Description Positive-Working Photoimageable Bottom Antireflective Coating 5 Field of Invention The
present invention relates to novel positive-working, photoimageable, and aqueous developable
antireflective coating compositions and their use in image processing by forming a thin layer of the
novel antireflective coating composition between a reflective substrate and a photoresist coating.
Such io compositions are particularly useful inmegdeibtioation of semiconductor devices by
photolithographic techniques, especially those requiring exposure with deep ultraviolet radiation.
Background 15 Photoresist compositions are used in microlithography processes for making
miniaturized electroRiogtihrestioekitscs Btloadniatiea bid Botiom HrtirafiedtivecCipstimgd 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
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ultraviolet radiation.

Background
15

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.



5 occurs) while the unexposed areas of the photoresist coating remain relatively insoluble to such a
solution. Thus, treatment of an exposed positive-working photoresist with a developer causes removal
of the exposed areas of the photoresist coating and the formation of a positive image in the coating,
thereby uncovering a desired portion of the underlying substrate surface on which the io photoresist
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highly absorbing antireflective coatings in photolithography is a simpler approach to diminish the

problems that reglh?frﬁﬁﬂﬁam%ﬁ dhinjaturiaationg el semiconslygtardedcasvbasajed
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wavelengths of radiation, and also to the use of sophisticated multilevel systems to
15  overcome difficulties associated with such miniaturization.

High resolution, chemically amplified, deep ultraviolet (100-300 nm) positive
and negative tone photoresists are available for patterning images with less than
quarter micron geometries. There are two major deep ultraviolet (uv) exposure
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



thin film interference effects and reflective notching. Thin film interference, or standing waves, result in
c_hanges in critical line width dimensions caused by variations in the total light intensity in the resist
film as the thickness of the resist changes. Reflective notching becomes severe as the photoresist is
patterned over 5 substrates containing topographical features, which scatter light through the
photoresi%ﬁil leading.to line width variations int e , ' r,r&%j i
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art are designed to be dry etched. The etch rate of the antireflective film needs to
15 be relatively high in comparison to the photoresist so that the antireflective film is
etched without excessive loss of the resist film during the etch process. There are
two known types of antireflective coatings, inorganic coatings and organic

coatings. However, both of these types of coatings have so far been designed for

removal by dry etching.
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 antireflective coatings are known in the
art as described in EP 583,205, and incorporated herein by reference. It is



dye chromophore into the polymer structure, but these too need to be dry etched down to the substrate.
Polymeric organic antireflective coatings are known in the art as described in EP 583,205, and
incorporated herein by reference. It is 3 believed that such antireflective polymers are very aromatic in
nature and thus have too low a dry etch rate, especially relative to the new type of non-aromatic
photoresists used for 193 nm and 157 nm. In addition, photoresist patterns ma)é be da Zﬂﬁ‘d or may
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15 steps and also prevents damage to the substrate caused by dry etching. The
absorbing bottom antireflective coating compositions of the present invention
contain a photoactive compound and a polymer, which on 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 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 polyvinyl
phenol and styrene or alphamethy! styrene, etc. Furthermore, this antireflective
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 isobutyl ketone. In



phenol and styrene or alphamethyl styrene, etc. Furthermore, this antireflective 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 isobutyl ketone. In 4 the semiconductor
industry removal of coatings by aqueous solutions is greatly preferred over organic solvents. Bilevel
photoresists are known, as in US 4,863,827, but require exposure of two 5 different wavelengths for
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5,635,333, @8}%83" fhs ﬁﬂﬂ“?é"?&ﬂ%’opvgiiaéw‘% iBlQQ&%%SEO B?(gﬁa%nples of other antireflective
coating patents are US 5,886,102, US 6,080,530 and US 6,251,562.

US 4,910,122 discloses an aqueous developable antireflective coating, however

15 the degree of solubility of the total film is controlled by the bake conditions. This
antireflective coating is not photoimageable, and therefore, there are no clearly defined
soluble and insoluble regions in the film. The dissolution of the antireflective coating is
controlled by bake conditions and thus the antireflective coating is very sensitive to the
developer normality and developing time, and also gives poor resolution. High normality

20  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 developed at the
same time as the photoresist.

25 US 5,939,236 relates to light absorbing crosslinking compositions suitable for
the use as an antireflective composition, particularly for deep UV applications. The
antireflective compositions comprise a photoacid generator that is activated during
exposure of an overcoated photoresist. Furthermore, the antireflective composition
contains a resin binder which preferably contains units that are deep UV chromophores.

30 Thereby, polycyclic hydrocarbon or heterocyclic units are mentioned. Especially
chromophores include substituted and unsubstituted phenanthryl, substituted and
unsubstituted anthracyl, substituted and unsubstituted acridine, substituted and
unsubstituted naphthyl, substituted and unsubstituted quinolinyl and ring-substituted

quinolinyls such as hydroxyquinolinyl groups are mentioned in detail.

5



same time as the photoresist. 25 US 5,939,236 relates to light absorbing crosslinking compositions
suitable for the use as an antireflective composition, particularly for deep UV applications. The
antireflective compositions comprise a photoacid generator that is activated during exposure of an
overcoated photoresist. Furthermore, the antireflective composition contains a resin binder which
preferably contains units that are deep UV chromophores. 30 Thereby, polycyclic hydrocarbon or
heterocyclic units are mentioned. Especially chromophores include substituted and unsubstituted
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resist 15 u . omposition comprises a rolysate a r a condensate of (A) at least
one compoitgdessititad froapPthevhrerpHesn stthsgtoted aad oHsoirstitiyiaseasinnbivybyane fineBwing
general forngyas{thtetPddihBRPYFBE%aeh as hydroxyquinolinyl groups. Therefore, the aromatic
groups have from 2 to 4 fused or separate rings with 3 to 8 ring members in each ring.
JP 2000 171604 and EP 1 045 290 relate to a composition for a resist

15 underlayer film. The composition comprises a hydrolysate and/or a condensate of

(A) at least one compound selected from the group consisting of (A1) a compound
repre-sented by the following general formula (1):

20 (1) R'%.Si(OR)4.4,

wherein R' represents a hydrogen atom, a fluorine atom or an univalent organic group,

R? represents an univalent organic group, and a represents an integer of 0 to 2,

25 and (A2) a compound represented by the following general formula (2):

(2) R%(R*0)3.58i-(R")2-Si(OR%)3..R°,

wherein R®, R*, R® and R®, which may be the same or different, each represent -
30 univalent organic groups, b and ¢, which may be the same or different, each represent
integers of 0 to 2, R represents an oxygen atom or -(CH,),-, d represents 0 or 1, and n

represents an integer of 1 to 6 and

(B) a compound generating an acid by ultraviolet irradiation and/or heating.
35

US 6,110,641 relates to a photoresist composition comprising an alkali soluble
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wherein R' represents a hydrogen atom, a fluorine atom or an univalent organic group, R2 represents
an univalent organic group, and a represents an integer of 0 to 2, 25 and (A2) a compound
represented by the following general formula (2): (2) Rib(R40)a-bSi-(R7)2-Si(OR5)3-CR60, wherein
R3, R4, R5 and R6, which may be the same or different, each represent 30 univalent organic groups,
b and c, which may be the same or different, each represent integers of 0 to 2, R7 represents an
oxygen atom or -(CH2)1-, d represents 0 or 1, and n represents an integer of 1 to 6 and (B) a

d t id by ultraviolet irradiation and/oy heating, 35 US 6,110,641 relates t
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300-700 angstroms, refractive index of 1.4-2.0 and is water soluble. The antireflective coating is not
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crosslinked by a heating step and is subsequentle/ rendered water soluble in the presence of an acid.
The antirefl@'ﬁf\%f@ga%ﬁ(ﬁgs§d)f2§0%o@o angstroms, refractive index of 1.4-2.0 and is water

soluble. The antireflective coating is not photoimageable and there is no description of

10 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

15
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described contains a water soluble resin and a crosslinker, but other components, such as dyes,
photoacid generators or amine base may be added. In this invention the water soluble resin is
crosslinked before exposure, and if the composition additionally contains a photoacid generator, then
the resin is 5 uncrosslinked prior to development. The novel antireflective composition of the present

invention relates tq a phatoimageable equs .alkali developabl sitive:workin tireflective
coating thda%g ﬁ'nél%%gg %&ﬁﬁ‘%g aar?leer vgv%%%llg nrg%ﬁ'%ﬁfb%taa%r%%?s%@et'gQ@)%%C?%%%%éﬁ&%ﬁ\?ﬁ {)Shotoresist,
and thus aichagewibesyxpuisebacia syeglerptoressingsiee. base fudiebbeatxtbdand bhethigeveloped
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exposure step and single " developmerit step greatly simplifies the Tithographic process. Furthermore, an
aqueous denglopiine aaddifiestile coatitains HghhdEsicdlegendaratging tvith Hhetoresistsishat do not

contag'n aLonrg%iSc Fﬁrk%t(i]on .5}“%8’38&&):0%“8?6 used for 15 193 nm and 157 nm exposure. The novel
composition ena |858% g%o image tr nsFer from the photoresist to the substrate, and also has good

