SPECI FI CATI ON COVPCSI TI ON FOR ANTI REFLECTI ON COATI NG AND METHOD FOR FORM NG
PATTERN Technical Field The present invention relates to an anti-reflective
coating conposition and a nmethod for formng a pattern using the
anti-reflective coating conposition. Mre particularly, it relates to an
anti-reflective coating conposition capable of formng an anti-reflective
coating which, in formng a pattern according to photolithographic

technol ogy using a photoresist, functions as an interference-preventing
menbrane for preventing deteri oFRECARISGATdONensi onal accuracy of the
pattern (variation of dinmensional width of the pattern) to be caused due
to interference wwth a substrate-reflected light wthin the photoresist
filmand WOMPOSITIONeHORANTIRERLRCELION €OATI NGaANDr METIOD IRPRSORMANGt s such
as T-tops 2&% é und tops, and to a nethod for formng a pattern using the
anti - ref | &LV coating conposition. Background Art In manufacturing

sem conduct or elenents, there has been applied a |ithographic technol ogy
of formng a photoresist film on a substrate such as a silicon wafer,
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on the substrate. I'n recent years, I1n order to obtain a higher degree of
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Iithograpfg)yf ifnc%nlljidrlgn 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 1lithographic 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 LSI, reduction in the line width of worked wires
in the lithography process has rapidly been promocted. In this
promotion of reduction in the line width of worked wires,

various proposals have been made with respect to all steps and



hotoresists, anti-reflective coatings, exposing nethods, exposing
gpparatuses, devel opi ng agents, devel opi ng net hods and devel opi ng ]
apparatuses. For exanple, various proposals have been nmade 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
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anti-refl %.tcjcvt%ation in sensitivity and therefore reduce dimensional
fluctuation even when thickness of the resist layer fluctuates,
because amplitude width in a resist film 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 DProposed
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
pPractice. In the lithography process using such light source
emitting the light of short wavelength, there have been proposed
chemically amplified resists showing a high sensitivity for the
eénergy 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



2 properties, it is generally believed to be necessary to satisfy the
conditions of the followwng formula | and formula 2: nt arc":~~n, j.,,
...... (1) wherein ntarc represents a refractive index of an anti -
reflective coating, and nresist represents a refractive index of a resist;
dtarc ° X*Aldntarc (2) wherein dtarc represents a thickness of the
anti-reflective coating, ~- represents a wavel ength of energy rays, and x
represents an odd integer. As is apparent fromthese fornul ae, the
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the refractive index of the resist so as to satisfy the above-described
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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 light 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 compariscn 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. 1In
addition to having a low refractive index, the material for the

anti-reflecting coating is required to have various properties



i-reflecting coating is required to have various properties 3 such as
222Ling proper?ies, fi?n}forning properties and developability mnéh an
aqueous solvent. For exanple, the above-mentioned JP-A-9-50129 an
JP-A-11-124531 describes to provide, on a resist layer, a surface i eh
reflection-preventing layer containing a fluorine-containing polymer whic
is soluble in an alkaline aqueous solution and which has a IOM/rgfracglve
i ndex to prevent thereby detrinmental influences of a reflected |ight from
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there tendde §iimsimcreasesambedhus, the standing wave effect and the
multi-reflection effect are not sufficiently depressed and, as
a result, dimensicnal 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 film, 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 1light source such
as a KrF excimer laser (248 nm) and using a chemically amplified
pPhotoresist 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 (perfluorocalkyl



resist pattern having a T-shaped cross section (T-top) in the case where
the photoresist is positive-working. Further, in recent years, PFAS
(perfluoroal kyl 4 sul fonates) having conventionally been used in a
conposition for anti-reflective coatings has becone a subject of

di scussion wth respect to its safety in view of accunulation in human
body. For exanple, there is a novenent of providing restrictions on
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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 film
by forming an anti-reflective fiilm which functions as an
interference-preventing £ilm for preventing deterioration of
dimensional accuracy of a pattern (variation of dimensional
width of the pattern) to be caused within the photoresist £ilm
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



ist to obtain a resist pattern, with pHof the anti-reflecti-ve
Eggtfagsconposition being adjusted to 7 or less, thus having conpleted the
invention. Disclosure of the Invention 5 The present invention relates to
an anti-reflective coating conposition of 7 or less in pH which conprises
a fluorine -containing polymer, an acid, an amine and an aqueous sol vent
capabl e of dissolving these conponents. Further, the present invention
relates to the above- described anti-reflective coating conposition wherein
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on and a polymer unit represented by the following general formula

(IX):

- [CF,CF (OR¢COOH) ] - (1)

wherein R; represents a straight or branched chain

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

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

arcmatic amine.



