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posi ti v%- rking. When positive-working photoresist conpositions are
exposed—éggﬁﬁ@ﬂ% se to radiation, the areas of the photoresist conposition
expgsed to the radiation become soluble in a devel oper solution (e.g. a
rearrangenent reaction

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 material, such as

20 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.
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technologies that have provided significant advancement in miniaturization, and
20 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 use of highly absorbing antireflective coatings in photolithography is a
simpler approach to diminish the problems that result from back reflection of light
from highly reflective substrates. Two major disadvantages of back reflectivity are
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20 Inorganic type of coatings include such films as TiN, TiON, TiW and spin-on
organic polymer in the range of 30 nm, and are discussed in the following papers:
C. Nolscher et al., Proc SPIE vol. 1086, p242 (1989); K. Bather, H. Schreiber, Thin
solid films, 200, 93, (1991); G. Czech et al., Microelectronic Engineering, 21, p.51
(1993). Inorganic bottom antireflective coatings require precise control of the film
25  thickness, uniformity of film, special deposition equipment, complex adhesion
promotion techniques prior to resist coating, separate dry etching pattern transfer
step, and dry etching for removal. Another very important aspect of dry etching is

that the harsh etch conditions can cause damage to the substrate.
Organic bottom antireflective coatings are more preferred and have been
30 formulated by adding dyes to a polymer coating solution or by incorporating the
dye chromophore into the polymer structure, but these too need to be dry etched
down to the substrate. Polymeric organic antirefiective coatings are known in the
art as described in EP 583,205, and incorporated herein by reference. It is
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imageable in the same developer as that used to develop the photoresist. This
20 process greatly simplifies the lithographic process by eliminating a large number of
processing steps. Since the antireflective coating is photosensitive, the extent of
removal of the antireflective coating is defined by the latent optical image, which
allows a good delineation of the remaining photoresist image in the antireflective

coating.

25 The antireflective composition disclosed in EP 542 008, is based on highly
aromatic polymers, such as novolaks, polyvinyl phenols, copolymers of polyvinyi
phenol and styrene or alphamethyl styrene, etc. Furthermore, this antirefiective
coating is not photoimageable and must be dry etched. Planarizing coatings that
can optionally contain absorbing components are known and have been used to

30 planarize topographical features and also prevent reflections. Planarizing layers
are fairly thick and are of the order of 1 or 2 microns. Such layers are described in
GB 2135793, 4,557,797 and US 4521274. However these layers must be either
dry etched or removed with an organic solvent, such as methyl! isobuty! ketone. In
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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

20 gives poor resolution. High normality developer and/or long develop times can
cause excessive removal of the antireflective coating.

Another process for imaging photoresists using antireflective coatings is
disclosed in US 5,635,333, however, the antireflective coating is not develpped at
the same time as the photoresist.

25 US 5,882,996 describes a method of patterning dual damascene
interconnections where a developer soluble antireflective coating interstitial layer is
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

30 description of the chemistry of the antireflective coating.

An acid sensitive antireflective coating is disclosed in US 6,110,653, where
the antireflective coating is crosslinked by a heating step and is subsequently
rendered water soluble in the presence of an acid. The antireflective coating
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designed, by using the appropriate photosensitivity, to function as an antireflective
20 coating at any imaging wavelength. Additionally, substantially no intermixing is
present between the antireflective coating and the photoresist fiim.  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,

25 clean images are obtained, without damaging the substrate.

‘Summary of the Invention

The present invention relates to a positive bottom photoimageable
antireflective coating composition which is capable of being developed in an

30 aqueous alkaline developer and which is coated below a positive photoresist,
where the antireflective coating composition comprises a photoacid generator and

a polymer comprising at least one unit with an acid labile group and at least one
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comprising;
a) providing a coating of the bottom photoimageable and alkali
developable antireflective coating composition on a substrate;
b) providing a coating of a top photoresist layer;
20 c) imagewise exposing the top and bottom layer to actinic

radiation of same wavelength;
d) postexposure baking the substrate; and,
e) developing the top and bottom layer with an aqueous alkaline
solution.
25
Description of the Invention
The present invention relates to a novel absorbing, photoimageable and
aqueous developable positive-working antireflective  coating composition
comprising a photoacid generator and a polymer comprising at least one unit with
30 an acid labile group and at least one unit with an absorbing chromophore. The
invention further relates to a process for using such a composition. The present
invéntion also relates to a novel absorbing, photoimageable and aqueous alkali

developable positive-working antireflective coating composition comprising a




solution. 25 Description of the Invention The present invention relates to
a novel absorbing, photoi nageabl e and aqueous devel opabl e positive-working
antirefl ewDiB®s®ERL I Ng conposition conprising a photoaci @¢Ccgapes/aoor and a
pol ynmer conprising at |least one unit with 30 an acid | abile group and at
| east one unit with an absorbing chronpphore. The .invention furth
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process for. using,such conposition. The invention also relates to a
pr ocess_ﬁ@?o‘mﬁ?&a??be %nt'rﬁﬁ%%Pn%'lec@r%%?§' @l ective coating conposition.
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such that they are substantially insoluble in the solvent of the photoresist that is
coated on top of the antireflective coating. A positive photoresist is then coated on
top of the antireflective coating and baked to remove the photoresist solvent. The
20 coating thickness of the photoresist is generally greater than the underlying
antireflective coating. Prior to exposure both the photoresist and the antireflective
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
25  bottom antireflective coating. In a subsequent baking step the photogenerated
acid reacts with the acid labile group of the polymer in the antireflective coating
thus making the polymer soluble in the aqueous alkali developing solution. A
subsequent developing step then dissolves the exposed regions of both the
positive photoresist and the antireflective coating, leaving the substrate clear for

30 further processing.
The novel antireflective coating that is useful for the novel process of this
invention comprises a photoacid generator and a polymer. In the first embodiment

of the invention the antireflective coating comprises a photoacid generator and a



antireflective coating. Prior to exposure both the photoresist and the
antireflective coating are insoluble in the aqueous al kali ne devel opi ng
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t he photoresist to be used. As an exanple, for_ a photoresist that

devel opeun fexpos e, therpbrisssis genemtormidheantielipaive Aogtingrasqeps at 193
antiref In(?r(%;t 'aﬁ/ ecx%%pi)lgg o%bapcrhbSh(?tbag:r?i?’generators are onium salts and sulfonate
esters of hyroxyimides, specifically diphenyl iodonium salts, triphenyl sulfonium

20 salts, dialkyl iodonium salts and trialkylsulfonium salts. Photoacid generators for
antireflective coatings that are designed for use with photoresists for 248 nm
exposure can be onium salts, such as diphenyl iodonium salts, triphenyl sulfonium

salts and sulfonate esters of hydroxyimides. For exposure at 365 nm the
photoacid generator can be diazonaphthoquinones, especially 2,1,4-

25 diazonaphthoquinones that are capable of producing strong acids that can react
with the acid labile groups of the polymer. Oxime sulfonates, substituted or
unsubstituted naphthalimidyl triflates or sulfonates are also known as photoacid
generators. Any photoacid generator that absorbs light at the same wavelength as

the top photoresist may be used. Photoacid generators known in the art may be

30 used, such 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, DE 3,930,087, German Patent
ApApIication P 4,112,967.9, F. M. Houlihan et al., J. Photopolym. Sci. Techn., 3:259

(1990); T. Yamaoka et al., J. Photopolym. Sci. Techn., 3:275 (1990)), L. Schiegel
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pol ymer alkoxy alkyl such as ethoxy ethyl or methoxy ethoxy ethyl, acetoxyalkoxy alkyl
20 such as acetoxy ethoxy ethyl, tetrahydrofuranyl, menthyl, tetrahydropyranyl and
mevalonic lactone. Examples of specific groups for R are t-butoxycarbonyl
tricyclo(5.3.2.0) decanyl, 2-methyl-2-adamantyl, isobornyl, norbornyl,
adamantyloxyethoxy ethyl, menthyl, tertiary butyl, tetrahydropyranyl and 3-
oxocyclohexyl. Preferably R is tert-butyl, 3-hydroxy-1-adamantyl, 2-methyl-2-
25 adamantyl, beta-(gamma-butyrolactonyl), or mevalonic lactone. Some of the
preferred monomers are vinyl compounds with the above mentioned labile groups.
It is within the scope of this invention that any acid labile group that can be cleaved
with an acid may be attached to the polymer, which in the presence of an acid
gives an alkali soluble polymer. The protected monomers may be polymerized to
30 give homopolymers or with other unprotected monomers as required.
Alternatively, an alkali soluble homopolymer or copolymer may be reacted with a
compound, or compounds, which provide the acid labile group.
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2%{ L%L%Méée,a%{yaMystﬂéR&” A od¥dwysBFERET NXinyl AUHSUI! - Vikier 4-tert-
butylbenzoate, ethylene glycol phenyl ether acrylate, phenoxypropy! acrylate, 2-(4-

