyllaeatppamethadrelpl draup, &lMercapto group, an alkoxyaryl group,
tri-sec-butoxy-nono(ethyl acetoacetate)titani um

tri-t-but oxyAfSHOREEH erapet g @tosire) P aghimbiation thereof, and is a group bonded
di et hoxy-bi s(et hyl acet oacetate)titani um - i _

di - n-pr Opo)q;g; Bi?es%lgzpﬂﬂoa]glgt “c(e%‘%;'ﬂ[de‘?t ’isl“%lﬁ[ikm aroup, an acyloxy group, or a halogen
di -i - propoxy-his(;ethyl.acet oacetate)titani um
1Qdi-n-butof?ghféfégﬁﬁfggéggacetate)titaniun1

di - sec- hut oxy- b%(ﬁ)@?]t hy Eagsieasatali®) bioh @R Boup, aralkyl group, alky! halide

di -t - but oxy-bi s(et hyl acet oacetate)titani um

nmonoet hobdy - tgringy edyhidliele etoop.cedliat @)lideteamipuatkenyl group, the organic group having an
nono- n- propoxy-tri s(ethyl acet oacetate)titani um \ '
noNo- i - pr opdRYXYL 1YY n Ay arlereme @ mgtheqiy foy bgipummp mercapto group, a sulfonamide
nnno-n-butoxx-tris(eth Iaceto&cetgte titaniunhd . - halogen at
15mono- sec- BUTBx§-1 PRET #PRY PASEPBRE BEQTEOTR: 4ryI9xy grpup. o halogen atom

mono- t - but 0%1‘1&1%@ (ﬂqupb{)lftﬁtg 38%2’%?%}5 ﬁ)‘lltd’l Ex%rilj-:ﬂ'rlgg%nted by R and R?, include those

tetraki s(et hyl acet oacetate)tit

nono- (acet ylgagbhenatrehdidd 15 (ethys agaspacet ate) titani um

bi s(acet yl acet onat o) bi s(et hyl acetoacetate)titani um and

tri s(acefyl acet d¥at]o) nio(pddshy lhecetaoadiabate)piund et Bonnukd (Stmoiuden chel at e
compounds such 20 as triethoxy-nono(acetyl acetonato)zirconi um
tri - n- pr opoX§iLasHSrudlany leaeeierasitang. 25tiaesiixypHane, tetracthoxysilane,
tri-i-propoxy-nono(acetyl acetonato)zirconium . S
tri-n-but ox&-t‘ﬁ‘(‘)‘HB’(" P UNS 8?%??&%)5) XS}I%M-H -n-butoxysilane, tetraacetoxysilane,
tri-sec-butQxys o] Lyl a t.0).Zk; j i .

2571t bt G e S M RSl E Mdtlrchlorosiane,

di et hoxy- bi sfcagetiydcastiRnat@XBikigRpbxysliMe, methyltriacetyxysilane,

di - n- propoxy- bi s(acetyl acet onat 0) zi r coni um

di -i - pr @poxysctivé(ibaetyilawemehglrirapaxgoninamethyltriamiloxysilane,
di-n-butoxy-bisgacetylacetonato%zirconiun1 i )

di - sec- but oxEiEphsarxplge sl ear oo pilaps methyltriphencthyloxysilane,

di -t -but oxy-pi s(acetyl acet.onato)zi rconium . . . .

tonoet hoxy: 20 LpRee 1 BEEL SRR BIS EhERR iy trethosysiane,

nmono- n- pr 0IO&%y&éd@%ﬁﬁhﬁh&%@@@&iPa'ﬂé‘.t@-%1?&1%8%%1@[%:&1&@51311]@,

nono-i - propoxy-tri s(acety tonatojyzire

MoNo- N- but ORYfdidok(ARAIhAGRY ARAE, B AL EIERFLMPricthoxysilane,
nnno-secbutoxy-tris(acetylacetonato%zirconiun1
nono-t-butoxy-tris(acetyl acet onat o) zirconi um
tetraki s(acetyl acet onat 0) zi rconi um

5tri et hoxy-nono( et hyl acet oacet at e) zi r coni um
tri-n-propoxy-nono(ethyl acet oacetate)zirconi um
tri-i-propoxy-nono(ethylacetoacetate)zirconium
tri-n-but oxy-nono( et hyl acet oacet ate) zi rconi um
tri-sec-but oxy-nono(ethyl acet oacet at e) zi rconi um
10tri -t - but oxy- nono( et hyl acet oacet at ) zi rconi um
di et hoxy- bi s(et hyl acet oacet at e) zi rconi um



15di -t - but oxy- bi s(et hyl acet oacet at e) zi rconi um

nmonoet hoxy-tris(ethyl acetoacetate)zirconjum

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

mono-i - propoxy-tris(ethyl acet oacet ate) zi rconi um

nmono- n- but oxy-griigeEpiapy hvetivarekat. e)dyvdonpapyltricthoxysilane,

20nmono- sec- but oxy-tri s(et hyl acet.oacet ate) zi rconium

mono- t - but oxgﬁ-' ?¥‘%{{§’(‘éﬁ"ﬂéﬁ?’é’€éi‘6’éﬁé’ﬁ'§’e Byicidoyyirepytricthoxysilane,

tetraki s(ethyl akelair UMY b g e
nDno(acetyIaégﬁgﬁggﬁ§ﬁé?é%%%ﬂyﬁg%%?ggég %98??#?%%%%%%%““

bi s(acetyl ac ?Ig%ﬁ%@ﬂfkb@(tﬁfo@F&@ﬁﬁﬂﬁ@aﬁﬁ}(ﬁ&&%&bﬁ)ﬁ@@llﬂéﬂ}sil@rﬂz‘,j ,
tris(acetyl acet onat o) nono( et hyl acet oacetate)Zirconium and al um num chel ate
25conpounds sgbhidasymapiyl(ipicetykidmet opitidpalbuiytiinuivandane,

tris(ethyl acetoacetate)al um ntun. [0035] Exanpl es of organic acids as the
hydrol ysi s cétayaopyhuidirgdexgders B-eheidgxyippdipedatysiiarei d, but anoi ¢ aci d,
pent anoi ¢ aci d, @ex%noﬁg agidhqhept nai.c acid, octapoic acid, nonanoic
aci d, decanof EYSEPHPUBREMFROREIe Ey e YRy ey intnal oni ¢ acid, adi pic
aci d, sebaci g ,ag] I oWT=Tol Bs o IS | VA &F .l nellitic acid, arachidonic
aci d, shikin?éggggﬁﬁg%@gh%?ggﬁg?Hﬁgg 8#@‘@%#@?“%&8%¥£%bid, stearic acid,
l'inol ei ¢ aci @, 4-tpoagdyenhexydeicthy ts@bheykilmeaci d, benzoi c acid, p-annnobenzoic
acid, p-toluenesul fonic acid, benzenesulfonic acid, nonochloroacetic acid,
cl i chl or d&ceidecrmsyayclobexy§hiethy baaetxiysilaacifa(3, 4-apokyayolobagbtthgl acid, form c
acid, malonic acid, sulfonic acid, phthalic acid, fumaric acid, citric
aci d, and 5t &inedioresila §:Cpoossrmslaienyliehydrichnssgansi ¢ aci ds as t he

hydrol ysis ¢ /st includ rochloric acid, nitric acid, sulfuric acid,
hydrofluoricgég%%p%%ﬂ“%ﬂ%§ﬁﬁﬂ%ﬁﬁ“8@?ﬁshm“ [ 0037] Exanpl es of organic bases
as the hydr Oﬂ-Yfﬁh—%p(ﬁ\?Eﬁllc§ﬁ§§yljen\9fltHﬂﬁo ¥i§dng,' ne, pyrrole, piperazine,
pyrrolidine, piperidi'ne, picol'ine, trinethylamne, triethylan ne,

10nonoet hanof-g37-Bguxyehiceihbanelantifienogkimethy| nonoet hanol am ne,
nmononet hyl di et hanol am ne, triethanol am ne, di azabi cycl ooct ane,

di azabi cik| onGraeexydickhedyloywelloimdeegsienand t et r anet hyl ammoni um hydr oxi de.
Exanpl es of inorgani c bases include anmoni a, sodi um hydroxi de, potassium
hydroxi de, B4 UrRORYAFERPIEPRAYIECHINY UMMty dr oxi de. OF these catal ysts, the
nmet al chel ate,.compound t organi c aci ds 15and the inorganic acids are
preferred, éﬁg“?ﬁ%%gwﬁﬁywﬁ®gwgégn§FWH5&”$hdividualIy or in conbinations of
two or nore &0k I : [Wouy < the

ydr ol yais i noTuds AT SRaP e ch ear o 2El OsRAHARE BRI LRLIAES

i -pentane, rjedap@ethinitexan@hoxdsihaptafiecidbx/BBPhMedimethoxysilane,
2,2,4-trimethyl pentane, n-octane, i-octane, cycl ohexane and

20met hyl @y c | wblysidoeyethyinmimtidicthoxydilae ap-bonideglethghshddickthasysienz ene,

t ol uene, xylegeh et hyl benzene, trjinethyl benzene, nethyl ethyl benzene,

n- pr opyl benZ%# é?*d?xyﬁ%é‘gvlwbléﬁ%%?fprsé%-a ridenPEmsimathyimpibesrdaice,

triethylb ol - - W be 3 | ht hal . .
tri et byl borsBng oSl E SR B e db R R T 8P ansiarce hanot
n- propanol , ﬂ—%?{ig@% i%&)yleﬂyfa%@iﬂg;lysiidtié,%lfﬂ?@gz[&@ﬁﬁfﬂ@ﬂﬁ%%Pf?{lztl{m)%éil&lﬁg,anol ’

n- pent anol , 2 anol , * 2- met hyl but anol , nt a ent anol ,
3- met hoxybutyaitalidoxppropMmetlidiethoxysilane, y-glycidoxypropylmethyldipropoxysilane,

25 y-glycidoxypropylmethyldibutoxysilane, y-glycidoxypropylmethyldiphenoxysifane,
y-glycidoxypropylethyldimethoxysilane, y-glycidoxypropylethyldiethoxysilane,
y-glycidoxypropylvinyldimethoxysilane, y-glycidoxypropylvinyldiethoxysilane,
ethyltrimethoxysilane, ethyltricthoxysilane, vinyltrimethoxysilane, vinyltrichlorosilane,

vinyltriacetoxysilane, vinyliriethoxysilane, vinyltriacetoxysilane, phenyltrimethoxysilane,



2- met hyl pent anol , sec- hexanol, 2-ethyl butanol, sec-heptanol, heptanol-3,
n-oct anol, 2-ethyl hexanol, sec-octanol, J% nonyl al cohol

2, 6-di met hyl hept anol-4, n-decanol, sec-urdecyl al cohol, trimethyl nonyl

al cohol, sec-tetradecyl alcohol, sec-heptadecyl al cohol, phenol,

cycl ohexanol phegirnyilogysahehgheantiacetSxy3ildre! fhemBi-nbeyahehexanol , benzyl 30
al cohol , phenyl net hyl car bi nol, di acetone al cohol and cresol; polyhydric
al cohol sol verngtrsughxyagaret hyHlengopylyowihoxpiilopy -ehleroglopgltricthaky8labat y1 ene
gl ycol , pentanedi 0l-2,4, 2-nethyl pentanedi ol-2,4, hexanediol-2,5,

hept anedi o1- "zcidomamérlhwﬁwa%’& %gé‘l“@o"tﬁ“‘é?tyhy%lﬁ@y@ “y’éol di propyl ene

gl ycol , trleth ene ene and b5 cerol ket one

sol vents such” Qaﬂﬁggﬁ% ng%ﬁgﬁmﬁgﬁyymﬁg%gﬁgomWQPﬁgwgﬁm Bf%pyl ket one,
met hyl - n-buty e yl ket one,
nethyl-n-%enfgfkﬁéggﬁ%ﬂgtﬁﬁg%yﬁ% B%ﬂﬁomgﬁgﬁg%xﬁg?Mi | - n- hexyl ketone,

di -i-butyl kefl@aecthylrimneidyyikasanbnesetioyatbibbhexdmontmethpll ydtieyetinhexanone,
2, 4- pent anedi one, acetonyl acetone, diacetone al cohol, acetophenone, and
fenchone; et M@ﬂylmth\v@im@h@whnasine@hydw@tmaaml pmnﬁpythy@uw,\/ﬂiaa@ n- but yl
et her, n-hexyl ether, 2-ethyl hex et her, ethyl ene oxid 1, 2- propyl ene
oxi de, d|odeQH@Om@9H§¥ﬁWﬁHWB%6W§é€CYdﬁB&%%@””HﬁWﬂ?‘@Pﬁﬁg%ﬁ et hyl ene

9!y Mooyl LU A B OB BT, £ 1 e o veo

nono- n- hexyl ﬁlﬁlﬁl@d’ry oﬁﬂwyﬁﬁ@hﬂé 1¥1‘B@>Lysﬂ§mo)pm@t@¥éw&5ﬁ}%heth?lﬁ myeiRResighy col

nono- 2- ethylbutyl et her, “et hyl ene ¢l ycol dibutyl éther, diethylene 15gl ycol
nononet hyl eﬁhemmndhahﬁykangmgmwcmb&yﬁh@&hhyhm@mhem, dlethylene gl yco

di ethyl ether, diethylene glycol nono-n-butyl ether, diethylene glycol

di - n-but yl éﬂﬁbﬂvaWé@ﬁyY%h@%QPVUBP”@%ﬁ@“ﬁmﬁ§wyﬂd@wﬁﬁhﬂ&ethoxytr|glyco
tetraethyl en

but th th th
bropyl en o JEBrSTDRa DR B Moy By PRAR TR A s ERsRose T
propyl ene gIMﬁq&ﬁ 5ﬁﬂg‘1¥ﬁ“ﬁ;a§ﬁngh§R%ﬂx lene egcoI nononet hyl 20et her,

di propyl ene gl'yco ropyl ene gl ycol nonopropyl ether,

di propyl gne gl yg;mlz?j]rmnnbwtmé o@hiNicor EdnPooRYSEREm Sk YO ammrmiuﬁydacret her,

t et rahydrof uran an nmet hyl t et rahydr of uran; ester solvents such as dlethyl
carbonat e, nietikjideodtndly en alkbhygrogs et atydgxy\erdpt yradlabgtoaen, Yismal er ol act one,
n- propyl acetate, i-propyl acetate, n-butyl acetate, i-butyl acetate,
sec-butyl acdfding erawpwent §yicae Bou.& is BisgeiftafIl, a8 gdetnaeer of9.ardt hoxybut yl

acet at e, nethylpent¥ gceta%& 2- et hy but¥ ac tat chg g¥]( XX acet at e,

benzyl acetate B TS A BRGNP RP RS H 31 Ya:14 MRS Ry

acetate, metjl, eﬁt@@? b3l SuneF b 6E1OACH Ay aﬁgaﬁ{éoﬁ%&ng&ﬁxﬁ% wRpOMet hy|
et glyco gl

et her acetate, nmonoet yl ene ycol
monomet hyl atvh@nma;cabm Ere bhRU DY L@ amyghe/g.@hp snGelfelsr@iphaienaget at e,

di et hyl ene gl ycol nono-n-butyl ether acetate, 31 propylene glycol

nononet hyl thetxwmnwgummekagyMgnéﬁgygumbzmph&ﬁmhywaedhdnga@&mate

propyl ene gl ycol nonopro et her acetate, propylene ycol nonobutyl ether

acetate, di prapda 1@%@ dgﬂcyg%ﬂ in gptiide RgImudt Harboxe: etle?tdé‘l’?‘fé |05}h§|@&kwl@ﬁfé gl ycol

nonoet hyl et her a Lacefate, nethox tri etate et hyl
T opi onat e, HOBUTY PARTGHT f%*ﬂé?@iudcg*.waﬁn{/ Fefiorunaserptinfio SR idy

di - n- but yl jate, ethyl lactate, n-butyl lactate, n-anyl
| act at e, dletﬁhﬁﬁgaﬁgﬁg$%&ﬁ neth | phthal ate, and di et hyl phthal ate;

ni t rogempscont ai RpdRYiceRkivSIRs S iﬁ@lﬁ)}@uﬂﬁld\boﬂ@énlﬂ‘)& bOhEBAreI®zable organosilanc of

N, N- di met hyl f or mai ni de, N, N-di et hyl f ormam de, acetam de, N nethyl acetam de,
N, N-d|nethyHaneMaﬁﬂdadﬁmkmgmhmen@pmgmmdmﬁémwmhdﬁmmﬁeuhyﬁgvnhn¢|done and
sul fur-contai ning solvents such as 10di net hyl sul fide, diethyl sulfide,

t hi ophene, tetrahydrothi ophene, dinethyl sulfoxide, sulfolane and

1, 3- propanesul tone. Those solvents nay be used either individually or in
conbi nations of two or nore thereof. From the standpoint of stability
of solutions in storage, the ketone solvents such as acetone, nethyl ethyl
ket one, nethyl -n-propyl ketone, nethyl-n-butyl ketone, diethyl 15 ketone,
met hyl -i - butyl ketone, nethyl-n-pentyl ketone, ethyl-n-butyl ketone,

nmet hyl - n- hexyl ketone, di-i-butyl ketone, trinethyl nonanone, cycl ohexanone,
met hyl cycl ohexanone, 2, 4-pent anedi one, acetonyl acetone, diacetone al cohol,
acet ophenone, and fenchone(1, 1, 3-trinethyl-2-norbonene) are preferred.



[ 0039] The conposition for formng a resist underlayer filmaccording to the
20present invention can include a curing _catalyst. The curing catal yst acts
when the coating filmincluding the pol yorganosilioxane constituted by the
hydrol yti c condensate is heated and cured. An ammonium salt, a
phosphi ne, a phosphonium salt, and sul fonium salt, can be used as the
curing catal yst. 25[0040] Exanpl _éf%bhe a |un1salt i ncl ude a quaternary
anmoni um salt having a structursiﬂ rnulgﬁgg- 32 RBJrThy-- (CH2),

-N (C H2) Fornul a (D— ? ; IS |nt? }\ n is integer of
2 or 3, R is an alkyc“ﬁfﬁbp 0 “%h ryl group™d d Y1 §1a% anion), a

quat ernary ammoni um salt haV|ng stchture ﬂf Formul a( D 2) R2R3RARSN+
YFormula (D-2) (where R2, R3, R4, YUY ke Tar e each an al kyl group or an aryl
group, Nis a nitrogen atom Y |sF@n anion, and R2, R3, R4, and Rs are each

bonded to the nitrogen atomby a C- ond), a quaternary annDniun1saIt
having a structure of Fornula (D (wher and R7 are each an al kyl
group or an aryl groupdand Y1 is[an 8kitbn), quaternaﬁyfannonlun1salt
having a structure of (&ef Myl AR, Y-8 2ZeR ;) (5101 5)—
+ +
+ Formula (5-2) +
CszO O
rffo
4\ ’ OCaHs @ ?3 Ha
{810z, ¢ )=~ —{8i0;. 5 }— —(Si01, 5)— —(SiO1, 5 )~
+ + + +

Formula {5-3)



Formul a (D 4) (where R8 is an al kyl group or an aryl group and Y- is
an anion), 15a quaternary ammoni um salt having a structure of Fornmula (D 5)
33 (where R9 and RI O are each an al kyl d%oup or an aryl group and Y- is an
anion), and a tertiary ammoniumsalt having a structure of Fornmula (D-6) (C

H2) CN Fornula (D-6) (CE12)n (where mis integer of 2 to 11, nis
integer of 2 or 3, His a hydrogen atom and Y- is an 5anijon).

[ 0041] Exanpl es of the phosphoni %al i ncl ude a quater phosphoni um
salt of Fornmula (D-7)4R " RP2R13 4Pi;grnula.(iﬁﬂ) ere R11, R12, R13,

and R14 are each an-—atikyl -g+eup, o ansial yi— greup,:-P-+Gica sphosphorus 10at om
r is an anion, and R1l, 12.124 RI 3, and Rl4 arle each Bbended to the
phosphorus atom by a C P bond)Ferfu@@#2] Exanpl es of the sul fonium salt
include a tertiary sulfoniumsalt of Fornula (D-8) RI5R16R Hsi yFormul a
(D-8) 15(where R15, R16, and 1 Oare ach an al kyl up or an aryl group,
Sis a sulfur atom r415 an a R15, RXf;; and 17 are each bonded
to the sulfur atom by, _MMJLgl Lg%gS]Th (Qgppp q%Q; JFormula (1)-1)
above is a quaternary aﬁhnn %Qlt FiVed from an aqlne mis integer of
2 to 11 and n is integer of 2 or 3. of the quaternary amoniumsalt is a
Cl_18, preferably C2,10, al kyl™§tdtp’or aryl group, for 20exanple, a |inear

al kyl group such as ethyl group, propyl group, and bub&bﬂgroup, or benzyl
group, cycl ohexyl group, CyC|é£$Z§| yl group, and cycl opent adi enyl

group. Exanples of thg anion nc e a hal-bgen i such as chlorine ion
(A), bromne ion —(si0, )= (&0, s —(5i0; 5 —($i01. 5} —(S101 5 )—
+ + + ~t +
Formuia {5-6}
r”

. Fo . o

—(8i0z, o )— ==(Si0y, 5} —(Si0;. 5)— —{8i0y, 5)— —{(8i01 5)—

4 ¥ + +

Formula (5-7)



(13(), and iodine ion (lI), and an acid group such as carboxyl ate (-000),
sul fonate (-503), and al coholate (-0). 34 [0044] The conmpound of Fornul a
(D-2) above is a quaternary anmoni um sal® of R2ZR3BRAREN+y-. -2, 3 R, R4,
and R5o0f the quaternary anmmonium salt are each a Cl1.1 g al kyl group or aryl
group, or a silane conpound bonded by a Si-{ bond to the silicon atom
Exanpl es of the anion (Y) include a halqgeﬁgLon such as chlorine ion (co,
Sbromi ne ion (Br), and iodine ion YJy), an n_acid group such as
carboxyl ate (-000), sulfonate (- b, and g Eﬁhqg@te (-0). This quaternary
ammoni um salt can be purfchased as a comfercial product, and specific
exanpl es thereof incl Gd&0Ct et arEPhyt~ aifivni/unm adet afe, tetrabutyl ammoni um
acet at e, triethylbenzyl4annoniuﬁ%&ﬂhﬁg%ﬂe, tri éthyl benzyl anmoni um broni de,
trioctylinethyl amoni um chloride, tributylpenzyl 10ammoni um chloride, and
trimet hyl benzyl ammoni um chl ori de. [004 e,conpound of Formula (D 3)
above is a quaternary ammoni um salMderiV qz(ionla 1-substituted i m dazol e.
R6 and R7 have 1 to 18 carbon oisp and fg S pﬁeferredj@ at the sumtotal
of carbon atons in R6 afd R7 bel equal tb or greater thah 7. Exanples of R6
i ncl ude met hyl group, ~&ityd—gréisp,» propit sgr oup:“:phieny*Yridiip, and 15benzyl
group, and exanpl es of “R7 incluﬁg_bqn; groupTFoctyI oup, and oct adecyl
group. Exanples of the anion (Y) i"h&i'Ude athal ogen ion such as chlorine ion
(co, bromine ion (Br), and iodine_ion (b ;m@md an acid oup such as
carboxylate (-000), sulfonate (-S¢8), an &3Lagholate (-). This conmpound
f@al prloquct, amd al§é§L

can be al so purchased as a co can be produced,

for exanple, by a reactlon,of i M dazo] e, con *.n__ng ch,as |
-met hyl i ni dazol e or 1-§éﬁf§li§n§32g}ea%g%“5n gﬁg@fqhal%ﬁg”guch as benzyl
brom de and nethyl brom de, or an aryl halide. [0046] The conpound of

Fornmul a (D-4) above is a quater nd§F%atdni im salt derived frompyridine. le

is a Cl-18, preferably C4-18, alkyl grqggNob aryl groupl for exanple, butyl
group, octyl group, benzyl group, =and | ayryl .group. EX | es of the 25anion
(Y) include a hal ogen i,on such-as hlogﬁng ionALL), mne ion (Br), and

iodine ion (), and an aéi rot uch as carboxylate (d sul fonat e
(-Sm8), and al cohol af €% YQ—"$%56bﬁﬁ Uha_baﬁmﬁéﬁéT %ﬂggg%hased as a
commerci al product, and also c P bq pglduced,‘%br exanﬁfe, by a reaction of
pyridine with an alkyl halide sUER"HE Fauryl chloride, benzyl chioride,
benzyl brom de, nethyl brom de, and octyl “brom de or an ary 35 hal i de.
Exanpl es of such compound i ncl ud N—Iaogykgpyridiniun1chl de and N-benzyl

ri di ni um bron de. o NN 0!
pyridiniu + 0 rf E s ?ua FL:T

== ($i0y, o} —(8I07 5 )— —{(8i0y g)= ~(5i0y, g =8Oy 5)—

+ + + ~F +
Formula (5-12}

[0030]  The hydrolytic condensate (polyorganosiloxane) of the hydrolyzable
organosilane of Formula (1), or the hydrolytic condensate (polyorganosiloxane) of the
hydrolyzable organosilane of Formula (1) and the organosilicon compound of Formula

5 (5) and/or Formula (6) makes it possible to obtain a condensate with a weight-average
molecular weight of 1000 to 1,000,000 or 1000 to 100,000. These molecuiar weights
are obtained (calculated as polystyrene) by GPC analysis.