above described anti-reflective coating conpositions wherein the amne is
at | east one nenber selected f romthe group consisting of NH3, N(CH3)4C0H,
al kanol am ne, al kylam ne and aromatic amne. 6 Further, the present

i nvention relates to one of the above described anti-reflective coating
conpositions wherein the aqueous solvent is water. Furthernore, the
present invention relates to a pattern-form ng nmethod which includes a
step of coating one of the above described anti-reflective coating
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i nventi on afiges@sPsbEReha {4 Uupside- contai ning polyner, an acid, an am ne,
and an aqueous sol vent capable of dissolving these conponents. In

addi tion, the adithithesmare of the présentef | bnrénel@ati¢ThEONPOsd tion is
in . the case where the
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1.0 to 6. ef erabl : : |
2.6. As tﬁ%h?%ereslj%tc %i%‘f%gap@ma%d‘%tHQ@@a constituent of the
anti-reflective coating conposition of the present invention, any

fluorine-containing resin that is soluble in an aqueous nedi um may be
used. O t%%%%ltg]cﬁ qdimepnt |Qfprihre-Tvrntiinmg pol ymer which has a
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aqueous nedi um iRcF@lantigeefiectdveatraingeonpess tion 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 pPolymer 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

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



containing the polyner unit represented by the aforenenti oned general
formula (1) and fluorine-containing polynmers containing the polyner units
represented by the foregoing general formulae (1) and the polymer units
represented by the general fornmula (11). Nunber-average nol ecul ar wei ght
of the 7 fluorine-containing polynmer is preferably 1 x 103 to 3 x 104 as
det erm ned usi ng polystyrene standards. In consideration of solubility in
a solvent, coating properties of the resultant conposition and thickness

of the filfmluorbeetoonedinihg ponymat i8fprdfefiipyipey gihisng Ephyner
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to 20 carq%gs e_pr rred., These organic acids are used in an
addition a dﬁ?éog %2%aﬁ$yf%€h§61®lgkﬁght to 2.0%by weight, preferably
0.5% by wei ght tThel. 884 ay teeigdt uskd the AL ani§fl i .coating .
conposition. Preferred exanples of thé'inorgaﬁﬁb agggaﬁgzﬁﬁeaéﬁﬁﬁ%HQC
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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.

Preferredexamplesoftheinorganicacidincludesulfuric
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,),0H, alkanolamines, alkylamines

and aromatic amines. These amines are introduced into the



[ d on the anti-reflective coating conposition. These organic
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i nclude NH3, N(CH3)40H, al kanol am nes, al kyl amnes and aromatic am nes.
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salts previously formed with, for exanple, carboxylic acids int ed ced
fluorine - compashthgn @ﬂéﬂmblﬂdseéﬂihbv%ytstﬂ%@{ﬂ&l_ﬁﬁ\ggﬁ b { ;Jh he
into the ntl-refl ctive coating conposition by m Xing the am ner
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i ng anmoni um salt i
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tjve copating, conposition. OF course, it is
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and an ac$‘€111@|’fé)1-)¢m prtepaeparenpnévidﬂ@slsﬁrmpatheeﬂstQol&EP&PQIfaBﬁ andigL eby

| gsition, In this occasion, the ratio of the acid
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he
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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
rangeof 1:0.6 to1:1.2, 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
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) or process
conditions, through adjustment of mixing ratio of the

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



conventional conpositions and, in addition, enables to adjust the anount
of reduction in thickness of the photoresist film upon devel opnent. In
this occasion, it is preferred to optim ze the anmount of reduction in

t hi ckness of the photoresist film upon devel opnment by adjusting the
acidity of the conposition in consideration of the kind of photoresist to
be used (for exanple, chemcally anplified photoresist) or process
conditions, through adjustnment of mxing ratio of the above-nentioned

fl uori ne- BWtal A i pBreFent nverticmenabilgs Yo Aidainsan tid eprtdoand

I nvention t [ | ' | o 1 ctLi0 f
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anti- reflect adgusbmenng ot orpdditiyonof Thihe, aheisvefheetpest icoatdhngt he

resist film _which is nsi dered to _cause formatiQ f unfavorahle T-top
or " T ound TP TRHS | Shee BHRSPES. PRES X oy iR iR St LA
anti-refl eptilcte 16l toh et thehasestSimdtloh &lf UR€akBirabiace- tdhereof,
can be renmoved with an optinmal thickness upon devel opnent and, after

devel opmefiOunthdP ERFPEeI6r fd HOF ea¥3TPlpatinkermining ketwaamatd® ar and
good shapgnAs e 185G LY 1REL R4 r’c?:%‘;g%StonsQBE' m a¥SHhe ;

£29
obt ai ned by adjusting the anount o uctron 1 n thickness o t he creesi st
fil m upon Werdapnesant hougenmveder withedn oepdfimatihethigkngs s atupenof t he

phot or oe; GRS BRRL Bire SEL IR A0 an Fl R T oA B ES r Upon
process coralitamnhavingd usdctEmmnadry gnd gfoddeshepgposi tion thereby. In
composi {1 on to Heors Bege bRt PRECLRBSFPaSY | BB CREHIAL rF SR b i th
the am ne dxLiQMeebly bAGukkiny e LBl U GedRR TR 1hOthiSkdBg®Sal t,
and mxing this salt with an acid in an agqueous sol ution or an aqueous
sol vent . q Fesdt £1ilm 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 1:0.5to 1:1.0, whereby

pPH of the composition can be controlled to the afore-mentioned

proper pH range.

