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RADIATION SENSIflVE _COPOLYMERS, PHOTORESIST
COMPOSITIONS THEREOF AND DEEP UV BILAYER SYSTEMS
- THEREOF oy

~ Field of the Invention

This invention relates to new radiation sensitive copolymers
for use as a top layer resist in a bilayer system for use in deep UV
photolithography, particularly for 248 and 193 nm photolithography, and
especially for 193 nm photolithography. The invention also relates to
radiation sensitive photoresist compositions comprising the new
copolymers and to a process for the 'Iithographic imaging treatment of a
substrate by means of the photoresist composition, as will a process for the

praduction of electronic components using the new copolymers in a

radiation sensitive photoresist top layer coating in a 248 or 193 nm
lithographic system.:

Background of the Invention
In recent years, the extent of integration of semiconductor

components has been continuaily increasing. The resolution capacity that
can be obtained with conventional deep-UV microlithography has thus
appeared to reach its limits. Normally, it is not generally possible to

. produce, on a substrate. conventional structures with dimensions of less

than 0.25 pum, as is required for the production of particularly highly
integrated electronics components. These components generally have
minimal dimensions down to approximatel):/ 0.12 uym. In order to be able to
res.olve sufficiently, in an optical manner, such fine structural elements,
particularly short-wave radiation must be utilized, which generally has a
wavelength between 190 and 260 nm.

However, present conventional G.-Iine,. i-line and deep-UV
(DUV) photoresistant materials are poorly suited for radiation of such
wavelength. These conventional materials are héually based on phenalic
resins as binders, for example, on novolak resins or on chemically
amplified polyhydroxystyrene derivatives with acid labile groups, which
show a strong absorption at wavelengths below 260 nm. This leads to the
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fact that, with the use of such radiation, the side walls of the finished
developed resist structures do not form the targeted right angle, but rather
form a more or less oblique angle with the substrate or the resist surface, -
which nuliifies the obtaining of optical resolution as a consequence of the
use of shortwave radiation.

Photoresists without a sufficiently high proportion of aromatic
components, e.g., resists based on methacrylate resins; have proven
sufficiently transparent for radiation below 260 nm, but they do not have the
plasma etch resistance that is customary for resists based on aromatic -
resins; plasma etching being one principal method for producing
microstructures on silicon substrates. The plasma etch resistance, as is -
known, is essentially based on the aromatic groups in these resists.

ArF excimer base (193 nm) lithography is a prime candidate
for sub 0.18 um lithography. The leading resist technology approaches for
practical 193 nm lithography are top surface imaging (TSI) bilayer 'résists '

and single layer. Each approach has its own characteristic advantages-and . - -
disadvantages as the result of the: underlying technology and the materials, - -

which can be utilized. The numerous problems for the 193 nm photoresist-
chemists to solve, (e.g., transparency, photospeed, adhesion, sensitivity, - .
various process time delay latitudes, and plasma etch resistance), are
somewhat different for each technology due to the materials requirements:
Lithographic aspect ratios and other issues require that resist
films be thinner (about 0.5 pm) for sub 0.18 um devices. This, in turn,
requires either gréatly improved etch processes or improved etch
resistance or both. Thus, having excellent plasma etch resistance is critical
and it is preferable that it be even better than before because of the thinner

' films. This presents a materials problem to the resist chemist because now

both the aromatic character and the alkali-solubilizing group must be
replaced. Thus, new materials, or groups of materials, with high
transparency, etch resistance, and a different alkali-solubilizing group are -
required. ' '

' Single layer resists based on alicyclic polymers, for example,
based on cyclic hydrocarbons such as norborene, have been found to be
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transparent enough at 193 nm and to have reasonable plasma etch
resistance. However, the alicyclic resins_in their “pure state” suffer from
high hydrophobicity and adhesioh probtems Modifications to improve
these and other properties tend to decrease the plasma etch resistance
significantly below that of novolac based resms and offer little hope of
improved etch resistance. - ' _'

There have been varlous solutrons proposed for this probiem.
One solution is offered by the use of a specral muttnlayer technique,
generally referred to as bilayer resqsts First, an mmal resm coating,
commonly called an undercoat Iayer whlch is not photo:mageable is
introduced onto the substrate. This undercoat layer. provrdes the plasma-
etch reststance when etching the substrate A seoond covermg coatmg
layer that can be photonmaged whlch contains an organosnhcon component
instead of a component with a hrgh content of aromatrc compounds is
introduced onto the first plananzlng layer The substrate coated in this way
is selectively exposed, i.e., in an rmage-formmg way,: |n the conventional . - _ |
manner and then treated with a surtable devetoper so that a desired |
image-forming structure is generated |n the covermg coatmg thatcanbe -
photostructured A subsequently conducted treatment in oxygen plasma_ -
leads to the organosilicon comppunds bemg oxidized to snhcon oxides, at
least on the surface, and these oxudes form a closed etchmg barrier or
protective surface over the unexposed areas for the: oxrdattve
decomposition of the organic matenal that lies underneath particularly the
planarizing layer, while the plananzmg layer is removed completely in an
oxidative manner on those places that are not coated by the silicon-
containing covering layer. ' _

Such bilayer resrsts generally offer nmproved depth of focus,
resolution, substrate compatlbrhty. and aspect ratios. .