{0031] For example, devices and conditions for GPC measurement are as

follows. GPC device: HLC-8220GPC (trade name) manufactured by Tosoh Corp; GPC



[0047] The conmpound of Formula (D-5) above is a quaternary ammoni um salt
derived from substituted pyridine such ag picoline. R9 is a Cl_18,
preferably C4-18, al kyl 5group or aryl group, for exanple, methyl group,
octyl group, lauryl group, and benzyl group. Rl is a Cl1.18 alkyl group or
aryl group. Fd'f““’é)@é ¢ FR0RL ‘Héﬁoédsfe%%f(iltafcepalatiqérmamiyolalmibmbbwwzsiadzlt!\oder| ved
fromplcollng élsamethyl roup |l es of the anion_ (Y) include a
hal ogen i on SHHOR@dHNRFE" 4465 ‘(]@”} (C“B’r“éﬁ?lﬁé“i salpgrgiurandépy B Hewi on
(1), and an I c I, hox t and
10al cohol at e&?écg‘)yg ]%ﬁﬁiéﬁ@bqugqﬁdﬁgggaﬁﬁ%& ﬁStgingf%ﬂ“%cd“%q%ac%ggam%?C| al
product, andgghso can be pr oduced for exanple, by a reaction of
substi t ut ed pyri di ne such as pi coline with an al kyl halide such as nethyl
brom de, bctyl peWa] deln llhaumrb yﬂhbﬁhe gleoxybién zydup ool ok ysilel graud obenzyl
brom de, or an aryl halide. | es of such conpound include N-benzyl
pi col i ni um chaligs Bi@ap. Vf‘@li%éﬁﬂz’yql atg BPitail Btnnok orldedly Amg! 1 I0aurtyer pingd| i ni um
15chl ori de. 48 ound of Formula (D-6) above is a tertiary

um sal ¥ NP o

ammoni um sal “8n ani ne; mis integer of 2 to 11 and n is
integer of 2 or , ( n such as
chl orine ion (C%%ydﬁf}%mqﬁﬁflsg%m%gﬁ e@@l@ﬁ@] Q%l b 5lnl6g% %r%gagﬁpmog@l 1d gr oup
such as car bmmybcat;endlow@hyd@ybélmﬂgwp( 803) and 20 al coholate (-0). This
conpound can be produced by a reaction of an amne and a weak acid such as
a carboxilic aci®3df aThheasion idExaempireguify yliehcarbdxyidocsadei id ubiaty ude
formc acid and acetic acid. Wien formc acid is used, the anion (Y) is
(HOO(Y), whett adéefi’e aC|d i's used the anion (Y) is (CH3C00), and when
phenol is used, heFa[a g g61 150 12}5%0(}4 h’erlco ound of Fornul a
(D7) above. s APG Rttt b TG mnk (RAoINGobge POE Paba ey

R | Rl 2Ri 3RH 4 p or
aryl group, mgar/y re({mgl% ﬁghhg%ggrﬁp@égﬁdgg%ﬁ%dA%%ﬁﬁ Si 8{’515 gag%@ﬁk@e@l?gﬁ%gon atom
It is preferdoagenkdidh. three of the four substitution groups of RL1 to Rl14
each are a phenyl group or a substituted phenyl group, for exanple, phenyl
group orlXolyl Graupes ofte hydredyisivicaglysG6clodes geialighelas cam@hund1B apdoyd  group,
an aryl group,, or. a silane conpound bonded by a Si-C bond to the silicon
at om Exarrplﬁ'ésd i‘ff‘“?‘ﬁém%ﬁ‘f'%r?“("‘@a“icr}i’é?cu%’aéi!1%%‘@&“‘? on such as chlorine ion

CD, b d 1
f:ar box;r/log]t ge ! o%ﬁ%r) h’?afr']%o]%toem(“ te( ()HH)O (g;c?ﬁg\ g'tygm )gﬁ)calglfatlj’gcn'é‘%npound
can be 5purqnﬁ§:ﬁﬁ]cﬁe$al@c&ﬂﬁm(f€%‘u@d asHﬁ&g('ﬂSftmom la@@tfﬁ&hﬁ{lﬁg nd Ncl ude

tetraal kyl phosphoni um hal i des such as tetra-n- uty osp oni um hal i des
and t et r a- n-imapypoxphesplrony mbiatdeesumt ri al kyl benzyl phosphoni um hal i des
such as triethyl benzyl phosphonium halides, triphenyl monoal kyl phosphoni um
hal i des ?é)ucH“as)rftnokph@ng(hmxfwlonfﬁhhsemhmm| um hal i des and tri phenyl et hyl
phosphoni um hal.i des, triphenyl benzyl phosphoni um hali des, 10tetraphenyl
phosphoni um Héﬂr?“&‘@é’"“?'}"ﬁ%ﬁw’ Petﬂ’ﬁ‘%étr?‘%”“phosphom um hal i des, and tritolyl

nonoal kyl qu@Q#ﬁln& r_gqh&(é ﬁ?ac mnﬁ%)p%m gen atom is a chlorine atomor a
re

brom ne at orﬁ p rred anong themare triphenyl nonoal kyl
phosphoni Umth@-]bhQQ?—H%H&@HC@?I&&[%Q{G%FMJ:Jmt(h}{lllo Ph@ﬁﬁ*&gﬁc&%ﬁ@) ilaflffh, and

tri phenyl et hyl phosphoni um hal i des, triphenyl nono phosphoni um hal i des
such as tri pih}enaydmeyl-ms{acam&@dﬂfam)mm:hual dild%ﬁ@polﬁﬂ)fs(&@t[ybﬁbeid%ﬁtﬂgﬁlély bim,
phosphoni um hal i des such as tritolyl nonophenyl phosphonium hali des, and
tritol yI25rmr(ﬂé)'aiblldWyﬁrﬁ@s}p‘h@mtumkﬁaﬂdmdwsdm@rcrhuiasy bisfat o) ptetompmoitetity)
phosphoni um ELZI des é he hal ogen. atomis a chlorine atomor a brom ne

atom). [ 0056 ERYDI Y ‘IE)‘TW!F%E’“}B‘HB&%‘I"Pfé’éorloﬁ@f’%%‘sb‘??%‘&?%?@‘BH%%‘&HP‘ﬁes such as

met hyl phos . | sphi 3 phosphi ne, isopropyl phosphi ne,
i sobut yi phg@“ﬁ e npersl!;(mé {ir 1?&9&91 J:Jl-'oef\iatoa:t%p Xm,

mono-i-propoxy-tris(acetylacetonato)titanium,

mono-n-butoxy-tris(acetylacetonato)titanium,



20and phenyl phosphi ne, secondary phosphi nes such as di met hyl phosphi ne,

di et hyl phosphine, diisopropyl phosphine,, diisoatnyl phosphine, and

di phenyl phosphine, and tertiary phosphines such as trinmethyl phosphine,
triethyl phosphine, triphenyl phosphine, nethyldi phenyl phosphine, and

di met hyl phenyionphesstipirixpdris(fo0beiThao)ionmpound of Fornula (D-8) above is a
tertiary sulfoniumsalt, 25having a structure of R15R1612.17S+Yi. R's, RI16,
and R17 are B9BHt m@ﬁﬁﬁﬁwﬁﬁﬁ?W“BWBHﬁmﬁwméWVW“dWﬁDﬁFGBW“@“@PWHhe conmpound
bonded by a Si.5;G.b Q. the sili .atom It is preferred that three of

t he four sub?FF?%??@ﬂ“%@b%%%“%?&ﬁﬁﬁgﬁﬁaR17 each are a phenyl group or a
substituted pheppodl-ARb(cth@hceR%aReBianRiieny! group or tolyl group. The
remai ning one group is a CI.18 al kyl" group or an aryl group. Exanples of

t he ani ons (r yi-i-propaxgena@o(cBii ldabagar)iitariusuch as chlorine ion (Cl), bromne
ion (BO, and iodine ion &é, and an acid group such as carboxylate (-000-),
sul fonat e (- SoBputonnopt(elbHateiectqic)itaniunThi s conpound can be purchased as a
comer ci al pﬁodu%t,_Exaq%L?s t her eof . include tetraal kyl phosphoni um halides
such as tri - BEBGONOEHOPSRIVRFRRCPFSLBYHINt 1 i - n- propyl 5sul foni um hal i des,

trial kyl benzyl, (o1l . Ldes..sHeh..; Let hyil. 1 Sul L ont al i des,
di phenyl no n%ﬂall wgygﬂ?l#g} ﬁ!ﬂﬁd&hﬂgﬁaﬁ@ Qrg ﬁ@hﬂgg&{}i %ﬁglﬂ@%ﬁ%@%@g%ﬂ%m 0 Pi ium

hal i des and giphepislyetidisthylsdétdhedtedmabiild, desprofixp andthy sl heisimahabi, des,
(the halogen atomis a chlorine atomor a brom ne atom, tetraal kyl
phosphoni@m diarbosytat(ebyiswethacase)iranium, Bissegtbusul bohitiytaccandsongtiabies, and
tri-n-propyl sulfoni um carboxyl ates, trialkylbenzyl 10sul fonium

car boxy! at estidtiwipxydisgrtisasglopskyg)itaginms waRqsHos witsEsiipaceieaceta) laaitpl

nonoal kyl sulfoniun1carb05élft§s~$ugg.as di phenyl nmet hyl sul foni m

car boxyi at es™Sha" HioBRERYHE WEV?O%ﬁW¥’HWHW?tarboxylates, bi pheny! sul f oni um
car boxyl at es nd...hal.i . ) Lok | sul fonium halides and tri phenyl
squoniun1c§PI%Qﬁ?ggggqggghggﬁggpg%ﬁb9%§@¥erred. 15[ 0052] The curi ng

catal yst i s montabned -aiscthyblcpattf)Rynimass to 10 parts by mass, or 0.01
parts by mass to 5 parts by mass, or 0.01 parts by nmass to 3 parts by nass
per 100 Par tsoiyyscoisioxpfristdieylpeboystaptiesithoxane. The hydrol yzabl e
organosi | ane can be hydrolyzed using the catalyst in a solvent and
condensed, dﬂ%ﬂ%%@t%tfaﬁ(ﬁé&am%wﬁwl% fskiskthylacgercgieptitanian. be

bypr oduct, anerAs ges Ryl Sr USSP RuRG Vater at the sare ti re.
Further, the,@gl-fRQEoRASBisER} C&§&£Pﬁ§®ﬁ&9ﬁ’&ﬁe hydrol ysis can be renoved

by neutralization or 1on exchange. e conposition for formng a

| i t hogr aphi aris@sitysicetsnsleaayeihylactiaceeaomndiing: fiRohibe chEesedhpdnveaichon, the
conposition for formng a resist underlayer filmthat includes the
hydr ol yt30c cetidtinsamecondbicetplacedehata)omaniby, i ncl ude an organic acid, water, an
al cohol, or a conbination thereof faor stabilization. [0053] Exanpl es of the
organi ¢ aci d"HRIPRIFE-RBAIACEY AESPANHICORIE: aci d, net hyl nal oni ¢ aci d,
succinic achg%ﬂga%gtgmg&%gtIQ%F&%Oyﬁkqu%artaric acid, phthalic acid,
citric acid, gﬁdﬁhr SRS E Y EPT A "™ actic acid, and salicylic acid.
Anong t hem il‘?)ﬁaddt&yn?‘(%o(acetyiacetonato)'z,irccmium,

tri-sec-butoxy-mono(acetylacetonato)zirconium,

25 tri-t-butoxy-mono(acetylacetonato)zirconium, diethoxy-bis(acetylacetonato)zirconium,
di-n-propoxy-bis{acetylacetonato)zirconium, di-i-propoxy-bis(acetylacetonato)zirconium,
di-n-butoxy-bis(acetylacetonato)zirconium, di-sec-butoxy-bis(acetylacetonato)zirconium,
di-t-butoxy-bis(acetylacetonato)zirconium, monoethoxy-tris(acetylacetonato)zirconium,

mono-n-propoxy-tris(acetylacetonato)zirconium,



acid and maleic acid are preferred. The organic acid is added in an anount
of 0.5 parts by mass to 5.0 parts by mass per 100 parts by mass of the
condensat e (pol yorganosil oxane). Pure water, ultrapure water, or

i on-exchange water can be added as the aforenentioned water. The anmount of
wat er added &@no-beropoyyalris(apyylmasatbpite@iBparts by nmass per 100 parts by
mass of the conposition. for %ornin .a resist underlayer filrn. [0054] The

al cohol to bECBYBRYIONE U S rEpPRAQLERMNat i s easily evaporated by heating

after coatingom§§%qﬁksﬁ4ﬁ%a%5%%%§%$”$hgggl{ i ncl ude net hanol, ethanol,

propanol , isopropano a e anount of al cohol added can be
part by misSm’bﬁb@_@ut&%‘é@a@etﬁ%e[@ﬁt_@?dﬂ@&niﬂlQ,QeMﬁs’{eﬁe@}écH&%)ﬂfcoﬁf‘ﬁ?n,COWpOS' tion
for formng a resist underlayer film [0055]1In addition to the

above- destr i tethospnpon(etyaceiddogatepimposkint.i on for formng a |ithographic
resi st underl ayer filmaccording to the present invention can include, as
necessary, afi-gPantchpEl§ipdrcessmideineconainphot o- aci d generator, and a
15surfactant .. By usi n organi ¢ pol ymer conpound, it is possible to
adj ust the d?9“%9%ﬁ%ﬁng&ﬂﬁﬂfg8ﬁ%5¥?%ﬁogH%unt in filmthickness per unit
time), attenuat] " L, ) ef.] i i ndex of the resist underlayer
filnzforned ??%h??xeﬂg% &gg?%ﬁgﬁg%%?ﬁ%%ﬁﬁ%ng a |lithographi c underlayer film
accordi ng t oritee bpoeeadholeMyRBddRAate 2RIdRuLr gani ¢ pol ymer conpound is not
particularly limted, and organic polyners of various kinds can be used. A
pol ycondéhs atrirtevigehymretetiataeaneatdiitconinmp dicthory-bz@thybueipakpmptircoanmpe
used. An addition polynerization polynmer and a pol ycondensati on pol yner,
such as pol yHSYRPROXYIBIGRY hekrelatysispnites, acrylic pol ymers, nmethacrylic
pol ymers, pol.yvinyl ether henol .novol ac, napht hol novol ac, pol yethers,
pol yani des, %ﬁwa%bﬁﬁV@ﬁpﬁ3ﬁﬁT@?h%ﬂﬁoﬂémused. An organi ¢ pol yner whi ch has
an aromati C &l gy ShIHGEM R aHERBB@nRpNZene ring, a naphthal ene ring, an
antbracene ring, a‘triazine ring,” a quifdoline ring, and a qui noxaline ring
functioni ng @scabilibghbis@isREdd0galRiredniurh,s pref erably used. [0056] Exanpl es
of such an organic pol yner conmpound include addition 39 polynerization

pol ymer sl3 noditdiiogy-dis(ethydtceoatetatedtirconiunm, an addi ti on- pol yneri zabl e nononer
such as benzyl acryl ate, benzyl nethacrylate, phenyl acrylate, naphthyl
acryl ate, arntfigthorpstriigdmacapectaipineyivmpet hyl met haeryl ate, styrene,
R Nt AN e s R
Wien an addi bR ROLKIRSL&AARD P4 &Hﬁﬁnused as the organic polyner
conpound, this polyner conpound may be a hdomopol yner or a copol yi ner. An
addi ti on- polyereri-BabtyetrvRNg MeEtodcstaltsAdodiompr oduce the addition

pol yneri zati on pol yner. Exanples of such an addition-polyinerizabl e nononer
i ncl ude Her ynone-ssebuioxyrsistetiotagkioace@adicdnivacr yl i ¢ aci d ester conpounds,

met hacrylic acid ester conmpounds, acrylam de conpounds, nethacryl am de

conmpounds, VPHPr-RERPSUNESY acirane)ztemsbliaakisatlacriqecckbipBaneE, nal ei c
ey de- hBERLLPRY PSR SERTRSRRL (he ccryt e acl dester
bis(acetylacetonato)bis(ethylacetoacetate)zirconium, and
tris(acetylacetonato)mono(ethylacetoacetate)zirconium; and aluminum chelate
25 compounds such as tris(acetylacetonato)aluminum and tris(ethylacetoacetate)aluminum.
[0035]  Examples of organic acids as the hydrolysis catalyst include 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,



ethyl acrylate, n-hexyl acrylate, isopropyl acrylate, cyclohexyl acrylate,
benzyl acryl ate, 15phenyl acrylate, ant | met hyl acryl ate, 2-hydroxyethyl
acryl ate, 3-chloro-2-hydroxypropyl acrylate, 2-hydroxypropyl acrylate,
2,2,2-trilluoroethyl acrylate, 2,2,2-trichloroethyl acrylate, 2-bronoethyl
acryl ate, 4-Bydneybuiogcidacleiplaaitiesteafic ped, Hoxlgstahil limdenyd aide salicylic acid,
tetrahydrofurfuryl acrylate, . . o o

5- acryl oyl ox Y&k ok HEPBOEME Add- 2o etrsalamicacal pawerssglonic acid,

203- acryl oxypr triethoxysilane, .and,ql.ycidyl .acrylate. [Q058] Exanples of
Che_ met haer o1 R L Bk AR R et Bl B R ey
”Ethacry|ateﬁwﬂkﬂﬁ&?ﬁmﬁﬁk%@ﬁ!&%ﬁﬁ@ad&%ﬁﬁﬁﬁPMhi%EEQQ%EM!a&%ecﬁX&MOhexy|

nmet hacryl ate, benzyl methacryl ate, phenyl nethacrylate, anthryl nethyl

met hacr yl at eart@eidwaedtt. oxyet hyl nmet hacryl ate, 2-hydroxypropyl nethacryl ate,
252,2,2-trifluoroethyl nethacrylate, 2,2,2-trichloroethyl nethacrylate,

2- br onoet hyl netl&él y| &xamplas piyicerganydasidglas e hivdrolyyis aatelystndisichoxyet hyl

met hacryl ate, tetrahydrofurfuryl nethacrylate,. . o

5- net hacryl 0931"{59&57[06'%9' rfast‘sms*ﬂb%#fﬂ@%@l b&%‘?ﬁwgﬂaﬁléﬁed Phpsphspiis acid.

3- et hacryl oxypr itrt il QLY CI nacryl - phenyl et hyl
nmet hacryl at e, A@%ﬁ dré%%gﬁé%@f¢%@Fﬁg%?é%%gé%kgﬁép%ﬁ%ﬁ%§h§W§%yﬁ%?%acryIate.
[ 0059] Exanpl ggrddd, plpdzing, iy handife pHenBAY RRolimC rdenya&Hive, aMit@amine,
N—nethylacryﬁgnide, N—etﬁ%lacrylgﬁide, :El-benzylacr);?;lﬁam'de,lﬁ!ﬁrt

N- phenyl &&r yinamicthapoldpiNe dlietednbishder yihethytheonoetheholdngnd, hr yl acr yl ami de.

5[ 0060] Exanpl es of the nethacryl am de conpound incl ude nethacryl am de,

N- net hyl i net Raeaatiaddigtbanokimied icthanelaning] dsrabieycloecsan Aazpiiesteapydnani de,

N- phenyl et h | ami de, N, N-di nmet hyl net h | am.de, d . .
Nt y1 acr AR abieceht Wik FEse N AaRora PHEOY oy 1 SEOHSSOHACTHYF ude vi nyl
al cohol, 2- hl?/a@és(mé{@&e%m?ﬂié}%dilﬁﬁ nﬁd’rcc)rxi@%é&msiu?{ﬂ Wdi'@)?(ﬁ]eggﬁriuzrfﬂas’r?]lﬁxi%' am{l et her,

benzyl vinyl ether, vinylacetic acid, vinyltrine ysi
2- chl or oet hydalenimiydretifier Of drebRdab®siehbWeray Eitye &ntpRLndsVih®¥ilgamanbiihal ene,
and vinyl anthracene. Exanpl es of the styrene conpound include styrene,

hydr oxystdyr eamd thecthbrgrios sojdsemnepreferrodmsd thosneyy hatshioedithst ydieiieallycyramost yr ene,
and acetyl styrene. [0062] Exanpl es of the mal ei m de conpound i ncl ude
nal ei ni de, NOHPURPISOSN & He@éeradphenyl mal ei mi de, N-cycl ohexyl

mal ei m de, N-be % nﬁé%Lnige, agq @19 dr ox <§%ﬁ&g heiqiqe hOE63]V%en a
pol ycondensat i Oﬂi}é ) y iR RS i gppanig syl éﬁ? ? H{lﬂl‘-fég pifude aliphatic
hydrocarbon solvents such as n-pentane, i-pentane, n-hexane, i-hexane, n-heptane,
i-heptane, 2,2,4-trimethylpentane, n-octane, i-octane, cyclohexane and

20 methyleyclohexane; aromatic hydrocarbon solvents such as benzene, toluene, xylene,
ethylbenzene, trimethylbenzene, methylethylbenzene, n-propylbenzene, i-propylbenzene,
diethylbenzene, i-butylbenzene, triethylbenzene, di-i-propylbenzene, n-amylnaphthalene
and trimethylbenzene; monohydric alcohol solvents such as methanol, ethanol,
n-propanol, i-propanol, n-butanol, i-butanol, sec-butanol, t-butanol, n-pentanol,

25 i-pentanol, 2-methylbutanol, sec-pentanol, t-pentanol, 3-methoxybutanol, n-hexanol,
2-methylpentanol, sec-hexanol, 2-cthylbutanol, sec-heptanol, heptanol-3, n-octanol,
2-¢thylhexanol, sec-octanol, n-nonyl alcohol, 2,6-dimethylheptanol-4, n-decanol,
sec-undecyl alcohol, trimethylnonyl alcohol, sec-tetradecy! alcohol, sec-heptadecyl

alcohol, phenol, cyclohexanol, methyleyclohexanol, 3,3,5-trimethylcyclohexanol, benzyl



such a pol ynmer include polyners obtained by pol ycondensati on of a glycol
conpound and a di carboxylic acid conpoung. Exanples of the glycol conpound
i ncl ude 20di et hyl ene gl ycol, hexanethyl ehie gl ycol, and butyl ene glycol.
Exanpl es of the dicarboxylic acid conpound |nclude succinic acid, adipic
aci d, terephﬂhdhi@haghdﬁnmmwumﬂdﬂmmmumwmnmﬂehn&bhﬁ@Wﬁmﬁnpkemﬂhma&mde
polyesters pol yam des, and pol yi m des such as yronmel litim de,

pol y( p- pheny#ushas ¢laylenstilysal. arspdiene clyrol. Vﬁu‘ﬂlyi’lélweslxcé{ ephuwdiob?4;, and

