SPECIFICATION COMPOSITION FOR ANTIREFLECTION COATING AND METHOD FOR
FORMING PATTERN Technical Field The present invention relates to an anti-reflective coating
composition and a method for forming a pattern using the anti-reflective coating composition. More
particularly, it relates to an anti-reflective coating composition capable of forming an anti-reflective
coating which, in forming a pattern according to photolithographic technology using a photoresist,
functions as an interference-preventing membrane for preventing deterioration of dimensional

accuracy of the pattern (variation of dimeng'%%@}&qﬁf iﬂ]e pattern) to be caused due to
interference with a substrate-reflected light™ within the photoresist film and which is used for forming a

resist pattern having no defects such as T-tops and round tops, and to a method for forming a pattern

using the a%‘nﬁ??fﬁi&‘?o%o%gﬁﬁa 5 R B AGKIFVHFAVE 'gﬁﬁaﬂﬁfﬁﬁ i%ie%?ﬁﬁ‘ﬁh’&tor

elements, there has been ap ographic technology of forming a photoresist film on a
substrate sB&TEERNsilicon wafer, selectively irradiating the photoresist film with active light rays, and
subjecting it to development processing to form thereby a resist pattern on the substrate. In recent
years, in order to obtain a higher degree of integration in LSI, reduction in the line width of worked
wires in th& GFRE&HYy 5r8é&s has rapidly been promoted. In this promotion of reduction in the line

width of worked wirgge Vayidisepropasie have hearenadedvithdespeckinmll-steps apd ive
coating composition and a method for forming a pattern using
the anti-reflective coating composition. More particularly,
it relates to an anti-reflective coating composition capable
of forming an anti-reflective coating which, in forming a
pattern according to photolithographic technology using a
photoresist, functions as an interference-preventing membrane
for preventing deterioration of dimensional accuracy of the
pattern (variation of dimensional width of the pattern) to be
caused due to interference with a substrate-reflected light
within the photoresist film and which is used for forming a
resist pattern having no defects such as T-tops and round tops,
and to a method for forming a pattern using the anti-reflective

coating composition.

Background Art

In manufacturing semiconductor elements, there has been
applied a 1ithographic technology of forming a photoresist £ilm
on a substrate such as a silicon wafer, selectively irradiating
the photoresist £ilm with active light rays, and subjecting it
to development processing to form thereby a resist pattern on
the substrate.

In recent years, in order to obtain a higher degree of
integration in LSTI, reduction in the line width of worked wires
in the lithography process has rapidly been promoted. In this
promotion of reduction in the line width of worked wires,

various proposals have been made with respect to all steps and



all materials to be used for the lithography including photoresists, anti-reflective coatings, exposing
methods, exposing apparatuses, developing agents, developing methods and developing
apparatuses. For example, various proposals have been made as to the anti-reflective coating.
JP-A-60- 38821, JP-A-62-62520, JP-A-62-62521, JP-A-5-74700, JP-A-5- 188598, JP-A-6-118630,
JP-A-6-148896, JP-A-8-305032, JP-A- 9-50129, JP-A-9-90615 and JP-A-11-124531 describe to
provide a surface reflection-preventing layer having a low refractive index on a resist layer to thereby

prevent refl illgn at.the .resist surface and detrimental influences by a reflected light an formation of a
resist patte?? o?nrﬁgﬁgnlfﬁft%esgﬁti-%&Ie&ﬁ/%éconalff%ﬁ o%ee rgéi%s?ég/g?geﬁp\’/esjtg%r%gg%g Fluctuation

in sensitiviwlmmbmgaéfs@redmgtdim iﬂ{ﬁ:tugdem &ven wheml_ﬂh_is_lin%s mﬁ-thbqésist layer
fluctuates, Jecausq ampliiude, width n adegish i thickness v, sgasllyBpsurye s piasigsmaller. In

addition, use of the Surface reflection-preventing filmprovides another advantage that unfavorable
standing waRé t6lpF ¢deRdNJuARPREG TIRAEe bENRcpXRMIRERICNY AFHIAHR PRIRe&RILGNt or

between reflecied ighisiraadeaedrgedHeurifisr i as & ¢ 4RASING Meshads dherespave_kgrn proposed
methods of using a I;%g_source emitting a light of short wavelength effective for forming a finer
t

pattern, that382 STty a #ep-Rr PyRZsib sk rr&dmer A& éP ©48IBmd o an ArF

excimer lagesg§98 Ny poaX saysi 868lectrrbaams; ssepkight seurcegonexeosyre, yethapart of them
being put into §ractice. In the Iithc(»g%ri%h%ﬁ)rocess using such light_source emitting%f}he light of short

wavelengtt? TOA e Bads 81 STEID ST IE EREIRE o RO Rty for the
energy raya charfitewayelbngtii aa <sciosattinn’-Page208974ng a low refractive

index on a resist layer to thereby prevent reflection at the
resist surface and detrimental influences by a reflected light
on formation of a resist pattern. Formation of the anti-
reflective coating on the resist layer serves to reduce
fluctuation in sensitivity and therefore reduce dimensional
fluctuation even when thickness of the resist layer fluctuates,
because amplitude width in a resist £ilm thickness vs.
sensitivity curve is made smaller. In addition, use of the
surface reflection-preventing £film provides another advantage
that unfavorable standing wave to be formed due to interference
between an incident light and a reflected light or between
reflected lights can be reduced.

Further, as to exposing methods, there have been proposed
methods of using a light source emitting a light of short
wavelength effective for forming a finer pattern, that is,
methods of using a deep-UV rays such as KrF excimer laser (248
nm) or an ArF excimer laser (193 nm), or X rays or electron beams,
as a light source for exposure, with part of them being put into
practice. In the lithography process using such light source
emitting the 1light of short wavelength, there have been proposed
chemically amplified resists showing a high sensitivity for the
energy rays of a short wavelength as disclosed in JP-A-2-209977,
JP-A-2-19847, JP-A-3-206458, JP-A-4-211258 and JP-A-5-249682.

By the way, in order to obtain excellent anti-reflective



JP-A-2-19847, JP-A-3-206458, JP-A-4-211258 and JP-A-5-249682. By the way, in order to obtain
excellent anti-reflective 2 properties, it is generally believed to be necessary to satisfy the conditions
of the following formula 1 and formula 2: y. nLarc__nresist """ wherein ntarc represents a refractive
index of an anti- reflective coating, and nresist represents a refractive index of a resist; dtarc =
x-)L/4ntarc (2) wherein dtarc represents a thickness of the anti-reflective coating, A represents a
wavelength of energy rays, and x represents an odd integer. As is apparent from these formulae, the

antireflectiye. giiys decded b e selipeyv6dade ghep B FelERUE. £, b fag yavelongth

of a light emitted from an intended light source and the thickness of the anti-reflective coating and by
the refractif@fdexistbtEeRE. THe fditachiod hyengf firramd-feflecatd fifR Bekiréd to be at a low
level in comparison with the refractive index of the resist so as to satisfy the above-described
conditions. On the other hahg, coMmpdunds; containing a-Auofibe atom show a low refractive index due
to the characteristics of fluorine atom that fluorine atom has a large molecular volume and a small

atomic refragidedngdexnand the spfraivetadey vabierdisucheonnaead isknogm tahe almost
proportional to _the fluorine content of the compound. Therefore, fluorine- containing compounds are

preferred cbRpbARGL eV RAPST- B8 aifRg dfterstechit® proiliies. 3t RS RS td1e8%a

fluorine-cowtfiinang peliater as the fluorine-containing
d'tarc = X A /4ntarc (2)

wherein di,,. represents a thickness of the anti-reflective

coating, A represents a wavelength of energy rays, and x

represents an odd integer. ‘

As is apparent from these formulae, the anti-reflective
ability is decided by the refractive index of an anti-reflective
coating for the wavelength of a 1light emitted from an intended
light source and the thickness of the anti-reflective coating
and by the refractive index of a resist. The refractive index
of the anti-reflective film is required to be at a low level
in comparison with the refractive index of the resist so as to
satisfy the above-described conditions.