While various polymers have been propcsed for use in such
photoimageable top layer composmons in a brlayer system for
photolithography at 193 nm wavelength radlatron there is still a need for
improved polymers with xmproved Ilthographlc propertles for. thls purpose,
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and especnally for a :illayer system to provnde hlgh resolutlon deep uv

llthography, partlculér ¥ at 193 nm radiation.

Brlef Summag of the Inventlon
5 The present lnventuon provides novel copolymers and blends

thereof suitable for forming top layer photoimageable coatings in a deep
UV, particularly a 193 nm, bilayer resist system providing high-resolution
photolithography. 'The présent invention also provides new photoresist
compositions for forming photoimageable coatings on a substrate for use in

10 193 nm photolithography. The invention also provides copolymers with
chemically amplified (acid labile) moieties and organosilicon moieties
suitable for use in the binder resin for photoimageable etching resistant
photoresist compositions suitable for use in 248 and 193 nm
photohthographlc processes.

15 The novel copolymers (I) of thls mventlon have the following
structural units:

wherein n is an integerof 1to 5, R' is a methyl or trim’ethylsilo'xy_ group; Rz
20 is a tert-butyl group; and R® and R* are each independently selected from
hyd_rogen or a methyl group. Preferably n is equal to 1.

The novel copolyfners (1) of this invention are prépared by
reacting maleic anhydride, an alkenetrimethyisilane or |
alkene(tristrimethoxysiloxy) silane, t-butyl acrylate or methacrylate and

25  methyl acrylate or methacrylate in a free radical polymerization reaction to
form the novel copolymers.
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‘Copolymer (1) generally compnses about 25 to about 50 mole
% maleic anhydride units, about 25 to about 50 mole %
alkenetrimethylsilane or alkene(tns tnmethylsrloxy) srlane units, about 1to
about 40 mole % t-buty! methacrylate or acrylate and about 1 to about 25
mole % methyl acrylate or methacrylate umts The preferred molecular
weight (Mw) of copolymer (I} is about 10 000 to about 40 000, preferably
from about 15,000 to about 25, 000

The level of silicon ln copolymers () of thrs invention will
generally be at a level of from about 6 to about 14% by wetght preferably
from about 8 to about 12% by welght whlch is suffi crent to allow adequate
pattern transfer into the undercoat of the bllayer resrst system

Copolymers (1) of thrs lnventron are formulated in suitable
solvents with photoacid generatlng (PAG) compounds whlch generate acrd
upon exposure to radiation to prowde photosensmve photoresrst
compositions useful in deep UV, pamcularly 193 nm, photollthography.
' - A bilayer coated substrate for use in. deep uw

photollthography is produced by applymg a surtable undercoat oF .

planarizing layer to the substrate and then applymg onto the undercoated
substrate a photoimageable top Iayer of the photoresrst composition of the
copolymer (I) described in the prevrous paragraph The new copolymers (l)
of this invention provide photoresrst composrtlons suitable for use at 193

~ and 248 nm wavelength that produce an excellent combmatron of

adhesion, resolution and plasma etch resrstance

Although copolymers (I) can be utlllzed alone to provide
photoresist compositions useful as a photolmageable top coat in a-deep UV
bilayer photolithography system and provrde an excellent combination of
adhesion, resolution and plasma etch resrstance it has been discovered
that photoresist compositions w1th a wrde vanety of mlnlmum rates of
dissolution (Rmin) in tetramethyl ammomum hydroxrde (TMAH) developer
can be provrded by a blend of from about 50 to 99 welght %, the foregoing
copolymer (1) with from about 1 to about 50 werght % of a novel copolymer
(mn Whlch has the follow:ng structural unlts '
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wherein n, R, R?, R® and R* are as defined hereinbefore and R® is
hydrogen or a methyl group. ' _

Copolymer (lly generally comp_risés from about 25 to about 50
mole % maleic anhydride, about 25:to about 40 mole %
alkenetrimethylsilane or alkene (tristrimethylsiloxy) silane, about 1 to about
40 mole % t-butyl methacrylate or acrylate, about 1 to about 25 mole %
methyl acrylate or methacrylate, and from about 1 to about 25 mole %
acrylic or methacrylic acid. The preferred molecular weight of copolymer -
(1) is about 10,000 to about 40,000, preferably from about 15,000 to abouit
25,000. ) ' ' .
As with copolymers (I), the level of silicon for copolymers (1)
will generlaly be at a level of from about 6 tc about 14% by weight,
preferably from about 8 to about 12% by weight. '

The novel copolymers (It) are also prepared by free radical
polymerization of the maleic anhydride, an alkenetrimethylsilane or
alkene(tristrimethylsiloxy)silane, t-butyl acrylate or methacrylate, methyl
acrylate or methacrylate and acrylic or methacrylic acid.

