DESCRI PTI ON CARBAZOLE NOVOLAK RESIN ECHNII AL FI ELD [ 0001] The present
invention relates to a earbazol e novolak resin including a particul ar
stnicture. It thither relates to a resist underlayer filmformng
conposition including the earbazoie novol ak resin, a resist underlayer film
formed fromthe 10conposition, a resist gattern form ng nethod using the
resi st underlayer filmform ng conposition, and a production nethod of a
sem conductor device. It also rel atgssdmapaidmgh refractive index film

form ng conposition including the carhazol e novol ak rosin, a high
refractive index filmthat is formed fromthe conposition and has
transparency in a visible region, and an el ectroni c device including the
high refractive index film IAEBNKERONWY ARTK RESINO002] Conventional |y,

m crof abricati on of sem conductor substrates has been carried out by

i thography using a photoresist conposition in the production of

20sem copduct or devi ces. For the ﬁ‘i@ &@QﬂiF tﬁon of sem conduct or
substrates, there is a known. fab ation nethod in which a resist film
formed froma photoresist conposition is formed on a substrate to be
fabricated such as a silicon wafer, active rays such as ultraviolet rays
are applied ontgodife TiRSir&denfihldRibMretii@ho a comsdolqatvblek mesi indludingat t ern t hat
is transferred to a sem conductor device, the resist thin filmis devel oped
for patter npagicul2Sandutene Isfutistrrelates toa rhgstiuageriagenfder foweing samepssion; con

wafer is etched using the obtained photoresi ?t g%tg%rn ‘fé a protective film
to transfer inchulingthe exrbazpls nopelals [ppigy 7 spigt underlayg € BUBMC yeats, highly

i nt t ed ' duct devi ' ' . ' . JO add
thi s, thG agonb iy aeut Paioenat paredrirniRerd P RmEhine ° cen °°°

likely to h%&ﬁg@sﬂﬁﬁ?ﬁ@i pr}rﬁ\r)@iéﬁln?ﬂlg{hlad bf PBnacdiafctexddviver  h ageteldtdd8amm) to an
a .

Arf exci mer ser However, the use of active rays having a short
wavel engt h has rédttighpeepOESs fdpintrgtapmpbsitaLiatinding itgribfokadntovplaitséne such as
resol ution reduction due to the effects of irregular reflections of the
appl i ed act iigh refeacsivé moem filns thbsis fermed & the agrapastionayehas tapsnsrsdey % sol ve
such a problem a bottom anti-reflective cogtin AM has Sheen w dely

enpl oyed betifddnregior, PHGRSIEEPEE I ‘flﬂ‘édl%%thfétrgg?"gv%@%?ﬁﬁ&‘i“cat ed as a
resi st querl ayer film [0004.1 in fine, when a finer resist pattern

wi || be further devel oped, a thinner resist will be required in order to

prevent problens such as the resogytkeroedguaROnN and col | apse of a resist
pattern after devel opnment. However, the thinner resist cannot

[0002] Conventionally, microfabrication of semiconductor substrates has been
carried out by lithography using a photoresist composition in the production of
20 semiconductor devices. For the microfabrication of semiconductor substrates, there is a
known fabrication method in which a resist film formed from a photoresist composition
is formed on a substrate to be fabricated such as a silicon wafer, active rays such as
ultraviolet rays are applied onto the resist film through a mask pattern with a pattern that
is transferred to a semiconductor device, the resist thin film is developed for patterning,
95  and the substrate to be fabricated such as a silicon wafer is etched using the obtained
photoresist pattern as a protective film to transfer the pattern to the substrate.
[0003] Inrecent years, highly integrated semiconductor devices require a finer
resist pattern.  To address this, the active rays used for the patterning of resist films have

been likely to have a shorter wavelength from a KrF excimer laser (248 nm) to an ArF



10 provide a resist pattern filmthickness sufficient for the fabrication
of a substrate. Ib address this, there is required a process for inparting
a function as a nmask during | he substrate fabrication to a resi st

underl ayer filmthat is formed between the resist and a sem conduct or
substrate to be fabricated in addition to the resist pattern. [0005] As the
resist underlayer filmfor such a procegs, unlike a. conventional iiresist
under | ayer fi i hi i nesi fi,L m havi ng
s o SOT L T D e T P R T et ot
under | ayer §iibier Baibn@y 8f &itiihb SbniSiedne pobRmslsadt @ reoheiby reefintge kat e t han
that of a resist, or a resist untlerlayer filmhaving a smaller selection
rati o of drtye effechiafigrapgatae rdflactions hathe ofplizd seiviecadunt osubsidss tndattanding used.
20[ 00061 There are known resist undedayer filmform ng conpositions

i ncl udi ng vedvepudn pusieyivsolyeseth 4 AkPRgE batony adirstlectiyeerating BARE) ks For
exanple,_there a di scl gsed a resist underlayer filmfarm conposition
ncl udi g REFY Vg1 aieed b lhe bt BOTHRREI RS MR Bb & ient 2, and
Pat ent Doc si st underlayer filmformng conposition including
a flucrene p %t‘n%?gﬂ%%gpglk resin (for exanple, see Patent 25Docunent 4), a
resi st underi ayegs)f i (b8, RiHRE 2 FRBNCS btipafén WAlE bel Hirter @vElopddOh eighenapht hol
novol ak resin (for exanple, see Patent Docunent. 5), and a resist

under | ayer Esistwifl be raqnigeciarmpdes kd prevent problachs mgehaes tlesewiwtiontaiuniiongnd f |1 uor ene
phenol and an aryl aikylene as repeating units (fat exanmple, see Patent
Docunent 6 wHepspaf eresisiustiaipendier dovelopmette Hewayesdheiihiwpsesf canivdvol th resin

that i d insulating material for 3 printed wiring boards and th
ke, nds HrgdegrsTRdre ek vhet iy bhicio bt ab ity de (see
Patent Do ). el t : 0007
Pat ont Docungnt® (b Qe oA o e o B R S R fps e 12007

JP- A- 2- 2938Hh6stRat fefticaBRCnBBlistAndctRpaTEmahfad RihedRdkinakd @fistbhi cati on
No, JP-A-1-154050 Patent. Docunent 3: Japanese Patent Application

Publ i cat i orsemiondyjchr Aultra 6o e fhtiedd iDeddiiento the redisratierse Pat ent
Application Publication No. JP-A-2005-128509 Patent Docunment 5: Japanese
Pat ent Appl i cadfP®H Paptheaatistgrdedsyer fpmgongygly 2 progorspalivg e sprvepiitighent 6:

Japanese; Pat ent, Appl i gatl,on PUbLicati.on o, L JB- A,2007: 418014 Patent

Docunent” 7:"U" & &t'ent - Docunen panese Patent .

oot M 0 o Bl R0 A SRR i | T O
i nvention tshaPéQeieti@onan®df i efniag kae than that of a resist, or a resist underlayer film

having a smaller selection ratio of dry etching rate than that of a semiconductor substrate

is used.

20 [0006] There are known resist underlayer film forming compositions including
various polymers for forming the resist underlayer film. For example, there are
disclosed a resist underlayer film forming composition including polyvinylcarbazole (see
Patent Document 1, Patent Document 2, and Patent Document 3), a resist underlayer film
forming composition including a fluorene phenol novolak resin (for example, see Patent

25  Document 4), a resist underlayer film forming composition including a fluorene naphthol
novolak resin (for example, see Patent Document 5), and a resist underlayer film forming
composition including a resin containing a fluorene phenol and an aryl alkylene as

repeating units (for example, see Patent Document 6 and Patent Document 7).

There is also disclosed a novolak resin that is used as an insulating material for



20novol air resin including a particular structure. Another object of the
present invention is to provide a resist underlayer filmformng
conposition that includes the carbazole novolak resin and i5 used for a

I ithography process in the production of sem conductor devices, knother
object of the present invention is to provide a resist underlayer filmthat
is formed fromthe resist underl ayer fi I f uni ng conposition, planarizes a
substrate, 2RGANWRHRHoRAs 8k BX Get, Ihediich Rei skispadd erduses taioudle as@usi ng
intermxing with a resist, has a simlar selection ratio of thy etching
rate to thabcetfldchydeacecshatent DacenaltBer sel ection ratio of dry etching rate
than those of a resist and a sem conductor substrate, has a characteristic
of efficiently adsorbing reflected light froma substrate when irradiation
[ ight having a wavelength of 248 ran, 193 rim 137 DM or the like is used
for the mc%GF‘?HﬁYEQ?‘i I8f a 4 resist, and has heat resistance to a high
t enper at rePttret Or(r:%rrgltmduri ng substrate fabrication such as the :formation
of a resrst Fﬁ(}e and the formation of a hard mask, Anot her obj ect of the
present inventirgip7iS benP DOV 2: FBidRecPAak AppidiingPelicasinNo. pat t ern usi ng
the resi st underlayer filmform ng conposition. Another Object of the
present i nvemA-pn93&0t o Sprovi de a production nmethod of a sem conduct or
devi ce, the production nethod including a |Iithography_ process u%i g the
resi st under | &ptsnt Pedumeniod diprgesdinisas mnh@ﬁ.lon#’wgll??élp eIP-prl-13¢ é@ obj ect

of the present invention t rovide a, high ref tiv i i-zhbm t hat has
trans palroency iR a?‘f“(/P%‘i“H]"@ﬁé e TR} ‘Sﬂglt%tfopa}{:@ﬁ%aélolgrlﬂ?éiﬂg% %n%f5 (|7)r m ng
conposi tjon for, forai i t e i L i t he

o onCr etPant i v alea] ThthepF shidole AR REIRAEA! MARLAOARNG A2AL 10500

car bazol ¢ novotpfenf BSduthenf3Rsant RIPakat XpilgatidheruBlicdioa No. JP-AIW0G9965Fhe
present invention relates to a polyner having a particular structure shown

bel ow, nanel y, Pateat Dbanehes:Hepmksedlatanesppiicatéionradlication idefB-Ay207117 8R4 or ni ng
15conposition including the resin, a resist underlayer filmloomed fromthe
conposi tion, afdteat Beavehset 7:dhSnkaienbNoof37825kni conduct or devi ce using the

film The present invention also relates . to.a high.r aet i,V '_%q;%gmfi I'm
forming conposi'?d ?‘f’l‘(‘?leﬂﬂgrlépat“ﬁ%@ %&P&‘gﬁgicgu%o%ug %%lorgfé\fsef %Is Aaﬁ)r?:’/g
refract ilge index filmforned fromthe conposition, and. an electronic
device including the film 20[0010] Nanely, the present invention relates
to, as a first aspect, a polyeLOSURBIOF THEANMENTION uct ure of Formula (1):
(F(2)(12 Formula (i) A (in Formula (1 ), each of R4 and R2 is a group
selected froma group consisting of a hydrogen atom a hal ogen group, a
nitro group, an am no ?r oup, a hydroxy group, a dio
Problem to be Solved by the Invéntion
[0008] It is an object of the present invention to provide a novel carbazole
20  novolak resin including a particular structure.  Another object of the present invention is
to provide a resist underlayer film forming composition that includes the carbazole
novolak resin and is used for a lithography process in the production of semiconductor
devices. Another object of the present invention is to provide a resist underlayer film
that is formed from the resist underlayer film forming composition, planarizes a substrate,
25  can provide an excellent resist pattern without causing intermixing with a resist, has a
similar selection ratio of dry etching rate to that of a resist or a smaller selection ratio of
dry etching rate than those of a resist and a semiconductor substrate, has a characteristic

of efficiently adsorbing reflected light from a substrate when irradiation light having a

wavelength of 248 nm, 193 nm, 157 nm, or the like is used for the microfabrication of a



25al kyl group, a C240 al kenyl group, a C640 aryl group, and a conbination
of them the iiik, (1 group, the al kenyl group, or the aryl group optionally
containing an ether |inkage, a ketone |inkage, or an ester linkage; R3 is a
group selected froma group consisting of a hydrogen atom a C3,10 al kyl
group, a C2.;0 al kenyl group, a C6.40 aryl group, and a conbi nati on of

them the al kyl group, the al kenyi grodb, or the aryl group optionally

cont ai ni ng, 3 GhiIls tklRBce B FEPRREbIAKEGGmMON daieabafad kbkags: R4 is a

i ng
C640 aryl gr:]rOlJp or a heterocyclic group optionally substituted with a
hal ogen gr QR .as heThikaBof bPARsisARyed @ MO f@fmatif ofarhaad iydir oXyoeopsct RS is a
hydrogen atomor a C1.10 al kyl group, a C6-40 aryl group, or a heterocyclic
group opt i ek pyesstbsthtiotiet protide amhtibd fedorgriea gresiat M ASGe figgesi®in.  ami no
group, or a kilydroxy group; R4 and RS optionally forma ring together svith
a carbon avuoderlaydrdilp derpure earanepiennArshkid aet et pé"r?&“t%‘fenﬁ%ﬂlsé(gch of al

and n2 is an integer of | to,3); 10as.,a.second . as .

accor di Ag P@Vidr%é’ H%i"{“ﬂ‘o f)%?:q OI%%S(?FW?P%C’[?rﬁ%Vlﬁ%it% @?%8?%Q§th§?k%gﬁ?%l a (1),
where each of, B hR})roc&us_iQ%fEe%isjtﬁn ARV FRE el nRRe k. 1S a phenyl
group or a naﬁ)ﬁfal?yY group; as a third aspect, the polyner according to the
first aspect imgihbidionditihen sWed oBtheBiddé ivknifaroptoaideb)highwhfraeiveach of R3,
R2, and R3 is a hydrogen atomand R and R5 15form a_f|uorene ring together
with a car bhalx @ilmmat hdserapgmizany @tovisibleiregiorh e hitbdeltastipgingpdliRsoan®ebei ng C- 9
inthe formed Norna ring; as a fourth aspect, .a _gol nmer. in Iugi ng a unit
structure epmponitian far fopying Hs/fdm. st ap plegtronis flevicegingfp B%,thezi“éwa &Y group, a
Cl4 al kyl grou a €240 kenyl aroup,...a .4 soup; and a

conbi nd ioﬁ“dﬁf%{hﬁe‘fﬁngtsﬁ’@“ %?F/ac %S%ﬁ,ow}?é%goﬁﬁdel%&@%alrkég%? or the aryl group
optionally containing an ether |inkage, a ketone |inkage, or an ester
linkage; Ra is a group selected froma group consisting of a hydrogen atom
a Cl.10 al kylan@FReBiving the?Poblemal kenyi group, a 5C6,40 aryl group, and a
conbi nation of them the alkyl group, the al kenyl group, or the aryl group
optional |y conbaidii nfheamesetievenkipmkages toa pRbmsnbavingykeageculas strapiuest er

i nkage; 1t4 is a C5.40 aryl group or a heterocyclic oup optionally
subst i t ut eghewn belew.mamslyencaghaspls NOKOIRY 16515, HieHh ,n%gb?yﬁ%lﬂbglj‘?@ﬁp, or a

hydr oxy group; R5 i.s.a.hydrogen atom ad 9 iR, -9, aryl
group, ‘or éoﬁg?séff“ﬁ‘ﬁi’r%l}l‘%%g %1@ 5'%&)“’86?5356%%4?1% es? u &31? ?@S? ggng\n&lt E&gpcﬁé ogen 10

group, a ”ia§1&9 g)rdﬂc':{ﬂm 1 RANBrAQe A lcBHRIctdR GeBcd WetHoQNY filh. OUlhe pRisei@nd Rs _
optionally el Rt a ri ng together wth a carbon atom the carbon atom bei ng

bonded to Rivedfish &% reRas o Ohigh rardtive2iniex fiim forrbiag eompdsitlonticl@lingthd each of
a3 ton5is an integer of 1 to 412!; ..
carbazole novolak resin, a high refractive index film formed from the composition, and
an electronic device including the film.
20 [0010] Namely, the present invention relates to, as a first aspect, a polymer
including a unit structure of Formula (1):

{R1}n| (RZ)IQ R4

N Formula (1)
m/gﬁ\ orm

)
R

(in Formula (1), each of R; and R; is a group selected from a group consisting of a
hydrogen atom, a halogen group, a nitro group, an amino group, a hydroxy group, a Cy.1o
25  alky! group, a Cs.10 alkenyl group, a Ce.4o aryl group, and a combination of them, the
alkyl group, the alkenyl group, or the aryl group optionally containing an ether linkage, a

ketone linkage, or an ester linkage; R is a group selected from a group consisting of a



as a filth aspect, the polyner according to the fourth aspect including the
unit structure of Formula (2) andlor Fornmula (3), whore each of R, R2, RS,
R5,R7, and Ra 15 is a hydrogen atomand Ri is a phenvl group or a naphthyl

group; as a sixth aspect, a resist widerlayer filmform ng conposition
i ncluding the polyner as described in an% one of the first aspect to the
fifth aspect; as a seventh aspect, the resist underlayer filmfanning

conposi ti ony aeLAn didid alq.,{ dIRyI$kathbha 85 Reldenyl yiduped Cipaklidion, aader oss- 1 i nki ng
agent; 20as an eighth aspect, the resist underlay& filmform ng conposition
accor di ng t eritigatdhxt hemspeatkybgroih ehesdkeapt grogs pett afwgtonp eptiiavelludi ng an
acid and/or an acid generator; as a ninth aspect, a resist underlayer
fi 1 m pr oducestdyingppéthémipkegrea kelgnesinkaged ey $uspesr lipkagm Reyipp ﬁrwgﬁrwlﬂﬁblasi tion
as described in any gne of the ?i xtbh.aSEecth tho t he eiF?htnt&rasggctanon a

sem conduct o4 kgt eoup aPRRIA LR JL A AIRE T HA I OERL A% ent h
aspect, met hod for farmn resist i i f a

sem conduct ?J‘P{not‘gﬁoé‘ph%rt%alg‘r?xgcg? Udh %bggéﬁﬁ{? ﬁgﬁ?‘@??edé'?“s@{)ﬁgﬁbgh ag@y%{r? film
formng co b ' Ity QitifkediWieh Shatddan Cd nitro t he

ei ghth aspggrgﬁ%rhh%%gg%ag%%%!g%g%psogbst rgtte and baki ng téﬁe%rﬁglgul tant coating
to km an up@eplapaind gbap, 0as hadroel gventrh aadBecptionallpfoodacingdegethet hod of a
seni conduct or device, the method 7 including formng a resist undedayer
Filmon a seithecadustiom, telsstboasentegig horded @ fugpd Brdsd papof ok p1dR% 81 ni ng
conposition as described in any one of the sixth aspect to the eighth
aspect; for mwgegarqfelstpéﬁ; filmon the resist underlayer film formng a
resist ttern on the.resi,s ' ' [ i ; iwel ectron
beam anggdevel G AEFENd &P Sﬁi t:%Hs) Eﬂgp%cﬁ%gﬂg'atgg{re f??tla%egt%glp glin%ghe?igltt he resi st
pattern; angtrqcaﬂé bEAS G (i) v ESRBOPHIUCRO R, SAsBH; 64 Bydusden gtonhund(Ratis €r ned
underl ayer ti1lm as a twel fth aspect, a production nmethod of a

sem conduct ghenfieMbeeor 4 @htigl groeb;i ncl uding form ng a resist undetlayer film

on a. sem conductor substrate fromthe resist underlayer filmfanning
conposi tion as adesrd dspertithe priymerrecasfing frothe fitst Aspaetpedpdingthe Kt 10 ei ght h
aspect; formng a hard k gn the resist underl r fi f Wt form ng
a resist fi Py CPE@W&E&?hﬁ‘g’ﬁfe g}?ﬁﬁﬁgﬁ& afug ?%Staqé'g{otgeerlf jﬁtg%inan? ﬁé'hi%[e%i st film
by applicati.on of 1] R Yond&t6 R, Ng t he
har d ma% ato radtit‘ul%er't%gblﬁﬁ(«gager egia}gg gﬁé@ P%?ﬁﬂimeht%?ﬁrlbﬁgwt%hg&r esi st un(h;érlayer
fil maccor diRgr Mdtamerab iemeesinamdoraskig;and fabricating the

sem conductor substrate using the resist patterned inderlayer film 15as a
t hirteent h aspegt fourtheaspecgadyotyingm invbidigh mmﬁhwg)ffonmli@(%\%ﬂﬂlt h aspect,
in which the hard mask is forned by depositing an inorgani c substance on
the resist Undadd&yer film as a fourteenth aspect, a high
refractive index filmform ng conposition including a polyner containing at
| east one unit structure sel ectetfrem a group consisting of a unit
20structure of Forpul a unit -h,uk:‘ér']ure of Formula (2), md a unit

stnicture of FoorftWw "2 ras (@), § N dent h aspect, a high refractive index
filmproduced b 2 high ~ Formula(2)

5 N/=
| ‘L;\pf’ 0
R O
’ (RB n5 R5
Rrha Re

==\
Ront (Reln2 g, (Rel3 X /' Rs

_(_f?‘\/';\‘tj'j\j i & fj—u\ Formula (3)
N 5 ‘\.—-
e

3

20 (in Formula (2) and Formula (3), each of Ry, Rz, Rg, Ry, and Rg is a group selected

from a group consisting of a hydrogen atom, a halogen group, a nitro group, an amino



refractive index filmformng conposition as described in the fourteenth
aspect; and as a sixteenth aspect, an electronic device including the high
refractive index filmas 25described in the fifteenth aspect. Effects of
the Invention 1: 0011] The resist underlayer filmfanning conposition of
the present invention can fOral a resist underlayer filmthat does not
cause Mnmixing with a | ayer covered oné 8 the resist undertayer film The
resi st under| aye ilmform jtien i i can
also form éﬁO@x%@Y‘{“é?mg‘?“é’sF‘Q']-g%a?\‘??férgﬁ’g‘l}’e"{r@ 'Y ?‘ﬁrﬁelﬁ@gﬁ&ﬁ’i@% gl:yfr]ngl?gé aggl ection
ratio of draycoﬁl%ﬁﬁii&gofrtﬁéﬁ thdalk @toudf thd atkSil SFouB! ordheSdFRll dr@ip pibRAlyi On ratio
of dry etching rate. than those of a resist and a sem conductor substrate.
The resi st dndridgayethef ithingé,arwiong linkgeamposittn lokaget Rt e gpowpseltted nvent i on
can also loon a resist underlayer filmthat has high heat resistance even
under a hi dgont egpep atnsiséng ofrhtdiagan atowy a Ex-arAY group, aCx ihalkel 2UPing
process for fanning a resist filmand in a vacuum deposition process for

f or mi ng Sa i%ﬁdafﬁ’a&fkl.lp:%aF‘é’é‘?lg%tloﬂﬁggﬁema talkP'F$rﬂ’r‘IP’6l? é‘ylc%ﬂlﬂ’ogf Fon of the

present invention can also f.ormci..resi f : sp, has an
advant age 8 & URPRORAY CRUpinig o sihet ﬁrbk%é%g%g@%g%ﬂ%ges’ olrre %%?1 f(lléﬂés?’ of 1ight

or electro I P SuiARASIitH DPihlddes lokilg s a
pol yrer cogf' g?ﬁ%&?ﬁ@%@?ﬁﬁ%@%ot ur Z)Btﬁﬁne?}tll?can absorb the %ai Sht por

el ectron bean® grouf@nlafSicSdrowd) ded ety drodp Rk by antiydepgen aposirtaiChno dkylt he
present ion:Mm can also forma resist underlayer filmthat has sufficient
ant i - et chi ngoyw; e fekdtarg gravipt br a lespeytlic growp @@W@%‘rﬂb%ﬁtﬂéﬁﬁd yithatplgger (f or
exanple, a thermal silicon oxide film silicon nitrjde.15fi| and a

pol ysi | 1&i rﬁrwn,ﬁrp'tsw%0%%%%19§)’Qup’ora*{y§r5>ﬁ]gf°?ﬁ' Wi RPNy A i1 m of
the present.invention, can,be use 1 2l i : jsdefl ective
coati ng, arf”lﬁﬁ%e-t BWTtataicgﬁli’o?Po%’ ﬁ'l 8;%%‘%)% ?géfl{g?e‘ix}g;ﬂfg%&ctg ﬁf]}afﬁﬁﬁg\%ﬂn%ﬁnﬁeat
resistance, ,;3nd isaanfih!ﬁgar%@\rwg; A0 a8l T hb ROn SR8 Gl b1 @Y, anti - et chi ng
properti es.anl—lence, t resi st underlayer filmcan | ead to easy and accurate
resi st patt er nas 20K Qpeatthepolgunet dceatimp tpde fanth spanhsleding theanit

sem conduct or substrate in a |ithogr ag)hy process in_the productiaon of

sem conductsomctdevifEesnuli () pad/or Barmala, (3} hacieceashse! RunBe RpdiseRe 11 #1di4s hi gh
heat resistance, and thus can. be ,§ui t abl nun%%g, for a |lithography process

. . 10 A irr'lrnnnh n igal 1‘\!'1 p- 1 n ] : . - -
i ncl udi hy &S prHEess G0 Pnh G PASHa P Has HepG8Fti on of an inorganic

substance i the, RLOJUCL] Rl ARALAPBINRLAN IBNIGER: ZOLANLH The

car bazol e novof%k cruding ructure o e ptesent

"anti:in h h&RLibddr i i & thd Bfih b@Bét: regi on, excel |l ent
. 19%& h&RtibddliR ISPl firkk Bpatt &l the Bfth bgbdt; r egi on, ex _
heat resi sf%o ce, %Tl;n gh reflr g%fl ve i ndex, I?;md excellent solubility in various

sol vents. Thusas § #edih gdpetethe asist weleilmbe ldh fdrmidgoronipegjticoaposiig tothet hat
includes the carbazol e novol ak resin including a particular structure of
t he presentsikthusett forthe relvdiren aossilghingeRemct i ve index 9 filmthat is used

for, fot exanple,3tive filmfor, a |ljquid_.crystal displ. device, TFT
array pP@ti apPﬁﬁ Hpightn ﬁﬁpe‘énthﬁ)\r/%}sﬁb‘%{flea?wf ﬁ&“ lbl‘gfnﬂ)l}g qgﬂpg %lﬁxréﬁcﬁ Ondfng tp iﬂl?e, a
spacer nateri al fidlmfor | g i : i di splay, a
SaCer ot e R Tkl R PRSI LRI 0 Bl ARl bl 2, 2
for inproving LighthexbdcaGlrb@R uhderRferldil piicérsy dpphendth@lesiseindadiyieve i ndex

filmof the present invention can be w dely used as an opti cal
film forming composition as described in any one of the sixth aspect to the eighth aspect
on a semiconductor substrate and baking the resultant coating,
25 as a tenth aspect, a method for forming a resist pattern used in production of a
semiconductor, the method including applying the resist underlayer film forming
composition as described in any one of the sixth aspect to the eighth aspect on a

semiconductor substrate and baking the resultant coating to form an underlayer film;

as an eleventh aspect, a production method of a semiconductor device, the method



menber of el ectronic devices. BRI EF DESCRI PTI ON OF THE DRAW NGS 10[ 0014]
[Fta 1] FIG 1l is a 41-1:NVR spectrum of a pol yner obtained in Synthetic
Exanple 1. [no. 21 FIG 2 is a 1HANI MR spectrum of a polymer obtained in
Synthetic [FIG31 FIG3 is a 1H 1" 4MR spectrum of a polynmer obtained in
Synthetic [FIG4] FIG 4 is a spectrum of_a polyner obtained in Synthetic
[FIG 5] FIG5 is a 1114\1 NAR spectrum’of a pol yner obtained in Synthetic

[FIG 6] El GojfinkSorthid SrebsMRdSNBEE FilkTbi0f st ROy subhitasd fie thienesBy nt het i ¢
[FIG7] FIG7 1s all-144VR spectrum of a polyner obtained Synthetic [FIG

8] FIG 8 i sndrldfdr NifRforspecdoimposicbn as deedribeein aplytoas nedie pinthSgpechietthe [ FI G 9]
FIG 9 is a 1lI1-NWR spectrum of a pol yner obtained in Synthetic Exanple 9,
[ FI G 101 naecigbthiaspeat; KirmingN ragistsfpecanythieaist undgrbyginidl s SutaRefedsiPiPassiit het i c
Exanple 10. 10 [FIG 11] Fla ills a ill- spectrum.of . a pol r obtai ned
i n Synt het i en thraenstt 8lmp by P@l’@t’%fllﬁb@”ﬂ%r% epp_amﬁvgboggﬁp{]ﬁg%@pga pol yner
obtained_in_ Synthetic. Exanple 12 . ol spect rum of
a pol ymer O%élp&gﬁy?rﬁilgﬁ% (ehtnfgcjgoEf%%ﬁg&%b’%éﬁn&aﬁng%e% Illlﬂé(l: Cﬁ(ca 14 is a
111 FINIR s 0f 18 R YEastal figd | n Conparative Synthetic Exanple
1. Ql?o%étgq%l%t(; ES] FI Gn15 iyg é {1-1-Ntidit spectrumof a pol yner
obt ai ned in 10 ;Cappafrabipea, Syniibeionedbodmbh ser@iconductor device, hFhEthod61 FI G 16

is a viewshowng light transmttance of a thin filmobtained in Exanple 7.
[FIG [7] Fime@ihgifemzany eanisttrolsilaxgr Filngpe 2 sqaipeidustonOaas fram e @sigt | m

O AP 4 2 rmisy e R Pl sh gl 9 | o

10  eighth aspect; forming a hard mask on the resist underlayer film; further forming a resist
film on the hard mask; forming a resist pattern on the resist film by application of light or
an electron beam and development; etching the hard mask according to the resist pattern;
etching the resist underlayer film according to the patterned hard mask; and fabricating
the semiconductor substrate using the resist patterned underlayer film;

15 as a thirteenth aspect, the production method according to the twelfth aspect, in
which the hard mask is formed by depositing an inorganic substance on the resist
underlayer film;

as a fourteenth aspect, a high refractive index film forming composition including a
polymer containing at least one unit structure selected from a group consisting of a unit

20  structure of Formula (1), a unit structure of Formula (2), and a unit structure of Formula
@)

as a fifteenth aspect, a high refractive index film produced by applying the high
refractive index film forming composition as described in the fourteenth aspect; and

as a sixteenth aspect, an electronic device including the high refractive index film as

25  described in the fifteenth aspect.