20 benzoyl-3-hydroxyphenoxy)ethyl acrylate, 2-hydroxy-3-phenoxypropy! acrylate,
phenyl methacrylate, benzyl methacrylate, 9-anthracenylmethyl methacrylate, 9-
vinylanthracene, 2-vinylnaphthalene. It is within the scope of this invention that

any chromphore that absorbs at the appropriate exposure wavelength may be

used alone or in combination with other chromophores. Thus a polymer may be

25 synthesized by polymerizing monomers that contain an acid labile group with
monomers that contain an absorbing chromophore. Alternatively, the alkali soluble

polymer may be reacted with compounds that provide the acid labile group and
compounds that provide the absorbing chromophore. The mole % of the acid

labile unit in the final polymer can range from 5 to 95, and the mole % of the

30 absorbing chromophore unit in the final polymer can range from 5 to 95. Itis also
within the scope of this invention that the acid labile group is attached to the
absorbing chromphore or that the chromophore is attached to the acid labile

group, for example the monomers may be CHy=CHX-Ar-(CO),O-R (n = 0-1),
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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 al so be used, and are
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such as ﬁ%lorrrrlgthérgl ?ﬁlel polymer may contain other nonabsorbing monomeric units, such
units may provide other desirabie properties. Examples of the third monomer are
20 -CR{R-CR3Rs-, where Ry to R4 are independently H, (C1-C1o) alkyl, (C4-Cno)
alkoxy, nitro, halide, cyano, alkylaryl, alkenyl, dicyanovinyl, SO.CF3, COOZ, 8037,
COZ, 0Z, NZ,, SZ, SOZ, NHCOZ, SO2NZ;, where Z is H, or (C1-C1o) alkyl,
hydroxy (C1-Cio) alkyl, (C1-C10) alkylOCOCH,COCHs, or Ro and R; combine to
form a cyclic group such as anhydride, pyridine, or pyrollidone, or Rq to Rs are
25 independently H, (C4-C1o) alkyl, (C1-C1o) alkoxy and R4 is a hydrophilic group.
Examples of the hydrophilic group, are given here but are not limited to these:
O(CHz)20H, O(CH,)20(CHz)OH, (CH2),OH (where n=0-4), COO(C+-C4) alkyl,
COOX and SOsX (where X is H, ammonium, alkyl ammonium). Other hydrophilic
vinyl monomers that can be used to form the polymer are acrylic acid, methacrylic
30  acid, vinyl alcohol, maleic anhydride, maleic acid, maleimide, N-methyl maleimide,
N-hydroxymethyl acrylamide and N-vinyl pyrrolidinone. Other monomers may be
methyl methacrylate, butyl methacrylate, hydroxyethyl methacrylate and

hydroxypropyl methacrylate.
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to pyranyl, piperidinyl, acridinyl, quinolinyl, and Ris alkyl, cycloalkyl,
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car bony Wirfdpheri¥aminophenyl) maleimide, 3-(4-acetoaminophenyl)azo-4-
hydroxystyrene, 3-(4-ethoxycarbonylphenyl)azo-acetoacetoxy ethyl methacrylate,
20  3-(4-hydroxyphenyl)azo-acetoacetoxy ethyl methacrylate, tetrahydroammonium
sulfate salt of 3-(4-sulfophenyl)azoacetoacetoxy ethyl methacrylate.

The second embodiment of the present invention relates to an antireflective
coating composition comprising a polymer with at least one unit with an acid labile
group, a dye and a photoacid generator. The polymer containing the acid labile

25 groups are of the same scope as previously described. In this particular invention
the absorption necessary for the antireflective coating is provided not by the unit in
the polymer, but by the incorporation of an additive that absorbs at the exposure
wavelength. This dye may be monomeric, polymeric or mixtures of both.
Examples of absorbing groups that may be contained in an additive absorbing

30 compound are substituted and unsubstituted phenyl, substituted and unsubstituted
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
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benzene; ethoxy ethyl oxy vinyl benzene; trinmethyl silyl ether of vinyl
phenol, and 2-tris(trinmethylsilyl)silyl ethyl ester of nethyl
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dinitrophenylaminophenyl) maleimide, 3-(4-acetoaminophenyl)azo-4-

20  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.

The polymer of the second embodiment containing the acid labile unit may
also contain other nonabsorbing monomeric units as described in the first

25  embodiment. Examples of the polymer useful for this embodiment and containing
the acid labile group are copolymers of 2-methyl-2-adamantyl methacrylate,
mevalonic  lactone methacrylate', 3-hydroxy-1-adamantyl ~ methacrylate,
methacrylate ester of beta-hydroxy-gamma-butyrolactone, t-butyl norbornyl
carboxylate, t-butyl methyl adamantyl methacryate, methyl adamanty! acrylate, t-

30 butyl acrylate and t-butyl methacrylate; t-butoxy carbonyl oxy vinyl benzene,
benzyl oxy carbonyl oxy vinyl benzene; ethoxy ethyl oxy vinyl benzene; trimethyl
silyl ether of vinyl phenol, and 2-tris(trimethylsilyl)silyl ethyl ester of methyl

methacrylate, with methyl methacrylate, butyl methacrylate, acrylic acid,
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pol ycar bonates. Sone of the preferred dyes are copol yners of hydroxystyrene
5 and net hyl nethacrylate, such as disclosed in US 6,114,085, and azo
pol yrer i cwoandsmosioneri ¢ dyes, such as disclosed in US 5, ®6Z/FP8Y000RIS
5,763,135, US 5,981, 145, US 6,187,506, US 5,939,236, and US 5, 935, 760, all
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of vinyl phenol, and 2-tris(trinethylsi I%gsi | yl
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met hacr %L%tn?d oF i olniic(:: cg&ialg/meri%tigpte%%/nﬂﬁﬁeg&ﬁ&gﬁ@ﬁggf/rﬁ%% synthesized
using solution, emulsion, bulk, suspension polymerization, or the like. The
20 polymers of this invention are polymerized to give a polymer with a weight average
molecular weight from about 1,000 to about 1,000,000, preferably from about
2,000 to about 80,000, more preferably from about 6,000 to about 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 the weight
25  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 t010.0, where the
molecular weights of the polymer may be determined by gel permeation

30 chromatography.
The solvent for the antireflective coating is chosen such that it can dissolve
all the solid components of the antireflective coating, and also can be removed
during the bake step so that the resulting coating is not soluble in the coating
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met hacrylic acid, vinyl alcohol, neleic anhydride, N-vinyl pyrrolidinone,
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the invention the antireflective coating conposition 5 conprises a polymer
with at least one unit with

the aci golvebt oé the Bhporasist. Oﬁuqtlﬁ%rrg%{%g clg }Eega&r %pi'& Thﬁy E’glﬁ %‘I’éb J{eﬁﬁgf'aé ni ng
There i g8f; ﬁgctth'evﬁgm@P olPli’t‘?(% %ﬁﬁﬂ&le@%&é&ﬂ{g i alsbenctaERsEtih Ahe sEhﬁén@Cl d

| abi | e "grou ective coating is deprotected by heating the
bi | evel ofyis¢ éop ahomresmﬂweSealpmmmmrds pseverniaor annmze,dnierﬁéxlpg&f éh%su st

diffuses to se t to d t ect th fl
such caﬁ%'ref%&?f'gcupﬁ?‘ 'rﬁgtﬁ%&gﬁg;Witﬁgs r}eof &P} Ot e[ %&(ﬁ/?vgoi@{&g are
prefer Ir iﬁiopﬁéﬁé@%ﬁlﬁdnbnﬁtﬁ{/leéﬂ@ éé@tafé)&ﬁdd‘%‘ih)ﬂf Iacka‘-tésatééthe Tprefered\ny of

t he pol yneric or " nononeric dyes descri bed above e used in the
conposi tsobrents fartiee pap pheloresist. doraraplas f QHﬂleﬁA&OIWQfﬁ‘éfC&BB@ ﬂﬁ‘ﬁ'Fﬁj‘eCt'Ve

chr om)pho d be h f

sy Pﬁs.cpé §$q%é@f%rﬁ%§éﬁyﬁp¢i’%ﬁ%% BuAOheTBhanP, ahitle, 2ERIarRACEY P2
nmet at he r oo et

usi ng rr?tﬂyl 6k%z;tr?l ?@@?leneﬁ?j slwmr anrf)érw clcgwfgt i onftg pgoﬁzmr?g?jgﬂhon

t echni qma@nomra Yb§tf3ﬂ’febu pcptatey gemey butyroaestaie. &iYli¢ A %‘ﬁ’ bul k,
SUsg g ;;ﬁ;gtpgg o K/gt | ot rtnlé?n)&M emeﬂb‘iyéﬁ)td?&llé‘t@réth? #))WU§ igventi on

are gl ve a pol aver age ECU ar wei ght

1;3 (r) ogogbq%thbxﬁﬁlﬂ%/lt ecet;llbml]'g 21né1ﬁ8x@élﬁyl ptlm‘r,ebablbqthylr iantaiemepylemmcglyQQI about
more preferably from abo t t 5 h
aver age eNQBeint sther feetate. W&pbﬁ%nf Pep mﬁ%ﬁngﬁ% %qrrﬂrfrBPﬁtHrﬁa thi rre(?\sglr? i tes

are not bt g Fbcf OrSCSIE@n@”\FVItIﬁeé 'Ié\ﬁél* H@gfé@bf RExigd éﬁ@iegobb%dmlh?hén@5

aver age nDI ar wel ght en properties such as solubility,
st or age soiubaitiy propertiesl atdhgeherady Web“edconpr om sed. The

polydlsper3| Mwv. M).. the free-r h
averldage nol eb&%éﬁal ﬁ?‘kﬁﬁfﬁe‘%ﬁ'ﬁa KN C?ﬁ’gggtﬁﬁgré{g\;ﬁ{ee? 6§Q§rrglelé]cu g‘% \t/\rﬁ%mel ont
can rang;%rﬁdr%@ &ontéHoQt% pé@xeﬂt lbge\Ne@ﬁt@tlﬂlh@rSOHES Optefemblyt kesspihapn@r nay
be determ ned per nea chromat ogr aphy. The sﬂ]ven for the

ant i r ef Ipetegnte beaacd |qngth%t<ztﬁbwrgfﬁmmhﬁh@atm9 é%mpeﬁlé'%i vehe f0lidg faay o i g
component 3, Hlse! PEmA'td 28I EGH ¥&rERRbE i pRODaBIdSGefétatd?e 50 8 DPReight

percent of polymer and optionally 5 to 60 weight percent of the dye, based on the

