1 DESCRI PTI ON CARBAZOLE NOVOLAK RESI N 5TECHNI CAL FI ELD [ 0001] The
present invention relates to a carbazol e novol ak resin including a
particular structure. It further relates to a resist underlayer film

form ng conposition including the carbakole novol ak resin, a resist

underl ayer filmformed fromthe 13) \on, a resist pattern formng
nmet hod using the resist underl aye n1forn1ng conposition, and a
production nmethod of a sem conductor device. It also relates to a high
refractive index filmformng conposition including the carbazol e novol ak
resin, a high refractive i nd@xgAzm.EhatvosAforesehfrom the conposition and
has. transparency in a visible region, and an el ectronic device including
the high refractive index film 15 BACKGROUND ART [ 0002]
Conventional ly, mcrofabrication of sem conductor substrates has been
carried out by lithography usingreCHNICALESEED conposition in the
producti on of 20sem conductor devices. For the mcrofabrication of

sem conduct or substrates, there is a known fabrication nethod in which a
resist filmformed fron1a phot oresi st conposition is fornmed on a substrate
to be fabric§ed] suthe pesant sivehtonrekadsep a cadtazele npayigk sasrhinglydingter avi ol et
rays are applied onto the resist filmthrough a mask pattern with a pattern
that is tpanieflerstediue dt fathec whdeciogrregdawinderiasien &lm deinypg eompositionm | s
devel oped for patternin 25 and the substrate to be fapricated such as a
si | i con watledinggheearhew %WW‘QTHEHO%’E%SF\W‘? pavE dledegregtiondhs, as a
protectlve filmto transfer the patt to tge subst
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anti-reflective coating been"wi de enpl oyed between the
phot ofesi st and the substrate to be fabrlcated as a resist underlayer film
[0004] In future, when a finer resist pattern will be further devel oped, a
thinner resist will be required BACRGROURD AREBvent problens such as the
resol ution reduction and col |l apse of a resist pattern after devel opnent.
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,
25  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 patiern 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. To address this, there is required a process for inparting
a function as a nmask during the substrate fabrication to a resi st
underlayer filmthat is forned between 2 he resist and a seni conduct or
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a simlar rate at of a resist, a resist
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resi st underl filmHKhaving a smaller selection

ratio of gryget ﬁﬂir@% th b khia pladlenth sANENEGRHME IR LoSRSBAIE®) Has used.
20[ 0006] ere are known resi st  underlayer filmform ng conpositions

i ncl udi NG, MAKIYS eRBloyEBbSWeRh tHeqihittorgsisthad Hrsiubirarnterd fayetatdd dsm  For
exanpl e, there are di Sclosed a resist underlayer filmform ng conposition

i ncl udi ngeged uidbmylee dthazol e (see Patent Docunent 1, Patent Docunent 2, and
Patent Docunent 3), a resist underlayer filmform ng conposition including
a fluorene pjane] ravoluak whesiarfinef ossisepattaoh will be &urtat demela@gd Dotbument 4), a
resi st underlayer filmform ng conposition including a fluorene naphthol
novol ak rresistwillfterrequismigh erdes éepRatw protbons sushtas He resgldtien teduton apAder | ayer
filmformng conposition including a resin containing a fluorene phenol and
an aryl adoklgbserd agesistgptiamiafigr developmenpr Jdewuewsrdhe dunepsssisheam@tument 6 and
Pat ent Docunent 7). There_is_ also disclosed a novol ak resin that ]J S used as
an i ndul arprige aagsist palterp ditm thickpess swiicisnt fqa&mo%ﬁ?%waﬁé asHRsel% e Thas high
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Applicati© rcation en cumnent Japanese Patent Application
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15  resist underlayer film having a high etching rate, a resist underlayer film having a similar
selection ratio of dry etching rate to that of a resist, a resist underlayer film having a
smaller selection ratio of dry etching rate 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 polyvinylcatbazole (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 {ilm 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



Pat ent Docunent 8: Japanese Patent Application Publication No. ation No.
JP- A- 1- 154050 JP- A-2-22657 JP- A- 2005- 128509 JP- A-2007- 199653

JP- A-2007-178974 JP- A-2007-297540 15 DI SCLOSURE OF THE | NVENTI ON Pr obl em
to be Solved by the Invention [0008] It3is an object of the present

| nventi on Lo RN gggrai\ggwgrl&%rg&gﬁéhg?e%?ﬁg&éﬂ&@m dsRaftAsiLdhdg 2

part i cul ARG obj € resent invention is to provide
a resist au&gﬁéﬁéyﬂ%%eefﬂaltéﬂéfﬁ%%@ﬂﬁ g|§§0fTDOSi tion that includes the carbazol e

novol ak résin I's used for a li'thography process in the production of
sem conduct or devi ces. Another object of the present invention is to
provide a resist underlayer filmthat is formed fromthe resist underl ayer
filmformg-.saMA0HuticaRk: Pl anarizes a substrate, 25can provide an
excellent resist pattern without causing intermxing with a resist, has a
simlgr sgkgtDoemmémti 0 of dry etching rate to that of a resist or a
smal l er selection ratio of dry etching rate than those of a resist and a
seni conduct ofo0sTps tiraadine Dobasieat lc Hapaaetedtatat tpplfatioh fublieationyNadsor bi ng
reflected light froma substrate when irradiation |ight having a wavel ength
of 248 nmP-A@32988°0157 nm or the like is used for the mcrofabrication of

a 4 resist, and has heat resistance to a hirgl? t enperat ure tr?gtgsnt during
substrate fabattutddecomestisapancsh Batepirinplicafipnofublication Ne- FPadr 1410a% he
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avisiblereg Ive'l orm ng conposition for

formng the ﬁggeﬁ@Dmegme@g%h@H{Iqo_dgy;iggg including the high refractive

10i ndex film using singular characteristics of the carbazol e novol ak

resin. 'VEa”SPLtha ISR 8 { i@ afise Ph@f Applich@R0BbIEatoPNe SHRA - 10079754
relates to a polymer having a particular structure shown bel ow, nanely, a
car bazol e novol ak resin, a resist underlayer filmformng

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention
[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



15conposition including the resin, a resist underlayer filmformed fromthe
conposition, and a production nethod of a sem conductor device using the
film The present invention also relates to a high refractive index film
form ng conposition including the carbdzol e novolalc resin, a high
refractive,index filmforned fromthe LI OR, 4. 2 telEshri Qb device
i ncl udi n@esﬂsr‘i’ea“ﬁi aﬁbeaééfsﬁféﬁw t‘?\lﬁﬁ'@lkvempﬁrg‘{agér)%é%ﬁ? H‘ﬁdr@ggtslﬁ%n reg%atles to, as a
first aspect, ol r }nel udj i MC LAY Bar@fnaERr Muh&hbddbiect
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consi stinggof a f i ASN R TS ng B redist bRt QLR ttedlsti NO
group, a‘ %rpggsfngggg%ﬁaégkgﬁgﬁsgqg Kyl groupiﬂgarcz- E1]0 al ken%/l group, a

G640 awl gﬁgh‘}ﬂg{,\ﬁﬂﬁ fnER B RRSSHRIR. OTArARRobjebofahdpes@in tventidrie t@l keny!

group, or group optionally containing an ether |inkage, a ketone
linkage, Ofid0a BRidatidd MKAOE of Rierhizodd@icrupyive/ the predudticnmerhgd dwpiding

consi st r?g of a5 hydrogen atom a Cl140 al kyl group, a C2_10 al kenyl
group, a GfhdBapHyyprotse Uing Bededisaonibilmat fitm fafninheompesigoral kyl group, the
al kenyl group, or the aryl group optionally containing an ether_ I|inkage, a
ket one | i nkapgsthe@mory) itds e bbjettnifalyeprefnt inyenti@sto400ddy # highgelsadivea

het erocyclic group optionally substituted with a halogen_group __a _nitro

group, arin&aniilnothge lspransyarenchiyel p oicjble resign. 2Rzl iactipdpegebiogiig: a
C1_10 al kyl group, a C640 aryl group, or a heterocyclic oup tionally
subst i t utceechpasition éorrfarrn@éﬁhfg%bmmndémﬁi%ﬁ@mﬁ dgvige H&ﬁ‘d&?ﬁ thg Eib#tfﬁ%, YF a
hydr oxy group; R4 and R5 optionally f?rm a ri(a%ngo(ﬂgﬁher with a carbon

at om10t handexr fblon usmesingelan ghasasteratios 9T 14 carhgz B5th of n1 and n2 is

an integer of Ito 3); 10as a second aspect, the polynmer according to the
first aspect including the unit structure of Formula (1), where each of R,

R2, R3, and R5 is .a. hydr atomand R4 is a phenyl group or a naphthyl
group;  Meaps fargﬂiv tﬂ%g&i’%mthe pol ymer according to the first aspect

i neluding theygHaf ¢ BTy - 80 bbbl ehfing AGArRbIRsirudike and R3
is a hydr ogeﬁOd;)%m @%eopr%f%glnﬁ{@:%&%r ?n ?)%yl uor enggr ﬁ’ﬁg together with a
carbon atem, AR CALRAN, REATLA RS RANKEEH, & RsBfuRRHlaf fAidoRaingg GO in the
formed flUorene rirng; ‘
15  composition including the resin, a resist underlayer film formed from the composition,
and a production method of a semiconductor device using the film. The present
invention also relates to a high refractive index film forming composition including the
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):

Rynt (Redn2 g

(—rw/Fb)\ Formula (1)
)
Rs
(in Formula (1), each of R; and Ry 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 Ci.10
25  alkyl group, a Ca.1g alkenyl group, a Cy40 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; Rj is a group selected from a group consisting of a



as a fourth aspect, a polyner including a unit structure of Fornula (2)
and/or Formula (3): (R(11244.4 (Ri)nl (R2)n2 IR4 (Rdn3fid, R5

eatitt-N\ NsFor mul a (2) I R3 (R8(n5 713 (R7114 R4\ -\=/-1-- (R )nl
(Ft2)n2 R4 (Rd \</ R5 f eale-A0-nN3 ' 3..-- N"" R5 --4.\ |y R3 (R8in5 6

a1 o odntrarngt B Bt A Gl e B SRl B AR G oup,
or the arcéplb?r{ EER o?ﬁ} %ahk’yl%?&ﬁ%lﬂ{sye{@en?p%ﬁgbq{r thd RPGSup dpk&iope | i nkage,

or an est roma gioup consisting of a

hydrogen ghﬁfﬂm xgéthétolnﬂéagéf la l@i(ﬁiéﬁmkﬁgec%r Al et BIMbe; R8I Co dy d20zré6h ary|

group, and a co i nation of them the alkyl group, the al kenyl group, or

the aryl (ﬂrQIEfér&Wch@Q@ub)bpﬁ@ﬁﬁl@' sib&tfuRA vethhekalddenloa@d, aaitkegong, dni nkage, or
an ester nkage;” R47is a C640 aryl group or a heterocyclic group

opt i oRal |igs Bedupt st %rdmﬁwgr@ubra{plgarmygmgupammdmet@pmgﬂquhgmuana @giono group,
or a hydroxy group; R hydrogen atomor a Cl1_10 al kyl group, a C6-40

aryl groupyl @éus obetheteeseycli¢ grogp oppormafiyisomaithiyd sithstlialagen@rovipt Antrchal ogen
10 group, a nitro group, an amino group, or a hydroxy group; R4 and R5
opt i onal |grodmamaming pgupogetHydroxy drbum Reantds catiorallytfhen eamisdeeetism bei ng
bonded . to R4 and R5; each of nl and n2 is an integer of 1 tqg 3; gnd each of
n3 to n5 wish aparbob eger, tlef catbarpatap; being bonded to Ry and Rs; and each of nl and n? is
an integer of 1 to 3);
10 as a second aspect, the polymer according to the first aspect including the unit
structure of Formula (1), where each of Ry, Ra, Rs, and Rs is a hydrogen atom and Ryisa
phenyl group or a naphthyl group;
as a third aspect, the polymer according to the first aspect including the unit
structure of Formula (1), where each of R1, Ry, and R; is a hydrogen atom and R4 and R
15  form a fluorene ring together with a carbon atom, the carbon atom being bonded to Ry

and R;s and being C-9 in the formed fluorene ring;

as a fourth aspect, a polymer including a unit structure of Formula (2) and/or
Formula (3):

{R',r)
? =\

Rt (Red2 e, (r) N7 R

e /\
_(_/ 1 //IRS\{/ N _ Formula (2)
N IR

\ y Ry
(RB ns Rs

{Ry) L4 R
A

(R1’n1 (R z)an (Rel3 X7 Rs

q AN Formula (3)
003 ,1“ SIS -
R (Re)/

3

20 (in Formula (2) and Formula (3), each of Ry, Ry, R, R7, and Rg is a group selected

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



as a fifth aspect, the polyner according to the fourth aspect including the
unit structure of Formula (2) and/or Fornula (3), where each of R, R2, RS,
R5, R6, R7, and Rs 15 is a hydrogen atomand R4 is a phenyl group or a
napht hyl group; as a sixth aspect, ta resist underlayer filmformng
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form ng ron-as n any one of the sixth aspect to the
ei ght b aspect, 98, ApSGH £FORMALIYN FURSH BE BlkgngobRkhoglkbde gragubi tat _
coati ng; 4s ‘a teﬁt aspect, a nethod for tormng a resist pattern used in

product i qpy; oy SSUnGRP iahiAing dnhhdrainkagk, h Retoneliiniagapml ani asgr tihkageeBi st
under | ayer” fil m florm ng conposition as described in any one of the sixth

aspect tqgshhe 4§£@hgﬂau?§péﬁéteﬂﬁyaic5gﬂhp opkratlpsulsstibged witk adatbgbakiong, 4 he
resultant coating to forman underlayer film as an el eventh aspect, a
product i agitreidi@daoimmoseoiys ondhgtoxy gexipe B; istdleydreganatom pr phelidkylg

form ng a resist underlayer filmon a sem conductor substrate fromthe
resi st ungenp,ay@i iyl grdupr oi beteronydisigrowropiipnalds bsisied WithphalgBd of t he

si xth aspect to the eighth aspect; formng a resist filmon the resist
underl0ay egrofip,lamitré gravipnan amin@sgraup, ﬁét‘b@‘?fﬁxlﬁﬂr%ﬁém%‘é‘; g@ 0 tfqrﬂffh%?orﬁlpi)l i cation

of light or an electron beam and devel opnent ;. et chi t he, yunder,| r film
accor di ngrinptogeiler with 8 carhan A, ;th%?ﬂib?‘h%PWgﬁrfgi‘b‘mBﬁ@&% do]%?i g %%ho@m
substrate using the pat% rned unde lF fgl %.me er%zlgoaﬁelfth aspect, a
product i o#drit1nEH 1n¥eees 0 ir’i‘? oﬂ'gitf‘é"lc%f’ ﬁﬁf’l%e{s Ke“®Ethod i'ficl uding forming a
resi st underl aﬁ]?.r film OtE a gen cgngcﬁﬁéPrthglfag{ﬂd%ﬁjgctfiﬁ&mih el St
under | ayer fPF MEGAPHE BBRBSLIT FETHES des€ribed fn any ong of the sixth

e ay s or PR BERE Fol- AN Rerdhéh FRK FOMRL RS, RER,Sdnd Ry

under| aye ormng a ist filmon the hard mask; fornming a

resi sgsngaltétea\e/hr Bog%%%tb?n éﬁﬁ?%ggéd?mlbgoﬁp@gﬁ%@m gffupt i ght or an el ectron

beam e hard mask according to the resist

pattern; et chpgd R | $8sineeer | gwenilnt idrmiacemstishpntinclndieg et t er ned har d
mask; and fabricating the sem conductor substrate using the resist

pat t er ned,Moger hy8Erilidd iflany BAS oftht Mirdttagmet to ths fifibtaspachie producti on met hod
according to the twel fth aspect, in which the hard mask is forned b

depositing ansReva@nipesintrasisanderldyeefile Sirsting nofopositjay ackpiding tgdhe
fourteenth aspect, a high refractive index filmform ng conposition

i ncl udi ngsiathpehsordurties iMchiding g crass-liokigg agems; unit structure sel ected froma
group consisting of a unit 20 structure of Fornula (1), .a unit .strulclzture of
For mit@ (2), aamd eightinaspesit theaesistamgerlayst flim forming composition according to the

sixth aspect or the seventh aspect further including an acid and/or an acid generator;

as a ninth aspect, a resist underlayer film produced by 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;

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



(3); as a fifteenth aspect, a high refractive index film produced by
applying the high refractive index filmformng conposition as described in
the fourteenth aspect; and as a sixteenth aspect, an el ectronic device
including the high refractive index fil'mas 25described in the fifteenth
aspect. Effects.of .the |nyentipn Jo T i Unes film

f or mi ng d%ﬂ‘b‘@gg frBpng? reskL U #eégé?ﬁﬁlpn%%%?%#@ggm% g‘?ksns’lﬁjgter esi g}%ea%ﬁg erl ayer
filmthat does n ause | i X] | Y&l FWELSH + 8 fhe resist
under | ayé’rng?r?afyﬁ{ Bfﬁ%gor}négg é&ﬁé}%‘%&ﬂ %}%lggﬂrkb:%fl%% r(%{eng cogrlrpoy i'on of the

present | AeNLan, fatif 2 sl Tilfh 3R REEL] @HakrifyRs ivh, fdlalglAyeib: fakli L hat
§ar oere 0

has a sim ctroratio ry etching rate to that of a resist or a

smapler SElREHsANGIAbY Aptcalb of lighioRtn ERECor Bt AR cRbrrnt edhilg and a

sem conductor substra The resist underlayer filmformng 5 conposition
of the prgsgerlafitanii R0oG: RltBOrdRI patRnt; afd sdbridater thayeanicbhdusidrhat  has

hi gh heat resistance even under a high tenperature condition, for exanple,
in a thergpdirdiidinothppasaasd inderfagemiilng a resist filmand in a vacuum
deposition process for formng a hard nask. The resist underlayer film
fornmi ng conpasi twefih afpethe ppodston methpdrif s semsandudtedevigentha medyds t

underl ayer filmthat also has an advantage as an antj-ref]|ectjve coating to
10suppr esisclndihk doniings resfst ung¢riayor filon e & senicpedustorfsubyiiate Bpdhe BHEl because

t he conposition includes a polynmer containing a ske ﬁt al structure that can
absor b t hmdeilayier fibm feiming comppEarmas dereriheddn 8y onfgRlthapath #pPechie B ng
conposition of the present invention can also forma_.resist under|ayer film
t hat 18as eighth penesh foranng a Sardnagk %‘r’igf)éfisfsf B‘%dse\}'\;iaﬁf ffpabﬁ‘aﬁef?%n%%msﬁ nduct or
substrate_(for exa i

e, hermal .silic i de fil il j d
Y5111 m den o0 WomgE ik R i i petibd pp ikt tinfby st IALGLTS

der | filmof th t ] t . ing fil
an ant - revalEe Pehagd Rrisoaneknt F b I FRT AR 1RGP ARty T
fi | m havi ng.heat. [ esi | ' tshi ihyi ty and
ant |- ot CHINE R e BTG SRS L R B M R NIRRT 12 Sy

and accur gl gt 83k RALBRLR: Aiod ML TRL: A ARY GRBHBJerRkt o0 LransTer to a

sem conductor substrate I1n a ography process in the production of

sem canduct ok geijiE8sh adpRchd el fr6diictibn niditdrReddinguodes fwayfet aspedtninhas hi gh
heat resistance, and thus can be suitably used for a |ithography process

i ncl udi ngyRicRBRARSE MAkk fsForhedbadéeitingas ndiyaniepdsiantoon dk resisti nor gani c
substance in the production of sem conductor devices. 25[0013] The

car bazol eymenigyenlilmesi n i ncluding a particular structure of the present
invention has excellent transparency in a visible |ight region, excellent
heat resi st ange fourteghthraspechct higl réfragtixe indexi fili danming corgpesitinn inehpding ayar i ous
sol vents. Thus, the high refractive index filmform ng conposition,that

i ncl udes pdipmernteining ahlses|oar Uk Stractiiseelsaied drom pEFUPCONFING 9 3l e of

the present invention can forma high _refractjve jndex
p20 structure of Formula (1), a unit structurg of Formu%a Eﬁ), ancf a unit structure of Formula

3
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 compositicn of the present invention

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



9 filmthat is used for, for exanple, a protective filmfor a liquid

crystal display device, a TFT array planarizing film an overcoat for a
color filter and the |like, a spacer material, a filmfor inproving |ight
extraction of an EL display, a |ayer fo% i mproving light receiving of an

hgﬁ?ﬁe“”%&%ﬁ? ity R PirnPRt A M R ARkl

del
o e DR O Ry T L At A iy i

pol ymer t
spectr umql("#'g1 %%%@%E{glt%%ﬁ 2%%}%{ %es?‘{ag&gxeggrrﬂﬁmg}ﬁ? %fgﬁleéc%lfb% 3is a

11- 1- NVMR SReHOELSRE Llesidt £ a)%%ﬁc&%@ﬂof‘@lﬂjostrﬁ!teSymh@ﬁisisﬁuﬂcﬁzrlﬁgﬁ@cﬁn}rﬁfoﬁnmbF| G 4]
FIG 4 is a 11-1-NWR spectrumof a polyner obtained in Synthetic Exanple 4.