Phe or gani o BOKJRGF BoHpbaat e Ry d PR bl paR & pare in a
cr oss! | ki nOaE@gehd A0t o BRLYORIR0RRL LOKANRro BBl B wOTPOUNd ui th

a wei ght - aver age ecul 00, 000, or

3000 to 390, g 01@(@(51@@&\'&@; Q}@Qa%@mn@ﬁneﬂﬁl QQ)Q kl@né-%ﬂgﬁlﬂ &@ﬂl k&oned! used
as the organic polyner conpound. [0065]Only one organic polynmer or a
conbi nati on mﬁmYMmbMFanmacmhmﬁéobnmamﬂ@bimgﬁdwKM%emﬂMMQImngbmmmmpolyner
conmpound i s used, the ratio thereof mass to 5 200 parts by

mass, 5 part"s‘h)ﬂsﬁ %)éé@&oac m@%&ﬂl@sy*wovﬁaé*sl b%nrl kf@“?)é.‘ﬂltl%ihlﬁlw}?ﬁ% to 50 parts

by mass, . 10 30 r _ mass of
t he condens chﬁum ’gga§¥$%§éﬂ§Tgafbﬁ%E¥$ﬁa %%BB% g%ﬁ 4%?“?%rning a
resi st underjjaygr aﬁtdﬁddﬂbrﬁﬁ@%ﬁ&“@]%&a@ &msm&&%&h és%\ﬂﬁr“&th&“a-ﬁ% ligfheh ude an
aci d generator. 10Exanples of the acid generator includ erno-acid

gener at of0 angbaty g, or-BGy CetigRMRERYIGkxy! cther, ethlendhoded anlr(EbygﬂEISiha& or
generates an acid when the resist is exposed Therefore, the degree of
acidity of tHexamdetmajsidiokplang, d@malbxadrawwbmcadm Thivleng féy@rhmoocﬁmctlhxd met hods
for matching the d of acidity of the under|ayer filmwth the degree
of acidity ofigdh T@%ﬁégrcgltm%\oe'élﬁle?ﬂ&ppéw1@111593901 desvhyéa hﬁ's e HEeodegr ee of

acidity of t:ﬂS’no“Mflrff i ?rcégyllenc tg,P(col mono n §Pc?hcr el?hy?cn[, é%%‘i‘%émﬁpﬁ“&p attern

shape of the resis e of the

phot o- aci d ggReratyRne %B@Bl@h&%dz élﬂylEJﬂ?E &lmgﬁ/'letnh QI}C(EIQiGblIf[}Q EifeNdiefhylcRSi St
under | ayer fil maccor i'ng to the present Invention incl'ude oni um chloride

conpounds;,  sglidobmiondrakehyd enipo dizthy lenapiged insinbétby thed idRzgtmt BRoE digipounds.
20Exanpl es of the onium chl oride conpounds include iodonitnn salt conpounds

such as di ph@fmdmmﬁcmw@mm nrbviplties shididenedil ywhediy-husd gHieugiethylene

o ot e ol o0t e CLRNSTYLL RASL U RongtLySr o0 Bu ane sul onat e,
e e T AP PGBt o o
sal t conpoungsnopkpi diser i RSB Ylys b b dngx af [ﬁlb}}grx@@%wcanﬂ@o%ethyl
20 ether, dipropylene glycol monoethyl ether, dipropylene glycol monopropy! ether,
dipropylene glycol monobuty! ether, tripropylene glycol monomethyl ether,
tetrahydrofuran and 2-methyltetrahydrofuran; ester solvents such as diethyl carbonate,
methyl acetate, ethyl acetate, y-butyrolactone, y-valerolactone, n-propyl acetate, i-propyl
acetate, n-butyl acetate, i-butyl acetate, sec-buty! acetate, n-penty! acetate, sec-pentyl
25 acetate, 3-methoxybutyl acetate, methylpenty] acetate, 2-cthylbutyl acetate, 2-cthylhexyl
acetate, benzyl acetate, cyclohexyl acetate, methyleyclohexyl acetate, n-nonyi acetate,
methyl acetoacetate, ethylacetoacetate, ethylene glycol monomethyl ether acetate,
ethylene glycol monoethyl ether acetate, diethylene glycol monomethyl ether acetate,

diethylene glycol monoethy! ether acetate, diethylene glycol mono-n-butyl ether acetate,



tri phenyl sul f oni utn nonafl uor o- n- but ane sul fonate, triphenyl sulfonium
canphor sul fonate, and tri phenyl sul foni Lérp trifluoronethane sul fonate.
Exanpl es of the sul fonim de conmpound incl'ude N-(trifl uoronethane

sul f onyl oxy) succi ni m de, N-(nonafl uoro-n-butane sul fonyl oxy)succi ni m de,

N- (canphor  Apgbhd Oyl exyonsuceemedicalee, paddie gyedifnkdrosibetiRang aie,

sul | onyl oxy) napht hal i m de. Exanpl es of the disul fonyl diazomethane
conpounds i nplopdenenil gt mpfidpunpy betestr aydtats phdpgleyd Lidich romeliitd weher dsefecycl ohexyl
sul f onyl ) di azot net hane, bi s(phenyl sul f onypdi azonet hane,

bi s(p-t ol uené‘@ml’ﬂ&%@ﬁ%ﬁ‘@ﬁ%%%é‘;i]@“S"SF‘%‘GQ‘EH’l(’afriﬁ%’[&%"b‘@ﬂ‘%ﬂ’é‘ ether

sul f onyQdi azgnet hane,, .and net hyl sul fonyl - p-t ol yene. sul.f onyl, di azonet hane.
[0065] ol y oRGunRoe aEPa Gk aP e Biple, S BRB R R AARRE (o
nor e ther eof i gan R&idaRMicthy! oxalate VISbU18x AR ARG 1 1@ BBV BL Mte. InShuidsied, the
ratio thereof is 0.01 parts by mass to 5 10parts by mass, or 0.1 parts by
mass to 3 pahkt@atehyamaldsctaigdicthyd mpanits, diyethE$hihtiaelagdalidihyb phisise; per 100
parts by mass of the condensate (polyorganosil oxane). [0069] A surfactant is
ef fecti ve i nniirpganksionfeinépatshivenjesish as Novetiofl fophanide. @S Natwetby faraspingle, when t he

conposition f formng a lithographic, resist t rlayer filmaccording to
t he present N%@‘ﬁ&?@?}”ﬁ%‘“@@%@ﬂg i gé{“‘ﬂ‘ﬁﬂgﬁ‘i?ﬁa’t@f ﬁ‘ﬁ‘é&‘ lasgtagide; e
surfactant t . ' i . i 5isQ) farm.n esi st
ander | ayer s AoRGAAR, Rt b EARDAN iR oh Bl Tt o
surfactand s ghehybsiRe! yaxyatimt enspirhK YdiragyBehpphdieMiAsthpouyexNet hyl ene

| auryl ether, polyoxyethylene stearyl ether, polyoxyethylene cetyl ether,
and pol yoxyetufiglaensddl, Bylopethdone. pdhye xyletyhenee: abkyillat individetivessnsuch as
pol yoxyet hyl ene octyl phenol ether and 20pol yoxyet hyl ene nonyl phenol et her,
pol yoxyet hy| @xisspIssx e epyereferdsi-ock copol ymers, sorbitan fatty acid
esters such as i(‘)rbi‘ tan nol ggrba]t_e, ,sogr_bi tan_m)nolgagni t‘a‘t?,_ sorC?irt‘an
monost ear ate, sOFBT PAARBREDPESRIY SHFPTHOIH M I HiCBE E°OUnE SR B4R
tristearate,, y \ i frar aci.d.est. uch as

pol yoxyet hyi Saah SHE! QX ARp b A LAoRE RSER BT SUAD, Bany

nmonopal m# atigwoneahyRNYSLEY kenR, Hembi-i-ptidXeRAOSISRN AL kdGlyoxyet hyl ene
sorbitan triol eate, and pol yoxyethyl ene sorbitan tristearate, fluorinated
sur f act ant s seibyi-ralexERHcORc EF3OLly] KRGQ3rinkeAgbRn{tonadeclniaxesnemanuf act ur ed by
Tochem Products Co., Ltd.), MEGAEAC F171, F173, R-08, 14-30 (trade nanes,
manuf act ur ed"BHYIDEINEIABORE. PAkPcaBedieniceRnyaqefie) diaceiopeple@hobC430, FC43 1

(ranutactur o B, U0 LR UL S0y L TR, S o S-302
manufactured by [0?)§gihi ﬁl@t?b%lpgg}ltion for forming a resist underlayer film according to the
20 present invention can include a curing catalyst.  The curing catalyst acts when the
coating film including the polyorganosilioxane constituted by the hydrolytic condensate
is heated and cured.
An ammonium salt, a phosphine, a phosphonium salt, and a sulfonium salt, can be
used as the curing catalyst.
25 [0040]  Examples of the ammontum salf include a quaternary ammonium salt

having a siructure of Formuia (D-1)



Ltd.), and organosil oxane pol ymer KP341 ( Shinetsu Chem cal Co., Ltd.).
These surfactants may be used individual]y or in conbinations of two or
nore thereof. Wen the surfactant is used, the ratio thereof is 0.0001
parts by nmass to 5 parts by mass, or 50.001 parts by nmass to 1 part by
mass, or 0.01 parts b ss to Q5 parts by mass per 100 parts by mass of

t he condensate (pol y6rgan silgyane). [ 007011A rheol ogy-adj usti ng agent and
an adhesi on enhancegpgan ke=-ag| edYto the conposition for formng a resi st
underl ayer film accordi ng/to thd presentulitivénti on. The rheol ogy- adj usti ng
agent is effective ind4fproving/the flowability of the conposition 10for
form ng an underl ayer fil‘. (Thg, adhesi on enhancer is effective in inproving
t he adhesi on of the underlayer filmto the sem conductor substrate or
resist. [0074kARYm$0h¥eRMor &8N 108 iUaREL W & BOYUIR ' s Bkl G br dd dIt@Epon 10
the conposition for fofmng a resist underlayer filmaccording to the
present i nvemtdions anpmawmb,ded t hat the solvent is capable of dissolving the
aforenmentioned solid conponents. 15Exanples of suitable solvents include
met hyl cel | os@tasnageapapeiumestlhidvinge rgeiorons Fawalad®2) propyl ene gl ycol ,
propyl ene gl ycol nononethyl ether, propylene glycol nonoethyl ether, nethyl
i sobutyl carbinol , pr.eqykheng, ghycol- mpnobut vl .,.et her, propyl ene glycol
nononethy% et her Ekﬁéaﬁ%,?gr%gy|§§e g??gg‘uﬁgﬁoethyl et her acetate,

propyl ene” gl ycol nonopropyl ether acetate, propylene glycol nonobutyl ether
acetate, tol gaee RN, ®hand ROBBIAN an@liY brokiebomeuyl @YRIbOR Y @614 atom,

cycl ohexanone, ethyl 2-hydroxypropionate, ethyl 2-hydroxy-2-nethyl

propi onat e, ¥tihyh arstr ond/RT Bf, 8t egndeR’hayd eably thmdxd/maked Etregenmahiyy a C-N

2- hydr oxy- 3- net hyl butanoate, nethyl 3-nethoxypropionate, ethyl

3- met hoxypr opi"8hat e, et hyl 3- et hoxypropionate, nethyl 3-ethoxypropionate,

met hyl pyruvate, ethyl iruvate . ethyl ene gl.ycol onet hyl ether, ethylene
gl ycol nonoéf%VF“%?%%PTg%WHﬁﬁiﬁg“EVV%Bpuféﬁk'36?%@8?)ether, et hyl ene gl ycol
nonobutyl ether, ethylene glycol nononethyl ether acetate, ethylene glycol
nmonoet hyl et her acetate, ethgfene glycol nonopropyl ether acetate, ethylene
gl ycol nonobut vyl eth/// te, diethylene glycol dinethyl ether,

di et hyl ene gl ycol di\ét hyl thermHgL@E@M;ene gl ycol di propyl ether,

di et hyl ene gl ycol dL uLyJ/ether, propylene glycol nononethyl ether,

propyl ene gl ycol di “hyF et her, propylene 44 glycol diethyl ether,

propyl ene glycol diprigpyk” ether, propylene glycol dibutyl ether, ethyl

| actate, propyl lactate, isopropyl l|actate, butyl |actate, isobutyl
Iactate,lnethyl formate, ethyl formate, propyl formate, isopropyl fornmate,
butyl formatQuel.500Ks ¥ a:f Q4TBELGIK ﬁ}{’m&p 50T Groub SR@Y Y Ly hRG AL €, net hyl
acetate, ethyl acetate, anyl ace?a e, Isoanyl” acetate, bhexyl acetate,

met hyl pr opiofiatetraneitiyibnifh Qftt RIVaige, strpEORYIF Fphaid gnart e, i sopropyl

propi onate, butyl propionate, isobutyl propionate, nethyl butyrate, ethyl
butyrate, propyl but rate,‘ysopropyl butyrate, butyl butyrate, isobutyl
butyrate, ethyl hydyoxy cetatg,,eth I %-hydroxy-z-nethyl pr opi onate, nethyl
3- et hoxy- 2- et hyl 4@r opi, pnat 8, ﬁﬁPW%?U *hydr oxy- 3-nethyl butyrate, ethyl
met hoxyacetate, eth hoxyacet ate, nethyl 103-net hoxypropi onate, ethyl

3- et hoxypr opi onat e, ethyl 3-nmethoxypropionate, 3-nethoxybutyl acetate,

3- met hoxypr Wére?{@%ﬁtaﬁwl gl‘-OUFBIhEM'II a'r)?l' %ﬁ)%éx{bwaﬁlan%ﬁﬁt ate,

3- et hyl - 3- met hoxybut yl “prop onate,éS-nethyl-S-nethoxybutyl but yrat e,

met hyl acet qagedaihs; aniifdiian eslt kylgneirusetehy FoetdryiD-Ret one, net hyl propyl

ket one, methyl butyl ketone, 2-heptanone, 3-heptanone, 4-heptanone,

cycl ohexanone, N,N—digpbhyl 15f ormam de, N- nethyl acetam de, N,

N- dhnet hyl acet ani de, met hyl pyrrol i done, and y-butyrol actone. Those

sol vents can be used 'ﬂijiﬂually or in conbinations of two or nore
<\ Vi

t her eof . N—7R®  Formula (D-5)



[ 0072] The usage of the conposition for form ng a resist underlayer film
according to the present invention will he explai ned bel ow. 20The

conmposi tion for formng a resist underlayer filmaccording to the present
invention is coated by an appropriate coating nethod, for exanple, with a
spi nner or a(wmﬁﬂn%mmaﬂ‘acsuhahampa;uﬁﬁﬁdﬁ@nd@me@mﬁrwgsﬁemmﬁ@nﬂwctor devi ce
(for exanple, a silicon wafer substrate, a silicon/silicon-dioxide-coated
substrate, 3§mm$b@ﬂmnmvmwabh®ub51%@ﬂeﬂiéIgmaé%ﬂkﬁbstrate an 1'1'0
substrate, a polyimde substrate and a substrate coated with a 25materi al
with a low dielectric %ﬂﬁsfavt (1 k material)) and then baked to forma
resi st underlayer film! 'The baklng\conditions can be selected, as
appropriate, froma b&kkng t éf ture of 80C to 250C and a baklng time of
0.3 mnutes to 60 m nut@/ 1ér ef EI‘E)M y, kwBulpdkihg tenmperature is 150C to
250C and the baking time is\0. %Hp}nutes to 2 mnutes. The thickness of the
under |l ayer filmfornmed hereln I's,”'for exanple, 10 nm 45 to 1000 nm or 20
nmto 500 rim or 50 rimto 300 KLW1 or 100 rimto 200 rim N

[ 0073] Then, &vheayimis infeggr ob% &l B igptegershd bd.d§issthydioger Feedon isdte resi st
underlaye% film The photoresist |layer can be formed by the conventi onal
net hod at i) by coating a photoresi st conposition solution on the
under | ayer fil mygu Qr, for
exanpl e, 50 rln#to géggﬁﬁ% Oﬁﬁhggﬁﬁﬁ?@§ag%chﬁ@aﬂﬂ%&Q@Séh&%h&ﬁmm1000 rim
Accordi ng to%mhﬁr@mﬂﬁgﬂj7)nventlon, after the organic underlayer film has
been fornmed on the substrate, the resist underlayer filmaccording to the
present invention can,be.fornmgd thereupon and_then a photoresi st can be
further coated on tH& ﬂ%sﬁsﬂ<uﬁde?layéfmiﬁfﬂ?ﬁ% As a result, the substrate
can be processed by sel ecting an approprlate etching gas even when the

phot or esi st arin wh dth i hot or esi st i thinly in
brder to prebBteTt hdd ¢ abfi T ParmreGm b Bl S8t 2l £ abi'et
under ! aygs fibdl Aoear idigaldk10% ROCSANR L RUED! bARFRINOMOMIRERIRAT BY
using as an etching gas a fluorirne-containing gas that ensures a
sufficientl ynhhi glrhéhi ng rate of the photoresist. 15Further, the organic
under | ayer filmcan be processed by using as an etching gas an

oxygen- cont ai ni hep4gdhs Ehawplenddreeslfanisufshli pilde & erikinghilenighisafof ate of the
resi st underlayer filmaccording to the present invention. In addition, the
substrate caif"®dgPobessed by using as an etching gas a fluorine-containing
gas that ensures a sufficiently high etching rate of the organic underl ayer
film 20[0074] The photerigsiist yto be fepned @ngfhe resist underlayer film
according to the present invention is not particularly limted, provided
that the photoreS|st is sensitive to the exposure light, and any of

negat i vers ypevhaR® Hest, thd/kY hypactpiiotion @aiup bbarca! dreuseda sukanphes i9f such
phot oresi sts include a, p05|t|ve type photoresist consisting of a novol ak
resin and 1,@-ansphriddyuitioned Ri’ awi edeh sudédioitee adfudatenytbema, C-§ bond).

chem cal | y- anpllfled 25Ehotore5|st consi sting of a photo-acid generator and
a bi nder havi ngl¥ é&ouﬁ‘%ﬁWHW“W%MdéEBWﬁé@éaa%V@éhi%@Fﬁ“ﬁhﬂmPWEW€é§és t he

al kal i dlssq{utupp rate..a ch en cal I ppllfled hot %|Shlc nS|st|ng of

Cry 1 an ammc m ] 'O and n is inféeer Of
an al kal i - sol‘Ub‘e "Bl A4&r! cécaméf)genera Oy ahd 4 IOMFnDH%cuIar

conmpound whi cﬁthchx%rﬁﬁxﬁ%EﬁQﬁ %Qt RY% @10, %Wakﬁyn@z II{),néHEﬁ %ﬁﬁﬁ of g1 @blkdr

di ssolution rate of the photore3|st y-anpl i fied photoresi st
consi stizg akadple, a linear alkyl group such as et 1y1 group, pxopyi group, and butyl group, or
benzyl group, cyclohexyl group, cyclohexylmethyl group, and dicyclopentadienyl group.
Examples of the anion (Y7) include a halogen ion such as chlorine ion (CI), bromine ion
(Br"), and iodine ion (I"), and an acid group such as carboxylate (-COQ"), sulfonate

(-S037), and alcoholate (-O7).



46 photo-acid generator, a binder having a group which is deconposed by an
acid and increases the al kali dlssolutlog_rate, and a | ow nol ecul ar
conmpound which is deconposed by an acid -and i ncreases the al kal

di ssolution rate of the photoresist. Specific exanples include: APEX-E
(trade nane, rrarpmfzxar.t urrad chypohd pf Rym&ia (P-2) RARE 1O quatcade, an®rium salt

S5manuf act ur ed y Sum t ono Chenlcal Cb., Ltd.), and SEPR430 (trade nane,
manuf act ur edofly RSIthnEf\éu Rhdii Riadndds of thbtmhti)malFummewm faarcexelnpl-ey
fluorine- contalnlng phot oresi sts such as descri bed |n Proc. SPIE,
Vol . 3999, 33yl @Mwe ﬁ;louiwbesﬂdspmﬂwaqi bo@g 93/ a és% b0 and Proc.

SPIE, Vol . 9t99 ?1\13111 ?fes of 20(%191%}1 (ﬁgdmﬁl%e g\g,clgi su%lZ? E%(Pﬁa%n (d t hen

carried out tRrou eterm ser vel ength
248 nm, an %ﬁ‘bﬁtr@‘i&l (H%*) alna%'inc(lm?la‘ﬁﬂlgﬁ&@@%uﬁ@ﬁch@@@t Blkyfate E()S@d) r laser
(wavel engt h 157 nm can be used for the exposure. After the exposure post
exposur e bakeailpane pROPE Bifidalomdlate (FONecldssanymafhenpasim edpasbee bake can be
conducted under the conditions that are selected, as appropriate, froma
heating 15t eppeasaduse cohmzo@! pt@dtlcsnmdamﬂaeh@amiﬁwgcr‘@@fmlwt@l@emyhut es to

10 t Al di t t t t
[t hogr aphi cUPEERSE e B DubhpReT Bad e ¥1ﬁ@h>b%3ﬁ}%3g*re°§w%a£h%lH@e?rensi st
Any of negat s iups) AAoRS e LRRIRLATLEAAREIGER) Shauagnpe used

Exanpl es of the beam resi’sts emcally Ilfled resi st
consi sting Ozflmﬁ&nﬁ‘tﬁ'cﬂiog&nﬁﬁﬁlﬁ AettgMnd | Rhdgimhawriag a gr OUp 20V\'h| chis
deconposed by an acid and changes the alkali dissolution rate, a
cheni cal | y- anpl idG4ép réhes@nmmm&o@&mm@q@@BaanbmahumE0mumenbudeM1 an acid
generator, and a | ow nol ecul ar conpound, whi ch is deconposed by an acid and
changes t he dirixed fromiad sybsityieshinidizalcof R #e B deyst 1o 1§ corenpioarsi daiipl i fi ed
resi st consi st n acj d rat or, havi.n ichis
O g A B SR P b By

| ow nol ecul ag d. 0 n t he

al kal i dlss?IJ@ﬁgﬁ%?gtgmgpggﬁ%§¥%gﬁggaggﬁggp¥ Eﬂ&?ﬁkfw%mg&bﬁﬁ¥gg§ resi st
consi sti g ofengyl RidigendRamhpes & RIniRiMRle bBady| £:5u @EQMROGE AndYci@Rcdle@ifpl ON
beam and changes the al kali dissolution rate, and a

non- chenlcalWymaMpbfﬂnedmné%)Bmhﬂomhﬂsymng1mmhas@mndenmh&ﬂbmgxmnwmmety t hat
is cut by an el ectron beam and changes the al kali dissolution 47 rate.

When such el &&d.rohigdigdeon @iagd an w@gagwchtﬂwrbwlaﬁ(%@@t)ewfo'eﬁéﬁq be al so
formed with nirradiati n sour c!rr}iéthe sane . .manner as

| ect
hhencs phot e ARG T B 78 kg POpRER s PEPREE By usi ng
devel oper. jﬁocﬂn& S b O pRRIAAPLP o AT B, B-ARSILI YA MRRIPDARQIST St 1

used, the exposed part o oreS| renove a phot oresi st
pattern ies f@ﬁmlmahylnﬁwam& @81-wnzymﬁdgh@maine@@nlkyiﬂmhluaﬁlcahkbﬂnbyrle aqueous
sol ution such as aqueous solutions of alkali netal hydroxide such as

pot assi um hyeoieded matiysodnigm dnpdegX haele. aqueous sol uti ons of quaternary
anmoni um hydr oxi de such _as tet mret hyl anmoni um 10hydr oxi de,
tetraethylannnnﬁﬁﬁﬁhydrﬁ&ﬂ@émoﬁﬁﬁﬁ Hbﬁwﬁﬁ)4hﬁ¥ﬂ%mddﬂébﬁ@”@ﬁWU@P%ﬁ§“&uch as

et hanol am ne d et hyl en rther urfactants can be
added t ot nobaPEi BRLPE. e Eonrensd S aabe il A BobECt e hs
appropri ate, i r [ 0 e to 600
sec. [0077] )\fl Eﬁleslﬁlé%i%ﬁ% e(?cﬁ}” ﬁ)L‘BT?C?% %:I e%ldg%wagi&lgco}gélcnr]llggst%%% he present
invention 15inﬁ111t(1YfQfindhm\dﬁﬁ)g,@)’mbl%ﬂldﬂlgistcﬁﬂarlﬁlﬁlbh erin, Bbmitgoptmy anesidde (upper

| ayer) fornmed in the
ion (I"), and an acid group such as carboxylate (-COG", sulfonate (-SO37), and alcoholate
(-O7). 'This compound can be also purchased as a commercial product, and also can be
produced, for example, by a reaction of pyridine with an alkyl halide such as lauryl

chloride, benzyl chloride, benzyl bromide, methyl bromide, and octyl bromide or an aryl



above-descri bed manner as a protective film and the organic underl ayer
film(lower layer) is thereafter renoved,py using the patterned photoresi st
and the resist underl ayer filn1(|nternedsate | ayer) according to the
present invention as protective filnms. The sem conductor substrate is
processed byhilsiengExdwlgsal sieh nedprediisiudahdientybyeidirfirh phl20{d antl &t-bayelr )
according to the sent invention and the organic underlayer film (Il ower

| ayer) as prBWE@FﬂVi”FWP%B [0078]F|rst t he resi st underlayer film
(interlayer) . acﬁ'ﬁdﬂ ng 7%90(51 Oii d glslem}nu!n,g}}éeﬁt c%@ds?a qua enhat %&mm i&fmﬁlﬁgl whi ch

t he phot oresi st "has’ been Feno

sem conduct Oﬁc:%@ﬁb:ﬁm%ﬁ%ﬁhﬁeoﬁ?&ﬂ@§a@guch-ag'ﬁtcgl'iﬁé eR@R'artg przctié?%w @?!g dikyl
25under | ayer filmaccording to the present i nvention can be performed by
using a gas gmcmmasﬂummmaﬁkammqmghhanegb@}ﬁmwegbﬁmmmqng&hphmﬁ&a@y(C4128)
perfiuoropropane (C3F8), trifluoronethane, carbon nonoxide, argon, oxygen,
nitrogen, subPup- Hex kol L or e § umpplmm¥@nm1hénewmnwhfmg@hu@¢om4uor|de

chlorine trifluori rine, trich d di chl oroborane. It is
preferred thd alfleé“%?%%?f“’@&ﬁ'% e gogaseona BCa ey e deRge G 48

resi st under h@l{ﬁ'(’m{ k Hfgluggé 9[% lcﬁlt s%lel'l ngchp&fmg dﬂa(bpg%&mqg(?ltoﬁl(l%l)?%}dgas the

phot or esi st consti rgani c conp asi ca lcult to be
removed. By @@t i@sl), dﬁdw@u AcRBdr&lp gmeﬁ@crdamylaﬂ‘cl(lcm@p@ﬂma@q sm)tﬂ@ present
invention that contains a | arge nunber of silicon atonms can be renoved
rapidly by t#eohoilagen- cidng @inmiong! gade alkbpureliaedss atdomniraés petduanaridn

thi ckness of the photoresist in the dry etching of the resist underlayer
film can be ##hiapibe eepdugd. far paaypie; by argapimer suisduicd apiridjac sisbas pipolinge form
of a thin fi] referre that he‘r Si st nde er filmis dry
etched with EH}Wh%FW%Q“ oHERT ARG @V55§“‘EQ%H§F@§"% Ay dﬁyﬁ%ﬁpﬁ qLontalnlng
gas include 51%rfd@fAnH%%19')}?E1]aﬁl e hﬁ?{{efl HQJI ﬁé’s 9?(111'1'[0% oA de

per f | uor opr opane (C3 , trifluoro ane uor ne thane ( CH2F2)

[ 0079] The orgaehs! pigsianday@bridd, delﬁy!bﬁﬁﬂmﬁlﬂfﬂiyﬁde Rd Mshig! fib@infunt M
constituted by the patterned photoresist and the resist underlayer film
accor di ni t ochidislepr esent i nvention as a protective film The organic
underl ayer film (| ower Iayer) is dry etched preferably with an

oxygen- cont ai ni Hf*8hs. l‘r%?%nn%n%%fd&u%lat(lﬁé) ft@wwfeﬁwrﬂnay@vumm | m
according to, the present |nvent on t ncl ude nber of silicon
atoms is di f55¢ul tor8" %H%v%‘%vcawyﬂg%%hiﬂafuff q%h“%&%ge 5ﬂﬂw5ﬁﬂ]ng gas.
[ 0080] Fi nal | N r ragessi ng of
he serm condis b Cubat e e R O B B he g s
f1uori ne- conbé@halongl g ast anZQiasuy sash &fcattdRylhte YQIOME sERMLRI(HOY, @as i ncl ude
tetrafl uoronet hane (CF4), perfluorocycl obutane (C4F8), perfl uoropropane
(C3F8), 2&|f$@@pbWéﬁhhndhuandmdwﬂkmobonmﬁhad@y@G&wﬂ@ﬂeﬁm}mu$ﬂm8hbﬁmﬁore
thrilling the photoresist, an organic anti-reflective filmcan be formed on
the upper IaV@ﬁ“@f“ﬁﬁ@“ﬁéﬁﬁ§ﬁ“Uﬁ&éW?%@eﬂ”@ﬂW#ﬁﬁb@%ﬁ@?ﬁ@”@éuﬂHé“ﬁﬁesent

I nvention. formic acid and acetic acid. When formic acid is used, the anion (Y7} is (HCOOQ"), when

acetic acid is used, the anion (Y7) is (CH;COO"), and when phenol is used, the anion (Y)
is (CgHsO).

