DE S'C-RI PTI1 ON COWGCSI TI ON FOR ANTI - REFLECTI VE COATI NG OR LI GHT
ABSORBI NG COATI NG AND POLYMER USED THEREI N Technical Field The present
inveéntion relates to a conposition available for formng an anti-reflective
coating such as a bottomanti-reflective coating or a |ight absorbing
coating, a polyner used in the conposition, a nmethod for form ng an
anti-reflective coating or a |igbhtEapsoribilng Tolt®My, an anti-reflective
coating and a |ight absorbing coating forned by the nethod, a nmethod for
formng resist patterns and a nmethod for integrated circuits by use of the

conposi tion. Bac t | | ' '

finer patter q ngggiﬂj@g@%‘ ﬁ@g@%@%@%?@%@ﬁ%@m g%?%rr{% %EP%P%TI? ain
hi gher integhghi 8HLYNER Qf<k® TherBsAYi sfy this requirement, there have been
made devel opnent and i1 nprovenent of |ithographic techniques using
short-wavel engt h exposure tools such as deep-UV. As photoresists show ng

hi gh perfornmance when exposed to deep-UV, there have been known chem cally
anplified, d&eshoicabotiedsh nn) positive- or negative-working photoresists.
Whi | e such exposure,.tools in conbinati I c L cad .y _anplifi l.gh
per f ormi ng phot or egﬂ"_&%r%?ﬂ& %mg%ét %%’ ];?)gjfgeersng%at E&%%%%&n%%%%@% an%r on
line width, terengtdd bnf IR e30Y 06 &loa®lihg suhodd aBotiteal afteieddfd cbeive
solved in achieving such high resolutions. One such problemwell known in
the art is cadatdngsicandi npighety esbsarbisigngcdatdmgi nigergaiymese usedieisn the
incident light and reflected Iight of the incident Iirg‘r; . reflected on
the substrat copposation, JRethed ILHEPEMRS ahant} TTFEIACt) VEnCoRT S fIFy2
controlling tlqeghltI régsgmrg{r?g Ic?oa%:'irﬁgl, €ahY§li-reflective coating and a light

absorbing coating formed by the method, a method for formng resist
patterns and a method for integrated circuits by use of the

composition.

Background Art

In manufacturing semiconductors, finer and finer pattefning
of resist' images has been required and attempted to attain higher
integration. In order to satisfy this requirement, there heve been
made development and improvement of lithographic techniques using
short—wavelength. exi:aosure tools such as deep-UV. As photoresists
showing high performance when 'expose'd to deep-UV, there have been
known chemically amplified, deep UV (100-300 nm) positive- or
negative-working photoresists. While such exposure tools in
combination of the chemically amplified, high performing
photoresists enable one to pattern with less than quarter micron
line width, there still remain several other problems that need to
be solved in achieving such high resolutions. One such problem well
known in the art is called "standing waves" arising from interference

between incident light and reflected light of the incident light



resist process due to thin filminterference effects resulting from highly
pl anar and non-pl anar substrates. Various reports have been nmade. For
exanple, there are illustrated the report of M Horn in Solid State
Technol ogy, Nov. 1991, p. 57, the report of T. Brunner, Proc. SPIE, vol.
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probl enms upon form ng patterns on reflective topography include addl tion of

dyes to the phighdeplanar apddencplbear iswbgtsatest . Vaptous) repsrugbaxadeen
4,882,260, etc. However, when a dye is added to the photoresist to forma
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processes, thinmi resi é dév

of the dyes ob&rddﬂgsb@kl Reb10f 1466 1§9m; ap 2 $NC @t erdaddit formddist 4 Uhdse
the techni que of adding dyes to p ot or esi st s, top surface imging (TSI)

processes, muiidhayganses spattenVidiRs toet hos ,as:h@eecr.s bge ipheboBenpatcalNed
4,370, 40 al so hel p sol ve the problens associated with reflectiaon but_ such

et hods are ndte Cﬂ”(‘!én‘b‘l”é?\mmﬂ which é§p%§’r’5ﬁ%b¥néll‘3@f refdeeted  angthady.
because of AT SoEPIEPRL aRREI-ERY dS SNSRI T e e &
eli mnate theyny enf Medeh, Mdnd KIhan werkien! E:‘LQPS‘:Slicﬁ‘%t&HQSféc’%%lo gy, Feb.
reflectivity through the use of so-called bottom anti-reflective Coatings
(BARCs). Thesk¥8&®map.83s have the 2
Lithographic techniques to solve the problems upon forming
patterns on reflective topography linclude addition of dyes to the
photoresists as described in U.S. Pat. Nos. 4, 575, 480 and 4, 882, 260,
etc. However, when a dye is added to the phbtoresist to fofm a film
having high absorption to the 1ight of exposing wavelength, drawbacks
such as decrease in resist sensitivity, difficulties during
hardening processes, thinning of the resists in alkaline developers
and sublimation of the dyes during baking of the films are
encountered. In addition to the technique of adding dyes to
photoresists, top surface imaging (TSI) processes, multilayer
resists (MLR) method as described in U.S. pat. No. 4,370,408 also
help solve the problems associated with reflection but such fnethods
are not only complex but also expensive and not a preferred method.
Single 1layer resist (SLR) processes dominate semiconductor
manufacturing because of their cost-effectiveness and simplicity.
Another strategy to eliminate the interference of lights is
to reduce the substrate reflectivity through the use of so-called

bottom anti-reflective coatings (BARCs). These coatings have the



property of absorbing the |ight which passes through the photoresist and
not ;reflecting it back and prevent the reflection by the substrate. As the
bottom anti-reflective coatings, there are known inorganic types and
organi c types. lInorganic types include coatings of TiN, TiNO TiWor

I nor gani ¢ pol r L L hi ' | ' Y

- Yproc. " sapessy Shaatordlsbeii TEgy iyHERERER ek it etgee
Solid Films, £ n&3 £4AR¥Bine i€ZRkkkelardl -prd¥etitoeheciregliect fogi beethag,
21 (1993), p.51. In addition to these coatings, there are al so known

i nor gani ¢ coatubsgsaseach Asstlze bottom amt ¢ omef hegt ivectoatiiingsy, ditiake avaknayn a
carbon coating, an a-silicon coating, etc. These i nor%ni c, anti-reflective
coatings are rIANICYPRE RN ORI G RSFos| HRITFANET, ?51NF3PPﬁ§°8FlPH§

| i ke. However, fqrmation Qf. such, coatings requires ugate gontrol of _the
filmthi cknest Wi'f%?l?%?'t ?118% Of 7~ ' RPig‘éﬁ’és?ﬁ %@ﬁ ‘éqﬁ?pﬁé’n%‘fneé&rpﬁéx
adhesi on prongtd 93 pbAGHE ANBSsPhdPEL 1A ¢ esEsd. SPAH, G681, 3096r(abeoyly b.euohi ng
pattern transfer step, and dry etching for renoval. Sonme of the Inorganic
coati ngs can KOBabRetséd $chraibeiracThin SglidtRdgmst 200 P3uii991dweGt Gzebhi r

conductivity. On the other hand, as the organic anti-reflective coatings,
there are illeisBlat dicuegdectrenig Engénesringti A4 AASS) whp chl -absdsditdpp of

t he | th.t | i Prac. SPIE. Vol . 539 (1985),
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substrate in 4 S c3Afn BYAREhqA% thi-bnPlRlAliER! Ebsnir)la afDOROLoA MY, Bnany
speci al equi pnent as Is di rent fromthe i norganic anti-reflective

coatings. Howguel]iéde oAy @telciriisbl fdBgasiclinsbpaifdkeicoivefcdaténgs
pol ymer and dye conponents during spin coating, 1%{@dye stripping into .
resi st sol veraxs uswal1y) foreadipy vareum depasikiont €D EBVEECRimGPY ke Bdkrng

process. All these fagtors .cause degradati.on of resist properties, and
therefore t hd VT qbR™ B30 PhgS g'afé)attd'ntgﬁerﬁg‘llw a%&&?#‘u% %pritro'i of

the film thickness, uniformity of film, special deposition
equipment, complex adhesion promotion techniques prior to resist
coating, separate dry etching pattern transfer step,. and dry etching
for removal. Some of the inorganic coatings can not be used in
manufacturing integi:ated circuits due to their conductivity.

On the other hand, as the organic anti-reflective coatings,
there are illustrated those formulated by adding dyes which absorb
light of the exposure wavelength to a polymer coating (Proc. SPIE,
Vol. 539 (]_.985) , P.342). This dye-containing, anti-reflective
coating can be formed on a substrate in the same manner as with
photoresists, and does not require any special equipment as is
different from the inorganic anti-reflective coatings. However,
they involve such problems as 1) separation of the polymer and dye
components during spin coating, 2) dye stripping into resist
solvents, and 3) thermal diffusion into the resist upon the baking
process. BAll these factors cause degradation of resist properties,

and therefore the technique of adding a dye to the polymer coating



to forman anti-reflective coating is not a preferred one. Chenmically

bi ndi ng. the dyes to filmformng polynmers is another option. Fahey, et al.
(Proc. SPIE, Vol. 2195, p.422) report to use a reaction product obtained by
reacting an am no group possessing dye with the anhydride groups of

pol y(vi nyl met hyl ether-co-nal eic anhydride) as the material for form ng the
anti - refl ect tee formt ampnti-rrEleebive moatdngt ks snety Fe Prafierred eMeect i ve

coating material ig,that e reaction betyween am and t he anhydride .

groups are not al m%miﬁﬁi&c_ Jé’tgergﬁdqwss_qoea_ a Qﬁ“éggnggxwef?eés
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lines 17-20). The refmaining freg am ne causes polsoning at the interTace
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a chemcally anplified resist is used as the resist, and this leads to a
probl em cal | posbessing: dyacsiphettdredi ardudniiden afoupse afk ppekyi(rieyilgethypbn

devel opnent. Ip additiaon, there arjises another problemthat free dye
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t he workers. € nore problemof®’such co rons 1s t

conpounds ar g¢ef®eetive diaiting Mdtirihl yi ARtakeere Rehatis® bedRben iRl hidnot
used in photoresist fornulations. It would be ideal to use the sane sol vent

for both thetpeoanhydriste gnduphearmnnptraivast 108 $oatnpigtsi and this deads

coating apparatus is often used for, applyin he phot oresi st and . the
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syst em Fahey propose 15 nate erern ac pol ymer
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anti-reflective coating.” Again fhis

coating and the resist coating especially when a chemically amplified
resist is used as the resist, and this leads to a problem called
footing: incomplete dissolution of the exposed resist upon
development. In addition, there arises another problem that free
dye molecules sublime during the baking process and deposits on the
fabrication instruments and causes contamination problem as well
as health hazard to the workers. One more problem of such
compositions is that imide compounds are poor in their solubility
and need polar solvents normally not used in photoresist
formulations. It would be ideal to use the same solvent for both
the photoresist and the anti-reflective coating since the same
coating apparatus is often used for applying the photoresist and
the anti-reflective coating. Further, the by-product of
imidization reaction, water, causes coating defects during film
formation.

Another system Fahey et al. propose is materials wherein a

copolymer of methyl methacrylate and 9-methylanthracene

methacrylate is used as the anti-reflective coating. Again this



4 system al so shows footing problemdue to the diffusion of

phot o-generated acid into the anti-reflective coating when a chemcally
anplified resist is used as the resist (Proc. SPIE, Vol. 2195, p. 426) as
well as intermxing of the resist material and the anti-reflective coating
material. Such polynmers are also insoluble in preferred solvent_in the art
such as propysystengl 3ksn  sbavsetieptiag harobdematdq pEREAhe cthffusion o€,
etc. U S pat. No. 5, 234, 990_djscl.oses, polysul.f . .pol '

whi ch possesspr?cfﬁ?é'ﬁgh?rﬁeﬁﬁt a%b‘io?ﬂﬁ%gtg?oﬁ :étli ggglagggla‘}f)et i %ﬁ%&%%&ﬁl fra
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property on a pa.terng fer and therefore bad step-coverage and al so
formati on of Z¥ggks. pPd)ags wale 49 ihtghnigimndfrtig destistmatessadfarslithe
polyners. ldeally, a bottomanti-reflective coati n% material s should be
soft for goodrstierefbect inecpabing nytewiadre Bagh pglimeraprse alsedased ubde

| east after baking_to prevent internmnxi t he ph Dot dth .
reflective codt PREESErSHFPIRRN PR Gﬁg%’fuoc}h%se g g’- §é§§l§f’8§r}%°a°ﬁ‘%tﬁ%l

Furt her, Eur onsal}. ggg{x_ggé ”%Mﬁ?e”ét@g%\%?aitgf‘ No.. 542 008 di scl oses an

anti-reflective coatlng cohposition of "form ng a hardened

anti-reflective coalgigpat! aNo b&i, 2842990 idEidclvBes hpsDygulifaae andilguirea
resin binder, nelam ne type cross-linking agents and a thermal or photo
aci d gener at aresinSucwhicdnppessesms inherqrdor light ha@bsosbbrgigPropaniies yatiue

to the presence of the cross-1linkin ents and acid geperators |eading to
hi gh i nci dend@BHiulem Glé‘FEch-,trﬁnd’gPﬂgFr W@f"éﬂeﬁ’%@?&si s @?ﬁ%’a st ed’tf’@tllgnt he
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properties: therefore bad step-coverage and also formation of cracks perhaps

due to high Tg and rigid structures of such polymers. Ideally, a
bottom anti-reflective coating_ materials should be soft for good
step cov.erage property before baking and also hardened at least after
baking to prevent intermixing of the photoresist and the anti-
reflective coating as well as diffusion of the photo—generated acid.

Further, European unexamined patent application No. 542 008
discloses an anti-reflective coating composition capable of forming
a hardened anti-reflective coating after being applied, which
comprises a phenolic resin binder, melamine type cross-linking
agents and a thermal or photo acid generators. Such compositions
are poor in their storage stability due to the presence of the
cross-linking agents and acid generators leading to high incidence
of film defects, and their etch rate is very slow due to the presence
of rather large amounts of aromatic functional groups.

In summary, a good bottom anti-reflective coating material
should satisfy the following properties:
a) good film forming property:;

b) high absorption at the desired exposure wavelength;



a) good filmformng property; b) high absorption at the desired exposure
wavel engt h; 5 C) no intermxing wwth the photoresist; d) etch rate nuch
hi gher than the photoresist; e) good step coverage on topography; f) at

| east six months shelf-life stability; and g) the conposition should be

di ssolved in an edge-bead rinse (EBR) solvent. Unfortunately none of the
avai | abl e bot cbmrentintesmising witbobhe Phat@nesisEs t hese properties. The

present inventjon provides a nti-reflective or |] - absor bi ng coating
material whi cf f §5F LaFRN "-B'b@‘é‘-gh&c{;%’%’éc}j\?aP?‘c?ﬁ‘s"l:%g%sp%rt ies; a

conposi tion cgnt igid?i'd.”%th L;é:%\F@.Ia‘?fe' ah e9godiaRig; for forming an

anti-reflective coating as a bottom anti-reflective coati ng or a

li ght - absor bi py cpaticagr sipmwmss bhel fehifeacttabingtyheambnposition, and
an anti-reflective or |light absorbing coating using the material or the
conposi tion; g) nmetheodorfipes iftdon shpulkddoe daspaljsed dnmn redetonad sinseJEBR)
resist pattern; and a process for manufacturing integrated circuits. The
first object of SR&VBREsent invention is to provide a conposition capable

of formng an anti yghleehlyel ¢ aBhENdE Und avhdihn PO SRR LROaEOALIId Uk

reduces probl ens assSocCi reflTected Iig omthe substrate and

t opogr aphy dwoaREngabieis¥ifedr KREsOprodeatsesond obj ect of the present
invention is to provide a conposition capable of formng an anti-reflective
coating or a |ight Thesopbésepttodnvagtievi pyovigesyan aghsdropflertive or

For mat | on. - THASPRTPESRERUE COTATRRBFEELH vhige daL P e AR T o Lo
various properties; a composition containing this material and
useful for forming an anti-reflective coating such as a bottom
anti-reflective coating or a light-absorbing coating; a process for
manufacturing the composition, and an anti-reflective or light
absorbing coating using the material or the composition; a method
for forming the coatings; a method for forming a resist pattern;
and a process for manufacturing integrated circuits.

The first object of the present invention is to provide a
composition capable of forming an anti-reflective coating or a light
absorbing coating which reduces problems associated with reflected
light from the substrate and topography duriﬁg pattern formation.

The second object of the present invention is to provide a
composition capable of forming an anti-reflective coating or a light
absorbing coating having improved adhesion to micro-electronic
substrates, very good coating uniformity and no particle formation.

The third object of the present invention is to provide a
composition capable of forming an anti-reflective coating or a 1ight
abso_rbing coating that has significantly higher etch rate than the
photoresist material applied on top of it.

The fourth object of the present invention is to provide novel



conposition capable of formng an anti-reflective coating or a |ight
absqrbing coating that has significantly higher etch rate than the
photoresist material applied on top of it. The fourth object of the present
i nvention is to provide novel 6 pol ymers applicable for anti-reflective

ti |'i ght ab I, ti . I ni, - 11 nki hi ghl
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anti-refl ectigy@ceodhsnas &Indldihérahge, kindsslatilienyss ettt 6 Bgme solvent
intrinsically cross-linking and highly absorbing functions in a single

nol ecul e el i msnahenghtoteresdsd fmatenthl wppdiedi ot topoof- iknki ng and hi ghly

| i ght-absorbing functions. The sixth object of the present invention is to
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coating, which cauSe no diffusion of an acid generated in the subsequent
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i nvention is to provide novel polymers which have, chronophores capabl e of
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coating or a“light absorbing coating having good |ight absorbing

properties. temperatures of the resulting anti-reflective coating or light
absorbing coating to acquire such a high hardness after being baked
that it is impossible for the pho_i;presist top layer to cause
intermixing with the coating, whiét.x.eause no diffusion of an acid
generated in the subsequent steps and thereby prevent footing.