[FIG 5 ] fhfposkiohdf thelpkeskniNMReBRSCdah Wodbrmita pslsy MRderbbéefilnethat insSyght het i ¢
Exanple 5. 20[FIG 6] FIG6 is a 11-1-NWR spectrum of a pol yner obtained in

Synt het i cheaxkaRRtaBcdevehmherd hibh Gripdratus: chiditiohlar syemtle limaakermapalringer
obtained in Synthetic Exanple 7. [FIG 8] FIG 8 is a 1H NWR spectrumof a
pol yner qlrbedss ést formiBy atrésddtifitm and in a vacuum deposition process for forming a hard
mask. The resist underlayer film forming composition of the present invention can also
form a resist underlayer film that also has an advantage as an anti-reflective coating to
10 suppress reflections of light or electron 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
15  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



25 Exanple 8. [FIG9] FIG9 is a 1H NWR spectrum of a polyner obtained in
Synthetic Exanple 9. [FIG 10] FIG 10 is a 1H NWR spectrum of a pol yner
obtained in Synthetic Exanple 10. 10 [FIG 11] FIG 11 is a 'H NWR
spectrum of a polyrrer obtained in Synth®tic Exanple 11. [FIG 12] FIG 12 is

I1-1-N .
T3] Fia T PEC R Bk BRaEs SRR for PR G IR fvie DL ©
Exanpl € gt %ﬁla&ﬁlm@(ﬁm Jaﬁo'vérc at fB‘FyW()?Hﬁé‘rtarnH%é)ﬁkeaaB NP Bfate@Rl @i ned in

Conpar ative FI'G 15] FIG 15 is a 'H NVR spectrum of
a pol ynmergabfaih vhfghl t@&mﬁﬁbf M@Eﬁ)drﬁp'ﬁ%’t h ayExRERheroRing[fphtrecdi®lngFl G 16
Is a view show n t"transmttance of a thin filmobtained in Exanple 7.
[FIG 17]offahGmbgde seslsﬁg\dleeme,sdmaw 1Bgerifbgintproviag iphttexanaindh aa [HD devidgd. m

5  The high refractive index film of the present invention can be widely used as an optical

member of electronic devices.
BRIEF DESCRIPTION OF THE DRAWINGS

10 {0014] [FIG. 1]FIG 1isa 'H-NMR spectrum of a polymer obtained in Synthetic

Example 1.
[FIG. 2] FIG. 2is a 'H-NMR spectrum of a polymer obtained in Synthetic

Example 2.
[FIG 3] FIG. 3 isa 'H-NMR spectrum of a polymer obtained in Synthetic

15 Example 3.
[FIG. 4] FIG. 41sa 'H-NMR spectrum of a polymer obtained in Synthetic

Example 4.
[FIG. 5}FIG. 5isa '"H-NMR spectrum of a polymer obtained in Synthetic

Example 5.
20 [FIG. 6] FIG. 6 is a '"H-NMR spectrum of a polymer obtained in Synthetic

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 isa 'H-NMR spectrum of a polymer obtained in Synthetic

Example 10.



obtained in Exanple 8. 15[FIG 18] FIG 18 is a view show ng |ight
transmttance of a thin filmobtained in Exanple 9. [FIG19] FIG 19 is a
view showing light transmttance of a thin filmobtained in Exanple 10.
[FIG 20] FIG 20 is a view show ng Iighthtransrrittance of athin film?20

obt ai ned i n Exanp

transmttance of

vi ew showi n

25[ FI G,

obt ai ned i n Exanp

|ll

transmttance of

Vi how ' tt
E;(g"n‘r’plseo‘éﬁﬁ%dlé ght tr

Lﬁg%ﬁrl F#E':ﬁléﬁg g Iﬁl&@ e araro]:t)‘?éé)%\iyﬁ JP([%m g& géﬁ’gr@\t‘%ﬂé"z is a
t transmttance of a thin filmobtained in Exanple 13.
3is aviewshowing light transmttance of a thin film

gﬁig‘%l fo1 b 2 is23h- ﬁg@% is%e%trhﬁl & MiBWh SR 1h|%hfhetic

fllmobtaln

Exanpl e 15. [FI G 25]
ansmittance of a thin film 11 obtained in Conparative

IG 25 is a

[FIG 261 FIG 26 is a view showi ng |ight

transmg ttance of grrghif MG M RL'H-NRMR specGanpalagdlyretobaipdeinBynthetic

10

15

20

25

Example 13.

[FIG. 14] FIG. 14 is a '"H-NMR spectrum of a polymer obtained in

Comparative Synthetic Example 1.

[FIG. 151 FIG. 151sa "TH-NMR spectrum of a polymer obtained in

Comparative Synthetic Example 2.

[FIG. 16] FIG. 16 is a view showing light transmittance of a thin film

obtained in Example 7.

[FIG. 17} FIG. 17 is a view showing light transmittance of a thin film

obtained in Example 8.

[FIG. 18] FIG. 18 is a view showing light transmittance of a thin film

obtained in Example 9.

[FIG. 19] FIG. 19 is a view showing light transmittance of a thin film

obtained in Example 10.

[FIG. 20] FIG. 20 is a view showing light transmittance of a thin film

obtained in Example 11.

[FIG. 21] FIG. 21 is a view showing light transmittance of a thin film

obtained in Example 12.

[FIG. 22] FIG. 22 is a view showing light transmittance of a thin film

obtained in Example 13.

[FIG. 23] FIG. 23 is a view showing light transmittance of a thin film

obtained in Example 14.

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

obtained in Example 15.

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



5BEST MODES FOR CARRYI NG QUT THE | NVENTI ON [ 0015] <Car bazol e Novol ak Resi n>
The present invention relates to a polyner including a unit structure of
Formula (1) or the present invention relates to a polymer including a unit
structure of Formula (2) 10and/or Formila (3), nanely, a carbazol e novol ak
resin including articular structure. [0016] In Fornula (1), each of
R and RPb{nedp Hafaé’d'eﬂ;s‘agl up selected froma group consisting of a

hydrogen atom a rQup, a nitr . Al a hydroxy
group, a C1_10 al [@‘{So%j%% alsééfielvbsé e g}gﬁ{g%ﬁgfﬁgh%%%{hgﬁﬁm group, and a

conmbi natign.of. . kyl group, the al kenyl group, or the aryl
group nnf%i%%egﬁ g?’n%p%\ﬁg{e%e%anﬁleﬁ ‘age, a ketone linkage, or an ester

|l inkage. In Formula (1), R3 is exenplified by a group selected froma group
consisting of a hydrogen atom a G _io al kyl group, a C2_112 al kenyl group,

a C5_40 aryl grouppsevoBRSHORCARRYNG DM TMRENEBNTEON kyl group, the
al kenyl group, or the aryl group may contain an ether |inkage, a ketone

| i nkage, or an ester linkage. 20ln Formula (1), R4 is exenplified by a
C6.40 aryl group or a heterocyclic group that may be substituted with a
hal ogen gr ou@o148] ni<Cobgroluilovelak Ragimo group, or a hydroxy group. In
Formula (1), R5 is exenplified by a hydrogen atomor a Cl1.10 al kyl group, a
640 aryl grPhppresmt inveetier miated o phoogy indludingaynietrgeibe aftfioraulafi h a
hal ogen group, a nitro 25 group, an am'.nowgr oup, . or a hydroxy group. R4 and
RS may f crrthepreiandinveyiéernesfated tol nokanes drdefing e opitsiaetuicoifigraed (Zb R4 and
R5 Such a ri n% is exenplified by a fl uoiﬂ%(r}e,ri_n%ﬁﬁorned fromR4 and R5
t ogetlfer amdion Foraula 43 ) Brmalyonrarhegols Rovelkdetin iRy Tyding h RAREU ARG { he
9-position in the formed fl uorene rin Each of .nl and n2 is. an.i.nteger of
1 Fo st °1a ho16F ogsTprmalad e ooy Ra e at o B 2 e R Ringg. g,
R7, and R8 is exemplifi.e a group,selected froma gro si.sting of a
hydr ogen %$6HR C%S%ngéﬂﬂég%’ﬁﬁl} gté?nhlg gt 8PP %%ltrgr%r%ué) ’ éﬁ 3%13% %8%(% r oxy
group, a.CL 10 alkyl gro , al I »oa Q3 ¥lq Qroup, and a
conbi nat iIHﬁT‘B‘fY %r?fﬁv‘na (%ﬁ%?j%yl he gﬂiy?mgarh%%l,grfgﬁg%g%%&g%é group,  or the aryl
group may, comt 3 2l Rferd tHKAGR srdipk ik AN&nl 1 SEAY @ (RS arfer68) Biay | | Nkage.
15  contain an ether linkage, a ketone linkage, or an ester linkage.
In Formula (1), Rs is exemplified by a group selected from a group consisting of a
hydrogen atom, a C,_1p alkyl group, a Cz.19 alkenyl group, a Ce.40 aryl group, and a
combination of them, where the alkyl group, the alkenyl group, or the aryl group may
contain an ether linkage, a ketone linkage, or an ester linkage.
20 In Formula (1), R4 is exemplified by a Cg.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 Cy.19 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 R4 and Rs.  Such a ring is exemplified by a fluorene
ring formed from R4 and Rs together with the carbon atom that is bonded to Ry and R;

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

to 3.



In Formula (2) and Formula (3), R3 is exenplified by a group selected from
a group consisting of a hydrogen atom a Cdio alkyl group, a C240 al kenyl
group, a C640 aryl group, and a conbination of them where the al kyl group,
t he al kenyl group, or the aryl 109roup1ﬁay contain an ether linkage, a

ket one | i nka est e e. F QQPRF rmula (3), R4
is exenplifi @3}183 I%(r],;é’ Qiﬁnc{(ﬁ&f}bu}%@ ¥ nlé fe)gn}:ﬁfc}{f(’?group ghat may be
substi t ut r Qlpy

hydr oxy ger%%ugﬁltfP %Q%%% ;e(a én%(‘% ‘Q’n?%; Q%ES }d eﬂ%t f| edog%y a
hydrogen ahemQfind gfoh 1&&5&%@{& LA Broxd oF0a Y, algfl%ﬂ&ip,(arcz%

het er ocyc |c ‘group thg may be substitutéd with a hal ogen group, a nitro

group, anREAyNerolpoHO 18 hﬁaxc&&auﬁtloﬂm&ﬂ heidBle AIRYINGrduy, kg
t oget her mnth ?rebcar ggﬁég%ﬁﬁghat is bonded to R4 and R5. %S%hli ring is

exenpls fi @ﬁeﬂ% Y gioubl HQhERT] BioUY nidyl dohitdin €n Ethat liikagd of NeusedtRagd, ogaf or med
fromR4 and R5 together with the carbon atomthat is bonded to R4 and RS
and i s atestdidinfRageposition in the 20 fornmed fluorene ring. Each of nl and
n2 is an integer of 1 to 3, and each of n3 to n5 is an integer of 1 to 4.

[ 0018] ExanplreEcrafuld (28 ahdiFogeula §3)oBp is axeimptedby b gorp sgleoted from & gtowpo

group, a brono group, and an iodine group. [0019] Exanples of the Cl.10

al kyl gr owmsistied Qifékeh)éﬁl‘wtbmg& Bup,allsi géqqﬁ’yﬁ anmllpenytsmpna br-o®il group, an
|-propyl group, a cycloprop group, an n-b grou an i-butyl group, an

ST o T B gy iy A b
o ougl a gzhrosla@m%co SR a%t%ﬂlgwfge otan e ke ’ ’
1, 1- 2
2}§Ld:ggtgzhzgigﬁﬁﬁ%knngﬁgﬂnﬁr13%Fﬁ3¥5% igﬁig ?%ﬂbgygggkgog§clopentyl
g me'?’hyl l&ey%'f) c}}{: >g rtg% R gy b% U%gtgtute &ﬁﬂfgﬂm%en p%ﬂ%%@%%i}ﬂ) g%u?) B arflino

2, 3-di net hy . oup, @ 1- ethyl cyclopropyl group, a
2- et hyl - 8%*%%§¥§pgﬁ&&9§%p, an n-hexyl group, a 1-nethyl-n-pentyl group, a

2- et hyl -n-p hy! li¥ikd BY @URdroBertatdRi &bd ¢ pent yl
group, a 1, 1%%&%@%%3?@%%%%5 15%(@[%1%1 |ngjt}hyp ro%eu%ly grou{)ll,0 a

1, 3- Q'Smtany)tl g’ﬂmﬁﬂhﬂé +QEQUBroup, ot a%e@érﬁ@tdﬂ?d' dplbitthaydbOdiPstitated with a
2, 3-di nmet hyl - utyI group, a 3, -dlnethyl n- butyl group, a 1-ethyl-n-butyl
group, a t&i@emglroup Buttyd group U, ansind gloup; bif 4 hplrbiyy groupr oRy indRompy fam
1,2,2-trinethyl-n-propyl group, a 1-ethyl-1-nethyl-n-propyl group, a
1- et hy1- 2: rimg togkthor with gy cagbcaougomahatyic baives yo R4 6ndgRoupSuca a rlng is
1-met hyl -cycl opentyl group, a 2-methyl-cycl opentyl grocf
met hy| -exguipbifiediby b flgortsmp 1ing struetute/thatcy e flvioreny Irmgrfgmpe fgom R4 and Rs
t hyl -cycl obutyl group, a 3-ethyl- cyclobutyl group,
di rrettngtﬁh@ry@lﬂbﬁmcwbogram thah istbonden frelngid Raasdab at F}RF Sypesiion in the
di et hyl cl obutyl group, a 2,3-dinmethyl-cyclobutyl group, a
0 neﬁh?ﬁﬁkﬁ@ﬁﬁ%%¥93 group, a 3, 3-dinethyl-cyclobutyl group, a

n-pr opyI % o Orﬁ E n2 iSan 'ijlﬁeger 0%1 to ra%%yelac-:}?gf 1|130 fo o lan%tgguee of T to 4.

i - propyl -

3-
2-e
1, 2-
2, 2-
2, 4-
151-
1-
[0018] Examples of the halogen group include a fluoro group, a chloro group, a
bromo group, and an iodine group.
[0019] Examples of the C;_jo alkyl group include a methyl group, an ethyl group,
25  an n-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



group, a 2-i-propyl-cyclopropyl group, a 1,2,2-trinethyl-cyclopropyl group,
al, 2 3-trinmethyl-cyclopropyl group, a 2,2,3-trimethyl-cycl opropyl group, a
1-ethyl-2- et hyl -cycl opropyl group, a ethyI-I met hyl - cycl opropyl group, a
2-ethyl - 2-net hyl - cycl opropyl, and a 2-dfhyl - 3- net hyl - cyclopropyl gr oup.

i P T i S Pt
1-but enyI XaPlgutPP% a g5 %%Hﬁth?‘l_% h&;&@ﬁw ripOMP, A

2- nethyl 2- met opényl group, a 1- ethylethenyl
group, a 213 %&M&r éycmpt?@ﬁmg!ro@r QYRothy- c%cl@ﬁidﬁﬂgr%ull@ rOpemyl-c@lspiepyla

1- pentenyl group; d 2-pentenyl group, a 3-pentenyl group, a 4-pentenyl

group, %:511 p,PmRERRYE ey - nﬁtl@;ﬂﬂl-F@tﬂl dreid) M 2-rdetbyl- epyhtybgoup,a a

1- net hyl - -butenyl group, a 1-nethyl-3-butenyl group, a 2-ethyl-2-propenyl

group,5 a 2nfetymlpdntgrany bk 4gnethipl-n-peyhgohy,l R1dihehyln-dnyliproug, a

2-met hyl- 3-butenyl group, a 3-nethyl-I-butenyl group, a 3-nethyl-2-butenyl

group, a anbhuyikﬁbbuﬂgnym,gﬂduﬁnm&wipﬂudﬂqgmhy122#@mnﬁeﬂyﬂUgﬂdupmla
-propyl et henyl group, a 1, 2-dinethyl-1-propenyl group

1 2 di met£%,3- cﬁmpﬁwbeftwyl gtehipy p Guipd inzetiyl oyltygsens rayll etgyldmbutyhgroup,

2-cycl opent en group, a 3-cycl opentenyl group hexen grou

2- hexenyl Z-Qﬂ'wﬁp -butyl Zrovex adyl.2-ieibyl-ar PEomy g@ﬁ?ia b?@dﬁlmeéh)é—lh@?@ﬂﬁm‘& soup, a

et o g1 B d s S oy ket gty 'Bg?ﬁl&#%-w%yga%upaa DelEBERYY | et henyl
- ety - éoﬁ%‘%wrhygﬁgﬁbggéylﬁﬁﬁ A RS ?%Ptyésﬁe”t ! oroup. @

3 ety FristRi R Prar LR 3R R SRR P s B80! group.a

3- et hyl gle{g,epéfagg%ﬁ ity 612§pen§1x%1 R roud! LYB. %ﬁﬂe&gmmm

|
- pent enyl group, a 4-net penteng group,

a 4-neth 10a
1, 1- dine?%fﬁp Q%%?Qﬁé’ g@%ﬂﬁ?ﬁ“%“&5p3?ﬁt?%§?%§Qgﬂﬁgﬁg}gg?%ﬁ%, a

1,2-di rTetMJem%eéh LSRN I Sup, @ 313-3mekithatdybbityD yd group, a

1- met hy1- 2- et hyl%%oﬂ%ﬂ gproup, a 1H§ dgutyltgt Elmp group, a

1, 3- digret hdprdpiiiyelaptopd!t @ionp, H2-h-Fepylrgtvplopdi @mhﬁrwl i-geapyb-cyaopropyl

1, 3-di met hyl- 3-but enyl group, a 1-1-butyl ethenyl group, a

2, 2- di et fpip,3r Bupepyl-cgrlopppylaréys-adi @ thmethy -ty emgpylgroupa 15a

2, 3-di met hyl- 2- butenyl group, a 2, 3-di nethyl-3-butenyl group, a

2-1-pr opyﬂ,QZ—tnmqﬂgrhycb(clgpmpp graup, &2, di3nteirretivl Ty ploprnyl g, a

1- et hyl - 1- but eny roup, a 1-ethyl-2-butenyl group, a 1-ethyl-3-butenyl
group, a Il_-ethybﬂsmlg licml(mp@?ﬂlgrfmpoﬁlé setlyyl4l- WWbWiQPZOW EFERYR group, a

2-ethyl -1- butenyl ethyl 2-but eny] grou - et hyl - 3- but enyl
group, a 2A-ethyp2im¢ rﬁﬂ'e@ﬁ’baﬁﬂeﬂ@’lfy?logiﬁpﬂ #OHBnyl group, a

201- net hyl - 1- et hyl - ropen ou eth enyI group, a
1- et WPL- 2- ne{PRAV] 2- é?‘ ﬁ@P%{@Fg{mO glgelﬂ?’l Igrodeﬁg)quwb?tE%yA§fdpu3 up, a

L PP R SRSR (O5YRe oHE eleyYSL ORI s S0 o

2-met hyl - Ebu%nypé%g a%tut%ﬁﬁ"é%uﬁ a2 BV sptofh§] SRR LN ett8i 94 opéhyl
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-propyletheny! 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



252- et hyl - 4- cycl opent enyl group, a 2-nethyl-5-cycl opentenyl group, a
2- met hyl ene-cycl opentyl group, a 3-nethyl-I-cyclopentenyl group, a
3-nmet hyl- 2-cycl opent enyl group, a 3-nethyl-3-cycl opentenyl group, a
3-net hyl - 4-cycl opentenyl group, a 3-netldyl -5-cycl opentenyl group, a

3- net hyl - I t - z I
o oup. arous SRR sndl @il G ST G L R U L0 o
' d h I - I I
I T e
, ol L P - £l heny!|
3 oub. b e e D ety G oup. a1 t1 obheny

group, a pe ) it RADI or@lp, ar Nabatvth , @2 Andtayaht-pattergl oup, an
o-bipheny@®g¢gﬂggﬁgﬂﬁ}6?%heﬁy% ggoup, aﬁg-b?gﬁgﬁg? groupgﬂa ?-aé?%ryl

group,s a ailﬂ,tahZ-MIetkgrﬂ-QLﬁ%nteﬁyBg@ﬁ ¥ YnegydBmenaengt ghepaii-hestyl-greutenyh
2- phenanthryl group, a 3-phenanthryl group, a 4-phenanthryl group, and a

9- phenant soMp, alDgmotl-2-propé0 2djup [ 8-nixehdrlopgredniyt ggrpup is preferably, for
exanpl e, an organic group conposed of a 5- to 6-nmenbered heterocyclic ring
cont ai ni N@amtiyl Qgemienylipfoup, a HimedhyGepentenytigrnprpd-axtivid-prpeera! gippp.dt e
group, a furan group, a thiophene group, an imdazole group, an oxazole
group, a 3-efhakdttetegybgnoups pyrcanoilepantanybgronn. 4 SR 2ePGBYpLIOYR 2
15i sot hi azol e group, and a pyridine‘group. [0?23, TﬂF g | yme
cont ai ni n@*na@ﬂpgéﬂ@rnﬁml gioup, & frerthylrdpenicnsd grawpad (4ydipgiyle- Fi%"Ped
below. 16 Formul a %1-6) ormul a él:?) Fﬁiqyla f1-8% Formula (1-9) Formula
(1- 1000 Fo# halrdimethyl$)bupssyhgonp a 1.3 simpdy flioytepyt grayp.
1,2-dimethyl-2-buteny! group, a 1,2-dimethyl-3-butenyl group, a
1-methyl-2-ethyl-2-propenyl group, a 1-s-butylethenyl group, a 1,3-dimethyl-1-butenyl
group, a 1,3-dimethy!-2-butenyl group, a 1,3-dimethyl-3-butenyl group, a
1-i-butylethenyl group, a 2,2-dimethyl-3-butenyl group, a 2,3-dimethyl-1-butenyl group,
15  a2,3-dimethyl-2-butenyl group, a 2,3-dimethyl-3-butenyl group, a 2-i-propyl-2-propenyl
group, a 3,3-dimethyl-1-butenyl group, a 1-ethyl-1-butenyl group, a 1-ethyl-2-butenyl
group, a 1-cthyl-3-butenyl group, a l-n-propyl-1-propenyl group, a
1-n-propyl-2-propenyl group, a 2-ethyl-1-butenyl group, a 2-ethyl-2-butenyl group, a
2-ethyl-3-butenyl group, a 1,1,2-trimethyl-2-propenyl group, a 1-t-butylethenyl group, a
20  1-methyl-1-ethyl-2-propenyl group, a 1-ethyl-2-methyl-1-propenyl group, a
1-ethyl-2-methyl-2-propenyl group, a 1-i-propyl-1-propeny! group, a
1-i-propyl-2-propenyl group, a 1-methyl-2-cyclopentenyl group, a
I-methyl-3-cyclopentenyl group, a 2-methyl-1-cyclopentenyl group, a
2-methyl-2-cyclopentenyl 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-cyclopenteny! 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-cyclohexeny! group, and