20 total solids content of the antireflective coating composition. The solid
components are dissolved in the solvent, or mixtures of solvents, and filtered to
remove impurities. 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.

25 Other components may be added to the three embodiments described in
the application in order to enhance the performance of the coating, e.g. lower
alcohols, dyes, surface leveling agents, adhesion promoters, antifoaming agents,
etc. These additives may be present at up to 30 weight percent level. Other
polymers, such as, novolaks, polyhydroxystyrene, polymethylmethacrylate and

30 polyarylates, may be added to the composition, providing the performance is not
negatively impacted. Preferably the amount of this polymer is kept below 50
weight % of the total solids of the composition, more preferably 35 weight %, and

even more preferably below 20 weight %. Bases may also be added to the
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during the bake step so that the resulting coating is not soluble in the
coating 15 WO 03/057678 PCT/ EP03/ 00022 solvent of the photoresist.
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optimum film thlckness of the antireflective coating is determined by the exposure

and

20 wavelength, refractive indices of the antireflective coating and of the photoresist,
and absorption characteristics of the top and bottom coatings. Since the bottom
antireflective coating must be removed by exposure and development steps, the
optimum film thickness is determined by avoiding the optical nodes where no light
absorption is present in the antireflective coating.

25 The antireflective coating composition is coated on the substrate using
techniques well known to those skilled in the art, such as dipping, spin coating or
spraying. Various substrates known in the art may be used, such as those that are
planar, have topography or have holes. (The preferred range of temperature is
from about 40°C to about 240°C, more preferably from about 80°C to about

30 150°C.) 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 wheré no
standing waves are observed in the photoresist. It has been unexpectedly found
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30 polyaryl ates, may be added to the conposition, providing the performance
Is not negatively inpacted. Preferably the anbunt of this polyner is kept
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photoresist coating. Photoresist resolution is defined as the smallest feature which

20 the resist composition can transfer from the photomask to the substrate with a high

degree of image edge acuity after exposure and development. In many

manufacturing applications today, resist resolution on the order of less than one

micron are necessary. In addition, it is almost always desirable that the developed

photoresist wall profiles be near vertical relative to the substrate. Such

25 demarcations between developed and undeveloped areas of the resist coating

translate into accurate pattern transfer of the mask 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-diazide

30 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
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spraying. Various substrates known in the art may be used, such as those
that are planar, have topography or have holes. (The preferred range of
t enper at (W@ 0B57678 om about 40C to about 240C, nore pref er 0ITYEPDS/0002ADOUL
80C to about 30 150C.) The filmthickness of the antireflective coating
ranges from about
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of tenperature i t | s pref fr about
80C t o nourPEs el pRARAIRY, iRl aif B thodplfored HidhonPe RBRAEe) 108, 00
stage i ,49ee28klS BOHOYIIY aptndSsHBE0,660. Pasticularly prefeweddosts,3wmch are
devel oped with aqueous al kal i ne sol uti ons 1q are useful .for the present

i nvent i &d _ﬂﬁavnﬂb&_xf)ﬂéur&h6f%éﬂ"tqt9r@smrﬂﬂés'm91 RsArQPRBHG RANTEESand t he
anti,pef Lt ey Cg_%é?'férf‘l%r,agﬁﬁ’érpallgt até”tﬁu@mg_e iR UBRJIVENMOE RN I tPhotagakt§ or the
or The p 0

I magl ng "process ot or esi st. i tive-working photoresist
conposi tsengitivarat O pneethat mag dknowseint ther pritiraart ane delsodiediiredie fillowieg

he. dev PpRICSRSBY s ofas Borei . PARRrBI 87 cieRgiCDE(s B35 er e °
those araﬁﬂ%@gt aﬁgmﬁﬁgresiﬁ][@%r;siﬁ\% adtl YoBY nhNSRAYE dsed fh dey ebopiee

sol ution. eatment of an exposed positive-working photoresist with
t he devantipflectivecompositionao0f this inyentiofxposed areas of the coating and the

f o isasesdivds o : ! Lhe o
L on oF £ gBR R ar R ) Baee 8 S e G5O L GloPsh
CONMposi HaRBd GBNstANAY fehtdve e photorssisk sbloehhie Thebphotaresisti amd ahéi gh

degree of image edge acuity after exposure and devel o t. In nan
manuf actantireflgctivplcoating bilevelsygiem e dhen ‘Wé@@ﬂﬁ?i%ﬁ)oégg‘teﬂ@ %?H@?e%énltess

E E:? ? E?e&ﬂb@{sg%%gﬁg BREESTEYed HOriRG UxbbStire tdacts tAUBBRIted iRYSoIfiRr M abl €
and thus render alkali soluble in the developing solution. The temperature for the
20 postexposure bake step can range from 40°C to 200°C, preferably from 80°C to
160°C. In some instances, it is possible to avoid the postexposure bake, since for
certain chemistries, such as acetal acid labile groups, deprotection proceeds at
room temperature. The bilevel system is then developed in an aqueous developer
to remove the treated photoresist and the antireflective coating. The developer is
25 preferably an aqueous alkaline solution comprising, for example, tetramethyl
ammonium 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
30 antireflective coating combination used. The imaged bilevel system can then be
processed further as required by the manufacturing process of integrated circuits,

for example metal deposition and etching.
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photoresist wall profiles be near vertical relative to the substrate. Such
25 demarcati ons between devel oped and undevel oped areas of the resist
coating wpanebmre into accurate pattern transfer of the ®aTkEPOsr@e2 ont o
the substrate. This beconmes even nore critical as the drive toward

iniaturizati d h itical —di ' t he devices.
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phot oactive conpoud, aiubtexposar@bhking thelsubsiratey anghi bitor. The fol | ow ng
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herein by referenc®, usievelopng dstopandbeomndayerauih @B@,UQQU,S@@@“ e
Partj,cul arly prefeigghfor 19 3 nm and 157 nm exposure are photoresists
conpri sing non-aromati c polyners, a to photoacid generator, optionally a
solubility inhibitor, and solvent. Photoresists sensitive at 193 nmthat

cor por at ed FRiTELd, Mepdp5uTBis Fejebrath 2 oBbalk 408 BOSETBES MCERDBlgh any
phot or eshfdre 868 $h LitsV Bniifetyl Fdr M gﬁ%)(%%iéls.‘lswe%llé@@lg%péélﬁc exahples et i ve

conposition of this invention. 1 m of photoresist is then coated on
top of tprevidat idedailestt llustratiens nef athe & 00k uprOdHANgal #d r gitiziagt he

photoresj st solvent . The resj.st. and [ ectli o '

bi | églel C?y"%‘?%ﬁquas tqieﬁ’el r@%%%{ﬁsgv&%&g@ed.+$?e1seaaen§{15bipz%%e%{e \fﬁéa@?én'% Step the
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20 post €OP6EUEES amREOVWdIBG condlitionsgParamriers©n wlved whigh dndstabe ywiilizedh soc
to exclusively in order to practice the present invention.

20 Examples

. Example 1A
To a 250 ml, 4 neck flask equipped with a condenser, a thermometer, a

nitrogen gas inlet and a mechanical stirrer, were added N-methyl maleimide (5 g),

25 methacrylate ester of mevalonic lactone (MLMA) (26 g), methacrylate ester of
methyladamantane (MADMA) (3 g), azoisobutylnitrile (AIBN) (5.2 g) and
tetrahydrofuran (THF) (60 g). A solution was obtained and degassed for 10
minutes. The reaction was refluxed for 4 hours and then drowned into 600ml of
hexane. The precipitated polymer was filtered and dried.