Effects of the Invention

[0011]  The resist underlayer film forming composition of the present invention

can form a resist underlayer film that does not cause intermixing with a layer covered on



[FIG 191 FIG 19 Is a view showing light transmttance of a thin film

obt ai ned i n Exanpl e 10, [FIG 20] FIG 20 is a view show ng
light transmttance of a thin all 20 obtained in Exanple 11. [FIG
21] FIG 21 is a view showng light transmttance of a thin fil m obtained
innple 12, [FIG 22] FIG22 is a view showing light transmttance

of athin filmobtained in Exanple 13. 85[FIG 23] FIG 23 is a view
showi ng i ght i ?lﬂﬂ@?lz{ﬁm @Ifhe%sﬁs@hﬁﬁeﬁlh}leﬁrﬁf?ﬁ?&hmofrﬁogﬁ tfe prfisent HG 24]

HO. 24 is a view showng |ight transmttance of a th in obtained in

Exanpl e 15.inWhEor 8dn aido@drm 4bexcellcnt MsRiirgBenfin thettas b siaiBmiddcance of a
thin film 11 obtained in Conparative Exanple 2, [FIG26] FIG 26 is a view

showi ng | i ghto of amswhing sance todt ofia tdsishorfd smmllabekitedaiinoCbypahiagiae Exanpl e
3. BEST MODES FOR CARRYI NG OQUT THE | NVENTI ON poi 51 <Carbazgie No vol ak
Resi n> thrﬁethmeézf 8 Fsist Fdenterbtpnaeqtertsuistip. a L poreyerdpRyPUEhgTBing ;i t

structure of For or. the rese nvent i | at ol.ymer

i ncl udi mg acoﬂ’r?f’flpu %J&et %f??nb \ Hﬁ?lha OZéomlﬁéﬁ‘?if? BI}Jeﬁ &ﬁf‘%%ﬁ“ ly, a
car bazol e In
Formul a (1;1%\#;1]5%%61&? gﬁ%ndéﬂ%la%glp % thg{} iEg;%ro p’ se tg?:rtm&ij%g

group consisbdedfoffor@inddERdeMnah®M a v’rhc{ﬂlﬁh QERBItigH PéRess ForToinkifs GRAUP, an
am no group, a hydtoxy group, a C.EO al kyd group, a C?..)0 al kenyl group,
a C6_40 ar yhasyr ol reastdmdertagmtﬁlnafommgo«bmpdmrm O\Mierpeest:ﬂltenwhkqﬂ cagrbup, the

al kenyl gr oup, or the aryl. group may 15contain an ether |inkage, a ketone
| i nkage, or omaé@tsamdeﬂ%{@agkn thahalﬁ%’?%ﬂpéd‘(aﬂage R 2 ang-reflestipt $RHBOby a group

sel ect elq) f rs%%r%ss%ef?ecp 1ons o?ﬁgﬁttolr re‘gctron beams from a substrate because the composition
includes a polymer containing a skeletal structure that can absorb the light or electron
beams. The resist underlayer film forming composition of the present invention can
also form a resist underlayer film that has sufficient anti-etching properties with respect

to a semiconductor substrate (for example, a thermal silicon oxide film, a silicon nitride

—
N

film, and a polysilicon film on a substrate).

[0012] The resist underlayer film of the present invention can be used as a
planarizing film, an anti-reflective coating, an anti-pollution film for a resist layer, a film
having heat resistance, and a film having dry etching selectivity and anti-etching
properties. Hence, the resist underlayer film can lead to easy and accurate resist pattern
20 formation and resist pattern transfer to a semiconductor substrate in a lithography process

in the production of semiconductor devices. In particular, the resist underlayer film has
high heat resistance, and thus can be suitably used for a lithography process including a
process of forming a hard mask by deposition of an inorganic substance in the production
of semiconductor devices.
25 [0013] The carbazole novolak resin including a particular structure of the present
invention has excellent transparency in a visible light region, excellent heat resistance,
high refractive index, and excellent solubility in various solvents. Thus, the high
refractive index film forming composition that includes the carbazole novolak resin

including a particular structure of the present invention can form a high refractive index



hydrogen atom a Co al kyl group, a Cza) al kenyl group, a 0540 aryl group,
and a conbination of them where the al kyl group, the al kenyl group, or the
aryl group may contain an ether |inkage, a ketone |inkage, or an ester

I inkage. 20In Formula (1), R is exenplified by a C6,13 aryl group or a

het erocyclic group that nmay he substituted wth a hal ogen group, a nitro
group, an am no group, or a hydroxy grou% In Formula (1), R5 is

exenpl i fi edfdﬁé{ it iaxlgerd%{e Ror @k AAPIOra RofehWeal 1ibr D qitPoryAal Qiply aByite, gr oup, or
a heterocyc group that may be substituted with a hal ogen group, a nitro
25 group, amFamr@pplgﬁ@hmg o, € dueetoandr § goarilteRdndathelliks ampagef oatmiad, a i ng
together with the carbon atomthat is bonded to R and Rs. Such aring is
exenpl i fi edfilmy fa imbromizgdight extyadtionméan EE displry.4 layea f@@ﬂ?@g@ﬁﬂl@ht RFEVNG he

carbon atomthat is bonded to R4 and )15 and is. at the po n.in the
formed Hu naﬁ%m‘rlpﬁ‘ge SEEBH d?}flcen?“daf"n]&y‘?r ffor Improying ]f'ﬁhga‘érrac%(f“ e ?E§ doev'f%

[ 0017] F is
exenpl i f? ed?ﬁ‘gﬁﬁﬁ éefg%tbveslgﬁleé@ﬁmao f?h mgsgmglfﬂg%;t)lgié 8%658{6 fi%l useﬁ%s aﬁalgrcg%en at om
a hal ogen g an am no group, a hydroxy group, a CHO
al kyl gr oup&gm&&’oﬁ;g&?ﬁ%g{/‘?&gr oup, a C540 aryl group, and a conbi nation of

them where the al kyl group, the 5al kenyl group, or the aryl group may
contain an ether l|inkage, a ketone |linkage, or an ester |inkage. In
Formula (2) and Fornula (BBIEFIEE$@R@IMIQRTBEH&A‘&W%W sel ected froma
group consisting of a hydrogen atom a d _s,) al kyl group, a C240 al kenyl
group, a C6..0 aril group, and a conbi nati on of them where the al kyl

group, e al k u r the 1 I i nkage,
a ket onigl i nkai@ﬂ)&&g{nﬂg@elr Ilnkage 9‘9{“%&31%¥yn%9%%51)@d ﬂ{ér érul a (3),

ki is exempgifi glby a C648 aryl group or a heterocyclic group that nmay be
substituted wt hal ogen group, a nitro group, an am no group, or a

hydr oxy group, In Fgr[(}ui]a?l(}Zz)lsar\H -NjRepEanfiByf, a fynieg obtagwepin $yngettiby a
hydrogen atomor a. G .pO 15al kyl gmtp, a C6, 40 aryl group, or a

het erocycl i Exgngep. t hat may he substitut ed \V|t ' a hal ogen group, a nitro

group, an am no grou Qr__a hydro an for r.ing
together with the CHPQ FIGt et He M%SSPB Wéﬂfat Wré’ﬁg}/ gﬂ@ﬁ“& ring is
exenplifjed b%f‘ﬂ ?I uome ring structure that is a quorene ring formed from
Rl and & with the carbon atomthat is bonded to R4 and R5 and is
at the 9- position EF’IGti]%éQfi%ﬂHCNMR%éaiédneofdmymeroE&ﬁiadQ{smlhenand n2 is
an integer of 1to and each of n3 to n5 is an integer of 1 to 9. [0018]
Exanpl es of gkfgplBal ogen group include a fluor group, a ciliumgroup, a
brono group, and an iodine group, [ 0019] annpl es of the G .to alkyl
group include a net BRIC Y BiGp; iwm PENWS@CWBOf&HOMmﬁWHS‘WCdg‘F‘ Mﬁtheté?n

i - propyl group, a eyel opropyl group, an n-butyl group, an i-butyl group, an
s-butyl grofgEmales. but yl group, a eyel obutyl group, a

L1 rtethyl -eycl opr ot B1i9uPy 8 2 R\ b LRI et 1y dRERt Y1

group, 1- met hyl - roup,
Example 6.

[FIG. 7] FIG. 7 is a "H-NMR spectrum of a polymer obtained in Synthetic

Example 7.
[FIG. 8] FIG. 8 is a 'H-NMR spectrum of a polymer obtained in Synthetic

25 Example 8.
[FIG. 91 FIG.9isa 'H-NMR spectrum of a polymer obtained in Synthetic

Example 9.
[FIG. 10] FIG 10 is a 'H-NMR spectrum of a polymer obtained in Synthetic

Example 10.



2. met hyl -n-botyl group, a 3-netityl-n-butyl group, a 1, 1-4inethyl-n-oropyl
group, a 1, 2-dinethyl-n-propyl group, a 2,2-dinerhyl-n-propyl group, a
l-erh.yl-n-propyi group, a 13 cyclopentyl group, a 1-nmethyl-cycl obutyl
group, a 2-nmethyt-cyclohu group, a 3-nethyi-cycl obutyl group, a l
, 2-clinmethyl-cyclopropyl group, a 2,3-dirnethyl-cyclopropyl group, a
1-erhyl -oyel opropyl group, a 2- ethyl cyl® opropyi group, an a-b.exyl group,
a lraethyl -a- pear yipgy gliia 3 Bk e B8R0« 96 0HR oitaiBSr B Rigbad- pent vl
group, a 4-rnethyl-n-pentyl group, I met hyl - n-butyl group a
1, 2-di r aet hylantebyt yl group, a 1, 3-dinethyl-n-butyl group, a
2,2-dirrtethyl -u-hutyl group, 2, 34|rt|ethy| n- butyl group, a
3, 3-cti mer hyl - a- but[yIG. ¢2]dIE, 12ais - EMNYR speduinydf agobupr oktaidedinynthatibut y 1
group, a 1,1,2-trirnethyl-u-propyl group, a 1,2, 24rinethyl-rk-propyl group,
al -ethyllﬁ@nmhd@hyl n-propyl group, a 1- ethyt 2-ruet hyl - a-propyl group, a
cyC|ohexyI 10gr oup, y ar a 2-rnot open yl
gr oup, 3 not hyi - (Wg? i&rﬁhﬁlsﬁrﬁdﬁ\% ép%ct@&hﬁ% 9’8?6585?31}Fé%]r88’3%‘
2- et hyl - q%%916¥3 group, a 3-ethyl-cyclobutyl group, a
1, 2-di met hy ? obutyl group, a 1,3-cilnothyt-cyclobutyl group, a
2, 2-di raet hyl - cycl qbut yh; I@IGomsaaHleﬁR@bédﬁ@hmﬂa-pémﬁdﬁbbthM&derOUp a
, 4- di met hyl - eyci abut yl group, a 3, 3-diruet hyheyel obutyl group, a

propyl @uﬂkﬁmwesmmmgkﬂhpnmklz n- propyl-oyal opropyi group, a

n-
t-propyl -cyclopr roup, a 2-i-propyl-cycl opropyl grou

2, 24r i net hyl - cycl[gé?g@}ﬁwgﬁo!@ﬁ Hagw?pwwmmwm%yg ‘E)H‘pyl group, a
2,

e

iyt 19 TS SBRR B, aalzetethﬁilzzf Ehedo evt opropyt ong a
2-el | Ty1-3-rothy | - QYOREORK 1 654ty 30LARANN: Exammae: gl tiienfe - 0al keny!

group include an et’henyi” group, group, a 2-propenyl group, a
1- mer hy 14- cdpkdiRayh EQARME7. @ 1- burerkyl group, a 2-butenyi group, a
3-buterlyi group, a 2-nethyl-I-propenyl group, a 2-metbyl-2-propenyl group,
a |-ethyiethonyt grBl(p]7EFIG- Heiskwiew shopingdimhy rargmiitapee ef a thin film

1-rnot hyl - 2- propen% group, a 1-pentenyi group, a 2-pentenyi group, a

3- pent er t y| obirpdpn Egamp l9§ntenyl group, a 25 1l1ipropyl ethenyl group, a
1-rnen | -butenyi 1-rnet

1- nut hyq 3- but ertyl[bb(?og];ﬁrja B8N %wmghgﬁ? }ﬁtgdnge&‘atgmﬁl% | -1-but enyl
group, a 2- nyl group, a 2- nethyl 3-but enyi group, a
3-ruetayi - &%ﬁ%%ﬁéFgﬁﬁgﬁg a 3-nethyl -2-butenyl group, a

3-ruet hyl - 3- but eay|[F@s, QUPFIGA] dis h~ibiw Siatvng light parspeimie off ok, film

1-i-propyl ethenyl group, a 1,2-dirriethyi- 1 -propenyl group, a

1, 2- damet hydbtadredrioprayple 10.A group, a 1l-cycl opentenyi group, a

2-cycl opent eayl grou a 3-cycl opentenyl group, a_ l-hexenyt group, a
2-hexerryl group, %bE(IQn IS@rVéﬁXbShoﬁ’lfkﬂgllfi‘igﬁVP‘“&”ﬁ%ﬁ?a l.nfgm- hexeny;

group, 35%§W%I-$ gﬁﬁ EByI group, a 1l-roethyl-2-pentonyl group, a

i -med-t a. 1-nethyl -4-pentenyi group, a |

-n-butyl ethenyi a1 QuRs o8 Fer R¥lvidw BRALRE 86 RHAunee érd Mal - 2- pent enyl
group, a 2- rnethyl enyl group, a 2--inetlayl-4-penteuyi group, a
2-n-p. ropylﬁﬁn@%QQEQMhmgngup, a 3-lnethyl-|-pentenyi group, a

3-net hyl- 2- pentunyl group, a 3-rnethyl-3-pentortyl grou a 3-net hyl
-4-pentertyl group,[FH 32fIGy?2 B-abirvhshpiwing lighp fragsmitianaed m@ﬂm—fllmpentenyl
group, a 4-rriethyl-2-pente, ny| group, a 4-nethyl-3-penten-yl group, a

4- ot hyl - 4@@%6&9&@?@953 , i -diinethyl-2-buienyl group, 10a

1L 1-dir njet hyl-3 bUt[lngIB]gIEI?}. 83 IS%. vjl'ewzs Iorwrllneé[ llg\ﬁt trans?nliI o I bt Hh

obtained in Example 14.

2
1-
1-
1,
2
2-

[FIG. 24] FIG. 24 is a view showing light transmittance of a thin film

obtained in Example 15.

[FIG. 251 FIG. 25 is a view showing light transmittance of a thin film



, 2-di rnet hyl-2-butenyl group, a 1,2-dinethyl-3-butenyi group, a
- et hyl - 2- et hyl- 2- propenyi group, a. 1-s-butykthenyt group, a

, 3-di rnerhyl-1-butenyl group, a 1, 3-dirnethyl-2-butenyi group, a
ciinmethyl-3-butenyi group, a 1l4-fautyletilcuyi group, a

di nne, k1- 3-butenyi group, a 2,3-dirnethyl-1 -butenyi group, 15a, group,
3-dinettlyl-3-butenyl group, a 2-i-ptopyl-2-propenyi group, a

, 3-di rnet hy1-.1- byt . -etilyl-1-butenyi group, a

- dayl-2-bé&%ﬁ?ﬁﬁéggﬁ%ﬁgggﬁggnﬂg -3-butenyi group, a i-n-propyi-I|-propenyi
roup, a |-n-propylieRicPPRE DY lis OVieWRhovAnZ Higlt Mighsndittiet @ny thigfiloup, a
-etityl-2-butenyl group, a 2-eillyl-3-butenyi group, a

1, 1, 2- ni et byhined PrapaaHtivg Eeappled. | -t -butyl erlionyl group, a

1-nmedl y1- 1- edi y1- 2- propunyi group, a 1l-erhyi-2-niethyl-1-propenyi group, a
1- et hyl - 2- et hyl - 2- propenyi group, a 1-i-propyl-4-properzyl. group, a

1-i-propyl-2-propenyi_grou - yct] -2 roup, a

1- net hyl 2 3- eyol opent Tkﬁaﬁéﬁﬂgﬁg¥ﬁ§%ﬁ%§%®§¥§§§f§£@§§§*P§| group, a
2-ruet hyl-2-eyel opentenyt group, a 2.-nethyl-3-cyclopentenyi group, a

2- mot hyl - 4-cycl opent enyi group, a 2-nethyl-5-eyol opeatonyl group, a

2- et hyl one- cy g ABENt Mt a0 oBlaR REBIHNY 1- | - oyclopent euyi group, a

3-rn. et hyd- 2-cycl opentenyi group, a 3-ruedlyl-3-cyclopenterlyl group, a
3-rnetil yl-4- cybt predt anyitiggrelafes tea Blfnetinddite ey spetbis dipanga 6lip, a
3-tnet hyl one-oyot opeatyl group, a 1-cyclohexcoyl group, a 2-cyclqbexenyl
group, and offe Bresynt nyheticanylateg toupelymer inqlading 3 vl Hivs “ée‘s"f(ﬁ‘)”’f‘ﬂé(%a 40 aryl

i ncl ud heny! , - rnet hyi pbeny! - | phenyi
O oup,  A0p: FEYYIOTTREEY PR e R b e By g At B SRR of opheny
group, a pabl Oﬁ&ﬂgf”yf F%ﬁ)%ﬁ&élr)a&cﬁ‘afﬁ!a&{@kgﬁgég% ﬂiﬁ&llrb‘}%ro&b Rreblyacapheny!

group, an o-me ypher oup, a pano yphenyl “group, a p-nitrephenyt
group, a p- g;maemﬂg ogawe%@@t@a,aamugm ro@p, @Uitro goup, A piirdohydupgs oup, an
o- bi phenyl group, a rn-biphenyl group, a p-biphenyi group, 1-antluyl group,
a 2-ant hryi hgdroxspgroap, A-Gus dikyllgrgmon B calkenypenant Cavoaryl grogpnda
2-phenantl uyi group, a 3-phenanthry] group, a 4-phenanthryl group, and a
9-pherta 10gembipation of tHepp 2dprethealkidigange (e pikensy Rep: F'dhgHEFEPULNY, f or
exanpl e, an organi c_grp conposed .of a 5- to,.6:nmenbered heterocyclic ring
cont ai nilAg ﬁWFWBQ%ﬁ?m§H§$@$? Pn%ﬂ96§ﬁ9rgﬁﬁﬁ%%1 “es nelu-de a pyrrole,
gaup, a Arran grou ' i Ap bR ANTEGh § ofRBWbnsisaRg BxAzol e

o BoBruifin) TP ABIAE PP Rl LA o Broun s

group, a thiazote gro ra an I soxazoi c group, an o
15i sot hi azo'ﬁy&ﬁ%ﬂp&mrﬁ%ﬁo BT bR a®l, Qdkdkenyl grobf) @23 abflezrpgl, yies  cont ai ni ng
a preferred unit structure as Formula (1) can be exenplified below Fornula
(1 A For mul @omBihatfemraftiiean, whire3he alkyl group, the alkenyl group, or the aryl group may

1
1
1, 3-
1, 3-
2, 2-
a 2,
3, 3-
1-e
gro
2

contain an ether linkage, a ketone linkage, or an ester linkage.

20 In Formula (1), R4 is exemplified by a Ce.40 aryl group or a heterocyclic group that
may be substituted with a halogen group, a nitro group, an amino group, or a hydroxy
group.

In Formula (1), Rs is exemplified by a hydrogen atom or a Ci.10 alkyl group, a Ce4o
aryl group, or a heterocyclic group that may be substituted with a halogen group, a nitro

25  group, an amino group, or a hydroxy group. R4 and Rs may form a ring together with
the carbon atom that is bonded to Ry and Rs.  Such a ring is exemplified by a fluorene
ring formed from R4 and R together with the carbon atom that is bonded to R4 and Rs

and is at the 9-position in the formed fluorene ring. Each of nl and n2 is an integer of 1

to 3.



| t r Formula 6 ormula (1-7) D la (1-8) liormaila (1-9) Formula (1.-10)

Formula (1) Formula (1-12) (1,1) Foranda (1-13) [ 0024] The pol yner
containing a preferred unit structure as Formula (2) or Forrmula (3) can be
exenplified bel ow, ;0 C Formula (3-2) [00")petriller Pnralli RO the

cl Ti eSent invention can be obtai ned by condensati on of ca.rbazoles with
al dehydes or ketones. In the condensatil@n reaction, based on 1 equival ent

Of (nbneny! or@yl it e8Iz SR ) &%P%iﬁﬁ_lmake OfpROL the S

al dehydes or t et ones ma e us t'S of Formula

(2) and Fo rdsrelh?nﬁea)byquréd@esel@ete@ &0 d %Mw&hgalr@aﬁamd@g&ﬁdtaﬁcb B¥ogen

condensation of carba_zoles and triphenylam nes with al dehydes or ketones.
In the con@ma nitmo grce@can mnongpaahyUmIgampamﬂl folabkyt gmpmerfyl](ar ni nes nay

be used in. a nolar ratio of 1:0.01 to 1:100, Based on 1 equivalent of a
phenyl gr O@é)keiny,l group, a Ce.40 aryl group, and a combination of them, where the alkyl group, the
S alkenyl group, or the aryl group may contain an ether linkage, a ketone linkage, or an
ester linkage.

In Formula (2) and Formula (3), R3 is exemplified by a group selected from a group
consisting of a hydrogen atom, a C,.,g alkyl group, a C,.1p alkenyl group, a Cg4 aryl
group, and a combination of them, where the alkyl group, the alkenyl group, or the aryl

10 group may contain an ether linkage, a ketone linkage, or an ester linkage.

In Formula (2) and Formula (3), R4 is exemplified by a Cg.49 aryl group or a
heterocyclic group that may be substituted with a halogen group, a nitro group, an amino
group, or a hydroxy group.

In Formula (2) and Formula (3), Rs is exemplified by a hydrogen atom or a Cy.yg

ocyclic group that may be substituted with a

aryl group, or a hete
“d (= i 4

alkyl group, a Cg.40 a

o v

—
(9]

halogen group, a nitro group, an amino group, or a hydroxy group. R4 and Rs may form
a ring together with the carbon atom that is bonded to R4 and Rs.  Such a ring is
exemplified by a fluorene ring structure that is a fluorene ring formed from R4 and Rs
together with the carbon atom that is bonded to R4 and Rs and is at the 9~ position in the
20  formed fluorene ring.
Each of nl and n2 is an integer of 1 to 3, and each of n3 to n$ is an integer of 1 to 4.
[0018] Examples of the halogen group include a fluoro group, a chloro group, a
bromo group, and an iodine group.
[0019] Examples of the Cy.19 alkyl group include a methyl group, an ethyl group,
25  ann-propyl group, an i-propyl group, a cyclopropyl group, an n-butyl group, an i-butyl
group, an s-butyl group, a t-butyl group, a cyclobutyl group, a 1-methyl-cyclopropyl
group, a 2-methyl-cyclopropyl group, an n-pentyl group, a 1-methyl-n-butyl group, a
2-methyl-n-butyl group, a 3-methyl-n-butyl group, a 1,1-dimethyl-n-propyl group, a
1,2-dimethyl-n-propyl group, a 2,2-dimethyl-n-propyl group, a 1-ethyl-n-propyl group, a



10bot h the earhazoles and the triphenylantines, 0.1 to 10 equival ents of

t he al dehydes or the ketones nay be used. [ 00271 Exanpl es of the
carbazol es used for the production of the polynmer of the present invention
i ncl ude carbazol e, N-nethyl earbazole, N ethylcarbazole,

,3,6,8-tetrani trocarbtazol e, 3,6-diaini@ocarbazolc,

, 6-di brorno-9-etl ayl carbazol e, 1.53,6-dﬁ br ono- 9- pl i enyl car bazol e,

, 6- di brmocizay oup, Or-HeGiyt-OF RAALD 3B0h,Q, 2-Bre@f RéR WD fowp,@ar bazol e,
-fororno-9f€%ﬁ§%§ggba§ole, 4?4%fbis 9%—egrbazol?9}$ b?gﬁ%nyl,. 19

- glyci dyl earbakgt®clodithlygonx yd@rdiazedlybeyclopropyl group, a
-(114-benzetriazol - 1-yl net hyl ) - 9H car bazol e,

-i teetyl - 326-dimetabexstaraenyl BlouB-tlepthrydyelRpI9ayidireup, a 2-ethyl-cyclopropyl

- benzoyi car bazol e- 6- di ear boxai r | ehyde, 9-benzyl car bazol e- 3- ear boxal dehyde,
o ot hy| car IEB & - beASh LB DI-BeiE R iy Ao SIS LR RR ol o

pot assi u car.bazol e- rb L Qr.i - LB |

N et hyl car oo B BRG] g%t"d%ﬁjf}l&é‘,ﬁ}? nchFgroup, a 1,1-dimethyl-n-butyl group, a

N-((9- et hyl qay hazlyi-3- o4 8RUPY ENGImetnyIRLNY] grdup; 4 DPQlin&yy1-AkitAgouphese
y

carbazol es may be used singly or in conbination of two or nore of them

[ 0028] Exanplxsdigfetiyhe-tatydgloypdes3, seiadethdm-tund gprupda tethghn-bhtyt peupel yner of
t he present invention include saturated aliphatic al dehydes such as

f or mal dehyd@:etiOparaf] grovel o éhydemeguybnareryhgigen. adsopyirastadyerery! sroup,

but yr al et ehyde, i sobutyraht| ehyde, val erai dehyde, cap, roal dehyde
2- et hyi but Vol ldnpetay-asery ro%aééeél}yé%:mefgﬁﬁ:é}érﬂgﬁﬂ%{pyq %Pfci%gf)ﬂyl octyl

Succt naiiBene S b oY B kB O B Ut oY e
t hi ephenal dgm?{g%l_&glgg&w]a%&@g, ah lephatiGotatyl ehygas2-stighcy@bbag! goep,a and
c

nmel hacr ol ei n; heét erocycl i ¢ al dehydes such as furfural and pyridine
al dehyde; andtiaylepdbhaylgrodehy d@sdisutll-asldbetyt gods ylde dinredphcydotaeiy de,
ant hr acenecar boxal t | ehyde, phenyl benzal dehyde, ani sai dehyde, ,

terepl i t hal akdwhyde-dipetbriayciohpil geum,;ac?é-d%m%w%hwwg&% a

benyl acet al_dehyde, . 3- i i pnal dehyd | vl ai dehyde,
CNN ot et Ryt aimeris) Rt epac: SamrdrtrssohBatiefyve: The ar omat i o

| dehydes 2 i f f th
et ones losed TH ARG RERERL bR s o FhRBU L BB ot A0 e o

i nclude, buty@hes NYLrIPLERISHrdHyY gloufl 4 K22 tidmettyladyyloploylaieys asuch as

di phenyl ketone, phenyl naphthyl ketone, dinaphtnyl ketone, phenyl tolyi
ket one, cli tig trirkehnreclopodyQddinie b 2t3-omethy26f D@80yl Esxcand es of t he

tri phenyl tuni nes used for the production of the polyner of the present

i nvention i dedtd@-methpheyalppewryheouna 2subdtirneh e oPPOREFE Y Pafi nes, The

bstituerif of the triphenyl anaine, i |ified by the above-descri bed
o oup sel ecretPoRY B BRREanar Lt 710 BF NLFSURHOR ST 2 i tr o or oup.

an am ng,group, yd a : | kenyi group, a
e 540 art or ougCofnGE SRR, OF ke Plup SRR an il Yo &

1-propenyl group, a 2-propenyl group, a 1-methyl-1-ethenyl group, a 1-butenyl group, a

COOL~L,WWWEF

2-butenyl group, a 3-butenyl group, a 2-methyl-1-propenyl group, a 2-methyl-2-propenyl
group, a 1-ethylethenyl group, a 1-methyl-1-propenyl group, a 1-methyl-2-propenyl
group, a 1-pentenyl group, a 2-pentenyl group, a 3-pentenyl group, a 4-pentenyl group, a
25  l-n-propylethenyl group, a 1-methyl-1-butenyl group, a 1-methyl-2-butenyl group, a
1-methyl-3-butenyl group, a 2-ethyl-2-propenyl group, a 2-methyl-1-butenyl group, a
2-methyl-2-butenyl group, a 2-methyl-3-butenyl group, a 3-methyl-1-butenyl group, a
3-methyl-2-butenyl group, a 3-methyl-3-butenyl group, a 1,1-dimethyl-2-propenyl group,
a 1-i-propylethenyl group, a 1,2-dimethy!-1-propeny! group, a 1,2-dimethyl-2-propenyl



them where the al kyl group, the al kenyl group, or the aryl potty may
contain an ether |inkage, a ketone |inkage, or an ester |inkage. [0031]
Exanpl es of acid catal ysts used in the condensation reaction include

m neral acids such as sulfw c acid, phosphoric acid, and perchloric acid;
organi ¢ suifoni e 5acids such as p-toluencsul fonic acid and

p-tol uenesul foni ¢ aci d nonohydr at e; and4carboxylic acids such as formc

i d and : ci P ' | i | l ected
acid an Ozggédtpg% @t%%ic,pcﬂéﬁylwszquclﬁﬁb%te%%go%?n% c‘rjll?lgpé Penfl 4B,y Sel ecte

dependi ng e of an atad t0 he used. ; the amount is 0.001
to 10, 000 Flaﬂieixﬁn}ll)fgroﬂg,sa%-h@{eﬁfl%&@@l y 3 Bethyl @odp, QAhepatyl groby, artalssendnd nor e

preferably 0.1 to 100 parts by nass, based on 100 parts by mass of the

car bazol es gooupt ié-nkitybil glenehyltgheipcat-oatdol-@peamay! ghaipt # [ -pregyPaentemds.