In addition, the chemically amplified photoresists
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reflective coating conposition to be used for a positive- working
chemcally anplified photoresist, the weight ratio of the amne salt of
the fluorine -containing polynmer to the acid is preferably 1: 0. 01 to 1:
0. 5 nore preferably 1 : 0. 01 to 1: 0. 3. In this occasion, the chem cal
equivalent ratio of the sumof the acid group, such as carboxylic acid, of
the fluorine- containing polyner and the organic or inorganic acid to be
added to the amine is in the range of preferably 1. 0. 5to 1. 1. O,

wher eby plﬁvm;flvmeheonx.p@‘slerhmf ean bBosbrExpnrbSlmb mualye .af Dhat nent ioned

t t.h h | 1 | i f h t
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positive- \wdﬂdi@smw-qre%ﬁmigs ‘tinfernos hﬁro@h@h@réﬁpébukea‘tbnﬂEBl r(@o@ft from
t he exposure to PEB (Post Exposure Bak% i s prolonged, the deactivation

anmount of EAROSITeBakehdrRERLengede thgrdenct bratinn pBenEE ofythe 566 e
| nor eases gl diaan obathe cFPANRToENchOCr&bist [y Eipdiun Ntiitnads! hat

this Ieads to difficult deconposition o e protectlve group of
cheni cal | yugnisbi &ikals e siompund 1n| bheheitasd tomafyobei eops kdgead thmlt there

ari ses thq:lﬁrog_ﬁg@ﬁt hat Jipﬂgu{ OZT'LPe %Lt]]gcé’PDB%d | ne at t er n \ﬁg’ppl Ving

deterloratlon ern

the anti - dfetheathemmm]aly Iaglpd.d.lfﬁ.eﬂl teohsbé dre ﬁlneﬂﬁmbajsﬁV@f\tﬂdIIm:.n'ﬂ‘lat
is, the anti-reflective coatin co OSItI%t of the resent invention al so
1rﬁ%r§nd:

functi ons %aP3F etISFE @Y a4 e dathing

conposi t i adpped NELNY gfeitiertV efioweRrer, n‘dét@&&o&%t&@?p@ﬂf&lﬂe PathRirmg used
as a protective film Further, as the aqueous solvent to be used in the

anti - ref | anfe @Bat itAy RERPESRt iRsh BYeYRRted e ¥ntaPRLEHIY ofhe \alttdr | s
preferred. réﬁé&ﬁﬁ@&%tl}‘l’?t&hﬁéﬂ‘ﬂm 6f MMIPSent"PIvLLEESH 2N AL al

lons are renoved by distillation, 1on-
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 agueous solvent to be used in the
anti-refilective 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
treatments is preferred.

Additionally, it is possible to use a water-soluble
organic sclvent 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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exchange treatnment, filter treatnent or various adsorption treatnments is
preferred. Additionally, it is possible to use a water-soluble organic
sol vent together with water f or the purpose of inproving coating
properties of the anti-reflective coating conposition. As the

wat er - sol ubl e organi c sol vent, any solvent may be used that dissolves in
water in a concentration of 0.1t by weight or nore, and there are
illustrated, for exanple, alcohols such as nethyl alcohol, ethyl alcohol
and i sopr cq:i;ldyladeddlwlolweetamee:atesubhtgi;cacbibne amd| mmoletalmﬁltaket one,
esters su as neth acetaterﬁ etq¥ q&g{at d etg§I Iactat pol ar
sol vent's ¢y 3?68 FECRGTABP AR TS idi f“(?fl aﬁeef’fﬁ? osol ve,
cel | osol ve&shdbuirghneel 650bNEs , GRld @s0hyE BGRiAlthe éigehwlwix}é}ﬁm 5

acet at e, butylcarbltol and carbitol acetate. These specific exanples are
i || ustrat &P HSed i Fhe RRGsentofinvend igngdl @nsoMAdht s, and do not linit
the organic sol wenmeraatlbeeﬁeeuaetéeaﬁﬁeehlpbm%hcms ERe PReseR) | N
the anti-reflective coating conposition o he present 1 nvention nay be
conpoundedintventiigre may ybe acmpeun@ecﬂ ubi€ neeesssawyt hian veabeange lofb Lot
spoiling t e nce f the 0si t.i-qn anple of the r-sol ubl e
resinto t%eesulgleéjlq{ e Tantd -refTI i é)lcld"ﬁq %3’ ccPrﬁ'Tr STTI0N \fl\ol%i %el present
|nvent|cn1admﬁdsﬂtumﬂ yVEﬁympabeobﬁltheowaaeryboxuaxedre51n to be used

pol yvi nyl pyrral i don -trifluqrone Iacr lic aC|d pon(V|nyI
oty ot P e nanin c Pamhpatiiie) CoptiporNRaie TS coF - Ehep g

gl ycol), Q.Qi\bé(d‘li'l\dﬂ’lyhﬁwmfdé daRersA g INY la@ssaat ) ,pcmq.}a\eryllc acld,
(N-vinyl pyrrolidone- co -vinylalcohol),

pol y( N-vi malsprimslipinrelcsicns vy pebrt & -poliflNoromethylacrylic acid,
vinyl pyrrgldy gp(%rﬁﬂ %Mla%ﬁﬂﬁ %d% J%é(ll% anhyd ide), ocil.g'(eth lenehyI

vi nyl pyrrol | done- co- net hacryl I caci N- V|n pyrroli done-c
met hacr yl atlg)c@dologipropylene glycol) poly(N v1nylpyrrolldone 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-
vinylpyrrelidone-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. Oof 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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vi nyl pyrrolidone-co-nmaleic acid), poly (N vinylpyrrolidone- co-dinethyl