30 A 4 weight % solution of the above polymer was made in cyclopentanone
and a 4 inch unprimed silicon wafer was coated. The wafer was then soft baked at
110°C for 60 seconds. To check the solvent resistance of the polymer coating,
first a drop of propylene glycol monomethyl ether acetate (PGMEA) was placed on
the top of the wafer for 60 seconds and blown dry with nitrogen. No dissolution of
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160C. In sone instances, it is possible to avoid the postexposure bake,
since for certain chemstries, such as acetal acid |abile groups,
depr ot ectworn3psmceeds at room tenperature. The bil evel sysT@Pos/go0ehen
devel oped in an aqueous developer to renove the treated photoresist and

2l al i net Gt ARG EB S BoPEUEA T Then B foaRiThaier Yo BReB iR ce.

The devejopper thEpyodtiig R r30cs8BsdRetoasidhllbcewaleiundistiing idr fret Bloe, dry
pol yners, isopropanol, ethanol, etc. The process of coati | magi ng

phot or eswih mt@@qemgé\gawutherﬁqa*eg|\@e$ .n@éeﬁ‘@@teﬂnd%ma&y a@rppwﬁﬁ% 8680 tVibs e

skilled | t
and 30 =REHEReEl OB e Bhitmaint MR AR A Sl Blo R SUBER T
can tnenfroe CliriantCoepl $@memlre aw)rwawpraeédmn ﬂieecduimgff@cBOrsewnﬂs@miss of
Integrated circuits, for xarrpl e netal MfOSI tlé)ém%nd efchin
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photoresist layer; c) imagew se exposin { e top and bottom | ayer to
actinic radiation of same wavel e%ﬁﬂ[ﬂp-&)—gostexposure baki ng t he
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al kaline 10 soluti Eac the docunents referred to above are
i ncor portgipbanyleuidniutyy nloeﬁﬁﬁ’@ncéoﬁﬁfigbs eyclopenianoner &209)pupplyseaihyiThe
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i nventi O(TJlarl'!ihE@@r;?)(aﬁﬂ'OeﬁSg%ﬁa f’l% trigth&nsiachine BONEYEIN cyclopémiahons. Mest ri ct
the scope of the 'invention way and shoul d not be construed as
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A silicon wafer was coated first with 700 A of the bottom antireflective

coating (B.A.R.C.) solution from above and softbaked (SB) at 110°C for 60

seconds. Next the B.A.R.C. coated wafer was coated with 4340 A of AZ® EXP

AX2020P photoresist (available from Clariant Corp.) and baked at 110°C/60

20 seconds. The coated wafer was exposed using an ISI 193 nm ministepper. The

exposed wafer had a post exposure bake (PEB) of 90 seconds at 130°C. The

wafer was puddle developed with AZ® 300 MIF Developer for 30 seconds. The

pictures taken by scanning electron microscope (SEM), showed both the

photoresist and B.A.R.C. were developed at a dose of 17 mJ/cm? for 0.19um

25 dense lines. The B.A.R.C. coating also gave a refractive index and absorption at

193 nm for n and k of 1.65 and 0.12 respectively as measured by a J. A. Woollam
WVASE 32 ™ Ellipsometer.

Example 2 A
30 To a 250 ml, 4 neck flask equipped with a condenser, a thermometer,

nitrogen gas inlet and a mechanical stirrer, were added styrene (1.6g), MLMA
(18.4g), AIBN (3 g) and THF (50g). A solution was obtained and degassed for 10
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Exanple 1A To a 250 ml, 4 neck flask equi pped with a condenser, a
thernoneter, a nitrogen gas inlet and a nechanical stirrer, were added
N- net hyl walogiosied®e (5 g), 25 nmethacrylate ester of neval @QEPoetRNe
(M.MA) (26 g), nmethacrylate ester of methyl adamant ane (MADMVA) (3 g),
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ref | uxedhdx@hes Wﬂir‘écﬁﬂl@té@?ﬂyﬂf@w@ﬁl’@é@ #AUHeddf hexane. The

precipitated polyner was filtered and dried. 30 A 4 weight % sol ution of
t he above pol ymer was made in cycl opentanone and a 4 inch unprinmed silicon

waf er was coated. The wafer was tq%&n?ﬂfetz gaked at 110C for 60 seconds. To

check the sol vent resistance of t coating, first a drop of
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a drop t I yaleme f i f C to
2 mui ot SUEPe BN, §7o8d FichEnolRnd sHd KT e GEBTEERARI 2 i ng
was not sefdtientwds ntikxedbhy fiterbdoihrodighAZ () pa0Eltéd B giead. AR IC. (solitioB8 %

tet t hyl ni d id , td I I 5 f d i ant
ot p.Somr v PRCORYEté 351 SResed Sretuts SOl R tnepE AR CeBrshatod Meovehen.
washgd Qfifh MIB of 910 CAR se@has. (NIt MBI RIT! dtéed wiliéroflagicbBtdd WitRgen.
There was no I ndi gation of solubility of the ég)[@%mer in all cases. Exanple

| B 10 T670nk op &2 FXP (AXZPO0F phetomseisiiising A 41etC/hsasondas Andddd

et hacr et SR BBRE ek fesiol X3by® Buglal PAREE o T SR TR 1 o
G ari anthggas PEB and0 Getdadott 309 1 follelwba syl aB0nsecdddYsudile idavelopment
cycl opent anone.. The solution (4%solids) was m xed and filtered through a

1.0 pm UsiNGAZ 03¢0 WMIFx Deyeloper. 15he i Merassiisi showasheclasglyshattiogh the

si li.con ghaf £ i f t pr e

coat'ng B R 2 PAGIPeist Wehe oo & 9 adelf of 252 BB TGt KR

seconds deiNe&tlinebe TheABHA R.Cc ocadtin aisbegawena refrative indelk atri@bgorptioddir) EXP
193 nm for n and k of 1.70 and 0.32 respectively as measured by a J. A. Woollam

WVASE 32 ™ Ellipsometer.

20 Comparative Example 3

A silicon wafer was coated first with 3300 A of AZ® EXP AX2020P
photoresist using a SB of 110°C/60 seconds. An ISl 193 nm ministepper was

~ used for imagewise exposure. The exposed wafer had a PEB of 90 seconds at

25 130°C followed by a 30-second puddle development using of AZ® 300 MIF
Developer. The SEM clearly showed more standing waves for the photoresist in

comparison to Example 2B.

Example 4A
30 To a 250 ml, 4 neck flask equipped with a condenser, a thermometer, a

nitrogen gas inlet and a mechanical stirrer were added the methacrylate ester of 9-
anthracene methanol (AMMA) (6.4g), MLMA (8.6g), AIBN (3g) and
cyclopentanone (40g). A solution was obtained and degassed for 10 minutes.
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AX2020P photoresist (available fromd ariant Corp.) and baked at 110C/ 60 20
seconds. The coated wafer was exposed using an |SI 193 nm m ni stepper. The
exposed vaDaB/Oh®ds a post exposure bake (PEB) of 90 second®CatEPe30@22 The

waf er was puddl e devel oped with AZ(r) 300 M F Devel oper for 30 seconds. The

pi cture LE yieSh

photorezll-i% ancﬁ% \igg?%{“ﬂ%edra@?dqeve (l)J %hgtstﬁgﬂ Oré@ﬁgb "1%) Wﬂh@?b%@%ﬁlgpm
25 denselhd preeipifEted Bol&nﬁér@vas:fnlmredgarmﬂ@mcgave a refractive index and
absorption at 193 nmfor n and k of 1.65 and 0.12 respectively as neasured
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03/ 057678 E 0 t fl 4.5 h
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econds. Next the A.R C. coated wafer was coated with 4670

250? f A%%S?C/” 605%@2)0%?9 aﬁaﬁk&r@s‘i%@/@% pagPnd. SBhe coatesiovater yeasompgewise | s][
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nad o PERPOTERRETY SRASRRSONORUTK BN (065 1) ° THR sxpoSefl FERASEES oorent

usi ng Agiven 3UREBI ¢f 6@\ssoopds .at TIROSENbliievsed thy almwieite cegelobyndritadt dmt h t he
15 B.A R C._and, resi re devel o dose of 23.5 ml/cnR fo
0. 18pm Sg€& tﬁgg@gﬁﬁé @FAB%V%OPEB Jﬂ- %?&hﬁgﬁsl&%@%&#h&ém 5eAﬁaQex and
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also gave a refractive lndex and absorptlon at 248 nm for n and k of 1.45 and 0.38

respectively as measured by a J. A. Woollam WVASE 32 TM Ellipsometer.

Example 5A
20 To a 250 ml, 4 neck flask equipped with a condenser, thermometer, gas

inlet and a mechanical stirrer were added, MLMA (20.0g), AIBN (3g) and THF
(40g). A solution was obtained and degassed for 10 minutes. The reaction was
refluxed for 4.5 hours and then drowned into 600 ml of hexane. The precipitated
polymer was filtered and dried.