absorption charébeenistioal taniimsfectie acimp ositidnngfati lipeeedith insgationsretatemding waves in
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photoresiist fo rthen'rhagmg ,pwcbﬁwnzﬁe_mdapmag:‘ésgatbe) quiemﬁmﬁrcmﬁﬂa@ﬁ_ﬁbemmmate.
Rt e TR R R G .
developedavelapnienis siemedroatyvmpifiese thisolihagsaphie reracesstirdflotiornorgingn
compOsitigh) CANOTHEFTRIBIRACHIEASARY 8BYting is highly desirable for imaging with
photoresists that do not contain aromatic functionalities, such as those used for
15 193 nm and 157 nm exposure. 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 or standing
waves in the photoresist. Furthermore, the novel antireflective coating can be
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 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,
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



a polymer comprising at least one unit with an acid labile group and at least one 6 unit with an
absorbing chromophore as claimed in claim 1. The invention further relates to a process for using
such a composition for forming an image. The invention also relates to a positive bottom
photoimageable antireflective 5 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 further comprises a dye. The invention further relates to a process for using such
a composition for forming an image as defined in claim 12. The antireflective coating composition
comprises a er comprising & least 10 one unit with an Cld b‘gﬁ rou entlo also
relates to a p'?ggée@]s or orgml??]gad éosrt]vg |rcr)1r§ge CCC:)IraTl]rE)]rlgll’l]?],C A prov n%né/%%té |ng o Heom
photoimagédaltdeperatssidali usivg kyskbiecamipeidiciy o ctetimggzamipoad®dn on a substrate b) providing
2 Coating o1 & 100 FAISIRRISHRY efe0 RIANR M 1a bl CONGL) IRBRBHIRR EROSHA L a2

bottom layers to actinic radiation of same wave ength d) postexposure baking the substrate; and, e)

developing ¢Ratiop seMBERFRNIyBichwish caralise &l sbaiagirfte vairasdition apeaavipaus @aline
Invention The\$9EPIBEd RRRIGIM SRR ARl UL RHSIHRY SIABRIMES RS NMBrY QRENSh BHERIREt Ve

coating composition according to claim 1 comprises at least one unit with 25 an absorbing
chromophoFQa§097°?Hé°8ﬁ'l'i'r%‘?lMbﬁr&%ﬂﬁﬂsﬁiﬁ%JWSf'W@W@Jm% Jated %%@Bﬁgﬁ%te
and below #opesiti¢espbntaiesisbhositivnl forifoprang 2 aflagéans defihedincieiasise from the substrate.

This antireflective q%%tigﬁtiirseﬁggtwiemc%%%%gl%gvggc}gﬁo%aano%vgral\s{glsegg;;glymer comprising at least
10  one unit with an acid labile group.
The invention also relates to a process for forming a positive image 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, over the bottom
15 coating;
c) imagewise exposing the top and bottom layers to actinic radiation

of same wavelength;

d) postexposure baking the substrate; and,
e) developing the top and bottom layers with an aqueous alkaline
20 solution.

Description of the Invention

The absorbing, photoimageable and aqueous developable positive-working
antireflective coating composition according to claim 1 comprises at least one unit with

25  an absorbing chromophore.
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5 of light as the top photoresist, and is also developable with the same aqueous alkaline developing
solution as that used to typically develop the photoresist. The antireflective coating composition
comprises a polymer and a photoacid generator, and is coated on a reflective substrate and baked to
remove the solvent of the coating solution. In order to prevent, or minimize, the extent of intermixing
between the layers, the components of 10 the antireflective coating are 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 coating thickness of the photoresist is generally greater than the underlying antireflective

coating. Prior to expi@rtirsitaative siestdrestomprbitien of dharefveotica id £oatedremaciubitratahe
aqueous alkglingfisyelopiatise BHBbRISRE RNYRERESbrelemileHBLAYAER 1RANSHLINRYRYFEm

exposed to radiation in one single step, where an acid Is then generated in both the top photoresist

and the botfefnsubrifetRchitis Alifrgerive SatingLismpRalgipadepise pbibg etrenacveyelaneticts
Witlh b'fh&f acrd;ﬁ I@M%grmﬁ)t@;? tgmmﬂagm,r iihléhi_% @lﬁAtﬁailﬁréibpémaémmqtllﬂh@ SAAKEN gcfﬁ@o%@d_ amaimﬂ@r )
soluble in the aqueous alkali developjng sqlution. A subsequent developing . step then dissolves the
exposed reg?ovr‘?ioé’l"b%t?? Hioﬁogﬁi\lﬁegi)f%?grg ii’fpéﬁ%ﬁ%gsegwﬁ%#%%ﬁ?@&ﬁ%%, IR AL RESINErate
clear for furtbetipgocessogitibh coopeisastagitEghe aratiaphudisidsgéniciatoneanavisl goatassnf this
invention compgis id ge to 0 r. The antireflective coating. 25 comprises a
photoacid ol 8 SIBRRE Ay BAREY AR B0 e sol B Rt RIE SR Sk e
least one uktd pritkenrin eibonliiiges therasiend of iMesmixingdstivgendha dayenh dendesfipenieats ehting

and the, PheiRagtirarReRGEALLIh N SBRIARERISt HE, SRS LS8R SR BRI g ofuS

the same exposure wavelength of light can cause an acid to be forméed in both layers. The photoacid

generator dhteheiaresistihatcisarriacheadariepiri st eflectivetsradingd pesike) Phetareaithmple,
for a photorigsiséthad dtcderR i arfticl S3tineR EtRRSEHRIE and baked to remove the photoresist

solvent. The coating thickness of the photoresist is generally greater than the

underlying antireflective coating. Prior to exposure both the photoresist and the

15 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 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

20  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 further processing.

The novel antireflective coating that is useful for the novel process of this

invention comprises a photoacid generator and a polymer. The antireflective coating

25 comprises a photoacid generator and a
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photoacid generator of the antireflective coating absorbs at 193 nm; and examples of 10 such
photoacid generators are onium salts and sulfonate esters of hyroxyimides, specifically diphenyl
iodonium salts, triphenyl sulfonium 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
15 hydroxyimides. For exposure at 365 nm the photoacid generator can be diazonaphthoquinones,
especially 2,1,4-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 SAYRELCTIRGNY RhisAR 209 MBIbAER grAsd N agtr PR Ad abigRs AR LY EBsorbs
light at the apraesdtbivaveteogibpheide top photoresist may be used. Photoacid generators known in

the art may be used, such as those disclosed in the US 5,731,386, US 5,880,169, US 39,236, US
5 354,605, US 57185 SRS 5B TR S0kt AR SR o BHa D PARDIOPGRr 6, 1
M. Hodlihagesiexhial. ibhtite pphotorSsist Tarehrgr3ifled® t(1990)sam¥ anzavelengthalaf Jligtipthpsithe Sci.

Techn., 3: . Lo J P +SGi : O}-pL M.
Stew?:ra? et aﬁ,g%%%%opso yeéﬁ%%‘%é&ﬁp I@@lo%ﬁgs% ,e %ﬁ%&%ﬁ?ﬁé@gﬁ %?/%ﬁjé?g?r?éeﬁéhe acid
generated pheieaspasneralgio ot brusatiafiastiveticeatiostiekprsiceenarth engbl mbelesesishiag the
acid labile grougdg. AakENTSRIHRIR MNE PRYESADSE st 13 BBIER PEAXEFE 8PRRIINRIHAREE @Rethe

substrate without a dry etching Ste@f The polymer of the novel invention comprises at least one unit

with an aci®heieReidrgepeBtR nhtirdirele s rapting 3eibe alghbt RBafiy fRXMPHETIChnother
is to emablestin apticesiaatveeaatine s shargruae!wbilisy Sinn srpsie statevefopymeryimiracid

e OO ey Bt 1 AEE B, SRR SRS oI B et g 2
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

15 hydroxyimides. For exposure at 365 nm the photoacid generator can be
diazonaphthoquinones, especially 2,1,4-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

20 wavelength as the top photoresist may be used. Photoacid generators known in the art
may be 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
Application P4,112,967.9, F. M. Houlihan et al., J. Photopolym. Sci. Techn., 3:259
(1990); T. Yamaoka et al., J. Photopolym. Sci. Techn., 3:275 (1990)), L. Schlegel

25
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aqueous alkaline solution, but when protected with an acid labile group becomes insoluble. Examples
of monomers that impart alkali solubility are acrylic acid, methacrylic acid, vinyl alcohol,
hydroxystyrenes, vinyl monomers containing 1,1'2,2',3,3'-hexafluoro-2-propanol, although any group
that makes the polymer 15 alkali soluble may be used. The hydrophilic functionalities can be protected

with acid lahilg g ) O- ( ( (q;ﬁ;ggéymo R, and
_C(CFS)Z(%?%RPmHEBII@IKmIe?Qn Iﬁs%ﬁt%@ig? grc@a%;lw%%g?élﬁlexyl cycli¢ lactone,

benzyl, silyP@ikyiefyn. subsitiitedd KGPEIRyRiRRNNETRIMORY dBIreReRethdee@eify ethyl,
acetoxya'k@éﬁﬁéx‘&i/éé%uﬁéaé%eayr%@% ednvintetAyerRitiaaYbsagR Yedetsa higHomeaanyl and

mevalonic lactone. Examples of specific groups for R are t- butoxycarbonyl tricyclo(5.3.2.0) decanyl,

2-methyl- z%&mﬁrnﬁnn@m}hm@%rml%gémuanm(@&%mﬂxmm incheylevalonsrnand
tetfahYﬂfO%ﬁB&'FPB@&&é%dﬁﬁ’v@ﬁﬂa&é%ﬁ@@%ﬁdﬁ%fé Rt St BYGFPRtcHiRgIaRLY !, 2-methyl-2