Such a photosensitive photoresist composition comprises a
blend of two separate copolymefs where one copolymer has a low Rmin-
(i.e., a Rmin value of less than 1A/sec) while the second copolymer has a
higher Rmin (i.€., a Rmin of 1A/sec or more). The copolymer with the low
Rmin is @ copolymer (1) and the copolymer with the higher Ryin is &
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copolymer (ll). These copolymers are compatible and can be blended

together to give the desrred drssolutron characteristics for a particular

photoresist composrtlon The blend of copolymers wn compnse from

about 50 to about 99: welght % copolymer (1) and from about 1 to about 50
5 weight % copolymer (II) preferably from about 80 to about 90 weight

percent copolymer (l) and from about 10 to about 20 wenght percent

copolymer (l1), based on the total welght of the two copolymers

The novel copolymers (1) and (1) of this mventron are
~ represented by copolymers (1 whrch have the followmg structural units:
10 _ _ E

. wherein n, R, R", R3 R" and R®are as defined herelnbefore and the
maleic anhydride unlts comprlse from about 25 to about 50 mole %, the .
16 alkenetrlmethyisrlane or alkene(tnstnmethylsrloxy)srlane umts comprise
-from about 25 to about 50 mole %. the t- butyl acrylate or methacrylate units
comprise from about 1 to about 40 mole % the methyl acrylate or
- methacrylate units compnse from about 1 to about 25 mole %, and the
acrylic or methacrylic acld units comprlse from O to about 25 mole %. The
20 - preferred molecular welght (Mw) of these. copolymers (Ill) wrll generally be
from about 10,000 to-about 40, 000 preferably from about 15,000 to about
25,000, and the silicone content will be from about 6 to about 14 weight
percent, preferably frorn about 8 to _about 1 2 wer_ght pe_roent._

25 ' Detailed Des_c:rip_tion' of the Inventioh_
and Preferred Embodiments L
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In formulating radiation sensitive photoresist compositions
suitable for use as ﬁﬁ$§Oimageable top layers in deep:UV bilayer
photolithographic éySiéms, copolymers (1).or blends of copolymers (1) and
(11) of this invention are formulated with any suitable photoacid generator in.
a suitable solvent. The photoresist compositions of this invention will
generally contain from about 80 to 99% by weight of the copolymer (1) or
blends of copolymers (1) and (1) of this invention, and from about 1 to about
10% by weight photoacid generator. Other additives, such as surfactants,
bases pigments, dyes, colorants, filters, antistriation agents, bonding
agents, leveling agents, wetting agents and softeners, may also be added
to improve lithographic performance. These other additives-can comprise
from 0 to about 10% by weight of the composition. The photosensitive
compositions, after formulation and coating onto a suitable undercoated
substrate, can then be imagewise patterned by exposure to actinic
radiation from various sources of monochromatic light, such as for

‘example, ArF excimer laser, KrF excimer laser and the like.

Any suitable photoacid generator, particularly nitrbbenzyl
esters and onium sulfonate salts, which generate acid under the effects of .
active radiation from exposure sources ranging from election beam, ArF
excimer lasers and KrF excimer lasers can be used to form the radiation-

'sensitive compositions with the copolymers of this invention to prepare the . .

radiation-sensitive photoresist compositions of this invention.

Among the suitable onium suifonate salts, there may be
mentioned particularly aryl sulfonium and iodonium sulfonates, especially -
triaryl sulfonium and iodonium sulfonates. The aryl groups of the sulfonium.
or iodonium moieties may be substituted or unsubstituted aryl groups, such
as unsubstituted phenyl or naphthyl, or these moieties may be substituted
by one or more substituents such as halogen, C,.4 alkyl, C1.4 alkoxy, -OH
and/or nitro substituents. The aryl groups or substituents on each aryl
group may be the same or different.

The anion of the photoacid generator may be any suitable
anion of a suitable organic sulfonic acid, such as acids of aliphatic,
cycloaliphatic, carbocyclic-aromatic, heterocyclic-aromatic or arylaliphatic
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sulfonic acids. These anions may be substituted or unsubstituted. Partially
fluorinated or perﬂuorlnated sulfonlc acnd derivatives or sulfomc acid
derivatives substltuted in the nelghbormg posmon to th ;respectrve acrd
group are preferred. . Examples of substltuents are ha gens such as
chlorine, and pamcularly fluorine, alkyl such as methy ethyl or n-propyl, or
alkoxy, such as methoxy. ethoxy or n-propoxy and the Ilke

Preferably the amon isa monovalant anl from a partially

fluorinated or perﬂuonnated sulfomc acrd Preferred are fluormated alkyl .