[ 00321 The condensation reaction is commonly carried ouL in a solvent, but
may be car rat@w. ddtmsiiHowntearheram ¥ ErtoutAsiciybergen e Zcar el -Bg¥EYAs | ong as

t he condensation_reaction js not inhibited. amples of the solvent include
cyclic et h@%upsﬁewegyﬁ'?aeptﬁﬂX}cﬁ%’Pu? g’é"cgwgghqegé%q%&upﬁ%ﬁn e[t‘%'a' Mg ¥ at al yst
to be used js, a higyld;aci 1ol ) STogr-Tol o § h a catalyst can al so
serve as t éagb?geﬂ#hgqa%hﬁg%g@¥ogﬁg%reaég:J% teﬂﬁ%@ggure during the
condensat i O mkdyICRPFHRGYY B0, al0meBRG -petieryl a6, iaGnméthyied-péhtat @t grows lay

sel ect ed depending on the reaction tenperature. but is commonly about 30

mi nut es t o B&hyiGungenyl group, a 4 QB -Fhrenybiynmra 4-hethyi-Zpeymyhgsizad i n t he
above procedure and is conposed 20of the unit structure)&é Formula (1) or
(2) and/ or 4Bythrlo}-pesevyemraR af-Rethyht-referhge bl etdimshxie ity MieB: 600 to
1, 000, 000 or 0 to 0, 000. [0035] T ol.ymer can be used in

combi nath orf \A,F 8‘5“6 yh—é%ubegy%\,lps av\/r%'%frﬁ b&%ﬁ{/%n%%upbgsed on the total

pol yners. [,0038].ubxanple ﬁéﬂ&giQ?QQHHE&wpﬂkﬂﬁﬁﬁ%nﬁ$R§b|e of combi nation

i ncl ude 25péiyacrylic ac ester conpounds, poly-nedi ae-Fyne acid ester

conpounds, 1PAEMUACI-¥thAn -G p&BTBRUPUS]-s-patyetiehyl gedup| 403 diémethyipobunetsy]

pol yvi nyl conpounds, polystyrene conpounds, polynal ei m de conpounds,

pol ymai t he ganipyali Bdessthpribgenyy gany] ohsdimdteyl Sompanrhgroup.[a0037] F, xanpl es of
mat eri al nononers of the pol yaerylic acid ester coqpounf 2! i nclude Met hyl
acryl ate, drhutylathenyl toup, 4 ?si/yﬂir%w-i*alﬁwwh%re% BemzImeRty1opteny groupapnt hy|
actylate, anthryl aerylate, anthryl et cryl el ST ,

2- hydr o‘v%yetan}' “%"c‘?%fv‘r?g%{@%"?%{?‘ﬂ% 8%3?’5‘;%“69‘&1‘%%}1{9 %{%té&"zgg?g’y‘{”rv ??I%Agr%%‘gt hyl

acrylae, 4t XMkl RS U ALRol SR Yhudkd o, LLBsLobckdr acrylate,

cycl ohexyl ate, isobornyl” acrylate, " 2-met hoxyet hyl actyl at e,

ni et hexyt rigslpyh eraiygbparhylagsuy, a atrepro@ylalfropengt frytp,acryl at e,
tetrahydrofilrfuryl acrylate, 3-nethoxybutyl acrylate, 2-nethyl-2-adamantyl

acryi ate, 2Z-eptwpil-2padenyhatopb, abethylat-buterpyd grovpyel 2-pthakzbnigmtl grouret y| at e,
2- met hoxybut y1- 2- adar nantyl aeryl ate, 8-nethyl-84rievel ocl ecyl acrglate,
8- et hy 1- 8- ritBy/crBtaeb PP Rdr iyl ATwnetiHcf-propenyl group, a 1-i-butylétheny! grous,

105-actyl oyl oxye 67 YA PXY BN OIS LG RN PpRAREN WSp, o
1-ethyl-2-methyl-2-propenyl group, a 1-i-propyl-1-propenyl group, a
1-i-propyl-2-propenyl group, a 1-methyl-2-cyclopentenyl group, a
1-methyl-3-cyclopentenyl group, a 2-methyl-1-cyclopentenyl group, a
2-methyl-2-cyclopenteny! group, a 2-methyl-3-cyclopentenyl group, a

25  2-methyl-4-cyclopentenyl group, a 2-methyl-5-cyclopentenyl group, a
2-methylene-cyclopentyl group, a 3-methyl-1-cyclopentenyl group, a
3-methyl-2-cyclopentenyl group, a 3-methyl-3-cyclopentenyl group, a
3-methyl-4-cyclopentenyl group, a 3-methyl-5-cyclopentenyl group, a

3-methylene-cyclopentyl group, a 1-cyclohexenyl group, a 2-cyclohexenyl group, and



[ 0038] . Exanples of material nononers of the polynethacrylic acid ester
conpound i nclude ethyl snetbacryiatc, n-propyl nethaerylate, n-pentyl

nmet hacryl ate, cycl ohexyl netliacrylate, berzyl methacryl ate, napht hyl

nmet haeryl ate, ahthryl nethacrylate, anth.tylinethyl nethaincylate, phenyl
nmet haeryl ate, 2--phertyletlyi 15methaeryl ate, 2-hydrox-yethyl nethacryl ate,
2- hydr oxypropy-1 net haeryl at e, 2,2,2-trﬂ§|uoroethy| net hacryl at e,
2,2,2-nichlar etylate, methyl aerylate, isobutyl nmethacrylate,
2-ethy|hexy?q§§pﬁ%%§§?%t , isodecyl nethaorylate, n-latayl nethactylate,
u-steasyl met hageMl at BxanipaatoieneyTlé @yhyebgniacigiycoienpigirhaenyt at e,

nmet hoxypoi yet hyl ene gl ycol nethacrylate, tetrahydrefurfuryl Inethacry |ate,
| sober nyl 20nedthypienladreyp, t or-methytppbnyl geuh.car-yethy pheiys soupany i

met hacryl ate, n-butoxyethyt nethaeryl ate, 3-chl oro-24i ydroxypropyl

triet hacryl atcdlorgphaestigyorp2a madaiPphedyl SHRPhaRCHOEPBIYL SOPRBY - 2- acl ar n. ant yl
net haeryl at e,

2- 1-2-ad 1 h |
2- ner ho. §yb8rf§}ff‘8’5§%ﬁ’ﬁ’m’% gﬁﬁ%ﬁé@r‘lg}? g&?@’? gég%ﬁlegqqﬁ(%@eg%rar%t%? odeeyl

h I J h vl ¢ . I = 0 oup, an ¢-na
5 ot naor y1 SPGB O R ELOAEE R BRG] grogm, an a-napi
2,2,3, 3,4, 44:hept @hhstey@Bruy! arf PEBHRGET Mbad, @ m-biphedyd @29, FpxBiFdEsgrolip,t he

acryl am de conpound i ncl ude aeryl am de, N-nethyl acryl am de,

N- ot hyl aer ylhdrindeyl ghouphe dzyithagreyduana Bentheyp geny] sk phdnaithivélerouprad

I NT, N-di rm t hyl aczyl am de, 22 [0040] Exanples of material mononers of the
pol yr net hacRyiherangeylgrenn o d-rberBuEeuRe f frtBeRBRA &FQPatyiadephenanthryl

N- net hyl et hacryl am de, N- et hyl net haeryl am de, N-benzyl net haeryl am de,

N- phenyllfet BEEPy| ar ni de, and N, N-di met hyl met hacr yl anai de, [ 0041]
Exanpl es of mat.gky I-ﬂEQQ : ' | vi nyl

et her, nethyl \LG(?%%T et her @%%F?JZ?F%}S%%M&?E%F 2- %%g%%ﬁe}?éh%ﬁ%l nyl et her,
phenyl vi nyko@phied of @5do Bragbersd ydrogthefing contaififditbgdnxanfak, @8 oofgemat er i al
mononers of the polystyrene conpound include styrene, nethylstyrene,

chl nmost yr enend braapistiyohelee, pyemlt diyudy akyst groeme. thippgagproBr.anpheiszdé¢ mat eri al
nmononers of the pol yntal eimde conpound include 10 nal ei mi de,

N- et hy| mal @rawb i OXREQIhERYP.PEhiBFHE FUP-FRY RO BRI B XS PHEPIE BRI [ 0044]
These p?Iyner .can be produced.by dissol ving an addition polynerizable
nonomner and}“ﬁgwﬁgéﬁﬂﬂﬁ%;LEyr it ansfer agent in an organic sol vent,

t hen adding a r4 j [NaTR r ! FhAath e keeact i on
and adding a pg%zég‘r*iE%ﬁ%%rg?%&%ﬁg%rpr%%nﬁﬂgsﬁggg&iaﬁé'F% pollayﬁngri zation
reaction, Theemwidedvtlbansfer agent is added, fbr exanple. in an inourit of
10% O JOSS with respect to the nononer nmass, the polynerization initiator
i s added, for exanple, ifian ampunt of Ito 10%with respect to the nmonomer
mass, and the polynerizatt@n term nator is added, for exanple, in an anount
of 0,01 to 0,2% by leksElvii{ h Fee¥eltt o the nononer nass. [ 0045]
Exanpl es of the organic ent i ncl ude propyl ene gl ycol nononet hyl

20et her, propyl ene (wnopropyl ether, ethyl lactate, cycl obexanone
net hyl ethyl ket ong andy gjmg rymam de. Exanpl es of the chain
transfer agent includ& dodecanethiol 'and dodoeylthiol. Exanples of the

pol yneri zati on i ni tiator (Lhel ude azobi si sobutyronitrile and

azobi scycl ohexaneg g o

e
Formula (1-3)

@ @ Formula (1-4)

aY
{—@ Formula (1-5)
N



25Exanpl es of the polynerization term nator include 4-nmethoxyphenol. The
reaction tenperature of the polynerization reaction is properly selected
from30 i 00C, and the reaction tinme is properly selected froml to 48
hours. [0046] <Resi st Underl ayer Film Form ng Conposition> The present
invention relates to a resist underlayer filmform ng conposition 23

i ncl udi ng the pol ymer containing the uni®t structure of Fornula (1) or the
pol ymer containing th t structure of Fonuila (2) and/or Fornula (3).
[0047] In the present ention, the resist underlayer filmformng

conposi tion incl e ‘poFgmel (ld a sol vent. The resist underlayer film
form ng conposition SmaySfurther include a cross-Ilinking agent, an acid,
and, as necessary, additkves such as an acid generator and a surfactant.

[ 0048] The conposition ificludes a solid content in aratio of 0,1 to 70% by
mass or 0.1 to 6 WieHe fdspect to the total I11aSS of the

conposi tion. The sol id nt ent neans conponents that are all conponents of
the resist und.erlayer fAin formng 10 conposition except for the sol vent
conponent, The solj N RY (9Nt ai n the polynmer in a ratio of Ito 100%
by mass, Ito 99. 9% %s, or 50 to 99.9% by nass. [ 0049] Exanpl es of
t he cross-1inking agent gjfncl ude nel ami ne agents, substituted urea agents,
and polyners of them Prf%erred cross-linking agents include at |east two
cross-1linkabl e su I s, Foamvdh (e®anpl es of the agent include conpounds
such as 15nethoxynetﬁqu&§9 gl ycoluril, hutoxynethylated glycol udi,

nmet hoxynet hyl at ed nel a hie, but oxynet hyt at ed nel am ne, net hoxynet hyl at ed
benzeguanam ne, but oxy. ngt hyl at ed benzoguanat ni ne, net hoxynet hyl ated urea,
but oxynet hyl at ed trgayrigtho5mtthyPat ed t hi ourea, and met hoxynet hyl at ed

t hi ourea. Condensed Produgs s of them may al so be used. 20[0050] As the
cross-1linking agent, a ss-1inking agent having high heat resistance may
be used. As the cross-Ilifki ng agent having high heat resistance, a conpound
i ncluding a cros§£ﬁ§n SEdasidld (ent havi ng an aromatic ring such as a
benzene ring and a nébhigglene ring in the nolecule may be preferably used.
Exanpl es of the conpoun ncl ude conpounds having a partial structure of

Formula (4) and ofemiadbier:, having a unit structure of Formul a
(5). [00511 .
CoHs -
(X2
@ : > Formula (1-13)
CzHs

[0024] The polymer containing a preferred unit structure as Formula (2) or

Formula (3) can be exemplified below.



24 Formula (5) M9 [00521 In Formula (4), each of RO and R p) is
a hydrogen atom a CH() alkyl group, or a (26_20 aryl group, n6 is an
integer of I to 4, n7 is an integer of 1 to (5 - n6), and (n9 1- n 10) is
an integer of 2 to 5. In Fornmula (5), Rl1 is a hydrogen atom or a
Ct..10 alkyl group, R is a C_to alkyl g]roup, nil is an integer of 1 to 4,
nl2 is 0to (4 till), and (all n.12) i sl7an integer of 1 to 4, In the
pol yner or oligomer having the unit suucture of Formula (5), the nunber of
petitions is preferabliy innge of 2to 100 or 2 to 50, 10' The al kyl
group and the ar y\eye c@.@" remRdL-1ar e exenplified by the al kyl groups
and the aryl groups™Mabove, E%*[OOSM The conpound of Formula (4) and the
o]

pol ymer and ol i goi ner of For a (5) are exenplified below, OH 11 ef-LfOf1

Formul a (44 )
5,59
'(‘Cl‘ e Formula (2-2)
\)
Qg Formula (2-3)

Formula (2-5)

- H



HOL450-1.-- Formula (4-?) Formula (4-3) Cl1-1/4,0HA V "1/4\11'11/40 HOH C
Formula (4-5) HOH O4 --r)--CH201-1 OH zct-c-ir Fornula (4-6) OR
KOH2C-n--04i 20H faa,} Forrmula (4-7) OH 11042..0f-r4S"--(141-,(4i4 "

18

(e .?‘ QQ)\
H
Q @ H Formula (3-1)
’;\’
2 II Formula (3-2)

C %)
'( ® N A O N Formula (3-3)

&
fﬁ@ Oy Formula (3-5)
O

[0025] The polymer of Formula (1) of the present invention can be obtained by

condensation of carbazoles with aldehydes or ketones. In the condensation reaction,
based on 1 equivalent of a phenyl group in the carbazoles, 0.1 to 10 equivalents of the
5 aldehydes or the ketones may be used.

[0026] The polymers of Formula (2) and Formula (3) of the present invention can
be obtained by condensation of carbazoles and triphenylamines with aldehydes or
ketones. In the condensation reaction, the carbazoles and the triphenylamines may be
used in a molar ratio of 1:0.01 to 1:100. Based on 1 equivalent of a pheny! group in

10 both the carbazoles and the triphenylamines, 0.1 to 10 equivalents of the aldehydes or the
ketones may be used.

[0027] Examples of the carbazoles used for the production of the polymer of the
present invention include carbazole, N-methylcarbazole, N-ethylcarbazole,
1,3,6,8-tetranitrocarbazole, 3,6-diaminocarbazole, 3,6-dibromo-9-ethylcarbazole,

15  3,6-dibromo-9-phenylcarbazole, 3,6-dibromocarbazole, 3,6-dichlorocarbazole,

3-amino-9-ethylcarbazole, 3-bromo-9-ethylcarbazole, 4,4'-bis(9H-carbazol-9-yl)biphenyl,



Formul a (44)Formula (4-9) cp4 H01420 in-a- 140H X Fosffm a (4-10)
HOriaOrOfF-L..01-1 Forrmula (4-11) 26 110112C OH i;1Ul1H0442?1, For mul a
(4-12) O HPHON HO <C11\ FotrinEla (4-14) 110 4C, " 11t-1,1111,7?, QL1
1-.1H zAt Fe ITUB |l a (4-16)

19
4-glycidylcarbazole, 4-hydroxycarbazole, 9-(1H-benzotriazol- 1-ylmethyl)-9H-carbazole,

9-acetyl-3,6-diiodocarbazole, 9-benzoylcarbazole,
9-benzoylcarbazole-6-dicarboxaldehyde, 9-benzylcarbazole-3-carboxaldehyde,
9-methylcarbazole, 9-phenylcarbazole, 9-vinylcarbazole, carbazole potassium,

5  carbazole-N-carbonyl chloride, N-ethylcarbazole-3-carboxaldehyde, and
N-((9-ethylcarbazol-3-yl)methylene)-2-methyl-1-indolynyl amine. These carbazoles
may be used singly or in combination of two or more of them.

[0028] Examples of the aldehydes used for the production of the polymer of the
present invention include saturated aliphatic aldehydes such as formaldehyde,

10  paraformaldehyde, acetaldehyde, propylaldehyde , butyraldehyde, isobutyraldehyde,
valeraldehyde, caproaldehyde, 2-methylbutyraldehyde, hexanal, undecanal,
7-methoxy-3,7-dimethyloctyl aldehyde, cyclohexanal, 3-methyl-2-butyraldehyde, glyoxal,
malonaldehyde, succinaldehyde, glutaraldehyde, glutaraldehyde, adipaldehyde, and
thiophenaldehyde; unsaturated aliphatic aldehydes such as acrolein and methacrolein;

15  heterocyclic aldehydes such as furfural and pyridine aldehyde; and aromatic aldehydes
such as benzaldehyde, naphthaldehyde, anthracenecarboxaldehyde, phenylbenzaldehyde,
anisaldehyde, terephthalaldehyde, phenanthraldehyde, salicylaldehyde,
phenylacetaldehyde, 3-phenylpropionaldehyde, tolylaldehyde,
(N,N-dimethylamino)benzaldehyde, and acetoxybenzaldehyde. The aromatic aldehydes

20  may be especially preferably used.

[0029] Examples of the ketones used for the production of the polymer of the
present invention include, but are not necessarily limited to, diaryl ketones such as
diphenyl ketone, phenyl naphthyl ketone, dinaphthyl ketone, phenyl tolyl ketone, ditolyl
ketone, and 9-fluorenone.

25 [0030] Examples of the triphenylamines used for the production of the polymer of
the present invention include triphenylamine and substituted triphenylamines. The
substituent of the triphenylamine is exemplified by the above-described group selected
from a group consisting of a halogen group, a nitro group, an amino group, a hydroxy

group, a Cy.0 alkyl group, a Cy.10 alkenyl group, a Cé.49 aryl group, and a combination of



OH 0-1:4120Er t1-11014 Fonrm a (4-15) 1-1014,:ctl r-tcH ,pri tOH uH2c44
b-om Forrmul a (4-17) Formula (4-19) -oti Formula (4-20) Formul a (4-21)
lisCl011ze K 4-1)--0H 11391)412ti Fonnu la (4-22)

20

them, where the alkyl group, the alkenyl group, or the aryl group may contain an ether
linkage, a ketone linkage, or an ester linkage.

[0031] Examples of acid catalysts used in the condensation reaction include
mineral acids such as sulfuric acid, phosphoric acid, and perchloric acid; organic sulfonic

5  acids such as p-toluenesulfonic acid and p-toluenesulfonic acid monohydrate; and
carboxylic acids such as formic acid and oxalic acid. The amount of the acid catalyst is
properly selected depending on the type of an acid to be used. Commonly, the amount
is 0.001 to 10,000 parts by mass, preferably 0.01 to 1,000 parts by mass, and more
preferably 0.1 to 100 parts by mass, based on 100 parts by mass of the carbazoles or the

10 total of the carbazoles and the triphenylamines.

[0032] The condensation reaction is commonly carried out in a solvent, but may
be carried out without any solvent. Any solvent can be used as long as the condensation
reaction is not inhibited. Examples of the solvent include cyclic ethers such as
tetrahydrofuran and dioxane. When the acid catalyst to be used is a liquid acid such as

15 formic acid, such a catalyst can also serve as the solvent,

[0033] The reaction temperature during the condensation is commonty 40°C to
200°C. The reaction time is variously selected depending on the reaction temperature,
but is commonly about 30 minutes to 50 hours.

[0034] The polymer that is synthesized in the above procedure and is composed

20  of the unit structure of Formula (1) or (2) and/or (3) commonly has a weight average
molecular weight Mw of 600 to 1,000,000 or 600 to 200,000.

[0035] The polymer can be used in combination with other polymers within 30%
by mass based on the total polymers.

[0036] Examples of the other polymers capable of combination include

25  polyacrylic acid ester compounds, polymethacrylic acid ester compounds,
polyacrylamide compounds, polymethacrylamide compounds, polyvinyl compounds,
polystyrene compounds, polymaleimide compounds, polymaleic anhydrides, and
polyacrylonitrile compounds.

[0037] Examples of material monomers of the polyacrylic acid ester compound



Formula (4-24) 911 113COHaC itral"01,1+11 Fornula (4-26) -c - Fornula
(4-23) OH flaC ..EC Atai 2. 00H3 Formula (4-25) 1. Cabeal 00112, HO -(,1,".
\. ,/{4-OH -1110/12e, . r-J'a " ...at:0C1l-{.) A X ("I Forama (4-27) 27
[0054] These conpounds are available as the products of Asahi Organic
Chem cals I ndustry Co.; Ltd. and Honshu Chem cal Industry Co., Ltd, For
exanpl e, the conmpound of Fornula (4-21) 2n the cross-1inki ng agents above

is avail abl ' f I = r ahj i ) cal
| mdust - Go R B e B g

Conposi ti on g latd) EntryeEeykte] AVENIneBHY] adrhlateciehyinatyiloe 2aydunyetbfl t he

cross-linking agent is properly determ ned dependi ng on, fn. exanple, a

sol vent for aapjley Rigdiokeremiposiatd, 34,2-tsifluenaetby!l apiyiite. Sdbydraxab@ylossikie.ch t he
isobutyl acrylate, tert-butyl acrylate, cyclohexyl acrylate, isobornyl acrylate,

5  2-methoxyethyl acrylate, methoxytriethylene glycol acrylate, 2-ethoxyethyl acrylate,
tetrahydrofurfuryl acrylate, 3-methoxybutyl acrylate, 2-methyl-2-adamantyl acrylate,
2-ethyl-2-adamantyl acrylate, 2-propyl-2-adamantyl acrylate,
2-methoxybutyl-2-adamantyl acrylate, 8-methyl-8-tricyclodecyl acrylate,
8-ethyl-8-tricyclodecyl acrylate, and

10 5-acryloyloxy-6-hydroxynorbornen-2-carboxylic-6-lactone.

[0038] Examples of material monomers of the polymethacrylic acid ester
compound include ethyl methacrylate, n-propyl methacrylate, n-pentyl methacrylate,
cyclohexyl methacrylate, benzyl methacrylate, naphthyl methacrylate, anthryl
methacrylate, anthrylmethyl methacrylate, phenyl methacrylate, 2-phenylethyl

15  methacrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate,
2,2 2-trifluoroethyl methacrylate, 2,2,2-trichloroethyl methacrylate, methyl acrylate,
isobutyl methacrylate, 2-ethylhexyl methacrylate, isodecyl methacrylate, n-lauryl
methacrylate, n-stearyl methacrylate, methoxydiethylene glycol methacrylate,
methoxypolyethylene glycol methacrylate, tetrahydrofurfuryl methacrylate, isobornyl

20  methacrylate, tert-butyl methacrylate, isostearyl methacrylate, n-butoxyethyl
methacrylate, 3-chloro-2-hydroxypropyl methacrylate, 2-methyl-2-adamantyl
methacrylate, 2-ethyl-2-adamanty] methacrylate, 2-propyl-2-adamantyl methacrylate,
2-methoxybuty]-2-adamantyl methacrylate, 8-methyl-8-tricyclodecyl methacrylate,
8-ethyl-8-tricyclodecyl methacrylate,

25  5-methacryloyloxy-6-hydroxynorbornen-2-carboxylic-6-lactone, and
2,2,3,3,4,4,4-heptafluorobutyl methacrylate.

[0039] Examples of the acrylamide compound include acrylamide,
N-methylacrylamide, N-ethylacrylamide, N-benzylacrylamide, N-phenylacrylamide, and

N,N-dimethylacrylamide.



conposition is applied, a solution viscosity required for the conposition,
and a filmshape required for a filmthat is formed fromthe conposition.
For exanple, the 10conbination anmount is 0.001 to 80% by nass, preferably
0.01 to 50% by mass, and nore preferably 0.05 to 40% by nass, with respect
to the total solid contents, Such a cross-linking agent nay cause
cross-1inking reaction by self-condensat? on, but when the pol yner of the
present invent i i n = inki i) . s-1inking
Dent can causl T o B R e ) B e

subst i t uent sompband REREd mEecry@midt NuRdefmayedryhinid) NotHyimghaeymasik! i on of
the present invention may include an acid, a thermal acid generator, or a
phot o0- aci d Yererymeahacadamide AV - phyrgimétacrdovigk.andiN,Nglindteyloedsgylamidd. ng
reaction. [0057] The thermal generator is a conpound that generates an acid
by heat. Exanpl®4llof Expraplgeplapaesy monemerdof thn epkyeiny empogehigeladoyisylt hat
generate, by, heat, acidic 20conpounds such.as p-tolu sul foni e acid,
PETTT or brrethel B IGHT e PR drs ool m RS e Sl ey i ¢
acid, sulfo i Cwl i 1L.d.,.acltric acid, benzoic acid, hydroxybenzoic acid,
and napht haﬁ%ﬁbﬁﬁgkﬁg@hﬁgt}%&i d and/or acids such as

2,4, 4, 6-tetrahroamcy ekahpredEhitOne moi6mkE @meﬁ(a@wk@h@coﬁpdmha ehrezyl

tosyl ate, and other organic sulfortic acid alkyl esters. 25[0058] The

t her mal aci dyrgenercttybtyrérs, chloesyiene, aronansywane, aofl H9dOGtyrer@. 20% by nass,
preferably 0.0005 to 10% by mass, and preferably 0.01 to 3% by mass, with
respect to theld®06tlal Esemples efgnsterinl snoppmens of the gpymaleiaide capequot incfdeor ni ng
conposi tion. [0059]. A photm.tei nerat.or .can furthe dded to the
ndor T afer PRFRRSNHRG B e N aReai R R Bl RS eRER or der o
mat ch the aci dj 10 ' : le?beff of a.
resi st underl ag/dg)rm]fi Iﬂnl%?%g%egs Cﬁﬁ}%ﬁé@)ﬁ?%}%?%&ﬂlﬁ 2? &z}gtelzr I rr%r?z)é@%q ng
conposi ti ONmbbnger bid, Q@@’c@@%ﬁ, PERGESMster agenl QR OlgacebEdiStleRxRINY £S5 of the
phot o-aci d generator include cinhun salt photo-acid generators such as

bi s( 44- but ybglimesrizBii@doiiatenio. perfoith polymeoratioh ametsan, frohwsitdmgarpcdlymerization
triphenyisul foniumtrifluoronethanesul fonate; hal ogeti-oontainin,g conpound
phot o- aci d '§@HBHeR i famingtaihare ReiRptiomieattion; cihhosheireranyist agepnt s a9dede; and
sul f oni £ actiod ho§ o-acid etn(ﬁr]ﬁ&orqesu%lﬂ ra%eclg?oné,oi n toslyl at e, and

N- hy dr oxys u@EPRITR % VAT IoY et HAFE S4UIrFBRAIL e MOGRTT #Hid Bhot o- aci d

gener at or i@%&fegﬁdnnnmoﬁmu@éd & e? it 9 POt BB &, ﬁ)?ﬂwﬁﬁ?ésﬁéc?@ y 0.4 to

5% by mass respect to the total solid contents of e res

under | ayer thé mehéérihalg a6@HR@SiytrcaiPatiohQQ82]afbrlid glakd, @8bsaeRerk, inant heol ogy
control agent, an adhesion assistant, a surfactant, and the like in
addi ti on t cmdust E@etits OWonemassvitteregsstap yhe wemnivemfass t her added to the
resi st undedayer filmform ng conposition of the present invention.

15[ 0063] Exanpi’@&°lof Exaeples @f%he HBYBY iYen! Weludeipropy pRfet KGoAMOPOaHaY]l abl e

I'ight orbers described in "Ko -yo .Shil dso no . Gun= tao_ Shij Technol ogy
and Nariot SRR EREo S opor kR g st ey el v
"M ran (Haq@%gl%fgg{m%@%&ﬁgg ed by The Society of Synthetic Organic
Chenmistry, japan). For exanple, C. 1. Disperse Yellow1, 3, 4, 5, 7, 8, 13,

23, 31, 49, OS(Examblesofithe@Bain Grdnsf@Ggerf Snclud dodandBiBol £ dodecylthiol.
Examples of the polymerization initiator include azobisisobutyronitrile and
azobiscyclohexanecarbonitrile.
25 Examples of the polymerization terminator include 4-methoxyphenol.
The reaction temperature of the polymerization reaction is properly selected from 30
to 100°C, and the reaction time is properly selected from 1 to 48 hours.
[0046] <Resist Underlayer Film Forming Composition>

The present invention relates to a resist underlayer film forming composition



2093, 102, 114, and 124; C 1. D sperse Oange 1, 5, 13, 25, 29, 30, 31,
44, 57, 72, and 73; C, L Disperse Red 1, 5, 7, 13, 17, 19, 43, 50, 54, 58,
65, 72, 73, 88, 117, 137, 143, 199, and 210; C 1. D sperse Violet 43; C 1.
Di sperse Blue 96; C. 1. Fluorescent Brightening Agent 112, 135, and 163; C.
1. Solvent Orange 2 and 45; C. L Solvent _Red 1, 3, 8, 23, 24, 25, 27, and
49; C. 1. Pignment Geen 10; and C. 1. Pi gr’?ént Brown 2 may be suitably used.
25[ 0064] The S SOMERA Mrudiest FoRnda [ Blor Ge@blybR96 by mass or
| ess and pr g}cﬁedrdggttg@g%%%geﬁf%??ug@ | ess with respect (?o thcepﬁ)tyg?al solid

contents of cbhig@nm@sheSinitshdantcay Eormiuld (@) bod/od Fagmelefposi ti on. [ 0065] The
t heol ogy control agent is added mainly in order to_inprove flowability of
t he resist unddd04yerInfthd prefeot mwmlowgm@iswnémayah@l FaEB &PMposttina baki ng

29 process, in order to inmprove filmthickne uni.formty of the resist
dor | aye " iMhdah 6 ppbIeh B et oM BT RERDL: GR s peti e

Exanpl 63 S0f MHAUREe0gs CORE PokSBiehF o A BreBalll BAREu BE e

5such as dint. B’;%(:Eﬁ%l AfSotarfi €t hyl phthal ate, dilsobtityl phthalate,
di hexyl pht %glﬁ tg%é,ratan bust yf%?sodecyl pht hal ate; adi pic acid derivatives

such as Wn but yhosgli pafesonthokision lickbesdkiofidtenterdiin s otieby 0.1 t@di%pay eyasand
octyl decyl adipate; tnaleic acid derivatives such as di-n-butyl rriateae,
di et hyl nal eadd to 40fd belinmenyith mabeatocthe ttadimaseefitee eharosiien.y eesplih as net hyl
ol eate, butyl oleate, and totraltydrofinf ur%/i tgl eals; argd séfaagiﬁl. aci d

deri vat i ves coUMEENAEES ¢REensAts daiait a eompriey §EBF fsistingetiavst Bim gruipe,

Theol ogy .control .agent i 0 nly. m [ rafi : 30% by
mass wi tih r églﬁg%sﬂtl‘g‘oexf’%’é%Ergl?eg%g?vs%ﬁo p)égn t'eng Sgga % ﬁjé&frt re]rlé1 ' E(t%lt%lﬁi erl ayer

filmform %P@g{gpgﬁ]&iwﬂ [ORB7 byThigss atesionbRSaiss Mo b8 oadsadassmi nl y in

order to i esl veness bet'ween a substrate or a resist and the
resi st under! aygo4d]i | Bxdn@iles oTghecRogdmking apent anbhdd fetypend aehty, substauted

devel opi ng process, in order not to release the resist, Specific exanples
of the adhesiwnrgassiasd priymensef tde. c Rraferess drespdigkiag agengssinclude at least two

trimet hyl cbl orosil ane, dlinethy]viny|chlorosliong, :
net hyl d%/pheﬁmsﬁ'ﬁplﬁb&s‘iupﬁﬁ‘éﬁmsaﬂ‘é f&?‘ﬁl’%lreéf" @‘Fﬁ%ﬁl’ﬁ 1%@9%9?“&%“8?‘%%?%% ie;

a4 Bl RN P ARLPHRT B S ol | ane
melamine, butoxymethylated melamine, methoxymethylated benzoguanamine,
butoxymethylated benzoguanamine, methoxymethylated urea, butoxymethylated urea,
methoxymethylated thiourea, and methoxymethylated thiourea. Condensed products of
them may also be used.

