Description Positive-Working Photoimageable Bottom Antireflective Coating 5Field of Invention The
present invention relates to novel positive-working, photoimageable, and aqueous developable
antireflective coating compositions and their use in image processing by forming a thin layer of the novel
antireflective coating composition between a reflective substrate and a photoresist coating. Such io
compositions are particularly useful in the fabrication of semiconductor devices by photolithographic
techniques, especially those requiring exposure with deep ultraviolet radiation. These coatings are
particularly compatible for use with an edge be > 15Background Photoresist compositions
are used in microlithogiRRREPIRSEGSE Pies ol Adoe apleiButisas AREENEEI¢OTBANAR!S such as in the
fabrication of computer chips and integrated circuits. Generally, in these processes, a thin coating of a
film of a photoresist composition is first applied to a substrate 20 material, such as silicon wafers used for
making integrdrdgtiraudatibhe coated substrate is then baked to evaporate any solvent in the photoresist
composition and to fix the coating onto the substrate. The baked and coated surface of the substrate is

next subjected to an M &YESFRETBYPBLAR B3 1GH AP RCTRIPRRIIMW N adu R lRIRR0s ARiEmical
transformatiemndn @63 s@s SlbIBRS ahtinereetitrs susiatg . dGRIPESIasulirayitei(WYe light, electron
beam a_no! X-ray radiant energy are tradiation types common{y usgd today in,mi?roli,thqgra hic processes.
After this mé@é/%se@ﬁﬁﬁﬁﬂg, %ﬁ(e 6T sBbEAda%ar e Qle NGty e POUSIESHN R PR B solve and
rr—;mﬁve eitheiolp saialopetwieesed qreﬂrm;(;un@xpgbeuﬂ@ée@ﬁ@fk@w\d/ﬂﬁwﬁstsbpatin@'he_rsumﬁ two types
of photoresist compagsitions, negative-working an sitiye-working. \When positjve-workin otoresist
compodione ARPLR OB UETRCIAD BT TOF RSB E Sh S ML Spoced t
the radiationtiyepnlmﬁlﬁlhbm*@?né? timmmﬁmﬁqlb@b@niwrgleﬁbgwr@qamﬁss?d@(médﬁlmﬁmoreiist
coating remain relatively insglu 0 such a solution. Thus, treatment of an exposed posijtive-workin
hotoresist HHFEAIS BB S A6 R 508l Bt e B E OB S B ESEL BTG A the
formation of edgesiibedinemgevierthe coating, thereby uncovering a desired portion of the underlying
substrate surface on which the photoresist composition was

15  Background
Photoresist compositions are used in microlithography processes for

making miniaturized electronic components such as in the fabrication of

computer chips and integrated circuits. Generally, in these processes, a thin

coating of a film of a photoresist composition is first applied to a substrate

20 material, such as silicon wafers used for making integrated circuits. The coated

substrate is then baked to evaporate any solvent in the photoresist composition

and to fix the coating onto the substrate. The baked and coated surface of the
substrate is next subjected to an image-wise exposure to radiation.

This radiation exposure causes a chemical transformation in the exposed

25 areas of the coated surface. Visible light, ultraviolet (UV) light, electron beam

and X-ray radiant energy are radiation types commonly used today in

microlithographic processes. After this image-wise exposure, the coated

substrate is treated with a developer solution to dissolve and remove either the

radiation-exposed or the unexposed areas of the photoresist.



10 deposited. In a negative-working photoresist the developer removes the portions that are not exposed.
The trend towards the miniaturization of semiconductor devices has led both to the use of new
photoresists that are sensitive to lower and lower wavelengths of radiation, and also to the use of
sophisticated multilevel systems isto overcome difficulties associated with such miniaturization. High

resolution, chemicatiijer@piiicdwaegpesrayigrbdR&i3PCHMPLAFENE ashBrgativeriang Rieforesists are

available for patterning images with less than quarter micron geometries. There are two major deep

ultraviolet (URPEXNEVRIHELhn YRS ROSIYSW PREDYI RN SIghARISh CAMRAREANSHEIS Q¥RRR%turization,

and these aigagewidiate mitiaiatl R bdds o drdphdiorasisHasnipesiabauskpphetptesists are given
in the following patents and incorporated herein by reference, US 4,491,628, US 5,350,660, EP 794458

and GB 232674181IPARERAEsSRIUSLRs iRn? HIRNEIPRRAAPINEER HYlsy hie HIMRARRALRIGRTdPExystyrene
and its eppolyiesBoRRdbEtotRItN dephRoreRSiRIor (H3IA5idMbexpERUEe SBRMIEA NoMAigMatic

polymers, since aromatics are opaque at this wavelength. Generally, alicyclic hydrocarbons are

incorporated iR h AV AR RERRT L O DL ¥EH PESRE RO IS S MiinAtAG RIORFE FaHSFSnctionality.

Furthermoresgth e o e lergtie thareiie eiahdrpmotiopcsisisticati e cerapdfsaaainsly sferimental to
the lithographic performance of the photoresist. 30Therefore, at these wavelengths antireflective coatings

become critif2E'1Ve 1HEFReIBr High A EGhi Y K e HOCRYE B iRy SFT FRDtHRAEYaShy fEa simpler

aﬁprgach to mimmi?mwew@ﬁi@t@ tbatfléftf(?ﬂtdff]m/\bﬁfk reﬁectigﬁ?]@cﬁﬂmléffr%brhi@rd]swimfleww sullast(;ates.
The bottom antireflective coating is applied on the substrate and then a layer of photoresist is applied on
top of He ariFERBHEL SLBRROE M P QPSR ta0s fIRISLHER BUETc B At s

antireflectivetegiedingrivttegppgaried area is then typically etched and the photoresist pattern is thus
transferred to the sl.tgstrate. ost agﬂi

f regectiv.e.cgatin S kno¥vn in the prior art are des:Rne tg be dry
etched. The etch ral@ B B SARMARE A% I NELILEI0E IR R oA RO S e photoresist
to so that thecantiteflgesivadémos atsheghuitbigistscesstvatesseishveesistbwedusing tlevetch process.
There are two known types, of antjireflective coatjngs, inorganic cqatings,and organic coatjngs. However,
both of thes s BB BB AN S5 14 HoBr RrBR o SeR ORI P UL SHeLion,
photoresist pattaasomy biffidaltieged soarrgdaitbesliohtrainsdeurechiixactly to the substrate if the dry etch
rate of the antireflectiv coatir‘g IS similar ta or, less thaﬁith etch rateI fthelghclzt ésszéﬁioate on top of
the antireflective ¢ FR8 {E(?ﬁngc |ﬁ8w§ f8IMRNG ihgéﬁm%oorﬁ Y RGEL g C: 193 mage the
substrate. Thigsitiherans mogativiortongaphobtmisistardie irctildieofdingattbatidg dhgesdaiitbe dry
etched and ian a\ﬁ% EﬂrOVi?’E Z0 ?ood Iithoa}ra&hic pe'rﬁormancet especially for corﬂ ounld tsgm';conductor
type substratgs; U SR W% RH G I8 ge. e @re WO majordeep Ulifaviolet {uv

exposure technologies that have provided significant advancement in

20 miniaturization, and these are lasers that emit radiation at 248 nm and 193 nm.

Examples of such photoresists are given in the following patents and

incorporated herein by reference, US 4,491,628, US 5,350,660, EP 794458 and

GB 2320718. Photoresists for 248 nm have typically been based on substituted

polyhydroxystyrene and its copolymers. On the other hand, photoresists for 193

25  nm exposure require non-aromatic polymers, since aromatics are opaque at this

wavelength. Generally, alicyclic hydrocarbons are incorporated into the polymer

to replace the etch resistance lost by eliminating the aromatic functionality.

Furthermore, at lower wavelengths the reflection from the substrate becomes

increasingly detrimental to the lithographic performance of the photoresist.

30 Therefore, at these wavelengths antireflective coatings become critical.



The novel approach of the present application is to use an absorbing, positive image-forming bottom
antireflective coating that can be developed by an aqueous alkaline solution, rather than be removed by
dry etching. Aqueous 25 removal of the bottom antireflective coating eliminates the dry etch rate
requirement of the coating, reduces the cost intensive dry etching processing steps and also prevents

damage to the substrrie saustasidhdabsérBiRg- ditreTRanRinebaRgAPHETNRHYERPHING gompositions

of the present invention contain a crosslinking compound and a poiymer. The coating is cured and then

30 upon expdSIREIARMPBE I M RAER RERR'sSh Hhaisip i Sapdagte el piemivd igforesist

become imaggablsighiecTREW Eayaicpatas taidsettden denplTR bR P ROTARGISE dhisidosass greatly
simplifies the Iitr;t‘(ﬁ?raphic process by eIiminatifgr%Ra large number. of processin%rlgeps, Since the

antireflective M StRG i@ heRss irRiddayss krrioresinbRpBPisd QiteR&iie ABUEREGS S ined by the

latent opticataggg. Whithallpnstargenrd diglingrbiescef the Kijewigeingrihotyesispérage mge
antireflective coating. Bileyvel photoresists are known, as in US 4,863,827, but require exposure of

two differentARHURIESHUSS (HAHRACP aPHEABATEHoHIRR I, AR HEIRINCRENRRE fRfteling of the

lithography. pheteresesmpaitaatenrtsthal diseloreradtitefiantve gostiag compesitiansgrdibbtivéhese
coatings are all cured to be insoluble in an agueous developer solution and must be removed by dry

etching. US S0880 93K B B8 PHRNiRHAR de89MeS d8rR&iRG & ethgeiergieirmal acid

generator, afrbaapliRifiactilgdmer Aosds aweverdiain/diy dgompletalyeross|tokerk toHoriredidnsoluble in

an alkaline aqueous developer solution, The film is removed by a plasma gas etch. 15 Examples of other
antirefi&biive BoliHig B AL SIEUCS el GACIRS SRS DN 981 e o545 WRJ10,122

discloses anqagieptisedensiopaidesantireiieeiie e oatingn bawaypethefdegriesfiettobiivstingd)e total film
is controlled.b¥ the bake conditions. This antireflective coati %Yis not Z)h%éoinﬁ eable, and th%refore, there
20 are no cl&y 598%&9% ﬂﬂﬁe% m@@ﬂlﬁe%@ﬁ'&%'in t 1Y SFh @ Qe sQutiof 5t tWé)gﬁtiP flective

coating is cogtestiiegshabaksodanditensiasiy tiudsitreantivedlasiideycoriinggs very sensitive to the
developer normality and developing time, and also gives poor resojution. High normality deyeloper and/or
long develop times¥8aﬁggﬂwexéggiwg§@%oq%a% e ref8ct ‘?ﬁing 0 rzmotﬁéi ;;(?(‘?cess for

imagingsphoteiasfeisatsmgatijirelltciivalnstediegs inaliholaser atd 5H6S23Bflectiayendtagntireflective

coating is noltsdsel\rlr(]alBP?g %trt eesgatrr?aentimee %ﬁé ergl)tl?aotc())fr ?ﬁ'les tbhotoresist coated on top of the

antireflective coating. The etching conditions for removing the organic coatings

can also damage the substrate. Thus, there is a need for organic bottom

antireflective coatings that do not need to be dry etched and can also provide

20 good lithographic performance, especially for compound semiconductor type
substrates, which are sensitive to etch damage.