™~

sulfonate anions. oo _ R

Special examples of suitable.onium sal_t_§ ére triphenyl _
sulfonium bromide,.-t_rgiphenyl sulfonium chloride, tr;iphégyl_sulfonium iodide,
triphenyisulfonium méthane sulfonate, triphenylsulfoniirrh triftuoromethane
sulfonate, tnphenylsulfomum hexaﬂuoro-propane sulfonate |
triphenylsulfonium nonaﬂuorobutane sulfonate tnphenylsulfonlum phenyl
sulfonate, trlphenyisulfomum 4-methylphenyl sulfonate tnphenylsulfomum
4-methoxyphenyl sulfonate tnphenylsulfomum 4-ch|orophenyl sulfonate, .
triphenyl-sulfonium camphorsulfonate 4—methylphenyl-dlphenylsulfomum R
trifluoromethane sulfonate bls(4-methylphenyl) phenylsulfomum _
triflucromethane sulfonate tns-4-methylphenylsulfomum trifluoromethane .
sulfonate, 4—tert-butylphenyl-drphenylsulfomum tnﬂuoromethane sulfonate,
4-methoxyphenyl-drphenylsulfonlum trifluoromethane sulfonate mesityl-
diphenyisutfonium trifluoromethane _s_u(fqnate, 4-_chlorqg_henyldlphenyl- :
sulfonium triﬂuorometﬁane sulfor'late', b_is-(4-chIoropheﬁyl)-phenylsulfonium
trifluoro-methane surfenate.: tris-(4-chlorophenyl) s_ulquiifrrrj trifluoromethane .
sulfonate, 4-methyl-bhenyl-diphenyls_qlfonium hexaﬂqerqpropane sulfonate,
bis(4-methylphenyl)—jprienyl-sulfqhiQr_n 'hexaf_l_uorpprobéﬁ_e" sulfonate, tris-4-
methylphenylsulfonidrﬁ hexaﬂuoro—pfbpene sUlfonete"4'-'tert-butylpheny|- |
diphenyisulfonium hexafluoropropane sulfonate, 4-methoxyphenyl-
diphenylsulfonium hexaﬂuoropropane sulfonate, mesxtyl-drphenyl—sulfonlum
hexafluoropropane sulfonate mesrtyl-dlphenylsulfomum nonafluorooctane
sulfonate, mesityl- dlphenylsulfomum perﬂuorobutane sulfonate 4-
chIorophenyl-d:phenylsuIfonlum hexafluoropropane sulfonate bis-(4-
chlorophenyl)- phenylsulfomum hexaﬂuoropropane sulfonate tris-(4-
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chlorophenyl) sulfonium hexafluoropropane sulfonate, diphenyliodonium

)
s ey

trifluoromethane su: -._f’i%te diphenyliodonium hexaﬂddmpropane sulfonate, .
diphenyliodonium 4—methylphenyl sulfonate, bis-(4-tert-

butylphenyl)iodonium trifluoromethane sulfonate, bis-(4-tert-butyl- -

phenyl)iodonium hexafluoropropane sulfonate, bis-(4-
cyclohexylphenyl)iodonium trifluoromethane sulfonate, tris(4-tert-
butylphenyl)sulfonium perfluorooctane sulfonate, and bis-(4-
cyclohexylphenyl)iodonium hexafluoropropane sulfonate. Particutarly
preferred is triphenyl sulfonium triflioromethane sulfonate (triphenyl
sulfonium triflate). .

if a base is employed in the photoresist composition, the base
may be any suitable base compound, such as oxydianiline, piperonylamine,
hexamethyl-triethylenetetramine, 2,4,5-triphenylimidazole, 1,5- -
diazabicyclo[4,3,0Jnon-5-ane, or 1,8-diazabicyclo[5,4,0Jundec-7-ane,
preferably 2,4,5-triphenylimidazole.

Although any suitable solvent may be empioyed in

- formulating the photoresist compositions of this invention, the solvent is ;,

preferably propylene glycol methyl ether acetate (PGMEA). .

Another aspect of this invention is a process for the
lithographic treatment of a substrate by means of a multilayer technique, in
which: ' _

the substrate is provided with a first coating of a film-
forming aromatic polymer material and then suitably cured,

a second coating containing copolymer (1) or a blend of
copolymers (I) and (ll) of the invention and a substance that forms acid
under the effect of actinic radiation of a wavelength of about 193 nm, is
introduced on this first coating,

the thus-coated substrate is irradiated in an image-
forming way with radiation of a wavelength of 248 to 254 or of 193 nm, to
which the photoacid generator is sensitive,

the irradiated substrate is subjected to a heat
treatment,

the heat treated irradiated substrate is treated with an
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aqueous alkaline developer solution, until the irradiated regions of the
second coating are removed, and

after this, the substrate is treated wrth an oxygen-
contamlng plasma untrl the first coatmg is completely removed on those
places where it is not covered by the second coating. :

Any suitable frlm-formmg organic polymers can be used as
the film-forming orgamc material for the t” rst coating (undercoat layer) with
the use of the multllayer techmque,_ such-as phenolic r_eslns. particularly
novolak resins, such as 'formaldehyde_: cresol or :forrnal_dehyde phenol
novolaks, polyimide resins, poly(l.ﬁeth) acrylate resins, styrene-allyl alcohol
copolymer resins, and 'preferably copolymers of isobornyl methacrylate and
hydroxystyrene therrnally cured or croSsli_rled with h_e'x_aﬁjethoxy melamine
as described in of US Patent Application N_o.-091268,4}_3_q filed March 12, .
1999. The undercoat layer is generally 0.5 to 1 um thick' - The undercoat.
resin is first dissolved in a surtable solvent and then mtroduced by the usual
coating processes onto the substrate e. g by dlppmg, blade coating,
painting, spraying, particularly by electrostatlc spraying, : and reverse-role .
coating, and above all by: splnnmg. ‘and subsequently cured by methods

known in the art. : : .
After the first layer is dried and-cured, the second coating,

. containing copolymer (l) or a blend of copolymers (1) and (ll) of this

invention. a substance that forms. acid under the effect of actinic radiation
of a wavelength below: 300 nm, preferably below 260 nm “and more
preferably at about 193.nm, as well as other addttlves lf needed, is
introduced onto the first coatmg The second coating may also be
produced with any conventional coatmg process for example one of those
named above, but here also spin coatmg is partlcularly preferred The
covering layer is appropriately approxrmately 0.21t00. 5 pm thick.