- [0024] The pol yner containing a preferred unit structure as Fornula (2) or
Formula (3) can be exenplified below. 17 18 Formula (3-1) Formula (3-2)
Formula (3-3) Formula (3-4) Fornula (3-5) [ 0025] The pol ymer of
Formul a (1) of the present invention cdfA be obtained by condensation of

carbazol§€ w@tQXaIer des or ketones. In the condensati on reaction, based
on 1 equi 7 é?‘ﬂ %rfyg%igényl group in the carbazoles, 0.1 to 10 equival ents

of the 5 ald S es Y / The pol yners of
Formul a (2) gﬁ%ﬁﬁoH%%wgh%§¥ﬁ%€Q?ﬁéggégggHﬁaﬁﬁs%R??gﬂgggﬁl%E obt ai ned by

d td ' ' I ket .
I he. con B B Pyl am nes. oy

In the con e carbazol es and the triphenyl am nes nay be

used in ao-@ﬁlbﬁ)rphélﬁﬂigﬂ)l.@fairi-@él@ﬂoph@gﬂ-'gﬂ&l@;aﬁ%ﬁﬁdolﬂﬁnﬁ &auw, wal ent of a phenyl

group in 10 both the carbazoles and the triphenylamnes, 0.1 to 10

equi val end-guelophdie] atodiphy pemoiphting gk@ipo e s-makonehesédroup,a [ 0027]

Exanpl es of the carbazol es used for the production of the polyner of the

present ipuetHox@phdnpCiradp, ecpnhamphbeyl ghvupes hycyamrpbearyd lgeuphae tiryapbtiybazol e,

1,3,6,8-tetranitrocarbazol e, 3, 6-di am nocarbazol e,

3, 6- di br ayroup)-adi-hahtiay lgengl, en obithebyldirbvm mon-digteayhdresr, bazbipkeny! group,

3, 6-di bronocar bazol e, 3, 6-di chl orocarbazol e, 3-am no-9-et hyl carbazol e,

3- br onp- & bahird grayvwz s Reanthryugropp.( Drnthad Becxp) @ S=npryastignbsonr. a 19

4-gl yci dyl carbazol e, 4-hydroxycarbazol e,

9- ( 1H benrpeeraphisyleroyn. AerpRFniuton] gequpad dirbenapthykgrorn.gnd 2 rpisaguibazol e,
9- benzoyl car bazol e, 9-benzoyl car bazol e- 6-di car boxal dehyde,

9- bertdyi EPWAazol e- 3- car boxal dehyde, 9- met hyl car bazol e, 9- phenyl car bazol e,

O-

vinyl car bafﬂ?)lzg] e e}a%g'logyc%gtg?osuspi ilst eferably, for example, an organic group
composed of a 5- to 6-membered heterocyclic ring containing nitrogen, sulfur, or oxygen,
and examples include a pyrrole group, a furan group, a thiophene group, an imidazole
group, an oxazole group, a thiazole group, a pyrazole group, an isoxazole group, an
15  isothiazole group, and a pyridine group.
[0023] The polymer containing a preferred unit structure as Formula (1) can be

exemplified below.

Formula (1-1)

N

>
ve
® Ny (JH
>
oe
0 O Forrula (1-4)
N0
Sws

Formula (1-2)

Formula (1-3)

Formula (1-5)



5car bazol e- N-car bonyl chloride, N ethylcarbazol e-3-carboxal dehyde, and
N-((9-ethyl carbazol - 3-yl ) net hyl ene) - 2-net hyl -1 -i ndol ynyl am ne. These
carbazol es may be used singly or in conbination of two or nore of them

[ 0028] Exanpl es of the al dehydes used flér the production of the pol yner of
the present inventi oI ude saturated aliphatic al dehydes such as

for mal dehyde, 10 par af gr,mal dehyde, acet al dehyde, propyl al dehyde ,

but yr al dehyde, TEGhULY HAl dehydia, (16l er al dehyde, capr oal dehyde,
2-nethy|butyra|dehjﬁe, exanal , undecanal, 7-nethoxy-3, 7-di net hyl octyl

al dehyde, cycl ohexanal »¥3-net hyl - 2-but yr al dehyde, gl yoxal, mal onal dehyde,
succi nal dehyde, glutarﬁidehyde, gl ut ar al dehyde, adi pal dehyde, and

t hi ophenal dehyds; w-atreehurki-phati ¢ al dehydes such as acrol ein and

net hacr ol ei n; 15 wegerdtyclic al dehydes such as furfural and pyridine

al dehyde; and aromati cfal dehydes such as benzal dehyde, napht hal dehyde,

ant hr acenecar boxal dehydg, phenyl benzal dehyde, ani sal dehyde,

t er epht hal al dehyd€—phépanttemaledéByde, sal i cyl al dehyde, phenyl acet al dehyde,
3-pheny|propiona|oeHydeN tol yl al dehyde, (N, N-di net hyl am no) benzal dehyde,
and acet oxybenzal dehyd¢.) The aromatic al dehydes 20 may be especially
preferably used. D29] Exanpl es of the ketones used for the production
of the pol ynmer & Jpit esefrmiaeht i on i ncl ude, but are not necessarily
limted to, diaryl Ketg such as di phenyl ketone, phenyl naphthyl ketone,
di napht hyl ketone, phepyl "tolyl ketone, ditolyl ketone, and 9-fl uorenone.
25[ 0030] Exanples of thg triphenylam nes used for the production of the

pol ymer of the gregegtyihveftmdnllri9el ude triphenyl amine and substituted

tri phenyl am nes. Ths suai;ituent of the triphenylamne is exenplified by

t he above-described gro#p selected froma group consisting of a hal ogen
group, a nitro group, am no group, a hydroxy group, a Cl1_10 al kyl group,
a C2_10 al kenyl g : ﬁ?w%gﬁLngroup, and a conbination of 20 them
where the al kyl al kenyl group, or the aryl group nmay contain an
et her |inkage, i nkage, or an ester l|inkage. [0031] Exanples of
acid catal ysts caRaens@as i on reaction include mneral acids such
Hdric acid, and perchloric acid; organic sulfonic

monohydr at e; and carbox§li 8 acids such as formc acid and oxalic acid. The
anount of the acid.cataliyst p§S5.Rf0R¢r !y sel ected depending on the type of
an acid to be usedLchA bnly, the anount is 0.001 to 10,000 parts by mass,
preferably 0.01 to 13AP0 parts by mass, and nore preferably 0.1 to 100
parts by mass, based on 100 parts by mass of the carbazoles or the 10t ot al
of the carbaff®R¢k akit pofemern dopkraming aprefemed unit structure as Formula (2) or

Formula (3) can be exemplified below.



[ 0032] The condensation reaction is comonly carried out in a solvent, but
may be carried out w thout any solvent. Any solvent can be used as |ong as
t he condensation reaction is not inhibited. Exanples of the solvent include
cyclic ethers such as tetrahydrofuran ad di oxane. Wien the acid catal yst
to be used is a liquid acid.such as 15form c acid, such a catalyst can also
serve as the sol venti) [®033] The reaction tenperature during the
condensation i ) Bradd&.;y The reaction tine is variously

) H ) ) .
sel ect ed depend on eaction tenperature, but is commonly about 30
m nutes to 50 hours. U10034] The polymer that is synthesized in the

l 6’““('

3

(2) and/or (3) conmonly has @ei ght average nol ecul ar wei ght Mv of 600 to
1, 000, 000 or 600 to %8G 00Q, [0035] The pol ymer can be used in
18s Dol e SoMiialth.By 30% by mass based on the total

EET
pol ynmers. [0036] anpleé“gigége ot her  pol ynmers capabl e of conbi nati on

i ncl ude 25 polyacrylic aci ter conpounds, polynethacrylic acid ester
conpounds, polyacrylam de c unds, pol ynet hacryl am de conpounds,

pol yvi nyl conpounds, polystyhene conpounds, pol ymal ei m de conpounds,

pol ymal ei ¢ anhydri de and acrylonitrile conmpounds. [0037] Exanples of
mat eri al nononerg o) | ke acfyhli£2agi d ester conpound 21 include nethyl
acryl ate, ethyl ac?yI@}e,‘tiéﬁ%opyl acryl ate, benzyl acryl ate, napht hyl

acrylate, anthryl acryl ate, hryl met hyl acryl ate, phenyl acryl ate,

2- hydroxyet hyl acrylate, 2 roxypropyl acrylate, 2,2,2-trifl uoroethyl

acryl ate, 4-hydroxyb | ac ate, isobutyl acrylate, tert-butyl acrylate,

cycl ohexyl acry}ate ob acryl ate, 52-nethoxyethyl acrylate,

met hoxytri et hyl (g |RtnRia 249t hoxyet hyl acryl ate,

tetrahydrofurfuryl” adcid a®CS; net hoxybutyl acryl ate, 2-nethyl -2-adanmantyl

acrylate, 2-ethyl-2-adamantyl_acryl ate, 2-propyl-2-adamantyl acryl ate,

2- met hoxybut y1- 2- adamant yl 9"3 | ate, 8-methyl-8-tricyclodecyl acrylate,

8-ethyl-8-tricycl odecyl aqrykate, and

105- acryl oyl oxy 6-h§@ﬂ?xy o bar nen- 2- car boxyl i c- 6-1 act one. [ 0038]

Exanpl es of mat &fidD BAQUITET S ebmtia@-pol ynet hacrylic acid ester conpound

i ncl ude et hyl nethacryl at r opyl nethacrylate, n-pentyl nethacryl ate,
he @@

cycl ohexyl nmethacryl ate, met hacryl ate, naphthyl nethacryl ate,

ant hryl nethacrylate, anthrylethyl nethacryl ate, phenyl nethacryl ate,

2- phenyl et hyl 15net hacryl ate, 2-hydroxyethyl nethacrylate, 2-hydroxypropyl
nmet hacryl ate, 2,2,2-trifluoroethyl nethacrylate, 2,2,2-trichloroethyl

met hacryl ate, nmethyl acrylate, isobutyl nethacrylate, 2-ethyl hexyl

net hacryl ate, isodecyl nethacrylate, n-lauryl nethacrylate, n-stearyl

nmet hacryl ate, met hoxydi et hyl ene gl ycol nethacryl ate, nethoxypol yet hyl ene
gl ycol methacrylate, tetrahydrofurfuryl methacrylate, isobornyl

20met hacryl ate, tert-butyl nethacrylate, isostearyl nethacrylate,

n- but oxyet hyl nethacryl ate, 3-chl oro-2-hydroxypropyl nethacryl ate,

2- met hyl - 2- adamantyl net hacryl ate, 2-ethyl-2-adamantyl nethacryl ate,

2- propyl- 2-adamantyl nethacryl ate, 2-methoxybutyl-2-adamantyl nethacryl ate,
8-net hyl -8-tricycl odecyl nethacrylate, 8-ethyl-8-tricycl odecyl

nmet hacryl at e,



255- et hacr yl oyl oxy- 6- hydr oxynor bor nen- 2- car boxyl i c- 6-1 act one, and
2,2,3,3,4,4,4-heptaf | uorobutyl nethacryl ate. [ 0039] Exanpl es of the
acryl anm de conpound include acrylan de, N-nethylacrylam de,

N-et hyl acryl ami de, N-benzyl acryl anmi de, & phenyl acryl ani de, and

N, N-di met hyl acryl ami de 22 [40] Exanpl es of material nonomers of the

pol ymet hacrylic acid ' de cohpound i ncl ude nethacryl am de,

N- net hyl met hacry ' et hacryl am de, N-benzyl net hacryl am de,
N-phenyl met hacr yla z N- gi)%ﬁaf‘tgllljret hacryl am de. [0041] Exanpl es of
mat eri al nononers oOf the po\@vl nyl conmpound i ncl ude vinyl 5ether, nethyl
vinyl ether, benzyl vinyl ether, 2-hydroxyethyl vinyl ether, phenyl vinyl

et her, and propyl et het 0 [0042] Exanples of material nononers of
t he pol ystyren d | e styrene, nethyl styrene, chlorostyrene,

br onost yr ene, I eheFolRA312)Exanpl es of material nononers of

t he pol ymal ei m deNconpoundy®ncl ude 10 nmal ei mi de, N-net hyl nal ei m de,

N- phenyl mal ei mi de, and N-cy€l ohexyl nal ei m de. [ 0044] These pol yners can
be produced by dissalving a @ ddition polynerizable nonomer and, as
necessary, a chain (g hgent in an organi c solvent, then add| ng a

pol ymeri zati or { Q) rform pol yneri zati on reactlon and adding a
pol ymeri zati on ey oN ter fipwada(3the pol ynerization reaction. The
chain transfer agent 1s adéded, 15 for exanple, in an anmount of 10% or |ess
W th respect to the nononer &SS. the polynerization initiator is added,
for exanple, in an -ﬂﬁ'ﬁ of b0 10% with respect to the nononer mass, and
t he pol yneri zaf}j ri add for exanple, in an anmount of 0.01
to 0.2% by mas 9 R “ﬁ%@o“ r mass [ 0045] Exanpl es of
t he organi c sol vent propyl ene gl ycol nononethyl 20 ether, propyl ene

gl ycol nonopr opyl ether, I actate, cycl ohexanone, nethyl ethyl ketone,
3

and di net hyl f or mam gg4 pph es of the chain transfer agent include
dodecanet hi ol -&ps @--@ Rilol EW(% syof the polynerization initiator
i ncl ude azobi si solRUt yr oni ’t‘g.;l e and azo gcycl ohexanecarbonitrile.
25Exanpl es of the pol yneri ion term nator include 4-nethoxyphenol.

[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 phenyl 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)biphenyi,



The reaction tenperature of the polynerization reaction is properly
selected from30 to 100C, and the reaction tine is properly selected from1l
to 48 hours. [0046] <Resist Underlayer Film Form ng Conposition> The
present invention relates to a resist dAder | ayer filmform ng conposition

23 incl “dai-gg/go%f‘caﬁa%k&@?&ﬁg&%k?éa?walet b‘—‘%lﬂmehzo'iﬁﬁéb?-tlWl?e?@l)@?{-ﬁ&%ﬁzoﬁé‘;) or

t he pol yne taining t unit structure of Formula (2) and/or Fornula

(3). 400413 6.Qiibi 95BN LEMSRLitABelet he resist underlayer film
form ng conposition includes the polymer and a solvent. The resist

under | ay eg.bérAoch Pt 8%-di0aeSdlddHg e, Snbnz{ldabhgsle-B natbastaldahyaiepss- | i nki ng
agent, an acid, and, as necessary, additives such as an acid generator and
a sur f act anfethyl @2¥S3blcT hohetytpabiiold B-vimdtarbesia cabhiod poadsamt, in a rati o of
0.1 to 70% by nmass or 0.1 to 60% by nass with respect to the total nass of
t he conpoasirtazole-NEaboapl dhllordden tNeethy lnwha e drrpdosaitlshidhaindar e al | conponent s
of the resist underlayer filmformng 10 conposition except for the solvent
conponent N-(Thethglohibdza eny@methybope : Smeshyi- 1t indolyoy yamipe.i nThese satbezodds | to
100% by mass, 1 to 99.9% by mass, or 50 to 99.9% by nass. [ 0049]

Exanpl es w&y bhasedrsingdy pi imidompinasiontof fwe puaerarf|thsine agents, substituted

at eﬁeiﬁg”i 3@@5%&2%%%% %@%E&%&E@%ﬁogﬂ?%"bS"?%E %w“‘%pﬁgfelﬁtgiﬁij”?hﬁfﬁde
conpounds such, as 15 net hoxynet hyl .at e cluril, buto yl ate

PeSeb ORIt hiries, SRS By ot i FAPRITE R ne.
?rle%/ﬁgl u:r{eth at a b nch:‘)g1 m neI blllt H@tﬂ%&%ﬁoee;ﬁ)ee%% by ng, '
net hoﬁ&//né?aﬁ P’é‘?i‘ ellﬁgaaf‘c %34@%@?% %‘?ge% utea; ne Hoﬁne?ﬁ’%lgéﬂgg t hi our ea,
and et ho%%%gli[d%d%% ﬁag)réieﬁhégg{dﬁazﬁ i Eﬁeﬂyfd%9H€>$aﬁa10Ln<§<e!8§r{91 may al so be

used. 20[ Cro agent, <@ cross-Iinking agent having

hi gh heat o8l 34 a0 Qif8Hy18E Y $86hyd ,C)Fclﬁﬁle%&i%"-hi'efﬂﬂ-F%uﬁgﬁlﬂéhﬂl@}/él 8xdl] gh

heat resistance; a conpound’i ncl uding a cross-I|inkabl e substituent having

an ar onatjglohklRehRICHcRaRIcRARZ SR rilHag de NduRrda&Myifaldiatichi@g ahd t he
nmol ecul e may be preferably used” Exanpl'es of the compound include conmpounds

havi ng a fpajphb@dldehlyaetaingstaradd Hiphatid Adéid)deandh2s apolgmmandmothaablejmmer s
having a unit structure of Formula (5). [0051]

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.10 alkyl group, a C.1p alkenyl group, a Ce.49 aryl group, and a combination of



24 7(0R9) n6 (OHO n7Formula (4) "{"Nc(oall) z,8 IFormula (5) (H12) n9
[0052] In Formula (4), each of R9 and R10 is a hydrogen atom a Cl1-10 al kyl
group, or a C6-20 aryl group, n6 is an |nteger of Ito 4, n7 is an integer
of 1 to (5 - n6), and (n9 + nlO) is an?fnteger of 2 to 5. 5In Formula (5),

Rl is a Hgﬂrﬁﬂﬁgt}%taqg?l%éo@ a%ﬁeng %%hg%r%@aqﬁ%x%ub $ned ehtadLarBdihif! 9roup,

nil is anln‘te er and”(nll + nl2) is an

I nt eger ol gk@mnmnk&e\e gpgly@g@ér IPkagd.i gomer having the unit structure of
Formula (5 rsk the nunber of repetitions is preferably in a range of 2 to 100

or 2 to 50. [Rihe afdamipleyuRiddehiydieusan Y thgrcotigeredtidideiqioR indledeexenpl i fi ed
by the al kyl groups and the aryl groups above. [0053] The conpound of

Eolr mul a (fneaideiih@ichak yuliiriamid, phoghiose acfl, &ral padidoriGicidroegaxesifonic ed
° OW.S 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 commonly 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



27 [ 0054] These conpounds are avail able as the products of Asahi
Organic Chemcals Industry Co., Ltd. and Honshu Chem cal Industry Co., Ltd.
For exanpl e, the compound of Formula (4-21) in the cross-|inking agents
above is available as a trade name of B¥W BIP-A from Asahi Organic Chenicals

st 1y, SR byt S SBESbo Do 05 B Sy RO M KA
crosS. | TKEABC AR L5 BEORS DI, SRLPE DR IBRERCI 00, ol BlomiED . o

sol vent foO € conpositl u g substrate on which the

conmposi ti.pphg ?-H?(H)Qﬂ)ro%lsa‘a{'ﬁét-b,oﬂ%,\ﬂtﬁﬁﬁeﬁio&%yf &‘ﬂﬂbfe?ﬂh@@ﬂoxkﬂﬁy%@@t@j tion,

and a fil m'shape requited for a filmthat is fornmed fromthe conposition.

For exanmpkshurfih@riifle GODLRALES A TDLIBheS a8y REL idoBoBQPaddylatrss, preferably
0.01to 50%6};’/ rra);sl%, and {r?gr e@pr e?gr abeO%S to 40%9by %lrlass, W th respect
to theg t ofaletlorbitbylcRpfign] Sicthougicthylne gbycbl akylag, 2genkyshyl walse,
cross-linking reaction by self-condensation, but when the polyner of the
present itexstitdraforfing hergtbse, Grasthokynkylngrisat Xt intthehf sidamhetybaapglstel i nki ng
agent can cause the cross-linking reaction with the cross-Iinking

subst i t uehtthyl-2&df0a8e] actyleter 2praptyl-dradlemantybacrflialen f or ni ng conposi ti on of
the present invention may include an acid, a thermal acid generator, or a
phot o- aci Hngéwaybutpk-2-adamantzk atrylste. $-orctddelrisrdederyl egmdlatss oss- | i nki ng
reaction. [0057] The thermal generator is a compound that generates an acid

by heat. ¥sthhfascysiodend age@Ea"dr i ncl ude thermal acid generators that
te, b t, idic 20 -t ol | f oni id,

Gérer . br,Teat. 26 8l 20 comounee shp g6 ol venedulton ¢ el

e, o1 6 51 BB e € o o

2,4,4,6-tetrab | gh I , I 1l |

Cosyl at e <ol TR QUTRMERIRE, o BERS ORI G Epery heiaBREY

th | j i i i ALY f o b ,

pr g; g? ab?@cg{hggﬂgﬁ%%&ig&% b@éﬁr‘%g@%&ﬁﬁi pre ‘gﬁtg I%agg(%gl%%%g%é)g’gy )r/ragg :sti th

respect trﬂeﬂa‘&frgfg% thinefhyt filRbt3at0phbh thaRiylatendenbayahyl i | m forni ng

conposi tion. A ‘phot 6- aci d generator can be further added to the
U”derl'Sayerhetfhhérmafe(?Q%yﬂﬂw@@ﬂ&?Dﬁieiﬂa&@dﬂ& Ahedroxyeseill meteentiaton i n order to
match the acidity to that of a 28 resist coated as the upper |ayer of a
resi st ungeplalasrokiblymmetiatryilae,f202, badcoomhyhemethadetdtayesthylidcrpldtar m ng
conposition in a lithography process.

