Description Positive-Wrking Photoi mrageabl e Bottom Antireflective Coating
Field of Invention The present invention relates to novel

posi tive-worki ng, photoi mageabl e, and agueous devel opable antireflective
coating conpositions and their use in imge processing by formng a thin |ayer
of the novel antireflective coating conposition between a reflective substrate
and a photoresist coating. Such 10 conpositions are particularly useful in the
fabrication of sem conductor devi ce@egyri§Mt ol i t hographi c techni ques,

especial ly those requiring exposure eep ultraviolet radiation. These
coatings are parosiiiNesVVorkinarphotpimagaable Boow AntirgfleelivgrChatirdl r enover .
15Backgr ound Phot or esi st conpositions are used in mcrolithography
processes for making mniaturized el ectronic conponents such as in the
fabricati piel@bf he@ptiber chips and integrated circuits. Cenerally, in these
processes, a thin coating of a filmof a photoresist conposition is first
applied to a shbstRrgsentdvaaliet relptessigcRowel ReSitiveowoudRS r_RhQfeErRgaRbIgmki ng
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types commonly used today In crol1thographic processes. Arter this

i mage-w sby phpiclihegraphie tschhiegiesubspecially thoser empuirihgvekposurdewith gieep sol uti on
to di ssol VE and renpue eiﬂt her thaj' radi ati on- eé osed or,. tlhe% unexposed areas of
the phot of&@viglet radiation. filigsg ceAingRoA ey PRLICHETY QBPANIE Ok S75 H4T PBns,

negat i ve- ygg&ibBedaaghoresi tive-working. Wien positive-working photoresi st
conpositions are exposed i mage-w se to radiation, the areas of the photoresi st
conposition exposed to the radiati on becone soluble in a devel oper sol ution
whil e  he d areas of the photoresist coating remain relatively

i nsol tlji)l eﬁémﬁa solution. Thus, treatnent of an exposed positive-worKking
phot or esi st w Photorési¥e! copgsosittsrie saire endal inomitrogtheypassd proesssesf fdrhe

phot oresi st coating and the fornmation of a positive inmage in the coating,
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whi ch the phot el eHise SMRSHbLEE HBSits.  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.



10deposited. In a negative-working photoresist the devel oper renoves the
portions that are not exposed. The trend towards the m niaturization of
sem conductor devices has led both to the use of new photoresists that are
sensitive to |l ower and | ower wavel engths of radiation, and also to the use of

sophi sti cat ed Itilev%le ste 15t.0 ovetrcorre di.fficulties associated with
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for patterning images with [ess than quarter mcron geonetries. ere are two
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f ol | ows ngtheapebtaiesist coatitg penaie deleivelynindplubis e esish, aUSoldtidd 1, BREs, US
5, 350, 660, EP 794458 and GB 2320718. Photoresists for 248 nm have typically
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antirefl ective coatings beconme c I cal. e use of highly absorbing
antir ef | ethataee oobexpaged. n photol i t hography is a sinpler approach to dimnish

h bl Lt from back .reflecti fL frqm hi ghl flecti
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The photoresist is exposed i magew se and devel oped. The antireflective coating
in the expeyelgngthsaof radiation, epgialee tg the vse of apphistieatptl dndlfileyeksysiamsern i s

t hus an r t Oy [ ireflective coatings known in the
pri or tl%r t %a&‘éér@grs".egdr{ﬁ@ﬁlt%'gg%%a?‘tya%ecl %@%yé%@r‘@%@%ﬁ'&%e of the antireflective
fil mneeds to bggh elegbiutiehy dHeghically campiflddsoteé ulavhst ¢1@3390 hth)so t hat
the antireflective filmis etched wi thout excessive |oss of the resist film
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phot or esi ekpgmireerteshmelpgies dsbgddiver prayidedt $ignificant 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 hon-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.



15 transferred exactly to the substrate if the dry etch rate of the
antireflective coating is simlar to or less than the etch rate of the

phot oresi st coated on top of the antireflective coating. The etching
conditions for renoving the organic coatings can al so danage the substrate.
Thus, there is need for organi,c bottomaptireflectiv oatings,that do not
need to be dry TBECREP ANIEANoRIEES BPUHTEENACCHUEE 1\ T HIORIBHAP NS Por mance,
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etch dama The novel approach of the present application iS to use an

e.
absor bi ng?roﬁbbighiW@ﬂiGﬁﬁ‘g%Sﬂmtfﬁtﬁg- tldtet befterntantiseflective aoativgtis mgptiehioncan be

et chi no. - 1R e B8 88 PR R ebleS T 17 APP LR 8PS et T s
the dry etedtingat e Ties|uphetarstistofis t BRposEt | ithganaskicardt levelopedi nt ahgi ve dry

etching processing steps and al so prevents danage to. the substrate caused by
dry et chi Agtirefigetivehsoabnaginbdia ciipesed r afededs ithen clyriqaly elshpdsahd ohe of the

O : . ae .
P Coured DHERIRES SRRCR T AnGs o amsBHeROr MPAHCIRRE St Y Rretdcte Oy,
used to expatigyst keowmiin s ptiov artparetdesigicst tdobe ahg etcreegiealbhe gteh réate sfanme

devel oper ,as that used to develop th hot oresi st. This process greatly
il i 11 416 RRUTENeHyGr BN NESTH br88 s8] N iR FAGPATPeR 5o tiRuRbloTeste
Process! o $haPthe shitefetife Ay is el WRoGOBkEAGIV |o%e%f@%n@si§t\fmn the
extent of renoval of the antireflective coating I1s defined by the |atent
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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



20 are no clearly defined soluble and insoluble regions in the film The

di ssolution of the antireflective coating is controlled by bake conditions and
thus the antireflective coating is very sensitive to the devel oper nornality
and devel oping tinme, and al so gives poor resolution. H gh normality devel oper
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coating process. This 15 antireflective coating is photoi mageabl e at the sane
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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



30cl ean i mages are obtained, w thout damagi ng the substrate. Summary of the

I nvention The present invention relates to a positive bottom

phot oi mageabl e antirefl ective coating conposition which is capable of being
devel oped in an aqueous al kaline devel oper, mherein t he antireflective coating
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of the Draw ng_15Figure 1 shows exanples of the structures of photoacid
gener at ors. Degbﬁl'}ﬂvlebﬁnﬁfeﬂ?ﬁﬁm GOBWROSHign of the presgat fvestan rﬁ%iq 8n rel ates
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| east one unit t h bsor bj ng chro e et her, terni nat ed
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to a process usi ng 'such a conposition, especially for Trradiation from
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antirefl egplvptsC rigeDSedF raiol &l sBIgeRR! srenisdy theemaie thausliang Bnahel i ght as
the top photoresist, and is al so devel opable with
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.



30t he sane aqueous al kal i ne devel opi ng solution as that used to typically
devel op the photoresist, thus formng a pattern in the antireflective
coating. The antireflective coating conposition conprises a polyner, a
crosslinking agent and, optionally, a photoacid generator. The antireflective

coating canpositi hl co?.t ed on a reflective substrate. The edge bead which
may form mfﬂ%wtﬁﬁg—@mlﬁg process can then be renpved using an edgebead
renoving sol vemhe pldiemitt MochBbY Rates & 14! peativd! SOﬂtcsmsghts@ilmgeé&@ as

edgebead renovers. The coating is then baked to renove the solvent of the
coat i ng santineflegtivengoating qonpesiéy] wikch he capablengf heinrdgyelapedpire@ant , or

ool ubl e HE R el et bR RS ahiErk B, eBeCEbebafich by

theorys i tompribes iaeyéigmich@ontpiisirtpat kst onbakcogingt @it aitheachiamoplades pl ace
bet ween the crosslinking agent, especially conpounds containing vinyl ether
ternminal §FBPpINd HNE FHINHRY il Witht & NYREONW @GS @ Ladb@xy! DredPhaxyinYlgr oup in
the antir i i ko f i j i & Rl ting.
Ater bakius anmans SRinkfle e 24 opfOhalf, 3 BHER A JbReral. TR (Bi e i n
bot h an alrkvahtiore ndey &itieerngporaplisd iaanacid cort & ehemhal eadid efenehetod Spbédrablgsi st .