25 [0049] The compound of Formula (ID-7) above is a quaternary phosphonium salt
having a structure of R"RPRPRMp'y- R, R™ R, and R™ are cach a C. 5 alkyl
group or aryl group, or a silane compound bonded by a Si-C bond to the silicon atom. 1t
is preferred that three of the four substitution groups of R'' to R'* each are a phenyl group

or a substituted phenyl group, for example, phenyl group or tolyl group. The remaining



25The anti-reflective filmconposition used in such a case i s not
particularly limted, and can be arbitrarily selected fromthose

conposi tions that have been conventionali¥y used in the lithographic
process. The anti-reflective filmcan be forned by coating by the

convent i onal omEirhgds a TOr; a8xa8BlE an Whi Brodp, SPh BINGE cOhpding B@ided by agdcbaki ng.
49 [0082] The substrate onto which the conposition for formng a resist
under | ayer fbé¢nhtateoitdongono Exmnpses drtanion€nitichde i $alogeatiedsushys have an
organic or inorganic anti-reflective filmon the surface formed by a CVD
met hod or t h&VPiiedon e bEpRIng ipa B agist io¢ing iop Able BiPRgIdtesP WHECTSe s ent

i nvention can be r her.eon. ~[.008 [ i ng,on the wavel ength of

| ant used. e ERAgy B e e 5 Tas 2 Ao TEERS): "InBer el Hihen For nec
with the conpasitloR afOhmkRiTbREUA I Edhlies URARKT RNAE 1ok EGQRENG to the
present invention can absorb this light. In such a case, the resist

under | ayer f hdlidecamth fsueed-n-6aty Bghogphoainin haliédslaad teta-ropyimpiaphoagind preventi ng
effect against the light reflected fromthe substrate. Further, the

under | ayer fhdlidesatdwdicnyy! peselimeivnobrlidsenth iviviethylbonmy ciesibeniaindulidsed as a
| ayer for preventing the interaction between . the substrate and the

phot or esi st , ! ‘Qﬁ‘f“éf!/‘é'g“%g\)i FipsRPop UL g O SrUREAYTRE Y HO R0 BrSe 8 ect
produced on - S I at . ri.al _ - .0resi st or the
prioduced on LS BRALES Bo RIS AL B [ AlobNSu pHOKALEST St of
functioni®f Rigrent bRGphdguhiifdes 190y Phohde 1 PHEPLARGR hARRE AL 8oifr om t he
substrate during heating and baking into the 15upper |ayer photoresist, and
a barrier | ayesoafkot plrogshvaivnghaliie (feilslpemgoefif ediiorok atdneordi tebiatik aioen)l ayer

of the sem conductor substrate on the photoresist |ayer. [0084] Further, the
resi st under Tiyspecially mefasredamong Bamtareiripemmybaprdatky! phesphosium haddes spdsi st
underl ayer film can be ed as a filling agent that can, be )lied to a
aubstrate wi SRR G RSRREH R s A s em b oo BB or ocees- and
can fill the, ' s It ; [.8S] | ayer
filmcan beelﬂ!g]g%lygg&g)%?yll E’t"%@ﬁ#ﬁ&gﬁﬂtﬁigf %ug gﬁfd%ﬁ%"?% ?jgﬂﬁ_}loéﬁ?)ﬁgﬁnswg‘ g%e of a
sem condigt OtEitq‘&;HQ&otn_beﬂ?ﬂaﬂaﬁﬂbnmlnp{aﬂads%ﬁémf’cri@mim‘éﬁcﬂih@n%ﬂlpﬁ?cﬁhﬁhdxﬁfl@ﬁ 88 es, The
present invention will be described bel ow based on specific exanples

t her eof , butantiivétoyt msesrkyl papiidnom hdidaoduch hntritodyd nidnemethgl ph2&phEAMPLES

[ 0085] The conpounds obtai ned were identified by 1H NVR neasurenents.

Sanpl e t ube:hafdentihe dalogenrtom feghlarige s@ehlady GRiBe APYeasur ement t enper at ure:

t t | i : , .of integrati 32
e TPet o enfosBE > Bt Hie ST bier MDA hrrmiry PR el e ibosi o of
Co d 1 4 I | at i 1
ChaPor e ) pbospifie! Gl pBbspfint Yoro R B fiine, t3pRp0t herfiE NALBRRbANE" | VE, | ©

al 1yl braoni de) paényPpodsind) RceRTBOpIRkshinadRELhGE dgn @yl pR&HRING Mg pl aced in a
200 m four-neck flask equi pped%\?\nﬁth a magnetic 5stirrer and stirred for 9

hour s under phefphine, ditsoB0:! pAbspline.abisbanng pbaphionrmd dipperybphosghing el acet one
was distilled off under reduced pressure, followed by dilution with 60 g of
et hyl acet attertiayphpgpinse ek ps eingd)yé phosshiag dédhy ghesphiag.itipgeng phagplinghe

organi ¢ phase . Wa d twice w.th 50 f re water. The organi c phase
vvag cloncgnt ?"é‘fdéﬁg'ﬁlh‘ﬁggﬁl"ww%ﬂ‘m%’@cﬁyitg%‘g’lyﬁ?l@g‘ﬂﬁ’m' ate 1 was obt gi nled (pyi ZI d
829 . 10[0087] 1fAMR (0. oMHodna K8LnlIR1H18) 2R iR AS suftddidm <A 61 PPM (M

210,
25 having a structure of RPRRYSTY. R, R'" and R are cach a Cp.ig alkyl group or

aryl group, or a silane compound bonded by a 5i-C bond to the silicon atom. It is
preferred that three of the four substitution groups of R"” to R cach are a phenyl group
or a substituted phenyl group, for example, phenyl group or tolyl group.  The remaining

one group is a Cy.;5 alkyl group or an aryl group.  Examples of the anion (Y") include a



3.73 ppm (t, 111), 5.05 ppmto 5.12 ppm(m 2H), 5.68 ppmto 5.77 ppm (m
111), enol form 2.11 ppm (s, 6H), 2.99 ppm(m 21-1), 5.05 ppmto 5.12 ppm
(m 2H), 5.79 ppmto 5.96 ppm (m 111). “FThe keto:enol nolar ratio was
71:29. [0088]6.93 g of Internediate 1,490 pi of Karstedt's catalyst (0.1

1\ 471 xyl enenal§ehditi@Nas@hioBh@tonRUM, bromine ion (Br), and iodine ion (I, and an acid
(0)-1,3-divinyl-1,1, 3, 3-tetranet hyl di sil oxane conplex) and 42 g of toluene

were pl aced g,mu;asxﬂ:@@s errbdkplate-(HEOR ), fshidistateg eRO:pped awobdlata (Bgndhisc stirrer,
and 10.8 m (1.2 equivalent relative to the reaction Internediate 1) of
triethoxysi | EHePORRESCagbe hicBasehtidecmsneseial Toodyrinutaamples Bergeldngydsduct

bt d aft f t t fied b
st at o) Pheshihuuf piigEheRis GG Py OB M S EBRHERoR i ch i s
t t 9 ket
?Or?nrgg 652plr gglllr%%%l%u,n ﬁg&bﬁigﬂz(gl%gn%ﬂuﬂ{)ﬁ%ﬁ%@dcs[sg(giarlg]d é/ul%y%i&ﬂﬂ%uw) 89 gpo

(g, 211), 2.d8idppaphsyl Bbhoalkd! &3foRRM Halideskddh as BphBdy RPN (sdifoddih hali®ol

form 0.68 ppm(t, 21-1), 1.25 ppm(t, 911), 1.52 ppm (quint, 2H), 2.14 ppm
(s, 6H), 2.2@&dpjyrhefticth@dBalonidn Bﬂicppmimlxqpylmiic)nimﬂ' hdidkst(be bmogenmbdnais ar at i o
was 72:28. 25The cal cul ated, pKa o was 10.57. [0090] The reaction
schene of cO%%uﬁatOP 9 @%Wﬁ d@é])dwfaa"ﬁ’!tphosp}[oﬁB%‘]a(f‘SW‘taHéé‘f%} ayf Conpound 2)

9.38 g of p E E%u 2‘1{19:(%%% 8)9%%@5 angd Ii]n\é)g‘?pg/%u]iro%u% (!dvb%xélgicg tllrl]c}fkyé%am

(trlfluoroacety ne \iere

four-neckp fl Millﬁﬁ%ib@%ﬁgeé’\él&ﬁasadlémﬂﬂé{?gpsu%ﬁlﬁﬁl%ﬁlb@ﬂqdig ifph&dr at room
tenperature. lien ol ution of which 21 y] bromde (0.5

equi val ent rabataikyesifloni@hmrttbok ki iuaﬁé@(ﬂiﬁi&mypaﬂﬁfziatlﬁc)nuaﬁdaiB&yﬂ)&s@n@f et hyl
(trifluoroacetypacetate) are dissolved in 20 g of acetone was dropw se
added, fol | odielenihetlat sylfanhgn §aolroxglatesiirishenmidetforieh caspoatiateo@d iﬁiid@r cool i ng
to roomtenperature, the reaction |liquid was di] uted v'\g%g 200 of et hyl

acetate and @C@ ofl il s ol halides gnd WAt Biapyp @ ﬂtevﬁﬁ added to
obtain pH 3. phase was renoved, and the organi c phase was

washed once ‘\’Af%cha“gg’geqe'oefd saturated saline. The organic phase was

concentr gd ed angydb] edThetctElﬁm?@dtlcﬁj/ﬁﬁ.@oﬁft’éfh@@atﬂf (ﬂ%ﬁ% bWAR s N b bhredyi¥ass,
distillation under reduced pressure, and ) of Tnternediate 2 was

obt ai ned (yi@l0d) 16628 by ;hSisO@QBbrl%WhRs(&@@le) b)klﬂhs@ té ®pays bl.n2ads ppriogt , 3H),
2.71 ppm (t, 2H), 3.94 ppm (t, 111), 4.20 ppm(q, 241), 5.06 ppmto 5.17
ppm (m 214)Pali5bBBMp‘fmhl}E@OB/O&@ﬂ?ﬂBlmf(nﬁn 1H), enol form 1.32 ppm (t, 314),

gp(r)not o5, égdppzﬂg{wdﬁu&ab G iwgipgp MRS m[%%@]z’%*%‘)én >0
10.00 g of I&ﬁﬁénggcpfu% fie ?btalgig‘c? l?yécg‘!)itlc coa Vl n @)%3}’“’?@12&%&%%ﬁ?ﬁ“éﬂ%ﬁﬁé M

20xyl ene solu ramet hyl di si | oxane
conpl ex)20 an@duced pressure to remove an alcoho!, which is a byproduct, and the used hydrolysis

catalyst and water at the same time.  Further, the acid or base catalyst used for the

hydrolysis can be removed by neutralization or ion exchange. In the composition for

forming a lithographic resist underlayer film according 1o the present invention, the

composition for forming a resist underlayer film that includes the hydrolytic condensate
25 can additionally include an organic acid, water, an alcohol, or a combination thereof for

stabilization.

{0053] Examples of the organic acid include oxalic acid, malonic acid,
methylmalonic acid, succinic acid, maleic acid, malic acid, tartaric acid, phthalic acid,

citric acid, glutaric acid, citric acid, lactic acid, and salicylic acid. Among them, oxalic



60 g of toluene were placed in a 200 m four-neck flask equi pped with a
magnetic stirrer, and 9.8 m (1.2 equivalent relative to the reaction
Internmediate 2) of triethoxysilane was opwi se added over 10 m nutes.
After stirring for 4 hours at roomtenperature, the reaction |iquid was

concent r at edy@nghdihi 186 acill Be pRBERIINeFnCorbte: RIOHUEded Wag JihuGeofI phised 25by
distillation under reduced pressure, and 4.33 g of Conpound 2 was obtai ned

(yield 25% . by bdss[t0094hits by NMRp¢400 piddd)y mass GDBA 8mndkebie form 0. 65 ppm (t,
2H), 1.27 ppm}al';J 9H), 1.35 ppm (t, 211), 1.40 ppmto 1.54 ppm(m 211),
2.33 ppm (t, obpreasosgoxaspim e YSeL)ulrapuiB vaisr (¢p-cxshangy Washen beadad 0. 65

Pt 611) b e SRRk w3 Th argPRAbM il o8pRd AR S8l D roe
cal cul ate gﬁgﬁ) \}vn 9"1’5@ )a%s\ﬁ?gggsg??’ho({o 85? (;ll-h%% fo?lﬁﬁlra(?& E@W‘gy 9f

Conmpound Synthesis o oun 15.00 g of
di et hyl allyi‘;mral onate, 1870 ul of Karstedt's cat aI yst (0.25 M xyl ene
10sol ution of platinum (0)-1,3-divinyl-1,1, 3, 3-tetranethyl di sil oxane
conpl ex), and 900@G4bf tlb¢ vestol Wéxcedcﬂﬂdas:;edfeiablyasu@iﬂmam efsdy pvapexskedfbly ask
equi pped with a magnetic stirrer, and 13 equivalent relative to
the diethyl bhdafiyg af%amﬁag e)l‘ X@WP{CF PE%UHe)taé%lwhézh@cma%maﬁhém%‘@ﬂ%d@@ﬁdn@{/er 10

m nutes. After stlr

i qui d was. comanprr Bl o ielhSuRhe 4R HERPELBE vR B 6B 0T 11 co

by 15di sig4 ! | fy -3 was
obt ai nedq%ylgﬁlﬂé% Iﬁ&q% (l)d(j)(gl%ﬂﬁﬁgnﬂgmw(ﬁmp%gvﬁgl&%@?%&q%ﬁU?%?ﬁ]ﬁ 0. 66 ppm

(t, 2H, 212hrppm(t 91 1), 1.27 ppm(t, 61-1), 1.42 ppmto 1.50 ppm (in,
2H), 1.93 ppm(q, 21-1), 3.34 ppm(t, 111), 3.81 ppm (g, 6H), 4.20 ppm (q,
4H), keto:enol MI5a) r&tadditivaso theab@ye-degThel walpouings: de cpracionConpound 3
was 12.97. [0098] The reacti on scheme of Conpound 3 is shown, bel ow. C2HSO 0
C2E- LBO- 5i 0 levpigey hilgeppic resist underlayer film according to the present invention can

include, as necessary, an organic polymer compound, a photo-acid generator, and a

15 surfactant.

By using an organic polymer compound, it is possible to adjust the dry etching rate
(reduction amount in film thickness per unit time), attenvation factor, and refractive index
of the resist underlayer film formed from the composition for forming a lithographic
underlayer film according to the present invention.

20 The organic polymer compound is not particularly limited, and organic polymers of
various kinds can be used. A polycondensation polymer and an addition polymerization
polymer can be used.  An addition polymerization polymer and a polycondensation
polymer, such as polyesters, polysiyrene, polyimides, acrylic polymers, methacrylic
polymers, polyvinyl ether, phenol novolac, naphthol novolac, polyethers, polyamides,

25 and polycarbonates can be used.  An organic polymer which has an aromatic ring
structure such as a benzene ring, a naphthalene ring, an anthracene ring, a triazine ring, a
quinoline ring, and a quinoxaline ring functioning as a light-absorbing moiety is
preferably used.

[0056] Examples of such an organic polymer compound include addition



C2HSO Conmpound 3 53 [0099] (Synt hesi s of Conpound 4) 19.2 g of
di-tert-butyl ally' malonate, 1870 ul of Karstedt's catalyst (0.25 M|

xyl ene sol ution of platinun1(0)-1,3-divﬂﬁ&l- I, 1, 3, 3-tetranet hyl di sil oxane
conpl ex), and 90 g of toluene were placed in a 200 nl four-neck flask

equi pped Wi 5l andFR@iet jobynsdd iéieding addsudd@ral uit al didkiopuiyvatiemte rel ative to
the di-tert-butyl ally' malonate) of triethoxysilane was dropw se added

over 10 m nunesxmeAftobras btrizprdcndat, bensyl methrgylate, phooyhatyhape naththyé acry lhie,
reaction I|qU|d was concentrated and dried, the obtained crude product was
purified by HEYimetBRcHOHe. @RGST n‘rc&uh@é@dtprié@sww amowywbd%w @d?bfbound 4
was obtalned i el , 0lH: N 400 66 pptn
(s oy > ol Rl e o0 el Banes Sion s DRy SiThigth (7

1H), 3. B%SPQEH%gluﬁh%owﬁm?l ppm (g, 4H), keto:enol nolar ratio was 100 0.
The cal cul ated pKa of Conpound 4 was 12.90. The pKa of a derivative

obt ai ned by hydnaleyizh agdiGanmouwngizidnpodntds Blisdd 4ds teopigmispapheit i on of dilute
hydrochl ori ¢ acid 15and converting into a dicarboxylic acid was 5.78.

[ 0100] The r eammoomﬂ e fco@pormd urr Maihgrnshdymelbeb@woiymei{ 0&@1] (Synt hesi s
Exanple 1) 1.52 (5 mol%in the entire silane) of Cbnp 1),.14.58 ¢
(70 mol % in ‘%dﬁé‘oét?@mqef‘éabéﬁ PREer S’f“*?de‘f’rpéfé'ﬁ‘ﬁb‘%ﬂjé‘i]q W%@a‘&“d’@lyﬂfb’f %in

Lhe ent i1 ShLANEL PLAIERNAGLIRANGL hBRSre h IR0 TR bAR e onti re

silane) of ne ox i and acetone” were

100 nf. fd asjeiq, ﬁ&?ll@ac%%sf& E@RpIRE, hrimagdc é@’tﬁcs@bﬁ’%&hﬁtﬁﬁd%éﬁ?%ﬁ' ution was
heated with stirring with a magnetic stirrer and refluxed. Then, 6.67 g of

a 0.01 M agqueaiyswsB] uéthanylahidaydnpahliioring! @dipdumBsstadcadnipouidie m xed 54
sol uti on. Aftep the reaction has been conducted for 240 mi nutes, the

obt ai ned re&@@pmh¢%®mupumhlmdsw@doﬁédf@@jﬁmﬁﬁmm@%perature Then, 21.00 g of
propyl ene gl ycol nononet hyi etate was added.tp the reaction

sol uti on, ethangw5jhh|&ﬁmW%§“g Féﬁ@”ﬁdﬁdB?ﬁﬁ@ﬁWEW“mﬁhf@F”RHW a‘1‘|3§/l€itf“’()chlor|c

acid were d'éllg)ll alx glte hex b?&?ia{ueggﬁﬁ}g/i B&Eﬁ%“ﬁmhééﬁﬁ r 0@@%&% y?dit her

condensat e soO ut| B Was ropyl ené ’g
15 phenyl acrylate, anthrylmethy! acrylate, 2-hydroxyethyl acrylate,

3-chloro-2-hydroxypropyl acrylate, 2-hydroxypropyl acrylate, 2,2,2-trifluoroethyl
acrylate, 2,2, 2-trichloroethyl acrylate, 2-bromoethy! acrylate, 4-hydroxybutyl acrylate,
2-methoxyethyl acrylate, tetrahydrofurfuryl acrylate,
5-acryloyloxy-6-hydroxynorbornene-2-carboxylic-6-lactone,

20 3-acryloxypropyliriethoxysilane, and glycidyl acrylate.

[0058]  Examples of the methacrylic acid ester compounds include methyl
methacrylate, ethyl methacrylate, n-hexyl methacrylate, isopropyl methacrylate,
cyclohexyl methacrylate, benzyl methacrylate, phenyl methacrylate, anthrylmethyl
methacrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate,

25 2.2 2-trifluorcethyl methacrylate, 2,2,2-trichloroethyl methacrylate, 2-bromoethyl
methacrylate, 4-hydroxybutyl methacrylate, 2-methoxyethyl methacrylate,
tetrahydrofurfuryl methacrylate,
S-methacryloyloxy-6-hydroxynorbornene-2-carboxylic-6-lactone,

3-methacryloxypropyltriethoxysilane, glycidyl methacrylate, 2-phenylethyl methacrylate,



was added to the hydrolytic condensate solution, and finally a 15%

hydr ol yti ¢ condensate sol uti on was obt ai ﬂpd (corresponds to Fornmula (5-1)).
The wei ght -average nol ecul ar wei ght of the obtained pol ynmer which was
determ ned by GPC was Mv 1600 (cal cul ated as pol ystyrene).