mal eate), pol y(N-vinyl pyrrolidone-co-nmal ei c anhydri de),

pol y(N-vi nyl pyrrolidone-co-itaconicacid), poly(Nvinylpyrrolidone-co-nethyl
i taconate), pol y(N- vinyl pyrrolidone-co-itaconi c anhydride) and fluorinated
pol yether. O these resins, polyacrylic acid, polyvinylpyrrolidone and
fluorinated pol yether are particularly preferred. Also, in the
anti-reflective coating conposition of the present invention may be
conpoundedonddnicedetf aot it s dddiludecpolbrye t el avd anksyol eu’ah@rs @sich within
a range of not s 0|I|g§ t he ggrfornance of the conposition. | es of

such addi &%/ @8L1YPQ lener LevhFl seEheR. ROWGRFERE Yjsetﬂq‘é’é{‘%i’ ? i oni ¢
sur f act antah @b 1378 R E@1e neu rcfeasgatlaréttslext 0 oA vt nkknkheathy ResQ of

i mproving coating properties. Exanples of the 12 nonionic surfactants
i nclude p Wﬂwyl en@odvRyreshidesesuchfatty pol yasdfet hy moneesi@ndl. et her,

pol yoxyet e et r

pol yoxyet erglcpg’dg%&g?er?ﬁ% y%%‘g]?%f nerfa% @aé:&t lene
nonoest er glyq@d] ydaykvayiws:l polmmmdremybénd:ltd oaiiqoi ¢ mens- faad aadst vl ene
gl ycol deniv ves anpl e e.a Lon surfactants . include alk

di pheny| ST P i RASHIEORLE ACIE paaAHS RITRRa

am ne sal tsﬁu_tﬂsewo{he Jrdgdn it phenk! s#1 HertherddONhTkLi dispiadily 1 RahiETONi UM
salts or the organic amne salts thereof, alkylbenzenesulfonic acids and

the anmonisPhfeksasidsand wamwmeaéaﬁ&r ERe OEGRP ISorPERY dithAsene
al kyl et hathe e U%L'lﬁz‘l%bﬁ%eﬂ@guﬁf‘énimaiﬁg‘.:-ﬁ‘ﬂii e BeOhmbhBR 1 B 0S8N £5 EHP ne

salts thereof and ai | sul furic acids and the ammonium salts or the
or gani ¢ artilfe oxglang a h@n@@f saEkanphereof . t pel vorywithy lene akkyk tediter

il ude 2-g) ol G5 RQMIPLRY MUY 2L BV T 823QY el M PR A Y6

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 periocd of baking the
photoresist and the anti-reflective coating composition as well
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 requires 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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| auryl am dopr opyl hydr oxysul fon betaine . and Al so, in the present

I nvention, optimzation of the anpunt of reduction in thickness of the
filmmay be conducted by adjusting the tenperature or the period of baking
the photoresist and the anti-reflective coating conposition as well as by
adjusting through the anti-reflective coating conposition. As to the
pre-baki ng tenperature for the photoresist, there are generally two types
dependi ng ) conposition. That is, one t

on the formul ation of the ) pe
requires fu%%r‘ﬁ@ GHPP RRRGI 1) RefifivPisPed Bakéean . aitempdr i&%re of
about 100Gd#0iA0Uin1%0bnfe 8AHesNG Ot PREREYRG 'RAMHITED P LRES HRASTHE than
or

the aforesaid type and requires to bake at a tenperature of 100
| ess. A priempggatginefpsr the photoresticstapnil-the bakinget emperatigre oposi ti on

(> generaline GG 1A, G Gt 5 M0UA01 01 L6 TBER E-SOL NG ysed

Further, post-exposure ba oresist I's co
t enper at urtakifngyérapelrhyuabofivr th) pGottoralsdstt 1504k atoa boseeplleveln t he

case of prev ing 13 formati on of T-top shape in. a devel oped pattern, it
can be &G ThE Hre RAERALETDEY ASHEEA Y B BR L NGO LECRARF pating
t enper at urcdnips ittfiorpat & esighlerandvieheobakbogct sppRsaEUr ey, ihas
anti-reflective coating conposition such that thettﬁr@e- baki ng tenperature

for the pRRSHdsistte sPeel &ffa quiisselee adaw the pntisaaigatdiser ature
for the amldztigld €6bhyEsELAbA NI ascoﬂ'%??é% Ir ng@éra &lﬂﬂq{/rét ﬁ\éS' YaOC or

nore. Also, it is possible to peel I ssol ve "awa
anti - r ef | déeinedy tbatqmeurbefose¢duchionsimebdelineabtef thepoesiet tiilmeduce

t hereby t anp f ' i.n. thi ckness. of the resist film to avoid
di sadvant rf:lcg’es [ lnir% ﬁie%'Se'—:{(';lg‘ﬁallﬁfi'}galEgetrl“‘e|olT}1 #giee ;%Pﬁ‘%ﬁ“rﬂ &5®ss of the
anti-reflectiveTheat fhgm cdnpeimdésoHn off the paeseEntefIvwetivoOn ddatingf er ably

a thi Cknesn::sorm_:)ositicm 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 f£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.1l