The seventh object of the present invention is to provide novel
polymers which have chromophores eapable of higly absorbing light
of exposure wavelength and can sufficiently absorb light in a fiim
thickness of 30 to 300 nm, and which can form an extremely thin
anti-reflective coating or a light absorbing coating.

The eighth object of the present invention is to provide a
bottom anti-reflective coating or a light absorbing coating having
good light absorbing properties.

The ninth object of the present invention is to provide amethod
for easily forming a resist pattern with high resolution.

The tenth object of the present invention is to providea met_hod
for easily manufacturing an integrated circuit with higher
integration.

Other objects of the present invention will become apparent



Theni nt’hobj ect of t hepr esenti nventi oni sto provi deanet hod for easily fornmng a
resist pattern with high resolution. The tenth object of the present
invention is to provide a nethod for easily manufacturing an integrated
circuit with higher integration. O her objects of the present invention

wi || becone apparent 7 fromthe follow ng descriptions. Disclosure of

t he | nventi ofrShethdofelliesing Begcointdens.of the present invention can be
attained by the polynmers represented by the follow ng general fornula | or
Il1-and the anti-reflective coating or the |light absorbing coating
cont ai ni ng t ki r e la | R R R CO R2

R3 [err] V\/neIﬁé?ﬁﬁgggggaoaﬁr%oggke%%%or an al kyl group; R err] represents
an al kyl ene group, TheSabs¥d-tddsediBblYdEReter 6f theapegstmalinyeabton raarpbea
substituted cycl oal kyl ene group, a phenylene group or a substituted

phenyl ene gr athaifRed beprhespoksnens rgpreseat eg by dihst feldiwd ngugengral formula

group- cont ai ni ng_phenyl group, -ORerr] or. - rrl], .in which R4 is.an
al kyl group Ha®% A& a&“d'é’t?o?‘é“b‘tﬁﬁ%ﬁéﬁ%ﬁ?""&%ﬁ? t%ﬂ‘sghé" FREFHERIFOFHINY
cyano group, an.ac I OUP. <= , -CONH err], a substituted or
non-substitufﬁ@t85§%§%qa%&tgglyegggFerr] or -ORlerr], in which R5
represents acgplshit#b&6,0y on-substituted straight-chained, cyclic or

branched al kyl group, or an al kyl or aryl group containing an ester or
carbonyl group; X is either 0

ORNHCX—YD
wheréin
R is a hydrogen atom or an alkyl group; R, represents an alkylene
group, a substituted alkylene group, a cycloalkylene group, a
substituted cycloalkylene group, a phenylene group or a
substituted phenylene group; R, represents an optibnally
substituted, vinyl group-containing phenyl group, ~OR, or —COOR,,
in which R, is an alkyl group having a double bond or epoxy group:
R, is a halogen atom, a cyano group, an acetate group, —COCH, —CONH,,
a substituted or non-substituted phenyl group, -COOR; or -OR.,
in which Ry represents a substituted or non-substituted
straight-chained, cyclic or branched alkyl group, or an alkyl or
aryl group containing an ester or carbonyl group; X is either O
or S; Y is either O or NR, group in which R; is a hydrogen atom,
an substituted or non-substituted phenyl or cyclic, straight-
chained or branched alkyl group; D is an organic chromophore which

absorbs the exposed wavelength (100-450 nm) and represents a



or S; Yis either O or NR6 group in which R6 is a hydrogen atom an
substituted or non-substituted phenyl or cyclic, straight- chained or
branched al kyl group; D is an organi c chronophore which absorbs the exposed
wavel engt h (100-450 nm) and represents a 8 substituted or
non-substituted benzene ring, condensed ring, or heterocyclic ring bound
directly or thraftiduterdior aea-gubspitutied heazrhe rings emmteasedyrmgrbelr

above zero, while o is any nunber cl ud4 zero.. General fornula II
R R co heterﬁfyci‘lx L Bl e ay” BE tn o pa R R AR Sizones

al kyl group;

al k! group: n%ﬂfﬂe i‘@s@%ﬁﬂ? rilﬁeb%se%%&dq YhDY o L R4, 2Ry HFPers
an al kyl group iﬁnmumgng g@g@Je bond or epoxy group; R[err]ls a hal ogen
atom a cyano group, an acetate group, -COOH, -CONHerr], a substituted or
non- subst i t uGetepatnformrleudI - COOR50or -OR[err], in which R5 is a
substituted or non-substituted_straight-chained, cyclic or branched al kyl
group, or an alkyl or aryl group containing an ester or carbonyl group; Y
is either O or NRlerr] group in mhgch R[eRr] i's q{hydrogen atom a
substituted or non-substituted phenyl ty ai ght - chai ned or
branched al kyl group; Dis an h absorbs the exposed
wavel ength (100-450 nm = AeA- substi t ut ed,
benzene ring, condensed ring, ound directly or

t hrough an al kyl ene group; and m ggg n r eRg esent Ryany nunbers above zero,
while o is any nunber including zjro

wherein
R is a hydrogen atom or an alkyl group; R, represents an optionally
substituted, vinyl group-containing phenyl group, -OR, or -COOR,,
in which R, is an alkyl group having a double bond or epoxy group;
R; is a halogen atom, a cyano group, an acetate group, —-COOH, -CONH,,
a substituted or non-substituted phenyl group, -COOR; or —OR;, in
which Ry is a substituted or non-substituted straight—chained,
cyclic or branched alkyl group, or an alkyl or aryl group
containing an ester or carbonyl group; Y is either O or NR, group
in which Ry is a hydrogen atom, a substituted or non-substituted
phenyl or cyclic, straight-chained or branched alkyl group; D is
an oréanic chromophore which absorbs the exposed wavelength
(100-450 nm) and represents a substituted or non-substituted,
benzene ring, condensed ring, or heterocyclic ring bound directly
or through an alkylene group; and m and n represents any numbers
above zero, while o is any number including zero.
In addition, according to the present invention, there can
be obtained an anti-reflective coating and a light absorbing coating

having a good non-intermixing property and neither causing footing



I.n addi'tion, according to the present invention, there can be obtained an
anti-reflective coating and a |ight absorbing coating having a good

non-.i nterm xi ng property and neither causing footing 9 nor | eavi ng

remai ning resist filmby using a conposition for an anti-reflective coating
or a light absorbing coating which contains a polyner containing at | east
the recurri ngramileavdpgesensbaiing nesdstolfibmi by wpemer 8 cpopasition 1fay any,

| ki d t | di t . of t he
Zcféoéine? B L B T L oy L NP L

IV, Ris a hyd F; ?xﬂ%f‘tﬁ&k’i‘i‘@&nﬁﬂ alkyla O QuR: ré%%nﬁ:’ﬁrxkﬂrxﬁﬁrteiéﬁiésé;}{l}be?t ﬁ%"é{ée

group, a subst ene roup a cycloa e group, uted
cycl oal kyl eneecanemin: ag@ﬂi@faa efaemgwupuororaxsptasurbsheﬂlrpbﬁ@/hgaﬁtgaxw&n X
is either Oor S; Yis either O or NRlerr] group in which R6 is a hydrogen
atom a substaptitedloingoedirriisoft et thephehydcidr-geyerator.st r ai ght - chai ned
or branched al kyl %roup D is an organi c chronophore which absorbs the
exposed wavelFSHGER (f@ﬁm‘&]s’{‘) ) and represents a substituted or
non-substituted, benzene ring, condensedgring, or a heterocyclic ring bound
directly or through an al kyl ene groyp. The\yconposition for anti-reflective
coating or |ight absorbing coati n,g/fo‘n«a)ﬁﬁg t he pol yner having at | east
the 10 recurring unit represented by [hé general formula Ill or IV and

t he Co

OR;NHCX— YD

General formula IV

In the general formulae III and IV, R is a hydrogen atom or
an alkyl group; R, represents an alkylene group, a substituted
alkylene group, a cycloalkylene group, a substituted cycloalkylene
group, a phenylene group or a substituted phenylene group; X is either
O or S; Y is either O or NR; group in which Rq ié a hydrogen atom,
a substituted or non-substituted phenyl or cyélic, straight-chained
or branched alkyl group; D is an organic chromophore which absorbs
the exposed wavelength (100-450 nm) and represents a substituted
or non-substituted, benzene ring, condensed ring, or a heterocyclic
ring bound directly or through an alkylene group.

The composition for anti-reflective coating or light

absorbing coating containing the polymer having at 1least the
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cross-1linking agent shows inproved properties as descri bed above, and
addi.tian of a thermal acid-generator to the conposition serves to nore

i mpr.ove the properties of the conposition. Therefore, a conposition for
anti-reflective coating or |ight absorbing coating containing the polyner
having at |east the recurring unit represented by the general formula I1]
or |V, the crassutring ngitgepresented by thegeneratitbmuderEilopriE apdethe
preferred. As to the proportion of the pelyner having at ast

pel | th
recurring uni CXPEPTELEHINGI2ENY [FRBOYE nTRAOYSSt REPRET SRS | S&{&gﬁﬁeabove,

cross-|inking_agent.,..t Ly Vi a t c | It

r epr esent ed b?ngh%&%"é:tr]fg?laﬁ%fa o?ﬁrr%]f“% %ngr&?*ﬁa?qrnggr%grgé@ﬁ rtfli gh %err%%enst
of preferably¢gOnbfe FngtdvkStRY MRigiHciednert fife (Cdposhtiéh NI TREES O], &N
anount of 50 to 5 parts by weight. The optional conponent of thernal

aci d- gener at ocomposisteichbn fioamanikieneflaft imecteatiny ot ligghtOalpswittsingycost igig
based on the polyner. In accordance with the present invention, each of the
above -nent i oneankakpig thepglyrehaviaw &Yy 1§aﬁg6\ﬂﬁ reSHEr Ry HBt hsgPEREeNtRd

spi n coating t hod, spray coatin t ho Lp coalir ho r. rQll
coating met hog‘;’ i %‘eag(? r?xi%%‘@%g’o]rrﬁfofv&ipﬁp?é?s%% ol é@,g%f%ﬁ:’Agrc}%?JC)hea
reflective segheppdy -gehst i SkbiFOY. UREHLORE otrl 4 f
hexanet hyl di s%gzane%tgﬁ'g %akedéﬁ)reéégg}frﬁég the solvent to f?%rﬂﬁg tﬁ?rrll ?‘i | m
of anti-refl echevpoaaid hgvinug lataiehst tthe aeturrihd eotitveepoedantgdoby | thght

absorbi ng coating. Baking is conducted usually at 50 to 250 %zrr]c. A
desi red phot ogesesal iforappeildd er Fhasdt the qrossrakeking egenpatther ol ¥eer

cxposure, 1 bedsyshoped i A test Al PRSIRA AUSIE s
o RIS 20 LR A Bl gt oacserabs S setpad by
di f fusi on, i obyi welghtt, sddndthe&irdss-1inking agent in an amount of 50 to 5 parts
| by weight. The optional component of thermal acid-generator is used
in an amount of preferably 1 to 10 parts by weight based on the polymer.

In accordance with the present invention, each of the above
mentioned compositions is coated by a known coating method such as
spin coating method, spray coating method, dip coating method or
roller coating met';hod in a dry thickness of, for example, 300 - 50,000
A onto a reflective semiconductor substrate such as silicon
undercoated with hexamethyldisilazane and baked to evaporate the
solvent to form a thin film of anti-reflective coating such as bottom
anti-reflective coating or light absorbing coating. Baking is
conducted usually at 50 to 250 °C. A desired photoresist is applied
on this thin film and, after patternwise exposure, it is developed
to form a resist pattern with a desired line width. This resist
pattern is dry or wet etched to transfer an image on the substrate.
Integrated circuits with high integration can be manufactured by
further conducting necessary steps such as plating, deposition, ion

diffusion, ion implantation, etc.
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The pol'ymer of the present invention represented by the general fornula I

or Il can be synthesized as shown in follow ng reaction schenme 1 or 2.
Reaction schene 1 [err] wherein Ris a hydrogen atom or an al kyl group;
Rlerr] represents an al kyl ene group, a substituted al kyl ene group, a
cycl oal kyl ene group, a substituted cycl oal kyl ene group, a phenyl ene group
or a substituted pherylRIgmerows; th2 igreaéntptinoenation stdisiasented, byi e
group-containing phenyl group, -ORlerr] or -COOR[err] in which err] is an
al kyl group wenerahatormulauld] erbdhidcan peyptiesiped RS ishodn hin Qe a
cyano group, an acetate group, -COOH, -CONH err], a substituted or

non- subst i t utS@SSABRYFCRABUF, OXCOOR(err] or -OR[err] in which Rlerr] is a
substituted or non-substituted straight-chained, 12 cyclic or branched
al kyl group, or an alkyl or aryl group containing an ester or carbonyl
group; X is either Oor S; Yis either O or NR6 group in which R6is a

hydr ogen atom an optionally substituted phenyl or cyclic, straight-chained
or branched @#dagtignosghen2 ils an organi ¢ chronophore whi ch absorbs the
exposed wavel ength (100-450 nnm) and represents a substituted or non-
substituted, benzene ring, condensed ring, or heterocyclic ring bound
directly or through qg alkylene'groqp; and m and n rgpresents gany nunber
above zero, whilegxg-1 s a gkikhcluding Zero.

represented by the jgeneral |[formd ge | andyl | ,""THoSe [Ny rern R
represents a hydro atonRpr a nBthyl group, Rler] prggent g, an et hyl ene
group, R2 representls an optionally substituted,_viny‘ gr oup- cont ai ni ng

phenyl group, - ORARINHCRAORS in OR;NHCX— YD

M N 0

Reaction scheme 2

R R R R , R, R
R, Rs : 60

Ry R;

YD

"Ué—

wherein
R is a hydrogen atom or an alkyl group; R, represents an alkylene
group, a substituted alkylene group, a cycloalkylene group, a
substituted cycloalkyléne group, a phenylene group or a
substituted phenylene group; R, is an optionally substituted,
vinyl group-containing phenyl group, -OR, or -COOR, in which R,
is an alkyl group which has a double bond or epoxy group:; R; is
a halogen atom, a cyano group, an acetate group, -COOH, -CONH,,
a substituted or non-substituted phenyl group, -COOR; or -ORg in

which R, is a substituted or non-substituted straight-chained,

12



whi ch R4 represents an al kyl group containing a double bond, X represents
oxygen, Y represents oxygen or a NH group, m n and o each represents any
nunber above zero are illustrated as preferred materials for manufacturing
the conposition for the anti-reflective coating or the |ight absorbing
coating. Were Rierr] represents -COORerr], R5 preferabli/ represents a
met hyl group, amyatie oanebmg@%laljﬁdupgrwpretmla@ré&by aoéyélrblﬂiemup
group or a hydroxyeth grou exampl es .of D the, follo gro r.e
gi ven but by noCRB H'ﬁgn?f‘e%qeﬁ Pﬁe‘é%(’éﬂ‘p%gup‘pﬁﬁﬁfl o1 tL%’d&a

phenyl, benzyl, FEHR@} bt ﬁgbg?l&ﬁ% Qﬂ'ﬁﬁt Eglaeﬂ§gﬁ?%r agﬁ&ht 'Ahecﬂ)tlonally

napht hal ene, racene, racene qui none, ‘substitited
ant hr aqui none suB§¢1tdite@ pherfbst ldyuned Awalighbechaimstbbe hzanehed alkyl

substituted azobenzene, fluorine, substituted fluorinme, fluorinone,
substituted fl gmoupx;orte is aardrgaviie, chrowptdneumbddcbarbsgwds, the exposed
N- al kyl car bazol e, benzof ur an, ‘substituted di benzofuran,

phenant hr ene, sHBX?HQ&t@d (Bﬁenﬁm Hiteh andh renfeseRtBs fi SHPSHtHFeEn 8T PR

Th bsti tut t t b h
fol lowing or oupdosrbiditasy BRAE°Eind, cihatheed G, 5 MEebelRLE Fino”

am de, di al kyl aghpQqd diyéé@ma}. d8rohgh 88,2108 88 rictup? Erid m 838 hovefresentkd
ester, sulfonic acid, sulfonic acid ester, al kyl'am no, arylam no, etc.
Preferred exanphag mhnhmrrabomrzé‘tcan@hﬁllenormﬁnyonumbhemm;:llldand 2exo e
acrylates, nmethacryl ates, vinyl ethers and styrene and jt's derlvatlves
Specific exanpl es O?f EBARCIYBELN ﬁ%ﬁﬂét%d by qu]gpggﬁg%,ﬁgmulae I and IT

di | b
et hacr vl ot o i Avtiers e sihat Fapbobismd iR R LA & SMcRb L roup,
absor bi ng pr Oﬁ’erfré’pre@kaﬂgs etyph é@}'fyqen%mc}%dﬁ,t YR,f %e&&hﬁ:bcﬁlnaroﬁ@.'o\ﬁ%ﬂly

good storage st abi
substltuted, vinyl group-containing phenyl group, -OR, or -COOR, in

which R, represents an alkyl group containing a double bond, X
represents oxygen, Y represents oxygen or a NH group, m, n and o
each represents any number above zero are illustrated as preferred
materials for manufacturing the composition for the anti-reflective
coating or the light absorbing coating. Where R; represents —COOR;,
R, preferably represents a methyl group, an acetoacetioxyethyl group,
an ethyl group, a cyclohexyl group or a hydroxyethyl group.