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-adamanty!
methacrylate, 2-ethyl-2-adamantyl methacrylate, 2-propyl-2-adamantyl methacrylate,
2-methoxybutyl-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.



[ 0060] Preferred exanples of the photo-acid generator include oniumsalt
phot o-aci d generators such as bis(4-t-butyl phenyl)i odoni um
trifluoromethanesul fonate 5and triphenyl sul foni um

trifl uoromet hanesul fonate; hal ogen-cont%i ni ng conpound phot o- aci d
generators s S - bd ] ELANE hoSntetilRghRecideRsas ul fonic
aci d phot o- amogen%?a o%ssgslﬁét%ﬁéggﬂé)rg{]zm% toé?/ﬁatee aﬁjél “

N- hydr oxyg ik %c@ﬁe?rﬁétﬁé&ﬂ%ﬁﬁ@, l?@ﬂl%ﬁ%hfl&ﬂ@&ﬁamide, N—ethﬁl@r%ﬂa]cry-[ﬂﬁide,

phot o- aci enerator is mxed in an anbunt of 0.2 to 10% by ndss 10and
pref er abl N-tféngylhﬁt}é%/ﬁy%iﬁéﬁﬁ-ﬁ%ﬁﬁm%ﬁﬁ&@%mae, ahl @J,Noctiallethzﬁhetﬁa&g@m s of
the resist underlayer filmform™ng conposition. [ 0062] A |1 ght
absorber, a [feal ogFx£RMES Of magaM movinadbesk polyaisd stapsunddndudd daylant ,
and the like in addition to the agents above, as necessary, can be further
added 3 o ¢ther, mediybvinyheted barayl Finknethor Irhpdror paipgd siiniyil ethenfpheiné vprydsent

i nvention. 15[ 0063] Exanples of the |ight absorber include commercially
avai | abl eethéghid mbpdnierl stilescri bed i n " Kogyo-yo Shikiso no Gjutsu to
Shijo (Technol ogy and Market of Industrial Dyesf " (CMC Publishing Co.,
Ltd.) or "Sefi?643] Bi Bxamplespiwibiotil themonmyre of the og w@aewomugbm%%y of
Synthetic Organic Chem stry, Japan). For exanple, C |. Disperse Yellow 1,
3, 4, 5, Styrege, mghylgizreng chloystysme, lyomostyrengandgwdrggstygge. 79, 82, 88, 90,
20 93, 102, 114, and 124; C, |. Disperse nge, 1, ‘5, .13, 25, 29, 30, 31,
44, 57, 72, &43¥3; Examples ¢f malgrialanppomeys %t%e olypgalel ,GW}P%‘&g "56‘%‘1%54, 58,

ol SeFg’i’éle%ﬁ@sa%é?et@%aleﬁ%f“gé@ie&ﬁ?gf’lé?zllO#t’ o N RAREREiE oy Tos:
S I 2 45. C., |, . . 3 ; p : , 27,
o 207 T TGS e PR Ll pre PR Bl gt fidial, 27,
used. 25[ 0004 eryagrge%&% s@éggg@ tehisFEUBIR{ o Tt dobvehie 1] Quaife 0% DY

mass or | éss an era €ss t respect to the tot al

sol i d con%(g gri hioh MEitih 08 {qsﬁerfﬁ?ﬁeﬂdlﬁﬁ&ﬁzatigﬁ E@aﬁ:ﬁclﬁﬁliaﬂg a88AP A PblynRRization

[ 0065] Th ol ogy control agent is added mainly in order to inprove

f1 owabi | i feymphtdr BStetBiHatl the! BISHlefiv@ior fehdonOr Tho gh£if fansfet 4geft isandkd,
especially in a baking 29 process, in order to inprove filmthickness
uni f orgm t gorekarhpie, ih@siagioutneerllayvetess Withhréspedtao ranemaeerpaask) thg per f or nance
of the resist underlayer filmformng conposition into holes of a
subst r at epolyefdtiokizitiploe i dailed,for exragllady ax embuml ofdged 0% with vabpeqta hal i c
acid derivatives

the monomer mass, and the polymerization terminator is added, for example, in an

amount of 0.01 to 0.2% by mass with respect to the menomer mass.
[0045] Examples of the organic solvent include propylene glycol monomethyl
20  ether, propylene glycol monopropyl ether, ethyl lactate, cyclohexanone, methyl ethyl
ketone, and dimethylformamide.
Examples of the chain transfer agent include dodecanethiol and 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



5such as di met hyl phthal ate, diethyl phthal ate, diisobutyl phthalate,

di hexyl phthal ate, and butyl isodecyl phthalate; adipic acid derivatives
such as di-n-butyl adipate, diisobutyl adlpate di i sooctyl adipate, and
octyl decyl adipate; nmaleic acid derivadives such as di-n-butyl maleate,

diet hyl rgﬁ(lf‘lgﬁfn ’the%oqy[g%p%ﬂ%ﬁi{n tl?eaﬁrﬁ‘%stmfcury?ﬂ@%rﬁlu@da@) YRl Yefmiiich as met hyl

ol eat e, hydr o eate! "and stearic acid

dori val | e, lASUAR 3% ArbHYbe SIGRIALE 100 Bbger ). Stearate, Such 2

rheol ogy co agent s conmon m Xxed in a ratio of |ess than 30% by

mass with refRae tl‘ﬁth@g e%&{t%hveﬁﬁbﬁ dhéERBkENdRr@fcr Fita fosing tompedidmyer film
form ng conposi t| on 67] The adhesi on assistant is added nainl y in order

t o i nprovigcRASCHE pERERS ab@awleaua Fubsdstsatmdenlnyea fMasfoshingrdmphsitioesi st
underlayer filmformng conposition, and 15especially in a devel oping

process, infy Qfrthef inghide harssHikdeg etgjaﬁt ne s¢idt and Spewicé dseryeadimples sudf astahe
adhesi on assi stant include chlorosilanes such as trinmethyl chlorosilane,
di met hyl vicid patelascsidlasswefactaet hyl di phenyl chl or osi | ane, and

chl oronmet hyl di net hyl chl or osi | ane; al koxysi | anes such as

trimet hyl net fS4$5i | Breconapasisiamyinelhdestioselid icpalies, in gty PEl- g ABePyimashe,
di met hyl vi nyl et hoxysi | ane, 20 di phenyl di met hoxysi | ane,, .and

phenyl tr |@t‘%bi€y@% B @nass WithrasRsst @d@%toé% ek ahBe ﬁ9@8?‘°§??‘h2% solid

L1 ot by G RIS AORRAn SR g e ta%é%l'e@”t?tﬁﬁ et SoLnes i foming
o1y o PR Y S Pt PRaRE oo P USSR et SO A TS

2 ner capt BUERG MdBo Pkl S Es By Bia Bl s By REse s a0 o 050 b mass. o) o
A EQ't ROITF o oPaPIEERE Bl Bl T A B R R 88 5
Such an gﬂg&faééh?sér %Péﬁ@%}s 6%&9%{9@&6@&&@ lirlkirf ARhisAn@idd /3Gst ban 5% 30

by mass ess than 2% by mass with respect to the total solid

contents &Bsstihlﬁ(ab%%usﬁmué}ﬂ@rahaxé%mfﬂbémﬁle@geﬂa%&mmmﬁoum such as [ 0069] A
surfactant can be mixed to the resist underlayer filmformng conposition

of thg pres@bkyheupRiddlyddhbll Bebxyiaéthylated eiwiobtrd, pethboyrmahdagdst rati on and

in 5order to further inprove coating properties against surface

i rregul arintMndiie, busubsicthglaed 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]



Exanpl es of the surfactant include nonionic surfactants including

pol yoxyet hyl ene al kyl ethers such as pol yoxyet hyl ene | auryl ether,

pol yoxyet hyl ene stearyl ether, polyoxyethylene cetyl ether, and

pol yoxyet hyl ene ol eyl ether; pol yoxyet B¢l ene alkylallyl ethers such as

pol yoxyet hyl ene octx{ghgnol et her and pol yoxyet hyl ene nonyl phenol 10et her;
pol yoxyet hyl en&= yoxyprfdpyl ene bl ock copol yners, sorbitan fatty acid
esters such a sg@bitan monol aur pérewlag®y bi t an nonopal mtate, sorbitan
nonost ear at e, SoOT bi (Ofordol’eat e, sorbitan triol eate, and sorbitan
tristearate; and pol yoxyethyl ene sorbitan fatty acid esters such as

pol yoxyet hyl ene sorbitan nonol aurate, pol yoxyethyl ene sorbitan

nonopal m tate, ono%?éﬂh&Péne or bi tan nonostearate, polyoxyethyl ene
sorbitan 15tri t and thyl ene sorbitan tristearate;

fl uorochem cal\surfa fants i ncl ydi rgmBB&TOP EF301, EF303, EF352

(manuf act ured m Products Co., Ltd., trade nanes), MEGAFAC F-171
F-173, R-30 (manufactudred by Daini ppon I nk and Chemicals, Inc., trade
names), Fluorad FC- 43B:2F€2431 (manufactured by Sumitonp 3M Ltd., trade
nanes), Asahiguard AG 710, Surflon 5-382, SC-10l, SC-102, SC- 103, SC- 104,
SC- 105, 20 SC-106 (nmanufactured by Asahi_d ass Co., Ltd., trade nanes); and
or ganosi | oxal¥5gbl yindformpleadd), ceelmpifaendReds H)Y AR FOQy2 EneoRlDH BTWES: |

Ltd.). [0070] Such a surfactant is copgnonly m xed jn_an_ anmoynt, of 2.0%
by mass o 4 ess 2bf 8PP R ) tepcipeh i 4nﬁgg’? Bt %‘Fe@g"s"& 'iOR(S r'é‘QSéiga IE.Ii.'gojgt he
total solid contents %; tgi resi st underlayer filmform ng conposition of
the presdV) ISRPERISEEHO! 2ri%eke surfactants 25 may be added singly or in

conmbi nation of .two.o re o hem [007 I n nt. 1 pventi.pn, the
pol yner , t heltFgaLig {sl%‘:%gﬂds abé‘ﬁff’g% %1”0&%(}1-13%%& F %@Eg’gg‘izh é\l/gé'ms%k h as a
cross-linkin tal ys i j | t anpl es
of ‘the sorvaneIaiCaLRireEYt b SR ¥ T G
et her, etgxﬂene gl ycol nonoet hyl ether, ethylene glycol nonobutyl ether,

31 et hyl ene gl ycol nonoi sopropyl ether, ethylene glycol nethyl ether
acetate, ethyl 8608/nYGQr ofESWEr IRHRY tha 6l strectuRIf Msimeial(5 paelnuentecef at e,

et hyl cell osol ve acetate, diethylene glycol, diethylene glycol nononethyl
ether, di ghhwieBes geRealy aagighyl 2 e be or Hicekhyl ene gl ycol dinethyl et her,
di ethyl ene gl ycol diethyl ether, diethylene glycol 5 nonoethyl ether

acet afje, pr opyik etkgl gloyipahd theroplydremeo iRy AR 1 axereemiplificd by teralkyd gepips ene

gl ycol nonobutyl ether, propylene glycol nononethyl ether acetate,

pr opyl eneamgl the atyl gmmpetbone. et her, propyl ene gl ycol nonoethyl ether acetate,
propyl ene gl ycol nonobutyl ether acetate, propylene glycol praopyl ether
acetate, di pt®Hpl enEhegtampundmf desnnk(4xanddhe peiypespd @F%’“@qf)?ggf’mh‘gﬁoet hyl
et her, triethylene_gl col dinmethyl ether, 10 tol uene, xylene, styrene,

met hyl et ) preesemplilieé pelovpent anone, cycl ohexanone, et hyl

2- hydr oxypropi onate, ethyl 2-hydroxy-2-methyl propi onate, ethyl

et hoxyacetate, ethyl hydroxyacetate, nethyl 2-hydroxy-3-nethyl butanoate,
met hyl 3-net hoxypr opi onate, ethyl 3-nmethoxypropionate, ethyl

3- et hoxypr opi onat e, nethyl 3-ethoxypropionate, nethyl pyruvate, ethyl
pyruvate, ethyl acetate, butyl acetate, ethyl lactate, butyl |actate,
151-octanol, ethylene glycol, hexylene glycol, trinmethylene glycol,

1- net hoxy- 2- but anol ,




cycl ohexanol , di acetone al cohol, furfuryl alcohol, tetrahydrofurfuryl

al cohol, propyl ene glycol, benzyl alcohol, 1,3-butanediol, 1,4-butanediol,

2, 3-butanediol, y-butyl |actone, acetone, nethyl isopropyl ketone, diethyl

ketone, methyl isobutyl ketone, methyl 2f-butyl ketone, acetic isopropyl

ket one, n-propyl acetate, isobutyl acetate, nethanol, ethanol,

20i sopropanol , tert-dputanol, al Pyl al cohol ,h 9h- pPbpanol, 2-nethyl - 2-but anol,

i sobut anol , n- boga , 2-nﬂﬁb&$;g75utaﬁbﬂziw p §HSH, 2- et hyl - | - pent anol
2- et hyl hexanol , 1-o®tanol, eth ne gl ycol e

ene glycol, trinethylene
gl ycol , 1-nethoxy-2-3%e®4anol, di &¢&tone al cohol, furfuryl al cohol

t et rahydr of ur f ugyphuial«cohol , poepwepe gl ycemuidenzyl al cohol, isopropyl
et her, 1, 4-dioxane, N, N-dinethylformam de, N, N-di net hyl acet am de, 25
N- et hyl pyrrolidone, 1, 3-dinethyl-2-imdaz Li%inone, di met hyl sul f oxi de,
and N-cycl ohexyﬁszzﬂ of 1ot PeSHe. 'i"l‘?géce ?@?ﬂ c solvents may be used singly
or in conbinati onHef Jtwo Prothore of the 072] Anong these sol vents,
propyl ene gl ycol nononet hyl ether, propg'yne gl ycol nononet hyl et her
acetate, ethyl |actratela(Bdlyl |actate, cYycl ohexanone, and the like 32 are
preferably used in order to inprove k@wekisag properties. [0073] <Resi st
Underl ayer Filnme Fromthe resist underlayer filmformng conposition of the
present invention, a r@sist underlayer il mused for a Iithography process
in the producti oHOBCEefrtdiduct or Sdey ,&fn be formed. [0074] The
resi st underlayer filnjfof the present igvention can be forned by applying
the resist underlayeril | mformng conposition of the present invention on
a substrate (for exanpte, a transparemiulasapstrate such as a silicon/silicon
di oxi de coat, a gl assmstbsirate, and an | TO substrate) used for the
production of precisi®f integrated 10 c®¥cuit devices by an appropriate
coati ng neans sukidtlz @hPlner aﬁ@“&‘ijﬁfﬁ#»hnd by baki ng the conposition
to be cured. [0075] e filmthickness of the resist underlayer filmfornmed
on a substrate can belproperly adjusted, but is preferably, for exanple,
0.01 to 3.0 pm Tm%nggghqg condi ti ope@futa@s-oyappl yi ng the resi st underl ayer
filmis arbitrarily determned as | ong as the

OH

CHoOH

HOHZC

Formula (4-10) Formula (4-11)

10



15performance as the resist underlayer filmis not inpaired, and is, for
exanple, at 80 to 350C for 0.5 to 120 m nutes. [0076] The resist underl ayer
filmof the present invention has a simlar selection ratio of dry etching
rate to that of a resist or a smaller 2élection ratio of dry etching rate
than that of a resist or a substrate unlike a conventional resist
under |l ayer film havPAg a 20hi gh e@dhing rate. [0077] Furthernore, in the

resi st under| ajReC HeffH t o 2¢thvent i on, a pol ynmer includes a |ight
absorption noiety swth as a carb | e skel eton, a benzene ring, and a
fluorene ring havin§ sufficientlylilarge |ight absorbability. Hence, in the

|'i t hography pr0@@§§ﬂa$n@)resis%onggglg er filmhas characteristics as an
anti-reflective 25coating to absorb reflections of light or electron beans
froma substrate Fur@ter ¥ore, Pthe pol yrmem,d the |ight absorption

moi ety, and t hudOHe¢ @ : ‘E{Yer fil m¥as an advantage that no |ight
absorber is disperseg intfo a ifesist filmand®t498 |i ke during, for exanple,
drying a resist by heat i.ke a conventj &sy st underlayer film

form ng conpositio Oﬁ‘iﬂgég‘nb\%)th alight a @?Eé?%’ 33 [0078] The resist
underlayer film of, thetbresent invepti du,gher thermal stability than
that of a convention esi st underl qy wbecause the pol yner incl udes
a carbazol e skel eton, ,benzene ring, a|flugkeme ring, and the like. This
can suppress the generation of degradaticproducts during baking, and an
upper |ayer filmisfampirk&l$) to 5 be contam nated by the degradation
products. Thus, the baking process céﬁ”ﬁgégkgnlarger t enper at ure margi n.
Furthernore, the ré¥e u ¥dYer filmhag,a sufficient function as a hard
mask because it hasHi Hresi st ammeigs. Q@A The resi st underlayer film
of the present invE&hkton carftd?so be used a suppression fil m having
a function to supprfss {?¥4§nteractidﬂ*@%t eECH substrate and a 10resi st
or to suppress adverd®'é eé&s on a substrate by a resist formng
conposition or a substance generated domuigdedPosure to a resist. [0080]
<Met hod for FornmuogcResi st Pat.bgrn> I n the |} graphy process, the use of
the resist film ofy d@gﬁ@%ﬁl m'ﬁSH‘tC cbl{gggd

HO
HOH,C CHOM  Liouc CHZOH
Formula (4-20) Formula (4-21)
OH
HyCOH,C CH2OCHS3
HO4 )— _/-OH HyCOH,C CH20CH,
H3COHC CH,OCH;
Formula (4-22) Formula (4-23)
OH
HOH2C, CHOH

H3COH.C CH;OCH;
i o W e L

HOH,C @ CH,0OH

HOHLC” Y "CH,OH
OH Formula (4-25)

Formula (4-24)

HOH,GC, CHyOH  HeCOHGC CH,OCH3
Ho—-{ )4 )—OH HO-{ )—t4_)—OH
HOH.C HOH  H3COH,C CHOCH;3
HOH,C” YY" “CH,OH HsCOHsC” Y “CH,OCH

S Thak TR e

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



to the formation of a fine resist pattern. 15The nethod for formng a
resist pattern of the present invention will be described below. First, a
resi st underlayer filmis prepared on a substrate as descri bed above. Next,
a resist formng conposition is applied’on the resist underlayer film

di tl , filmhth j ' i t
everal 1 ayelDS8F *CERRE vrndiPal pln A BIER. O oERLF IR TRIY, 1D, P07 ovea
several | ayePCTeF codt RS I m i

v adi ot QiR RGRE"Ge S ETRERY oAl ChERIalE D L CT oSSR i

pattern fc%Hggﬁﬁ(gxgyor%Ye?gg?gqmthe drB&N ki RS Sdnts e s 1208l abR: Giaveadd good

resi st pat neces post exposure bake (PEB) nmay be perforned

af ter t he exnOSHIRIPOA FofhA s ORLAE CRnREBMRusNeXh,, Lifle patterned resi st
is used as a mask for dry etching to renove the resist underlayer film and
conseguent | yigas8psiheRt Ratst @idribgertillanphaingedmpoditoRdf the peusbstinaneon,[ 0081]
The resist used 1n the present invention is a photoresist or an el ectron
beam r esiigé cohBinhfiéh HHEGLRY tHertresstlinking ddeet i padperle destminpd Hemdmg anhe
resi st underlayer filmnmay be a negative resist or a positive resist.
Exanpl es fof etdneple,asiobtent fuc lapplging thosimpasition34n phdsrlyingsiubstratonpvdich thd  a
novol ak resin and 1, 2- napht hoqui none di azide sulfonic acid ester, a

cheni cal | gpngmpitiohiieapphikdt aovodesiont vissomitotsadires fos thsrromposiéion. Yefelilst or and a
bi nder having a group that is degraded by acid to iqgrease n_al kal

di ssol ut i bape resiredfos pdiinchat iy famsditrone e sRBINEFIESR st ‘E@ﬁ%‘&ggdthﬁf an al kal i

| ubl e binder, a l ol I d 5that. i db jdt
"t ddse SR ieRIAmAILE G L 61 07aPLTBH, AHAT ALl 1 0 ™ a AL ke g
tor, hem cal | | ifi hot i St ] f i nd havi
o oup. t nareies e RS et e o Faer s ey RIS ot S rae, &
I I | ar.. t hat is_degraded by agj ' lgal i
o ssof ut | P RTeea e pors SraF R 5B Bl kR SRMERI PRI (R

phot or esi I?;Ilg%%rfc!af’#ﬂei Nt FRhALD IIchIﬁl\éé gﬁ%séﬂnﬁh% AlRMuell, X epRbERkRE @

chem cal | I'ed resi st conpose an actd generator and a pdl yvi nyl

phenol resj t F:=BOC A ; ieRs- E manuf act ur ed
%H‘_{%é@ta%% 6 s finBik 6%EI8&€2IIJH %Xﬁthethé £RSElMAnE sisti e

by Rohm a npany. [ anpl es of the el ectron beam resi st
appl igd on thgsEesi Bhe HBdeIIRYE erlfilloing Rempoagents thapestitdfivdntioh ude a
conposition conposed of a resin that includes an Si-Si 15 bond in a main
chai n andmy &lcidiesnavidas GeainkCadid peheedtor, bea pindo-anid goherator ag i datglystefort or
that generates an acid by irradiation with el ectron beans, and a

conposi t i soelemitng slederods-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,
hydroxybenzdic acid, and naphthalene carboxylic acid and/or acids such as
2,4,4,6-tetrabromocyclohexadienone, benzoin tosylate, 2-nitrobenzyl 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



pol y(p- hydroxystyrene) that has a hydroxy group substituted with an organic
group contai ning N-carboxyam ne and of an acid generator that generates an
acid by irradiation with electron beans. In the latter el ectron beamresi st
conposition, during an el ectron 20 beamd ithography process, an acid that

