ANTIREFLECTIVE COATING COMPOSITIONS Field of Invention The present invention relates to a
novel antireflective coating composition 5 and its use in image processing by forming a thin layer of the
novel antireflective coating composition between a reflective substrate and a photoresist coating. Such
compositions are particularly useful in the fabrication of semiconductor devices by photolithographic
techniques. 10 Background ANRIREFEESSTIYRDONAINNGrEORHasMEplighography 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 film of a photoresist composition is first applied to
a substrate rgﬂég@elfl—"l@—%@ﬂ as silicon wafers used for making integrated circuits. The coated substrate
is then baked to evgglorate ané/ solve%t in tthFhor[oresst com osﬁ n and to fix the coatln _onto the
substrate. The baked @FURIPELINE BPhEPRIFS'Q8 B NS B RISSHNE 573 8%?88 BBsure to
radiatios. Thimepidéation wpﬁageemweesmg:bgrfmahtfg@fmmmm ot the m%tﬁ@f@ma@of the
coated surface. Visible li ItraV|oIet (UV) li electron and X-ra iant e are radiation
types comm N0 Ge OB O GO A SR SLDSLS A Al IRCE S GO e coated
substrate is Eaatectwwp@sdmoam mmmmaa;dlasem sndrenfabricitier tbf%edﬁimﬁaxmsed or the
unexposed ayeas of the Sist. 2 end towards the miniaturization of semiconductor devices
has led to th %J’é%eéfiﬁéeﬁ“&i@if@grﬁe Ff gm%sftlve to lower and lower wavelengths of radiation and
has also led to the use of sophisticated multilevel systems to overcome difficulties associated with such
miniatudzati@ackgroun@ihe use of highly absorbing antireflective coatings in photolithography is 30one
approach to diminish the problems that result from back reflection of light from highly reflective
substrates. Two md?@ommadi@anmepaaﬁﬂimw rafiectisey are thircfolithomeEpsnqeretsteanreflective
notching. Thin film in rfe g wayes, re It.in changes in.critjcal li h imgnsions
caused by varlakloﬁs n'th aq%‘ ??gh% ens@ ﬁ%ﬁig oﬁg cg‘?es?s il as ﬁ t |ckrf}ae%sréco the H g?photoreﬂst
changes. Reflauiprdarotttijisy et dniegradedreiemiite plsoesraibt, |srpatmaenrouessel$>,smatbmcontalnlng
opo0rap NIl A ST A S B BRI RO SIRER 183 e widlpapriarions,
and in the extremercase, formin regions With mp ete photoresist oss. In cases w ere er reduction
or elimidatioawsine wiltton/arddeonused 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 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

20 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.

25 The trend towards the miniaturization of semiconductor devices has led to
the use of new photoresists that are sensitive to lower and lower wavelengths of
radiation and has also led to the use of sophisticated multilevel systems to

overcome difficulties associated with such miniaturization.

The use of highly absorbing antireflective coatings in photolithography is

30 one approach to diminish the problems that result from back reflection of light



10 required, the use of bottom antireflective coating provides the best solution for the elimination of
reflectivity. The bottom antireflective coating is applied to the substrate prior to coating with the
photoresist and prior to exposure. The photoresist is exposed imagewise and developed. The
antireflective coating in the exposed area is then etched, typically in gaseous plasma, and the 15

photoresist gasiarmiistiyusHapsierrasbia e submiiatendjor alshdainmbibe antimflesinediimrghould be

relatively high in comparison to the photoresist so that the antireflective film is etched without excessive

loss of the pRERJAIBIAMIRSHRENAR etarisansseliacti BeicRingaiys MTsIiRIEEFBRER  the correct
absorption agd refrrtivevesexexilinarvamalensshief @resuindowaakic wmieasions stagkbidagyaphic

properties. It is necessary to have a bottom antireflective coatin[cryé_éhat functions well at exposures less

than 300 nm&{RiPARdR foleLBdhh Juenslly & A PhRIReis Ry am EdRiGRGS S dB€orbing with
the corrget refiagsividendaqs. aRant calleGive PRliBesoRRY QRN8/A3 1hairrtatesdr Brtireflective

compositions for photoresists. The polymer included in the antireflective coating composition contains at

least one unRILRECL RS S WRTHIT TS SRMAAINYLROLFAR HSAL AEAL "PReMNITE Scatiel 498ples of

hydroxyl-formirgLganthe prissreeist rreaaitie yvith iheaneryiaasikbeempedng, tndiekteamigin glycidy!
ether groups, see page 13 and 3014, However, there is no indication that cyanuric acid is
incorporatedts t %WW@Q%CMF@%WW&FW%%'W@ENTION 5  The invention describes

tireflecti ti iti ich tair | pol ithout tic chr hore,
hich findle applicalbi@RE e A TEHB e R AL IO A NG AR SREAATIR have
ultra high etebgahesibeicausseobdfheotiaohk anmtirefidbthveoboatingnerdvidbe dirsdrest gbtutioratior

chromophore attached to the polymer.. he antjreflective coating composition comprising a polymer
Which does 115 RV IR P dr L Lo oLl GFAT, Gl B or A A rSelilking agent,
where the palybstratempiesc statitgyahithit theriyetbforesiatl anidhgdoa ttaadpasiissmhydiide or its
correspondiré%é?traaciq or a mixtugeithereof.and aétr cturnral unit derived fr0ﬂ"| %fdiol, a dithiol, a trio!, a

u hif

trithiol, a die oxyOESrswL[%iﬁ?nSXcQ)?ﬁS r%a %emlg’ﬁo% tSIta ?r?ge gbmpo%l’?&t'(r)? Ure tR8 IQ@f,'vvhere the
diol, dithiol, the!, &tpudetheatEgoisy chataimtahedmpypicdllpr inegasgcostapasgreongpulintheontains one

or morgnitrogen andior Sulfn atoms, or 208008InS oS Rl e eHS AR RS P gROYMeT
comprises a'repetitive unit of structure (1) or
antireflective film should be relatively high in comparison to the photoresist so
that the antireflective film is etched without excessive loss of the photoresist film
during the etch process. Antireflective coatings must also possess the correct
absorption and refractive index at the wavelength of exposure to achieve the

20 desired lithographic properties.

It is necessary to have a bottom antireflective coating that functions well at
exposures less than 300 nm. Such antireflective coatings need to have high etch
rates and be sufficiently absorbing with the correct refractive index to act as

antireflective coatings.

25 WO 2008/017954 relates to antireflective compositions for photoresists.
The polymer included in the antireflective coating composition contains at least
one unit of structure (1) which is a tetracarboxylic acid derivative. There are
several examples of hydroxyl-forming compounds useful for reacting with a
carboxylic acid compound, which contain glycidyl ether groups, see page 13 and

30 14.



0 OMQ3-ILO/R1)k -[ 0 Q4yr or<\Q2 where each of Y and Y1 independently are a non-aromatic linking
moiety; each of Z and Z1 independently are the structural unit derived from a diol, a dithiol, a 5 trio!, a
trithiol, a diepoxy containing compound, or a triepoxy containing compound; each of R1 and R10
independently are hydrogen or the structural unit derived from a monoepoxy containing compound; each

of R2 and R20 indengndeatly tAeadrik oThecrbatisHr ahani2eiivRISepmi & iddbiplomtethipkoatAEepoxy

containing compound, or a triepoxy containing compound; each of 01, 10 02, 03, and 04 are
independentRPY NRERIBHHHEr an unsubstituted or substituted C1_4 alkylene; each of h and h1 are 1; and
each of k or k1 independently are 0 or 1, and wherein cyanuric acid is incorporated into the polymer
structure. 15The present invention is also related to a polymer as defined above which does not contain
an aromatic \S,ngrg'éo?hﬁi%\ﬁ%@&‘ural unit derived from a diacid, a triacid, a dianhydride or its
correspgnding tetraacid or a mixture thereof and a structural unit derived from a diol, a dithiol, a trio!, a
trithiol, a diepoxy containing compound, a triepoxy contain?i?f%/compou_nd, or mixture 20 thereof, where

the diol, dithiol, trio!! §thiBV&RENle SERFEBRRIARG RBHRBLRIFRY Sor tRBHBSY EBMBRFHIPRoMBShd contains

one or moreduHeges andfmaillfpoRiaTes AigesiRingoNg-Gmate chkylaBprsaipsyvAiBR pPf@srNt invention
also relates to a coated substrate c%m rising a .25 substrate having thereon an antireflective coating

layer formedPPBHFENO AR il IRRHVE TGl CORYRitBAGHRISs Y MBI AnATRAG@BRYrefBive coating

layer has anrahasigloney ametendh) dicieatasaseeh sl df the.Backihsienoeasdnedahdd3man. In
addition, the present invention also, relgées to E‘ rocessi_‘or orr&i]ng an imaee comprising, a) coating and
SieAlRe0R

baking129 subSfABSARTEHY SHOPAALS AEQBIR r@o‘?r“%" YRERYLYE ein; b) coating and baking a

photoresist film on top of the antireflective coating; c) imagewise exposing the 5photoresist; d) developing
an image in the phO[tﬁ(raeair?{i;rg?lggtﬂ?en%lcl}/ét%agkiggr%%%sition comprising a polymer which does
not contain an aromatic chromophore, an acid generator, and optionally a
crosslinking agent, where the polymer comprises a structural unit derived from a
15 diacid, a triacid, a dianhydride or its corresponding tetraacid or a mixture thereof
and a structural unit derived from a diol, a dithiol, a triol, a trithiol, a diepoxy
containing compound, a triepoxy containing compound, or mixture thereof, where
the diol, dithiol, triol, trithiol, the diepoxy containing compound, or triepoxy
containing compound contains one or more nitrogen and/or sulfur atoms or
20 contains one or more alkylene groups, where the polymer comprises a repetitive

unit of structure (1) or (2)
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substrate after the exposing step. BRIEF DESCRIPTION OF THE DRAWINGS 10Fig. 1 illustrates the
principle of anomalous dispersion with the following meanings: Ca: Cauchy correlation  Ex X;:
Exposure X, (high n low k region) 15ab: absorption band ha: half measure DETAILED DESCRIPTION OF
THE INVENTION 20The invention describes an antireflective coating compaosition which contains a novel

polymer without an argmatic chromophorg, wt%c
i

finds applications in anti-reflective coating materials in
high NA lithograph e materials haye | Mr@/ é]'h etch rates because of the backbone of the polymer
and the abseﬁé*oé 1y

generator,

arom‘aﬁ?,\qr#{%(ﬁophore attached to ghe polymer. 25  OT he/@1r1§ir1eflectiv%s:oating
composition comprising hich does not cantdin an aromatiQ® ophore, an acl

and optionally a c;@ﬁpﬁklr?g!ggenté,/vwhere the po ym8er corﬁlé]ﬁée@d}sjtructural unit derived from a diacid, a
triacid, a dianhyﬁifide or its corresponding tetraacid qa 'Qgﬁtrbra/th tural unit derived
from a diol, a dithiol, a trio!, a trithiol, a diepoxy cogtaining compound, a triepgxy containing compound, or
mixture thereof, where the diol, dithiol, trio!, trithiol?‘fheriepoxy containing compound, or triepoxy
containing compound contains one or more nitrogen and/or sulfur atoms or contains one or more alkylene

groups, wherein the polymer comprises a repetitive unit of structure (1) or (2). .
where each of Y and Y1 independently are a non-aromatic linking moiety; each

of Z and Z1 independently are the structural unit derived from a diol, a dithiol, a
5 triol, a trithiol, a diepoxy containing compound, or a triepoxy containing
compound; each of Ry and R1g independently are hydrogen or the structural unit
derived from a monoepoxy containing compound; each of R; and Ry
independently are Ry or the structural unit derived from a dithiol, a trithiol, a
diepoxy containing compound, or a triepoxy containing compound; each of Q1,
10 Q2, Q3, and Q4 are independently a direct bond or an unsubstituted or
substituted C44 alkylene; each of h and h1 are 1; and each of k or k1
independently are 0 or 1, and wherein cyanuric acid is incorporated into the

polymer structure.

