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 Photatp ek QB ROsHinS @rgeritibn@icrolithography 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 ﬁ@éﬁ%ﬁ—”ﬁ@—%ﬂ@ﬂ as silicon wafers used for making integrated circuits. The coated substrate
is then baked to evaporate any solvent in the photoresist compgsition and to fix the coating. onto the
Substrate, The bakaaSLERP U YRR B8 26 RNENALRLREH G St BMEELPBsure to
radiatios. Thiepitéation pxppageemacessinghbyriicalitigrstammeiien of the expesemti?éfieitpg of the
coated surface. Visible light, ultraviolet (UV) light, electron pbeam and X-ray radiant energy are radiation
types commGiR) (e GaBIRRS RO HRINASE b s SUOSALS (AR AaDEQRCE s SO Ghe coated

substrate is Beatectwrtpesitrelopas spidiculddydiesefut andhienfabditier e sadidtwdestrsed or the
unexposed ajeas of the photaresist. 25The trend towards the miniaturization of semiconductor devices
has led to th Wé%eéfb)ém(gif@gf&% iP5 KR iStive to lower and lower wavelengths of radiation and
has also led to the use of sophisticated multilevel systems to overcome difficulties associated with such
miniatl%r' atiEE. | T!he use of highly absorbing antireflective coatings in photolithography is 30one
approach to problems that result from back reflection of light from highly reflective
subsirates. Two malf disaggniaaes of pack reflectvity e thp fip nlerierencs fiects arylrefective
notching. Thin film interierénce, or's andlng waves, and changes In crtcaltine Width dimensions caused
by variationgakivgtotainightrimeshsilertribrephotonpsisefils aaitie ddckinedhef 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 material,
15  such as silicon wafers used for making integrated circuits. The coated substrate
is then baked to evaporate any solvent in the photoresist composition and to fix
the coating onto the substrate. The baked 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



5 photoresist changes. Reflective notching becomes severe as the photoresist is patterned over
substrates containing topographical features, which scatter light through the photoresist film, leading to
line width variations, and in the extreme case, forming regions with complete photoresist loss. In cases
where further reduction or elimination of line width variation is 10 required, the use of bottom

antireflectiverepatingmiovidre e kegstitdion i enaloridnian ahtagestivibabrerendemigntireflective
coating is applied to the substrate prior to coating with the photoresist_and prior to exposure. The

photoresist i€ &R AIMRIGERISO SR G iRE!S! efigStiyRiRAIERIRG DR INEEKIRNSK QFea is then
etched, typicalyndirgpsRaves)|asnip. ahie Ik Phatesesiftealirth isdifvensriidegadsadhpysubstrate.

The etch rate of the antireflective film should be relatively high in comparison to the photoresist so that the

antireflective' AR O RE LI G 1R ISREBIGRS ¥ dpenBI KHBIERIHIRIrATIthm iREnash BidBEss.

Antireflective ReaiieassieisaaiRe PoRefsstine et ihghsespRssansl eptiagsiadneiersrddisme as 'k and
'n') at the wavelength of 20exposure to achieve the desired Iithographic properties. It is necessary to

have a bottoP? ARHHEARYGE BUaRIgIRTCRIHRIUAY e aRpial isatbiesh iSR0SIl ntireflective

coatings neefirsugavenbigh sisresaiesiland ssdmdficieniy ahserhiaganthshesemechectrgtiveendex to act
as 25a nti reflecti ve coatings. SUMMARY OF THE INVENTION The invention describes an

antireflective 855t fRY RIS WP S BIRIR ISR A N &R U8R ner without an aromatic chromophore,
which finds applications in anti-reflective coati 1aterials in high NA lithography. The materials have
Uitra high etch rated bERRERUISHE DURIRG, FAURD0 e Lrtd BB el G A bR b pmore
attachda@ to tiezyppbuneheblibe aftheftontivanticsfitngivoncpatitiorpobiiteprisetiastaoligionofoprises a
polymer whigh dogs not.contain an gromatic chromophore,.an acid generator, and gptionally a
Crossinking Be i IRAHG o8 R o Eb 0o T ACHER e o8, R Nl P AR b and a
structural ungutatratd fpoioratdiotcaiirigdivitol, thighiphattresisolyansl, girord ttriasigostiter polyacids,
diimide, diam'ﬁle 10 imide-amide, or mixture thereé)f Wh(jre the diol, dithiol, trio!. trithiol.. diacid, triacid,

diimide, diarRidE8F TRIdE- SRS ShUBIIR B R AN AR ST S nithss WS LG aHIAdr contain
one or morethtkepemyeegs aodan piovihabsatatindt; atygpivallelengipaseeius inple@smanutaedurthg and
achievg? éﬁ' ighpﬂgt%lpe%ifsrE)%‘?tgmirfasﬂ?ﬁaigetrrg% éir@}le'd1 ?o the substrate. The etch rate of the
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 indices (known as 'k' and 'n') at the wavelength of

20 exposure to achieve the 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

25 antireflective coatings.
SUMMARY OF THE INVENTION

The invention describes an antireflective coating composition which

30 contains a novel polymer without an aromatic chromophore, which finds



The present invention is also related to a polymer which does not contain an aromatic chromophore
comprising a structural unit derived from an aminoplast and a structural unit derived from a diol, trio!,
dithiol, trithiol, other polyols, diacid, triacid, other polyacids, diimide or mixture thereof, where the diol,
dithiol, trio!, 20 trithiol, diacid, triacid, diimide, diamide, or imide-amide optionally contain one or more

nitrogen andéipfBtibAONNS AhEQRBIRIBIARE BHANRE ARBADE0WPShigh NEheifiegRIBHpVETEEN also
relates to a coated substrate comprising a substrate having thereon an antireflective coatinﬂllayer formed

from the 25RAFERTRRY B gh soehisAtarbBcaUSRlithe RO SR R G fifg layer has

an absorptioghiaiBaie bkt et shere bitacRebtavhirn gogasered 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

30photaesist film o R Afitékcantiectoativg eRHpasRIIMasENESsrexersingdRadhetfsistsl)
developing an image in the photoresist; e) optionally, baking the substrate after the exposing step. In

addition, theSRU¥MEHYENERLRS RALRANEIY AR EE I GIFARRN A u B AR PeAIRiALAECtive film
and a photorgsisidiftibaaMNgitveressirkingsaientavieiergtthe PoRis#IgcOIpHBERY arsanidtefigctive film on

a substrate, where the anjireflective film is formed from the an irefl_ecé%/e 5 coating composijtion of the

present inveHABAAGHYRE (@A AN IRRiBP L AT P AEHRIVRAHATHAFIIELURTYS S1miliRlamide in the

antireflectivedaeasingritappostiien isoioiserdiasidchiraviay traktheshasigpsioaimadenumetides polymer in
the antjreflective coating composition is less than the exposure wavelength for the photoresjst and where
the exp)JsurWATEAEHGH & BRREE HRESRIs Y BRER 6 AP b iEthordBGbr SRR iHRR L on the

long wavelergthigisleda e eibsointias-aandeobiftopaliymesitatheastiseltacivenipegens apanpesition,
resulting in an anomalous dispersion contribution to Ehe refractive index of the z%%t\(i?r%?iective film that

raises the re &@W&xoﬁ ?m%'%rﬂﬂ%f%rcmrﬁlﬁl |&K%¥B%h{8éﬁh°6f)a{f‘oﬁ é'ﬁé(rﬂi- 3f the
antireflectivexdvelength) tasefingithelCL5rphntdsesisirfimapn tagchfghe agreflecietu@ntoin gasne
instances, the diol, trig!, dithiol, .trilthiol, other polyols, diacid, triacid, other polyacids, diimide, diamide, or
imide-amide Hefﬂaegﬁ\(ﬁéﬂagﬁ@ﬂ that the absorption maximum of the polymer in the antireflective coating
composition is less than the exposure wavelength for the photoresist and where the exposure wavelength

is between the half height of 20.the apsorption band of the polymer in the antireflectiye coating
compostion and trd A BSFRECH VAR BrRe g dradeB i b I H RS ORASTEN OF THE
DRAWING Sazbatgniatittistissasoibteopsicopiprisfiag @nsalooct dis paisderidil from an aminoplast

and a structural unit derived from a diol, triol, dithiol, trithiol, other polyols, diacid,
triacid, other polyacids, diimide or mixture thereof, where the diol, dithiol, triol,
20 trithiol, diacid, triacid, diimide, diamide, or imide-amide optionally contain one or

more nitrogen and/or sulfur atoms or contain one or more alkene groups.

The present invention also relates to a coated substrate comprising a

substrate having thereon an antireflective coating layer formed from the

25 antireflective coating composition disclosed herein, where the antireflective
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

30 photoresist film on top of the antireflective coating; c) imagewise exposing the

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



Fig. 2 shows dispersion curves showing anomalous dispersion effect for coating example 2, measured by
spectroscopic ellipsometry. 5 DETAILED DESCRIPTION OF THE INVENTION 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

10materials SgystrdtEadiial #iercspesiRgALEe Bh HEIBNN BT BRAOSNEIAshiEhalIsBedaparomatic

chromophore attached to the polymer. The antireflective coating composition of the present invention
comprises a'BofyMACRSRIPEJREMBEBRt AP URSTRIn AR BRIBRIISHHYR: flR 298 GeRBPLRSESIY and
optionally a GIRFSEMGRIRE6 Hn Whptstite RAIVEIEhGNBORSSIAY WO H6ANING EATbiesdmebtaR aminoplast
and a structyral unit derived from a diol, trio!, dithiol, trithigl, other polyols, diacid, triacid, other polyacids,
diimide, diarflf: OfhRISURRIERICoMhBIR B eantseTIGRiYe I dRofosmsdl o hrRatiglerivEiacid,
diimide gliargisigtiyy EowpcEnion epinaabbesentaiveRas WREstieogiolaneopr diehsslfun@iems or
contain one or more alkene groups.to improve absorbtivity at a wavelength useful in IC manufacturing

and achieve Hifflith JERRIGo A HR IR irdREBIAR nthtdMUPerAB e siht e e ARIFPLELOFQRHNS a polymer

which does rehgemériorR s WhGsemalis EHAMeRNEratap RIBSIOM BoFeldALWN b Cpidved| jiaer an
aminoplast and a structural unit derived from a diol, trio!, dithjol, trithiol, other polyols, diacid, triacid, other
polyacids, difthti8 BPHIEHGRIYGPaBHNAHERBRRSLRN HitsoP tha {HﬁﬂfP&%%ﬁg,‘@yﬁé(&lir@anf&’é, diamide,
or imide-amigie Qﬂa@t@ﬁ’és{igp@Wdﬂ\@lﬁl@réfltﬁ@fé?(b%@%nm%@iursab@tmhcﬂm%mmmﬂOLe alkene
roups, 30 The present jnvention also relates to a coated substrate comprising a substrate havin
thercol G dREVARAR, @ COnlE, AORPOITL BTG AR08 CHRNAIPER S/ i tfoscd horein,
where the aribyefigsitie isading thgesdipmenialiperaitirepative ssdknddbepasar af ABOGIKTg0.35 5
when measured at 193 nm. In addjtion, the present inyention algo relates to a progess fofrf rming an
image complisir! afBORAIGURd SRATFRSLECRIIRYR 2 aiferuReksang Somosiié disclosed
herein; b) coatingfectibeling ahphotisesishidmetradtpeiibeaniireflestvartivafiootive ifivagendse exposing

e POt s e Sheoron Fatametar K OIS BnfireMBLEVa M &hd B) Forming the

15 photoresist film on top of the antireflective film. In some instances, the diol, triol,
dithiol, trithiol, other polyols, diacid, triacid, other polyacids, diimide, diamide, or
imide-amide can be chosen such that the absorption maximum of the polymer in
the antireflective coating composition is less than the exposure wavelength for
the photoresist and where the exposure wavelength is between the half height of

20 the absorption band of the polymer in the antireflective coating composition and

the absorption minimum on the long wavelength side.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Fig. 1 illustrates the principle of anomalous dispersion.