25 adamantyl, beta-(gamma-butyrolactonyl), or mevalonic lactone. Some of the preferred monomers

are vinyl compouﬁd?vﬂﬂiﬂﬁ@h@ﬁ#&ﬁ%ﬁé\ﬁﬁm epoupises Bivmdsh aneJ0upw i il asi@ntion
that any aqu@ﬁcﬂfﬁuFUH@W@%%%%@%M@W@Q@ pr&Vide shieddating Eﬁyﬁiﬁéﬁﬂhmh In

the presence of an acid gives an alkali soluble polymer. The protected monomers may

polymenze@rl%t@@’Q‘Fv@rﬁfiﬁ@!ﬁ)%@%tWW%'WMWW%WﬂSYaQQ%Q*BGSUﬁﬂ’céﬂﬁatlvely,
an alleli SoleiadyFaROVTREORERPOET EVBUS 126180 WeliAcPIBRaAHEA 1S chaRRRuarp. which

provide the acid labile group. 10 The polymer of the antireflective coating of the invention contains at

least dhe ﬁﬁfPWﬂWa?hé’&l%blI@'&‘ro@%’ﬁﬁ&rawgag%ﬂﬁ%rﬁf;Wlti?QHealﬁém?nbs HRBHRHIBréNThe

absorbing gliBaRkRIME Ryitigearn %ﬁ@?ﬁbﬁdféﬂ@@%ﬂdéﬂﬁ%‘@c%ﬂéa@%@@'é&mﬁ@é'es with
one ring. Examples of monomers with absorbing chromophores that can be polymerized with the

monomersiBeplidiieng FXameRIasHAE Brenpdare Wiah inmadoakddl eribiliby atd artlie aald.
unsubstituiepBeRpics Rl UERANGICHIIDSHiRSkPetpracys|ic Vings sROMIMBEs helsHeakA such as

OYIEn, nltrquz 2',3,3"-hexafluoro-2-propanol, although any group that makes the polymer

15 alkali soluble may be used. The hydrophilic functionalities can be protected with
acid labile groups such as -(CO)O-R, -O-R, -O(CO)O-R, -C(CF3)0-R, -
C(CF3)20(CO)O-R, and -C(CF3)2(COOR), where R is alkyl, cycloalkyl, substituted
cycloalkyl, oxocyclohexyl, cyclic lactone, benzyl, silyl, alkyl silyl, substituted benzyl,
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 f-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.

10



sulfur, or combinations thereof, such as pyrrolidinyl, pyranyl, piperidinyl, acridinyl, 10 quinolinyl. 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 chromophores are vinyl compounds of substituted and unsubstituted phenyl, and more
preferred monomers are styrene, hydroxystyrene, acetoxystyrene, vinyl benzoate, vinyl 4-tert-butyl
benzoate, 15 ethylene glycol phenyl ether acrylate, phenoxypropyl acrylate, 2-(4-benzoyl-3-
hydroxyphenoxy)ethyl acrylate, 2-hydroxy-3-phenoxypropyl acrylate, phenyl methacrylate, benzyl
methacrylate. It is within the scope of this invention that any chromphore that absorbs at the

appropriate exposUreeRREREGH] theyantrelegtiye coaipm dothsimrstionridn RideR RS,
Thus a polymgrvitayaheaskniasirzed By 2ad0alYeaetiaing tRRNoithess dssapigichronasihtrbileigsoup

ith that tai bsorbi h hore. Alt tively, the alkali soluhl [
be reacted SRR B BRI DA Br VRIS SHRABAE S AR Eh o0 T eV
absorbig cimwietigsheith. driree ningleE¢aad fles adfichiaimia ensitwitihebBoebipglghrenarhosgthétorard to 95,
d th %, ' it inal f 5 5. It
aiso withn 5 SOYRSRE WHA e RRATHRAL bR 6 "0 T KR b -
chromphorecomprunte chentabpngresubatitaterdd andheunsidbatiitdestonheiyl exsiisititttedma@nsimers

may be CHERG IR CRILR/ENE fnds %ﬁt&iﬁh{%ﬂf%@%f@%@@&@ﬁ%s oxygen, nitrogen,
(CH)=CHX-AT-C(CF3)20-R. CHIZCHXAT-C(CF3)20(COYO-R, CH2=CHX-Ar-C(CE3)2(COOR).
CH2=CHx-S4 562 exmbRaions berst. CORHGARXTHIN \RYWABYm RRATEibnAFiHG Y.

-(CO)@R-Aduirtfi () @tReA Lot RETHERER S, GoselBESRO(IOIA - 085CHRE IR(RONRADg Where X
(nsubsiUIO BB belic o B G o ABL B s SURe 26y, Fbgee Eur, or
combinationgséak raad, scinesrpoytratdid ihghefry anydfeiaecisliMHegatifinddathiratiophemd dtdsviriy|,
cycloalkyl, Sc”okr’%BB“J% sof ls%%lélwu%x 8?48'%%6%&&8%&9 ;l)%cetﬁy?h%%n%re preferred monomers are
styrene, hydroxystyrene, acetoxystyrene, vinyl benzoate, vinyl 4-tert-butylbenzoate,

15 ethylene glycol phenyl ether acrylate, phenoxypropyl acrylate, 2-(4-benzoyl-3-
hydroxyphenoxy)ethyl  acrylate,  2-hydroxy-3-phenoxypropyl acrylate, phenyl
methacrylate, benzyl methacrylate. 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 synthesized by

20  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 absorbing chromophore unit in the final

25  polymer can range from 5 to 95. It is 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 CH,=CHX-Ar-
(CO)O-R (n=0-1),

30
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10 substituted benzyl, alkoxy alkyl, such as ethoxy ethyl or methoxy ethoxy ethyl, acetoxy ethoxy
ethyl, tetrahydrofuranyl, menthyl, tetrahydropyranyl, mevalonic lactone. Examples of specific groups
for R are t-butoxycarbonyl tricyclo(5.3.2.0) decanyl, 2- methyl-2-adamantol, isobornyl, norbornyl,
adamantyloxyethoxy ethyl, menthyl, tertiary butyl, tetrahydropyranyl, 3-oxocyclohexyl. 15 Other than
the unit containing the acid labile group and the absorbing chromphore, the polymer may contain
other nonabsorbing monomeric units, such units may provide other desirable properties. Examples of
the third monomer are -CR,R2- CR3R4-, where R, to R4 are independently H, (C,-C10) alkyl, (C1-C10)

lkoxy, nitro, halid lkylaryl, I, di inyl, SO2CF3, CQOZ, S03Z, COZ, 0Z. NZ2, 20
57 9097, KHEOP S D Mo SRR o ARy TRk L HECRIBR
alkylOCOCHPTEHGAMORCRMCRIORM B IS LTI CAQ)GargDB (0 3R 3 2CHEHTONidiRe, or
lidone, orR, to R3.are independent C.-C.qlalky, LG,- C d R4 hili
Group. Exaiiies S Ry e s, oaaa R e O A B CEr SR on,
O(CH2520(EHSRPACMDBHAR IS 26(CAR; AN BtELe0Uisatkylr alRydAn sl SOSHuethare!X is H,
ammo”'um1.|ﬁ§i¥6sﬂm{88”'P@nﬁt%ﬁcﬁy%{é’p HiEn {W&mfﬂ%’ : fséhﬁ%ﬁ&ﬂe%e UsRd IhiQBadiedelymer

are acrylic acid, methacrylic acid, vinyl alcohol, maleic an de, maleic acid, maleimide, N-methyl

maleimide, Retafary@limatamalicyingsieortianing, heienatonsneit aonsyYIREnbHeash Slbe eethyl
methacry|af@orﬁBIMbmﬁ‘F§‘Qﬁ&‘@$ﬁ'si*dé%r%yﬂﬁﬂlicﬁﬁymiﬁﬁﬁ%aﬁﬁ)éﬁ@h%ﬂg@Fmﬁ‘ywémﬁiﬁﬁ\ﬂ%ﬁ@- 12

Examples of monomers containing acid |abile groups that can be used in the polymers are

methacrylat® dStéof! mevTRatiainAHaRUUIREHREYRllY e SXPEYClRGYNEYElGolREtone, benzyl,
3-hydnaxy- lsalsietinasty baethpeikiate, aikgthagey afe epiex\petvsicod Mydhoxy-etiBRradmy rataebge,

eyl andPER) St GRTORTBUBLY Cart ) vy FH DATGBHE S T o T vyl
benzene; ethxam pliay| obxgperifit bgnozgsefdriRetrgl sibitetyeadfonlytptgsio(pahd.0) decanyl, 2-
z'ms(trimetméﬁqypﬁl%gmghtgl?t?sroggmﬁh%%%m@ﬁr%'&é?nantyloxyethoxy ethyl, menthyl, tertiary

butyl, tetrahydropyranyl, 3-oxocyclohexyl.