The novel approach of the present application is to use an absorbing,
positive image-forming bottom antireflective coating that can be developed by an
aqueous alkaline solution, rather than be removed by dry etching. Aqueous

25 removal of the bottom antireflective coating eliminates the dry etch rate
requirement of the coating, reduces the cost intensive dry etching processing
steps and also prevents damage to the substrate caused by dry etching. The
absorbing bottom antireflective coating compositions of the present invention
contain a crosslinking compound and a polymer. The coating is cured and then

30 upon exposure to light of the same wavelength as that used to expose the top

positive photoresist become imageable in the same developer as that used to



US 5,882,996 describes a method of patterning dual damascene interconnections where a developer
soluble antireflective coating interstitial layer 30is used. The antireflective coating is formed between two
photoresist layers and has a preferred thickness of 300-700 angstroms, refractive index of 1.4-2.0 and is
water soluble. The antireflective coating is not photoimageable and there is no description of the

chemistry ofdaeetiireflepivacreating. Tisisl sensiveypaiingllarimiceatiopioiasiite procsagmistries are
Sdisclosed in US 6,110,653, US 6,319,651, US 6,054,254 and US 2004/0018451. _ The novel
antireflectivé’é’oﬁiBBglﬁgﬂg)th@EQ@saHmH\?én%rP FRRRESIRg SiFRRoima eI e Qtibelesiivg

developablecpafiityasvenitsansiteiiecive ertditdof Renapliselisctive anatsbentpesitigngdidhe instant
invention is coated on a substrate before applying a positive thotoresist layer, in order to prevent to

reflections irffBAoRY IS RSN thERHA- 89PN U FIRWSHENECOHECIRERIRRIRE fating are

soluble i coamainipagiaRsIsIl VeRIgeaRtiearRalirnbiRRBIBBAiAGating, and furthermore are compatible
with edge-bead remgover solvents. Edge-bead remover solvents are used to remove the build-up on the

edges of the antirefRIGXR E’BQW&?&F%Q%&HH&’ theSgih YoaftrRPorBeds QU HRAYBSFHPOREve coating

is photoimagsfalieoat difeeranie waxsiisngisoffactifie ragiptiandsibadap ProwesiRtiyvapplied
thereupon, and is also developable with t?j- same a(E#eous alkaline developing solution as that used for

typically dev r . iHgle exposure step and single development step
ically devERSBRI ISR H16rRERSESHRE BHIBM AR RN d single devel
greatly simplifies thgHihe grap iz pyopassnisuiiae ot sanarirefldenus dextiepablepogitiirctive coating
is especially desirable for im%%irqlg Wi‘L‘I hotorestif%ts tha]t ? not contain aromatic functionalities, such as
those Ued BHLEEHHCORYNST 3 & éégﬁgetoo. ér\’?&)é% Eo GO AP SHEY &l RIS AR ransfer
from the phoiaesigisoibershisisaiayadd asohies. JUS! RIISTRPBB ddwacteyiahcanarpfrytivereflective
notching and line width variations 25or standing waves in the photoresist. Additiopally, substantially no
itormixing (SHLGE RIVAILER BoENTEn R Ko RERPHR LS B RO TR A o BB tve
coatings alsgdasyetrod-rahsiast stabifitn asddenplteny fitns siitk@p oo eeaing msdinblghmlatier being
particularly %iva 1tageous for li ho%({l?h%/' Vmen theﬁan ireflective coager)Mis Ujed with a phtoﬁ)resist in the
imaging proclS2!I 3 ABURGHMIEY P Bb AN WithBE HEHR SHTAKEL Bk 4rRlgsma gas eteh.
15  Examples of other antireflective coating patents are US 5,886,102, US 6,080,530
and US 6,251,562.
US 4,910,122 discloses an aqueous developable antireflective coating,
however the degree of solubility of the total film is controlled by the bake
conditions. This antireflective coating is not photoimageable, and therefore, there
20 are no clearly defined soluble and insoluble regions in the film. The dissolution of
the antireflective coating is controlled by bake conditions and thus the
antireflective coating is very sensitive to the developer normality and developing
time, and also gives poor resolution. High normality developer and/or long
develop times can cause excessive removal of the antireflective coating.
25 Another process for imaging photoresists using antireflective coatings is
disclosed in US 5,635,333; however, the antireflective coating is not developed at
the same time as the photoresist.
US 5,882,996 describes a method of patterning dual damascene
interconnections where a developer soluble antireflective coating interstitial layer

30 is used. The antireflective coating is formed between two photoresist layers and



Summary of the Invention The present invention relates to a positive bottom photoimageable
antireflective coating composition which is capable of being developed in an aqueous alkaline developer,
wherein the antireflective coating composition 5 comprises a polymer comprising at least one recurring
unit with a chromophore group and one recurring unit with a hydroxyl and/or a carboxyl group, a vinyl

ether terminaipg £raesirdagrmaanssanst sotioradryshetascidmensiatpadherinventionmpy further

comprise an acid or a thermal acid generator, preferably where the acid or the acidtg;ner_ated from the

thermal acid YESESRNRISs o PRATEGReHYRHAAENY FhEghRhRisiIMaasal Ik ARk tREEHID Ass for

imaging usingetigiphidredesiyesomisasgiéPnhef Higirmseiidriwittian. especially with an edgebead
removal step. Brief Description of the Drawin%SFigure 1 shows examples of the structures of photoacid

generators. Descriphdfl of 8 iKRenaBlrellectyg seingsniingn fllgrad, chessiieRoding,

photoimageafe|aseRrUESUS, tevaEoRabls 805t e 5nags- B uBNg sntiedlery\Eoaatingsagnposition 20
comprising a polymer comprisinggat least one unit with a hydroxyl and/or carboxyl group and at least one

unit with an absorbingecARYRBRBIETECHVR AMRARIAM Aol erbEeRmh 4G RIZBRIRafY, a
photoacid gestriRiPiagecisrablndie ooty mnakds atalicsobdapr ansosiies-Reekitde. drtedreentien further

relates to a process for usin ch a composition, especially Qfﬁr irradiation from gbout 50 25 nm to about

.S
a50nm.  G9RIARrEAR ANK LSNP COPRYBSIRIMIARE Ve HRR (B8 EHH AU FARISHd below a
positive photgiiegisulissterseforevapbkafgctiopssinvaenpietpestistifipsn, the srhstreseprEisnantireflective

Govelophbie ANRCHBIe CafE U LRSS THE dECeR ARy S g SOl BB e Bvelop the

photoresist, gnipdieniing aqaitejaie bl @bitrailecinmongiingtdiesist solvents and capable of
forming a coating, and furthermore are compatible with edge-bead remover

solvents. Edge-bead remover solvents are used to remove the build-up on the

edges of the antireflective coating formed during the spin coating process. This

15 antireflective coating is photoimageable at the same wavelength of actinic
radiation as the top photoresist layer applied thereupon, and is also developable

with the same aqueous alkaline developing solution as that used for typically

developing a photoresist. The combination of single exposure step and single
development step greatly simplifies the lithographic process. Furthermore, an

20 aqueous developable antireflective coating is especially desirable for imaging

with photoresists that do not contain aromatic functionalities, such as those used

for 193 nm and 157 nm exposures. The novel composition enables a good

image transfer from the photoresist to the substrate, and also has good

absorption characteristics to prevent reflective notching and line width variations

25 or standing waves in the photoresist. Additionally, substantially no intermixing is
present between the antireflective coating and the photoresist film. The
antireflective coatings also have good solution stability and form thin films with

good coating quality, the latter being particularly advantageous for lithography.

When the antireflective coating is used with a photoresist in the imaging process,

30 clean images are obtained, without damaging the substrate.



antireflective coating composition comprises a polymer, a crosslinking agent and, optionally, a photoacid
generator. The antireflective coating composition is coated on a reflective substrate. The edge bead
which may form during the spinning process can then be removed using an edgebead removing solvent,
5 since the polymer is still soluble in solvents used as edgebead removers. The coating is then baked to
remove the snlvemizel brigeatgsrRIHtion and also to crosslink the coating, in order to prevent, or
minimize, the extent of intermixing between the layers and make the coating insoluble in the aqueous

alkaline developer. KifhoBEFSRBE HEVWRNESONd SRR, RisPASHRJRAEPAURERINMRISALIY step a
reaction takempfefie QreRIa g CEoRTHBKINOPIRITIESHCEAPBLIO TBPMBLIHG csliaiBpenVinylgiher terminal

groups, and the polymer with the hydroxyl and/or a carboxyl gi,roup in the antireflective coating, to form
acid labile gRAIFOHRNAKRENS 2BRYCIRREF b AKIRIEIR d B& iR e GRS c CRAURY afRTROS L ially
insoluble in et pisatkalipeidrie iRt ASIHY s aesstherrohaiiirahthadibigiaieshsbmophbeositive
photoresist is then coated on top of the cured antireflective coating and baked to remove the photoresist

solvent. The X84 n§Hi @R I8 Bf TR HBIb LRt 3s yetrarafly AN/ e PHEANRARL HBHPING AfiYeflective
coating. Priostieeeteasitiatsvacibysiiadiaiiciybath dhe ppionasizt anshiteaddrgéedivtoOreeating are
insoluble in the aqueous alkaline developing solution of the photoresist, The bilevel system is then
imagewise eQYE5HGT PR dHENG: GREEMIRffe WeACIAHYrE dAHMA| AN IR AIRE 0 FEEBERRNe top
photoresist aﬂ@bﬂ@ieth@;m?] mtmeélre]z@icreg%a@mdffﬁ)ﬁhm@aﬂdrma@@rgﬁrm"@ﬁ@mfasm;ﬂmireflectri]ve
coating it is photolysed. W otoacjd generator is not present 25 in the antireflective coating, the
cid ma iSRG bRt ey FERC TR EEIGS (AREIRSS abLgauH HSIR9g Eep, i the
exposed regipniéhedioloemposissnikiesresseting avitloth ecsmssbinedisitesm (acigdebile groups),
are decrosslinked i tf}éﬁresence of the photogenerated acid, thus making the polymer and hence the
antireflectivd YO ¥6Bible in the aqueous alkaline developer. A subsequent developing step then
dissolves the exposed regions of both the positive photoresist and the antireflective coating, thus
producing a pasitive image, ang |eaying the substrate clear for further processing. 5The novel

SR tg a1 eSSt & B8vel process of this invention comprises a crosslinking agent,
a polymer, and optibigaite, & ichagiesaddthé trpolyireerafgrhptisaddpmastaoos unit with a hydroxyl
and/or a carboxyl group and at least one unit with an absorbing chromophore. The absorbing
chromophore is bound within the polymer chain, as opposed to being a to free dye in the composition, in
order to avoidaizriptiposifitnednsehtioration of the free dye during the process of baking the coating.
The polymer of the antireflective.coating of the invention contains aéleast ne unit witlyg droxyl and/or
carboxyl group and TSEHSTTE IR AT RS3riing AhaBRre S RS BrdrrhiE g

chromophoreguieous developable positive image-forming antireflective coating composition

20 comprising a polymer comprising at least one unit with a hydroxyl and/or carboxyl
group and at least one unit with an absorbing chromophore, a vinyl ether
terminated crosslinking agent, and optionally, a photoacid generator. Preferably
the polymer is alkali-soluble and water insoluble. The invention further relates to
a process for using such a composition, especially for irradiation from about 50

25  nm to about 450nm.

The antireflective coating composition of the invention is coated on a
substrate and below a positive photoresist, in order to prevent reflections in the
photoresist from the substrate. This antireflective coating is photoimageable with
the same wavelength of light as the top photoresist, and is also developable with

30 the same aqueous alkaline developing solution as that used to typically develop

the photoresist, thus forming a pattern in the antireflective coating. The



15 hydrocarbon aromatic moieties and heterocyclic aromatic moieties with from one to four separate or
fused rings, where there are 3 to 10 atoms in each ring. Examples of monomers with absorbing
chromophores that can be polymerized with the monomers containing hydroxyl or carboxyl groups are
vinyl compounds containing substituted and unsubstituted phenyl, substituted and unsubstituted 20

anthracyl, subsiietedtaRdcdpmiastsiash SeRARNH DS thancaER RS IR RRRNtaME Substituted

and unsubstituted heterocyclic rings containing heteroatoms such as oxy%nitrogen,_sulfur, or
combinationSRHEREN s & PRSI dAR NS5 ahy I | PR eRBiGI e nPORIRSIFRMRPRI QI sfuents may

be any hydreerileyd @eup perbbiRe fetibetratandeieatpeid dhRCnas: PxvEeaunitPgss, sulfur or
combinations thereof. Examples of such groups are (C1-C12) alkylene, esters, ethers, etc. Other

chromophor&R'ARNGe 8EABRESIFERS §16A DEECRRYGH Y6855 RH0]HEaSIoMOMNY) SBVESF, 506, US
5,939,236, asiflddStAeOBBlyHRr idishinsa AR inesdpashiandseie cemgspiasinririvargefmrence. The

preferred chromophaoric monomers are vinyl 30compounds of substituted and unsubstituted o&){;enyl,

substituted ZRPtRGUBJMERRRRALRERRYS R ROMENU Y (RCUIRANNR FNHPRMANRISAIR preferred
monomers agposBiliekehBYshaxysty e nsrdeeateprelysancorimihPaizzoate wrm-tsrihebangoate,

ethylene glycol phenyl ether acrylate, phenoxypropyl acrylate, N-methyl maleimide, 2-(4-benzoyl-3-
PydroxypherGRAERR I5EN AET- ADEr RO pHEn SRS FSOVEIE, Bndt) 28as cARGE enzy)

methacrylatejeiaipiispcamyioiihyhoretuesy btk whviassradens, Bevisysaagidbaleriag the
e o B e s, spesily
methacrylangéepb(itiy deoxyaitiah wigriboryinbanitar Qrhgsy! and the polymer with the
ncetoamnog B SRR RS S B, CATBETADHE Pl daem el
methacrylateyrdu(@shwalieiny (e o airey agatendairing edmnd m@ﬁh@qnyi@tenmabyﬂv@ammq@.m sulfate salt
ofthis venfBRALE Y SO ISR SRR UKD I8 SEUFLPE Gt VB S SHdDE NG, b may be
used algne g@hotopsslsnation with other chromophores.
A positive photoresist is then coated on top of the cured antireflective
coating and baked to remove the photoresist solvent. The coating thickness of
the photoresist is generally greater than the underlying antireflective coating.
Prior to exposure to actinic radiation both the photoresist and the antireflective
20 coating are insoluble in the aqueous alkaline developing solution of the
photoresist. The bilevel system is then imagewise exposed to radiation in one
single step, where an acid is then generated in both the top photoresist and the
bottom antireflective coating. If a photoacid generator is present in the
antireflective coating it is photolysed. When a photoacid generator is not present
25 in the antireflective coating, the acid may diffuse from the photoresist into the
antireflective coating. In a subsequent baking step, in the exposed regions the
polymer of the antireflective coating with the crosslinked sites (acid labile
groups), are decrosslinked in the presence of the photogenerated acid, thus

making the polymer and hence the antireflective coating soluble in the aqueous



The polymer of the novel invention comprises at least one unit with a hydroxyl and/or a carboxyl group to
provide alkaline solubility, and a crosslinking site. One function of the polymer is to provide a good coating
guality and another 20 is to enable the antireflective coating to change solubility during the imaging
process. The hydroxyl or carboxyl groups in the polymer provide one of the components necessary for the

solubility cha{iesirfexaeniespel MRNQIMEE: WEHEhdRRRM ISRy Eteb UNE HPEIB SUNMB efieaisp agegvithout
limitations, substituted or unsubstituted vinyl monomers containing a hydroxyl and or_carboxyl group, such