As examples of D the following groups are given but by no means
limited to these examples: phenyl, substituted phenyl, benzyl,
substituted benzyl, naphthalene, substituted naphthalene,
anthracene, substituted anthracene, anthraquinone, substituted
anthraquinone, acridine, substituted acridine, azobenzene,
substituted azobenzene, fluorime, substituted fluorime,
fluorimone, substituted fluorimone, carbazole, substituted
carbazole, N-alkylcarbazole, dibenzofuran, substituted
dibenzofuran, phenanthrene, substituted phenanthrene, pyrene,

substituted pyrene, etc . The substitutions in the above description
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4

curing (cross-linking) property or other desirable properties. For exanple,
it i,s well known anbng those skilled in the sem conductor industry that

etch rate of the anti-reflective coating should be nmuch faster than that of
the resist in order to obtain good pattern transfer in the processing step

after patternw se exposure. Since aromatic conpounds generally show poor
etch rate, i|CPPHPBENT BEre LI ke fadlawingrgrehes otd) #HRdk 8r¥bnbrdrgeny
nononer s contai ning other ha ‘bQn..such | 141, n.Qr

nal ogen: at omPrsod At advde, PayaRt, Bl MARGRAETR, MalrrorRR &L,

addi tion, gl amsdel agarbbRyl iceMREBL WL HokGL 1Bl @ qarkshBROT sdkoh Ok €akiiql he

i ntermxing property between the anti-reflective coating or iight absorbing
coating and supfiohibc extist estat ehlydieadno, Sangkadine, pkeator esi st i s applied
onto the anti-reflective coating and exposed and devel oped, interm Xxing

bet ween the anti - r EFPERETRR eXauPleYy ofngonpropRn MNoprd|Q inyseaet iasngchemes

I nconplete r val, of _the photoresi st material upon devel o nt. Yet

anot her probﬁrer%l@hze%rg CHEMCar 9“%{%{3?? ;Lafje?)hértlg‘yis? eqﬁagg&i%ﬁyqegea%qli ed
onto the antirrgf gl e Al Bgellfid WharfSy RINGARALNAY W §hAc) QL Tg-is
that the acid forned in the resist upon exposure may diffuse into the
anti-refl ect dyeidglbenzzoed, i ng-divihptbémnenayhi shlykradsnyDd atHes) oglledidi@l ent
acid image and this can also cause inconplete renoval of the photoresi st
materi al upofRelbaervlahentand aHadefstdacryiate. deSomensinen Khtis used for

ransi t1on t SHBRFELH 81 Pp Due" BigE LiabE ABara PR ToBeEtHg TLEREr S ur e

e, i AEBTHCRHASEEY i R0 A enkl AR oy 8EadOTBTRL O

usual | y usedcasiingf(@tossel fidingy phtbpettty’@nothet debsralsld pabpaasicy.e psed.
example, it is well known among those skilled in the semiconductor
industry that etch rate of the anti-reflective coating should be
much faster than that of the résist in order to obtain good pattern
transfer in the processing step after patternwise exposure. Since
aromatic compounds generally show poor etch rate, it is preferred
to use, as a comonomer, aliphatic monomers or monomers containing
other atoms than carbon such as oxygen, nitrogen or halogen atom
for the purpose of attaining an.increased etch rate. In addition,
glass transition temperature (Tg) plays an important role in the
"intermixing property between the anti-reflective coating or light
absorbing coating and a photoresist coated thereon. Since the
photoresist is applied onto the anti-reflective coating and exposed
ahd.developed, intermixing between the anti-reflective coating and
the photoresist would lead to incomplete removal of the photoresist
material upon development. Yet another problem when a chemically
amplified photoresist material is applied onto the anti-reflective
coating or light absorbing coating with low Tg is that the acid formed

in the resist upon exposure may diffuse into the anti-reflective
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As exanpl es of conononer 0, there are illustrated nmethyl nethacrylate,

2- hydr oxyet hyl nethacryl ate, ethyl nethacrylate, nmethyl acrylate,

2- (et hacryl oyl oxy) et hyl nethacrylate, acrylic acid, acrylonitrile,

acryl am de, 2-isocyanatoethyl nethacryl ate, 4-acetoxystyrene,

3- et hyl - 4- hydr oxyst yr ene, styrene, vinyl chloride, ethyl vinyl ether,
butyl vinyl etdering swbthe|likenyhichhkeads kel ehdk§toxted |lageRtracirbtimpge
vinyl ether, vinyl acetate, 2- isocygnhatoethyl acrylate, etc. To illustrate
these conpnorid B DreAthP IS tHSST PP §¥for8’BXY%{)a?f ehh%ypl?%%‘?ﬁestlﬁgre
are those COMpROIRTS WRd GiNdiiinehBS! eapfeld@ile aDROr BLNGidIRRBIEY cHAen

used toget her w e "organi ¢ chironophores, s S 2-1socyanat oet hyl

met hacryl at e, a9 i -SRF1BEL S EBYE iR hdt & i1 b€ the 1HREpreFeraplehavehiglass
accel erates etch rate such as nmethyl methacrylate, 2- hydroxyethyl

‘met hacryl at e, tedrsiltioat hempertatture wét byl lagsy| alveve divey magimghdpradesging
chloride, etc.; those conononers which i nprove solubjlity for the bs‘_icitl,vent S

commonl y usedteRPALHERt USesr IpinGr eERREMAL cRTaSe$T A efiCly #8oIPaking.

nononet hyl ether, .acetate (P or. et hyl ct at S

2- (et hacryl o%}l‘%%rét ﬁfl C%%%%@%ryﬁ éfto g, lé@?lﬁﬁ%&a%?ld,i% Lijli ggef’ gxt;:/%? ﬁ%er(Ien,er'
3-met hyl - 4- hygk QALK GRGhaRirPYhtdd Nitc SR usiY udedtndgt 8T indfdyinyg!
vi nyl ether, cyclohexyl vinyl “ether, nethyl vinyl "ether, vinyl acetate,
etc.; those cogprEuyreneland itshidelrivatpivase axmer sgd(cross-1inking) property
such as 2- isocyanatoethyl nethacrylate, 2-isocyanatoethyl acrylate, etg.;
and those conononmer®s ##aER1efcPEagNonNPNesc R adherg rafe ihlustrated methyl

e DR S Bapern el PR LR RIS, |

be construed gseiyl UsihAkEYE, 227 tHaRrY2by 1 8xPFetifNS Wit ck91atd] tadhAic

present invention. The polyners of the
acid, acrylonitrile, acrylamide, 2-isocyanatoethyl methacrylate,
4-acetoxystyrene, 3-methyl-4-hydroxystyrene, styrene, vinyl
chloride, ethyl vinyl ether, butyl vinyl ether, isobutyl vinyl ether,
cyclohexyl vinyl ether, methyl vinyl ether, wvinyl acetate, 2-
isocyanatoethyl acrylate, etc. To illustrate these comonomers
according to the properties to be imparted by them, there are those
comonomers which further increase light absorbing property when used
together with the organic chromophores, such as 2-isocyanatoethyl
methacrylate, 2-isocyanatoethyl acrylate, etc.; those comonomers
which accelerates etch rate such as methyl -methacrylate, 2-
hydroxyethyl methacrylate, ethyl methacrylate, methyl acrylate,
acrylic acid, vinyl chloride, etc.; those comonomers which improve
solubility for the solvents commonly used as solvents for photoresist
such as propylene glycol monomethyl ether acetate (PGMEA) or ethyl
lactate, such as 2-(methacryloyloxy)ethyl methacrylate, acrylic
acid, 4-acetoxystyrene, 3-methyl—4-hydroxystyrene, ethyl vinyl
ether, butyl vinyl ether, isobutyl vinyl ether, cyclohexyl vinyl

ether, methyl vinyl ether, vinyl acetate, etc.; those comonomers
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present invention may further contain, as conononers, dicarboxylic acid
anhydrides or imdes of dicarboxylic acid such as mal eic anhydri de,

mal ei m de, N-substituted maleimde, etc. Two or nore of the nononer
conponents M N, O and P including the optional conmononers may be used at

the sane tine. Polynerization process of the present invention can be
carried out iHiehsyiifREPYEsF uICKGSETLERKIRG) c 2 PTOPSF BRI SYRhctdDn 2~

initiators. T nt 5 ' e [ 0 .
St uctur e suchosPArHERgL et IASERT. o BSEA R IRk PP aB iy hte P .
sol vents t0 GHd YtRYse! RBmBRONSEY | RALEPN inBebase trel uard het rsalydnef ursan,
benzene, dinethyl formam de, dinehtyl sul foxide, ethyl |actate, propylene

gl ycol nononmtetiyle#hrbydnoxysttyerePEVES)G. et c HoWeesr, sdiheenabomaydéscided
i ndependently or as a conmbination of two or nore of them Specific exanples
of reaction iSRaGifiler sxamRiafiang il it raddpp| a¢errding to the properties to

2,2'-azobi s(i,sobutyronitril Al B 2,2 .

az0bi o 4- ot AR ER KT BT SPBRLEPPR S Tilustrative, apdiang pot to be.
cycl opropyl propistdel k8) 1imit the present inventioR,? TREORBferd of the
di met hyl val eronitrile), 2,2'-azobi sE()Z, 4-di met hyl pent aneni tril’e),

1, 1' - azobi s( prdseneximendrioonmiy ifuerher conthénz md pemonomkers, dicarboxylic
butyl per oxybenzoat e, di-t-butyl  diperoxyphthalate,  t-butyl ) .
per oxy- 2- et hyddiek amwdrides ort ipjdes of digarkexpiimlagid such ag maleic

oy per 06 Gk oL oA A R e TR IRLEEULEE ety ROt
s ooy Al £S5RRG A HSOLE DALY POy 5B
bet ween 3, 00Ghaanthel U808t ditld @amectineé dering the filmform ng property,
Polymerization process of the'present invention canbe carried
out in a suitable solvent using free radical or ionic reaction
initiators. The copolymers of the present invention may be of
various structure such as random copolymers, block copolymers, etc.
Preferréd solvents to carry out the polymerization include toluene,
tetrahydrofuran, benzene, dimethylformamide, dimehtylsulfoxide,
ethyl lactate, propylene glycol monomethyl ether acetate (PGMEA),
etc. .These solvents may be used independently or as a combination
of two or more of them.

Specific examples of reaction initiators include but not

restricted to 2,2'-azobis(isobutyronitrile) (AIBN), 2,2"-
azobis (4-methoxy-2, 4—-dimethylvaleronitrile), 2,2'-azobis (2~
cyclopropylpropionitrile), 2,2 -azobis(2,4-

dimethylvaleronitrile) ; 2,2'-azobis(2, 4-dimethylpentanenitrile),
1,1’ -azobis(cyclohexanecarbonitrile), benzoylperoxide, t-
butylperoxybeﬁzoate, di-t-butyl diperoxyphthalate, t-butyl
peroxy-2—-ethylhexanoate, t-butyl peroxypivalate, t-

amylperoxypivalate, butyllithium, etc.
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solubility characteristics, and thermal stability. The nol ecul ar wei ghts of
t he -obt.ai ned pol yners depend on the pol ynerization conditions such as

pol ymeri zation time, polynerization tenperature, concentrations of the
nmononmers and initiators used, reaction nedium etc. Therefore, nolecular
wei ght of the polynmer can easily be controlled by optim zing these

par aneters. Pol ynmerBhenrphegqukanr wehohblafk tharcopsilyrerai prenaned &n reastdogo

be obt ai ned by choosjng ,i.onic po rization. .T rati o of conononers
in the copol y%&e“\eﬁ iﬁg‘drgﬁePQ%%Légﬁ%ﬁ%ng- ta%a'gg%’erﬁp)deoﬁﬂgi‘%%nﬁ Hétﬁereﬁﬁple(?
rate of the resp ' n( | 1,aS ct4on gongi igﬁéﬁﬂ and
t he nol ar ratﬁ 0 %rﬁégrggngﬁgﬁﬁn\gﬁeﬁsﬁnH{eﬁguﬁggct?lgn eeg.éi e S48
absor ption atcHimatiegiaskly Weomt )engtereedreafl moléduiad niesghnf Tike fdetaken
pol ymer play an inportant role in the applicability of the polynmer for
anti- ref |ed,000 eodt10@L00) dailgbns annsilslendng othd rfjdm Abswiny i propertyhe

range of 2 to 40 per mcron filmthickness is desired, and between 5 and 25
i s especi al | PPURLLLEEChagagherishtcs oRBA Etb%%?a& PEAPLF - ¥rot The dideddals

an anti ref | GRLiYEcon il JRLLAGKT Kbl ynb AU ded il SE0LL" p R Tn

anti-reflective=oating nds upon IVIty index

phot or esi st rEdRfikabnaRRiches Sl yrleriZheibRitins} Poyin8eexatifor fanditaFe,
anti-reflective coating would be the best if it exactly matches or at |east

| i es cl oser tawrideatratiomeof déhiestoniompes amdpinidd athesemed, Heaatibs meckiomnt
of the nmonomer containing the chronpophore is inportant. to control the
absor ption prédiger t Fheratere i galesydar bVayaht oplerhe dolwmer, fan easidyt Pee

Ly oot TR AR BB A e SR oRREBEE | Kl UIE PR
the recurringdiRich1beRiARR AL tRY bl LoD AR Aol bt &iddd by choosing ionic
polymerization.

The mole ratio of comonomers in the copolymer in the reaction
schemes 1 and 2 depends on the reaction rate of the respective monomers
as well as the reaction conditions used and the molar ratio of the
comonomers taken in the reaction feed. The absorption at the desired
anelength and refractive index of the final polymer play an
important role in the applicability of the polymer for anti-
reflective coatings or light absorbing coatings. Absorption in the
range of 2 to 40 per micron film thickness is desired and between
5 and 25 is especially preferred. Higher and lower absorption are
not preferred as an anti-reflective coating. Refractivity index
required for the bottom anti-reflective coating depends upon the
refractivity index of the photoresist material applied on it. The
refractive index of the bottom anti-reflective coating would be the
best if it exactly matches or at least lies closer to that of the
resist layer applied thereon. The mole percent of the monomer
containing the chromophore is important to control the absorption

property since light absorbing property of the anti-reflective
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or IV contain, as conononers, conononer conponents of the foregoing genera
formula I or Il, and can be prepared in the sane manner as with the

pol ymers represented by the general forrmula | or Il. In this case, in the
foregoing reaction schene 1 or 2, for exanple,.mis a nunber greater than
0, and n and o are nunbers including 0. After being separated fromthe

sol vent, t hes@ﬁiﬂWEeEhﬁl [Herspes rPfH |t§§01“9¥ﬁir APSQrBEHEYY | GRA(MQRPmMer

prepare a co Lo t c .

oat  ng, “and TROLE BBFySerE T kB SoRB L < BB G B Qg R
synt hesi zi ng éﬁ‘qfé‘aéltsﬁhé‘%ebﬁﬁr§&% @Rt fétsréye%ﬁaalxsgg theg&masicbi-an 4 arr it he
anti- reflective coating or absorbing coating can" be directly used as
t he conposi t ian IVocoritedimanas aombhmnérw,ecomarhmmug: oomporgtt sads duhei Hroresyuainiong
wi t hout separation fromthe solvent. In such occasion, the solution after
conpl etion ofgeneraofomeula & PEnLkcabd @e‘m @@npﬁ@%ﬁ%éﬂl 9h%u§@meemam% as

bstr at h, f Th t t
Nt - rof | eat MASTE S RGLEP17 GRORREOIEH A EORITTL FPERIAM P2 FEt erl
using, for ex@{%%as% 1&“\%@ For&yBiRg. Eéeléﬁ%% Eehé:ﬁ'émlvgf QSOkHP'&JA %

particles. us filtered solution’is directly coated on'a substr

such as waf em ilshamiifiber gatatet aiiaer 6} wrel af add d ardStunissrs| ﬁtntbudimqnoan

anti-reflective coating or a |light absorbing coating. In formng the

anti-reflective codfugr bﬁlngesqapayattedbﬁwmﬂtg: sodventy, thesespalweers can

| nportant for, the ¢oatj ng-na materials.to h%ve enough_sol ubi ||t
N

the sol vent. b& agRdn '€ o’r r%r‘?ﬁﬁf:pﬁg}‘f?% P RTERRTENR ICPRPPEEL

o oy S ALOR0RLi 0, o2y SRS o s ||

as 18 sur f;ﬁﬂﬁ@r& whl &5 igeGinl €S0 uBEOSise Isbmkeﬂtg wednis inthekezadglitheres.
also as the solvent for preparing the composition for the anti-
reflective coating or light absorbing coating can be directly used
as the composition for the anti-reflective coating or light absorbing
coating without separation from the solvent. In such occasion, the
solution after completion of the polymerization reaction can be
directly applied onto a substrate such as wafer. The composition
of the present invention for the anti-—reflective. coating or light
absorbing coating is preferably filtered using, for example, 0.5
and 0.2 micron filters to remove insoluble fine particles. The thus
filtered solution is directly coated on a substrate such as wafer,
then baked at a temperature of 50 to 250 °C to form an anti-reflective
coating or a light absorbing coating.