30



10substrate after the exposing step. 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 15 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 coatizlg, composition disclosed herein; b) coating and baking a photagresist film on top of the

antireflective coating'%) g4 HISPEISIGRHY eSoSIRVIRIE SO MARNR 1EsREaIP iR e
photoresist; gd figR3EmPRANGiBaSHestIRies plefrHe speasitsstaetryn addition, the present invention

also relates to a process for forming on a substrate an antireflective film and a photoresist film sensitive to
an exposure wavelength, comprising a) forming an antireflective film on a substrate, where the

antireflegtiveJimas iemnpg §CR| TR @niGHepHER | NP EREopI composition of present invention where the
diol, trio!, dithiol, trithiol, diacid, triacid diimide, diamide, or imide-amide in the antireflective coating
composition is chosen in such a way that the absorption maximum of the polymer in the antireflective

coating compositiorT Helefs/8iaibihedexseases \Wavelaneshderivbe ebatiatesisdrapdsithaie Wrgdgxposure
wavelength is between the absorption 30 maximum and the absorption minimum on the IE‘E\@ wavelength

side of the aBeBIBSh BarltP¥FthPSM e iBoM b e IR S CR PSS o HEELIEG'Sin an
anomalous dippaesinereoniiitaitpreiietith ecfoaetive) intarerizise ianthighe cixe fitnograpraisepHbe refractive
index 'n of the antireflective film and I_(lnwers the absorption parameter 'k’ of the antireflectiye film; and b)
formingtihe FAIEHESOANG IR NI EARSRREHE. il L0mEPERFREHROBRIARONS dithiol
trithiol, othergpelyats dfagidnittcioh@heppakacidachiémidehdipoigaepr imide-amide can be chosen such
that the absorption maximum of the polymer in the antireflective coating composition is less than the
exposure wavelength for the photoresist and where the exposure wavelength is between the half height of
the absorption band leé thatpefiwaevéndbatiagtiteitapterionadintheoprpesiionantidAtberapsesstion
minimum on the lon Waﬁlﬁn%side As used hereiE), aromatic ﬁhromo hor_s means an arene
containing cAOASBHEr HER dRRSIRSLARMAIRER AIOMEIS HE AMPRAG UL A ST HObhenyl,
naphthys, andribediiioridly a Envssiplkingf sgentiowhetelsthaitpiolpmisithioisteekls stasiaraind diimide
Include, for %Xn%{ngcla?fvgﬁ#gn‘?%lﬁ' aminoplast and a structural unit derived from a diol, triol,

dithiol, trithiol, other polyols, diacid, triacid, other polyacids, diimide, diamide,

imide-amide, or mixture thereof, where the diol, dithiol, triol, trithiol, diacid, triacid,

diimide, diamide, or imide-amide optionally contain one or more nitrogen and/or
20 sulfur atoms or contain one or more alkene groups.to improve absorbtivity at a

wavelength useful in IC manufacturing and achieve high n value for the

antireflective material.

The present invention is also related to a polymer which does not contain
25 an aromatic chromophore comprising a structural unit derived from an aminoplast
and a structural unit derived from a diol, triol, dithiol, trithiol, other polyols, diacid,
triacid, other polyacids, diimide or mixture thereof, where the diol, dithiol, triol,
trithiol, diacid, triacid, diimide, diamide, or imide-amide optionally contain one or
more nitrogen and/or sulfur atoms or contain one or more alkene groups.
30
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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
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
photoresist; d) developing an image in the photoresist; e) optionally, baking the

substrate after the exposing step.

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
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
photoresist; d) developing an image in the photoresist; e) optionally, baking the
substrate after the exposing step. In addition, the present invention also relates
to a process for forming on a substrate an antireflective film and a photoresist
film sensitive to an exposure wavelength, comprising a) forming an antireflective
film on a substrate, where the antireflective film is formed from the antireflective
coating composition of present invention where the diol, triol, dithiol, trithiol,
diacid, triacid diimide, diamide, or imide-amide in the antireflective coating
composition is chosen in such a way that the absorption maximum of the polymer
in the antireflective coating composition is less than the exposure wavelength for
the photoresist and where the exposure wavelength is between the absorption
maximum and the absorption minimum on the long wavelength side of the

absorption band of the polymer in the antireflective coating composition, resulting
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in an anomalous dispersion contribution to the refractive index of the
antireflective film that raises the refractive index 'n' of the antireflective film and
lowers the absorption parameter 'k' of the antireflective film; and b) forming the
photoresist film on top of the antireflective film. In some instances, the diol, triol,
dithiol, trithiol, other polyols, diacid, triacid, other polyacids, diimide, diamide, or
imide-amide can be chosen such that the absorption maximum of the polymer in
the antireflective coating composition is less than the exposure wavelength for
the photoresist and where the exposure wavelength is between the half height of
the absorption band of the polymer in the antireflective coating composition and

the absorption minimum on the long wavelength side.

As used herein, aromatic chromophore means an arene containing
chromophore that contains only carbon atoms in the ring structures; for example,

phenyl, naphthyl, and the like.

Examples of the diols, triols, dithiols, trithiols, diacids, triacids, and diimide

include, for example,
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, and the like.

The polymer of the present invention is self-crosslinkable with assistance

5 of an acid generator.

The aminoplast can be substituted by two or more alkoxy groups can be
based on aminoplasts such as, for example, glycoluril-aldehyde resins,

melamine-aldehyde resins, benzoguanamine-aldehyde resins, and urea-



, and the like. The polymer of the present invention is self-crosslinkable with assistance 5of an acid
generator. The aminoplast can be substituted by two or more alkoxy groups can be based on
aminoplasts such as, for example, glycoluril-aldehyde resins, melamine-aldehyde resins,
benzoguanamine-aldehyde resins, and urea- aldehyde resins. Examples of the aldehyde include

formaldehydgw@ﬁ?@@@g{ﬁ@_, HeaFessrifRianeehyiEaRN deroRHaNE BYRID B 8stlishytd/onomeric,

alkylated glycoluril-formaldehyde resins are an example. One example is tetraéjlkoxyalkyl glycoluril

having the f&iGwilly SPMGUIRSEROGe8 NINGEL LSRR BIKRIKR (BIPRRSRES (A5Clihe MRS is
(CH2)nO(CHRMYIHE3, epptoRtl-isriyaleraniier kekikd allelan example. One example is

tetra(alkoxyalkyl)glycoluril having the following structure

i
Re *3
R
\N12 N/8
7

Ry (A)

R 78
No . N
o)

where each Rg is (CH2),—O—(CH2)nw—CHs, each Ry is hydrogen or C4-Cg alkyl,
nis 1to4,and mis O to 3.

10  (the numbers in (A) indicating atom number for compound naming)

Examples of tetra(alkoxymethyl)glycoluril, may include, e.g.,
tetra(methoxymethyl)glycoluril, tetra(ethoxymethyl)glycoluril, tetra(n-
propoxymethyl)glycoluril, tetra(i-propoxymethyl)glycoluril, tetra(n-

15  butoxymethyl)glycoluril, tetra(t-butoxymethyl)glycoluril, substituted
tetra(alkoxymethyl)glycolurils such as 7-methyl tetra(methoxymethyl)glycoluril, 7-
ethyl tetra(methoxymethyl)glycoluril, 7-(i- or n-)propyl
tetra(methoxymethyl)glycoluril, 7-(i- or sec- or t-)butyl

tetra(methoxymethyl)glycoluril, 7,8-dimethyl tetra(methoxymethyl)glycoluril, 7,8-

20 diethyl tetra(methoxymethyl)glycoluril, 7,8-di(i- or n-)propyl
tetra(methoxymethyl)glycoluril, 7,8-di(i- or sec- or t-)butyl
tetra(methoxymethyl)glycoluril, 7-methyl-8-(i- or n-)propyl

tetra(methoxymethyl)glycoluril, and the like. Tetra(methoxymethyl)glycoluril is
available under the trademark POWDERLINK from Cytec Industries (e.g.,
25 POWDERLINK 1174). Other examples include methylpropyltetramethoxymethyl

glycoluril, and methylphenyltetramethoxymethyl glycoluril.

10



nis 1to 4, and mis 0 to 3. 10(the numbers in (A) indicating atom number for compound naming)
Examplesoftetra(alkoxymethyl)glycoluril,mayinclude,e.qg.,
tetra(methoxymethyl)glycoluril,tetra(ethoxymethyl)glycoluril, tetra(n-

propoxymethyl)glycoluril tetra(i-propoxymethyl)glycoluril,tetra(n- 15 butoxymethyl)glycoluril,
tetra(t-butoxymethyl)glycoluril, substituted tetra(alkoxymethyl)glycolurils such as 7-methyl
tetra(methoxymethyl)glycoluril, 7- ethyl tetra(methoxymethyl)glycoluril, 7-0- or H—#propyl
tetra(methoxymeth{TfGRCBMNORRSIS &S FOBIGT Bty AGANBRIH TR Sgro AU taes Madsy
tetra(methoxye aravehael T MB: Z0diefivierimsatitexonehide el Wil deB-gHe-eradurekl
tetra(methoxymethyhdl cquriI,7,8-di(i-orsec-ort-?but I , )
tetra(methogﬁ\%l%@éc&@r’ﬂ?ﬁ'ﬂ?@ﬁﬁm@-fpg\"ﬁ-fpngﬂ?@ﬁﬁfﬂ@ﬁ%@ﬂ%ﬂ%%&ﬁﬁiI,aéﬁﬂj B%e like.
Tetra(mgthoxympeshbglssokid ispiaitatih yadesdhadrrdrsians RQWRISR MK ey Gadetekdustries
(e.g., 25 POWDERLINK 1174). Other examples include methylBropyltetramethoxymethyl glyﬁoluril, and

methylphenﬂf@ﬂﬂﬂ%ﬂ%xﬁH@?WiWaﬁ%. alkyl- and aryl-substituted derivatives of suc

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

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

10 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)-
1,3,5-triazine, tris(alkoxycarbonylamino)triazine, N,N,N" N'-

tetramethoxymethylurea and the like.