20 [0050]  As the cross-linking agent, a cross-linking agent having high heat

resistance may be used.  As the cross-linking agent having high heat resistance, a
compound including a cross-linkable substituent having an aromatic ring such as a
benzene ring and a naphthalene ring in the molecule may be preferably used. Examples
of the compound include compounds having a partial structure of Formula (4) and

25  polymers or oligomers having a unit structure of Formula (5).

[0051]



20di phenyl di mer hoxysitarte, and phenyltriethoxysilarts; silazanes such as
hexanmet hyl di sil azarte, N, N1- bi sttrini et hydsilyQurea,

di mret hyl tchnethyisitylatnine, and triniethylsilylimdazole; silanics such
as vinyittichlorosilarie, y-chlonpropyltrinciethoxysilane,

y-am nopropyl tri et hoxysi |ane, and 7-gképidoxypropyltrinethoxysilane;

het erocycl i ¢ conpounds such as benzotriszol e, 25benzi m dazol e, indazc, e,
imclaw c, 2-neroaptz§ﬁgj%gnidaZOIe, 2- mer capt obenzot hi azol e,

2- mer c/ apt oben_Z0X% e, urazoie, thiouracil, inercaproirnitiazole, and
mer capt opyri m d e&ngpas sych aJFotmla@) rri et hyl utea and
1,3-ditriethylin-ea; an® X7 Gir ea conpounds, [0068] Such an adhesi on
assistant is commonly mxed in a ratio of less than 5% 30 by nmass and
preferably | ess than 2%gQy,nmass wth respect to the total solid contents of
the resist underfayer filmform conposi tion. [0069] A surfactant can
be m xed to the{esi // ilmfarmng conposition of the present

i nvention in ordgr &\ 8Fﬂhéﬁes and stration and in 5order to
further inptove coatihg properties against surface irregularity of a
substrate. Exanpl es,of .4 he surfactant include. nonionic surfactants

i ncl udi ng pol yoxyet hyl ene al kyl ethers such as pol yoxyet hyl ene | auryl

et her, pol yoxyethyl ene stearyl ether, poiyoxyethylene eetyl ether, and

pol yoxyet hyl erfpes| eindfambir(4), pahydRy etd i érehyalkdgeh afohy 4 Cetdrdkyd gouph as

pol yox. yet hyl ene octyl phenol ether and pol yoxyet hyl ene nonyl phenal 10et her;
pol yoxyet hylt &ffe2qYhexipprd 5y apeges Pbt fo ‘8 B Aripieest o8 bihiSt-419)-Rad 17 *aci d
esters such as. sotbhitan | aurate,:sorbitan non.opal mtate, sorbitan
nnnosteanté?ggﬁﬁﬁf %ﬁrﬁ%ﬁﬁgfeate, sot:hi:tan trioleate, and sorbitan

triat earat e; yet k Ll i t; as
poiyoxygthyleﬂg%g§@%¥?ﬁﬁﬁﬂgﬁgﬁgg¥%?g#h%%%;%§§g¥ﬂ (g%éﬁgéfi?Fgﬁﬁgl

nonopal m t gk&up, PO iy X edgBYd NS 45811k Dad(4MD0% bednal e nlPpik ue kiekhyl lene
sorbitan 5triol eate, an pol yoxyet hyl ene sorbitan tristearate;
fittorochemwédal surfactants including EMI EF301, EF303, EF352 (nmanufactured
by Tochem Products Co., Ltd., trade nanes), MEGAFAC E| 71, F-173, R-30

( manuf act ur ed 1Byhemolyings s aligaaer Apanaihe HuE sFecture i .qrfnﬂaéa)eth‘?awgé?{ ofF| yor ai |

FC- 430, FC-431.(manufactured by Suumit d., trade nanes), Asahignard
AO- 710, SuF?P&%}H‘S%}%%”z’%mts% T(?lr?ngd%?d%?g%&?il%\%)' SC- 104, SC 105, 20SC 106
(manuf agt ur ed ﬁ%aﬁﬁ,@ loufh@Be GR1 grobb 8¢ R, fo'r8PSe RRBSTed B) theIGARREH] OXane
polyne?%KF-341 ma u?ggﬁhrégeg§'gﬁr%-Et%u]%ﬁeﬁical Cg, Etg-fgﬁﬁ i)[0070]
Such a sur tRgtRnAtyligoupomsl y m xed in an anount of 2.0% by nmass or |oss
and preferably 1.0% by mass or less with respect to the total solid
contents of tHe053@si The eomgmphdiyErormirlarttXand thenplierpos pligosrer of Faralapr esent

i nvention. These surfactants nay be added singly or in conbination of two
or nore Of (ﬁ){f)é@ﬁxempllﬁed beIOW.




[0071] In the present invention, the polyner, the cross-I|inking agent
conponent, and the additives such as a cross-linking catalyst may be

di ssolved in a solvent to be added, Exanples of the solvent dissolving the
addi tives include ethylene glycol nnnonethyl et her, ethylene glycol

i nonoet hyl ether, ethylene glycol nvnobg% ot her, 31 ethylene glycol
nonol sopropyl ether, ethylene glycol et her acetate, ethylene glycol
et hyl ether acetate, nethyl cellosolve acetate ethyI cel |l osol ye acet at e,

di et hyl ene di et ¥l ene gl yc&' rnononet B di et hyl ene gl ycol
nonoet hyl et her, H&Hséi%l ene" g ¥aol) di méH dt @ C%&? et hyl ene gl ycol .
di ethyl ether, diethy ene, gl ycol

. oetl ayl] et Her acetate, propyl ene
gl ycol , propylene gl ycof onor net gﬁpether propyl ene gl ycol nonobutyl
et her, propyl ene @Wv@eﬂlhnnorn@¥ﬁ94“éther de&4(E) propyl ene gl ycol

nt on. oet hyl ether, propylene glycol nonoethyl ether acetate, propyl ene

gl ycol nonobut vyl %B@% 2o;propjdn Eyool propyl ether acetate,
di propyl ene gl ycol ééﬁgﬁgjih et her, *bpylene gl ycol nonoet hyl ether,
triethylene glycol t hyl' et her, 10to| xyl ene, styrene, nethyl ethyl

ket one, cyclopentanoqgmmgxptohexanone 2. hydr oxypr opi onat e, et hyl
2-1tyclroxy-2-nmethyl prOpi onate, ethyl &%mggggeetate et hyl hydroxyacetate,
i nc.-thy/ 2-laydroxy-3-nethyl but anoatc, hyl 3-met hoxypropl ortate, ethyl
3-rnet hoxypropi onat e, etdyl 3-ethoxypropjgnate, nethyl 3-ethoxypropionare,
met hyl pynwate, et h@HCogr] P8, et hylhy, e butyl acetate, ethyl

| actate, butyl |actate, 51-oetanol, et ene glycol, hexylene glycol,
irinmethylene glycoi, 1- Qﬂ boxy- 2- but anol , cyclohexanol, di aect one al cohol,
ft/rutty] al cohol, tetr;'yclrotertury%mah@ehol, propyl ene gl ycol, benzyl

al cohol , 1,3-butartedbmhh(&@4 but anedi al ,,, 2, 3- but anecliol, y-butyl Iactene,

acetone, nmethyl iso F .one, ‘%d# ekgne met hyl isobutyl ketone,
met hyl n-butyl ketB fc |sopropy tone n- propyl acetate, isobutyl
acet ate, methanol, eth , 20i sopropanols tert-butanol, ally' alcohol,

n- pr opanoi , 2-nethy| 2- butanol i sohot anol , o- but anol , 2-nethy|-|-butano|,

1- pent anol , 2-nethy|ﬂmm&eﬁﬁhne', 2- etﬁ??ﬁé&%lnel 1- octanol, et hyl ene
gl ycol, hexyl ene egcoI,Ptrinetherne egcoI 1- nethoxy-2-hu|atioi,

di acet one al cohol, tern cohol furfinyl alcohol, propylene
S5Bropylne€j}ﬁ é%anc,

gl ycol , henzyl al cB

N, N- di et hyl f or mani de, -N-14- dlnfﬂmwdacetantde CQ:SPNI-rnethyIpyrrolldone
1, 3-di met hyl- 2-i m da2olA di none, di nmethyl sul foxide, and

N- eyelohexyl-2-pyrrol i'dirione. These Of @%ﬁ Bolvents may be used singly or
i n conbi nati on of twemas@moye of them %@ ] ’Anmong t hese sol vent s,

propyl ene glycol nononethyl ether, propylene glycol nonornethyl ether

acetate, ethyl lactate, butyl lactate, cycl ohexanone, and the |ike

10



32 are preferably used in order to inprove |leveling properties. [0073]
<Resi st Underl ayer Vi ln> Fromthe resist underlayer filmformng
conposition of the present invention, a resist underlayer filmused for a
i thography process in the production of sem conductor 5devices can be
Formed. [0074] The resist underlayer filmof the present invention can be
formed by applying the resist underlayé® filmform ng conposition of the
present invention on a substrate (for exanple, a transparent substrate such
as a silicon/silic nf’ioxide coat %% gl ass substrate, and an | TO substrate)
used for the prgaﬁgfidﬁnEgﬂpﬁﬁ%fé C"gﬂﬂfegrated 10circuit devices by an
appropriate coating ans such as p spinner and a coater and by baking the
conposition to be cured. [0075] The filmthickness of the resist underlayer
filmfornmed on a Bubskfat2e can Bempr¢pey|y adjusted, but is preferably, for
exanple, 0.01 to 3.0 pm The bgking condi tiofffafter applying the resist
underl ayer film iH§H2@ P e ISR RVEN [ I@Hm n%lzca@' Has the performance as the
resi st underiayer fil\y Z ‘D pai red, and Egoyfor exanple, at 80 to 350C
for 0.5 to 120 m nutes. 10076] The resist underlayer filmof the present

i nvention has a sim Famugét-E0tion ratio BF™dey*EYching rate to that of a

resist or a smaller sel¥¢ction ratio of d tcglhoiHng rate than that of a
resist or a subst & UnPRE"a conVERLS £51'st underlayer filmhaving a
20hi gh etching rate. [O087&k Furtherrmff'oe, I NoH, resi st underl ayer film of
the present invention, a polyner includgs @ |ight absorption noiety such as
a earbazol e skel et onformulséhi@ne ring, an “a nuneric ri ng havi ng
sufficiently large | i@ht absor babi | i tgﬂmﬂéﬁ‘cg) in the |ithography process,
the resist underl ay®??fid mhd%€haract eri sgjjcs as art anti-reflective
25coating to absorb 8T éc He of | i idfhec h.eetron beans froma
substrate. Further nli')?Hé? t he 55109mer iﬂ&lbﬁg;gﬁ i ght absorption noiety,
and thus the resist phgenlaygr film has ‘ang@advant age that no |ight absorber
is dispersed into aresist filmand the |ike %uri ng, for exanple, drying a
resist by heat unlike a conventional €& Gidberi ayer filmform ng

conposi tion nixed Wfp a Ii 2Absanber . CH,0H
HO—, )-CHp—( )-OH s -
HOH,C CHOH o c GH.OH
Formula (4-20) Formula (4-21)
OH
HaCOMC CHaOCHs HaGOH,C CH,OCH
HO OH e ek
H3COH,C CH0CH; 1

Formula (4-22) Formula (4-23)

OH
HOH,G
* CHZOH HaCOH,C HyOCHs
HO OH
HOH,C Py CHaOH

HOH,C™ Y CH,OH
OH

Formula (4-25)

Formula (4-24)

HOH,GC, CHy0H
HO-{ )—+4_)—OH
HOH,C g H20H
HOH,C HoOH
OH

Formula (4-26) Formula (4-27)



33 [0078] The resist under]ayer filmof the present invention has higher
thermal stability than that of a conventional resist underlayer film
because the pol yner includes a earbazoi e skeleton, a benzene ring, a
tluorene ring, and the like. This can suppress the generation of
degradati on products during baking, and an upper layer filmis unlikely to
S5be contami nated by the degradati on prodicts. Thus, the baking process can

have a | ar ger |GIET atul T ghdl a EWLIRGL Reprolite, sroSkistowAder | ayer film

has a sufficie nction as a hard nmask because it has hi gh heat

resi st ance. ch@Qit9k ey €si Bld. adesiapeChémikaniafustrn€o pLeis efbr dxamelet then can
al so be used as a suppression filmhaving a function to suppress the

i nt er act i onchepounénf Borsubs@r2d) & thndoss-litingsigsnts ayove o avaiphtesss: tdver se
effects on a substrate by a resist formng conposition or a substance
gener at ed dowuhnef BYgHBux éom(fxsahlr@gﬂfﬁ‘t' CherpgglpfndesibtHod-lor Foi ntino. Resi st

Pattern>_In the |ithography prqcess,.the use of the resist filmof the
present fnventi Q)q:?-si aﬁglt%é)faéft&“ﬁ?{gayffbﬁlf"atgf@élﬁ Melie Oefﬂlfolnr?galre EEEH VST % .

15The net hod far . form ' P ?]5- ofis bl £58RIneh A¥RALHOBLW | | be
descri bed be eé:\gvmlé}ng{sl ,é}gou?lééﬁg%géolsnc eﬁ%;?erw%i P%Birs pr en|§ar e%ﬂdwgan’
substrate a%r@ﬁﬁ%ﬁl&,@@l@ﬂ%?ap 4 the BothfSsitioh, imMmdtdncalpasd s @hich eappl i ed
on the resist underlayer filmdirectly or, as necessary, on a filmthat is
obt ai ned by cappisitionds améied, @ ssketien aiscdsay snsiraffochatomgpstmnesidal f§mon t he

resi st underlayer filmfollowed by. curing, and_then_the con’ptgsi tionis
cured. The sioperadsted fosp Simithat jsTpaRpddiwdthFicORPISitHt  EpT BPEREr B8R peans

h h det er mi ned it fol | h
i neeq, 1Bnacerpagionagegny 0o bisoie bERbt BRETETURE e BOEEH Ry "o
exposure baﬁﬁ&gﬁggpgﬁ%’%@%bgﬁ{éso%% £4:88 thE RRaISYRPSHEGst O shdrght or

el ectron be e pattern resist 1s used as a mask for dry;

etching to pREPNibdMbchBEkBiau\dedslakely réiction bpsui-wadssslweNbdtyhan desi r ed
pattern is transferred onto 25the substrate. [008 |] The resist used in the

present i nveolymenofithe prejenvinvesivhstchoies answeliddterbstiveatn thesioss-linking t he
ﬁ;;s ggt | nvige:[nlt (c)arlll caflsréethep gg;s%n?c?rigsrteac%grﬁ) Iwlit%(1::Ihf:()cr1]'osts-l’lli?lkirng %hl?s%itulégtg.er layer film
15 [0056] The resist underlayer film forming composition of the present invention
may include an acid, a thermal acid generator, or a photo-acid generator as a catalyst for
accelerating the cross-linking reaction.
[0057] The thermal generator is a compound that generates an acid by heat.
Examples of the generator include thermal acid generators that generate, by heat, acidic
20 compounds such as p-toluenesulfonic acid, trifluoromethanesulfonic acid, pyridinium
p-toluenesulfonate, salicylic acid, sulfosalicylic acid, citric acid, benzoic acid,
hydroxybenzoic acid, and naphthalene carboxylic acid and/or acids such as
2,4.4,6-tetrabromocyclohexadienone, benzoin tosylate, 2-nitrobenzy! tosylate, and other
organic sulfonic acid alkyl esters.
25 [0058] The thermal acid generator is mixed in an amount of 0.0001 to 20% by
mass, preferably 0.0005 to 10% by mass, and preferably 0.01 to 3% by mass, with respect
to the total solid contents of the resist underlayer film forming composition.

[0059] A photo-acid generator can be further added to the underlayer film

forming composition of the present invention in order to match the acidity to that of a



a negative resist or a positive resist. Exanples of the resist include a
positive 34 photoresist conposed of a novol ak resin and 1, 2- napht hoqui none
di azide sulfonic acid ester, a chemcally anplified photeresist conposed of
a photo-acid generator and a binder haying a group that is degraded by acid
to increase an alkali dissolution rate, a chemcally anplified photoresist
composed of an al kali solubl e binder, a2§ ow nol ecul ar conpound 5that is
degr aded by, i i 1.0 i phot or esi st
and a phot or-eggt:cga%%#et? g?@%?ﬁggl{:kﬁg?nééésgw%gﬁegﬂﬁﬁ%gQgﬁlgﬂtiegr%fsr? és?ll? conposed of
a hi nder bayidegayr S0OfPmikiabmpssitiednaditgRiphppiotest.0 i ncrease an al kal i

di ssolution rate, a | ow nol ecul ar conpound that is degraded by acid to

i ncrease the alkalli dredsoldutxioples afftbe pfot@aph gtreragsiistiydeandinasaphot o- aci d
generator, and a phoioresist including a skeleton having an Si atom 10
Exanpl es of PRt @g1afoys wiep s Pis@d-tusdphsaylyiedapaye Hiltyorome st fgeater at or and
a pol yvinyl enol resin ected b - BOC i,ncl ude a.trade nape of APEX-E.
manuf actgl]r ead‘[aEV%BHF@%’Hﬂmﬁégﬁ‘o@gﬁgﬁﬂ%}y}fona%fﬂﬁw CORRENA WEP8HS he el ect ron
beam resi st ; j ' {.0: L] -f nvention
i ncl ude a c%l%’p%gésc;lcf ggﬁgotcr)gr:%gé ggb%kylgﬂ gggcilngﬁ(t %1{1);1 %lagﬁ%} %gﬁﬂ@?n-?gimdsbond in a
mai n chai n @ath-iditidieR s rahcRbOPREHIA tdskRE Al NLRRIr&RGuRRsRE an acid
generator that generates an acid by irradiation with el ectron beans, and a
conposi t i onrifompostdncsdlfpatey ( p- | wdr oxyst yrene) that has a hydroxy group

substituted wth an organic group containing N carboxyam ne and of an acid
gener at or t hat [9§eHer beBhaieragid igenepjorip minsid At progmaynt f &2 ectP®ohy bessms. I n the

I b [ Lti dj. ni 1, el 20h
| 7t hogr Bphy BPBEES) V4TS 42 o PRAD e GBHAP F 0Pl Fare ety GRor at or by

the irradiatjy y@%ﬁm‘ ﬁkr?ﬁ%%&'ﬁ eapp is reacted with the N carboxyam noxy
group on a side’chain o he Bo ynmer, then the polyner side chain is

degraded to Rumoez]hydnpxyat@s0upa kb esaRuuent by adtisionalswiRt ai s | ed to be
al kali sol uble. Thus, an area exposeé M el ectron beans is dissolved in an
al kal i devehdpaanttapd therlikean adhitictto patazentnaboR8] 0 083 sabsx eamectortiodr atided aci d
generator that generates an acid by the irradiation with el ectron beans

i ncl ude hal'®§edstis gndrlgasifdmdompypg prpositien obde present Biveptiane hl o

rophenyl]-2,2,2.-trighl oroe{téh e ' . } .
170 b1 0. ot HYT B RSTHEIS o B R4 €hprtst Bghagpgmmorcialy avaiabl gt

1, 1-bi s[ p- : - =i -0CI 1
2- chl or o- 6%? %ﬁ%ﬁ?‘%ﬁ)ﬁ%}%% %r}{% |hﬂ{é§bcﬂ03@ﬁgﬁll tﬁ%ﬂ %F °§h“s°&°c%¥ agg l\/éar ert f’{)henyl
sul f oni um gaddstraNDyé) diaME PYblishRP@, UM & Senb Birghhl fiRAHGAGHM esters such

as nitrobenzyl tosylate and diniirobenzyl tosylate.
Dyes)"(edited by The Society of Synthetic Organic Chemistry, Japan)., For example, C.

I. Disperse Yellow 1, 3,4, 5, 7, 8, 13, 23, 31, 49, 50, 51, 54, 60, 64, 66, 68, 79, 82, 88, 90,

20 93,102, 114, and 124, C. L. Disperse Orange 1, 5, 13, 25, 29, 30, 31, 44, 57, 72, and 73; C.
L. Disperse Red 1, 5, 7, 13, 17, 19, 43, 50, 54, 58, 65, 72, 73, 88, 117, 137, 143, 199, and
210; C. L. Disperse Violet 43; C. I. Disperse Blue 96; C. 1. Fluorescent Brightening Agent
112, 135, and 163; C. I. Solvent Orange 2 and 45; C. L. Solvent Red 1, 3, 8, 23, 24, 25, 27,
and 49; C. I. Pigment Green 10; and C. I. Pigment Brown 2 may be suitably used.

25 [0064] The light absorber is commonly mixed in a ratio of 10% by mass or less
and preferably 5% by mass or less with respect to the total solid contents of the resist
underlayer film forming composition.

[0065] The rheology control agent is added mainly in order to improve

flowability of the resist underlayer film forming composition, and especially in a baking



[ 0084] Usabl e exanpl es of the developer for a resist that is forned on the
resi st underlayer filmof the present invention include agueous sol utions
of alkalis including 5inorganic alkalis such as sodi um hydroxi de, potassi um
hydr oxi de, sodi um carbonate, sodiumsilicate, sodiumnetasilreate, and
aqueous ammoni a; primary am nes such a; et hyl am ne and ti-propyl am ne;
secondary am nes such as di et hyl am ne Ad di -n-hutylam ne; tertiary am nes
such as U Loyl iatidet © dfthEaihidketiuamhieof Gt peloindertdyrefimsedh as
dirnetherP anol am ne and thet hanol ami ne; quaternary anmmoni um salts 10such
as t er sametRydaaWieRing Frditeianed afehe tottnaddrhy traiimoniningroyppstien 48 and
choline; and cyclic am nes such as pyrrele and piperidine. An al cohol such
as 1 sopropnblesbiodwbbtraty. a surt hetant such as a nonionic surfactant can be

added to such an aqueous alkali sqlution . .in a.suit : : use.
Anong t hese d40@6&)peE’S%mHI??é’fgtfa‘f‘%‘ﬁ??é'eré%?ﬂ?ﬁl}%&lusdgl?’? lshg%érage@&lpéggfvét?‘{egd, and

The oxpds PN Batoby PG fisPar nERdy 00k pRIRLE, BhGyapiE e md 10005

SIst 1s actinic rays such as

near - ul trayi T AL WMl d AV @9kt ve@Msh a8 0ch-Butyt el diisodviybl et rays
([or exam?ﬁg&ﬁkﬁcwﬁﬁvﬁ’&gzh of 1115 anm), Usabl e exanpl es include rays

havi ng a V\@M%lﬂ%rkﬂfsbo&ﬁ adthSte] 4rfdl dol§i Bedybsibipath eaigic acdd@eriveves Avgh BSaser bean),
and 157 nm (F2 | aser beam. Photoirradiation may 20 gg[)l.o%. any Het hod

Wi t hout | i nii-hatiiydmakeste] dinyylamalgste.qoil dineay] nipdealfe AEICACKLF Y SRR YA o- aci d
generator, and for exanple, the expasur unt, i iLicn2, 10 to
1500 i it crgethydelesis, pwyliRses F‘%\‘f@?@%ﬁm&uﬁu@n@%%g? ¢ ?t%ar%c%gi%e g\éﬁvgén beam
resi st process, the electrao i i aty aaslaced iout , for
exanpl €Y ussflabas ’bélétef?a%)ena'@e@&%&%%%ﬁgt i %‘%éﬂ(rjhergi&g%éﬁ&[ 00 7] “The resi st

under | ayer Joln'n{Hngf b DDl B8E0E b MEM (99 By dasswitotesgatisehd tabsolidxi ng with a
resist formng conposition and thus has advantages as a planarizing film

and a bot t qEh@fk of the @dsise atdevieye didhiforgninglénposiionesi st formed on the resi st
underiayer filmof the present invention ca [

. | ! f.or atf.ine resist pattern
that does not [G8¢He phe adhepionatsistgptis 2ddrd BHRIY I RIS oi%pﬁoﬁf)g‘@ﬂe Urther nor e,
inthe resist pattern form ng nmethod of t B;].m'ltl Ve htb tLhe resist
unci er | ayerbefVeeA2SEbSRE Oﬁf‘é"ssgstll?n eéeﬁ{SF ltll)nrﬁigﬁ%?;s%F gﬁlgl m r%r&g%l ée?{g%r}’ on ratio of
dry etching rate to S b rderdddtd Bl SsedRrebic hiSp@ifaf exbinples esi st
under | a{yer FP§© Xﬁ%aggn%}()gg{gaa%%etg’éﬁ That achi eves smal | ef pattern wi dths of

a resist paiter pnaich Asis@sd iféludd dalesdiayersuéh dsmritktiglchloatsiling, r esi st
devel opnent. Hence, a fine resist pattern can he obtained, (OM <Method for

Produci ng Sgmi@@Ritiyidhinroddend, cesthyldiphengizhblorosieptdduct i on net hod of a
sem conduct or device using the resist dedayer :.Ri orn osition
above will @@rgmgtbylﬂmt_lylgﬂorosilane; alkoxysl,{f]anes such as trlmemyfmeﬂloxyglaﬁanp

dimethyldiethoxysilane, methyldimethoxysilane, dimethylvinylethoxysilane,

20  diphenyldimethoxysilane, and phenyltriethoxysilane; silazanes such as
hexamethyldisilazane, N,N'-bis(trimethylsilyDurea, dimethyltrimethylsilylamine, and
trimethylsilylimidazole; silanes such as vinyltrichlorosilane,
y-chloropropyltrimethoxysilane, y-aminopropyltriethoxysilane, and
y-glycidoxypropyltrimethoxysilane; heterocyclic compounds such as benzotriazole,

25  benzimidazole, indazole, imidazole, 2-mercaptobenzimidazole, 2-mercaptobenzothiazole,
2-mercaptobenzoxazole, urazole, thiouracil, mercaptoimidazole, and
mercaptopyrimidine; ureas such as 1,1-dimethylurea and 1,3-dimethylurea; and thiourea

compounds.