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,
bre-baking (for example, at a baking temperature of 70°C to

150°C for about 1 minute) to form thereby a photoresist film
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whi ch provi des an enough chemical action to attain a |larger anount of
reduction in thickness of the photoresist filmupon devel opnent in
conparison with the case of not applying the anti-reflective coating
conposition and which, in view of anti-reflecting function, satisfies the
afore-nmentioned formulae 1 and 2 as nmuch as possible. The filmthickness
Is preferably 80 to 10, 000 A nore preferably 330 Ato 990 A Also,
application of the anti-reflective coating conposition can be conducted by

any of corRfertiCor 3PS TRt wn thEatN hy - et heaslvacrrating apnpidsidmgs
met hod. 1 Hihinadd & they Bhddoretied ef 1hhgn dgq?% r entg Qi dek s,

different fromthe conventionally known met rm ng a resist
pattern eﬁ%ﬁ@rmd?h%lppltyu-m‘gftlhetam| coafirgtfive. CTRALs g tbapw:tqsml of the

present i needed, _a heating .step. To descri one
exanpl e tﬁieﬁ %ﬂﬁc@_ﬁ%g@% e EESI ng=ROBBEF S céh\ﬁé) Ri Hoe e Iy
anplified 1qa|m1hnjm1te;d fas neeﬂaﬁcetoa HEBOt OfF 51 8kahflél I at eodfdm@n a
substrate ,such as a si I%con waf er. and conducti n i f necessary, pre-baking

(for exanpi PSRRI Y Smfdt HAF € lof ERIG S Pih ROFEGACHSHAPMEDH nut e)
to form t henahg bebtoé%ﬁﬁlét éﬁ labadifRg {dfpStbalF éltdas cbhe Ahtixg-@f) ective

coati ng corrp05|t|on Is applied on the photoresist filmand 1s heated, if
necessary, to tﬁ?%r@nlf%%tﬂatrt@m%ctlifvelmﬁm film This is then exposed

using a reductigp gg@ ,g&{g%ﬁO?ofmfﬁgﬁeeﬁﬁ&af%fa%hg a@é&@@ﬁ Mfentidn

subj ected, as needed, to , at a nperature of
500C to 15(!I}C)phbbbremdtbyt1mjsthdeveﬂmmmrﬁlodmlldlmgb(aénr ]mcmml as ai a

baki t Ct 2 to . f t tt f
n;e‘cleggame/ tr%}e pa ter¥1 }?%r'ﬁgﬁé rr@flﬂo &O%t]ﬁg‘rvm"g‘?% Inlsgn i ’1e 1y I Y any

phot or esi Slmﬂ]fiﬁ1d‘lﬁ$l‘mﬂ£¥ﬂla|s| pregefrkaQWRAStlse Mﬂ@ﬁrﬁﬁﬁg be

used, and c% O:LSC!E;[J!lVye émmgik%ggdcfg_%glcs%l Ityo 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 &

. 23, 1012(1983)) and a

photoresist comprising a combination of triphenylsulfonium

C.G.Willson; Polym. Eng. Sci.

hexafluoroarsenate and poly(p-tert-butoxycarbonyloxy- & -

methylstyrene) described in JP-A-2-27660. The thickness of
the photoresist £ilm 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 K
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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lified photoresist is preferred. As the positive-working chemcally
:gglified Pesist to be preferably used in the pattern-form ng nethodlp;. 4
the present invention, any of known positive -working chenically anP_ldle
photoresists may be used. As the positive -working chemically anplifie
photoresists, there have been known various ones such as a photoresi st
conprising a combi nation of t-butoxycarbonyl group-protected Wil _
pol yhydroxystyrene and a photo acid generator (see, Hlto & CG son;
Pol ym Eng®omerise 28 sildcpnlpdays Imduagf lmb@h‘@@azﬁg?gégﬁgﬁ g%lltsg(%ilm,
conbi natio itdd phenyl.sul foni um__hexaf| uaroars e _ -
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' ter
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' h resist filmand the anti-reflective film
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gi Irrﬁ:gn (rjli(lt riede Pfllq%orh &% Iﬁ%orPQBJ'rJ_cFé‘tJrﬂr% ri?fe fhen cﬁo%\}weysvdr}cmgl; fil nmt .
and, furt hEregmidekky Winpdh £ika&VEhat6LEEYEL ﬁ?&ﬁﬁ{é‘ a?.ra éﬁﬁb%fﬁg%%@gmfsoe”e
may be usefd. The material for the substrate |ts_el_ IS not 1rm '
silicon, ‘& AMPHL SRR ChemALs Ll anaEiabpiotbresakkyFileen

i | ication
used for namftaes ﬁh*t!igrlegl%'&:rivﬁscb§kiﬂ8ycgﬁpg§fgioffd £P1m ,a Sdévoelaopppzers
of the positive-working ) L
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 film.
Best Mode for Carrying Out the Invention
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chem cally anplified photoresist, baking and exposing nethods for the
positive-working chemcally anplified photoresist film and the
anti-reflective coating conposition film devel opers and devel opi ng

met hods, any of those materials or conditions that have conventionally
been enployed for formng a resist pattern using a positive-working
chemcally anplified photoresist nmay be used. For exanple, as a nethod for
applying the photoresist, any nmethod such as a spin-coating nethod, a