25
Example 6

To a 250ml, 4 neck flask equipped with a condenser, thermometer, nitrogen
gas inlet, and a mechanical stirrer were added benzyl methacrylate (6.5g),
methacrylate ester of mevalonic lactone (MLMA) (13.5g), azoisobutyinitrile (AIBN)

30 (3g) and tetrahydrofuran (THF) (50g). A solution was obtained and degassed for
10 minutes. The reaction was refluxed for 6 hours and then drowned into 600m| of
hexane. The precipitated polymer was filtered and dried. The polymer was next
dissolved in 60g of cyclopentanone and then slowly added to 600mi of methanol to
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20 Conparative Exanple 3 A silicon wafer was coated first with 3300 A of
AZ(r) EXP AX2020P photoresist using a SB of 110C/ 60 seconds. An ISl 193 nm
m ni st epp®o 0da@s76781sed for i magew se exposure. The exposedpaafrPo3/md2 a PEB
of 90 seconds at 25 130C fol | oned by a 30- second puddl e devel opnent usi ng

Che photsPseiate (F; BORRRE | TRE PRhfGyT Bastntet triRliads WA 18 '3

neck fl askreemjiamexdedpawmr awesnriisslved lthOngBEt@fclo@ntéhdrfeOm gRasn | ni et
and a nmechanj cal st rrer e added the nmet hacryl ate ester of 9- anthracene
met hanolPréRiiaied (5!934’(},; nto W&d\“ ‘%’B@ fhang|.sN (3g) and cyclopentanone (40g). A
sol uti on was obtai ned and degassed for 10 mnutes. 22 WO 03/057678

PCT/ EPOS/ 00022 The reaction was refl uxe[\d for 4.5 hours and then drowned

i nt 0°600nL of hexane. The preci pi Eé@@@—%@lymsr was filtered and dri ed.

Exanpl e 4B 5 RRe
anpl e TE {1 DORAhSTE. 3 @?)Zﬁgan Exaie Bt o Gk ISpfonium ot hyi

tri phenyl sul foni um nonaf 0l6g),
| act at e nomadaie? (@@(036@) dsP008w| aft ﬁrl@hewa@ulfmem dnydrdxide, eFEed 336 QO@H ga 0.1

filt fi 600A of .th
N i Lo R T
coat ed #abaghers. 1qqmtfﬂat§r o with 6310 A of AZ(r) DX5200P phot oresi st (a
hybrid acetal resist available fromd ari aQSOQCorp usi nlg a bake of 90C/ 60

secdfd. The Aositiern waferrwameoatad dissti wish 68Q soekieuiepgrash ,desRL@osoluMn

To00 1 P sehbd aw"gd?’@éi%e”@%ﬁéﬂ PR E el IEs
Devel opaith 3300 QEM AES EXR ro{R0R0F photorddist L&lﬁg R Bakel bf ¢B6¥T/60 shwond! 0 t he

substra with se of .20 mJ/cnR2. The B.A R C_coating , al so gave a
ot r act 108 Sorded Ve ‘é(B%WﬁQ?Wﬁe£XPP§§ddﬁ'$%ﬁ“riséﬂ83lﬁr6fm'mfsh@nﬁfd s

respect b)(ﬁbé/ecﬁ%d?@raﬁlé’s%m PPEB 6F pUANCAS WA 1ibed |y §°8 Bildle

Exanpl e 5A 20 To a 250 4 neck f equl ppe
t henfrondeeelppgent of 60 seconds with AZ® 300 MIF Developer. The SEM results show

that for 0.18 um lines, 23 mJ/cm? was required to clear these isolated lines. The
B.A.R.C. coating also gave a refractive index and absorption at 193nm for n and k
of 1.85 and 0.34 respectively as measured by a J. A. Woollam WVASE 32 ™
Ellipsometer.
20 Example 8

A B.A.R.C. solution was prepared as follows. To 0.177 g of the polymer
prepared above in Example 6 were added 0.0027 g of triphenyisulfonium
nonaflate, 0.00023g of tridecylamine, FC-4430 (0.01g) and 9.82g of ethyl lactate.
The resulting (4.0% solids) solution was filtered through a 0.1 um filter.

25 A silicon wafer was coated with 300 A of the B.A.R.C. solution prepared
above and softbaked at 110°C/60 seconds. Next the B.A.R.C. coated wafer was
coated with 3300 A of AZ® EXP AX2020P photoresist using a SB of 130°C/60
seconds. The coated wafer was imagewise exposed using an ISI 193 nm
ministepper. The exposed wafer had a PEB of 60 seconds at 120°C, followed by a

30 puddle development of 60 second with AZ® 300 MIF Developer.

The SEM results showed that 11 mJ/cm? was required to cleanly open 0.18
um isolated lines. The dense lines (1:1) cleared at 17 mJ/cm? with clean well
shaped dense 1:1 lines. The B.A.R.C. coating also gave a refractive index and
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inlet and a nechanical stirrer were added, M.MA (20.0g), AIBN (3g) and THE
(40g). A solution was obtained and degassed for 10 m nutes. The reaction
was reflwoadoswrs 4.5 hours and then drowned into 600 m ®@CTIEPREM®22 The
pr eci pitated pol ymer was filtered and dried. 25 Exanple 6 To a 250nt, 4
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Devel opefinisTaiePEM e xbdsedsWaRsr Hdwph HEB of 6b8sem@nlderm81,2026, rRllowed Bas

required to clear these isolated lines. The B. A R C coating also gave a

refract BPesacene pusiele develepmienhwith AG3%00 MIF Devalepa. of 1.85 and 0. 34
respectively 33 SRRFH&HsBhAy that™3 WL XY Skuire fcieanly open 0.18

um isolated lines. The dense lines (1:1) cleared at 21 mJ/cm?. The B.A.R.C.
coating also gave a refractive index and absorption at 193 nm for n and k of 1.85
and 0.34 respectively as measured by a J. A. Woollam WVASE 32™ Ellipsometer.

20 Example 10
A B.A.R.C. solution was prepared as follows. To 0.177 g of the polymer

prepared above in Example 6 was added 0.0027g of triphenylsulfonium nonaflate,
0.00027g of trimethylsulfonium hydroxide, FC-4430 (0.01g) and 9.82g of ethyl
lactate. The résulting (4.0% solids) solution was filtered through a 0.1 um filter.

25 A silicon wafer was coated with 300 A of the B.A.R.C. solution prepared
above using a SB of 110°C/60 seconds. Next the B.A.R.C. coated wafer was
coated with 3300 A of AZ® EXP AX2020P photoresist using a SB of 130°C/60
seconds. The coated wafer was exposed using an ISI 193 nm ministepper. The
exposed wafer was given a PEB of 60 seconds at 120°C, followed by 60 second

30 puddle development with AZ® 300 MIF Developer.

The SEM results show that 15 mJ/cm? was required to cleanly open 0.18
um isolated lines. The dense lines were also open at 15 mJ/cm?. The B.A.R.C.
coating also gave a refractive index and absorption at 193 nm for n and k of 1.85

25



Elli psoneter. 20 Exanple 8 A B.A R C solution was prepared as follows. To
0.177 g of the polyner prepared above in Exanple 6 were added 0.0027 g of
tri phenylwoloBosicasn nonafl ate, 0.00023g of tridecyl am ne, PECEPAZWOED. 019)
and 9.82g of ethyl lactate. The resulting (4.0% solids) solution was

filtered r h : fidl i Li gony waf 4 hrv300 A
of the Ba'kplﬁgg' é%?%#‘(‘)’%’yprdgptéﬁ%ads Lﬁg%ﬁbvz élang' gAdftb\gllr(()gEQ@t W?%‘#B\géseconds.
Next theEBpgomReter. coated wafer was coated with 3300 A of AZ(r) EXP AX2020P
phot oresi st using a SB of 130C/ 60 seconds. The coated wafer was inmagew se
exposed using an ISI 193 nm mni stepper. The exposed wafer had a PEB of 60
seconds at 120C, followed by a 30 puddle devel opnent of 60 second with
AZ(r) 300 MF Devel oper. The SEMresults showed that 11 mJ/cnR2 was required
to cleanly open 0.18 pmisolated Iines. The dense lines (1:1) cleared at
17 mJ/cn2 with clean well shaped dense 1:1 lines. The B.A R C. coating

al so gave a refractive index and 24 WO 03/057678 PCT/ EP0O3/ 00022

absorption at 193 nmfor n and k of 1.85 and 0.34 respectively as neasured
by a J. A Wollam WASE 32 TM El | i psoneter. Exanple 9 5 AB.ARC.
solution was prepared as follows. To 0.177g of the polyner prepared above
in Exanple 6 was added 0.0027g of triphenyl sul fonium nonaflate, 0.00028g
of adamant am ne, FC-4430 (0.01g) and 9.82g of ethyl lactate. The resulting
(4.0% solids) solution was filtered through a 0.1 pmfilter. A silicon
wafer was coated with 300 A of the B.A. R C. solution prepared io above
using a SB of 110C/ 60 seconds. Next the B.A R C. coated wafer was coated
with 3300 A of AZ(r) EXP AX2020P photoresist using a SB of 130C/ 60

seconds. The coated wafer was inmagew se exposed using an ISl 193 nm

m ni st epper. The exposed wafer had a PEB of 60 seconds at 120C, followed by
60 second puddl e devel opnent with AZ(r) 300 MF Devel oper. 15 The SEM
results show that 13 ml/cn2 was required to cleanly open 0.18 pmi sol ated
| ines. The dense lines (1:1) cleared at 21 mJ/cn2. The B.A R C