10[ 0102] ( Sy nhHéenwhenyhmpihacripte, and blongephepyf Bethmdrdkien t he entire sil ane) of
Conmpound (2), 141, (‘}—35[% g éJ,O m)li%_i n ‘t.r]re entire silane) of tetraethoxysilane,
0.99 g (5 nol % iR Phe &neMplss githairaylamide smrRppe pichet paXySIdeane, 3.57 g (20
nol % in the entij il ) Qf g rhet A , d.31.62 .9 of acetone
were pl aced ﬁgkg[})%%l !ﬁﬁnﬁ gg h,yfﬁgﬁg.)/ Aéétém(‘? ?%%&X/\%‘g%? ’oNr%@%]?J E}ﬁ‘lﬁgg‘nf%obt ai ned

m xed sol uti sN-Waset@at8sh ik, taRd NtdnfiiyIRGyMinide, @ magnetic stirrer and
refluxed. Then, 6.67 g of a 0.01 M aqueous solution of hydrochloric acid
was addedSt o t hd0Ghi0ked Fsahpits aihe iAéthenrylihige reagdundinchds meseayondbict ed for
240 m nutes, the obtained reaction solution was cooled to room tenperature.
Then, 21.00 Y-Bsthymehgeaaidg Neolymsisngangs Nebdiey mgheeseamidtas added to the

reaction sol ygtion, ethanol i vas a 20reaction byproduct, water, and
hydr ochl ori cNé{%’F'&’ ‘%‘?‘%”QF@F’FW@F&E&WYL‘m&@?'y aY(re vl ]giﬁg@é)g‘arc@ffd‘ﬁ 8 a

hydrol ytic condesngat e $QhMiion ' . i P r @{) di et hyl
et her was added?to {he ﬁy’gé %f@{%‘*’é‘ﬁ%}g?%@h@g‘? glcyg?g{nly g%?&élﬁgrh? F%{Lﬁ’(ﬁ la 15%
hydrol yti c condengahedsoluyi @i was Ghyiaking et S00hgsRRAGmyiekaknul a (5-2)).
The wei ght -average nol ecul ar wei ght of the obtained pol yner which was

det er mi né&d byingdP@alasyMand 360 |of gyt vingk atlckr, Z5asthpoletist yind et vinyl

[0103] (Synt hesi s Exanpl e 3) 1.94 g (5 mol % in the entire silane) of
Conpound’ ( 3) MPhhalsge, gnd vy | 3theacsns: t he entire silane) of tetraethoxysil ane,
0.99 g (5 ml%in the entire silane) aof phenyltrinethoxysilane, 3.57 g (20
ol 96 U choent FRandE Sk e s inheboR et hTES ke s sty of
acet one ver e, BhaG6adnd, hetholQ il oyahd d, QUi on was formed. The

obt ai ned m xeldl o) u?i or(le %%%ﬁeaf%yg vﬁﬁ]e’sﬁar F?%S@W%eh a magnetic stirrer
and refluxed. Thwo?] 6. 8Xagplefof@helnfdimMAgHousl isahdétmfmele, Rygkmahl oric
acid was added to the m xed solution. After the reaction has been conducted
for 240 M nundsimiddd-hiendinmdamidealicy dohdsgiohal¢iimade, Welentyd oladdnide, andom

t enper at ur e. Ih&n,’ 21.00 g of propylene glycol nononethyl ether acetate was
added to theVTedieryegh! gglefitiden, et hanol, which was a reaction byproduct,
wat er, and hydr rigacid were distilled off under reduced pressure, and
a hydrol ytic coﬁ@gﬁgat g\/hggflB?l?/%oﬁl%ﬁ“/ef%“%‘ﬂ{ojﬁnﬁeé&”“‘I‘ﬁaesr?,po&ﬁ%%’ﬁ"é‘ﬁ%‘%?@col

di et hyl et heg,cyasoiadaGHchR folighdySHiphotty ARASALEoSOk finally
a 15% hydr ol y%i cﬁ%gndensat el;()i%gnsol ut1on \Xé’ggg@t aﬁ%ed' %%OEF esgdgnrpc@mt{jo For mul a
(5-3)). The awiaghurbavdicagrl compeidl aExmeplghit 1ef oliddecbicahdrdiupel ymer whi ch
was determ ned by GPC was Mwv 1600 (cal cul ated as pol ystyrene).

[ 0104] ( S¥nt hkeihndereedepl. bexgynethyBae giyed, anddudann ebvbe. eRkdmmessiflit@ne) of
Compound (1), éﬁ) 58 9.(70 mol % in the 15entire silane) of =

t et r aet hoxy <iREN&YiqRCiErogPOBNdyBFlagY Hegine agieadinic aid, dpmephtiigic acid, and

pheny 1 TSV SRR Syl 08 TRl A SRLAL 8 S ) Pl

met hyl tri et hoxysi e,
(4- met hoxy beRayilbitbih BRLAQIYSIH @PBenyd (3dphdithiashi VRLHRlaced in a
f fy{()j)h:;t”sollut [ %ﬁd %/\(/aﬁ@ %‘mcﬁtrlr\eélL gp'l'jal#e}ﬂd%]t;?ga)ﬁ %@I%ﬂﬁé\é& %Iﬂﬁkdﬁén was

100 nL flask, an
heat ed wi t h asd pslyéthgem tbdaplahat@gnetic stirrer and refiuxed. Then, 6.67 20g
of a 0.01 M aqueous solution of hydrochloric acid was added to the m xed
sol utiord AfterlOPed r eWben ohydhewy! beeniscondined edhé ogaitd folyinaubepputdie

obt ai ned react L&YOJ] sgl ution was cooled to roomtenperature. Then, 21.00 g of
propyl ene glYEBYURERSIRER RN PagigRte igastostldlNpgdeastereyith it he reacti on
solution, e i.ch was a reaction byproduct, water, and hydrochloric
acid were ditpts}??ﬁ%%ﬂeoc?y}%%aﬁpunder reduced pressure, and a hydrolytic

A polymer compound with a weight-average molecular weight of, for example,

1000 to 1,000,000, or 3000 to 300,000, or 5000 to 200,000, or 10,000 to 100,000 can be



25condensat e sol uti on was obtai ned. Then, propyl ene glycol diethyl ether
was added to the hydrolytic condensate sgjution, and finally a 15%

hydrol ytic condensate solution was obtained (corresponds to Fornula (5-4)).
The wei ght -average nol ecul ar wei ght of the obtained pol ymer which was

det er mi ned by%@@lfwa%ewm%@i Q%‘@I?O@m‘ ated as pol ystyrene). 56

[ 01051( Synt hesi 5 %.in the entire si|ane) of
Conpound (1), O%ﬁl ((gﬂ)’ gﬁﬂ(%‘i“ff RORES H'g‘??(g]’otgllq"aﬁ8§iwé’f"‘ PRl YeEHIRY si i ane,
0.99 g (5 m)lc/ ne) the entire silane) of phenyltrinethoxysilane, 3.30 g
(18.5 rml%ln the entire silane) of nethyltriethoxysilane, 50.36 g (1.5

ol % in the entiwgerSthé a@gic Pélyibd-BPenNgRY | thd falifBlReX¥SIhABS madnd 31. 14 ¢
of acetone were placed in a 100 m, flask, and a sol ution was forned. The
obt ai ned f xéd sols by imaks, ﬁ@srtdtafahasdtmaotpa&t byr masagprvid plrtabymagr et Socpasiki rrer
and refluxed. Then, 6.67 of a 0.01 M aqueous solution of hydrochloric
acid was addBymes eHd iwik%dmé%luﬁl%@ pyits baftass poy R0 pasls by imsps ¢ake edenstionduct ed
for 240 m nu ﬁ’ t he. lobt ned reaction solution was 10cooled to room

t enper at ur e. pP SR PL0E°Y of propyl ene egcoI nononet hyl ether acetate was
added to the re n oduct,

wat er, and hydrgg(?ﬁ()grl ?fﬂgg‘?*&&\%?gqﬂ ?@?I"ﬁ Q/\%El éﬁlﬁ%g{:%gl gg(%/tgésure and
a hydrol yti cpeend@nsaivbe csohthdam sriseahiai ned. Then, propyl ene glycol

di et hyl ether was added to the hydrol ytic condensate solution, and finally
a 15% hyd@ ol yt i dxewpldesisht idginaticnimcds a toht-adineche(atmrnés portdacitio For nul a
(5-5)). The wei ght-average nol ecul ar wei ght of the obtained pol yner which
was det er mi n&FCHPGPC was My 1500 (cal cul at ed as pol ystyrene).

[ 0106] ( Synt hesi s Ex the e re si e) of
Compound” (1) - 14 R0 56 BhnsTog el o e el S RikerSte

t et r aet hoxysjpt @Q@ee&ag’%llﬂoﬁﬁe HﬁHer’fg\}epf“B]h@m%taH uSred! | BIEX o of the methods

phenyl tri nmet hoxysi | ane, 3. %inthe entire si anes of

met hyl t ri et hdxygichiapehe (ﬁg,lé@()gac(cﬂi,y@f e ludedrayériigmenth thedGideamadididf of the

(4-et hox%/et hoxyphenyl ) tri nmet hoxysil ane, and 31.24 g of acetone were placed
in a 1001t , resibtad ke vapet layes o [Bytaditingatbe feprared acitineolshe widadayeniikoedt isol ut i on
was heated with stlarrln with a magnetjc stirrer and refluxed. 25Then, 6.67

g of a 0.01 fﬂﬁoa‘aj’a% ISLiE Btcst Shﬁ%‘i’fd%‘l%‘ﬁﬁfem%f‘éiliﬁlﬂ\ﬁdﬂ?%éﬂ?/é’d to the m xed

| ut Af t d
ggt ;i Ingg reac'ta |r g} Iaﬁolr Egam U Orﬁ’h d)%%ga ¢ &ncngrgtor %(mnapmlgI at 8‘? ecom*?‘?fétf'? . i'%rl. 00 g of
propyl ene gl fﬁﬁﬂh% H%Qﬁﬁ{d@wlye?ﬁh%cc%%% ﬁae%enﬁ%ﬁtt&ﬂnélh@e ({lgﬂtﬁt ion

solution, ethanol, which was a reaction byproduct, water, ydrochloric

acid were di(ﬁtdxildl,e@inpn‘uﬁdsl,lEld&)lhmﬁ1661ttﬁﬂd)updlsesrﬁimﬁslfonﬁﬂze&ﬂﬂetﬁaﬂ&)bdﬁl@blﬁdb.c
condensat e sol ution was obtained. Then, propyl ene glycol diethyl ether was
added t 20t he hyHK@FBIQSl of t@dw@@hsfd@redesmmwrdﬁmcaﬁd ifdoniaiml sglt gomEndsyaiciol yti c

condensat e sol ution. was o\%@?l ned lgcor resp t o For (5-6)). The
vl ght - aver d9E MERUEHTY™ REFGHETOBROSDHE. SIS rsﬁxaéprwav oA d o
det erm ned (e ) t
[0107] ( Synt EjY S?Eﬁ'gxa uum;géa%gm lig%tgt'ije Eigrgatc %wha n%ﬁ]e%% ?1%1801 )+ Chaé]f of
Conpound ( 1)suHéﬁi@@lﬁgcn(y?&idmlln/%nﬂ) ﬁf»h@d{%m{é rb?s(éﬁlehﬂﬂ@]?] fwi%@@&ﬁﬁﬁ hoxysi | ane,
0.99 g (5 Ml %in the éentire silane) of phenyltrinethoxysilane, 3.30 g
(18. 5 nol % icamplne selfiinategarsii Highe)-afty pehhyiotisiiat hdkyoséhai@e sulfonate, and
25 sulfonium salt compounds such as triphenylsulfonium hexafluoroantimonate,
triphenylsulfonium nonafleoro-n-butane sulfonate, triphenylsulfonium camphor sulfonate,
and triphenylsulfonivm trifluoromethane sulfonate.

Examples of the sulfonimide compound include N-(trifluoromethane

sulfonyloxy)succinimide, N-(nonafluoro-n-butane sulfonyloxy)succinimide, N-(camphor



100.51 g (1.5 nol % in the entire silane) of

(4- et hoxyet hoxybenzyl )tri et hoxysilane, and 31.36 g of acetone were placed
ina 100 nL flask, and a solution was fcrmed. The obtai ned mi xed sol ution
was heated with stirring with a magnetic stirrer and refluxed. Then, 6.67 g
of a 0.01 M agtiagusy)sebuinios aaf NIy dreehlcthhCsdohdonampagddadiato the m xed
solution. After the reaction has been conducted for 240 m nutes, the

obt ai ned reactldnamﬁgabﬂh¢mQHMm$cmaohemaMnmnmomumenmﬂaabun&mnahehm 21.00 g
of propyl ene gl ycol nononethyl ether acetate was added to the reaction

sol uti on, Hﬁ%}” dl%‘?l"@?‘ﬂd‘%aéfs(&y‘r@ﬁéﬂlSBHOIH@BWW‘E““Q\NM er, and hydrochloric

acid were di | ‘,f , Rressu. drolytlc condensat e
sol ution vvasgl(gﬁ"a y%égonyPH@ﬁ?m%ll’a_b’ﬁ%’SZﬁé& ”%'gﬁny&déa( %‘91%" “her was added to
the hydrokyt bici 2@&9@“?%&1%&(9@%1‘1% z@tﬂahétfcnﬁald nthI?/lsJaﬁ[g )l?lf)qﬁﬁ)llz%tiuﬁ :‘fy@ndensat e
20sol uti on was obt ai né corresponoil For mul he wel ght- aver age
mol ecul ar weidghimetifané.he obt ai ned polyner whi ch was deternlned by GPC was Mw
1600 (calculated as polystyrene). [0108] (Synthesis Exanple 8) 1.52 g (5

mol % i n the entilf&3si | &nb)onefph@omrpidgnnkr{tdncan bdusd oga (arabinasiodoi twat dre
25entire silane) of tetraethoxy5|lane 2.07 g (5 ml%in the entire silane)
of 3- (tr|ethﬁ%?éh$9?bﬁbﬁ¢#¥ﬁlalIyllsocyanurate 3. 56 g (20 mol % in the

ent ire silane) 10@1902%&0 '{c‘lactﬁnzgc)a(rgt%ﬂ I alscfd’ (13 %1031%% Hﬁ%%%ﬁrﬂa%sw e placed

in a 100 nL fl ask, xéd sol ution
was heat el Wdi b§iasd, bP@ 1 Phishby@nTRGERA S b$ hiabd 6708 Qtsr frhddX @0 n, 6.67 g
of a 0.01 Nx%queZus solutp%n gf SSQﬁidroghlorlc agldlﬁhs addégm?g t he

m xed sol utimass pAf t08maithiey mek ol theolkssakapslyeandwitdxack)f or 240 mi nutes, the
obt ai ned reaction solution was cool ed to roomtenperature. Then, 22.00 g of
propyl ene gl ycollﬂ%ﬁhonétqhyhbl@ﬂ hetfeelvetiminbibitig taditaeiation afpénhplsaend on
solution, ethanol, which reacti.on Bﬁ@rOd uct, . water d hydrochloric

5 acid were %ﬂ‘i“'&t"f’l"‘[h@ﬂ”’ﬁfi?“’ﬁ?f&é’t“ fordainaiaga %"é‘ﬁ’?“é‘ei’ﬁh‘d‘dé”fri’%&m ytic

condensat e sgl i T I ne glycol diethyl ether was
added to thef%&gln “%%%?gﬁsg‘éggﬁ SPFS%&% %ﬁ finally a 15% hydrol ytic

condensat£ sol ufs kmpiw& 1RhAbASH tlC OMRTBARNSI fhahdQnPdbiBol Rr Hrhingkhe
wei ght - aver age nol ecul ar wei ght of the obtained pol ymer which was
determ ned bsicBoGdamgserMImhoQ0di(g al theipraicadinasitipo ingRidy nerne)ic surfactants
10[ 0109] ( Synt hesi s Exanpl e 9) 1.52 g (5 ml %in the entire silane) of
Conpound ( 1)suchas mogygtindenseiliod ¢thers ﬁ@h@ﬁwlmmﬁhvl&n@&aum ethedt r aet hoxysi | ane,
2.07 g (5 nDI°o|n e entire sil ‘ ,
3- (tri et hoxy®e BQWI Sararhyl ?@wsiﬁﬂm@w’ §'hgpy! RODEXEREFSAH! t he
entire silang). ntire
silane) of 1 %ﬁ?ﬁ%@ﬁ Q@%ﬁf&%@??ﬂﬁ& gigﬂrﬁﬁmgdgﬁg%§%8®g&h& Pga%gtone wer e
placed im a ﬂe%hyeugnlc@%nylam@petmlﬁétyo%zwy@&lef@rmﬂmﬁh@e@%@l ned m xed
solution was heated with stirring with a magnetic stirrer and refl uxed.
Then, 6.67 gopflyach, Oibitvh &opyeacid sstsrlsuth robftarhydrddaitdtosobitaci d was added to
the m xed solution. After the reaction has been conducted for 240 m nutes,
t he obt ai ned“‘P@ﬁ%:ltﬁ“@’ﬁ ©olitan oAt GIbEY MENEEIn Sc‘fzﬁota@élh%%uam e. Then,
22.00 g of pra % q i?qne hﬁ et her cetate] was ? qﬂg &W
reaction sol‘ﬂ “B‘h““"’léf‘ KBy ORRTYRNGRED RN PRy IS By BT b ROl XN and
hydr ochl ori i P,

. %oﬂ)gdlgn \Qﬁ&l&rgﬂfb Lﬁ lyloL\?Qh (,m, § 1@)&1% I d%ﬁ%ﬁﬁﬁgw &gé)f% gicﬂ?% Ban di et hyl

hydrol yti ¢ condensate so i“on S ob al ne

ether wag adge@sitfathR AR M seriR@NFRNSRL /1dSRl M&y@wcmdrbhhmal ly a 15%
hydrol yti c condensate sol ution was obtained (corresponds to 25Fornmul a

(5-9)). Thetmﬂm@htfhmsmagwaBaeﬁuhahawEthrLbﬂ)théﬂﬁbLHﬁﬁ&dwﬁnhymer whi ch
was determ ned by GPC was Mv 1600 (cal cul ated as pol ystyrene

[ 0110] ( Synt hesuEcEsesiy| locha) Products) Caltg- ) M ERdidd | ihl HhHe 7%#%108 &R-39 (tegde) of

Conmpound (1), 14.58 e entire sil of si | ane,

5 g‘; ; (5( n%llaa)c? mataﬁlgctéﬁaibgg)ag}lquﬂ %]«@Q,}%@lcaﬁsllngfﬁuo:ad F (,%56 E}_EL Q?Xy I
(manufactured by Sumitomo 3M Ltd.), and Asahi Guard AG710, Surflon S-382, SCI01,



3-(triethoxysilylpropyfidiallylisocyanurate, 3.30 g (18.5 nol % in the
entire silane) of nethyltriethoxysilane, 0.36 g (1.5 not%in the entire

si | ane) of (4-ethoxyphenyfitrinethoxysngne, and 32.75 g of acetone were
placed in a 100 nillask, and a solution was formed. The obtai ned m xed

sol ution wassheat sdioy, EOiGL BCrANGCYId (Bad RGeS bl Aaladass €b), uxed.
Then, 6.67 g of a 0.01 M aqueous solution of hydrochloric acid was added to
the m xed solut)i onw.orghteloxaheolyeacKPbi (Raisctheencnoon @oct &t). f dhe240 mi nut es,

t he obtai ned reaction solution was cooled to roomtenperature, Then, 22.00
g of propyl eftiagRYs 812y i hsHetdNiuady Rl capBnaiws ghsvofd g Peethe Wistict i on

sol ution, ethanol.,. which was a react.i roduct, vy r...and hydrochloric
10 ci d wer e RGP LA O L RSl PG oL Of P hes M e OB U ©
condensat e s@byf R b?’?xﬁtssotgt] AASH mal60.0 PHLRYY 8RS BlovsRkis 8 flalVler ghcher was
added to the hydrolytic condensate solution, and finally a 15% hydrol ytic
condensat e spdristby ammsyashohihadnsge (foberdaesilonas).t o Fornul a (5-10)). The

wei ght - aver age nol ecul ar wei ght of the obtai ned pol yner which was

det ermi ned by GPOMAs MrhaBay-dealinadeaniadd asapesigsenpreqgedan be added to

15[ 0111] (Synt hesi s Exanple 11 . 1.5 (5 mol%in the entire silane) of
Conpound (1) ‘f“e Fompgiign ?g’cf"’i’i‘ﬁi*ﬁgxﬂ i‘“ﬁ*s‘tLWée“iﬁﬁ({g’i ‘ﬁ'é‘ @F?féi)’i{é}‘f’ ‘gi? PReEt HEEHERy si | ane,

2_07g(5 nmod-90 .1 e | ” il . of . o e

3 (et owy S Pt SRl feoBl i BRBLuO improving he flowspiy of e soyprogiipn,
entire sidang) f@middRhMidal 81Xy shd RINGiorbnfldhcer it & HI®InfmbRviienent i re
silane) of 20(4-ethoxyethoxyphenyfitrinethoxysilane, and 32.85 g of acetone
were pl aced adhedorl@Qhaninderlfyeasi toamckemi®odustdr eubswals of @rined. The obt ai ned

m xed solution was heated with stirring with a nmagnetic stirrer and
refluxed. Then, [@76F gAe¥ sedvant cen hyuserliwivhpst s partiguladingRtiedrteechl ori ¢ aci d
was added to the mxed solution. After the reagction has been conducted for
240 mi nut es, “YHES PR} gﬁ‘ A ESEY T SR BY BB A REL " OB 18t PEBHP ™25

Lenperat ur e. o, Jn60) i Zh Al cREORSE BI6H B EO hoMRATELIXb FlNBEAREt 8L e was

added to the reaction solution, was a reaction byproduct,
water, amd hyghagtRlopEiigbiecblideniehgudt wéthyllcetbsefvt attnde eihyecleveRiceaguUr e, and
a hydrolytic condensate sol ution was obtained. Then, propyl ene glycol

di et hyl et hegromeseaiideld ptopyledves ot mohgrbéticy] ethad enggles: gedaliticomsthydaidiet | nal | y
a 15% hydrol yti c condensate sol ution was obtai ned (corresponds to 60

For mul & ( 5- 170§y isthatylwsirjpel. riorengelivsl raennbai] glasrgerdenet@ivobbt ai ned

pol ymer which was determ ned b C was, Mv 1600 (cal cul ated as .

Dol Yot yr one) Mo RISt tEHREHEE: e Eou B ot hase e B PN T plcdne v e

si l ane) of ) _ | 9% 1.4} i d €180k ane), . of
tetracthoxygﬁﬁgﬁgQQEg%%a8$%%§ﬁ%ﬁg#?gwgﬁgﬁ%hgfggﬁg?ﬁgﬁg’ﬁgémhqwﬁ%b

3- (tri etfoxysithylcmyPRytbiediy@ldpihthRE YOk b e 2B 20y b8y froprehle, eihyt he
entire slinme) of nmethyltriethoxysilane, 0.51 g (1.5 nol % in the entire
sline) of (4£-ktdayyzmatxlivemendtd, ethiyheabdyxoesid, ahgl hydnay82a88mgthgf acet one
were placed in a 100 nth flask, and a solution was forned. The obtai ned

m xed sol ut i ohdigy-heghsbuginope.roahyl Srinethoxyprorionataeihd £ ireetkaxypioaiongpd
refluxed. Then, .6,67 af 0.01 ueous solutjon of hydrochlorjc acid
was added t GThaHrudoBer Mty KPR EaRe o SR et od. f or
240 m nutes,,, ht.ad ‘ L O tJ Led t nper at ur e.
Then, 22. 00 %5 ar BReB PE BB E B R0 MR RS, SRt EBRETea To  he
react i oressol miédopropy RithanMylendiyefl MARbLRAYT @RS 1dIGMenbYPILotHGTomend] &her and
hydrochloric 15 acid were distilled oft under reduced pressure, and a
hydrol yti ¢ cetidensiatiecebicut nomekabetbbtadinedihyldnegycproppbanel dgieycol di et hyl
et her was added to the hydrolytic condensate saolution, and finpally a 15%

hydrol ytic cesidensaieesbicat peirburetbtivaritedivhdpeadyshdacty! ¢himui a

(5-12)). The, wei, ght - aver. ol ecul ar wei ght. of 't he abtained pal r. whi ch
o et er m RSP R R G e eSOy < JRG)EE £y PO AR

20[ 0113] (Co g i SimE , SNV Y/ Qo the
entire sil a%@’g’gdp#%??é@%ﬂ?%}@%“%ﬁrﬁ%’.%%pyée(lg eyl 'i%ﬁtgglh‘ghe’ ropie me) of
phenyl tri nmet hoxysilane, 4.46 g (25 nol%in the entire silane) of

nmet hyl tri et hoxysil ane, and 30.05 g of acetone were placed in a 100 m .,
flask, and a solution was forned. The obtained m xed sol ution was heat ed
with stirring with a 25magnetic stirrer and refluxed. Then, 6.68 g of a
0.01 M aqueous solution of hydrochloric acid was added to the m xed
solution. After the reaction has been conducted for 240 m nutes, the
obt ai ned reaction solution was cooled to roomtenperature. Then, 20.00 g of
propyl ene gl ycol nononethyl ether acetate was added to the reaction
solution, ethanol, which was a reaction byproduct, water, and hydrochloric



61 acid were distilled off under reduced pressure, and a hydrol ytic
condensat e sol ution was obtained. Then, Af)ropyl ene glycol diethyl ether was
added to the hydrolytic condensate sol ut and finally a 15% hydrol ytic
condensate sol uti on was obtai ned (corresponds to Formula (6-1)). The

wei ght - aver agigcstaicgiglib@ér, popghie pdfcol hproplteten pehppiohy/divtol Wbl hetbovashy

determ ned by GPC was Mwv 1600 (cal cul ated as pol ystyrene). Cl113 -(S102.
05) - -(S101, lastte, opyfJackdy, imprapyBactatd. bpeliadgpie Govbpint Bittalcem8int hewils Exanpl e
2) 2.10 g §5 inol%in the entire S|Ianezi VofVCorrpou[‘u (4), 14.58 g (70
701 % i n the BAYIPEIG: PivRY! fgrmate fRePHARYEts Bl fopnays igoyty! iy pavt he

enF' re sil anﬁ%mﬁte is BHPQ%%}: :ﬁétm%&%%% hggﬁgtate 3115)71 a eléthSorﬂ?] /gc]c t he. entire

sline) of ne triethoxysilane aceton€e wer aced in a

100 nL fl askpe; @n&e@ms%m I RBpivRE, Elayarw@tonE{&epIQW1%umam X&dos@l Uuti on was

heated with stirring wwth a magnetic stirrer and refl uxed. Then, 6.67 g of
a 0.01 M aqupopsnsgalbutyl piopehatllyaboiehpropivmatd aiethyiegyratgeablylthotytane prapyed
solution. After the reaction has been conducted for 240 minutes, the

obt ai ned r eally8s: @%@?yubiﬂmtw\ia@yldwmr@@ !%O@Lﬂbfb@mr@‘én%@ﬁ ém@@facqfﬁewthyil 00 g
of propyl ene eth cet at e _was to the reaction

| Wi
Qo1 bt e R T e it S geReey] Mitah By e a oenl or i o
aci d ver e di syibeds el ISt SUSRARTRSIN i ANAchrabifh © condensate

sol uti on was obtai'ne propyl ene s added to

the hydr ob yt 3mmcaRRASHS AR, S@YILL bRy pRBNkLk, rb@{ﬂlynaeuﬁﬁg:hwdﬁﬁ ,ytic condensate
20sol uti on was obtai ned (corresponds to Fornula (6-2 g The wei ght - aver age

nmol ecul ar wel-glethogybutyh ecatdit, érln@hbwpﬂopyﬂmpcIWm Thehais3-cethoryhuné dedmfe, GPC was Mwv
2100 (cal cul ated as pol ystyrene). +1--1<@d ia 1 -(5102. 0)- -(SICQ1 .
5)---(SI 0 %-nwih(ysivemhosyﬁ)ulylmmeat@» 7 “meHwl-Fmegroggupyl b[‘Ui“lﬂé}*(eF"Wépar ation of
Resi st Under] ayer \}%\ s of co itio resi st
nder | ayer 1 <tk o rasregat it o) Forfbuan g hessaRt aF TRy SRol yrer s
obtai ned in Qypkhegl anﬁ?%@@%f}éndnkocl {1 A0Re, 2EONRLARL YenHNLAGsT s Exanples 1
and 2, acids, curing catalys addi tive, 'solvents dand water at the ratios
shown i nj 5Tabfroﬁna1nida,mdmfcthbztaeamge,vw,md mcthylactthiide] NoicaInes i1 fiddel fid.

y-butyrolactone. Those solvents can be used individually or in combinations of two or

more thereof.

f0072}  The usage of the composition for forming a resist underlayer film
according to the present invention will be explained below.
20 The composition for forming a resist underlayer film according to the present

invention is coated by an appropriate coating method, for exampie, with a spinner or a

coater, on a substrate used for producing semiconductor device (for example, a silicon

wafer substrate, a silicon/silicon-dioxide-coated substrate, a silicon nitride substrate, a

glass substrate, an ITO substrate, a polyimide substrate and a substrate coated with a

25 material with a low diclectric constant (low-k material)) and then baked to form a resist

underlayer film. The baking conditions can be selected, as appropriate, from a baking

temperature of 80°C to 250°C and a baking time of 0.3 minutes to 60 minutes.