On the other hand, compounds containing a fluorine atom
show a low refractive index due to the characteristics of
fluorine atom that fluorine atom has a large molecular volume
and a small atomic refractive index, and the refractive index
value of such compound is known to be almost proportional to
the fluorine content of the compound. Therefore, fluorine-
containing compounds are preferred compounds in view of
attaining anti-reflecting properties. It is also known to use
a fluorine-containing polymer as the fluorine-containing
compound having a low refractive index for a material for
forming an anti-reflecting coating of a resist layer. In
addition to having a low refractive index, the material for the

anti-reflecting coating is required to have various properties



compound having a low refractive index for a material for forming an anti-reflecting coating of a resist
layer. In addition to having a low refractive index, the material for the anti-reflecting coating is
required to have various properties 3 such as coating properties, film-forming properties and
developability with an aqueous solvent. For example, the above-mentioned JP-A-9-50129 and
JP-A-11-124531 describes to provide, on a resist layer, a surface reflection-preventing layer
containing a fluorine-containing polymer which is soluble in an alkaline aqueous solution and which

has a low rg{{gﬁti\_/ggndgéég ol veg&tgsggpy&%egrjmeﬁﬂrin%mgof %QF&Q% éight Hﬁ’@ the resist

surface on formation of the resist pattern and, upon developing with an alkaline developing solution,
remove thelgietefleeliid todtinglibhether wian e se fienOn thé otheplam®lig thetbgse where

the above-gienyangd fUSNEL YBANIYL BYYFET 47, 85BNt L) LEfPALENG inglax-of; fissfilgy increases
and, thus, the standing wave effect and the multi-reflection effect are not sufficiently depressed and,
as a resulPBRVESonAhRuRRS GTthd 7843t is YefdHoraee. FRivEYEE IRMPELNEHtdplying, for

example, a1 §9BWP VA ol ARatEIefleciive Coatitt oR PnepBISMyramBldied shaiaresist film,
round-topped or T-topped resist patterns which_cause troubles in the etching process might possibly
be formed Witf&h ?l&%%%&ﬁb?d MDA HhE CBo P S FEnB e TRty BRPIHZS

photoresist fr@e:exampie:vba tagverebitioaed Jiveh ld1 1245 3heiretasesaa coafing cegposition
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case of usiagd, upon developing with an alkaline developing solution,
remove the anti-reflective coating together with the resist
film. On the other hand, in the case where the above-mentioned
fluorine-containing polymer is absent, the refractive index of
the film increases and, thus, the standing wave effect and the
multi-reflection effect are not sufficiently depressed and, as
a result, dimensional accuracy of the resist is deteriorated.

However, in the case of applying, for example, a

composition for an anti-reflective coating on a chemically
amplified photoresist f£ilm, round-topped or T-topped resist
patterns which cause troubles in the etching process might
possibly be formed with an ill-matched combination of the
composition and the chemically amplified photoresist. For
example, the above-mentioned JP-A-11-124531 discloses a
coating composition containing a fluorine-containing polymer
and having a suitably low refractive index as an anti-reflective
coating, as an anti-reflective coating composition to be
applied on a photoresist film. However, in the case of using
this anti-reflective coating composition in a process of using
as an exposing light source a short-wavelength 1ight source such
as a KrF excimer laser (248 nm) and using a chemically amplified
photoresist as a photoresist, there tends to result a developed
resist pattern having a T-shaped cross section (T-top) in the
case where the photoresist is positive-working.

Further, in recent vyears, PFAS (perfluoroalkyl



this anti-reflective coating composition in a process of using as an exposing light source a
short-wavelength light source such as a KrF excimer laser (248 nm) and using a chemically amplified
photoresist as a photoresist, there tends to result a developed resist pattern having a T-shaped cross
section (T-top) in the case where the photoresist is positive-working. Further, in recent years, PFAS
(perfluoroalkyl 4 sulfonates) having conventionally been used in a composition for anti-reflective
coatings has become a subject of discussion with respect to its safety in view of accumulation in
human body. For example, there is a movement of providing restrictions on import and production
thereof by ERAf[Em@keshehaPisgcton vegdiigl ol UB A eeduys SNUR @GigelipaniNdwse Rule,

dated MareLl, 20Q3). LUEEL SUGh SICUMSIANCeRL eRaHles SopRastlion fgs apliLefieative coating

is being eagerly demanded. With the above-mentioned background in mind, itis intended in the
present inVEAKSNEEIREGE. mbtBaT6t YoimiHd 2t edist parB - ASEQ & AnNgWRAB P40bN of the

pattern forme sHcBsasmbi@Ps andraund tapaskaachantage Yo Higeiching $iepdq descajsed by, for
example, intermixing of _the chemically amplified resist and the anti-reflective film by forming an

anti-reflectivBRIR WRBE RS E0mh SheRRed QX pFientiy HmaBR e rhRG eeteRation of
dimensional gefidrpry o augalitamr{yagali@NURDirBRaaR caitth vétherpali@in) é baLeeged within

the photor%?gsé film gue tgi tfffar_en 2 itk%arsegleﬁted light Jrl;l% ghe ggbstrgte,P R%E%Brovidea

PFAS-free compos]mo‘h forQEe Lntl-rei’(fec fve coaﬁng 16 He B RS hetfod. Es resait of

intensive invesgetiohspthe fientersci-reflective coating is being eagerly
demanded.

With the above-mentioned background in mind, it is
intended in the present invention to provide a method for
forming a resist pattern not suffering deterioration of the
pattern form such as T-tops and round tops disadvantageous in
the etching step to be caused by, for example, intermixing of
the chemically amplified resist and the anti-reflective f£ilm
by forming an anti-reflective film which functions as an
interference-preventing f£ilm for preventing deterioration of
dimensional accuracy of a pattern (variation of dimensional
width of the pattern) to be caused within the photoresist film
due to interference with a reflected light from the substrate,
and to provide a PFAS-free composition for the anti-reflective
coating to be used in this method.

As a result of intensive investigations, the inventors
have found that the above-described object can be attained by
applying an anti-reflective coating composition containing a
fluorine-containing polymer on, for example, a chemically
amplified photoresist film formed on a substrate to make the
surface hydrophilic, and then exposing and developing the
photoresist to obtain a resist pattern, with pH of the
anti-reflective coating composition being adjusted to 7 or less,

thus having completed the invention.

Disclosure of the Invention



have found that the above-described object can be attained by applying an anti-reflective coating
composition containing a fluorine-containing polymer on, for example, a chemically amplified
photoresist film formed on a substrate to make the surface hydrophilic, and then exposing and
developing the photoresist to obtain a resist pattern, with pH of the anti-reflective coating composition
being adjusted to 7 or less, thus having completed the invention. Disclosure of the Invention 5 The
present invention relates to an anti-reflective coating composition of 7 or less in pH which comprises a
fluorine-containing polymer, an acid, an amine and an aqueous solvent capable of dissolving these
components. FurtiBagth@pessint inkament fdates el tikesbote- discriitiameidieetivd eoating

compositiog whqreln thefiarinergontajping pglyme isa fuoring-contaling BRIYMES (conipining a

polymer unit represented by the following general formula (1) or a fluorine-containing polymer
containing Bl peRHN 1 FRepidsdtle B DYMRE Yol Wi dche AP FGRINE (ANdn8™ PENARI NIt
representegvibdolauinggensraldoynutay (g -[CRR6H (O5HR0akN+d). wherein Rf represents a

straight or branched chain perfluoroalkyl group which may contain an etheric oxygen atom;
[CF2CFX]- (Il) wHEHPRTeprEBent® &R fifihe GAr P ChIGRIE L. tRuMREMRPE YRE present
invention ral@érstoneee ofiike abaya-sleserkedariitiaflgctiverapading Compasitee ihereaie the acid is
atleast ong nember selected:TAMdNg S QuR.Consising ghsuiftric agid Iwgiochiang agid, nitric acid,

containing a polymer unit represented by the following general

formula (I) or a fluorine-containing polymer containing a

polymer unit represented by the following general formula (I)

and a polymer unit represented by the following general formula

(IT):

- [CF,CF (OR;COOH) ] - (1)

wherein Ry represents a straight or branched chain

perfluoroalkyl group which may contain an etheric oxygen atom;
-[CF,CFX] - (II)

wherein X represents a fluorine atom or a chlorine atom.

Furthermore, the present invention relates to one of the
above-described anti-reflective coating composition wherein
the acid is at least one member selected from the group
consisting of sulfuric acid, hydrochloric acid, nitric acid,
phosphoric acid, hydrofluoric acid, hydrobromic acid,
alkylsulfonic acid, alkylbenzenesulfonic acid,
alkylcarboxylic acid, alkylbenzenecarboxylic acid, and those
obtained by replacing all or part of the hydrogen atoms of the
aforesaid alkyl group.