A positive photoresist (s then coated_on top, of the cured antireflective
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radi ati on"SAOGHE SR ngl e step, where an acid is then generated in both the top
photoresi st and the bottomantireflective coating. If a photoacid generator is

present in the antireflective coating it is photolysed. Wen a photoacid
gener at or Brief Bescript thedla he antireflective coating, the acid may
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with the crosslinked sites (acid | abile groups), are decrosslinked in the
presence of the. photogenerated acid, thus nmaking the polymer and hence the
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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



The polyner of the antireflective coating of the invention contains at |east
one unit with hydroxyl and/or carboxyl group and at | east one unit with an
absor bi ng chronophore. Exanpl es of an absorbi ng chronmophore are 15 hydrocarbon
aromatic noieties and heterocyclic aromatic noieties with fromone to four
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preferred nononers are styrene, hydroxystyrene, acetoxystyrene, Vviny

benzoat e, ceinpplnds taantaibingy vingh 2theretermimai| gnoepgl podl thehpolymest wéh ther yl at e,
phenoxypr | acrylate, nmet hyl mal ei m d 2- (4-benzoyl- 3- . .

vl oxy ph BRI ERHPH BcsbERY Brour o i o GrsRetits SRRGRY o Jory 18 labifeny

net hacryl gicupsPRRRBIN tHEeEbawig/ | After bakingtaHReandd Tré Mattiramddiger dd=Aing. is9-

vi nyl ant hracene, 2-vinyl napht hal ene, Vi nélppht al i mde, N-(3-hydroxy)phenyl

met hacry| aaserdialy (risdhykle dx poth ay atkenipe sleyslopinsheelytien ang it gplvent of the

nmet haig yl g%%ze%t( 3- hydr oxyl - 4- et hoxycar bonyl phenyl azo) phenyl
met hacryl ant de;N-( 2, 4-di ni t rophenyl am nophenyl ) mal ei m de, 3- (4- 10

acet oam nophengl pagitivéd photisrexisstiy rteee, coated on top of the cured antireflective
3- (4- et hoxycar bonyl phenyl ) azoacet oacet oxy . et %I nmet_hacryl ate

3- (4- hydr 693i#iKLAPM Rakeddedemavet biryPhataasisdivanty | Hie copting Hrighitessarefoni um
ot o S pITASPRISRAAR RS GRIFP e SOy ERGILA R Byl el e
absor bs aPribhéo 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



15 appropriate exposure wavel ength may be used al one or in conbination with
ot her chronophores. The pol yner of the novel invention conprises at

| east one unit with a hydroxyl and/or a carboxyl group to provide al kaline
solubility, and a crosslinking site. One function of the polynmer is to provide

a good coa and_another 20 is to epabl.e tir flectlv coatin
togchange %Fﬂ%%\’?k’%’ur?‘ ﬁlﬂ?sr?@ueﬁﬁ&eﬁﬁ%ﬁf'@cégef lhﬁ?eg p €ofX R:Cé?re oxyI ]
groups i nréd‘i@nsinfYBBl'h mﬁ@vrs&ﬂnfémph@toré&@t wwrérﬂlrem@&ﬁéabdaﬁrq

sol ubi l'ity change. | es of nmobnoners which provide such upon

pol yner i zRQdseing ea V\P@ e inage,atdndndeayndsthea wsuhstigte upleabstart fardeervi nyl
nonomer s ﬁp& g%@'l ng a hydroxyl and or carboxyl group, such 25 as acrylic acid,
met hacryl Y vi nyl al cohol, hydroxystyrenes, vinyl nonomers containing

1,1',252',3,3 Théxw‘vbuahm'eﬂeﬁﬂ'\ﬁp@@éﬂng tHakt I“s)ug@fuaw thenuvel ptdudissroikhis t he
poI yrrer al kal i sol ubl e and preferably water insoluble, may be used. The

pol ymer nH)YepHpR &OMPAISs A E'Péshﬂk"ﬂﬂ) RGBT BPPWYEIEE 0ARGORIARAH, @ BRSPS/ or
boxyl Virpyl g- 2-
car boxy Eéﬁé‘r%?or. THE Q(%%I o e %%aét{‘l?%gt ORe dnit whr3a e};ﬁe & egérLy&r 2

30pr opanoFf "group are e e conpounds repr structures
(1) to (6racostyt lgeoup sarastat tletstd oaguuwil with san absorﬁﬁ@%%&ﬁﬁ?&%C?ﬁES
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, O9-
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.



Thus a polynmer may be synthesized by pol ynerizing nononers that contain a
hydr oxyl or carboxyl group with nononers that contain an absorbing
chronmophore. Alternatively, the alkali soluble polynmer may be reacted with
conpounds that provide the hydroxyl or carboxyl group and conpounds that 10
provi de the absorbing chronmophore. In the final polynmer the nole % of the unit
or units containing th ydroxyl or carboxyl group can range from5 to 95,
preferably 10 to 90, nore prefer 20 to 80 and the nole % of the
absor bi ng chronophore untOin the final Qmer can range from5 to 95,
preferably 10 to 90 noPe preferably 20 @o 80. It is also within the scope of
this 15 invention phs lrge_hydr oxylg ev—fapipoxyl group is attached to the
absor bi ng chronophote ¢r tHat the chronpphorfe is attacheg to the hydroxyl or

car boxyl group, that bot h groups are~present in sanme unit. As an
bed| previ ously may e pendant hydroxyl

exanpl e the chronoph groups descr
and/ or carboxyl grou that the chrepophoric groups @ nd t he hydroxyl group

and/ or 20 carbonyl group are attached t the same gFroup‘ O her than the

unit containing t vir &y and/ orff &arpo%ls gr oup &Fynit containing the
absor bi ng chronophor e, ofhe pol ymer may @gntai n other nmopgneric units, such
units may provide ot her desi’rable properties. Exanples of the third nononer
are - CRIR2- CR3R4-, where) Rl to R4 are i(@lependently H, (GP C10) al kyl,

(G -C10) al koxy, nitro, halide, cyano, alkylaryl, alkeny di cyanovi nyl ,
S2CF3, COZ, SO3z, CQz, QZ, Nz, SzZ, SQ2Z, NHCQZ, SO02NEZ;| where Z is H, or

(G -C10) al kyl, hydroxy (G -C10) al kyl, (Cl-G o) alkyl CH2COCH3, or R2 and
R4 conbine to for %C group such as anhydri de, ne, or pyrollidone,
or Rl to R3 are indepe tly H (G=Cl0) 10 alkyl, (G al koxy and R4 is
a hydrophilic group. CExarrpI es of the hydrophilic group, afe given here but are
not limted to t 2) 20H, O 2).\2% 2) OH, (CH2pndH ¢phere n=0-4),
COQ G -C4) al kyl, hﬁ gﬁg SBX (wﬁé@e X |§:~J”_|H ammﬁ:#an:q aI%yF anmoni um O her
mononers may be met hy?Hmethacrylate, b@YI npthacryl ate, dydroxyet hyl

met hacryl ate and 15ngxdr oxypropyl net h&ir yl at e. anorrerlz uni ts cont ai ni ng
acid | abil e groups y al so be used, h as hydroxystyr (?t vi nyl al cohol,
(meth)acrylic aci d capped with acid labile gr oups. Exanples of acid |abile

, With t 20 b
gt glrJrE)S Wlwt h gtJ eas ﬁl{gﬂ%g rﬁégrgégle%&rﬁ ace% aﬁg%r&ll@ Wélﬁ%régﬁy}ug?tl yl ca;ngn
}o- bt Iri met byhtaid gl h;iiinbfyl Ib druta&ﬂo&}l Igt/rbap Wzi€h Rmrromasb t that mentam;mlpl mslau?]mgc: d

abil e groups are ter u i soborn cycl ohex

1-al kyl oyEngHasRAAre! CyAétPHh%Wl b Bkal ssublg Ry e @a&%treggm By

G h I
Subet i ¢ ut gpeufils Sbf tﬂ?%%qﬂ%[@‘“i’ééﬂiﬁo% tbr°§2°’9f@tﬂ%‘f‘ LA e
CH2- CiH2 Si {JMQIh@bsmm ¢laeB)Phore. mtheﬁca'( @ulymez)tm meied%tdfethenkm