For the production of rehef structures, the thus—coated
substrate is then select_lvely exposed, l.e., to form the i lma_ge. Exposure is
preferably produced with actinic rad_iation_of a wavelength of 190-300 nm,
particularly of 190 to 260 nm. Al 'known' sources of the:respective radiation
can be utilized in principle for irradiation, for example, _m_ercury high-

11



WO 01/22163 o - PCT/US00/22142

10

15

20

25

30

pressure Iamps but Part:cularly exclmer Iasers such as the krypton fluoride
(KrF) laser with ra 2 3n of 248 nm wavelength or thé argon fluoride (ArF)
excnmer laser wuth 193 nm radlatlon The lmage-formmg irradiation is
produced elther by means of a mask, preferably a chromium-quartz mask,
or--when laser exposure devices are used--also by moving the laser beam
in a computer-controlled manner over the surface of the coated substrate
and thus the image is produced. Here, the high sensitivity of the
photoresist materials of the invention is Very advantageously noticeable in
that it permits high writing speeds at relatively low intensities. The high
sensitivity of the resist is also of advantage for exposure by means of
steppers, where very short exposure times are desired.

The process of the invention also encbmpasées, between

selective irradiation and treatment with a developef, a heating of the

coating as a further process measure. By means of this heat treatment, the
so-called “post-exposure bake”, a practically complete reaction of the resist
material, is obtained in an especially rapid time. The time and temperature.

of this post-exposure bake may vary within broad regions and essentiélly

depend on the compossition of the resist, particularly by the type of its acid-
sensitive photoacid generator used, as well as the concentrations of these
two components. Cor‘nmonly, the exposed resist is subjected to several
seconds up to several minutes of temperatures of approximately 50-150°C..

After the image-forming exposure and heat treatment of the
material conducted as needed, the irradiation areas of the tb'p coat that are
more soluble in aqueous alkaline as a consequence of the irradiation are
dissolved out with an aqueous-alkaline developer, i.e., with an aqueous h
solution of bases to which small quantities of organic solvents or their
mixtures may also be added as needed. |

Particularly preferred as developers are aqueous alkaline
solution, as they are also utilized for the development of conventional
novolak naphthoquinone diazide positive resist coatings. These include,
e.g., aqueous solutions of alkali metal silicates, phosphétes, hydroxides,
and carbonates, but particularly tetraalkylamnionium hydroxide solutions,
such as e.g., tetramethylammonium hydroxide solution, which is free of
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metal ions. Still smaller quantities of wettlng ‘agents and/or orgamc
solvents may also be added to these solutlons Typlcal organic solvents
which may be added to the developer fluids, are, for-.e ':___mple 2-
ethoxyethanol, rsopr__opanol or ethan_ol. as well as mlx__t Qes of two or more

of these solvents. ;
After thls the thus-treated workplece |s'treated with an

oxygen or oxygen-contamlng plasma whereby a closed'srllcon oxide layer

is formed within several seconds at least in the- uppe _ost regions of the
top coatlng of organosrhcon components in the covenng layer and this

silicon oxide layer protects the regrons of. the orgam aterial lying

- underneath against an attack of oxygen plasma.. Treatment with the

oxygen plasma is contrnued until the substrate is completely free in those
places where the top coatmg has been removed beforehand by means of
the developer. in: general an etchlng tlme of 1to 15 mmutes is sufficient.
for this purpose. . o R
The substrate can ﬁnally be subjected to a conventional
structunng treatment eg.,a dry etchmg in halogen or ﬂuorocarbon _
plasmas.on those places free of the coatlng After thrs the entlre protective

coating is removed from the substrate e.g., by dlssolvmg with a sultable

stripper or by O3 plasma ashing, after whlch the deplcted process cycle is
repeated, if needed m order to produce further structures on the substrate.
Therefore, a process for the productlon of an object partlcularly an
electronic component comprlsmg the above-deprcted process for the
Ilthographlc treatment ofa substrate forms another embodlment of the
invention. K _ . e .

~ The present invention is further 'illustrat:éd by the following
Examples. All parts and percentages are by welght and all temperatures
are degrees Celsius unless expllcmy stated otherwnse '

Examples of Synthetrc Procedures
Example 1: Synthe5|s of Poly(malelc anhydrlde-allyltrlmethylsrlane-t-
butyl acrylate-methyl acrylate) ' _
Ina 250 mi, round bottom flask equlpped wnth a reflux
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condenser and a gas inlet was combined maleic anhydride (8.85 g, 0.090
mol) and tetrahydi;_' _ fan (30 mi). The mixture was stifred under a N,
atmosphere until all the maleic anhydride was dissoived. To this solution
was added: allyltrimethylsilane (10.29 g, 0.090 mol), t-butyl acrylate (8.76 g,
0.068 mol), methyl acrylate (2.10 g, 0.024 mol) and 2,2'-
azobisisobutyronitrile (0.148 g, 0.9 mmol). The mixture was heated to
64°C, and the mixture was stirred at this temperature for 18 h. The
reaction mixture was cooled:to room temperature and added dropwise to

hexanes (500 mi). The precipitate was filtered, and the solid was dried in

vacuo (12 mm Hg) at room temperature for 1 h. The solid was dissolved in
tetrahydrofuran (50 mi), and the solution was added dropwise to hexanes
(500 mi). The precipitate was filtered, and the solid was dried in vacuo (0.2
mm Hg) 50°C for 16 h giving poly(maleic anhydride-allyltrimethylsilane-t- .