15 The present invention is also related to a polymer as defined above which
does not contain an aromatic chromophore comprising a structural unit derived
from a diacid, a triacid, a dianhydride or its corresponding tetraacid or a mixture
thereof and a structural unit derived from a diol, a dithiol, a triol, a trithiol, a
diepoxy containing compound, a triepoxy containing compound, or mixture

20 thereof, where the diol, dithiol, triol, trithiol, the diepoxy containing compound, or
triepoxy containing compound contains one or more nitrogen and/or sulfur atoms

or contains one or more alkylene groups.

The present invention also relates to a coated substrate comprising a
25 substrate having thereon an antireflective coating layer formed from the
antireflective coating composition disclosed herein, where the antireflective

coating layer has an absorption parameter (k) in the range of 0.01 < k < 0.35



0 0 Q3-ILO/R1)k -[ 0Q4yr (;) 1-)1(\020-Z ]-rotr0 X 20 where each of Y and Y1 independently are a
non-aromatic linking moiety; each 10 of Z and Z1 independently are the structural unit derived from a diol,
a dithiol, a trio!, a trithiol, a diepoxy containing compound, or a triepoxy containing compound; each of R1
and R10 independently are hydrogen or the structural unit derived from a monoepoxy containing

compound; a¢drofRAANEREP 1ehANdeRtyGRIadN] Bdlnsiamtimabrabsenyeddiamsatgitiiol, a

trithiol, a 15 diepoxy containing compound, or a triepoxy contajining compound; each of 01, 02, 03, and 04

are indepen®ERBSSS IREIABIRY M aRsERTRISNGr SRt bekinghauBaHRTE Witthd h1 are 1;
and each of {xerddtiesieraneessbtiate bfipbsitishwSERIB &Y HutEhady édHrR Riatediing the polymer

structure. 20 The present invention is also related to a polymer as defined above which does not

contain an aPOAEERRFHB OB SR HrefigetyRuqaatingrice d Ree WiIsR GYP IS fiiea
dianhydside prétoresiesrondéveiebingcih drmaguxtiedheierfrasdta siroptisabupitsiskivgaiem a diol, a
dithiol, a trio!, a trithiol, a diepoxy containing compound, a triepoxy containing compound, or mixture
thereof, whePRFEIRPURRIGL FrROFIRFTERe diepoxy containing compound, or triepoxy containing
compound contains one or more nitrogen and/or sulfur atoms

BRIEF DESCRIPTION OF THE DRAWINGS

10 Fig. 1 illustrates the principle of anomalous dispersion with the following

meanings:

Ca: Cauchy correlation
Ex A: Exposure A (high n low k region)
15  ab: absorption band

ha: half measure
DETAILED DESCRIPTION OF THE INVENTION

20 The invention describes an antireflective coating composition which
contains a novel polymer without an aromatic chromophore, which finds
applications in anti-reflective coating materials in high NA lithography. The
materials have ultra high etch rates because of the backbone of the polymer and
the absence of aromatic chromophore attached to the polymer.

25

The antireflective coating composition comprising a polymer which does
not contain an aromatic chromophore, an acid generator, and optionally a
crosslinking agent, where the polymer comprises a structural unit derived from a
diacid, a triacid, a dianhydride or its corresponding tetraacid or a mixture thereof

30 and a structural unit derived from a diol, a dithiol, a triol, a trithiol, a diepoxy

containing compound, a triepoxy containing compound, or mixture thereof, where



5 or contains one or more alkylene groups. The present invention also relates to a coated substrate
comprising a substrate having thereon an antireflective coating layer formed from the antireflective
coating composition disclosed herein, where the antireflective 10 coating layer has an absorption
parameter (k) in the range of 0.01 k < 0.35 when measured at 193 nm. In addition, the present invention
also relates taa RiBLe SRR fOFAUNO tAIBIAAA EOMEHISHYY ORI JorpakIAg, asulsBpEyvith the
antireflective coating composition disclosed herein; b) coating and baking a photoresist film on top of the

antireflective"CORIRYE) FRIMBOWISE ERPENTY #F18pHBRR UG\ RIBMA ST Hn LTS t1RE
photoresist; g @RivNaBNeLAIANEEIE SHIRSIEHE RIS ewprsEIa SIS®. polyrhiee RAypeikeyseful in the
present invention are formed by reacting a dianhydride (e.g., 1,2,3,4-butanetetracarboxylic acid
dianhydride,r?Pz?gt,ﬁ’-ez‘ﬁﬁéﬁfﬁ@f@t%@ér%&ﬂ/f@acid dianhydride, 1,2,4,5-cyclohexanetetracarboxylic acid
dianhydride, 1,2,3,4-cyclopentanetetracarboxyljc acid dianhydride, 1,2 3,4-

bicyclohexenetetracarb ylicaciddianhydride,%k3,4,5Rnékra hydrofu rantetracarboxyl
icaciddianhydridp-1@3-3; o obutam&ie@ﬁcar o><9 icaciddianhydride,1 ,2,5,6-cycloocta-1 5- 25
dienetetracarboxylic acid dianhy '\e, 2,3,5-tricarboxycyclopentylacetic acid dianhydftide,
3,5,6-tricarboxynorbornylagstic)acid ngnhydndTb' —bioyclgf2-3-2Joct-7- ene-2,3,5,6-tetracarboxylic acid
dianhydride, bicycld2.2] 2]§§ane-2,3,5,6-

tetracargoxylica | iant\ydride,5-(2,5-dioxotetréPlydro)-3-methyl-3- cyclohexene- 1,2-clicarboxylic
dianhydride, bicyclo[2.2.1]heptanetetracarboxylic 302,3:5,6-dianhydride,
bicyclo[2.2.2]oct-7-enetetracarboxylic 2,3:5,6-dianhydride, and the like, etc, or its corresponding tetraacid,

with a diol, dithiol, triobor trithiol o)
R'l)k
Q3o

Q4 0
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where each of Y and Y1 independently are a non-aromatic linking moiety; each
10 of Z and Z1 independently are the structural unit derived from a diol, a dithiol, a
triol, a trithiol, a diepoxy containing compound, or a triepoxy containing
compound; each of Ry and R4 independently are hydrogen or the structural unit
derived from a monoepoxy containing compound; each of R, and Ry
independently are Ry or the structural unit derived from a dithiol, a trithiol, a
15  diepoxy containing compound, or a triepoxy containing compound; each of Q1,
Q2, Q3, and Q4 are independently a direct bond or an unsubstituted or
substituted C44 alkylene; each of h and h1 are 1; and each of k or k1
independently are 0 or 1, and wherein cyanuric acid is incorporated into the
polymer structure.
20
The present invention is also related to a polymer as defined above which
does not contain an aromatic chromophore comprising a structural unit derived

from a diacid, a triacid, a dianhydride or its corresponding tetraacid or a mixture



(e.g. neopentyl glycol, dialkyl tartrate, tris(2-hydroxyethyl) cyanuric acid, 1,4- dithiane-2,5-diol,
2-butene-1,4-diol, 2,3-dibromo-2-butene-1,4-diol, 1,3- propanediol, 1,6-hexanediol,
2,2-dimethy1-1,3-propanediol, diethylene glycol, triethylene glycol, and the like, etc in the presence of
tetraalkylammonium 5 chloride catalyst. As will also be appreciated, these polymers can also be made by

reacting diagislsrepfriasids vetrueialel difitoeiriels, ok digPaxviandirignensy, conpmaislda Examples
of diacids and triacids include 1,4-butane dicarboxylic acid, 1,8-octane dicarboxylic acid, 1,4-cyclohexane

dicarboxylic 2ERONYMSARAKINMEEHROURM, SndRBAKE. A EBIAINGILCBTRRE FanRY dfiEY MBiacids, and
triacids inclughersdl) @HEPE the di®%aitiblOtriol, trithiol, the diepoxy containing compound, or

triepoxy containing compound contains one or more nitrogen and/or sulfur atoms

5 or contains one or more alkylene groups.

The present invention also relates to a coated substrate comprising a
substrate having thereon an antireflective coating layer formed from the
antireflective coating composition disclosed herein, where the antireflective

10 coating layer has an absorption parameter (k) in the range of 0.01 < k < 0.35
when measured at 193 nm. In addition, the present invention also relates to a
process for forming an image comprising, a) coating and baking a substrate with
the antireflective coating composition disclosed herein; b) coating and baking a
photoresist film on top of the antireflective coating; c) imagewise exposing the

15 photoresist; d) developing an image in the photoresist; e) optionally, baking the

substrate after the exposing step.

The polymers useful in the present invention are formed by reacting a
dianhydride (e.g., 1,2,3,4-butanetetracarboxylic acid dianhydride, 1,2,3,4-
20 pentanetetracarboxylic acid dianhydride, 1,2,4,5-cyclohexanetetracarboxylic acid

dianhydride, 1,2,3,4-cyclopentanetetracarboxylic acid dianhydride, 1,2,3,4-

bicyclohexenetetracarboxylic acid dianhydride, 2,3,4,5-
tetrahydrofurantetracarboxylic acid dianhydride, 1,2,3,4-
cyclobutanetetracarboxylic acid dianhydride, 1,2,5,6-cycloocta-1,5-

25 dienetetracarboxylic acid dianhydride, 2,3,5-tricarboxycyclopentylacetic acid
dianhydride, 3,5,6-tricarboxynorbornylacetic acid dianhydride, bicyclo[2.2.2]oct-7-
ene-2,3,5,6-tetracarboxylic acid dianhydride, bicyclo[2.2.2]octane-2,3,5,6-
tetracarboxylic acid dianhydride, 5-(2,5-dioxotetrahydro)-3-methyl-3-
cyclohexene- 1,2-dicarboxylic dianhydride, bicyclo[2.2.1]heptanetetracarboxylic

30 2,3:5,6-dianhydride, bicyclo[2.2.2]oct-7-enetetracarboxylic 2,3:5,6-dianhydride,

and the like, etc, or its corresponding tetraacid, with a diol, dithiol, triol or trithiol
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10

(e.g. neopentyl glycol, dialkyl tartrate, tris(2-hydroxyethyl) cyanuric acid, 1,4-
dithiane-2,5-diol, 2-butene-1,4-diol, 2,3-dibromo-2-butene-1,4-diol, 1,3-
propanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-propanediol, diethylene glycol,
triethylene glycol, and the like, etc in the presence of tetraalkylammonium
chloride catalyst. As will also be appreciated, these polymers can also be made
by reacting diacids or triacids with diols, dithiols, triols, trithiols, diepoxy and
triepoxy compounds. Examples of diacids and triacids include 1,4-butane
dicarboxylic acid, 1,8-octane dicarboxylic acid, 1,4-cyclohexane dicarboxylic acid,

fumaric acid, muconic acid, and the like.

Examples of the dianhydrides, diacids, and triacids include

7a
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where R; is linear or branched alkylene chain of 2 to 20 carbon atoms, which

may also contain an ether oxygen or ester groups, and Ry is hydrogen or methyl.

Examples of Rs include
i i
_CH2CH2CH2C_OCH2CH2_O_CCH2CH2CH2_
i i
_CHchzc_O_CH20H2CH2CH2_O_CCH2CH2_

i i



00 where R6 is linear or branched alkylene chain of 2 to 20 carbon atoms, which may also contain an
ether oxygen or ester groups, and R7 is hydrogen or methyl. 5Examples of R6 include CH2CH2CH2CH?2
0 CH2CH2 CH2CH2CH2C OCH2CH2 0 CCH2CH2CH2 CH2CH2C 0 CH2CH2CH2CH2 0 CCH2CH2
CH2C 0 CH2CH2 0 CCH2 Examples of diepoxy and triepoxy compounds include

Examples of diepoxy and triepoxy compounds include
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Examples of diols, dithiols, triols, and trithiols include
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where Rqqo is hydrogen, alkyl, or alkenyl.