[0068] Such an adhesion assistant is commonly mixed in a ratio of less than 5%



10commonl y; a sem conduct or device can be produced by term ng a resi st
underl ayer filmfroma resist underlay& Elin form ng conposition on a

sem conductor substrate, formng a resist filmon the resist underlayer
film formng a resist pattern on the resist filmby application of |ight
or electron beans using a mask wth a ﬁfttern fol |l owed by devel opnent,
etching the resist underlayer filmacctrding to the resist pattern, and c
fabricating hhg aﬁ@ﬂ?efe%gmess%arsymg habSwidsich@ct thehdatat enidednteesbst

under |l ayer film [0090] in recent years, in the production nethod of a
seni conductheresiieidedayet filnofdd@ingtcompogiress t he col | apse of a resist pattern
after devel opnent due to a finer resist pattein, a resist _has had a smaller
thi ckness. A [(06%logrepHyctartoerbemixsi fgthe irskt wpdeHaysr Al fapingnp| oys a net hod
in which a resist pattern is iransferred onto a]% a df”r%’ﬁrrti]:)”an .inn 20an

et chi ng pr oveResitignal the Biseat prypriigndn pidey fot Iy BERergi PRY O R 8" UREEPT AV i I m or a

nmet hod jn ich.a.resist pattern Is.Ltr : = er film by
an et ch% ng}),{gf'rot?, R EHWé%VeFﬁ?%tllb%é}?%?thetstagﬁgé ?L[erga(régl h{a{)l%{bﬁg @S%%?YI ayer film
is further transhard Gl @cidntfidiide@bnidfid ShfRats thdlhdmbpolgsxyethglanang process
that uses a gas having different conpositions, and the processes are

repeat ed t gkgommelaieh ihelfoapethyiatd lanylafthea olybsyatiatec see{y0e9d] I n the
production nethod of a sem conductor device of the Pr eseni in epasi on, a

fi | m havi ngolyeayebuisnd eshd ethon sndrpglybaetherselen éthie @aYPREIEe kYAl im and t he

resi st underlayer film Thus, even wh a thin resj i i ormed in
order to oBhHs Uk % Pﬂémfy&?v%m oct ?B%F&Eeélag%f"iqxﬁxyg*@%# glfwhﬁré&gas achi eves
easy faprication. o ) ' £ bS8ty ackd est [ 0092]
Exanpl o?tg?rh%&?'?){y ?ﬁ%?%#{%éé}p%%f%feggg%{j&%ﬁgﬁ élsg;éerr1 fil n}{? nc?sueése a coating
that is obtahnethB¥andiHouREe, dor6Rat hodpaEditle] @rbieaihdiontagemortitagani ¢

pol ymer or an inorganic polynmer and a solvent followed by curing, and a
hard mask thadolésse, slrbzimediehry, ddpoditti integhiaznatdriolygayitey!engsetbdae it uch as

silicon oxynitride.. The resist underlayer filmof th reseBI i nvention
has heat r esi sterneush aapelyetygtylene Farbiagarine a8l PN B BN B & Bbsi t ed on

the resist underlay& fjlm 0093] The, gas u f hi ng process
may be a g5§nﬂ§%ﬁn %pay8§ﬁ@@ﬁ??%ﬂ§ﬁ”b?@%§§%a%h ?%qﬁﬁg%é€§§ﬁgﬁlected
depending Aihidhed BorfcRy OB ERAShaR ikl BLbRLRmibE ShERuAKAMMAS Of the
gas include a hydrogeneontal ni ng gas, an oxygen-contai ning gas, 10and a

hal ogen- coppabpiERg) 19&§303, EF35 DR fablarsdiby Totieen Bertuaotduttdgtradevi ce of the
present invention can be produced through formng a resist underl|ayer film
from the reahs), MRAAFAGYRL 7Y, FI T3 f R3Ai(mandantyed by genmpn {eand Srhemigats,

i nvention on a sem conductor_substrate

, f i st fi h i st
under | ayer Irfci, [tasle wagrem) Airosdils it Fatdd é’f“ﬁ%#“?‘%%g}‘ ég’?‘lggm‘? %Wﬂ;gﬁ%pfi I::ts : gn

of 15light or el ect.ron Si N i t edhsb
Gevel oprenbeshATEHACE Lo ST St aer R SR G BN  ng gas
or a hygr Ogeﬂﬁ)g?ﬁmf%ﬁgd g@ﬁsﬁ?@@{sgtﬂgﬁdg trhMEndn@S); hd P@hi®ilékanand

fabricatin sem conduct or substrate by a hal ogen-contai ni ng gas using

the patter pegmeegP3t1 tiaRricayes by S19E}suThemkahCoohdyct or device of the
present invention can al so be produced
[0070] Such a surfactant is commonly mixed in an amount of 2.0% by mass or

less and preferably 1.0% by mass or less with respect to the total solid contents of the
resist underlayer film forming composition of the present invention. These surfactants
25  may be added singly or in combination of two or more of them.
[0071] In the present invention, the polymer, the cross-linking agent component,
and the additives such as a cross-linking catalyst may be dissolved in a solvent to be
added. Examples of the solvent dissolving the additives include ethylene glycol

monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol monobutyl ether,



20t hrough formng a resist underlaymfilmfromthe resist underlayer film
form ng conposition of the present invention on a sem conductor substrate,
formng a hard mask on the resist underlayer filmfroma coating nateri al
containing a. silicon conponent and the like or form ng a hard mask (for
exanple, a silicon oxynitride mask) by deposition, further formng a resist
filmon the hard nask, formng a. resi stl pattern on the resist film 25by
applicatio ' Qnokb (UheP@aRFRnL§1y0E niti¥RstheMicklateacthgltdeer n ol | owed
by devel oprr;fg&[e,n%ggﬂilnémt h@%h%rd emask bygg hal ogen-cont ai ni ng gas accordi ng
to the resighfcopaki@mes acttaeh iyt btloscted wttateneisyliceljmol vE néatath ylicghylene
oxygen-contdi ning gas or a hydrogen-contai ning gas according to the

pat t erned hsycdl, disiylenaplyclabrriosmtivhgtherhdetbdme il rarcidisdfr ate by a

hal ogen-cont ai ni ng gas using the patterned resist underlay-ex .film

[00961 The mthglycﬁb@mhdﬁetb%rndlaﬁm ,YC"AQ‘@%‘HE‘F‘&%Téjl%%é%f’%c@%’%%n in
addition to the resi st derl ayer fi | o eibAGhdivg etedex filmthat

i ncl udes awoﬁwlret}%ﬁ?eg#ﬁipﬁ‘a’ en%é[y (lég%)ﬁogyﬂfg&lle%y or 'a car b)gzeol e ring and a
tri phenyl am ne, r.i 1Rat cah [ &¥e o oRfieally] EfsH stang propflegh
transpar ency‘? %?na%glrc@][}?%ct%e I na‘Z‘i’?’” an }br?iogh solubility by itself wthout
usi ng any B mexd s eth@OBéhNameslycol iroroqiné sthnt ackteepopdmadyaies to a

hi gh refractive index filmform ng conposition that includes a polyner

i ncl udi ng ahordobarst eterecaiateiprapyiencieiicel Brepd ethepceialniiarogy 5tHel¥eisi sti ng of

th it st t f F | 1), th it st { f 2), d
he uni i Stmeeuiis! aherpinay aat 8y2o! ginet g 4%t MIER MealBREb b =),

hi gh refr acti&\ée i qﬁrge)fp,tfyri@hg:'rl%?éﬂ%ﬁ}%fe&gﬂe&@?*"?&m?‘*jy%he’ﬁﬂ‘q‘e%hﬁ' ectronic

devi ce i%hcl'@dfry™Y ein iI'm Thé present invention will

be descri b%lﬁﬂ%’%{m [ 20R8dn s gl RSt 1 Aethiy peoplahdexethyllctokgreatargetidnposi t i on>
in the prese I er?tl on, the high refractive index filmform ng

conposi ti onyyjdRsysdese, sthyhe-hpaloyymaindbwarseteymethy! Sinethexippasimelcon may
further include other conponents such as the cros%-l i nking agent, the acid
generat or, dthd 3suethaypmpionaterethyl Aecthaxypiopiegaiadeitey! AFRAYBRPIOBHE as t he

effect as a high refractive index film.is not | Lt 9] For
the pol ymermethieyrgatr; shylipgryais: eﬂi‘ﬂé‘c"s’ﬁtﬁ’zquitﬁﬁceeﬁatr{gs)’%:[hﬁ?%ﬁtgtep%lftvégec?g%o nt ai ni ng

A N T e B e e S

20struc nul a are exenplified above.
Anong t hem .t PG NEbEaREN el Afcodbl BRfufl @lodBEttetrahytiivdurfioy hat@holisedyltnr t he

hi gh refractive 1ndex filmformng conposition of the present invention is

preferably @yhelrngtuebid, g3-dbupnaiin; bi-hiagediol sl -bupnedidirbydietinerhe sol i d

concentration of the high refractive index fiJth formng 25c¢ osition is

not speci f i aalohg, thathil iseprons] ket ‘ﬁ%thgltlﬁpé&é“?{‘ébﬁ*\‘?gﬂq@wn@?&g??é%qled, and
can ketone, acetic isopropyl ketone, n-propyl acetate, isobutyl acetate, methanol, ethanol,

20  isopropanol, tert-butanol, allyl alcohol, n-propanol, 2-methyl-2-butanol, isobutanol,
n-butanol, 2-methyl-1-butanol, 1-pentanol, 2-methyl-1-pentanol, 2-ethylhexanol,
1-octanol, ethylene glycol, hexylene glycol, trimethylene glycol, 1-methoxy-2-butanol,
diacetone alcohol, furfuryl alcohol, tetrahydrofurfuryl alcohol, propylene glycol, benzyl
alcohol, isopropyl ether, 1,4-dioxane, N,N-dimethylformamide, N,N-dimethylacetamide,

95  N-methylpyrrolidone, 1,3-dimethyl-2-imidazolidinone, dimethyl sulfoxide, and
N-cyclohexyl-2-pyrrolidinone. These organic solvents may be used singly or in
combination of two or more of them.

[0072] Among these solvents, propylene glycol monomethyl ether, propylene

glycol monomethyl ether acetate, ethyl lactate, butyl lactate, cyclohexanone, and the like



be properly designed depending on the thickness of an intended film From
the viewpoints of the solubility and the storage stability, the solid
concentration is preferably 0,1 to 50% by mass and nore preferably 0.1 to
20% by mass. The solvent can be exenplified by the solvents above. 39
[0101] The solid content may include the polymer in a ratio of 1 to 100% by
ass, Ito 99.9%by mass, or 50 to 99.9%%y mass. [0102] The pol yrmer i ncl uded
in the high refractive. i j g geposition of the present

i nvention r%?rei%e&a?’?yeé?é%b de}?&g‘) L@gﬁi’{/@%%%grhogd pol ymer or a 5linear polymer
havi ng a wei glfkomﬂvelgﬁgs@stmh%lﬂammei ght of 1,000 to 2,000, 000. [ 0103]
The pol yner of the present invention is a conpound having a high nol ecul ar
wei ght hut haBrogxtaelesienindadaydt filngfopniog epmpestlioned igsEcsanidBULPDA of t he
polymer in a solvent has | ow viscosity. ] h0104% The hi ?2 refractive
i ndex fi | mesistmilertpyerdiporsed fosa litegraplif Pesss indhe Braduction of 1ENHPSF4ALt i ¢ resin
contai ning other polyners or a thernoplastic main conposition of the resin
in additi offvicss ?%é"eﬁ%rw r containing the unit structures of Fornulae (1),
(2), and (3). 05 i fi t BOEMIRcal BEfordel bjput are not
necessarily | [d%glt}]edh?g?e%g %&eﬁéﬁﬁglﬁfeﬁ% glts?iggr?, Bg pol ypr opyl ene }}r)esi n, a

pol ystyr enﬁ; (& e r@Rt hR@GL%E A forintr@tcbibadiiend/ist yraset iABSYn pesi n, a

pol ycar bon tpe resin, a polyethylene tereplitlialate resin, a polyam de
resin, a palykdnifeexuepien transparetthimtnaiplsich as asilison/aHcpigligddt @8 fesi n

(i ncluding pol yethylene terephthal ate), a IF)Tol di or pbor nene. r esi n, a

pol yl act i cglasisdbstaisi and aa [pQIsybstatchnisd 191des ,Od"i./fnﬁ‘bf’ REHEPD PEEFAEY o

pol yet hersul fone resin, a polyetherketone Lesi.N.: ' resin, a
phenol 1¢ esPlFﬁultélﬁV‘El‘?Si’éf.anta PP{‘Q{%\C‘?‘@P%W fe sﬂﬁ‘ a?Seas Pﬁl?elgd%hétﬁgégtgﬁ%lg? gd pol yest er
resin, and, an X d sinis preferably used in a range of 1 to
103000 pasPag(I@H%%%{nsﬂogﬁlgﬂ%@g&féﬁf erably in a range of Ito 1,000 parts by

mass based on[dh@8] parmk SitlYhideess ¢ffthd leestomtigriper. filf 006 dRorsubstetapias, in t he
case of a. conposition with a (ineth)aerylic resin, a ;l__noth acryl ate

conpound i e piopety adjusted e isgobfyrably, foneximpiee 0O i d A at r ibaaXEBnpound i s
condition after applying the resist underlayer film is arbitrarily determined as long as the

ormance as the resist underlayer film is not impaired, and is, for example, at 80 to

AN Ari Rl

—
i

g
(3]

350°C for 0.5 to 120 minutes.

[0076] The resist underlayer film of the present invention has a similar selection
ratio of dry etching rate to that of a resist or a smaller selection ratio of dry etching rate
than that of a resist or a substrate unlike a conventional resist underlayer film having a

20  high etching rate.

[0077] Furthermore, in the resist underlayer film of the present invention, a
polymer includes a light absorption mojety such as a carbazole skeleton, a benzene ring,
and a fluorene ring having sufficiently large light absorbability. Hence, in the
lithography process, the resist underlayer film has characteristics as an anti-reflective

25  coating to absorb reflections of light or electron beams from a substrate. Furthermore,
the polymer includes the light absorption moiety, and thus the resist underlayer film has
an advantage that no light absorber is dispersed into a resist film and the like during, for

example, drying a resist by heat unlike a conventional resist underlayer film forming

composition mixed with a light absorber.



25pol yneri zed to give the conposition. [0107] Exanpl es of the
(met h)acryl ate conpound i nclude nethyl (netl)acrylate, ethyl (nmeth)acryl
ate, ethylene glycol di(rneth)acrylate, tetraethyl ene glycol
di (nmeth)acryl ate, polyethylene glycol di(rneth)aer5(late, propylene glycol
di Onet h) aeryl ate, pol ypropyl ene glycol di(metii)acirylate, | ,4-huitanedi ol
di (nmeth)acryl ate, 1, 6-hexanediol 40 di3(3rreti t)aayl ate, neopentyl gl ycol
di (meti Cacryl tri fhoxyehhiber{ion hethjleothytuad e,

TFrelce IEREH GUpReas (hopys

ni cycl odecane I ano I Cacryl a tricycl odocanyl

cli(ineth) as?awitf%h@n itaf biEdonbatliohf repaneictnyXiymp bopyte (e payhydesyicate,
tris-2-hydroxyethyi isocyanurate trlinet hlac{rﬁ/l at e, ﬁﬁ 2-11:, "l roxyet hyl
i socyanur ategrididlé Belddme bylzatering & fgorenorahesd Be e nEthy SERRIFs £,

pentaerythritol di (Meth)aerylate, glycerin tliacryla ,
pent aer yt hrgeherhtian ¢fidapaddton Pyedets dUHRg F‘Igyg'gllaﬁruBB‘gﬁa e{ ﬁllmrr%ﬁlhg%%ﬁat e,

(inetNagrylic acid allyl, (nmeth)acryhic aei i - eibhaeryl ate,
pol yest ér ~ (brerpipaaraaddydhe dagfpdy (gi%é%uec?s'(ﬁhgsfmeg%lrﬂggg{bg&f%gog] Such a

(neth)acrylate conpo b YBRY ihe 8&kisk GndeRaydprias emcesubiicient 10phot o
radi cal i nilf'ﬁggrttSWpor?&geqP%%?lﬁafFu?gééi cal initiator by photoirradiation or

heat . ExanphgsidafashRgdRRek Gesad ierds ol heaersizatdeon i nitiator.incl ude
acet ophenones, benzophenones, M chier's benzoyl benzoate, ggusl%g%l oxim

ester, tetranefioyp}t hiThemsisonederiayer fibm ofihd PresFd XEHRITER lso 98] in

particular, a photofragmentatiou type photo.radical i I
initiator isippreefierfilathavings HYpglosfe %@PE’@%@’SH@W{O{}%&%%% 0 t}rs g%lé (%XEHE

pol ymeri zation initiator js descrihed i L Shi.ki KolLsandstitiochiopgu (Lat est
WV Cari HYy TEERMBIIOHIPEE)S ?dﬁ'ﬁ’ﬁge %cés&p% ullblgkgaf?%ﬁf {;i/eglﬁta%llikg?o akattj)sd), Techni cal

I nf or mati on stit . 199b)resist. [ 0110] Exanples of commercially
gt Eab i AP o

avai |l abl e pﬁ“ Ica lzation initiators include trade nanes:

i rgaeure. 184, (388 EBleth&DRr FEHAng RENTst Pad®Ap> 2959, 20 COA -1700, COI-1750,
CA - 1850, CXx4-61, Darocur 1116, 1173 mnutacturg@eb{?aﬁ ba Japan 1eta(riade
nane: Lacirin FR@e titopfaky poecssiye BASE therrpsis &l SfHe PEISE (e EnSEn

manuf actured by UCB, and trade nane:. Esacure KIP 150, KIP 65 UF, KIP 100 F,
KT 37, KT 58,thkoragtiongfp s eistaiffict ured by Fratel li Lanbeth, The

phot opol ynneri zation initiat.or is. Y8 inbéhtidn haDBEdetrikedl to 15
parts b9¥25rraségﬁﬁ’ﬁa‘r‘?8?‘ér.fj°ﬁ?lélg3?%55%8{&2{%%a%ge olfn 1 tg 10 parts by nass

based on 100 parts; by, IBSSinAL1AE MRl & GRphpl ah e sumaapasdderifed bdd. ] A sol vent
used for the polynerization may be the solvents described in the film
formng conpesi h k@Rt fok@bk2bmpbitin Repulad oh e Engendelayenfiim directly or, as

necessary, on a film that is obtained by applying one to several layers of coating materials

on the resist underlayer film followed by curing, and then the composition is cured. The

70  formed resist is irradiated with light or electron beams through a predetermined mask

with a pattern followed by development, then rinsed, and dried to give a good resist

pattern.  As necessary, post exposure bake (PEB) may be performed after the exposure

to light or electron beams. ~Next, the patterned resist is used as a mask for dry etching to

remove the resist underlayer film, and consequently a desired pattem is transferred onto

25 the substrate.

[0081] The resist used in the present invention is a photoresist or an electron

beam resist.

In the present invention, the photoresist applied on the resist underlayer film may be

a negative resist or a positive resist. Examples of the resist include a positive



41 The high refractive index form ng conposition of the present
invention is applied on. a substrate and the like followed. by curing to
give a high refractive index film 101131 The high refractive index
filmof the present invention includes a polyner that includes a novol ak
unit structure containing a carha.zole ring or a carbazole ring and 5a
tri phenyl am ne ring, and thus has ext r el y high heat resistance and does
not cause ' ' i 0q@néRRES{deis@bnic acid The hi gh
refracti ve&%gogeesgﬁkwéé%@%%%@%ggﬁﬁp‘?g\}’é’ﬂlﬁpgﬁ %lgn mai ntai n hi gh heat
resi st ances@nd dhkAltally aRsPRdeR6esEV@mpokhdnfa phananirgeumittr adatbiftes been
considered to itnpair heat resistance and transparency is used, a sinple
change of Bavhg)aygreup thiias d¢spmied OF ecid einpasse pnklksl digectlwfioa rep.di emjspldg ent
invention may control physical properties. Nanely, th(ﬁ hi gh refrgctive
i ndex fi| muoplifiedehporesishronprsasnt ipp Akelase WH PR %‘élYVi‘B %C“kg%‘f‘%%“ properties
by the change qf a noner type the. st AN i I nt hesi s el an
i ncl uded p@?‘@/‘ﬁg?g.radeg%y acigde "%8:’57?3 %?1E$h§Ss%%’lrnflrrlrgd}g%t)aﬁ{hgﬁhsﬁg agé%ar hazol e
ring or the po t Al - ist b RO Hikdephamyd 2 ne ring
of the pr eg}éogc?L%{%géenﬁga?%hégﬂénm%g9Ségg@%jgﬁg%l@ﬁgth(Iﬂg%i ng material having high
heat resi S%ﬁéﬁfy‘ﬁhat is degrh@l 4 laciino adebatd Mnkalifissblugon rmef & Aot mvleciladex fi | m of
the present invention includes no netal oxide and achieves high refractive
i ndex f r omedriy@updthahis degthdadeby apldrie increaseethe liselbdigieluion rafe phraoRtwidesihch as
etching and ashing, an etching rate is ,con@t antlﬁgo ﬂlﬁve a %(ictoati ng film
havi ng a upidaorheieidideqsiaiqewds phanepsiyt iprladingas "r‘%‘? SN EBr oduct i on of
devices_is_enl ar ) . 011 he. hi I LME, o il he
pr esenﬁoi n@éﬁ?ﬁ%ﬁﬁﬁa‘f@m‘ﬁal %?é!:f{egrr EI%ISSF %%ﬁbogﬁi%ﬂg;ahﬁ%SEQ%gﬁnfdrae@@En Elce, hi gh
LT anspar enfyono g pf R ROE BN, o al SRl SINENLY moaDRcgbyol ure
contractioh as §esgr| bed- dbove can he suitably used as an 25 optical nenber
for the. presuehd Baasdfongla@gt roni c, devices such as a liquid crystal
di spl ay, an organic el ectrol um nescenee (EL) display, an optjcal
sem conduct or [U8ED) Ekewiptss of thesistiren bemgeslﬁen@l}eﬁgnal&m%,ungﬁl%?rgfm c thin
filmsolar cell, a dye-sensitjzed solar cell, and an organic thich.film

g P ,rest“htg‘algpée]%(gersltag |Slri\slle ntion

transi st or i tiEipsent inyentioninglade e PRGBS
118 SRR R PP RO g Cpmargl o
Measuring EQHidABRAL an acid by irradiation with electron beams, and a composition composed of
poly(p-hydroxystyrene) that has a hydroxy group substituted with an organic group
containing N-carboxyamine and of an acid generator that generates an acid by irradiation
with electron beams. In the latter electron beam resist composition, during an electron
20  beam lithography process, an acid that is generated from the acid generator by the
irradiation with electron beams is reacted with the N-carboxyaminoxy group on a side
chain of the polymer, then the polymer side chain is degraded to form a hydroxy group,
and consequently the polymer is led to be alkali soluble. Thus, an area exposed to
electron beams is dissolved in an alkali developer to form a resist pattern.
25 [0083] Examples of the acid generator that generates an acid by the irradiation
with electron beams include halogenated organic compounds such as
1,1-bis[p-chlorophenyl]-2,2,2-trichloroethane,
1,1-bis[p-methoxyphenyl]-2,2,2-trichloroethane,
1,1-bis[p-chlorophenyl]-2,2-dichloroethane, and 2-chloro-6-(trichloromethyl)pyridine;



[H NVR] Apparatus: JEOL- ECP300 (300 MHz) Measurenent sol vent: CDC15,

Dl vl SO-do Standard substance: tetranethykilane (TIVIS) (50.0 ppm 10

[ Wei ght average nol ecul ar wei ght] Apparatus: HT..C 8200 GPC manuf act ured by
Tosoh Corporation Colum: Sbodex KY-804KF-805 L Col umm tenperature: 40C

Sol vent: tetrahydrofumm 15Detector: UV (254 am Cal i bration curve:

st andard pol ystyrene [5% Wei ght |oss t erature] Apparatus: T&A120

manuf act ur egli by sk gk Ys que%yl sulfoniuk SREAtaUlighehyl Gdaien saitf @id sdB&iieni nut e
20Measurenent tenperature: 25t - 750t [ ass transition tenperature]

Appar at us: BlaekersBEb R0drdHenBh oapla anddnftenbtuaybdsge NETZSCH Tenper at ure
i ncrease rate: 40C/ m nute Measurenent tenperature: 25C - 350C 25[ Refractive

i ndex, film tHPe¥AesE}able cxampisarhthadevelapet P &sBhtirEs SPwEL PRHYEETIE
T S B AL R T P ST
CORPCRATI ON__ 4. 3 [ Et.chi ng raj. . y oY A
Scientifi o 1e%_ga_1mci_e{llga_hs A% BhiGh H%’Bf&fd%,t ﬁb%asmgn?t i @bx R NWhRG LRdaBy N ppon
sodium silicate, sodium metasilicate, and aqueous ammonia; primary amines such as
ethylamine and n-propylamine; secondary amines such as diethylamine and
di-n-butylamine; tertiary amines such as triethylamine and methyldiethylamine; alcohol
amines such as dimethylethanolamine and triethanolamine; quaternary ammonium salts
10 such as tetramethylammonium hydroxide, tetracthylammonium hydroxide, and choline;
and cyclic aminés such as pyrrole and piperidine. ~An alcohol such as isopropyl alcohol
or a surfactant such as a nonionic surfactant can be added to such an aqueous alkali
solution in a suitable amount for use. Among these developers, the quaternary
ammonium salts are preferred, and tetramethylammonium hydroxide and choline are
15  more preferred.
[0085] The exposure light to the photoresist is actinic rays such as near-ultraviolet
rays, far-ultraviolet rays, and extreme-uliraviolet rays (for example, EUV, a wavelength
of 13.5nm). Usable examples include rays having a wavelength of 248 nm (KrF laser
beam), 193 nm (ArF laser beam), and 157 nm (F; laser beam). Photoirradiation may
20  employ any method without limitation as long as an acid can be generated froma
photo-acid generator, and for example, the exposure amount is 1 to 2000 mJ/cm?, 10 to
1500 mJ/cm?, or 50 to 1000 mJ/em®.
[0086] In the electron beam resist process, the electron beam irradiation may be
carried out, for example, using an electron beam irradiation device.
25 [0087] The resist underlayer film of the present invention does not cause
intermixing with a resist forming composition and thus has advantages as a planarizing
film and a bottom anti-reflective coating. Thus, a resist formed on the resist underlayer

film of the present invention can form a fine resist pattern that does not cause pattern

collapse and the like.



Et ching gas: CF. [0118].<Synthetic Exanple | > 5Under a nitrogen atnosphere,
to a 100 nm. four-neck flask, carbazole (10.0 g, 59.8 mmol, nmanufactured by
Tokyo Chemi cal Industry Co., Ltd.), benzai dehyde (6.41 g, 60.4 m nol,

manuf act ured by bnsel Chem cal Co., Ltd.), and para-toluenesuirbnic acid
nmon: hydrate (1.19 g, 62.6 mol, rounufacuired by Kanto chem cal Co., Inc.)
were added. Furtheniosic, 1,4-dioxane 615 g, marnfactured by Kanto Cheni cal

Co.r Inc.) Loy At e e el STRRE A RS USROG

stirring, and e I'zed for 2 hours. After the conpletion
of the reagti ' jeSen@lnvOMBe hhda §O0hr SeRc®@Gatis bidry chl or of or m
(50 g, mﬁt&%geggh?r{ggﬁaﬁ}fégﬁ{)%h gﬁ%ﬂ?al Co., Inc.) was added to the m xture
for diluti@min@ng tb kRt 50l kisipmdeS dagdeting of tetdvahwldel@30fin meunuf act ur ed
by Kanto Chemical Co., Inc.) for precipitation. The obtained precipitate
15was fi | t engdy a tiethnd that adhidves smallgepAimindrigds obe regPAisy a8 ATt s, and
further dried at 120C for 24 hours to give 8. 64 of . j ect, pol ynmer

(For mul & (undeylayepBlnaihanfhebpy %ﬁ?‘%ﬁ?l&?@%‘ta?{g@%@ © rﬁl‘%%at%mé ﬁaglmt/)se t he

measur enent_ result of 11.--N VIR spectrum of PC43A. The neasurenent result
of FINVit BT¥BLBA is as fol | ows, 1H NW R (300 Mz,

DVBO- d6) : 8 5[(%)29]6' 401 fol Brblincidbsddicohdado Dévice311) , 8 7.54-8.34 (br;
2H), 6 104911, (br, 1K). PCzl 3A had a wei ght average nol ecul ar wei ght
Mv of 4,000 anexithderdeetioefmandd/diaspaicendretollé vt wingliBOrepiat undenysr of

pol ystyrene by CPC. [0119] <Synthetic Exanple 2> 25Under a nitrogen

at nospher efiln forming@Ompeditidroapovaiwdkbef deggsieed-ear haval e (8.0 g, 47.8 nmol

fact d by Tokyo Chemi cal | ndust Co. ., Ltd. - de (7,55
o 48, 30 mi nol Comammbat s ErpRgroTRiFS ehiwraieet Rutiup i R HARRCT |
par a- t ol uepesul LN 6. a6k IR Aol ARiofl on 80cfichHiRleior SRAUKECT Ur ed by

Kant o Che nc. re a ernore, 1, 4-dioxane (8 g,

manuf act ur ggl by Kank Gimbh ihiegikcabierSes fill) rhingasressgeton bherw redie
tenperature was raised to 100C. with stirring, and the m xture was

pol yner i zedirh by agblibalonsf lipht @ elethen wemphsng amas witha pattese fallewed bhe ni xt ure
was al lowed to cool to 60C, then chlorof orm(%ﬁooﬂ}_l manuf %(f:;turrgdd by Kanto
Cheni cal Cdeveldpment) etpking fgdesist ppdagiay G dm e & U CSEHRF P Re®®ol ut i on was

added to 5nethanol (200 g, nmanufactured. b n i Bm. I nc) for
pr eci pi1§ at If@ﬁ_catrpgéhe semiconductor substrate Using thypat%grn&@reggﬁmdgﬂye m.

[0090] In recent years, in the production method of a semiconductor device, in

order to suppress the collapse of a resist pattern after development due to a finer resist
pattern, a resist has had a smaller thickness. A lithography process using such a thin
resist employs a method in which a resist pattern is transferred onto an underlayer film in

20  an etching process and a substrate is fabricated using the underlayer film or a method in
which a resist pattern is transferred onto an underlayer fitm by an etching process, then
the pattern transferred onto the underlayer film is further transferred onto a further
underlayer film by an etching process that uses a gas having different compositions, and
the processes are repeated to complete the fabrication of a substrate.

25 [0091]  In the production method of a semiconductor device of the present
invention, a film having various functions may be formed between the resist film and the
resist underlayer film. Thus, even when a thin resist film is formed in order to obtain a

fine pattern, proper selection of an etching gas achieves easy fabrication of a substrate

without pattern collapse.



obtained precipitate was filtered, then dried in a vacuumdryer at 60C for
10 hours, and :further dried at 120C. for 24 hours to give 10.03 g of an
obj ect polymer (Famula (1-2), hereinafter abbreviated as PCzNA).

