ANTI REFLECTI VE CQOATI NG COMPQOSI TI ON AND PROCESS THEREOF The present
invention relates to an absorbing hard mask antirefl ective coating
conposi t iwo 200mpPri4si ng a pol yner, where the pol yner compciraBmi1o/mo3zise
backbone of the polyner at |east one phenyl unit and at |east one
substituted or unsubstituted aromatic fused ring, and a process for formng
an image using the antirefl ective coating conposition. The process is
especially useful for inmaging ' photoresists using radiation in the deep
and extreme ultraviolet (uv) region. Phot oresi st conpositions are
used in mcrolithography processes for making mniaturized electronic
conponents such as in the fabrication of conputer chips and int ngrat ed
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phot oresi st conposition is first applied to a substrate material, such as
silicon based wafers used for making integrated circuits. The coated
substrate is n . e nt ot §:
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| ayers and underl ayers are being used in new |l ithographic techniques. In
cases whdadiafiga ‘H}%Péﬁ calpa tled Jesthrorss r‘gv"rqpi\‘/'sé'ﬁf‘ﬁdc He‘(ﬁl ySYstems' to
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act as a hard nmask and are highly etch resistant during substrate etching

are preferred, ; I i hhi iHpLo a

| ayer beneath A’Etﬁgﬂgﬁ %H??‘SE@%?@??QQ %yeﬁqé%f§%ﬁgﬁfwbg%§9 Kedr?éhi gh

car bon carsednto diminisbfproblenmathiat reaulk floay back getierdion dfelighitfromghly| i con
antireflective layer, which is used to inprove the |ithographic performance
of the inmaging process. The silicon |layer may be spin coatable or deposited
by chem cal vapor deposition. Silicon_is highly etch resistant in processes
where 02 etching is used, and by provﬂding a organi c mask layer with high
carbon content beneath the silicon antireflective layer, a very large
aspect ratio can be obtained. Thus, the organic high carbon mask | ayer can
be nmuch thicker than the photoresist or silicon |ayer above it. The organic
mask | ayer can be used as a thicker filmand can provide better substrate
etch masking that the original photoresist. The present invention
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Sunmmary of the Invention The invention relates to an antireflective coating
conposition conprising a crosslinker and a crosslinkabl e pol yner capabl e of
bei ng cr osel2zonkeceaby t he crosslinker, where the crossli rkahBmipoeisgreer
conprises a unit represented by structure (1): where Ais a fused aromatic
ring and B has a structure (2), (2) where R1L is Cl-C4alkyl and R2 is

Cr at al kyl The invention further relates to a process for formng an

i mage using the conposition. Brief Description of Drawings Figure 1
illustrates a process of imaging. Detail ed Description of the Invention

reflective substrates. Two major disadvantages of back reflectivity are thin film
interference effects and reflective notching. Thin film interference, or standing
waves, result in changes in critical line width dimensions caused by variations in
the total light intensity in the photoresist film as the thickness of the photoresist
changes or interference of reflected and incident exposure radiation can cause
standing wave effects that distort the uniformity of the radiation through the
thickness. Reflective notching becomes severe as the photoresist is patterned
over reflective substrates containing topographical features, which scatter light
through the photoresist film, leading to line width variations, and in the extreme
case, forming regions with complete photoresist loss. An antireflective coating
coated beneath a photoresist and above a reflective substrate provides
significant improvement in lithographic performance of the photoresist. Typically,
the bottom antireflective coating is applied on the substrate and then a layer of
photoresist is applied on top of the antireflective coating. The antireflective
coating is cured to prevent intermixing between the antireflective coating and the
photoresist. The photoresist is exposed imagewise and developed. The
antireflective coating in the exposed area is then typically dry etched using
various etching gases, and the photoresist pattern is thus transferred to the
substrate. Multiple antireflective layers and underlayers are being used in new
lithographic techniques. In cases where the photoresist does not provide
sufficient dry etch resistance, underlayers or antireflective coatings for the
photoresist that act as a hard mask and are highly etch resistant during substrate
etching are preferred, and one approach has been to incorporate 'silicon into a
layer beneath the organic photoresist layer. Additionally, another high carbon
content antireflective or mask layer.is added beneath the silicon antireflective
layer, which is used to improve the lithographic performance of the imaging
process. The silicon layer may be spin coatable or deposited by chemical vapor
deposition. Silicon is highly etch resistant in processes where O; etching is used,
and by providing a organic mask layer with high carbon content beneath the

silicon antirefiective layer, a very large aspect ratio can be obtained. Thus, the



The present invention relates to an absorbing antireflective coating
conposition conprising a crosslinker and a crosslinkabl e pol yner capabl e of
bei ng crosel2zonkecesani t h t he crosslinker, where the pol ymecTaprmpo/heses at

| east one unit with a phenyl group in the backbone of the polyner and at

| east one fused aromatic unit in the backbone of the polynmer. The invention
also relates to a process for inmaging a photoresist |ayer coated above the
novel antireflective coating |ayer. The novel antireflective
conposition of the present invention conprises a novel polynmer wth high
carbon content which is capable of crosslinking, such that the coating,
formed fromthe conpaosition after crosslin
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conpound capabl crosslinking with ol ymer. The conposition may
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pol ymer may be represented by structure 1, where is a fused aromatic

ri ng noi eogting tayereuchassa siicomastiefpctivg qgatmg The h|gh carbon content in
the novel antireflective coating, also known as a carbon hard mask underlayer,

allows for a high resolution image transfer with high aspect ratio. The novel
composition is useful for imaging photoresists, and also for etching the substrate.
The novel composition enables a good image transfer from the photoresist to the
substrate, and also reduces reflections and enhances pattern transfer.
Additionally, substantially no intermixing is present between the antireflective
coating and the film coated above it. The antireflective coating also has good
solution stability and forms films with good coating quality, the latter being

particularly advantageous for lithography.

Summary of the Invention

The invention relates to an antireflective coating composition comprising a
crosslinker and a crosslinkable polymer capable of being crosslinked by the
crosslinker, where the crosslinkable polymer comprises a unit represented by
structure (1):

+A—B—1
(1)

where A is a fused aromatic ring and B has a structure (2),



where R1 is Cratalkyl and Fi2 is Cratal kyl. The fused aromatic noiety
conprises 2 or nore aromatic units fused together. The fused aronmatic

noi ety mayoomprirse 2-8 aromatic rings or 2-6 aromati C IPCHGB2020/00333
aromatic rings or 3- 4 aromatic.rings. The fused aromatic ring nmay conprise
3 aromatic rings. The fused aromatic ring may be anthracyl . The novel
pol ymer may be obtai ned by a condensation reaction of a nonomer conprising
a phenyl noiety and a nononer conprising a fused aromatic group, in the
presence of an acid catalyst. The fused aromatic noiety in the pol yner
conprises fused aromatic rings, which are substituted or unsubstituted. The
fused aromatic rings of the polyner can conprise 2 to 8 nenbered aromatic
rings. Exanples of the fused aromatic noiety are the foll owi ng structures
3-14. R, R,

2

where Ry is C4-Cyalkyl and R; is C4-Caalkyl

The invention further relates to a process for forming an image using the

composition.

Brief Description of Drawings

Figure 1 illustrates a process of imaging.

Detailed Description of the Invention

The present invention relates to an absorbing antireflective coating
composition comprising a crosslinker and a crosslinkable polymer capable of
being crosslinked with the crosslinker, where the polymer comprises at least one
unit with a phenyl group in the backbone of the polymer and at least one fused
aromatic unit in the backbone of the polymer. The invention also relates to a
process for imaging a photoresist layer coated above the novel antireflective
coating layer.

The novel antireflective composition of the present invention comprises a
novel polymer with high carbon content which is capable of crbsslinking, such
that the coating, formed from the composition after crosslinking, becomes
insoluble in the solvent of the material coated above it. The novel coating
composition is capable of self-crosslinking or may additionally comprise a
crosslinking compound capable of crosslinking with the polymer. The
‘composition may additionally comprise other additives, such as organic acids,

esters, thermal acid generators, photoacid generators, surfactants, other high



(6)(7)(8)(9) 10111213 14 Although the unit may be as shown in structures
3-14, the fused rings may formthe backbone of the polynmer at any site in

t he aromawpeosta7ontiur e and the attachnent sites may var pCRIBII16V04303%3

pol ynmer. The fused ring structure can have nore than 2 points of attachnent
formng a branched oligoner or branched polyner. In one enbodi nrent of the
polyner, the fused aromatic unit is connected to another aromatic carbon
noi ety or another fused aromatic unit. Blocks of fused aromatic units may
be fornmed and the bl ocks be separated by a saturated aliphatic carbon unit,
such as net hyl ene. The fused aromatic rings of the polyner may be
unsubstituted or substituted wfth one Qr nore or%?no constl nts such as

al kyl, s@BRanerdenty Yers g heseapesitigrupnay com "&?WF’%{WP

hal oal ky|e§|:)eé]¥ i Mose: willHigh caHonoadridnt. TREKEXN c&iH LP&\éh"ts 'B?tthé”novel

am nomnet hy briomonet hyl, ‘and chl oronet hyl group to 4 substituents nmay
be pr es e SOMpPREion e isselvedsn @n arganigresating @ohfent;,@omagslmrd gqomprising
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t hat t hewgolvent(sot remain in the cured coating and thus gl ve a high carbon
content filmuseful during the etching process. The pol yner may
ﬁonpri se nor eThb?riglww dfythe nof/eltdwrufosﬂmh wrmﬂﬁe’scatstéasuohamng aléssnrd bed
erein. In one enbadi nent the ar omat noi.ety is sti In
one. enbodroIBAYC TRt ABBQ leashans Enihunerd bherd Faisiyin K saskpons ohihe

groups. Ipiyaiet TRé be k eiéme@ib lsfHiBlur& 101 ety of A and the phenyl
group of pg is unsu stltutrﬁ%’,1 th{g{? IS subgtltuted only with hydrogen.