: : ?22?: Z]Efgfvg\nt {x?]a?t 'hathTﬁﬁ cékegégygﬁ%g@ grdgﬁgﬁ%@@%g%tégezog S -nllog} %!F ﬁgt Lglnytrigﬁ,rm
> reas . poxyarm no !
then the Qﬁ&l@ﬁ& fﬁg{i@nﬁir}@!dgn}pgél%t%gmg&'ﬁg]oggﬁpp?@gqc@% ydroxy group, an

consequently the polyner i _ e | ubl e. Thus, an area exposed
to electron 8%?"? | Prefi AR MBRhIdsdf At fHokRhdid G6NRAOPREIUHE ohREMA I esi st

pattern. 25] 3] Exanples of the acid generator that generates an acid by
t he i rradplaitb-@BidWichéra@reaichen bﬁ@atrﬁul%%bﬂﬂ?oﬂ@ii@ﬁ&ﬂﬂﬁ@dn@ﬂﬁﬁéﬁuﬁoﬁﬁ@p0UndS
such as 1, 1-bi s[ p-chl orophenyl] -2, 2, 2-tri chl or oet hane,

1, 1- bi 5[ pamktriphanyddioyilin #ifRicZerhéthaksolféietd) dnlegen-containing compound

1, 1- bi s[ p-chl or ophenyl] -2, 2-di chl Or Oet hale, and

2- chl or o- phatoacidigeneratmet such Jap phérgil-hes(tricBrandthyh)-sdtiszne uath sasordc said phenyl
sul fonium salt and a di phenyl iodoniumsalt; and sulfonic acid esters such
as ni t r obeligacidgeperatoss such ad bepzoirotveyiaiglant dbhiydpeysuccininfi®@84] Usabl e
exanpl es of the developer for a resist that is forned on the resist

under | aye"(ﬂﬂqor(?ﬁi%hafteﬁ‘éf%ﬁé?sent i nvention include aqueous sol utions of

al kal i s incl udi 5i norgani c, al kali s such as sodi um hydroxi de, potassium
hydr oxi de, Sg@ddj& CEQ%B‘?P&?‘@FI%H?YGW%% mixediinan aparhat fet 9sioPs bumess and

aqueo a nia, .primary amnes such as ethyl anm ne and n-propyl am ne;

sgcon h;r y%r %Eab&]ﬁg‘%‘é}é @?B‘éﬂ%ﬁ ‘é{‘rlﬁl'lﬁ PSR &P ﬂféiwglﬁﬁg@|°3ﬂ%eﬁt§;0fé@rﬁlafr y ani nes
such as trijethyl am and meth .gdi et hyl am ne; al cohol am nes such as

di net hyl e‘ﬂ?%ﬁg{%ﬁﬂﬁgggﬂ@gfﬂﬂ@?ﬁ A% ami ne; quaternary ammonium salts 10 such
as tetraneth nj roxi r i h xl.de, and

chol i ne; andY%WcAg%ﬂ%%O%é%ergg&g% %@gwpagﬁ}sﬁrﬁges%skﬁ ‘41 cohol such
as 1sopr Oﬁﬁ‘facl%hﬁgﬂc?{heqke%lﬁ alFllaﬁEs(f)t]IEE ta?é{ﬁpa@cﬁle?as%@é% ,CcaﬁLHeffaﬁ#%';&Hdg@n be

added to such an aqueous a onin asuta anount use.

Anong t hegendryal eRRFayertif Bral rd&ﬁfp%_siﬁﬂﬂ'éf‘ﬂié?r@s%httiﬁv&{t%npr eferred, and
t et ramet hyl anmoni um hydr oxi de and chol i ne are 15nore preferred. [ 0085]

The epsposur e[ddeght Eganiples Pt tpRsdbSérbesinalatie BbeimeRYAlySHGalls light
near-ultraviolet rays, far-ultraviolet rays, and extreme-ultraviolet rays
(for examgbserbefs\d¢scribeddy eKogyai-Yo Bhikiss.mo Gifdtsu dsSHijoq Teotmolge sind Mdrki€lefr ays
havi ng a wavel ength of 248 nm (I CrF | aser beam), 193 nm (ArF | aser bean),
and 157 nimbisEdall2ee)" ((d4GPubRongCor, . por 'Genrye\Bidtindahdhyohdyr met hod
without Iimtation as long as an acid can be generated froma photo-acid
gener at orDyeshdedied byxighefiosiety hESeithaisPrgarimiihemistey, Japan). 2000 exanplaPC. 10 to
1500 mJ/cn2, or 50 to 1000 mJ/cnR. %086% In the el ectron beam resi st
process, & Rispersedelew lhdatn s /r &didatd.otl AByS0hel.cis FD.f. 66168, FOr82% k&M e,

beam irradiation_device, 25[0087] The resist underlayer

usi ng_an el r
1 e Y08, T e [N SERsLOROES Lotida- 25,25, 30, 31: 44,5, 71, and 75: €.
I. 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. L. Fluorescent Brightening Agent
112, 135, and 163; C. L. Solvent Orange 2 and 45; C. 1. Solvent Red 1, 3, 8, 23, 24, 25, 27,
and 49; C. L. 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



intermxing with a resist form ng conposition and thus has advantages as a
pl anarizing filmand a bottomanti-reflective coating. Thus, a resist
formed on the resist underlayer filmof the present invention can forma
fine resist pattern that does not caus® pattern collapse and the like. 36

[ 0088] Furt her.nor i.n the I t M thee10tr filkcopoesent
i nvent i dHOCFHAM PE@?%%‘T&B{%? ﬁgriléh?élﬁggsn%n gffb&? tgmglrhgggég?ui nvea(r?tri (;n (r)]as a

simlar selectlon.rat LY tHR b EdN Reld&rBlyBr il Fiatindforgpositivindtto and t hus
dry et cHPH§*6P Helé?%{stj‘?s nﬁﬁ&iﬁ ayer fi Irerﬁyrray enpl oy a nmet hod that achi eves

smal | er lfoel‘ sto‘?*a’%uﬂét&tté‘s of a resist pattern and a resist 5underlayer film
than tha y resi st devel opnent. Hence, a fine resist pattern can be

obt ai ned. [%ﬁgj Peinhaes e RicotliggicogtrGepeniandudt phthPedcebderivativiext , t he
producti on thod of a sem conductor device using the resist underlayer

fi | mq or ficRds RREIRRIphiRMmtakistayluihttalde dissmity!bthalaodkmhpihalate, and

sem conduct or device can be produced by form ng a resist underlayer film
froma registodeodletieyee; 4dipimatidrderingives mpdsistdi-orbwy! agdipateniBsbytitt or
substrate, formng a resist filmon the resist, underlayer fil n;r formng a
resi st padipaeivoodiylediress, and bityhddasyl adipate: %IF@r?CE‘quni"éI‘\‘feSS}ldb Sectron beans
using a mask with a pattern fol |l owed by devel o_prTent ,.d%chitn‘gstshc%gsesi st
under | ayéirn-birtylmalsets: diefyl malqatee apgdingbylyagleate P leg A FSHXEFR BTG t he

senm conductor substrate using th attern r.esi st | ok m
[0090] | methatelgateylayyloleqty @t“%éetff’ﬁﬁfg’i?@fr?‘gﬁF%]ﬁ?tﬁ;oad’dosftééglggélr%'a&égga EJ‘!(?tE or devi ce,

in order to suppress the col] apse .of a resi:s I t vel opment due
o ald | naohog By pieerads A PR Sprpls, ROl Gl e g <! 2P

| i t hography process,using. sugh {d% mEbhRoghblidn which a
resi st p&?‘%@Pﬂg’i@le?gh%fag’lpr%gesggl?&gmadg/ Eﬁ ear§% g;?/[g?&?’%l&r?itn 20 an etching

process a”q?rﬁgﬁf;'@%t s?%t%nh&leéépﬁiﬁ?érﬁﬂng'&lﬂl%shﬂﬁUnder' ayer filmor a nethod

in whi ch®Y 6a ernis transferred onto an underlayer filmby an

etching pr Oﬁﬁﬁéﬁ tgﬁ@ AlibeiRalstiett & hanel manBdn@nie tb heplondedicaivenessi | m i s
further trans et]re onto a further underlayer filmby an etching process

that Uuses. @8R8 sMaalCordi dbiel eidtthe pRROsIdeaye filarfdring compositiorsingr e
repeated to conplete the fabrication of a substrate. 25[0091] In the

prodyst i @epeaRInasa Gbvaosiagpmeesi it aderden twlwote teaeptes SAihP@MAIGN, a
filmhaving various functions may be fornmed between the resist filmand the
resist ugdgilsdiesiod issistanTmebydeahbmosilanes wick ks WinehylgRloNS|IgAS s forned in
order to obtain a fine pattern, proper selection,of an etching gas achi eves
easy f abuimethylsmybdhlarositipe: mathaldiphenpighloprsilens. #d ol | apse.

chloromethyldimethylchlorosilane; alkoxysilanes such as trimethylmethoxysilane,
dimethyldiethoxysilane, methyldimethoxysilane, dimethylvinylethoxysilane,

20  diphenyldimethoxysilane, and phenyltriethoxysilane; silazanes such as
hexamethyldisilazane, N, N'-bis(trimethylsilyljurea, 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%



37 [ 0092] Exanples of the filmforned on the resist underlayer film
include a coating that is obtained by applying a coating materi al
cont ai ning an organi c polynmer or an inagrganic polymer and a sol vent

foll owed by curing, and a hard mask t#% i s obt ai ned by deposition of an

| nor gani ¢, SUbS! ANESAUANCANE) bR feller e d@sbRd chimales bayer 5fi I m

of the p eat ‘resistance, and thus an inorganic

SUbStancﬁlfg‘?ﬁs[tl&ﬁdé}%?ﬁﬁﬁﬂl?ﬁ)rﬁﬁhé&ﬁnﬁcﬁsﬁioﬁt underl ayer film [0093] The
i

gas used he et ng process nay be a gas used in a conventional
process and P’ ORGLIctHR! AR bedhidepenil figistimderbpyreiimtforrbimget ched or a
substrate. Usablfe exanples of the gas include a hydrogen-containing gas, an
oxygen- cgfthgdsiidihigRspreddit andniomial @gamot trgeakniagnleies and strafig@@ud INNanel vy,

t he sem conductor device of the present invention can be produced through
formag ardeesi fittherridped@ywentihg propértiosmgaest segics tirregd@ity &) @ SUBSURIR f or mi ng
conposi tion of the present invention on a sem conductor substrate, formng
a resist filBraopleshé theesifsctantideniayenionis perfactatymedig RS Y BREIer n on
the resist filmby application of 15 light or electron be usi ng a mask
with a paliybethers sidhowas oy yedyens e ethepde Oﬁﬁe'gﬁlﬁ“?’ %tg?%fl&gﬂden ayer film

P R e St P T S L
hal - taini [ th tt d i ' 0095
The. Som SOATMEBE RyTSETIHE S CHRBER R AL Ao Sl ABHE RUSTEROT cod 20
th h f ' i St der| fil ' fil
for g ebrpaeRerstiarie bR RIS SRR R R rate

formng a hard sk o ' | oAb Re£RaL Jortgtanat eri al
cont ai ni ﬁ‘bChaaSSPT |18%H1°c%8%ptagargééﬁst§ }bgﬁg%gb%ll %feééérfb iooa?u{m' ng a hard mask (for
exanpl e, L feh &0, Libfehie aPSiitRMriseRast bhdpolybiyfetiyinefsorvifan gty r esi st
filmon {fﬁ’é‘%hﬂgr%’ %ﬁs@mbgeh%ha a r%%#%?%at ter ncp%bnytﬁreﬂ?gii st fil mg[S by
appl i cat i,0R oQferd uBihs PolySLRAYIQHR BEFAER niholgrae, Tadloxyethhleac pabitar n f ol | oved
by devel opnent, etching thHe hard mask by a hal ogen-containing gas according
to the resinspalRifateepblyorfcthylog: dofsitahassmistcaratie pbhyayethylbm spybitan
oxygen-contal ni ng gas or a hydrogen-contai ning gas_according to the

pat t @5 nedridlaste] amd plslyoapethflabe sarhitamugistehrates Snproshernisebyurigisntsringledipy a

hal ogen-cont ai ni ng gas using the patterned resist underl ayer 8 film
[0096] THRFTOPEENK, ERyehHHF3A2 caanyfacsuicddy Tashem Sraictsdh g@aﬁ‘i’d % in

addition to the resist underlayer film high refractive.in fi.l mthat
i ncl udes nampe)l YHEGARSGEL 1i-dg! B, Kad b Ben acr“i“%@ b&%%“‘@ﬁ?rbgﬁ(oa}"gﬁfeﬂ’dw%d a
triphenylam ne ring and that can iLeve high Sheat, resi I
transpar émwa%ilﬁmeﬁ)eﬂué’&q E@-4i3ﬂd€‘§'?3§,ﬁﬂaﬁl}ffjﬁ“" gﬁ’ﬂbsﬂni“&/rﬁ‘%sﬂf@gé% @E\l/]m t hout
using any melal cdimdes AG-710, Surflon S-382, SC-101, SC-102, SC-103, SC-104, SC-105,

20 SC-106 (manufactured by Asahi Glass Co., Ltd., trade names); and organosiloxane
polymer KP-341 (manufactured by Shin-Etsu Chemical Co., Ltd.).

[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,



[0097] Nanely, the present invention relates to a high refractive index
filmformng conposition that includes a polyner including at | east one
unit structure selected froma group consisting of the unit structure of
Formula (1), the unit structure of FoPdula 10(2), and the unit structure of

1 m 1 orsen DBl Al B PR i ng. €

filmfor fon, ectroni c device including the

hi gh ref(grl%t* 4Gy LAGEK b, BeaffiRepd@BRkek Ry @Ryl @Modid adatddrtilaed bel ow

[ 0098] ractive I'I'mForm ng Conposition> In the present

| nventio c&lhc‘ﬁgtﬁ‘lg%e F%EB%Bﬁdrﬁethﬂd@Pferj dibyene pliydd memedsi tihen i ncl udes 15
SO

t he pol ran vent. The conposition may further include other

conponengsskeh o8 of disety? sthet, ididdhyencagenl dicthye cder, diggirercaglyrol t he
surfactant, "and t'he | evel'ing agent above as |long as the effect as a high

ref r agt i y@nbdiBketer hevtits, propylempglieddpropylogoglysd manesegsil pHeR, t he
definitions of the substituents in the pol yner containing the unit
st r uct ur gropflefpiyvblandriobusi dtien proveylqgelgjyret meppmaihi siheracetaisn Propyigne
structure of Formula (2) and/or Fornula (3) are exenplified gboye.
Anong t hglyroltthendetitybethey prapylepe aliysol meneie ether ??Féat&d?rﬁ}li’ﬁé?netég&? for the

hi gh refractive index filmform ng conposition of the present i,nvention is
pr ef er abmpnabuigh athas agetpiecPrgpplspe égﬁ?ld?rﬂli’ Gths! §‘iﬂtq‘tﬁr£%?ﬁ¥flnene[ @iﬁ%] The solid

ot specmonoaeiny! sthen detbreahyobbospapSpsies B BcoPERRERPLLLGT 12
Er o8 hotaaspinties Srene ey dbvilfes i LA Sydindnbt BT 1 o1 i o
5056 by, sy ronErBispR AR Rydrok g E RO B TSR SRY O35 1°
[0101] T §dr§8§%§;&ﬁe§mﬁa S?[ngirﬂrn%g@i-ﬂ%dﬁlﬂﬁa&ﬁ{d RRfhyil B-rActhékyppopbnate,t 0 100% by

mass, 1 t ol _ to 99.9% by mass. [0102] The pol ymer
| ncl “dede{h\gl E-@Eetﬁﬁ)&@rc{pf&{a?e@t«:th&%leﬂdﬁy%fopidﬂm&gmmh@meﬂmmpmatepf t he
Ivention 1S, a

pr esent or exanpl e, i ghly branched pol yner or a 5linear
pol yner E&Yﬁaﬁ %yﬁw\ﬁﬁi Q;H%l eV Ag et hegsat Autyleicghte, ethyllla0e®, buylages, 000.
e po

[0103] T ymer of thé present invention is a conpound having a high

15  1-octanol, ethylene glycol, hexylene glycol, trimethylene glycol, 1-methoxy-2-butanol,
cyclohexanol, diacetone alcohol, furfuryl alcohol, tetrahydrofurfuryl alcohol, propylene
glycol, benzyl alcohol, 1,3-butanediol, 1,4-butanediol, 2.3-butanediol, y-butyl lactone,
acetone, methyl isopropyl ketone, diethyl ketone, methyl isobutyl ketone, methyl n-butyl
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,

25  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, propylenc glycol monomethyl ether, propylene

glycol monomethy! ether acetate, ethyl lactate, butyl lactate, cyclohexanone, and the like



nol ecul ar wei ght but 'has excell ent handling properties because a sol ution
of the polyner in a solvent has | ow viscosity. [ 0104] The high
refractive index filmformng conposition may further include a

10t her nopl astic resin containing otherZpol yners or a thernoplastic resin
conposition of the resin,i ?%g' i : fARLynmer containing the unit
structur%@pﬁgﬂ?]?ﬁﬁﬁig”?F?ﬁo #ﬁ%ﬁ%mkg%bﬂﬁe [0105] Specific exanpl es of

t he pol yner [.dl]?h)Unges%ftUrﬁ%ﬁa}%QﬁFﬂ essarily limted to, a polyethylene
resin, a polgp pyl'ene resin,” a pol ystyrene resin, an

15acryl onit 'ivirclrﬁ/ﬂ%%égé EREAS Y FEAolARSLompedition of thebsesart fowatien,resi n, a
pol yet hyl ene terephthalate Tesin, a polyamde resin, a polyimde resin, a

(et h) acr i fodeRaidd fildNLsB@Fotesiithberaptsi pro¢dsaal theipngluptory of seyiierrductor
terepht halate), a polynorbornene resin, a polylactic acid resin, a

pol yuy et han&:scas b@forthepol yet her resin, a polyethersul fone resin, a

pol yet her ket one resin, a polythioether resin, a phenol resin, an urea
resin, a neljgorids)e e reast nndealayenfeat ofithe presens iHestian cand RTmethby an epoxy
resin. The resin is preferably used in a range gf lto 10,%%0 garts by mass
and nor eapplgihe tiabreyist undariaym gdmdprming sompo o al the PEFCHALEHIE8R %on 100

parts by mass of the polyner. [010 For..exanmpl e,..in.the case of a
conposi t suhstrafet(for gxgmplehy tarsppieat yudsirgfe S&Cﬁ%@t%’#}?&fﬁ%%dl%ﬁ%%oﬁaﬁ& i s nixed
with the polymer, and the (neth)acr te conmpound | ol L7ed to give
the conpgliss substtate, andap i3] Sr‘ggi'ﬁ‘{?%l ‘?g‘& g@%%@%ﬁéf%)%%%‘eﬁsé eﬂnc rr%%%nd i ncl ude
met hyl (nmeth)acrylate, ethyl. (nmeth)acryl e

di (e h) 8@?‘9% &vaces e 28p f‘@‘%é%‘l“%&‘&‘#‘ﬁﬁ‘%‘ei’ﬁ ﬂ%‘#‘%?%?%?’%%{“yaé‘tdﬁyy | ene

gl ycol di (et Hg acryl ate opyl.ene gl ycol di(meth)acrylate, polypropyl ene
gl ycol d=b £ HicOmA° #‘8? t‘%i%ﬁ%’anedi ol di (meth)acrylate, 1,6-hexanediol

40 di (met h) a[?@rﬁ]at To HARARKNLss BF U Gksi BB LAGY katred ohd swbkihyd alcpr opane
C

trioxyet hyl h)acrylate, tricycl odecane di'net hanol di (mneth)acryl ate,

tricycl 0%@@%};@%@%{%@ 4 WefilrSbly, tfbl SRkdie, 0LaIrepangmt r Tax ppkiopy |

(et h) acry roxyet hyl isocyanurate tri(neth)acrylate,

tris-2- h)égﬁ(ﬁpb{ﬁﬁﬁé&bpb@%{@’tha Wésadt Andér(avet ihasraybiatsly delsrorinedrashent asithe

di (meth)acrylate, pentaerythritol di(nmeth)acrylate, glycerin nethacrylate
acryh gt e peABAARE 4§ theirkht underlavet fijrady ydtampaired; wmfbﬁhgxr SkapRigaH S0 to
trimethacrylate, (meth)acrylic acid ally!, (nmeth)acrylic acid vinyl, epoxy
(et h) acngbat for Ofoloyl@streinuieset h) acryl at e, and uret hane (neth)acryl ate.
[0108] Such a (neth)acryl ate conpound can be ,olglmari zed in tgglegtr esence of

a 10phot o rg@026] iThetresastomdenaysr filns ofile nTegRCAY nipndhes f é}m%zg ion
photorrr 61l'gtiioact)fi é)r; eghingerg{e' 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 moiety 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.