15 Other than the unit containing the acid labile group and the absorbing
chromphore, the polymer may contain other nonabsorbing monomeric units, such units
may provide other desirable properties. Examples of the third monomer are -CRR;-
CRsRs-, where Ry to R4 are independently H, (C4-C1p) alkyl, (C4-C4o) alkoxy, nitro,
halide, cyano, alkylaryl, alkenyl, dicyanovinyl, SO,CF3;, COOZ, SOsZ, COZ, OZ, NZ,,

20 SZ, SOyZ, NHCOZ, SO,NZ,, where Z is H, or (C4-C1p) alkyl, hydroxy (C4-Cyo) alkyl, (C4-
C1o) alkylOCOCH,COCHSs;, or R, and R4 combine to form a cyclic group such as
anhydride, pyridine, or pyrollidone, or R, to Rz are independently H, (C4-C1o) alkyl, (C4-
C10) alkoxy and Ry is a hydrophilic group. Examples of the hydrophilic group, are given
here but are not limited to these: O(CH,),OH, O(CH,),O(CH,)OH, (CH,),OH (where

25 n=0-4), COO(C+-C4) alkyl, COOX and SO3zX (where X is H, ammonium, alkyl
ammonium). Other hydrophilic vinyl monomers that can be used to form the polymer
are acrylic acid, methacrylic 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

30  methacrylate and hydroxypropyl methacrylate.
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10 The monomers containing an absorbing chromophore and are suitable for this invention are
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 methacrylate, N-vinylphthalimide,
N-(3-hydroxy)phenyl 15 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-eth bonylph t t | metha - .
nycroxyphony)arcEREEE S BT e USRI e A o L G 85esh By e
3-(4-sulfop hpatyinerso careto acetagrdttyl nestbacoflate elihdaaasantaneentieettedsoytaiatessterant
a”“fe“ec“"%&%\%?c%f% %“‘g%jm |esl?5 gaggg)gé?xmm&ﬁag atEh'%%Yﬁagt?%am ég?é}ogi%

polymeric or mixtures g groups at may be in an additive

absorbihg wmpéwmmm%@ummcmd t:hy%mch@d%@ﬁwowlﬁﬁu&@@tdhmsﬂwtm!'@medtzls
anthracyl, sphsiitded bSHUHRMBN RN tSSHHEPHAR RS RSN (R tRABY IR, t-

substituted and unsubstltuted eterocyclic rlngi containing heteroatoms such “as oxgﬁn nitrogen,

sulfur, or cOPHERIAFSRRAREBYY, ﬂﬂ&hbﬁé‘%@? ?dh@ﬁ%lcij’mloﬁp\éﬂﬂlmné%?ﬂl A8y 1.

Absorbing rzﬁdyrﬁﬂvaﬁ%m&ﬂmﬂ@ewdﬁ@ BPViIRgIsHehbIe AR orhisdrimeietiesiptg 1 ahnye,
where the pO%m(]%%jV%% one ma polyesters polyimides, polysulfones and polycarbonates. Some

of 5 the pre en?:%tﬁ@ 3§ of hydroxystyrene and methyl methacrylate, such as disclosed
in US §)114,085, amdeazmpoInmermamimngrmmemymg shr:dfnafpdm@oﬁ&ﬂ are 46itae X AAhidJS

5,763,135, 1S s éLr%SPél]J B RS E Iéffrepgg’%ce%gwﬂg 8§§%T?x9etﬁ”cgﬁ?édm Ftﬂénm

incorporate Kereln by referenc xamb es are omérs or mers of trighenylp
2- hydroxyﬂlmalaml@amimdcbﬁem@msanonyleteﬁme@eﬁaatareetby@mmivmbmné\@wbr&tner

rzng;%*gggt%‘é gr @a'aﬁﬁgﬂ&%?é&f? YGHRe NY D BORYAG AL pRBHERS P rRRFFOXUE SRS PERENY)
methacrylate benzyl methacrylate,  N-vinylphthalimide, = N-(3-hydroxy)phenyl
15 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

20  of 3-(4-sulfophenyl )azoacetoacetoxy ethyl methacrylate.

The present invention also relates to an antireflective coating composition
comprising furthermore a dye. This dye may be monomeric, polymeric or mixtures of
both. Examples of absorbing groups that may be contained in an additive absorbing
compound are substituted and unsubstituted phenyl, substituted and unsubstituted

25 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

30
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maleimide, vinyl benzoate, vinyl 4-tert-butylbenzoate, ethylene glycol phenyl ether acrylate,
phenoxypropyl acrylate, benzyl mevalonic lactone ester of maleic acid, 2- hydroxy-3-phenoxypropyl
acrylate, phenyl methacrylate, benzyl methacrylate, 9 15 anthracenylmethyl methacrylate,
9-vinylanthracene, 2-vinylnaphthalene, N- vinylphthalimide, N-(3-hydroxy)phenyl methacrylamide,
N-(3-hydroxy-4- hydroxycarbonylphenylazo)phenyl methacrylamide, N-(3-hydroxyl-4-
ethoxycarbonylphenylazo)phenyl methacrylamide, N-(2,4-dinitrophenylaminophenyl) maleimide,
3-(4-acetoaminophenyl)azo-4-hydroxystyrene, 3-(4 20 ethoxycarbonylphenyl)azo-acetoacetoxy ethyl
methacrylate, 3-(4-hydroxyphenyl)azo- acetoacetoxy ethyl methacrylate, tetrahydroammonium sulfate

salt of 3-(4ps4nﬁmidhwhybm@tqtmﬁimyy etisrjdinyethatrwlam Bksorping pbijragridyiges toataizing the
acid labile roup are c%oolx[?ers of eth ( m%r(l)'%&msgtp& IaBe me a}]%p(iec {ﬁgtorg? mer
methacrylate; 3 ﬁydrox adaman me%acr%te me acr? Ateesterof’ POl

beta- hydronag}ebnnmmavymapubmtetmtphfwmmwl mdm@ifme@ mmotmrmmmaawhe of
metha%rya%enb‘?g%h%ﬁ éé‘téﬂe%kﬂl?;ﬁﬁnéllé%ﬁ%%%g%&% BHY HBﬁWﬂWé( ?&leétoéMc‘FF‘éQO”y'

oxy vinyl benzene oxy vinyl'ben oxy ethyl oxy vinyl benzéne; trimethyl

carbon
silyl ether mﬁmq%hléﬁaﬁag%@%%srﬁﬁétﬁy%mbmmrarﬁn%men@mw&rfyyeﬁeﬁmﬁa@s@eamih

methyl metiiagglaigsouiglmethasndsieascyticses, 14smearndic std Vsl gdeohes, maleds
anhydride, gﬁqﬁéﬁgrrohdmone maleimide, N- methél maleimide hydrox ethyl methac late,

hydroxypro cilafE, WhiFA 2 ﬁyWPR{@EﬁQI) %‘?ﬂﬁn%ée RCHorAEIR 8§tﬂfs Mo Rtsh may
be synthesummeg; any slyaversot thiptayiphbiiog rzalenosyfiio A BNgPaehing sheiakkipsisol,

cationtd coRa NI A LR e P S e A e 2 RLL DA (B G BRY aheon,

bulk, suspehmld@olwydmxaamneoe thetheTheq&jW(y\siweﬁeh|§)&1\1Q{ht|meﬂl1[aa|rydqielyrhbrrmtjytlo give

o, B U A5 PR BODIBER R RN PR, P
acrylate, phenoxypropyl acrylate, benzyl mevalonic lactone ester of maleic acid, 2-
hydroxy-3-phenoxypropyl acrylate, phenyl methacrylate, benzyl methacrylate, 9-

15 anthracenylmethyl  methacrylate, 9-vinylanthracene,  2-vinylnaphthalene, N-
vinylphthalimide, N-(3-hydroxy)phenyl methacrylamide, N-(3-hydroxy-4-
hydroxycarbonylphenylazo)phenyl methacrylamide, N-(3-hydroxyl-4-
ethoxycarbonylphenylazo)phenyl methacrylamide, N-(2,4-dinitrophenylaminophenyl)
maleimide, 3-(4-acetoaminophenyl)azo-4-hydroxystyrene, 3-(4-

20  ethoxycarbonylphenyl)azo-acetoacetoxy ethyl methacrylate, 3-(4-hydroxyphenyl)azo-
acetoacetoxy ethyl methacrylate, tetrahydroammonium sulfate salt of
3-(4-sulfophenyl)azoacetoacetoxy ethyl methacrylate.

Examples of the polymer containing the acid labile group are copolymers of 2-
methyl-2-adamantyl methacrylate, mevalonic lactone methacrylate, 3-hydroxy-1-

25 adamantyl methacrylate, methacrylate ester of beta-hydroxy-gamma-butyroiactone, t-
butyl norbornyl carboxylate, t-butyl methyl adamantyl methacryate, methyl adamantyl
acrylate, t-butyl acrylate and t-butyl methacrylate; t-butoxy carbonyl oxy vinyl benzene,
benzy! 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,