In addition to the fused ring unit, the polynmer of the novel antireflective
coating fyuwihgy—Fonprises at |east one unit, B, shown in structure 1 which
conpri ses a phenyl group. The unit B nmay be derived froma nononer
conprising 2(Wnsaturated groups, such as al kyl substituted or unsubstituted
di vi nyl benzene. The pol yner conprise units, - (A- and -(B)-, where Ais
any fused aromatic unit described previously, which may be |inear or

br anched whené #t is taufused aromatzuirgy moidhye dnd Bohashe sieudures(2Qphenyl group which is
connected to A through a saturated carbon, as shown in structure 2.

where R; is Cyi-Csalkyl and R, is Ci-Csalkyl. The fused aromatic moiety
comprises 2 or more aromatic units fused together. The fused aromatic moiety
may comprise 2-8 aromatic rings or 2-6 aromatic rings or 3-5 aromatic rings or 3-
4 aromatic rings. The fused aromatic ring may comprise 3 aromatic rings. The

fused aromatic ring may be anthracyl.

The novel polymer may be obtained by a condensation reaction of a
monomer comprising a phenyl moiety and a monomer comprising a fused
aromatic group, in the presence of an acid catalyst. The fused aromatic moiety in
the polymer comprises fused aromatic rings, which are substituted or

unsubstituted. The fused aromatic rings of the polymer can comprise 2 to 8



Aryl or aromatic groups contain 6 to 24 carbon atons including phenyl,
tolyl, xylyl, naphthyl, anthracyl, biphenyls, bis-phenyls, tris-phenyls and
t he |i ke.wOhese7aa4yl groups may further be substituted wcrhBanyo@s7a he
appropriate substituents e.g. al kyl, al koxy, acyl or aryl groups nentioned
her ei nabove. Simlarly, appropriate polyvalent aryl groups as desired may
be used in this invention. Representative exanples of divalent aryl groups
i ncl ude phenyl enes, xylyl enes, naphthyl enes, bi phenyl enes, and the |iKke.

Al koxy nmeans straight or branched chain al koxy having 1 to 20 carbon atons,
and includes, for exanple, nethoxy, ethoxy, n-propoxy, isopropoxy,

n- but oxy, i sobut ox tert.- but ax ent yl.oxy. hexyl oxy. heptyl oxy, octyl oxy,
nonany!| oi?gﬁm%f‘éean?ﬁ%m@'f: ﬂngﬁegﬁéﬁhﬂ&?ﬁ%}&f fE-Sﬁ‘(fo%? It R}Pg%li,afﬁn ©

2- et hyl ogdipplwing/strd¥tiarels\d-14ans aryl groups with attached substituents. The
substituents may be any such as al kyl, al koxy, acyl, etc. Exanples of

nonoval ent aral kyl having 7 to 24 carbon atons incl ude phenyl net hyl,

phenyl et h inkenyl ne >, or fﬁfa‘i: rh ,,m\! 1,1-, 1,2-, 2,2-,
IO TR0 IR b

substi tut ed™arat’kyl group descri bed g desirabl e val ence may
be used as a (@pl yval ent aral@yl group. Gh one enbodi nent the nove
polymer is free of any aliphatic cyclic or polycyclic groups, such as

cycl ohexyl, adamantyl, norbornyl, etc. In another enbodi nent the novel
polymer is free of any aliphatic cyclic or polycycliexgroups, hydroxy or

al koxy group. In gne enb nt no pokyoer.in the cogposition conprises an
al i phatic pol ycy such as ¢ ey, nornornyl, etc.

The poly r I Cai on nmay, i zed by reacting
a) at lea mat i und dri sing 2 ors ed aromatic rings

capabl e of electrophilic sybstitution ch that the f fed rings formthe
backbone of tﬁg)polyner, fth b) at Ié@gt one aronatﬁ@ unit with two active
sites which can form carbocations, in the presence of an acid catal yst. The
aromati ¢ conmpound may~he sel ected from nmononers that provide the desired

aromatic u T8 3hown above or equival ents, and
e ;

may be furt ' §$‘ i*ns ant hracene, phenant hrene
pyrene, fl udramn WA Y N\ sheny<ene; " ant hracene net hanol
ant hracene neth et e fus M'-ronatic rings provide at |east 2

Sy
reactive sites which are sites_for electrgphilic substitution. The
monomer used t® form thit B id%the novel ol yner conprises a phenyl unit
with two reactive sites which are capable of form ng carbocations in the
presence of acid, and may be sel ected from conmpounds such as divinyl
benzene. Tcti on is catalysed in the presence of a strong acid, such
as a sul f()j. Any sul fonic acid may be used, exanples of which are
triflic amnafl uor obut ane sul fonic acid, bisperfluoroal kylim des,
trisperfl uoroatkyl carbi des, or other strong nonnucl eophilic acids. The
reaction may,  be carried out with or without a solvent. If a solvent is used
t hen any sol Vent capabl e of dissolving the solid conponents nay be used,
especially one which is nonreactive towards strong acids; solvents such as

hl f bi.s(,2- h thyl ,eth it t i de,
and_d ) Jiouer 1 URLRTRSR B¥ pPimit sryBli S e BR sl es ey felnPr ! <
di (et hyl emePagribongliottthi! poipeer i iy epgl iant@ weshatt seubluretdmer the
d|(propyleneglycoL?dlethyI et her, propyl eng %chol_nnnoneth et her acetate
(PGVEA) , afpenypreietes Dawvanonihiethy Poyimes: Thedrsd HRg SHCUSERN AR r eact i on
may be mx&d thg 2 r@ht&%ﬂ' Sttadipeedt ﬁatmt#gns Branéhedidiigbmer (R mahatat e, till

i
t he polyner is e reaction ti may range ffom about 3 hours to
about 24 petymer, Ircone embodisent iobthe potpmentthe tusegyaromagie unitdsrcemaeted0C t o
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novel polymer may be fractionated to obtain a fraction with the desired
nol ecul ar wei ght. The polyner is dissolved in a solvent, for exanple
tetrahydrofuran (THF); a nonsolvent is added to the solution such as an
al kane; and a precipitate is forned and filtered. The process of
fractionation may be carried out at rgomtenperature. The polynmer may be
further purified. Typically the | ow nol ecul ar weight portion is renoved.
Previ ously known techni ques of reacting, isolating and purifying the

pol ymer may be used. The wei ght average nol ecular wei ght of the pol yner
can  range from about 1200 to about 5,000, or about 1300 to about 3,000 or
about 1,500 to about 2, 600.



The refractive indices of the polynmer, n (refractive index) and k
(absorption) can range fromabout 1.3 to about 2.0 for the refractive index
and aboutwO0.20b6/d7ee4about 1.0 for the absorption at the erpwaBzaoess engt h
used, such as 193 nm The carbon content of the polynmer or the conposition
I's determ ned by el enental analysis of the solid conposition. The carbon
content of the conposition or polyner can be neasured after formng a
coating on a substrate and drying the film Perform ng an el enental

anal ysis on the solid coating or dry polyner provides the carbon content as
wei ght % The carbon content of the polymer or conposition after

crosslinking eater tha % a asured b enent aI apal ysi s,
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structural umr'hea OWrorhatic th t‘b'feth(el )) e hia eafﬂnﬂsﬁﬁ’stﬁutédaér
previously descri EU%H dﬁtse novel % mposi t |y§?? of pr esent
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am nopl ast ‘crosslinkers, glyco s etc. HO
film useful during the etching process.

The polymer may comprise more than one type of the fused aromatic
structures described herein. In one embodiment the fused aromatic moiety is
unsubstituted. In one embodiment the fused aromatic moiety is free of hydroxy or
alkoxy groups. In another embodiment the fused aromatic moiety of A and the
phenyl group of B is unsubstituted, that is substituted only with hydrogen.

In addition to the fused ring unit, the polymer of the novel antireflective
coating further comprises at least one unit, B, shown in structure 1 which
comprises a phenyl group. The unit B may be derived from a monomer
comprising 2 unsaturated groups, such as alkyl substituted or unsubstituted
divinyl benzene. The polymer comprise units, - (A)- and -(B)-, where A is any
fused aromatic unit described previously, which may be linear or branched,
substituted or unsubstituted and where B is phenyl group which is connected to A

through a saturated carbon, as shown in structure 2.

Aryl or aromatic groups contain 6 to 24 carbon atoms including phenyl,
tolyl, xylyl, naphthyl, anthracyl, biphenyls, bis-phenyls, tris-phenyls and the like.
These aryl groups may further be substituted with any of the appropriate
substituents e.g. alkyl, alkoxy, acyl or aryl groups mentioned hereinabove.