The carboxylic acid groups in the prepolymer then undergo ring opening

reactions with propylene oxide to give final product. Furthermore, a molecule with

17
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more than one epoxy functional groups (e.g. ethylene glycol diglycidyl ether. 1,4-
butanediol diglycidyl ether or tris(2,3-epoxypropyl) isocyanurate) can be
incorporated to obtain a self crosslinkable polyester material. Polyester can also
be formed by reaction of a compound containing multiple carboxylic acid groups

5 with a di-/tri-epoxy monomer or a diol/triol monomer.

Examples of Y and Y1 for structures (1) and (2) include

10 Examples of repeat units of structure (1) and (2) include

18



0/V Examples of diols, dithiols, triols, and trithiols include 0 OH 0000 CH3 0 0000 OHOH OHOH OH
OH OH\) HON OH ) rN OH
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SHOO0 SHO SHOSH 0 SH OCH3 0 W 0000 %.,0W0--- SHSH SHSH SH OH HOOHOH HOHO HSVSH
HSHSSH where R100 is hydrogen, alkyl, or alkenyl. 5The carboxylic acid groups in the prepolymer then
undergo ring opening reactions with propylene oxide to give final product. Furthermore, a molecule with
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The optional crosslinking agent can be an aminoplast. The aminoplast

can be substituted by two or more alkoxy groups can be based on aminoplasts

5 such as, for example, glycoluril-aldehyde resins, melamine-aldehyde resins,
benzoguanamine-aldehyde resins, and urea-aldehyde resins. Examples of the
aldehyde include formaldehyde, acetaldehyde, etc. In some instances, three or
four alkoxy groups are useful. Monomeric, methylated glycoluril-formaldehyde
resins are an example. One example is tetra(alkoxymethyl)glycoluril. Examples

10 of tetra(alkoxymethyl)glycoluril, may include, e.g., tetra(methoxymethyl)glycoluril,
tetra(ethoxymethyl)glycoluril, tetra(n-propoxymethyl)glycoluril, tetra(i-
propoxymethyl)glycoluril, tetra(n-butoxymethyl)glycoluril and tetra(t-
butoxymethyl)glycoluril.  Tetra(methoxymethyl)glycoluril is available under the
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more than one epoxy functional groups (e.g. ethylene glycol diglycidyl ether. 1,4- butanediol diglycidyl
ether or tris(2,3-epoxypropyl) isocyanurate) can be incorporated to obtain a self crosslinkable polyester
material. Polyester can also be formed by reaction of a compound containing multiple carboxylic acid
groups 5with a di-/tri-epoxy monomer or a diol/triol monomer. Examples of Y and Y1 for structures (1) and

(2) include _iadérask P OWBERLNIK Tt Oytol " Indusiids (e WEFDWISERL iRpeaf i of structure
(1) and (2) mclude ?0H 100 00 -[-0,-------..0----- ,
Other examples include methylpropyltetramethoxymethyl glycoluril, and

methylphenyltetramethoxymethyl glycoluril.

5 Other aminoplasts are commercially available from Cytec Industries under
the trademark CYMEL and from Monsanto Chemical Co. under the trademark
RESIMENE. Condensation products of other amines and amides can also be
employed, for example, aldehyde condensates of triazines, diazines, diazoles,
guanidines, guanimines and alkyl- and aryl-substituted derivatives of such

10 compounds, including alkyl- and aryl-substituted melamines. Some examples of
such compounds are N,N'-dimethyl urea, benzourea, dicyandiamide,

formaguanamine, acetoguanamine, ammeline, 2-chloro-4,6-diamino-1,3,5-

triazine, 6-methyl-2,4-diamino,1,3,5-traizine, 3,5-diaminotriazole,
triaminopyrimidine,2-mercapto-4,6-diamino-pyrimidine, 3,4,6-tris(ethylamino)-
15 1,3,5-triazine, tris(alkoxycarbonylamino)triazine, N,N,N' N'-

tetramethoxymethylurea and the like.
Other possible aminoplasts include compounds having the following

structures:
20
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or 0 0-(CH2CH20), \clo (n =2-6) 20H1 00000 OA\00 0-(CH 2CH (C H 3)0), (n = 2-6)

7.40.,....""

10

15

" ,r-OH
]
(CH30CH2)2NYNYN(CH20CH3)2 CHyOCH, . ~CH;OCH,
I
N N kN)
|
N(CH,OCH;), CH,
0
CH3OCH2HNYNYNHCH20CH3 CH,OCH, /||\N/CH20CH3
N N k )
\’/ O
NHCH,OCH,
0
CHyOCH,_ )l\N/CHzoCH3

including their analogs and derivatives, such as those found in Japanese Laid-
Open Patent Application (Kokai) No. 1-293339 to Tosoh, as well as etherified
amino resins, for example methylated or butylated melamine resins (N-
methoxymethyl- or N-butoxymethyl-melamine respectively) or
methylated/butylated glycolurils, for example as can be found in Canadian Patent
No. 1 204 547 to Ciba Specialty Chemicals. Various melamine and urea resins
are commercially available under the Nicalacs (Sanwa Chemical Co.), Plastopal
(BASF AG), or Maprenal (Clariant GmbH) tradenames.

The acid generator used with the present invention, preferably a thermal
acid generator is a compound which, when heated to temperatures greater than
90°C. and less than 250°C., generates an acid. The acid, in combination with the
crosslinker, crosslinks the polymer. The antireflective coating layer after heat
treatment becomes insoluble in the solvents used for coating photoresists, and
furthermore, is also insoluble in the alkaline developer used to image the
photoresist. Preferably, the thermal acid generator is activated at 90°C. and more

preferably at above 120°C., and even more preferably at above 150°C. The
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000 0%.".".0Thea..-----", /OH 000 OH 0 0 0 ONO 0Br HOHO OH The optional crosslinking agent
can be an aminoplast. The aminoplast can be substituted by two or more alkoxy groups can be based on
aminoplasts 5 such as, for example, glycoluril-aldehyde resins, melamine-aldehyde resins,
benzoguanamine-aldehyde resins, and urea-aldehyde resins. Examples of the aldehyde include

formaldehydgnfegialieBysieataie: Iﬁyéﬁrﬁ%'@@té@%ﬁd@lﬁﬂc@érﬁ@%@mw ArAERG aresannluthidonomeric,
methylated glycoluril-formaldehyde resins are an example. One example is tetra(alkoxymethyl)glycoluril.

Examples 16586k GramplesiIRaidtHRM %%mﬁbm@ e RRR ARHIAARG PIIE AGIR:

triflic acid, nanofluorobutane sulfonic acid, nitrobenzyl tosylates, such as 2—
nitrobenzyl tosylate, 2,4-dinitrobenzyl tosylate, 2,6-dinitrobenzyl tosylate, 4-
5 nitrobenzyl tosylate; benzenesulfonates such as 2-trifluoromethyl-6-nitrobenzyl 4-
chlorobenzenesulfonate, 2-trifluoromethyl-6-nitrobenzyl 4-nitro benzenesulfonate;
phenolic sulfonate esters such as phenyl, 4-methoxybenzenesulfonate; alkyl
ammonium salts of organic acids, such as triethylammonium salt of 10-
camphorsulfonic acid, and the like.
10
Thermal acid generators are preferred over free acids, although free acids
may also be used, in the novel antireflective composition, since it is possible that
over time the shelf stability of the antireflective solution will be effected by the
presence of the acid, if the polymer were to crosslink in solution. Thermal acid
15 generators are only activated when the antireflective film is heated on the
substrate. Additionally, mixtures of thermal acids and free acids may be used.
Although thermal acid generators are preferred for crosslinking the polymer
efficiently, an anti-reflective coating composition comprising the polymer and
crosslinking agent may also be used, where heating crosslinks the polymer.
20 Examples of a free acid are, without limitation, strong acids, such as sulfonic
acids. Sulfonic acids such as toluene sulfonic acid, triflic acid or mixtures of these

are preferred.

The novel composition may further contain a photoacid generator,

25 examples of which without limitation, are onium salts, sulfonate compounds,
nitrobenzyl esters, triazines, etc. The preferred photoacid generators are onium

salts and sulfonate esters of hydoxyimides, specifically diphenyl iodnium salts,
triphenyl sulfonium salts, dialkyl iodonium salts, triakylsulfonium salts, and
mixtures thereof. One or more cross-linking catalysts can be used in the

30 composition.
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tetra(ethoxymethyl)glycoluril,tetra(n-propoxymethyl)glycoluril,tetra(i-

propoxymethyl)glycoluril tetra(n-butoxymethyl)glycolurilandtetra(t- butoxymethyl)glycoluril.
Tetra(methoxymethyl)glycoluril is available under the trademark POWDERLINK from Cytec Industries
(e.g., POWDERLINK 1174). Other examples include methylpropyltetramethoxymethyl glycoluril, and

methylphenyltetrammregtbvlswmw %5{3@@baﬂi‘i@Qi@iﬁﬁié@lf@ﬁ%lﬂ@@@ﬂ:bﬁd&'@%?é@m Cytec
Industries under the trademark CYMEL and from Monsanto Chemical Co. under the trademark

RESIMENE SY6Rgen&ii6FpraRA5 6iFr ShRs elhEaRtieScdPittete BR0BEd, 38 iSample,

aldehyde copdfiiriesnd tHaztnrss dirriass. HiaralsessorBisiReso MeanmittsdRN batkileanet
aryl-substituted, derivatives of such 10 compounds, includinq alkyl- and aryl-substituted melamines.

Some exampBY&est LBcROBHEBEEY Sk REiRiORTy RIQYBRR YR BRiphaihsiRcetate,
formagupnaeyaRRseieeHENAAERaABIBE Ry R3chtREX - Srelioniar: Lotdpyldagingycol methyl

6-methyl-2,4-diamino,1,3,5-traizine, 3.5-diaminotriazole

triaminopyrifilifle 2SR RBIBYA BHRimi SRR AR Jacionss @RYinfBethoxypropionate,
151,3,5-triaziry tinkalikes\eieony Rmaikel e ne thhidally, Nretesrame o syoeimy bfreamnsbihe like.
Other possible amingplasts include comPounds havin _the,following structures;. 20 0
(0-1300-12) Nﬁq(@é@ﬁc@i%)\%elght percent. In cerfain instanceS, the addition of lactone
solvents is useful in helping flow characteristics of the antireflective coating
10 composition when used in layered systems. When present, the lactone solvent
comprises about 1 to about 10% of the solvent system. y-valerolactone is a

useful lactone solvent.

The amount of the polymer in the present composition can vary from

15 about 100 weight % to about 1 weight %relative to the solid portion of the
composition. The amount of the crosslinker in the present composition, when
used, can vary from 0 weight % to about 50 weight % relative to the solid portion

of the composition. The amount of the acid generator in the present composition

can vary from 0.1 weight % to about 10 weight % relative to the solid portion of

20 the composition.

The present composition can optionally comprise additional materials
typically found in antireflective coating compositions such as, for example,
monomeric dyes, lower alcohols, surface leveling agents, adhesion promoters,

25 antifoaming agents, etc, provided that the performance is not negatively

impacted.

Since the composition is coated on top of the substrate and is further
subjected to dry etching, it is envisioned that the composition is of sufficiently low
30 metal ion level and purity that the properties of the semiconductor device are not

adversely affected. Treatments such as passing a solution of the polymer, or
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N(CH20CH3)2 CH30 CH2,"X H20 CH3 N N CH3 0 CH3OCH2FINNNEIGH20CH3 NN NHCH20CH3
CH30 CH2CH20CH3 N O

compositions containing such polymers, through an ion exchange column,
filtration, and extraction processes can be used to reduce the concentration of

metal ions and to reduce particles.

5 The optical characteristics of the antireflective coating are optimized for
the exposure wavelength and other desired lithographic characteristics. As an
example the absorption parameter (k) of the novel composition for 193 nm
exposure ranges from about 0.01 to about 1.0, preferably from about 0.1 to about
0.35 as measured using ellipsometry. The value of the refractive index (n) ranges

10 from about 1.25 to about 2.0, preferably from about 1.7 to about 2.0. Due to the
good absorption characteristics of this composition at 193 nm, very thin
antireflective films of the order of about 40 nm may be used. This is particularly
advantageous when using a nonaromatic photoresist, such as those sensitive at
193 nm, 157 nm and lower wavelengths, where the photoresist films are thin and

15 must act as an etch mask for the antireflective film.