In forming the anti-reflective coating or the light absorbing
coating, it is also important for the coating-making materials to
have enough solubility for the solvent. As the solvent for the
composition for an anti-reflective coating or a light absorbing
coating, any solvent may be used as long as it has a good film-

forming property and can dissolve optional components such as
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Solvents with enough safety are preferred, but solvents to be used are not
limted to such safe solvents. Fromthe viewoint of safety and, further,
di ssolving ability, boiling point and filmformng ability, propylene
gl ycol nononet hyl ether acetate (PGVEA), ethyl lactate (EL), propylene

gl ycol nononethyl ether, cyclohexanone, cycl opentanone, 2-heptangne,. etc.
are pref er r edsasfadianssl sficigese, sEPFENLENERY RS is QT i:\fﬂd@péﬁgﬂ’e’i'ﬂt‘fegﬁ ‘or

as a conbi natjop of two_or nore. i s_described ab , 1l f

pol yner of .théoﬁy%ylpgmqgﬁns%‘;%tybgrgO%ert%qrgg, gn\é&prséglé%é é:tgly%(gtl‘}stn%e
comonomers | natdoteRtivan 65 B6BRSakeA entsh Usididthd@ienpolueer airdde
present invention represented by the general formula | or Il in the
conposi tion fandanauafther, r éisssivivg abality, doillightpetrsoaidn §itoefomyng
additives such as surfactants, plasticizers, cross-linking agents, thernal
aci d- gener at @pElitat,hpropplenee gdyepimanemetdyd| sthars agetate &F@@éht ethyl

I nventi be i ted in th I ti | f f f '
a uni form  delREtaRs dElint PEPBYLRAR 190 BhafPRGREIIYY GHiTes SYEHRRS GG

on a semicon dgfct:f rPe%HB%BBg% %—Pﬁé}t&.ﬁgn&% ur L act afles ﬁégrf SEF & L thh! Ysivaited

fl uori ne-contaf ni mg conpou oxane conpou t hough not bei ng

limtative atTRéde sbilvéh€s GRYELOusedl iidgehdeat yyRir asnri sbmbiptivm of two
recurring units represented by the general fornmula Ill and/or IV, a

cr os?]-l i nki ngonguorte.anls iss descoppédradioveenpohdriklity ofckhmipodymar gefdihe or
in the conposition for the anti-reflecti ating or the |jght ab bi
coating, it i|Bref¥Y pEsHan ¢ PﬁEBPBS?i;f"e‘?gYPrﬁgEEggﬁfe ?cé\%?ﬁ FS’\‘}‘E@&%%
as surfactant sn_ t%eagei?%itégés%?rpﬁe\gqr gngt.?er t han the copol yners of the

present i nve_nf'l oR,~ et “the cross-I inking agent serves to form an
anti-reflective coagh Rk 19l ehé idtilo19REPTdF RBeCPRddard Davemgi P @Epresented

non-interm xing property with a photoresist and causing 19
by the general formula I or II in the composition for an anti-
reflective coating or light absorbing coating, additives such as
surfactants, plastici;ers, cross-linking agents, thermal acid-
generators, other polymers than the copolymers of the present
invention may be incorporated in the composition, if necessary, for
forming a uniform, defect-free anti-reflective coating or light
absorbing coating on a semiconductor substrate. As the surfactants
’ there are illustrated fluorine-containing compounds or siloxane
compounds, though not being limitative at all. In the case of using
the polymer containing the recurring units represented by the general
formula III and/or IV , a cross-linking agent and, as an optional
component, a thermal acid-generator in the composition for the
anti-reflective coating or the light absorbing coating, it is also
possible to incorporate, if necessary, additives such as
surfactants, plasticizers, polymers other than the copolyﬁ\ers of
the present invention, etc. Use of the cross-linking agent serves

to form an anti-reflective coating or a light absorbing coating

having good non~-intermixing property with a photoresist and causing
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no footing and | eaving no resist residue. Additionally, copolyners of the
present invention represented by the general formula | or Il, which have
cross-linking groups within them show good non- interm xi ng property and
non-footing property owing to cross-1linking or condensation of filmmatrix
upon baking. As the cross-linking agents, there are illustrated, for

exanpl e, hexamefhotimd amdnksavingane resigtetdsiduel adiddationally, copolymers
1, 2-di hydroxy-N, N - net hox t hyl succi ni m de,

T 5. di ot hoxyP RIS, DRESRBK yHEYHHGi EFRFRFGated by the general formula I or

tet ramet hoxy et MLEIKORLUE! b ogs- Ay MrolBLNGIAIT ALY C8naPdod? dde

t hermal. aci d-'g€nerator, t ar at ed,

N-trifluor Oneirmémi%@.hfﬂiﬁbb@f!? inbidldritfd8t ing property owing to cross-linking
N-trifluoronethyl-sul fonyl oxy-1, 8- napht hal i m de,

N- met hanesul fanydomdgnsaphtvhadfafiides, matcix Wooh bakippohs tdes cobsshkingciarent
I nvention represented by the general formula I or Il, copolynerization

ratio i s gene?¥8N# skbgrenaremiphastrated, 1dor syample oohay@methylmelaping,
respectively., The bottomantj-refl.ective coating materi.al, aor. the |i '
absor bi ng coalﬁxn e%g'f%yﬁngﬁh%#m‘?]f?éuﬂﬁésent i nvention perlrﬁzt %GBYQE%X%%“H a
posi ti ve- wor kg dyhdi&miethy PEudc{1f@aldey e- Wor ki ng resi st tq'lgedgﬁggﬁgx§i}@,;bﬁm

and are not particualar about the type of the resist. Therefore, any o

t hose whi ch anetlhmrymenhybsaddinitielen asteesansthoxgyetieyledegdollfibe any dngoe
resist, the material of the present invention enables one to forman inage

suf fering no NtMmaekgormethnkines pad, et it tdeanrhpeigraeperatoectihare
e d, and 1 orfn | nagLBSHAERgh r e8BFut 1 orErameiRe 1 onkitryE LogEatr ™
brof or fod 1 onERE Yo BBl RTLEPRELC) Ui on o e T el S B
conduct ed usimgpHthgltimioé, NndthahzSul fohylsexisophghdlandde, etc.

With the copolymers of the present invention represented by
the general formula I or II, copolymerization ratio is generally
such that m and n are 10 - 50 mol % and 1 - 40 mol %, respectively.
- The bottom anti-reflective coating material or the light
absorbing coating material of the present invention permit to use
either a positive-working resist or a negative-working resist to
be coated thereon and are not particular about the type of the resist.
Therefore, any of those which are conventionally known as resists
may be used. With any type resist, the material of the present
invention enables one to form an image suffering no standing wave
and no reflection notching due to reflection, provide development
property of not causing diffusion of 'photo—generated acid, and form
an image with high resolution. Additionally, as the resist,
chemically amplified resists and quinonediazide type resists are
preferred from the viewpoint of resolution or the like. Exposure

is conducted using lights of 100 to 450 nm in wavelength.
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Best node for practicing the Invention The present invention is described

in nore detail by way of exanples which, however, are not intended to limt
t he-scope of the present invention. In the foll ow ng exanples, the bottom

anti-ref lective coating (BARC) was fornmed to eval uate the bottom

anti-reflective coating materials, according to the methods described in the
fol | owi ng AppBrELtTRAF EREnBFactHFNGs thendrvereldescri bed. Application

Exanple 1. A3 W %sol uti 0 .hot Qﬂ%i-rf Lgeq&oat erd al
in-an appropriate s%‘ﬁgégrges\%g‘_g {.Ill‘} gzrlecgil %gln%g .l?egnjdﬁz%ofgrﬁipr onl g&l @s,f
spin coated ogkamplés WAEERS HowedbaTRIRN nét linteAdualtey 1ahits thbadddpd o the
for 40 seconds such that the bottomanti- reflective coating filmhas a

t hi ckness of pfesemafimenbaknng at 200 [err] C for 60 seconds. The filmwas °
- checked under mcroscope to_identify any defects. The gptical constants n

(refractive index) &Rdhe faldsvipgisxampieamtnehotramadisreflrcivecorting
measured on a Lpsoneter at the velengt h,of .248 n Then, . .a 700-nm
Uhick (af ter BERGE R SBmEs oo EoPRiatF g A e BTk i L LoREi Ve T Tt ihg
anpl i fied deepatl,rpinod 4 &Yreling? t80nBMuldtnelisPAREL VSO K| itk I £51 dw iy
argon fluoride (193 nn) or a 1000-nm positive- or negative-working i-I1ne
novol ak resi shppaicatppn Edagple urlleskobtherwide desthcdbédyve coating by
spin-coating at a suitable r.p.m- for 40 seconds. The resist was soft baked
for 60 seconds at 110 [err] C and exposed on a stepper operating with an

excinmer |aser (248 nm) squrce in the case of the deep UV resist, on a
st epper operaf\é’ﬂblﬁﬁq't%naﬁx @JO‘?ﬁrhf'l uoride I'i ght source in the case of the

i oe ory e neROSLEE, s0bAcloh! 08 LHEOI ! SRR bl s S5uthng
material in an appropriate solvent was filtered using 0.5 and 0.2
micron filters, spin coated onto a 4 inches in diameter silicon wafer
at suitable r.p.m. for 40 seconds such that the bottom anti-
reflective coating film has a thickness of 60 nm after baking at
200 °C for 60 seconds. The film was checked under microscope to
identify any defects. The optical constants n (refractive index)
and k (absorption parameter) values of the film were measured on
an elipsometer at the wavelength of 248 nm.

Then, a 700-nm thick (after being baked) positive- or
négative—working, chemically amplified deep UV photoresist, a 500-nm
thick positive-working resist for argon fluoride (193 nm) or a
1000-nm positive- or negative—-working i-line novolak resist was
applied onto tﬁe bottom anti-reflective coating by spin-coating at
a suitable r.p.m. for 40 seconds. The resist was soft baked for ’60
seconds at 110 °C and exposed on a stepper operating with an excimer
laser (248 nm) source in the case of the deep UV resist, on a stepper
operating with an argon fluoride light source in the case of the
resist for 193-nm exposure, or an i—line.(356 nm) stepper in the

case of i-line resist using a reticle with line and space patterns.
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Fol |l owi ng the exposure, the resist was baked at 90[err]C, devel oped for 60
secands at 23 [err]C using a 0.005 N tetranethyl anmoni um hydr oxi de

devel oper solution in the case of the resist for argon fluoride or a 2.38
wt % tetramet hyl anmoni um hydr oxi de devel oper solution in other cases to

formthe resist pattern. The resist patterns were exam ned on a scanning
el ectron m cr Bebpengotht exkoshure s dbel vesint was pakadgathvP@S, desfelepedvior

S ep- cover ageSRrRASERts BF heC TG EaRt P08 o (685 ErPE LA BYFER e
St ep-coverage-pr
bot t om ant i - r gf{ Ede¥esENA idd 1 AR icakeads ttriéeré@ﬁéétfo%éré&ﬁ'f&u%?i‘&@dof n

this order on the patterned wafer and processed as descri bed above, and the

thus-fornmed pataswtviaseatmeithylaninogian Bpdronitg ddwdiopel stlutasadpcotide
etch rate of bottomanti-reflective coating materials were eval uated using
oxygen and fI‘E@?fPfﬂéog‘—@sl’;mﬁl%ﬁ%Sl%Eﬁtth I Si'herr@§|l§t§ar§@emﬁdfertehexamlned

ool ot A7 DX GorF PR SRR ReB b onstn o SRtk ThecTesobiish AtTeas
for 193-nm expasiy er-gﬁi@g%i/vl\i‘?ﬁcﬁldﬁqﬁéc and dfootJ.ng &%@ﬁqr{fggkg) n% %é’tyl

nmet hacryl ate acr

met hacryl at e In oaaeﬂwéwzém&u@wtsteﬁ ESFRige p‘f_lﬁﬁér\k?éf the b&&dﬁ %
based on sol vent (PGVEA) Biscycl ohexyl di azomet hane % based on

sol vent (PGVEMtiNgedlertiesi coatdngi nategiakpodinee bottor entisrefldE0R
Wanufactured églli%%pgg%érfgfaand the resist was again coated in this order on
the patterned wafer and processed as described above, and the
| thus-formed pattern was checked using a scanning electron
microscope. The etch rate of bottom anti-reflective coating

materials were evaluated using oxygen and fluoride gas plasma.
Additi'onélly, resists used for the evaluation are as follows.

chemicall lified d UY_phot i st
Deep UV resist AZ-DX~-1100P , manufactured by Hoechist A.G.

Positive-worki {st for 193-

Ternary copolymer (Charged ratio)
t-Butyl methacrylate 30
Methacrylic acid | 40
Adamantyl methacrylate 30
Mw=20, 000
Amount of ternary copolymer 20 wt % based on sof&ent
(PGMEA)
Biscyclohexyldiazomethane 1 wt % based on solvent
(PGMEA)

Novolal ist f {14
i-Line resist AZ-7500, manufactured by Hoechist A.G.
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22 The nononers for preparing the copolyners of the present invention

were prepared according to the follow ng Reference Exanpl es. Reference

Example 1. Synthesis of N (l-anthracene)-N -(2-

met hacryl oyl oxyethyl )urea: In a dry three neck flask fitted with dropping

funnel and thernoneter, there was added 38.65 g (0.2 nol) of

1-am noant hracene and it was dissolved in 200 g of dry t et rahydrof uran. The

solution was cooled_to 10 rr] usin j ce-wat er bath and o, .t he cookﬁs
op

S0l ut]on, "t her o wasTASJEPORERS, Fa¥oPRaRAETE Y opsdyBeRd | of s e

by drop from ixli'\?erg{ WP ke Uhilared N d&loddifigadd tei 8b1P%owing Reference
nmet hacr yl oyl oxyet |socyanate the sol utlof‘lJ was allowed to return to room
t enperature (ﬁﬁa:ﬁ;ﬂrers] C and it was stirred at that tenperature for 24
hours. The reaction mxture is a honbgenous solution in the begi nning and
as the reaction between the isocyanate groups and am noanthracene proceeds,

a yell ow col of stal I i pe produgt in the solutjon. . The roduct was
fiitered usinge g%q Ran i Wishegm%mr? he9<faneNa¢ 1qanthracgne N Hes
and dried at 1 Torr). The product has a nelting

[ %{ er rﬁ]ygok}#j')gyy 3ﬁ%‘g

poi nt of 180 was 95 % It was characterized using IR

and NMR techni ques.In weiﬁynthaeéeﬁe@@eﬂtarsutmﬁté@euiﬁmw $HeVeshmaalendat
3341 cmerr] (NH), 1715 cnferr] (C=O ester) and at 1635 cr‘r{err] (C=0

urea) as wel Itlaemdnetemrmfare wiss aggedr38n 66 of(0t Rendddndf dr-apigantjmaaene
characteristic of the |$00§ na e %roups of the starting material

met hacr yl oyl o352 efy¥as d4s5ahee BePt PHYNMREWEEPEHESR - t FBSpiUdttden

RISV e EREE N TN B i, RS

absorption  there was added 31.03 g of 2-methacryloyloxyethyl isocyanate drop

by drop from the dropping funnel. After the addition of 2-
methacryloyloxyethyl isocyanate, the solution was allowed to return
to room temperature (25 °C) and it was stirred at that temperature
for 24 hours. The reaction mixture is a homogenous solution in the
beginning and as the reaction between the isocyanate groups and
arninoanthracene proceeds, a yellow color crystalline product appear
in the solution. The product was filtered using a glass filter,
washed with n-hexane at least for 3 times and dried at 40°C under

vacuum (1 Torr). The product has a melting point of 180 + 2°C. The
yield was 95 %.

It was characterized using IR and NMR techniques. The
infra- red spectrum of the product showed peaks at 3341 cm™ (N-H),
1715 cm™ (C=0, ester) and at 1635 cm™ (C=0, urea) as well as the
complete disappearance of the bond at 2278 cm™ characteristic of
the isocyanate groups of the starting material methacryloyloxyethyl
isocyanate. The 'H-NMR spectrum of the product showed signals at
1.9 ppm (3H/-CH;), 3.3 (2H) and 4.2 (2H) ppm (CH,), 5.7, 6.1 and 6.8
ppm [2H/CH,=C(CH,) ], 7.5-8.8 (9H/anthracene H). Themolar absorption



23 of the conpound at 248 nmwas 2. 1x10[err] neasured in methanol .

Ref erence Exanple 2. Synthesis of N (2-nethacryl oyl oxyethyl)-9-

met hyl ant hracene carbanmate: In a dry three neck flask fitted with dropping
funnel and thernoneter, there was added 41.65 g (0.2 nol) of

9- hydr oxynet hyl anthracene, 0.126 g of dibutyltin dilaurate and they were
di ssol ved i no20thg afmpeupdt et r 248/ dmofwasad. 1716 mehsureh iwasetbahed. to 10
[err]C using a ice-water bath and to the cool ed solution, there was added
31.03 g (0.2 nol) of 2-nethacryl oyl oxyethyl isocyanate drop by drop from

the droppin : Af e Lt

nmet hacr ylogyl g%é?%?y‘reé iEsxoa(I:nﬁ%r?a e, %gﬁtéhés%fsutﬁ?%ﬂ& V\;aés)—qlgltﬁéﬁégi?%lorngaﬁpxl{ o9 room
tenmperature £2bh{PARtdnacRRd idarMamattirred at that tenperature for 24
hours. Unli ke Exanple 1, the reaction m xture was honogenous through out
the reaction. The Znl atdon thaeec hgskaflagle d ittiedg with/ drdppdage fonkeld and
solvent, it was filtered using a glass filter, washed wth n-hexane at

| east for 3 thegsomgietr tharatwasopaded dinfdes (RckiWal) 1°fo?'r1)¥drPP$¥m®¥1@1‘dhct.

h I ti int of 125,.2 .C.. The. vield 95 %, |t .

Char acter i zefPREFRtE dnkeq st BuRiFYbEY HELSwERTs ARy inty IR digmpbyed ne
duct sh t : : = d

b (1707 on ext AREEOR arp R EARGaRO et ) iy W1 ERLSh ad ol B S TD A

t he bond at 4&8¥fgcaniieervatémbathesndttioctdé codllked solwheygnahere wasosagided of

t he startk&g mat eri al net hacryl oyl oxyet hyl i socyanat e.

The[ er r] H NNRS p@2 1 (fo? medpraftidcretthasid oyilghrethyk isogyapatp (Bep beHdyop 3. 3

(451 C0) angt, 063, (24, BEILLOO0) 2 06, L R GO CAORL ot dr v

met hanol  wasyf eNady §10A0x9e P4 s8Ly285 M he solution was allowed to return
to room temperature (25 °C) and it was stirred at that temperature
for 24 hours. Unlike Example 1, the reaction mixture was hémogenous
through out the reaction. The solution was crystallized using
THF/n-hexane mixed solvent, it was filtered using a glass filter,
washed with n-hexane at least for 3 times and dried at 40°C under
vacuum (1 Torr). The product has a melting point of 125 + 2°C. The
yield was 95 %. .

It was characterized using iR and NMR techniques. The

infra-red spectrum of the product showed peaks at 3323 cm™ (N-H),
1717 cm™ (C=0, ester) and at 1707 cm™® (C=0, carbamate) as well as
the complete disappearance of the bond at 2278 cm™ characteristic
of the isocyanate groups of the starting mater_ial
methacryloyloxyethyl isocyanate. The H-NMR spectrumof the product
showed signals at 1.82 ppm (3H/-CH;), 3.3 (4H/ CH,) and 4.083 (2H)
ppm (CH,), 5.6-6.1 ppm [2H/CH,=C(CH,)], 7.3-8.7(9H/anthracene H).
The molar absorption of the compound measured in methanol was found

to be 9.9x10* at 248 nm.