FIG 2 shows the neasurenent result of EH N vi R spectrum of PCzNA. 10The

measurenent result of /FI-NVR of PCzNA is as foll ows. El d-NNIR (300
MHz, DWVBO d6): 8601757(hr 91-), 57%,58-8,57 Hn, 51-0, 8 10.7511, 63
(hr, 1H). @jS‘A esV\ﬁ*twmnafb%m #OkesUmEyer gt inbudoh 2, 600 and a
degree of pol ydispersi o of 1.30 in terns of polystyrene by GPC,

1,0120] <SyRhigith& 1M@y%bplymg dndeg mauanalrcongemmatamg@h@rpelvmebora 100
m .. four-neck flask, carbazole (8.2 g, 491) tunnel g(uf actured Tokyo

Cheni cal | ruﬂuﬁdrg@m@)alymh’wdd)i soh@ﬂi@llﬂ@@%éu'@@’ﬂ@ﬁ ars agk {hgiyg potain

manuf actured by Tokyo Chem cal | ndustr tr 3.0 g,
T2 ol | e semaren IETAGNEEHLAr STHILEOPY . T () M“%’%( °

par a-t ol uenesul f oni ¢ 20, aci d bstafFalsf et ured by
Kant o Creni &g 0 &epreqeﬁfcmyer\;\r,gpgo a 8%%319[%&,{%%1?@”%%3 l&rédﬁlm(}?oitane (15 g,

manuf act ured b 1m. ! NC.) was added, then the tenperature
ego %&?g E/h%l %]ﬁ %&&ia?'&xfl m.

was raised stirfing, and the m xture was polynerized for 1.5

hours, After t@@morr%@gbme@forttﬁbmﬁmmms mbshies npastugrdeinwasneentiongbd t o
cool to 30C, en chloroform (60 g, manufactured by Kanto Chem cal Co.,
25 nc.) waspracdeshdioppbrst @ldched depsudingen adegr ok %%'F@rf"i HHLHIELS added t o

thanol . (300 g, factured b ch s,
pr eci pi tat .(uwbxemggﬁé’ af‘q%eééqim@eﬁiof'fﬁﬁrégw?ﬁamgé% ' Rh-igPlenira g,

vacuum dryer at r .10 hours and further dried at 120C for 24 hours to
gi ve 11192 #dgrha %8?“?}81"‘§§ers (a mxture of Foimila (2-1) and Formula

(31), hereinaf af | R0 B S AR deAoRFABAGA)s of HEnELR indersionuan bhe

nmeasur enent NI\/R spectrum of PTPABACz. The neasurenent result
of 11-1-N Budé’a E}e&ig@zomngs résot Loadeslayer film fmthh( 8O0t tmdzrlayyvﬁ;@ Ewpmg

8434-6.36 (hr, 1.2H), 5 6.38-7.54 (br, 121-1), 5783?%1%1 \)mff‘

10, 48- 11, 50cduyositibd o the FRTEABACRL¢EEN sasemrogﬁrct%ﬁé\’%fg@ wed ’8&‘5 ght Mwv

01 6.400 and a degree of pal ydjspersion fvin

pol ystyr eneOIbShCG’-"@t“ dynloyer fi W%PGG%EB el"ém}l@e resgmﬁﬁ% ‘? @%ﬁgﬁ)ﬁ %gen

at nosph toa,l fobmé K6 Benunt
P f Ur olig }B ?188?8%&?118%1 us(c:fxgé nggé(w{tﬁ Qﬁ%ﬁten@ﬁ)ﬁlg@édﬁ’}&ev@ bméniJetciifls e

manuf ac 9-fl uorenone (7.28 g,

40.4 10mol , {;ﬁﬁ&%ﬁ@ﬁeyﬁﬁ@bﬂn Jﬂ@éﬁlc&ﬁtgmng@hs cbrmiwﬂtdgyn Gmytzininggay , and

par a-t ol uenesu aci d nonohydrate (0.76 g, 40.0 mol manuf actured by
Tokyo Chemi gabrdinyttd Stie rsi€patterhy aixd)fahwa@gath@le@llcmrl@tﬁb‘i“hﬁfaéﬁ Y12 4di oxane
(6.69g, manufactured by Kanto Chem cal . ;&2 f\[{YaS added, then the

t enper at ur ehﬂwnrwn@am&gasﬂﬂogtmnaﬂe@ﬁq WF‘FH@d“ F e mixture was

pol ymeri zed for 24 hours, Aft e .Co eti m xt ure
15 was al | owed WQ?ﬂ:odfhetSSmB:GEgucf% Vl&%{;ﬁb o?er%rt %&%ﬁﬁﬁ c?rlg%g b 0(rh]iecg@by Kant o
| nc

ggg(?dat %ﬁfrﬁ%%)fo?a“’ﬁ%gsé‘ge‘g%gu& rlg}%elr il ﬁfoﬁﬁh@}eéfswrﬂeﬂ@@ﬂﬁmﬁmmgutl on was

manu ure by Kanto Chemcal Co., Inc.) for
precipitati g&f‘ SRR IR AR tRARGB bRk @eﬂm@ndhctbt ebsihte, dovehiniy 4 bl imaska. vacuum

dryer at 80 24 hours to give 9.37 g of an object polyner (Fornula
(1-5), herepp ﬁfetr@sﬁst ahiprayérdtledras a Peaing ynaterial containing a si icon component and
the like or forming a hard mask (for example, a silicon oxynitride mask) by deposition,
further forming a resist film on the hard mask, forming a resist pattern on the resist film
25 by application of light or electron beams using a mask with a pattern followed by
development, etching the hard ﬁask by a halogen-containing gas according to the resist
pattern, etching the resist underlayer film by an oxygen-containing gas or a

hydrogen-containing gas according to the patterned hard mask, and fabricating the

semiconductor substrate by a halogen-containing gas using the patterned resist underlayer



20FI G 4 shows the neasurenent result of I11-NVR spectrum of Pea The
nmeasurenment result of 111-NWR of PC211, is as follows. 1H NNIK (400 MHz,

DNl SO-d6): 87.03-7.55 (br, 12H), 8 7.61-8.10 (Lir, 411), 8 11.18 (br,
PCzlit had a wei ght average nol ecul ar wei ght Mv of 2,800 and a degree of 25
pol ydi spersion Mv Wh of 137 in terns of polystyrene by CIPC. - [0122]
<Synt hetic Exanple 5> Under a nitrdgen atnosphere, to a 100 nilL

f our - neck %iﬂl sk, earbazole (10.0 g, 59,8 manot, manufactured. by Tokyo
Chem cal Industry Co., Ltd.), benzai dehyde (6.41 g, 60.4 runiol,

manuf act ur ed fyob N8 pfhaitahtidaan ploille) as agnitlerpaplication nedésioh fothe ¢ aci d
46 nonohydrate (1.19 g, 62.6 nunci, manufactured by Kanto Chem cal Co.,

I nc.) wer ercaiddederldyar file niighacfidtide tidox@linethgtliocladey 2 PRlMSE etAniBg2by K. ant o
Chemical Co., Inc.) was added, then the tenper,attPJ'%ﬁ was r i.seﬁl.thg 00C with
stirring, eabhzolsaingioxe arrbazptesigomg AdiRbEREaREE 11Pe ARy hat c,&f‘f‘%’r‘evte &conpl eti on
of the reaction, the m xture was. allowed t.0.co . 1 | orof orm
(50 g, ?mnhﬁaéf?tsﬁﬁmé%B‘%LR&?ﬁpﬁreWemghéﬁ%a&Ye,ln(iler)ft%d ] 53%2'1%1 gggfgse ilute the
m xture, an he_. I added to met hanol (250 g, manufactured by
Kant o Chemwglé‘llm%%.ﬁg!aﬁ%a% *S@dﬁe precipitation. The obtained precipitate was
filtered, andgeedj sS@hnved teprébhian@hoxi rlao @high Tifentive indexsiliut i on was
added to nethanol™ (250 g, manufactured by Kanto Chemical Co., Inc.) for
repreci pi t frindiz. cotfipesitdt tntrieduded pipelyinei naludingastlefs: prepdsigye ssigaEh, and

dried in a vacuumdryer at 60C for 10 hqurs to give 9.86 g of..an object
pol ymer ( Fépwa gxoqmcoml,stmgé%féhwttsmwt%wgﬁ%ﬂ&@%@gé'ée ‘f—%z%&"‘%r.e o F°m|‘—*ﬁt 5
shows H NNI R spectrum of PCzBi si. t ai i ght.1 aver age
mol ecult8r {5 Q@Htﬂqwltﬁru%%%%gﬁ@ﬂ%\&g’enﬁp 6 ’%Fd?poi yd{8 gggl?rse;é%hgﬁ "Ivin of 1.55
interms o GRGim the 2d81@Rbn<RMniRedcir6niEdan® ifclfding thei nder a
nitrogen aEerfrlt%gtlb%?rl%e?ﬁ?ﬁ fg%le L %u?- ne%%%f Inask, carbazole (100.0 g, 598
runol , nanglz%ﬂ@gﬂgcﬁdg B¥exT@lky 0 TGb gres@@invemibustiilpe @escribéd ebldw. 1- napht hal dehyde

(94.3 g, 604 mol, manufactured by funsei Chem cal Co,, Ltd.), and

par a- t ol uenes 0098hi c<High Befromtioh jdicaFmFrimpg Cospogtianrol | nanuf act ured by
Kanto Chem cal Co., Inc.) were added Furtr\%gr{rg‘ragj | ,4-di cl&r.i elu&elsoo.o g,
manuf act ur ed BythRAFASENt ERTQa hedigh refipativs 1nge fiy Fming REROFHA PERISr at ur e
was raised to 100C wth, stirrin - ' r SRP Ly B He &8 Qudhor 5
hour s. lif & Vé“c(r:?)?vTHﬁ %Oth(e&}#i o#het% R@B&gtéiwqiﬁ%drﬁuﬁ%ﬁé&%y}% ure V\Igﬁs% al Towed to
cool to 60 Gt B, Me(oef0Q efloratbB Méfsafhdir nb heHeatih@addnestosal Co. ,
Inc.) was é%dtgégl%?so Q%l%%% t’hee m %teurr%, and the solution was added to

net hanol ( 2s BRAPaOthe 2B60RALE Bigh wfadtiyinderfilm iCherinpaitedCo. , Inc.) for
precipitation. The obtained precipitate was filtered, and redissolved in
chl or of or m (30@099) , Fiindhe, polsresrstbe drfindtipnaat the gehstituerys ebpaAlBIeY 2, 500 g,

‘manuf actured by Kanto Chem cal_ _Co., c.).for reprecipitatjon. The obtained
preci pi t at 60%§1n€f‘}let"é‘itéa'uﬁﬁ‘€é’fg@%’?‘ﬂ?zlgﬁ’&‘% ’cﬁ‘rtﬁee%ow = %%n%h?jwter at 60C for

10 houng 1 0, Qi€ oPRormhuth O afflor¥Bfsih (A ERRphFLdUole @ (1-2), hereinafter

abbr ev e

Among them, the heterocyclic group included in the polymer used for the high
refractive index film forming composition of the present invention is preferably a
heterocyclic group containing a sulfur atom.

[0100] The solid concentration of the high refractive index film forming

25  composition is not specifically limited as long as storage stability is not affected, and can

be properly designed depending on the thickness of an intended film. From the
viewpoints of the solubility and the storage stability, the solid concentration is preferably
0.1 to 50% by mass and more preferably 0.1 to 20% by mass. The solvent can be

exemplified by the solvents above.



47 PCZNA) . FIG 6 shows in NVR spectrum of PCzNA obtai ned. PCzNA had a
wei ght average nol ecul ar wei ght Mv of 2,100 and a degree of pol ydi spersion
Mv Mh of 1.34 in terins of polystyrene by OPC. [0124] <Synthetic Exanple 7>
Under a nitrogen atnosphere, to a 100 nil. four-neck flask, carbazole (5.0
2, 0.0179 nol, manufactured by Tokyo Cg%m cal Industry Co., Ltd.),

9- ant hr acenecar boxai dehyde (3.74 g, 0.0%181 nol (1.01 eq with respect to
carbazol e), ”Ep@ﬁctme eslidobniknsa) inchaaieablygor in diado pf 1 @NI@0% by mass,

par a- t ol uenes ohi ¢ acid nonohydrate (1.25 g, 0.00657 not 10(037 eft!),
manuf act ur @dy by olastiRasChe 50 cab9.Cb.by masg. ) were added. Furthernore,
14-dioxinme (3.0 g, manufactured by Kanto Chem ca was added,

) | Co,., Lnc.
then the tenpddHRlr eThplyrérdeduded in thobishireFaclys s Eim %’HH‘ he m xture was
pol ynerized ter 7 hours, Auer the coppletion of ' e mxture
was al | owedomgosiens ofiths et PHEHOR fy BF SFOIY ¢ %ﬂ)ghy@rﬁﬁﬁ%g%g@%?reogqby Kant o
Chem cal ., Ine. s _add [ DEAt Whe o A0Eh dobe sol ution was
added ta S@Pﬁ%ﬁ8fyﬂf¢i§'§v“§%”r¥§%‘d§%8%% g‘géﬁ‘%@mﬁ?o Chem cal Co., Inc.) for
reprecipitati P19 gheTf?@;Bcﬁ%rﬂ@x%f@Heeﬁéd%hﬁiN&tim& afdolvipenreichaviapd highi ed in a
vacuum dryer 63C for 10 hours to give 4.13 g of an object pol yner
(Fofi nul @ (glol&ular heledt hahueexcabin buidiingproastigadicanyse a RIGIOTOIRMYIE - | NVR

specunm of PCzA. A obtained. PCzAA had a wei ght 20 average nol ecul ar wei ght
Mv of 2, 10Gn andvent Hegowerispsipol ydi spersion MV Mu of 1.77 in terns of

pol ystyrene by (PC. [0125] <Synthe,ti alr > o} bR
at nosphere, t &0204100[1‘]9‘? éﬁ!‘fﬁ{?rct-‘YFe‘Bﬂexffﬁgxs%?nqg%rg%rg %F&q?@ygu@e} nggxgé‘a
mom , nufact ured. by . T ) QdYsh térmddlastib telin)composition of the
4- pbeny} erfﬁwaﬁgv&éﬁ’&gﬁ@%@g?%@y%! , _manu act ur ed by Junsei Cheni cal
Co., Ltd.),, &891 RANRL bt bERaRK bimahiae aeivdit somohydotdoem(iae 09, @), 281 57 nunol ,
manuf het ur ed y Kanto Chem cal Co,, Inc.) were added. Furthernore,
1, 4-di oxang3(.5. 0 g, manufactured by Kanto Chemical Co,, Inc.) was added,
then the tenperature was raised to 100C w th@ti rri ng and the.mxture was
pol yreri zed fof0108] niSperifasexammiosof i @okBIFpINER G PubTe PRFCCHFF LR on, t he
m xture was allowed to cool tp 60 t hen : g, manufactured by
Kant o Chemt@aqpod?(ﬁﬂ}qum?é‘?s}n’\ﬁé’é’%é’ﬁoc!’g&n? oo %E‘%lggtf}%{e?g%é’tzﬁr e, and the solution
was added to fet i Rt Hb&Gcdbonkantsn, Gieie@glendo. , I nc.)
for r epfeci fﬂ%&‘?@%&tﬁ%“% trgfllen(g?ggr ecl plbt g%e (:/r\l/as filtered, and redissol ved
in chlorof %{Egﬁtl?xﬁatg)resin-rﬁ%myaﬁﬁ&-reﬁﬁ,@@dl}ﬁlﬁiﬂlem, addeidtl)acylimeshasol (125 g,
manuf act ured by Kanto Chenical Co., Inc.) for .

polyester resin (including polyethylene terephthalate), a polynorbornene resin, a

polylactic acid resin, a polyurethane resin, a polyether resin, a polyethersulfone resin, a
polyetherketone resin, a polythioether resin, a phenol resin, an urea resin, a melamine

20  resin, an unsaturated polyester resin, and an epoxy resin. The resin is preferably used in
a range of 1 to 10,000 parts by mass and more preferably in a range of 1 to 1,000 parts by
mass based on 100 parts by mass of the polymer.

[0106] For example, in the case of a composition with a (meth)acrylic resin, a
(meth)acrylate compound is mixed with the polymer, and the (meth)acrylate compound is

25  polymerized to give the composition.

[0107] Examples of the (meth)acrylate compound include methyl {meth)acrylate,
ethyl (meth)acrylate, ethylene glycol di(meth)acrylate, tetracthylene glycol
di(meth)acrylate, polyethylene glycol di(meth)acrylate, propylene glycol di(meth)acrylate,
polypropylene glycol di(meth)acrylate, 1,4-butanediol di(meth)acrylate, 1,6-hexanediol



repreei pitation. The obtained precipitate was catered, and dried in a
vacuum dryer at 60C for 10 hours to give 7.75 g of an object polyner
(Formula (1-7), hereinafter abbreviated as PezFBA). FIG 8 shows 11-1
Nrclit spectrum of PCzPBA obtained. PezPBA had a weight 10 average

nol ecul ar wei ght Mv of 3,800 and a degree of polydi spersion Mv WMn of 1.52
in terms of polystyrene by GPC, [0126]4&Synthetic Exanple 9> Under a

nl trogen a&{gﬁ)&@ g te ﬁé&@@&@&%(&&ﬂfmﬁﬁ%uﬁﬁ olpﬁ)@éxbadﬁo@e&ly(5 0 g, 29.9

manu emcal” i ndustry d.), p-anisal dehyde

(4 11 9, 3Gneth) 4&9{%!mcymuéf;aﬁtmadmbydl(mnyaama@wEmydauecml Ltd.), and
par a-tol uenesulfonl c acid nonobydrate (2.11 g, 11.1 nmmol, manufactured by
Kant o Chendigadth)aaylatel nme)hmp@pamdemypmwk Gmthmrélate,ltra%y(é%wéy (5.0 g,
manuf act ured by Ktnto Chem cal eﬁévwas ad hlén the tenperature
was rai sedlS@Q)’allIU@IQtrWTleﬁl)%cﬁlﬁtﬁtﬁg'z hé(ﬁ’iﬂ’xi' “%‘?FX?PH’PE@QAQ% tized for 30
mnutes, After th tion of the rea WeR Ak oved to
cool to 20b 8’6‘8’@9“3?%&%%%8?3&6 RIS (0 F&I{?Q@c‘% Iéil(r;éteeﬂ %Eé{ gIrl]t o Chenical Co.
Inc.) was S ibHeCuinRBFARE a%@ltllﬁhbtﬁﬁbryllat‘é, added to
met hanol %gg%gdr%gﬁgﬂ?gﬁﬁn%@%y%a%tg ghegﬁca‘%} e Co., Inc.) for precipitation.
The obt ai n?ﬂet]l%&- liPict PAIB 1 WasthhickfiRraeid virghdps:edinsgohorgdic] polhieor of orm (10

Then, the so ut| on was added to nethanol (100 g, manufactured by Kanto
Chem cal Caueth)harglale, drolruretbpreduiciacatiaton. The obt ai oed 25pr eci pitate was
filtered once agaln and dried in a vacu %% at. 6 reslrg h urs to
give 4.17 g of0183 olﬁ‘%ﬁ(%@h}?ﬁ’ﬁ(}mﬁ%‘m‘?ﬁ? Cap e Bﬁ'meHéer e‘flﬁlbefq er"Gobrevi at ed
as PCz

; 4 H N 0. Pespaa had

a wei gﬁ ;9@%6‘3”%?‘@8@? re g I a'x&/\fﬁﬁ %B)[r gghﬁgto EI%B ﬁ@g@?g%? ed. rezpAs nd

pol ydi sper g Jggﬂblé%'df\(ﬂe Hlo rhdiedl éio[}n{eﬁ&éfﬁm%mml Melts @B@phshoRC. 49 [0127]
anpl e 10> Under

<Synt hetic nitrogen atnosphere, to a 100 lid,
four- neck fdasphen6its,MaRRIEs 13120y Genzbdte San Bmayhixim watau feremethedhibypnToky o
Chem cal Industry Co., Ltd.), 3-thiophem|dehyde (2.03 g, 18.1 TOMO,
manuf act ur exindylfitle mdithicGkmthonad. Co., Ltd.), and para-tol uenesul fbni c, acid

32?2"2532?% OIpﬁﬂrﬁépé%i’tilaa""?bw?&%‘%i%%%éﬂ e Bbialhey RsboaloRo- 1ne)
Co., In h r th stirring,
0. 138 )5, adag Bhirred. tha D8 HRTREL A t}epe%émrlaa@ﬁqmryawg%ow stirring

mnutes. After the conpletion of the

reaction, f{ 6&5&&&&%&&%3@&&9%&1& Gipatu (Lote&A0V Cutien Tehhdogit(mgé 10 g,
manuf act ur e(lzl y Kanto Chem cal Co., 10Inc.) was added to dilute the

m xture, amnsh,phgisial wKmmmmammae@mcaﬁnfmnaﬁon(lmstogte Co., Ltd., 1991).

[0110] Examples of commercially available photo radical polymerization

initiators include trade names: Irgacure 184, 369, 651, 500, 819, 907, 784, 2959,

20  CGI-1700, CGI-1750, CGI-1850, CG24-61, Darocur 1116, 1173 manufactured by Ciba
Japan, trade name: Lucirin TPO manufactured by BASF, trade name: Ubecryl P 36
manufactured by UCB, and trade name: Esacure KIP 150, KIP 65 LT, KIP 100 F, KT 37,
KT 55, KTO 46, KIP 75/B manufactured by Fratelli Lamberti.

The photopolymerization initiator is preferably used in a range of 0.1 to 15 parts by

25  mass and more preferably in a range of 1 to 10 parts by mass based on 100 parts by mass
of a (meth)acrylate compound.

[0111] A solvent used for the polymerization may be the solvents described in the
film forming composition.

[0112] <High Refractive Index Film>



manuf actured by Kanto Chem cal Co., Inc) for reprecipitation. The obtai ned
precipitate was filtered, and redissolved in chloroform (8 g). Themthe
sol ution was added to nmethanol (100 g, manufactured by Kanto Chem cal Co,,
Inc.) for reprecipitation. The obtained precipitate was filtered once
again, and dried in a vacuumdryer at 6QC for 1510 hours to give 3.11 g of
au object polyner (Formula (1-8), herei Liter abbreviated as PCzTA) .

FIG 10 shows ‘rhi Dl MR $RERIUSHR: PSagitoh baih eeksefPGaEAididel agplivdonght
aver age nol ecul ar wei ght Mwv of 4, 80% and a degree of pol ydi spersion

| viwi | vin of sibs8&e hitl thelinsfollbwpdby siringengivby heRGirdctiBflex@ynt het i ¢ Exanpl e
11> Under a nitrogen atnosphere, to a 100 nil four-neck fl ask,

carbazol e (3. 0{@13117. e frinblrefrarivefrslex (ineaf thy Presiey BveroRiRaAdes ABILEFY Co. |
Ltd.), terephthal al dehyde (1,22 g, 9,15 .nnmaol nuf actured, ' by Jopsei
Chern cal *Cothat mekiags s elap SPhioris FebirPoR B HaTa e A e BE36 g,

1. 88 nanpl, manufactured b a 1.Gal: :

Fur t her mdr e?triﬁhﬁgyg‘?%’?%ﬂgg’ dgl ugﬁlgsn%qrglﬁ%@'?{ Lljgrhg% a%rﬁilﬂgr}]c%egﬂ@cﬁie%ﬁg%ﬁgs&- , Inc.)
was added, B&?Pet&%aﬁo% Q{eﬁééiﬁrﬁgd%%eﬁ@itﬁﬁd to 100C with stirring, and the
m xture was polynerized'for 30 mnutes. After the conpletion of the
reaction, the mhxhighesH@svaintiongith 6fthBdEnt ovéOOn cerheainehl wglobest m (10 g,
manuf actured by Kanto Chemi cal inc.) was added to dilute the m xture, and
the sol uti oresisasceomiddithitrnsmrdnatiol EXenoien 2 mogomepHAYitahaT Rgn 59PsksHFd o

Chem cal Co., Inc.) for reprecipitation. The obtain ech i S
filtered, D i b g i Br e TR e .S 1%!?]133%9%5{%%413@{.%%%&%&@ added

LSl ey AT Al i, Rt

repreci ined precipitate was filtered once again, and

dried in a YAGHNTM-BENQE iibx GREoF B pRkéht itmfitsontoan gontel 2ariids ghwfcain obj ect
polymer (Formul@a (1-1 1), hereinafter abbreviated as PezTPA). FIG 11

shows |11 NMopertispecthe dimngé oPOaibRémetsye as . stapbzpatenial dorsywdiegnf 2aver age
nmol ecul ar wei ght Mv of 6,300 and a degree of pol ydi spersion NIl WiWh of 2.50
in teiins ofncpukdpelynene by CPC. 10[ 0129] <Synthetic Exanple 12> Under a

it t h : 100 nt., f - K. fl i1 9= | 3.0
e R B R S A L
bert zal dehyde, (1,6 : : t ; ibe Gh@rEsGal Co. ,

Lt d. )Z igdyﬁg}) éz-o%eor?n ga}n flégruﬁeo I elngg?%%ma%%g@é%n%m%lb& 1. 584 nmol ,

manuf act ur eeh by i KaRk©: eI S algh@Rat redifitncy. wer e 15added. Furthernore, |
, 44i oxane (3.0 g, manuf acture(f by Kanto Chem cal Co., Inc.) was added, then

the tenperatur g0Me3s riaiaddition,ahd Higrafiactivesndaxrfilmepf tharmdesepidnyaniion ingludpss
pol ynmerized for 4 hours. After the conpletion of tgle re@a{cti O?‘@ﬂt he m xture
was al | owed np metrd oxide endsmlyievasial mfragfive firogy the BYYBS™ KMt o FERERTERI Co.

lmgf h;n\é\?s ( i‘%gggg;h \ grlfolagstssp h%ﬁ{t,ﬂhﬁg”&%ﬁ ’ashafr?gq altl Qt%hlﬁg La"l!é fs%gns%ﬁ toaéjge%j to

20  coating film having a uniform film thickness, and a process margin for the production of
devices is enlarged.

[0115]  The high refractive index film of the present invention having
characteristics such as high heat resistance, high transparency, high refractive index, high
solubility, and low volume contraction as described-above can be suitably used as an

25  optical member for the production of electronic devices such as a liquid crystal display,
an organic electroluminescence (EL) display, an optical semiconductor (LED) device, a

solid image sensing device, an organic thin film solar cell, a dye-sensitized solar cell, and

an organic thin film transistor (TFT).



20Kanto Chem cal Co., Inc.) for precipitation. The obtained precipitate was
filtered, and redissolved in THF (10 g, manufactured by Kanto Chem cal Co.,
Inc.). Then, the solution was added to a m xed sol vent of nethanol (60g,
manuf act ured by Kanto Chem cal Co" Inc.) and TI-117 (30 g, manufactured by
Kanto Chemical Co., Inc.) for reprecipitation. The obtai ned precipitate was
filtered once again, and dried in a vathum 25dryer at 60C for 10 hours to
give 2.60 of an obj ect polymer (Fornmula (1-12), hereinafter abbreviated
as PEt CzBAY P £l G 12 shows 1H NWR spectrum of PEt C213A obt ai ned.

PEt CzBA had aryghg htﬂe@é{ﬁéfég%émbs@ﬁuh%mmewme ddieridid i, ROBeralndildagdgr ee of
pol ydi sper si ot[1 Mv Mh of 1.27 in terms of polystyrene by GPC. 51 [0130]
<Synt het i colRa4mPIlEs 2hd Eobipdetival rintplagen tetpmssiheveation i§ nat lrgigeddal |

four--neck flask, 9-ethylcarbazole (3.0 2, 15,4 martol, nmanufactured by
Tokyo ChenEgahplesadustry Co., LW), 1-ratiplithabl enyde (2.42 g, 15.5 mmol,
manuf act ured by Junsei Chem cal ., LW), and para-tolueriesulfonic acid
monohyd? at e ((58./1251 g, Maasyn [PMYYanuf act ured by Kanto Chemical Co., Inc.)
wer e added l}fﬁwer nore, 1,4-dioxarte (:3.0 g, manufactured by Kanto

Chem cal O .) was added, then the tenperature was raised to 110C.
with stirring, p%glqtugn@gri_g@pm)@(g\@smyyneri zed for 12 hours. After the
conpl etion of the reaction, the m xture was allowed to cool to 60C, THE (10
g, manuf act ur ageabyterKéntasloert OCDER] RBASOSEK. , I nc.) was added to dilute the

m xture, and the solution was added to net hanol (100g. manufactured by

Kant o Chemi calStaddard substanye: tesramsthabsilpiet GM K90 Oriobt ai ned preci pitat e was
filtered, and redissolved in THE (10 g, manufactured by Kanto Chem cal Co.,
Inc.). Wherﬁwelﬁhfea"?&%{nf)gﬂ“l%‘gel ed to a nixed solvent of methanol (60 g,
manuf act ur ed Nt QK] Tdorhdiaficd® g, rramufactured by
Kant o 15Chem %p%gfs%%?Q’?&?(ﬁ;rcg‘r?agﬁag@?eghygﬁ%glf he obtained precipitate
was filtered QREen@Gabdbx KanEoAdr irelr-805 la vacuum dryer at 40C for 10 hours to
give 2.61 g of an object polyner (Formula (1-13), hereinafter abbreviated
as PEt CzNA.). Column tehiperd8rsH0%E 1H. NMVR spectrum of PEt CZNA obt ai ned.

PEt CzZNA had a wei ght average nol ecul ar wei ght Mv of 1,000 and a degree of
pol y- di sper si dwlvent irehydreffrap29 in 20 terns of pol ystyrene by G PC. [0131]
<Conpar.ative nt het i anpl e 1> Under a nitrogen atnosphere, to a 100
m ., fdér-neck%/'*’l‘t C&‘s’k‘?{}d(%’ﬂ’gﬁyl amine (2.0 g, 11.8 nmmol, manufactured by
Tokyo Chem cal.}: ¥ hgg zai dehyde (1.27 g, 11.9 nraol,

manuf act ur ed b(glall@%ﬁgﬁe{; 'etr?ln%ale{?g%}ft?’gﬁ]d.), and para-tol uenesul fbnic acid
25 rmnohydr[gaqq,qx/éi t 26ks Sbmpbraddeol , manuf actured by Kanto Chemi cal Co" Inc.)
wer e added.” Furthernore, 1,4-diozane, (4.0 g, manufactured by Kanto

Cheni cal Co., ApperagjuswiG-8dadednuthitensd bp&igawpherrat ure was raised to 100C with
stirring, and the mxture was polynerized for 45 mnutes. After the

conpl etion of Temwertaeinpsase rphel hi4HaMe was al | owed to cool to 60C, then

chi orof grm (2q, g, enufact dred by Kaphey Cheri cal 'Co., Inc,) was added to

[Glass transition temperature]

Apparatus: Photo-DSC 204 F1 Phoenix manufactured by NETZSCH
Temperature increase rate: 40°C/minute
Measurement temperature: 25°C - 350°C
25  [Refractive index, film thickness]
Apparatus: variable angle spectroscopic ellipsometer VASE manufactured by J.A.
Woollam JAPAN Co., Inc.