The substrates over which the antireflective coatings are formed can be
any of those typically used in the semiconductor industry. Suitable substrates
include, without limitation, silicon, silicon substrate coated with a metal surface,

20 copper coated silicon wafer, copper, substrate coated with antireflective coating,
aluminum, polymeric resins, silicon dioxide, metals, doped silicon dioxide, silicon
nitride, tantalum, polysilicon, ceramics, aluminum/copper mixtures; gallium
arsenide and other such Group IlI/V compounds. The substrate may comprise
any number of layers made from the materials described above.

25

The coating composition can be coated on the substrate using techniques

well known to those skilled in the art, such as dipping, spincoating or spraying.

The film thickness of the anti-reflective coating ranges from about 0.01 ym to
about 1 ym. The coating can be heated on a hot plate or convection oven or

30 other well known heating methods to remove any residual solvent and induce

crosslinking if desired, and insolubilizing the anti-reflective coatings to prevent

26



CH30CH2C1-1200-13 N including their analogs and derivatives, such as those found in Japanese
Laid-Open Patent Application (Kokai) No. 1-293339 to Tosoh, as well as etherified 5amino resins, for
example methylated or butylated melamine resins (N- methoxymethyl- or N-butoxymethyl-melamine
respectively) or methylated/butylated glycolurils, for example as can be found in Canadian Patent No. 1

204 547 to Gihariridarig|befnaimigats aWfiie s EdANNaHd 8t DFIBE PSS SO MR [Haibt rvpilable
under the Nicalacs (Sanwa Chemical Co.), Plastopal 10 (BASF AG,Z)’°Or Maprenal (Clariant GmbH)

tradenames "2N9§ 1R [RTPGEARIG P (H RRAYAS Bresihanoehasy, brefriify I aMRGRARIECIR generator
is a compoupd|¥iRign-BheBA A EHitRIRTESS BE ERMVAIFRER i HRUMRRAt Antoiess dnarodshtkingenerates an

acid. The acid, in combination with the 15 crosslinker, crosslinks the polymer. The antireflective coating

layer after hiak&R R BBdoRiclSTRBGRANSS ARV ARE GsRPrSOTBRARG PhRFUSRISOTIRY

furtherngpre, dagHsiedngalubiatiietha allkabroRsrsNst idseditodones Bietbpaseresisippesfrsably, the
thermal acid generator is activated at 90C. and more i:)referably at above 120C. and even maore preferably

at above 15@PURAIECNG-ERBUNGL A Rl ed &0 i§ i3y {00 GeRBRtosP it S8 ¥ BLslink the
coating. Exapplaggef B6iis r@ntoins malasidganedisre atiehttanasutpiaaeiddificasides
nanofluorobutane sulfonic acid, nitrobenzyl tosylates, such %sﬁz- nitrobenzyl tosylate, 2,4-dinitrobenzyl

tosylate, 2,6 Vil ASHABLUFING PIOS S SHEHIN RN RS enesulfonates such as

2-trifluoromethy1-6-nitrobenzyl 4- chlorobenzenesulfonate, 2-trifluoromethy1-6-nitrobenzyl 4-nitro
benzeﬂﬁjsulfonate; enolic sulfonate esteorlrs such asﬁ%?e%4-methoxybenzenesulfonate; alkyl
ammonium salts of Sﬁ%i@@cim‘? YOeS iR ffinIn BORIBPAD: E&ﬁﬁ)thvc?r%%ﬂﬂ,ga@ , and the
like. 10 ‘pbsitiwelwoittiognanaions msgairesewerkpie pfiemasids, edinpagitites aridexpagalso be used,
in the novel antireflective composition, since it is pogsi'gle thal%gver time the shelf stab(i'litty cg the
antireflectivé@@%‘ﬁﬂﬁ'%lItBer@H&QQH’b%eaﬁ?@eﬁ’ et 7 thESY dc‘?m?é’ﬁ R)?ng?({%?g 0'er Q?Iink in
solution. Thetdriteid bkogaselaty ssulalsislytactvaiedardirs thelatibreflectvesfilorashietakaegon the
substrate. Additignally, mixtyre ftflfrmal acids and free ac%d m% used Alth%liah thermal acid
generators AEAGHSRRASE 5 Rl URE B AL RN PR SRR 02U S Bitbosition
compriting thelathlgipescloblerasSnting ageotionayTalas, becssedrvidramesipugs e ssigids/die polymer.
20 Examples of a free acig a\rt?E without limitation, stronﬁ aciijs, ? ch as sulfonic?iicids. Sulfgnic acids
AL

such as toluc\-ﬂ\f?éigﬂﬂdﬁ%'%cw, ’rﬁli AEPEPARATES SPTHRER FefENe RIREASIERSo §ition may
further contaphatpfestisaciosgiegesniothe Tratioples af wayativeitiheagdimitatiecoztingnitheredlys, sulfonate

Cutonate <t IECHENY bt AL <BRLIRBLA) Ao LIRS LTS oI SRS il
iodonium sapsotioakyistifoniposialtswasdiepdsited thereof. One or more cross-linking catalysts can be
used iri(r)he
On the other hand, when 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 solution (e.g. a
rearrangement reaction occurs) while those areas not exposed remain relatively
25 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 creation of a positive image in the photoresist coating. Again,

a desired portion of the underlying surface is uncovered.

30 Negative working photoresist and positive working photoresist

compositions and their use are well known to those skilled in the art.
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30composition. Examples of solvents for the coating composition include alcohols, esters, glymes,
ethers, glycol ethers, glycol ether esters, ketones, lactones, cyclic ketones, and mixtures thereof.
Examples of such solvents include, but are not limited to, propylene glycol methyl ether, propylene glycol
methyl ether acetate, 5 cyclohexanone, 2-heptanone, ethyl 3-ethoxy-propionate, propylene glycol methyl
ether acetate, ethyl lactate, gamma valerolactone, methyl 3-methoxypropionate, and mixtures thereof.
The solvent is typically present in an amount of from about 40 to about 99 weight percent. In certain

instances, the addifibAnsF Yithoihe L58ME RNGSRRgaHSRIREPIRNSER SPEioREE 2BPR: WhifBrective
coating 10 cgapopitamwiendigry, in tyeief isxgierspiMiBBHERS RN tsthe laskBeseniNpR ¢emprises

about 1 to about 10% of the solvent system. y-valerolactone is a useful lactone solvent. The amount of

the polymer fIPHES SlRWEO-AmpBsRHEaRd AsYRBAh Wik BbsCTRl & MBAetRY B5:8bIPE Walght

Y%relativg to [hw sRlig RRGENES thid RO BRI for bstiamay Uk tRat e RFRItIKAL/ R dheror esRRd
composition, when used, can va%érom 0 weight c/o to about 50 weight c/o relative to the solid portion of

the composifBnSHHEaLABEN fhe Llrgdlididif BT edlR: R8RS RiBR (AN VR ¥AMB.1 weight

c/o to aPOUtlﬁ&w@I@Btrd@d?@ﬂE@ll&ﬂW}S?&ﬂ miﬁﬁ}@ila@dﬁmmﬁf?ﬁiﬁomm |itﬁdgfa1sa§.err@r@mposiﬂon
can optlona Yy coinprise itional materials t pically tound in ntireflective coating compositions such as,
for example KHHABMNIEKRRSES AL ER-Bs S ARE AU RARE Sod 1S MMRELGR ARSFIRER 235

antifoaming aagrifieetivePivitied teahtbegrsiormange sonetinsgativieldmpagiedr witkinesnthe
the conbosiBERTTELE SUREIcHIS 5 SUREAA B TENS LAY HPdRebHGRLE BP dmiconductor
device are natrad3RRELlY affecitbnicatmientastichtivepagsiaginemttan takie palnesger édmpositions
Coed 10 rec ERNTE bl IRPETOI S A EELF S alie o PBGLR LB MIBHEIS e JBEU G Aetedatios of the
antireflectiveogaaiing ciseiophoize dffcrdhey exFosudg evwaittlebgbrisatcethendesirevishtrgraphic
exposure raREEIATh SRRBATAE 0 SOATEPL 6, FrCRLIGRS IR SR 2 BoaL o e Mchsured
using dlfpsomeigjud hthaelie elbibecrefiactictuad@xdaictadgésn OtfioCatuaity 1. 25rtolationt 3.0,
B R, S BT T e e g o
advantageouwgawblengisingraanondrbemtic pluateratisy, stroh@sdifwde saeslfiteattigl mmiokbknm and
lower Wavel%lg{gﬁéyvg E)%fgei ggﬁ?/r%sei\%teﬁla SngStltg%n ?nnadxima, Amax, such that the actinic

wavelength is the same as the wavelength A+ that is at half height of the
20 absorption band on the higher wavelength side of the absorption band (Fig. 1).

The absorption maxima Amax moving from that position in the shorter wavelength

direction up to a half length (Amax — A.) forces exposure wavelength A to fall into a

typical high n low k region indicated in Fig. 1. The amplitude of the refractive

index fluctuation is not only determined by the position of Anax but also influenced
25 by the strength of absorbance based on a Kramers-Kronic relation. In principle,

nearly any increment of n value can be achieved as long as the dye has

extremely strong absorbance corresponding to the anomalous dispersion area.

The low k requirement of the organic BARC limits the amplitude of n

enhancement and adds challenges in dye selection and material development.

30 We have successfully incorporated dyes with absorption maxima between 160-
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15must act as an etch mask for the antireflective film. The substrates over which the antireflective
coatings are formed can be any of those typically used in the semiconductor industry. Suitable substrates
include, without limitation, silicon, silicon substrate coated with a metal surface, 20 copper coated silicon
wafer, copper, substrate coated with antireflective coating, aluminum, polymeric resins, silicon dioxide,

metals, doperbgiligan shienisissI§ilisanEFdEz dansalum BabSHEsyARIARSS B IETHeRRREF Mixiures;
gallium arsenide and other such Group 111/V compounds. The substrate may comprise any number of
layers madeSVSIH e materials described above. 25 The coating composition can be coated on the
substrate using techniques well known to those skilled in the art, such as dipping, spincoating or spraying.
The film thickness of the anti-reflective ,coatin\?é{snges,from about 0.01 pm to about 1 pm. The coating

can be heated on SNP4I BecSRGRERBROIRLRI CRhdPAIERKrItRR hbudhE RBHEIE @ move any
residualsolvesitai! indiitetreosalinking itisis sitrdbrphiernsaipbiiying trgant-wilepbdwmeoatings to prevent

intermixing between the anti-reflective coating and the photoresist. The preferred range of temperature is

from about FHERIYHBR2B0ES HIHIL:SRIPLCRUINR BRRRIPYSE RSGFIHEMlieh ¥R COARAL or
insufficient amgyahat eiassiinkiag dakesfipemisalaidenpsiaileesipbavR308Gchasanpesttion may

become 5 chemicall ur%itable. A film of @%ﬁtoresi,st is then coated on top of the uppermost antireflective

coating and BARBYES ANGRaRRIALE eRGMica E5aTHRIE s QB RPN A g e Ly SRMERR MYy be applied
after the coatiog IStepiyi GRaanitiradomscoichtingbshase iHg@ttipro¢rRaseguMalikmediyindghelart. 10There

are twq type otoresist compositions, negative-working and positive-working. When
megat) oA RIRIES OGNS are EbLd FGH e AR S HE WrERs Fetne resis
composition segzeseddontiieigadbakion become less soluble to a developer solution (e.g. a cross-linking

reaction occurs) while the unexposed areas of the photoresist coating remain 15 relatively soluble to
such a solution. Thus, treatment of an exposed negative-working resist with a developer causes removal

of the non-exposedrasaseéshef thetonesisitCoainganddmepeieadi abafiaghagstivstiatagwith the coating,
thereby uncovering a desired portion of the underlyin substrate surfa?e on which thg %ho oresist
composition%%' F%Jgngafsgl@n comprising a pofynier of the present invention and heating