30  with methyl methacrylate, butyl methacrylate, acrylic acid,
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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 antirefective coating and when the weight
average molecular weight is too high, then properties such as 15 solubility, storage stability and the
like may be compromised. The polydispersity(Mw/Mn) of the free-radical polymers, where Mw is the
weight average molecular weight and Mn is the number average molecular weight, can range from 1.0
to 10.0, where the molecular weights of the polymer may be determined by gel permeation
chromatography. 20 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 resuoigtiacogidnacid ndngbribthin, theatzatinh pdridd N5/Bullextrofidieopeotoaisistide, N-
Furthermor tal inte gy ti j aji Wef vig_
coating is aﬁs‘cé)iﬁgi Zgﬂ%'ﬁeﬁﬂéfhé%ﬁo%@r%ﬁo Ithf%%tégﬁg%r’e@?@t.r (Bsgh?gﬁigrgm?rﬁegn{hent pre\’/eél(?i'(,aor|q
minimize, irftefeipMEn et iaerdaisifecting coating layer with the photoresist layer. Typically

propyleneglycolmonggssiyhetaes IRRIFO DI aalpraredhe PiRiRIGeshyalMens fRitkaa top

photoresist. Examples of suitable solvents for the antireflective coating composition are

cyclohexanBRYMGERAIGRandR afSoldiNgRSIASnMERIN Bxitate T IRTISAE JIONSNETARSRRhy !
ether acetatripiomatios Pyheheradorsthdiathendmitybiiakice @it gatg)nur kasilomiacetateatshid

llosol t thyl cellospl tate, methyl 3-meth ionate, ethyl te, ..
o methoxySTPAL D o RHRT ot BUDLKD: IReb prop S B ol RBRo M bcher
acetate, prmwabglmdk, raosmethlyl than er_ti_zai'bdurem tﬂnerda'bé arfehprefayredrsSofvibig s rwiseh_tinrower
degregof toxICHY) %rﬁ’ié%dtfiog')w&% E‘M}I{M_Br%‘?éﬂ?%%?a%g%@&ﬁé?fﬁg%ﬂt ﬁéﬁ%‘iﬁlt

antireflective coating compositfons of thé present inventfon may tomprise up to abou percent by

weight of th& 86Ade, e aBROIL98 rseferaielicEam a0 torekautS@906f Meredusferably
composition,Jhe;66lif8, BtRY te4BBLIES T8N Owhen 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 average molecular weight is too high, then properties such as

15 solubility, storage stability and the like may be compromised. The
polydispersity(Mw/Mn) of the free-radical polymers, where Mw is the weight average
molecular weight and Mn is the number average molecular weight, can range from 1.0
to 10.0, where the molecular weights of the polymer may be determined by gel
permeation chromatography.

20 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

25

30
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to 25 weight percent of the photoacid generator, 50 to 99 weight percent of polymer and optionally 5
to 60 weight percent of the dye, based on the total solids content of the 20 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 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 weighdghesnentflethel. DibtergsosymErstieroioas, toovelaiks tpe|yimgdnityy stfy révee antireflective
polymethyl ryjat I tR& % §3 t ifi Viding, t
perormance SRg: Hepa SRR RS BT A e AR Ko
weight % ofape phalaerist. of Shehcoepasaipanimorrgrentralory IBinjelRs vintgtmnixies nebrethe

preferaply %I@é{f%gtm%ight C%;alﬁf’@ses qg%,also RRrRddggdo thﬁﬂcﬁ&gg]gpsitiqug}_enhmcgqﬂpiIity.

Both photobases and nonphotobases aré known additives. Examples of bases ‘are aminges,

ammoniumP9aKsIES! RSkt acsdatepiicdupiy (refdircaradbesrapierred solvents
tetrabutylamyneps mdph yhssideisticthangiresing, RfIBckaNEne forctinraiRefleefldaniatng

trimethylsulfonium hydroxide, triphenylsulfonium hydroxide, bis(t- butyl|phenyliodonium cyclamate and

tistert ou BRI Gy SRR rt i BB RS A R (o NG PO 54 En

ranges frorprapglené.lyecmohdrie i fethbiydcetatab prapylbhéoghjaalitrfoham etied setiest, Usirtg

et R R R e S S TS

applicationMgtpidafiyniethxsprepibeatesefihddnnyatéor kmiethexpbityb deetais @rmeibreednkd

range for k &g 22510 Qufiaaeiieg, 3o pile LRIaREHaRAE LR OLMR8 ptos btk ivsopf the
monomethyl ether or mixtures thereof are preferred. Solvents with a lower degree of
toxicity and good coating and solubility properties are generally preferred.

15 Typical antireflective coating compositions of the present invention may
comprise up to about 15 percent by weight of the solids, preferably less than 8 percent,
based on the total weight of the coating composition. The solids may comprise from 0
to 25 weight percent of the photoacid generator, 50 to 99 weight percent of polymer and
optionally 5 to 60 weight percent of the dye, based on the total solids content of the

20  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 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 polyaryiates, may be added

30 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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antireflective coating is less than the thickness of the top photoresist. Preferably is 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 coating and can be measured with an ellipsometer. The

optimum filg ARieieirss ©F ErhantECHRMING CEBMIRRCIBIRISES M AN BIfpPEREBEHER S GreRy IR,

refractive indices of the antireflective coating and of the photoresist, and absaorption characteristics of

the top anPBBNEScoatiffEMRIRS 110k bBRSRS aRiReREINES0AMIMANMBe YAy 815bsure
and develogpesdstisRretnBageEMunPliicthisineprdfepeier it by ry otdirablis leriisRinnades where

no light absorption is present in the antireflective coating. 25 The antireflective coating composition is

coated on W ate st Ramittes Hiethansin @MiRe sKiREYIRMGs, OSBRI Sng, spin
coating or (FpaYUIBHRNA SUDSHARSHAEWN i fisnaiyTRaIreRiused, Susfamedeese thaprie planar,

have topog@ra hy or have holes. (The preferred ra_n%e of temperature is_from about 40C to about

240C, morBYvirbem)ipdanivm sReie sost BisUetBY rirbamv B RRILE YRR IR e flective
coating ranges frameb@ebARiBM parahibBOR) nop tHEepEMsEMpb3tiekResgds diprmamag, as is

well known_in the art, to be where good IitPé%?ra hic properties are obtained, especially where no

standing waved® 2P ehfed RREIREFHY iRl APHE Ok AQ BRIt diy A8 UG 2848l Y8INGis novel
compositiogllisiyridheogheoefaa R uagexdyus ©f the extiedasttRisenatipg aalsfestivezegex

properties of the film Thf coating is further heated on a hoct}{jlate or conveﬁtion oyen for a sufficient

lengthOof ti Frachve LS Rsithe YT FAERSs TREMUBIANG (RECaRERFAIG0E CBalff to
prevent 5 isi@idairsoReengtthasudirgie atiee topatiop Apslitatiehotangsisaligyer (B¥narafrsred

1500 ) ThEETEACAIBE ALl il e 20 b A AT R S AR Bl B Bon.
Positive piig)raastiomgeshraretdevetefistbditangaas droakolPes08ioTthe thickness of the
antireflective coating is less than the thickness of the top photoresist. Preferably

15 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 coating and can be measured with an ellipsometer. The
optimum film thickness of the antireflective coating is determined by the exposure

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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io 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
areas of the photoresist composition exposed to the radiation become more soluble to the developer

15 solutiongigdro? TRRY RS BEMIESEPNREYUFIh WoRtINaeSeanr BRSUNIEYRRSRAE BRGRNEtIVElY
insoluble to the developer solution. Thus, treatment of an exgﬁsed positive-working photoresist with
%’t‘i%ﬁa

the develofBPemRIiRR 289 sefpGHURINde0RERPSFLISS Bf the HERink e ePFIlnR i 686 tive
image in thsh Rhefiersiseceptitthaatesidicrpldienffciaitnrmbhgmtits simallestiaiove Which 20 the

resist composition can transfer from the photomask to the substrate with a high de%ree of image edge

acuity after &IFY&rSANEMevRMShrifAR. 1SRRG LB AMT S RRiYR0R9FHAYy (e 158 YERb Iution

on thesord%t@Hﬁ'B‘éri@aBé?WéemiQF@ BRIRIRRARATYcbaRSItATY ithealhnotorlviayIsrsiraftadhat the
developed photoresist wall profiles be near vertical relative to the substrate. Such 25 demarcations

between dBURIBHET affPERd e iSTRREERILECH1$h A RMRisARBMEINd O tan it e it ad8lr ke PRGN

transfer of gherarapk/imaae apbuthe0sd 36 ai®olinis SbecoMerRyY enfirene silis ity drivréward
miniaturization reduces the critical dimensions on the devices. Positive-acting photoresists comprising

novolak refiSQI4RIERiHYRS@ESI e kARG AP RALTIOS-compounds are well known in the

art. Novolak resinpogiigvtypieattyrospsts Cothlah credeavdiepsinatteyde I AKEIAE rBOIEtBILI-

substituted phenols, in the presence of an agid catalyst, such as oxalic acid. Photoactive compounds
e gbhor P AR AL, B PE RSP MG UR RERVIRE O e AU ARG (OB AR M draice

acids or thpiicleryeitivendiine sensiiiiytiné besmty res oy esigie Wainallkxpoaas rmeabagts00 nm

i o Fhsms om0 R yanasiep o can
polyhydroxyshypesitides \wrtvespagebinatjvavise to radiation, those areas of the photoresist
composition exposed to the radiation become more soluble to the developer
15  solution (e.g. a rearrangement reaction occurs) while those areas not exposed
remain relatively insoluble to the developer solution. Thus, treatment of an
exposed positive-working photoresist with the developer causes removal of the
exposed areas of the coating and the formation of a positive image in the
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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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 19 3 nm and 157 nm exposure are photoresists comprising
non-aromatic polymers, a io photoacid generator, optionally a solubility inhibitor, and solvent.