Exanpl es of the photo radical polynerization initiator include

acet ophenones, benzophenones, M chler's benzoyl benzoate, an anyl oxim
ester, tetranethylthiuram nonosul fide, and thioxanthones. [0109] In
particul ar, a photofragmentation type3ghoto radical polynerization

151 ni tiator |, prefier Led.  Hig, Aokl AERLAL ji9bndoes Bhokoeanilcal

pol yneri zat Cri Sai shin U/ Koka G jutsu (Latest UV

Curing Technol ogi es ' Vil @etdiise che [l aaerdnclud@ehni cal
Infornatﬁ%ﬂHWﬁgg}%ﬁ%%@%%g§e%?%gpg%gg¥§gﬁ%wg [ 0110] ExaE%1es of commercially
avai |l abl e phot o j.C | Z@hdrome difli, khdtierikei nThiscen swmessitares:
|rgacurecai%i?fefé‘él,%éls%e’%gwg%’f 907, 7%4, 2959, 20 CG -1700, CG - 1750,
CGl - 1850, 0545 6% de R RRMIprddub6s dulihg bakimgy draicinuupper loyerdiltyals Japlkaly ¢ r ade
nane: Lu%lrln %PO nuf actured by BASF, trade nane: Ubecryl P 36
MaNUfACt Y GehdinkleB by aRdddgratision pretucEs afbms the RKIBRowsPCashav s 2 KI P 100 F,
KT 37, KT 55, KTO 46, KIP 75/B manufactured ga/ Fratel Ii Lanherti .
The phot ppek yerRpdraaid mirgimi tHuathenmdrs, the efsist adeylatigrddm hpsg S of 0.1 to
15 parts by 25 nass and nore preferably in a range of Ito 10 parts by mass
based onfilRfopas i Barynask dscae i hasrbighhgeligsiaeeconpound. [0111] A sol vent
used for the polynerization nay be the solvents descri bqglo'hn stH% ilm

Eiu [S o

form ng conp@&iSli offhe peist apdeclayeirfilmeel the Preent MEER O EFHe he hi gh

refractive index form ng conposition of the pres Lavent i LSnd@pplied on
" Subst 1 supreanHe: Ha ke & ORPOARE e g At BT U S DRt e 3 ERT e

fil 0113] The high ref ive | i . i, _
i Inclmwies r§£s}t)g; #@ppép@é&e%ﬁﬁ%%ﬁ%ﬁ%ﬁgb@%ﬁ{b; 4 Le@]s?{‘orﬁxtﬁ% RnSsfiHonl dpweENt 1 ON

unit structure containing a

carbazole ring or a carbazole ri :oda triphenylam ne ring, and thus has
e e FEAR e RSN R ARSI

ext remel y4 0€s not cause heat deterioration by

deposi ting 3@9?‘8%%’2&%@%?-“‘“#3%5%{ phudgiractive index filmof the

present inv n c mal nt ai n eat resistance and high transparency.

Even when a Dbt als hasisbeemesansiftiarefthd mresempaiventiveatandessli st ance
and transpaﬂgg@§ﬁﬁgg%@%%Pﬁg gfnplg change of a polynmer skeleton 10to the

partial  §§ [HiGhHhRicfofaTheRegsqRttetnnvent i on may control physical properties.
Nanel y,

15 The method for forming a resist pattern of the present invention will be described
below. First, a resist underlayer film is prepared on a substrate as described above.
Next, a resist forming composition is applied on the resist underlayer film 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 pattern is transferred onto

25  the substrate.

[0081]1 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



the high refractive index filmof the present invention can con [

_ _ trol var
physical properties by the change of a nmonomer type as the starting o
material for synthesis of an included 3pol yner. For exanple, the
Piolnéng;]dcont ai nlhng ? carbazol e ring or % he pol ynmer containing a 15carbazol e
! d a2 triehenyl am 'J}.spiof ih 384 PRERPAthol VB digAide anfdae: used as an

I nsul ati H%Ot?rrﬁP 5O po%av?ﬁagﬁ(#]i g 3 %Selat R‘% gézﬁgd?ggnggﬁ 1[9%111%[1fd|hn ad(gi tion,

the high refractivar | AHBRREsidt REmPE I phoitedtfid Sénetdted dndashi
oxi de anﬁt%t%%e%g Hjlgg} é(ﬁeé;drﬂact(?vségti ﬁlggx fromplt he pol gérirleermg{l ongsjlﬁg;ggf !

even thrﬂmﬁ%é‘ Ay (R 9S85 SaRidMy @Rl 18tifediedrd analkalisisoigtion mie tachimgral i
constant to i ge g 20 c%e;g'?i ng filmhaving a uni form?itl m tﬁi cknlgg:s,&;ﬁdl Z
process pRLGHM piffiorbhist Phgbued bam ifalidevittebinis, eidvamgégular compaad5] The
high refractive index filmof the present invention having characteristics
such @s [j.gt degakled BSbsidan arreasé Gl alletinpahdiooyate bf gRbelersigb@Pda i ndex

hi gh solubility, and |ow volume contraction as described-above can be ,

sui t abl y phiechcRisgennralfs, opitentiadlymentigedfphptorgsist sewaeediobs bydeEhadRg dni ¢
dEVIC6$ such as a liquid crystal display, an organic electral um nescence
(EL) di sgtoap,thatns dfpgra*ictaélbys‘f?@rdt@cm@e%s?@ﬂal‘i_aﬁlﬁ)‘ssﬂlégpﬁéa}te’a?lé’glrf‘ “t'Hélge sensing

device, an organic thin fil I I - i ti

?Ee%?‘g‘é‘ﬁﬁ‘?"?“‘ﬁféﬁ% iﬁﬂéé‘ra?r:gx%}%gd %p%%aée’taéa@liﬁ%?@?%ﬂ AR NP SRS narter
ion w i i, ' :

and Compan L

e ThEa st ORA L a oY S IR B A S P Rst iy oBCpRTAR (300

tetramet hyl sil ane (T ' ' i

Appar at udh LR B S g by e T s o Gl um - Shodex

KF- 804 LREhﬁFér%oéaAs &)%W tenperature. 40C

[0082] Examples of the electron beam resist applied on the resist underlayer film

in the present invention include a composition composed of a resin that includes an Si-Si

15  bond in a main chain and includes an aromatic ring at the end and of an acid generator
that generates 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
clectron 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-6f(trichloromethyl)pyridine;



Sol vent: tetrahydrofuran 15Detector: W (254 nm Cali bration curve:
standard pol ystyrene [5% Wei ght | oss tenperature] Apparatus: TG 8120
manuf act ured by Ri gal cu Corp. Tenperature increase rate: 10C m nute
20Measur enent tenperature: 25C - 750C3d ass transition tenperature]

Appar at us:. Phot o- | f : 1
T eascoapaRh R Kl B e Tt ve

i ndex, f |1 L0k cknesshARRBLAbNIate WA BRhddARAkayRaeCt roscopi ¢ el | i psomet er
VASE manu‘JT‘ac%tur e‘g&by J.rA. V‘%ol %Sg?neJAPAN Oo.e,ﬂ?nc.y [Li ght transm ttaﬁce]

Appar at us: fdxﬂ DZ{sddye 18ReRthaadvelopdr Ry aBedidhig i GORRORATHeGBSist43
[ Et ching rate] paratus: ES 401 manufactured by N ppon Scientific Co.,

Ltd. Et chidgagaTiim@Tind Prddit imSunbhaiciude Exadmpk eolitobdfdbeliaine udiggen
at nosphere, to a 100 nlL four-neck flask, carbazole (10.0 g, 59.8 mmol,

manuf act iogehnteyal Fdis wocCeyodoah hidrdistepotaSsium itddoide. tsedizel @etopdts. (6. 41 g,
60. 4 mml, manufactured by Junsei Chemi cal Co., Ltd.), and
par a- t ol selhes silicen] ©daoh thatwilitied pat S1UEQUSIBNYONIGIDENATRNINGFIEE 8Tt ur ed by
Kant o Chemi cal Co., _I nc.? ver e ) . .
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, tetraethylammonium hydroxide, and choline;
and cyclic amines such as pyrrole and piperidine. An alcohol such as isopropy! 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-ultraviolet rays (for example, EUV, a wavelength
of 13.5 nm). 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 Jong as an acid can be generated from a
photo-acid generator, and for example, the exposure amount is 1 to 2000 ml/em?, 10 to
1500 mJ/cm?, or 50 to 1000 ml/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.



added. Furthernore, 1,4-dioxane (15 g, manufactured b 1

, 1, , y Kanto Chem cal Co.,
Inc.) 10 was added, then the tenperature was raised to 100C with stirring
and the mxture was polynerized for 2 hours. After the conpletion of the ’
reaction, the mixture was allowed to col to 60C, then chloroform (50 g,

manuf act ure Kant g Chem cal, Co. '
&I I ;.Itl g, agg&%ﬂmaﬁgﬁlﬁ@E}W’% eéﬁgféggt?%hﬁ%ﬁﬁhﬁa%gﬂgﬁ%ggg%éﬁgn%e%}}ﬁggkgtg)rn I’agr by
¢ aln 0 M ré]tr%seé‘%{ ugﬁ?rgaalepﬁl'n)l of file L}J%S%@t' RidRHH %8s a JiRG1P R8¢ tRdatds eCApi t at e 15was
dlritgrefl,I ina‘vacuumdryer at 60C for 10 hours, and further
ed a 8%9%?1%5%? Oglé’b L eSist, An@ B Fd)g%%ﬂg of irRehiftjuadérlayet fiemaf For mul a

(1-1), h er vi ated as FIG 1 shows the neasurenent
resul t OEméiaLP;'\%'\éFuﬁE@ﬁfa{ Wi Sles RRaRd. pafibe wiaas wf @ resiit paesuland efreslss NVR of
PCzBA is as follows. 201H NVR (300 MHz, DMBO- d6): 8 5.29-6.40 (br, 1H)

86. 415 7. Baqdriayer A tha thbt B ris3devdiopmetit)) , HenckOa f8e fcist galfenn canitied) . ’
PCzBA had a wei ght average nol ecul ar wei ght Mv of 4,000 and a degree of
pol ydi spgp@ied. Mv Mh of 1.69 in terns of polystyrene by GPC. [0119]

<Synt hetic Exanple 2> 25Under a nitrogen atnosphere, to a 100 nL four-neck
flask, carbgpo8s (8Mktigpd @7 P8odwainig, SemaeitgetouPeMCsy Tokyo Chemical |ndustry
Co., Ltd.), 1-naphthal dehyde (7.55 g, 48.3 mmpl, manufactured by Tokyo
Cheni cal | ndvesttstie poductiargmypthod efa parisordictns He¥ise PYRE deters WYRORTar at e
(0.95 g, 50.0 nmmol, manufactured by Kanto, Chemi cal Co., Inc.) were added
Furt her mfﬂm,fom;lmwvm%@or(Bbcgf,e%ﬂrhﬁfdﬁﬁﬁf&’?@-d by Kanto 44 Chemical Co.,

I nc. dded, ' | b S

ﬁﬁgc%‘?gﬁr ;hcoégr_n@%l?fme” e A S e R S A
i on, e m .

ranut act RSy kR it i agmicy fafoRe BashIE AR EREHE [T O e

and the 30LULL 20 19% AUSH: L PIRIDAD) i Ahntng R patasnof iurcliant o

Chem cal rprecipl t ai ned precipitate was

filter ed,f&%g%”%pggikagﬁnicﬁ‘li Y BCHR A B8 AbinS @ SndsRilOh peterss follamdd byr t her

dried at hours to give 10.03 g of an object polynmer (Formula

(1-2), hefeliBRhiR" «1BRRE e RbigCurerRfet Mih.according to the resist pattern, and

15  fabricating the semiconductor substrate using the patterned resist underlayer film.

[0090] Inrecent 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 film 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.



FIG 2 shows the neasurenent result of 1H NVR spectrum of PCzNA. 10The

nmeasurenment result of 1H NMR of PCzNA is as foll ows. 11-1-NWR (300
MHz, DMSO-d5): 8 6.01-7.57 (br, 9H), 7.58-8.57 (br, 5H), 8 10.75-11.63 (br,
1H) . PCzNA had a wei ght average mol%ecul ar wei ght Mv of 2,600 and a

degree of p I, Spersion of I ; gaby GPC.

15[ 0120] <S$¢%@/9%gtigxﬁ5%@ﬁi)wh’§%lm fﬁ?ﬁ%ﬁ%@‘%@ﬁ@%‘gﬁ%ﬁ%%ﬁ&&, to a 100 ni
four-neck flask, .carbaz . ,  comiuhaeh bradicol yhode o

Cheni cal C?E}’i’&ﬁzlﬁtf/s @glyeﬂaﬁgé@yég%zcgﬁtgne%??ggﬁ%%ﬁ 49 g, g61. Zng*rg)IY),y manuf act ur ed
by Tokyo Chem cal | Y rouRRe il amMarembsk Bagis ob@irdmmol |
manuf act 7 88" a&%r%%%é%%@ng‘ sc%gYenlt ﬁ%%%‘%e?;}’%m ,th d.), and ietla

par a-t ol ' 16 someby sicht sllitoR Bxgnitriled hokesisha gerur ed by
Kant o mgﬁagg#ht%gmf%flﬁ%r vlvere added. Furthernore, 1, 4-dioxane (15 g,

manuf act gi.adrhye hOinCBREnaRls heg resibtmice) anbthusatmdrganivenbstecctcahper at ur e
was raised to 100C with stirring, and the m xture was polynerized for 1.5
hours. Afibgdsitbden aRTBsiatinderlafer fihe. reaction, the nixture was allowed to
cool to 30C, then chloroform (60 g, manufactured by Kanto Chem cal Co., 25
Inc.) was addeeB]t o Tiilgus esetlter thiextohire pragrds maw bslgs v IRASORKAEG o

met hanol (300 g, manufactured by Kanto Chem calJ Co, , Inc%a? for

preci pi t atécess anfiiepripedy selectpd denepilington ajaxeris pe gichef o4 h3RsEWiFed in a
vacuum dryer at 60C for 10 hours, athd further dried at 12 gan?z[‘niﬁg pours to
gi ve 11. Usagleskamplesof thsday islede BhyAr8 iy @ MRS S PE OF221) “An Al a
(3-1), hereinafter abbreviated as PTPABACz). 45 FIG 3 shows the

neas P endad ahaloger-coRtAIMNZIZAR spect rum of PTPABACz. The measurenent result

f 11-1- NVR of PTPABACZ i f ol s : DVEO- d6) :
84.74.6. 36 (@P?‘ﬁl. ﬂ%}“%%ltg? S0is0 A‘%%%P?“i‘éﬁﬁheé’%%@%@%gfwe2H), 8 )

10.48-11.50, (b 1H) .. SPTP, | WRIAGS JHakesiel &lm &g Mwv of
6, 400 and’r%d"’%géﬂg‘élll?%‘ffog%n? %%r@gﬁ%vb%%%ﬁl. 93 in terér?lé ofmpol yig% yrene

by GPC. [0121]..< ' i&dattopsUbstritegfomBigmebeiley to a
100 L f SIPPR 1gt2ﬂ5fg1§ﬁ:frés%%r gézﬂg"g‘d(q’?s?mg}%o. 0 mol, grr%nu?%ctur ed bfy Tokyo
Chem cal J t ; b H Q&R ORgerh 6n 2% @sisélilnd byl Bpplivetion o

manuf act uornggyﬁéi{s g%élagreﬁéln%g?l%lnn%ust ryQCo. , Ltd.), and )

par a4t0! ygmespbitRinseasks Gsiprahyraitiea biucs fglowsd ty developmeah efchivedred by
Tokyo Chem cal Industry Co., Ltd.) were added. Furthernore, 1, 4-dioxane
(6.69 g, EERUslAcedihpbyiankggdheonttaing@ss or 4 hrdrpeeaeoritig®d 22 hen t he
tenperature was raised to 100C with stirring, and the mxture was

pol yner i zgdolore 34hdresisspatiafit, end fahsicadnthe seisopfudofSUPEEE PHA, the mixture
15 was allowed to cool to 60C, then chl orof O(H’P)Pﬁ_ 9 manuf act ured by Kanto
Cheni cal Iabogenioontajninggasaisinerthe patgrned EsshedeTRYFGALM. ang the sol ution was

added to methanol (168 g, manufactured Kant o Chemni cal for
preci pi t ati ofl0%Fhe Htﬁm@wdﬁﬁ@éFI?)YIP%?@%?SWHIIP‘&@P@H? G%Ih%l%é}r)? glg)raﬁ%e)da vacuum

dryer at 80C for 24 hours t ive_ 9. 37 of an i - { Formul a
(1- 5)20 hethequghforarng B pesesh iuggggayggﬁ%@%g[r?’{he AV &8 Q&g&%{g@ %dgﬁ{rlr% sur ement

result of co]ﬁll_ll)-olglll\t/ll?)ns()@t Cet Igrgsré]n?}cnvlgl%oﬂ‘()n a semiconductor substrate, forming a hard mask

on the resist underlayer film from a coating material containing a silicon 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 mask 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



The measurement result of 1H- NWR of PCzFL is as follows. 1H NVR (400 MHz,
DMSO-d6): 67.03-7.55 (br, 12H), 67.61-8.10 (br, 414), 8 11.18 (br, 1H).
PCzFL had a wei ght average nol ecul ar wei ght Mv of 2,800 and a degree of 25
pol ydi spersion Mv Mh of 1.77 in terms B pol ystyrene by GPC. [0122]

<Synt heti,c Exanple 5> Under a nitrogen atnosphere, to a 100 niL

f our - necklng ask, carbazole (10.0 g, 59.8 mmol, manufactured by Tokyo

Chemi cal | gﬂ@@%gl ‘?%gpr,e'ﬁ%?&%‘se}lﬁglﬂ p;grrﬁta?i}&g%s(aﬁoéér Shpli8Rich FmBlitoreatkact ur ed

by Junsei uenesulfonic acid 46

monohy dr e ok g 112 g REmcTRAHIACI ek Auant oldhentarlinGga, | nc.)

wer e add urt her noré, I oxane (10.0 g, manufactured by Kanto

Cheri oal o aold g br 18302ANE Mg hPRUIhOnfleRRIEIEIING thasar ailgae Iigh 100C wi th
stirring, and the m xture was pol ynerized for 1 hour. After the conpletion

of the reacti®Rand:NBgRirshipafentnhig ledaetilhhdex and high s60Gility heisdhl or of orm
(50 g, manufactured %y Kanto Chemcal Co., Inc.) was added to dilute the
m xt ur e, wadul ensalyuhtelnoMas added to nethanol (250 g, manufactured by
Kanto Chem cal Co., Inc.) for precipitation. The obtained preﬁip{)i tate was
filtered, ardo9gdi Nemelgdhd presnt dvohiarmuclaxs tgp highsrac wdnedd i1 on was
added to nethanol (250 g, manufactured by Kanto, Chem cal Co., Ingei. #dfor
r epr eci piftrating nompésitiobthai inelddaoppapmner NGl ng4 1525 gl SEHEE Y& and

i A L el A A
i ol el B b A T
Bt mvsphergiadtie e AR GL R G S SR IR & pigponic 9% RclTbp a9
manuf ac%?”ﬁéﬁ%‘%ﬁﬁ?ﬁ% mb§ﬁge Lﬁr@%ﬂ?éﬁ/}fntg}r Wﬂngedde);@ﬂgedn,@m;% gal dehyde (94.3

g, 604 nsel emcal Co., Ltd.),

par a-t ol uen Ni_Gyagi 3 ; &iogmol , manuf actured by
Kant o Chem g@ﬁb%ﬁ ,ﬁlgggéﬁﬂmgt?%ﬁ}zigéﬁgﬁggﬁﬁg&gﬁ%%r :a, 1, 4- di oxane (100.0 g,

TRnUT act ured by KRQ ERADE Ahe B ok s Tlfothinkoompoiicon ambeear ure

was raised to and the m xture was polynerized for 5
hour g5 Aftﬁ%bol?ﬁl@r SAPLatimn The édiapdsttmitmanfurtheeineiude other eempenantymeh t o
cool to 60C, th

en chloroform (500 g, manufactured by Kanto Chem cal Co.,
Inc.) wassaid@dssinidhg wtent ttheadid genoretor, dredsurfactaslo Bmi/th@ AevRHBE ALRIE 8DY'E
met hanol (2,500 g, 25manufactured by Kanto Chenical Co., Inc.) for
preci pi t afsileny, asThe kit ai ndibhrefredtpictipdex film is not impaired.
[0099] For the polymer, the definitions of the substituents in the polymer
containing the unit structure of Formula (1) and in the polymer containing the unit
20  structure of Formula (2) and/or Formula (3) are exemplified above.
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
heterocyelic 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.



was filtered, and redissolved in chloroform (300 g). Then, the solution was
added to nethanol (2,500 g, manufactured by Kanto Chemical Co., Inc.) for
reprecipitation. The obtained precipi tate was filtered once again, and
dried in a vacuumdryer at 60C for 10 Hours to give 95.5 g of an Obj ect

pol ymer ( FO igeg[gqlg é%)]%’l% P&ﬁ@t@yt g&luﬁpme%\él &0 asaticddt PeZNM by madsl G 6

shows 111 t al ned CzNA had a wei ght average

nol ecul a of ,+%504000ang Landegr ee of pol ydi spersion Mv Mh of 1.34
inter nsfgj}/@p%%yg{\@ésen% by GPC. 5[ 0124] <Synthetic Exanple 7> Under a

nitrogen at ypgpierepe }SI_(Q Red 201udtd frome hidakfridtias kndesdilivalpohieg(5. 0 g, 0. 0179
nol , manuf actured by Kyo Chem cal Industry Co., Ltd.)