/0 H3C CH3 o/ OH 0O\ CH3 16 The novel conposition conprising the
pol ymer may al so conprise an acid generator, and optionally a crosslinker.
The aci d weneriatrer4ican be a thermal aci d generator capalpce/nBioigerssrati ng a
strong acid upon heating. The thernmal acid generator (TAG used in the
present invention nmay be any one or nore that upon heating generates an
acid which can react with the polyner and propagate crosslinking of the
pol ymer present in the invention, particularly preferred is a strong acid
such as a sulfonic acid. Preferably, the thermal acid generator is
activated at above 90C and nore preferably at above 120C, and even nore

pr ef erable%/l at above 150C. E[X)ﬁYﬂr]gl es of thermal .acid generators ar
met al malarly, cAPRIRPEALE: RO Mobvh WAYRS: B¢ sdesiigdh be  uged @uﬁ?‘%nl um
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non- nucl eo Ic acid % I 1 odoni um diaryliodoni umsalt's of strong
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aci ds. AI'soO, cov | d-generators "are aﬁso envi sa ée)rﬁ as useful
addi ti vesnéthoxy,nsstiaxye ﬁ-propcbxyobmp;dpo&yl em-buteixyal isgbutoky, artghmmtd)qm c acids
and other esters of s Ifonlc ?(ild whi gq t her mal er econpose give free
sul f oni c Ps&t , feptyloxy, — octyloxy,  nonanyloxy, ecanyloxy,

methylhexyloxy, 2-propy|hepty|oxy, and 2-ethyloctyloxy. Aralkyl means aryl

groups with attached substituents. The substituents may be any such as alkyl,

alkoxy, acyl, etc. Examples of monovalent aralkyl having 7 to 24 carbon atoms

include phenylmethyl, phenylethyl, diphenylmethyl, 1,1- or 1,2-diphenylethyl, 1,1-,

1,2-, 2,2-, or 1,3-diphenylpropyl, and the like. Appropriate combinations of

substituted aralkyl groups as described herein having desirable valence may be

used as a polyvalent aralkyl group.

In one embodiment the novel polymer is free of any aliphatic cyclic or
polycyciic grouSs, sﬁc'h as cyclohexyl, adamantyl, norbornyl, etc. In another
embodiment the novel polymer is free of any aliphatic cyclic or polycyclic groups,
hydroxy or alkoxy group. In one embodiment no polymer in the composition
comprises an aliphatic polycyclic group, such as cyclohexyl, adamantyl,

nornornyl, etc.

The polymer of the present novel composition may be synthesized by
reacting a) at least one aromatic compound comprising 2 or more fused aromatic
rings capable of electrophilic substitution such that the fused rings form the
backbone of the polymer, with b) at least one aromatic unit with two active sites
which can form carbocations, in the presence of an acid catalyst. The aromatic
compound may be selected from monomers that provide the desired aromatic
unit, more specifically structures shown above or equivalents, and may be further
selected from compounds such as anthracene, phenanthrene, pyrene,

fluoranthene, coronene triphenylene, anthracene methanol, anthracene



di aryl i odoni unper fl uor oal kyl sul f onat es, di aryl i odoni um
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arl yliodoni unbi s(fl uoroal kyl sul fonyl )i m de, di aryl i odoni unguat er nary

ammoni um per fl uor oal kyl sul fonate. Exanples of l|labile esters: 2-nitrobenzyl

tosylate, 2,4-dinitrobenzyl tosylate, 2,6-dinitrobenzyl tosylate,

4-ni trobenzyl tosylate; benzenesul fonates such as

2-trifluoronethyl-6-nitrobenzyl 4- chlorobenzenesul fonate,

2-trifluoronethyl-6- nitrobenzyl 4-nitro benzenesul fonate; phenolic

sul fonate esters such as 4- met hoxy benzeneswlfonate guat.ernary
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further e@osoMabRetePFRaINE! tmoihxermlyméms meddTpglrgamroncmnebaapmgmi ch al so
has carbon cont ent greater than 75 wei ght % or greater t han 80 wei ght% The

second péPyHaboyke3 herrsHto; %@%Q&H"Qurﬁoﬁ‘ﬂdamﬁ regclion RBPerFURLPRY 1ANYsy, A as
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substituted fused aromatic ring wth greater than 2 aromatic rings. The
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hydr OXya'&hHr@(bYéclp@été |s1ibﬁné@larrfa ﬂl&!réd Nile Rftobasdr 6K raaidHdibh @Ay Lﬁé The
second polynmer may be added to the conposition ranging from1l weight%to
20% by wehagied et atHeomotempasaiuyerethe: palymer may be fu er@lrﬁ@ﬁp&wpa& or 1%
to 10% b &m@ nt the
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pol ycyclic groups and the third unit is a hydroxynapht hyl group. In
one enbodi nent the novel conposition conprises the novel polyner, a second
pol ynmer described herein, a crosslinker, a thermal acid generator, optional
surfactant and sol vent(s). The solid conponents of the antireflection
coating conposition are mxed with a golvent or mxtures of solvents that

di ssol ve the solid components of the antireflective coating. Suitable
solvents for the antireflective coating conposition



may include, for exanple, a glycol ether derivative such as ethyl

cel l osol ve, nethyl cell osol ve, propylene glycol nononethyl ether,

di et hyl erwogbyiool24nmononet hyl et her, di et hyl ene gl ycol neocoasiwyb/oessrser,

di propyl ene gl ycol dinethyl ether, propylene glycol n-propyl ether, or

di et hyl ene gl ycol dinethyl ether; a glycol ether ester derivative such as
ethyl cellosolve acetate, nethyl cell osolve acetate, or propylene glycol
nononet hyl ether acetate; carboxylates such as ethyl acetate, n-butyl
acetate and anyl acetate; carboxylates of di-basic acids such as

di et hyl oxyl ate and di et hyl mal onat e; di carboxyl ates of glycols such as

et hyl ene glycqol diacetate and propyl ene gl ycol dj te: an dr ox
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exchange &SRR %Vi @?ngpﬂrﬂnagﬁﬂs’ egthrge{qrc}ﬁagﬁ"ﬁcéfgggg‘g%cgﬁ gggatgg «ytﬁﬁﬂ?o reduce
t he concewigit BO%. Ofn WRkakmbodmneértditeo cafsbic eopteint i ofl &% polymer aftéhe

absor ption paraneter E‘k) of the novel conposition ranges from about 0.05 to
about 1. @rossiiaking ipinithe rapgesBr9p weightfe, about 0.8 at the exposure

wavel ength, as derived fromelli ?sorret ric neasurenents. In one enmbodi nent
t he conpositi dhermelymenohthe peesent pAel composiiondpay haye the rughyat urit 5 at t he

eXPOosur e JayR, f j €k : Ak | ective coating
is also opti mk’@gﬂtsgh‘ﬁmgg&f%ﬁ’ggéf'f‘b?ﬁ“d;ﬂgﬁ{é%Bfgt"(')‘;%@out 2‘633 preferably 1.5
to about 1.8. The n and k val ues can be cal cul ated using an ellipsoneter,
such as the J. A W)m W/ASE VU-32 T" Ellipsoneter. The exact val ues of
t he opti mum ranges o@/ and n are dependent on the exposure wavel ength
used and tHRe e fhf ..w ication. Typically for 193 nmthe preferred range
for k ishbo@—% @ae 0.75, and for 248 nmthe preferred range for k
is about 0.15 aboyt—0. 8. The carbon content of the novel
antireflective coati orrposi tion is greater than 80 wei ght % or greater
than 85 wei ght % as neaslreflPy el enental analysis of the dried fil m made
fromthe conposition. The carbon content of the filmderived fromthe
conposition is maintained at a | evel of 80 weight% or greater than 80

wei ght % even Jhedoveheompositian ofthe tsesant inveatiap semprises thepadwear ardit ed to

t enper at fo . 20, : Jhe i tive
coating (L:H'o E)SI el}%ﬂﬁ}%gggc?a%rggabntrlfg{'hﬁﬂ)é%@g? ﬁ%t% (raosggtlﬂ%r '%%c%ﬁ%%%’g%v\g | known
t o t hose cakiddted ameldotrophile asd chnaalode mriindhe ppesencealfiamgacd, ®©pmagy i ng. The

filmthick of tireflective.coati f t 1 t
about - 4o0aHreaine. T8 FRtepEnes oRAE A bR fs AT o B BTvect | on

oven for gefiilf frEtheRYmEBNEEINING]  HicifoxymetigfipivenyRniandesoten! nislbaiged and

i nduce crosslinking, and thus insolubilizing the antireflective coating to
prevent iGeNEaiRNg| Auitiple \rlesiraphilica §ites.c Al qaPablec 94t Fragsikiing mith der to be
coated a it . - f t j 90C to
bout  2a00mer Polfifipft SHELH Ak, AR 02 ETRRICH 4 Bohine S SPAEY oa
above the coating of the present invention. Typically, an antireflective
coating which has a high resistance tﬁ)oxygen etching, such as one
conprising silicon groups, such as siloxane, functionalized sil oxanes,

si | sesqui oxanes, or other noieties that reduce the rate of etching, etc.,
is used so that the coating can act as a hard nmask for pattern
transference. The silicon coating can be spin coatable or chem cal vapor
deposited. In one enbodi nent the substrate is coated with a first film of
t he novel conposition of the present invention and a second coating of
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Phot oresi sts can be any of the types used in the sem conductor industry,
provi ded the photoactive conpound in the photoresist and the antireflective
coati ng swboan7rall y absorb at the exposure wavel engt h PasaB20ieno3sise

i magi ng process. To date, there are several major deep ultraviolet
(uv) exposure technol ogies that have provided significant advancenent in

m niaturization, and these radiation of 248 nm 193 nm 157 and 13.5 nm
Phot oresi sts for 248 nm have typically been based on substituted

pol yhydroxystyrene and its copol yrners/oniumsalts, such as those descri bed
in US 4,491,628 and US 5, 350,660. On the other hand, photoresists for

exposure at 193 nmand 157 nmrequire non-.aronmatic pol rs since.,aronmatics
are opaq_lﬁTéelﬁ‘f""}emi%tcvvg%@F@ZFgﬁ rFT?} %%‘@,”Qﬂ%,%@ﬁ Eieh bg %Og%lgﬁ@éﬁ Afess 13_os_e

phot or esigghmantiel!didlor, 393 Hlamanesid ariolCapstyfahttionaP HeubiVes bePyiid ni ng
alicyclic hydrocarbons are used for photoresists for exposure bel ow 200 nm

Ali cycl i €omperadsr bisiramethoxymethyhbisphenol n(TMONeBBbI phestregkrearafi\)r easons,
primaril %[nﬁ &ﬁﬁst.té?@slihﬁ&r% ﬁ@b&\hﬁl‘é?bﬁm@&&oﬁ%’éhm&té?tc.hydrOge“ ratios which

i nprove etch 'resistance, they alsb provide transparency at | ow wavel engt hs
and they have relatively high glass transition tenperatures. US 5, 843, 624
di scl oses,pol ynmers for photoggsi st that are obtained by free radical
ponnerizaQ!on of maleic angydride and unsaturated cyclic nononers. Any of
t he known type phot oresi sts may be used, such as those descri bed
in US 6,447,9 723,488, and incorporated herein by reference. Two
basi c cl ask%® rsPt sensitive at 157 nm and based on fluorinated
or oal cohol groups, are known to be substantially

t ranspar ento-a th. One class of 157 nm fl uoroal coho
photoreshéfs is derived fromgpol yners containing groups such as

fl uori nat ed- nor bor nenes, and are honopol yneri zed or copol ynerized with

ot her transparent Wonomers such as tetrafl uoroethyl ene (US 6, 790,587, and
US 6, 849,377) using either netal catalyzed or radical polynerization.