Additionally, the present invention relates to one of the
above described anti-reflective coating compositions wherein
the amine is at least one member selected from the group
consisting of NH,, N(CH,),OH, alkanolamine, alkylamine and

aromatic amine.



phosphoric acid, hydrofluoric acid, hydrobromic acid, alkylsulfonic acid, alkylbenzenesulfonic acid,
alkylcarboxylic acid, alkylboenzenecarboxylic acid, and those obtained by replacing all or part of the
hydrogen atoms of the aforesaid alkyl group. Additionally, the present invention relates to one of the
above described anti-reflective coating compositions wherein the amine is at least one member
selected from the group consisting of NH3, N(CH3)40H, alkanolamine, alkylamine and aromatic
amine. 6 Further, the present invention relates to one of the above described anti-reflective coating
compositions wherein the aqueous solvent is water. Furthermore, the present invention relates to a
pattern-forming methgatiaich HeuBEs sendpioManRtihgibie bi tthe disooreledciibedatmiveeflective

coating corgRQLiiqRRan ankRoPEAsIT M ANIRaRIQRA! BERNE $iEPoRREG i FEIRpdiment of the
Invention The present invention is described in more detail below. In the anti-reflective coating
compositioASf & Sre3ehl S entdntE¥omprised a f luorine -containing polymer, an acid, an

amine, and an aqueeis: sRlvpRi-Epablaef disselkigthese womadients-dn agdiiontte acidic state
of the anti- reflective coating compaosition is required to be 7 or less in pH. Particularly, in the case

where the FHEtSRET RO A 80 MR s iy HRSifed PRBLOE TR uRE
anti-reflectiva ecsiiogeatapesiite s unherasge of ireterablytliNdodoiipaoie praieralydl.O to 4.0,

stil more. prgferably 4,6 10 26 As g fyogne-£onIAnRg polymer o e used as a

Specific Embodiment of the Invention

The present invention is described in more detail below.

In the anti-reflective coating composition of the present
invention are comprised a fluorine-containing polymer, an acid,
an amine, and an aqueous solvent capable of dissolving these
components. In addition, the acidic state of the anti-
reflective coating composition is required to be 7 or less in
pH. Particularly, in the case where the photoresist is a
positive-working chemically amplified photoresist, the pH of
the anti-reflective coating composition is in the range of
preferably 1.0 to 6.0, more preferably 1.0 to 4.0, still more
preferably 1.6 to 2.6.

As the fluorine-containing polymer to be used as a
constituent of the anti-reflective coating composition of the
present invention, any fluorine-containing resin that is
soluble in an aqueous medium may be used. Of these polymers,
a fluorine-containing polymer which has a carboxylic acid group
in one of repeatingunits constituting the polymer is preferred.
Examples of the fluorine-containing polymer soluble in an
aqueous medium include fluorine-containing polymers
containing the polymer unit represented by the aforementioned
general formula (I) and fluorine-containing polymers
containing the polymer units represented by the foregoing
general formulae (I) and the polymer units represented by the

general formula (II). Number-average molecular weight of the



constituent of the anti-reflective coating composition of the present invention, any fluorine-containing
resin that is soluble in an aqueous medium may be used. Of these polymers, a fluorine-containing
polymer which has a carboxylic acid group in one of repeating units constituting the polymer is
preferred. Examples of the fluorine-containing polymer soluble in an aqueous medium include
fluorine-containing polymers containing the polymer unit represented by the aforementioned general
formula (I) and fluorine-containing polymers containing the polymer units represented by the
foregoing general formulae (I) and the polymer units represented by the gegleral formula (11).
Number-avetaprinetectiartipdinhnef thelymeprihe-donediningpdlyrhekislifyefdabBy x 1103 to 3 x
104 as determnedysina £QIXSMREe AR Yo L ANSIHRIatNY Of SGlURIBYLA B3R ¥&In cOAtng

properties of the resultant composition and thickness of the film to be formed, the content of the

fluorine-coAififd PlymiEYid Bref&abKed LofB tighPTORETH BE Faght R dieHidfefaly 1 to 10%
by weight, sidlnpera treteraily 2Ho 4% dyveohhdheiagiotle be useshisdhemiyi-sfigcdine coating

composition of the present invention m_a{_be an or}/ganic acid or an inor%anic acid. Preferred examples

of the orgafiit 588 Mg afkyrmbA GsPkYIBRR A BRREATERAASC -2ty RS HAt acids,
alkylbenzenecamhoxyicwedids tanaotheserelfiainen by Iepmding ayowpadiot the tydlogeratoms of
the alkyl grou%gggct[i)q_ed abt%\(/)e \‘llvj,/th quo‘cvin(:eL foms. As the aforementioned alkyl group, those which
contain 1 t& 26 carson atéms are br&%rrea Fhese organic acids are used in an addition amount of
usually 0.1% by wélgig tag03o by woighti geéfedablythB% dytieighiftoet 0%by wemyhinig the anti-

composition of the present invention may be an organic acid or
an inorganic acid. Preferred examples of the organic acid
include alkylsulfonic acids, alkylbenzenesulfonic acids,
alkylcarboxylic acids, alkylbenzenecarboxylic acids, and
those obtained by replacing all or part of the hydrogen atoms
of the alkyl group described above with fluorine atoms. As the
aforementioned alkyl group, those which contain 1 to 20 carbon
atoms are preferred. These organic acids are used in an
addition amount of usually 0.1% by weight to 2.0% by weight,
preferably 0.5% by weight to 1.0% by weight, in the anti-
reflective coating composition.

Preferred examples of the inorganic acid include sulfuric
acid, hydrochloric acid, nitric acid, phosphoric acid,
hydrofluoric acid and hydrobromic acid. These inorganic acids
are added in order to reduce pH of the anti-reflective coating
composition to 7 or less, and the amount thereof to be used is
determined in connection with the amount of the amine to be
described hereinafter, but is usually 0.01% by weight to 0.2%
by weight based on the anti-reflective coating composition.
These organic acids and the inorganic acids may be used alone
or in combination of two or more thereof.

On the other hand, preferred examples of the amine to be
used in the anti-reflective coating composition of the present
invention include NH,, N(CH,),OH, alkanolamines, alkylamines

and aromatic amines. These amines are introduced into the



reflective coating composition. Preferred examples of the inorganic acid include sulfuric acid,
hydrochloric acid, nitric acid, phosphoric acid, hydrofluoric acid and hydrobromic acid. These inorganic
acids are added in order to reduce pH of the anti-reflective coating composition to 7 or less, and the
amount thereof to be used is determined in connection with the amount of the amine to be described
hereinafter, but is usually 0.01% by weight to 0.2% by weight based on the anti-reflective coating
composition. These organic acids and the inorganic acids may be used alone or in combination of
two or more thereof. On the other hand, preferred examples of the amine to be used in the

anti-reflectiverpagihg tompastGrobthe g RpLNAvERIdEIRNeIE RMHSL K (EPERRIHY Afkanolamines,

alkylaminesg ;and agamaiic amEes, 32636 @minesie inoduced e die SeCBRQSN Repferably as
amine salts previously formed with, for example, carboxylic acids in the fluorine-containing polymer.

AlternativeBP #18"&fhime MahPEE fHirotRESd ibeANARG-rBA¥ R LBARRILSRR0SRBA By mixing the
amine withafhei fluesinBeeaialing RBIVAE! dBnipb SXAVHIE, BN ad¥eals sakitigniadrapate previously
an aqueous solution of an amine salt éof course including ammonium salt in the present invention) of

the fluorine-BéhtAiRF PO AR E BRG (RRLEBGE 0 S01GR0n SEXMRAR riaffor PRRRNT the anti-
reflective ceating: tofposierefateopseyi dipassiate nassisesabineilogedieayitnibre

fluorine_-cogt 'r]cing oo%ymer l%pdear_liarllcci:(i ygon pre aracgiltlz){l of thga ppgsﬁitiop tg inc%r Qé%t the_reby
the amine inthe coﬁwpoa Oh- I this occasmn,ghe Taro ofthe ac%3 group sugh aspcaéi)oxy ic acid of
the fluorinéweataiding paynereofihe aniine icpmeterabing thelymer, and using this
aqueous solution as a material for producing the anti-
reflective coating composition. Of course, it is possible to
add the amine together with the fluorine-containing polymer and
an acid upon preparation of the composition to incorporate
thereby the amine in the composition. In this occasion, the
ratio of the acid group such as carboxylic acid of the
fluorine-containing polymer to the amine is preferably in the
range of 1:0.6 to1l:1.2, more preferably 1:0.7to1:1.1, in terms
of chemical equivalent weight ratio.