24 Ref er ence Exanpl e 3. Synthesis of 9-anthracenenethyl nethacrylate: In
a dry three neck flask fitted with dropping funnel, thernoneter and refl ux
condenser, there was added 87.5 g (0.42 nol) of 9-anthracene nethanol, 500
m of ethyl acetate, and 7.3 g (0.060 nol) of 4-dinmethylam no pyridine. To
this solution, there was added 83 gn of net hacr

0. 54_nol lLi hydr.i
drop wise ovd&efgrgaee fxappisnt RA¥uk q(fﬁ(fe?f c%ﬁé?gﬁ?c%‘f%}%@!&%%{]aé%y&ggg’

conpl etion of the ?[?']diti o | &3 qri de, .the AR I al re
was heated to 60[e éa‘%’tr)& s{?ﬁéﬁ{gtﬁfﬁﬁ{?ﬁfgtetﬁfeﬂ o#r%%gﬁg rsfl_ahfll%g'
sol ution was 1¢eBHet Or :2ANd BNRCESIABrR ) dthdie Ragadtided 8YES g\, 4mabEY
w th aqueous al kaline solution followed by water. The target product was
obt ai ned by efapeanthrapcneenstiansit, 590 mhecoHeghpl adedpse, and 7cBudid0yPeld

was 80 g (73 % . It was characterized using IR and NVR techni ques. The
infra-red spasl)upd 4rdiretplcaibe yEsAene pedR q{lsl?q]?“@rﬂ“er?l}ecl(ﬂﬁf agdedr) .
The [err]H N\MR s trum of t duct, .sh ' at..1.8 . ,
550 (5. 11,00 8 (PsoU Thgl) BEomBERSYRLI¥ AHRYaR A Redg e 56 0ol Bimiay
(m 2H), 8. 6% Sonel Mour Md®R! ¥ondaRE PEEPArRg .t ey 1atidd BofMmHKas.
found to be 1.05 x 105 neasured in nethanol. Reference Exanple 4. Synthesis
of N-ant hr aceqtlifrebhasf meahackeylizbaghydrite,nthe relctiammicdmirer eae heanad

dissolved in 120 M of ethylacetate and to this solution, there was added
0.61 g (0.00%ar6PJC amid gtifrresd gl tirdth dspetatere forodthrurshovEhe ojutdan

t hus prepared, there s added 24.6 éo.l rmlo% of . et hacrvlic :ﬂ .
anhydri de dr o3 §%%](Fé¥vg8eq‘3°5‘d% i aﬁgf s‘_".ndﬁﬁrlﬁ% gggﬁqgﬁ%gitv{ﬁsewag@é. ¥
at 60 C for 4 haus m&ﬁhg_s%fihu&bﬂ&om@swé@sy%teme M LAWK pebBLELSs
obt ai ned upon tooling was tiltered, washed with
obtained by evaporating the solvent of the organic layer. The crude
yield was 80 g (73 %).
It was characterized using IR and NMR techniques. The
infra-red spectrum of the product showed peak at 1717 cm? (C=0,
ester). The 1I-I—NM_R spectrum of the product showed signals at 1.82
ppm (s, 3H), 5.59 (s, 1H), 5.9 (s, 1H), 6.2 (s, 2H), 7.49-7.7 (m,
4H), 8.12 (m, 2H), 8.4 (m, 2H), 8.67 (s, 1H). The molar absorption
of the compound at 248 nm was found to be 1.05 x 10° measured in

nmethanol.

Reference Example 4. Synthesis of N-anthracene methacrylamide:
25 g (0.13 mol) of l-aminoanthracene was dissolved in 120 ml
of ethylacetate and to this solution, there was added 0.61 g (0.005
mol) of 4-dimethylaminopyridine. To the above solution thus
prepared, there was added 24.6 g (0.16 mol) of methacrylic acid
anhydride drop wise over aperiod of 20minutes. The reactionmixture
was heated at 60 °C for 4 hours and the solution was cooled. The
yellow precipitate obtained upon cooling was filtered, washed with

ethyl acetate, and dried under vacuum. The yield was 18.6 g (60 g).



ethyl acetate, and dried under vacuum The yield was 18.6 g (60 g). 25
The .nol ar absorptivity of the conpound neasured in nethanol at 248 nm was
found to be 4.1 x 10[err]. Exanple 1. Copol yneri zation of

N ( 2- met hacryl oyl oxyet hyl )-9- met hyl ant hracene carbamate and gl ycidyl

met hacrylate and applicatiop as a _bottomanti-refl ecti,ve coating; 1n
t hree neck ffT§§km‘?]racllto SserPhl ¥t afstre SomPrBRd easuEedaiRy “}ﬁ}ﬁ"ﬁ 1 th@?‘g

was added 3. 634 ( 0 2rnt

met hacryl oyl g%y‘é’gﬁy%l%q % %)f/el gﬁ%%aIcoeﬁe car bamat e, 2.844 g (0.02nol)

of glycidyl nethacrylate, 0. 28 g of [err],[err]"-

azobi s(isobutyronitrile) and 70 g of tetrahydrofuran and the contents were
purged with dxempler ojen.Coplod ymeattatiomi fur - (Rrndtdacsyloylogyetay])€%nd
stirred at that tenperature for 5 hours under f| ow nﬁpnitr en. After the

conpl eti on ometh¥lapiR¥acane | (CIRAMBES e rIiFi e MRHICTNIG e @D

pol ymer was reprecipitated into.lso of ' wder was dried
under vacuumaP%&'}'S?%'orétasr §O%°?E@e$‘é‘fiu%%@%8°§$§?%Bzé@"%q(7o % of polyner.
The copol yner was frougdehedvekaPitk F4t6@d ool cahdenshbi, methagey lialet
units based on the [err] H NVR spectrum The polynmer had a wei ght average
nmol ecul ar weiaghit 6Metnf 3IRe242 waxl mddbdr Re3dagg nHd rlul molwei ght N-M2)- of
13,652 as neasured on a gel -perneation chromat ography usi ng pol ystyrene

standard. ThaesbergRErOYXYAEWA) vamethyrashraseds ycrrhemaket hy - Bther 9
acetate (PGQVEA) (3 % solid and applj.ed bot t ti-ref ti

coati ng Fmt er{i aéﬁﬂiﬁ evdl a!t gigﬁ&sgﬁ?%q%ﬁa%ﬁeom(gﬁ%gt :goae%é:ﬁﬁ:'\é‘ef.
The profiles ;shpwed 89t ARMiRGi1aY e adle 10 § eblrealdtaRngBgdosa s ehhal tok

| i ght however sone I nterni xing between the bottom anti-reflective coating
and resi st wasngbaeswesral pamrged witH fdryi it rdgemdenThe wfadtienf mirtults ivag

baki ng. The bottom
heated to 70 °C and stirred at that temperature for 5 hours under
flowing nitrogen. After the completion of the reaction, it was
cooled to room temperature and the polymer was reprecipitated into
isopropanol. The white powder was dried under vacuum (1 Tdrr) at
room temperature to yield 4.7 g (70 %) of polymer. The copolymer
was found to have about 54 mol % of glycidyl methacrylate units based
on the H-NMR spectrum. The polymer had a weight average molecular
weight (Mw) of 32,242 and number average molecular weight (Mn) of
13,652 as measured on a gel-permeation chromatography using
polystyr_ene standard. The polymer was dissolved -in propyleneglycol
monomethyl ether acetate (PGMEAR) (3 wt % solids) and applied as a
bottom anti-reflective coating material and evaluated as described
in the Application Example 1. The profiles showed no standing wave
due to reflection and scattering of light however some intermixing
between the bottom anti-—refléctive coating and resist was observed
due to insufficient hardening of the film during baking. The bottom
anti-reflective coating material had n and k values of 1.49 and 0.51

respectively at 248 nm and etch rate of 141 nm/min. On the contrast,



anti-reflective coating material had n and k values of 1.49 and 0.51
respectively at 248 nmand etch rate of 141 nnimn. On the contrast, 26
the etch rate of the deep WV resist AZ-DK-1100P manufactured by Hoechst
A. G Exanple 2. Terpolynerization of N-(2-nethacryl oyl oxyethyl)-9-

met hyl ant hr acene car bamat e, 2-hydroxyethyl nethacrylate, and gl yci dyl

met hacr yl at e thedetglp| Fate ioh the debpt Vénresist AEDECLLY@P cernuiagturgdaby
three neck flask fitted with condenser, Mmnitrogen inlet and outlet,, there
was added 3. 92CBSERA M nol) of N (2- .

met hacryl oyl oxyet hyl ) - 9- net hyl ant hr acene carbamate, 2.13 g (0.015 nol) of
glycidyl nethacrylate, 1.98 g (0.015nmol) of glycidyl nethacrylate, 0.31 g

of a, a’-azobiggainebutyr O@ég;ﬁéiﬁcieﬁﬂdtf&lgdff et 7-adatnaetyl eyl ek thye ) -9-
contents were purged with dry nitrogen. The reaction m xture was heated to
70 [err] C antheshilamthrdcdneat chebareatst,ur @-hpdréxyehhyd umdthad¢iyhsteg and
nitrogen. After the conpletion of the reaction, it was cooled to J‘:room,
tenperat ure SRYCcifEl gRtpReEYRate Ang sEPhIcaRian AFtd RLSFRPRITESIRRELIRE e
powder was drigg.unger vacuum (1 Torr) at roomtenperature to yield 5.81g
(75 %9 of poF? F9The terpol ymer was found to have about 20 nol % of

gl yci dyl methacryl gheaWlidse BasroEBK Bert&d hdilthNMhddiRE, URL t ddgerPahy aer
had a wei ght average nol ecul ar wei ght (Mv) of 22, 000 and nunber average

mol ecul ar weiaght ébkletgf tReB80 wams nuddeded.d34a gel (pdlnemodlbn of N-(2-
chr omat ogr aphy usi ng pol ystyrene standard. The pol ymer was dissqglved in

propyl ene gl weshansnbmwkdwretayherogreiitptlenthonesne CorRpmatoli-ds)g did 01

TR Y R N e s i R

reflection a?n%thacrylate, 0.31 g of a,0’-azobis (isobutyronitrile) and 70 g of
tetrahydrofuran and the contents were purged with dry nitrogen. The
reaction mixture was heated to 70 °C and stirred at that temperature
for 5 hours under flowing nitrogen. After the completion of the
reaction, it was cooled to room temperature and the polymer was
reprecipitated into isopropanol. The white powder was dried under
vacuunm (1 Torr) at room temperature to yield 5.81g (75 %) of polymer.
The terpolymer was found to have about 20 mol % of glycidyl.
methacrylate units based on the 'H-NMR spectrum. The polymer had
a weight average molecular weight (Mw) of 22,000 and number average
molecular weight (Mn) of 13,350 as measured on a gel-permeation
chromatography using polystyrene standard.

The polymer was dissolved in propylene glycol monomethyl ether
acetate (PGMEA) (3 wt % solids) and applied as. a bottom anti-
reflective coating material as described in the Application Example
1. The profiles showed no standing waves due to reflection and
scattering of light, the intermixing between resist and the bottom
anti-reflective coating was reduced compared to the bottom

anti-reflective coating material of Examples 1 due to cross-linking
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scattering of light, the interm xi ng between resist and the bottom
anti--reflective coating was reduced conpared to the bottomanti-reflective
coating material of Exanples 1 due to cross-linking 27 by the presence
of reactive hydroxyl groups and glycidyl units. And the bottom
anti-reflective coating material had n and k values of 1.56 and 0. 40
respecti vel y byt tRel drasenas o fareatidlver hydroxfyligivbups anc gl Fxbdyl enit8. And
Ter pol yneri zati on N (1-ant hracene)-N -(2- nethacryl oyl oxyet hyl ) urea,

f
2 hydr oxyet hhe ReEReR A& ot IeaRuve GPataps TrkaTachy haddh And KppRlued e
fo Bxanpl o 2 1GRSHE Prap NeEsenbrRak A ot il SR et b s B

carbamate was replaced with N (1l-anthracene) -N -

(2-met hacryl oyl oxyethyl) urea. The terpolyner was found to have about 20
mol % of gl y@&Exdwblaet hacryl féepalyniexrikasdon on éhe [Mer (IHadnbivRas@eei-mNIim (2Fhe
pol ymer had a wei ght average nol ecul ar weight (My) of 26,450 and nunber

aver age nol e&gtarcrElgntoxyabhydf ureas10 2abydeesiatdylon retdacrydateat i émd
chr omat ogr aphy . usi,n l.ystyrene standard. The pal r..was_dj ssol ved .i.n
or opyl ene gl JUSELAUAGRUIE YaehE: T PRI ECTPANERD B0kt B 8B st Lamt ive
applied as apgiipgp anti- reflective coating material and eval uated as

described in the Application Exanple 1. The profiles showed no standing

waves due to refl eqnienterpblymeirtveds pgepdrdd ghvildheoBxapleantkcept taati ve
coating material had n and k values of 1.56 and 0.43 respectively at 248
nm and an edcHZraethaerviayloxyethyl) T9ansthydantiragensot t crarhbamateef | wesi ve

COaL1 19 e LeySeduCoTRRT R 0o B! 05 SRS gl iy SRRl ©
The terpolymer was found to have about 20 mol % of glycidyl
methacrylate units based on the 'H-NMR spectrﬁm_ The polymer had
a weight average molecular weight (Mw) of 26,450 and number average
molecular weight (Mn) of 11,340 as measured on a gel-permeation
chromatography using polystyrene standard. '

The polymer was dissolved in propylene glycol monomethyl ether
acetate (PGMEA) (3 wt % solids) and applied as a bottom anti-
reflective coating material and evaluated as described in the
Application Example 1. The profiles showed no standing waves due
to reflection and scattering of light, the bottom anti-reflective
coating material had n and k values of 1.56 and 0.43 respectively
at 248 nm, and an etch rate of 140 nm/min. The intermixing bottom
anti-reflective coating was reduced compared to the material of

" Example 1 as with Example 2.

Example 4. Copolymerization of N-(2-methacryloyloxyethyl)-9-
methylanthracene carbamate and allyl methacrylate and application
as a bottom anti-reflective coating:

In a three neck flask fitted with condenser, nitrogen inlet



met hyl ant hracene carbamate and allyl nethacrylate and application as a
bott.om anti-reflective coating: In a three neck flask fitted with
condenser, nitrogen inlet 28 and outlet, there was added 3.634 g (0.01
nol) of N-(2- nethacryl oyl oxyet hyl)-9-net hyl ant hracene carbamate, 3.78 g

0.03 | f allyl h | at 0. 30 f "o bj
gi sobu'[r;réniot ?$?e§'°%ﬁ§ttvzc %’?e S@’tafah?/ ) ulagﬁygn(? ?Eg‘d():%nfné)r%t)s %reN—p@r-ged
with dry nit rﬂg%cﬁl%ﬂ%ﬁg&ﬁﬁ)mwﬁﬁri\&&ﬁﬁ%ﬁé &Qrﬂé?ua[t%r,rht.cagr@ &gy ed

at that tenperaturefo ours under flowng nitrogen. After

conpl etion of mbige oFeAqlilRet Hdcryast&p0l.8d ¢ 6f &pam-& esmiey [@isebatgponificile)
pol ymer formed was reprecipitated into isopropanol. The white powder was
dri ed under varduM glofotetraftydredurarmist Ahareontenfpevers purgedsyith dixy
pol yner. The cpgolyrrer was found to have about 70

| 9 1yl
met hacryl at e BRFEQI9hs et F AT OB IIFEUESetiRs ﬁ\ﬂat?ggt‘bjb%%%r}%ﬂtérﬁﬁjﬁ
average Mol ecphat Uehilia LMY £8F §inod aifheRUEROLIRY HiAIBAHR| COA AL WHON!

(M) of 12,322 as ne on a gel -perneation chromatography using

pol ystyrene stansBsthonTbe B waactwes, dits sakvesbliadl poopydretengkeystlire and
nmononet hyl ether acetate (PGVEA) (3 wt % solids) and applied as a bottom
anti- ref | ectheedyaernfpmedevas|repregipitatinsdino tisoparppanehs i Fhembirgsl e
1. The profiles_showed no standi ng wave ue to.reflection and scattering
of 11 ght and PARAGH VRS RS UPOFT SCLTE Lo IPF Ry S BRI YEne Fow RH os

of 1.58 and 0643 { 48Beg] | 4eLK1 Gho P8I ARLIGHED Al Rohaldd AL hHouA Yo N0

i nterm xi ng be nres e bottom-an ctive coating was
observed. Exagpl & of %llylci@é&ia}ﬁli?n.bﬁétdrﬂlts bated oflthd-‘HANNR agRRE ) ulY. - (e
ally

met hacryl oyl oxyet hyl )urea and | methacrylate and application as a

bott om anti - r pblwedn \nadceaweight average molecular weight (Mw) of 34,054 and
number average molecular weight (Mn) of 12,322 as measured on a
gel-permeation chromatography using polystyrene standard.

The polymer was dissolved in propylene glycol monomethyl ether
acetate (PGMEA) (3 wt % solids) and applied as a bottom anti-
reflective coating material as described in the Application Example
1. The profiles showed no standing waves due to reflection and
écattering of light and the bottom anti-reflective coating material
had n and k values of 1.58 and 0.43 respectively at 248 nm and et.ch

rate of 149 nm/min. And no intermixing between resist and the bottom

anti-reflective coating was observed.