Novol ak resms can_.al so ?ﬁ% ﬁ swt%{ﬂj mers for atlreilec

coati ngs. OTHEWS PupiNg, the wgraxyl) or 5p X(¥la {9 o at| on
reaction Bﬁéfé\%'ty f1or pl gtehyiste o PrfedblyI(P toU80 IameuBsd ichdleed, piemel s, i n

t he presence of ‘an acid catalyst such as oxalic acid, naleic acid, or mal ei ¢

30anhydr i gesorbing chromopberer :umtayt Bbeffmatap@lwwecarcrréggeSfrorr\eéort@u Ml s,
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



xyl enol's, etc. Exanpl es of pol yners are novol aks, pol yhydroxystyrenes,
and copol yners of hydroxystyrene, where the other conpbnoners are at |east one
of styrene, vinyl alcohol, acrylic acid, nethacrylic acid, acrylic esters,

met hacrylic esters, etc. The polyners of this invention may be

synt hesi zed us od. of rizat as r|n eni ng
L = R T e AT e s AR
netal or gghj Ccc?rﬂémirigSttﬁe é?dso@ﬁlhgnbﬁrdmop]ﬂiréoﬁh@ p‘&p(ﬁlevrmégwémam fo@dini ques.
The polyner may be synthesized using sol ution, ion , _suspensi on

pol ymer i zEANOMersy unites SLEh ynitsemayhopisleyotbes desiraliespronediesi drxameles

Boout 1. o8b1e0 Hhsh iSRG i WP 2ot 256 thtes bl 0. ooo.

nmore psef @Cably falkyn abopc,§, Oémoiy) ahtwt Rl 0. cydhen fah@lam?l ghilkeawgr age
nol ecul ar wei ght. i s bel ow 1,000 good filmform %%Ng ert| es are not

obt ai ned ﬂ@yaﬂﬁ‘é”ﬂnt$pe@FectQQ@Zeo§QB%g cé(ﬁé V\Sﬂgn NZ2.h

nmol ecul ar (o] pey u rage
st abi | i tysar’rh&?h \M?er egrrll}l' qﬂe c}croﬁ%? 9 % a'lq&gd bgﬁ%) %'”{VW%& f the
free-radi ak&l@@D@mmCHﬂebe Rdvand Rhe:owdmgélttoaioemagecynhbegmlupr sueh gist and Mh
i s the nunber  average, nol ecul ar. wei ght, can an e froml 0,. where the

mol ecul ar 2BABYYHes RFdiNR YoPyradidongy 9heRpdo '%%%PWG@E'V lﬂe Gekroon
chr ongg OQ%WPXC C1P halkoir anARYEls @H?ﬂ(o%hhi%%ﬁirbﬁ?l %MGSWW@% O%'HIHCS coat ed

and t hen e substrate by e appl heat g I nduces a
crossl i nkgrayp, ecarei ogivbet weene t het cardoxndt dimoitgd orto hytiessy | %CblthH} t he

PO e R D RO cR BT handiantB%) 2R S0\ BRLLS sk bBKAIRR 2
SO3X (where X is H, ammonium, alkyl ammonium. Other monomers may be
methyl methacrylate, butyl methacrylate, hydroxyethyl methacrylate and

15 hydroxypropyl methacrylate. Monomeric units containing acid labile groups may
also be used, such as hydroxystyrene, vinyl alcohol, (meth)acrylic acid capped
with acid labile groups. Examples of acid labile groups, without limitation, are
secondary and tertiary alkyls (up to 20 carbon atoms) with at least one B
hydrogen, acetals and ketals, trimethylsilyl, and p- 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-CH:Si(CH3);, CH(-CH2Si(CHs3)3)2, CHo-

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



25 labile acetal crosslinkage can easily be facilitated when the crosslinking
agent is a vinyl ether term nated conpound and the pol yner contains a carboxyl
group or hydroxyl group. The resulting structure is highly sol vent-resistant
and inpervious to the interdiffusion of photoresist conmponents. Such curing

processes are the sane ﬂi 9se of the norrri se t| antireflective
oot i ngs. 30THEXOTIRIRS efherPuRRhacla CIORHKi FY GRSl RREShr endoct ut i n
the instagp d)l?M‘éFé bPhyG@}yQ@rérfé)rvﬂﬁ@ttﬁé dett B@ngﬁaﬁfe?é afd QY eddst dnkof:

R- ECCH=CH2 ‘f wherein"R’is selected from (G -C30) linear, branched or

cyclic al Rt,vreneswbeyh algokd, @crylinsadidt maﬁh@cuyl(ccacm@crsdwestetﬂ, ‘reathecryligt ed or
unsubst i t%%%g (e(ri';g C40) alicyclic 5 hydrocarbon; and n 2. It is believed that
the term ?/i 1 ether group reacts with the hydr oxyl or carboxyl group of

the pofymer toTaeveolgmersich thidiiheeraiont Blay bekegithe&ixedplsiag ainys kabwvi ny!
et her term nated cr ossl i nking agents include bis(4-vinyloxy butyl) adipate;
bi s(4- vi nedRYd bat yPelymesizatan.e; Susins (a8 viiRgORLPINBut PEIatheYphlterradieal

Ut ter | T BbRIETEENh, EXGIANSh TR ickizCHioll g bl M dan i, it DULY))
VL”%L? bl mh’dheﬁyfdeagigm%: Zﬁ%ﬂﬁ%ﬂmmbm'ques g'xw mwmymﬁ“f ve)

S TEAR R e CTBHg o by SRR PO ARG (he

L 4oy ofxanes FBRIASIorche Pybafbiefe EATHEHECVRSLRE pdy NP ypLer

nmononer s suppl i ed by ear |
vi nyl oxy wehtswve@deemolaauwar veelghtfromrahmwdwﬂ:too@mmrikﬁ)Omoa@emeﬁerabky

5" Won. - Epi, ooUea g, Shott 88 0DRS I PoReieIobh FEMsahatNe 008 PafPOacS 5y,
Ser. 706: §6,00b99B)hamhitehwBTIht BhERagReMbRaslaPREight & berdw ncucm WHeRgjoRn by

reference. 20The vinyl ether term nated crosslinking agent is preferably added
to the 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 Ilike 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



antireflective coating in a proportion which provides 0.20-2.00 nol
equi val ents of vinyl ether crosslinking function per reactive group on the

pol ymer, especially preferred is 0.50-1.50 reactive equival ents per reactive
group. In one enbodi nent where the antireflective coating conposition 25
conprises a photoacid generator, the photoacid generator in the antireflective
coating and the photoacid generatqr hot oresi st, are sensitive to the
same wavel ength of |ight, and t hug _{Hg (ﬁéﬁﬁadiant wavel ength of |ight can
cause an acid to be fornmed in both |layers. The acid in the exposed areas of
the antireflective coating, present eigner t hrough diffusion fromthe

phot oresi st or 30t hrough phot ogenerati fromthe photoacid generator in the
antir ef | esthievanfR Ismelecteddtcsn YC§ICsb)Nmeze| lorahabed er cydisalkylk aglestittiteddscr ossl i nk

th I f th ntjref ti .coat
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t I t Th
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whi ch abswith tat hyteoxigsirremtbexylagoue ofdhielpohgher tpyleearmlacid Bbfieragetdl93 nm and
157 nmfo hotoresjsts, and n ui none d| azi des or

d |t | pht h
sul foni uniakades [?@r%@@'ﬁo fﬁﬁ“ﬁ'@é"% SiheT eEawe b‘?ﬁ?ﬁgk'é& agan Ssapwga o
| h t
CXAP et oBied MRS b g i ia0oBILLRRRAT BUYIF steaRAN BRI bith)nO
i odoni u(rjn sa)phla’%hmtbf mw(émlgysibane?yl mym;lqt 'mytmamla glutarates tised-uimyldonyl )
coO oundas on es an n SuU a ou an
phot ons PR BRI, PRHET oS oB LA SR TR e Bh eIt Leed

The oni umypgldx§ mémw%yalbhéxmﬁetnm @obﬁﬂq&]a&@l yi@ @vlrﬁmggamyg @oh¥gijl-s, nostly
as iodoni um or “sulfoniumsalts, exanples of which aré henyl i odoni um

trifluor oﬂr&nlaerylgmﬁ)f lineardantehois(A- V@umxvmtwbﬁmetm&rmdréﬂepmwmt e,

nonat 1 uor B ot LRIRPARGY P, MIBpRers FASTRGARB Mansl oci o
upon i rradivatyl osthehavam®ys beectermei® aviaylt etiesti ARhonterezoligsliedoxgdAritiehes,

t hi azol es, substituted 2-pyrones. Phenolic sulfonic esters,
bi s- sui f olrPMRAMWard Pefygers bearlng pendant vinyloxy groups. Other vinyl ether
apSs|

20sul f f
205Ul oy TRARABASSBU RGN LOBILILAZ ORELARDES 1t YL A1) HEhas i
bis(trifl E’hbmmehyl §hbfah)m/l )A: MCKQ,OOH)JhSnMVIDOKﬂORI wh, Chem. Mater., 6:1854

tris(tri fl(%bogrﬁ; |3|y Hlafcr?tn%lt )aimk%l dgy p eerFyH)g(}% (118313 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,



bi s(trifluoronethylsulfonyl)imde and their honol ogues are al so possible
25candi dates. M xtures of photoactive conpounds may al so be used.