15 Other possible aminoplasts include compounds having the following

structures:

11



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 5 employed, for example, aldehyde condensates of triazines, diazines, diazoles,
guanidines, guanimines and alkyl- and aryl-substituted derivatives of such compounds, including alkyl-
and aryl-substituted melamines. Some examples of such compounds are N,-dimethyl urea, benzourea,
dicyandiamide, formaguanamine, acetoguanamine, ammeline, 2-ch -4,6-djaming-1,3,5-
1Otriazine,6-f'9é'{h9ﬁ\’f!21> (O G ,59%29%@;%2,5-diaminotriaz%l'é!?»gé?_'Z\N/q'\N/ 8&28 Hy
triaminopyrimidine,2-mercapto-4,6-diamino-pyrimidine,3,4,6-tris(ethylaminp)- 1
,3,5-triazine,tris(alkoxycarb ino)triazine,N,N,N',N'- tetramethoxymethytyréa and the like. 150ther
possible aminoplasts include compounds having the following structures: 0 |

(CH30CH2)2NNN(CH20CH3MA kiRt Er20CH3)2 CH;
0
CH30CH2HNYNYNHCHZOCH3 CHOCH, )kN/CHzoCHs
|
LA &
h 0
NHCH,OCH,
0
CH3OCH2HNYNYNHCHZOCH3 CH3OCH2\NJKN/CH200H3
|
g ~
N(CH,OCH,),

CH3OCH2HNTNTN(CH200H3)2
s

N(CH,OCH,),

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
5 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
10 (BASF AG), or Maprenal (Clariant GmbH) tradenames. The above mentioned
aminoplasts can also be used, when needed, as crosslinking agents in the

present invention.
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CH30CH2,7CH20CH3 N N CH3 0 CH30OCH2HN-",,N,NHCH20CH3 NN NHCH20CH3
CH30CH2,7CH20CH3 N N LO) 0 CH3OCH2HNNHCH20CH3

Other types of crosslinking agents include

0O 0 O i
HO/”\/\N*N/\/H\OH O

O)\N/KO 0)\'\‘/&0
!

and derivatives thereof.

One example of a repeating unit from the polymer of the present invention

is

O
N (.

R 1}%& 1 (1A)

N N
¥
@)

where Z is a residue of a diol, triol, dithiol, trithiol, other polyols, diacid, triacid,

10 other polyacids, diimide, diamide, imide-amide, or mixture thereof; X is —OR3, —

O(0O=C)Rs3, or O where Rj3 is hydrogen, unsubstituted or substituted
alkyl, unsubstituted or substituted alkene, unsubstituted or substituted alkyne, or
unsubstituted or substituted 6-membered ring optionally having one or more
nitrogen and/or sulfur atoms within the ring; each of R4 and Rs are independently
15 Rj; or R4 and Rs together with the atoms to which they are attached form an

unsubstituted or substituted 5- or 6-membered ring optionally having one or more
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NN N(CH20CH3)2 CH30CH2,..CH20CH3 NrN CH3OCH2HNNN(CH20CH3)2 N N N(0-1200-13)2
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 5 amino resins, for example methylated or butylated
melamine resins (N- methoxymethyl- or N-butoxymethyl-melamine respectively) Or methylated/butylated
glycolurils, feiragamimarorai e faunddndanaeiannatoadeatot RY7 iy e Gaeealt, Chemicals.
Various melamine and urea resins are commercially available under the Nicalacs (Sanwa Chemical Co.),
Plastopal 1096 SF AG), or Maprenal (Clariant GmbH) tradenames. The above mentioned aminoplasts
can also be used, when needed, as crosslinking agents in the present invention. Other types of

crosslinking agents include 0 HO
Further examples of repeating units include

5
H3COH, f CH,OCH, o—— o o—
/ ~,
H NH _N___NH_ \ J/
—{—HyC \N(\N( CHz =0~ —]—H,C T/Y CHQ—O\AN)\N
N N\
7\‘/ o~ kN)\O \N(HN O/kN)\O
H,COH,C  CH,OCH, H “CH,OCHs
OH OH
H{COH,C GH,00H,
N N_ N
LT YT T TCH O s e j/ Y TTCH O~
e o e o
N NH
HyCOH,C  CH,OCH; CH,OCH,
3COH2C CH,OCH,
_NH N
e YY\CHZ e R o
x
Ao o Moy
NH
3COHC/ “CH,OCH; CH,OCH,

0 o—1— o o—1—
0 0
—[HZCI\L)J]\ICHZO\/\N )kN )/ —[HZCI\L)J\J\ICHZO\/\N )KN J/
N PPN 0 PP

g

OH

g

CHj3

o) ° o——
ﬂinch*Nchz O~ )kN )/ ﬁ' CH0CH, o o—T—
O)\N/KO e Y Y “CH O\AN NJ/
Ne N
H N PP
o HiCOM,C™ CH,OCH, H
OH
H CH,0CH,
| H CH,0CH,
S / ~
—I—HC T\‘/Y\N( CHy— o\/\A - e YY CHy— \[l

H3COHZC/ “CH,OCH,

H,COH, c/ CH,OCH;4

14



HONNOHNN ONOONO OH HO and derivatives thereof. 5 One example of a repeating unit from the
polymer of the present invention is O -[ThN Nz-0 Z ]- R11)( (1A) X/INNO O  where Z is a residue of a
diol, trio!, dithiol, trithiol, other polyols, diacid, triacid, 10other polyacids, diimide, diamide, imide-amide, or
mixture thereof; X is OR3, 0

H CH,0CHg

H CH,0CH;
—{—H, M “CH N
T e, e e
H,COH,G CH,OCH j\o]
2 3
3 2 H,COH, ( “CH,0CH;,
0 H
0T T CH, 0 : :
2 2
DEe e e e
N\ Y Sj\()]i
HyCOH,C  CH50CH5
s H3COHZC/ “CH,OCH,

—HC/YY “CH,—0 N/kj . ﬂi%ﬁo
RS & Tk

H3COHZC/ “CH,OCH;4 4
OH
o 0 o 0
N W § N N
NN TN /'L N~ N TN N
> < 0~ N~ o > <
N_ N N_ N
- . - ~
) G H A N
o 0
OH
0
o o o—T— —t e S N
| J/ N~ N o—J—
N N oy
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R4 -N )R5 0(0=C)R3, orOwhere R3 is hydrogen, unsubstituted or substituted alkyl, unsubstituted or
substituted alkene, unsubstituted or substituted alkyne, or unsubstituted or substituted 6-membered ring
optionally having one or more nitrogen and/or sulfur atoms within the ring; each of R4 and R5 are
independently 15R3 or R4 and R5 together with the atoms to which they are attached form an
unsubstituted or substituted 5- or 6-membered ring optionally having one or more nitrogen and/or sulfur
atoms within the ring,and each of %ﬂjs/hydfogen orﬁkﬁa@}w@p@é\rgmﬁof repeating units

include )\\ O, BN
N

Waaw
ﬁ 2\ /& o N\O(N¥O\

o Ao
/ [ N
o}
OH

o—" ~—0
o—" ~—o0 / Y N
/ AN
b 1
o \
LN W e s N PN
— NJKN ﬁo\(sj\ NN O—}—
i N
s~ SO—1— o~ ~_ 0o
OJN N¥O / Y AN
/ Y N o
o)
o}
O—— —T . /H\ / O\/\/\

N_ N
o—" ~—o0
A (N
o)
i
(‘) ﬁﬂNANﬁO\/\/\
TN W S % o
A/%—%/\\[sj\oh o—" Mo
OJN N¥O / \‘( AN
/ \ N\ o
o)
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32N.3 H3COH2COH200H3 NH CH20OCH3
eL-3N3I3IILIOONO CH3 OHOH 0

0 2C-N NH2N-[H2C-N NCH2 OA A

o)
- N
o7 N o
—I N)kN —0._ S OJNYN¥O
—{ 0— (‘) N
N_ N S = OH
o—" N o0
oﬁ (H) N
0
N
N~ N NN
ﬂij\Nﬁ O — > <
o N_ N
— o—~ ~—o0
| N_ N O:< \‘( N
N Y ~—0 N

| OH
AN\/N N o
\ N
\O (0]
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DN
o O
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H3COH2CICH20CH 3 H3COH2C CH20OCH3 H3COH2C CH20CH3 171 NyN H3COH2c-2ThC
H20CH3 HH-I- 110

o——
o0—J— o) o
‘O ? J/ *[ﬂNkNﬁov\Nj\Nj
N
>—< o N/J\o HS>jN ﬁN>—<N¥ o/kNJ No
S
vo— o oy H N>\fN/>78 T

OH HS

o——
(0] (0]
*OTNkNﬁO\/\N* J/

N

7OTN)LN s N>—<N O)\N/Ko
CH T

OH
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-1-1-12,-'CH2-0233322,23"NN32- 212-2 ONO H3COH2C CH20OCH3 H 3,1'123 OH ,3320-1- 00
033)233,322"3ANONOOOH NNN,

0 0 0 o) o) 0 0 0
|
ﬁiN)KNﬁOM/H\N/\)KO*]i ﬁiN/KNﬁOJKAN N/\)kofli
>—< O/kN)\O N>—<N OQ\N) \O
O

ﬂﬂN&NﬁoiﬂNiNAjko ﬂi,\,j\,\,ﬁ OJOVN)OKNVKO
>—< O/kN) So | >—< O)\N)\O .

_—N_ N NN \
—0 o S o) H
DA Yo

o o} e} 0 o 0 o] 0
ﬁNkNﬁ OJVN ‘ NNKO—% ﬁjN)kNﬁOJ\AJ\ NA/LOfH
/—N>—<N o)\NJ\O ﬁN>—<N (0] N/J\O
~r N TS
o

The polymers of this invention may be prepared by any of the standard

polymerization methods known in the art, especially condensation polymerization

5 techniques. The polymer may be synthesized using solution, emulsion, bulk,

suspension polymerization, or the like. Typically, the aminoplast is condensed

with a diol, triol, dithiol, trithiol, or a mixture thereof, at elevated temperatures,

and optionally in the presence of an acid, to give the polymer of the present

invention. A typical ratio of aminoplast to diol, triol, dithiol, trithiol, other polyols,

10  diacid, triacid, other polyacids, diimide or mixtures thereof range between 1:2 to
about 3:1, further from about 1:1.5 to about 2.5:1.