rol | ~coating metREIPTESERAAIERGIRP AEth degcaibed pare specidied 1or a

di p- coat i ng PRIAGEIBY R MBI wiEWH N Burd) QPIING ihiightengour ce
to be used'in the exposing stép, any |ight source such as Wrays, deep-W
rays such iaveutHcxdinmany wayer or ArF exciner laser, X rays or electron
beans nayﬁg%miﬁggj_ As the devel opers, any of those which can develop a
photoresi st t0 be used may be used. For exanple, a devel oper conposed of

an agqueous sol uti.on glardlskdly weightaof ef rfERitiHeventdifninty dodynée may be
used. Further, develqgﬁfnt may be effected according to those nethods

whi ch havé&odMfenfi JNATPS. RETF A MY EFUHAT dBGE8BPI Mf a4PRBt ?edi & .

Addi ti onalWef.githavetide MRflRbilate Wl B L€ YRS idd Ak @it Prasely

I nvention is preferably dissolved away with an al kal i ne devel oper upon
devel opmemelys iyenshetardards gnd Ferpesenedeby diheCielyowindaensral

I nvention gf-nihe RrEsENt i nvention is now described nore specifically by
reference to Exanpl es which, of course, do not Iimt the invention in any
way. Exanple 1 2.94 parts by weight of a fluorine-containing polyner
havi ng a nunber - a\k a&@zhﬁ1%Ebﬁaﬂcmghﬁﬁth@Hhhﬁo and a weilght - aver age

nol ecul ar wei ght of 6300 as determ ned using polystyrene standards and

r epr esent edheneitthen :iold awiing gener al

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 aqueous
solution. The resultant uniform agqueous 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 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 £ilm 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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formula (111): -[CF2CF2] n-[ CF2CF( OCF2CF2COCH) ] m wherein n:m = 1:1 was

di spersed in 96 parts by weight of water at an ordinary tenperature to
prepare slurry, then 0.56 part by weight of tetramethylanmmoni um hydroxide
(TMAH) was gradually added thereto (the chem cal equivalent ratio of
carboxylic acid of the fluorine-containing polyner 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 polynmer. Further, 0. 5 part by weight of
dodecyl benzenes HYRRIRG 1Y wasthede @boverdesord begr eprittel arefkentims ght of

100 parts by, \weldhtonfo s 14 %ghggggﬁag %r_%oéﬁét 'g%aftp}@@,i%%%%msi | form

aqueous solution was filtered ter to obtaln
anti - r ef | ethe s@meoapiingcoabaposidlinwed iyspant bakdéhbeot ias&otoplateg at

conposi ti had_a of abaut 2.4_ Separ | %, pQsitive - Ki n

phot or esi SEFO n%zf?ﬁ@gﬁlﬁecﬁn%%' i hgt™ Fegitsgt'ér ﬁﬁa%wéﬂ%ﬁgﬁ si ng
an acetal dypeinpoymmr. arndeRbge ebypochatel aphds ( Lapanktéd KusWeg goated on a
silicon wafer using a spin coater (Mark 82 made by Tokyo El ectron Co.,

Ltd. , fol FRAREIRN Arelsaliaty Tor §¥RBEUpe at B WS FES) prdsobY&eiths  to
forma 51Qdum phei.0hRa), Sdefdd @&ﬁﬁé}g@hbgﬁ% WRHEE  pIlhEe i ghnesg0f the

fil mwas neasured by neans of a t'hi ckness- nmeasuri ng apparatus (SM300)
made by Préfinseciondsy. pagdgiiaxpiannent was apodected ordipmanmikakitective

coating coymes] 4 ' otoreskst, filmusing .the sanme
Spin coater, ?%‘%‘?%Pmﬁya%&é‘?ﬁgkﬁ%}%ﬁ@%%o? %?at ebeajtngg le%l%bersee(%onds
to form a “sdematkck anti2r28tectiywe webhghing dguedpudexkplaxpoaur ef\as

by Canon tert ety TapSef s asBraldED ngesRe B IR Han o dPRaE) Kb € for
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
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.

18



60 seconds, paddl e devel opnment was conducted using an al kaline devel oper,
AZ 300M F devel oper ("AZ" being a registered trademark; a 2.38% by wei ght
aqueous sol ution of tetramethyl ammoni um hydroxi de), nmade by C ari ant
(Japan) K. K. as a developer at 23 Cfor 1 minute to obtain a resist
pattern. The thickness of the devel oped resist was neasured using the
sanme filmthickness-neasuring apparatus as descri bed above. The val ue of
filmthi ckness of the thus-obtained resist after devel opment was
subtracted fromthe value of film thickness of the resist before

devel opnment, and the remai nder value was taken as the anmount of reduction
in thickness of the film Also, the cross sectional pattern shape of the
thus- fornmed resist was observed by neans of a scanning type el ectron

m croscope (SEM. The observed cross sectional pattern shape of the resist,
t he amount of reduction in thickness of the photoresist film pH of the
anti-reflective coating conposition, and the refractive index of the
anti-reflective filmat a wavel ength of 248 nmare shown in the follow ng
Table 1. Exanples 2 to 4 The results shown in the following Table 1 were
obtained by conducting the sane procedures as in Exanple 1 except for
changi ng the anount (parts by wei ght) of dodecyl benzenesul fonic acid used
and reduci ng the anmount of water enough to cancel off the increased anount
of dodecyl benzenesul foni c aci d. 18T339E61}§ ) Am ne

sal t Dodecyl benzene- Thi cknessReducti on of Sul'foni ¢ aci dof resistanount of

fluorine- (gresrst hﬁﬁ%%'Ehi%fiﬂgﬁééglbenzene— Thickness | Reduction
of sulfonic acid of resist | amount of
fluorine- (&) resist
containing film (&)
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)
pH Refﬁiﬁzjve 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