Generally, these materials give higher absorbenci es but have good, pl asma
etch resi st and@ediovet ePrpRsition,cRPAFING the pelymshMay: alse 6P@PHER 8AACH a cl ass

of 157 nraehb@%reahgfap%nm ¥ BRISSIINGS. ﬂ?esséahtg%ﬂemomrpbe BNReMRANESR]
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such as Jebemtq, capahie of Igeoewmting a sirohg@cishepey heating.dF s yharmsl 1agjst adi ene

(US 6, 81 | ' [ . £ [ ' fin, (US
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can of t eSTeRSIRKIRG A dhe » i resendn dhe dnvsafigReRaicary Dreteref B &i st ance
of the figkhgRicy BaEhtasPg SUMBNichacill Prefbrbg RAE AREMnAt adi@ gemdratbr id he
second pol yner type. Photoresists that absorb extrene ultraviolet radiation
(EWV) of atBva@adhairaboxe°Gsamndiimeradprafesatdy @irabone 1 129°qr and Byennoo

coatings can also be used. ] anol npri.nting .and, e-beam | ithograph

Ater o neraBiabin gt fhelt 180°c  ERARBIER!crdhee B, GantiAts AR BHANHE h o sk
The exposulféniliysdie SHNedosiufUsdIsPEGEN as xiirfldlforfiGv BrRMdGAarylBeiEsiims of
exposure wavel ength sources are 248 nm and 193 nm al t hough any source may

be used. ande esigodalyistoniinasi Saltps tafen NG| opRRN-NHCIEAPlRIc0@SId8evel oper
to renov i St . e i ; . ueous
Al kal 16 SRRl B R ool ol g A B et e
(TMAH) . Bramphiempf a aleylamopeniurng 0. Zialkylgonewrdumet r artaalkylamamoniurinum

hydr oxi d T solution.. Th evel oper further, co ise

ourt ont et ibmioiti oSt BF Stina ABS " nlfiéertlc, Beldst TRk Eavalephe
process Ahémial tazidl geréiapsTe rre aiksb @htiehgeX pesutetul additivesTioe instatges2- of
coating and imagi ng photoresists is well known to those skilled in the art

and i s op¥treRereyl eders plealkylerri anyisulignie asids and ethesiesters ol sulfamie a¢id ¢ er ned
substr at gy frié%amE ﬁ%dorﬁé&é&ecbv“ ik e8! SlhkdHic 088idS! Bhathple§ afe 9ases,
in a suitable etch chanber to renove the exposed portions of the . :
antireflective filmor nultiple layers of antireflective coatings, with the
remai ni ng photoresist acting as an etch mask. Various etching gases are
known in the art for etching organic agntireflective coatings, such as those

conprising 02, CF4, CHF& Cl2, HBr, 902, CO, etc. Each of the
docunents referred to above are incorporated herein by reference in its
entirety, for all purposes. The follow ng specific exanples wll provide
detailed illustrations of the nmethods of producing and utilizing

conpositions of the present invention. These exanples are not i ntended,
however, to limt or restrict the scope of the invention in any way and
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Exanpl e 1. 9- Ant hracenenet hanol (52.06 g-0.25 nole), divinylbenzene
(16.39g-0.125 nole), were taken in a 2 Liter four neck round bottom fl ask,
equi pped wot2n11207824ir r er, condenser, Therno watch and ni PCOGBVIGWSEs. 2130
of di (ethyl eneglycol)di nethylether (diglyme), and 60g of cycl opentyl nethyl
ether (CPME) was added and m xed for 10 m nutes under nitrogen. 2.05g of
trifluoronethane sul phonic acid was added and m xed for 10 m nutes. The
flask was heated to 140C and refluxed for three hours. After the reaction,
the flask was cool ed and 500 mMl CPME added. The reaction m xture was
transferred to 5L flask with a bottom outlet valve. 300 nL deionized (D)
wat er was_ added, m xed and allowed to settle to forma seParate wat er

| ayer. TH’@’M‘&W sol uti on veRMuereatkylgutfgnaies.nexane. ThEIBIOAPRIMt e was
filterediymsoedikpstifomhhiatfidend diHr*lﬁﬂ'joHﬁﬂ‘?r t%?s?ﬁ%%%mkﬂéﬁlf%%tﬁﬂbyﬁer

(46.0g) was dissolved in tetrahydro uran (THF g _ e solution was
added t o diarlyiedoriumf hbisdiieoraaltylaulforybinpideat e drryligdaniid.  TaAWAEMEEY pi t at e

of the I . j 1t - d di vacuum
Co give STyt peithblEligfeOtat™ plefots, or 'R ey Dottt vo;

1. 7t7). Theaogydtg me2 4adinirbbemzyt d tdsythte,n 26-elindtndldnzyh alogglate, b vi-nikobgrizybf
Carbon- 92.29% drogen-, 5.91% en-1.8% Exanple 2. .. 7.0 f the

ol yrror Fo AL aENZOHSSoRaESr SR ¢ ot L VIBRCDR DY BB Th M )

2. 809 of cHrfisserZepes@mare, POgnu6ronsdt I\/é-hihobéh%ﬂ Ayhitrd BeRgermssuffoatet at 10%
solution in cycl ohexanone/ PGVEA( 70/ 30) and 89. 5g of

cycl ohex@henelicreliqnate 3@ptaser sughxas. pheny, chmateexybenzengsuifaaate;

formul at ooty " | Wihgichiled " AYADoReyRARIIdBE,  BXEPhSadmaliaiyy 1| ter ed

sol ution anple 2 was spl n-coa silitcon'wafer "at 1500 rpm
The coat ednmarfiem biaélubededic/isulforyllimide] allyl ammeUi@Tt saltsof veganiciacidshe t hi n

coated mat eri al, .was, scraped o mthe waf.er. sur e by a.bl ade,.and

P ament arugh 2R oeEYRE ARG Sitof | GEhPEotRlBhRSAHL K Vot B AEREHE R her
si li con vaihtracens, Aapiithaleabeast drizené rribatives) edifenit Weidamineosaltsxeapl e 2 at
1500 rpm and t he coated_wafer was baked at 400C for 120 seconds. The baked

mat eri al brampleyas ag et AG.dneludipg thoss d'§ﬁ'P§§‘é@"‘ ByS-Pal hige- dAd4O5%8nent al
anal ysi s M5y ped1es, 08 Nee5C5H 551 877P o5 Hérerably (the TG il havéa@hvent iow
Conposi ti on from Exanpl e 2 Carbon

volatility at temperatures between 170-220°C. Examples of TAGs are those sold

by King Industries under Nacure and CDX names. Such TAG’s are Nacure 5225,

and CDX-2168E, which is a dodecylbenzene sulfonic acid amine salt supplied at

25-30% activity in propylene glycol methyl ether from King Industries, Norwalk,

Conn. 06852, USA.

The novel composition may further contain at least one of the known
photoacid generators, examples of which without limitation, are onium salts,
sulfonate compounds, nitrobenzyl esters, triazines, etc. The preferred photoacid
generators are onium salts and sulfonate esters of hydoxyimides, specifically
diphenyl iodonium salts, triphenyl sulfonium salts, dialkyl iodonium salts,
triakylsulfonium salts, and mixtures thereof. These photoacid generators are not

necessarily photolysed but are thermally decomposed to form an acid.

The antireflection coating composition of the present invention may
contain 1 weight% to about 30 weight% of the novel fused aromatic polymer, and
preferably 4 weight% to about 15 weight%, of total solids in the composition. The
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crosslinker, when used in the composition, may be present at about 1 weight% to
about 30 weight% of total solids. The thermal acid generator, may be
incorporated in a range from about 0.1 to about 10 weight % by total solids of the
antireflective coating composition, preferably from 0.3 to 5 weight % by solids,

and more preferably 0.5 to 2.5 weight % by solids.