Figure 1 shows exanples of FAG structures, such as oniumsalts and hydroxyam c
derivatives which are useful, where Rl R2 and R3 are independently al kyl,

f 1 uoroal k 2- OCH2OCH3
S TN g e o e AL T e A e szt
ASF6-7 Sbftfer éx Me%pa@b"_sZQFﬂ")ezantn@@Ig@ﬁ\@EgQﬁ@ %oluble in the aghebus dlaslinee at 365

nm t he phot oaC| d generator can be sulfoniumsalts or di azonapht hoqui nones,

especi al | jlegelopar. dihezpimeipaciH gpnenaine of theaantredectiyraeratingf chnsetudenendaci ds t hat

ubst i tut 8 F BAGGRELF, 1 B Raflo R, ShabrCerSeidle BACT okl BEYEr: a1 <o

known as pbebositivd BeRreletted Srorinthgseoidach halgoner &t die tdutiredbegpdsurei ght  at
t he sane wavel en%hg as the to phot or esi st nr?ﬁ/ be used. Photoacid gener ators
known in ‘e"'ﬁé‘e pr @r%@ WER 493t R eand stog¥n faf dRep ustraviplat 386, US

5, 880, 169 9 4 7

3. 930, 087P"EBreRIFEpad R lihoruinhe WdriasSor sdihidpisqSipreBs g aa i o
%. Ph_cl)_t oEahdmbrﬁadbanlﬂSgﬁthr&|sa§9 Sal%ﬂée teiawmmok%hmb aeiclld @;egé’mmgpolhym
Ci ecnn e et.. al . 0] 0 Cl ecnn

3281 10B0YtoBPRRvERPMECEES dnctids “HiRpitdBRien iedic PhEARd U8 SO 1690)
and T REOr oKe) eCudiPlal dcbn ] S6RACRoRlin SRNCRLEALN BRKANG] hRHLB ve

coating i s chosen such It can ve a olid conmponents of
t he antir BAGsisuck amahamulf&uﬁnpd)mpoomdsusualmﬂyh»e/oimbless aindr nitiodenzyl

antirefl ectllfvetcoa EE‘ i ti o cl ohexanon& ctycl%@ent anone,, ani sol e,
2- hept anoi & OM&'%:\AS ?récf" %“gqbﬁ‘&kﬂﬁ 83%1 V& CHDRGHRY HYet Riadices @it 4¢'d,

propyl eneuﬂbdﬁ%dlﬁﬁﬁl@ﬁﬁykbé uSddeThe iiurh sakebad @suﬂmobiﬁté/fd?ﬁﬁﬁlablé et hyl
cel l osol ve acetate, nethyl cellosolve acetate, neth 20 3-met hoxypr opi onat e,
et hyl pyr ivergenicsateerisxyieatly s dedanire, Or(ﬁL@f@BtL@héaléfﬁ @qample%lpfawh;qh @&r bonat e,

acotats.” SRSy B HhudibmEids bl AP FIBaPLURE holRARTED Mhec oy ca

Sol vent s wulfdhae) OWﬁfheﬂlﬁwmfeanfn t QNfI@rloh}eua@lde gadfonaty, i ngphatyIsafarimi ty
properties are generally &r eferred. 25The conposition of the present invention

Ry furthepn@fmﬁspbg@nsns ndieang el GIBPH COBIRGUACS: thaty eids AmRFHy can
take pl acﬁ 0} rY‘Etﬁ Rﬁ})‘ﬁ%}b&%%é' é\‘fe”cﬂ By d5 a0 ﬂleé‘%?éBfazBﬁ'sbﬂﬁé(iolgé,oup and a
g 'Th he Pr [

crossl i nki R agen esence o however ypl ca reacti’'on tines
may be | osgbstifhtedmed-pwonds g ePlesradliar $udfbnm:0|emerar eblssmxlfohplnmthahes,atbés-t he

cr ossl | nki nl?ony? %I on and ar

hanes 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, R2 and R; are independently
alkyl, fluoroalkyl, F, OCpHzn+1, OCpF2n+1, COo-tert-Bu, OCH,-CO,.tert-Bu,
OCH;OCH3; (n=1-4); X is anion of non-nucleophilic strong acid e.g.

30 O(SO2CHF2n=1), AsFs’, SbFg", -N(SO2CrF2n=1)2, "C(SO2CHF2n=1)3.
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30desirabl e for instances where short curing tines are preferred. Thernmal acid
generators |iberate the acid upon heating. Any known acids or thermal acid
generators may be used, exenplified without limtations, by 2,4, 4,6-

t et rabr onocycl ohexadi enone, benzoin tosylate, squaric acid, 2-nitrobenzyl

tosyl ate, chl orFoaceti C aci F 6150I uzﬁes I foni.(i acid, neth nesu foni c acid,
nonafl ate acid,” ¥rPAPL A8 8 dtRel® ANPaE GENSTHPT SRR B RUQNY9 S ds,
salts of phegriZBRAPHPBEMINRAESS - edfUEART . 2 Hi4-BRSoRSSMNhDYURBnESatthdtoraeer tai n
conponents sone acids and acids produced by thermal acid generators, which
have hi ghcaeakletgf peshicingaacids thadesatureagigwiindheaacigrlebiatgrotes déstheed

Phat ac: oot GERRs sAShAeRs TpPIRES o iikBustuc BT REstE Yy o
di ssoci at salforenes taatals@keahver as ipdtdadid Yenarstopy. effgryr pRotoasidegéméraori n
conmbination with a vinyl term nated crosslinking agent. Acids with a pKa of

|
| ess t hanthat@bseepsgylightt &l thensame wavglengthas thee 8@@9@% ma¥ e Heed-acet al
L ooe . : N
| Nkages @\%\MSH‘:%B{ bfén&r!a‘?@rgﬂmo%d @fﬂ%eargg %fﬂgehs%@, SU(% %§3H§§§H I(?s(éddlf\ aci d

Exanpl es, Irmtations, aci acl erived Trom therma
gener at or theMJSh5/73de388, dJ8c3,880 y168r &318|989234;1 IS (HBE4 G431 B3 b, 7 1655756,

e o o ebit At e o by, A SR oo B () G © ¢

| i / f .3 . i f ]
gyl col c_peifindPER P! J3PRYOPIRT 561 A8kfin( RG5O {1dodio). YERIASH

iLefgl dj (pKa of
8), cyanoacetic acid (p 1), . "Aci ds h are b ogﬁgd ’b’y bases to

forma t h@hntdpolysn dSgenieacinor3:2re (§Pe0pr Ledbchiagelist adudh Ritopalgm. descri bed
b , be bl.Q d ith b . h ' .. Typical_-b i triethyl
P 1 W R 1)tk Ve o B YL A 2 o A

tri dodecy{1g00)ngn@lreorpstdidd Iesraid by rétepdnde. or trial kyl sulfoniumsalts with
ani ons of weak acids, such as carboxylic acid or aryl carboxylic acid nay be

useﬁ. Agi ds whilba aeluent dek e tgntiﬁafmivmyowqfdﬁsr@wsw sueibithehdt a8 aci d
i { d: i 5 : 1:3.
oty P2BegRCE %A RS, DEOBRERINS PR et BTy

one of or guitelsly svdrts ifor the aatiteflRytive \doawhg dcdnsositien lagdaycloneraadme e, such
as in CRC Handbook of Chem stry and Physics, published by CRC Press Inc. and

i ncor por af¥RloPRRENANGy RBSeIRncéhepiandiee HHHYdi FASHTS. | tPTRARYIEAE s odl¥eCldesi r abl e
that the Fhel Cl Shgh t Ll 0) r ' es not
remai n per nar?g?étpgl ﬁaﬁ\e{?ﬁae coat id;gﬁ;g%ﬁ&ﬁ&@tgf@?Qgryggwsy?n%ﬁgﬁa@?tﬂjtag{etg 'he

rever se r gacima butybodicatater ethon edlldsaive bbetate, Imethiyt celkbsbblel anatatet hadthyl once