The anti-reflective coating composition of the present
invention enables to obtain a resist pattern having a good
dimensional accuracy since amplitude width of the resist film
thickness vs. sensitivity curve is reduced and the standing wave
due to interference between an incident light and a reflected
light or between reflected lights is reduced based on the
anti-reflecting function of the coating composition as with the
conventional compositions and, in addition, enables to adjust
the amount of reduction in thickness of the photoresist film
upon development. In this occasion, it is preferred to optimize
the amount of reduction in thickness of the photoresist film
upon development by adjusting the acidity of the composition
in consideration of the kind of photoresist to be used (for
example, chemically amplified photoresist) Oor process
conditions, through adjustment of mixing ratio of the

above-mentioned fluorine-containing polymer, amine, and acid.



range of 1:0.6 to 1: 1.2, more preferably 1:0.7 to 1:1. 1, in terms of chemical equivalent weight ratio.
The anti-reflective coating composition of the present invention enables to obtain a resist pattern
having a good dimensional accuracy since amplitude width of the resist film thickness vs. sensitivity
curve is reduced and the standing wave due to interference between an incident light and a reflected
light or between reflected lights is reduced based on the anti-reflecting function of the coating
composition as with the conventional compositions and, in addition, enables to adjust the amount of
reduction in thickness of the photoresist film upon development. In this occasion, it is preferred to
optimize tHEM @Akt dTheRESSE I thRKeEIsIoN RN pRd®FesiRt &k adpoAr dvdieprh&AnBy adjusting
the acidity ofdhig Comppsifien it copsidesation obheskind of phetaresistdoherysadb(fonpa@mple,

chemically amplified photoresist) or process conditions, through adjustment of mixing ratio of the

above-menb¥nedFilibFiHBE S htaftfingHohhhéY affne Bifd R 1o FRALRCHESre KRR TriRSAition

enables to gbaipast intestionarnedyctigreasauateldhppheiogsistiilonat isesuréacedayegr, by
adjustment qf acidi'%%of the anti-reflective coatin%]com4)o,sition. Thus, the sug%ce ﬁlportion of the resist

film, whichT8 £5HsitR 8818 +365E folmMafist 38 Urtavs Efjl%nTﬂgplB}fFoWﬁat % dp%oé’ug?fo, for
example, intenmidingdyetaleendhduanttoefletbiveditamgricetheiphaionesist fitm 1od thee srietfaee thereof,
can be remoyed withAn optinal fisknessuppn development anch after deyelopment.dhere can be
formed a resis pa]l:ttern%avmg a rectangular an goodpshape. Sis described hereinbe ore, an
optimal resthezr®€. obtaineddsy adpsovgdhevdimibunaof reduiciioain thekasseess upon

development and, after development, there can be formed a resist
pattern having a rectangular and good shape.

As 1s described hereinbefore, an optimal result can be
obtained by adjusting the amount of reduction in thickness of
the resist f£ilm upon development through proper selection of
the mixing ratio of the fluorine-containing polymer, amine and
acid depending upon the kind of photoresist to be used (such
as chemically amplified photoresist) or upon process conditions
to adjust properly pH of the composition thereby. In the
present invention, it is preferred to adjust the pH of the
composition to 7 or less by mixing the fluorine-containing
polymer with the amine to convert the fluorine-containing
polymer to its amine salt, and mixing this salt with an acid
in an aqueous solution or an aqueous solvent. As the anti-
reflective coating composition to be used for a positive-
working chemically amplified photoresist, the weight ratio of
the amine salt of the fluorine-containing polymer to the acid
is preferably 1:0.01 to 1:0.5, more preferably 1:0.01 to 1:0.3.
In this occasion, the chemical equivalent ratio of the sum of
the acid group, such as carboxylic acid, of the fluorine-
containing polymer and the organic or inorganic acid to be added
to the amine is in the range of preferably 1:0.5t01:1.0, whereby
PH of the composition can be controlled to the afore-mentioned
proper pH range.

In addition, the chemically amplified photoresists

10



the resist film upon development through proper selection of the mixing ratio of the fluorine-containing
polymer, amine and acid depending upon the kind of photoresist to be used (such as chemically
amplified photoresist) or upon process conditions to adjust properly pH of the composition thereby. In
the present invention, it is preferred to adjust the pH of the composition to 7 or less by mixing the
fluorine-containing polymer with the amine to convert the fluorine-containing polymer to its amine
salt, and mixing this salt with an acid in an aqueous solution or an aqueous solvent. As the anti-
reflective coating composition to be used for a positive- working chemically amplified photoresist, the
weight ratid-ov edarantihe Ritadfibe b RRDcORRINGmhaneetd 6leaadidid isTivaterdly 110.01 to

1:0.5, more, preferafy 4:0-Qk to 1,03 +Injbis,eanesion. thediesiicalenuivalentyatip of fhg sum of
the acid group, such as carboxylic acid, of the fluorine- containing polymer and the organic or

inorganic aeRPibBeadddd 16V BEhife Ben e EFRP o pfefBiRMF 11r5 {01 BB Whesty pH of the

compositiogepperePBHREGA e HealoryaENtioRedRWPET REH GGt A RE Gl thachemically
amplified photoresists _10 involve the problem of PED (Post Exposure Delay). That is, in the case of
positive-wcﬂﬁﬂ@%B?&egf%t&%@fﬁﬁ%cbﬁo?dﬁfeggﬁleﬁﬁﬂggfi of R IHE BxpBSHEABFEB (Post

Exposure Bake)tis piolsnged, Sutnpeaciiyvationtamoantof the: agidy ganetaieslicieifeswiaae of the
resist by e osur; inc eages dd%e to afgsigc com%ouncjcin the afir.tktl(rana b% cogsidered that this leads

to difficult detompos] oftife" prthgcl:]tlve Focﬁ%m Piec c’enmff:ally ampBlified resists aft®ifFthe case of

forming a pditetre theamansdsl thaprohiFmeiat ¢xwirettesatisda Tn the case of forming
a pattern, there arises the problem that there results a T-
topped line pattern. However, deterioration of the pattern
shape due to PED can be prevented by applying the anti-
reflective coating composition of the present invention. That
is, the anti-reflective coating composition of the present
invention also functions as a protective film and, thus, the
anti-reflective coating composition of the present invention
includes an embodiment of being used as a protective f£ilm.

Further, as the aqueous solvent to be used in the
anti-reflective coating composition of the present invention,
water is preferred. As the water, water from which organic
impurities and metal ions are removed by distillation, ion-
exchange treatment, filter treatment or wvarious adsorption
treatments is preferred.

Additionally, it is possible to use a water-soluble
organic solvent together with water for the purpose of improving
coating properties of the anti-reflective coating composition.
As the water-soluble organic solvent, any solvent may be used
that dissolves in water in a concentration of 0.1% by weight
or more, and there are illustrated, for example, alcohols such
as methyl alcohol, ethyl alcohol and isopropyl alcohol, ketones
such as acetone and methyl ethyl ketone, esters such as methyl
acetate, ethyl acetate and ethyl lactate, and polar solvents
such as dimethylformamide, dimethylsulfoxide, methyl

cellosolve, cellosolve, butyl cellosolve, cellosolve acetate,
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topped line pattern. However, deterioration of the pattern shape due to PED can be prevented by
applying the anti- reflective coating composition of the present invention. That is, the anti-reflective
coating composition of the present invention also functions as a protective film and, thus, the
anti-reflective coating composition of the present invention includes an embodiment of being used as
a protective film. Further, as the aqueous solvent to be used in the anti-reflective coating composition
of the present invention, water is preferred. As the water, water from which organic impurities and
metal ions are removed by distillation, ion- exchange treatment, filter treatment or various adsorption
treatmentsad iefeadd oagdiiename tas oskIbly irasd a Va8l bia ok §adicasthiait eogether with

water for the,QuRoSERLIBPIOIRARPALIDCRIOPET e ehihe antinatiesyva Soaling,sompasition. As the

water-soluble organic solvent, any solvent may be used that dissolves in water in a concentration of
0.1% by wéiBft GrIRBAL ARLFeRE dre fRQt13ReB OforlelBiip ERgIORIARNATIF AR T B ohol, ethyl

alcohol anghisopsey| icobRk ketasiesn sughasreetneianhretid thyl ketone, esters such as
methyl acetate, ethyl acetate and ethil lactate, and polar solvents  such as dimethylformamide,

dimethylsulfoxide, retyP ARbioRat Laffsbife CORT AN GRS TehboBREEhaRrepent
alkylcellosdlie enetbde, hidytcarbitel amporathiéd acemie e tbesaspecific axareples araiblustrated
merely as exam%Ies of . the organic solvePts an do mit_limit EH? organic solvents to pe lflsed in the

. re?l .within a rt%ngéa 9 1o S802I.t ln&) [ .tn?er ]pt.*ﬁmance of. the..
present invention in any way. In the=anti-reflective toating compaosition or the présent invention may
be compourdede# hetessarykaamiéesolibleehe water-soluble resin to be used

in the anti-reflective coating composition of the present
invention include polyvinyl alcohol, polyacrylic acid,
polyvinylpyrrolidone, poly- & -trifluoromethylacrylic acid,
poly(vinyl methyl ether-co-maleic anhydride), poly(ethylene
glycol-co-propylene glycol), poly(N-vinylpyrrolidone-co-

vinyl acetate), poly(N-vinylpyrrolidone-co-vinyl alcohol),

poly(N-vinylpyrrolidone-co-acrylic acid), poly(N-
vinylpyrrolidone-co-methyl acrylate), poly(N-
vinylpyrrolidone-co-methacrylic acid), poly(N-
vinylpyrrolidone-co-methyl methacrylate), poly(N-

vinylpyrrolidone-co-maleic acid), poly(N-vinylpyrrolidone-

co-dimethyl maleate), poly(N-vinylpyrrolidone-co-maleic
anhydride), poly(N-vinylpyrrolidone-co-itaconic acid),
poly(N-vinylpyrrolidone-co-methyl itaconate), poly(N-

vinylpyrrolidone-co-itaconic anhydride) and fluorinated
polyether. of these resins, polyacrylic acid,
polyvinylpyrrolidone and fluorinated polyether are
particularly preferred.