25 as acrylid 82Nt Qh RN hE PRIy &I JIMRICIRRIFE:GRE r i A ISIHEmERa B a i)
1,1',2,2',3,3" fresritiego-3-pherane. aHegh any Meadmer that saksedhe rabdanefsrkalirgaduble and

preferably water insoluble, may be used. The polymer may contain a mixture of monomer units containing
hydroxyl and?8?%&#818%y1 groups. Vinyl monomers containing the 1,1,1,3,3,3-hexafluoro-2- 30propanol

group ake exemplifieHamitbvisiepanyiREade CiHBagied Ry steiuestib (@) prettwirsfulpsdituted
eqUivalentS'invegtion comprises a crosslinking agent, a polymer, and optionally, a photoacid
generator. The polymer comprises at least one unit with a hydroxyl and/or a
carboxyl group and at least one unit with an absorbing chromophore. The
absorbing chromophore is bound within the polymer chain, as opposed to being a
10 free dye in the composition, in order to avoid decomposition or sublimation of the
free dye during the process of baking the coating.

The polymer of the antireflective coating of the invention contains at least
one unit with hydroxyl and/or carboxyl group and at least one unit with an
absorbing chromophore. Examples of an absorbing chromophore are

15 hydrocarbon aromatic moieties and heterocyclic aromatic moieties with from one
to four separate or fused rings, where there are 3 to 10 atoms in each ring.
Examples of monomers with absorbing chromophores that can be polymerized
with the monomers containing hydroxyl or carboxyl groups are vinyl compounds
containing substituted and unsubstituted phenyl, substituted and unsubstituted

20 anthracyl, substituted and unsubstituted phenanthryl, substituted and
unsubstituted naphthyl, substituted and unsubstituted heterocyclic rings
containing heteroatoms such as oxygen, nitrogen, sulfur, or combinations
thereof, such as pyrrolidinyl, pyranyl, piperidinyl, acridinyl, quinolinyl. The
substituents may be any hydrocarbyl group and may further contain heteroatoms,

25 such as, oxygen, nitrogen, sulfur or combinations thereof. Examples of such
groups are (C4-Cq2) alkylene, esters, ethers, etc. Other chromophores are
described in US 6,114,085, and in US 5,652,297, US 5,981,145, US 6,187,506,
US 5,939,236, and US 5,935,760, which may also be used, and are incorporated
herein by reference. The preferred chromophoric monomers are vinyl

30 compounds of substituted and unsubstituted phenyl, substituted and

unsubstituted anthracyl, and substituted and unsubstituted naphthyl; and more
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preferred monomers are styrene, hydroxystyrene, acetoxystyrene, vinyl
benzoate, vinyl 4-tert-butylbenzoate, ethylene glycol phenyl ether acrylate,
phenoxypropyl acrylate, N-methyl maleimide, 2-(4-benzoyl-3-
hydroxyphenoxy)ethyl acrylate, 2-hydroxy-3-phenoxypropyl acrylate, phenyl
methacrylate, benzyl methacrylate, 9-anthracenylmethyl methacrylate, 9-
vinylanthracene, 2-vinylnaphthalene, N-vinylphthalimide, N-(3-hydroxy)phenyl
methacrylamide, N-(3-hydroxy-4-hydroxycarbonylphenylazo)phenyl
methacrylamide, N-(3-hydroxyl-4-ethoxycarbonylphenylazo)phenyl
methacrylamide, N-(2,4-dinitrophenylaminophenyl) maleimide, 3-(4-
acetoaminophenyl)azo-4-hydroxystyrene, 3-(4-ethoxycarbonylphenyl)azo-
acetoacetoxy ethyl methacrylate, 3-(4-hydroxyphenyl)azo-acetoacetoxy ethyl
methacrylate, tetrahydroammonium sulfate salt of 3-(4-
sulfophenyl)azoacetoacetoxy ethyl methacrylate and equivalent structures. It is
within the scope of this invention that any chromophore that absorbs at the
appropriate exposure wavelength may be used alone or in combination with other
chromophores.

The polymer of the novel invention comprises at least one unit with a
hydroxyl and/or a carboxyl group to provide alkaline solubility, and a crosslinking
site. One function of the polymer is to provide a good coating quality and another
is to enable the antireflective coating to change solubility during the imaging
process. The hydroxyl or carboxyl groups in the polymer provide one of the
components necessary for the solubility change. Examples of monomers which
provide such a unit upon polymerization are without limitations, substituted or
unsubstituted vinyl monomers containing a hydroxyl and or carboxyl group, such
as acrylic acid, methacrylic acid, vinyl alcohol, hydroxystyrenes, vinyl monomers
containing 1,1’,2,2’,3,3’-hexafluoro-2-propanol, although any monomer that
makes the polymer alkali soluble and preferably water insoluble, may be used.
The polymer may contain a mixture of monomer units containing hydroxyl and/or
carboxyl groups. Vinyl monomers containing the 1,1,1,3,3,3-hexafluoro-2-
propanol group are exemplified with the compounds represented by structures

(1) to (6) and their substituted equivalents.



00 F3C+CF3F3C+CF3 OHOH (4)(5) Thus a polymer may be synthesized by polymerizing
monomers that contain a hydroxyl or carboxyl group with monomers that contain an absorbing
chromophore. Alternatively, the alkali soluble polymer may be reacted with compounds that provide the
hydroxyl or carboxyl group and compounds that 10 provide the absorbing chromophore. In the final
polymer the mole % of the unit gt units containing the hydroxyl or carboxyl group can range from 5 to 95,
preferably 10 to 90, and referably 20 to 80_and the mole % of the absorbing chromophore unit in
the final polymer can range fro to 95, preferably 1 gP more preferably 20 to 80. It is also within the
scope of this 15 invention thaighe hydroxyl or carboxgl group is attached to the absorbing chromophore or
that the chromophore is atjac edé%the hydrox¥l pr_ca rb&\gyl group, that is, both groups are present in the
same unit. As an examplé the ichronfophoric groéps descriled previously may have pendant hydroxyl
and/or carboxyl groups or that the chromophoric g and the hydro oup and/or 20 carbonyl group
are attached to the same g w Other than t t containing the hy y) and/or carboxyl group
and the unit containing the abseftbing chromophorethe polymer may contgin other monomeric units,
such units may provide ([)_.trt?r desj f_tble properti'gs E s of the tr?._irq:m n r are -CIR1R2-CR3R4-,
where R1 to R4 are independently H, 5 (Ci-Cio)%%k , (CI-@io) alkoxy,nitra, halide, cyano, alkylaryl,
alkenyl, dicyanovinyl, SO2CF®t00z, S03z, COz, @2, N4, Sz, S027, NPIdOZ, SO2NZ2, where Z is H,
or (Ci-Cio) alkyl, hydroxy (Ci-C'gl)i7 alkyl, (Ci-Cio) alkylgé.‘SOCHZCOCHS, or Ezj and R4 combine to form a
cyclic group such as anhydride, pyridine, or pyrollidong; or R1 to R3 are inde&pendently H, (Ci-Cio)

~ =0 — ()

o o
F3C+CF3 F3C+CF3 F,C——CF,
OH OH OH
(4) (5) (6)

Thus a polymer may be synthesized by polymerizing monomers that
contain a hydroxyl or carboxyl group with monomers that contain an absorbing
chromophore. Alternatively, the alkali soluble polymer may be reacted with
compounds that provide the hydroxyl or carboxyl group and compounds that

10  provide the absorbing chromophore. In the final polymer the mole % of the unit
or units containing the hydroxyl or carboxyl group can range from 5 to 95,
preferably 10 to 90, and more preferably 20 to 80 and the mole % of the
absorbing chromophore unit in the final polymer can range from 5 to 95,
preferably 10 to 90 more preferably 20 to 80. It is also within the scope of this

15 invention that the hydroxyl or carboxyl group is attached to the absorbing
chromophore or that the chromophore is attached to the hydroxyl or carboxyl
group, that is, both groups are present in the same unit. As an example the
chromophoric groups described previously may have pendant hydroxyl and/or
carboxyl groups or that the chromophoric groups and the hydroxyl group and/or

20  carbonyl group are attached to the same group.

10



10 alkyl, (C1-C10) alkoxy and R4 is a hydrophilic group. Examples of the hydrophilic group, are given
here but are not limited to these: 0(CH2)20H, 0(CH2)20(CH2)0H, (CH2)n0OH (where n=0-4), COO(C1-C4)
alkyl, COOX and SO3X (where X is H, ammonium, alkyl ammonium. Other monomers may be methyl
methacrylate, butyl methacrylate, hydroxyethyl methacrylate and 15 hydroxypropyl methacrylate.

Monomeric units CQDtREHSRCIHADAR BEPHAMIMGXIRISByRRONGEANBINEH @ hokyPyYship eitt Whay! alcohol,
(meth)acrylic acid capped with acid labile groups. Examples of acid labile groups, without limitation, are

secondary aH'te Ies i) RPS6TCUG0 S HRIMRPNGS el RAINEB MY EANERBLANS d ketals,

trimethylsilylprsibAricnatiy sl ubsétuiry Blolsd28tReprsaRIBIY @ FuRIieS ®asmsbiiile groups
are tert-butyl, tert-pentyl, isobornyl, 1-alkylcyclohexyl, 1-alkylcyclopentyl, cyclohexyl, 2-alkyl-2-adamanty!l,
2-alkyl-2-nofblolh§1 AP RSBl a8t el Rashe rp BRESeRral 9 Rt e NORHEII Ryl

substituted qoynsif)stitkss mathazygarkmukyl3ritalkylaanaiky! giemies (Gadqyfand; CHRRIMGIH3)3,
CH(-CH2Si(CH3)3)2, CH2- 25CH(Si(CH3)3)2 and_the like, Novolak resins can also be used as

suitable polyHRrRBYIMlireRQeiescoSfitgS: TREEE reS % aréXpidifty profiuce® 1y OHHQrg a

c?ndensgtiOBWn\J?]ﬁgy@ezlfmgm%de@hyl@;pmgqngmm?w@mu%:-zmngque@m?@n(ﬂ;,-@grjle presbence
of an acid catalyst, s as oxalic acid, maleic acid, or maleic 30anhydride. Typical monomers may be
formeltiehy IO RCHASIdEs. 95 1EHORIGEG: COTam Ty MECAROHR GHRE, o5

polyhydroxysiyrgaesicansyciapmyoersaohyidexy sy rRieiovReraidarmibpeaaatiomMeriare a) least one of
styrene, vinyl alcohql, acrylic acid, metg'il\c,r lic acid, acrylic esters, methacrylic esters, etc. 5The polymers
of this AenfUfY iy He 6y AKEY, 8% Sty NAB B BTG A5 e AEERIE opening
metathesis, fjeRspadicaepolyaenizatiers camgiensaon mstly nigdizadionousitigeseetal O(grpO#talysts, or
anionic or cafionjc co metrization techniques. The polymer synthesized using solutjon,
emulsion, bm@ﬁgﬁ§f§gh)é£€nf§{i§ﬂ%%ﬁhgrﬁoﬁﬁg%hgﬁ)%@é%fﬁﬂ%’ﬁn\éﬁ 8 olymerized
to give a pol@PgXWiihareeighs aMeragenoniesyaikyeighifionuano @thSOtionabasiis1 880, B0, preferably
from about 2,000 tp abo t80,(io ,m%re qrefer% aboutéS,OOO E?bout 0,003. When the weight
average oM wEGIBRETAR, 1 BB tn i for LS5 BNl d TR il or the
antireflestivengdadixgpanslywhesiHbdiheateei b roerage unite adataivdightisidoabhilghgitbepsproagrties such
as solubility, storage stahjlity and the like may be compromised. The polydispersity(Mw/Mn) of the
free-radical 81?)9 s‘f?,ﬂ%%%%ﬁéfﬂ&é{%g{yé%‘%g WE@&&%?IW%@%&@%(#WH ééf eFRBRr average
molecular weight acidh rabigee §rups 0 ExdMpleshsiratie fablecgaiupsighisholihémithtiver aay be
secondary and tertiary alkyls (up to 20 carbon atoms) with at least one
hydrogen, acetals and ketals, trimethylsilyl, and - trimethylsilyl substituted alkyls.
20 Representative examples of acid labile groups are tert-butyl, tert-pentyl,
isobornyl, 1-alkylcyclohexyl, 1-alkylcyclopentyl, cyclohexyl, 2-alkyl-2-adamantyl,
2-alkyl-2-norbornyl. Other examples of acid labile groups are tetrahydrofuranyl,
tetrahydropyranyl,  substituted or unsubstituted methoxycarbonyl, p-
trialkylsilylalkyl groups (e.g. CH2-CH2Si(CHs3);, CH(-CH2Si(CHs)3)2, CHa-
25  CH(SIi(CHs)3)2 and the like.
Novolak resins can also be used as suitable polymers for antireflective
coatings. These resins are typically produced by conducting a condensation
reaction between formaldehyde and one or more multi-substituted phenols, in the
presence of an acid catalyst, such as oxalic acid, maleic acid, or maleic
30 anhydride. Typical monomers may be formaldehyde, cresols, resorcinols,

xylenols, etc.