Example 5. Copolymerization of N- (l-anthracene)-N’ - (2-
methacryloyloxyethyl)urea and allyl methacrylate and application
as a bottom anti-reflective coating:

Copolymeriiation was carried out similar to Example 4 except
that N-(2-methacryloyloxyethyl)-9-methylanthracene carbamate was
replaced with N-(l-anthracene)-N’-(2-methacryloyloxyethyl)urea.
The copolymer was found to have about 64 mol % of allyl methacrylate
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Copol yneri zation was carried out simlar to Exanple 4 except that N

(2- et hacryl oyl oxyet hyl ) - 9- net hyl ant hracene carbamate was replaced with
N- (1-ant hracene) - N - (2- et hacryl oyl oxyet hyl )urea. The copol yner was found
to have about 64 nol %of allyl nethacrylate 29 units based on the

[err] HNMR spectrum The pol y[rer obt ai ned had a wei ght average nol ecul ar
wei ght (Mny) ofindbs bagedsmdthethdMRepacigemap| erakymes g ingd)haska weights

d | - tion, ' | yst dar d.
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profiles showading séprstiyiensayesndii.t o refl ection and scattering of |ight
and the bottomanti-reflective coating material had n and k val ues of 1.64

and 0. 46 respecti velhepolymer masatidsetllvad iatpraplyless gayred monpuiethybathey,

no i nterm xi ng between _resist and the hottomanti-refl ective coati hg was
observed. Exafffka®e RMEynkt i%hatt O?Phé;rs)N-a(n?- @Ppﬁréﬁsyﬁﬁyﬁogﬁgfz?@l gngl-

met hyl ant hracg@glgﬁm%%ﬁi{}fgéf tFRLIAGHY %%Qiugggd a% Yhe BELNAG! Vit £n@nd

application a ective coating: Tn a ree nec l"ask

fitted with Cﬁﬁgfﬁéﬁiorﬂiﬁx 28 1! ehe 3bAUlelsCEhowd® D WBSNALHLE rage834ud
(0.01 nol) of (2- met hacryl oyl oxyet hyl ) -9- et hyl ant hr acene car bamat e,

2.00 g (0.02 bolpefdfechiohpndnstadtdemihgtas ligitsand theldothom ardfi-adelfyective
nmet hacrylate, 0.28 g of a, a'. -azobis (isobutyrgnitrile) and 78 g of,
t et r ahydr of ur §R2hHe0 materdathad mang puristeswet nl fd) apd P offe Fespretively

reaction m xt é:%&’%iﬁrguﬁl%lt ggcli 2afd er;é% gxrn? nSt h&ﬁﬁg%&gafl it ?%%ﬂ%g Rikqg

for 5 hours u wing nitirogen. e’ conp I on e reaction;
It was cool edpbewé& Fek@EP AN thé bBREah RetROk¥ PRt v Esh iy HEPLBSERYEA! ed

Example. 6. Terpolymerization of N-(2-methacryloyloxyethyl)-9-
methylanthracene carbamate, methyl methacrylate, and allyl
methacrylate and application as a bottom anti-reflective coating:

In a three neck flask fitted with condenser, nitrogen inlet
and outlet, there was added 3.634 g (0.01 mol) of N-(2-
methacryloyloxyethyl)-9-methylanthracene carbamate, 2.00 g (0.02
mol) of methyl methacrylate, 1.26 g (0.01 mol) Qf allyl methacrylate,
0.28 gof a,a’ —azobis (isobutyronitrile) and 78 g of tetrahydrofuran
and the contents were purged with dry nitrogen. The reactionmixture
was heated to 70 °C and stirred at that temperature for 5 hours under
flowing nitrogen. After the completion of the reaction, it was
cooled to room temperature and the polymer formed was reprecipitated
into isopropanol. The white powder was dried under vacuum (1 Torr)
at room temperature to yield 4.5 g (65 %) of polymer. The terpolymer
was found to have about 20 mol % of aliyl methacrylate units based
on the 'H-NMR spectrum. The polymer had a weight average molecular

weight (Mw) of 23,650 and number average molecular weight (Mn) of
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I nto isopropanol. The white powder was dried under vacuum (1 Torr) at room
tenperature to yield 4.5 g (65 % of polyner. The-terpolynmer was found to
have about 20 mol % of allyl nethacrylate units based on the [err] H NWR
spectrum The polynmer had a wei ght average nol ecul ar wei ght (My) of 23, 650
and nunber average nol ecul ar weight (Mi)_of 30 9,265 as neasured on a
gel - per meat i ofr 297 oftfit SIRAFWRAUSPH g 8 oP§ETRRBIRE LAPBN dPmatREL PRIY s 1Rgs

di ssol ved in pr | ene glyco nonet hyl - et her acetate (PGQVEA) (3 W %
By EREe SR

solids) and ed a5 a” anti- ref lective coating material and

eval uated as descriﬂ@péﬁnmewﬂeiémx}m@mfenﬂegi mﬁ&{dxde%ﬁgm%%s! no

standi ng waves due to teflection and scattering of ITght and the bottom
anti-refl ectia®etexat | (PGMER] e Balvthad splads) kawvdl agslicdd hsb@ duttOdm3&nti-
respectively and etch rate of 148 nnimn. Additionally, no interm xing

bet ween resi skefastiNe lsoatbng amateridl eand vevaldmtiedg asaslesssibe@dinExhepl e

7. Copol ynerizat.ij.on, of ant hracene et hacryl am,de and al | yl,.net hacryl ate
and appl i cat i%‘??lef‘scaﬁlﬁﬁt ’Eﬁﬂpgﬁt 'rc[-'rgrﬂeegf? Noio °H§.8 R SHRPALRY Maviesh Wes
carried out sidm-Laf ggég;[(ﬁf%oftlg ‘the bot . .

N ( 2- et hacr;sltlf%r;k/%gxiée?hy ?1{% rraet%y a {)wacg;r}g aggr aerra?et(\)/\%gmﬁépﬁeafclee tvlvivteh

N-ant hr acene d¢gittiagr yaestite. hien capDlkyv@lusedicE nedévasd 0088dréspdrtieedout
70 nol % of allyl nethacrylate units based on the [err] H NVR spectrum The

pol yner had aanckeghh zatser afcldfohmdéuniny Addibionamdy,oho 3Btesoisnag hetween
aver age nol ecul ar wei ht%!@ of 19,455 as neasured on a gel -perneation
chr omat ogr aptiFUSTENfoF YL BHGERE SRtHeEe echiEspEPITIe WAS BPSSoTared i n
propyl ene gl ycol nononethyl ether acetate (PGVEA) (3 w % solids) and
applied as a bottomanti- reflective coating material and eval uated as

descri bed i n g:hfnple 7. Copolymerization of N-anthracene methacrylamide-and allyl
methacrylate and application as a bottom énti-reflective coating:

Copolymerization was carried out similar to Example 4 except
that N-(2-methacryloyloxyethyl)-9-methylanthracene carbamate was
replaced with N-anthracene methacrylamide. The copolymer obtained
was found to have about 70 mol % of allyl methacrylate units based
on the 'H-NMR spectrum. The polymer had a weight average molecular
weight (Mw) of 35,000 and number average molecular weight (Mn) of
19,455 as measured on a gel-permeation chromatography using
polystyrene standard.

The pc;lymer was dissolved in propylene glycol monomethyl ether
acetate (PGMEA) (3 wt % solids) and applied as a bottom anti-
reflective coating material and evaluated as described in the
Application Example 1. The profiles showed no standing waves due
to reflection and scattering of light and the bottom anti-reflective
coating material had a n and k values of 1.54 and 0.42 respectively
at 248 nm and etch rate of 141 nm/min. Additionally, no intermixing

between resist and the bottom anti-reflective coating was observed.
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Application Exanple 1. The profiles showed no standi ng waves due to

reflection and scattering of light and the bottomanti-reflective coating

material had a n and k values of 1.54 and 0.42 respectively at 248 nm and

etch rate of 141 nmimn. Additionally, no interm xi ng between resist and

the bottomanti-reflective coating was observed. 31 Exanpl e 8.

Ter pol ymer i zakkawplsf 8 (T2rpelaeridatyiooxyef hi-)(2-pethecryldadokyatibnk) —9-
met hacryl at e, -and diyi nyl benzene and. appli cat
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of methyl nethacrylaie tAredmetk 81a8R¥ iRl Ritilicondehbeny afie rogen % meand
p isoner), 0. 33 g of [err],[err]- -azobis (isobutyronitrile) and 80 g of
t et r ahydr of uramd araitilet, c diitesret swaer eaquledged. 684 h gir (OnDir ouEn. dfie N-(2-
reaction mxture was heated to 70 [err]C and stirred at that tenperature

for 5 hours URRIEIRIELG¥LA¥YSERYIdgénmehy Banthracengprarbyratsy dnl0rgaktd i,

it was cool ed r [ [ nd t ol yprerasfor S,.Leprecipitated
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have about 7 ?TSD%”%&J?(%P év%%?lggégg'er@ 'gﬁifgkb&ra&d a-()grﬁltﬁgaﬁgir)ﬁﬁ% é%gz{}%}f!m
The pol yner hé@dl @ w€i gatrawshafaranl endl dhewebghéntdwwend pdr@RP wiirtth rdingper-
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waves due
the polymer formed was reprecipitated into isopropanol. The white

powder was dried under vacuum (1 Torr) at room temperature to yield
4.14 g (50 %) of polymer. The terpolymer was found to have about
7 mol % of vinylbenzene units based on the 'H-NMR spectrum. The
polymer had a weight average molecular weight (Mw) of 15,322 and
number average molecular weight (Mn) of 9,822 as measured on a
gel-permeation chromatography using polystyrene standard.

- The polymer was dissolved in propylene glycol monomethyl ether
acetate (PGMEA) (3 wt % solids) and applied as a bottom anti-
reflective coating material and evaluated as described in the
Application Example 1. The profiles showed no standing waves due
to reflection and scattering of light and the bottom anti-reflective
coating material had n and k values of 1.57 and 0.39 respectively
and etch rate of 128 nm/min. Additionally, no intermixing between

resist and the bottom anti-reflective coating was observed.

Exémple 9. Terpolymerization of N- (l-anthracene) -N’ - (2~

methacryloyloxyethyl)urea, methyl methacrylate, and divinylbenzene
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to reflection and scattering of light and the bottom anti--ref |ective
coating material had n and k values of 1.57 and 0. 39 respectively and etch
rate of 128 nnimn. Additionally, no interm xi ng between resist and the
bottom anti-reflecti ve coati ng was observed. Exarrpl e 9 .

Ter pol yneri zati on (l-anthracene) -N - (2- methacryl oyl oxyethyl)
urea, nethyl r?éﬂwé@?}?-‘é?’élorhl‘?& &i Q?BER%Q‘FEénEef}%eCthénﬂ:oéEngcat ion as a
bottom anti-reflecti ar, |

o Evamle 3 except TEEPIhEkaREANY BEHLIAL LD SRS 6210 SiLailE BLILLK

carbamate was NCQQ—M\étEthﬁylf)%lé‘;ﬂ}éﬁl@Q‘?ng)-meﬁhylanthracene carbamate was
(2- et hacryl oyl oxyethyl) urea e terpolyner was found to have about 9 nol

% of vi nyl benzmpdacedt srilshs & (dnantherdcene) HINVR -spetiacyl ofhex yedhyignurea.
obt ai ned had a wei ght average nol ecul ar wei ght (Mv)_of 16, 450 and nunber
aver age ol ecfANgr toEpQimenwgs dpund dochaie abadtir O%r% af g'éwb\%%%%nq BAits

chr omat ograph usi,ng p e st ndard The ved i
propyl ene gly ase %8@#% ?{Xgﬁ ?&?G@)Ym% ‘3/1%%4 ﬁﬁ% daHgLont
applied as a %ﬂ@b%l‘ecui@f 'w%‘i&_;ht’ E{Mﬁ?@iﬂ 19, 4@6 ghé %'umﬁ@g féabyaiiedslar
described in the Application Exanple 1. The pro Il es showed no~standi ng
waves due to mefilghtt (M) afid Qoataﬁmea]s}mﬂd bh ghyehpetrea Hioht dtomatography
anti-reflective coating material had n and k val ues of 1.67 and 0. 40
respectivel y a%dngtpalystwrese $8andandvi n. Addit | onal ly, no inter m' Xi ng

bet t d ti tl- t, b
10, "Tor pol ymor i zat | GRS STERAPLRERSEAYR HRENACRS AVEoLAE AP L SEREE ©
methacryl at e, R{atbViB¥uReNZEN&ng SPRldsGatdry) | GSHOEEOQ‘ bottom, anti-

anti-reflective coating: Terpolynerization was ca out simlar to
Exanpl e 8 excepiflebaivé\l catiridranatdragll oxydt wkluldtedt Ayl desbrisenein the

car bamat e was
Application Example 1. The profiles showed no standing waves due
to reflection and scattering of 1light and the bottom anti-reflective
coating material had n and k values of 1.67 and 0.40 respectively
and etch rate of 132 nm/min. Additionally, no intermixing between

resist and the bottom anti-reflective coating was observed.

Example 10. Terpolymerization of 9-anthracenemethyl methacrylate,
methyl methaérylate, and divinylbenzene and application as a bottom
anti-reflective coating:

Terpolymerization was carried out similar to Example 8 except
that N-(2-methacryloyloxyethyl)-9-methylanthracene carbamate was
replaced with 9-anthracenemethyl methacrylate. The terpolymer
obtained was found to have about 10 mol % of vinylbenzene units based
on the 'H-NMR spectrum. The polymer had a weight average molecular
weight (Mw) of 19,450 and number average molecular weight (Mn) of
8,600 as measured on a gel-permeation chromatography using
polystyrene standard.

The polymer was dissolved in propylene glycol monomethyl ether
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replaced with 9-anthracenenet hyl nethacrylate. The terpolynmer obtained was
found to have about 10 nol % of vinylbenzene units based on the [err] H NWR
spectrum The polyner had a wei ght average nol ecul ar wei ght (My) of 19,450
and nunber average nol ecul ar wei ght (M) of 8,600 as neasured on a

gel - permeati on chromat ography using pol ystyrene standard. The pol yner was
di ssol ved i n 3FfAteen® ol Snifortetsegide] hapdagpplied aasita PRigmn) antiyy
% solids) and_appli.ed as a, bottomanti- reflectjve cpating mt.erial. a

eval uat o as FEEREYs" beeBs ABBERRRGT AR Sl HA " S e ke no
standi ng waveg, il e |0 a | | gBt sehi

anti-refl ect ?%% cozi—;tt?'r?g %%iﬁgél:ézzp hg%ér]%g%gg%ggsl%sédogaf 57 agﬁeggggé lle
respectivel y evde€lettiai andfschBBenitgrof.l idthdi Andohé bpttom anttieref kedive
bet ween resist and the bottom anti-reflective coating was observed. As
descri bed i n tatigiemateriall hadiheand k gpdhegarf Had7apnd 173Y ragreatively

havi d bond, ' 1 X] bet . I st d
ot - ertect 930 BrdiPribe ctut ol aunc- ackith foralhe” adt i femiadhtte Stkan ng
by cross-1inkjing: &f Lay Pﬁ@k?&td?r‘%&?%@ﬁ&él:&'v%g cBBtwc? oY IopsBlbegt i ve
coating, no footing and no Teaving of exposed resi st | 'm-upon devel opment

al so occur. Furtheras hestiribedein etdnglesoat t8916/10Mesh EeopaliPmeP Hb St
coverage and storage stability as comrercially avail able ones or nore than
t hat. Exanpl erdaurmmgoiyite hpvang @n epoxy gzonptdradeyblbs bordetrwy inpt@mixing
met hyl ant hracene carbanpte and net hyl nethacryl ate and use of the co oloyrrer
in a bottom arRTWSEY FEE1TY Aot in erf&?ﬁ’a’?-‘é?i‘}él’ﬁtlpﬁ ACEH R BUR S CHF3RE Of

fitted vvithc%%j r ' nﬁ‘t% | : . add

5 634 g (0 O el refldqriis obdl flo BUcrm 1T hiciny Ry Mo Tl vo

carbamate, 4.8k gurOn@df the anti-reflective coating, no footing and no leaving
of exposed resist film upon development also occur. Further the
anti-reflective coating showed the same good step coverage and

storage stability as commercially available ones or more than that.

Example 11. Copolymerization of N-(2-methacryloyloxyethyl)-9-
methylanthracene carbamate and methyl methacrylate and use of the
copolymer in a bottom anti-reflective coating formulation:
In a three neck flask fitted with condenser, nitrogen inlet

and outlet, there was added 3.634 g (0.01 mol) of N-(2-
methacryloyloxyethyl)-9-methylanthracene carbamate, 4.00 g (0.04
mol) of methyl methacrylate, 0.23 g of oo~
azobis(isobutyronitrile) .and 60 g of tetrahydrofuran and the
contents were purged with dry nitrogen. The reaction mixture was
heated to 70 °C and stirred at that temperature for 5 hours under
flowing nitrogen. After the completion of the reaction, it was
cooled to room temperature and the polymer formed was reprecipiﬁated
into n-hexane. The white powder was dried under vacuum (1 Torr) at

room temperature to yield 4 g (86 %) of pblymer. The copolymer was



nol ) of met hyl met hacryl at e, 0. 23 g of [err],[err]" -

azobi s(isobutyronitrile) and 60 g of tetrahydrofuran and the contents were
purged with dry nitrogen. The reaction m xture was heated to 70 [err]C and
stirred at that tenperature for 5 hours under flow ng nitrogen. After the

conpl etion of the reaction, it s coqgled to, roomtenperature and, the
pogsmer f or ne&oug% %BF@Ei’ﬁ?‘i"&t i g ?IQHE%QH .m?jﬂ@%ilﬁ e%g\‘/ﬁfesr bﬁfgdo‘?q ed
under vacuum R e e :

The copol ymar(:&/?flsq-]z%@/lR g?%)un t'onﬁg\é/gﬁaéoiro%arrélwé/%%}é Er%e@tehyIg@rrrlgotglgaé(:lryrate

units based oReifet[@mw)] bf NI Fjueahd uiimbEre apetyde ol aguda naicdiihtaven pger
nol ecul ar wei ght (Mwv) of 33,700 and nunber average nol ecul ar wei ght (Wnh) of

12,900 as neaddy 8d0 omsa mpdsyredneen i an ggirpeamnegt kprhy chsdmatqastaphlyy resing
standard. The pol ymer was di ssol ved in propyl ene glycol nononethyl ether
acetate (PQVERPLYStyens ssppd¥dand applied as a bottom anti- reflective

coating material an . | ' ' ]

| nterm xi ng of resi g{lggﬁg%%gqggt 1%%8%{1}%?%?8#: ?8%?‘?’\‘@8% %ﬁ%’?ﬂ%&e}’s{%ﬁﬁ%
observed. In hhecgext (mivgd) 03wl PfsdiiasforabYEBplied. 48 & Bbt kG -
(trade nane of hexanet hyl nel am ne supplied by Sanwa chem cal conpany)
cross- |inki ngefiljectivwndcdatlhy gqadkriakbrapd evabhamterad odesdibeds ifiN-the

met hanesul f onyl oxy i sopht hal am de, SUﬁ{ﬂ ied by Mdori Kagaku conpany) were
di ssol ved i n ApPHCHLOGME the sHIMRTEH1RESs cdpHiasdgtasnd Hdia JpRrttom

orof il es. shovPRtho et aRteNg tenediiiatetaSprBtobiEhal HEMRe pige often

. g Waves di 0 re c and scatteri 1’ght
and the bottof gntg - pef et | ¥6pS8RNI NAG Ngargt knVd RS Qtrdde8nand f40.

respectively at 248 nmand etch rate of 138 nmmn. By the addition of the

cross- | i nki nghagané¢tlayithelbmine supplied by Sanwa chemical company) cross-
linking agent and 0.018 g of thermal acid-generator, PI-105 (N-
methanesulfonyloxy isophthalamide, supplied by Midori Kagaku
company) were dissolved in 30 ml of PGMEA and the solution was applied
as a bottom anti-reflective coating as' described in the Application
Example 1. The profiles showed no standing waves due to reflection
and scattering of light and the bottom anti-reflective coating had
n and k values of 1.58 and 0.40 respectively at 248 nm and etch rate
of 138 nm/min. By the addition of the cross-linking agent and the

thermal acid-generator, no intermixing between resist and the bottom

anti-reflective coating comes to take place.