‘butyl acrylate-methy! acrylate) (22.6 g; 75.3%) as a white powder. '"H NMR

(ds-acetone, 250 MHz): 30.0 mol % maleic anhydride, 30.0 mol %
ailyltnmethylsﬂane 25.4 mol % t-butyl acrylate, 14.8 mal % methyl acrylate. ,
GPC (Waters Corp. liquid chromatograph [refractive index detection,

- Millenium GPC V software, Phenogei-10, 7.8x250 mm column: 10-4A,

500A&S50A, THF eluent]): My=14, 921; Polydispersity=2.51; Rmin=about 0.1
Assec.

.-'Example 2: Synthesis of Poly(maleic anhydride-allyltrimethylisilane-t-

butyl acrylate-methl acrylate-acrylic acid)

In a 250 ml, round bottom flask equipped with a reflux
condenser and a gas inlet was combined maleic anhydride (8.76 g, 0.089
mol) and tetrahydrofuran (30 mi). The mixture was stirred undera N>
atmosphere until all the maleic anhydride was dissolved. To this solution
was added allyltrimethylsilane (10.23 g, 0.082 mol), t-butyl acrylate (8.82 g,
0.068 mol), methyl acrylate (1.20 g, 0.014 mol), acrylic acid (1.0 g, 0.014
mol) and 2,2"-azobisisobutyronitrile (0.146 g, 0.9 mmol). The mixture was
heated to 64°C, and the mixture was stirred at this temperature for 18 h.
The reaction mixture was cooled to room temperature and added dropwise
to hexanes (500 ml). The precipitate was filtered, and the solid was dried
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in vacuo (12 mm Hg) at room temperature for 1. h. The solid was dissolved
in tetrahydrofuran (50 mi), and the solution was added dropwise to hexanes
(500 ml). The precipitate was ﬁlteréd. and the solid was dried in vacuo (0.2
mm Hg) 50°C for 16 h giving poly(maleic anhydride-allyltrimethylsilane-t-
butyl acrylate-methyl acrylate—acryhc acid) (23 9g, 79 7%) as a white
powder. 'H NMR (ds~acetone 250 MHz): 30.0 mole % maleic anhydride,
30.0 mole % allyltnmethylsnlane., 25.4' mole % t-butyl acrylate, 14.8 mol %
methyl acrylate. -GPC'V software, Phenogel-10, 7. 8x250 mm column: 10-

" 4A, 500A & 50A; THF eluent)): My=14, 921; Polydtspers:ty-2 51;
10 -

Rmm-z 5A/$ec

Example 3: Formulation of Poly(maleic anhydride-allyltrimethyisilane-
t-butyl acrylate-methyl acrylate) - .

For 35 g of imaging layer solution (total 9 welght % solids),
2.98 g of poly(male:c anhydnde-allyltnmethylszlane-t-butyl acrylate-methyl
acrylate) of Example 1, 0.158 g of a triarylsulfonium perfluorooctan _
sulfonate photoacid generator and 0.01.g of 2,4,5-triphenylimidazole were
combined and dissolved in 31._85_ g of propylene glycol _me_thyl ether acetate
(PGMEA). The'mixture was rollé'd until the components dissolved, and the
imaging layer solution was filttéred twice through a 0.1 um Teflon filtter.

Example 4: Formulation of 90:10 Weight Percent Blen_ded Poly(maleic
anhydride-alIyltrimethylsiIane-t'-butyl acrylate-methyl acrylate) and
Poly(maleic anhydride-allyltrimethylsilane-t-butyl acrylate-methyl
acrylate-acrylic acld) -

For 35 g of imaging layer solution (total 9 welght % sohds)
2.68 g of poly(maleic anhydride-allyltrimethylsilane-t-butyl acrylate-methyl
acrylate of Example 1, 0.299 g of poly(maleic anhydride-allyltrimethylsilane-
t-butyl acrylate-methyl acrylate-acrylic acid) of Example 2, 0.158 g of a
triarylsulfonium perfluorooctan sulfonate photoacid generator, and 0.01 g of
2,4,5-triphenylimidazole were combined and dissolved in 31.85 g of
propylene glycol methyl ether acetate (PGMEA). Thg-‘5mixture was rolled
until the components dissolved, and the imaging layer solution was filtered

16




WO 01/22163 | R PCT/US00/22142

10

15

20

25

30

twice through & 0.1 um Tefion filter.