PhOtOfeSi%@ﬁ%ﬁ&ﬂﬁéﬂﬁhﬁmﬁiﬁ&é@%de Hadyier eRaeiRateed iMibesiniswing
references and incorporated herein, EP 794458, WO 97/33198 and US 5,585,219, although any

photoresi&fﬁéﬁ§ﬁ¢¥%ﬁ9@rﬁﬁiﬁﬁé§im@”¥é@W%H@ﬂl@@%@%@l&ﬂ\}@ é48¥8ition of this invention.
15 A film of phot@sgsigiissibRNERRIONSOsrRNRVEiEsfiRREY Heartag aisblraked terubntantially

remove the photoresist solvent. The photoresist and the antireflective coat ig ilevel system is then

ing b
imagewis@efpbs3B0 I ERRqaAlSR ReatHiPSiep tHaSSGd BRriareRistEy iIn BRPHsGRETIRERE to

deproject Hb%ﬂ%%ﬁgﬁﬂ‘éﬁ@%ﬂ%%%&iﬁh@a %lgwwmmge@ﬁ@mégmw&@n.aTbﬁdmsa@ﬁo@ture for
the 20 postexposure bake step can range from 40C to 200C, preferably from 80C to 160C é(n some

in;tancgs,ci@ﬁ@%t!&bléﬁg apyeRNall soselubiity,iBhikiter-sihBE foHovERgif RESHES RIS acetal
acid labileygroynse deproipeiion srtecade AlarP arte MRSyoraeth asisiMe bsy staréndec i veloped

in an aqueous developer to remove the treated photoresist and the antireflective coagﬁ:%. The
r

developer4st94 SR8erHiSy P0R%0 RNGIkA 8 SOREG? coR SR PERIGHRE, Rtr At

ammoniurg Ry dexidgmT ks seyGieParen pn eIt Nt rRmal esn-siteinagics woagiears, polymers,
isopropanol, ethanol, etc. The process of coatingi and imagin&) g)hoto esii%cécﬁtin nd ar,'%reflective
d .

coatifys iQMFP?(ﬁ'&NEQBG&%Qé opiienativina SAMURKRS SHiky 14 ic% YEShttoresist
and 30 angeplaniye cORII B ROMAINAEOReE il NRpRIde bt ave | dsteiieeh thien fotiopripgessed

further as required by the manufacturing praocess of integrated circuits, for ex I position
and etchirf&fﬂ@"l‘?ﬁesiﬁ/r%'lri@ﬁ%g@@% %%E%%%@g%@%%é%i&%%a%’a @1%3#%% gpositive
Image COrgRAsligh any photoresist sensitive at 193 nm may be used on top of the
antireflective composition of this invention.
15 A film of photoresist is then coated on top of the antireflective coating and

baked to substantially remove the photoresist solvent. The photoresist and the

antireflective coating bilevel system is then imagewise exposed. In a subsequent
heating step the acid generated during exposure reacts to deprotect the polymer
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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a) providing a coating of the bottom photoimageable and alkali 5 developable antireflective coating
composition on a substrate; b) providing a coating of a top photoresist layer, over the bottom coating;
c) imagewise exposing the top and bottom layer to actinic radiation of same wavelength; 10 d)
postexposure baking the substrate; and, e) developing the top and bottom layer with an aqueous
alkaline solution. 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 15 illustrations of the
methods of producing and utilizing compositions of the present invention. These examples are not
intended, however, to limit or restrict the scope of the invention in any way and should not be
construed as providiig) Eoeaitiomslsaraides i dhgapresesaicAsTARIWb adliabavexcrisiornying @der to
practice thepgg@ﬁ‘éw;n{g&@rgmﬂpgg@amples 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), methacr;ﬂéite 2Bre¥idingr mesrating rlcithse Pottam PREYMassrRiene aliali of

methylgdamantane (MAD§é&IGhabiantieReivd deativg BoripasBibanshtatsumstiaiiran (THF) (60 g).
A solution was obtained and degassed for 10 mlnute% él'ge reaction vv_ag (Eaefluxed for 4 hours and
p0l

then drowned into 600 mIBf hexRFAHAE Gr&ABHARQ LB AR PRASTARSL YR BYRd 1R BOHMight %
solution of the above polyeoatimggs made in cyclopentanone and a 4 inch unprimed silicon wafer was
coated. The wafer was then soft .haked at 110C for seconds, To.check the solvent resistance of the
olymer coating first a dreb of A SRR DI R b S oM TR LA G RO,
the top of the wafer for 60fssrd8axRIEDFIMNN dry with nitrogen. No dissolution of

10 d) postexposure baking the substrate; and,
e) developing the top and bottom layer with an aqueous alkaline
solution.

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

15 illustrations of the methods of producing and utilizing compositions of the present
invention. These examples are not intended, however, to limit or restrict the scope of

the invention in any way and should not be construed as providing conditions,
parameters or values which must be utilized exclusively in order to practice the present

invention.

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), methacrylate

25  ester of mevalonic lactone (MLMA) (26 g), methacrylate ester of methyladamantane
(MADMA) (3 g), azoisobutylinitrile (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 600 ml 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

20



20 the antireflective coating was observed. Then a drop of water was placed on the top of the coating
for 30 seconds to simulate wafer washing and then blown dry with nitrogen. Again the coating was not
effected. Finally a drop of AZ(r) 300 MIF Developer (a 2.38% tetramethyl ammonium hydroxide
agueous solution, available 5 from Clariant Corp. Somerville, NJ) was placed on the coating for 30

seconds argk thefirufsiiRg Gty deimnBiesbwaier (Phewaiadrepdonafatelrids\ilacdtogenhel here
was no indication of solubijlity of the polymer in all cases. Example | B 10 To the polymer (0.8g) from
Example 10prebieL28408, fﬁég’g(ﬁféi?r{ﬁﬁﬁen?m}lﬁﬁu\f‘f?%ﬁ]‘ﬂ n8.8 %‘@90 By ne (20g)

polymethyhinietigeérie-pedre siearonm ondorel urowsty RnsliD 2 dr dpvel A€ Boo Mirariant

Corp.) and 0.13g of a 1% triethanolamine solution in cyclopentanone. The solution (4% solids) was
mixed and HRYRIORRFdAgh SDHOIERIEING BB BHRDAY AR SALERHS RRHHENAYRIACK sifcon

wafer was goaied|drRiivitond0SvmEindl b ofINvaasinsiteellvenapatisgaimd IBrG) selgbatstant above
and softbaked (SB) at 110C for 60 seconds. Next the B.A.R.C. caagtﬁ% wafer .coated with 4340 A

of AZ() EXREIAREERGS AT WLz Reb e (DL WAIRE RS WalH- 08 Wb MBS 98 s cconde.

The coated iafe wss e dpeestibaioe sulUBiliPsfrRepHlisteniiarall basexposed wafer had a post
exposure bake (PEB) of 90 seconds at 130C. The wafer was puddle developed with AZ(r) 300 MIF

Developer for 30 seconds. The pictures taken by scanning electron microscope (SEM), showed both
the photoresist and B.A.R.C. were developedsaiznigse @ 17 mJ/cm2 for 0.19pm 25 dense lines. The

B.A.R.C. coating also gave g refractive index and_absorption at 193 nm for n and k of 1.65 and 0.12
respe‘@tively asm Qsﬁﬁgd% W%?b/\%ﬂﬁlf My A%r@p\% rﬁé?ﬁ%&éFﬁQte?PEXSmﬁ‘@sz ﬂ‘gj@aanSO

ml, 4 neckifipieagisippssivmih snepatatser,(0.0MBgMeatiopérmgeorgas i(Regandpolpeditapical
strrer, Werr%gt%da%?yfgerz?gg-&ég%émHg&enylazo)hydroxystyrene (0.2g) (available from
Clariant Corp.) and 0.13g of a 1% triethanolamine solution in cyclopentanone. The
solution (4% solids) was mixed and filtered through a 1.0 pum filter to give a bottom

15  antireflective coating solution.
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 IS| 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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(18.49), AIBN (3 g) and THE (50g). A solution was obtained and degassed for 10 21 minutes. The
reaction was refluxed for 4.5 hours and then drowned into 600 ml of hexane. The precipitated polymer
was filtered and dried. Example 2 B 5 To the polymer (0.41g) from Example 2A were added
triphenylsulfonium nonaflate (0.06g), cyclopentanone (20g), 1200 ppm of FC 4430 (available from 3M

Corp.), anghihateRf THSréeetmn alagiaasadtion NS hiburkhen@ e GelidseEritsieovas ofixed and

filtered through a 0.1 pm filter to give a B.A.R.C. sglution. A silicon wafer was coated first with 600 A of
the B.A.R teX528arLRS:BIRRIPIE Qlmes WasAiryed @hdriRxt the B.A.R.C. coated wafer was
coated with 4670 A of AZ(r) EXP AX2020P photoresist using a SB of 110C/60 seconds. An ISI 193
nm ministepper was used for exposure through a mask. The exposed wafer had a PEB of 90 seconds
at 130C, followed by a 30-second puddle devgéé%[ﬂi-‘%lﬁzu@ing AZ(r) 300 MIF Developer. The SEM

resultg showed ctegrinéhpbhatieih@ia By iofn Ex@RPROERISeveredeye anshcrAdrsaian?3.5
mJ/cm2 for 0.18m dense lines. The B.A.R.C. cogSn also gave a refractive index an(%fabs rption at

193 nm foPAN@lgie 4P 1088y dopenianang /el R B R 4ASMVRliRbg S Th

PR ) mp@raty%gﬁw?B%%%”@Wﬁwgwmm THAE S osAE) PP
p otoresist using a secondgs n nm minist er was used 1or
o OO NS TS BRE IR TR 0P bt SRS O8 BriaR i S0