Also, in the anti-reflective coating composition of the
present invention may be compounded, as needed, other additives
than the water-soluble resin within a range of not spoiling the
performance of the composition. Examples of such additives
include surfactants such as nonionic surfactants, anionic
surfactants and amphoteric surfactants to be added for the

purpose of improving coating properties. Examples of the
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resin within a range of not spoiling the performance of the composition. Examples of the water-soluble
resin to be used in the anti-reflective coating composition of the present invention include polyvinyl
alcohol, polyacrylic acid, polyvinylpyrrolidone, poly- a -trifluoromethylacrylic acid, poly(vinyl methyl
ether-co-maleic anhydride), poly(ethylene glycol-co-propylene glycol), poly(N-vinylpyrrolidone-co-
vinyl acetate), poly(N-vinylpyrrolidone-co-vinyl alcohol), poly(N-vinylpyrrolidone-co-acrylic acid),
poly(N- vinylpyrrolidone-co-methyl acrylate), poly(N- vinylpyrrolidone-co-methacrylic acid), poly(N-
vinylpyrrolidane-co-methyl methacrylate), Roly(N- vinylpyrrolidone-co-maleic aci

oy (iR s et S U Y BTIEEe SO0 Kiers auan,
poly(N-vinysynpalitipos st katerie at R r pd g Nhamyl ppadidoriee tdydathy icecenatethely(N-
vinvipyrrolidene-ga1gcavicanpydideLand uarisaled. RNGIRLAhese Ly ppligerdc acid,
polyvinylpyrrolidone and fluorinated polyether are particularly preferred. Also, in the anti-reflective
coating cofip6S§itiéx &f the RESSIFNEIAORINGY be EGHiFIUNde@® Bstheed MR RASE teRIEktives than
the water-sgiaje, =it M¢thEh FaRAS, 8k NN & NeEiR PRARARR! ShenePRPOsPEn Examples of

such additives include surfactants such as nonionic surfactants, anionic surfactants and amphoteric

surfactantso¥eaddea ¥Rt B6Hose ERAMRSGRg OfatitdG PropBiRRIExFHHIESSFAREI 2 nonionic

surf actants ieluseepalyRyyetinvenmalkye etherseish 1 #vpolyayetylana lauey| atieinium

R R T I e Y S O R E A LR
sulfonic acids and the ammonium salts or the organic amine salts
thereof, alkylbenzenesulfonic acids and the ammonium salts or
the organic amine salts thereof, polyoxyethylene alkyl ether
sulfuric acids and the ammonium salts or the organic amine salts

thereof and alkylsulfuric acids and the ammonium salts or the

organic amine salts thereof. Examples of the amphoteric
surfactants include 2-alkyl-N-carboxymethyl-N-
hydroxyethylimidazolinium betaine and

laurylamidopropylhydroxysulfon betaine

Also, in the present invention, optimization of the
amount of reduction in thickness of the film may be conducted
by adjusting the temperature or the period of baking the
photoresist and the anti-reflective coating composition aswell
as by adjusting through the anti-reflective coating composition.
As to the pre-baking temperature for the photoresist, there are
generally two types depending upon the formulation of the
composition. That is, one type requires a high energy and
generally reguires to bake at a temperature of about 100°C to
about 150° C, and the other type requires a less energy than the
aforesaid type and requires to bake at a temperature of 100°C
or less. A pre-baking temperature for the anti-reflective
coating composition is generally 60°C to 100°C which is enough
to remove the solvent used. Further, post-exposure baking of
the photoresist is conducted at a temperature of generally about

100° C to about 150°C. For example, in the case of preventing
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diesters, polyoxyethylene fatty acid monoesters, polyoxyethylene/polyoxypropylene block polymers
and acetylene glycol derivatives. Examples of the anionic surfactants include alkyl diphenyl ether
disulfonic acids and the ammonium salts or the organic amine salts thereof, alkyl diphenyl ether
sulfonic acids and the ammonium salts or the organic amine salts thereof, alkylbenzenesulfonic acids
and the ammonium salts or the organic amine salts thereof, polyoxyethylene alkyl ether sulfuric acids
and the ammonium salts or the organic amine salts thereof and alkylsulfuric acids and the ammonium

salts or the. organic amine.salts thereqf. Examples of the teric, surfactants includ
2-a|kyI-N-cfa?bI(%§<?/rJFnle%Hyl- - %ié%e?%lﬁﬁrﬁd&goli%iu{lﬁgg al?r}ig)eggné) qgﬁ%f?ﬁid%éroﬁ%yeg%xysuIfon
betaine . Atsza i theedprdgentsiamentionsestintizatioroptrel amoambdirddgctibhén thigkdess of the film

may be copdyeted Jayadjusgina,ie 1RRIRkNS o e Parind of bakigo e Rhatprasist-apd the

anti-reflective coating composition as well as by adjusting through the anti-reflective coating
compositioh A tthe Pré-barmenpeadiiRgfof AP PRdBICAst Siehe &R BeddlVPERo types

dependingw&a@ﬂﬁgeﬂeﬁ{ge@awﬁéth@ﬂ@@@%ﬁ@ﬂ&é@&@t%s yge reguiressy8igh gnargy and
generally requires to bake at a temEerature of about 100C to about 150 C, and the other type requires

a less eneRyAnERaRF ar&ekdRg rhiresiehike Antbnfstdfrd oV $00e2 bi s, A
pre-bakingdemipesatureior dhe antirghestives geating: composition ingeacralyiGdHC tol0sC which is
enough to remoyve the solvent%LIerd. Furtheréjacisst-ex osure baking of the hotogisist is conducted at

atemperat%?g 8?‘8&1%%@ Aett 1966 tSIék; .eFo?"é?(%mB (?inafllng 58 %?g\?e‘fﬁing 13

coating composition, as needed, after exposure to reduce
thereby the amount of reduction in thickness of the resist film
to avoid disadvantages in the etching step.

The £ilm thickness of the anti-reflective coating
composition of the present invention is preferably a thickness
which provides an enough chemical action to attain a larger
amount of reduction in thickness of the photoresist £ilm upon
development in comparison with the case of not applying the
anti-reflective coating composition and which, in view of
anti-reflecting function, satisfies the afore-mentioned
formulae 1 and 2 as much as possible. The film thickness is
preferably 80 to 10,000 A, more preferably 330 A to 990 A. Also,
application of the anti-reflective coating composition can be
conducted by any of conventionally known coating methods such
as a spin costing method.l

The pattern-forming method of the present invention is
not different £from the conventionally known methods for forming
a resist pattern except for applying the anti-reflective
coating composition of the present invention and adding, as
needed, a heating step. To describe one example thereof taking
the case of using a positive-working chemically amplified
photoresist for instance, a photoresist is first coated on a
substrate such as a silicon wafer and conducting, if necessary,
pre-baking (for example, at a baking temperature of 70°C to

150° C for about 1 minute) to form thereby a photoresist £ilm
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formation of T-top shape in a developed pattern, it can be realized in some cases by properly
combining the baking temperature for the photoresist and the baking temperature for the
anti-reflective coating composition such that the pre- baking temperature for the photoresist is set at a
lower level and the pre-baking temperature for the anti-reflective coating composition at a higher level
of 100C or more. Also, itis possible to peel off or dissolve away the anti-reflective coating
composition, as needed, after exposure to reduce thereby the amount of reduction in thickness of the

resist film 10, aypid diggdyantages ibesiehingstan.Jhe U tuckness b e aat-{efiective coating
composition of the present invention is preferably a thickness which provides an enough chemical
action to aBRPleLRAYED afitRRe EOTRAibA tn fHitkh asdo i ehsiiedsist filmapdRsd&Velopment in

comparisor yigy i CRECPHIC! ARPIRG hFe AYlsieflegtve GRAlINBHGNPeSHihaad yely in view of
anti-reflecting function, satisfies the afore-mentioned formulae 1 and 2 as much as possible. The film
thickness {853 8B5S 18N 00604 SRbRF pFIEr S510 23812 15988 ASARS tEPRREIRIADf the

anti-reflective coating cee@siien faeBedGonEsICterBY(Furofsemipniéonaly kaowakaaiing methods
such as a spin costing method.1 The pattern-forming method of the present invention is not different
from the ¢ ﬁﬁﬁ&lgﬂfho% MetfodProf onlidg 3 Pesrtsatiely eROST 16 XS RE T
anti-reflectivek Caafin(g oantpasiimheqf the aresdat my ardiopearataddingf asoneededl adreajing step. To
describe one e amrgle thereaqf t%king l;the case.qrf us(iar&% gositive-working chemically amplified