26



coating also gave a refractive index and absorption at 193 nmfor n and k
of 1.85 and 0.34 respectively as neasured by a J. A Wollam WASE 32TM
El | i psonewero3/ o508 Exanpl e 10 A B.A R C. sol ution was prepacaEprayodoet | ows.
To 0.177 g of the polynmer prepared above in Exanple 6 was added 0.0027g of
triphenyl sul foni um nonafl ate, 0.00027g of trinethyl sul fonium hydroxide,
FC- 4430 (0.01g) and 9.82g of ethyl lactate. The resulting (4.0% solids)
sol uti onClairesfiltered through a 0.1 pmfilter. 25 A silicon wafer was
coated with 300 A of the B.A R C. solution prepared above using a SB of
110C/ 60 secon he coated with 3 A of
AZ(r) Exb Axob It opeiaE: Rt oras R B EeShvg §3 G b Rino R B oo

vaf ers waig EafRee bfuséing devdlSed #8 dhmaLsbss emRdine aéeeloﬁérpaﬁ@dwmhers was
given a PEB of 60 seconds at 120C, followed by 60 second 30 pudd

devel opn@ﬂte%heﬂp\o@( ppswe photoresiss| whesie. thenantiedeete) lcoetmwmnmettlom

i nes vernairs & hdtdady SRR5Yetdpad Ayt b REY At JPE opbTyE WA
refract |a/rea¢|ddamleagrb@®w gt least aie 4AB with droabsordinty ghremcphdre. 25 WO

03/ 057678 PCT/ EP03/ 00022 and 0.34 respectively as neasured by a J. A
Wool | am WASE 32 TM El | i psoneter. 26 WO 03/057678 PCT/ EP03/ 00022 d ains

1. fql
whi QPO 5 TR ARESINE JERERRY AP i oI S TeRRASD 8T 4
whi ch i selamed fﬁtd)_nh)e(IOm)Q}R)e@-RJ @(qrfh)@a _ezg(@ﬁ)z@h?r@(me)zm:meﬁkm ve

t _phot oaci a pol yner
corpr 1 o TUC A CORIonavste: W 11 ARdci EYERAING geuaBiiRs acyPEa one
unit w tdko@?cléﬁéﬁ?y”lb'c%h&%&Bﬁ@h%ﬁzyllgugstltﬁf@d e‘l%i‘%?ﬁ'élk%%w %%&é/o

claim1l1l where t acid group 1s select

-Q(CO Oaikoxyg((yzliaibqﬁoiarahxctrojusam,( ooty Rdaanty( ORB}IR( .CedRhydmranyR i s
| kyl |tuted cycl oal kyl, oxocycl ohexyl, cyclic | actone,
genys C%@gﬁ%{;@ﬁbg:d%g@ al koiy al kyIy acet ox§ y y

3. The composition according to claim 1 where the absorbing chromophore is
selected from compounds containing hydrocarbon aromatic rings, substituted and
unsubstituted phenyl, substituted and unsubstituted anthracyl, substituted and
20 unsubstituted phenanthryl, substituted and unsubstituted naphthyl, substituted and
unsubstituted heterocyclic aromatic rings containing heteroatoms selected from

oxygen, nitrogen, sulfur, or combinations thereof.

4. The composition according to claim 1 where the acid labile group and the
25  absorbing chromophore are in the same unit.

5. The composition according to claim 1 where the polymer is selected from
copolymers of 2-methyl-2-adamantyl methacrylate, mevalonic lactone
methacrylate, 3-hydroxy-1-adamantyl methacrylate, methacrylate ester of beta-
30  hydroxy-gamma-butyrolactone, t-butyl nornyl carboxylate, t-butyl methyl adamanty!
methacryate, t-butyl acrylate and t-butyl methacrylate; t-butoxy carbonyl oxy viny!
benzene, benzyl oxy carbonyl oxy vinyl benzene; ethoxy ethyl oxy vinyl benzene;
trimethyl silyl ether of vinyl phenol, and 2-tris(trimethylsilyl)silyl ethyl ester of
methyl methacrylate, with acrylic acid, methacrylic acid, vinyl alcohol, maleic

27



al koxyoxy al kyl, tetrahydrofuranyl, nethyl adamantyl, nenthyl,
tetrahydropyranyl 15 and neval onic | actone. 3. The conposition according
to cl ai mwowhesm78 he absor bi ng chronophore is sel ected fPamEPOS@ANIS
cont ai ni ng hydrocarbon aromatic rings, substituted and unsubstituted

Cnoubst i EENd, TRl HO. R HiRe  AHedY , madihibe, Nttty
substi tuaeq’la?mrdie uNs—whyt i pyrtaidiirorteer ovathl/i cmethmmylate r iboigyd rrbcntwtt'ltacngiﬂagcg,
or caonbj nat i

Cher ot PHGroRETEhng fﬁ@%ﬁ?@éﬁgmdh%}c{@ga% ety e n o stBiee
group angnidifs a%'ét&ﬁ%ﬂﬁ@hé‘%é?ﬁypméﬁ#%rﬂtaﬁ% ythgﬁn%fm tng/ldé?n%nhﬁe,

conposi tion accord to claim1l wher r s seléc
copol ynevinyb#- mrta!mntywenZGatearaihylghe rgiyd:tacplyérgﬂ estheeaghdatec pheabryeropyl

Dot o g0 RO s DAMROH ST enaRvomey T BRIt aBRagY CRPHAAY ate. RNy y|
met hyl . ﬁfé@ﬁ@d?yl‘éke Weg%ﬂfréaé@ymretmtylméﬂfabmm and.jin réhiﬂrae@rﬁ@acryl ate;

t - but oxy car bon y vinyl ~benzerie, benzyl ‘oxy carbon oXy Vi nyl

benzene; VléVlﬁéféil%/falme Nnyhphigalinisiez éWé3-hydraxygohsnyl S’netjillaceftlamrdeofN—(liBﬂyl

et hacr y O TV Gb ARy Bh R et  teiRerTenmtig: "RH-EEhuroxdetei
27 WD OBémbifiﬂé}bB@lbﬁé’ﬁﬁéQ@%%nylanhydfl de, msah£drolapsidg, nal ei m dy. 2N¢m3t hyl
mal ei m de, N hydr oxynet acryl am de, N-vinyl p rrolidi none, net

met hacr yfiBit @ph@w&amlﬁeph%ﬂm at e, MaglatdKy et hyl 3 gtﬂesmlapah%md)azo—4-
hyd
ponzyt” PORREySIIRRC U AL o KBRYBhER Tzo 0B ibEExy SRLC TethacTRRe,

4- telrt b:Brt(#-Ihﬁdrm«whenyl%ztwiaeeteagdztpxpl ep’ry;knmetlmirylat@,c ng&ﬁ*ﬂmro?}hm%mr oplyl
t te en t hacryl ate, benz
ﬁg[ Kagr '-Héé ggﬁ Qﬁr@aﬁﬂfﬁyﬁﬁéﬂkﬂp&ﬁ@%@@imﬁ& %%ﬁﬁaﬁ hr zlcene 2- viynyl

naphfShaI ene, N-vinyl phthalimde, N (3-hydroxy)phenyl nethacrylam de, N-(3-
hydr oxy- 4- hydr oxycar bonyl phenyl azo) phenyl net hacryl am de, N-(3-hydroxyl -
| o et hox§.car bB'rrﬁ;' bpﬁwlt'@ncgqmediplg tonetdivic t Where dbe antifeflettive layer has a k

di ni trophen n m de, 3-(4-acetoan nophenyl)azo- 4-
hydr oxys\f p Hb éﬁfdﬂ(?aéedoonyl phenyl ) azo- acet oacet oxy et hyl
met hacryl at e,

7. The composition according to claim 1 where the antireflective layer has a
20 thickness less than the thickness of the photoresist.

8. The composition according to claim 1 where the photoacid generator is
sensitive in the range of 450 nm to 100 nm.

25 9. The composition according to claim 8 where the photoacid generator is
sensitive at wavelengths selected from 436 nm, 365 nm, 248 nm, 193 nm and 157

nm.

10. The composition according to claim 1 where the antireflective coating is
30 substantially insoluble in a solvent of the top photoresist.