Example 5: Formulafion of 80:20 Weight Percent Blended Poly(maleic
anhydride-allyltrimethylsilane-t-butyl acrylate-methyl acrylate) and
Poly(maleic anhydride-allyitrimethylsilane-t-butyl acrylate-methy!
acrylate-acrylic acid) :

For 35 g of imaging layer solution (total 9 weight % solids),
2.39 g of poly(maleic anhydride-allyltrimethylisilane-t-butyl acrylate-methyl
acrylate of Example 1, 0.596 g of poly(maleic anhydride-allyltrimethylsilane-
t-butyl acrytate-methyl acrylate-acrylic acid) of Example 2, 0.158 g of a
triarylsulfonium perfluorooctan sulfonate photoacid generator, and 0.01 g of
2,4,5-triphenylimidazole were combined and.dissolved in 31.85 g of
propylene glycol methyl ether acetate (PGMEA). The mixture was rolled
until the components dissoived, and the imaging layer solution was filtered
twice through a 0.1 um Teflon filter.

Preparation of Bilayef Resist Films

Silicon wafers were spin coated with a thermally curable
undercoat and post apply baked at 207°C for 70 sec giving a 5000 A film -
thickness. The undercoat was a hexamethoxymelamine thermally cured
copolymer of isobornyl methacrylate and hydroxystyrene. The above
imaging layer formulations of Examples 3, 4 and 5 were spin coated over -
the undercoat and post apply baked at 115°C for 60 sec giving a 2500 A
film thickness. The coated wafers were then exposed using an I1SI 9300 .
Microstepper. The wafers were post exposure baked at 115°C for 60 sec
and developed for 60 seconds in 0.262 N-tetramethyl ammonium
hydroxide. The wafers were spun dry and the images were analyzed by
scanning electron microscope. Each of the imaging layers was able to
resolve 0.12 pm dense features at a 1:1 pitch.

With the foregoing description of the invention, those skilled in
the art will appreciate that modifications may be made to the invention
without departing from the spirit thereof. Therefore, it is not intended that

16
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the scope of the invention be limited to the specific embodiments illustrated

and described.

17



wooane | NN N VRO A renistme
* € L M §  ow _

We Claim:
1. A radiationQSenéitive copolymer comprising structural units of the
formulae:

wherein n is an integer of 1 to 5, R' is methyl or trimethylsiloxy,R? is
a tert-butyl group, R?, R* and. RS are each independently hydrogen
or a methyl group.

10 2. A radiation-sensitive copolymer of Claim 1 wherein nis 1, R'is
methyl and R>, R* and R® are each hydrogen.

3. A radiation-sensitive copolymer of Claim 1 wherein the copolymer
comprises from about 25 to about 50 mole % maleic anhydride units,
15 about 25 to about 40 mole % alkenetrimethyisilane or
- alkene(tristrimethylsiloxy)silane units, about 1 to about 40 mole % {-
butyl acrylate or methacrylate units, from about 1 to about 25 mole
% methyl acrylate or methacrytate, 0 mole % acrylic or methacrylic
acid, and has a Rnn in-tetramethylammonium hydroxide of less than
20 - 1 Assec.

4. A radiation-sensitive copolymer of Claim 1 wherein the copolymer-

comprises from about 25 to about 50 mole % maleic anhydride units,
18
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about 25 to about 40 mole % alkenetnmethylsnane or |
alkene(tnstnmethylsﬂoxy)sﬂane unlts about 1 to about 40 mole % t-
butyl acrylate or methacrylate unlts from about 1 to about 25 mole
% methyl acrylate or methacrylate about 1to about 25 mole %
acrylic or methacryhc acid, and has a Rmm in tetramethylammomum

- hydrode is 1 Alsec or more

5. A radlatlon-senS|t|ve c0polymer of Claim 1 wherem the copolymer
has a molecular weight (Mw) of from about 10, OOO to about 40,000
and a silicon content of about 8 to about 12% by welght

6. A radiation—seneitive copolymer of Claim 3 whefein the copolymer
has a molecular weight (Mw) ¢ of from about 10, 000 to about 40,000
and a silicon content of from about 8 to about 12% by welght

7. Aradiation-sensitive copolymer of Claim 4 whetein the copolymer
“has a molecular weight (Mw) of from about 10, 000 to about 40,000
and a silicon content of from about 8 to about 12% by weight.

8. A blend of copolymers of Clalm 1 compnsmg a blend of. _
(@ afirst copolymer comprlsmg from about 25 to about 50 mole -
% malelc anhydnde umts about 25to about 40 mole %
alkenetnmethylsllane or alkene(tnstnmethylsuony)sulane units,

about 1 to about 40 mole % t-butyl acrylate or methacrylate

units, from about 1 to about 25 mole % methyl acrylate or

methacrylate;, 0 mole % acrylnc or methacryllc acid, and has a

Rmin in tetramethylammomum hydroxlde of less than 1 Assec,
-and - : _

(b) - a'second copolymer co‘mprisi'ng from about 25 to about 50
mole % malelc anhydnde units, about 25. to about 40 mole %
alkenetrimethyisilane or alkene(tnstnmethylsnloxy)sulane units,
about 1 to about 40 mole % t-butyl acrylate or methacrylate

‘units, from about 1to about 25 mole % methyl acrylate or

: 19
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methacrylate about 1 to about 25 mole % acrylic or

c acid, and has a Rpip in tetramethylammonlum
hydroxide of 1 A/sec or more, and
wherein the first copolymer compnses from about 50 to about 99 weught
5 percent of the blend and the second copolymer compnses from about 1 to
about 50 weight percent of the blend. '

9. A blend of copolymers according to Claim 8 wherein the molecular
weight (Mw) of each of the polymers is the range of from about
10 ~ 10,000 to about 40,000 and the silicon content is from about 8 to
about 12% by weight.