30-second puddia dgusiapmear wsgc@fafgdrﬁr%@(ww%d@eﬁe&nﬁé Bhe. REM stepdyeshavmgemore
sk B L PLTHLED SeRRTR R DonH o oLORED AMeTal e HRIEFSEr were
added the4dpthAcoyIAE eBXP mmm@meramha@mg@@%f(mmnmwc(ﬁ@s), AMBSI(3g) and
193 nm ministepper was used for exposure through a mask. The exposed wafer
had a PEB of 90 seconds at 130°C, followed by a 30-second puddle development
using AZ® 300 MIF Developer. The SEM results showed clearly that both the
15 B.A.R.C. and photoresist were developed at a dose of 23.5 mJ/cm? for 0.18ym
dense lines. The B.A.R.C. coating also gave a refractive index and absorption at
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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cyclopentanone (40g). A solution was obtained and degassed for 10 minutes. 22 The reaction was
refluxed for 4.5 hours and then drowned into 600m1 of hexane. The precipitated polymer was filtered
and dried. Example 4B s To the polymer (0.26g) from Example 4A was added triphenylsulfonium
nonaflate (0.016g), FC-4430 (0.01g) and 9.73 g of ethyl lactate. The (2.6% solids) solution was mixed
and filtered hieroagbto. vasnréfiexed shicdrbvrasarsvasdc tatedditsimndt HRO,B00heprrpaissl B.A.R.C.

solution aﬂiéoftbakﬁ%tatdllqcmorseco gs. I\gaxt aﬂg{B.A.R.C. coated wafer was coated io with 6310
A of AZ(r) B%Epp o?orgglgmg h\(}'Sisl RG9S, lz§\(/1ailable from Clariant Corp.) using a bake of
90C/60 second. The coated wafer was imagewise exposed using an ASML300 DUV Stepper (0.63

NA). The exposed wafer was given a PEB of EIO secgngﬁ at 120C, followed by a puddle development
of 60 seconds with AZ(r) 300 MIF Developer. sults showed that the B.A.R.C. 15 cleared

down 1o the subsirat¢hgithalyinee ¢0.26ghJtam?. Bizarpla.BA . wastinddedsariphenglseffeativa index
and absorpii t f1. nd 0. espectiyely. as measuyre J. A.,Woollam
WASE BB Bl e B A BTt i & Y oy ed s eikaknser,
thermomeselutien wastraied ametfitiered| thiocaghvere. hqaediltét. MA (20.0g), AIBN (3g) and THE
(409). A solution .obtained and degassed. for 10 minutes. 'I;Er(% reaction was, refluxed for 4.5 hours
and then drowneg/% 'oggé(yv r%flje(gfvﬁ%%?ﬁgfﬁ%rafe\%%ﬁpe%&;lt epf;ﬁggrm@é\ﬁé\-ﬁﬁj o198 Example
6 To a 25@md softeskdthsit 440RE0 sibondsndéeseththBrmdRiEtaroatsdgeafegagdslebatad a
mechanical.stirker, wexe gd thacrylate.(6.50),, methacrylate ester of meyalopic lactone
(M LI\I/ISIA) (%%g ?’ggoéo@ug/%@[rﬁ%% ?%?ﬁ% eghg tﬁa%gﬁ%%srﬁﬁ%%gﬁﬁ@&umm was
obtained &lariknjdsorn. farsing a bake of 90°C/60 second. The coated wafer was imagewise
©  exposed using an ASML300 DUV Stepper (0.63 NA). The exposed wafer was
given a PEB of 60 seconds at 120°C, followed by a puddle development of 60
seconds with AZ® 300 MIF Developer. The SEM results showed that the B.A.R.C.
15 cleared down to the substrate with a dose of 20 mJ/cm2. The B.A.R.C. coating
also gave a refractive index and absorption 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 mi, 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 (39g) and tetrahydrofuran (THF) (50g). A solution was obtained and degassed for
10 minutes. The reaction was refluxed for 6 hours and then drowned into 600ml 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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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 600m1 of methanol to 23 reprecipitate the polymer. The polymer was
filtered, rinsed and dried. The reprecipitated polymer was redissolved in 60g of cyclopentanone and
then prec'rp'mmpagm'ﬂ thto pOmeOf nﬂibapolyméxawuiﬂefﬂtérmﬂwmém@r(@ ). fromhexample 6

were added tri su fon| m_nonaflate ( 4q), 0.00 r Isulfonium hydroxide,
FC-a330 (5 0 PUNRS RGPy Ao TR Stb, Slftep boP SR TARE 2 sraa
through a ﬂ‘éqimitéllw a?ﬁuﬁ mlicB0vaitofvastbemier first with 600 A of the prepared B.A.R.C. solution
and softbaked at 110C/60 seconds. Next the B.A.R.C. coated wafer was coated with 3300 A of AZ(r)

EXP AX2020P photoresist using a bake of 130C/60 second. The coated wafer was imagewise
exposed using an ISI 193 nm ministepper. Th@@@%&wafer was given a PEB of 60 seconds at

120C, followed by m@qi@|%éﬁyslgnegfznfraﬁ§%§@¢ﬁﬁrés e;VIWe/P@(éh%@a MlBH%ﬁy%eFfSﬁ.Jme SEM

results show that for 0.18 pm lines 2 was required to clear these isolatéd lines.

B.A R.C. QRRRias6%00840) e P00080n aETipRemyRHIRBIVEY To/sliaxide.n R R36r 108@1&)d 0.34
feSDECtiVQi)‘\@%WIEéthYIqabtétéNUPHé”QS"éW%&%@%MWWQ?%@%EWpW@réoB ARC.

solution Vég; pregared as follows. To 0.177 g of the polymer prepared above in Example 6 were
added 0.005949BRh I SIRENium nonaflate, 0.00023g of tridecylamine, FC-4430 (0.01g) and

9.82g00f ethyl lackaggicahevederag cbakasmidsyiselstioniveraiiderrpiersnadd. Rallsh 25 A
silicon wafer was_coated with 300 /A of the B.A.R.C. solution égezpare above and softbaked at

110C/60 SDSQLORESARE BIAR/BO 550 RaaXh NG BueRibnCosiRA GRS E Reafer020P
photoresisitisisgE0 I 6f AZOEK® AX2020P photoresist using a bake of 130°C/60 second.

The coated wafer was imagewise exposed using an ISl 193 nm ministepper. The
exposed wafer was given a PEB of 60 seconds at 120°C, followed by a puddle

15 development 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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seconds. The coated wafer was imagewise exposed using an ISI 193 nm ministepper. The exposed
wafer had a PEB of 60 seconds at 120C, followed by a 30 puddle development of 60 second with
AZ(r) 300 MIF Developer. The SEM results showed that 11 mJ/cm2 was required to cleanly open 0.18
pm isolated lines. The dense lines (1:1) cleared at 17 mJ/cm2 with clean Well shaped dense 1:1 lines.

The B.A.Rabs6g31B1 ASmaayia ddieH aaity & i6fex88nshd D A psabiei iicly 28 sty 1.85 and
0.34 respectively as measured lI)E;/ A, Woollam WVASE 32 TM Ellipsometer. Example 9 5 A
Il

a
B.A.R.C. sbiftidNQpdem¥R¥seas40lloRUiIPEEMEL®Hg of the polymer prepared above in Example 6
was added 0.0027g of triphenylsulfonium nonaflate, 0.00028g of adamantamine, FC-4430 (0.01g) and
9.82g of ethyl lactate. The resulting (4.0% solids) solution was filtered through a 0.1 pm filter. A silicon
wafer was coated with 300 A of the B.A.R.C. sbitfi ared io above using a SB of 110C/60

secongls. Next tha BBAR® cosiatbnaleis\iepsaatee inIaae0 ATef AZITRXBrAN ifRiotoresist

using a SB of 130C/60 seconds. The coated wafer was imagewise exposed using an IS 193 nm

ministepp&F SPRESSBBOXE IDFranaRIS BB REIE QHRL & b aiRheyISHHIRUBD AR IBuddle

T
cleanly open 0.18 pm jsolated lines. The dense lines (1:1) cleared at 21 mJ/cm2. The B.A.R.C.
coating aI§%%Wéga?f‘e9ré’cﬁ%qﬁh§5'é?ﬂ’a‘8§8r r‘?%\tt(ﬁ@%?"ﬁﬂﬁcg'f]l HAYT8F1.85 and 0.34

respectively as measised Wafed. vadVesdirg WIHASEOSATHY Hipsymeer. 2oifsinplepdtédB.A.R.C.
solution was prepared as follows. To 0.177 g of the polymer prepare ove in Example 6 was added
000355 oRBHHSIEAN SR o AR08 S8B985bt (RSl R g e MERRLLAEE (. 01,
and 9.82gcpktsay Wiaet3B00T e o0 RriiRiPs phionesis filsaigddhBRIGH a Sotgysdfilter. 25
A silicon wafer was CQﬁged with 300 Afof the B.A.R.C. solution reggred .

seconds. e coated wafer was imagewise exposed using an IS| 193 nm

ministepper. The exposed wafer had a PEB of 60 seconds at 120°C, followed by

60 second puddle development with AZ® 300 MIF Developer.