15 the substrate on a hotplate or convection oven or other well known heating
methods at a sufficient temperature for sufficient length of time to remove the
coating solvent, and crosslink the polymer if necessary, to a sufficient extent so
that the coating is not soluble in the coating solution of a photoresist or in a
aqueous alkaline developer. An edge bead remover may be applied to clean the

20 edges of the substrate using processes well known in the art. The heating ranges
in temperature from about 70°C to about 250°C. If the temperature is below 70°C
then insufficient loss of solvent or insufficient amount of crosslinking may take
place, and at temperatures above 250°C, the polymer may become chemically
unstable. A film of a photoresist composition is then coated on top of the anti-

25 reflective coating and baked to substantially remove the photoresist solvent. The
photoresist is image-wise exposed and developed in an aqueous developer to
remove the treated resist. An optional heating step can be incorporated into the
process prior to development and after exposure. The process of coating and
imaging photoresists is well known to those skilled in the art and is optimized for

30 the specific type of resist used. The patterned substrate can then be dry etched

in a suitable etch chamber to remove the exposed portions of the anti-reflective
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On the other hand, when 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 solution (e.g. a rearrangement reaction occurs) while those areas not exposed remain relatively
25 insoluble to the developer solution. Thus, treatment of an exposed positive-working photoresist with

the developeygausis BEYAAHIRG prResREGBIeAiAGIRR erRidtehanthire YA ghsdrosHéve image in
the photoresist coating. Again, a desired portion of the underlying surface is uncovered. 30Negative

working photB2¥Rt Anth e Ritilen Frking ieriics RS TIBee R RS2 NP ik BReASr OmeltRnbwn to those
skilled in thezid CF,. PHROBr0BBIOBsRAsHEraIRKhBRgRHY e IRipsePRsesBENtioned above, which are

typically done dry, 193 nm immersion lithography is a viable solution for nodes down to 45 nm node and
beyond. With absorptive underlayers at 193 nm, 5 low "k" BARCs are more suitable for optimum

substrat reflectivitygopiisirhearAcOTgER RGPS Prathel dbetbaRcHbeRBRflveesds g be thin

enough to have desired etch selectivity for very small features in thin film Iithog&aphy. The low film
I

thickness re@fedRiPRALATISEIP BAFYER! FHRTANIAG AN L SIS ARSIV MBUR A R omposition

which contaigsop@@felholimenudin Mot ihteaiuariie dugsr THaflyadst pesyahsodusg RbAD3 nm than
that of conventional 193 nm BARG, eé‘%;[ &h%eﬁl or its derivatives. The invention takes advantage of

anomalous FP&E Yo RHE R ARR &S MR AGBAYRIQRKEIABME QKRS a judicious choice

of the dye. The dye with absorbance maxima lower than the exposure absorbance (193 nm) is used to

achieve hyper n value. Theoretically, a 15 n value that is above the yalue predicted from the Cauchy
corretefon s conatbANHIGH, G TBVEr ST SXATRIEs B BAVE SR A8 gt ra.

When a moderatsty stiorgoayel isvithat tHe Sighe otkeniaiasistiehowd adedby dayeciess fden maxima,
Amax, such that the actinic wavelength is the same as the wavelength A, that is at half height of the 20
bsorption b NGB RGRTRE B ISR o b RIGoLS e dBLBTHIRS mavirma
Amax movingriripra drghniesitien éntha phottaeviayélangiiiatireniion thctaatinalidetgifi(Anaie k) forces
exposure wavelength A to fall jnto a typical high n_low k region jndicated in Ejg. 1. The amplitude of the
refractve inSaHIdAT RIS 3P A0l et AIREISF R0 A0t M6t DL DL G TP 23 by the
strengtibof ahsiostrancadaskiven eksamieisbikropiic celatiog.neidtcite, Tikaryrgamidniirameayt of n value
can be achieved as long as the dye has extremegly strong absqrbance corresponding to the.anomalous
Cispersion ara AN Bh DB SNIES: O o REAR E AR ATLoRE KAITLAY PP ment and
adds challengeshioddlgt s©eacdtienargdnitafimaistevaiedntiasn tadirdiledtiavefibne fos sfudyniplectiparated dyes
with absorption.maxima between 160- 190 nm, preferably hetween 170-190 nm such as cyanuric acid
10 the po B By RN B B m SOt T SRS iERLEs (2Bl AETe SFRMAHCIIE 5 coating
is not the saandiesfdutiab Sidnploampogitady tf tigasmgaroomfiouhy ispis-postifigretar emiterigmid solution.
The ahsorption spectrum of a in cqating may shift.dye tq changes of chemical and physical
eviroRent o BN 000 I B e b e R e Ry in solution
may not be nghtfionatirgitectne tohatiagtirdileativentiinm hirsratlidiedmnedny lovitk 40 BA&yintterials with
various carefly SEISRPH A SAREY 1S SMPLHESAT RIRSSL RS RSl WE Khotoresist fiim is

formed thereon as an upper resist film. Spin coating method can be used for

forming the photoresist film as with forming the antireflection film. After

25 photoresist film composition is applied by spin-coating method etc., pre-baking is
carried out. After that, a pattern circuit area is exposed, and post exposure
baking (PEB) and development with a developer are carried out to obtain a resist

pattern.

30 Another trilayer resist process is such when a bottom layer is formed with

a carbon etch mask. On top of the bottom layer, an intermediate layer is formed
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A process of the instant invention comprises coating a substrate with a coating composition comprising a
polymer of the present invention and heating 15 the substrate on a hotplate or convection oven or other
well known heating methods at a sufficient temperature for sufficient length of time to remove the coating
solvent, and crosslink the polymer if necessary, to a sufficient extent so that the coating is not soluble in

the coating sgjutisin@fanPintseresiibRy RaAAdgeHTalkpbIRiBAVelNEniNG elieRendrRMoxer may be
applied to clean the 20 edges of the substrate using fﬂprocesses well known in the art. The heating ranges

in temperatdPrRhiid RIETRediRish RNeIs 0. e est it dareridpsrshverotb enantirfiRsiMt loss of
solvent or inggHifgntampusttiohcursmivkinesaay iaksnaiee it MdeMPREaNremhakgy L HIE, the

polymer may become chemically unstable. A film of a photoresist composition is then coated on top of the

anti- 25 refl@HUETREIRT 1aHa L AKIAR (P EEHEIRFRIRA S ARG @ SABErS SEIRW SR RRS RBtoresist is

image-vgse eXPeSPHADELIRYEIRPAFISIRThATHEBHS AUONSKAMPRER0VE iR tiediesbrasist. Aot optional
heating step_can be incorporated into the process prior to development and after exposure. The process

of coating a8 RAgIHGPHBIEFRGSIEte JRAYPKNERY (e ealisdisasANi¥easanRssstimibeRr 30the
specific typepfiyasist tstdomthesritaeneghsybsrrG)amtiiemhbelitey, ereleedfimts spitpdecetasychamber to

remove the exposed portions of the anti-reflective film, with the remajnin épg(ﬂogt?f:eSiSt acting as an etch
|

mask. Vario8'§as22d" 5% ﬁHBQn?iﬁ%&ﬁ'*@ﬁeteﬁiﬁgf%ﬂiéﬁﬁr N dLeRARhON2, c12, F2

and GEL This\pmoaess 1e yRieer aklytkaamtarascalibile Yay ¢ oTRe SopABdRIEkediedenisysitiorayfee placed
betweiﬁethe antireflective coatin(r:{ and t hotoresist to prevent intermixina and is envisionZ)hd as lying
t

within e scBPR'BIERIE!AOBIRRH! %é’ﬁﬁ% SRIRIRPRLRINERER PRt A ROR 88Blvéht, where

examples of e reglgmeary erepaipsigifanaspanghis Yiitides. 4 8Incaddiiom A whlaydiasitatrimoifor
example, a trilaﬁa .Eéstem, Qr proc IS alsoo?nvision% within the scope of the invention. |n a trilayer
Qe

process for &X éH%?&QﬁiEeﬁﬁjﬁi%F&é Uh & LGh &RV AN BHEIAEABH R EHIHEE%N the
organic film, silicba pherisesiidinnistersaedeoradmoantisetectoayidnrethe proesss fitlerstgnalso act as an

antireflection film. The organic film is formed on,a 15 substrate as a lower resist film by spin, coating
method etc. TR BroRn RN I AT GRArISR CRRIRREh MR AP S AR RE A Balon by apin
coating snethtdreiardOnghsceyasks: filBubdeyuentine puseflestisiiie, foakxgmplPEBt wamch is
disclosed herein, as an intermediate resist film,_ After applying the antireflectign film composition to the
organi fim B3 CIRPLEHIG B Gl GUD> D6 UM EnaE UMl L B R IR St i orcer
to promote digssinkithg geashivpiopsegest the antireflection film from intermixing with an overlying
photoresist film. After the antireflection film is formed, the photoresist film is formed thereon as an upper

resist film. Spin coating method can be used for forming the photoresist film as with forming the
antireflection film. Aftes Rf@hivigresisiiascenviddiaetaikeplikushatipnsafatmg methodstof, pre-baking
is carried out. After that, a pattern circuit area .is ex d, and post exposure paking (PEB) and
develofnenP N BT BE SR SHuE He RSP AP A BT FAPEP Mt process
is such wherage hodtoimtémaads rawedkyith dimdt oo restlicntek . sCope b tieeibotiotiohaire @y
intermediate layer is fo[]meFI - -

waX/ and should not be construed as providing conditions, parameters or values

which must be utilized exclusively in order to practice the present invention.
25 EXAMPLES

Reference Synthesis Example R1
10 g of butanetetracarboxylic acid dianhydride, 10 g of (+)-dimethyl L-
tartrate, 1.0 g of benzyltributylammonium chloride, and 35 g of propylene glycol
30 monomethyl ether acetate (PGMEA) were charged into a flask with a condenser,

thermal controller and a mechanical stirrer. Under nitrogen and stirring, the
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by using an intermediate resist layer composition containing silicon atoms. On top of the intermediate
layer, an antireflection layer based on the antireflection coating composition of the present invention, is
formed. Finally, on top of the antireflection layer, a top layer is formed by using a top resist layer
composition 5 of a photoresist composition. In this case, examples of the composition for forming the

intermediateraygira Qe HegraalysiisesguinxaeamssriicHicens oolmes iteothosiicatmelass
(TEOS), and the like, Then films prepared by spin-coating such a compaosition, or a film of 5i02, SiN, or

SION prepar&BFELERSHERt &l 14 e e iidiaff iRl ePorng {8 Gt 19 8rddniEMEfbn of a 10

photoresist GHABEHST prefsiahly SFAANPNERS APEYMRhWHE oY SIHERMGHO Thé rewctRpISk iRy er
comprising a polymer without a silicon_ atom has an advantage of providing superior resolution to a top

resist layer d6tRPAiRG L o8y A8 USn I afim sRHONTHES irAPleddmERRhiGRS A Klayer resist

processgmeriinesiol9Vveoarbattriid Cisegys e ghthef toratesish layeidh exmase brsis@edingHe 15
standard procedures. Subsequently, post exposure baking (PEB) and development are carried out to
obtain a resiQPH&ﬂ%’in‘{vﬂﬁl&ﬁi ﬁ‘fﬁ%&’ﬁﬁﬁ%rmef‘:ﬁﬂ%@)\(ﬂm BiEEsddnany dnEIBRY ¥xamples

provide detajled idtstiatiansadubmmoedmods of 20 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 constr e&eas providing conditions, parameters or values which must be utilized
exclusively it YHESE 'ﬂHﬁ% present invention. 25 EXAMPLES Reference Synthesis Example R1

10 g ofiputanetetragarkpxflip aeitlistranyshiday i acl (Hatimethykbl -2argatst, Q. divkthyl L-
benzyltributylammonium chlgride, and 35 g of propylene glycol 30 manomethyl ether acetate (PGMEA)
wera ahrgo IS i B M I SR e R S PLORHAEE GRGRE mitogen
and stirring, thenvhsetrg Methdieatethte 1RGN BN easrsathtivgeddatobidiiaed after alcdriensertemperature

kept at 110C for 4 hrs. Aft ling to 40C, 10 g.of PGMEA and 34 g of lene oxi ixed
With e a0l T RS S0 e M FBEE o S B Was CBoled 0

room temperaixtiers azd Hewtgpaoredon® largeamswiatiohwader dbinigh afteed-blenderThiee polymer
was cajlected and washed thoroughly with water, Finally the polymer was. dried in a oven.
g S ACTv I e G e o Kyt (NS el NG et
1.0 g of benByitrih ety lacetoitiils) @Bogdef arobylbgefaxideytent glyaplshansiaSteeieopohtate

PGMEA h into a flask with d , thermal controller.and hani ifrer. Und
rogen and ST e R a8 HAQAIRoRie. A Gk dRS Wt e AP AL . The

for 40 hrs. The reaction solution was cooled to room temperature and slowly
poured into large amount of water in a high speed blender. The polymer was

20 collected and washed thoroughly with water. Finally the polymer was dried in a
vacuum oven. 40 g of polymer was obtained with a weight average molecular
weight (MW) of about 32000 g/mol.