11



20 determined by gel permeation chromatography. The novel antireflective coating composition is
coated and then cured on the substrate by the application of heat. Heating induces a crosslinking reaction
between the carboxyl group or hydroxyl group on the polymer and the crosslinking agent, and the acid
labile crosslinkages are formed. A particular acid 25 labile acetal crosslinkage can easily be facilitated

when the crosslinkipgAgpRdS aoyin)ﬁ(gg}pﬁéﬁgrmg}gteq]@s)mgggnd %@M@Vmg@gtaim carboxyl
group or hydroxyl group. The resulting structure is highly solvent-resistant and impervious to the

interdiffusiorrOPPHORSTE Rt RYTRPOrRINEENS LW BRI S RIRBE SXNQRAMESHATE AL 1RBSE W8 normal
thermosettingrpeiiiefl ofiMetosionaciibaviay athrateyuinated aossit ksergentsiashaie useful in

the instant invention can be represented by the general structure (7): R4OCH:CH2 (7) wherein R is
selected froR€BCBI6) linear, branched or cyclic alkyl, substituted or unsubstituted (C6-C40) aryl, or

substituted or unsulppitusRAl thepw orligyslion veRyidro aaep b tRedize dalisived st Kieoterminal vinyl

ether group reacts with the hydroxyl or carboxyl group of the polymer to give an acid labile acetal linkage.

Examples of 86EPginfTetROMERRIFAYER crS8Sthkitg aﬁ@ﬂ'@qﬁ@m@e SR NRSISKy BEFIPHRAe:

bis(4- VInylowdw%}@a@@ﬁat@orwdﬂsmm@oWhmwﬂwm@ sl \drgmrraetbuw&cl@aexylmethyl)
glutarate; tris(4-vinyloxy 10 but I) trlmellltate bis(4-vin methyl cyclohex Imethy ere hthalate;
DS im0 A Iy L, GERBIJF Aol RS LR o ISy LIS CAMREREy D83 BRy o

blscarbamateyﬁmn%zwl@swglw&ﬂaﬁthﬁﬁnﬂ@bﬂ lbphenyiepe)r@i@earmWa@m@ﬁn&ﬂﬁmaegchol

d|V|nerther Iohex nedimentgnol diviny| ether, var ous VectomerQ vinyl ether mono ers supplied
oy Al 1K Eon 8 UG TR AR e ARTIBNS S o b GG P ORGP SR oiminated

crosslinking we@ﬁswerdgeqmmbma? weigtadkemealsbuil1e00 i Swioanen, Gimtphiterdihp (2001); S.
e o aShck B el 7o BB P B e
50,000. When the weight average molecular weight is below 1,000, then good
film forming properties are not obtained for the antireflective coating and when
15 the weight average molecular weight is too high, then properties such as
solubility, storage stability and the like may be compromised. The
polydispersity(Mw/Mn) of the free-radical polymers, where Mw is the weight
average molecular weight and Mn is the number average molecular weight, can
range from 1.0 to 10.0, where the molecular weights of the polymer may be
20 determined by gel permeation chromatography.
The novel antireflective coating composition is coated and then cured on
the substrate by the application of heat. Heating induces a crosslinking reaction
between the carboxyl group or hydroxyl group on the polymer and the
crosslinking agent, and the acid labile crosslinkages are formed. A particular acid
25 labile acetal crosslinkage can easily be facilitated when the crosslinking agent is
a vinyl ether terminated compound and the polymer contains a carboxyl group or
hydroxyl group. The resulting structure is highly solvent-resistant and impervious
to the interdiffusion of photoresist components. Such curing processes are the
same as those of the normal thermosetting antireflective coatings.
30 The vinyl ether terminated crosslinking agents that are useful in the instant

invention can be represented by the general structure (7):

12



20The vinyl ether terminated crosslinking agent is preferably added to the antireflective coating in a
proportion which provides 0.20-2.00 mol equivalents of vinyl ether crosslinking function per reactive group
on the polymer, especially preferred is 0.50-1.50 reactive equivalents per reactive group. In one
embodiment where the antireflective coating composition 25 comprises a photoacid generator, the
photoacid generator in the antireflective coating and the photoacid generator in the photoresist, are
sensitive to the same wavelength of light, anckthbiptie-samie radiant wavelength of light can cause an
acid to be formed in both layers. The acid in the exposed afeas of the antireflective coating, present either
through diffusion from the photoresist or 30through photogeneration from the photoacid generator in the
antireflective film, reacts with the acid labile crosslir(@ges to decrosslink the polymer, thus making the

exposed are@s &fidincraniisflectate feorti(m, Ol PImsnhe aneaedsor kaline slryelenpstilitedbetoacid
generator of the antireflective coating chosen depends on the photoresist t 25 u&g}i Thj%f)hotoacid
generator (FARSHBRHUS véﬁ%f% Xt iSUBRIHERY Sh HBSURRHIHIEDnS6 doh @ GHEd exposure

wavelength, prafeEboAd@Rdn 19D nip @nskliavaumiat @esna%méolﬁhph@m@?@u BMdacts
(6]

naphthoquinone diazides or sulfonium salts for 365 nm, 436 nm and broadband toresists. Suitable

examples of WO 48R Btreraxgr srsRRBARER ShHRiRAYimande, Wi a RsifatrhieiGreBhotoacid
generators }AKERG)EREARSSIEZNEIN dRls. dain tematife & L eRKIMIGRYSagERRNIRISIBAGS such

as diazosulfonyl compounds, sulfonyloxy imides, and nitrobenzyl sulfonate esters, although any

photosensitiPSEhMPSIRY hebbr GRS aRisdav o BubtorUCRID e LIsHYHY S UKl are
usually usectéa@maléaéyb&gmwmr&&m@w&dméﬂmﬂriﬁ@mwngmﬁé&df@ni%gauﬁm mples of
u

which are 15 diphenyliodonium trifluoromethane sulfonate, diphenyliodonium nonafluorobutane

sulfonat®, triBHB’MIEU}{?SHﬁﬂWtrﬁiﬁﬁérﬁ&ﬁ% RISy Fiphery I sRhYbhisTSRARIRIB IS Sulfonate
and the like.\@4{IRIXgOMBPYNdT SEH SRYNABAGIF IBERtiEASTatIRNsIaaIMARE BIRGH, @radeagnes,

oxazoles, oxadiazoles, thiazoles, substituted_z-é)yr_ones. Phenalic sulfonic esters, bis-sulfonylmethanes,

bis- zosulfon}ARRRINARRDISGREPARRIS o RIS(RAHBY BRHRUYIBRIOKIene di-4,1-phenylene)
tris(trifluororppibai®diaaid) maidesidpfaBlisyeniuraivia(iéiveromelhyiridnexinaisimeirasayliodonium

divinyl ether, various Vectomer® vinyl ether monomers supplied by Aldrich

15 Company, and polymers bearing pendant vinyloxy groups. Other vinyl ether
terminated crosslinking agents are described in T. Yamaoka, et al., Trends in
Photochem. Photobio., 7:45 (2001); S. Moon, et al., Chem. Mater., 6:1854
(1994); or H. Schacht, et al., ACS Symp. Ser. 706:78 (1998) which may also be
used, and are incorporated herein by reference.

20 The vinyl ether terminated crosslinking agent is preferably added to the
antireflective coating in a proportion which provides 0.20-2.00 mol equivalents of
vinyl ether crosslinking function per reactive group on the polymer, especially
preferred is 0.50-1.50 reactive equivalents per reactive group.

In one embodiment where the antireflective coating composition

25 comprises a photoacid generator, the photoacid generator in the antireflective
coating and the photoacid generator in the photoresist, are sensitive to the same
wavelength of light, and thus the same radiant wavelength of light can cause an
acid to be formed in both layers. The acid in the exposed areas of the
antireflective coating, present either through diffusion from the photoresist or

30 through photogeneration from the photoacid generator in the antireflective film,
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tris(triluoromethylsulfonyl)methide,diphenyliodonium bis(trifluoromethylsulfonyl)imide and their
homologues are also possible 25 candidates. Mixtures of photoactive compounds may also be used.
Figure 1 shows examples of FAG structures, such as onium salts and hydroxyamic derivatives which are
useful, where R1, R2 and R3 are independently alkyl, fluoroalkyl, F, OCnH2n,1, OCnF2n,1, CO2-tert-Bu,

OCH2-002_jigHcBuwi-tiéfetdAdpird b ssiiikag ss tof decrsustiRRRABIH slyeRer agid € daking
300(S02CnF2n=1), ASF6-, SbF6-, -N(SO2CnF2n=1)2, -C(SO2CnF2n=1)3. For exposure at 365

nm the phot@3RiGRG18reaH BE Earantineleatye caalogfmtRigUmdie2adpeemRikaline
2,1,4-diazongelnsiseinpRespistoas capablael IPthe nstipside et sautirrpehvdiéntire psithabile groups

of the polymer. Oxime sulfonates, substituted or unsubstituted naphthalimijdyl triflates or 5 sulfonates are

also known 28 pietoRRRiyesShior LaMPBHotbAEiPHORASIDr FREBUKE MR & tHResANEvavelength

as the tep pheioisitichayhesieete® RtPRCtHGaNeRaRIs ueringheqst Besife usrgosurh as those
disclosed in the US 5,731,386, US 5,880,169, US 5,939,236, US 5,354,643, US 5,716,756, DE

3,930,086, D¥EHRNMR7 RElFFAPND A4ft RPblicRionB1 379 o9 NET MO oderR iHirAMPkst 5.

ghﬁltopollym plﬁgitoT@hgth; %@ﬁéﬁﬁ@@qgnwgmg@&w%%?n sluIFH;ﬁHwﬁ@am@T fo-:iséhsefm,. 'fse?gdlggo)r?’ L.
chlegel et al., J. Photopolym. Sci. Techn., 3:281 (1 or M. Shirai et al., J. Photopolym. Sci. Techn.,
3:301 (1990)5,"};fﬁd bhe8 %d%@ﬁ?ﬁ%feéﬁ'&éb??hee%ﬁmﬁor the WitirRdivEeRLA1BYs chosen

sulch that it qﬂmi&eﬁsl&a}éeo@htb@mw iﬁ@mﬂén&m!ﬁdﬁtthlmri?éﬁbﬂﬂ@@Hl&p?lﬂﬂtb@@iﬁgéﬁm’@l@?‘ suitable
solvents for the antireflective cQating compasition are, cyclohexanone, cyclopentanone, anisqle,
hontond FATSH SuChe oo, R, BT o SR SRS aculaa o B e R B Memethy!
ether, butyl F&Gée sgamme bidysnariaie, eshyboahaso weifoeyisry meiawssedagolvigrebetatgd, methyl 20

3-methoxypropionate, ethyl pyruyate, 2-methoxybutyl acetate, diacetope alcohol, diethyl carbonate,
2-methoxyeT I BIALP B HAUH) AT PBRICTRTE MR ROFRRRHTSRER S5 8By R givcol
monomethyligibarioadiationes Hyeheaisse. pTeferoetlh duisiareits adoyves st greefofiossitpirnd good
coating and solubility properties are enerallgé)referred. %?The composition of the [?reﬁent invention may
further comdﬂs%r%?ﬁé%)%og ents, mostly as iodonium or sulfonium salts, examples of which are
15  diphenyliodonium trifluoromethane sulfonate, diphenyliodonium nonafluorobutane

sulfonate, triphenylsulfonium trifluromethane sulfonate, triphenylsulfonium

nonafluorobutane sulfonate and the like. Other compounds that form an acid

upon irradiation that may be used, are triazines, oxazoles, oxadiazoles, thiazoles,

substituted 2-pyrones. Phenolic sulfonic esters, bis-sulfonylmethanes, bis-

20 sulfonylmethanes or bis-sulfonyldiazomethanes, triphenylsulfonium
tris(trifluoromethylsulfonyl)methide, triphenylsulfonium
bis(trifluoromethylsulfonyl)imide, diphenyliodonium
tris(trifluoromethylsulfonyl)methide, diphenyliodonium

bis(trifluoromethylsulfonyl)imide and their homologues are also possible
25 candidates. Mixtures of photoactive compounds may also be used.