crosslinkin akes place th cid is deconposed or volatilized b eat and the
decompbsi BB BRrFRIE ek <o BUKRH UK. ormEIEXYpiib o8¢ ot aeatanendleibl i o 11 om
the coati H%thﬂ héérb@)ﬂafé,oﬁ-rﬁéﬂhbxiléthy! %tlﬁ’ér,tlﬁ‘@t fe'Er?ﬁ %%téie,r HEhyIENe Ngl s film

after curing,” and the reverse reaction causing t'he deconposition of the acetal
| i nkage downomsthylaletharl acetataheromilens iglycmnaramomeathyihietirerc an medierest e an

acid and then be rempved, puior to coating of the ot.oresist are preferred in
Some. case SRR eI Fitha oM WP (e dif e TareL Bad st v iBe. oot hoy
nmay not _géﬁ@tsbwﬂmtylﬁﬁfpérh@s grcgamaaily besteabdt he acetal |inkage. The acid or
acid derived fromthe thermal acid generator is preferably renmoved fromthe

antirefl ectiveThe copanasifipraef H@n@f@ﬁﬁﬂhmgnﬁ%giaygfuﬁmfncamiﬁem@?iﬂcﬂrabout
2200, "o 8 FHE Rl R0l ROBULUARE ol ol e eAREERTh Bilhgener L or
25 wei ght tontkirsed iahydesyeciral/dry clrbbxiyb gedqutand wet@Bshfking 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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Typical antireflective coating conpositions of the present invention may 15
conprise up to about 15 percent by weight of the solids, preferably |ess than
8 percent, based on the total weight of the coating conposition. The solids
may conprise fromO to 25 weight percent of the photoacid generator, 50 to 99

wei ght percent of po 1 tq 50 wei .t per ent af .the crosslinki agent
and opt i oHEF\HYSt oM ?g% gHFeger E&RP hé‘v' Ei ﬁ tlaHBP?ml %CI%}‘(&[HGI’ at or,
based on t?éirddaembepebhé@dléﬁor@ntberhtzomf t‘o@?la@é‘t'sfoﬁlfah@ﬁdcY@ CRakiob@nzyl
conposition. Preferably the photoacid generator |evel ranges from about 0.01

to about mwﬁéegml%oacet;@@c Itgluenesdifaie lcigk inrefhapesulfarig gelsl, hpoaflaieout 5 to

conponent 8057 aECBERG cunfh il SBlFERy ordinis il SbaOROETY ERE 7711 v ea
t o remvenidhtidhed iaefls. 2HoWReec AMRENBBES fednd treat 36t ceredih @oipohepeatome nmay al so
be treated by technjques such as passing through an ion excharé%e col um,

filtrati oACIRANEREVARPEHCRT HYdbsrmabagidgenasatone whiehi hgvehighhacigitbduct .
Q her C°”BQH?égoPth%?Suﬂlﬂﬁance%iEFev%ﬂ e SR ;}!ﬁ?t&e @ {;tdrB&ééffrérﬂe present

application in order to en ornance 0 | ower
30al cohol sgkirty ggces UuFHuag &t Iheselbee‘rg uagepeetedadfmmdothabramm enth nmaielréteam ng
agents, etc. These dd| tive ent at ,.u erc t | evel .

S her * pol 9B, 16 e SoPKad o aial B IR SReeR0] roRetansh BiAe et Racr y1 at o
and ol yasd g re:aayesge GBAoR LBrIMeRATRAG! & Oy RERGIR S ORIRRRGOT Tance

is not negati v Preferably anmount ol ymer 1s
bel ow 50 agelghﬂc%sownh taepKatoéllessoﬂhads‘S 6fartdrweatﬁr|dbant1| @rare mbaoepnetf@fenl abl y 35

wei ght % -and e nore pre ably bel ow %. €S TR al so e added
'o The comPBsiEang oogaRln UEkaHEs) 18, P oSt FEHAPID HDeaNE T bases are
known addphbttgenefatédmtciss. FExdragies, Wlﬂo@fﬂlﬂ%tloﬁémﬁmaélﬂl\sf’b’ldé@i&'sdferlvéﬂd

phot osensitive bases. Particul arl é preferred bases are tet rabutyl anmoni um

hydr oxi defrony thermahagidgeneratarsewh rmderﬁtewemdtty Ao Maleigiasid (pKaet §83ki ne, 10

trime I o]

bt st but yE SRS E R IR 8 ¢ 4 aRReetetls &7 e A Sipts acifiBleum

cycl amat eof 1. 3) cuniﬁbﬁu@b&ﬂr(rpwao@f pasvurattaric @id @PKd be4)veyiceiivracdi (pkan ranges
fromabout 0.1 to about 0, preferably from about Q.15 to about 0.7 as

measur ed @5 3@ &mameﬁ& ﬂgKa Phé- 459f Fadlenicadideka @iy2-8r. QRBoaRetT aFifect | ve

coatin o] d ng an
elli Ipsgrr{e e}?é %Zu%? agttclt hrﬂ (S‘éj WA;E ?@%Cwygéséﬁf%g%qﬁW%ﬁﬁ%@%e g‘?ll ‘gll'he
exact val gesemitort dme mpferrednA&cadgemdhoas mweddescmbed(m)medmuy ba bidukedxposur e
br ot e eqvitingseRorudh s iR P HseSoas MRDREHiner o] S or K
preferye 0 0 or is
0.15 to Otrﬁnet‘hgﬂa%ﬂfe ?tﬁlﬁthértnh\% ?@p&{tﬂf%fn%dtﬁ'cﬁﬁ%yl SmidBIOAbdit®NGIg- The

t hi ckness of e antireflective coating is [ess than the thickness of the top
phot or esi diarylRrdfigkglsufonhen Saltmthumfkmef weak heidansucteas eatioxglicealdi ng i s

s anof R A5 B PN SRRt AT RS BylB Bt o
refracti verhfedeny combriig tH@a@afwma ibeSe! WHeKe tHe édﬂ@.tba@é rbti6 réijds Rdmect i ve
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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25 coating and can be neasured with an ellipsoneter. The optimumfilm

t hi ckness of the antireflective coating is determ ned by the exposure

wavel ength, refractive indices of the antireflective coating and of the
phot or esi st, absorption characteristics of the top and bottom coatings, and

coati ng mGFS GSSUE0aq2By® bESEReAck e duBrSER YO BERS BY e mumm f |
coating S : mum film
thi cknessttes ddedrapasined Rryd@mei e shkedeo @i frl filRpdasthehsgsie rﬁ%'shgmhe
absorption is present in the antireflective coatin e

ant i r ef | ebrom/thecenatingg Touapesetaroery dttecefttbe frae a@ig TeURNY i theddmngftarechni ques

spr ayi no. Culfe T B et it o B R SR LA s T oce ¢ ha
are pl anagoedaioe thiap plicap Mhephahavid fenaratorExaitoh @anojersaaiec andisid @ahd
substrates are crystalline and polycrystalline silicon, silicon dioxide,

oi [T con (B be remausd arightmaaring HhinePRIPTaSE Ara rePTed R AR 6358%. | n
certain c e A - buj 0 i o t of the
Cobstr ot ST BORESERTeRIT IR the il HaP ARLOBEMMESHI TRE tEDSHEROFG, O |
soijyent ogrkeg’aitl;ytr_njndaerﬁmes@écm?ﬁssitgh ngtheabgiaquiaka?mlThémoidnon acitihdesivedf

ordl nary | | the art.. e Cco SI on O 1 pre ent | nyention IS
o] aFP sl TR oAl GETRIGOT e T Bl rRmOMEA i 186 Slietedbey f or
edge headcp et téth Ser@tibel ré}%@ eﬁorh“raﬁbuﬁoﬁoaéeét%pé&mfl 9064 Y Gibre

nononet hyl et her acet ate, propyl e ycol nononethyl ether, or m xtures thereof.
The coat i pefesbihéh0Yutedboth@0ntef ehe edidsangthesinat anjdegenarators sndy dm about

120C to about 240C for, apoyt 30-120 .15 conds on hot . pl.ate or. i val ent
roatimy oRiaSenf P e Sl ive ordituinh, ol BEBR Rudhelio R BB G MaigReE Laconds.
The fil m phigilressp&dialye. 1abtdooet begéigh@scoat i ng ranges from about 20 nmto
about 300 nm The optinmumfilmthicknéss is determned, as is well known in

the art, to beTypiepeagtisiieriivencgatiphiconmasionsi ek the pressniiineentioasmeyi al | y

Unexpdtt aPERRsE e R aPofs o BRFE BicheichlSode sBIER i eREby bha i 8%can ve
used due perdehe lexsed] benhe abROMBigiRtnofathd ceftingCtanipositiciex THeopelids ermyof t he

film The cured antireflective coating is also insoluble at this stage in the
al kal i ne 8@'%’('69#@@1 8dp &5 Wﬁ'.gh*i'ﬁér‘iﬂ%f)f)ﬂ‘@sp@@toé‘@ﬁ genehater ba 89 Waigh op of the

antirefl egiive: cqabbither2oPa8! bbVaefit QLEEhE Lot i IcFikRhRindE¥GEAP SR t N

y
agueous alkaline's I ohs, are use or e present 1 nventiron, provided the
phot oact i vptiomatydu a5 iweiyhtepgricehbofethiesdcid nd thdrenaracid géheatory basedibonng absorb

SLOE QSQ:,:?% ?ﬁggg@{c@eé\oﬁ%glnte 89 ttr?e %Sn |rdeflfe(c):{iv<;£ %ga{irrmréa %Ioﬂ‘gpd?srit%%?%regeorgbfyht%e
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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wor ki ng phot oresi st conpositions are exposed i nage-wi se to radiation, those 30
areas of the photoresist conposition exposed to the radiation becone nore

soluble to the devel oper solution (e.g. a rearrangenent reaction occurs) while
those areas not exposed remain relatively insoluble to the devel oper sol ution.