Example 12. Copolymerization of N-(1-anthracene) -N"-(2-
methacryloyloxyethyl)urea and methyl methacrylate and use of the
copolymer in a bottom anti-reflective coating formulation:

The copolymer and the bottom anti-reflective coating
formulation using the copolymer were prepared similar to Example
11 except that N-(2-methacryloyloxyethyl)-9-methylanthracene

carbamate was replaced with N- (l-anthracene)~N’ - (2-



t hermal aci d-generator, no interm xi ng between resist and the bottom
anti-reflective coating cones to take place. Exanple 12.

Copol yneri zati on of N- (1-ant hracene)-N -(2- nethacryl oyl oxyet hyl ) urea
and net hyl nethacryl ate and use of the copolyner in a bottom

anti-reflective coating,for t.ion: The copol nmer d,the boftaom
anti-refl ect |’$eetri,a(5;<’fé’llﬁ§l y WUE§2usi mge h%oz T/ﬁﬁq Rer'&® af&grage

sim | ar tOB&fé’ﬂ% &@&pm r?5’1“23700 d numb lecul ht
N- ('2- met hacryl oy oxyet QRW%I[ hyl ant hr agréng ca?3 éan%etrgge m(\)/\aecu ar we][g
Wi th N- ( 1- ai)hioECce) B0 Ns-rieasued on rmt;hacgsgﬂmedt%yle&méaw@&aphyTMng
pol ymer had a wei ght average nol ecul ar weight (My) of 23,700 and nunber
aver age nol eqdlarstyeeght standangd. 9, 000 as nmeasured on a gel - perneation

chr omat ogr aphy. using po] yst rene standard. The onrrer was di ssqlved in
propyl ene gl ycol ehyrercvaRrigget ‘é%‘%’%@@(@ﬁ hcoh meperabhydfther

applied as a ef I ye g te e

described in %%%tt %%‘pf{i’fggp}\g (Exg'%p}%e %Rg{jjs?e?ﬁ?mé%ﬂb C?V\né/ejsené/?%%?%? ané—'lt
bottom anti - rneffieetive Q:@ai:h.ﬂ? faterial ARS ORSRIMRE dd) ddMeresl S._helftheo 9
g of the copolyner, 0.18 g of nikalac (trade name of hexanethyl nel am ne
suppl i ed by Fppid cattéon clikangdrepany ) Irdrearsd xihg hetwgeageasismncd 648 loptofom

t hermal aci d- generat or, PI-105 (N nethanesul fonyl oxy isophthal anm de,

suppl i ed by NMHdrirefkgghkie mﬁaﬁg)mm@adq ¥35| QRILLVRB0 H W peNEStaR:
described 1n 4T Boptt cabForr BRatiPe 10-MRe €r o mttisd iR B gt
v, S, g agesatos Sigsi o by ol kg PRy sroe
respecti vel y ainki4g ageatdamd cO. 018 &y @ff tR6rmal mmd—@edelrataﬂdl PI{)IOEDf(N—he
methanesulfonYloxy isophthalamide, supplied by Midori Kagaku
company) were dissolved in 30 ml of PGMEA and the solution was applied
as bottom anti-reflective coating and evaluated as described in the
Application Example 1. The profiles showed no standing waves due
to reflection and scattering of light and the bottom anti-reflective
coating material had n and k values of 1.59 and 0.42 respectively
at 248 nm and etch fate of 136 nm/min. By the addition of the
cross-linking agent and the thermal acid-generator, no intermixing
between resist and the bottom anti-reflective coating comés to take

. place.

Example 13: Copolymerization of N-(2-methacryloyloxyethyl)-9-
methylanthracene carbamate and 2- (methacyloyloxy)ethyl
acetoacetate and use of the copolymer in a bottom anti-reflective
coating formulation:

In a three neck flask fitted with condenser, nitrogen inlet
and outlet, there was added 3.634 g (0.01 mol) of N-(2-

methacryloyloxyethyl)-9-methylanthracene cérbamate, 2.142 g (0.01



cross-1linking agent and the thernmal acid-generator, no interm xi ng between
resist and the bottomanti-reflective coating cones to take place. Exanple
13: Copol ynerization of N-(2-methacryl oyl oxyethyl)-9- nethyl ant hracene
car bamat e and 2- (et hacyl oyl oxy) et hyl acetoacetate and use of the

copolynmer in a bottomanti-reflective coating fornmulation: In a three neck
flask fitted Wth ebndefBethagylovdgun) ethw: agatosgetate, t Re?? da®faduiet -

3.634 g (0.01 ). Qf S LI oxyethyl) :-9- WI acene
carbanat e, Z.i%%s%°§f£§ﬁom%%f o%%-@m%heffyl%y&%)eto %9%9{' and® the
acet oacet at e, cOneahts Qbra, purgeZ abth (ASPRUtY6g8n | 1 ithe) reRd ROmixLlire was
tetrahydrofuran and the contents were purged with dry nitrogen. The

reacti on m xthegtedhtohgat® ahd gifsd € Bhak Hempegdtate tfmad St R6PRES Alindeyr
for 5 hours under flow ng nitrogen. After the conpletion of the reaction,
it was cool edfieWinsbhitergerat dHdeanghenheompistion ofr fbe WaaCkRedithivas ed

| orer ator oF t8801ed BS 2 rBREELrd Ra HHe ot cd i { relPitdofad T
about 45 ol 9405 12oHPBLARSY] OFhOXNY 6L BEuREEHAAEEE Bl Gt SaAASEY 1 Ofbtdye
i ‘M)

[err] HNMR spectrum The pol yner had a wei ght average nol ecul ar weil ght

of 23, 700 andaturdear temMpergmreotecriledd 8oy gid7 $ ML pblimePO0The cHESImRTE ON
a gel -perneati on chronmat ography usi ngﬁl ystyrene standard. 0.9 g of the

copol yrmer, 0.43s gfepndi kal davet aheatn Bel hﬁx&fet%y!mfﬁ@wﬁywewlby
S hem cal - i nki R d 0.018 t

2el 0 gener at P BIHCRBK e RS RERES P I iy UG SRREREMAm dbe SOt sy
M dori Kagaku, GRIBRRYAvlRigR MR 4@ dd im0 ity BfF VR0 8R4 duliBed U vty

was applied
molecular weight (Mn) of 12,900 as measured on a gel-permeation

chromatography using polystyrene standard.

0.9 g of the copolymer, 0.18 g of nikalac (trade name of
hexamethylmelamine supplied by Sanwa chemical company) cross-
linking agent and 0.018 g of thermal acid-generator, PI-105 (N-
methanesulfonyloxy isophthalamide, supplied by Midori Kagaku
company) were dissolved in 30 ml of PGMEA and the solution was applied
as a bottom anti-reflective coating material and evaluated as
described in the Application Example 1. The profiles showed no
standing waves due to reflection and scattering of light and the
bottom anti-reflective coating material had n and k values of 1.54
and 0.35 respectively at 248 nm and etch rate of 143 nm/min. By the
addition of the cross-linking agent and the thermal acid—generatér,
no intermixing between resist and the bottom anti-reflective coating
comes to take place.

Additionally, the anti-reflective coatings in Examples 11 to
13 showed the same good step coverage as commercially available ones

or more than that.



as a bottomanti-reflective coating material and eval uated as described in
the Application Exanple 1. The profiles showed no standi ng waves due to
reflection and scattering of light and the bottom anti-reflective coating
material had n and k values of 1.54 and 0.35 respectively at 248 nm and
etch rate of 143 nnmimn. By the addition of the cross-linking agent and the
t her mal aci d-‘gbmetages, oficchentlawenkiag bet ween resi st and the bottom

anti-reflective coati ones to take, place. .Additiaqnal |l t
anti-reflective codtd H8§C¢§F‘E98ﬁﬁ1r§§eqdnt eﬁ%lﬁsht&%d)%gggr%eéggopﬁseeﬁm
coverage as CGQELGLA v.al P n : i es
of the I pvenfji on ,&gbﬁaép{%eeﬁddéﬁgégpge?fﬂf%gtwa?ﬁ Bféﬁ? L%ryﬁgrﬁgsé?@?%?ﬁ@
present inverds opoehey 480d i Bt wdesldrigty, pravgerthe faomposiadong florghtie of
100 to 450 nmin wavel ength, "and the conposition for the anti-reflective
(r:]oa}] i n?f or t lentliFglefflabtiveicmgtdngt ondheohiahtiahgorhéngsteardnghaentyming

i gh effect of preventing reflectiop,of irradiation light fro he .
substrate thdthg tpﬂdé@rng‘lascéﬂglé ?hgl ?oﬁfé?ﬁq(ofoétpdﬁ? S 1MV5§}.J§§&1on of
reflective notchi . The I a - 3kisng CHELS t
coating upon ]braﬁgd%%%\;\ngnéf 0 t%ﬁ?g%s%??ﬁﬁ%%%égéﬂg}p l{%hgreégf H&% E%%@ée e

di ffusion of phehienosresEdRi rAC wdveater tdeg1abtive eldtebtinye ahat ogoDymdte
li ke and interm xi ng between the resist and the anti-reflective coating or

the |ike bei ntayseecensedlinkiraddirt coning edt thg eratiagaipemPadinghewiedgiting
upon devel opnent do not, take place, and excellent_staqrage_stabili tl){ ané:l
step cover agethg erassal HoenaTHEPWR Sheregt, us°‘td’pfdfisutsé1oﬁ of Phofpggenerated
resol ution and hjgh.ac .C. i t&h i r . _
o hurns TP NGB BheESt e kS, ) E10'4 Lhtomiing
between the resist and the anti-reflective coating or the like being
prevented. In addition, footing or remaining of the coating upon
development do not take place, and excellent storage stability and
step coverage are attained. Therefore, a resist pattern with high
resolution and high accuracy can easily be formed, which greatly

contributes to the production of IC with high integration.

Industrial Applicability

As has been described hereinbefore, in manufacturing
integrated circuits withl high integration, the composition for the
anti-reflective coating or the light absorbing coating in accordance
with the present invention is useful as a composition for forming
an anti-reflective coating or a light absorbing coating in forming
a resist pattern. Further, the polymers in accordance with the
present invention are used as components of these compositions for
the anti-reflective coating or the light absorbing coating and can
impart to the resulting anti-reflective coating or light absorbing
property good anti-reflective property or light absorbing property

and cross-linking property of the coating.
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Industrfal Applicability As has been described hereinbefore in =

manufacturing integrated circuits with high integration, the conposition

for the anti-reflective coating or the |ight absorbi _ng H" glumm””",
accordance with the present invention is useful as a: o ; -
formng an anti-reflective coating or _a I%ggt gfsorbing coating in fofmng
a resist pattern. Further, the ponnerLi dtot dance with the present -
i nvention are used as conponents of these conpositions for the
‘anti-reflective coating or the |ight absorbing coating and can inpart to
the resul tindlLanti-K efdmgrisiteon 08bk ngnoankighéf ik rYapingedbtryagaadht
anti-reflective property or |ight absorbing property and cross-1inking
property of tasarbingngoatsng contaimingv s polymerA xeppssentednbiorgeaeral
anti-reflectiye cQating or a |ight absorbing coating containing a polyner
e

repr esent ed F formula I: R R R[err] wherein R
represents a hydrogen atomor an allgyl groyp; Rl erig] represents an alkyl ene
group, a substituted al kyl ene gr,oup, cycl pal kyl ene .group, a substituted
cycl oal kyl ene group, a phenylen | tjut phenyl ene group; R2

represents an optionally substTijuted; /vi\nyl ai m-ng phenyl group,
-OR4 or -COOR4, in which R4 represents®an a] k} grqup having a doubl e bond
or epoxy group; R3 represents a hal n atqgy a cCyRgo group, an acetate
group, -COOH, -CONH2, a substituted]or non-substituted phenyl group,

- - err], in which rr]_represents a substituted or
COCRl [err] or -OR | R[OleHCF[()-—-YD

wherein
R represents a hydrogen atom or an alkyl group; R, represents an
alkylene group, a substituted alkylene group, a cycloalkylene
group, a substituted cycloalkylene group, a phenylene group or
a substituted phenylene group; R, represents an optionally-
substituted, vinyl group-containing phenyl group, -OR, or -COOR,,
in which R, represents an alkyl group having a double bond or epoxy
group; R; represents a halogen atom, a cyano group, an acetate
gfoup, —COOH, ~CONH,, a substituted or non-substituted phenyl
group, -COOR; or -OR;, in which R; represents a substituted or
non-substituted straight-chained, cyclic or branched alkyl group,
or an alkyl or aryl group containing an ester or carbonyl group;
X is either O or S; Y is either O or NRy group in which R, is a
hydrogen atom or a substituted or non-substituted phenyl or
cyclic, straight-chained or branched alkyl group; D is an organic
chromophore which absorbs the exposed wavelength (100-450 nm) and
represents a substituted or non-substituted, benzene ring,
condensed ring or heterocyclic ring bound directly or through an

alkylene group; and m and n are any numbers greater than 0 and



non- substituted straight-chai ned, cycfic or branched al kyl group, or an
al kyF or aryl group containing an ester or carbonyt group; iIs either 0 or

S; Yis either O or NR6 group in which Rerr] is a a
substituted or non-substituted phenyl or cyclic, Stﬂmﬁmﬂsﬂmumﬂ“l
branched al kyl group; D is an organic chronmophore whrche absombs st he exposed
wavel ength (100043¢ any rweberepnededing exhstituted or non-substituted,
benzene ring, condensed ring or heterocyelic ring bound directly or through
an-al kyl ene group; and mand n are any nunbers greater than 0 and 39 o]
s any nunberalncl gl BBng8ikich ror Af URORLIdARCt Phe ABo2idg 6 | €011 i
coating or a li1ght absorbing coating containing a polymner rep‘%esen ed Dy
general formialBsdibiry coating contaiRihgr&] p¥l&merrn rBpieBess&d! By agBNaranen
atomor an al kyl group; R2 represents an optionally substituted, vinyl

gr oup- cont ai nfexmpkaerdfl: group, -OR4 or -COOR[err], in which Rerr]
represents an al kyl group which has a doubl e bond or epoxy group; R err]
represents a hal ogen atom a cyano group, an acetate group, -COCH, -CONH2,
a substituted or non-substituted phegyl grougp, -COORgerr] or -ORferr], in
which R err] represents a substituted or nonjsubstituted straight-chained,
cyclic or branched al kyl “group, : cont ai ni ng an
ester or carbonyl group; Y is-€i 0 gr , M-which Rlerr]
represents a hydrogen atom or a substj fted ¢r®*non-spbstituted phenyl or
cyclic, straight-chained or branched kyl group; DRss an organic
chronophore whi ch absorbs the exposed wavel ength (100-450 nn) and

YD

wherein
R represents a hydrogen atom or an alkyl group; R, represents an
optionally substituted, vinyl group-containing phenyl group, —OR,
or —-COOR,, in which R, represénts an alkyl group which has a double
bond or epoxy group; R, represents a halogen atom, a cyano group,
an acetatée group, -COOH, —CONH,, a substituted or non-substituted
phenyl group, -COOR; or -OR,, in which R, represents a substituted
or non-substituted straight-chained, cyclic or branched alkyl
group, or an élkyl or afyl group containing an ester or carbonyl
group; Y is either O or NR, group, in which R, represents a hydrogen
atom or a substituted or non-substituted phenyl or cyclic,
straight-chained or branched alkyl group; D is an organic
chromophore which absorbs the exposed wavelength (100-450 nm) and
represents a substituted or non-substituted, benzene ring,
condensed ring or heterocyclic ring bound directly or through
alkylene group; and m and n are any numbers greater than 0 and

o0 is any number including zero.