15 The SEM results show that 13 mJ/cm? was required to cleanly open 0.18
um isolated lines. The dense lines (1:1) cleared at 21 mJ/cm?® The B.AR.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



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 exposed
using an ISI 193 nm ministepper. The exposed wafer was given a PEB of 60 seconds at 120C,
followed by 60 second 30 puddle development with AZ(r) 300 MIF Developer. The SEM results show
that 15 mJ&and2 034 regepedtivetyeardy open@d8 b isoldted lineyVobiatenyeVinggEwape %o open
at 15 mJ/c ﬁgél'he A.R.C. coating also gave a refractive index and absorption at 193 nm for n and k
of 1.85 25@ 8%% Spectively as measured by a J. A. Woollam WVASE 32 TM Ellipsometer. 26
Claims 1. A positive bottom photoimageable antireflective coating composition which 5 is capable of
being developed in an aqueous alkaline developer and which is coated below a positive photoresist,
wherein prior to exposure both the photoresist and the antireflective coating are insoluble in an
aqueous alkaline developing solution of the photoresist and become soluble prior to development in
an aqueous alkaline solution, where the antireflective coating composition comprises a 10 photoacid
generator and a polymer comprising at least one unit with an acid labile group and at least one unit
with an absorbing chromophore, further where the absorbing chromophore is selected from
hydrocarbon aromatic moieties with one ring and heterocyclic aromatic moieties with one ring. 15 2.
The composition according to claim 1 further comprising a dye. 3. The composition according to claim
1 or 2 where the acid labile group is selected from -(CO)O-R, -O-R, -O(CO)O-R, -C(CF3)20-R,
-C(CF3)20(CO)O-R and -C(CF3)2(COOR), where R is alkyl, cycloalkyl, substituted cycloalkyl, 20
oxocyclohexyl, cyclic lactone, benzyl, substituted benzyl, alkoxy alkyl, acetoxy alkoxyoxy alkyl,
tetrahydrofuranyl, methyl adamantyl, menthyl, tetrahydropyranyl and mevalonic lactone.
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4. The composition according to any of claims 1 to 3 where the absorbing 25 chromophore is selected
from compounds containing hydrocarbon aromatic rings, substituted and unsubstituted phenyl,
substituted and unsubstituted heterocyclic aromatic rings containing heteroatoms selected from
oxygen, nitrogen, sulfur, or combinations thereof. 30 5. The composition according to any of claims 1
to 4 where the acid labile group and the absorbing chromophore are in the same unit. 27 6. The
composition according to any of claims 1 to 5 where the polymer is selected from copolymers of
2-methyl-2-adamantyl methacrylate, mevalonic lactone methacrylate, 3-hydroxy-1-adamantyl
methacryl ?,.methacrylate ester of 5 beta-hydroxy-gamma-butyrolactone, t-butyl nornyl carboxylate,
t-butyl met ! amantyl methacryate, methyl adamantly acrylate, t-butyl acrylate and t-butyl
methacrylate; t-butoxy carbonyl oxy vinyl benzene, benzyl oxy carbonyl oxy vinyl benzene; ethoxy

ethyl oxy viny| e e GH i Sk UM BRRRL Rt 2 LEsm MBI ki eser o

methyl methacrylate, with acrylic acid, 10 methacrylic a cid, vinyl alcohol,"maleiC anhydride, maleic
acid, rhaleimicapableath\neingeneirRIopedy iy oxpnestugpaisnadialing Hexalopsirandnohichmisthyl

methacrylals.UPARSISENaIR MY RETBRIMAS BLAMORMEN o ehARMIS

hydroxystyrene, styrene, acetoxystyrene, benzyl methacrylate, N- methy mide, vinyl benzoate,
vinyl 4-tertangtytbenaoiitefleeiven6asiiogl asepirsiublre i@ aaupRERoRs US| demalaping
2-hydroxy-3- , I s Nswi imide,
N-(3- hydr(%()y pﬁggﬁl@ﬁnge?%gﬁ?/%n%%e%?gh%%%ﬁ%@%gﬂg@gggyn)I/igheﬁ/}@zo ﬁ%@?m
me_thacrylaa\ma@pw-@Mmﬂxywmdhﬁcaabﬁr@ﬂwM§|a§@ﬁijﬂﬁeﬂw&iﬂanm@aNi@,m 2
dinitrpphenylamingg Qrméleém&ijs’&W&Bﬂﬁ%‘ﬁ&?@eﬁi&%@'éﬁé‘M?WﬁyéﬁﬂScid labile
3-(4-ethoxycarbonylphenyl)azo-acetoaceioxy ethyl methacrylate,

3-(4-hydrogyphengnd zat deegtaceunitwitinathahyeiking ehrgmephnre nfurtheiundersa ther
3-(4-sulfophE NG AT OHSPREY LI Y dReRACREREhy drocarbon aromatic moieties with one

ring and heterocyclic aromatic moieties with one ring.
15 2 The composition according to claim 1 further comprising a dye.

3. The composition according to claim 1 or 2 where the acid labile group is
selected from -(CO)O-R, -O-R, -O(CO)O-R, -C(CF3),0-R, -C(CF3),O(CO)O-R and
-C(CF3)(COOR), where R is alkyl, cycloalkyl, substituted cycloalkyl,

20  oxocyclohexyl, cyclic lactone, benzyl, substituted benzyl, alkoxy alkyl, acetoxy
alkoxyoxy alkyl, tetrahydrofuranyl, methyl adamantyl, menthyl, tetrahydropyranyl
and mevalonic lactone.

4, The composition according to any of claims 1 to 3 where the absorbing
25 chromophore is selected from compounds containing hydrocarbon aromatic rings,
substituted and unsubstituted phenyl, substituted and unsubstituted heterocyclic
aromatic rings containing heteroatoms selected from oxygen, nitrogen, sulfur, or

combinations thereof.

30 6. The composition according to any of claims 1 to 4 where the acid labile

group and the absorbing chromophore are in the same unit.

27



25 7. The composition according to any of claims 1 to 6 where the antireflective layer has a k value in
the range of 0.1 to 1.0. 8. A composition according to any of claims 1 to 7 where the antireflective
layer has a thickness less than the thickness of the photoresist. 30 9. The composition according to
any of claims 1 to 8 where the photoacid generator is sensitive in the range of 450 nm to 100 nm. 28
10. The composition according to any of claims 1 to 8 where the photoacid generator is sensitive at
wavelengths selected from 436 nm, 365 nm, 248 nm, 193 nm and 157 nm. 5 11. The composition
according to any of claims 1 to 10 where the antireflective coating is substantially insoluble in a

solvent ofhe tOPTRROLRAHBLiGn ABEBRERG 5 I8HYIBH BRI IBUREIBRKEIS e} Rovicing &

coating of the bottom photoimageable antireflective’ coating composition of any of claims 1 to 11 on a

substrate; S§/¢HSAdIF§™A c6 A& soPphdiBretivt-Rnrdainaniie eibacydieng s Yaagsvise

exposing {hertie %&H@H%i@yq&\%ﬂﬁgﬂﬁ%@ﬁ%mﬂf meXRAEPANEY RiRRsER i ROBISp QST

baking the substrate; and, e) developing the top and bottom Iagers with an agueous alkaline solution.

20 13 ThEYPREYEECERTHY AcbLIBIR 2ot retthEtYhuBR Y AIIGATRO XY RIgon tduibrisasthyl
tetrameth YgAKo L I IPREFRRAR C4LIR IR St e aRyeous
alkaline solution further comprises a surfactant. 25 2
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 acrylic acid,
10  methacrylic a cid, vinyl alcohol, maleic anhydride, maleic acid, maleimide, N-
methyl maleimide, N-hydroxymethyl acrylamide, N-vinyl pyrrolidinone, methyl
methacrylate, butyl methacrylate, hydroxyethyl methacrylate and hydroxypropyi
methacrylate, hydroxystyrene, styrene, acetoxystyrene, benzyl methacrylate, N-
methyl maleimide, vinyl benzoate, vinyl 4-tert-butylbenzoate, ethylene glycol
15 phenyl ether acrylate, phenoxypropyl acrylate, 2-hydroxy-3-phenoxypropyl

acrylate, phenyl methacrylate, benzyl methacrylate, N-vinylphthalimide, N-(3-

hydroxy)phenyl methacrylamide, N-(3-hydroxy-4-
hydroxycarbonylphenylazo)phenyl methacrylamide, N-(3-hydroxyl-4-
ethoxycarbonylphenylazo)phenyl methacrylamide, N-(2,4-
20  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.

25 7. The composition according to any of claims 1 to 6 where the antireflective
layer has a k value in the range of 0.1 to 1.0.

8. A composition according to any of claims 1 to 7 where the antireflective
layer has a thickness less than the thickness of the photoresist.

30
9. The composition according to any of claims 1 to 8 where the photoacid
generator is sensitive in the range of 450 nm to 100 nm.

28

oz s~
R P e T e o opam ot S W s il




10

15

20

25

10. The composition according to any of claims 1 to 8 where the photoacid
generator is sensitive at wavelengths selected from 436 nm, 365 nm, 248 nm, 193

nm and 157 nm.

11.  The composition according to any of claims 1 to 10 where the antireflective

coating is substantially insoluble in a solvent of the top photoresist.

12. A process for forming a positive image comprising:

a) providing a coating of the bottom photoimageable antireflective
coating composition of any of claims 1 to 11 on a substrate;

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

C) imagewise exposing the top and bottom iayers to actinic radiation of
same wavelength;

d) postexposure baking the substrate; and,

e) developing the top and bottom layers with an aqueous alkaline

solution.

13. The process according to claim 12 where the aqueous alkaline solution

comprises tetramethylammonium hydroxide.

14. The process according to claim 12 or 13 where the aqueous alkaline

solution further comprises a surfactant.

29
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