11. A process for forming a positive image comprising:
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3- (4- hydr oxyphenyl ) azo- acet oacet oxy ethyl methacryl ate, tetrahydroanmoni um
sul fate salt of 3-(4-sul fophenyl)azoacetoacetoxy ethyl nethacrylate. 15 6.
The conpowpdtBosreascording to claim 1l where the antirefl ectPCTEPIZY®R2 has a k
value in the range of 0.1 to 1.0. 7. The conposition according to claim1

where the antifefl ye | ay . 0 [ ckness, Less than the_thickness
of the photortl‘ri1 ist.BF@'H@HeQCg%@t&oﬁ%c@%b&?néﬁ?@'@?%#? aﬂ@'ﬁge?ﬁﬁ‘@
phot oaci d gener at otoaiing sempositiva of Bldime! paRgRRkraf$0 nmto 100 nm 25 9.
The conpositiop according to claim8 where the photoacid generator is

sensitive at Ravel BIRYFBT Seteatingnfra lom piwdonesist Ea®r ver mbcpht@mma]’firnm and
157 10. [ i i i ant . i
coating is 3 sunliBgRuishRkBRR fedpidh bRl PO 6 adRSBdHRR FEG] of

11. Asprocess for Sameiwavelemgibiti ve i mage conprising: 28 WO 03/057678

PCT/ EPO3/ 0002 a) providing.a coaLing of the bottom photoi mageabl e
antireflectiv )coanﬁ&XB%%gQ%'%ﬁ@fs%sgﬁFﬁ@’@m a substrate; b) providing

a coating of top L 8St y. t at.ng. i ew se
xposi ngt he Thp. and BoPTETVEL foF2fid Bitom \Eycil W SR ahl8qus Fifed
wavel engt h; d) poss@ufi@ure baking the substrate; and, e) devel oping the
top and bottom |l ayers wth an aqueous al kaline solution. 10 12. The
process according to claim 11l where the antireflective coating is

i nsojubl €2 n The @@u@@y%@bk&h%n@ SRIML AN Wk thECah iR ABRARS | dd3tiS re§| and

beconmes . soluble prior to the devel oping step. 13. The process acc ng to

cl ai m 11ingpleble inhibeafueous alkadine seluten pripotp thesexpoging step and becomes
t et r amet Hyl i j 4. The process according to claim 13 where
SHOTHRE W G RbEfo

t he aqueous ron 't her conprises a surfactant.

13.  The process according to claim 11 where the aqueous alkaline solution
15 comprises tetramethylammonium hydroxide.

14.  The process according to claim 13 where the aqueous alkaline solution
further comprises a surfactant.

20 15. A positive bottom photoimageable antireflective coating composition which
is capable of being developed in an aqueous alkaline developer and which is
coated below a positive photoresist, where the antireflective coating composition
comprises a photoacid generator, a dye and a polymer comprising at least one unit
with an acid labile group.

25
16. The composition according to claim 15 where the dye is selected from a
monomeric dye, a polymeric dye and a mixture of a monomeric and a polymeric

dyes.

30 17. The composition according to claim 15 where the dye is selected from
compounds containing substituted and unsubstituted phenyl, substituted and
unsubstituted anthracyl, substituted and unsubstituted phenanthryl, substituted
and unsubstituted naphthyl, substituted and unsubstituted heterocyclic aromatic
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20 15. A positive bottom photoi nageabl e antirefl ective coating conposition
which is capable of being developed in an aqueous al kali ne devel oper and
whi ch i s womawnew7del ow a positive photoresist, where the Z0TiEPes/H®eLi ve
coating conposition conprises a photoacid generator, a dye and a pol yner

conpri si Agg&t coagfhingnehetBidatomst sefdtiad | %o'n@b'olx?%&ﬁ Ourl?i’croécé1 16sulfme or

conposition according to claim15 where the dye Sel ect from

NMONONET | §0W@at'Qn§élﬂ§fﬁ>@fl c dye and a mixture of a nononeric and a poI yneric
dyes. 30 17. The conposition according to claim15 where the dye is

sel ected from conpounds containing substituted and unsubstituted phenyl,

substitutigd alHe covapbsitioh UacsbrainghieHim JBPHiHeka! b§tdupUiLd
phenant h%élp subst i tﬁt ed and unsgbstl thed napht hy tﬁ@ ée@’sﬁﬂ{‘ﬂﬁt @gjugnsf

unsubst i BEEERAHEIB-HePIPIR, -S-Bael(CO)QR WO (0FA QFR?&')F@TH Wmandri ngs

t t
conbi nat | SCFRCOORT®  IMEE R soa rRvE e BreiBhiliing Supstitied 19iaatod. ¢ ne
agl( ((j:F I?)?go)kcmygrodmﬂyi scyclic slabtmgbemde‘riz m%(FHB%%l%B ber2yR gtk‘eaxg%%/lR’acetoxy
- and - , i
cycl oal k?’F Ws@ kﬁ/tjtt@ga@é} ofeRyl, me o@?%manésl,ymerﬁwt |tetra!a<£tromeranwenzy|

substi t uhedmReBBHIc |a%hﬁ@<y al kyl, acetoxy al koxyoxy al kyl,
t et r ahydr of ur anyl, adanantyl , menthyl, tet rahydropyranyl and

meval®ni ¢ | actone. 10 19 The conposi ti on according to claim15 where the
ol ymer copol t hyl - 2- adamant yl net hacryl at e,
gevgl oni +(:§I a?bi%égﬁ}?&sﬁ'ggr?ﬁ g{c@%gmgo i@nEh%l%éathﬁrR‘%}Ymﬁéﬂ%ﬁ%lﬁﬂeﬂtféom

met hacr ydopiolynesiiser csrf @h@thﬁéﬂé%aﬁ@*ﬂ“ﬁn@!ﬁé{:ﬁ la‘i‘éto%evﬁroﬁ}étylla Bo”‘y'

carboxyl ate, t-butyl nethyl 15 adamantyl nethac yate adaman
acryl at énethagpfiste, a?chyqir@w-ha@amabt)fd y‘nethlasf)ﬂabr yhaﬂmcrylatwleetef ofabbtmyl oxy

Rt o s R T
2C£ ;I:SIS((: ta;dammamyn migtiyadryatey| metﬁwlammtyloécﬂwtey lt-DiRyIhaefy i@t ghd MUyl
tlhacrylate t-butoxy carbonyl oxy vinyl benzene, benzyl oxy carbonyl oxy viny!
benzene; ethoxy ethyl oxy vinyl benzene; trimethyl silyl ether of vinyl phenol, and
2-tris(trimethylsilyl)silyl ethyl ester of methyl methacrylate, with acrylic acid,
methacrylic acid, vinyl alcohol, maleic anhydride, maleic acid, maleimide, N-methyl
20 maleimide, N-hydroxymethyl acrylamide, N-vinyl pyrrolidinone, methyl
methacrylate, butyl methacrylate, hydroxyethyl methacrylate and hydroxypropyl

methacrylate.

20.  The composition according to claim 15 where the antireflective layer has a k
25  value in the range of 0.1 to 1.0.

21.  The composition according to claim 15 where the antireflective layer has a
thickness less than the thickness of the photoresist.

30 22. The composition according to claim 15 where the photoacid generator is
sensitive in the range of 450 nm to 100 nm.

30



met hacrylic acid, vinyl alcohol, maleic anhydride, maleic acid, mnaleimde,
N-met hyl 20 nal ei m de, N-hydroxynethyl acrylam de, N-vinyl pyrrolidinone,
met hyl r&Dhaosieiat e, butyl nethacryl ate, hydroxyet hyl netrlamrgd/eioe2 and
hydr oxypropyl nethacrylate. 20. The conposition according to claim 15
where theg_ antireflective layer has.a k. 25 value in the range of 0.1.t0
10 21 Zne. EmsstnersfionEEPelig, 1 sTamas Das it PIRISH SBrraet i c
| ayer hagegsitiid - RosRNGAFESsdIBaR At WBBHMESE5 ol tIUB RIMOUOBeTH 8hd &Y 22.
The conposition according to claim15 where the photoacid generator is

sensitivBm.n the range of 450 nmto 100 nm 30 WD 03/ 057678 PCT/ EPO3/ 00022
23. The conposition according to claim15 where the photoacid generator is
sensitive to wavel engths selected from436 nm 365 nm 248 nm 193 nm and

157  1m 25, 24Thd hdneeagiten biceordies ¢ ¢iaid 19 whearienthkSamtverlectiveecoating is
antireflective coating is substantially insoluble in a solvent of the top

,coating Is
phot or espulstantipllyAngelublesia & splverifithe tep paatoresist.i nage conprising: a)
provi ding a coating of the bottom photoi nageable antireflective 10 coating
conposition of claim15 on a substrate; b) providing a coating of a top
phot or esp5t | ayeocedsofor formeing @t pasitiveciomgengomplisingagew se exposi ng the top
and bottomlayers to actinic radi atiopn of  sane vel ength; 15 d .
post exposur e %)aki nBroch‘an%u%sP? ing ofnihe @Ot@é‘?/ep%%f?ﬁ@ag#q?oﬂmgﬁéegﬁ'ﬁ om
| ayeys with an aqu j ael: 3 : .ocess according to
cl ai %(fZS wher e the%ﬁ%%gggﬁeg%gggwﬁg ?rgg sgé@ﬁ'gf%l ubl e in the aqueous
al kal i ne sol ub) on praviding ca ecqadingngl st égp Phdidresisidayers @bobe ethpr bottoo t he
devel opi ng step. 27. .The process according to claim25 where the aqueous
al kal i ne sol ution SRR i ses tetranet hyl anmoni um hydr oxi de.

C) imagewise exposing the top and bottom layers to actinic radiation of
same wavelength;
15 d) postexposure baking the substrate; and,
e) developing the top and bottom layers with an aqueous alkaline

solution.

26. The process according to claim 25 where the antireflective coating is
20 insoluble in the aqueous alkaline solution prior to exposing step and becomes

soluble prior to the developing step.