photoresisfcf%r |n°s]fancaé,%ep)sl1lo%ore%|s IS first coated on 4 substrate such as a silicon wafer and

conducting, if nece¥sabhe pattern-forming method of the present invention,
any photoresist that has conventionally been known as a
photoresist may be used, and a positive-working chemically
amplified photoresist is preferred. As the positive-working
chemically amplified resist to be preferably used in the
pattern-forming method of the present invention, any of known
positive-working chemically amplified photoresists may be used.
As the positive-working chemically amplified photoresists,
there have been known various ones such as a photoresist
comprising a combination of t-butoxycarbonyl group-protected
polyhydroxystyrene and a photo acid generator (see, H.Ito &
C.G.Willson; Polym. Eng. Sci., 23, 1012(1983)) and a
photoresist comprising a combination of triphenylsulfonium
hexafluoroarsenate and poly(p-tert-butoxycarbonyloxy- & -
methylstyrene) described in JP-A-2-27660. The thickness of
the photoresist film may be such that a resist pattern obtained
after development can properly be adapted for etching in the
etching step, and is generally about 0.3 /m to about 1.0 i
m.

Also, the pattern-forming method of the present invention
may be suitably applied not only to commonly used substrates
of 6 or thereabout inches in diameter but to large-sized
substrates of 8 inches or more in diameter as well. As the
substrate on which the photoresist £ilm and the anti-reflective

film are formed, silicon substrates are common, but those which
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pre-baking (for example, at a baking temperature of 70C to 150C for about 1 minute) to form thereby
a photoresist film 14 on the substrate, the anti-reflective coating composition is applied on the
photoresist film and is heated, if necessary, to form the anti-reflective coating film. This is then
exposed using a reduction projector for exposure such as a stepper and is subjected, as needed, to
PEB (for example, at a baking temperature of 50C to 150C), followed by post-development baking
(for example, at a baking temperature of 60 C to 120 C) to form a resist pattern, if necessary. In the

pattern-forraiijg-method, of {he BERSeN dnenlian: Ay Photasesist faatdas copwantipnallybeen known

as a photoresist may be used, and a positive-working chemically amplified photoresist is preferred.
As the positiewdiken§Llefefich R aipntd@ leSRLdebidiieral\Sascr P paterAfBrming

method of he,presegkinventiosuany £ khawn Rasifiverwesidaochemically amplifgdfhagaresists may
be used. As the positive-working chemicalgﬁmplified photoresists, there have been known various

ones such 33 SpiRoles R SdmprBtYS EorhBRAtHH St AR Rox T ESRT grétiefotebkEh
polyhydroxystyeere andeuiioipaatie grneraessea idiiio to 1 3. ¥ibsors Relymb &Engs&Ei., 23,

1012(1983)). and a, phqtoresist cqlmpris'n a combinatiqn_of tri h_e Isulfoni hexafluoroarsenate
and poly(p 5% BRSRICATO ST S AREthG Rk TehES GebctBAY T JBA L2576 ThbRibkness of
the photoresisl feamymeay beuhsctrthatamesistpiaties ntdidinesavaftepdeveiagoeaildan pesperly be
adapted f0{1 %tgging i:rg the etEgi(r:lg 115%?.% arpds &(Ieggraallg &Ltgnlut IT(l)a% It@etou%téo(ij:( 1.0 li M. Also, the
pattern-forming meﬁ}odmoafl}hle present irnvention
Also, as to application of the positive-working
chemically amplified photoresist, baking and exposing methods
for the positive-working chemically amplified photoresist £ilm
and the anti-reflective coating composition film, developers
and developing methods, any of those materials or conditions
that have conventionally been employed for forming a resist
pattern using a positive-working chemically amplified
photoresist may be used. For example, as a method for applying
the photoresist, any method such as a spin-coating method, a
roll-coating method, a land-coating method, a cast-coating
method or a dip-coating method may be employed. Further, as
an exposing light source to be used in the exposing step, any
light source such as UV rays, deep-UV rays such as KrF excimer
laser or ArF excimer laser, X rays or electron beams may be used.
As the developers, any of those which can develop a photoresist
to be used may be used. For example, a developer composed of
an aqueous solution of alkali such as tetramethylammonium
hydroxide may be used. Further, development may be effected
according to those methods which have conventionally been
employed for developing a photoresist. Additionally, the
anti-reflective coating composition of the present invention
is preferably dissolved away with an alkaline developer upon

development of the photoresist f£ilm.
Best Mode for Carrying Out the Invention
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may be suitably applied not only to commonly used substrates of 6 or thereabout inches in diameter
but to large-sized substrates of 8 inches or more in diameter as well. As the substrate on which the
photoresist f ilm and the anti-reflective film are formed, silicon substrates are common, but those
which 15 comprise a silicon plate having provided thereon a metal film, an oxide film such as a metal
oxide film or a silicon oxide film, a nitride film such as a silicon nitride film, a silicon oxide nitride film
or a polysilicon film and, further, those which have a circuit pattern or semiconductor elements may be
used. The material for the substrate itself is not limited to silicon, and any of substrate materials that
have conventionall Jie@resed fol nventdcdrihg IoWudassrideddydreuspdcAlEbcad kyapplication

of the positive-warking, chemigalivamplified phataresislebaking 20d expogipe metheds g the

positive-working chemically amplified photoresist film and the anti-reflective coating composition film,
developersiRRERfelRBPpiTY AR any of those materials or conditions that have conventionally
been empleyeghfetr forining a resist pattern using a positive-working chemically amplified photoresist
may be used. For example, as a method for applying the photoresist, any method such as a
spin-coating methotl: 34 rdPEIRingymEebals 147d-Co SRt AR ER SR P METET or a
dip-coatinghaethog may hampeoyes fagthemas e B4ROSIAG gt SObFCe 47 be usaddin the exposing
step, any light spyrce such as UV. ra%s, deep-UV ra%s s(.g%/c?%g KrF e;;gimer Iaseriir ArE excimer

€ 0]

laser, X ra se&rggl cfisT ng%smrﬁéf 'éjt,%ﬁd‘.”%sgltﬁ develtopers, 2h S‘ﬁﬁsgl% Wh huc,sefﬁlgevelop a
photoresistp¢d ps tigedmeay trndsec § arekamplee sadevetdb pgr theFesketoofiag agurencslsolution of

alkali such ggﬁgﬁirge{@iwmonium
-[CF,CF,],- [CF,CF(OCF,CF,COOH) ] - (II1)

wherein n:m = 1:1
was dispersed in 96 parts by weight of water at an ordinary
temperature to prepare slurry, then 0.56 part by weight of
tetramethylammonium hydroxide (TMAH) was gradually added
thereto (the chemical equivalent ratio of carboxylic acid of
the fluorine-containing polymer to TMAH being 1:0.7) to prepare
an aqueous solution containing 3.5 parts by weight of a TMAH
salt of the fluorine-containing polymer. Further, 0.5 part by
weight of dodecylbenzenesulfonic acid was added thereto to
prepare a total weight of 100 parts by weight of a uniform agqueous
solution. The resultant uniform aqueous solution was filtered
through a 0.1-/4m filter to obtain an anti-reflective coating
composition. This anti-reflective coating composition had a
pH of about 2.4.

Separately, a positive-working photoresist, AZ DX3301P
("AZ" being a registered trademark), comprising an acetal type
polymer and made by Clariant (Japan) K.K. was coatedon asilicon
wafer using a spin coater (Mark 8) made by Tokyo Electron Co.,
Ltd., followed by pre-baking on a hot plate at 90° C for 90 seconds
to form a 510-nm photoresist film on the silicon wafer. The
thickness of the film was measured by means of a film

thickness-measuring apparatus (SM300) made by Prometric Co.
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hydroxide may be used. Further, development may be effected according to those methods which
have conventionally been employed for developing a photoresist. Additionally, the anti-reflective
coating composition of the present invention is preferably dissolved away with an alkaline developer
upon development of the photoresist film. Best Mode for Carrying Out the Invention 16 The present
invention is now described more specifically by reference to Examples which, of course, do not limit
the invention in any way. Example 1 2.94 parts by weight of a fluorine-containing polymer having a
number-average molecular weight of 4700 and a weight-average molecular weight of 6300 as
determined using pulhssaensthvidardsad repreventédsythbdd lowanitdera il ¢orbdvte (111):

-[CF2CF21a G E26E (O6hnlhaGRRT- 411 1 wharen r‘c'mfspéh% Wasdisparsed i, 96nayEs by weight

of water at an ordinary temperature to prepare slurry, then 0.56 part by weight of

tetramethy/lgRemeAReIRARoKER {FMAHP WS ¥REdbHIIPREdPakhB BB tRe RPEMME Aty GValent ratio

of carboxyligaeid g the; fuasineseridaining pobmnes to FYLAH baingid QAL 0-RIEPRER- Bka0ueous
solution containing 3.5 parts by weight of a TMAH salt of the fluorine-containing polymer. Further, 0.5

part by wefit ot 8d nzerf&Hfonie TR HHLadHES tHePRBUSs b5 pdte WiBtaPwdight of 100
parts by weigaifta bAIfpi pgoests rerutiaboErarEeuPNt 3nForrRgyeadasotiaanas filtered

through & 0.1-im fitr 19,081 A, anCIRlective oy SmRgSVop, This aptyplegys goaing
compositio %had & ! g p
60 seconds, paddle development was conducted using an alkaline
developer, AZ 300MIF developer (“"AZ" being a registered
trademark; a 2.38% by weight aqueous solution of
tetramethylammonium hydroxide), made by Clariant (Japan) K.K.
as a developer at 23°C for 1 minute to obtain a resist pattern.
The thickness of the developed resist was measured using the
same film thickness-measuring apparatus as described above.