3. Acomposition for an anti-reflective coating or a light absorbing

40



represents a substituted or non-substituted, benzene r| d r|ng
or heterocyclic ring bound directly or through al kyl en Wﬁﬁ mﬂ d n
are any nunbers greater than 0 and o is any nunber |nc I &

conposi tionfor an anti-reflective coating or a light ab36rb|ng 40

coat i ng accor dagshg £LALBe WRSLE B, Inihe 0R090ALnl IMAY! shtniia 1

hydrogen at omor ar errJ’is an h Iene

either O or Nhs98QURIrogear dtom Srad n{éﬁhny‘k#ddp ;SEbSts Htéﬁﬂ}yl\éhQYd(roup, X is
gr oup- cont ai ni ng phenyl group; R3 is a halogen atom a cyano group, an
acet at e groupQ;- CQAGEHeitENEPor AHsyisip;t Bf d a7 opbhesablst stlbseittyleshytrinyl
group, -COOR[err] or -ORerr], in which Rgparr] represents a substituted or
non- subst i t ut SFCYPTEPRIALERS] PRENYICGEIURS Bs Lsr areHagen KEMg R FHRN BT RRP

al kyl or ary roup, cont ai ni ng_ st r car r n ni c
chr onophor e V\ﬁ%Cﬁ %ﬁ)%%‘? 175 °FRe eécg)ggedeé\%ﬁ Ign%@hq{ﬁ%% gSgrnrr%n %St%‘g@ed
represents a sl tet&eh, OLcHOR 6Hb—°c§Rst uwchm%n&e% rbBEntS A EeRsedt it &y
or heterocycl | c ring bound directly or through an’ al yl ene group; and m n
and o are any orurdressbgt taiteyd $twei ght-éha tneadnppslic onbtancked alkyl group,
anti-reflective coating or a light absorbing coating according to claiml,

wherein R in ©oWeageakital -orf orylil grqup SORtajRiRG AN SSERT 0PL £ L growy,
Rlerer] is an_ethylene graqup;

s either
RA°T Wi oh RP. EENPRoSr AR LPRbirg, hiel  EOEkR Be o RRRD Mg RLRgaE
group; R3 repr Dh§0 @ I n yan n
STt e L A T i S5 i U
-OR[err], I n ‘hhhﬁén&&cirﬁ_pr e&ﬁdéﬁséﬂ ihs§t bt Utk ycyrdics vhsd ibalinelddirectly
strai ght-chained, cyclic or branched al kyl group, or an alkyl or aryl group
cont ai ni ng an ogstharough e Eddyeng argpp; Rridksmam éng@agemommﬁﬁ%gmaw
absor bs
than O.

4. Acomposition for an anti-reflective coating or a light absorbing
coating according to claim 1, wherein R in the general formula I
is a hydrogen atom or a methyl group; R, is an ethylene group; X is
O; Y is either O or NH group; R, is -COO R, in which R, represénts
an alkyl group having a double bbnd or epoxy group; R; represents
a halogen atom, a cyano group, an acetate group, -COOH, —-CONH,, a
substituted or non-substituted phenyl group, -COOR; or ~OR;, in which
R, represents a substituted or non-substituted straight-chained,
cyciic or branched alkyl group, or an alkyl or aryl group containing
an ester or carbonyl group; D is an organic chromophore which absorbs
the exposed wavelength (100-450 nm) and represents a substituted
or non-substituted, benzene ring, condensed ring or heterocyclic
ring bound directly or through an alkylene group; and m, n and o

are any numbers greater than O.

5. Acomposition for an anti-reflective coating or a 1light absorbing
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t he exposed wavel ength (100-450 nm) and represents a's | or

non- substi tut ed, -benzene ring, condensed ring or heterH@ﬂW’ HH ﬂﬂmd
directly or through an al kyl ene group; and m n and o0 afe ¢

greater than 0. 5. A conposition foran anti-reflective coatingora Iight

absorbing 41 coating according.to claim4, wherein rr] is,- err]
in which R er?ﬁaﬁlglgaaﬁgPﬁ§+n%r%g}aHﬁ %ac ¥PERELR Jhy &t h-ﬁ%éa ogwﬁa@% a
group, a cycl I or.a \ ou o] yti or .an
anti -refl ect i@%ﬁ%lat g%gﬁ%'r énl i%&ggéégé%%\tg}g@oa f%‘g)'aé%lgr %?ﬁgit C|uél' m%,
wherein R in ¢nelgragnalrbop ey a HydreRyesieyll grvdpydr ogen at om or a met hyl
group; R2 represents an optionally substituted, vinyl group-containing
phenyl group; R3 represents a hal ogen atom a cyano group, an acetate
group, -COOH, -CONH2, a substituted or non-substituted phenil_ l’g{joug, - COOR5
or -OR5, in vhich $BRAsItéerHor an npstiallesdisge Geahingntd tiglegabsorbing
strai ght-chai ped...cvcli ran Kk r o] up
cont ai ni ng ang%agﬁlenrgy%rc c%ﬁ‘?{)%%yﬁao %'riggrﬁ?iwwihgg&gﬁﬁ%rﬁ{) tgi?: M%%%u%?%ﬁ%%ﬁ
organi ¢ chroneghdfenMal G IREHEA Lb6m e3PoserlevRYE! Palid} (RL0PefBbsdHbs anf
represents a substituted or non- substituted, benzene ring, condensed ring

or het er ocycloptiongd llyowmibstiiteted,y wimytlhgumoeglk-aontd kydrenehgnglipgrand; nR; n
and o are any nunbers greater than 0. 7. A conposition for an
anti - ref | ect i RRPENLFg2 d2 l9IengRECRH SoFYRRR) IEEHPY P ACEERER (HFOUB, cTERM 2,

o oup: R i o B8 PR o SRR IR d PRV S REREn 2P R & T

bond, R3 reprgsenigiéh haﬂzsog%péfegéﬁté‘ CYaNQuBs Ot ¥t Hop-9LBEP: tutlddH,
-CONH2, a substituted or 'hon-Substituted phenyl group, -COOR[err] or

-ORlerr], in straidght-chained, cyclic or branched alkyl group, or an alkyl or

aryl group containing an ester or carbonyl group; Y is either O or
NH group; D is an organic chromophore which absorbs the exposed _
wavelength (100-450 nm) and represents a substituted or non-
substituted, benzene ring, condensed ring or heterocyclic ring bound
directly or through an alkylene group; and m, n and o are any numbers

greater than 0.

7. Acomposition for an anti-reflective coating or a light absorbing
coating according to claim 2, wherein R in the general formula II
represents a hydrogen atom or a methyl group; R, is ~COOR,, in which
R, represents an alkyl group having a double bond; R, represents a
halogen atom, a cyano group, an acetate group, -COOH, -CONH,, a
substituted or non-substituted phenyl group, —COOR; or -OR;, in which
R; represents a substituted or non-substituted straight-chained,
cyclic or branched alkyl group, or an alkyl or aryl group containing
an ester or carbonyl group; Y is either O or NH group; D is an organic
chromophore which absorbs the exposed wavelength (100-450 nm) and

represents a substituted or non-substituted, benzene ring, condensed
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R5 represents a substituted or non-substituted strai i ic or
branehed al kyl group, or an alkyl or aryl group contﬁmlﬁmnmiﬁmgﬂwr
carbonyl group; Y is either O or NH group; D is an ‘organs C ichimo e

whi ch absorbs the exposed wavel ength (100-450 nm and represents a

substituted or non-sybstitute bepzene ring, condensed .42 rin r

het erocycl i c FARY ?EnﬁﬁFQ£qﬁ¥EgF§ 5+nQH¥%Eﬁh%§ﬁe ?ﬁ%!%ﬁelﬁfﬁﬁB;agnglﬁ¥%ﬁﬂFn
are any Numbeps g #akeim LiAth dr8MhyPnbfbdlly qBUREE thh!¢'dha® 9s dhy Aumber
conposition for an anti-rerlective coating or a |i1ght absorbing coating
conprising a patya@ind@ving at |east one recurring unit represented by

following general fornmula Il or general forrmula IV, a cross-linking agent
and a thermal acid-generator: Ceneral formula Il R Co [err] R represents a

hydr ogen atomer an Sl Lo R[], ApLesents 20, 8L 20, CL0UBL o
I | kyl .sbsti ( I : : X
cyel ool kot sne Seoiy SnIRhEns BEUODatICEL) LU e0 RERLRoesRe ol

atom or a substplei&ttdd by Fr13ueRshE geheda PRML1AITIOY 6} idaneghl igHiiulahew hed
or branched al kyl group; i s an organi c chronophore which absorbs the

exposed wavel angtb$d-00-ndS0gnpgemtd arsbeetbarmala aildsgenaratonr non-

substituted, benzene ring, condensed ring or heterocyclic ring 43
General formula III

b

CO

OR;NHCX—YD

General formula IV

wherein
R represents a hydrogen atom or an alkyl group; R, represents an
alkylene group, a substituted alkylene group, a cycloalkylene
group, a substituted cycloalkylene group, a phenylene group or
a substituted phenylene group; X is either- O or S; Y is either
O or NR, group, in which Ry is a hydrogen atom or a substituted
or non-substituted phenyl or cyclic, straight-chained or branched
alkyl group; D is an organic chromophore which absorbs the exposed
wavelength (100-450nm) and represents a substituted or non-

substituted, benzene ring, condensed ring or heterocyclic ring
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bound .directly or through an al kyl ene group. 9. Aco?posifion
foramanti-reflective coatingora |ight absorbing coati any
one of clainms 1 to 8, wherein an organic chrormphorb”lnmﬂﬂu)mu"m?ﬂm

from phenyl, substituted phenyl, benzyl, substituted Benfylt thﬁhaﬁene
substi tut ed napt hal ene, anthracene substltuted ant hr acene,

ant hr aqui none,  keund idirestl¥nen rthigusbnan alkyl@ang @EOUP- subst it ut ed

acri di ne, azobenzene, substituted azobenzene, fluorine, substituted
fluorinme, fluorinone, substituted fluorinone, car bazol e, substituted
carbazol e, J\ ap louhBBE PEZAH Eor an 4HitACReel 8EBive coatlngsb'P%tIJId-Hteébsorblng
di benzof ur an, phenantﬁrene substituted phenant hrene, pyrene and

substituted pyoatdng acediding ke smpsdne ofi clwinzeilngoad, Iv&m‘emnangmgmlc

selected fromal kyl, aryl, hal ogen atom al koxy, nitro, aldehz cyano,
am de, dial k;ﬂlmm@horsm?r Gh&FoNP, seleghate fremr Bsyli-c salboisgi é‘é?%d?@ﬁm’ér

201G ot MDA e SHLPILE 5, So 1o SRR e,
wherein R repr, ‘?Ft%'}taéeﬁe hy%ﬁgm‘?{‘t&’éﬁ‘y@{t%&h@" a%ﬁk‘Q fr{ef,] £ GRSty

an al kyl ene group, a substitute ene group, a cyc ene group, a
substituted cymthahlgiatee Jr O8dridind)enydudize iguded oacmanbs,t | tazssbnzene,
phenyl ene group; R2 represents an optionally 44 substituted, vinyl

gr oup- contaJruau?5¢h§nyedgro@@pbenaqngpr] 6luoxzy@R[erﬁprtmtuhe@rnF{luqqlme,
represents an

kyl, group whjch, co I ns, a doubl e bond, or oxy gr
represents a u@&é‘ﬁ‘ga?om Hbﬁ%’ﬂbteéf u%luo(fﬁ.mone, carbazo g Sl.%ostlﬂuted

carbazole, N-alkylcarbazole, dibenzofuran, substituted

dibenzofuran, phenanthrene, substituted phenanthrene, pyrene and
substituted pyrene, in which the substitutions being at least one
group selected from alkyl, aryl, halogen atom, alkoxy, nitro,
aldehyde, c¢yano, amide, dialkylamino, sulfonamide, imide,
carboxylic acid, carboxylic acid ester, sulfonic acid, sulfonic acid

ester, alkylamino and arylamino.

10. A polymer represented by general formula I:

ORNHCX—YD
wherein
R represents a hydrogen atom or an alkyl group; R, represents an
alkylene group, a substituted alkylene group, a cycloalkylene
group, a substituted cycloalkylene group, a phenylene group or

a substituted phenylene group; R, represents an optionally
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acet at:e group, -COOH, -CONH2, a substituted or n¢ ' nyl
group, -COOR[err] or -OR[err], in which Rerr] remﬂﬂnmw,”ﬂ%mﬁmtut ed or
non- substituted straight-chained, cyclic or branched alky +7or an

al Kyl or aryl group containing an ester or carbonyl group; X is either 0 or

S; Yis either O _gr NRlern] grodp...in whichs | n _akom or
substituted or o -sst::u%[s‘l'? F@Utvg'én?’gh%xf\%}{b \oMr%ggléKFﬁcd Egﬁiygﬁggﬁha?ﬁ\égﬁr oerbR“
branched al kyl GfPWRicR, repReQEHESan &h{ﬂn%m fhiéh ecbnabses bsdilslexonged
wavel ength (100-450 nm and represents a substituted or non-substituted,
benzene ring, cowepeay groupoR,eperesentsia halngeh Ao, diér egang guouphr amgh
an al kyl ene group; and mand n are anFy: nunbers greater than 0 aﬁ:\]’gﬁ 0.is any
nunber i ncl udi n@eatide grouRy EiQAter —FEWHa s @nt WS usAe PRI RIS LFHteR
R R [err] erein Rre nts ashydrogen.ato \ :
represents an ogtToWA PO BP0t b, Cirmr GERioRe bR b S tihees”
-OR4 or - COOR4, 4N yN-GhbEEi £ GRS e gRB-hditled)" @YB1IWI 6 HiashchedOHRke1
bond or an epoxy group; R3 represents a hal ogen atom a cyano group, an
acetate group, -d¥dg, of£@HAlkgl sabatiyl Wretipocomtainingsan tested @heaybonyl
group, -COOR[err]or -ORerr], in which Rg{er.r] represents_a substituted 45
or non-subst i t ut@EEPURrr ¥ §BteidhErnedor SiclYi ésoriiemenen MRk grovRody whkch

al kyl or aryl group conptainin n_ester _or_carhonyl qroup: renre

oL o TV SPuP, CORLAROLN0 teSL el s CRLML R LB SR R

substituted or non-SRASY, t Ykedi PREIHaPledCBe! bfandidAMKy1Caba8YH B is an

branched al kyl group; D is an ofganic chronophore which absorbs the exposed

wavel engt h ( 100-chafani)kc ¢ibmophore which absorbs the exposed wavelength (100-450
nm) and represents a substituted or non-substituted, benzene ring,
condensed ring or heterocyclic ring bound directly or through an

alkylene group; and m and n are any numbers greater than 0 and

0 is any number including zero.

11. A polymer represented by general formula II:

R R R
____/6\ A r A o
' Co Ry Ry
YD

wherein
R represeﬁts a hydrogen atom or an alkyl group; R, represents an
optionally substituted, vinyl group—containing phenyl group, -OR,
or -COOR,, in which R, represents an alkyl group which has a double
bond or an epoxy group; R, represents a halogen atom, a cyano group,
an acetate group, —-COOH, -CONH,, a substituted or non-substituted

phenyl group, -COOR; or -OR,, in which R, represents a substituted
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represents a substituted or non-substitfjt ' | n condensed ring
or heterocyclic ring bound directly or tdﬂ“ﬂﬁﬂﬂ@ﬁﬂj"ﬂi{e group; and m and
n are any nunbers greater than 0 and o is*any n udi ng zero. 12. A
met hod for preparing a conposition for an anti-reflective coating or a

| i ght absorbing coating conprising that the polymers represented by the
general formul a9r AencEabatTotadi stragehtrehaingidmycyclic ior Qranehed atkyls

di ssolved in at | east e .solvents. 13. A nethod.for form.ng_an
anti-reflective (?gﬁ-)l’nép‘o?ﬁéyfio&tar gsSFBP%gcé%ﬁq?‘gagc%pﬁ%rn%rsF@ﬁ?of)‘y]?
filtering the coRey;t ¥oaedrakenls adiithered |ZChRY ! AOWRL I R iz@?ﬂr t
absor bi ng coati ng produceg bget hsé nmet hod des?r% gg&lgn J'cI aim 15{,6 i esents
necessary; coatianchydigenmaten, i an substiausedsor ahen-aidtidkied phengbaded

substrate at 50 to 250 [err]C. 14. An_anti-reflective coating or a |ight
absor bi ng “coat i Y FdcmerFiaiohkacheinptionbsenchedial kv papwp B, Ian argephed

for manufacturin eqgra Ci,rcuit I ch cont al t eps appl ving.a
positive- or neg(%}ri%\llc ?-% h ?E iwtrlinggBhaot{s&rgg ies%ne %ﬁ%%eél ‘gége:lr%llgt%?’v ﬁioo ‘%{atrl’révﬁgﬁiet
ray of at |east yug-asavekengt fuddtilthRedd or AGGRRLiRBOM, | BEARRAS 43R8M
on the anti-reflective coating or a |ight absorbing coating described in
claim 14; exposicundensesubiig erchetmabegchit rinkebound dieétely bretimomighngnor
| i ght absorbing coating and the photoresist; devel opi ng the exposed

phot or esi st: an®ik¥edLcgFrPvRy tand mMnapnd DRYE BRY¥ Rykansagrepler fhasy Ohapd

etching to formoarisl rgn%gglat grci'i{c(i.lljfdtingl gg]?on.t. 47

12. A method for preparing a composition for an anti-refle_ctive
coating or a light absorbing coating comprising that the polymers
represented by the general formula I in claim 10 and/or genéral

formula II in claim 11 are/is dissolved in at least one of solvents.

13. A method for forming an anti-reflective cbating or a light
absorbir;g coating comprising steps of: filtering the composition
for an anti~-reflective coating or a light absorbing coating produced
by the method described in claim 12, if necessary; coating the
composition onto a substfate; and baking the coated substrate at

50 to 250 °c.

14. An anti-reflective coating or a light absorbing coating formed

by the method described in claim 13.
15. A method for manufacturing a integrated circuit which contains

steps of: applying a positive- or negative-working photoresist which

is sensitive to ultraviolet ray of at least one wavelength in the
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range of about 100nm to 450nm on the anti-reflective coating or a

light absorbing coating describéd_in claim 14; exposing the substrate
coated with the anti-reflective coating or light absorbing coating
and the photoresist; developing the exposed photoresist: and
transferring the image onto the substrate by dry or wet etching to

form an integrated circuit element.
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