10. A blend of copolymers according to Claim 9 wherein the first
copolymer comprises from about 80 to about 90 weight percent and
15 the second copolymer comprises from about 10 to about 20 weight
percent of the blend of copolymers.

11.  Aradiation-sensitive photoresist composition comprising:

a first copolymer comprising structural units of the formulae:
20

I % Y o o’
s R  CH
R

wherein n is an integer of 1to 5, R‘ is methyl or 'trimethylsiloxy, R%is
a tert-buty) group, and R® and R* are each independently hydrogen
or methyl groups; _ .

25 a photosensitive compound which generates an acid upon
exposure to actemic radiation; and

20
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14.
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a solvent capable of dlssolvmg the copolymer and the

photosensmve acid generatmg compound

A radnatnon-sens:twe photoresust composmon accordlng to Clalm 11
additionally compnsmg a second copolymer compnsmg structural

units of the formulae

wherein n is an integer of 1 to 5, R'is methyl’ or trimethylsiloxy, R?is
t-butyl and R3 R4 and R5 are each mdepenently hydrogen or a

methyl group

A radlatlon-sensmve photoresust composmon accordlng to Claim 11
wherem the copolymer compnses from about 25 to about 50 mole %
malelc anhydnde units, about 25 to about 40 mole %
alkenetnmethylsnane or alkene(tnstnmethyl-s|ony)S|Iane units, about
1 to about 40 mole % t-butyl acrylate or methacrylate units, from
about 1to about 25 mole % methyl acrylate or. methacrylate and
has a Rpin in tetramethylammomum hydroxnde of Iess than 1 A/sec.

A radlatlon-senSItlve phOtOI’eSlSt composition accordmg to Claim 12
wherem the second copolymer compnses from about 25 to about 50
mole % maleic anhydnde units, about 25 to about 40 mole %
alkenetnmethylsnlane or alkene(tnstnmethylslloxy)snlane units, about
1 to about 40 mole % t-butyl acrylate or methacrylate units, from

about 1 to about 25 mole % methyl acrylate or methacrylate about 1
21 :
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to about 25 mole % acrylic or méthacrylic acid, and has a Ry in
tetramethylarimonium hydrode is 1 A/sec or'more.
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15. A radiation-sensitive photoresist composition according to Claim 14
5 wherein each of the copolyi'ners has a molecular weight (Mw) of
from about 10,000 to about 40,000 and a silicon content of from
about 8 to about 12% by weight and the first copolymer comprises
about 50 to about 99 weight % and the second copolymer comprises
about 1 to 50 wt % based on the total weight of the two copolymers.

10
16. - A process for forming a pattern on a substrate which comprises:
(&) coating a photoresist coating of the radiation-sensitive
- photoresist composition of Claim 11 over a planarizing
undercoat on a wafer substrate;
15 (b)  exposing portidns of the photoresist coating to actinic

radiation; and
(c)  developing the photoresist coating with-a developer solution

to provide a patterned substrate.

20 17. A process for forming a pattern on a substrate which comprises: . -
(a) coating a photoresist coating of the radiation-sensitive
| photoresist composition of Claim 12 over a planarizing
undercoat on a wafer substrate;
(b)  exposing portions of the photoresist coating to actinic

25 radiation; and
(¢) developing the photoresist coating with a developer solution
to provide a patterned substrate.

18.  The process according to Claim 16 wherein the actinic radiation has
30 a wavelength of about 193 nm.

19.  The process according to Claim 17 wherein the actinic radiation has
a wavelength of about 193 nm.

22
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20.

21.

22.

23.

24.

_— .

The process according to Claim 18 wherein the pianarizing

undercoat on the wafer substrate is a coating of a melamine cured

copolymer of isobornyl methacrylate and hydroxystyrene.

The process according to Claim 19 wherein the planarizing

undercoat on the wafer substrate is a coating of a melamine cured
copolymer of isobornyl methacrylate and hydroxystyrene.

A process for the lithographic treatment of a substrate comprising:

(a)

(b)

(c)

(d)

(e)

.(f)

_ providing an undercoat of a film-forming aromatic polymer on

the substrate; _

providing over the undercoat a second coating containing a at
least one copolymer according to Claim 1 and a photoacid
generating compound that generates acid under the effect of
actinic radiation of a wavelength of about 193 nm;

| irradiating the thus coated subst_rate of step (b) in an image-

forming manner with radiatibn of a wavelength of about 193
nm;

subjecting the irradiated substrate to heat;
| treating the irradiated sixbstrate_ with an aqueous-alkaline
developer solution until the irradiated regions of the second

coating are removed; and

~ treating the coated substrate of step (e) ,V\)_ith an oxygen-

containing plasma until the undercqat:iq.,qqmp!etely removed
on those places.where it is not covered by the second
coating.

A patterned substrate produced according to the prbcess of Claim

16.

A patterned substrate produced according to the process of Claim
22.
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