The value of £film thickness of the thus-obtained resist
after development was subtracted from the wvalue of £ilm
thickness of the resist before development, and the remainder
value was taken as the amount of reduction in thickness of the
£film.

Also, the cross sectional pattern shape of the thus-
formed resist was observed by means of a scanning type electron
microscope (SEM).

The observed cross sectional pattern shape of the resist,
the amount of reduction in thickness of the photoresist f£ilm,
pPH of the anti-reflective coating composition, and the
refractive index of the anti-reflective film at a wavelength
of 248 nm are shown in the following Table 1.

Examples 2 to 4

The results shown in the following Table 1 were obtained
by conducting the same procedures as in Example 1 except for
changing the amount (parts by weight) of dodecylbenzenesulfonic
acid used and reducing the amount of water enough to cancel off

the increased amount of dodecylbenzenesulfonic acid.
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pH of about 2.4. Separately, a positive-working photoresist, AZ DX3301P ("AZ" being a registered
trademark), comprising an acetal type polymer and made by Clariant (Japan) K. K. was coated on a
silicon wafer using a spin coater (Mark 8) made by Tokyo Electron Co., Ltd. , followed by pre-baking
on a hot plate at 90 C for 90 seconds to form a 510-nm photoresist film on the silicon wafer. The
thickness of the film was measured by means of a film thickness-measuring apparatus (SM300) made
by Prometric Co. 17 Subsequently, the above-described anti-reflective coating composition was
applied on the photoresist film using the same spin coater, followed by pre-baking on a hot plate at
90C for 60 seconds to form a 450-A thick anti-reflective coating film. Next, exposure was conducted
using a KrF reduction projector for exposure (FPA 3000-EX5) made by Canon Co., Ltd. and, after
conducting PEB on a hot plate at 110 C for 60 seconds, paddle development was conducted using an
alkaline developer, AZ 300MIF developer ("AZ" being a registered trademark; a 2.38% by weight
aqueous solution of tetramethylammonium hydroxide), made by Clariant (Japan) K.K. as a developer
at 23 C for 1 minute to obtain a resist pattern. The thickness of the developed resist was measured
using the same film thickness-measuring apparatus as described above. The value of film thickness of
the thus-obtained resist after development was subtracted from the value of film thickness of the
resist before development, and the remainder value was taken as the amount of reduction in
thickness of the film. Also, the cross sectional pattern shape of the thus- formed resist was observed
by means of a scanning type electron

Table 1(A)
Amine salt | Dodecylbenzene- | Thickness | Reduction
of sulfonic acid of resist | amount of
fluorine- (A) resist
containing film (A)
polymer
Ex.1 3.5 0.5 5105.7 210.8
Ex.2 3.5 0.5 5110.3 223.0
Ex.3 3.5 0.5 5112.7 241 .4
Ex.4 3.5 0.5 5115.5 258.6
Table 1(B)
Refractive
pH index Pattern shape
Ex.1 2.4 1.44 Rectangular
Ex.2 2.3 1.44 Rectangular
| Ex.3 2.3 1.44 Rectangular
Ex.4 2.2 1.44 Rectangular
Example 5

The results shown in the following Table 2 were obtained
by conducting the same procedures as in Example 1 except for
changing the chemical equivalent ratio of carboxylic acid of
the fluorine-containing polymer used in Example 1 to the amine
to 1:1.1 and mixing the fluorine-containing polymer with the
amine in amounts so that 3.5 parts by weight of the amine salt
of the fluorine-containing polymer was formed.

Example 6
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microscope (SEM). The observed cross sectional pattern shape of the resist, the amount of reduction
in thickness of the photoresist film, pH of the anti-reflective coating composition, and the refractive
index of the anti-reflective film at a wavelength of 248 nm are shown in the following Table 1.
Examples 2 to 4 The results shown in the following Table 1 were obtained by conducting the same
procedures as in Example 1 except for changing the amount (parts by weight) of
dodecylbenzenesulfonic acid used and reducing the amount of water enough to cancel off the
increased amount of dodecylbenzenesulfonic acid. 18 Table 1(A) Amine salt Dodecylbenzene-
Thickness Reductidir®mgffahicSasiitesit drgofALldPTEBEaR)aesisteEenebtingHad (A)
polymer Exgl, 33,8 G2k E 2008 dond 358285188 223 OnFr3ah 515 5126241 AoEX.4 3.5 0.5
5115.5 258.6 Table 1(B) pH Refractive pattern shape index Ex.1 2.4 1.44 Rectangular Ex.2 2.3 1.44
RectanguldfPBRE1Y 109 seiig(RRLES ¥ valah RbOSARASCEXRRRREBe SUlEonic

acid as shown in Table 2 and increasing the amount of water enough

to cancel off the decreased amount of dodecylbenzenesulfonic

acid.
Table 2(A)
Amine salt Reduction
of Thickness amount of
. Dodecylbenzene- . .
fluorine- . . of resist resist
.. sulfonic acid e .
containing (A) £film
polymer ()
Ex.5 3.5 0.5 5103.8 135.0
Ex.6 3.5 0.3 5106.9 105.9
Table 2(B)
Refractive
pH index Pattern shape
Ex.5 6.0 1.48 Nearly
rectangular
EX.6 7.0 1.48 Nearly
rectangular
Example 7

The results shown in the following Table 3 were obtained
by conducting the same procedures as in Example 1 except for
changing dodecylbenzenesulfonic acid to 0.07 part by weight of
sulfuric acid and using as a surfactant 0.05 part by weight of
Acetylenol EL made by Kawaken Fine Chemical Co., Ltd.
Example 8

The results shown in the following Table 3 were obtained
by conducting the same procedures as in Example 7 except for
changing the amount of sulfuric acid to 0.14 part by weight.

Table 3(A)
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The results shown in the following Table 2 were obtained by conducting the same procedures as in
Example 1 except for changing the chemical equivalent ratio of carboxylic acid of the
fluorine-containing polymer used in Example 1 to the amine to 1:1.1 and mixing the
fluorine-containing polymer with the amine in amounts so that 3.5 parts by weight of the amine salt of
the fluorine-containing polymer was formed. Example 6 19 The results shown in the following Table 2
were obtained by conductlng the same procedures asin Example 5 except for changlng the amount
(parts by weight)of dpdgryiberzenesptfonic—acid as shownin Tabte 2 and ngregsitg;tig amount of
water enough to cangel off the decreased amount of dodecqu.elrlzde}glegglgorucarﬁlg{g ") p 2(A) Amine
salt Reductjon of Dodegyljgpagne- ThicknessApouwi pf fluqsine; 9f tesistiresist £optaining sulfonic
acid (A) film polymer (A)E¥2: 3949 5103.8 135.0 Ex.6 3.5 0.3 ;gQ6.9 105.9 Taple 2(B) |pH
Refractive pattern shape pigg%g]g. 6.0 1.48 Nearly rectangular Ex.6 7.0 .48 N(eﬂly rectangular

Example 7 gy 77 3.5 0.07 5110.5 169.7
Ex.8 3.5 0.14 5113.6 208.5
Table 3(B)
Refractive
pH index Pattern shape
Ex.7 2.2 1.42 rectangular
Ex.8 2.1 1.43 ‘ rectangular

Comparative Example 1

An anti-reflective coating composition was obtained in
the same manner as in Example 1 except for changing the chemical
equivalent ratio of carboxylic acid of the fluorine-containing
polymer to TMAH to 1:1.3 and mixing the fluorine-containing
polymer with TMAH in amounts so that 3.5 parts by weight of the
tetramethylammonium salt of the fluorine-containing polymer
was formed, using 96.5 parts by weight of water and not using
dodecylbenzenesulfonic acid. This anti-reflective coating
composition had a pH of about 11.0. This anti-reflective
coating composition was coated on a resist £film to form a resist
pattern in the same manner as in Example 1. Measurement of the
film thickness of the resist, the amount of reduction in
thickness of the f£ilm and the refractive index of the anti-
reflective film and observation of the pattern shape were
conducted in the same manner as in Example 1 to obtain the results

tabulated in the following Table 4.