The acid generator used with the present invention, preferably a thermal

acid generator is a compound which, when heated to temperatures greater than

15 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
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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
antireflective coating layer is heated for a sufficient length of time to crosslink the
coating. Examples of acids and thermal acid generators are butane sulfonic acid,
triflic acid, nanoflurobutane sulfonic acid, nitrobenzyl tosylates, such as 2-
nitrobenzyl tosylate, 2,4-dinitrobenzyl tosylate, 2,6-dinitrobenzyl tosylate, 4-
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.

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 affected by the
presence of the acid, if the polymer were to crosslink in solution. Thermal acid
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.
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,
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

20
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mixtures thereof. One or more cross-linking catalysts can be used in the

composition.

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,
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 addition of lactone
solvents is useful in helping flow characteristics of the antireflective coating
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
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

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

impacted.
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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
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
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.

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 0.1 to about 1.0, preferably from about 0.2 to about
0.75, more preferably from about 0.11 to about 0.35 as measured using
ellipsometry. The value of the refractive index (n) ranges from about 1.25 to
about 2.0, preferably from about 1.8 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 20 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 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,
copper coated silicon wafer, copper, substrate coated with antireflective coating,
aluminum, polymeric resins, silicon dioxide, metals, doped silicon dioxide, silicon
nitride, silicon oxide nitride, titanium nitride, tantalum, tungsten, copper,
polysilicon, ceramics, aluminum/copper mixtures; gallium arsenide and other
such Group IlI/V compounds, and the like. The substrate may comprise any

number of layers made from the materials described above.
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-0 OH 00 The polymers of this invention may be prepared by any of the standard polymerization
methods known in the art, especially condensation polymerization

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 uym to
about 1 um. The coating can be heated on a hot plate or convection oven or
5 other well known heating methods to remove any residual solvent and induce
crosslinking if desired, and insolubilizing the anti-reflective coatings to prevent
intermixing between the anti-reflective coating and the photoresist. The preferred
range of temperature is from about 90°C to about 250°C. If the temperature is
below 90°C then insufficient loss of solvent or insufficient amount of crosslinking
10 takes place, and at temperatures above 300°C the composition may become
chemically unstable. A film of photoresist is then coated on top of the uppermost
antireflective coating and baked to substantially remove the photoresist solvent.
An edge bead remover may be applied after the coating steps to clean the edges

of the substrate using processes well known in the art.

15

There are two types of photoresist compositions, negative-working and
positive-working. When negative-working photoresist compositions are exposed
image-wise to radiation, the areas of the resist composition exposed to the
radiation become less soluble to a developer solution (e.g. a cross-linking
20 reaction occurs) while the unexposed areas of the photoresist coating remain
relatively soluble to such a solution. Thus, treatment of an exposed negative-
working resist with a developer causes removal of the non-exposed areas of the
photoresist coating and the creation of a negative image in the coating, thereby
uncovering a desired portion of the underlying substrate surface on which the

25 photoresist composition was deposited.

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

30 rearrangement reaction occurs) while those areas not exposed remain relatively

insoluble to the developer solution. Thus, treatment of an exposed positive-
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5 techniques. The polymer may be synthesized using solution, emulsion, bulk, suspension
polymerization, or the like. Typically, the aminoplast is condensed with a diol, trio!, dithiol, trithiol, or a
mixture thereof, at elevated temperatures, and optionally in the presence of an acid, to give the polymer
of the present invention. A typical ratio of aminoplast to diol, trio!, dithiol, trithiol, other polyols, 10diacid,

triacid, othenpsHyiagjdsh SiTEdR OIMTHXIHECEADBISOE F IR S MARI Al IR0 @Kpdde dugieersiiem about

1:1.5 to about 2.5:1. The acid generator used with the present invention, preferably a thermal acid

generator is RGP ANhiEE SRRHONCAtAIRBSNG ERAGPE ReRECIRERS I 5 RRENINAHRR  than 250C.,

generates an Aeidird 1 G&idn iBfapd NG NG tBUHE & s sl tsefs@sslinks 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
thermalmcid generplggitigetivaiedkat §OCorandrasise prafrrabpositrieoverbiing anshevsiesnare
preferably at above 150C. The antireflective coating layer is heated for a sufficient length of time to

crosslink the"CFMRPH RIS AREUEH K565 YVRIEKRAVECR tassrskiled B MRAHE sulfonic acid, 5 triflic

acid, nanoflurobutane sulfonic acid, nitrobenzyl tosylates, such as 2- nitrobenzyl tosylate,
2,4-dinitrobenzyl tosylate, 2,6-dinitrobenzyl tosylate, 4- nitrobean)J(I tos%ilate; benzenesulfonates such as

2_trifluoromethy1-6HRASHUAEY F2E DARTNGAYE NRFRYRRNCIGFRRISI MERlANEh AR A UCRitro
benzenesulfaratembainplgosidfamptelogaimsipmassihienithayrapiprybenzanes Wnoase adeyl 10

ammonium salts of organjc acids, such as trjethyla iium salt of 10- cgmphorsulfonic_acid, and the
ke, 10 ThAIRNESARAGLIRARJND D895 GRHEF YRR 1 SR ABS IR HRIRIPYEI AN S be used, in
the novel anlgeffectiBaROBRASIINOrSKGIEablS frssiilmtiratslibsine theredtr isheld stadiliyseidhe
antireflective solytion will be affected by the presence id, if the polymer were to crosslink in
solution. Th rators ar at I tive h nthe

BT o By s ST BRGRE (e o T RS 0 A i
substrate. Additiorribiredixitiiesefdbeviyai@cidsasehik deticie snay thinUiiad litdtwraghyihdmeal acid
generators are preferred for crosslinking the polymer 20 efficiently, an anti-reflectjve cgating composition
omprisimg AN S ETHARET Gy FAYEA/CE A GG T YRR CESCaine e potymer
Exampl6s ofamfirediedtidareontitip uidimiiesitionstignioghacadatainsh assédnpoBeids. Sutlfomoracids such as
toluene sulfonic ac'd,giﬂic id ?{ mixtures of these are preferre e novel .compigétion may

16t jiﬁe & ,

25 T
Pyl |5 0 M sl B R TR e o o
compounds,miirdeRLy| esterpHeagines, itic dEhegirederrethphtvantibgetukatorsdatntagenosalts and

pipa e L o e Ry g e s R
by a judicious choice of the dye. The dye with absorbance maxima lower than the
20 exposure absorbance (193 nm) is used to achieve hyper n value. Theoretically, a
n value that is above the value predicted from the Cauchy correlation is
considered high, which covers entire half of the absorbance band in high
wavelength area. When a moderately strong dye is used, the high n low k
material should ideally have absorption maxima, Amax, such that the actinic
25 wavelength is the same as the wavelength A. that is at half height of the
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 (Anax — A.) forces exposure wavelength A to fall into a
typical high n low k region indicated in Fig. 1. The amplitude of the refractive
30 index fluctuation is not only determined by the position of Amax but also influenced

by the strength of absorbance based on a Kramers-Kronic relation. In principle,
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mixtures thereof. One or more cross-linking catalysts can be used in the composition. Examples of
solvents for the coating composition include alcohols, esters, 5 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, cyclohexanone,

2-heptanonesgihlyl Znefhmordrasiensien PiaRidea el sertBvbathes asatntgs ethyl dpatgagamma
valerolactone, methyl 3-methox proBionate, 10 and mijxtures thereof. The solvent is typically present in
aéﬁgrl

an amount oFHEFMEHO G20 % 98GR RLRANh elhGrARCRILS FiER&IBIRBrASERictone

solvents is usall iBelRingdoieshanacisrishies ofimrntBARCIVImGeAtifCURRARIERD vighen used in
layered systems. When present, the lactone solvent comprises about 1 to about 10% of the solvent

system. y-varARGEMEN 2N% A48 Fhalrrossvantye SeiRetionRrt SPaeIfRe PPRE Hresent
compos#ion e van fsaatabonii} R oupiatbisd ighs Ul twaigat Sicalatiugited hreaolidparion of the

composition. The amount of the crosslinker in the present composition, when 20 used, can vary from 0

weight % to ABORBORKRTGRAYY RAMGER. Y SBHN BRI Grtvd G RAA KRR AYREAthe acid

generator in kBeRES SIS ChiB NSSIiR Catriefyr&Omr) dxariphd Uf taishersid® vwiaigbtBadetisre to the solid

portion of the_ composition. 25The present composition can optionally comprise additional materials
picall foutPAIRLTEHREIRE bR X R onY D s XA ER B Efe SrEARMER dys dower

alcohols, surigsgsienaliny aganiseiHigbesietnripropryesscapifoantng-edietith egseiayires tionalthe

performance is ngt negatively impacted. 30 Si the position is coated on top of the substrate
i is 1ortheP SUEIRRRE ERe il Mk KabIR i Glor it 15 B BERBRI oY S FALRHIR 16w metal fon

level and putiyniedridet PToReHRs N haReMitand unistedariecrasa siircadice isely. affecredisT igatments
such as passing a, solution of the polymer, or 5 compasitions containing such polymers, throygh an ion
xchangs o TR R AR SRR AR e G DAl OBe (I POaTRe e HAHE of metal
ions and to r¢duerRAlIGasaVdlengtical cbasxeietistcshes dptimuinalietiindcoiipasitieroptimized for

15 It should be mentioned that optical indices used in the antireflective
coating is not the same as the absorption property of organic compound in its
pure form or in its liquid solution. The absorption spectrum of a dye in coating
may shift due to changes of chemical and physical environment such as solvent,
additives and possible chemical reactions. A dye behaves ideally in solution may

20 not be right for antireflective coating. The invention has studied many low k
BARC materials with various carefully selected dyes and the structures are

presented in this work.