Thus, treatpent of an expose osi ti ve-working photoresist with the devel oper
causes. r oRBVEIETSY LS xRl ke ooy AT PHENEBae | ARGV R RE ALY SR o
posi tive paRER/IaBs! RRYBOEAEES tS the 88ibBSitioRhBiRIdsY e peFBIHAN@NIS Sotdef i ned
as the small'est feature which the resist conposition can transfer fromthe

phot omasknegativedy dmbsetedt e Pigferakly Hhgramegnteef 8iis inpdyeekeiigkeplc betoyw &0t er

ebotut | oot eRo! SREERAL 2R e, ERMEGEREN: bt B8t s8Io bR 2t on, 14
i s al nost eaémansred prafecddiye belvat 20haeitthitedoop Bhspbahay eslss tbevabbegrtof thees be

near vertical relative to io the substrate. Such demarcati ons between
devel opedCamBOEHABVI epbanes cdability. t HotheBNQlobases iy heaRBPIPASERtYCaccur at e

pattern t - the i 0 t T ven nore
it cal - SRRy SR kel Bt Ao By B arBenei ons
on the depho’?senﬁgsétba@saca Padicplaolyopesfestd bamiaréntetmmtlialtnnlt(c&ﬁliJms_ andh

qui none- | s di azi de conpounds as photoactive conpounds are we nown in the
ot Novolir o ndrgihanolfEs: | SieRatlcetmBy JHAENETGer o RAtARVE and one
or moj _wlrhémwﬁﬁ&hw ed H{?&r%grlpo@, 'ntﬁﬁ}fergts%ﬁfeﬂﬁfnof AdRfide cat Yiy(et, such

as oxalic acid. Photoactive conpounds are generally obtained by reacting
mul t i hydr butyjgtemyl)iod onanm cyoldmais ehdridg(teirbgtyilplenydutenide ewlatvater t heir 20

oLy THRaSgRcH bk B0 LA BbShoe HBHF b faRes Lo
bet ween apouto Heuhm @ngretdiably fBM BBLGRD. A & aBeut'9eT.asThRESURRPLSINGS St S

normal |y conprise pol yhydroxystyrene or substituted pol yhydroxystyrene
deri vat i velipsemgtiyt oathe vefrastivoripéemdn) aeld topt adfitaflective seatimg | ist glsionhi bi t or .

! ncor Sor abbPirER THENS SPai s Ao Al RrRE Lo PE 4P BB SB et §H6E . 356, o0
Parti cul atHey Jpref\wobkamf WVASE Wi 302d TAE Ellipsomdies UTiee akacthalues asfi thes

conpri sing non-aromatic polyners, a photoacid generator, optionally a
sol ubi | i t QPHMHMTARGES ik shdviere deperdent e8i tbesexpassre wavelanat disesh t hat are

known in LAg whE e K dppRtStAESEideRY £57193 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.
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the follow ng references and incorporated herein, EP 794458, WD 97/33198 and
US 5, 585,219, al though any photoresist sensitive at 193 nm nmay be used on top
of the antireflective conposition of this invention. A film of
photoresist is then coated on top of the cured antireflective coating and

baked t bstanti al | t.h hot i St I t. . Th hot i st dth
antrefl ect i ve | BTGB Bvera(ft EPepasBop s coiag o & SwBolely Fdceinic

radi at i ontechiicueSURSIERHERH t& BRddekirdEM ﬂqeearaféﬁhmpprr@dsawéd@ﬂingwsur e
step reacts to de-crosslink the polynmer of the antirerlective coating

conposi t i 8praying. t Magous sukstralgs thnevwex iolhedant &ralo he afsedheueheisrtbpsedhatve 10

bost expostis HARE" s Rafe o RwoBtal o HelE PRl bR blES PR dedteiston o not
pl ate or eqbetrstbenareherydtalingyahénpolpegteiiatd ilfoorm Shsort alidaas; fsilicomh0- 90

seconds. In sone instances, it is paossible to avoid the postexposure bake,
si nce for (PYWRIHIde, Elemindn,i akimigupsiicons gy sacittfungsten. | |@bp¢@a'ni¢ﬁ&?§es,
depr ot ect § t ¢ t I L h sed
regi ons o*@%@g%éﬁ%g@ﬁ@g i?}cé coaﬁelgr[%eﬁlrrg dJ‘!n(ﬁve se-(@ggﬁﬁ)g t?{%%gggg%{&ég%@ﬁ%ﬁkal i ne
sol uti on. torbs ebigeayedd. Sitis enge beddecard be abnpeddi usirm asspieent orahkddinensf

devel oper to renove the photoresjst and the antirefl ectiye coating., The
devel oper SPNeRfScreiRg HEShBIAUSH WL ENaWR dpi tHess I AEBIRrE il insigartt dheexaml e,

tet raggt hlébrgﬁ@ﬁ?ﬂﬂh%\“ #8 BEERKirfintidRSs YRRy Jtﬁé('[aét ﬂﬁ?ﬂh 5@ el

addi tives, ch as surfactants, polyners, 1sopropanaol, anol ,”etc. The
process oferoowtrsndypicdl $ohagitsgugsitofion edgiesteasbeamongss sared edhylilaetates dityle
coatings is Il known to those skilled i art .and is optimzed for the
cpeci f1c P pnoraiSieelaRl o ampPemeliehefidifng canBPHERFdicted. The
i maged bi hpyRImangleeiarCan niikefed thaPeot aheecbating kUuhbheduréd. TREWréferely the
manuf acturing process of integrated circuits, for exangl e netal deposition and

et chi ng. Fange of gaperlcnes disvurahnus 12576 feebodt 46/ farcabouloppdeliea
exanpres” S 80 uCheide e frdleet Berli Bt RIS hekD B0 ohoRr BB NG ana”

utilizing180wWtpedblit 206°®fort 4Eopreeents.i Tvefitr eickidwsef taatirefiective not
i ntended, however, to limt or restrict the scope of the invention jn any way

and shoul BOHIY FOIESHE @QUL30 Hndbia abeld ham: iTHeLOPtipuIE kN dPickaess 8l ues
"‘E’)f(‘:a‘r?rgl g‘;sbe{%“r‘m%éd, %68 RRIPKMSAY S Yhe BrtOf6E WHer8'gdBl! IffodBphR sopBkidsnvent i on.
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