Table 4(A)
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The results shown in the following Table 3 were obtained by conducting the same procedures as in
Example 1 except for changing dodecylbenzenesulfonic acid to 0.07 part by weight of sulfuric acid
and using as a surfactant 0.05 part by weight of Acetylenol EL made by Kawaken Fine Chemical Co.,
Ltd. Example 8 The results shown in the following Table 3 were obtained by conducting the same
procedures as in Example 7 except for changing the amount of sulfuric acid to 0.14 part by weight.
Table 3(A) 20 Amine salt Reduction of Thickness amount of fluorine- Sulfuric acid of resist resist

containing(A)fitm pUiy”'t’[Agﬁ\irFé('_’égﬂ 07 5110:51697 EX 83504 ST I8 0 R 21 54 ITG 3(B) pH
Refractive pattern shape |n I%)&? 2.2 1.42 rectangular Ex.8 ?.ﬂhaéﬁrgggtgn%%g{ngp rative
Example (1 An anti-reflectiyesgqating,composition was gbtained ing %aﬂg{nanriggfég xample 1
except for changing the ch %rgllq%flqgﬂlglent ratio of carboxylic a Cld gpe fluorine-goRtaining polymer
to TMAH|to 1:1.3 and mixmg B&Mpe- containing polymer with TMAH in amount £9 that 3.5 parts
by weigh Im Te S (etarettytammontunT sait of theftuorime=contgming potymer was formed; using 96.5
parts by wgigh llﬁﬁ_\ga&er and notdusing - 5114.1 87.2
Table 4(B)
Refractive
pH index Pattern shape
Comparative _
Example 1 11.0 1.44 T-top

As is apparent from the above Tables 1, 2 and 3, the amount
of reduction in thickness of the photoresist film can be
controlled by properly adjusting the mixing amounts of the
fluorine-containing polymer, the amine and the acid to adjust
pPH and use the mixture as an acidic composition, which leads
to formation of a resist pattern having a rectangular shape.
Also, by using the anti-reflective coating composition having
a lower refractive index than that of the photoresist material,
deterioration of dimensional accuracy of the pattern (variation
of pattern width) to be caused due to interference within the
photoresist film with a reflected 1light from the substrate can

be prevented.

Advantages of the Invention

As has Dbeen described in detail hereinbefore, the
anti-reflective coating composition of the present invention
can prevent deterioration of dimensional accuracy of the
pattern (variation of pattern width) to be caused due to
interference within the photoresist film with a reflected 1light

from the substrate, and can form a resist pattern without
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dodecylbenzenesulfonic acid. This anti-reflective coating composition had a pH of about 11.0. This
anti-reflective coating composition was coated on a resist film to form a resist pattern in the same
manner as in Example 1. Measurement of the film thickness of the resist, the amount of reduction in
thickness of the film and the refractive index of the anti- reflective film and observation of the pattern
shape were conducted in the same manner as in Example 1 to obtain the results tabulated in the
following Table 4. Table 4(A) 21 Amine salt Reduction of Thickness amount of fluorine- Acid of resist

resist containing (A) fiim_polymer (A) Co rative 3.5 - 5114.1 87.2 Example 1 Table 4(B) pH
Refractive Sgﬁes%(’% a(qp%t %}rd%?(régrﬁégra?%%%ﬁ 115 ﬁﬁr‘P -t%pagﬁar%%éhAg Ts Jgpgé)rgnt from the
above Tablesun@ amp3,tthe bmouat st dediictortm thitkaessisfithe phbtonesidtdimaahlye

controlled 8&@@1‘8@%&&%@%551@@Q&%@%‘H&S dagw-ﬂg%&%%ewéiq[aggsﬂy &, {iie amine and

the acid to adjust pH and use mixture as an acidic composition, which leads to formation of a
resist patterihabing dicsashindragrpes ARGHSy etikyihg aferefledivadddtingrdompsition having

present invention can provide a PFAS-free anti-reflective

coating composition.

Industrial Applicability

The anti-reflective coating composition of the present
invention is preferably used as an anti-reflective film-forming
material upon formation of a resist pattern in manufacturing

semiconductor elements such as LSI.
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a lower refractive index than that of the photoresist material, deterioration of dimensional accuracy of
the pattern (variation of pattern width) to be caused due to interference within the photoresist film with
a reflected light from the substrate can be prevented. Advantages of the Invention As has been
described in detail hereinbefore, the anti-reflective coating composition of the present invention can
prevent deterioration of dimensional accuracy of the pattern (variation of pattern width) to be caused
due to interference within the photoresist film with a reflected light from the substrate, and can form a
resist pattern without 22 causing deterioration of the pattern shape such as T-top or round top to be
caused due to intermixing of a chemically amplified photoresist with the anti-reflective coating film,
which is di8advaritagedtiasf thé ‘etching step. In addition, the present invention can provide a
PFAS-free anti-reflective coating composition. Industrial Applicability The anti-reflective coating

composition of thepresent Inyentian js preferably.ysed s any antiyefleetive filp-forming ppatedal
upon formaitipn of a resist pattern in manufacturing s_,emlc%n uctor elements such as LSI. ES\E/)\/ atis
claimed g/ An &itipsfle@ive toafihgcomposSriDmenT oF 1eBS INH whith cdfipriség @ uding

fluorine-captaiging.palymeraan acishayelueing sids whish arewcompeunds santaining-uRringatom,
an amine and an aqueogus \;sol ent c%‘%?rtr)?leoog dcﬁssglghn‘gitnhges&components. 2.t'IS'he anti-reflective

. an aque e C.a ése components.

coating compo%ﬂlon as CPESCI’i%Ed II’lpC P
2. The anti-reflective coating composition as described in claim
1, wherein the fluorine-containing polymer is a fluorine-containing
polymer containing a polymer unit represented by the following
general formula (I} or a fluorine-containing polymer containing both

a polymer unit represented by the following general formula (I) and a

polymer unit represented by the following general formula (II):
- [CF,CF (OR¢COOH) ] - (I)

wherein Ry represents a straight or branched perfluorocalkyl group

which may contain an etheric oxygen atom;
- [CF,CFX] - (IT)
wherein X represents a fluorine atom or a chlorine atom.

3. The anti-reflective coating composition as described in claim
1, wherein the acid is at least one member selected from the group
consisting of sulfuric acid, hydrochloric acid, nitric acid,
phosphoric acid, hydrobromic acid, alkylsulfonic acid,
alkylbenzenesulfonic acid, alkylcarboxylic acid, and

alkylbenzenecarboxylic.
4, The anti-reflective coating composition as described 1in

claim 1, wherein the amine 1is at least one member selected from

the group consisting of NH;, N(CH;),OH, alkanolamine, alkylamine
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1, wherein the fluorine-containing polymer is a fluorine-containing polymer containing a polymer unit
represented by the following general formula (1) or a fluorine-containing polymer containing both a
polymer unit represented by the following general formula () and a polymer unit represented by the
following general formula (ll): -[CF2CF(OR,000H)1- (I) wherein RE represents a straight or branched
perfluoroalkyl group which may contain an etheric oxygen atom; - [CF,CFX] - (Il) wherein X
represents a fluorine atom or a chlorine atom. 3. The anti-reflective coating composition as described
in _claim 1,A/vhéar_gi1rjot£11e&£_:&d gnﬁt gast one m_emb.er selected frqm the group consjstin_g of sulfuric
acid, hydrocﬁlorlc acid, nitric acid, phosphoric acid, hydrobromic acid, alkylsulfonic acid,
alkylbenzenesulfonic acid, alkylcarboxylic acid, and alkylbenzenecarboxylic. 4. The anti-reflective
coating corgpositionygs described i (aim, & whiersindhe ApDe s abipaat onesMeriigs sglected from
the group consisting of NH3, N(CH3)40H, alkanolamine, alkylamine 24 and aromatic amine. 5. The
anti-reflecti¢é 26&tidg cofSofidh 43 :6eSGiRRA SakyanwhbfeiNdt€Hgueous solvent is water. 6. A
pattern-forming method which includes a step of applying the anti-reflective coating compositions
described in one of claims 1 to 5 on a photoresist film and, if necessary, a heating step. 25

6. A pattern-forming method which incluides a step of

applying the anti-reflective coating compositions described in

one of claims 1 to 5 on a photoresist £ilm and, if necessary,

a heating step.
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