In the present invention, the the diol, triol, dithiol, trithiol, diacid, triacid

25 diimide, diamide, or imide-amide in the antireflective coating composition can be
chosen in such a way that the absorption maximum of the polymer, in the
antireflective coating composition which is used to form an antireflective film on a
substrate, is less than the exposure wavelength for the photoresist and where the
exposure wavelength is between the absorption maximum and the absorption

30 minimum on the long wavelength side of the absorption band of the polymer in

the antireflective coating composition, resulting in an anomalous dispersion
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10 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 0.1 to about 1.0,
preferably from about 0.2 to about 0.75, more preferably from about 0.11 to about 0.35 as measured
using ellipsometry. The value of the refractive index (n) ranges from about 1.25 to 15 about 2.0,

preferably freghatsutich8t aReuictdciiue 1dBR asTOthaDRTMEIIR EhasaRiRiiStRs OfdiescaRtposition at

193 nm, very thin antireflective films of the order of about 20 nm may be used. This is particularly

advantageoli€ TATENG §5% Rorhibie ARtipiiacivsdiine Rpralo VRIS 8e RARA RO BFRMEE hm and
lower wavelgagihsavhatediecabetanesishiitbmars diimeas sttt &R Bteh! Nagko? Ofendne

antireflective film. The substrates over which the antireflective coatings are formed can be any of

those typicaRPSs% idiaridsdracichRIBRr RRIVRHPSsdiiglie s Rmides MRS wmigs tfit8on, silicon,

silicon smibstepigsepatathvitha nheiadissbipton2 meRRRerTeAtasESHisRmealer thepanrtirsfidstiaie coated
with antireflective coating, aluminum, polymeric resins, silicon dioxide, metals, doped silicon dioxide,

silicon nitrid&°GHBErBRRSSIHARES esH IR RitNBEXRRBU RNV AXSTRRI dBpH, IUNIRESH, Famics,

aluminum/capperghdursogatiurnaEseniin RNGOMSSBUE KaoHRiYHVotantapseiptrdshadike. The
substrate may comprise any 30 number of layers made from the materials described above. The

coating comBbsitiGnRANBE" cJatdlio R BiEel|RsLi S Ra P CATBORL ML AL IRE AIPRED WRlied in the
art, such as gipgnspdrcapingopigsvayigngtre Blaethicknesarfrthasatideflentivareaatnsuganges from

bout .01 pm to about 1 Th ti be heated hot plat cti 5 oth I
nown Heati A ARSTHORLRBRIEI A%, T iR S pe R Oh e cohelnokie Tootsedioi

insolubilizingdhgranthecfietvaveoniings 1o pfavenamiesmievine Hitiwaro tbaantitreflabiveptioating and the
photoresist. The preferred range of te eratufﬂe is from about 90C to about 250C. If the temperature is
below 90C tR&" [ci rﬂf?& %'f'tér %g)ﬁ%?i 8lifficient amount of crosslinking 10 takes place, and at
temperatures above 300C the composition may become chemically unstable. A film of photoresist is then

coated on top of the uppermost antireflective. coating and baked to sugstantiall remove the photoresist
sohvent. An adge beaASISG (H5 KIS Gl BN S B SO038 deaPEPLTLL oFthe subatrate
using pipcesaetirafiRitknoveoatiigecarhpdsitionT bertpasinya typssreirpbfoliasesisisepmipasititios,
negative-working, and posjtive-working. When negative-working photoresist compositigns are exposed
mage-nise ETAIERBNG E SUER e P B SRR PR L KO Toss soluble
to a developreatihgiore(r@isatrassitiidierg hipacitoneoferusejfiviaie tbagthexitimedareasovkthe
photoresist ¢pating remain relatively solubl uch a solutign. Thus, treatment ﬁan X %c{aﬁi
egative wolRiG FELISE IV & 0Bl GE7 TN P OVET 5t IS aRtye (o SIS PR Htoresist
coating and eethetaihen cafading dativet isuhgisléniththeoadiaifn gheskitionnobgepingtordsistrent poion of the
underl i@g substrate\i% fa]ce on Wh!'ch the 25 otog)esi%i composition V\§S de&os{i%et\d. O{'hthe other
hand, When ngﬁﬁ%§ Hbep%%YS 89%’1’666'?71 ftiORE ArE TP ge% e Pa8|3ﬂ8n, fhose areas
of the photomdigisconthestibstexigossia goptioecadetinrlib&nome indhe sotubleciddatintg vetayey solution
(eg.a 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
25 unstable. A film of a photoresist composition is then coated on top of the
antireflective 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
30 imaging photoresists is well known to those skilled in the art and is optimized for

the specific type of resist used. The patterned substrate can then be dry etched
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30rearrangement reaction occurs) while those areas not exposed remain relatively insoluble to the
developer solution. Thus, treatment of an exposed positive- working photoresist with the developer
causes removal of the exposed areas of the coating and the creation of a positive image in the
photoresist coating. Again, a desired portion of the underlying surface is uncovered. 5Negative working

photoresist 3R PQFithTeNGHHNEhBAMRICRISIFABRO B BR FBY EN B ISR ST YRl kneweriectiese skilled in
the art. Along with the positive and negative photoresists mentioned above, which are typically done

dry, 193 nm iR ANRNEIRAMHP S RPIRS S BFHRG0RS GRSIER doRwk 1o/AEHR 953E2Ri%eyond.

With absorpivewhderlae setdiOstohmdrvrganR G Esclisc e e sHttagls MidbHum, sehstrate
reflectivity control based on simulations. On the other hand, the BARG film needs to be thin enough to

have desired®BttH-fete@iviNPIbafe YRR a f IR 93T RRi IRV RHBg BEh # T hENSWRTIRE 85 KSess requires

high n veluedenhBARCIn WIS dRvepilepsiaswtegs an 15 antireflective coating composition which contains
a novel polymer with non-aromatic dyes. The dye is less absorbing at 193 nm than that of conventional

193 nm BARG, e.g. phenyl or its derivatives. The invention takes advantage of anomalous dispersion

effects near the abggipieermediang faped axelydiegaaady etweskgiotechnirefidhesdyalihg dye with
absorbance maxima lower than the 20 expqosure absorbance (193 nm) is used to achjg\é% Eé/%er n value.

Theoretical\P i NEIREARUER S BT A IS PO GRS IS RIHSI0ORH 5 NI ered high,
which coversespisediathief imeeabisnrbRneeiians ddiigh wpyelengithineea pblher e castérately strong dye
is used, the high n Jow k material shoul?l 'dealcl}[fp{have absorPtio maxima, Anl;‘,,siuﬁ? that the actinic 25
wavelelfyth %‘%Hs@am@%{@ FrAmRlRTNGREPANRSE aFh RANMEHINGRAELROYBERIEBand on the higher

wavelength side of the absorption band (Fig. 1). The absorption maxima Am" moving from that position in
the shorter wavelength direction u a half length (Am" - k) forces exposure wavelength A to fall into a
tpical high  ove K FLgRS BBV BY T (ARIACEINE (OINEE SbCT AIEEER R is not
only determiizediby tbavisisition ofithin” g alsepeflotnieedhyeiitosirangth wiapsomanesddsed on a
Kramers-Kronic relation. In é)rin.ciele, nes?rgy ara/ incremank%i n value c;ar%J be .aché%\{]ed S Iona as the dye
has extreme§ @ENG 8BRS TBHEISOMGHA P by BRTAEI AL el asieg a5 0P
requirersent @i the orgainic B @ridnipHiraraybtiite f foemanceenaaticfiddsorhfillengaes in dye
selection and materiﬁl develcﬁment. 5 We have fsg%pcessfﬁgﬁ iné:ﬁr orated dyes .Wiﬁh absﬁﬁr tion maxima
between 166980 AMMbARASE BEhRREAD ARG HIRSIR ad R MIRLS I 4 SHESHIRSor ketone,
into the polysgysstatstasca Aowerarapist 6ifrdidyespioncoatirsgbastiaoohetm aling drgamigldlgh(pedymer from

Synhests EXARLS AP DL iR BeriaAT KR O P RSO RRRE P ko dfi g ecicton
method etc. On the organic film is formed the antireflection film, for example that
20 which is disclosed herein, as an intermediate resist film. After applying the
antireflection film composition to the organic film by spin-coating etc., an organic
solvent is evaporated, and baking is carried out in order to promote crosslinking
reaction to prevent the antireflection film from intermixing with an overlying
photoresist film. After the antireflection film is formed, the photoresist film is
25 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
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

30 pattern.
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10 correlation results in an n value of 1.63 at 193 nm assuming the material is transparent. The actual n
value of the material is measured to be 1.93. Thus, a refractive index increment of 0.30 is attributed to the
dispersion effect although the exposure wavelength is not exactly at the optimum high n low k position.
151t should be mentioned that optical indices used in the antireflective coating is not the same as the

absorption propertyspiciraaniaHRINPesIBE hrdtessiie Kish QUi italissitbaPldljen id Rsrmsouation spectrum
of a dye in coating may shift due to_changes of chemical and physical environment such as solvent,

additives an8 S8R Mrakre QIR CA B0t N YR AT IRtEHBRIRIAYEH 1 ieHRSSyht for
antireflectivepgogliingy ZReieandamhnssiisdies sraconpusitPAReitaieng snedhvatys. cafully

selected dyes and the structures are presented in this work. |n the present invention, the the diol, trio!,

dithiol, trithidPRiQEi NG ARIDE ARy el RN BRIRRICRAAYEN P BRe LR i AT RHIP Romposition
can be ghosepdiiry @bmpeuitibat Sharabsaradion magntion 95 therpRiMemRangheANsTeTtive coating

composition which is used to form an antireflective film on a substrate, is |ess than the exposure

wavelength FIFHRIIBALRGHRYS a A S%ah S dRFRESOW LS EISR IR TrsiRelay ¢h EABRATIIGA maximum

and the abs@pippREtOIBETHINTOM TR itne WavelRh Ghssiderahpl@dserpiien bampesitpdymer in the
antireflective coating g{)?m(fa_‘osition, resultiggéin an anomalous dispersion, contri%geigon to the refractive
et

index of the SRR IBrRat iAiee@UE BN CIRE G RAVSHHRS AHAPARRAS Gittn SiRPRvers the
absorption ppetyreier tstefdhrcuicaflegivedilTHO SPmminstandks. theshiofilts! papiredrigyol, other

polyols, diacid,. triacid, other polyacids, diimide, diamide, or.imide-amide can be 5 chosen such that the
B sorpiion RSB REBh o8 TR NG e Bati eombbelo T N B Poposure

wavelength Oviherziyoberesist 2rdMe B thr @t saye nvavel evg e iisieivecodhp batidreigha of the
absorption band, of the polymer in the antireflective coating coqgositionﬁnd the bsor%gm nAinimum on
the long wa |8ﬁ%"tﬁ%?&&9¥ﬂ%ﬂﬂ8?ﬂ18{§ A0 COIBRIAEES PSS AR RSh AP Me tefractive

index of the wypireliegtivgdilrogiepuitiny enisingniee vigractive silden atoftheariiteftbeiivedéoand lowers
the absorption é)arameter 'k’ of the intireflective film. A process of the. instant jnvention fé)m rises coating

a substrate WIAVAH" 95 UREHAdERHOIR LRI GSIRO YGRS S AR B PRI invention

and heging #iizstkstisate. oMteehaiplhie sawenfetiion agaho@bidyer weldiknowodwatirntioeibdds at a
sufficient temperature for iufﬁcient I(—i‘n th of tlgrgg to,remove Elfﬂ?ating solvent, and crgsslink the polymer
c ng) I

if necessary, Og%uﬁic?t?“ UL 1T THE B F5i'20l Sriﬂsth%xggﬁﬁrqg AN photoresist
or in a 20 agsteadalkaprecaevedsper Shbsstpehiad rpostveexpaylre appicidgo qleEBhesedpes of the

about 2500 IPYRBRE A BEbRLI0e. R R el P Bt B O & LA oLt of
crosslinking furtki¢akehprep i gaicesspsratures above 250C, the polymer may become chemically
20
The following examples provide detailed illustrations of the methods of
producing and utilizing compositions of the present invention. These examples
are not intended, however, to limit or restrict the scope of the invention in any
way and should not be construed as providing conditions, parameters or values

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

Synthesis Example 1
30
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25 unstable. A film of a photoresist composition is then coated on top of the antireflective 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

30imaging photoresists isravRY kpwidpahesackiretiytheRea s apimizamor Bre saeqiic type of
resist used. The patterned substrate can then be dry etched in a suitable etch chamber to remove the

exposed pord¥HLSY iRV BRI RS ANt Pheiamairhify JRoRRBRIG MR &M areeR iiRask. Various

gases are knpwogniinefris Ko BEchinBdifesmetanti e itetd e fentitat st amb2a Gdeshahmagl CF4 as
well as other e_tching gases known in the art. This process is 5generally known as a bilaé/er process.