Figure 1 shows examples of PAG structures, such as onium salts and
hydroxyamic derivatives which are useful, where R4, R, and R3 are independently
alkyl, fluoroalkyl, F, OCpHzn+1, OCpF2n+1, COp-tert-Bu, OCH»-COy.tert-Bu,
OCH;OCH3; (n=1-4); X is anion of non-nucleophilic strong acid e.g.

30 O(SO2CHF2n=1), AsFg’, SbFg", -N(SO2CrF2n=1)2, "C(SO2CHF2n=1)3.
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a thermal acid generator. Crosslinking can take place between a polymer containing a hydroxyl and/or
carboxyl group and a crosslinking agent in the presence of heat, however, typically reaction times may be
long. Thermal acid generators or acids are used to accelerate the crosslinking reaction and are
30desirable for instances where short curing times are preferred. Thermal acid generators liberate the

acid upon heating. Ay kx@wareids 368 arMahagH SRRRIatgehBIaYdP cHACKe XABRIfiAG|IEout
limitations, by 2,4,4,6- tetrabromocyclohexadienone, benzoin tosylate, squaric acid, 2-nitrobenzyl tosylate,

chloroacetic ¥cid #A0BARBIMINLAES metRRAER Yonfe bédiderRaRhRIHINARRSaciBabialkyl esters
of organic s\yfgniplacists pralisGhiersdS mantsuiedasitswitoweyesdidhampheegriuipyd dhather certain

components some acids and acids produced by thermal acid generators, which have high acidity, can

lead to undePQRRS ol SHORAIRReSHOSHEH SR SloHRASY 'tb'ltﬁgé%%%mlﬂgﬂémd Bifatesrfls, it has
been unexpegiieshafes nshéhalseeikisonith #0gREAR did difynbEatol) a/Ria fHetsacitithrpeidtdissociation

constant) greater than 1.0 to are preferred, especially in combination with a vinyl terminated crosslinking

agent. Acids{nRSRRHIEYsh IS R0 WRYSIEPHEPE. e ORI NS AL RESHRRY acetal
linkages are@@asibaeigayeni AfoiRekpesaNAEeE RDinagssaled dciirhExanHIss, diklestdnitations, of

15 chloroncalE i ok G4 BhA e e RSP 1 ek i (PRl 165 Brmamic ati

(pPKa of 4.45p raBa@B0aes (12 8f9BB8)08YIcArmeid (Ritarntt Aphlidutwricasid (R8P4 .AS)malonic acid
(pKa of 2.8), noacetic acid (pKa, of 2 7), efc. Acids whigh d by bases to form a thermal acid
genera}8r arg%lﬁm;@?eﬁt. o\ idi, %Eeﬁogg%séﬁéﬂﬁm" %&%& Hgﬂgﬁi} ﬁof@aagm%asgs such as
amines. TypRabhassgraresictigcaming; anprorydajnine, Somedsl aming, Jriptigtasoipm. tidagntyl amine,
tridodecyl amine etc. Additionally, diary| or trialkyl sulfoniu Its with aniops.of weak acjds, such as
carboxylic a i ry? %éo&%%@ciﬂrn‘l\& gb'ﬂ%b&&%’rdsﬂd% %%%k(gfbyflv méry;;% formed by
combining the @@, it inbassorateitdreindiy: ksfeegiatie. ranges from 25 about 1:1 to about 1:3. Further
examples of acids wijth the desire a and thejr salts can be found by one of ordinary skill in the art by
roviowing the avalaIE (REILETHe 18k RIS HARAGOGR S CReMERg Ry By LEL, pubBned by GRC
Press Ire. anissulogeiatégehemio morefeyesess lofstnee amtibsibotrrisdoatmyalExamplesiralile that the
thermal acid be such thft once,the acid izig%(&l%enerated it does not remain ermaé‘noﬁgqﬂ% in the coating and
! :

therefore doS¥ K FaSLeE thd PouBRs S PUERISAIS (GRFURSO YR RERLERR R, & V&Y frat, once
crosslinking tgkespplated te acidngsais,omporgstamormatiliz¢iyby hesthind theopgtemapogjljaolproducts

are baked out of the f{fﬂm, or the acid may sublime from the coating. s none or very little of the free
i remain RS ATV LA A e PPV S o SR CHeY e ABEE U B P e aceta
linkage 5 dogametdabieatyploaeetBberethlyhcellgeob@tacetatacmeting eakboatshanaasthie)dibthybe removed
prior tozcoati#%)fthhe ‘?hotoresi tar F{é)/referred 'Ln s§me %ase .\{:}/{Fak a#ciﬁs glat r?main in g film may
also befunctid gl, & Iﬁ)&pﬁ%&? Tote AWFHP{H 1 FE OSRGOS e SERTEITRRSYE M Re acid or
acid deriveddietinylhedneomatenc e getieoaxtigetts/pretasablyp et methgt! fawtatee pndipgtEotivglycol
monomethyl ether acetate, propylene glycol monomethyl ether or mixtures
thereof are preferred. Solvents with a lower degree of toxicity and good coating
and solubility properties are generally preferred.
25 The composition of the present invention may further comprise an acid or
a thermal acid generator. Crosslinking can take place between a polymer
containing a hydroxyl and/or carboxyl group and a crosslinking agent in the
presence of heat, however, typically reaction times may be long. Thermal acid
generators or acids are used to accelerate the crosslinking reaction and are
30 desirable for instances where short curing times are preferred. Thermal acid

generators liberate the acid upon heating. Any known acids or thermal acid
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to coating at temperatures ranging from about 130C to about 220C, more preferably 150C to about 200C.
The acids or thermal acid generators may be present in the antireflective composition at levels ranging
from 0.1 to 25 weight% of solids, especially 0.1 to about 5 weight%. Typical antireflective coating
compositions of the present invention may 15 comprise up to about 15 percent by weight of the solids,

preferably legeriBpn&reraeayt, besederdhe Wiahywhfsy ofiiasortinenfammsitiasy Thessplgls may
comprise from 0O to 25 weight percent of the photoacid generator, 50 tg 99 weight percent of polymer, 1 to

50 weight peRIERROMREXSEGIAGHRN2GENt ASNEPTonIRYRIE 255MAIt pRFiEnt HTHECBERFY} thermal
acid generatgysasedcalbAShtRitotligolisis snaRiNonidnecrNtiplieeies aFsH Ry Zna) nasiiatE referably

the photoacid generator level ranges from about 0.01 to abqut 20 weight%. Preferably the crosslinking

agent range@H8mUEBLESIS B! 48/ Vei SRS _hOrBRIG YR 26/45 35liSigRt JBRSSht. The solid

componentsraga fbsrsdvacidr thie GabesK, ipharxbdes i rivenisfanebiitarecoinpemsve isopwsities. 25 The
components of the antireflective coating ma% also be treated by techniques such as passing through an

ion exchangB@ AR AF YRR AN AL HBATEL AL TR ESHY GRIRPYPHNSE GREYY:  Other

componentsgaAyeri agdashirdhripgHAT AN D RABROICHHIBE Protein AFIRLCPHIEEEATEAT to enhance
the performance of the coating, e.g. lower 30alcohols, dyes, surface Jeveling agents, adhesion promoters,
T iRt dy

antifoaming s PACeT SHR8Y HOprRsS Al LU IR IR redt: IRRIC S fer

pggn&ers, sté&kﬁﬁ/ n@(q}aﬁs,aopdwaxd;@%st%ﬂm@,a@waigébﬂmm@@w@mﬁgé@@heﬁrmgeﬂ, .r(]nay be f
added to the composition, providing the, performance is nqt negatjvely impacted. Preferably the amount o
s potfiner XS dTETRIH S6SREGR e Bt (UBIFLOROI I CObISHRRaTHe SroRIabi s wergnt

%, and 5 eveigyenorA pidiaratbaisteno? (eeeighir’/s. Bases dreatatsp e addektalderenapesition to
enhance starﬁgiéy. Both thotobastgz ﬂﬂi%onghotobases fre kIFown fi\dditive . Examgles of ba?es are
amines, am iuﬁ?’f‘H/l iSR! 3 d&nsiflE b588EY P& ﬁ@ﬁf%t?ﬁpt‘@fe Rfd HYSEENE ©
tetrabutylamprontsgerisratedidssitiict Exanheinewdiethanohaations riocbbideing, oty @enived 10
trimethylsulffnium h drordde, tri hel%/lsulfor.}'um hidrs%ide,ig&tbutﬁgen I io&on%n/ ?yé:I%nate and
rs(tert buty RREIRTR Gt 5STAiaES Wit dBieli, a6idBa A el S th RS Sl dopositon
rangesisom ¢ilotddtatio abidulpka, gfrafaialliziiforosatia Acld (prkabohiti)dB poRratiesacktl (pKag
ellipsometry. The refractive index (n) of th ireflective coatjng is also, 15 optimized. Th nd k values
cah be calo b bR BRA, G A 25 1RSSR ANEAR rAS eV oTeAPid Eflometer
The exact vaifis8)f fiaenapiiraoil rgigeofot K s dakyeicepihdpRiboof tRe8gxppsntaveicetigth used and
the type of applicati pically for 193 nm the pr Ler ed,range for k is 0,1 to 0.75, for 248 nm the
preferred ranBRAoPk & O s (6 GndMB 68 A eke0 B Bases fo forn & therinal abd
generator are preferred. Acids, such as those described above, may be blocked
20 with bases such as amines. Typical bases are triethyl amine, tripropyl amine,
trimethyl amine, tributyl amine, tripentyl amine, tridodecyl amine etc. Additionally,
diaryl or trialkyl sulfonium salts with anions of weak acids, such as carboxylic acid
or aryl carboxylic acid may be used. Acids which are blocked by bases may be
formed by combining the acid with a base, where the acid:base ratio ranges from
25 about 1:1 to about 1:3. Further examples of acids with the desired pKa and their
salts can be found by one of ordinary skill in the art by reviewing the available
literature, such as in CRC Handbook of Chemistry and Physics, published by
CRC Press Inc. and incorporated herein by reference. In some embodiments it
may also be desirable that the thermal acid be such that once the acid is
30 generated it does not remain permanently in the coating and therefore does not

facilitate the reverse reaction, but is removed from the film. It is believed that,
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20 preferred range is from 0.1 to 0.8. The thickness of the antireflective coating is less than the thickness
of the top photoresist. Preferably the film thickness of the antireflective coating is less than the value of
(wavelength of exposure/refractive index), and more preferably it is less than the value of (wavelength of
exposure/2 times refractive index), where the refractive index is that of the antireflective 25 coating and

can be meagHes ¥isssin iy arigsiabeeraptibinsfite dbinkorss Qfﬂ%léﬂﬁf@ﬂeﬁy\/ﬁ’e%@fﬁmﬂ is
determined by the exposure wavelength, refractive indices of the antireflective coating and, of the

photoresist, XIS GRRIMRASIHAARIARICE: @8 :8pKGH MBhie iRy LaepHL M SN ics of the

substrate. Stgg thesstampantialasiive 6PFERg MHSOPEHE Mer sty rexmgnem IRafifeeippment
steps, the optimum film thickness is determined by avoidirg the optical nodes where nq light absorption is

h
present in the“SREhcABEHNE (ENRRRE reactiqn: canrinL e Je6amrPebinnlidbBa RCERRinkH9the substrate

using teghnigaes well taivplieshosseskibedhiidhfontrsoed amidivaiag, oieastating ackPrmying. Various
substrates known in the art may be used, such as those that are planar, have topography or have holes.

Examples of 88MhROABMAUPBRIHPt08Ung oHig O Ia iR SEfiiEeditb A0S 6AEBxide, silicon
(oxy)nitride, AeaknEBid & thainvewsilicdn akileysiranehiynasienbkn Aaitaioreasessthiesy aaapeatbuildup of

photoresist film at the edges of the substrate, referred to as edge bead. This edge bead can be removed
(g & solvGHEAT ISR PSR BRI R HIN KHGAHF B LE6) Bl S48 the art The

10I compositm@'d ftH(ij@ ﬂ’:)@ﬁﬁ?j@l iatt@tguh@r@wgiﬁylwyf@@k?ga}i@mwameﬁgm b@@:il aeeefietsiveypical
solvents used for edge bead removers are et ctate, but tate, propyleneglyco
omonmiBiy EARUI 0Bl IRy EMEIE o ity B L0kt tBe AR 2P 0BRSS then
cured. The psesesradiyangecdf terapeiat EOEOTOM e beidsl 30 thisralap wickd Oeferaabaindey 129 is
seconds on a hot plate or equivalent heating unit, more preferably from about 150¢ to about 200C for
35-50 secorAESHL frE AR B R P RN £ BT FGEE VA b ol 2o i iriout 300 nm
The optimunofigvlidkckpetisligeder mingsb st swiglhkgsown in the art, to be where good lithographic
properties are obtaiped, e[fpe jally where no standinﬁq waves arefo served in the zo ghotoresist. It has

c

I A
been unexpectedly PRI g? ALYV R SREIER VRN R CBiREESE HRVERNA"HBAY the
excellerg absorppeiseng refrabtve 1ilexpepesjewoigitedinhel belidugotafelictfipdtive toatirg) is also

the antiefle AT LA S50 0e PR MG e 2P BB ol B ikl solutons,

are useful foedheppites ronind eotkRe warighitipdrienpbbdthagiivetcaoip gendsatoi &P hotedesisighnd the

antireflectivep%(r)_géirr]l 8 s&r) yrantetrr]e ’F a{’geso weight percent of the crosslinking agent and
optionally 0 to 25 weight percent of the acid or thermal acid generator, based on

20 the total solids content of the antireflective coating composition. Preferably the
photoacid generator level ranges from about 0.01 to about 20 weight%.
Preferably the crosslinking agent ranges from about 5 to about 40 weight
percent, more preferably 10 to 35 weight percent. The solid components are
dissolved in the solvent, or mixtures of solvents, and filtered to remove impurities.