19



pol yner Ex. 13.50.55105.7210. 8 Ex. 23.50.55110. 3223. 0 Ex. 33.50.55112. 7241. 4
Ex. 43.50.55115.5258. 6 Table 1(B) pHRefractive pattern shape index

Ex. 12. 41. 44Rect angul ar Ex. 22. 31. 44Rect angul ar Ex. 32. 31. 44Rect angul ar

Ex. 42. 21. 44Rect angul ar Exanple 5 The results shown in the follow ng Table 2
wer e obtained by conducting the sane procedures as in Exanple 1 except for
changi ng the chem cal equivalent ratio of carboxylic acid of the

fl uorine-containing polymer used in Exanple 1 to the anmine to 1:1.1 and

m xing the fluoriferesHLEFnFRFRATyFBe fpihovhes Tahlwe 2 verembhhasingsl t hat
3.5 parts jhy é’@i(ﬂmtiq{%%% %%&d&egﬁt%%au%st oe Ehgﬁ%gﬂﬁlg%t% fgﬁl ymer

was fornmed.” Exanple 6 719 The res s shown 1nt OW ng wer e
obt ai ned dyanwiuthermgnauns: spaetphbyceeilglet) as doddoglip rez énesdlefain ifcor

changi ng the, t ar i ght) of dodecyl benzenesul fonic acid as
Chonal 19 A £HE o PER Irpdk 48 hl e SR Bl 2RO B ity o
t he decreasedarmmeintofd tHedasyirbapeanaathhonde dcdddly1dabdénha{)foNiidne
saltRedwﬂéé{hofThicknessanount of

Table 2(A)
Amine salt Reduction
of Thickness | amount of
. Dodecylbenzene- . .
fluorine- . . of resist resist
.. sulfonic acid .
containing (A) £ilm
polymer (A)
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 éxcept for
changing the amount of sulfuric acid to 0.14 part by weight.

Table 3(A)
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- fluorine-of resistresist containingsulfonic acid(A)film
ngisrcrglr ?e/r&z)eméx. 53. 50. 55103. 8135. 0 Ex. 63. 50. 35106. 9105.9 Tabl e 2(B)
Refractive pHpattern shape index Ex.56.01.48Nearly rectangul ar 1 ou
Ex. 67.01. 48Near|y rectangul ar Exanple 7 The results shown in the follow ng
Tabl e 3 were obtained by conducting the sane procedures as in Exanple 1

' ' ' : by wei ght of
t for changing dodecyl benzenesul fonic acid to 0.07 part
gﬁf?ﬁric aei-d nng ..2; ng-as—-a surfactant 0.05 part by weight of Acetyl enol

I A=A N A~ A%

EL nade by|Kawaker #WH&e ek dal Co., Ltd. Exgmpl e 8 The ‘ERishfhic*S:j.i:l’monl in
the foll ozm ng Tablle 3 v@fe obtai ned by condudt ThgckhessafanR@e@H ¢s as
i n Exanpl el 7 except fflopriokangi Sglfheismadid Jf ofulbdhike ACI HebPgP- 14 part
by wei ght.| Tabl e [Xd)t&himg ne sal t Reducti on |of Thiigknessamoups pf f

| uorine- Syl furic |acpdafmeresi st (1)
Ex.7 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 rectanqular

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 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)
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resi st

contai ning(A)filmpolynmerA (

Ex.

73.50. 075110. 5)

169.7

Ex. 83.50. 145113. 6208.5 Table 3(B) pHRefractive Pattern shape index EX.

72.21. 42r

ect angul ar

equi val ent

Ex. 82.11.43rectangul ar Conparative Exanple 1 An
anti-reflective coating conposition was obtained in
Exanpl e 1 except for changing the chem ca

t he sane manner as
ratio of carboxylic

in

acid of the fluorine- contalnlng polymer to TMAH to 1:1.3 and n1X|ng t he

f I uori neqecontatning—pol —FVAH+R—areuRt5—Sso—that—3-5—parts—>

wei ght off the tetran ¥ rﬁﬂﬁﬁ um salt of the fliuor.i ne- cont%ﬁqh ﬁf ymer
was formgd, using 96.5 ar? y Weight of water ardiess|pnount °f
dodecyl benzenesul foni|c BP&ln?hls anti A€ ecti ve FodSsi§t [cokBE3FEi on had
a pH of about 11.0. THFePERRiIRP[|ective coating cod§65|t|on ®admcoat ed on
aresist|filmto form aPPdyimer pattern in the sanme manner |as i Exanple 1.
Nbasurenaﬂbm@hramdvefiIn1%h|ckne>s of the resist, tgflgngu;t 0%7 duction