Synthesis Example 3

25 20 g of butanetetracarboxylic acid dianhydride, 13.5 g of 2,3-dibromo-2-
butene-1,4-diol, 1.0 g of benzyltributylammonium chloride, and 110 g of
propylene glycol monomethyl ether acetate (PGMEA) were charged into a flask
with a condenser, thermal controller and a mechanical stirrer. Under nitrogen and
stirring, the mixture was heated to 110°C. A clear solution was obtained after ~2-

30 3 hr. 9.2 g of tris(2-hydroxyethyl) cyanuric acid was then added. The temperature
was kept at 110°C for 3 hrs (a total of 6 h). After cooling to 60°C, 60 g of
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15 temperature was kept at 110C for 4 hrs. After cooling to 60C, 40 g of PGMEA, 60 g of acetonitrile, 68 g
of propylene oxide and 30 g of tris(2,3-epoxypropyl) isocyanurate were mixed with the above solution.
The reaction was kept at 52C for 40 hrs. The reaction solution was cooled to room temperature and
slowly poured into large amount of water in a high speed blender. The polymer was 20 collected and

washed thorgegidliiwie) waiglofprapy Ei ralyaeingasodsied %@@@Mi}/@]@@lﬂ%&%ﬁef%@ef was
obtained with a weight avera?éa molecular weight (MW) of about 32000 g/mol. Synthesis Example 3 2520

g of butanet{PXEANREY MRS RRMFIRRINE9AE. I e reastian R kerh -¢ JopiP Are- S be
benzyltributylagaemisentiarides atbetOte eborenEiepeainge! BirnernaiypsetiedaertaierRGMEA)

were charged into a flask with a condenser, thermal controller and a mechanical stirrer. Under nitrogen

and stirring, BRARLAFAMRIR e abigh SPRRE . e sqiBRIwas oMesiraiester anaaerhes 2 g of

tris(2-hygiroxyRifth By AHCWAsieh Wasd ieenagiaed i Be tRinnRT @iusa was kept at 110C for 3 hrs (a total of
6 h). After cooling to 60C, 60 g of acetonitrile, 68 g of propylene oxide and 30 g of tris(2,3-epoxypropyl)

isocyanurate were mixed with the above solution. The reaction was kept at 52C for 40 hrs. The reaction
solution wasSiaflessts Foeigeperature and slowly poured into large amount of water in a high speed

blender. The polymer was collected and washed 5 thoroughly with water, and then dried jn a yacuum
oven. Synthesis EXAHBIETS O 1oRSHARNIGR ROEY BIRACACRT B BRle ot EEE PN ms o ally

glycidyl ethegl)cidylofdaieszyitrdouylempunsyniisutorgenaonid®0 enwridef AAcyrtahexaneseoiere
charged.into a 250 mL flask with a thermometer, a 8dWﬁt?Ar%c%nde ser&nd a mechanical stjrrer. The
reactiohP mixRIFWEXARAEI WS EL 58AHE r'mf?oaei. HErMRES YN AR TIREF IR thid erature for

6 hours. Afteygesliogrdensde 405G, MOdhahiis(3tFrepoXyi aprdtispcKaRrtaenmashrided and reaction
continued at for another 24 hoyrs. The reaction 15 salution was then cooled tg room temperature
o - 20 I CTOHERw RS SRR Sy i 8ot gEiREgT e Tor 6
1,3,5-tris(2-aashexyaitet) csetyrndaie &4 Wants & ally! @0tridyzighdmikes@bdyd @ocyanurate
benzyltributylammaonium chloride and 125 grams of hexanone were charged into a 500 mL flask with
o thormomePAE A ESRRART DBt Tec Gl BIOTRS feb oM S ABated t0
105C under sdiagan. whe teaetioooias rtaintainederhusatenspenaturs for 28 kolltdskL6 oty nfer

tris(2,3-epoxg/glruq'yrpvivsaosc%%%%aég.Was added and reaction

Synthesis Example 5
15 grams of 1,3,5-tris(2-carboxyethyl) isocyanurate, 8.4 grams of allyl
20 glycidyl ether 0.5 g of benzyltributylammonium chloride and 125 grams of
cyclohexanone were charged into a 500 mL flask with a thermometer, a cold
water condenser and a mechanical stirrer. The reaction mixture was heated to
105°C under nitrogen. The reaction was maintained at this temperature for 24
hours. 6.5 g of tris(2,3-epoxypropyl) isocyanurate was added and reaction
25 continued for another 24 hours. The reaction solution was then cooled to room
temperature and a ~ 20 solid% polymer solution was obtained. The average MW
is about 10000.

Reference Synthesis Example RA

30 600 grams of tetramethoxymethyl glycoluril, 96 grams of styrene glycol
and 1200 grams of PGMEA were charged into a 2L jacketed flask with a
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25 continued for another 24 hours. The reaction solution was then cooled to room temperature and a - 20
solid% polymer solution was obtained. The average MW is about 10000. Reference Synthesis Example

RA 30600 grams of tetramethoxymethyl glycoluril, 96 grams of styrene glycol and 1200 grams of PGMEA
were charged into a 2L jacketed flask with a thermometer, mechanical stirrer and a cold water condenser

and heated @ &bhorhdRir arrakifcamavrdal maeadelyenser ke avid mprphydiatryas aslded, the

reaction was maintained at this temperature for 5 hrs. The reaction solution was then cooled to room

temperature il iiteralR i AMat ek RSRTPHIESU oo ARt RPRRRNAIARGERriAgd8Drecipitate

the polymer tH&edudlBrewaasHitiriesh e anesisheiapehbtumd forBefand BEed datirasoidivaven (250
grams were obtained). The polymer obtained had a weight average molecular weight of about 17,345

g/mol and a WERAGTERSRIRH OropnsGmpsirie-AnstdiEeredn Ther Bitfaiscnam sl PRILERSY
dianhydside,irftg @fistiyernevabezolviiie oirkrNZyItpRstipaEIB AR PSthinEEeTAB pBherel PRgiyleneglycol

monomethyletheracetate (PGMEA) were charged into a flask with a condenser, 15 thermal controller and

a mechanicdl &I%r. VARG hiff oGRS WiNPtRTaRRAHE Qs RAEUD LM5E. BB 8FBRition was

obtained aftevededbtaihee feThe pilyiRavasbksipbat HAHQ (veightravERRe caolinglIgaPweligREMEA, 30g of
acetonitrile, 36 g of 9;%%Iene oxide and 21 g of tris 2,4§-ae oxypropyl) isocyanurate were mixed with the
r r

above soluti8ROthd iGAMPASRE 5 BPYEISRRIFYY 24 Arb: The reaction solution was cooled to room

temperature and slowly poured into a large amount of water in a high speed blender. The polymer was
collect |8 ansgwa hed thoroughly with water. Finally the polymer was dried in a vacuum oven. 22 g of
polymj wa aﬁgﬁ?@a A ht average molecular weight (MW) of about 15,000 g/mol. 25 Reference
Coating Formulation Example RI 1.0 g of polymer from Synthesis Example R1 and 0.2 g of

i solution. 0.1 P BV A A S OHLy B RARE QLA LA SRS o PONEAPGME
70/30 ;olverﬁeymagla(tdﬁg|gmhﬁ)m@mmgrdﬂbﬁm. Thermaixturgswvas dilteresdt thrqurgpyaemeyiy didtier with a
Cubmitted 1oPBUHTAIEN BV SE0EH A ARG AN SHRRA BRI SPR B zed
refractivg indearinakicbddolleranc dthe abewimioical stirrer. Under nitrogen and stirring, the
mixture was heated to 110°C. A clear solution was obtained after ~1-2 hr. The
temperature was kept at 110°C for 3 hrs. Upon cooling, 30g of PGMEA, 30g of
acetonitrile, 36 g of propylene oxide and 21 g of tris(2,3-epoxypropyl)
isocyanurate were mixed with the above solution. The reaction was kept at 55°C
20 for 24 hrs. The reaction solution was cooled to room temperature and slowly
poured into a large amount of water in a high speed blender. The polymer was
collected and washed thoroughly with water. Finally the polymer was dried in a
vacuum oven. 22 g of polymer was obtained with a weight average molecular
weight (MW) of about 15,000 g/mol.
25

Reference Coating Formulation Example R1

1.0 g of polymer from Synthesis Example R1 and 0.2 g of
tetramethoxymethyl glycoluril were dissolved in 30 g of PGMEA/PGME 70/30

30 solvent to make a 3.3 wt% solution. 0.1 g of 10% solution of dodecylbenzene
sullfonic acid /triethylamine in of PGMEA/PGME 70/30 solvent was added in the
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Sparameter "k" are listed in Table 1. Coating Formulation Example 2 1.0 g of polymer from Synthesis
Example 2 was dissolved in 30 g of 10 PGMEA/PGME 70/30 solvent to make a 3.3 wt% solution. 0.1 g of
10 c/o nanofluorobutanesulfonic acid /triethylamine in of PGMEA/PGME 70/30 solvent was added in the
polymer solution. The mixture was filtered through a micro filter with a pore size of 0.2 pm and coated on

a silicon wafgpskbaatiah2aife iond0reenandmtdraa wataighas avBritiRdfityalyriienspioptical
parameters using 15a spectroscopic Ellipsometer. The optimized refractive index "n" at 193 nm and the

absorption paFAfetEp &G, c0 R & sieon WaRINEdRIRL RO M K 908895 Jomer from

Synthesis Exganiendyvasishssrivedinedal dAfdn@Y bpies MErdR{stt e lusinigia iapketrodedpitdo solution.
0.1 g of 10 c/g nanofluorohutanesulfonic acid /triethylamine in of PGMEA/PGME 70/30 solvent was added

in the polymER50MsIeFhENGIQBHNFLS ritdrRatirroligie s hickS A With a5biB&i2RABHPm and
coated gn a giiepneratex ane hisked int PARE for 25 90 seconds. The wafer was submitted for evaluation
of optical parameters using a spectroscopic Ellipsometer. The optimized refractive index "n" at 193 nm
and the absorption parameter "k" are listed in Table 1. Reference Coating Formulation Example R4 30

0.25 g of theqwdting FeHehiiRiticT Exgsiplex@mple R1 and 0.75 g of the polymer from Synthesis
Example RA was dissolved in 30 g of PGMEA/PGME 70/30 solvent to make a 3.3 wt% solution. 0.1 g of

10% solution of dodecylbenzene sullfonic acid /triethylamine in of PGMEA/PGME 70/30 solvent 5 was
added in the polymerosgjugprpolyradniftone BentMesdilEachprorgivasninsediliet withopgresize of 0.2

Cvaluatn of SRIE BE et LS A e o BERf i dom Ul PR i3ed rohalthdindex " a
193 nm and fiag eisorpbionnesalmaiR dcidueriiagddmihabla bf FOGIBENIE GRIE 7B soleenple 5
was added in the polymer solution. The mixture was filtered through a micro filter
with a pore size of 0.2 ym and coated on a silicon wafer and baked at 200°C for
90 seconds. The wafer was submitted for evaluation of optical parameters using
15 a spectroscopic Ellipsometer. The optimized refractive index “n” at 193 nm and

the absorption parameter “k” are listed in Table 1.
Coating Formulation Example 3

20 1.0 g of polymer from Synthesis Example 3 was dissolved in 30 g of
PGMEA/PGME 70/30 solvent to make a 3.3 wit% solution. 0.1 g of 10 %
nanofluorobutanesulfonic acid /triethylamine in of PGMEA/PGME 70/30 solvent
was added in the polymer solution. The mixture was filtered through a micro filter
with a pore size of 0.2 ym and coated on a silicon wafer and baked at 200°C for

25 90 seconds. The wafer was submitted for evaluation of optical parameters using

a spectroscopic Ellipsometer. The optimized refractive index “n” at 193 nm and

the absorption parameter “k” are listed in Table 1.