25  The components of the antireflective coating may also be treated by techniques
such as passing through an ion exchange column, filtration, and extraction
process, to improve the quality of the product.

Other components may be added to the antireflective composition of the
present application in order to enhance the performance of the coating, e.g. lower

30 alcohols, dyes, surface leveling agents, adhesion promoters, antifoaming agents,

etc. These additives may be present at up to 30 weight percent level. Other
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exposure wavelength used for the imaging process for the photoresist. Positive- working photoresist
compositions are exposed image-wise to radiation, those 30 areas of the photoresist composition
exposed to the radiation become more soluble to the developer solution (e.g. a rearrangement reaction
occurs) while those areas not exposed remain relatively insoluble to the developer solution. Thus,

treatment of g5),AXERSCYURPSIHYE MSVBIARSD ISRIRHFLRIE R ECYRIRRRE BRMFRIHEEAPIAL OSie exposed

areas of the coating and the formation of a positive ima%e in the photoresist coating. Photoresist

resolution is IHABHIE TS LRALLPRLIRUNCVANTIPARIIR R eI RS HSnREIFPIFIRBRS tFofPthe

photomask tadhatridptiaisatitya e fdesbhe Bldnageuedast apidty oNAfaXRPKes BKidie\sdopment. In
many manufacturing applications today, resist resolution on the order of less than one micron are

necessary. IWalStidh Ot iRe:IRIBLEAlIREY HociPAMPasiioRe HElR IBIRIE Bh M ore NG M Br&NSs be near
vertical relativesio Hadhs priBiralE Derbwemanraansbetmecadienalprashand uriRyEIRpeRcareas of the

resist coating translate into accurate pattern transfer of the mask image onto the substrate. This becomes

even more crFRCHCRIIAR dovENBARGE mIRRIIYiZzattPthe RROLQOARES R JiNRRRAIABE T AR vices.

Positive-actiRgdyietatRstie £ONMEHHE 6\l dasesi nGrangrainesnamkhshazd engaroRig dsrd
photoactive compounds, are well known in. th aéirt. Novolak resins are tﬁ/picallyﬁroduced by condensing
formaldehydRHASEAS BY S 1aSERiIt-SUBHRUIRW pREAE S tRESHEsaRe B E %X'H'@Qf&fﬁ%uch as

oxalic acid. Ryarorriye coimpruditniieegentsalymbitainadriz reristiiglamibioy dresogirreiicompounds
with naphthoquingne diazide acids or their, 20 derivatives. The sensitivity of these types of resists
typically“ran i@%ﬁﬁ Y4B nmaéﬂ 20'A. trﬁkﬁ@)’é@‘r@@%@%nw&% ﬁéﬁ’@vavelgﬂﬁﬁis, between
about 180 nisudylg Hrou}iSdenimcaycristabe arse triStassd phyobkasjsisuneratycyenpiite.
polyhydroxystyrene or supstituted polyhydroxystyrene derivatives, a photoactive 25 compound, and
optionally & solbit IABRBFP AR FABUIRLE ISl S1oBE RS 58 BRRS BT iden and are
incorporatedohereingoafarenqsreisvsab O in8ablsub 08% 987 st 6. b, 380rh68s itediaudaity preferred

for 193 nm an@d 157 nm expqsure are photoresjsts comprising non-argmatic polymers, a photoacid
generator, GRUBRATT VoIS iR VEnd Gatelit o M Snirerochie” SOathg: & aRs

15  optimized. The n and k values can be calculated using an ellipsometer, such as
the J. A. Woollam WVASE VU-302 TM 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 0.1 to
0.75, for 248 nm the preferred range for k is 0.15 to 0.8, and for 365 nm the

20 preferred range is from 0.1 to 0.8. The thickness of the antireflective coating is
less than the thickness of the top photoresist. Preferably the film thickness of the
antireflective coating is less than the value of (wavelength of exposure/refractive
index), and more preferably it is less than the value of (wavelength of exposure/2
times refractive index), where the refractive index is that of the antireflective

25  coating and can be measured with an ellipsometer. The optimum film thickness
of the antireflective coating is determined by the exposure wavelength, refractive
indices of the antireflective coating and of the photoresist, absorption
characteristics of the top and bottom coatings, and optical characteristics of the
substrate. Since the bottom antireflective coating must be removed by exposure

30 and development steps, the optimum film thickness is determined by avoiding the

optical nodes where no light absorption is present in the antireflective coating.

18



30Photoresists sensitive at 193 nm that are known in the prior art are described in the following
references and incorporated herein, EP 794458, WO 97/33198 and US 5,585,219, although any
photoresist sensitive at 193 nm may be used on top of the antireflective composition of this invention. A
film of photoresist is then coated on top of the cured antireflective 5 coating and baked to substantially

remove the photoresig splursTiediiePbeitiRS ITorRsbsiBcNiscEatie erating Bilpstldayassiage then

imagewise exposed to actinic radiation. In a subsequent heating step the acid generated during exposure

step reacts ttFERNGUESIHEHNBYIDR IRSRSKIER R RGPl £HEH S8 nSRTY 89888 iering the
exposed regipidyfitiae andirelrcivpsiatesatingkinlitbeldnenaihpdlgyelppigsalytiposénaiemperature

for the postexposure bake step can range from 4QC to 200C for 30-200 seconds on a hot plate or

equivalent hARing&P&emNYEreIABRAFRRRB0RY td'2¥BChBIes0-JoaludlRds. Ah SEIUGAREURRE, it is
possiblesto aygidfatRORXPES)IEINAKE asiaCR o RIMIT I eslisties. sHisthasiRsivR Acsfiabacid labile

linkages, deprotection 15 proceeds at room temperature, The polymer in the exposed regions of the

O¢ p |
antireflectivd SORMG RS n &l QURIBT: iAlYMEREcak Al SorROLURESBleVEl SFSRIN 38R developed

in an aqueouserikIHIE SIS LARILIS HEPRYBEBCIBNHIOresithrd fer ditireflectietraantirdertbe developer
is preferably an aqu&gougg%gline,solution comprising, for exam Ie,_tetramelh | ammonpium 20 hydroxide.

The develop A%a5%8R mMiR&E9aRiReES Sae SsTEIMANG S NBFRRRC Y- SpXHYE Qhanol, etc.
The processsefesistingsangl teegingueboiaekeovnatioomhasd antsrilastyeskiatngsdsame!mkrown to

those skilled in the art and js optimized for the specific type of photoresist and antireflective coating
combirStionGRUBEOTHE okt LRSS LR LG oP LAY CEEn o R ARG B By the
manufacturingracaesss Ty pidapsdRe siscuaditsresagscae iedriepesitiare astd gtelitge, butizach of the
documents referred to above are inCﬁr?o ated herein b%ﬁlgrﬁnce in its entiret%r for all purposes. The

following sp@(ﬁﬁt:ag?cample%r%ylﬁ Cletailed GRS 6 ‘?ﬁ@cr‘ﬁt@ttﬁods of Mgirﬁ tilizing
30compositignsneinteengietiant ioveniturethieggenfamMnescutnpisriendedrsoWeNerprefbmi@r restrict

valtes hichHHESL Bt HTARINER kA7 St BRaGhcB R Lo e p S o

15 seconds on a hot plate or equivalent heating unit, more preferably from about
150°C to about 200°C for 45-90 seconds. The film thickness of the antireflective
coating ranges from about 20 nm to about 300 nm. The optimum film thickness is
determined, as is well known in the art, to be where good lithographic properties
are obtained, especially where no standing waves are observed in the

20 photoresist. It has been unexpectedly found that for this novel composition very
thin coatings can be used due to the excellent absorption and refractive index
properties of the film. The cured antireflective coating is also insoluble at this
stage in the alkaline developing solution. The photoresist can then be coated on
top of the antireflective coating.

25 Positive photoresists, which are developed with aqueous alkaline
solutions, are useful for the present invention, provided the photoactive
compounds in the photoresist and the antireflective coating absorb at the same
exposure wavelength used for the imaging process for the photoresist. Positive-
working photoresist compositions are exposed image-wise to radiation, those

30 areas of the photoresist composition exposed to the radiation become more

soluble to the developer solution (e.g. a rearrangement reaction occurs) while
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The absorption parameter (k) and the refractive index (n) were measured using variable angle
spectrophotometric ellipsometry. The bottom antireflective coating (B.A.R.C.) solutions were spin coated
on primed silicon wafers and to baked to get a given film thickness. The coated wafers were then
measured using an ellipsometer manufactured by J.A. Woollam or Sopra Corporation. The obtained data

were fitted tQradher&aaNddt \elPes & tharfain - Refatilns iRsIthReisd-weenae &1dpEp okiibml 4 neck

flask, equipped with a condenser, a thermometer, a nitrogen gas inlet and a mechanical stirrer, were

added methddWhdre’igiest Rf A RRasetheeriive (KRikiNg) eholgyesistarihy tigrdsveiopsp),
azobisisobutypribderéMBIaI (B18taE aatbRsyanesly el thenestithyleiher tRCIEm4EBa) of solution was

obtained and de_?ass_ed for 15 minutes. Then the 20 reaction mixture was heated to 70C and stirred at

that temperaRGRIHET BTRAG 4N R PROVAFRPISHERRINA T A et UATHE HENRREBSHBR, the

obtained solyfieilsaTssalec oo tedhediepabiapRstiai canntaieifarednylaterpadtdmdskltexide
(26wt% in water) solution (7g) was added. The reaction temperature was raised to 40C and was kept for

3 hours befdoSSHERLR BB G Nighe 198 REAfN ¢ RAEECHEPS RSWLY (RESE fXRIEMR1FBDvas cooled

down to roodesnpsrasHie anehwiag aridifitdioiply Bpisioatierlitbasiy. rERestesdiartaPPbimgiewas
precipitated into 600 ml of methanol and the obtained solid was g}?red, washed with methanol and

deionized wEERA tRER RN CA% PHSERN A& PRRRTRANa iR diHS AP B ANEKRd
precipitated agsiraisienthal thé dskvedinpabibhssralidalas-ifirie bevashedaidLlriethatvdde under

ol 008 S o Al S A s SRR R o
chromatograplyrésiBCiasting nelystitenatstandards pafsninesisxamnmesmadsk image onto
the substrate. This becomes even more critical as the drive toward
miniaturization reduces the critical dimensions on the devices.

Positive-acting photoresists comprising novolak resins and quinone-

15 diazide compounds as photoactive compounds are well known in the art.
Novolak resins are typically produced by condensing formaldehyde and one or
more multi-substituted phenols, in the presence of an acid catalyst, such as
oxalic acid. Photoactive compounds are generally obtained by reacting
multihydroxyphenolic compounds with naphthoquinone diazide acids or their

20 derivatives. The sensitivity of these types of resists typically ranges from about
300 nm to 440 nm.

Photoresists sensitive to short wavelengths, between about 180 nm and
about 300 nm can also be used. These photoresists normally comprise
polyhydroxystyrene or substituted polyhydroxystyrene derivatives, a photoactive

25 compound, and optionally a solubility inhibitor. The following references
exemplify the types of photoresists used and are incorporated herein by
reference, US 4,491,628, US 5,069,997 and US 5,350,660. Particularly preferred
for 193 nm and 157 nm exposure are photoresists comprising non-aromatic
polymers, a photoacid generator, optionally a solubility inhibitor, and solvent.