Preferably, the baking temperature is 150°C to 250°C and the baking time is 0.5 minutes

to 2 minutes.  The thickness of the underlayer film formed herein is, for example, 10 nm



In Table 1, the follow ng abbreviations are used: MA - maleic acid; BTEAC -
benzyl tri et hyl ammoni um chl ori de; | MTECS -

N-(3-triethoxysilyl propyl)-4, 5-di hydroi m-dazol e; TPSMA -

nmonot ri phenyl sul f oni um 10r nal eate; AcAc - acetyl acetone; 'FfAcEt -- ethyl

trifl uoroacetoacehal @;20MMk 560 dinesdiplnnal00amesr PEMBRAC20PRr@PY| ene gl ycol
nmonoret hyl ether acetate; PGVE - propyl ene glycol nononethyl ether; and
PGEE propyl ene ¢0878bl rberoedayyl faeckarple of d photoapist iy lernmatcrthevgsisused. Each

anount added id?: [ Exp es'smi‘]a i,ﬂ ipg(_t S, by rrehsés _n}'légg ﬁm%gnt 8f ? hjey pgl YIer. added
'S the mass BICEHE PBly F PR he Tt ox Yoo yratpn Phpddéitut i on.
L e MR S RS P Rl bR e
5 thickness of the photoresist is, for example, 50 nm to 10,000 nm, or 100 nm to 2000 nm,
or 200 nm to 1000 nm,
According to the present invention, after the organic underlayer film has been
formed on the substrate, the resist underlayer film according to the present invention can
be formed thereupon and then a photoresist can be further coated on the resist underlayer
10 film. Asaresult, the substrate can be processed by selecting an appropriate etching gas
even when the photoresist pattern widih is small and the photoresist is coated thinly in
order to prevent the pattern from collapsing. or example, the resist underlayer film
according to the present invention can be processed by using as an etching gas a
fluorine-containing gas that ensures a sufficiently high etching rate of the photoresist.
15 Further, the organic underlayer film can be processed by using as an ctching gas an
oxygen-containing gas that ensures a sufficiently high etching rate of the resist underlayer
film according to the present invention.  In addition, the substrate can be processed by
using as an etching gas a fluorine-containing gas that ensures a sufficiently high etching
rate of the organic underlayer film.
20 [0074)  The photoresist to be formed on the resist underfayer film according to
the present invention is not particularly limited, provided that the photoresist is sensitive
to the exposure light, and any of negative-type and positive-type photoresists can be used.
Examples of such photoresists include a positive-type photoresist consisting of a novolak
resin and 1,2-naphthoquinone diazide sulfonic acid ester, a chemically-amplified
25  photoresist consisting of a photo-acid generator and a binder having a group which is
decomposed by an acid and increases the alkali dissolution rate, a chemically-amplified
photoresist consisting of an alkali-soluble binder, a photo-acid generator, and a
low-molecular compound which is decomposed by an acid and increases the alkali

dissolution rate of the photoresist, a chemically-amplified photoresist consisting of a
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photo-acid generator, a binder having a group which is decomposed by an acid and
increases the alkali dissolution rate, and a low-molecular compound which is decomposed
by an acid and increases the alkali dissolution raie of the photoresist.  Specific exampies
include: APEX-E (trade name, manufactured by Shipley Co.), PAR710 (trade name,

5  manufactured by Sumitomo Chemical Co., Ltd.), and SEPR430 (trade name,
manufactured by Shinetsu Chemical Co., Ltd.). Further, for example,
fluorine-containing polymer photoresists such as described in Proc. SPIE, Vol. 3999,
330-334 (2000), Proc. SPIE, Vol. 3999, 357-364 (2000), and Proc. SPIE, Vol. 3999,
365-374 (2000) can be used.

10 [0075] Exposure is then carried out through a predetermined mask. A KrF
excimer laser (wavelength 248 nm), an ArlF excimer laser {wavelength 193 nm) and an
2 excimer laser (wavelength 157 nm) can be used for the exposure.  Afler the exposure,
post exposure bake can be performed, if necessary. The post exposure bake can be
conducted under the conditions that are selected, as appropriate, from a heating

15 temperature of 70°C to 150°C and a heating time of 0.3 minutes to 10 minutes.

According to the present invention, an electron beam lithographic resist can be used

instead of the photoresist as the resist. Any of negative-type and positive-type electron
beam resists can be used. Examples of the electron beam resists include a
chemically-amplified resist consisting of an acid generator and a binder having a group

20 which is decomposed by an acid and changes the alkali dissolution rate, a
chemically-amplified resist consisting of an alkali-soluble binder, an acid generator, and a
Jow-molecular compound which is decomposed by an acid and changes the alkali
dissolution rate of the resist, a chemically-amplified resist consisting of an acid generator,
a binder having a group which is decomposed by an acid and changes the alkali

25 dissolution rate, and a low-molecular compound which is decomposed by an acid and
changes the alkali dissolufion rate of the resist, a non-chemically-amplified resist
consisting of a binder having a group that is decomposed by an electron beam and
changes the alkali dissolution rate, and a non-chemically-amplified resist consisting of a

binder having a moiety that is cut by an electron beam and changes the alkali dissolution
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rate. When such clectron beam resists are used, the resist patiern can be also formed
with an electron beam as an irradiation source in the same manner as when a photoresist
is used.

[0076}  Then, development is performed by using a developer. As a result, for

5 example, where a positive-type photoresist is used, the exposed part of the photoresist is
removed and a photoresist pattern is formed.

Examples of the developer include alkaline aqueous solution such as aqueous
solutions of alkali metal hydroxide such as potassium hydroxide and sodium hydroxide,
aqueous solutions of quaternary ammonium hydroxide such as tetramethylammonium

10 hydroxide, tetracthylammonium hydroxide, and choline, amine aqueous solutions such as
ethanolamine, propylamine, and ethylenediamine. Further, surfactants can be added to
those developers. The conditions of development are selected, as appropriate, from a
temperature of 5°C to 50°C and a time of 10 sec to 600 sec.

[0077]  'The resist underlayer film (interlayer) according to the present invention

15 is then removed by using the pattern of the photoresist (upper layer) formed in the
above-described manner as a protective film, and the organic underlayer film (lower
layer) is thereafier removed by using the patterned photoresist and the resist underlayer
film (intermediate layer) according to the present invention as protective films, The
semiconductor substrate is processed by using the patterned resist underlayer film

28 (interlayer)} according to the present invention and the organic underlayer film (lower
layer) as protective films.

f0078]  First, the resist underlayer {ilm (interlayer) according to the present
invention of the portion from which the photoresist has been removed is removed by dry
etching and the semiconductor substrate is exposed. The dry etching of the resist

25 underlayer film according to the present invention can be performed by using a gas such
as tefrafluoromethane (CF,), perfluorocyclobutane (CyFg), perfluoropropane (C3Fy),
triftuoromethane, carbon monoxide, argon, oxygen, nitrogen, sulfur hexafluoride,
difluoromethane, nitrogen trifluoride, chlorine trifluoride, chlorine, trichloroborane, and

dichloroborane. It is preferred that a halogen-containing gas is used for dry etching the
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resist underlayer film.  With dry etching by a halogen-containing gas, the photoresist
constituted by an organic compound is basically difficult to be removed. By contrast, the
resist underlayer fiim according to the present invention that contains a large number of
silicon atoms can be removed rapidly by the halogen-containing gas. Therefore, the

5 reduction in thickness of the photoresist in the dry etching of the resist underlayer film
can be inhibited. As a result, a photoresist can be used in the form of a thin film. Itis
preferred that the resist underlayer film is dry etched with a fluorine-containing gas.
Examples of the fluorine-containing gas include tetrafluoromethane (CFy),
perfluorocyclobutane (C4Fy), perfluoropropane (C;Fg), trifluoromethane, and

10 difluoromethane (CH,F,).

[0079]  The organic underlayer film is then removed by using the film
constituted by the patterned photoresist and the resist underlayer film according to the
present invention as a protective film.  The organic underlayer film (lower layer) is dry
etched preferably with an oxygen-containing gas. This is because the resist underlayer

15 film according to the present invention that includes a large number of silicon atoms is
difficult to remove by dry etching with an oxygen-containing gas.

f0080}]  Finally, the semiconductor substrate is processed. The processing of the
semiconductor substrate is preferably performed by dry etching using a
fluorine-containing gas.

20 Examples of the fluorine-containing gas include tetrafluoromethane (CFy),
perfluoracyclobutane (C4Fs), perfluoropropane (CsFy), trifluoromethane, and
difluoromethane (CHzF2).

[0081]  Before forming the photoresist, an organic anti-reflective film can be
formed on the upper layer of the resist underlayer film according to the present invention.

25 The anti-reflective film composition used in such a case is not particularly limited, and
can be arbitrarily selected from those compositions that have been conventionally used in
the lithographic process. The anti-reflective film can be formed by coating by the

conventional method, for example, with a spinner or a coater, and baking.
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[0082] The subsirate onto which the composition for forming a resist underlayer
film according to the present invention is coated may have an organic or inorganic
anti-reflective film on the surface formed by a CVD method or the like, and the
underlayer film according to the present invention can be formed thereon.

S [0083]  Depending on the wavelength of light used in the lithographic process,
the resist underlayer film formed with the composition for forming a resist underiayer
film according to the present invention can absorb this light.  In such a case, the resist
underlayer film can funciion as an anti-reflective film having a preventing effect against
the light reflected from the substrate. Further, the underlayer film according to the

10 present invention can be also used as a layer for preventing the interaction between the
substrate and the photoresist, a layer having a function of preventing the adverse effect
produced on the substrate by the material used for the photoresist or the substance
generated when the photoresist is exposed, a layer having a function of preventing the
diffusion of the substance generated {rom the substrate during heating and baking into the

15 upper layer photoresist, and a barrier layer for reducing the poisoning effect of the
dieleciric layer of the semiconductor substrate on the photoresist layer.

[0084]  Further, the resist underlayer film formed from the composition for
forming a resist underlayer film can be used as a {illing agent that can be applied to a
substrate with via holes formed to be used in a dual damascene process and can fill the

20 holes, without gaps. In addition, the resist underlayer film can be used as a flattening
material for flattening the surface of a semiconductor substrate having protrusions and
depressions thereon.

The present invention will be described below based on specific examples thereof,
but the present invention is not limited thereto.

25 EXAMPLES

[0085] The compounds obiained were identified by 1H-NMR measurements.

Sample tube: 5 mm, solvent: deuterated chloroform, measurement temperature:
room temperature, pulse spacing: 5 sec, number of integration cycles: 32 cycles, reference

sample: tetramethylsilane (TMS).
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[0086]

{Synthesis of Compound )

7.70 g of allyl bromide, 19.0 g (3 equivalents relative to the allyl bromide) of

acetylacetone, 17.4 g (2 equivalents relative to the allyl bromide) of potassium carbonate,

and 61 g of acetone were placed in a 200 ml four-neck flask equipped with a magnetic

stirrer and stirred for 9 hours under reflux at 60°C.  After cooling fo room temperature,

the acetone was distilled off under reduced pressure, followed by dilution with 60 g of

ethyl acetate.

IN Hydrochloric acid was added to obtain pH 3, and the organic phase

was washed twice with 50 g of pure water. The organic phase was concentrated and

dried and 7.3 g of Intermediate 1 was obtained (yield 82%).

[0087]

IH-NMR (400 MHz): keto form; 2.20 ppm (s, 6H), 2.61 ppm (m, 2H),

3.73 ppm (1, 1H), 5.05 ppm to 5.12 ppm (m, 2H), 5.68 ppm to 5.77 ppm (m, 1H), enol

form; 2.11 ppm (s, 61), 2.99 ppm (m, 2H), 5.05 ppm to 5.12 ppm (m, 2H), 5.79 ppm to

5.96 ppm {m, tH). The keto:enol molar ratio was 71:29.

[0088]

6.93 g of Intermediate I, 490 ul of Karstedt's catalyst (0.1 M/1 xylene

solution of platinum (0)-1,3-divinyl-1,1,3,3-tetramethyldisiloxane complex), and 42 g of

toluene were placed in a 100 ml four-neck flask equipped with a magnetic stirrer, and

10.8 ml (1.2 equivalent relative to the reaction Intermediate 1) of triethoxysilane was

dropwise added over 10 minutes. A crude product obtained after stirring for 1 day at

room temperature was purified by distillation under reduced pressure, and 10.23 g of

Compound 1, which is a target product, was obtained (yield 68%).

[0089]

TH-NMR (400 MHz): keto form; 0.64 ppm {1, 2H), 1.23 ppm (1, 9H),

1.37 ppm (quint, 2H), 1.89 ppm (g, 2H), 2.19 ppm (s, 61), 3.63 ppm (t, 111), 3.81 ppm (q,

6H), enol form; 0.68 ppm (t, 2H), 1.25 ppm (t, 9H), 1.52 ppm (quint, 2ZH}, 2.14 ppm (s,

6H), 2.26 ppm (1, 2H), 3.80 ppm (q. 6H). The keto:enol molar ratio was 72:28.

The calculated pKa of Compound 1 was 10.57.

| 0090]

The reaction scheme of Compound 1 is shown below.
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Intermediate ] Compound |

[0091]  (Synthesis of Compound 2)
9.38 g of potassium carbonate (0.5 equivalent relative to ethyl
(trifluoroacetyl)acetate) and 30 g of acetone were placed in a 200 ml four-neck flask
5  equipped with a magnetic stirrer and stirred at room temperature.  Then, a solution of
which 8.21 g of allyl bromide (0.5 equivalent relative to ethy] (trifluoroacetyhacetate)
and 25.00 g of ethyl (trifluoroacetyl)acetate) are dissolved in 20 g of acetone was
dropwise added, followed by stirring for 4 hours under reflux at 60°C.  Afier cooling to
room temperature, the reaction liquid was diluted with 200 g of ethy] acetate and 50 g of
10 pure water, and 1N hydrochloric acid was added to obtain pH 3. 'The aqueous phase was
removed, and the organic phase was washed once with 50 g of saturated saline. The
organic phase was concentrated and dried, the obtained crude product was purified by
distillation under reduced pressure, and 10.0 g of Intermediate 2 was obtained (yield
66%).
15 [0092] TH-NMR (400 M14z) keto form; 1.27 ppm (1, 31), 2.71 ppm (t, 2H), 3.94
ppm (t, [H), 4.20 ppm (g, 2H), 5.06 ppm to 5.17 ppm (m, 2H), 5.68 ppm to 5.80 ppm (m,
1H), enol form; 1.32 ppm (t, 3H), 3.00 ppm (dd, 2H), 4.27 ppm (g, 2H), 5.06 ppm to 5.17
ppm (m, 2H), 5.68 ppm to 5.80 ppm (m, 1H), keto:enol molar ratio was 58:42.
[0093]  Then, 10.00 g of Intermediate 2, 1120 ul of Karstedt's catalyst (0.25 M/l
20 xylene solution of platinum (0)-1,3-divinyl-1.1,3,3-tetramethyldisiloxane complex}), and
60 g of toluene were placed in a 200 ml four-neck flask equipped with a magnetic stirrer,
and 9.8 ml (1.2 equivalent relative to the reaction Intermediate 2) of triethoxysilane was
dropwise added over 10 minutes.  After stirring for 4 hours at room temperature, the
reaction liquid was concentrated and dried, the obtained crude product was twice purified
25 by distillation under reduced pressure, and 4.33 g of Compound 2 was obtained (yield

25%).
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{0094] 1H-NMR (400 MHz) in CDCls: keto form; 0.65 ppm (1, 2H), 1.27 ppm
(t, 9H), 1.35 ppm (t, 2H), 1.40 ppm to 1.54 ppm (m, 2H), 2.33 ppm (4, 1H), 3.82 ppm (q,
6i), 4.31 ppm {q, 2H), enol form; 0.65 ppm (i, 2H), 1.22 ppm (t, 9H), 1.45 ppm (q, 2H),
2.00 ppm (q, 2H), 3.80 ppm (q, 611), 4.21 ppm (q, 2H), keto:enol molar ratio was 20:80.
5 The calculated pKa of Compound 2 was 8.84.

[0095]  The reaction scheme of Compound 2 is shown below.

HC.0 FsC._O FC. O

CaHs0,
o 7 0 CaH50 O
OCyHs OCzHs CaFisO OCaHs
Intermediaie 2 Compound 2

{0096} (Synthesis of Compound 3)
15.00 g of diethyl allyl malonate, 1870 ul of Karstedt's catalyst (0.25 M/ xylene
10 solution of platinum (0)-1,3-divinyl-1,1,3,3-tetramethyldisiloxane complex), and 90 g of
toluene were placed in a 200 m] four-neck flask equipped with a magnetic stirrer, and
13.7 ml (1.1 equivalent relative to the diethyl allyl malonate) of triethoxysilane was
dropwise added over 10 minutes.  After stirring for 5 hours at room temperature, the
reaction liquid was concentrated and dried, the obtained crude product was purified by
15  distillation under reduced pressure, and 16.68 g of Compound 3 was obtained (yield
61%).
[0097] TH-NMR (400 MHz} in CDCls: keto form; 0.66 ppm (t, 2H), 1.22 ppm
(t, 9H), 1.27 ppm (1, 6H), 1.42 ppm to 1.50 ppm (m, 2H), 1.93 ppm (q, 2H), 3.34 ppm (1,
), 3.81 ppm (g, 6H), 4.20 ppm (g, 4}), keto:enol molar ratio was 100:0.
20 The calculated pKa of Compound 3 was 12.97.

{00981  The reaction scheme of Compound 3 is shown below.

CaHs0. O CaHs0.,0
~ Lo . CaHs0~6i o
CaHisC | OCzHs
OCqHs CoHsO

Compound 3
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[0099]  (Synthesis of Compound 4)

19.2 g of di-tert-butyl allyl malonate, 1870 pl of Karstedt's catalyst (0.25 M/] xylene
solution of platinum (0)-1,3-divinyl-1,1,3,3-tetramethyldisiloxane complex), and 90 g of
toluene were placed in a 200 ml four-neck flask equipped with a magnetic stirrer, and

5 13.7 ml (1.1 equivalent relative to the di-tert-butyl allyl malonate) of tricthoxysilane was
dropwise added over 10 minutes, After stirring for 5 hours at room temperature, the
reaction liquid was concentrated and dried, the obtained crude product was purified by
distillation under reduced pressure, and 17.01 g of Compound 4 was obtained (yield
54%).

10 1H-NMR (400 MHz) in CDDCl3: keto form; 0.66 ppm (t, 2H), 1.42 ppm fo 1.50 ppm
(m, 20H), 1.93 ppm (q, 2H), 3.33 ppm (&, 1H), 3.82 ppm (q, 6H), 4.21 ppm (g, 4H),
keto:enol molar ratio was 100:0.

The calculated pKa of Compound 4 was 12.90. The pKa of a derivative obtained
by hydrolyzing Compound 4 in a 0.01 M/ aqueous solution of dilute hydrochloric acid

15 and converting into a dicarboxylic acid was 5.78.

[0100}1  The reaction scheme of Compound 4 is shown below,

0.0 O
CZHEO'“Si\/\I(O
= 0O B ——— g
CoH50 J 0O
Q Cols0 A__

Compound 4

10101]  (Synthesis Example 1)
1.52 g (5 mol% in the entire silane) of Compound (1), 14.58 g (70 mol% in the
20 entire silanc) of tetracthoxysilane, 0.99 g (5 mol% in the entire silane) of
phenylirimethoxysilane, 3.57 g (20 moi% in the entire silane) of methyltriethoxysilane,
and 30.99 g of acetone were placed in a 100 mL flask, and a solution was formed. The
obtained mixed solution was heated with stirring with a magnetic stirrer and refluxed.

Then, 6.67 g of a 0.01 M aqueous solution of hydrochloric acid was added to the mixed
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solution.  After the reaction has been conducted Tor 240 minutes, the obtained reaction
solution was cooled to room temperature.  Then, 21.00 g of propylene glycol
monomethyi ether acetate was added to the reaction solution, ethanol, which was a
reaction byproduct, water, and hydrochloric acid were distilled off under reduced pressure,

5 and a hydrolytic condensate solution was obtained. Then, propylene glycol diethyl ether
was added to the hydrolytic condensate solution, and finally a 15% hydrolytic condensate
solution was obtained (corresponds to Formula (5-1)).  The weight-average molecular
weight of the obtained polymer which was determined by GPC was Mw 1600 (calculated
as polystyrene).

10 [0102]  (Synthesis Example 2)

1.94 g (5 mol% in the entire silane) of Compound (2}, 14.58 g (70 mol% in the
entire silane) of tetracthoxysilane, 0.99 g (5 mol% in the entire silane) of
phenyltrimethoxysilane, 3.57 g (20 mol% in the entire silane) of methyliriethoxysilane,
and 31.62 g of acetone were placed in a 100 mL flask, and a solution was formed. The

15 obtained mixed solution was heated with stirring with a magnetic stirrer and refluxed.
Then, 6.67 g of a 0.01 M aqueous solution of hydrochloric acid was added to the mixed
solution.  After the reaction has been conducted for 240 minuies, the obtained reaction
solution was cooled to room temperature. Then, 21.00 g of propylene glycol
monomethy! ether acctate was added to the reaction solution, ethanol, which was a

20 reaction byproduct, water, and hydrochloric acid were distilled off under reduced pressure,
and a hydrolytic condensate solution was obtained. Then, propylene glycol diethyl ether
was added to the hydrolytic condensate solution, and finally a 15% hydrolytic condensate
solution was obtained (corresponds to Formula (5-2)).  The weight-average molecular
weight of the obtained polymer which was determined by GPC was Mw 1500 (calculated

25  as polystyrene).

[0103] (Synthesis Example 3)

1.94 g (5 mol% in the entire silane) of Compound (3), 14.58 g (70 mol% in the
entire silane) of tetraethoxysilane, 0.99 g (5 mol% in the entire silane) of

phenyltrimethoxysilane, 3.57 g (20 mol% in the entire silane) of methyltriethoxysilane,
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and 31.62 g of acetone were placed in a 100 ml. flask, and a solution was formed. The
obtained mixed solution was heated with stirring with a magnetic stirrer and refluxed.
Then, 6.67 g of a 0.01 M aqueous solution of hydrochioric acid was added o the mixed
solution,  After the reaction has been conducted for 240 minuies, the obtained reaction
5 solution was cooled to room temperature.  Then, 21.00 g of propylene glycol

monomethy! ether acetate was added to the reaction solution, ethanol, which was a
reaction byproduct, water, and hydrochloric acid were distilled off under reduced pressure,
and a hydrolytic condensate solution was obtained. Then, propylene glycol diethyl ether
was added to the hydrolytic condensate solution, and finally a 5% hydrolytic condensate

16 solution was obtained (corresponds to Formula (5-3)). The weight-average molecular
weight of the obtained polymer which was determined by GPC was Mw 1600 (calculated
as polystyrene).