Reference Coating Formulation Example R4
30
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0.25 g of the polymer solid from Synthesis Example 2 and 0.75 g of the polymer from Synthesis Example
RA was dissolved in 30 g of PGMEA/PGME 15 70/30 solvent to make a 3.3 wt% solution. 0.1 g of 10%
solution of dodecylbenzene sullfonic acid /triethylamine in of PGMEA/PGME 70/30 solvent was added in
the polymer solution. The mixture then was filtered through a micro filter with a pore size of 0.2 pm and

coated on a silicon gt pATHERIMAOSGHDIEM TpanesiT BvAfse was submisfer evaluation of

optical parameters 20using a spectroscopic Ellipsometer. The optimized refractive index "n" at 193 nm

and the absOPHBIepdFaMery"Resie FARierMieaT diaraivedrituilich ExRAMESTEMFy of polymer
solution frony§aThesik Enantpledares dissavestn 6 opftBeMBA/PEMEE 70030 sebigfibip BRke a 3 wt%

solution. 1% nanofluorobutanesulfonic acid /triethylamine was added In the polymer solution. The mixture

then was filtdlRPFEGERENMiSHIRRLE RRid {tHsHRWHBIBEd™ Phi iU o4k 4 URLoRAYERE and baked
at 200C5for Yasesaaes-if ieanRigmErs3RaIIMITIRS faxrieltaiemakantisekPaiRTgtesHRIRY a

spectroscopic Ellipsometer. The optimized refractive index "n" at 193 nm and the absorption parameter

"k are listed HETYHB 2 REBAMAFFSthalHAb AL SR7IRAPE @ silicery Wi iIgR PasrEdh £2PhSynthesis

Example 5 wap dpsdvedids. 6Thel WSAMEA4E GMIEMIAE relwntitatioakefachidsh patsinsteko
nanofluorobutanesulfonic acid /trjethﬁlamine was_added in theCEoI mer. solution. The mjxture then was

filtered througH A GREFIGSTRRIG BURSSIRE S 0 DR E 49°CBaE B1P Ao watershBBaked at

200C for 90 speangsadsteprisie pyiamhrtbrikedrionsealiatieblel pptical parameters using a spectroscopic
Ellipsometer. The optimized refractive index "n" at 193 nm and the absorption parameter "k" are listed in

Table 1 15 Optical parameter evaluation from coating formulation examples Table 1. n & k
measuremeigaatingFormuaiow Examipiiign Example

0.25 g of the polymer solid from Synthesis Example 2 and 0.75 g of the

polymer from Synthesis Example RA was dissolved in 30 g of PGMEA/PGME

15 70/30 solvent to make a 3.3 wt% solution. 0.1 g of 10% solution of
dodecylbenzene sullfonic acid /triethylamine in of PGMEA/PGME 70/30 solvent

was added in the polymer solution. The mixture then was filtered through a micro

filter with a pore size of 0.2 ym and coated on a silicon wafer and baked at 200°C

for 90 seconds. The wafer was submitted for evaluation of optical parameters

20 using a spectroscopic Ellipsometer. The optimized refractive index “n” at 193 nm

and the absorption parameter “k” are listed in Table 1.
Coating Formulation Example 6

25 1.0 g of polymer solution from Synthesis Example 4 was dissolved in 6 g
of PGMEA/PGME 70/30 solvent to make a 3 wt% solution. 1%
nanofluorobutanesulfonic acid /triethylamine was added in the polymer solution.
The mixture then was filtered through a micro filter with a pore size of 0.2 ym and
coated on a silicon wafer and baked at 200°C for 90 seconds. The wafer was

30 submitted for evaluation of optical parameters using a spectroscopic Ellipsometer.
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The optimized refractive index “n” at 193 nm and the absorption parameter “k”

are listed in Table 1.

Coating Formulation Example 7

1.0 g of polymer solution from Synthesis Example 5 was dissolved in 6 g
of PGMEA/PGME 70/30 solvent to make a 3 wt% solution. 1%
nanofluorobutanesulfonic acid /triethylamine was added in the polymer solution.
The mixture then was filtered through a micro filter with a pore size of 0.2 um and
coated on a silicon wafer and baked at 200°C for 90 seconds. The wafer was
submitted for evaluation of optical parameters using a spectroscopic Ellipsometer.

The optimized refractive index “n” at 193 nm and the absorption parameter “k”

are listed in Table 1.

Optical parameter evaluation from coating formulation examples

Table 1. n & k measurements at 193 nm.

Coating n k
Formulation

Example

R1 1.66 0.01
2 1.73 0.08
3 1.78 0.13
R4 1.83 0.24
5 1.83 0.26
6 1.91 0.30
7 1.92 0.25

Litho Formulation Example 1
0.5 g of polymer from Synthesis Example 2 and 0.5 g of polymer from

Synthesis Example RA were dissolved in 20 g of PGMEA/PGME (70/30) solvent

and 0.4 g of y-valerolactone to make a ~5 wt% solution. 1% of dodecylbenzene
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6 1.91 0.30 7 1.92 0.25 20 Litho Formulation Example 1
and 0.5 g of polymer from Synthesis Example RA were dissolved in 20 g of PGMEA/PGME (70/30)
solvent and 0.4 g of y-valerolactone to make a -5 wt% solution. 1% of dodecylbenzene sullfonic acid

0.5 g of polymer from Synthesis Example 2

[triethylamine, and 1% of triphenylsulfonium nonaflate were added in the polymer solution. The mixture

then was filteigRdhio aait & thdery Biteh eI tAriIPPYE 6128i9h&hyIBOKIM it hbREMAMatEerE>aRTaRte 2

05¢g

of polymer from Synthesis Example 2 and 0.5 g of polymer from Synthesis Example B were dissolved in
20 g of PGMBAPMS BRIET2H/A01 i8N e hh foTREkES IS VWA S SitRISH Y0 Y8R BHER SeaWE s Gfonic acid
Itriethylamingdi@véaseasiti®d innthe polymer solution. The mixture then was filtered through a micro filter

with a pore size of 0.2 pm. Litho performance evaluation of Litho Formulation Example 1 15The

performance of the anti-reflective coating formulation from Litho Formulation Example 1 was evaluated
using T&347RithePorhiiIaI8AUEX hpdeEdectronic Materials USA Corp., Somerville, NJ). About 140 nm

thick film of Litho Formulation Example 1 was coated and baked at 200C for 90 seconds on a silicon

wafer. Then a 190 nm thick T83472 photoresist solution was coated and
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0.5 g of polymer from Synthesis Example 2 and 0.5 g of polymer from
Synthesis Example B were dissolved in 20 g of PGMEA/PGME (70/30) solvent to
make a ~5 wt% solution. 1% of nanofluorobatane sulfonic acid /triethylamine
was added in the polymer solution. The mixture then was filtered through a micro

filter with a pore size of 0.2 ym.

Litho performance evaluation of Litho Formulation Example 1

The performance of the anti-reflective coating formulation from Litho
Formulation Example 1 was evaluated using T83472 photoresist (product of AZ
Electronic Materials USA Corp., Somerville, NJ). About 140 nm thick film of Litho
Formulation Example 1 was coated and baked at 200°C for 90 seconds on a
silicon wafer. Then a 190 nm thick T83472 photoresist solution was coated and
baked at 115°C for 60 seconds. The wafer was then imagewise exposed using a
Nikon NSR-306D 193 nm scanner with 0.85 NA, under dipole Y illumination of
0.9 sigma with PSM mask. The exposed wafer was baked at 110°C for 60
seconds and developed in AZ® 300 MIF developer (available from AZ Electronic
Materials USA Corp., Somerville, NJ) for 30 seconds. The cleaned wafer was
then examined under scanning electron microscope. Line and space patterns
showed no standing waves, no footing and no scumming, indicating efficacy of

the bottom anti-reflective coating.

Litho performance evaluation of Litho Formulation Example 2
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20 baked at 115C for 60 seconds. The wafer was then imagewise exposed using a Nikon NSR-306D 193
nm scanner with 0.85 NA, under dipole Y illumination of 0.9 sigma with PSM mask. The exposed wafer
was baked at 110C for 60 seconds and developed in AZ(r) 300 MIF developer (available from AZ
Electronic Materials USA Corp., Somerville, NJ) for 30 seconds. The cleaned wafer was 25 then

examined under scFRBINGRIBAIRARBICHPSARPEahiNRABELSRACRD RRHG MMSrENARshn@rsiandigkpwaves, no
footing and no scumming indicatinmficacy of the bottom anti-reflective coating. Litho performance
e

evaluation of CRRSIBHAR RAGSARE fs £upluateqysing 33 h M LBPIRECSIR-FRIRAUGE Uchtng

formulation fRstBhR fseHiB SXTBRE, Svime Ny Mgy wHbat TR ph R ERISbiRaebict of AZ
Electronic Materials USA Corp., Somerville, NJ). About 140 nm thick film of Litho Formulation Example 1

was coated SRIMBAIRUP A BEHENGE: 0@t sRlsh A8 St tedd BhTRAMIK 872

photoresist sqligbpnwedsrcaated antidoekad ickl 7837 HQRetsiedist ldsulafewaaclBdnR@ewise
exposed using a Nikon NSR-306D 193 nm scanner with 0.85 NA, under dipole Y illumination of 0.9 sigma

with PSM maakefl b SetPhARFGAABEKASIVAIBEWES dDL EDAGS WHE RXPABBERNEZAT) 300 MIF

developer (avatsh IR SRA3AGDEISTranic sdaMrieiath U35 Qxp uineipe NJlllenPRessastds. The
cleaned wafer was then exami%m under s %nnin electron microscope. Line an ﬁqﬁ:eﬁatéﬁns showed
rréle

no standing WavE9ME f8thG 2M FPsky %&%ﬂﬂ?&ﬂir’@%‘?ﬁc&’@?o e BoRborh! e coating.
15 Claims: sdgoaasrafie iy ectasdid sncAT@BIH M o MEVisingen RRIMIR avireh dgeE RejtesHitain an

aromatj¢ chromophore, an acid generator, and optionally a 5 crosslinking agent, where the polymer
comprii sa mﬁ‘?ﬁl ld%%‘aéﬂ d §8m%{\6ﬁ]§ci§f‘!§tﬁ 0%9, aecﬁgﬂﬁ%riﬁlg%rc eY5bridifigtetraacid or
a mixture theneel ardraiabiactad st slenived dlestrardinlicaaditopb . altiie!, anditbica gianenyscontaining
compound, a triepoxy containjng com ound,Jgr rwexture hereof, where the djol, dithiol, trio!, trithiol, the
diepoxy conﬁ.ﬂﬁ?ﬁﬁ‘i&ﬂpﬁaﬂ NS YR %§<yn9 WA Wm%tm éCBHQ%le 68N ogen and/or

sulfur atomsthe ¢iteinsaaiiaefiavtve aiadiene groups, wherein the polymer comprises a repetitive unit of
structure (1) or (2) 0 0