9- ant hr aggReEalAVf BheifBxde irv3nieh g, fobetibide, rmhlgléll b@amb@fl wlymer@dpect to
carbazol e),” manufactured by Junsei Chem cal . and

par a-4 ol hmepul&ﬁeﬂhmﬁgadvenmnahgrdgamele@_ﬂalzwelght o 10%)52?’ 0.8 (0. 37 eq),
manuf actured by Kanto Chemical Co., Inc.) were added Furth

1, 4- di oxane [¢®30 gThﬂmiumacoﬁi?hé@T%WtK&YﬁﬂdOWﬁWO ‘Pﬁé%g%s added,
then the tenperature was raised to 100C with gtl rri n flﬁ rp xfure was
pol yrer | mettchilar weight butdhas axeadient radipgprogeitish Peauidf ‘étéf’c?t‘? Gt PYHE i xt ure

was allowed to cool to 60C then chloroform (10 g, manufactured by Kanto
Cheni cal H@SOanﬁbaﬁ)iOWa‘éSG&ddéd to d| lute 15 the mi xture, and the sol ution

dded t | f
Fenreci pi tad9OH) TRES bisha hea Brbi P BB PP o KRS Bl Rty e) T
d 60C..f 10 h .
(For Hin atnbamegtestiasin Aap@imopihaloyfiny Br d uinlaliicaaet Aphaiaol YiTRe
f | h
meg; ' gmxj_egal 13%d%108% al ga%ﬁm %ﬁ% ﬂ%t}ﬁ uffR! S%Etu% AYerade: (0] @ undr wei ght

egre rsion MV vn of 1.77 in terns of
pol ystyr@e by GPC. [0125] <Synt het| c Exanple 8> Under a nitrogen
at nosphe to a 100 nL four-neck flask, carbazole (5.0 g, 29.9 nmol,

manuf act ur edq s mnﬁlo kypeeifhemmaks by pblheEinclude! butiare dotpieessydrip hzaﬂedehyde 25
(5.50 g, 302 manuf actured by Junsei Chem cal Co., Ltd.), and

par a-t ol ygn ot rfér@ghchlﬁmy@hyﬂe&tESmZa@QIygyre&eWSHmanl manuf act ured by
Kant o Cheni ?S)WC}%% Inc.) were added. Furthernore, |, 4- di oxane (5.0 g,

manuf 4Ct yegthnityildlanthdiesdiapicaal ABS) resinna pgwlywbow@ gqgm gmetyetylene enper at ur e
was raised to 100C with stirring, and the m xture “ﬁicfﬁl%ergﬁ{'a%ed for 20
m nut es. teAépiahalith eesingmylodtangde edfsin, a@olygmgide resin, a (meth)acry
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 ofa 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 giycol
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



reaction, the mxture was allowed to cool to 60C, then chloroform (25 g,

manuf actured by Kanto Chem cal Co., Inc.) was added to dilute the m xture,
and the solution was added to nethanol (125 g, manufactured by Kanto
Chemical Co., Inc.) for reprecipitati d¥. The obtained precipitate was

filtered,. a redi ssol ved. I 5 i P

R e L s T A L e e e
oo . T . _ iy . dried

abuum Qe My RS BLARALARLR A Eh T, e Cbolyrer

(For mil agfdeflecrllge ARAILABIDARBRIE KA SUpASREYRENaLe, FiC2 BydnovshilFl VR

spectrum A obt ai fed. ad a weight 10 average nol ecul ar

wei ght Mgogan%aﬁoﬁ(ﬁ%)@r 8@ £R-Phydrotyetiys pecsinortéti(ethyderdla®?2 in terns of
pol ystyrene by GPC. [0126] <Synthetic Exanple 9> Under a nitrogen

at mospher 6,ndnanddicl M nivthaorytatd)pektatydsiol demdhrolyéai¢. Rlypegn npghagryiss) |

manuf actured by Tokyo Chem cal Industry Co., Ltd.), p-anisaldehyde (4.11 g,
30.2 15 marglate, pomadraibticr ed(hgthorydase, thhethy ldpropane trimegharrylaipg

par a-tol uenesul fonic acid nonohydrate (2.11 g, 11.1 |, nuf act ured by
Kant o Chenethjcry@o agidiatiy], (meenecraldeleddd VF%XLFH@FW%@W%%H%@E‘&‘ (5.0 g,
manuf actured by Kanto Chem cal Co., Inc.) was added, then the tenperature
was rai sédethipeldoe andtetsena (alyactyliéE-t he ni xture was pol ynerized for 30

i nutes. Aft t h | eti f th tion, th %t | dt
Cool 1o 20 GO nERITRIBREFBTE PTG REHITRRE AAE) e EEa aar oo,
I nc. dd dilute th i Xt. .o : | dded t
ot hihol DhaiaGea FHHPHER ARy R o ARe Y DB DR e Eicec L0

ool PRAOG=E2! HHHEPREL uf BHBY“Raf 8" Cher ¢ or
R e R T G I T

manuf act yr ed Ki ' Fenzodtf Gnandyd6xifEddi@ CeRhhahy@iiuraikhe obt ai ned
25 preci §F¥Z§P§g‘%‘§£§\fﬁl°ﬁ§fgh&?ﬁge aé%%' n, e?n dried in a vacuum dryer at 60C

for 10 h gi-48 uft ighfef. an obj ect polyner (Fornula (1-10),
her ei naf ernﬁsé Igge’\(ﬁﬁat e0 as PCzpAA). FIG 9 shows NWR spectrum of PCzpAA

obt ai ned. PGapg hapaiveiaghatphousiaagennribe ok phowahdicel Myoéri22(i800 and a
degree of polydi'spersion MM Mh of 1.96 in terns of polystyrene by GPC. 49

[0127} <Svnhideis fefbedpl Ehelfiotofradumabention tywet photeradicehpelpmériaationo a 100 ni
four-neck flask, carbazole (3.0 g, 17.9 mmol, manufactured hy Tokyo
Chemi cal ihitighosisrdesc@ibed i Seishin BV (ke SHivisy @eteyld V(Qurng echrgiogiesy){ppee

M e e SR A B A TR

ere [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 BASFT, 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>



added. Furthernore, 1,4-dioxane (3.0 g, manufactured by Kanto Chem cal Co.,
Inc.) was added, then the tenperature was raised to 100C with stirring, and
the m xture was polynerized for 30 mnutes. After the conpletion of the
reaction, the mixture was allowed to cdbol to 60C, then chl oroform (10 g,

manuf act ur ed oy, K30k NG &3 or s cobBo8Rioh oness paddadnientin isirpiibhon

m xture, an I on was a nmet hanol (100 g, manufactured by

Kanto Chen nd Bi% b Red HORLASE R didd & Bigh rdfectiobtmlenddmpr eci pi tate was
filter ed,gmél% aFeg'g'figséojllve in ch?or o?%rr%(8 g). Then, the solution was added

to met hanol (6109 9TheBPU ARkdTRInd¥Y fHANGahChesdnt iveiton inchded a pelymer
reprecipitation” The obtained precipitate was filtered once again, and
dried ingat YROMEL dby@ak ahit 69 tirecodbibingwenbazol: giger Bearhiazglegingamdobj ect
pol ymer (Formula (1-8), hereinafter abbreviated as PCzTA). FIG 10 shows
I1-1 NVRsagiednylamied riRCzTA tobttal aptemEChiph vadresisianeaid 4998 palg@Uifol ecul ar
wei ght Mwv of 4,800 and a degree of polydispersion MV M of 1.85 in ternms of
pol yst yr éest deyeriGREon 2Y[A@ACSIiingxSymdépesitionExanpl e 11> Under a nitrogen

at nosphere, to a 100 nL four-neck flask, carbazole g‘%@? : .éhz.Q mol ,

nmanuf act ur edlheyhiglokefruciyeeinieafilm gdthstrgseagnyentiog cqn t@‘gr’&‘ 74t dehyde
(1.22 g, 9.15 mmol , manufactured_by Junsei Chem ca oaLtd. )

par a- t ol wesiwanseRph highdEnepaentshy BVaR ‘é’ﬁflb"f‘ 1o n@fnei‘?rggth%ﬁlﬁefs, begn ﬁ%ﬂséc Pe glr ed by

Kant o Chenical Co., |nc. 25added. Furth - di 0 g,
manut act 4 by R e PeHL A rsegeney st sl LR h e b A ARl ] O

ised to 100C with stirring, :and: i i 30
B St st o et pRARG R fbottte] BhyiRcs BRGURG Z8EmeRl o

cool t0 Gy b e DL Bliel @M dri: headMRRNEARIHNaRGoRtolKARLEs fRaaral Co.

Inc.) wa re, and the solution was added to

et hanol il{ré%)e%i&’byfﬁgclg%ggiﬁﬁ gﬁﬁn%ﬁlem&p'é%m& Sehang eater@for symbesis dfun

reprecip I on. ained precipitate was filtered, and redissolved in

chl or of orimlg&boagol ad&en, the solution was added to nethanol (100 g,

manuf act ure anto Chemical Co., Inc.) for reprecipitation. The obtained
preci pi t at e waSexhinbleefiRbodfife @gaiining anarbardledng nr the\patyimancdnipanngd 60C f or
510 hours to give 2.62 g of an object polynmer (Formula gl-ll , hereinafter

abbr qgi ateaghaasle Fiag BRAR triphenylamine ring of the present invention can be used as an

insulating material having high heat resistance.

[0114] In addition, the high refractive index film of the present invention includes
no metal oxide and achieves high refractive index from the polymer alone. Hence, even
through a dry process such as etching and ashing, an etching rate is constant to give a

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 {ilm solar cell, a dye-sensitized solar cell, and

an organic thin film transistor (TFT).



FIG 11 shows I LI NWVR spectrum of PCzTPA obtained. PCzTPA had a wei ght
aver age nol ecul ar wei ght Mv of 6,300 and a degree of pol ydi spersion Mv Vh
of 2.50 in terms of polystyrene by GPC. 10[ 0129] <Synthetic Exanmple 12>
Under a nitrogen at nosphere, to a 100 4 four-neck flask, 9-ethylcarbazol e
(3.0 g, 15. , manuf actured by Tokyo Chem cal Industry Co., Ltd.),
benzal dek}’/‘ﬂ‘@ 65 g, 15 5 mmol, manufactured by Junsei Chem cal Co. ,

Ltd.), and ﬁ@gf%] Ok ?&@jﬁé&ftﬁgp&&%ﬁmeﬂﬁ&mm%@a@c@em fgthek .dothilrbasdd,

manuf act ure mca I'nc wer e 15added. Furt hernore,

1, 4-di oxg Mes Ham i Al e8dnticn.is notitmiledims added,
then the E;Er)ﬁ%e %tsgpgmﬁ?fa%giﬁgeﬁgg?g 110C WII%’IH%S'[I rring, and the m xture was
pol ymeri g Ipiy_4 hours. After the conpletion of the reaction, the m xture
was al | owed o cool to 60C, THF (10 g, manufactured by Kanto Chem cal Co.,
I nc.)swas addedy]t o Middsuntigs Eéipment ure, and the sol ution was added to

nmet hanol (100 g, manufactured by 20Kanto Chemical Co., Inc.) for

preci pi t gtl 8iMRTThe obt ai ned precipitate was filtered, and redissolved in
THF (10 g, manufactured by Kanto Chemical Co., Inc.). Then, the solution
was added t cAppamited ES3FBER30GE0MeEHENOl (60 g, manufactured by Kanto
Chem cal Co., Inc.) and THF &2: . manufactured by Kanto Chem cal Co.,
Inc.) for rdpﬁewq;mnétsﬁﬂ@wt ¢ legﬁ\éﬁﬁé& precipitate was filtered once
again, and dried in _a vacuum 25dry ? ﬁ]‘ﬁg% (La 10 hours to give 2.60 g of
an obj ect pobtyndard substance: detrarnebylsilang ?&Y PEBYr evi at ed as PEt CzBA) .
FIG 12 shows 111 NWR s ctrum ﬁ PEt CzBA obt ai ned. PEt CzBA had a wei ght
aver dfe ,{8{%|agqraggem§ 200 and a degree of pol ydi spersion Mv Mh
of 1.27 in t rrrs of sanoat hetic Exanple 13>
Under a nitr B@q{atﬁ? r@g{;@bé (ﬁﬂ?m%litgg&ed bsrlr&%égbm

our-neck flask, 9-ethylcarbazole

(3.0 g, 15. 4 éfgm( 5%59‘1@15%?5?’1“?? _ggkyo Chem cal Industry Co., Ltd.),

1- napht hal d , manuf actured by Junsei Chem cal Co.,
Ltd.), and 5q nic acid nonohydrate (0.29 g, 1.54 mol,

manuf actured gﬁl&%a EH%Q'E%LH(QSI@ Co., Inc.) were added. Furthernore, |

, 4- di oxane (§Olgeﬁ!tewrgﬁgw ed by Kanto Chem cal Co., Inc.) was added,
then the tenperature was raised to 10C with stirring, and the m xture was
pol yneri zed Hefecth? oYz nAfter the conpletion of the reaction, the mxture
was allowed to cool to 60C, THF (10 g, manufactured by Kanto lochem cal

Co., Inc.) wasligdgadcdroe:didndhel dohgstyreng ure, and the sol uti on was added to

met hanol (100 g, manufactured by Kanto Chemical Co., Inc.) for

pr eci pi t gshoweighhbsoiegicratdrepr eci pitate was filtered, and redissolved in
THF (10 g, manufactured by Kanto Chem cal ., Inc.). Then, the solution
was added toAgparatuedl @tﬂl@éman@facﬁaggchhylgpga{%&ogp

Temperature increase rate: 10°C/minute
20 Measurement temperature: 25°C - 750°C

[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



manuf actured by Kanto Chem cal Co., Inc.) and THF (30 g, manufactured by
Kanto 15Chem cal Co., Inc.) for reprecipitation. The obtained precipitate
was filtered once again, and dried in a vacuumdryer at 60C for 10 hours to
give 2.61 g of an object polymer (Formidl a (1-13), hereinafter abbreviated
as PEt CzNA FI G 13 shows I1-1 NWVR spectrum of PEt CzNA obt ai ned.

PEt CzZNA Eﬁi@“ﬁg%ﬂght aver age nol ecul ar wei ght Mv of 1,000 and a degree of
pol ydi sper5| on J ynene by GPC. [0131]
<Conpar at i v %NES%I]EX%H%%FACB’%@MFﬁl?r@g(r%céegﬁ?%?ggen at nosphere, to a 100
mL four-nec?té : Eﬁogwhenyl amne (2.0 g, 11 8 mol, manufactured by Tokyo
Chem cal R% ( Ltd.), benzal dehyde (1.27 g, 11.9 mmol, manufactured

by Junsei Oggmrﬁial <§gnthet¥éﬁxa)m plamsl para-tol uenesul fonic acid 25 monohydr at e
(0.25 g, 1 nufactured by Kanto Chem cal Co., Inc.) were added.

Fur t her mor e,Urild,eflaHltﬂ?gaﬂ@nﬁdbpﬁe@,,tomeurmfrﬁ.pfmeﬂclbﬁaﬂkamrbaz@heﬁwm 568., Inc.)
was added, then the tenperature was raised to 100C with stirring, and t he
m xture ﬁ@ﬁolpﬁbﬂﬁfﬁéthxﬂeddayfmkyéiihmﬂ Belustef Cor, L bewsalsieby doid- 4 2 ORS
reaction, the mxture was allowed to cool to 60C, then chlorofqQrm (20 g,
manuf act t,ﬂne@i pyniaced GydunmsalChemical Cac Ljd hagd a@r@églup@psuggmaﬁ?l te the

m xture, and the solution was added to nethanol éﬁ\% %9 mil factured by
Kant o Chemninohydrde (].19 5c63.6femok masifsrivad ynkantn feu 105 ‘cN,"Frﬁl tate was

e e L g s
G o0 howes e earyeTRErBIe s roint TP Tin iy B RE SRR fac A0C,

B pent £ unPOR SRR G h o AT U ECIALe rwir*v?;ea%%t%%&“*;?%wg nt
Mv of 9, 900 0339 @édﬁ%é H_;%éﬁfo%% é%% Lﬁh&ﬁrem%‘anﬁf Cgerfh%aﬂl 0ot chf]h‘wﬁf

pol yst yr dHeo aratl ve heti c Exanple 2> Under a
ni trogen &?égll)%qﬁ%ﬁl%ﬁmte &ﬁd1jngﬂ)r)]%&@19rsol'ﬁ?16ﬂfvvfa§Q&d%dt@h%ﬂﬁino(@SO g9, 21.3 mmol

manuf act unsei em ca , benzal dehyde (4.51 g, 42.5

Kaﬂéér@l?é QXIQIB ciak.) G- redqt_nthti)on afftle pbtamet prasgmieul f oni ¢
aci d m)n(r)']lﬁFI g?atackl{erg EPOG g, T nmol | r)ranupf actured by Kanto Chem cal Co.,

| nc. )15"\’9%63&5%{?%?&'1 thea el Klﬁ?a IVchtﬁm dryér ati6o%@ e [(Mhddry andrimradiet 8d 203 Kant o
Chemcal Co., Inc.) was added, then the tenperature was raised to 100C with
sti rring fopnphdlietogixe 8164 aafenpbjertpolymed(Famuln (olr herangiigr bRVl et i on
of the reaction, the m xture was allowed to cool to 60C, then the solution
was addechstPﬁJzBA)i xed sol vent of pure wat er (200 g) and net hanol (40 g,

manuf act ured by Kanto Chem cal - Incé%_wﬁr remg#m The obt ai ned
20 preci pi taFIé}Wabomﬂleen@éuremtfeémgg Sﬁe P (20 g). Then,
the solution was added to a m | v wat er (200 g) and

met hanol  ( 40Thkg magswsmaRt Gesul %ﬁ)’% as(@l “ne.) for

3?:"23%: h %%mgﬁ&% v %%a&% ool g %ﬁ-‘*i—.“’ﬁ%"@‘iﬁﬁgﬁ”obﬁzit |
PBA). 25FI G 15 NVR
ggBXnglr)t%n’%égl n%p%iﬁm%?@f%?&ﬁ?b ai age) nmol ecul ar vveisgﬁ;NSMN of sggcgggma(r)]d

?oggg]r eiE;) ;ngﬁé%g;la %rﬁéléﬁ{ LMD Qe chiiaf ek dhe Mk BB 4 D00 BRA ¥ BkeeBE by CGPC.

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



To 20 g of PCzBA synthesized in Synthetic Exanple 1, 0.06 g of MEGAFAC R- 30
53 (manufactured by Dai ni ppon Ink and Chemcals, Inc., trade nane) was

m xed as a surfactant, and the m xture was di ssolved in 80 g of propyl ene
gl ycol nonomethyl ether acetate. The fdiution was filtered using a

pol yet hyl.ene mcrofilkter Vi ' o f er

FT1 Y or oo EeRisg GO pliey eyttt Mo RhBeBE 10b 8-S B RSB 0s sm to
prepare a i i eh skt hchRLIEIBE of BiFRemkibh, aRe used for
B hog T i B B R e P et e 5o " To. 20
g of P&E&tﬁ%fufﬂ%ﬂb%&' td BooPYOBEL iten BRI EN 140 2, BargifafurEbBKRnR

(manuf actured by Asahi Organic Chem cals Industry Co., Ltd, trade nane) as
a 10 cr opferhicAKCHO1RY&Ms adled & dlutd thpyiiktire) andipavhrioolwrenrdded thonat e as a
catal yst, and 0.06 g of MEGAFAC R-30 (nmanufactured by Dai ni ppon I nk and
Chenigal fethaisl- (200 padenufacrejedas Kensa€ hertcanCo.wbred foi pedpitatindt. t A&eni xt ur e
was di ssolved in 88 g of propylene glycol nonomethyl ether acetate., The

sol ut i onomamed ptecipimt weas fiigered, piadnydricdyh e vecuving dokt 2t 6rC hen/ithkpuss: gt e si ze

of 0.10 pm and further filtered using a polyethylene mcrofilter_ having
15a por efisiteedndéd 4.108°Gfn2ddoprsdpaine 8. Eog of dnopbieat ol i BemiwridrPayer film
form ng conposition used for a |ithography process using a nultilayer film
[0135] <BEsrampiter apbreviatedres BEzNAbf PCzZNA obt ai ned in Synthetic Exanple 2,

L ade name) NES MRedNaSeatnet PRt o ERE R kPG s o ssol ved | h
i1 P8 ed” s TS YEOHST NG TSGR oAy FTe vt e el 26 of 0. 10 pm
5 o1 L S R s e oz o
conposi tilgzigzp%gégﬁgﬁol i t hography process using a nmultilayer film

25[ 0136] 20 g of PTPABACz obtained in Synthetic Exanple 3,

0.06 g of MpEARAGCHER 3 Vel MRS HblReuIYwEigh i RPErD, 0kainddéghenifcal s, | nc. ,
trade nane) was m xed as a surfactant, and the m xture was dissolved in 80

g of propylyRRBeSon v/ NRBE TEINNY kerbishE boBsEtakdy GPE. sol ution was filtered
using a polyethylene mcrofilter having a pore size of 54

15 [0120] <Synthetic Example 3>

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 (3.0g,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).