I n thicklxampdle the [film afd the refracfive inddx h nti = ‘'réflegctive
fil mand observation of the pattern shape were conducted in the sanme

manner as in Exanple 1 to obtain the results

Table 4(B)
Refractive
H
P index Pattern shape
Comparative
Example 1 i1.0 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 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 filmwith a reflected light

from the substrate, and can form a resist pattern without
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tabulated in the following Table 4. Table 4(A) 21 Am ne sal t Reducti on

of Thi cknessanount of fluorine-Aci dof resistresist containing(Afilm

pol ymer (A) Conparative Exanple 13.5-5114.187.2 Table 4(B) Refractive
pHpattern shape i ndex Conparative Exanple 111.01.44T-top As is apparent
fromthe above Tables 1, 2 and 3, the ambunt of reduction in thickness of
the photoresist filmcan be <controlled by properly adjusting the m xing
amounts of the fluorine-containing polymer, the anmine and the acid to

adj ust pHaRins detrrinsatiran of dhadaditemombane isieh s Thtogads to

flor mat i on ,Qfrh &Sk StoPRE! Sl JAYIdie 24 L AROHI RipNaRe s MicdiyiSi Ng

the anti-r ectl coating conposition having a refractive rndex
t han t hat aniplifliehghortegiestistawdithathe aetbrief hécbiveflceh tnens ifdial,

accuracy of the.patter vari ation f pattern wdth) to .caused _due to
Mver et et f R A eSS Tn, he BRCHIDG SEER(] dvedBiFESR in t he
substrat e medserlle phessbied. cAfVriagate 04 PRAS-FYeR! gt ATdFRaedigsR
described in detail hereinbef ore, the anti-reflective coating conposition

of the pr ERAMIINMBBH LI prevent deterioration of di mensional accuracy
of the

Industrial Applicability

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

semiconductor elements such as LSI.
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pattern (variation of pattern width) to be caused due to
within the photoresist filmwith a reflected |ight

i nterference
fromthe substrate, and

can forma resist pattern without 22 causing deterioration of the pattern
shape such as T--top or round top to be caused due to interm xing of
chemcally anplified photoresist with the anti-reflective coating film
whi ch is di sadvantageous in the etching step. In addition, the prese
i nvention _can provide a PFAS-free anti-reflective coating conpositio
| ndust ri al"B&gpllicaiaimed T anti-refl ective coating conposition of the

invent ipan 4hs sReetqranl eU§89t§ﬁgaeoﬁﬁag1£E;he§fWeoxf B4 QM ng

pr esent
mat eri al

upon formation of a resist pattern i manur ac

a

nt
n.

urirng sem conduct or

el emrent s QIEWhach| Sbmp23s¥hat filarootiaievecbrtsiiningApodgtiery, edh extid/e amoat i ng
conpositionj9257 9 lLess_in ‘ﬁg mhich gogpri S a.glgoring-cont I ni ng
pol ymer, &N act ™ %n P affRE FR-4G0E 0 FEPEOFent™ cApaBPeYHRIdiS ST
these comquients?. The anti-reflective coating conposition as described

in claim1, wherein the fluorine-containing polyner is a
fl uori ne-containing polymer containing a polynmer unit represented by

fol I owi ng gener g ef Qhiul 2e€h beRiva cééhgﬁ;g;l% QARG s PR y&ﬂ?g&?ﬁ

both a polyner unit represented by t

pol yrer
- 1 CF2CK(
perfl uor

(1)

ol ow ng general fornu
Hiaim egr.eswheaeipy the fHluowing-gentaahifor rpplynier ) is a

- ' i gh b hed
i SRR B T e P et

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:COCH} ] - (1)

wherein R; represents a straight or branched perfluorcalkyl

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, 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 by fluorine atoms.
4, The anti-reflective coating composition as described in
claim 1, wherein the amine is at least one member selected from

the group consisting of NH,, N(CH,),0OH, alkanolamine, alkylamine

24
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wherein X represents a fluorine atomor a chlorine atom 3. The
anti-reflective coating conposition as described in claim1l1, wherein the
acid is at |east one nenber selected from the group consisting of sulfuric
acid, hydrochloric acid, nitric acid, phosphoric acid, hydrofluoric acid,
hydrobrom ¢ acid, alkylsulfonic acid, alkylbenzenesulfonic acid,
al kyl carboxylic acid, alkyl benzenecarboxylic acid, and those obtained by
replacing all or part of the hydrogen atons of the aforesaid al kyl group
by fl uori rendatayesnatd.c Hwelnmnti -refl ecti ve coating conposition as descri bed
in claiml1, wherein the amne is at |east one nenber selected from the
group consisting of NH3, N(CH3)40OH, al kanol am ne, al kylam ne 24 and
aromati c @1 ne. The dheiaptEieetieetdowt HORIHONPOEATIH bk defsriinsdhinbed in
claim1l, wherein the aqueous_solvent is water. 6. A pattern-form ng nethod
whi ch i ncl9ided & st BpeppingfpryprAePHE SRLVEPEf LECWAYBTcoati ng conpositi ons
described in one of clains 1 to 5 on a photoresist filmand, if necessary,
a heating step. 25
6. A pattern-forming method which dincludes 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.
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