19



The absorption paraneter (k) and the refractive index (n) were neasured using
vari abl e angl e spectrophotonetric ellipsonetry. The bottomantireflective
coating (B.A.R C.) solutions were spin coated on prinmed silicon wafers and io
baked to get a given filmthickness. The coated wafers were then neasured

i ] t factured by .J. A ol | S Co tion. Th
obt ai ned DS AEFS 7o XSS (RYADHEatvay nsaluiig o the deirlers( poludon; (s,
Synt hesi s TRY@MEStrderkodPai eXpBsad dbsg%kwéﬂkﬁ% pthWésﬂ_@leWitW th @e@c@mnser, a

thernmonmeter, a nitrogen gas inlet and a mechanical stirrer, were added
met hacr yl adesessremoval of thentexpaseharaes mintie ceany apd. the) formadiest ok st yr ene

ronomet hy PEEHES iRtk YRSBhgtord e Crthgn Pl Bl s S ERE 2 s, 15
m nutes. dellestreallle witas theresitdonmigositisn baatradsted fronCtienghstonidgkdoat t hat
tenperature for 5 hours under flowi ng nitrogen. After the conpletion of the

pol yneri zHie sHbsirate wihapnB@hs dpaiacoRf ERIE06MEE Ay efet IRxPPsBid @8Fper at ur e

and tetra mgp‘lpn' i : 001i-As: i . added.
The react ﬁ%&&%ﬁémer.awﬁgﬁ&g@%gﬁggﬁ%@é‘épﬂ%gg% %%ayig%#étfrgrg o@ﬁﬁ%g}?@ﬁgef ore

bei ng rai sa:tért@‘l [élg@athéﬁtme Dbicrdreate mgcats&HYClr a=rdolﬁitichnc>_u'zI ss% alrhestr ah\ﬁtyigon _

m xture S C wn . to . roo enper.ature an s acidified t usi ng
et 1o achgsiraile Thal i dheI o hho e el riptlst B noaro/aboa e erBt hano
and th og{eaé' | i R j Loni zed wat er,
and trll(gn ri ewr'laﬁéé)' ?gé’@?%i”ﬁééltc étgé%gli)?/rrer %wﬁﬁﬁ%¢gggéYﬁ8%%€gt%P% and

preci pi t athedresigdiooating drap8@telintofacdraie hpatiein tranefes af ithie waaskf imager ento washed

and dried_ at 40C. under_vacyum The obtained polynmer (represented, by the
struct ur ellff0) S rageweT@'ﬁt 8 sge YISl Bl Gr C\F\!ég%lhté Nﬁ}e o&mﬁ, "dnd number

aver age nh{igiatlrativeirédicdsMRg pitical diRRnapndBiseasbiiesa gel perneation
chromat OgraphyPE)g?i%—aﬁihggpﬂglo)géigtrse%%msptr%?r?gargosv'olak 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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Synt hesi s Exanples 2-5 Pol ymers with structures (I11) to (V) were
synthesized in the simlar procedure as Synthesis Exanple 1 except using the
different types and anount of nononers in accordance with the nonomer ratio
given in the structures. NO2 (1v) (V) 5

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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Exanmple 1 A copol ymer represented by structure (1) from Synthesis
Exanple 1 (2.5g), tris(4-vinyloxy butyl) trinellitate (0.25g, Vectoner(r)5015,
avai lable from Al drich Co.), and triphenyl sul fonium nonaflate (0.05g) were

di ssolved in 68g 10 propyl enegl ycol nononet hyl et her acetate (PGVEA) and 29g of

propyl enegl ycol nonet hyl et PGVE) .to form.an.antirefl ectiyve coating
Conpos: &1 BeYHe T ot <Taed The SFaPea e BUGRUAN o Bhiway fa0 SheuBiBie"S 1sa
copol ymer peepsistRiRde @sbYraviding tsbrittdns, ffEmareshepivallee WHich Im(S9be _

bi s(4-vinyl oxy butyl) adipate (0.4g, Vectoner(r)4060, available fromAldrich
Co.), andubiizgid exclusively 0 ondgr towractgedbepvesent inentiey. PGVEA and 28.8g PGVE to
forman antireflective coating conposition. The solution was filtered through
a 0.1 pmfilter. 20 Exanple 3 A copol yner represented by structure (11)

from Synthesis Exanple 2 (2.69), triB{amplesyl oxy butyl) trinmellitate (0.26g,
Vect onmer 05015, available from Aldrich), and triphenyl sul foni um nonafl ate
(0.05g) were dissolved in 68g PGVEA and 29g PGQVE to forman antirefl ective

Coat 1 g SOTOSThEAheolor b il T et S oLy, Examl e
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 (I)) had a weight average
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10 triethyl eneglycol divinylether (0.6g, RAPI-CUREO DVE-3, available from|SP
(Japan) Ltd.), and oxalic acid (0.01g) were dissolved in 67.6g PGVEA and 28. 8g
PGVE by stirring to forman antireflective coating conposition. The solution

was filtered through a O0.1pmfilter. 15Exanple 5 A copol yner represented

by structur L) fr Synt.hesi s. Ex le 3 (4 tris(4-vinylox utyl)
Yo 11 ¢ Hideqpraelsh Uit Rh4do a3 rthreAvetbne shoBbithy wals duali 4t hci o
(0.029) wermodifsoeaduicd & FYEA @éi@nP%ﬁ]btdqraPﬁyt(GPegnugmﬁ
antireflective coating conposition. The solution was fTiltered through a 200.1
pm filter polggbyfgnes@ndards. A copol ymer represented by structure (1V) from
Synthesis Exanple 4 (2g9), tris(4-vinyloxy butyl) trinellitate (0. 2g,

Vect onmer 05015, available from Al drich 25 Co.), ;and oxalic acid (0.01g) were
di ssolved in 70g PGVEA ang-3Qg P&vE-hy stifring-to forman antireflective
coating conposition. The so ¥ through a 0. 1pmfilter.
Exanple 7 A copol yner reépr@sented structure (V) from Synt hesi s
Exanple 5 (2g), tris(4-vinyloxy el litate (0.2g, Vectoner(r)5015,
avai l able from Aldrich Co.);apd~gxahic achd (0.01g) were dissolved in 70g
PGVEA and 30g PGVE by stirr @@ an antireflective coating conposition.
The solution was filtered through a”0.1pmfilter. Exanple 8 The sol ution
preparsed in Exanple 1 was spin coated onto a 6inch silicon

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

SOOI

10 (1)

45 55 |,

OH

z—"o
\

NO,

NO; (1)



10 wafer at 2500rpm for 60 seconds and then baked on a hot plate at 170C for
90 seconds to forma cured antireflective coating |layer. The filmthickness of
the coating, as determ ned by ellipsonetry nmanufactured by J. A Woll am
conpany or by Sopra corporation, was about 700A. By observing the coated
wafers, it was seen that the edge-bead forned during the coating process on
the antireflective 15 coating could eaS|Iy be femgved with a back-side rinse
of a silicon wafer w P! ~a
renovi ng sol vent. Sout s peepared i/a [Exanpl es 1-8 were spin
coated on 6inch silicon w plate at different
tenperatures (each baking t erature or each sanple). One coated
waf er from each of the set 20 B. A R 0 coatings was puddl ed with PGVEA a
common phot oresi st solvent, and the other wth devel opdgrlV )each for 60 seconds
and then spin dried. No obvious filmthickness change in the antireflective

| ayer was observed on the wafers when baked above 150C, indicating that the
films were highly crosslinked thus there would be no

prepared w thout the viny H
observed that the entire coating couRy
devel oper. Exanple 9 éThe sol ut 9?[13 prepared in Exanples 1-4 were spin
coated on 6inch silicon wafeDsl baked 170C for 90 sec S to give a

t hi ckness of 60 nanoneters. Then a DUV photoresist, AZ(r) 'DX6270P (avail abl e
fromdariant (Japan) K K.) was coated thereon and softbaked at 120C for 90
seconds to give a thickness of 0.45 micron. The coated wafers were imgew se
exposed usi ng Cannon FPA3000 EX5 24 énwj?e[pper. The exposed wafers were

post exposure baked for 90 seconds at*®@ fol l oned by a puddl e devel opnent of

60 seconds wi tp A d}m&% %ﬁarﬁ?@%y%&&a (ﬁffrdf\ﬁwmheéﬁ E&émma hys. 5gsmvm um

hydr oxi de aqueous 10 sol ution available from C ari ant The sécondary
el ectron tﬁsé41yﬂ1yd1pe' betyl)l trinallitatee ¢0.269 2 XMestamer®3bidh avﬂdableszomnﬂmrmhdense

| d.0.20 pmisolate | d t he phot i st
| byer andCene. 2 EPPERTPYESTER: | RS R, oRpt oTaRs CRidhed, MasB e to"
the refl egtdpgﬁlbrfergwadl norsorsth P%&I@eﬂ@é&ﬁa@bﬁmwﬂﬁ\)%d beg rAtgrepyicReglEbles. 15