An intermed SHE $hy L PERREI JREHWEWaS M riethiR G &ivBTeS 55 R th R PAYIS IRSRE'R prevent

intermixing, eslddp&svifaiaiaecharilymengHyartdie speneg ogiisviayeateedT hihitegaeghrie fayer is an inert
polymer cast from a 10solvent, where examples of the polymer are polysulfones and polyimides. In
@@gl

addition, a nfURIRKANSY B iR ARTRAALTE 175, RVsER; JNerJERSIIRN AU SWAR L Within the
scope of thedpurifien ribatidavperirpesariar £xaspleordergalyiméinsisiaonedsencbaiihstiate, an
antireflection film is formed 15 on the qrganic film, and a photoresist film is formed on the antireflection
film. The org At AR %Q@ﬁ%@&ﬁ@iﬁﬂ%ﬁ&ﬁ@éf 'ﬁ]ﬁ'ﬁ?ﬁé’%%ér%(}iﬁfm@formed on a substrate as a
lower resist film by spin coating method etc. The organic film may or may not then crosslinked with heat
or acidﬁfterﬁyﬁtl'catio;]ﬁ%%pi oating method etc. On the organic film is formed the antireflection film,

for exattiple W losed herein, as an intermediate resist film. After applying the
antireflection film composition to the organic film by spin-coating etc., an organic solvent is evaporated,

and baking is carried out in order o promote crosslinking reaction to prevent the antireflection film from
intermixing with an %j%ergfiﬂ@f)hcﬁtre%%@ﬂﬂrﬂhﬂﬁ}émé]ﬁmg&@ﬁ%' filPis BB, (e 6%’[ esist film is
25 formed theyeasxpstayl Lppear tesisiditmaripirocogtirggnsttopd chexae tise dvisref otaing thintahotoresist
film as with forming the antireflection film. After photoresist film composition is applied by spin-coating
method eto. pEUBRing ROk aME S dRoRHOTHEIRT a0 P EHEL AP ORI Aehd, DRFRPREiposure
baking1® EBstarst dEvelpgumatioh wiiiktardeva®peatse ras8iEE oAl abtatalgtiesisicdimasfgyara-  Another
trilayer resish%rocess |s such when a botﬁ))ér%l er ﬁlé rmed with a céfgbgn tch mask. On to%nof the
bottom layer, MEREE IS5 er TRA8% %ué ndhtetfre e esid I%yé?%%tr'ﬂﬂosvl\f containing
silicon atomsn&intépeaf titethiteteegiatatlaye foaréadthiotiestidiméayenbisedsofutiun antikeftaetion

cooled to room temperature and a ~ 30 solid% polymer solution was obtained.

The average molecular weight of the polymer is about 2000 g/mol.

20
Synthesis Example 3

6.1 g acetic anhydride, 13 grams of tris-(2-hydroxyethyl) cyanuric acid and

120 grams of cyclohexanone were charged into a 500 mL flask with a

25 thermometer, a cold water condenser and a mechanical stirrer. The mixture was
heated to 100°C and 0.11 g of para-toluenesulfonic acid monohydrate was added.

After 16 h, the reaction mixture was cooled to 80°C and 32 grams of
tetramethoxymethyl glycoluril was added. The reaction was maintained at this
temperature for 16.0 hours. The reaction solution was then cooled to room

30 temperature and a polymer solution was obtained.
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5 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 of a photoresist composition. In this case,
examples of the composition for forming the intermediate layer may include polysilsesquioxane-based
silicone polymer, tetraorthosilicate glass (TEOS), and the like. Then films prepared by 10 spin-coating
such a comgiiRBsier exBimpi 202, SiN, or SION prepared by CVD may be used as the intermediate
layer. The top resist layer composition of a photoresist composition preferably comprises a polymer
without a silicon atom. A top resist layer comprising a polymer without a silicon atom has an advantage of
providing superior rgzolgfigmo atopteasiridayexFABALEINGIVEBRIYIMErGONtRARg 1T Sitigguatoms. Then
in the same fashion as the bilayer,resis,té)rocess mentioned above, a pattern circuit area of the top resist

layer is expd S ROEHMNg ¥AAGaRFiGrodediPesf Shéé%%ﬂ@ﬁ 72 ot xBBdurdBaRid P ©B) and

developmentpspRaiiedret it pbtalafyErbiRitoades00foHowRis RWatRhiNgruteh Biribrs lithagsRphic
processes. 20 The following examples provide detailed illustrations of the methods of producing and

utilizing comPB&RicFRGEMREHBRE R MR CHhSUE ¥xahis S APHNLMXLHEW AR DRAIEH 9 limit or

restrict the sgope Ohtlee inverdigtdrapmuinweyfansshelidume senstidedeifopRifgiegEasdijons,
parameters or valu&i 25which must be utilized exclusjvely in order to Eractié%lthe present jnvention.

EXAMPLES " HAESRIE G [GHIS8 Was J53Ualaest oty S I BRIACYES s of tris-(2-

hydroxyethyhegytionrie @oitoanh480taErmscdisickohesanpiemieseathiry geddnto a S8 kuliflesk with a
thermO@eter, zicold l\%vr@ter condenser and a mechanical stirrer. The reaction mixture was heated to 80C.

After a atalW VARG Lbtfciﬂat?’gl‘i"‘ij‘?Bf@é‘hee%ulfonic acid monohydrate (0.14 g) was added, the reaction
was maintained at this temperature for 6.0 hours. The reaction solution was then cooled to room
temperature and a - 30_solid% polymer solution was obtained. The average molecular weight of the
polymer is a 8&%%%6 14 ng%ynthesis Example 2 29 grams of tetramethoxymethyl glycoluril, 16
grams of tris-(2- hydroxyethyl) cyanuric acid and 100 grams of cyclohexanone were charged into a 500

mL flask with a therégcf)gueter, a Coléj(wrféfr cor}gﬁeé%ser aﬂﬂ a mecf}an‘cal 5 stirrer. T re.ac{' n mixture
was heated to 80C2Affer IRyt artfORT G RIS SANSHE Leid oW aral (32147 was added,
the reaidion mairorgistiajt)ed\airtbrcterok rauregon Vithtotgamdo eacidomsaluton yastisenfcooled to
room temperature and a - 30 solid% polymer solutiop was optained., The average molecular weight of the
polymer is a%ap%ﬁéarb(?ﬂ%l‘.’vfﬁe c?wgrg%rg mfc'o a gBO mﬁ_ Hasl? with a %ermgmg%er, a col\g
water condenser and a mechanical stirrer. The reaction mixture was heated to
80°C. After a catalytic amount of para-toluenesulfonic acid monohydrate (0.15 g)
was added, the reaction was maintained at this temperature for 6.0 hours. The
20 reaction solution was then cooled to room temperature and a ~ 30 solid%

polymer solution was obtained.
Synthesis Example 6

25 29.2 grams of tetramethoxymethyl glycoluril, 16 grams of tris-(2-
hydroxyethyl) cyanuric acid, 9.6 g of Isocyanuric acid diallyl ester and 100 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
80°C. After a catalytic amount of para-toluenesulfonic acid monohydrate (0.15 g)

30 was added, the reaction was maintained at this temperature for 6.0 hours. The
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Synthesis Example 3 6.1 g acetic anhydride, 13 grams of tris-(2-hydroxyethyl) cyanuric acid and 120
grams of cyclohexanone were charged into a 500 mL flask with a 25 thermometer, a cold water
condenser and a mechanical stirrer. The mixture was heated to 100C and 0.11 g of para-toluenesulfonic
acid monohydrate was added. After 16 h, the reaction mixture was cooled to 80C and 32 grams of

tetramethoxygifivh 9b@IakiBH Wigsadhles- ddwdaaiodyras aeaiigbabids mpgmiyeados 16.0 hours.
The reaction solution was then cooled to room 30 temperature and a polymer solution was obtained.

Synthesis ERINPIESOIUEN JYaH ORIEIBEdmethoxymethyl glycoluril, 13 grams of tris-(2- hydroxyethyl)
cyanuric acid, 1.9 g of 1,4-dithiane-2,5-diol and 100 grams of 5 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 80§. %ﬁter.a $tarl])ﬁ.)ir: exnount of para-toluenesulfonic acid monohydrate (0.15 g) was added, the
reaction was ThaINtaned & ths temperature for 6.0 hours. The reaction solution was then cooled to room
temperaﬁgre and a - 30 solid% 10polymer solution was obtained. Synthesis Example 5 29.2 grams of
tetramethoxymethyl glycoluril, 8 grams of tris-(2- 15 hydroxyethyl) cyanuric acid, 5.4 g of trithiocyanuric

acid and 100 gramsh yElpheanAEHEIRGAHATH MR ARMIMbd kg ermmairzoR cold water
condenser and a mec a%ica siﬁer. %e reaction m@tu@e)%vas t|1éate to r;.g{OC. A tgr a cat@%c amount of
para-tolueneztfcio G gdamsnohypdeme g0el SlyFolav oyt ethetiacaiate mamidmA) weresis
te”.’perat“reéﬂé@)ﬁ%&%@-a@f&&&’é@&ﬁoﬁﬁ%LWH'H \é{atﬁl??%ﬁ%%@d Fﬂé&’ﬁmi&?@ﬁﬁ’éﬂs&l‘% a-30
solid% polymer solution was obtained. Synthesis Example 6 2529.2 grams of tetramethoxymethyl
glycoluril, 16cgtenyeatgtrieoprdenser and heated to 85°C. After a catalytic amount of para-

10 toluenesulfonic acid monohydrate was added, the reaction was maintained at this
temperature for 5 hrs. The reaction solution was then cooled to room
temperature and filtered. The filtrate was slowly poured into distilled water while
stirring to precipitate the polymer. The polymer was filtered, washed thoroughly
with water and dried in a vacuum oven (250 grams were obtained). The polymer

15 obtained had a weight average molecular weight of about 17,345 g/mol and a

polydispersity of 2.7.
Synthesis Example B

20 20 g of butanetetracarboxylic acid dianhydride, 20 g of (+)-dimethyl L-
tartrate, 1.0 g of benzyltributylammonium chloride, and 70 g of 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 ~1-2 hr. The temperature was kept at 110°C for 4 hrs. After

25 cooling to 60°C, 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 52°C 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 collected and washed thoroughly with water. Finally
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hydroxyethyl) cyanuric acid, 9.6 g of Isocyanuric acid diallyl ester and 100 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 80C. After a catalytic amount of para-toluenesulfonic acid monohydrate
(0.15 g) 30 was added, the reaction was maintained at this temperature for 6.0 hours. The reaction

solution wastkeepSI9RIed iak aREieMPEraEHLAN® den3 246 B S walsittanasioRigingd.