The novel composition may further comprise a second polymer. The
second polymer can be one which also has carbon content greater than 75
weight%, or greater than 80 weight%. The second polymer may comprise a unit
containing a fused aromatic ring, A, as described herein, a phenyl moiety, B, and
a third unit selected from a substituted fused aromatic ring with gréater than 2
aromatic rings. The third unit may be selected from a fused aromatic substituted
with a hydroxy group. The third unit may be selected from hydroxyanthracyl
moiety, hydroxyphenyl moiety, hydroxynaphthyl moiety, hydroxy pyrenyl moiety,
C1-Cialkoxy anthracyl moiety, C1-C4 alkyl phenyl moiety, C1-C4 alkyl naphthyl
moiety, C4-C,4 alkyl pyrenyl moiety, etc. The third unit may be selected from
hydroxyphenyl, hydroxynaphthyl, hydroxyphenanthryl, hydroxyanthracyl; etc. The
third unit may be hydroxynaphthyl group. The second polymer may be added to
the composition ranging from 1 weight% to 20% by weight of the total polymer
concentration in the composition, or 1% to 10% by weight of the total polymer
concentration. In one embodiment the second polymer is free of any aliphatic
cyclic polycyclic groups. In another embodiment the second polymer is free of
any aliphatic cyclic polycyclic groups and the third unit is a hydroxynaphthyl
group.

In one embodiment the novel composition comprises the novel polymer, a
second polymer described herein, a crosslinker, a thermal acid generator,

optional surfactant and solvent(s).

The solid components of the antireflection coating composition are mixed
with a solvent or mixtures of solvents that dissolve the solid components of the

antireflective coating. Suitable solvents for the antireflective coating composition
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83.41 3.48 13.11 Conparative Exanple 1: Exanple 2 was repeated with

di hydroxynet hyl benzene instead of divinyl benzene. The pol yner obtai ned
gave a 608oyhald7246PC Mv of 1374 and Pd of 1.79, el enenpah/iernabysss by

wei ght: Car bon-90. 60% Hydrogen-5.15, Oxygen-2.53% Conparative Exanple 2:
Exanple 2 was repeated with polyner fromconparative exanple 1. Conparative
Exanpl e 3: Exanple 3 was repeated with material from conparative exanple 2
and the results are shown in Table 2 bel ow

may include, for example, a glycol ether derivative such as ethyl cellosolve,
methyl cellosolve, propylene glycol monomethyl ether, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether, dipropylene glycol dimethyl
ether, propylene glycol n-propyl ether, or diethylene glycol dimethyl ether; a
glycol ether ester derivative such as ethyl cellosolve acetate, methyl cellosolve
acetate, or propylene glycol monomethyl ether acetate; carboxylates such as
ethyl acetate, n-butyl acetate and amyl acetate; carboxylates of di-basic acids
such as diethyloxylate and diethylmalonate; dicarboxylates of glycols such as
ethylene - glycol diacetate and propylene glycol diacetate; and hydroxy
carboxylates such as methyl lactate, ethyl lactate, ethyl glycolate, and ethyl-3-
hydroxy propionate; a ketone ester such as methyl pyruvate or ethyl pyruvate; an
alkoxycarboxylic acid ester such as methyl 3-methoxypropionate, ethyl 3-
ethoxypropionate, ethyl 2-hydroxy-2-methylpropionate, or
methylethoxypropionate; a ketone derivative such as methyl ethyl ketone, acetyl
acetone, cyclopentanone, cyclohexanone or 2-heptanone; a ketone ether
derivative such as diacetone alcohol methyl ether; a "ketohe alcohol derivative
such as acetol or diacetone alcohol; lactones such as butyrolactone; an amide
derivative such as dimethylacetamide or dimethylformamide, anisole, and

mixtures thereof.

The antireflective coating composition may comprise other components to
enhance the performance of the coating, e.g. monomeric dyes, lower alcohols
(C4-Cs alcohols), surface leveling agents, adhesion promoters, antifoaming

agents, etc.

Since the antireflective film is coated on top of the substrate and is also
subjected to dry etching, it is envisioned that the film is of sufficiently low metal
ion level and of sufficient purity that the properties of the semiconductor device
are not adversely affected. Treatments such as passing a solution of the
polymer through an ion exchange column, filtration, and extraction processes can

be used to reduce the concentration of metal ions and to reduce particles.
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Table 2 Sanple from conparative Carbon Hydrogen Oxygen (% exanple 2 (%
(%9 Bake at 230 C for 60 seconds
WO 2011/077241 PCT/IB2010/003373

The absorption parameter (k) of the novel composition ranges from about
0.05 to about 1.0, preferably from about 0.1 to about 0.8 at the exposure
wavelength, as derived from ellipsometric measurements. In one embodiment
the composition has a k value in the range of about 0.2 to about 0.5 at the
exposure wavelength. The refractive index (n) of the antireflective coating is also
optimized and can range from about 1.3 to about 2.0, preferably 1.5 to about 1.8.
The n and k values can be calculated using an ellipsometer, such as the J. A.
Woollam WVASE VU-32 ™ Ellipsometer. The exact values of the optimum
ranges for k and n are dependent on the exposure wavelength used and the type
of application. Typically for 193 nm the preferred range for k is about 0.05 to
about 0.75, and for 248 nm the preferred range for k is about 0.15 to about 0.8.

The carbon content of the novel antireflective coating composition is
greater than 80 weight% or greater than 85 weight% as measured by elemental
analysis of the dried film made from the composition. The carbon content of the
film derived from the composition is maintained at a level of 80 weight% or
greater than 80 weight% even after the film from the novel composition has been

heated to temperatures up to 400°C for up to 120 seconds.

The antireflective coating composition is coated on the substrate using
techniques well known to those skilled in the art, such as dipping, spin coating or
spraying. The film thickness of the antireflective coating ranges from about 15
nm to about 400 nm. The coating is further heated on a hot plate or convection
oven for a sufficient length of time to remove any residual solvent and induce
crosslinking, and thus insolubilizing the antireflective coating to prevent
intermixing between the antireflective coating and the layer to be coated above it.

The preferred range of temperature is from about 90°C to about 280°C.

Other types of antireflective coatings may be coated above the coating of
the present invention. Typically, an antireflective coating which has a high
resistance to oxygen etching, such as one comprising silicon groups, such as

siloxane, functionalized siloxanes, silsesquioxanes, or other moieties that reduce
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91.62 5.55 2.83 Bake at 400C for 120 seconds 78.33 3.17 18.5 The
conparative conposition 2 gave | ower carbon content after heating to 400 C
as conparwd 2o/a7h1conposi ti on of Exanple 2, where hi ghecTanzdbem3smnt ent
after baking is desirable, especially greater than 80 wei ght% Conparative
Exanmpl e 4: Exanple 1 was repeated wth di nmethoxynethyl benzene instead of
di vi nyl benzene

the rate of etching, etc., is used so that the coating can act as a hard mask for
pattern transference. The silicon coating can be spin coatable or chemical vapor
deposited. In one embodiment the substrate is coated with a first film of the novel
composition of the present invention and a second coating of another
antireflective coating comprising silicon is coated above the first film. The second
coating can have an absorption (k) value in the range of about 0.05 and 0.5. A
film of photoresist is then coated over the second coating. The imaging process

is exemplified in Figure 1.

A film of photoresist is coated on top of the uppermost antireflective
coating and baked to substantially remove the photoresist solvent. An edge
bead remover may be applied after the coating steps to clean the edges of the

substrate using processes well known in the art.

The substrates over which the antireflective coatings are formed can be
any of those typically used in the semiconductor industry. Suitable substrates
include, without limitation, low dielectric constant materials, silicon, silicon
substrate coated with a metal surface, copper coated silicon wafer, copper,
aluminum, polymeric resins, silicon dioxide, metals, doped silicon dioxide, silicon
nitride, tantalum, polysilicon, ceramics, aluminum/copper mixtures; gallium
arsenide and other such Group IlI/V compounds. The substrate may comprise

any number of layers made from the materials described above.

Photoresists can be any of the types used in the semiconductor industry,
provided the photoactive compound in the photoresist and the antireflective
coating substantially absorb at the exposure wavelength used for the imaging

process.

To date, there are several major deep ultraviolet (uv) exposure
technologies that have provided significant advancement in miniaturization, and
these radiation of 248 nm, 193 nm, 157 and 13.5 nm. Photoresists for 248 nm
have typically been based on substituted polyhydroxystyrene and its
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The pol yner obtai ned gave Mv of 1374, Pd of 1.79. The polynmer from

el enental anal ysis had Carbon-90.60% Hydrogen-5.15% and Oxygen-4. 25% by
wei ght. Geopariatzizme Exanpl e 5 The conparative exanpl e PcraB2me@pesatied with
pol ymer from conparative exanple 4 Conparative Exanple 6: Conparative
exanple 3 was repeated with solution fromconparative exanple 5 and the
results are shown belowin Table 3. Table 3 Sanple from conparative

exanple 5 C (% H (%W 0 (%

copolymers/onium salts, such as those described in US 4,491,628 and US
5,350,660. On the other hand, photoresists for exposure at 193 nm and 157 nm
require non-aromatic polymers since aromatics are opaque at this wavelength.
US 5,843,624 and US 6,866,984 disclose photoresists useful for 193 nm
exposure. Generally, polymers containing alicyclic hydrocarbons are used for
photoresists for exposure below 200 nm. Alicyclic hydrocarbons are
incorporated into the polymer for many reasons, primarily since they have
relatively high carbon to hydrogen ratios which improve etch resistance, they also
provide transparency at low wavelengths and they have relatively high glass
transition temperatures. US 5,843,624 discloses polymers for photoresist that
are obtained by free radical polymerization of maleic anhydride and unsaturated
cyclic monomers. Any of the known types of 193nm photoresists may be used,
such as those described in US 6,447,980 and US 6,723,488, and incorporated
herein Sy reference. Two basic classes of photoresists sensitive at 157 nm, and
based on fluorinated polymers with pendant fluoroalcohol groups, are known to
be substantially transparent at that wavelength. One class of 157 nm
fluoroalcohol photoresists is derived from polymers containing groups such as
fluorinated-norbornenes, and are homopolymerized or copolymerized with other
transparent monomers such as tetrafluoroethylene (US 6,790,587, and US
6,849,377 ) using either metél catalyzed or radical polymerization. Generally,
these materials give higher absorbencies but have good plasma etch resistance
due to their high alicyclic content. More recently, a class of 157 nm fluoroalcohol
polymers was described in which the polymer backbone is derived from the
cyclopolymerization of an asymmetrical diene such as 1,1,2,3,3-pentafluoro-4-
trifluoromethyl-4-hydroxy-1,6-heptadiene (US 6,818,258 ) or copolymerization of
a fluorodiene with an olefin (US 6,916,590). These materials give acceptable
absorbance at 157 nm, but due to their lower alicyclic content as compared to the
fluoro-norbornene polymer, have lower plasma etch resistance. These two
classes of polymers can often be blended to provide a balance between the high
etch resistance of the first polymer type and the high transparency at 157 nm of
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Bake at 230 C for 60 seconds 91.02 5.45 3.53 Bake at 40000 for 120 seconds
77.63 3.27 19.1 The conparative conposition 5 gave | ower carbon content
after heavongiiw72490 C as conpared to the conposition ofPCEABRIN/E3373 Wher e
hi gher carbon content after baking is desirable. Exanple 8.

the second polymer type. Photoresists that absorb extreme ultraviolet radiation
(EUV) of 13.5nm are also useful and are known in the art. The novel coatings

can also be used in nanoimprinting and e-beam lithography.