0.10 pm and further filtered using a polyethylene mcrofilter having a
pore size of 0.05 pmto prepare a solution of a resist underlayer film
form ng conposition used for a lithography process using a nultilayer film
[0137] <Exanple 5> 5To 20 g of PCzFL obtained in Synthetic Exanple 4, 0.06

g of MEGAFAGR 30 (WIARURELHE Gt suRIIPROR dyplirand @TeABodlzs, | nc., trade

name) was m S a surfactant, and the m xture was dissolved in 80 g of

propyl ene 9'%%%%@8@@ ﬂ%é’ﬁlh@f‘@{iNm%‘fPTBABMZ&@% filioss. was filtered using
a polyethylene mcrofilter having a pore size of 0.10 pm and further

filtered usil%ﬁx@@oﬁ%ﬁyj BRESMdEY oHiH4t&86 tavl BH). Pd8-¢.59i(ke 13H).6. 05 10p, m
to prepare a solutiron of a resist underlayer filmform ng conposition used

for a |iyhoos apiy BIPeassISUSI.s@(ba, IH) tilayer film [0138] <Exanple 6> To 20
g of PCzFL obtained in Synthetic Exanple 4, 3.0

g of
t et r aget hox yMEABAQE adh urcight @raagd molearlauwaghtMysel .49 @ a dagiee ofa t r ade
name of 15Powderlink 1174) as a cross-Iinking agqg)?nt, 0.30 g of pyridinium
par a- t ol wehedipkfanatie/ds of 153t ialtgrsts, of aplysyraE by WFCMVEGAFAC R- 30
(rmanuf actured by Dai ni ppon I nk and Chemicals, Inc., trade nane) as a
surfactant vW@l2llm x8smnthare Exapleidxt ure was di ssolved in 88 g of propyl ene

| | thyl eth tate. Th i filt i
s e e s D e .,

i using a o] ye ene mcrof | i . m
to preparemgl, %@PH@PW?F ¥ to%’_é’s@éefmffﬁ&%‘ﬁs g‘{ro'ﬁtt ﬁ%{'hﬁr?gra?n@ﬂ%&cg%?s’ ?t 'i4_on usgd
ExamgPe 19m9b BOUGEREE e ey P h Ly B LT ard Sl st 1 S
novol ak r e%?%géag%&éaf%@gﬁnﬁ%ﬁ%%ﬂ&e& 8y Tekpehudaical Rd@bryaCef MEGAFAC

R-30 (rmadli Chem cals, Inc., trade nane) was

m xed aﬁDL%d.ﬁrgJe&@P?&d%{i“ , ARt Rfe, T X HiBk e B H9d, sfalifethrédbBRago @hemiapy| ene
gl ycol normet hyl e I

her "acetate. The solution was filtered using a
pol yet hyl eney, %Jagfa{i&éd?fhemﬂé PR r 4P Qv irZigectb 100X withnyirrémgladitheher
0

filtered using”a polyethylene mcrofilter having a pore size of 0.05 pmto
prepar e apixture 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), bereinafter 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-d¢): 8 7.03-7.55 (br, 12H), 8 7.61-8.10 (br, 4H), 8 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
mmo}, manufactured by Tokyo Chemical Industry Co., Ltd.), benzaldehyde (6.41 g, 60.4

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



55 solution of a resist underlayer filmformng conposition used for a

l'i thography process using a multilayer film The cresol novolak resin had a
wei ght average nol ecul ar wei ght Mv of 4,000 and a degree of polydi spersion
Mv Mh of 2.1 in ternms of polystyrene b‘ﬁﬁGPC. 5[ 0140] (Measurenent of

Optical PATBIREELLL 19,0 FPEDEShah.saRA Al Chiaal 0t] Bt agpar ed in

11
Exanpl es™P onto a silicon wafer using a spin coater, and

baked Onaﬁdnegg Fﬂhﬁéﬁ#olﬂ%, 1%9&@;@(1@.0@, R efefurat byARBGo (hemZcarCoytes) to form

a resist ayer m (a m t hickness of 0.25 pn). The refractive
| ndexes (n X&&eﬁ?ﬁkn e RmWBMEIENES Fi ekl 12480°0Mvan stirinpparel thagitusfwas9d3 r un

and 10the optical absorption coefficient (k value, also referred to as

at t enuat EQQ/M@H fRilal). Okfieabd coaplessn oftie rdaatien, thd mintursrveasddowrdi ned
using a spectroscopic ellipsoneter. The results are shown in Table 1. Table
1 Ref f acts ¥& i\ 6FK, theartloppbin 450 ghaanyfidnond by &aniocCemicdl Ga., ey &Pengt hs of
248 nmand 193 nm 248 nm RefractiveOptical index nabsorption

coef fi ci @dfiedto dilute the mi@8re; and Refsplitipn waopddeddp maipg! %B%F’&P?@ﬁ‘%red
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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

10 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.

15 {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

720 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,

25  manufactured by Kanto Chemical Co., Inc.) for precipitation. The obtained precipitate
was filtered, and redissolved in chloroform (300 ). Then, the solution was added to
methanol (2,500 g, manufactured by Kanto Chemical Co., Inc.) for rebrecipitation. 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 0f 2,100 and a degree of polydispersion Mw/Mn of 1.34 in
terms of polystyrene by GPC.

5 [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 mo! (1.01 eq with respect to carbazole), manufactured by Junsei
Chemical Co., Ltd.), and para-toluenesulfonic acid monohydrate (1.25 g, 0.00657 mol

10 (0.37 eq), manufactured by Kanto Chemical Co., Inc.) were added. Turthermore,
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

15  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. PCzAA had a weight

20  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

25 (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
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
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
mmol, manufactured by Junsei Chemical Co., Ltd.), and para-toluenesulfonic acid
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. 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 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
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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[0127] <Synthetic Example 10>

Under a nitrogen atmosphere, to a 100 m1. 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
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.,
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 forr
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 PCzZTA 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.

[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
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 stirting, 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,
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[0142] (Measurenent Dry Etching Rat e)
The obtained precipitate was filtered once again, and dried in a vacuum dryer at 60°C for
5 10 hours to give 2.62 g of an object polymer (Formula (1-11), hereinafter abbreviated as
PCzTPA).

FIG. 11 shows 'H NMR spectrum of PCZTPA obtained. PCzTPA had a weight
average molecular weight Mw of 6,300 and a degree of polydispersion Mw/Mn of 2.50 in
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

15 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 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
sohution was added to a mixed sotvent 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 PE{CzBA 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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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 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
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 fo

60°C, then chloroform (20 g, manufactured by Kanto Chemical Co., Inc.) was added to
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Kanto Chemical Co., Inc.) for precipitation. 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 10 hours to
give 2.27 g of an object polymer (hereinafter abbreviated as PDPABA).

FIG. 14 shows 'H NMR spectrum of PDPABA obtained. PDPABAhad 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.

[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,
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
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.,lInc.) 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).

FIG. 15 shows '"H NMR spectrum of PPBA obtained. PPBAhad 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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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
um 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
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5 To 20 g of PCzFL obtained in Synthetic Example 4, 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
10  pm 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, 3.0gof
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 um, and further filtered using a
20  polyethylene microfilter having a pore size of 0.05 um fo 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 ym to prepare a
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[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 um). The
refractive indexes (n values) at a wavelength of 248 nm and a wavelength of 193 nm and
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

[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 coatet, 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 {ilms -
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 um). 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 coatet, and baked at 205°C for 1
minute to form a coating.  The etching rate of the formed resist underlayer film was
determined. A CF, 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 pm)

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 ! 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] Table 2 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

[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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form a resist underlayer film (a film thickness of 0.25 um). The obtained film was

heated while raising the temperature from room temperature (about 20°C) at the rate of

10°C per minute to perform thermogravimetric analysis in the atmosphere, and the

temperature at which the weight was reduced by 5 percent was determined. The results
5  are shown in Table 3.

[0145] Table 3 Temperature at 5% weight reduction of resist underlayer film
¥

Baked film of film Baked film of film

baked at 240°C baked at 400°C
Tds% CC) Tdse (°C)
Example 1 383 417
Example 2 396 366
Example 3 304 396
Example 4 401 420
Example 5 270 500
Example 6 348 405
Comparative Example ] 328

[0146] (Evaluation of Thermophysical Property of Polymer)
The 5% weight loss temperature (Tdse) 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] Table4 Evaluation of thermophysical property of polymer

5% weight loss Glass transition
temperature femperature
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.
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10 [0150] Table 3 Evaluation of solvent solubility of polymer
PGMA PGMEA CHN NMP

Synthetic Example 3

Synthetic Example 6

Synthetic Example 7

Synthetic Example 8

Synthetic Example 9

Synthetic Example 10

Synthetic Example 11

Synthetic Example 12

Synthetic Example 13
Comparative Synthetic Example 1
Comparative Synthetic Example 2
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[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.



10 treatment, the conposition was visually observed. No solute was
precipitated in any high refractive index filmformng conposition. This
reveal s that the high refractive index_filmform ng conposition has

excel l ent storage stability. [0155] ( | uati on of Optical Property of High

Refractive I[Q?QESStéémn?J%efﬂ%ﬂgg?mﬁ?S and refractive indexes at

wavel engt hs r and 633 rim of each (high refractive index) film

obtained in Agﬁﬁﬁvﬁirﬁffn cdRpdsnidhd Ganpatilal fov@edranphe sorlpadbrdwerer e
determ ned. The results are shown in Table 6. The light transm ssion

spect r Unpidauded/a \ualiNa froscigetof thalih BRBmpler 7tto 1 86Kcapt thaothe palymersed filmis
showmn in FIG 16 to FI 26. [0156] Tabl e 6 Eval uati on of optical property

of high K@k katided evithrede nbvdlak reBinfoteaibédia GCamipxatB5@Emthcde B xmmples and
t hi cksnesz (rim Exanple 7 1.76 1.75 185 Exanple 8 1.77 1.75 156
[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 } 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] Table6 Evaluation of optical property of high refractive index film

Refractive index Film thickness

550nm 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 1.77 175 316
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) Asshown 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
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refractive index of 1.70 to 1.77 at a wavelength of 633 nm, and this reveals that even the
resin alone has a very high refractive index.

Furthermore, the light transmission spectra shown in FIG. 16 to FIG. 26 reveal that
the carbazole novolak resin of the present invention has high transparency especially ina

5  visible light region.
INDUSTRIAL APPLICABILITY

[0158]  The resist underlayer film forming composition used for a lithography

10 process of the present invention can form a resist underlayer film that has a similar
selection ratio of dry ctching rate to that of a resist or a smaller selection ratio of dry
etching rate than that of a resist and that has a smaller selection ratio of dry etching rate
than that of a semiconductor substrate. The resist underlayer film formed from the resist
underlayer film forming composition of the present invention has advantages as a

15  planarizing film and a bottom anti-reflective coating and heat resistance, and does not
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 extraction 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



Example 14 1.72 1.70 316 Exanple 15 1.74 1.72 314 Conparative Exanple 2
1.80 1.78 277 Conparative Exanple 3 1.71 1.69 293 20[0157] As shown in
Tabl e 6, the high refractive index fi Iajnaof the present invention had a
refractive index of 1.72 to 1.80 at a wavel ength of 550 nm and a

form the film.



60 refractive index of 1.70 to 1.77 at a wavelength of 633 nm and this
reveals that even the resin alone has a very high refractive index.
Furthernore, the light transm ssion spectra shown in FIG 16 to FIG 26
reveal that the carbazol e novol ak resiA2of the present invention has high
transparency especially in a 5visib|cq1 hght region. | NDUSTRI AL
APPLI CABI LI TY [ 0158] The resist und ayer filmform ng conposition used
for a lithography 10 process of the present invention can forma resist
underl ayer filmthat has a simlar selection ratio of dry etching rate to
that of a reg&bolg&eac{ﬁﬁgﬁglﬁé selection ratio of dry etching rate than that
of a resist and that has a shaller selection ratio of dry etching rate than
that of a sepjgpadusielorFulistleale. The resist underlayer filmformed from
the resi st underlayer filmform ng conposition of the present invention has
advant ages as amﬁﬁldmdmar'zing filmand a bottomanti-reflective coating
and heat resi st@an es n 3 g intermxing with a resist

conposi ti on. 1T€%“/ asilst U 88??%@ r filmformng conposition can be
effectively used forfthe f rmation of a fine pattern in a |lithography
process of seni condubtor devices. It was al so reveal ed that the resist
undertfayer filmmaterial of the present |nvent|§gphas heat resis&&nce
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A pol yner corrpr S
alkenyl group, or the aryl group optionally containing an ether linkage, a ketone linkage,
or an ester linkage;

15 Ry is a Ceup aryl group or a heterocyclic group optionally substituted with a halogen

group, a nitro group, an amino group, or a hydroxy group;
R; is a hydrogen atom or a C.yo alky! group, a Ce.qo aryl group, or a heterocyclic group
optionally substituted with a halogen group, a nitro group, an amino group, or a hydroxy
group;

20 Ry 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).

2. The polymer according to claim 1, comprising the unit structure of Formula (1),
25  wherein each of Ry, Ra, Rs, and Rs is a hydrogen atom and R4 is a phenyl group or a

naphthyl group.



a unit structure of Fornmula (1): 5 Forrmula (1) (in Formula (1), each
of Rl and R2 is a group selected froma group consisting of a hydrogen
atom a hal ogen group, a nitro group, an am no group, a hydroxy group, a
Ci-to alkyl group, a C2_10 al kenyl gro@b, a C640 aryl group, and a

ot o o8 Ll B OB  Spy tmg, ro

l'i nk | ept e t
2 10 ameyto gRbdp R aea g6 § %%%ﬂ%%%%f%%‘ﬁd RRb RN Ghadeivgogr =t om

conbi nat 0,9 STy FhiHE QN Bont Bngbk&RM ko B} GMPR; A bdiey artyé gr oup

opti onal Rﬁ containing an ether age, etone |inkage, or an ester

l'i nkage; 9%%5&10}1%@}16%69 ffl¥dref @0 OF a heterocyclic group optionally
substi t ut ogen group, a nitro group, an am no group, Oor a
hydroxy group; R5 is a hydrogen atomor a Cl_10 alkyl group, a C640 aryl
group, or a heterocyclic group optionally substituted with a hal ogen group,
a nitro group.A gily@et sun@ishng, or a hydroxy group; 20 R4 and RS optionally
forma ring togetﬁer with a carbon atom the carbon atom being bonded to R4

and R5; and gaehstafcturd ofiRdrmmiai(2) md/qrﬁpsg'elﬂ(b)f 1to 3). 2. The
pol ymer according to claiml1, corrprl sing the unit structure of Formula (1),
25 wherein each of R, R2, R@? R5 is a hydrogen atomand R4 is a phenyl
group or a nap(pg hy(Igz)g{ oup( g ; The pol yner according to claiml,
conprising th ‘fmﬂ f°Formula (1), wherein each of Rl, R2, and
R3 is a hydro R5 rbowula @) f | uor ene ring toget her vmth a
carbon atom tthe c"ér bon ato % bonded to R4 and R5 and being at the
9-position in the Pormed fi ring.

(Rﬂ

A\

(R1}nl (REJHZR (RG) X 4 Rs

(_ /4};@ Formula (3)
Y )

(Refis
(in Formula (2) and Formula (3), each of Ry, Ry, R, Ry, and Ry is a group selected
10  from a group consisting of a hydrogen atom, a halogen group, a nitro group, an amino
group, a hydroxy group, a Cy.10 alkyl group, a Cz.10 alkenyl group, a Cg.4p 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 hydrogen atom, a C_jp alkyl group, a
15  Ca.10 alkenyl group, a Ce.q0 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;
Ry is a Cep aryl group or a heterocyclic group optionally substituted with a halogen
group, a nitro group, an amino group, or a hydroxy group;
20 Rsis a hydrogen atom or a Cy.1p alkyl group, a Ce40 aryl group, or a heterocyclic group

optionally substituted with a halogen group, a nitro group, an amino group, or a hydroxy

group;



5 4. A polymer conprising: a unit structure of Formula (2) and/or
(3): (R44 R4' 01--)- (R)ni (RR)nN2 RRS ( tit Fornmula (2) Rs(R& ) (R7)14
)111 (R2)n2 RA(RdAn3/ R5 patbri .."" Rs R3 (ROn5 Formula (3)

R4\ (11,
For mul a

al kenyl

4

(2) and Formula (3), each of . R2, Rs, R7, and Rg is a group
sel ect edr}Qnd ROBpEMEIIP YRNELABE Sdelir Mitha PAWHhQEEN, Bt eafboRatdal Bgen group,
nitro group, an am no group, a hydroxy group, a Cl1_10 al kyl

B6R1A 1o R, 68 RO @kl bf 81 antbn? Bnd idtegardfilnati ami of them the al kyl

For mul a

(in

a

group, a C2.10

group, the alkenyl group, or the aryl group optionally containing an ether
egchkfn@ne nb isdeaigesgenof B Vst er | i nkage; R3 is a group sel ected

| i nkage,

froma group consisting of a hydrogen atom a Cl_10 al kyl

al kenyl

group, a 15C2-10
group, a C6_40 aryl group, and a conbination of them the alkyl

group, the al kenyl qroup, or the aryl group optionally containing an ether
qQ

| i nkaje,

10

15

20

25

a kefohe p
and/or Formula (3), where each of Ry, Ry, Ra, Rs, Rg, Ry, and Rg is a hydrogen atom and

yieggecording to claim 2, comprising the unit stfucture of Formula (2)
R, is a phenyl group or a naphthyl group.

6. A resist underlayer film forming composition comprising the polymer as

claimed in any one of claims 1 to 5.

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

comprising a cross-linking agent.

8. The resist underlayer film forming composition according to claim 6 or 7,

further comprising an acid and/or an acid generator.

9. A resist underlayer film produced by applying the resist underlayer film
forming composition as claimed in any one of claims 6 to 8 on a semiconductor substrate

and baking the resultant coating.

10. 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 6 to § on a semiconductor substrate and baking the resultant

coating to form an underlayer film.

11. A production method of a semiconductor device, the production method
comprising:

forming a resist underlayer film on a semiconductor substrate from the resist



or an ester |inkage; 114 is a C6_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; 20 R5 is a hydrogen atomor a Cl_10 al kyl group, a
C6.40 aryl group, or a heterocyclic grQin optionally substituted with a

hal ogen grt\%(‘gjlﬁ(yﬁraﬁl&f fobiRin rc%Hﬁdos@iHn% L& iﬂléﬂy ofl ofclBdr X8 gr oup; 64 R4

and R5 o orm together wth carbon atom ‘the carbon atom

bei ng bonded %&gﬁfgsamglsﬁﬁlm%ﬁ%ﬂa&st%d@ﬂ@eﬂﬁlms an integer of 1 to 3; and
n

each of n3 to an integer of 1to . 55. The polymer according to

claim 2, Corrpfdn%ﬁrf%ﬁéa@t islame&-n &h fﬂécrtsmteﬁlﬁfbfgfpmtmn(oz)llganwmelﬁmmu| a (3),
wher e each of RI R6, R2, and R8 is a hydrogen atomand R4 is a

phenyl gﬁwaﬁd@e@m&hyl group 6. A resist underlayer film
form ng conposition conprising the polyner as 10 clainmed in any one of

clains 1 to Setching the udlerlipe filesicsordinpdethenpeist fatiemn; f0d mi ng conposi tion
according to claim®6, further conprising a cross-linkin agent 158. The
resi st underl ﬁ@beucat[ng t&mﬁ@nmn@@@@rﬁpb@ﬁﬁ eningibe pederaed vl or 7,
further conprising an acid and/or an acid generator. 9. A resist
under | ayer film produced by applying the resist underlayer filmformng

conposition as clained in any one of cl on sem ¢ uct or
substrate 20 AAd\ Bm@uﬁfgmW@th*)égzﬁﬁtsaﬂw%@mfﬁgme the pro@ﬁuor}&mﬁ%?ﬁod f or
formng a resist pattern used in production of a sem conductor, the nethod
conpri si RGEPEPPEI ng the resist underlayer filmformng conposition as

cl aiged in any Oqg%ggqsf%a?g%mr Pl s RETERRdELate RURRAL ARy and baking

t he sul t ant er

gg(r)rglrjlcts: Hader X‘Fnﬂ &gﬂg) M %/ag?g#ﬁ m E)dr;:l% Oﬁggﬁiggmgcg? hggbst rate
fromthe resi %rmmg 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
15  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 underlayer fiim.

20 13. The production method according to claim 12, wherein the hard mask is

formed by depositing an inorganic substance on the resist underlayer film.

14. A high refractive index film forming composition comprising:
a polymer containing at least one unit structure selected from a group consisting

95 of a unit structure of Formula (1), a unit structure of Formula (2), and a unit structure of

Formula (3).

15. A high refractive index film produced by applying the high refractive index

film forming composition as claimed in claim 14.



65 underlayer filmform ng conposition as clainmed in any one of clains 6 to
8; formng aresist filmon the resist underlayer film formng a
resist pattern on the resist film by a&glication of light or an electron
beam and devel opnent; 5etching the underlayer filmaccording to the resist
pattern; and fabricating the sem conductor substrate using the patterned
underl ayer film 12. A production nmethod of a sem conductor device,

t he producti ongngh bRer&QoBEEVISE Agnpridioihahigh rafraebicshdexrfderdsajemed il m on a
sem conductor substrate fromthe resist underlayer filmformng conposition
as cl ai mgghimmnsany one of clainms 6 to 8, form ng a hard mask on the resi st
underlayer film further formng a resist filmon the hard nmask;

formng a resist pattern on the resist filmby application of light or an
el ectron 15 beam and devel opnent; etching the hard nmask according to the
resist pattern; etching the resist underlayer filmaccording to the
patterned hard mask; and fabricating the sem conductor substrate using the
patterned resist underlayer film 2013. The production nmethod according to
claim12, wherein the hard nask is forned by depositing an inorganic
substance on the resist underlayer film 14. A high refractive index film
form ng conposition conprising: a polyner containing at |east one
unit structure selected froma group consisting 250f a unit structure of
Formula (1), a unit structure of Forrmula (2), and a unit structure of
Formul a (3). 66 16. An el ectronic device conprising the high
refractive index filmas clained in claiml15.