Exanmple 1 d%ghydroxysﬁilrene met hacryl ate) (55/45 nol ar
ratio), orrmmngetbvlemem (PcGMEu) foret 1A anfirpdlectivg caatiog gorpposition. The

o en CE PRI B ug b Gy o oot o TEOLS (avallable from
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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20 lactate to give the B.A. R C. solution. The solution was filtered through
0.2 pmmcrofilter. The B.A R C. coating gave a refractive index (n) and
absorption (k) at 193 nmof 1.59 and 0.62 respectively as neasured by a J. A
Whol | am VWASE VU-302 TM El li psoneter. The B. A R C solution was coated on a
primed silicon wafer heated on a 25 hoaﬁ{]a e at 200 C for 60 seconds to give a
filmthickness of 35 nm The B. AR E was coated with AZ(r)1020P
phot oresi st ( a)a\abbaawefrr @@r&eﬂfté@rﬁy @m@turesgrwfrbh{ I@ynth\éls)us VE)Eé]'nglef pl m

hen

t hi ckness of 330 nm "The fer was on a hotpl ate C for

seconds. (hegk dasedvinaioxy twat&él) éfdrﬂ@iiéalteu@) a@g,a}«{ec@lmq O mvailaklepipen for

econds o ara AR FERRGRH RO Hnn 2 o oBEl iR RN R R rzgoc

using of éZ@ZS@OPMI\EEEBW@frﬁW antilifiBetive seawigladmpokiiohl Thendauiscope, 0. 15 pm
phot or esi st/B lines gl 1) were obtained at a dose of 40 mJ/cnR. Exanple
11 tittered tbr%lghpﬁ)pgﬂ(lrm' k&xyst yrene- net hacryl ate) (55/45 nolar ratio),

0. 015 g of cyanoacetic acid, and 0.022 g of Vectoner Tnb015 were di ssolved in
8.0 g of propylene glycol nononethyl ether. The solution was filtered through
0.2 pmi()mcrofilter. The B. BxBrfple dol ution was coated on a prinmed

silicon wafer and heated on a hotplate at 1 0 onds t ve a film
t hi ckness of 2 30990?‘91"!1@ Eemeﬁs \F/%Hf U%HEG éggpé'ﬁ%\)(i‘ﬁ'f? %‘ gh@f?br esi st
(avai hgbl ﬁ@tlﬁyﬂ@h%l%él%huﬁ%’cﬁev (§@§EVP(AP\-@UFQE%) m@@e%\féﬂa@lehﬁbm agp for 120

C for 60 seconds ive filTmthickness nm The coated wafer was
exposed u&lapgnahtd. )SlalmD®<a1m anlm(&ﬂégpmeré dlssolvagew@éga?@ﬂEAeandm& 8gxposed

waf er was ost ex u bak 20 seconds at .120 ol | ovved W th
50. secondPSUGID SHruEH B Tt oA SietetivP regRe AR A NS Btk ng
secondar yfigdregtthughl £ 00369 ARer. 0. 20 pm photoresi st/B. A R C. lines (1 1) were
obtained at a 20 dose of 20 mJ/cnR. Exanple 12

Q

15 Example 5
A copolymer represented by structure (Ill) 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 (29),
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.

25



The B. A R C solution from Exanple 10 was coated on a prined silicon 25 wafer
and baked at 175 C for 90 seconds to give a filmthickness of 499 A The
B.ARC wafer was coated with AZ@ T430 photoresist (available fromd ari ant
Corp., Sonerville, NJ), heated on a hotplate for 120 C for 60 seconds to give
a filmthickness of 116 nm The coaked \Nilf r was exposed using an ISl 193 nm
m ni st epper for inmagew se exposure. FRER ?gosed waf er was then post exposure

baked for 20 SA rAér regedernad bf,/CBtﬂL@Ym*é %mnﬁsgvﬂth%@,fssombrﬂFrédé) gadgvel opnent
at 23 C usi (r) 300 M F Deveél oper. |n a Secondary el ectron

m cr oscopis( ngl@m put)otréselitates. (A. ERI Veetones®6013) awedablebremndlfiriegh a dose
of 21 my/ &'32) an'z:i 3)%“9: 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 0.1um filter.

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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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
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 pm
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.

Example 10

1.5 g of poly(hydroxystyrene-methacrylate) (55/45 molar ratio), 0.075 g of
oxalic acid/triethylamine(1:1), 0.06 g of triphenylsulfonium ftriflate, and 0.225 g of
Vectomer™5015 (available from Aldrich Corp.) were dissolved in 98.5 g of ethyl
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
VWVASE VU-302 TM Ellipsometer.

The B.A.R.C. solution was coated on a primed silicon wafer heated on a
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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from oxygen, nitrogen, sulfur, and a m xture thereof. 3. The conposition
according to claiml1l, wherein the recurring unit containing a hydroxyl and/or
a carboxyl group is derived froma nononmer 20 selected fromacrylic acid,

nmet hacrylic acid, vinyl alcohol, hydroxystyrenes, copolynmers of hydroxystyrene

d vinyl t ai ni 1,133 3- h | (lor 0- 2= L. 4. Th
composi 11 Bh L BPS REPISEILARAAO SAGeEPRGS AL Bl o IBogRa 8 M the |
hydroxyl a8edrit pad@areprséidt 28 eC RIsAREBt AZ® 806 MIFNBeva6pEr iUing'ai t. 5.

The conposition according to claim21 conprising a Vi nﬁl et her term nated
cr ossl i nkb@epnpentelecine seiatosgopg, PHS genehatoresisiBAuReC blinesy(1:R) FETE: CH2 ) n

subst i tut SARA R TREBE RO IhCao) aryl . and substituted or uhsubst tul ed
(Cr7-49) alicyclic hydrocarbon; and n 2.
Example 11
0.075 g of poly(hydroxystyrene-methacrylate) (55/45 molar ratio), 0.015 g
of cyanoacetic acid, and 0.022 g of Vectomer™5015 were dissolved in 8.0 g of
propylene glycol monomethyl ether. The solution was filtered through 0.2 um
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 ISI 193 nm

ministepper for imagewise exposure. The exposed wafer was then post
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5 6. The conposition of claim1, further conprising an acid or a thernmal acid
generator. 7. The conposition of claim®6, where the acid or the acid derived
fromthe 10thermal acid generator has a pKa greater than 1.0. 8. The
conposition of claim®6, where the acid or the acid derived fromthe therm
aci d generator re ved . fromthe pLefl at te tures

bel ow 220exbauIe keIt A sEEMdAt Taerarng RN 2 Foueereid BB s  ng a
dye. 1devdiBgmenRes23 i*enusingostdAZ® B3OOCAF rm&femﬂw EUélné he sdvendarysel ect ed
fromthe group consisting of a nononeric dye Iynerlc dye and a m xture of

a 20 nonofEcirendnigrescepkey A imdyfwtoresist/By eR@oﬂm@%| flpwese obtaingdat e claim 1,
wherein t ive |layer has a k value in the range of 0.1 to 1.0.
2512. The Qgﬁggt? %&kgi?COrding to claim1, wherein the antireflective |ayer
has a 1 hickness | ess than the thickness of the photoresist. 13. The conposition
according to claim1l1, wherein the photoacid generator is
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sensitive to actinic radiation in the range of 50 nmto 450 nm 30 14.A
process for formng a positive image conprising: a)formng a coating of the
bot t om phot oi mageabl e antireflective coating conposition of claim1l on a
substrate; &@amiki ng the antireflective coating, ¢) providing a coating of a
top photoresist |ayer over the bottom coating; d) inmagew se exposing the

phot or esi st, and pott tin yers ic.radiation of s vel ength
10e) post - exposu pB%‘EY%éoﬁ abtﬁe hreglgﬁ'\fﬁﬁ: éﬁq ﬁ%‘“PQ?@PEV\YIﬁ
substrate; jang able of bémgehe%msea hR #NAUqREBES HikaAMe BeldIBpLE ORhérih 'tﬁé{efs
wi th an aqueous al kal i ne "sol uti on.
5 antireflective coating composition comprises a polymer comprising a
chromophore group, a hydroxyl and/or a carboxyl group, and an acid labile
group, and a vinyl ether terminated crosslinking agent, and further comprises or

does not comprise a photoacid generator.

2. The composition according to claim 1, wherein the chromophore group is
chemically bonded to the polymer and is selected from a group 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;

R+OCH =CH, )n
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1515. The process according to claim 14, further conprising the step of renoval
of an edgebead after the coating and prior to the baking of the antireflective
coating conposition. 16. The process according to claim 14, wherein the
antireflective coating 20 becones insoluble in organic solvents and aqueous

and becorsarelh el Siegiif S804 e RE ke breyfor SRn S AP UM ERed

r adlt at i oln i mfsubetutrdwk@wzg AME S ERBIBH GNGhupstinmR@nCCh) afdycke
coating | ayer
J yhydrocarbon andn>2.

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:

a)

b)
C)

d)

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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