After the coating process, the photoresist is imagewise exposed with a
mask. The exposure may be done using typical exposure equipment. Examples
of exposure wavelength sources are 248 nm and 193 nm, although any source
may be used. The exposed photoresist is then developed in an aqueous
developer to remove the treated photoresist. The developer is preferably an
aqueous alkaline solution comprising, for example, tetramethyl ammonium
hydroxide (TMAH). Example of a developer is 0.26N aqueous tetramethyl
ammonium hydroxide (TMAH) solution. The developer may further comprise
surfactant(s). An optional heating step can be incorporated into the process prior

to development and after exposure.

The process of coating and imaging photoresists is well known to those
skilled in the art and is optimized for the specific type of photoresist used. The
patterned substrate can then be dry etched with an etching gas or mixture of
gases, in a suitable etch chamber to remove the exposed portions of the
antireflective film or multiple layers of antireflective coatings, with the remaining
photoresist acting as an etch mask. Various etching gases are known in the art
for etching organic antireflective coatings, such as those comprising Oz, CF4,
CHF3, Cl,, HBr, SO, CO, etc.

Each of the documents referred to above are incorporated herein by
reference in its entirety, for all purposes. The following specific examples will
provide detailed illustrations of the methods of producing and utilizing
compositions of the present invention. These examples are not intended,
however, to limit or restrict the scope of the invention in any way and should not
be construed as providing conditions, parameters or values which must be

utilized exclusively in order to practice the present invention.
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n and k Measurenment: The fornulation from Exanple 2 was adjusted to 1.25%
solids by weight with cycl ohexanone and the m xture was allowed to m x
until al Iwoheilweatani al s becone sol ubl e. The honbgeneous PETITRLI1GD03ES
filtered through a 0.2 pmnenbrane filter. This filtered sol ution was
spin-coated on a 4" silicon wafer at 2000 rpm The coated wafer was baked
on hotplate at 230 C for 60 seconds Then, n and k val ues were neasured with
a VASE El | i psoneter manufactured by J. A Wollam Co. Inc. The opti cal
constants, n and k, of the filmfor 193 nmradiation were, n=1.47, k=0.56.
Exanpl e 9. The honbgeneous solution from Exanple 2 was filtered with 0.2 pm
menbrane filter. This filtered solution was spin-coated on a 6" silicon
waf er at EXamRles pm The coated wafer was baked on hotplate at 230C for 60
seconds. After_ baking, the wafer was cooled to roomtenperature and

partial |y subrfBegetiagtveriagex (o) and the:abseption gy valugs AlthRacarben afd  ree.
The sub b regl t ! or
changes 11T P el v BRiig in' (! ERmRlbs oWl IERHRIBIIN 208 Boiced
film no Wobllanh yASESRellipsosreterd i n t he submerged regi on. Exanple 10. The

i sot hermal thernogravanetric analysis, TGA, of the polyner from Exanple 1
was neasur ed Thesoo6lecdlar weigiht of thet polyrersewasiimeaguiedporPa Gel PefnestioTGA 7 and
the result,s showed that the weight |oss of the polynmer was 2.27% thus
show ng t ?mtaﬂclg Vel pol ynmer had very mnimal weight |oss. Exanple 11.

Bl anket etch rates of the antireflective coatings were neasured on a

NE- 5000 N (ULVAC) using both an oxidative (oxygen rich) and a

f1 uor ocarB@MRI€dh etch condition outlined in Table 4. The antireflective
coating films of fornulations, from Exanp (r?)arati ve Exanple 2

le 2 and Co ,
wi t h abo@-Antheagenemethancd £22.08 9 0cbamele) sdipinyibesrsne (16390128 BWl®af er s and
baked at ; ; . L } t fd iN G granms on
= Nanospdet gt a2 er o AL St bl T Ty Vas
anal ysi s cohdehserf i | Thesmel a vatghi ntandns peitrogem wesweeper f or n2tBdpef of e and

hi cknos G BiarehEehduThEss) ERUAFDT AbdBog 2raBsRrRln ol Behor ent o
i s shown (CPME)e weisC laddaticadat mixed Tabl1® miantksTamder titrdden. Coiozar af i ve
exanpl e 2 t? a\égmgth?ain%hseurl hec;[n?ct1 agigtveast g Qe(%ﬁgpr#\i?(eg ’forW%] 0e rrrﬁnlijitels.o é flggigh rate
i s desirdffiye p

was heated to 140°C and refluxed for three hours. After the reaction, the flask

was cooled and 500 ml CPME added. The reaction mixture was transferred to 5L

flask with a bottom outlet valve. 300 mL deionized (DI) water was added, mixed

and allowed to settle to form a separate water layer. The polymer solution was

mixed with 5L hexane. The precipitate was filtered, washed with hexane and

dried under vacuum. The crude polymer (46.0g) was dissolved in tetrahydrofuran

(THF)(400 ml ). The solution was added to 4 liters ‘of hexane and a precipitate

was formed. The precipitate of the polymer was filtered and washed with hexane,

and dried under vacuum to give a yield of 54% yield, GPC Mw of 1898 and

polydispersity (Pd) of 1.77. The polymer as obtained had an elemental analysis

by weight of Carbon- 92.29%, Hydrogen- 5.91%, Oxygen-1.8%

Example 2.
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WO 2011/ 077241PCT/ 1 B2010/ 003373 Table 4: Etch conditions used in the

bl anket etch rate studies Etch condition Oxi dative condition Fluorocarbon
condi t i orwGas11@t20402/ Ar, 24/ 6/ 25 SCCM CF4/ 02/ Ar, 50/ 20/ Pe0/18L0T/HI3BTCES S
Pressure 1. 6Pa

7.0g of the polymer from Example 1, 0.70g of tetramethoxymethyl-bisphenol
(TMOM-BP), 2.80g of dodecylbenzenesulphonic acid with triethyl amine as a salt
at 10% solution in cyclohexanone/PGMEA(70/30) and 89.5g of
cyclohexanone/PGMEA(70/30) were mixed. After complete mixing the

formulation was filtered through a 0.04um filter.

Example 3.

This filtered solution from Example 2 was spin-coated on an 8” silicon wafer at
1500 rpm. The coated wafer was baked on a hotplate at 230°C for 60 seconds.
The thin coated material was scraped out from the wafer surface by a blade and
elemental analysis was done. The results are shown in the Table 1. Another
silicon wafer was spin-coated with the filtered solution from Example 2 at 1500
rom and the coated wafer was baked at 400°C for 120 seconds. The baked
material was scraped out from the wafer surface by a blade and elemental

analysis was done. The results are shown in the Table 1.

Table 1
Composition from Example 2 Carbon Hydrogen | Oxygen (%)
(%) (%)
Bake at 230 °C for 60 seconds 91.52 6.03 2.45
Bake at 400 °C for 120 seconds 83.41 3.48 13.11

Comparative Example 1:

Example 2 was repeated with dihydroxymethyl benzene instead of divinyl
benzene. The polymer obtained gave a 60% yield, GPC Mw of 1374 and Pd of
1.79, elemental analysis by weight: Carbon-90.60%, Hydrogen-5.15, Oxygen-
2.53%.
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5Pa Plate tenperature: 20 C, RF power: 500Ww th 50Wbias. Table 5: Etch
rate using Oxidative condition Formulation Etch rate (nmmn) Exanple 2
264. 00 Cowpanaii7veiExanpl e 2 290. 00 PCT/IB2010/003373

Comparative Example 2:

Example 2 was repeated with polymer from comparative example 1.

Comparative Example 3:

Example 3 was repeated with material from comparative example 2 and the
results are shown in Table 2 below. '

Table 2
Sample from comparative Carbon Hydrogen Oxygen (%)
example 2 (%) (%)
Bake at 230 °C for 60 seconds 91.62 5.55 2.83
Bake at 400 °C for 120 seconds 78.33 3.17 18.5

The comparative composition 2 gave lower carbon content after heating to 400
°C as compared to the composition of Example 2, where higher carbon content
after baking is desirable, especially greater than 80 weight%.

Comparative Example 4:

Example 1 was repeated with dimethoxymethyl benzene instead of

divinylbenzene.

The polymer obtained gave Mw of 1374, Pd of 1.79. The polymer from elemental
analysis had Carbon-90.60%, Hydrogen-5.15%, and Oxygen-4.25% by weight.