[0104] (Synthesis Example 4)
1.52 g (5 mol% in the entire silane) of Compound (1), 14.58 g (70 mol% in the

15 entire silane) of tetracthoxysilane, 0.99 g (5 mol% in the entire silane) of
phenyitrimethoxysilane, 3.30 g (18.5 mol% in the entire silane) of methyltriethoxysilane,
0.36 g (1.5 mol% in the entire silane) of (4-methoxybenzyl}trimethoxysilane, and 31.14 g
of acetone were placed in a 100 ml. flask, and a solution was formed. The obtained
mixed solution was heated with stirring with a magnetic stirrer and refluxed. Then, 6.67

20 gofa0.01 M aqueous solution of hydrochloric acid was added to the mixed solution.
After the reaction has been conducted for 240 minutes, the obtained reaction solution was
cooled to room temperature.  Then, 21.00 g of propylene glycol monomethyl ether
acetate was added o the reaction solution, ethanol, which was a reaction byproduct, water.
and hydrochloric acid were distilled off under reduced pressure, and a hydrolytic

25 condensate solution was obtained.  Then, propylene glycol diethyl ether was added to
the hydrolytic condensate solution, and finally a 15% hydrolytic condensate solution was
obtained (corresponds to Formula (5-4)). The weight-average molecular weight of the
obtained polymer which was determined by GPC was Mw 1500 (calculated as

polystyrene).
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[0103] (Synthesis Example 5)

1.52 g (5 mol% in the centire silane) of Compound (1), 14.58 g (70 mol% in the
entire silane) of tetracthoxysilane, ¢.99 g (5 moi% in the entire silane) of
phenyltrimethoxysilane, 3.30 g (18.5 mol% in the entire silane) of methyltriethoxysilane,

5 036 g (1.5 mol% in the entire silane) of (4-ecthoxyphenyiitrimethoxysilanc, and 31.14 g
of acetone were placed in a 100 ml. flask, and a solution was formed. The obtained
mixed solution was heated with stirring with a magnetic stirrer and refluxed.  Then, 6.67
g ofa 0.01 M aqueous solution of hydrochloric acid was added to the mixed solufion,
After the reaction has been conducted for 240 minutes, the obtained reaction solution was

10 cooled to room temperature.  Then, 21.00 g of propylene glycol monomethy! ether
acetate was added to the reaction solution, ethanol, which was a reaction byproduct, water,
and hydrochloric acid were distilled off under reduced pressure, and a hydrolytic
condensate solution was obtained. Then, propylene glycol diethyl ether was added to
the hydrolytic condensate solution, and finally a 15% hydrolytic condensate solution was

15  obtained (corresponds to Formula (5-5)).  The weight-average molecular weight of the
obtained polymer which was determined by GPC was Mw 1500 (calculated as
polystyrene).

[0166]  (Synthesis Example 6)

1.52 ¢ (5 mol% in the entire silane) of Compound (1), 14.58 g (70 mol% in the

20 entire silane) of tetraethoxysilane, 0.99 g (5 mol% in the entire silane) of
phenyltrimethoxysiane, 3.30 g (18.5 mol% in the entire silane) of methyltriethoxysilane,
0.43 g (1.5 mol% in the entire silane) of (4-ethoxyethoxyphenyl)trimethoxysilane, and
31.24 g of acetone were placed in a 100 mL flask, and a solution was formed. The
abtained mixed solution was heated with stirring with a magneltic stirrer and refluxed,

25 Then, 6.67 g of a 0.01 M aqueous solution of hydrochloric acid was added to the mixed
solution.  After the reaction has been conducted for 240 minutes, the obtained reaction
solution was cooled to room temperature.  Then, 21.00 g of propylene glycol
monomethy! ether acetate was added to the reaction solution, ethanol, which was a

reaction byproduct, water, and hydrochloric acid were distilled off under reduced pressure,
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and a hydrolytic condensate solution was obtained.  Then, propylene glycol diethyl ether

was added to the hydrolytic condensate solution, and finally a 15% hydrolytic condensate

solution was obtained (corresponds to Formula (5-6)).  The weight-average molecular

weight of the obtained polymer which was determined by GPC was Mw 1600 (calculated
5  as polystyrene).

[0107]  (Synthesis Example 7)

1.52 g (5 mol% in the entire silane) of Compound (1), 14.58 g (70 mol% in the
entire silane) of tetracthoxysilane, 0.99 g (5 mol% in the entire silane) of
phenyltrimethoxysilane, 3.30 g (18.5 mol% in the entire silane) of methyltriethoxysilane,

10 0.51 g (1.5 mol% in the entire silane) of (4-cthoxyethoxybenzyl)iriethoxysilane, and
31.36 g of acetone were placed in a 100 mL flask, and a solution was formed. The
obtained mixed solution was heated with stirring with a magnetic stirrer and refluxed.
Then, 6.67 g of 2 0.01 M aqueous solution of hydrochloric acid was added 1o the mixed
solution.  After the reaction has been conducted for 240 minutes, the obtained reaction

15 solution was cooled to room temperature.  Then, 21.00 g of propylene glycol

- monomethyl ether acetate was added 1o the reaction solution, ethanol, which was a
reaction byproduct, water, and hydrochloric acid were distilled off under reduced pressure,
and a hydrolytic condensate solution was obtained.  Then, propylene glycol diethyl ether
was added to the hydrolytic condensate solution, and finally a 15% hydrolyiic condensate

20 solution was obtained (corresponds to Formula (5-7)). The weight-average molecular
weight of the obtained polymer which was determined by GPC was Mw 1600 (calculated
as polystyrene).

[0108] (Synthesis Example 8)

1.52 g (5 mol% in the entire silane) of Compound (1), 14.58 g (70 mol% in the

25 entire silane) of tetraethoxysilane, 2.07 g (5 mol% in the entire silane) of
3-(triethoxysilylpropyl)diallylisocyanurate, 3.56 g (20 mol% in the entire silane) of
methyltriethoxysilane, and 32.61 g of acetone were placed in a 100 mL flask, and a
solution was formed. The obtained mixed solution was heated with stirring with a

magnetic stirrer and refluxed. Then, 6.67 g of a 0.01 M aqueous solution of
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hydrochloric acid was added to the mixed solution.  After the reaction has been
conducted for 240 minutes, the obtained reaction solution was cooled to room
temperature, ‘Then, 22.00 g of propyiene glycol monomethyl ether acetate was added to
the reaction solution, ethanol, which was a reaction byproduct, water, and hydrochloric

5 acid were distilled off under reduced pressure, and a hydrolytic condensate solution was
obtained. Then, propylene glycol diethyl ether was added to the hydrolytic condensate
solution, and finally a 15% hydrolytic condensate solution was obtained (corresponds to
Formula (5-8)). The weight-average molecular weight of the obtained polymer which
was determined by GPC was Mw 1600 (calculated as polystyrene).

10 [0109] (Synthesis Example 9)

1.52 g (5 mol% in the entire silane) of Compound (1), 14.58 g (70 mol% in the
entire silane) of tetracthoxysilane, 2.07 g (5 mol% in the entire silane) of
J-(triethoxysilylpropyDdiallylisocyanurate, 3.30 g (18.5 mol% in the entire silanc) of
methyliriethoxysilane, 0.36 g (1.5 mol% in the entire silane) of

15 (4-methoxybenzyhirimethoxysilane, and 32.75 g of acetone were placed in a 100 mL
flask, and a solution was formed. The obtained mixed solution was heated with stirring
with a magnetic stirrer and refluxed. Then, 6.67 g of a 0.01 M agueous solution of
hydrochloric acid was added to the mixed solution.  After the reaction has been
conducted for 240 minutes, the obtained reaction solution was cooled to room

20 temperature. Then, 22.00 g of propylene glycol monomethyl ether acetate was added to
the reaction solution, ethanol, which was a reaction byproduct, water, and hydrochloric
acid were distilled off under reduced pressure, and a hydrolytic condensate solution was
obtained. Then, propylene glycol diethyl ether was added to the hydrolytic condensate
solution, and finally a 15% hydrolytic condensate solution was obtained (corresponds to

25  Formula (5-9)). The weight-average molecular weight of the obtained polymer which
was determined by GPC was Mw 1600 (calculated as polystyrene).

[0110]  (Synthesis Example 10)

1.52 g (5 mol% in the entire silane) of Compound (1), 14.58 g (70 mol% in the

entire silane) of tetracthoxysilane, 2.07 g (5 mol% in the entire silane) of
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3-(tricthoxystlylpropyl)diallylisocyanurate, 3.30 g (18.5 mol% in the entire silane) of
methyltriethoxysilane, 0.36 g (1.5 mol% in the entire silane) of
{4-ethoxyphenybirimethoxysilane, and 32.75 g of acetone were placed in a 100 ml flask,
and a solution was formed. The obtained mixed solution was heated with stirring with a
5 magnetic stirrer and refluxed. Then, 6.67 g of a 0.01 M aqueous solution of

hydrochloric acid was added to the mixed solution.  Afier the reaction has been
conducted for 240 minutes, the obtained reaction solution was cooled to room
temperature.  Then, 22.00 g of propylene glycol monomethyl ether acetate was added to
the reaction sojution, ethanol, which was a reaction byproduct, water, and hydrochloric

10 acid were distilled off under reduced pressure, and a hydrolytic condensate solution was
obtained. Then, propylene glycol diethyl cther was added to the hydrolytic condensate
solution, and finally a 15% hydrolytic condensate solution was obtained (corresponds to
Formula (5-10)). The weight-average molecular weight of the obtained polymer which
was determined by GPC was Mw 1600 (calculated as polystyrene).

15 {0111]  (Synthesis Example 11)

1.52 g (5 mol% in the entire silane) of Compound (1), 14.58 g (70 mol% in the
entire silane) of tetracthoxysilane, 2.07 g (5 mol% in the entire silane) of
3-(triethoxysilylpropyl)diallylisocyanurate, 3.30 g (18.5 mol% in the entire silane) of
methyltriethoxysilane, 0.43 g (1.5 mol% in the entire silane) of

20 (4-ethoxyethoxyphenyhirimethoxysilane, and 32.85 g of acetone were placed in a 100
mL flask, and a solution was formed. The obtained mixed solution was heated with
stirring with a magnetic stirrer and refluxed.  Then, 6.67 g of'a 0.0 M aqueous solution
of hydrochloric acid was added to the mixed solution.  Afler the reaction has been
conducted for 240 minutes, the obtained reaction solution was cooled to room

25 temperature. Then, 22.00 g of propylene glycol monomethyl ether acetate was added to
the reaction solution, ethanol, which was a reaction byproduct, water, and hydrochloric
acid were distilled off under reduced pressure, and a hydrolytic condensate solution was
obtained. Then, propylene glycol diethyl ether was added to the hydrolytic condensate

solution, and finally a 15% hydrolytic condensate solution was obtained (corresponds to
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Test) A resist underlayer filmwas forned by spin coating a conposition for
form ng a 5resist underlayer filmon a st i con wafer and baki ng on a hot
plate for 1 mnute at 140C. The resist underlayer filmwas then inmersed

for 1 m nutepbmupt @PYHENeLOhYgalavBRAOTBENN: WRidRes! BESHAR& folaterWRpUsed as
a solvent for the overlayer resist conposition. The sol vent resistance was
consi der ed t evabéeiér@aad by (ienatsadw BYOOcalouldiabhsepoBktyndnen the difference in

t he thickness of the resist underlayer film between the states before and
after 0112} (Synthesis Example 12) 64 the i nmersion was equal to or
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3-(triethoxysilylpropylydiallylisocyanurate, 3.30 g (18.5 mol% in the entire silane) of
methyltriethoxysilane, .51 g (1.5 mol% in the entire silane) of
(4-cthoxyethoxybenzyl)trimethoxysilane, and 32.98 g of acetone were placed ina 100
mb flask, and a solution was formed. The obtained mixed solution was heated with
10 stirring with a magnetic stirrer and refluxed.  Then, 6.67 g of a 0.01 M aqueous solution
of hydrochloric acid was added to the mixed solution.  Afier the reaction has been
conducted for 240 minutes, the obtained reaction solution was cooled to room
temperature. Then, 22.00 g of propylene glycol monomethyl ether acetate was added to
the reaction solution, ethanel, which was a reaction byproduct, water, and hydrochloric
15 acid were distilled off under reduced pressure, and a hydrolytic condensate solution was
obtained. Then, propylene glycol diethyl ether was added to the hydrolytic condensate
solution, and finally a 15% hydrolytic condensate solution was obtained (corresponds to
Formula (5-12)). The weight-average molecular weight of the obtained polymer which
was determined by GPC was Mw 1500 (calculated as polystyrene).
20 {0113) (Comparative Synthesis Example 1)

14.58 ¢ (70 mol% in the entire silane) of tetracthoxysilane, 0.99 g (5 mol% i the
entire silane) of phenylirimethoxysilane, 4.46 g (25 mol% in the entire silane) of
methyltriethoxysilane, and 30.05 g of acetone were placed in a 100 mL flask, and a
solution was formed. The obtained mixed solution was heated with stirring with a

25 magnetic stirrer and refluxed.  Then, 6.68 g of a 0.01 M aqueous solution of
hydrochloric acid was added to the mixed solution.  After the reaction has been
conducted for 240 minutes, the obtained reaction solution was cooled to room
temperature.  Then, 20.00 g of propylene glycol monomethyl ether acetate was added to

the reaction solution, ethanol, which was a reaction byproduct, water, and hydrochloric
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Formula (6-1)

[0114] {Comparative Synthesis Example 2)

2.10 g (5 mol% in the entire silane) of Compound (4), 14.58 g (70 mol% in the

entire silane) of tetracthoxysilane, 0.99 g (5 mol% in the entire silane) of

0

f

tical
Ficient k

10 phenyltrimethoxysilane, 3.57 g (20 mol% in the entire silane) of methyltriethoxysilane,

and 31.86 g of acetone were placed ina 100 mL flask, and a solution was formed,

obtained mixed solution was heated with stirring with a magnetic stirrer and refluxed.

The

Then, 6.67 g of a 0.01 M aqueous solution of hydrochloric acid was added to the mixed

solution,  After the reaction has been conducted for 240 minutes, the obtained reaction

15 solution was cooled to room temperature. Then, 21.00 g of propylene glycol

monomethyl ether acetate was added to the reaction solution, ethanol, which was a

reaction byproduct, water, and hydrochloric acid were distilled off under reduced pressure,

and a hydrolytic condensate solution was obtained. Then, propylene glycol diethyl ether

was added to the hydrolytic condensate solution, and finally a 15% hydrolytic condensate

20 solution was obtained (corresponds to Formula (6-2)).  The weight-average molecular

weight of the obtained polymer which was determined by GPC was Mw 2100 {calculated

as polystyrene).
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f0115]  (Preparation of Resist Underlayer Films)

Solutions of compositions for forming resist underlayer films each were prepared by
mixing silicon-containing polymers obtained in Synthesis Examples 1 to 12 and

5  Comparative Synthesis Examples | and 2, acids, curing catalysts, additive, solvents and
water at the ratios shown in Table 1, and filtering with a 0.1 um fluororesin filter.

In Table 1, the following abbreviations are used: MA — maleic acid; BTEAC —
benzyltriethylammonium chloride; IMTEOS —
N-(3-triethoxysilylpropyl)-4,5-dihydroimidazole; TPSMA — monotriphenylsulfonium

10 maleate; AcAc — acetylacetone; TfAcEL - ethyl triftuoroacetoacetate; MADE — diethyl
malonate; PGMEA — propylene glycol monomethyl ether acetate; PGME - propylene
glycol monomethyl ether; and PGEE - propylene glycol monoethyl ether.  Ultrapure
water was used.  Each amount added is expressed in parts by mass. The amount of the
polymer added is the mass of the polymer, rather than the mass of the polymer solution.

I5



Conparative Exanple 1 1.60 0.14 Conparative Exanple 2 1.60 0.14 Conparative
Exanple 3 1.60 0.14 Conparative Exanple 4 1.60 0.14 Conparative Exanple 5
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Example 7 Synthesis Example 5 MA BTEAC PGMEA  PGME  PGEE Water
{pars by mass) 2 0.06 0.012 7 10 T 13
Example 8 Synthesis Example 6 MA BTEAC PGMIEA  PGME PGEE Water
{paris by mass) 2 0.00 0.012 7 i0 T 13
Example 9 Synthesis Example 7 MA BTEAC PGMEA  PGME  PGLE Water
(parts by mass) 2 0.06 0.012 7 U 70 13
Example 10 Synthesis Example 8 MA BTEAC PGMEA  PGME  PGEE Water
{parts by mass} 2 0.06 0012 7 1 70 13
Exampie [1 Synthesis Example 9 MA BTEAC PGMEA  PGME  PGEE Water
(parts by mass) 2 0.00 0.012 7 10 H 13
Example 12 Synthesis Example 10 MA BTEAC PGMEA  PGME  PGEE Water
(parts by mass) 2 0.06 0.012 7 10 70 13
Example 13 Synthesis Example 11 MA BTEAC PGMEA  PGME  PGEE Water
{(parts by mass) 2 0.06 0.012 7 16 70 13
Example 14 Synthesis Example 12 MA BTEAC PGMEA PGME  PGEE Waler
{parts by mass) 2 0.06 0.012 7 10 70 13
Comparative Comparative MA BTRAC PGMEA  PGME  PGEE Waler
Exampie | Synthesis Exampie 1 0.06 0.012 7 10 70 13
(parts by mass) 2
Comparative Comparative MA BTEAC AcAc PGMEA  PGME  PGEE Walter
Example 2 Synthesis Exampie | 0.06 0.012 .1 7 10 70 13
(parts by mass}
Comparative Comparative MA BTEAC TfAcEL  PGMEA  PGME  PGER Water
Example 3 Synthesis Example 1 0.06 0.012 0.1 7 10 70 I3
(parts by mass) 2
(Comparative Comparative MA BTEAC MADI PGMEA PGME  PGEER Water
Example 4 Synthesis Example 1 0.00 0.012 0.1 7 10 70 3
{parts by mass)
Comparative Comparative MA BTEAC PGMEA  PGME  PGEE Water
Example 5 Synthesis Example 2 0.06 0.012 7 10 70 i3
{paris by mass)
[0116]  (Solvent Resistance Test)

A resist underlayer film was formed by spin coating a composition for forming a
5 resist underlayer film on a silicon wafer and baking on a hot plate for 1 minute at 140°C.
The resist underlayer film was then immersed for | minute in propylene glycol
monomethyl ether acetate that was used as a solvent for the overlayer resist composition,
The solvent resistance was considered to be "Good" (denoted by O in Table 2} when the

difference in the thickness of the resist underlayer film between the states before and after



66 on silicon wafers by coating a photoresist solution (trade name UV113,
manufactured by Shipley Co.) with a spinger. The dry etching rate was
measured using CF4 gas and 02 gas as the etching gases. The dry etching
rates obtained for the resist underlayer filmand the resist filmwere
conpar ed. The tredwnietsenarag cgirdwrorileys Tabll@emd. The rate ratio is 5the (resist
under | ayer fi] rp/(resi st) dry etching rate ratio. Table 4Dry etching rate
ratio CE4 gd@p2 gResufxafplventressianst 5502 Exanple 2 1.77 0.02 Exanple 3
1.80 0.02 Ex@&mphge4 1.83 0.02 Example 5 1.83 0.02 Exanple 6 1.80

IExample 2

Example 3

Example 4

Example 5

Example 6

Example 7

Example 8

Example 9

Example 10

Example 11

LExample 12

LExample 13

Example 14

Comparative Example 1

Comparative Example 2

Comparative Example 3

Comparative Example 4

Comparative Example 5

OCO0OO0CO0OOOOOCOOOOOOCOO0

[0117] (Optical Constant)

5 The composition for forming a resist underlayer film was coated with a spinner on a
silicon wafer.  The resist underlayer film (film thickness 0.09 pm) was then formed by
heating on a hot plate for | minute at 240°C.  The optical absorption coefficient (k value,
can be also called attenuation coefficient} and refractive index (n value) at a wavelength
of 193 nm were then measured for these resist underlayer films with a spectral

10 ellipsometer (VUV-VASE VU-302, manufactured by J. A. Woollam Co., Inc.). The

results are shown in Table 3.



0.02 Exanple 7 1.79 0.02 Exanple 8 1.82 0.02 Exanple 9 1.84 0.02 Exanple 10
2.01 0.02 Exanple 11 2.08 0.02 Exanple 12 2.09 0.02 Exanple 13 2.13 0.02
Exanmpl e 14 2.16 0.02 Conparative Exanpl e’

Table 3 Refractive index n and optical absorption coeflicient k

Refractive indexn  Optical absorption coefficient k

(wavelength 193 nm) (wavelength 193 nm)
Example | 1.65 0.13
Example 2 1.64 0.12
Example 3 1.64 0.15
Example 4 1.63 0.12
Example 5 1.64 0.12
Exampic 6 i.64 0.21
Example 7 1.65 0.20
Example 8 .64 0.21
Example 9 1.64 0.21
Example 10 £.70 0.10
Example 11 1.69 0.13
Example 12 .69 0.12
Example 13 .69 0.13
Example 14 1.69 0.13
Comparative Example | 1.60 0.14
Comparative Example 2 1.60 0.14
Comparative Example 3 1.60 0.14
Comparative Example 4 1.60 0.14
Comparative Example 5 1.63 0.12

f0118]  (Measurement of Dry Etching Rate)
The following etchers and etching gases were used for measuring the dry etching
5 rate.
The ES401 etcher (trade name, manufactured by NIPPON SCIENTIFIC Co., Ltd.)
was used, and the etching was performed with CF, gas.
The RIE-TONR etcher (trade name, manufactured by SAMCO INC.) was used, and
the etching was performed with O, gas.

10 [0119] Solutions of the compositions for resist underlayer films prepared in
Examples 1 to 14 and Comparative Examples | to 15 were coated with a spinner on
silicon wafers.  The resist underlayer films were formed by heating on a hot plate for 1
minute at 240°C, and ctching rates were measured using each eiching gas.  For a resist
underlayer film thickness of 0.20 pumn, the etching rate was measured using CFy gas as the

15  etching gas, and for a resist underlayer {ilm thickness of 0.04 um, the eiching rate was
measured using O, gas as the etching gas.

Further, resist films with a thickness of 0.20 um and 0.04 um were likewise formed



1.65 0.02 Conparative Exanple 2 1.65 0.02 Conparative Exanple 3 1.65 0.02
Conparative Exanple 4 1.65 0.02 Corrparatl ve Exanple 5 1.83 0.02

[0120] (Preparation of Organic Underlayer®Filn) 16.5 g of acenaphthyl ene,
1.5 g of 4-hydroxystyrene, and 60 g of 1,2-dichloroethane 10as a sol vent
vere placed |fqifcdObhid by c(;aluﬁglfpho]cmgsls‘?fqolﬁir dnf @ RRRON 1988, AddeckAs
polymerization initiator, the tenmperature was raised to 60C, and the
reacti on was gmpmgmt)edthfcﬂpmzél hoho &y ciEhing hee $ad migdasond obwgad hads aidd @, of

met hanol and 500 g of water were added, reprecipitation purification was
perforned, ag® %H@ cgsthirgi gaged: V\Metdéy pralting fatgs obiined for therresist Apderiayar édmt o yi el d

11 g of a white The obt o] o Formul a
(7-1)) was amﬁ y@‘jml\g‘c% C(ﬂ_@l Sla“gthz&s @:rc sgwalg ahlra'[aﬁ, 4p Q"Fc :a&u ratio 1s

acenapht hy' efig g%blgy[ﬁlﬁ%gatmwn%lﬁ L@l B ggyias obtained. M 6000,

Table 4  Dry etching rate ratio

Cl4 gas O, pas
Example 1 1.76 0.02
Example 2 1.77 0.02
Example 3 1.80 0.02
Ixample 4 1.83 0.02
Example 5 1.83 0.02
Example 6 1.80 0.02
Example 7 1.79 0.02
Example 8 1.82 0.02
Example 9 1.84 0.02
Example 10 2.01 0.02
Example 11 2.08 0.02
Example 12 2.09 0.02
Example 13 213 0.02
Example 14 2.16 0.02
Comparative Example ] 1.65 0.02
Comparative Example 2 1.65 0.02
Comparative Example 3 1.65 0.02
Comparative Example 4 1.65 0.02
Comparative Example 5 1.83 0.02

[0120]  (Preparation of Organic Underlayer Film)
16.5 g of acenaphthylene, 1.5 g of 4-hydroxystyrene, and 60 g of 1,2-dichloroethane
10 asa solvent were placed in a 200 mL flask. 1 g of trifluoroboron was added as
polymerization initiator, the temperature was raised to 60°C, and the reaction was
conducted for 24 hours.  To the solution obtained, 1 L. of methanol and 500 g of water
were added, reprecipitation purification was performed, and the oblained white material
was filtered and dried to yield 11 g of a white polymer. The obtained polymer
15  (corresponds to Formula (7-1)) was analyzed by 13C, 1H-NMR and GPC, and an
acenaphthylene:4-hydroxystyrene ratio of 86:14 was obtained. Mw: 6000, Mw/Mn =

1.5 was obtained.