[Light transmittance]
Apparatus: SHIMADZU UV-3600 manufactured by SHIMADZU CORPORATION



52 dilute the m xture, and the solution was added to nmethanol (100 g,

manuf actured by Kanto Chem cal Co., Inc.) for precipitation. The obtained
precipitate was filtered, and redissolved, in chloroform (8 g). Then, the
sol ution was added to methanol (100g. nmanufactured by Kanto Chem cal Co.,
Inc.) for reprecipitation. The obtained precipitate was filtered once
again, and dried in a vacuumdryer at 6 for 10 hours to give 2.27 g of
an. object e@?l ﬁ}r%erg ](her ei nafter abbrevi ated as PDPA. BA). FIG 14 shows
/H NI AR sp ‘ih 8% PDPABA obt ai ned. PDPABA had a wei ght average nol ecul ar
wei ght Mwv of 9,900, .angsaodegheRc@fedpoNIsiosRIeai BOCMIN i of 2.47 in terms
of pol ystyrene GEC, 10[ 0132] <Conparative Synthetic Exanple 2> Under
a nitrogen atnpgpheges: CFp a 100 nil. four-neck flask, phenol (2,0 g, 21.3
nraol , manufactured by Junsei. Chem cal Co., Ltd..), benzal dehyde (4.51 g,
423 mmol , manufldétlur eSyishetri Fregiledreni cal Co., Ltd.), and

pamt ol ueuesul f oni e aci d nonohydrate, (4. 2, 21 ] red by
Kant o Cheni cal UBder 2 nitFRgen aligs eé?j&é?j.1&)lrggS?L’trﬁlgcr%(n%%lé’,rga%%qlgﬁ@y a%?'&. 0 g,
manuf act ured by Kant o i . _ Oegbnz4l 4dé eriteppar at ur e
was raised T8 ’W@@aﬁugha%glﬁr@? %ﬁmlgér%g& %l%l%y\@% gftifér% wag&gol %rg?zed for 1
hour. After the comptetdd®y jafsct OReniieaclol,atd.), bhepari-xilemesuliasicatitowed to cool
to 60C, then the solution'was added to a mi xed sol vent of pure water (200
g) and net hapadhy(ag,.1eened.aaturl adartackaet by Iomentbanicdsd o, Inqkwyref or
reprecipitation. The obtai ned 20precipitate filtered,. edi ssol ved
in chlorof oadd\eq'zﬂlgt}iﬁmM@d;“'fhﬁéa@(ﬂ%G’in@ﬂﬁ‘“%@é‘é“vgjﬁé{?nfoo k?fnhfﬁgg"i%cr vent of
pure water (200 g) and, nethanol (40 5 hemscal Co.,
Inc.) f&f rwasrdsed-phendhs GRPerpiLe &8W§F%{é§%grcg‘gﬁglgt§g?gx\?\g@ @;ﬂlgi(t ered once
again, and dried.] Vaguu f caQicNOME MikiOreGiad@ll@vdd8 g of
an obj ect p ?Ianrrlze?ﬁ%r?el}oﬁgsftgﬁgg’%f‘é@?lgﬁggofgg%%m. 25F1G 15 shows 1H NVR
spect r um of ; RRBA,3Bt@IRAGHIRIEA (8¢, anehghited ay Enagehemietdd.ancheiaght My of
23,000 and a degree of polydispersion MM Mh of 6.24 in terns of polystyrene
by CPC. [ 01laRkd sthamitterelfor dibutiaf, agd dfe sPlogiBnweyaidrd &) methanoh(280 8t het i ¢
Exanple |1, 0.06 g of MEGAFAC R-30 53 (nmnufactur ed,ﬁ%é Q%i nh?ﬁopitgtgk and
Chemi cal s, maufactued e Kaatmdihemigal P x 89-) 4 PERIBFALt ant COBHE" Pive™

m Xt ure was

di lved in SQ g of l | | | : €11
s I0|S 3? i \cl,is W;g/aq ﬁto%gf ggﬁ[gﬁ%( ﬁleaggaﬁgvrx s e§/ %g@gﬁr?&ﬁaﬁ rhgc ,Ezglllil raaRt & t Thec

ye havi ng a pore size
of 0.10 torg, Tz&@%%%&b@?é& bob 6l 8 PbRther(FBhYIRY hY), eaeinafa@rbbiclibed havi ng
. p-mto p

a pore size 0 reparé a solution of a resist underlayer film
form ng conposidiBn used for a lithography process using a nultdayer film
[0134] <Exanple 2> To 20 g of PCzBA Fﬁ/nt hesi zed inﬂéynt hetic Exanple 1,
2.0 g of TNI - 1F1®-1Ah¢watheimesureraent bssuhef H-NY Ry apfceueRe Rt €3t s | ndustry Co. |

par a- t of uenesuThomaearaenireas af Yor MG GEE ¢ BYofEcapht R 30

manuf act ur ed LNl ppon. | h Cal s At . as a
gurf;ct 391? wer %rﬁgﬁﬁw@?@% ﬁ@ﬁgi)i%}g%\/\%gozvéygﬁ\?e%‘ﬁi *ﬁfﬂ% ’?@?3 pr opyl ene
gl ycol nonozg&l&yﬁ @%’Pﬁ%[ﬁaﬁfég’ih@% ('ggq}ﬁol ution was filtered using a

pol yet hyl ené”“m ¢cr o aving a poré size of 0.10 pm and further
filtered usingpa Baleh R0 eveiagemaflédulee welrayMvgof¥ee0por e dsgreeofof 0. 05 pm

to prepare a solution of a resist underlayer filmformng
polydispersion Mw/Mn of 1.69 in terms of polystyrene by GPC.
[0119] <Synthetic Example 2>
25 Under a nitrogen atmosphere, to a 100 mL four-neck flask, carbazole (8.0 g, 47.8
mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), 1-naphthaldehyde (7.55 g,
48.3 mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), and

para-toluenesulfonic acid monohydrate (0.95 g, 50.0 mmol, manufactured by Kanto

Chemical Co., Inc.) were added. Furthermore, 1,4-dioxane (8 g, manufactured by Kanto



conposition used for a |ithography process using a mulfilayer film [0135]
<Exanple 3> To 20 g of PCzNA obtained in Synthetic Exanple 2, 0.06 g of
MEGAPAC R-30 (manufactured by Daini ppon ink and Chem cals, ine,, trade
nane) was mxed as a 20surfactant, and the m xture was dissolved in 80 g of
propyl ene gl ycol nortornothyl ether acetate. The solution was filtered
usi ng a polyethylene micro-filter havi4fg a pore size of 0,10 pm and

further fi &%?rggagrcgf ZIJQ: araas%ﬁ!léa? %}PX lh%@&nsﬂ&a(fﬁrgfv}gg Pefﬂed haVdP@ wahRAkBgST 2€ Of

0,05 pmto P utron a resist underlayer filmformng

conposi ti opqysedihQt was hdilNat-amhiy RLAC eaSeiisk BgnSletitn dfithayarioklim  25[ 0136]
<Exanple To 20 g of PIPABACz obtained in Synthetic Exanple 3, 0.06 g of

VEGAFAC i t mB@uré manalfoaet us exbl by6(Pa] thérpghbmofork (4ngl nGhefatomd $y Keane. | trade

name) was mixed as a surfactant, and the m xture was dissolved in 80 g of
propyl ene Gheygerl GopAremevdnpddet th dilutg dheraixaire, TrEths 8PIHES LW AEH ) t er ed usi ng

| yet hyl it filt f I i 54.0.10 La, d
o oL Ve T oL LLSE LRAA0 $iB01e 1 2 P B8l [l and
0. 05 t g : | utd . eS| ofi i
0,05 M o RSBt P K B g g SR aXF T OO LS

<Exampl e S5 iher drik@ 22208 & 283 ES 1Al @1 118Tg bfunbichedlyBerkkamplle(14), 0. 06 g of
MEGAFAC R-30 (manufactured by Dainippon Ink and Chemcals, Inc., trade

name) was ereigdicasbtaedated adt@Mi4). and the m xture was dissolved in 80 g of

propyl ene glycol nononethyl ether acetgte. The solutjion was filtered using
a pol yet hyl enBIGr2 shows the seasyzsmangreatlpefr B-RVResresirun Ald’ (F N and furt her

filtered using a pol yethyl ene nj.crofil avi ore size of 0.05 10p. m
to preplre a gt’ff?ﬂgs “‘Sf‘%/rﬁg‘“q?(lfsq{égﬁ%\?é%ﬁ%gge‘?asfnilgp(?nvgf?orrri ng conposition used
for a lithogr r L (ag_ay. I Bl Q% (gnpl e 6> To 20
g of PCzn. Ob'ﬁ%%@ @%ﬁ?ﬁt g??’c&éx%?r‘r%]l 4&%@’3%8 ’ Sgn7(§1Eg HEI, ShX

t et r amet hom{'memyj@,hmq;?] uril (manufactured by Mtsui Cytec, Ltd., a trade
name of 15Powderlink 1174) as a cross-1linking agent, 0,30 g of

pyri ar a- t oi ueRCaSAhhdaatizhbaverge atokdeyist weightdley 48,680 erd Meaeal R- 30

(manuf actured by Daini ppon | nk and Chemjcals, | % trade nane) as a
sur f act ant pokedisversiopdd w/Mp af { AR hiesRs Ol}’ﬁfgreﬂ?%gi \ed in 88 g of propyl ene

gl ycol 1§mnorre[nq%] eta%fhgfc _g?afm%‘le ?')ghe solution was filtered using a

Under a nitrogen atmosphere, to a 100 mL four-neck flask, carbazole (8.2 g, 49.0
mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), benzaldehyde (6.49 g, 61.2
mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), triphenylamine (3.0 g, 12.2
mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), and para-toluenesulfonic
20  acid monohydrate (1.22 g, 6.4 mmol, manufactured by Kanto Chemical Co., Inc.) were
added. Furthermore, 1,4-dioxane (15 g, manufactured by Kanto Chemical Co., Inc.)
was added, then the temperature was raised to 100°C with stirring, and the mixture was
polymerized for 1.5 hours.  After the completion of the reaction, the mixture was
allowed to cool to 30°C, then chloroform (60 g, manufactured by Kanto Chemical Co.,
25  Inc.) was added to dilute the mixture, and the solution was added to methanol (300 g,
manufactured by Kanto Chemical Co., Inc.) for precipitation. The obtained precipitate
was filtered, then dried in a vacuum dryer at 60°C for 10 hours, and further dried at 120°C
for 24 hours to give 11.74 g of object polymers (a mixture of Formula (2-1) and Formula

(3-1), hereinafter abbreviated as PTPABACz).



pol yet hyl ene mcrofilter having a pore size of 010 [tat, and further
filtered using a 20 polyethylene merofilter having a pore SiZe of 0.05 um
to prepare a solution of a resist tanderlayer filmform ng conposition used
for a lithography process using a mulfilayer film [0139] <Conparative
Example 1> To 20 g of a commercially ayg%lable cresol novoiak resin (a
nuvol ak resin obtained 25 using cresol d fornmal dehyde), 0.06 g of

MECI AFAC R- 30 fppuf,3ctil Sehsentoni abpp@tHINMR apetuCherfild@hBACzNC. , trade
nane) was rrixec} as a surfactant, and the m xture was dissolved in 80 g of

propyl ene gl ycple meRasRERYEsuEtdl &H-NMR oA PEPARAGZ &aisdiellodys- was filtered using

a polyethylene mcrofilter having a pore size of 0,10 p. a further
filtered usi ng'FRNpER (360 MHaABVIED b Bid Met 3 h&EbilrgDad %3?'2'52@e51%1[)’ .05 p.mto

prepare a 55 solution of a resist derlay& filmtbming conposition used
for a |itholPaply (rddedd0.48ilhg0Lbr ilayer film The cresol novol ak resin

had i ght I l.. ' fovd re@b
poi yai Sper si ontURa R Pt 1o B E ot e A P T 6140)

(Measur e”ezﬁoégdcisr?pq%wn%/l\ﬁ)ﬁbﬁﬂﬁi ﬁft)ernfsadfghory%ieﬁé bpoeedayer film solution
a

prepared i es 1 to 6 was applied onto a silicon wafer using a spin

neater, and bajgdijon <gyhattiqiaimled> 240C for 1 minute or at 400C for 2

mnutes to forma resist underlayer filmfil mthhciness Olf The
P

refractive i nd&xés a(nitrogah alag)splare, 40 %%mg,g@{rmegf gearbazole (67 5’5% A engt h
Fo a5 at t enench SFEGERIAD EJo DRBaURERT Gp- FiERp KB asgurg e erred
Tabl ¢ 110 TaBre LR R e R et T1 ol ent K at
wavel engt hsac% m%ﬂ&xyﬂﬁ-te @% g}-@@.o @ithol, manufactured by Tokyo Chemical Industry Co.,
Ltd.) were added. Furthermore, 1,4-dioxane (6.69 g, manufactured by Kanto Chemical
Co., Inc.) was added, then the temperature was raised to 100°C with stirring, and the
mixture was polymerized for 24 hours.  After the completion of the reaction, the mixture
15  was allowed to cool to 60°C, then chloroform (34 g, manufactured by Kanto Chemical
Co., Inc.) was added to dilute the mixture, and the solution was added to methanol (168 g,
manufactured by Kanto Chemical Co., Inc.) for precipitation. The obtained precipitate
was filtered, and dried in a vacuum dryer at 80°C for 24 hours to give 9.37 g of an object
polymer (Formula (1-5), hereinafter abbreviated as PCzFL).
20 FIG. 4 shows the measurement result of 'H-NMR spectrum of PCzFL.
The measurement result of "H-NMR of PCzFL is as follows.
'H-NMR (400 MHz, DMSO-de): 8 7.03-7.55 (br, 12H), 8 7.61-8.10 (br, 4H), 3 11.18
(br, 1H).
PCzFL had a weight average molecular weight Mw of 2,800 and a degree of
25  polydispersion Mw/Mn of 1.77 in terms of polystyrene by GPC.
[0122] <Synthetic Example 5>
Under a nitrogen atmosphere, to a 100 mL four-neck flask, carbazole (10.0 g, 59.8
mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), benzaldehyde (6.41 g, 60.4

mmol, manufactured by Junsei Chemical Co., Ltd.), and para-toluenesulfonic acid
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monohydrate (1.19 g, 62.6 mmol, manufactured by Kanto Chemical Co., Inc.) were
added. Furthermore, 1,4-dioxane (10.0 g, manufactured by Kanto Chemical Co., Inc.)
was added, then the temperature was raised to 100°C with stirring, and the mixture was
polymerized for 1 hour. After the completion of the reaction, the mixture was allowed
to cool to 60°C, then chloroform (50 g, manufactured by Kanto Chemical Co., Inc.) was
added to dilute the mixture, and the solution was added to methanol (250 g, manufactured
by Kanto Chemical Co., Inc.) for precipitation. The obtained precipitate was filtered,
and redissolved in chloroform (20 g). Then, the solution was added to methanol 250 g,
manufactured by Kanto Chemical Co., Inc.) for reprecipitation. The obtained
precipitate was filtered once again, and dried in a vacuum dryer at 60°C for 10 hours to
give 9.86 g of an object polymer (Formula (1-1), hereinafter abbreviated as PCzBA).

FIG. 5 shows 'H NMR spectrum of PCzBA obtained. PCzBA had a weight average
molecular weight Mw of 4,100 and a degree of polydispersion Mw/Mn of 1.55 in terms
of polystyrene by GPC.

{0123] <Synthetic Example 6>

Under a nitrogen atmosphere, to a 1 L four-neck flask, carbazole (100.0 g, 598 mmol,
manufactured by Tokyo Chemical Industry Co., Ltd.), 1-naphthaldehyde (94.3 g, 604
mmol, manufactured by Junsei Chemical Co., Ltd.), and para-toluenesulfonic acid
monohydrate (11.9 g, 59.8 mmol, manufactured by Kanto Chemical Co., Inc.) were
added. Furthermore, 1,4-dioxane (100.0 g, manufactured by Kanto Chemical Co., Inc.)
was added, then the temperature was raised to 100°C with stirring, and the mixture was
polymerized for 5 hours. ~After the completion of the reaction, the mixture was allowed
to cool to 60°C, then chloroform (500 g, manufactured by Kanto Chemical Co., Inc.) was
added to dilute the mixture, and the solution was added to methanol (2,500 g,
manufactured by Kanto Chemical Co., Inc.) for precipitation. The obtained precipitate
was filtered, and redissolved in chloroform (300 g). Then, the solution was added to
methanol (2,500 g, manufactured by Kanto Chemical Co., Inc.) for reprecipitation. The
obtained precipitate was filtered once again, and dried in a vacuum dryer at 60°C for 10

hours to give 95.5 g of an object polymer (Formula (1-2), hereinafter abbreviated as
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PCzNA).

FIG. 6 shows 'H NMR spectrum of PCZNA obtained. PCzNA had a weight
average molecular weight Mw of 2,100 and a degree of polydispersion Mw/Mn of 1.34 in
terms of polystyrene by GPC.

[0124] <Synthetic Example 7>

Under a nitrogen atmosphere, to a 100 mL four-neck flask, carbazole (5.0 g, 0.0179
mol, manufactured by Tokyo Chemical Industry Co., Ltd.), 9-anthracenecarboxaldehyde
(3.74 g, 0.0181 mol (1.01 eq with respect to carbazole), manufactured by Junsei
Chemical Co., Ltd.), and para-toluenesuifonic acid monohydrate (1.25 g, 0.00657 mol
(0.37 eq), manufactured by Kanto Chemical Co., Inc.) were added. Furthermore,
1,4-dioxane (3.0 g, manufactured by Kanto Chemical Co., Inc.) was added, then the
temperature was raised to 100°C with stirring, and the mixture was polymerized for 7
hours. After the completion of the reaction, the mixture was allowed to cool to 60°C,
then chloroform (10 g, manufactured by Kanto Chemical Co., Inc.) was added to dilute
the mixture, and the solution was added to methanol (100 g, manufactured by Kanto
Chemical Co., Inc.) for reprecipitation, The obtained precipitate was filtered, and dried
in a vacuum dryer at 60°C for 10 hours to give 4.13 g of an object polymer (Formula
(1-6), hereinafter abbreviated as PCzAA).

FIG. 7 shows "H NMR spectrum of PCzAA obtained. PCzAAhad a weight
average molecular weight Mw of 2,100 and a degree of polydispersion Mw/Mn of 1.77 in
terms of polystyrene by GPC.

[0125] <Synthetic Example 8>

Under a nitrogen atmosphere, to a 100 mL four-neck flask, carbazole (5.0 g, 29.9
mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), 4-phenylbenzaldehyde
(5.50 g, 30.2 mmol, manufactured by Junsei Chemical Co., Ltd.), and
para-toluenesulfonic acid monohydrate (2.09 g, 6.57 mmol, manufactured by Kanto
Chemical Co., Inc.) were added. Furthermore, 1,4-dioxane (5.0 g, manufactured by
Kanto Chemical Co., Inc.) was added, then the temperature was raised to 100°C with

stirring, and the mixture was polymerized for 20 minutes. After the completion of the
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reaction, the mixture was allowed to cool to 60°C, then chloroform (25 g, manufactured
by Kanto Chemical Co., Inc.) was added to dilute the mixture, and the solution was added
to methanol (125 g, manufactured by Kanto Chemical Co., Inc.) for reprecipitation.  The
obtained precipitate was filtered, and redissolved in chloroform (25 g).  Then, the
5 solution was added to methanol (125 g, manufactured by Kanto Chemical Co., Inc.) for
reprecipitation. The obtained precipitate was filtered, and dried in a vacuum dryer at
60°C for 10 hours to give 7.75 g of an object polymer (Formula (1-7), hereinafter
abbreviated as PCzPBA).
FIG. 8 shows 'H NMR spectrum of PCzZPBA obtained. PCzPBA had a weight
10  average molecular weight Mw of 3,800 and a degree of polydispersion Mw/Mn of 1.52 in
terms of polystyrene by GPC.
[0126] <Synthetic Example 9>
Under a nitrogen atmosphere, to a 100 mL four-neck flask, carbazole (5.0 g, 29.9
mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), p-anisaldehyde (4.11 g, 30.2

unsei Chemical Co., Ltd.), and para-toluenesulfonic acid
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monohydrate (2.11 g, 11.1 mmol, manufactured by Kanto Chemical Co., Inc.) were added.
Furthermore, 1,4-dioxane (5.0 g, manufactured by Kanto Chemical Co., Inc.) was added,
then the temperature was raised to 100°C with stirring, and the mixture was polymerized
for 30 minutes. Afier the completion of the reaction, the mixture was allowed to cool to

20  60°C, then chloroform (10 g, manufactured by Kanto Chemical Co., Inc.) was added to
dilute the mixture, and the solution was added to methanol (100 g, manufactured by
Kanto Chemical Co., Inc.) for precipitation. The obtained precipitate was filtered, and
redissolved in chloroform (10 g). Then, the solution was added to methanol (100 g,
manufactured by Kanto Chemical Co., Inc.) for reprecipitation. The obtained

25  precipitate was filtered once again, and dried in a vacuum dryer at 60°C for 10 hours to
give 4.17 g of an object polymer (Formula (1-10), hereinafter abbreviated as PCzpAA).

FIG. 9 shows 'H NMR spectrum of PCzpAA obtained. PCzpAA had a weight

average molecular weight Mw of 2,800 and a degree of polydispersion Mw/Mn of 1.96 in

terms of polystyrene by GPC.
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solution of the resist underlayer filmformng conpositions prepared in
Exanples 1 to 6 and Conparative Exanple | was applied onto a silicon wafer
using a spin coater, and baked on a hot plate at 400C for 2 mnutes to form
a resist underlay& film (a filmthickness of 0,25 pm. Each resi st
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Under a nitrogen atmosphere, to a 100 mL four-neck flask, carbazole (3.0 g, 17.9
mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), 3-thiophenaldehyde (2.03 g,
18.1 mmol, manufactured by Junsei Chemical Co., Ltd.), and para-toluenesulfonic acid

5  monohydrate (0.34 g, 1.79 mmol, manufactured by Kanto Chemical Co., Inc.) were
added. Furthermore, 1,4-dioxane (3.0 g, manufactured by Kanto Chemical Co., Inc.)
was added, then the temperature was raised to 100°C with stirring, and the mixture was
polymerized for 30 minutes. ~After the completion of the reaction, the mixture was
allowed to cool to 60°C, then chloroform (10 g, manufactured by Kanto Chemical Co.,

10  Inc.) was added to dilute the mixture, and the solution was added to methanol (100 g,
manufactured by Kanto Chemical Co., Inc.) for reprecipitation. The obtained
precipitate was filtered, and redissolved in chloroform (8 g). Then, the solution was
added to methanol (100 g, manufactured by Kanto Chemical Co., Inc.) for reprecipitation.
The obtained precipitate was filtered once again, and dried in a vacuum dryer at 60°C for

15 10 hours to give 3.11 g of an object polymer (Formula (1-8), hereinafter abbreviated as
PCzTA).

FIG. 10 shows 'H NMR spectrum of PCZTA obtained. PCzTA had a weight
average molecular weight Mw of 4,800 and a degree of polydispersion Mw/Mn of 1.85 in
terms of polystyrene by GPC.

20 [0128] <Synthetic Example 11>

Under a nitrogen atmosphere, to a 100 mL four-neck flask, carbazole (3.0 g, 17.9
mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), terephthalaldehyde (1.22 g,
9.15 mmol, manufactured by Junsei Chemical Co., Ltd.), and para-toluenesulfonic acid
monohydrate (0.36 g, 1.88 mmol, manufactured by Kanto Chemical Co., Inc.) were

25 added. Furthermore, 1,4-dioxane (3.0 g, manufactured by Kanto Chemical Co., Inc.)
was added, then the temperature was raised to 100°C with stirring, and the mixture was
polymerized for 30 minutes. ~ After the completion of the reaction, the mixture was
allowed to cool to 60°C, then chloroform (10 g, manufactured by Kanto Chemical Co.,

Inc.) was added to dilute the mixture, and the solution was added to methanol (100 g,



and eyel obexanone that are solvents used for a resist. These resi st
undeflayer films were insoluble in each solvent. [0142] (Measurement of Dry
Et ching Rate) Each solution of the resist underlayer filmformng
conposi tions prepared in Exanples 1 to 6 and Conparative Exanple | was
applied onto a silicon water using a spin coater, and baked on a hot plate
at 2409C for 1 mnute or at 400C for 2 ¥vinutes to forma resist naderl ayer
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was conpar ed. e results are shown in Table 2. The ratio of dry etching

rate was det erpd nechdws 'HdVREpEARGITEIAPAbbIBSH St PCuTRArHadyeveight | M)/ (dry.
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et chi ng r aterage nRédculpr ofightlviey «ff6,¥00land bdéasek oftroRdispesion Mg off2- X ipm baked
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terms of polystyrene by GPC.

10 [0129] <Synthetic Example 12>
Under a nitrogen atmosphere, to a 100 mL four-neck flask, 9-ethylcarbazole (3.0 g,

15.4 mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), benzaldehyde (1.65 g,

15.5 mmol, manufactured by Junsei Chemical Co., Ltd.), and para-toluenesulfonic acid

monohydrate (0.29 g, 1.54 mmol, manufactured by Kanto Chemical Co., Inc.) were

added. Furthermore, 1,4-dioxane (3.0 g, manufactured by Kanto Chemical Co., Inc.)

J—d
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was added, then the temperature was raised to 110°C with stirring, and the mixture was
polymerized for 4 hours. After the completion of the reaction, the mixture was allowed
to cool to 60°C, THF (10 g, manufactured by Kanto Chemical Co., Inc.) was added to
dilute the mixture, and the solution was added to methanol (100 g, manufactured by
20 Kanto Chemical Co., Inc.) for precipitation. The obtained precipitate was filtered, and
redissolved in THF (10 g, manufactured by Kanto Chemical Co., Inc.). Then, the
solution was added to a mixed solvent of methanol (60 g, manufactured by Kanto
Chemical Co., Inc.) and THF (30 g, manufactured by Kanto Chemical Co., Inc.) for
reprecipitation. The obtained precipitate was filtered once again, and dried in a vacuum
25  dryer at 60°C for 10 hours to give 2.60 g of an object polymer (Formula (1-12),
hereinafter abbreviated as PEtCzBA).
FIG. 12 shows 'H NMR spectrum of PEtCzBA obtained. PEtCzBA had a weight
average molecular weight Mw of 1,200 and a degree of polydispersion Mw/Mn of 1.27 in

terms of polystyrene by GPC.
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[0130] <Synthetic Example 13>

Under a nitrogen atmosphere, to a 100 mL four-neck flask, 9-ethylcarbazole (3.0 g,
15.4 mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), 1-naphthaldehyde
(2.42 g, 15.5 mmol, manufactured by Junsei Chemical Co., Ltd.), and
5 para-toluenesulfonic acid monohydrate (0.29 g, 1.54 mmol, manufactured by Kanto
Chemical Co., Inc.) were added. Furthermore, 1,4-dioxane (3.0 g, manufactured by
Kanto Chemical Co., Inc.) was added, then the temperature was raised to 110°C with
stirring, and the mixture was polymerized for 12 hours. After the completion of the
reaction, the mixture was allowed to cool to 60°C, THF (10 g, manufactured by Kanto
10  Chemical Co., Inc.) was added to dilute the mixture, and the solution was added to
methanol (100 g, manufactured by Kanto Chemical Co., Inc.) for precipitation. The
obtained precipitate was filtered, and redissoived in THF (10 g, manufactured by Kanto
Chemical Co., Inc.). Then, the solution was added to a mixed solvent of methanol (60 g,
manufactured by Kanto Chemical Co., Inc.) and THF (30 g, manufactured by Kanto
15  Chemical Co., Inc.) for reprecipitation. The obtained precipitate was filtered once again,
and dried in a vacuum dryer at 60°C for 10 hours to give 2.61 g of an object polymer
(Formula (1-13), hereinafter abbreviated as PEtCzNA).
FIG. 13 shows "H NMR spectrum of PEtCzNA obtained. PEtCzNA had a weight
average molecular weight Mw of 1,000 and a degree of polydispersion Mw/Mn of 1.29 in
20  terms of polystyrene by GPC.
[0131] <Comparative Synthetic Example 1>
Under a nitrogen atmosphere, to a 100 mL four-neck flask, diphenylamine (2.0 g,
11.8 mmol, manufactured by Tokyo Chemical Industry Co., Ltd.), benzaldehyde (1.27 g,
11.9 mmol, manufactured by Junsei Chemical Co., Ltd.), and para-toluenesulfonic acid
25  monohydrate (0.25 g, 1.32 mol, manufactured by Kanto Chemical Co., Inc.) were added.,
Furthermore, 1,4-dioxane (4.0 g, manufactured by Kanto Chemical Co., Inc.) was added,
then the temperature was raised to 100°C with stirring, and the mixture was polymerized
for 45 minutes.  After the completion of the reaction, the mixture was allowed to cool to

60°C, then chloroform (20 g, manufactured by Kanto Chemical Co., Inc.) was added to
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5  precipitate was filtered once again, and dried in a vacuum dryer at 60°C for 10 hours to
give 2.27 g of an object polymer (hereinafter abbreviated as PDPABA).

FIG. 14 shows '"H NMR spectrum of PDPABA obtained. PDPABA had a weight
average molecular weight Mw of 9,900 and a degree of polydispersion Mw/Mn of 2.47 in
terms of polystyrene by GPC.

10 [0132] <Comparative Synthetic Example 2>

Under a nitrogen atmosphere, to a 100 mL four-neck flask, phenol (2.0 g, 21.3 mmol,
manufactured by Junsei Chemical Co., Ltd.), benzaldehyde (4.51 g, 42.5 mmol,
manufactured by Junsei Chemical Co., Ltd.), and para-toluenesulfonic acid monohydrate
(4.06 g, 21.3 mmol, manufactured by Kanto Chemical Co., Inc.) were added.

Furthermore, 1,4-dioxane (4.0 g, manufactured by Kanto Chemical Co., Inc.) was added,

—
in

then the temperature was raised to 100°C with stirring, and the mixture was polymerized
for 1 hour. After the completion of the reaction, the mixture was allowed to cool to
60°C, then the solution was added to a mixed solvent of pure water (200 g) and methanol
(40 g, manufactured by Kanto Chemical Co., Inc.) for reprecipitation, The obtained

20  precipitate was filtered, and redissolved in chloroform (20 g). Then, the solution was
added to a mixed solvent of pure water (200 g) and methanol (40 g, manufactured by
Kanto Chemical Co., Inc.) for reprecipitation. The obtained precipitate was filtered
once again, and dried in a vacuum dryer at 60°C for 10 hours to give 3.88 g of an object
polymer (hereinafter abbreviated as PPBA).

25 FIG. 15 shows 'H NMR spectrum of PPBA obtained. PPBA had a weight average
molecular weight Mw of 23,000 and a degree of polydispersion Mw/Mn of 6.24 in terms
of polystyrene by GPC.