Comparative Example 5:

The comparative example 2 was repeated with polymer from comparative

example 4
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Tabl e 6: Etch rate using Fluorocarbon condition Fornulation Etch rate
(nmmn) Exanple 2 169. 00 Conparative Exanple 2 200.00 Exanple 12.
WO 2011/077241 PCT/IB2010/003373

Comparative Example 6: Comparative example 3 was repeated with solution

from comparative example 5 and the results are shown below in Table 3.

Table 3
Sample from comparative C (%) H (%) O (%)
example 5
Bake at 230 °C for 60 seconds 91.02 5.45 3.53
Bake at 400 °C for 120 seconds 77.63 3.27 19.1

The comparative composition 5 gave lower carbon content after heating to 400
°C as compared to the composition of Example 2, where higher carbon content

after baking is desirable.

Example 8.

n and k Meaéurement: The formulation from Example 2 was adjusted to 1.25%
solids by weight with cyclohexanone and the mixture was allowed to mix until all
the materials become soluble. The homogeneous solution was filtered through a
0.2 ym membrane filter. This filtered solution was spin-coated on a 4” silicon
wafer at 2000 rpm. The coated wafer was baked on hotplate at 230 °C for 60
seconds. Then, n and k values were measured with a VASE Ellipsometer
manufactured by J. A. Woollam Co. Inc. The optical constants, n and k, of the

film for 193 nm radiation were, n=1.47, k=0.56.

Example 9.

The homogeneous solution from Example 2 was filtered with 0.2 ym membrane
filter. This filtered solution was spin-coated on a 6” silicon wafer at 1500 rpm.

The coated wafer was baked on hotplate at 230°C for 60 seconds. After baking,
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An 8 inch wafer was coated with the conmposition fromExanple 2 to give a
200 nmfilmthickness at 1500 rpm and baked at 350C for 120 second. A
silicon cwotaimi7myibottom antireflective coating, AZ(r) PEXEBANG0B3IZBH (a
silicon antireflective coating available fromAZ(r) Electronic Materials
USA Corps, Sonerville, NJ) was coated on top of it, to give a 31lnmfilm

t hi ckness and baked at 230C for 60 second. AZ(r) ArF2110P photoresist (a
193 nm phot oresi st available fromAZ(r) Electronic Materials USA Corps,
Somerville, NJ) was then coated on top of the antireflective coatings to
give a 125nmfilmthickness and soft baked at 100C for 60 seconds. The

photoreS| st was exposed . i mgew se usi n% a 193nm exposure to%@ﬁﬁﬁ kon
NSR- 306D rguas epojed Lo foam tempeanaturg g patially; gitbrpergeddn der and t hen

devel opedy é'e&)n%QNTﬁGU&%ﬁ% tQhs %?édme@nfnmumneVgHooéhé%(sTMNé} &p! ution.
The |ine and space patter ns wer e then observed on scanni ng el ectron

m cr oscopegiansl of et wafer weren examineshifordichanggsoin dﬂm5thl¢lmesw Dweatol: 2 pitch
was anal h S h t Qse t The
phot or es?&f?(d’nv g?s% ﬁﬁ@ﬁg 6f003 ng@eﬁﬂﬂp;@f :ﬂﬁé Ib¥% hv)’ansg Lélg?’gﬁgﬂ‘éﬁ%cum at

t he botttsubnfergétﬁrqgjmtorem st pattern. The photoresist pattern had no

st andi ng waves showing mninmal reflectivity fromthe substrate into the
pattern. The photoresist pattern can be transferred to the substrate using
the et ch p@nfhlé Hgns descri bed previously or other optinum conditions. The
pattern specinmen 1s etched using CF4 gas, and thereafter 02 is used to

remove altheli§oRerhAThNSSHhFarfiBie dndlysis, T@Udfﬂﬂaéél?ﬁ\bf' fbf Exarfipiened wi th
CF4 gas. The cross section of the pattern is observed ?/ scanni ng el ectron

m cr oscomas(rseaguredah AR EC i . 120-minutasaddes airtusinoPetkireBngg- T1GAJ and e) and
di vi nyl b‘?ﬂéﬁ&%lt@sﬁo@gg%&%ﬁ Wé @t 106S Gt ﬁ%g;? g‘x& %ﬁg dhdepr %I’fu%‘érho round

bottom flas equi con erno wa trogen

sweep. 50Rat thé ndvélqidiwherrim;i wpln)ldummitv\be]g’gtutldmsr.(Dl GLYME) and 150g of
cycl opentyl nethyl ether were added and m xed for 10 m nutes under

nitrogen. 6.5 g of trifluoronethane sul phonic acid was added and m xed for
10 m nut xampie 1] ask was heated to 140C and refluxed for three hours.
After thé reaction, the flask was cooled and 500 mi CPME was added. 400 ni

dei oni zeg)4ifler eteH @ﬂegﬂ@ﬁtr@d&ﬂﬁeﬂé&me@oambsa%@/magarea%ﬁ heve-g0boNN a

separate water layer. The water |ayer was renmpved. The pol ymer sol ution was

m xed wi t(HLE!E«Cr)fusrmM arhexigative dexygea tigh) anﬁt@ﬂ%@romﬂcmaw hexane
Fet r anyarSangh offkH T TEBte £ IHERR TRl chadR bR pbRRANER. My o ow y
with sti rEmarrg)Iarﬂzl aadpCemppratize eExanpleo? maith dbeut 250 inm ttlatt:lsnemswbré t ered
o veshedid TeRSATNT of 1, Bi65 MBS KRS SIS Y SRS S
Exanpl e J4dividkanmie thiokkess epeas@thgVgrbglaits i YariNaridspet es@(omllss"ig?

Cauchy’s material-dependent constants derived by VASE analysis of the films

and a 5 point inspection were performed before and after a 20 second etch. Etch

rates were then calculated by taking the film thickness difference divided by etch

times. The etch rate masking potential is shown in the etch rate data in Table 5

and Table 6. The Comparative example 2 gave a higher etch rate than Example

2, where a lower etch rate is desirable.
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Exanpl e 15. Exanple 3 was repeated with the conposition fromexanple 14
and the results are shown in Table 8. Table 8 Conposition fromexanple 14
Car bon Hywoagem7@eygen (%9 (0k) (0k) PCT/IB2010/003373

Table 4: Etch conditions used in the blanket etch rate studies

Etch condition Oxidative condition Fluorocarbon condition
Gas Clo/Oo/Ar, 24/6/25 SCCM CF4/O/Ar, 50/20/150 SCCM
Process Pressure 1.6Pa 5Pa

Plate temperature: 20 °C; RF power: 500 W with 50 W bias.

Table 5: Etch rate using Oxidative condition

Etch rate
Formulation (nm/min)
Example 2 264.00
Comparative
Example 2 290.00

Table 6: Etch rate using Fluorocarbon condition

Etch rate
Formulation (nm/min)
Example 2 169.00
Comparative
Example 2 200.00

Example 12.

An 8 inch wafer was coated with the composition from Example 2 to give a 200
nm film thickness at 1500 rpm, and baked at 350°C for 120 second. A silicon
containing bottom antireflective coating, AZ® EXP ArF S24H (a silicon
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Bake at 230 C for 60 seconds 92.33 5.77 1.9 Bake at 400C for 120 seconds
83.78 3.48 12.74 Exanple 16. 9- Ant hr acenenet hanol (26 g-0.125 nol e),

di vi nyl bewpensa/7168125 g-0. 125 nol e), and 1-naphthol (18prgr/1B201@B033Td €) were
added to a 2 Liter four neck round bottom fl ask, equipped with stirrer,
condenser, Therno watch and nitrogen sweep. 210g of diglyne and 60g of

cycl opentyl nethyl ether were added, m xed for 10 m nutes under nitrogen.
1.81g of trifluoronethane sul phonic acid was

antireflective coating available from AZ® Electronic Materials USA Corps,
Somerville, NJ) was coated on top of it, to give a 31nm film thickness and baked
at 230°C for 60 second. AZ® ArF2110P photoresist (a 193 nm photoresist
available from AZ® Electronic Materials USA Corps, Somerville, ‘NJ) was then
coated on top of the antireflective coatings to give a 1é5nm film thickness and
soft baked at 100°C for 60 seconds. The photoresist was exposed imagewise
using a 193nm exposure tool (Nikon NSR-306D: NA=0.85, Dipole 0.82/0.43),
baked at 110°C for 60 seconds and then developed in 0.26N aqueous
tetramethyl ammonium hydroxide (TMAH) solution. The line and space patterns
were then observed on a scanning electron microscope and a pattern with critical
dimension of 50 nm, with a 1:2 pitch was analyzed. The photoresist had a
photosensitivity of 48.0 mJ/cm®. The photoresist pattern had a good pattern
profile with no footing or scum at the bottom of the photoresist pattern. The
photoresist pattern had no standing waves showing minimal reflectivity from the
substrate into the pattern. The photoresist pattern can be transferred to the
substrate using the etch conditions described previously or other optimum
conditions. The pattern specimen is etched using CF4 gas, and thereafter O, is
used to remove all remaining organic materials. Then the substrate is etched with
CF, gas. The cross section of the pattern is observed by scanning electron
microscope (SEM).