[0121] 1.0 g of tetranethoxynethyl glycoluril (trade name Powderlink 1174,
manuf actured by Mtsui Cytech Ltd.), 0.01 g of paratoluenesul fonic acid as
a crosslinking catalyst, and 0.03 g of MEGAFAC R- 30 (trade nane,

manuf actured by Dainippon Ink 5 and Chemicals Co., Ltd.) as a surfactant
were added to 10 g of the obtained polynmer (Formula (7-1)), followed by
dissolution in 101.57 g_of } y e glycol nononethyl ether acetate and
25. 39 g of propyl ene gl nono hyl ether. The solution of a conposition
for formng a resist u ayer &l mto be used in a |ithographic process

using a multilayer fil W&as t hen ained by filtration using a
pol yet hyl ene nlcrOflltq%“ﬁﬁ it a pore dianeter of 0.10 um and then a
pol yet hyl ene nlcrofllter W t a pore dianmeter of 0.05 pm [0122](Eval uation

of Resi st Patteg@;zmg eﬁ“et% ﬁ-@kﬁn&ﬁﬂif BYAT (uhalid Bl PVREARL 1ML D 2

t hi ckness of 25 talne y  coating a composition for fornlng t he

or gani ¢ undemb@y@iurtd ﬂ))m/l(tblﬁl@[ccﬁ\),tdt)h&t)l BCﬁdﬂﬂ@deﬁe@ﬂfoﬁﬁﬁbM%fﬂsklmﬁﬁ@
polymer (Fornmula (7-1)) on a silicon wafer and baking on a hot plate for
mnute at 246@lysthed 89pos MEDHSAG Br30Giradsonnal minugrcesi bytDamdmml layer filns
(layers ; obtai ned in Exangles 1 to 14 and Conparative Exanple 1 to
Exanpl e 5 wed® %Bléﬁab&% V- oat ey At M addedin ! &r%ﬂhembaﬂft@dﬂaewmft minute at

240C to yi el i ) with a
i Sienasy ot b - IPL AL SRR ISPy TRl BFIRL) ot o
nm wer e t henet‘flé?ra@@ﬂe Bya oAt &%r(ﬂ)y%%E@'lﬁnoﬂgﬂyﬂﬁlﬁ' Sf-hc%@iuHB:ﬁ o, (trade
name PAR 855, manufactured by Sum tonb Chem cal . .) With a spinner
on each resiatmpasidet foayemirf d r3iandddradriimg ©be mmm(z imh@gla)hﬁd);ﬁrodusm nute at
100C. 'The resist patterning was performed using an i mersion exposure
devi ce TWLNSGAN aXTultilrg@ddin v@@ﬂm@btamﬁbf/ HBwtpeesilye pgvhylewavetrefigith 193 nm
NA, a: 251.20, 0.94/0.74 (C i nmersion |iquid: materi The target was
the so-cHl | ewith H@Léﬁwe%%ﬁ( H@r@’é 1']"1“r1‘d3°’W*‘@’}?"a“’l“irﬁré“%w& 'R POre PHBYET esi st
and the |nterkh%e width after 68 the devel opnent of 0.05 um and the
exposure was perforned through a mask set so as to form 15 lines. The

baki ng was then(nggjornggh@ﬁmﬁdhggmpMQQﬁnl?r 60 sec at 105C, foll owed by
cooling and devel opment with a devel oper of 2.38%tetranethyl ammonium

hydroxi de in a 8@-sgeicindgleeniadigeptocidssthatoas di 269 tnowdd tained by
5[ 0123] (Evaluation of Stability in Storage) The conpositions for
form ng a rewhdne anpemobitigiglor farmingeheorgaris enfleflayer Alnnfachd) det nda@ledahad t he

coating fjlmthickness asur nent |t eval uati on
conduct etf aglPyementioned pptymeg fopmyly (mqé’ﬂ atsﬂ’ég‘wggyﬂﬁ b@l“l“im"{‘ A e‘x}ﬁ% Q‘"di d not
¢ hange in st Pll;'lﬁﬂ% aft 9’5- % n‘?-l’lé (I‘:]OSm k ltlgés o 3§ co%iam?ngg:tesg LIIIX(:'L%B?IngIEYYh el;‘]S

changes were 0 erve ography
Eval uat i onEv@a) dkdiheann Eiamc-ﬁl@sbl' ol ;tmna 001§[)2951%Q‘x51\[1§qu{) FRAn ek €hanges in

coating filmEvaluation of |ithographythickness after 2lithography after 2
nmont hs at 23¢pmmtlsodtd AdGeatbx anphe plfod 0 nmoadat 240°C to yield the
Si-containing resist underlayer filims (layers B) with a thickness of 40 nm.  Photoresist
20 films (layers C) with a thickness of 150 nm were then formed by coating a commercial
photoresist solution (irade name PAR 855, manufactured by Sumitomo Chemical Co.,
Ltd.) with a spianer on cach resist underlayer film and heating on a hot plate for 1 minute
at 100°C.  The resist patterning was performed using an immersion exposure device
TWINSCAN XT: 1900Gi scanner manufactured by ASML (wavelength 193 nm, NA, o:
25 1.20, 0.94/0.74 (C-quad) immersion liquid: water). The target was the so-called

line-and-space (dense line) with a line width of photoresist and the interline width after



Exanpl e 2Good0 Good Exanpl e 3Good0 G Exanpl e 4CGood (parti al
under cut) Exanple 5Good0Good Exanple 6Good (parti al

d (partial

under cut ) 0Good (partia

(parti al

(parti al

undercut) Exanpl®
undercut) Exanple 8Good (partia

Exanpl e 9Googl: (PRI, n@ht JHaden U PR athdpatak Al fdf':ﬂg@{hﬁﬂ

7CGood (partia

under cut ) 0Good (partia

under cut ) 0Good

under cut ) 0Good

under cut)

b o AR 6 AQGo0d

footing)O

d (partial footing) Exanple 1leo%OGbod Exanpl e

12Good0 GOOdioE)(aﬁnhh@, 1 3motthy W olekn b doqpdcd oihé(ﬁoqdﬁlc GrGoRpenatiove

Exanpl eFoot i ngOFoot i ng do
Conparative

5

10

15

1 Conparative Exanpl eFooting0 Footing 2
avwesl reetinmygHevtemegngwith a developer of 2.38% tetramethyl ammomum

hydroxide in a 60-sec single paddle process according to JiS.
[0123]  (Evaluation of Stability in Storage)

The compositions for forming a resist underlayer film were stored for 2 months at

23°C, and the coating film thickness measurement and lithography evaluation were

conducied again.

The case in which the coating film thickness did not change in storage for 2 months

at 23°C is denoted by O, and when the changes were observed, the amount of change is

shown.

Table 5

Lithography Evaluation

IEvaluation of Stability in Storage

Evaluation of

Changes in coating film

Evaluation of

lithography thickness after 2 lithography after 2
months at 23°C months at 23°C

Example 1 Good O Good
Example 2 Good O Good
Example 3 Good O Good
Example 4 Good (partial undercut) O Good (partial undercut)
Example 5 Good O Good
Example 6 Good (partial undercut) O Good (partial undercut)
Example 7 Good (partial undercut} ] Good (partial undercut)
Example 8 Good (partial undercut) O Good (partial undercut)
Example 9 Good (partial undercut) O Good {partial undercut)
Example 10 Good (partial footing) O Good (partial footing)
Example [1 Good O Good
Example 12 Good 0O Good
Example 13 Good O Good
Example 14 Good O Good
Comparative Example  Footing O Footing
]
Comparative Example  Footing O Footing
2
Comparative Example  Footing O Fooling
3
Comparative Example  Footing O Footing
4
Comparative Example  Undercut 15% increase Partial peel

3

[0124]

The resist underlayer film obtained from the composition for forming a

resist underlayer film that has a diketone, enol, or keto ester structure according to the



Conmpar ati ve Exanpl eFooti ngOFooti ng 4 Conparative Exanpl eUndercut 15%

i ncreasePartial peel 5 [0124] The resi st %pderl ay& fil mobtained fromthe
conposition for formng a 15resist underlayer filmthat has a di ketone,
enol, or keto ester structure according to the 69 present invention

i ncludes a | argert myerben irgfudhed reo nahoersof deidio Adneraafiohecfohabasa sufficiently
high dry etching rate with respect to a photoresist film In Exanples Ito
14, since t héfBgemlydehy &y stching riawith grspgch - acihwtosssist fitn. gds Bxamplpet takled over
that in Conparative Exanple 1, .the resist pattern of the upper |ayer of the
resi st under Flagl"el!“’ £ P gfg’c‘%]}lb‘f Ryrygesiinamg Lask ferse Nt B “EgﬂmB‘Hg“"e
accurately tp PT=Yo MR ETa N o] er L | i.ng .40 the
present i nve%t@‘iﬂ%ﬁri?q’[tg%f% 'P%llg&?ggl@gtﬁ Er{fﬁz}g‘réllr(g%cﬁ{zﬁtIlllﬁagtgggée\{?ﬁfggg%rt%9 {Ohe
conposi ti ®n fhemprdsel Mvogliond caebd seudrRbardnayeed bithdnealt vrRiamplEEmbclRdidd has
the sane resistance to etching with an oxygen-contai ning gas as the resi st
under | ayer f {dthe pbseal imeebtibr.om t he conposition for 10forming a resi st

under| ayer fil m@f Conpar atj ve Exanple |. Therefore, the resist underl ayer
filmaccording 8% he phewsistundelayst ilghotigiag! Fumbeicompossignfipdoamngy and

effectively . ard mask when the underlying organic underlayer filmor
substrate i s%g‘ﬁﬁ‘g‘g‘é’éé%‘%t“o%%j‘%’%%?&gﬂw g‘é Si‘?“ ,E'g%ﬁ% l%é‘r‘igm%:g &Pative
Exanpl es 2 t@xy%e@é&talﬁﬁ@?@%ﬂ@ Wik (nd PERE Flim LBalnBE RERIK: dohpdlliGeP: 05 1 _un
resist patterning is perforned, the filnms of Exanples 1, 4, and 5 that

i ncl ude &0 di foehmpe,restinohderlayer Kieh of €sh@iratBiMahplee. | Thdrberepmk YerRe
denonstrate good |ithography characteristics, while the conpositions of
Conpar at i ve Wdarplee§inpaccordingdo Hiearasem dnveoticaudds fanotioet wifeidandy et pol yner
denonstrate a}_\foo ing shape. It is therefore clear that the jntroduction of
the af or enent TeSHE St et s wsn ey CHHGISAFEINIG WRERICE e BRIy shape.
In all of thl?r &ggeﬁri als, the stability is high because a di ketone structure
stabilizing he silanol is incl uded, but the materials in which a diketone,
enol, or keto esfiek) St MdfehWh&npiss |, AChiOLtd bl RRPOEYIResCRY 3Rl es 1 to 14)
are effective in ternms of inproving the initial characteristics and

| i t hogr aphy aihgaadivethirsdpe@so it imwpick dO6 emickiachapening & @ffofrhdeihe

25[0127] Meanwhi l e, in Conparative Exanple 5, a diester structure is

i ncl uded i n e obhEryves 1. BuandtStibat daplusle adilietany, dngl, anketrstr sinetubingthgr oup

(t-butyl grou under sol -gel, hydrqlysis conditions. Therefore, the diester
structure isp‘ﬁ%i’é‘ﬁa&'ﬂo'f%mﬁ ggpc&:glpﬁggﬁ]yiciarggpr&tlc%h@giggv CaBEPLEs Al pka, even
when a 0.01 i Ut ( | arijc.acid Jrion i in the hydrolysis
and condensa%%%aq%’rvgtgg%@ylg% ?fohme(;%h%]rl %IC'%/OZ%‘ l?LeiH'S{rugé;]ﬁé% ‘@ﬁ%r dgingns rat}aé 470

depr ot ect i ONfob@BChARN §huheREFSEBariifht HRENERMERR o@ftigz_talf'&mﬁ@ﬁi'ogtﬁi stu€@RL 1 on,

the pH of the system changes and the degree of acidity increases. As a

resul t, 2the indsiwiynshapébiderdhsingahgs. am ahdekcuiicsdigpe. stdbilicaddiighi on, t he
stability in Conparative Exanple 5 becones | ow because the pl4 of the
syst em chandsause a diketone structure stabilizing the silanol is included, but the materials in which
a diketone, enol, or keto ester structure is included in the polymer (Examples 1 to 14) are
effective in terms of improving the initial characteristics and lithography characteristics
after a predetermined period of time,
25 10127]  Meanwhile, in Comparative Example 5, a diester structure is included in
the polymer, bui the ester moiety is an acid-unstable group (t-butyl group) under sol-gel
hydrolysis conditions.  Therefore, the diester structure is changed to a dicarboxylic acid,
thereby decreasing pKa, even when a 0.0 M/I dilute hydrochloric acid solution is used in

the hydrolysis and condensation process of the hydrolyzable organosilane.  Since a



5 I NDUSTRI AL APPLI CABI LI TY [0128] The present invention provides a
conposition for formng a |ithographic rﬁ§|st underl ayer filmfor formng a
resi st underlayer filmthat can be used as a hard mask. 10The present
invention also provides a lithographic resist underlayer filmthat does not
i nterm x witHepotedmistacamdhirascas driie etuchiof iersak- @1 hagther the heftieat of t he
resist, and al so a conposition for formng a resist underlayer filmto form
such an undefYSipbihapges and the degrgef pridity Incrpasep c’éh‘b'é‘éll’k Ihﬁr'l‘*‘"’ﬁé)f’haf’@)rm ng a

| i t hographic under, | T
nydrofysabl e arasiost PAme e Syt ofvpelPabieraly Rty B Byl
condensat e SL&L%%QP‘OW B@&ﬁk@!h@ hg il %@&ﬁchdxgwdes a hydrol yzabl e
organosi | ane of Formul a 5e | ow: ) ) - a) b (R3)Fornula (1)

[ where R35is a group of Fornula (2), (3), or (4): Formul a (2)Formul a
(3)Formul a (4) gln Formul ae (2), (3), and (4), at |east one from anong R4,
R5, and R6 i BNIAUGFibip. HoHdedBildly a silicon atomby a single bond or as a

| i nki ng group; when 124 is not bonded to the silicon atom R4 is a hydrogen
atom or an al kyl group, an aryl group, an aral kyl group, an al kyl halide

group, a.” aryl E@‘hj!ige 9‘719%‘%3@11?%8{1%11 lgyovmlggll I()(ﬂgpq%{t!%i\j?dl fgllmmg, A(Ftiﬁééiﬁ[gr oup, or

an organic grou é?yloyl
group, a ner gaet dde[LPRHInA0r ﬂ)'?fihl?lg a(}Es@sk' Bndc@l'éyé?- ¥ @%@czglr&q{@ed A2 BrEQRRI nati on
thereof; 15 when R5 and R6 are not bonded to the silicon atom each of R5
and R6 i $0i ntiepeedsinhieptian 4l Bm}eawdalald}tho@erpthu:pcsmmnmwex dgillaulpy den nar al Kyl
group, an alkyl halide group, an aryl halide group, an aral kyl halide

group, an aIWéﬁ?ﬁ‘yﬂUUﬁ““@ﬂdhﬁth@a%h@égﬂ%Upmﬁ§WPﬂ@1aﬁhéﬁﬁ%yagidmpﬂ an
acryloyl gro L ha | C rou no group, or
a cyano gr ou%j,pnj’pé’F’“B" t"b " %%Sﬂgﬂ‘ﬁ‘g‘tf%%‘?‘ ﬁq‘g %ﬁ)g'ﬁ S ﬁkﬂ“d?‘dﬁﬁ*y“ §Mr R6 i s a

group bonded to the silicon atomas a |inking group, the group bonded to
the silicon atomis a dival ent group obtained by renoving one hydrogen atom
fromthe respective group defined above; however, when R6 in Forrmula (3),

R5 in Fornmula (4), and le in Formula (4) are bonded to the silicon atom

t hese groups are groups each bonded to the silicon atomas a |inking group,
rat her than by a single bond); 25each Rl is independently an al kyl group,

an aryl group, an aral kyl group, an al kyl halide



72 group, an aryl halide group, an aral kyl halide group, an al kenyl group,
or an organi c group having an epoxy groqg an acryl oyl group, a

met hacryl oyl group, a nercapto group, an’/lam no group, or a cyano group, or
a conbination thereof; each R2 is independently an al koxy group, an acyl oxy
group, or a halogen atom a is integep;@fivQ to 2, b is integer of 1 5to 3].
2. The conposition according to claim1, wherein the hydrol yzabl e
organosi | ane conprises at |east one selected froma group consisting of a
conbi nati on of at |east one organosilicon conmpound sel ected froma group
consi sting of ar. oﬁg@ﬁmgﬁﬁmbbnm®0W9@dﬁd%&@bﬁr@%ﬁnmka%@sﬁhm@bmmﬂﬁﬂﬁas

a( R2) 4aForne_| (where each i's i ndependent]y an an aryl
group, an ar# @w ﬂdwet?&fa%{ﬁ%ﬁwl e e q@%&db@l@%@f&%ﬁ*@%ﬂﬂ g e@?d p, an
aral kvl nal L ieat RHBey AR Gl nglhldar I B 2 DRI SRR P RNE, A3KLRG, A epoxy
group, an acr 1 ﬁ 5 roup, an

al koxyaryl group an ﬁcyloxyar group, ano group, or a conbination
thereof; and is a[Q @Qf@ ép(%ne b ;tOﬁWmeﬂaSb-C bond; each R2
IS |ndependently an aIk grou oxy gfoup, or a halogen atom a is
integer of 0 to 3 and an organ05|llcon conpound of Forrmula (6) bel ow

[R esi (03-ci wiHgripnemup 6f FemuladBefd. ®R(“Xs an al kyl group, each 1(2 is

i ndependently an al koxy_group, an acyl oxy group, or a halogen atom Y is an
al kyl ene group or argaryl ene groupy bOis integer ofy Opor 1, and c is

i nteger of () or ég Iﬁe hydr ol izaldl e or ganosi | fneflof Forrula (1),
hydr ol ysat es ther nd hydr ol ytd ¢ o atgs he ofoRS 73 hydrol yzable
or ganosi | ane of Fornuﬁﬁ (1) and“the w&ganosilicon c ound of Fornula (5)
is contained as a polyner. . The conpositi'on according to any one
of claims 1 to Formhler®i n the Shyﬂﬁghy%able or gahesiulaade of Fornmula (1) has
a pKa value of 8.00 to 20.00. The conposi tion accordlng to any one
of clains 1 tpFamuagi{Daey. %éﬁﬁmié@dﬁ‘gmaﬂioaw@“aé? Rhget Bl iy 3igwuphpwlegst . 106.

Ime COMPRY! LREE LR 08k SIE O LA Lk oyBs LIS TP 51
COMPOSH 101 &Rk TG Aal Ao ASE! AKPE bl A GRNH! A aRuaRE ©f

clains 1 to sem co tor strate m ng
alkyl halide group, an aryl halide group, an aralky! halide group, an alkeny! 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, or a combination thereof;

15 when R® and R® are not bonded to the silicon atom, each of R® and R® is independently a
linear alkyl group, an aryl group, an aralky! group, an alkyl halide group, an aryl halide
group, an aralkyl halide 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, or a combination thereof;

20 when any of RY, R® or R® is a group bonded to the silicon atom as a linking group, the
group bonded to the silicon atom is a divalent group obtained by removing one hydrogen
atom from the respective group defined above; however, when R® in Formula (3), R” in
Formufa (4), and R® in Formula (4) are bonded to the silicon atom, these groups are
groups each bonded to the silicon atom as a linking group, rather than by a single bond),

25  ecachR'is independently an alkyl group, an aryl group, an aralky! group, an alkyl halide



8. A nethod for producing a sem conductor device, conprising the steps of:
coating the conposition for formng a resist underlayer filmaccording to
any one of clains Ito 6 on a sem coffductor substrate and perform ng
baking to forma resist 20underlayer film coating a conposition
for formng a. i i am, thes . fid 4 - .G sist film
exposi ng the‘é’llr0 gg?‘g? Fyg Hdki]m&gig{;’eﬁgb#%g{ﬂt?g%f%& ‘g}tﬂ%e?l?]%ufgﬁ{ !(fa)mr‘{h%l }ﬁ%mqeciposur eto
obtai n a pat henneeidgesicpbxyf grbif, a2 beviehi ga@pt hechesiBil gaden ayapiofadup
according to the patterned resist filmto obtain a patterned resist

under | ayer fad aminagcpup, or a cyanopgrao@essi aagbinheonstheredoerdlu &t srindepbratentdt
according to the patterned resist filmand the patterned,resi.st underl ayer
film 74 9. ALAONYeroRFela &I0BY &R Mg PAISUAUBIIE ELWET NP deb SR PS5 ng t he
steps of: fO{q;ng an organi c underlayer filmon a sem conductor substrate;
coating t%e 80Aposition for formng a resist underlayer filmaccording to
any one of clains 1 to 6 on the organic underlayer film and perform ng
baking to forma resist 5Sunderlayer film coating a conposition
for formng a rési $he édntpmsiann hdeerding3o skhinuhdereldyde hidrbiyrahdorbooriang a
resist film exppsin? the resist film developing the resist filmafter the
exposure to opises 4 lggsone paestbddows) sgropp ¢appistime! @fspmbinatinn of gsleat onmder | ayer

filmaccording to,the patterned resist filmto, obtain a patterned resist
under L ayer  THEHBERHIRGHE BrGHAPE ARRPAYSPeet T 4OuB ET h 5 he
52;}ggﬂﬁﬂ%ig@”ﬁhB@????%%ﬁgzoﬁh:EB ?gdthe patterned 8£3§ﬁ?§'23u;22r|ayer
fiim RIaSi(R2)4ma Formula (5)
(where each R' is independently an alkyl group, an ary} group, an aralkyl group, an alkyl
halide group, an aryl halide group, an aralkyl halide group, an alkenyl group, or an
organic group having an epoxy group, an acryloyl group, a methacryloyl group, a
15  mercapto group, an alkoxyaryl group, an acyloxyaryl group, or a cyano group, or a
combination thereof, and is a group bonded to the silicon atom by a Si-C bond; each R? is
independently an alkoxy group, an acyloxy group, or a halogen atom; a is integer of 0 to

3), and

an organosilicon compound of Formula (6) below:

(RY.Si(RH)3-c) 2V
20

(where R is an alkyl group, each R? is independently an alkoxy group, an acyloxy group,

Formula (6)

or a halogen atom, Y is an alkylene group or an arylene group, b is integer of O or 1, and ¢
is integer of 0 or 1), and the hydrolyzable organosilane of Formula (1), hydrolysates
thereof, and hydrolytic condensates thereof,
25
3. The composition according to claim { or 2, wherein the hydrolytic condensate

of the hydrolyzable organosilane of Formula (1), or the hydrolytic condensate of the



15

20

25

73

hydrolyzable organosilane of Formula (1) and the organosilicon compound of Formula

(5) is contained as a polymer.

4. The composition according to any one of claims | to 3, wherein the

hydrolyzable organosilane of Formula (1) has a pKa value of 8.00 to 20.00.

5. The composition according to any one of claims 1 to 4, further comprising an

acid as a hydrolysis catalyst.

6. The composition according to any one of claims I to 5, further comprising

waler,

7. Aresist underlayer film obtained by coating the composition for forming a
resist underfayer film according to any one of claims 1 to 6 on a semiconductor substrate

and performing baking.

8. A method for producing a semiconductor device, comprising the steps of:

coating the composition for forming a resist underlayer film according to any
one of claims 1 to 6 on a semiconductor substrate and performing baking to form a resist
underlayer film;

coating a composition for forming a resist film on the underlayer film and
forming a resist film;

exposing the resist film;

developing the resist film afier the exposure to obtain a patterned resist film;

etching the resist underlayer film according to the patterned resist film to obtain
a patterned resist underlayer film: and

processing the semiconductor substrate according to the patterned resist film

and the patterned resist underlayer film.
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9. Amethod for producing a semiconductor device, comprising the steps of:

forming an organic underlayer film on a semiconductor substrate;

coating the composition for forming a resist undertayer film according to any
one of claims 1 to 6 on the organic underlayer film and performing baking to form a resist
underfayer film;

coating a composition for forming a resist film on the resist vnderlayer film and
forming a resist film;

exposing the resist film;

developing the resist film after the exposure {o obtain a patterned resist film;

ciching the resist underlayer film according to the patterned resist film to obtain
a patterned resist underlayer film;

etching the organic underlayer film according to the patterned resist underlayer
film; and

processing the semiconductor substrate according to the patterned organic

underlayer film.