Synthesis Example A 5 600 grams of tetframethoxymethyl glycoluril, 96 grams of styrene glycol and
1200 grams WE[SHBLPHSTAROG BRI MY hebahey BAJIMRL charged into a 2L jacketed
flask with a thermometer, mechanical stirrer and a cold water condenser and heated to 85C. After a
catalytic amaount of para- 10 toluenesulfonic acid monohydrate was added, the reaction was maintained
at this tempér2RIRSrBRHaGRR FXRERBIE sbiution was then cooled to room temperature and filtered. The
filtrate vgas slowly poured into distilled water while stirring to precipitate the polymer. The polymer was
filtered, washed thoroughly with water and dried in a vacuum aven (250 grams were obtained). The

polymer 15 obtainedrh&H H RRIYMEL LG0T BRIBLRYNIRSSIR 57a50IE1Y Was JIsRA%RE R dol/dispersity
of 2.7. Synéf‘@lﬁﬂﬁlcjﬁ?gﬂ@ﬁli@E@o%ﬁ?l%@ﬂéﬂﬁgm@t%@ﬁ@%%i@t@’@@@%ﬁ@@%ﬁdﬁoﬁ@rﬂeﬁﬁﬂk&ﬁ%ﬁetty' L;]
tartrate, 1.0 g of benzyltri ammonium chloride, and 7 PGMEA were charged into a flask with a
condenser, SN A0 OI! 030 RALERBNCATElRR G AR ahA I SHESHAERe wae
heated to 1lﬁ|ﬂ£érédclﬁﬂ5@gﬁU§'QﬂiW@Sfm@amﬁld afiﬁﬁrelélz'@”ionmZQEﬁP%rmuﬁli@a{V@é k)dﬁpé adilidsiC for 4 hrs.
After 25 _cooling to 60C, 40 g of PGMEA, 60 g of acetonitrile, of propylene oxjde and 30 g of

tis(o, A ooy AISs BT v el i TSGR e LOR DA B AR LBt t 52C for
40 hrs. The eafitiaficioluiforoptasatoptadricetensn ieimigeratuspadteosicypic PENpddnietiargeTamount of
e & i e NS S e 505 5% B SLer Hee'gro el

listed in Table 1.
15  Coating Formulation Example 2

1.0 g of polymer solution from Synthesis Example 2 was dissolved in 7 g

of PGMEA/PGME 70/30 solvent to make a ~4 wt% solution. The mixture then

was filtered through a micro filter with a pore size of 0.2 um and coated on a

20 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.

25 Coating Formulation Example 3

1.0 g of polymer solution from Synthesis Example 3 was dissolved in 7 g

of PGMEA/PGME 70/30 solvent to make a ~4 wt% solution. The mixture then

was filtered through a micro filter with a pore size of 0.2 ym and coated on a

30 silicon wafer and baked at 200°C for 90 seconds. The wafer was submitted for

evaluation of optical parameters using a spectroscopic Ellipsometer. The
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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. Coating Formulation Example 1 5 1.0 g of polymer solution from
Synthesis Example 1 was dissolved in 7 g of propylene glycol monomethyl ether acetate/propylene glycol
monomethyl ether (PGMEA/PGME) 70/30 solvent to make a --4 wt% solution. The mixture then was

filtered throughtipnpisdor8iaicid maexe pizatol 932 mim and ¢ratedsutstisticoardfutateriangrbaked at
200C for 90 seconds. The wafer was submitted for evaluation of optical parameters using a spectroscopic

EIIipsometerl.'sltﬁg Bbﬁﬁjﬁfea refractive index "n" at 193 nm and the absorption parameter "k" are listed in
Table 1. 15 Coating Formulation Example 2 1.0 g of polymer solution from Synthesis Example 2 was
dissolved in 7 g of PGMEA/PGME_70/30 solvent to make a --4 wt% solution. The mixture then was filtered
through a micRPHRE VAL IBBRS EX8WPE#om and coated on a 20 silicon wafer and baked at 200C for
90 secomds. The wafer was submitted for evaluation of optical parameters using a spectroscopic
Ellipsometer. The oPtimized refractive index "n" at 193 nm and the absarption parameter "k" are listed in

Table 1. 25 Coating FofhRIARELSAHENTOT WIS SRR DY aS MRS D@ 3 was

dissolved in grP@IMENESMEMB/I0/30Iseett inaraka a4-4wod/ssniutan. THee mikiuie then was filtered
through a micro fi&er wazﬁr ore size of 0. %m and coated on a 30 silicon wafer and baked at 200C for

90 seconds. W#@ A EReE? dURUXYEN BrRPRcSIAdnthre ARG £9BIR4r 08 Bpic

Ellipsometersifibén wafer and baked at 200°C for 90 seconds. The wafer was submitted for
10 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.

Coating Formulation Example 5
15
1.0 g of polymer solution from Synthesis Example 5 was dissolved in 7 g
of PGMEA/PGME 70/30 solvent to make a ~4 wt% 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
20 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.

Coating Formulation Example 6
25
1.0 g of polymer solution from Synthesis Example 6 was dissolved in 7 g
of PGMEA/PGME 70/30 solvent to make a ~4 wt% 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

30 evaluation of optical parameters using a spectroscopic Ellipsometer. The
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optimized refractive index "n" at 193 nm and the absorption parameter "k" are listed in Table 1. Coating
Formulation Example 4 5 1.0 g of polymer solution from Synthesis Example 4 was dissolved in 7 g of
PGMEA/PGME 70/30 solvent to make a --4 wt% solution. The mixture then was filtered through a micro
filter with a pore size of 0.2 pm and coated on a silicon wafer and baked at 200C for 90 seconds. The
wafer was sigiintigd doreienedu sk ofrppicalgsamameleds theingbacipaetiopapMisdrdipsometer. The
optimized refractive index "n" at 193 nm and the absorption parameter "k" are listed in Table 1. Coating
Formulation '%%Hggbig 110 g of polymer solution from Synthesis Example 5 was dissolved in 7 g of
PGMEA/PGME 70/30 solvent to make a --4 wt% solution. The mixture then was filtered through a micro
filter with a pore size of 0.2 pm and coated on a silicon wafer and baked at 200C for 90 seconds. The

wafer was submittedRHF3bRAFAMSHh PRGN JEP i eRating Sy @St 6 Xea e D R dfer. The

optimizeyl regactiveasgiementatatOPBMmnNd the absorption parameter "k" are listed in Table 1. Coating
Formulation Example 6 25 1.0 g of polymer solution from Synthesis Example 6 was dissolved in 7 g of
PGMEA/PGME 70/30 solvent to make a --4 wt% solution. The mixture then was filtered through a micro
filter with a[pps@Igize of 0.2 pm and coated on a silicon wafer and baked at 200C for 90 seconds. The

wafer was sibiaiigd o5 FRe Ao ahfntcal parameters Ysing a spectroscopic Ellipsometer. The
optimized refractive index "n™ at 193 nm and the ajzsorption gagr@ameter k" are listed in Table 1.

2 1.93 0.27

3 1.88 0.20

4 1.91 0.25

5 1.87 0.24

6 1.94 0.25

Litho Formulation Example 1

10 2.2 g of the polymer solution from Synthesis Example 1 and 0.35 g of the
polymer solid from Synthesis Example A was dissolved in 80 g of PGMEA/PGME
(70/30) solvent to make a 1.2 wt% solution. 0.35% of dodecylbenzene sullfonic
acid /triethylamine and 1% of triphenylsulfonium nonafluorobutane sulfate was
added in the polymer solution. The mixture then was filtered through a micro filter

15  with a pore size of 0.2 um.

Litho performance evaluation of Litho Formulation Example 1

The performance of the anti-reflective coating formulation from Litho

20 Formulation Example 1 was evaluated using AZ® T83472 photoresist (product of
AZ Electronic Materials USA Corp., Somerville, NJ). A silicon wafer was coated

with AZ® 1C5D bottom antireflective coating composition (AZ Electronic
Materials USA Corp., Somerville, NJ) to form a 60 nm thick film. Then a 21 nm

thick film of Litho Formulation Example 1 was coated over and baked at 200°C

25 for 90 seconds. Then a 190 nm thick film of T83472 photoresist solution was
then coated over and baked at 115°C for 60 seconds. The wafer was then
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Optical parameter evaluation from coating formulation examples 1 to 6 (n 5 & k measurements at 193
nm). Table 1 Coating Formulation Example nk 1 1.92 0.252 1.93 0.27 31.88 0.20 4

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
5 seconds. The cleaned wafer was then examined under a 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 Formulation Example 2
10
2.0 g of the polymer solution from Synthesis Example 1 and 0.3 g of the
polymer solid from Synthesis Example B was dissolved in 3 g of y-valerolactone
and 60 g of PGMEA/PGME 30/70 solvent to make a 1.4 wt% solution. 1%
dodecylbenzene sulfonic acid /triethylamine was added in the polymer solution.

15  The mixture then was filtered through a micro filter with a pore size of 0.2 um.

Litho performance evaluation of Litho Formulation Example 2

The performance of the anti-reflective coating formulation from Litho

20 Formulation Example 2 was evaluated using T83472 photoresist (product of AZ
Electronic Materials USA Corp., Somerville, NJ). A silicon wafer was coated with

AZ® 1C5D bottom antireflective coating composition (AZ Electronic Materials
USA Corp., Somerville, NJ) and baked at 200°C for 90 seconds to form a 52 nm

thick film. Then a 23 nm thick film of Litho Formulation Example 1 was coated

25 over. 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

30 USA Corp., Somerville, NJ) for 30 seconds. The cleaned wafer was then

examined under scanning electron microscope. Line and space patterns showed
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1.910.2551.87 0.24 6 1.94 0.25 Litho Formulation Example 1 102.2 g of the polymer solution from
Synthesis Example 1 and 0.35 g of the polymer solid from Synthesis Example A was dissolved in 80 g of
PGMEA/PGME (70/30) solvent to make a 1.2 wt% solution. 0.35% of dodecylbenzene sullfonic acid
[triethylamine and 1% of triphenylsulfonium nonafluorobutane sulfate was added in the polymer solution.

The mixture HaegtayRErgRrEE ABIB RYEAJiler ScamiminParRIRiZerY erfcary bittkensstsmance

evaluation of Litho Formulation Example 1 The performance of the anti-reflective coating formulation from
Litho anti-reflective coating.