30 Photoresists sensitive at 193 nm that are known in the prior art are described in
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Polymers with structures (1) to (V) were synthesized in the similar procedure as Synthesis Example 1
except using the different types and amount of monomers in accordance with the monomer ratio given in
the structures. 10 N"---OH NO2 (1V)

the following references and incorporated herein, EP 794458, WO 97/33198 and
US 5,585,219, although any photoresist sensitive at 193 nm may be used on top
of the antireflective composition of this invention.
A film of photoresist is then coated on top of the cured antireflective
5 coating and baked to substantially remove the photoresist solvent. The
photoresist and the antireflective coating bilevel layers are then imagewise
exposed to actinic radiation. In a subsequent heating step the acid generated
during exposure step reacts to de-crosslink the polymer of the antireflective
coating composition and thus rendering the exposed region of the antireflective
10 coating alkali soluble in the developing solution. The temperature for the
postexposure bake step can range from 40°C to 200°C for 30-200 seconds on a
hot plate or equivalent heating system, preferably from 80°C to 160°C for 40-90
seconds. In some instances, it is possible to avoid the postexposure bake, since
for certain chemistries, such as some acetal acid labile linkages, deprotection
15 proceeds at room temperature. The polymer in the exposed regions of the
antireflective coating is now soluble in an aqueous alkaline solution. The bilevel
system is then developed in an aqueous alkaline developer to remove the
photoresist and the antireflective coating. The developer is preferably an
aqueous alkaline solution comprising, for example, tetramethyl ammonium
20 hydroxide. The developer may further comprise additives, such as surfactants,
polymers, isopropanol, ethanol, etc. The process of coating and imaging
photoresist coatings and antireflective coatings is well known to those skilled in
the art and is optimized for the specific type of photoresist and antireflective
coating combination used. The imaged bilevel system can then be processed
25 further as required by the manufacturing process of integrated circuits, for
example metal deposition and etching.
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

30 compositions of the present invention. These examples are not intended,
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(V) 5Examplel A copolymer represented by structure (I) from Synthesis Example 1 (2.5g),
tris(4-vinyloxy butyl) trimellitate (0.25g, Vectomer05015, available from Aldrich Co.), and
triphenylsulfonium nonaflate (0.05g) were dissolved in 68g 10 propyleneglycol monomethylether acetate
(PGMEA) and 29g of propyleneglycol monomethylether (PGME) to form an antireflective coating

composition bR petutemiwidfilkeseactin g e. bomeliiiRie fiimplamy ledycanalsmstlerstsented by
structure (1) from Synthesis Example 1 (3g), bis(4-vinyloxy butyl) adipate (0.4g, Vectomer0Q4060, available

from Aldrich %80 SOARHEAIBSRIQIYTY) e RV SIS S MRINEHIDICEg PSS form an
antireflective 6aia®censI0eian ofberse! wigstiwasHitpreddhtaradnadhlpm filter. 20

5 Examples

The absorption parameter (k) and the refractive index (n) were measured
using variable angle spectrophotometric ellipsometry. The bottom antireflective
coating (B.A.R.C.) solutions were spin coated on primed silicon wafers and

10 baked to get a given film thickness. The coated wafers were then measured
using an ellipsometer manufactured by J.A. Woollam or Sopra Corporation. The

obtained data were fitted to get the k and n values of the B.A.R.C. films.

Synthesis Example 1
15 To a 250 ml 4 neck flask, equipped with a condenser, a thermometer, a
nitrogen gas inlet and a mechanical stirrer, were added methacrylate ester of 9-
anthracene methanol (AMMA) (4.29), 4-acetoxystyrene (13.89),
azobisisobutylonitrile  (AIBN) (0.8 g) and propyleneglycol monomethylether
(PGME) (50g). A solution was obtained and degassed for 15 minutes. Then the
20 reaction mixture was heated to 70°C and stirred at that temperature for 5 hours
under flowing nitrogen. After the completion of the polymerization, the obtained
solution was cooled down to the room temperature and tetramethylammonium
hydroxide (26wt% in water) solution (7g) was added. The reaction temperature
was raised to 40°C and was kept for 3 hours before being raised to 60°C. After
25 heating at 60°C for 8 hours, the reaction mixture was cooled down to room
temperature and was acidified to pH 6 using acetic acid. The resultant polymer
was precipitated into 600 ml of methanol and the obtained solid was filtered,
washed with methanol and deionized water, and then dried. The precipitated
polymer was redissolved in 60g of PGME and precipitated again into 600 ml of
30 methanol. The solid was filtered, washed and dried at 40°C under vacuum. The

obtained polymer (represented by the structure (1)) had a weight average
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Example 3 A copolymer represented by structure (Il) from Synthesis Example 2 (2.69), tris(4-vinyloxy
butyl) trimellitate (0.26g, Vectomer05015, available from Aldrich), and triphenylsulfonium nonaflate
(0.05¢g) were dissolved in 68g PGMEA 5and 29g PGME to form an antireflective coating composition. The
solution was filtered through a 0.1pm filter. Example 4 A copolymer represented by structure (I) from
Synthesis Exagiéeiar($aighO(Miainveng dncobatyinyieter 44 &agBArdieddRiE WERHE Ry aflable from
ISP (Japan) Ltdé? and oxalic acid (0.01g) were dissolved in 67.69 PGMEA and 28.8g PGME by stirring to
form an antireft &lv@%oﬁiﬁﬁf%%o%ﬂloﬁ 1R sBRIfBRANAR f|ﬁ8f881ﬂ‘1tﬂﬂjaﬁr39}’0 (BRSterSitExample 5
A copolymemysipsepeinie @ty ghrggure (lll) from Synthesis Example 3 (49), tris(4-vinyloxy butyl) trimellitate
(0.5g, Vectomer05015, available from Aldrich), and oxalic acid (0.02g) were dissolved in 70g PGMEA and
30g PGME stirring to form an antireflective cqating composition. The solution was filtered through a 200.1
pm filter. Example 6 A copolym |
tris(4-vinyloxy butyl) trimellitate (O. 2 e@ .
(0.019g) were dissolved in 70g PGMEA and 30g PGME
composition. The solution was filtered through a 0.1 pm

;1 from Aldrich 25 Co.), and oxalic acid
irring to form an antireflective coating

(1)

Synthesis Examples 2-5
Polymers with structures (ll) to (V) were synthesized in the similar
procedure as Synthesis Example 1 except using the different types and amount

of monomers in accordance with the monomer ratio given in the structures.

20 70 10 |,

OO OOH

OGN,

10 (1)

45 55

OH

z—""o
\

NO,

NO,

(1)
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Example 7 A copolymer represented by structure (V) from Synthesis Example 5 (29), tris(4-vinyloxy
butyl) trimellitate (0.2g, Vectomer05015, available from Aldrich Co.), and oxalic acid (0.01g) were
dissolved in 70g PGMEA and 30g PGME by 5 stirring to form an antireflective coating composition. The
solution was filtered through a 0.1 pm filter. Example 8 The solution prepared in Example 1 was spin
coated onto a 6inch silicon 10 wafer at 2500mm for 60 seconds and then baked on a hot plate at 170C for
90 seconds to form a cured antir [ ess of the coating, as determined
by ellipsometry manufactured pyJ.A« rarcorporation, was about 700A. By
observing the coated wafers, it wa®3s8 @gd during the coating process on the
antireflective 15 coating could easily bg removec rinse of a silicon wafer with a mixture
of 30WWOPGMEA and 70wt% PGME; ar+ edgebead removing solvent. The solutions prepared in
Examples 1-8 were spin coated on 6inch silicon wa s and baked on a hot pfate at different temperatures
(each baking temperature 2 wafers for each sample). One coated wafer from each of the set of 20
B.A.R.O coatings was puddled with PGMEA, a common photoresist solvent, and the other with developer,
each for 60 seconds and thenspin dri ange in the antireflective layer was
observed on the wafers whe afing that thefjims were highly crosslinked and
solvent-resistant, thus there = XA heP otof@sist solvent when 25 the photoresist
was coated over the B.A.R.C. When gQomparative tést was perrmed on the formulations prepared
without the vinyl ether terminated cro%linking agent, it was obs!arved that the entire coating could be
removed both in PGMEA and the develpper. Exarflble 9 (V)

Example 1
A copolymer represented by structure (1) from Synthesis Example 1 (2.59),
tris(4-vinyloxy butyl) trimellitate (0.25g, Vectomer®5015, available from Aldrich
Co.), and triphenylsulfonium nonaflate (0.05g) were dissolved in 68g
10  propyleneglycol monomethylether acetate (PGMEA) and 29g of propyleneglycol
monomethylether (PGME) to form an antireflective coating composition. The

solution was filtered through a 0.1um filter.

Example 2
15 A copolymer represented by structure (I) from Synthesis Example 1 (39),
bis(4-vinyloxy butyl) adipate (0.4g, Vectomer®4060, available from Aldrich Co.),
and oxalic acid (0.01g) were dissolved in 67.6g PGMEA and 28.8g PGME to form
an antireflective coating composition. The solution was filtered through a 0.1um
filter.
20
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The solutions prepared in Examples 1-4 were spin coated on 6inch silicon wafers baked at 170C for 90
seconds to give a thickness of 60 nanometers. Then a DUV photoresist, AZ(r) DX6270P (available from
Clariant (Japan) K. K.) 5 was coated thereon and softbaked at 120C for 90 seconds to give a thickness of
0.45 micron. The coated wafers were imagewise exposed using Cannon FPA3000 EX5 248 nm stepper.
The exposed wafers were postexposure baked fox @ seconds at 130C, followed by a puddle

development of 60 seconds with AZ(r) 300 MIF Developer (2.38 weight % tetramethyl ammonium
hydroxide aqueousio SHRRYREN JRRERSHBIFACRYi T ESHES). th eI ERIB 1BKAMBISsCope results

showed at 22melgmizispatiityfoRy2 0 i) Lidirdemsstdings 26yl 0/2etbmdreistas linraisiccaropietely
opened both in the photoresist layer and the antireflective coating layer. No obvious standinEg waves due

to the reflectiAftvh ARAPReRESYERD R ARG HE-PRad S RofissoMe &R AP HEMEAL 5 ¢ of
poly(hydroxysir oy rPesvIE daterb ait amtieddie@ie) S At frapaliriaaiditietkyimidne(las), 0.06 g of
triphenylsulfgnium triflate, and 0,225 g of VectomerTM 5015 (available from Aldrich Corp.) were dissolved
in 98.5 g of HiREsHOLH @ YilEThE'8 A R.C. solution. The solution was filtered through 0.2 pm
microfilter. The B.A.R.C. coating gave a refractive index (n) and absorption (k) at 193 nm of 1.59 and 0.62
respectively as measured by a J. A. Woollam VVVASE VU-302 TM Ellipsometer. The B.A.R.C. solution
was coated on a primed silicon wafer heated on%@@"ﬂlﬁp ate at 200 C for 60 seconds to give a film

thickness of 35”nm AT?@%:@EF%@NQ fga@mméairiggﬁa@/ah@grsﬁ&bﬁaw@aﬁa@@pmfﬂariant
Corp., Someryille, NJ) with a film, thickness of 330 The r then baked on_a hotplate for 120 C
for 60 %con@@tqwg%%&%djbvé%wgép@ip&@@@’uéﬁ% érﬁélﬁlﬁé IES:}? %ais@ﬁﬁép rffﬂ% Ee exposure.
Thgd?x%osewapmf) &Edﬂ)l,eﬁr@@kéb'f?@@it(ﬂe(@@lq@d Wér%ooﬁml ved &t 530G ama/famﬁ(ﬁd 28ti3@ 30- second
puddle deve at 23 C using of AZ(r) 300 MIF. Develgper. Using a secopdar ctron microscope,
0115 pm phats DALt A9 AL A A BUEHEE Sl PR oo s A

filtered through a 0.1um filter.

15 Example 5
A copolymer represented by structure (lll) from Synthesis Example 3 (49),
tris(4-vinyloxy butyl) trimellitate (0.5g, Vectomer®5015, available from Aldrich),
and oxalic acid (0.02g) were dissolved in 70g PGMEA and 30g PGME stirring to
form an antireflective coating composition. The solution was filtered through a

20  0.1um filter.