15
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Q3-ILO/RI )k -[ 0Q4yr (;) 1-)1(\020-Z ]-rotrO X 20 151R20 0 where each of Y and Y1 independently
are a non-aromatic linking moiety; each of Z and Z1 independently are the structural unit derived from a
diol, a dithiol, a trio!, a trithiol, a diepoxy containing compound, or a triepoxy containing compound; each
of R1 and R10 independently are hydrogen or the structural unit 20 derived from a monoepoxy containing
compound; egglhed:R2 and R20 independently are R1 or the structural unit derived from a dithiol, a
trithiol, a diepoxy containing compound, or a triepoxy containing compound; each of 01, 02, 03, and 04
are independently a direct bond or an unsubstituted or

1. An antireflective coating composition comprising a polymer which does not
contain an aromatic chromophore, an acid generator, and optionally a
5 crosslinking agent, where the polymer comprises a structural unit derived from a
diacid, a triacid, a dianhydride or its corresponding tetraacid or a mixture thereof
and a structural unit derived from a diol, a dithiol, a triol, a trithiol, a diepoxy
containing compound, a triepoxy containing compound, or mixture thereof, where
the diol, dithiol, triol, trithiol, the diepoxy containing compound, or triepoxy
10 containing compound contains one or more nitrogen and/or sulfur atoms or
contains one or more alkylene groups, wherein the polymer comprises a

repetitive unit of structure (1) or (2)
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where each of Y and Y1 independently are a non-aromatic linking moiety; each
of Z and Z1 independently are the structural unit derived from a diol, a dithiol, a
triol, a trithiol, a diepoxy containing compound, or a triepoxy containing
compound; each of Ry and R1g independently are hydrogen or the structural unit
20 derived from a monoepoxy containing compound; each of R, and Ry
independently are Ry or the structural unit derived from a dithiol, a trithiol, a
diepoxy containing compound, or a triepoxy containing compound; each of Q1,

Q2, Q3, and Q4 are independently a direct bond or an unsubstituted or
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substituted C1_4 alkylene; each of h and h1 are 1; and each of k or k1 independently are O or 1, and
wherein cyanuric acid is incorporated into the polymer structure. 52.The antireflective coating composition
of claim 1 wherein in the polymer a molecule with more than one epoxy functional group is incorporated to
obtain a self cross-linkable polyester material. 3.The antireflective coating composition of claim 1 wherein

his 1 and k isubshfutdd The Araeflertivecnaing cammesition alrany onmar eldimsdk t Sowherein the
composition further comprises an aromatic chromophore. 5. The antireflective coating composition of any
one of claimi"9&BeNHRRIY #res §s QeidcBBGrdYRRISESROIEIF P b SitlRERrPA RSP M9IdRE,
unsubstitutegd gy sidhttuigtdre 1-C20 cycloaliphatic, and unsubstituted or substituted C1-C20
heterocycloaliphatic moiety, preferably from 206.The antireflective coating composition of any one of
claims 1 to 5 wherein the structural unit of the diacid, triacid, dianhydride or its corresponding tetraacid

comporgnt gr. a mixtHeedheremédsivs dvefintPBbmposition of claim 1 wherein in the polymer a
molecule with more than one epoxy functional group is incorporated to obtain a

self cross-linkable polyester material.

3. The antireflective coating composition of claim 1 wherein hiis 1 and ks 1.
10
4. The antireflective coating composition of any one of claims 1 to 3 wherein

the composition further comprises an aromatic chromophore.

5. The antireflective coating composition of any one of claims 2 to 4 where Y
15 is selected from unsubstituted or substituted C4-C,, alkylene, unsubstituted or
substituted C4-Cyy cycloaliphatic, and unsubstituted or substituted C4-Cyo

heterocycloaliphatic moiety, preferably from

O
X
N\\/N e e
O
20 6. The antireflective coating composition of any one of claims 1 to 5 wherein

the structural unit of the diacid, triacid, dianhydride or its corresponding tetraacid

component or a mixture thereof is derived from
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where R; is linear or branched alkylene chain of 2 to 20 carbon atoms, which

=

may also contain an ether oxygen or ester groups, and Ry is hydrogen or methyl.
7. The antireflective coating composition of any one of claims 1 to 6 where

the structural unit of the diol, dithiol, triol, trithiol, diepoxy containing compound,

triepoxy containing compound, or mixture thereof is derived from
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OOH OH 00 where R6 is linear or branched alkylene chain of 2 to 20 carbon atoms, which may also
contain an ether oxygen or ester groups, and R7 is hydrogen or methyl. 57.The antireflective coating
composition of any one of claims 1 to 6 where the structural unit of the diol, dithiol, trio!, trithiol, diepoxy
containing compound, triepoxy containing compound, or mixture thereof is derived from

HS o SH
HS SH
. LS
PPN

Br

‘ SH O SH SH
/\OWO\/ \/\OMO\/\ )\O | O\(
SH O SH O SH O
PP PP PP
™~ e ™~ /
o 0 0 o ™o o~
SH SH  SH SH SH
HO/\/\/OH HO/\/\OH HO/\/OH
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SHSHO 0SHO SH ,------- .0-W-a---,.----\,."..-—---tyWa.----------- +SHOSHO HO"..... t—
HOOHO HOH HS,....,...-—...,....."-S HHS-----_.. R .S HHS

where Rqqo is hydrogen, alkyl, or alkenyl.

8. The antireflective coating composition of any one of claims 1 to 7 wherein

5 the polymer has a repetitive unit selected from
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5 0 000 0 o(j where R100 is hydrogen, alkyl, or alkenyl. 8.The antireflective coating composition of
any one of claims 1 to 7 wherein 5the polymer has a repetitive unit selected from

HO o O Ho O/\/\o 0
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9. The antireflective coating composition of any one of claims 2 to 8 where

5 Rjis the residue of a monoepoxy containing compound.

10.  The antireflective coating composition of any one of claims 1 to 9 which
further comprises a solvent, which is preferably selected from propylene glycol
methyl ether, propylene glycol methyl ether acetate, cyclohexanone, 2-
10  heptanone, ethyl 3-ethoxy-propionate, propylene glycol methyl ether acetate,
ethyl lactate, gamma valerolactone, methyl 3-methoxypropionate, and mixtures

thereof.

11. A polymer which does not contain an aromatic chromophore comprising a
15  structural unit derived from a diacid, a triacid, a dianhydride or its corresponding
tetraacid or a mixture thereof and a structural unit derived from a diol, a dithiol, a
triol, a trithiol, a diepoxy containing compound, a triepoxy containing compound,
or mixture thereof, where the diol, dithiol, triol, trithiol, the diepoxy containing
compound, or triepoxy containing compound contains one or more nitrogen
20 and/or sulfur atoms or contains one or more alkylene groups, the polymer

comprising a repetitive unit of structure (1) or (2)
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5 where each of Y and Y1 independently are a non-aromatic linking moiety; each
of Z and Z1 independently are the structural unit derived from a diol, a dithiol, a
triol, a trithiol, a diepoxy containing compound, or a triepoxy containing
compound; each of Ry and R4 independently are hydrogen or the structural unit
derived from a monoepoxy containing compound; each of R, and Ry

10 independently are Ry or the structural unit derived from a dithiol, a trithiol, a
diepoxy containing compound, or a triepoxy containing compound; each of Q1,
Q2, Q3, and Q4 are independently a direct bond or an unsubstituted or
substituted C44 alkylene; each of h and h1 are 1; and each of k or k1
independently are 0 or 1, and wherein cyanuric acid is incorporated into the
15  polymer structure.

12.  The polymer of claim 11 wherein the repetitive unit is selected from
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OH 9. The antireflective coating composition of any one of claims 2 to 8 where 5Ri is the residue of a
monoepoxy containing compound. 10. The antireflective coating composition of any one of claims 1 to 9
which further comprises a solvent, which is preferably selected from propylene glycol methyl ether,
propylene glycol methyl ether acetate, cyclohexanone, 2- 10 heptanone, ethyl 3-ethoxy-propionate,
propylene glycol methyl ether acetate, ethyl lactate, gamma valerelactone, methyl 3-methoxypropionate,
and mixtures thereof. 11’_?% finer which does not contain an a%a@i'é chromophore comprising a 15
structural unit derived from a diacid, a triacid, a dianhydride or its orresponging tetraacid or a mixture
thereof and a structural un asl from a d|ol,oa dithiol, a tr|oI (i) , B die
a triepoxy conta[mlag compo nd,

containing compound; or triepoxy cofitaini ompbun con e ormore nltr géen 20and/or sulfur
atoms or contains one or more alkylene gro olymer@:o ising a repetitjwe unit of structure (1) or
(2) 00 MQ3-ILO/R1)k © O 0" o 0 o—
HO HO
OH
e o
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M dixi0/kl(2) 0-Z0 5 where each of Y and Y1 independently are a non-aromatic linking moiety;
each of Z and Z1 independently are the structural unit derived from a diol, a dithiol, a trio!, a trithiol, a
diepoxy containing compound, or a triepoxy containing compound; each of R1 and R10 independently are
hydrogen or the structural unit derived from a monoepoxy containing compound; each of R2 and R20 10
independently are R1 or the strygtural unit derived from a dithiol, a trithiol, a diepoxy containing
compound, or a triepoxy containing gompound; each of 01, 02, 03, and 04 are independently a direct

bond or an unsubstituted or § itufe €1_4 alkylene; each of h-an@h1 are 1; and each of k or k1
independently are 6-or )| nuric acid is incorpb{fate%mto the 15pol%d§8r structure. 12.The
(o)

polymer of claim 11 wheegin the repetitiye unit is selected fromn.
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5 13. A coated substrate comprising a substrate having thereon an antireflective
coating layer formed from the antireflective coating composition of any one of
claims 1 to 10, where the antireflective coating layer has an absorption
parameter (k) in the range of 0.01 < k < 0.35 when measured at 193 nm using
ellipsometry.

10
14. A process for forming an image comprising, a) coating and baking a

substrate with the antireflective coating composition of any one of claims 1 to 10;
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513.A coated substrate comprising a substrate having thereon an antireflective coating layer formed from
the antireflective coating composition of any one of claims 1 to 10, where the antireflective coating layer
has an absorption parameter (k) in the range of 0.01 k < 0.35 when measured at 193 nm using
ellipsometry. 10 14.A process for forming an image comprising, a) coating and baking a substrate with the

antireflectivep§aaiisithgoaMP BERIN G AMh et Xistaims driad®;obxiseaingemsthakingaipgoteyesist film
on top of the antireflective coating; c) imagewise ex;iosing the photoresist; d) develgping an image in the

photoresist; @%Wfﬁ.ﬂlﬁ%ﬁﬁ@tﬂ@sﬁrﬁg gSished hiiexKIniig Aenags k JhscrEOtSSktterning a
substrate bydifapgicitiby Whaieis tRraltost ayelfisraimedpysingwhsy ate with the antireflective coating

composition according to any one of claims 1 to 10; an intermediate resist layer is formed on the bottom
resist layer by using an intermediate resist layer composition containing silicon atoms; a top resist layer is

formed gn thesintermestigtesestor PatRyarty dsiibstiateresishtitygraamyPasidanmt a pasenesist
composition, to form a trilayer resist film; a pattern_circuit area of the top resist layer is exposed and then

developed WANE! diSvdRIpEF 9o Binfa SHBRI RGNS RIMiFEUREINGeCORUNS e FIRRRREIRIst layer is

etched usingaascrdipkotim jopre Bsiclaas on thioh dheimriteiediaferesidt 1agdasdatiasisblayer is
etched using as a mask at 15 least the intermediate resijst Iaélgir on which the pattern is formed; and then

the substratéN€ RN SRGISs PHFLsIP%t RSBOnALIRBHMESISLy &SI YR 1R BRASIIOR formed, to
form the patisntamihg sHiestiaioms; a top resist layer is formed on the intermediate resist

10 layer by using a top resist layer composition of a photoresist composition, to form
a trilayer resist film; a pattern circuit area of the top resist layer is exposed and
then developed with a developer to form a resist pattern on the top resist layer;
the intermediate resist layer is etched using as a mask the top resist layer on
which the pattern is formed; the bottom resist layer is etched using as a mask at

15 least the intermediate resist layer on which the pattern is formed; and then the
substrate is etched using as a mask at least the bottom resist layer on which the

pattern is formed, to form the pattern on the substrate.
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