[0133] <Example 1>
To 20 g of PCzBA synthesized in Synthetic Example 1, 0.06 g of MEGAFAC R-30
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0.10 pm, and further filtered using a polyethylene microfilter having a pore size 0f 0.05
5 um to prepare a solution of a resist underlayer film forming composition used for a
lithography process using a multilayer film.
[0134] <Example 2>
To 20 g of PCzBA synthesized in Synthetic Example 1, 2.0 g of TM-BIP-A
(manufactured by Asahi Organic Chemicals Industry Co., Ltd, trade name) as a
10 cross-linking agent, 0.10 g of pyridinium para-toluenesulfonate as a catalyst, and 0.06 g
of MEGAFAC R-30 (manufactured by Dainippon Ink and Chemicals, Inc., trade name)
as a surfactant were mixed, and the mixture was dissolved in 88 g of propylene glycol
monomethyl ether acetate. The solution was filtered using a polyethylene microfilter
having a pore size of 0.10 pm, and further filtered using a polyethylene microfilter having
15  apore size of 0.05 pm to prepare a solution of a resist underlayer film forming
composition used for a lithography process using a multilayer film.
[0135] <Example 3>
To 20 g of PCZNA obtained in Synthetic Example 2, 0.06 g of MEGAFAC R-30
(manufactured by Dainippon Ink and Chemicals, Inc., trade name) was mixed as a
20  surfactant, and the mixture was dissolved in 80 g of propylene glycol monomethyl ether
acetate. The solution was filtered using a polyethylene microfilter having a pore size of
0.10 pm, and further filtered using a polyethylene microfilter having a pore size of 0.05
pm to prepare a solution of a resist underlayer film forming composition used for a
lithography process using a multilayer film.
25 [0136] <Example 4>
To 20 g of PTPABACz obtained in Synthetic Example 3, 0.06 g of MEGAFAC R-30
(manufactured by Dainippon Ink and Chemicals, Inc., trade name) was mixed as a
surfactant, and the mixture was dissolved in 80 g of propylene glycol monomethyl ether

acetate. The solution was filtered using a polyethylene microfilter having a pore size of



Conparative Synthetic Exanple 2209 149 [0148] As shown in Table 4
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wei ght | oss tenperature and a higher glass transition tenperature than
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zg:rggﬁ_?thﬂgﬁmvm%mew%&Wﬁ@“?&@&ﬂ@f§5E3 for 24 hours to eval uate sol vent
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surfactant, and the mixture was dissolved in 80 g of propylene glycol monomethyl ether
acetate. The solution was filtered using a polyethylene microfilter having a pore size of
0.10 pm, and further filtered using a polyethylene microfilter having a pore size of 0.05
10  um to prepare a solution of a resist underlayer film forming composition used for a
lithography process using a multilayer film.
[0138] <Example 6>
To 20 g of PCzFL obtained in Synthetic Example 4, 3.0 g of
tetramethoxymethylglycoluril (manufactured by Mitsui Cytec, Ltd., a trade name of
15 Powderlink 1174) as a cross-linking agent, 0.30 g of pyridinium para-toluenesulfonate as
a catalyst, and 0.06 g of MEGAFAC R-30 (manufactured by Dainippon Ink and
Chemicals, Inc., trade name) as a surfactant were mixed, and the mixture was dissolved
in 88 g of propylene glycol monomethyl ether acetate. The solution was filtered using a
polyethylene microfilter having a pore size of 0.10 pum, and further filtered using a
20  polyethylene microfilter having a pore size of 0.05 um to prepare a solution of a resist
underlayer film forming composition used for a lithography process using a multilayer
film.
[0139] <Comparative Example 1>
To 20 g of a commercially available cresol novolak resin (a novolak resin obtained
25  using cresol and formaldehyde), 0.06 g of MEGAFAC R-30 (manufactured by Dainippon
Ink and Chemicals, Inc., trade name) was mixed as a surfactant, and the mixture was
dissolved in 80 g of propylene glycol monomethyl ether acetate. The solution was
filtered using a polyethylene microfilter having a pore size of 0.10 pm, and further

filtered using a polyethylene microfilter having a pore size of 0.05 pm to prepare a
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solution of a resist underlayer film forming composition used for a lithography process
using a multilayer film. The cresol novolak resin had a weight average molecular
weight Mw of 4,000 and a degree of polydispersion Mw/Mn of 2.1 in terms of
polystyrene by GPC.

5 [0140] (Measurement of Optical Parameter)

Each resist underlayer film solution prepared in Examples 1 to 6 was applied onto a
silicon wafer using a spin coater, and baked on a hot plate at 240°C for 1 minute or at
400°C for 2 minutes to form a resist underlayer film (a film thickness of 0.25 pm). The
refractive indexes (n values) at a wavelength of 248 nm and a wavelength of 193 nm and

10  the optical absorption coefficient (k value, also referred to as attenuation coefficient) of
each resist underlayer film were determined using a spectroscopic ellipsometer. The
results are shown in Table 1.

Table 1 Refractive index n and optical absorption coefficient k at wavelengths of

248 nm and 193 nm

248 nm 193 nm
Refractive Optical Refractive Optical
index n absorption index n absorption
coefficient k coefficient k
Example Film baked at 240°C 1.91 0.63 1.56 0.68
1 Film baked at 400°C 1.69 0.54 1.49 0.53
Example Film baked at 240°C 1.89 0.58 _ 1.54 0.67
2 Film baked at 400°C 1.69 0.52 1.49 0.53
Example Film baked at 240°C 2.03 0.67 1.36 0.39
3 Film baked at 400°C 1.76 0.56 1.37 0.44
Example Film baked at 240°C 1.92 0.46 1.54 0.73
4 Film baked at 400°C 1.72 0.48 1.52 0.60
Example Film baked at 240°C 1.81 0.65 1.41 0.51
5 Film baked at 400°C 1.80 0.65 1.41 0.52
Example Film baked at 240°C 1.78 0.59 1.45 0.46
6 Film baked at 400°C 1.77 0.60 1.43 0.48
15 [0141] (Dissolution Test to Resist Solvent)

Each solution of the resist underlayer film forming compositions prepared in
Examples 1 to 6 and Comparative Example 1 was applied onto a silicon wafer using a
spin coater, and baked on a hot plate at 400°C for 2 minutes to form a resist underlayer

film (a film thickness of 0.25 pm). Each resist underlayer film was immersed in ethyl
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lactate, propylene glycol monomethy! ether, propylene glycol monomethyl ether acetate,
and cyclohexanone that are solvents used for a resist. These resist underlayer films
were insoluble in each solvent.

[0142] (Measurement of Dry Etching Rate)

5 Each solution of the resist underlayer film forming compositions prepared in
Examples 1 to 6 and Comparative Example 1 was applied onto a silicon wafer using a
spin coater, and baked on a hot plate at 240°C for 1 minute or at 400°C for 2 minutes to
form a resist underlayer film (a film thickness of 0.25 pm). In a similar manner, a
phenol novolak resin (a commercial product, a weight average molecular weight Mw of

10 2,000 and a degree of polydispersion Mw/Mn of 2.5 in terms of polystyrene by GPC)
solution was applied onto a silicon wafer using a spin coater, and baked at 205°C for 1
minute to form a coating. The etching rate of the formed resist underlayer film was
determined. A CF4 gas was used as an etching gas to determine the dry etching rate.

The etching rate of the phenol novolak resin film (a film thickness of 0.25 um)

15  obtained by baking at 205°C for 1 minute was regarded as 1.00, and the dry etching rate
of each resist underlayer film of Examples 1 to 6 and Comparative Example 1 was
compared. The results are shown in Table 2. The ratio of dry etching rate was
determined by (dry etching rate of resist underlayer film)/(dry etching rate of phenol

novolak resin film).

20 [0143] Table2 Ratio of dry etching rate
Ratio of rate of film baked at  Ratio of rate of film baked at
240°C 400°C
Example 1 0.76 0.86
Example 2 0.78 0.89
Example 3 0.73 0.81
Example 4 0.77 0.91
Example 5 0.74 0.74
Example 6 0.77 0.76
Comparative Example 1 1.00 1.15 B

[0144] (Heat Resistance Test of Resist Underlayer Film)
Each solution of the resist underlayer film forming compositions prepared in
Examples 1 to 6 and Comparative Example 1 was applied onto a silicon wafer using a

spin coater, and baked on a hot plate at 240°C for I minute or at 400°C for 2 minutes to
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[0146] (Evaluation of Thermophysical Property of Polymer)

D

Q)

The 5% weight loss temperature (Tdss) and the glass transition temperature (Tg) of
each polymer obtained in Synthetic Examples 5 to 13 and Comparative Synthetic
10  Examples 1 and 2 were determined. The results are shown in Table 4.

[0147] Table 4 Evaluation of thermophysical property of polymer

5% weight loss Glass transition
temperature temperature
Tdsy (C) Tg (°C)
Synthetic Example 5 438 210
Synthetic Example 6 480 200
Synthetic Example 7 361 Not observed
Synthetic Example 8 358 234
Synthetic Example 9 387 204
Synthetic Example 10 384 262
Synthetic Example 11 394 274
Synthetic Example 12 448 173
Synthetic Example 13 415 191
Comparative Synthetic Example 1 337 128
Comparative Synthetic Example 2 209 149

[0148]  As shown in Table 4, the carbazole novolak resins of the present invention
have a higher 5% weight loss temperature and a higher glass transition temperature than
those of the novolak resin without a carbazole skeleton.  This reveals that the carbazole

15 novolak resins have very high heat resistance.



15each (high refractive index) filmobtained in Exanples? to 15 and
Conparative Exanples 2 and 3 were determ ned. The results are shown in
Table 6. The light transm ssion spectrumin a wavel ength range from 300 am
to 800 nmof each thin filmis shorn in FIG 16 to FIG 26, [0156] Table 6
Eval uation, of optical property of high refractive index filmRefractive

i noexFi | mthickness 550 nin633 Rill, Ex@&nple 7 1.76 1,75 185 Exanple, 8

SRR 156[(ﬁ)ﬁg]rrpl(ganuajdoﬁgféolzgntgglﬂbiﬁ%s%ﬂﬁoﬁlngeg) 137 1.75 312

To 90 parts by mass of propylene glycol monomethyl ether (PGME), propylene
glycol monomethyl ether acetate (PGMEA), cyclohexanone (CHN), or
N-methyl-2-pyrrolidone (NMP), 10 parts by mass of each polymer obtained in Synthetic

5  Examples 5 to 13 and Comparative Synthetic Examples 1 and 2 was added, and the
whole was stirred at room temperature (about 25°C) for 24 hours to evaluate solvent
solubility. The evaluation was visually carried out, and a polymer homogeneously
dissolved was regarded as A and a polymer observing an insoluble substance was
regarded as B.  The results are shown in Table 5.

10 [0150] Table 5 Evaluation of solvent solubility of polymer
PGMA PGMEA CHN NMP

Synthetic Example 5

Synthetic Example 6

Synthetic Example 7

Synthetic Example &

Synthetic Example 9

Synthetic Example 10

Synthetic Example 11

Synthetic Example 12

Synthetic Example 13
Comparative Synthetic Example 1
Comparative Synthetic Example 2

>www > > > >
e o= Rv-iis i g g S 2
> > > > >
> > B B > > > > >

[0151] As shown in Table 5, the polymers of the present invention are soluble in
various solvents, and are revealed to be a material having excellent solvent solubility.
[0152] (Production of High Refractive Index Film)
<Examples 7 to 15>
15 Under an air atmosphere, to a 10 mL recovery flask, 1.00 g of each polymer
obtained in Synthetic Examples 5 to 13 and 9.00 g of cyclohexanone were added. Each
mixture was stirred for 3 hours until the solution became homogeneous to give a high
refractive index film forming composition having a resin concentration of 10% by mass.
The obtained high refractive index film forming composition was applied onto a
20  glass substrate by spin coating (200 rpm for 5 seconds followed by 2,000 rpm for 30
seconds), and heated on a hot plate at 100°C for 1 minute and then at 250°C for 5 minutes

to give a high refractive index film.
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&anple 14 1.72 1,70 316 Exanple 15 1.74 132 314 Conparative Exanple 2 1.80
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[0153] [Comparative Examples 2 and 3}

A film forming composition and a thin film formed from the composition were
produced in a similar procedure to that in Examples 7 to 15 except that the polymer used
was replaced with each novolak resin obtained in Comparative Synthetic Examples 1 and

5 2.

[0154]  (Stability Evaluation of High Refractive Index Film Forming
Composition)

Each high refractive index film forming composition prepared in Examples 7 to 15
was placed in a vial and left in conditions at 23°C and 55 RH%. After 1 month without

10 treatment, the composition was visually observed. No solute was precipitated in any
high refractive index film forming composition. This reveals that the high refractive
index film forming composition has excellent storage stability.

[0155] (Evaluation of Optical Property of High Refractive Index Film)

The film thickness and refractive indexes at wavelengths of 550 nm and 633 nm of

15  each (high refractive index) film obtained in Examples 7 to 15 and Comparative
Examples 2 and 3 were determined. The results are shown in Table 6. The light
transmission spectrum in a wavelength range from 300 nm to 800 nm of each thin film is
shown in FIG 16 to FIG. 26.

[0156] Table 6 Evaluation of optical property of high refractive index film
Refractive index  Film thickness

550 nm 633 nm (nm)
Example 7 1.76 1.75 185
Example 8 1.77 1.75 156
Example 9 1.80 1.77 324
Example 10 1.77 1.75 312
Example 11 1.77 1.75 312
Example 12 1.77 1.75 316
Example 13 1.75 1.75 316
Example 14 1.72 1.70 316
Example 15 1.74 1.72 314
Comparative Example 2 1.80 1.78 277
Comparative Example 3 1.71 1.69 293

20 [0157]  As shown in Table 6, the high refractive index film of the present

invention had a refractive index of 1.72 to 1.80 at a wavelength of 550 nm and a



1.78 277 Conparative Exanmple 3 1,71 1,69 293 20[0157] As shown in Table
6, the high refractive index filmof the present invention had a refractive
index of 1.72 to 1,80 at a wavelength of 550 urn and a 60 refractive index
of 1.70 to 1,77 at a wavelength of 633 am and this reveals that even the
resin alone has a very high refractive index. Furthernore, the |ight
transni ssi on spectra shown in Ha 16 to%1 G 26 reveal that the eatha.zole
novol ak resi : ANV, i j A ansRAERNEM cosp@ei al ly in
a visible F"%ﬁ?ﬁer@g}?é’g{9?@&%%%%‘}&%8 tpgg%ﬂ@\?h[m%] The resi st

under | ayer ydinlalont QidH Ny BieAREEIctivoindaksed for a |ithography 10process of the
present invention can forma resist underlayer filmthat has a simlar

sel ectiort raFimhenhowy the Eglghiangmissioespeeira shawn of FI§. Hewi HE. Hyreveakival | er
selection ratio of dry etching rate Lhan,thﬁt of a resist and that has a
smal | er sefhseaibarle povplsk srsinplyberretntigveiipr hasHugh FasRargry SSREEA Yt Brfduct or
substra$e, Th@ resist tndertayer filmformed fromthe resist underiayer
filmform Mg§® &H%b?gPpbn of the present invention has advantages as a
planarizing filmand a bottomanti-refiectivc coating and heat resistance,
and does not cause interm xing wth a resist conposition_ Thus, the resist
underlay& filmform ng conposiDUSTRIGAMIREIEABECTYVel y used for the
formation of a fine pattern in a |lithography process of sem conductor
devices, It was also revealed that the resist underiayer filmmaterial of

t hepresent invention has heat resistance capable of f rnigg a hard mask on
20an upper | aj®P8by Thepesst epdsslayerdi g‘b‘P}}%?on&?ﬁ‘fla? H?‘iqgort"hl WATRSf Formul a

(1), Fi{i g‘;%&césﬁ%gﬂm\%ggels%? rénrxr}rélgt?on(c% fc?rIn J{éﬁgﬁﬁﬁg@%ﬂ ﬁlﬂlvtﬁﬁtﬂag) A sipxﬁ'ﬁr excel | ent

transp gl on, “exce resi stance, and high

refractiveingdeX & ol ct@sngeab HANSS a5kt hkhxiid: Qel¥aioh @utp sFakyent s.
Therefore, the polyner “is applicable as a high refractive index film 25t hat

is wdely usgidgfad thapthacala edshed thashush saslla spleatoacttiove dry bhihgrata | i qui d
crystal display device, a TFT array pianarizing film an overcoat for a
col or filt émnégntiofdremidondycter sypiates Pﬁa@ wsiseyndegdaypr fik fosmed HpmAka |/YsY i ght
extraction of an EL display, a_Layeéwfor i nprovin Iigﬁt recei ving of an

i mage sensPrryrlaey ke foraiie rIRyEPT Poihe PIBTHIYRY'PIght T EXF#Gét fon in an LED
devi ce 15 e glagasriz?ng _;I%hangl %fbgggﬁmia\ﬂg-réﬂ%g@% cfoiaul.ir@ Jng rl'l@lt@&iﬁﬁ@%ﬁh hj)c%rhog 0
cause intermixing with a resist composition. Thus, the resist underlayer film forming
composition can be effectively used for the formation of a fine pattern in a lithography
process of semiconductor devices. It was also revealed that the resist underlayer film
material of the present invention has heat resistance capable of forming a hard mask on
20  an upper layer by deposition.
The polymer containing the unit structures of Formula (1), Formula (2), and
Formula (3) of the present invention has excellent transparency in a visible region,
excellent heat resistance, and high refractive index as well as excellent solubility to
various solvents. Therefore, the polymer is applicable as a high refractive index film
25  that is widely used for optical members such as a protective film for a liquid crystal
display device, a TFT array planarizing film, an overcoat for a color filter and the like, a
spacer material, a film for improving light exiraction of an EL display, a layer for
improving light receiving of an image sensing device, and a layer for improving light

extraction in an LED device, and as a high refractive index film forming composition to



62 CLAIMS Formula ( (in Formula (1), each of It!, R2, and R2 is a hydrogen
atom R4 is a Cis44 aryl group or a heterocyclic group optionally
substituted with a hal ogen group, a nitro group, an am no group, or a
hydroxy group; Its is a hydrogen atomor a G Ao allcy/ group, fl es540 aryl
group, or a heterocyclic group 10 optiopally substituted with a hal ogen
group, a nitro group, an: am no group, a hydroxy group; 1(4 and Rs
forma ' | unghn tdeM@mt oget her with a carbon atom the carbon atom being
bonded o R4 and R5 and being at the 9-position in the fornmed fluorene
isring). 2. A polynmer conprising: a unit structure of Formula (2) anclior
Fount a 3): rmia (2) eati Formula (3), each of Rh R R R7, and lit,t is
a group selected cap consisting of a hydrogen atom a hal ogen group, a
nitro grrw, an am no group, a hydnaxy group, a G ..10 al kyl group, a

Cl49al kenyl group, a Ce.,..0 aryl group, and conbination of them the alkyl
group, the atkenyl group, or the aryl group optionally containing an ether
| i nkage, a ketone |inkage, or an ester |inkage; group selected froma
group cnai sting eta hydrogen atom a C140 al kyl group, a C7.50 al kenyl
group, a C640 aryl group, and a oonbination of them the al kyl group, the
all cenyl group, or the aryl group optionally containing an other |inkage.,
a ketone |inkage, 10



or an ester |inkage; R4 is a ('"4.40 aryl group or a heterocyclic group
optionally substituted with a hal ogen group, a nitro group, an am no group,
or a hydroxy group; R5 i S a hydrogen atomor a Co al kyl group, a
C6-4[5 aryl group, or a.heterocyclic graapp 15optionally substituted with a
hal ogen group, a nitro group, an am no group, or group; kr, and 1t6
optionally thrma ring together with carbon atom the carbon at om bei ng
bonded to R and 14; each of ni and aXLAIM integer of | to 3; and each of
1:13 ton5is an integer of t toit), 3. The polyner according to cairn 2,
conprising the nit at isla (2) 25 and/or Formula (3), where each of R R
R, R, RR7l andAR@lyns:ermbﬁsi@ phenyl group or a naphthyl group. 4. A
resi st underl ayer fil r.m ition conprising: a polyner
conprising: a unif" %?&Wé’ﬁﬁ?%%nﬁ%ﬁﬁl a (1): atomand 64

each of Rl and R2 is a group @ell c(fegnjrom a group consisting or a hydrogen
atom a hal ogen group, a nitr ou \ m no group, a itydroxy group, a
Cwo al kyl group, a C2.10 al k .0 aryl group, and a

conbi nati on of them the al ky Ikenyl group, or the aryl group
optionally containing an other |inkage; a ketone |inkage, or an ester
linkage; R3 is a gr oup 5elected froma group cohgimaia of a hydrogen atom
a d.,3:3 alkyl lH'FBl’m@agﬁ e]aél?oﬁkl?kbénd&r %yd?ogglﬁtoﬂit' atyi group, and a
conbi natlon of th I’kyl" group,” the sl kenyl™ group, or the aryl group
optionally cow |i ngx%noﬂéylmupm nheigecyclic kaponéo hg@tcdowthaﬁhabs@er

i nkage; ft4 is a -4,4 ar royp or hen cycllc group optionally
substituted with &OHBI éfp %b“‘mﬁp ﬁP‘EH’Br {?ﬁyg’a\’i”am no group, or a

hyd ; I.
ydroxy group; Rsp RS} gﬁhgggé&gﬁ,ﬂ, g}.rt g,% u;gs't(,l‘ifo%{ﬁgllo \Aﬁ ogz&’ﬁ)et%o clic é:l!;OGug?Lﬁp,

woup, or g iteAene group opti
a thtrc group, ancaBnilG sdb@HRd vt a%aﬂ!&fg@b’dﬁ,amu‘ogmup, an amino group, or a hydroxy

group;

R4 and Rs form a fluorene ring together with a carbon atom, the carbon atom
being bonded to R4 and Rs and being at the 9-position in the formed fluorene
15 ring).

2. A polymer comprising:
a unit structure of Formula (2) and/or Formula (3):

2 “".{g .

(R (Rduz ¢, Ry X7 R
PR ""”\ Formula (2)

N ’ 2y R

Rg [

ns Rg

(R'fl..q Ry

25 {Fh}nl ( elnzﬂ‘ (Rﬁ) ﬁj Rs
Formula (3)

Sy ers
(4“3_ 7

(



grout); Itt and RS optibun a ring together with a carbon atom the carbon
at om bei ng bonded to R3 and R5; and eachof xEl and tt2 is an integer of 1 to
3), The resist underlayer filmform ng conposition according to claim 4,
wherein each of RI, R2, Ra, and Its is ahydrogen atomand Rs is a phenyl
group or a naphthyi group. 65 ach of RI. Ak, and R3. is a
hydrogen atomand /f.4 and Rs forma fluorene ring together with a carbon
atom the car bon ;atrephile(2)gnboadeds (30, chth df Rank, K5, Rnehdddd ing seup srested
9-position in the forned fluorene ring. 57, A resist underlayer filmfoimng
conposi tion choprigupgoasigoieyie hy P agT Dhadgen Brogb AEe BROPRA GRS | ayer

filmformng conposition accardi ng,tp an e : I to. 4, rther
conprising a &8_SNYERRY §EPURGE t“."%&%i)gp‘l%g%gé%%ﬁnﬂ %‘?éra fb er lfgféd#i %ngr m ng
conposi ti on accordi to of, i , of telah@ brot@ FPfidnsiing an
aci d and/ er aﬁ"%{E‘?lﬂg%gr?gF}%?%thw&o%’g?@kﬁlgggﬁﬁ%yer ???m pr g%ce by

appl yi ng the pgsiishe BERE 1RXSSe, b kbohd ikape) or eonposinkigen as claimed in any
one of clainms 4-9 on a sem conductor substrate and baking the resultant
coating. | 1.R;eigeg weoted Gom ngowp rasiseng Patydiogendes: § Aao &6 €8Hdtict or

the nmethod conprising appl ying the resist underl.ayer. fil j
conposi tion agn:g.g,@lkeny grgu%,z Ce.go aryl group, and a combina oﬁ/ otr them,tﬂé!ﬂgﬁ%&@, the

alkenyl group, or the aryl group optionally containing an ether linkage, a ketone linkage,

10 .
or an ester linkage;

Ry is a Cap aryl group or a heterocyclic group optionally substituted with a halogen
group, & nitro group, an amino group, or & hydroxy group;
Rs is a hydrogen atom or a C .10 alkyl group, a Ce40 aryl group, ot a heterocyclic group

15 optionally substituted with a halogen group, a nitro group, an aming group, or a hydroxy
group;
R, and R optionally form a ring together with a carbon atom, the carbon atom being
bonded to R, and Rs; each of nl and n2 is an integer of 1 to 3; and

each of n3 to ns is an integer of 1 to 4).

20
3. The polymer according to claim 2, comprising the unit structure of Formula (2)
and/or Formula (3), where each of Ry, Ra, Ra, Ry, Rg, Rz, and Ry is a hydrogen atom and
R4 is a phenyl group or a naphthyl group.

25

4, A resist underlayer film forming composition comprising:
a polymer comprising:

a unit structure of Formula (1):



claimed in any one of clains 4-9 on a sem conductor substrate and baki ng
the nmsultant coating to forman underlayer film 12. A production nethod of
a sem conductor device, the production nmethod 25foam ng a resi st undarl ayer
filmon a sem conductor substrate fromuedie:layer filmformng conposition
as claimed it any one of cloinms 4-9; formng a resist filmon the resist
underlayer film formng a resist pattern on the resist filmby application
of lighter an electron 30 bean1dﬂgnpdﬁehgpggnt; etching the underlayer film
according to the resist pattern; f i ing the sem conduct or
substrate using the patterned et llay L:fﬁ?ﬁl 66 13. A production nethod
of a sem conductor device, the roduagion ney hod conpri sing: formng a
resi st underl ayer El mon a sem condua{,or substratggfrogkipe resi st

underl ayer filmform ng conposition as clained in u of clainms 4-9;
formng a hard mask on the resist underlayer film linter fanning a resist
filmon the hard magkomula n, cach of TQRAA Rl @ gfoas bdldctdadiches gromednbigingesi st
filmby application ()flig or an electron 10 beam and devel opnent ;
etching the hariydnaskaancohadbgrg ctaopt 41t erohs En PRSP, DYCHIHGERE Giesi st

der | fil di to.th tt d hard k: . j I th
S Conduét or SUBYERIPe b AISCBR SRR A e B v ittt Y5t ",
The production Qﬁl%?o%gatﬁg ﬁlﬁg{érf'%m{lﬁ of iR AN d3up YHRRAAIyEohiBRIR AR ihbBiSkadesa
g ah I norga

formed by deposi i C substance on the resist tinderlayer film
15, A hi gh ref r agdténé@inkdpdgof ah kfter nliigst Nng conposi tion conprising: 20a pol yner

e o O @ O orloat v ot chmlstng ot bobgea more o byl group, o
Ca.10 alkeny! group, a Ceue atyl group, and a combination of them, the alkyl group, the
v alkenyl group, or the aryl group optionally containing an ether linkage, & ketone linkage,
or an ester linkage;
Ry is a Cg.0 aryl group or a heterocyclic group optionally substituted with a halogen
group, & nitro group, an amino group, or a hydroxy group;

15 Rs is a hydrogen atom or a Cj.j atky! group, a Ce.a¢ aryl group, or & heterocyclic group
optionally substituted with a halogen group, a nitro group, an amino group, or & hydroxy
group;

R, and Rs optionally form a ring together with a carbon atom, the carbon atom being
bonded to R4 and Rs; and
each of n! and n2 is an integer of 1 to 3).

20

5. The resist underlayer film forming composition according to claim 4,

wherein each of Ry, Ra, Rs, and R; is a hydrogen atom and Ry is a phenyl group or e

25
: naphthyl group.

6. The resist underlayer film forming composition according to claim 4,



structure of Formula (1) according to claiml, a polynmer conprising a unit
structure of Formula (2) according to claim?2 or 3 and a pol ynmer conprising
a unit structure of Fornula (3) according to claim2 or 3. 2516 _A high
refractive index film produced by applyiéwy the high refractive index film
form ng conposition as clainmed in claim15. TTAn eiecnoni c device

comprising the \Q{Kggn rez?x:fhro?%,l Ii/z,ear{d 3e.1§(a Hcirongcg % 'O(I:Ill aanldriﬁgn& ﬁs ﬁ)lrrﬁ'arﬁ'u&r@ae ring

together with a carbon atom, the carbon atom being bonded to R4 and Rs and being af the

9-position in the formed fluorene ring.

5 7. A resist underlayer film forming composition comprising a polymer of claim 2
or 3.
8. The resist underlayer film forming composition according to any one of claims 4

to 7, further comprising a cross-linking agent.

10

9. The resist underlayer film forming composition according to any one of claims 4

to 8, further comprising an acid and/or an acid generator.

10. A resist underlayer film produced by applying the resist underlayer film

15 fonming composition as claimed in any onc of claims 4-9 ona semiconductor substrate
and baking the resultant coating.
11. A method for forming a resist pattern used in production of a semiconductor,

the method comprising applying the resist underlayer film forming composition as
. claimed in any one of claims 4-9 on a semiconductor substrate and baking the resultant

coating to form an underlayer film.

12. A production method of a semiconductor device, the production method
comprising:
% forming a resist underlayer film on a semiconductor substrate from the resist
underlayer film forming composition as claimed in any one of claims 4-9;
forming a resist film on the resist underlayer film;
forming a resist pattern on the resist film by application of light or an electron
30

beam and development;
etching the underlayer film according to the resist pattern; and

fabricating the semiconductor substrate using the patterned underlayer film.
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13. A production method of a semiconductor device, the production method

comprising:

forming a resist underlayer film on a semiconductor substrate from the resist
underlayer film forming composition as claimed in any one of claims 4-9;

forming a hard mask on the resist underlayer film;

further forming a resist film on the hard mask;

forming a resist pattern on the resist film by application of light or an electron

beam and development;
etching the hard mask according to the resist pattern;
etching the resist underlayer film according to the patterned hard mask; and

fabricating the semiconductor substrate using the patterned resist underiayer film,

14. The production method according to claim 13, wherein the hard mask is formed

by depositing an inorganic substance on the resist underlayer film.

15. A high refractive index film forming composition comprising:

a polymer selected from a group consisting of a polymer comprising a unit
structure of Formula (1) according to claim 1, a polymer comprising a unit structure of
Formula (2) according to claim 2 or 3 and a polymer comprising a unit structure of

Formula (3) according to claim 2 or 3.

16. A high refractive index film produced by applying the high refractive index film

forming composition as claimed in claim 15.

17.  An electronic device comprising the high refractive index film as claimed in

claim 16.