27. The process according to claim 25 where the aqueous alkaline solution
comprises tetramethylammonium hydroxide.

25
28. The process according to claim 27 where the aqueous alkaline solution

further comprises a surfactant.

29. A positive bottom photoimageable antireflective coating composition which
30 is capable of being developed in an aqueous alkaline developer and which is

coated below a positive photoresist, where the antireflective coating composition

comprises a polymer comprising at least one unit with an acid labile group.
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25 28. The process according to claim27 where the aqueous al kal i ne
solution further conprises a surfactant. 29. A positive bottom

phot oi magwelBesmnt i refl ecti ve coating conposition which 3OTIEPovepabl e of
bei ng devel oped in an aqueous al kaline devel oper and which is coated bel ow

2 Posi L1 46, Phoher exhBbaiis UScifion il 06 Wereafk! ACRBESELs

conprises a poly rrsin | east one unit wt an acl
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tetr amydalhbuyca«yyalkyheuehyhydman'anylyImehingheldgmarﬁydt m&'rytbyloﬂgllraMropymdyl
meval oni ¢ Iacto?e f " The conposition according to claim?29 where the

pol ymer "r‘u‘?m?é’@%% Y- an absor bi ng chronmophore. 10 32. The conposition
accordi ng to claim29 where the polyner is selected from

2-nmet hyl - 2-adamantyl nethacryl ate, neval onic | actone nethacrylate, t-butyl
nor bor ny31.car bag wompositdyerasdipg1toaciaim 29y Whees the polyates, fuﬁéema@mtgam e

ester of butyrol actone, t-butyl nethyl adamantyl
nethacryd?%ggﬁ%ﬂﬁgﬁﬁ%%pééﬁgﬁantyI acrylate, t-butyl acrylate and t-butyl

met hacryl ate; t-butoxy carbonyl oxy vinyl benzene, benzyl oxy carbonyl oxy
vi nyl benzene; ethoxy et hyl gWV|n yl . benzene; trimethyl silyl ether of

vinyl phedol T%&ommsitmach% giteiglgim QQIWher@tWﬂpOllé@?éﬂs s¢leqtednyom

th th |, | ei
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acryl am mim‘boMWicapbowiatepB-lrddrm«yd anlaMaritylrmetﬁm:rwam metbacwlatemsstmrcmfyl ate,
ot yr ono belbd %&a%éa}ﬁf”d PHeee HLEH Pl BRE BT MR YA G ey
e i OGS g
phenyl ményiabelyzemee béraykyaxy carbonyl oxy vinyl benzene; ethoxy ethyl oxy vinyl
benzene; trimethyl silyl ether of vinyl phenol, and 2-tris(trimethylsilyl)silyl ethyl
ester of methyl methacrylate, with acrylic acid, methacrylic acid, vinyl alcohal,
maleic anhydride, maleic acid, maleimide, N-methyl maleimide, N-hydroxymethyl
20 acrylamide, N-vinyl pyrrolidinone, methyl methacrylate, butyl methacrylate,
hydroxyethyl methacrylate and hydroxypropyl methacrylate, hydroxystyrene,
styrene, acetoxystyrene, benzyl methacrylate, N-methyl maleimide, vinyl benzoate,
vinyl 4-tert-butylbenzoate, ethylene glycol phenyl ether acrylate, phenoxypropyl
acrylate, 2-hydroxy-3-phenoxypropyl acrylate, phenyl methacrylate, benzyl
25 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-
30  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.
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25 net hacryl ate, 9-anthracenyl net hyl nethacrylate, 9-vinylanthracene, 2-
vi nyl napht hal ene, N-vinyl phthalim de, N (3-hydroxy)phenyl nethacryl am de,
N- (3- hydwoxgrdrhy dr oxycar bonyl phenyl azo) phenyl net hacryl aeirda03/00022

N ( 3- hydr oxyl - 4- et hoxycar bonyl phenyl azo) phenyl net hacryl am de, N (2, 4-

di ni t rophenyl am nophenyl ) nal ei.m de, . 3- (4; acet oam nophenyl ) azo-4 30
nydr oxy 5B andhe SORPeRich, R riBhgs Sl el BhaREEA V8t
nmet hacryl ate, 3-(4-hydroxyphenyl)azo-acet oacet oxy ethyl nethacryl ate,

t et rahydroamoni um sulfate salt of 3-(4-sulfophenyl)azoacetoacetoxy ethyl
met hacr yB4t e. TBe oppp®itiBy ezeomiTy PORIM0d2 2vhegs. thehdye danselsiciedfroat @or di ng
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and a mdyéyg.e of a nononeric and a polyneric 5 dyes. 35. The conposition

according to claim29 where the antireflective layer has a k value in the
range of 0.1 to 1.0. 10 36. A conposition according to claim?29 where the

antireflggtiv ' ; i
Phot or est . - 5° ool ecb 65 S AR uh SR e i By et s 5 k
antir ef | esltie retheonigefits1 tedlst antial ly insoluble in a solvent of the top
photoresist. 15 38. A process for formng a positive inmage conprising: a)

provi ding a coating of the bottom photoi nageable antireflective coating

conpgsi tea®n o Past radig, o8) Vil : i f op
photfc?))rses?és)'t Iéyégrrﬁ%(ggcﬁ% % Egarbot gén@%gw gga‘?’ﬁﬁfgé;tc g?wggg\?\nﬁ\géem%(egohsﬁ%né t he
t op and thinkness lespgdhan the thickness ofdbié photonesist. sane wavel engt h; d)

post exposure baking the substrate, and thereby diffusing acid from the
photoresist into the antireflective coating; and, 25 e) devel oping the top

and bot tam | apes SowigoRith assiraing & Kairh D wiekré'theantireflective coating is
substantially insoluble in a solvent of the top photoresist.
15
38. A process for forming a positive image comprising:
a) providing a coating of the bottom photoimageable antireflective
coating composition of claim 29 on a substrate;
b) providing a coating of a top photoresist layer above the bottom
20 coating;
c) imagewise exposing the top and bottom layers to actinic radiation of
same wavelength;
d) postexposure baking the substrate, and thereby diffusing acid from
the photoresist into the antireflective coating; and,
25 e) developing the top and bottom layers with an aqueous alkaline

solution.
39. The process according to claim 38 where the antireflective coating is
insoluble in the aqueous alkaline solution prior to exposing step and becomes

30 soluble prior to the developing step.

40. The process according to claim 38 where the aqueous alkaline solution

comprises tetramethylammonium hydroxide.
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39. The process according to claim38 where the antireflective coating is

i nsol ubl e in the aqueous al kaline solution prior to exposing step and
beconmes WO sobwsid e prior to the devel opi ng step. 40. ThePpor@Epeysooazcor di ng
to claim38 where the aqueous al kaline solution conprises

t et ramet hyl ammoni um hydr oxi de. 33 WD 03/ 057678 PCT/ EPO3/ 00022 41. The
process according to claim40 where the aqueous al kaline solution further

conpri se$l.a SThd procuys abedtingAtd'chigs 301 WhefcOtHE %u%oﬂ@sélb?ﬁ’r?e 'sgﬁgﬁﬂ .
conpri si ﬂ aq);ﬁrﬁrqw ding a coating of a bottom photoi mageabl'e and al'kali
devel opdH BenfRmMpEsesa Sliactanht i ng conposition on a substrate; b) providing
a coating of a top photoresist layer; c¢) inmgew se exposing the top and
bottom | ayer to actinic 10 radiation of same wavel ength; d) postexposure

baki ig t4ie subptacase forforming a pesitivemnage ddengrizihgand bottom | ayer with an
aqueous al kal i ne olution. 43. The_ process accordi ng to claim42 where the
antireflective co®ingRreviding ansedling ef ia botlera phatoimagsebiea iamd plkabr to

exposure step and Jo¢ RIED ; i . 2vel opi tep. 44. The
process accordi ng togcl al }ﬁéﬁéﬂ&ﬂ%@@%%ﬁ&#@%éﬁ%?sg acg"gﬁ%rr?gg conprises a
pol ymer and a photdaci groedimgaa ooatirRPofh topTpleotoreisidayagcor ding to clai m 42

wher e the pol yrrerﬁﬁorrpr.i ses an acid . Ia?ri]lﬁtpgroup. 46. The process
according to clai 45, "WAEFWISEHEXPOFYRe NG UPPhepdc 6rPMs dayein to 2actiie or bi ng

chraoophore. 47. FAfaf6Peessmaaeaidémgnt o clai m 44, where the
antireflective coating further conprises a dye. 34
postexposure baking the substrate; and,
e) developing the top and bottom layer with an aqueous alkaline
solution.
43. The process according to claim 42 where the antireflective coating is
15 insoluble in the alkaline solution prior to exposure step and becomes soluble prior

to the developing step.

44. The process according to claim 42 where the antireflective coating
comprises a polymer and a photoacid generator.

20
45.  The process according to claim 42 where the polymer comprises an acid
labile group.

46.  The process according to claim 45, where the polymer further comprises an
25 absorbing chromophore.

47.  The process according to claim 44, where the antireflective coating further
comprises a dye.
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