Example 6
A copolymer represented by structure (IV) from Synthesis Example 4 (2g),
tris(4-vinyloxy butyl) trimellitate (0.2g, Vectomer®5015, available from Aldrich
25 Co.), and oxalic acid (0.01g) were dissolved in 70g PGMEA and 30g PGME by
stirring to form an antireflective coating composition. The solution was filtered

through a 0.1um filter.
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0.075 g of poly(hydroxystyrene-methacrylate) (55/45 molar ratio), 0.015 g of cyanoacetic acid, and 0.022
g of VectomerTm5015 were dissolved in 8.0 g of propylene glycol monomethyl ether. The solution was
filtered through 0.2 pm iomicrofilter. The B.A.R.C. solution was coated on a primed silicon wafer and
heated on a hotplate at 175 C for 60 seconds to give a film thickness of 293 A. The B.A.R.C. wafer was
coated with AZ(r) T430 photoresist (available fragdpggiamt Corp., Somerville, NJ), heated on a hotplate
for 120 C for 60 seconds to give a is film thickness of 116 nm. The coated wafer was exposed using an

IS 193 nm ministephEPRHNYMSHERRERSERRL e STHEWHID d¥a d AR SRS IR FHRARR b (4 baked for
20 seconds g{sk20,fayaegyfalawRdtrmbeiatalseroad MeditnrersonBiealalals € fsingmbAE r) 300 MIF

Developer. Using a secondary electron microscope, 0.20 pm photaresist/B.A.R.C. lines (1:1éwere

obtained at 200888 FIHRAIP- elahtrra sigprled R AOgdniaMFroANE A JIEIBRBY coated on

a primed siliggfag WafRirandhakestelddtve K90 gassmpadnieneTnblindhickRenasf i The
B.A.R.C. wafer was ccﬁted with AZ(r) T430 photoresist (available from Clariant Corp., Somerville, NJ),

heated on a FERARAS 18H EBF 60 seconds to give a film thickness of 116 nm. The coated wafer was
exposed using an ISI 193 nm ministepper for imagewise exposure. The exposed wafer was then post

Example 8
The solution prepared in Example 1 was spin coated onto a 6inch silicon
10 wafer at 2500rpm for 60 seconds and then baked on a hot plate at 170°C for 90
seconds to form a cured antireflective coating layer. The film thickness of the
coating, as determined by ellipsometry manufactured by J.A. Woollam company
or by Sopra corporation, was about 700A. By observing the coated wafers, it was
seen that the edge-bead formed during the coating process on the antireflective
15 coating could easily be removed with a back-side rinse of a silicon wafer with a
mixture of 30wt%PGMEA and 70wt% PGME, an edgebead removing solvent.
The solutions prepared in Examples 1-8 were spin coated on 6inch silicon
wafers and baked on a hot plate at different temperatures (each baking
temperature 2 wafers for each sample). One coated wafer from each of the set of
20 B.A.R.C coatings was puddled with PGMEA, a common photoresist solvent, and
the other with developer, each for 60 seconds and then spin dried. No obvious
film thickness change in the antireflective layer was observed on the wafers when
baked above 150°C, indicating that the films were highly crosslinked and solvent-
resistant, thus there would be no intermixing with the photoresist solvent when
25 the photoresist was coated over the B.A.R.C. When a comparative test was
performed on the formulations prepared without the vinyl ether terminated
crosslinking agent, it was observed that the entire coating could be removed both
in PGMEA and the developer.
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exposure baked for 20 seconds at 120 C and followed with a 30-second puddle development at 23 C
using of AZ(r) 300 MIF Developer. Using a secondary electron microscope, 0.35 pm photoresist/B.A.R.C.
lines (1:1) were obtained at a dose of 21 mJ/cm2. 5 10 15 20 25 30 35 Claims 1.A positive bottom
photoimageable antireflective coating composition which is capable of being developed in an aqueous
alkaline developer, wherein the Example 9

The solutions prepared in Examples 1-4 were spin coated on 6inch silicon
wafers baked at 170°C for 90 seconds to give a thickness of 60 nanometers.
Then a DUV photoresist, AZ® DX6270P (available from Clariant (Japan) K. K.)

5 was coated thereon and softbaked at 120°C for 90 seconds to give a thickness of
0.45 micron. The coated wafers were imagewise exposed using Cannon FPA-
3000 EX5 248 nm stepper. The exposed wafers were postexposure baked for 90
seconds at 130°C, followed by a puddle development of 60 seconds with AZ®
300 MIF Developer (2.38 weight % tetramethyl ammonium hydroxide aqueous

10  solution available from Clariant Corp.). The secondary electron microscope
results showed at 22mJ/cm?, both the 0.20 pm 1:1 dense lines and 0.20 um
isolated lines was completely opened both in the photoresist layer and the
antireflective coating layer. No obvious standing waves due to the reflection from
the substrate were observed on the pattern profiles.
15
Example 10

1.5 g of poly(hydroxystyrene-methacrylate) (65/45 molar ratio), 0.075 g of
oxalic acid/triethylamine(1:1), 0.06 g of triphenylsulfonium triflate, and 0.225 g of
Vectomer™5015 (available from Aldrich Corp.) were dissolved in 98.5 g of ethyl

20 lactate to give the B.A.R.C. solution. The solution was filtered through 0.2 ym
microfilter. The B.A.R.C. coating gave a refractive index (n) and absorption (k)
at 193 nm of 1.59 and 0.62 respectively as measured by a J. A. Woollam
WVASE VU-302 TM Ellipsometer.

The B.A.R.C. solution was coated on a primed silicon wafer heated on a

25 hotplate at 200 °C for 60 seconds to give a film thickness of 35 nm. The
B.A.R.C. wafer was coated with AZ®1020P photoresist (available from Clariant
Corp., Somerville, NJ) with a film thickness of 330 nm. The wafer was then
baked on a hotplate for 120 °C for 60 seconds. The coated wafer was exposed

using an ISl 193 nm ministepper for imagewise exposure. The exposed wafer
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5 antireflective coating composition comprises a polymer comprising at least one recurring unit with a
chromophore group and one recurring unit with a hydroxyl and/or a carboxyl group, a vinyl ether
terminated crosslinking agent, and optionally, a photoacid generator. 102.The composition according to
claim 1, wherein the chromophore group is chemically bonded to the polymer and is selected from a

compound castg{BinGEseBRSSYErBSREPTOFIBSs ScomiiBttad @rEnB S HGIGIRN QMY argop, a
substituted or unsubstituted anthracyl grou%), a substituted or unsubstituted phenanthryl group, a

substituted GEGPSGHRHARIRI SRYHARINGR R, 23sUbtRIR8CH AR P ORISR YRIPRRE M5B Biromatic
rings containiBgdirigrpdnBE Gl esied e3P Xy Ui paRfoadisyBAAdRaaNikhES (hergakerd The

composition according to claim 1, wherein the recurring unit containing a hydroxyl and/or a carboxyl group
is derived fretAtAIRgSHaNA0SS SEARE AT acrylic acid, methacrylic acid, vinyl alcohol,

hydroxystyrenes, copolymers of hydroxystyrene and vinyl monomers containing 1,1,1,3,3,3-
hexafluoro-2-propanol. 4. The composition according to claim 1, wherein the chromophore group 25and
the hydroxyl and/or a carboxyl group are prese Atesiie recurring unit. 5. The composition

according to claim p ogmpyisingon i) retigstyesmenaieth scppliaki(BoAMBE MR estefed. 0y 3he general
structure belglyv ;c§g%gg|ezti%Ha%?dn, ?é%d 0.022 g of Vectomer™5015 were dissolved in 8.0 g of
propylene glycol monomethyl ether. The solution was filtered through 0.2 ym
10  microfilter.
The B.A.R.C. solution was coated on a primed silicon wafer and heated
on a hotplate at 175 °C for 60 seconds to give a film thickness of 293 A. The
B.A.R.C. wafer was coated with AZ® T430 photoresist (available from Clariant
Corp., Somerville, NJ), heated on a hotplate for 120 °C for 60 seconds to give a
15 film thickness of 116 nm. The coated wafer was exposed using an ISI 193 nm
ministepper for imagewise exposure. The exposed wafer was then post
exposure baked for 20 seconds at 120 °C and followed with a 30-second puddle
development at 23 °C using of AZ® 300 MIF Developer. Using a secondary
electron microscope, 0.20 um photoresist/B.A.R.C. lines (1:1) were obtained at a
20 dose of 20 mJ/cm2.

Example 12

The B.A.R.C. solution from Example 10 was coated on a primed silicon

25 wafer and baked at 175 °C for 90 seconds to give a film thickness of 499 A. The
B.A.R.C. wafer was coated with AZ® T430 photoresist (available from Clariant
Corp., Somerville, NJ), heated on a hotplate for 120 °C for 60 seconds to give a

film thickness of 116 nm. The coated wafer was exposed using an ISl 193 nm

ministepper for imagewise exposure. The exposed wafer was then post
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wherein, R is selected from a (C1-C30) linear, branched or cyclic alkyl, substituted or unsubstituted
(C6-C40) aryl, and substituted or unsubstituted (C7-C40) alicyclic hydrocarbon; and n 2. 5 6. The
composition of claim 1, further comprising an acid or a thermal acid generator. 7. The composition of
claim 6, where the acid or the acid derived from the tothermal acid generator has a pKa greater than 1.0.

8. The compagiiu e plakutonersdbsrriihon deoaria sie fursliernite shenmaatapid geagrator is

removed from the antireflective coating at temperatures below 220C. 15 9. The composition according to

claim 1 furth@PYeIpm&eRL &l dg2. “C1o5H1% b MFSiaoR AortiRYRIRRIMHSINh &R ERBIRRY is selected

from the grodRerbsISHRICHcRFRONOBEE]IN PifotareaisyB I RYE. AR S MixiuiR & apiaifnameric and a
polymeric dye. 11. The compasition according to claim 1, wherein the antireflective layer has a k value in

the range of P88P19! B¥{M#e composition according to claim 1, wherein the antireflective layer has a

thickness less than the thickness of the photoresist. 13.The composition according to claim 1, wherein the

photoacid generator is
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sensitive to actinic radiation in the range of 50 nm to 450 nm. 30 14.A process for forming a positive
image comprising: a)forming a coating of the bottom photoimageable antireflective coating composition of
claim 1 on a substrate; 5b)baking the antireflective coating, c) providing a coating of a top photoresist
layer over the bottom coating; d) imagewise exposing the photoresist and bottom coating layers to actinic
radiation of sagimwavelength; 10e)post-exposure baking the photoresist and bottom coating layers on the
substrate; and, f)developing the photoresist and bottom coating layers with an aqueous alkaline solution.

1515.The process according to claim 14, further comprising the step of removal . ,
1. A positive bottom photoimageable antireflective coating composition which

is capable of being developed in an aqueous alkaline developer, wherein the
5 antireflective coating composition comprises a polymer comprising at least one
recurring unit with a chromophore group and one recurring unit with a hydroxyl
and/or a carboxyl group, a vinyl ether terminated crosslinking agent, and

optionally, a photoacid generator.

10 2. The composition according to claim 1, wherein the chromophore group is
chemically bonded to the polymer and is selected from a compound containing
aromatic hydrocarbon rings, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted anthracyl group, a substituted or unsubstituted
phenanthryl group, a substituted or unsubstituted naphthyl group, a substituted or

15 an unsubstituted heterocyclic aromatic rings containing heteroatoms selected

from oxygen, nitrogen, sulfur, and a mixture thereof.

3. The composition according to claim 1, wherein the recurring unit
containing a hydroxyl and/or a carboxyl group is derived from a monomer
20 selected from acrylic acid, methacrylic acid, vinyl alcohol, hydroxystyrenes,
copolymers of hydroxystyrene and vinyl monomers containing 1,1,1,3,3,3-

hexafluoro-2-propanol.

4. The composition according to claim 1, wherein the chromophore group

25 and the hydroxyl and/or a carboxyl group are present in the same recurring unit.

5. The composition according to claim 1 comprising a vinyl ether terminated

crosslinking agent represented by the general structure below;

RAE OCHZ=CH, )
n
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of an edgebead after the coating and prior to the baking of the antireflective coating composition. 16.The
process according to claim 14, wherein the antireflective coating 20 becomes insoluble in organic
solvents and aqueous alkaline solution after the baking step prior to coating the photoresist layer and
becomes soluble in aqueous alkaline solution after exposure to actinic radiation prior to developing the
photoresist and bottom antireflective coating layer. 25 30

wherein, R is selected from a (C4-Csp) linear, branched or cyclic alkyl, substituted
or unsubstituted (Ce-Cao) aryl, and substituted or unsubstituted (C7-Cy4) alicyclic

hydrocarbon; and n > 2.

5
6. The composition of claim 1, further comprising an acid or a thermal acid
generator.
7. The composition of claim 6, where the acid or the acid derived from the

10 thermal acid generator has a pKa greater than 1.0.

8. The composition of claim 6, where the acid or the acid derived from the
thermal acid generator is removed from the antireflective coating at temperatures
below 220°C.

15
9. The composition according to claim 1 further comprising a dye.

10. The composition according to claim 9, wherein the dye is selected from
the group consisting of a monomeric dye, a polymeric dye and a mixture of a

20 monomeric and a polymeric dye.

11.  The composition according to claim 1, wherein the antireflective layer has

a k value in the range of 0.1 to 1.0.

25 12. The composition according to claim 1, wherein the antireflective layer has

a thickness less than the thickness of the photoresist.
13.  The composition according to claim 1, wherein the photoacid generator is

sensitive to actinic radiation in the range of 50 nm to 450 nm.

30
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14. A process for forming a positive image comprising:

e)

f)

forming a coating of the bottom photoimageable antireflective
coating composition of claim 1 on a substrate;

baking the antireflective coating,

providing a coating of a top photoresist layer over the bottom
coating;

imagewise exposing the photoresist and bottom coating layers to
actinic radiation of same wavelength;

post-exposure baking the photoresist and bottom coating layers on
the substrate; and,

developing the photoresist and bottom coating layers with an

aqueous alkaline solution.

15.  The process according to claim 14, further comprising the step of removal

of an edgebead after the coating and prior to the baking of the antireflective

coating composition.

16. The process according to claim 14, wherein the antireflective coating

becomes insoluble in organic solvents and aqueous alkaline solution after the

baking step prior to coating the photoresist layer and becomes soluble in

aqueous alkaline solution after exposure to actinic radiation prior to developing

the photoresist and bottom antireflective coating layer.
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