Litho Formulation Example 3

4.4 g of the polymer solution from Synthesis Example 2 was dissolved in 5
g of y-valerolactone and 95 g of PGMEA/PGME 30/70 solvent to make a 1.2 wt%
solution. 1% of triphenylsulfonium nonafluorobutane sulfate was added in the
polymer solution. The mixture then was filtered through a micro filter with a pore

10 size of 0.2 um.
Litho performance evaluation of Litho Formulation Example 3

The performance of the anti-reflective coating formulation from Litho

15 Formulation Example 3 was evaluated using T83472 photoresist (product of AZ
Electronic Materials USA Corp., Somerville, NJ). A silicon wafer was coated with

AZ® 1C5D bottom antireflective coating composition (AZ Electronic Materials
USA Corp., Somerville, NJ) and baked at 200°C for 90 seconds to form a 60 nm

thick film. Then a 20 nm thick film of Litho Formulation Example 3 was coated

20 over. 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

25 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.

30 The foregoing description of the invention illustrates and describes the

present invention. Additionally, the disclosure shows and describes only the
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20 Formulation Example 1 was evaluated using AZ(r) T83472 photoresist (product of AZ Electronic
Materials USA Corp., Somerville, NJ). A silicon wafer was coated with AZ(r) 1C5D bottom antireflective
coating composition (AZ Electronic Materials USA Corp., Somerville, NJ) to form a 60 nm thick film. Then
a 21 nm thick film of Litho Formulation Example 1 was coated over and baked at 200C 25 for 90 seconds.

Then a 190 preféickdfilehifotadhrispbptaresisteatisiobmashensmre ol hakedatbl5C for 60

seconds. The wafer was then imagewise exposed using a Nikon NSR-306D 193 nm scanner with 0.85

NA, under dif3#eFRAmNAINSBEHRRLVARESIR PhreTie QRIS PINSfFHRRIBAKRRSt 110C for
60 seconds aishrRIORSd dhdZdR\VviFoRMBRtdexAlPNST fapailab o fremafgdslestroni iMeagtals USA

Corp., Someryville, NJ) for 30 5 seconds. The cleaned wafer was then examined under a scanning

electron mictLBptNg ifePRRd Yplhie: IBYRBING SRS haSEMRARESREVERM§1D F6oMMY eMRHFI® cumming,

indicatirg effigaeyHy dsovettrmonigieeriive gaabral bithtbwisddation theasiieaatlart. TR g of the
polymer solution from Synthesis Example 1 and 0.3 g of the poljg@mer solid from Synthesis Example B was

dissolved in 8B9INEMFHESEHREhAUE RRRWE MEAIBERIE HE AT I0REINAESE TR o6 solution.

1% dodecylh¢rrenesptiatticiagidHyiptiatammanmioasieiss dnditre rRobKimedsalytienarl ¥d hgiimeture then
was filtered through a micro filter with a Eore size of 0.2 um. Litho,performance evalugtion.of Litho

Formulation BRaAREYORE SHFBrRAARSST FHEPHMANERBLYAh RYAIRS PN GRS

required by the particular applications or uses of the invention. Accordingly, the
10  description is not intended to limit the invention to the form disclosed herein. Also,
it is intended that the appended claims be construed to include alternative

embodiments.
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20 Formulation Example 2 was evaluated using T83472 photoresist (product of AZ Electronic Materials
USA Corp., Somerville, NJ). A silicon wafer was coated with AZ(r) 1C5D bottom antireflective coating
composition (AZ Electronic Materials USA Corp., Somerville, NJ) and baked at 200C for 90 seconds to
form a 52 nm thick film. Then a 23 nm thick film of Litho Formulation Example 1 was coated 25 over.
Then a 190 gnifek T83472 photoresist solution was coated and 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 inAZ(r) ﬂﬂ%Mll%ﬂé&m@p@cséﬂﬁglahi@ptsgrrb%&l@ﬁirgﬁ@ Ygspyialer SAMSH doesnobomerville,

NJ) for 30 seconds. The cleaned wafer was then examined under scanning electron microscope. Line and

space patterfRUABWAY OBl IRY Ara0RE A% 18868 HeIME sBGIA RS TAIREIHE & ¥ASS Bt the bottom

anti- feﬂgCthmQOQBIWnéﬂhﬂwEﬁf@tﬂﬁHOB Fsanadend$ a alsbHubihparalyiart sKptiansofdsynthesis
Example 2 was dissalved in 5 g of y-valerolactone and 95 g of PGMEA/PGME 30/70 solvent to make a

1.2 wt% soldtiéR. ok StAnkis RalEAM A FﬁfF%‘f%dBﬁ%@%lY@é‘t'@ WRE L ddéhtth IndndiylRar solution.
The mixture ppg M s fkeecth&pangher Buerphites wiktradaral ntizeehed fom ldthedeasareiance

evaluation of Litho Formulation Example 3;%% %&formance of the anti-reflective coatin (5 formulation from

Litho 15 ForAUIANYRIBIEFHAB% vERASTAM, AdPEBAYS BIRUBreSRe I Rl B Eltronic

Materials Usfeppblyornaixdie, tidkid, silienstisi@olyasideatashvitirde Whkcs thbatarptardireflective
[ omposition (AZ Ele tronlc aterials USA Cor é)ﬁ Somerville, NJ) and baked at 200C for 90
fl

coatin

secon3§to fdFHh 1§ B6'RRiGH;ER QWIRg HMHSERSHim of Litho Formulation Example 3 was coated
20 over. Then a 190 nm thick T83472 photoresist solution was coated and 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 25 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.
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30The foregoing description of the invention illustrates and describes the present invention. Additionally,
the disclosure shows and describes only the preferred embodiments of the invention but, as mentioned
above, it is to be understood that the invention is capable of use in various other combinations,
modifications, and environments and is capable of changes or modifications within the scope of the
inventive concept as expressed herein, commensurate 5 with the above teachings and/or the skill or
knowledge of the relevant art. The embodiments described hereinabove are further intended to explain
best modes known of Pl tlcmg the i inv yrl//nd to enable others skilled in the art to utiljize the invention
in such, or other,emi, arious modificationg required by theopar;EJIar applications
or uses of the inventio ccordlngly the 10 description isTiotipten fo\lm‘m]th&i ntion to the form
disclosed herein. Alsq, it I intendedthattheappended clalms_t?\_c%nstrued to jhclude alternative
embodiments. /cE'Iar/ YA\“aﬁQreflectljj:oatmg composition, ¢om {Eipg a polynier which does not

. : { ,
contain an aromatic chremophore, and a thermal acid gepérator, urther‘fryhere 5 t%ﬁj‘?olymer when a film
is formed has a absorption parameter (k) value from 0.20 to 0.27 ‘at 193 nm and a refractive index (n)
value from 1.88 to 1.94 at 193 nm and where the polymer comprises a structural unit derived from a
reaction of an aminoplast and a reactant selected from the group consisting of a diol, trio!, other polyols,
diacid, triacid, and othey polyaC|ds andJurt/Ff‘Where the structurag 10unit is selec d frem the following

structures, ---- ,_{.\1 B Ny /—o\/\

H—H AL AN
S0 U P T

—t JL 0 J\ /( it i .
8w TN Ny g J\ /_OWBJ\NJ/
/\%—E/\ A /\H_m AL
0—/ T

oH o
OH
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4 1t?/0'0R011 5 2. A process for forming an image comprising, a) coating and baking a substrate
with the antireflective coating composition of claim 1; b) coating and baking a photoresist film on top of the
antireflective coating; c) imagewise exposing the photoresist to radiation; d) developing an image in the
photoresist; 10e) optionally, baking the substrate after the exposing step. 3. The antireflective coating
composition of claim 1 wherein the composition further comprises a crosslinking agent. 154.The
antireflective coating composition of claim 1, where polymer when a film is formed has a absorption
parameter (k) value from 0.25 to 0.27 at 193 nm and a refractive index (n) value from 1.91 to 1.94 at 193
nm. 5.An antireflective coating composmon comprising a polymer which does not 20 contain an aromatic
chromophore, and a the)]r\nal aC|d gener jtor, Where the

P

|- Tr S IS
NN H : PSS
/ 0 \ ! “OGD/_ ‘lr \\_U\ I\'

\fo 5 OH

[n}

o 04— o0 o 04—
_PHZC_}L/I]\)N_HCHB—O\/\NJLN/I/ —i-H;C—!*LJ\)N—CHz—O\/\N)l\N/r
’ A : AN

CH;

OH OH

2. A process for forming an image comprising, a) coating and baking a
substrate with the antireflective coating composition of claim 1; b) coating and
baking a photoresist film on top of the antireflective coating; c) imagewise
exposing the photoresist to radiation; d) developing an image in the photoresist;

10 e) optionally, baking the substrate after the exposing step.

3. The antireflective coating composition of claim 1 wherein the composition

further comprises a crosslinking agent.
15 4. The antireflective coating composition of claim 1, where polymer when a
film is formed has a absorption parameter (k) value from 0.25 to 0.27 at 193 nm

and a refractive index (n) value from 1.91 to 1.94 at 193 nm.

5. An antireflective coating composition comprising a polymer which does not

20 contain an aromatic chromophore, and a thermal acid generator, where the
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polymer comprises a repeting unit derived from a glycoluril-aldehyde aminoplast and a repeating unit
derived from a cyanuric acid compound with hydroxyl groups further where the polymer when a film is
formed has a absorption parameter (k) value from 0.20 to 0.27 at 193 nm and a refractive index (n) value
from 1.88 to 51.94 at 193 nm. 6.The antireflective coating composition of claim 5 wherein the composition

further compsisgma cEeshprisey agepbtHy uhit@sasedardainal BllRRERIEANHYI SRR GpIaeating and
baking a substrate with the antireflective coating compasition of claim 5; b) coating and baking a

photoresist fRFh TR UNtR8IAEL {reBaya) YR AEIRiSeBRANGA YR iR ds#PiPRdiation; d)
developing guAMaoR i BaRNPIeRET eGP UrARisbRkinediemsub e pfien thergrasingptep. 15

8.The antireflective coatin comogosition of claim 5, where polymer when a film is formed has a absorption

pol
parameter (RRAMREFDN &24aPe2 72413 MM A & Feffaciive ingsx (Y vale oM 108849 .94 at 193
nm. 5 194 at193 nm.

6. The antireflective coating composition of claim 5 wherein the composition

further comprises a crosslinking agent.

10 7. A process for forming an image comprising, a) coating and baking a
substrate with the antireflective coating composition of claim 5; b) coating and
baking a photoresist film on top of the antireflective coating; c) imagewise
exposing the photoresist to radiation; d) developing an image in the photoresist;
e) optionally, baking the substrate after the exposing step.

15
8. The antireflective coating composition of claim 5, where polymer when a
film is formed has a absorption parameter (k) value from 0.25 to 0.27 at 193 nm

and a refractive index (n) value from 1.91 to 1.94 at 193 nm.
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