Example 13.
9-Anthracenemethanol (166.6g~0.80 mole) and divinylbenzene (16.3g~0.1'25

mdle) were added to a 2 Liter four neck round bottom flask, equipped with stirrer,
condenser, Thermo watch and nitrogen sweep. 5009 of
di(ethyleneglycol)dimethylether(DIGLYME) and 150g of cyclopentyl methyl ether
were added and mixed for 10 minutes under nitrogen. 6.5 g of trifluoromethane
sulphonic acid was added and mixed for 10 minutes. The flask was heated to

140°C and refluxed for three hours. After the reaction, the flask was cooled and
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added and m xed for 10 m nutes. The flask was heated to 140C and refl uxed
for three hours. After the reaction, the flask was cooled to about 80 C and
500 mM CRvVB22andh71243g triethyl am ne were added. The rea®CiraB20my/md3a7E was
transferred to a 5L flask with bottomoutlet valve. 300 nL DI water was
added, m xed and allowed to settle, and a separate water |ayer was forned.
The pol yner solution was added to 3L of hexane. The pol yner precipitate was
filtered, washed with hexane and dried under vacuum The pol yner (70.0g)
was dissolved in THF(200 m ). The solution was added to 3.0 |liters of
t-butyl methyl ether and a precipitate was fornmed. The precipitate was

T S LT i R B T 15
Hy dr ogen-gjipwda %o Qette s forfPa separiie Wak?r Iageﬁﬁg\eosfvaieh%)ferraﬁéé finfdvd. pol yner

from Exan_*rple 13 was added to a bottle, 1. pol yner from exanple 16
was added! heopalygensotuionmae mixed Avithedl, ofzh@@eofﬂmsmcmlta@wgélltateidon in

| oh P Rfadsd I 3M
Corpany. g e fehahe SigBect BHSEH il e Shidk R RY 3354 e " O
cycl ohex adissuivddGvERdtrdhydtifurser €1386dgH. TAfthisr sotutiom 24 hg df drexahat was was
filtered thyough 0.p4um.filter. This.filter dsou on was.. spi n-coated on
an 8" si IQ%H %HYVB? W&B L{%@graﬁﬁuaﬂﬁc'%ﬁt?ewa Pﬁpe%ih%eﬂfgﬂpgﬂgh‘gﬁ)l ate at
230 C f orfiifafec 86@ WaEhaA hithie@nt eand Bfied Bhaéit vaculitte giot iageldast 3896m! et el y
defect free. Conparative Exa | e 18: Exanpl e 17 was re&eated w t hout the

pol yner fofdracionatpd @olymernGP M&Ofaﬂ?@éétﬂr@rpqm&sﬂ%ﬂﬂ §)whd-8und to have
coating defect. Cdains 1. An antireflective coating conposition conprising
a crosslinker and a crosslinkabl e pol yner capabl e of being crosslinked by
t he crosdExample 14where the crosslinkabl e pol ymer conprises a unit
represented by structure (1): -[-A-B-4

Example 2 was repeated with the polymer from example 13.

Examg[e 15.

Example 3 Was_ repeated with the composition from example 14 and the results

are shown in Table 8.

Table 8

Composition from example 14 Carbon Hydrogen Oxygen (%)
(%) (%)

Bake at 230 °C for 60 seconds 92.33 5.77 1.9

Bake at 400 °C for 120 seconds 83.78 3.48 12.74

Example 16.

9-Anthracenemethanol (26 g~0.125 mole), divinylbenzene (16.25 g~0.125
mole), and 1-naphthol (18 g, 0.125 mole) were added to a 2 Liter four neck round
bottom flask, equipped with stirrer, condenser, Thermo watch and nitrogen
sweep. 210g of diglyme and 60g of cyclopentyl methyl ether were added, mixed
for 10 minutes under nitrogen. 1.81g of trifluoromethane sulphonic acid was

26



(1) where Ais a fused aromatic ring and B has a structure (2), (2) where
Rl is Cl-C4al4l and R2 is Cl-C al kyl. 2The conposition of claim1l1, where

t he pol yn®o 20nv/d7eiiconposition is free of aliphatic pol yeyaboaonomseti es.

3. The conposition of claim1l or 2, where ft is nethyl and R2 is nethyl.

4. The conposition of any one of clainms 1 to 3, where the fused aromatic
ring has 2 to 5, preferably 3 or 4 aromatic rings. 5. The conposition of
any one of claims 1 to 4, where the conposition further conprises an,
preferably thermal, acid generator.

added and mixed for 10 minutes. The flask was heated to 140°C and refluxed for
three hours. After the reaction, the flask was cooled to about 80 °C and 500 mi
CPME and 1.3 triethyl amine were added. The reaction mixture was transferred
to a 5L flask with bottom outlet valve. 300 mL DI water was added, mixed and
allowed to settle, and a separate water layer was formed. The polymer solution
was added to 3L of hexane. The polymer precipitate was filtered, washed with
hexane and dried under vacuum. The polymer (70.0g) was dissolved in THF(200
ml ). The solution was added to 3.0 liters of t-butylmethyl ether and a precipitate
was formed. The precipitate was filtered and washed with hexane, and dried
under vacuum. The polymer yield was 33%, GPC Mw of 5561, Pd of 2.04,
elemental analysis: Carbon- 87.11%, Hydrogen- 5.95% Oxygen-6.95.

Example 17.

7.35g of the fractionated polymer from Example 13 was added to a bottle, 1.84 g
of polymer from example 16 was added, 0.37g of TMOM-BP was added, 2.94g of
DBSA at 10% solution in cyclohexanone/PGMEA(70/30) was added, 0.50g of
FC-4430 (available from 3M Company, MN) in 70/30 cyclohexanone/PGMEA as
1% and 86.9g of cyclohexanone/PGMEA(70/30) were added. After mixing the
formulation was filtered through a 0.04um filter. This filtered solution was spin-
coated on an 8" silicon wafer at 1500 rpom. The coated wafer was baked on
hotplate at 230 °C for 60 seconds and inspected for defects. The coating was

completely defect free.

Comparative Example 18:

Example 17 was repeated without the polymer from example 17 and after

inspection the coating was found to have coating defect.
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WO 2011/ 077241PCT/ 1B2010/ 003373 6. The conposition of any one of clains 1
to 5, wherein the polyner has a wei ght average nol ecul ar weight of 1,200 to
10, 000. wo 20h7cmrposi ti on of any one of clainms 1 to 6PpCunBRao/0@ATOri Si Ng
a surfactant. 8. The conposition of any one of clains 1 to 7 further
conprising a second polyner, where the second polyner conprises a

hydr oxyaromatic noiety, and preferably is free of aliphatic polycyclics.

9. The conposition or polymer of any one of clains 1 to 8 having a carbon
content of greater than 80 weight% by solid content. 10. The conposition
of any one of clains 1 to 9, where Ain structure 1 is selected from

11. A procegss for manufacturing a mcroel ectronic device, conprising;

a) provi di substrate with a first layer of an antireflective coating

1.  An antireflective coating composition comprising a crosslinker and a
crosslinkable polymer capable of being crosslinked by the crosslinker, where the

crosslinkable polymer comprises a unit represented by structure (1):

+A——8B—1}
(1)

where A is a fused aromatic ring and B has a structure (2),

where R;is C1-Csalkyl and R; is C-Cjalkyl.

2 The composition of claim 1, where the polymer in the composition is free
of aliphatic polycyclic moieties.

3. The composition of claim 1 or 2, where Ry is methyl and R; is methyl.

4. The composition of any one of claims 1 to 3, where the fused aromatic
ring has 2 to 5, preferably 3 or 4 aromatic rings.

5. The composition of any one of claims 1 to 4, where the composition
further comprises an, preferably thermal, acid generator.
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conposition fromany one of clains 1 to 10; WO

2011/ 077241PCT/ 1B2010/ 003373 b)optionally, providing at |east a second
antirefl ewbizoe/comtii ng | ayer over the first antirefl ectiPpce/1BmAad/HO33T73
conposition | ayer; b) coating a photoresist |ayer above the
antireflective coating |ayers; c) inmgew se exposing the photoresist |ayer;
d) devel opi ng the photoresist |layer with an aqueous al kal i ne devel opi ng
solution. 12. The process of claim1ll, where the first antireflective
coating |l ayer has k value in the range of about 0.05 to about 1.0 and/or
second antireflective coating |layer has k value in the range of about 0.05

to about O0.5. 13. The_process of clajm 11 or_12,  where the second
antirefl &ti vghémﬁ?&'t@’&nﬁr?@e@% P} F@HﬂsJ1 {0 5, Wherein the polymer Ras a
weight average molecular weight of 1,200 to 10,000.

7. The composition of any one of claims 1 to 6 further comprising a
surfactant.
8. The composition of any one of claims 1 to 7 further comprising a second

polymer, where the second polymer comprises a hydroxyaromatic moiety, and
preferably is free of aliphatic polycyclics.

9. The composition or polymer of any one of claims 1 to 8 having a carbon
content of greater than 80 weight% by solid content.

10. The composition of any one of claims 1 to 9, where A in structure 1 is
selected from

CO00+

_ oB

11. A process for manufacturing a microelectronic device, comprising;

a) providing a substrate with a first layer of an antireflective coating

composition from any one of claims 1 to 10;
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14. The process of any one of clains 11 to 13, where the photoresist is

I mgeable with radiation fromabout 240 nmto about 12 nm

15. The process

accor di ngvoaoamy7mame of clainms 11 to 14, where the develpopiiByi16/0033t3 on i S

an aqueous sol ution conprising a hydroxi de base.

b) optionally, providing at least a second antireflective coating layer

over the first antireflective coating composition layer;

b) coating a photoresist layer above the antireflective coating layers;

c) imagewise exposing the photoresist layer;

d) developing the photoresist layer with an aqueous alkaline

developing solution.

12. The process of claim 11, where the first antireflective coating layer has k

value in the range of about 0.05 to about 1.0 and/or second antireflective coating

layer has k value in the range of about 0.05 to about 0.5.

13. The process of claim 11 or 12, where the second antireflective coating

comprises silicon.

14. The process of any one of claims 11 to 13, where the photoresist is

imageable with radiation from about 240 nm to about 12 nm.

15. The process according to any one of claims 11 to 14, where the

developing solution is an aqueous solution comprising a hydroxide base.
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