DESCRI PTI ON

TI TLE OF | NVENTI ON: CLEANI NG SCLUTI ON, METHOD FOR
CLEANI NG SUBSTRATE, AND METHOD FOR FORM NG METAL-
CONTAI NI NG FI LM

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a cleaning
solution, a nmethod for cleaning a substrate, and a
met hod for formng a nmetal-containing film and in
particular, relates to a cleaning solution for a
conposition for formng a netal -containing filmusable
in a step of finely processing a sem conductor device or
the like, a method for cleaning a sem conduct or
substrate, and a nethod for form ng a resist underlayer

film

BACKGROUND ART
[ 0002]

Along with high integration and hi gh processing
speed of LSI, mniaturization of pattern size is rapidly
advancing. Along with the mniaturization, |ithography
t echnol ogy has achieved a fine patterning by shortening
wavel ength of a |ight source and sel ecting an
appropri ate resi st conposition accordingly. The
conposition mainly used is a positive photoresi st
conposition for nmonol ayer. The nonol ayer positive
phot oresi st conposition not only allows a resist resin
to have a skel eton having etching resistance agai nst dry
etching with chlorine- or fluorine-based gas plasm, but
al so provides a switching nechani smthat makes an

exposed part soluble, thereby dissolving the exposed
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part to forma pattern and processing a substrate to be
processed by dry etching while using the remaining
resist pattern as an etching mask.
[ 0003]

However, when the pattern becones finer, that is,
the pattern width is reduced wi thout changing the
t hi ckness of the photoresist filmto be used, resolution
performance of the photoresist filmis |owered. In
addi ti on, pattern devel opment of the photoresist film
with a devel oper excessively increases a so-called
aspect ratio of the pattern, resulting in pattern
col | apse. Therefore, the photoresist film has been
thinned along with the mniaturization of the pattern.
[ 0004]

On the other hand, a substrate to be processed has
been generally processed by dry etching while using a
pattern-formed photoresist filmas an etching mask. 1In
practice, however, there is no dry etching nethod
capabl e of providing an absolute etching selectivity
bet ween the photoresist filmand the substrate to be
processed. The photoresist filmis thus al so damged
and col | apses during processing of the substrate, and
the resist pattern cannot be accurately transferred to
t he substrate to be processed. Accordingly, higher dry
et ching resistance has been required in a resi st
conposition along with the mniaturization of the
pattern. However, on the other hand, a resin used for
t he photoresist conposition needs to have | ow |ight
absorption at exposure wavel ength in order to inprove
the resolution. For this reason, the resin has shifted
to a novol ak resin, polyhydroxystyrene, and a resin
having an aliphatic polycyclic skeleton as the exposure
light shifted fromi-line to KrF and ArF, which have
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shorter wavel ength. However, this shift has actually
accelerated an etching rate under dry etching conditions
for processing the substrate, and recent photoresi st
conpositions having high resolution rather tend to have
| ow et ching resistance.
[ 0005]

As a result, the substrate to be processed has to
be dry etched with a thinner photoresist film having
| ower etching resistance. Therefore, a demand for
finding a conposition used in this processing and the
process therefor has become urgent.
[ 0006]

A multilayer resist method is one of the sol utions
for the above problens. This method is as follows: a
resist mddle layer filmhaving a different etching
selectivity froma photoresist film¢(i.e., a resist
upper layer film is placed between the resist upper
| ayer filmand a substrate to be processed; a pattern is
formed in the resist upper layer film the pattern is
transferred to the resist mddle |layer filmby dry
etching while using the resist upper layer filmpattern
as a dry etching mask; and the pattern is further
transferred to the substrate to be processed by dry
etching while using the resist mddle layer filmas a
dry etching mask
[ 0007]

One of the multilayer resist nethods is a three-
| ayer resist nmethod, which can be perforned with a
typical resist conmposition used in the nonol ayer resist
met hod. For exanple, this three-layer resist method
i ncludes the follow ng steps: an organic film containing
a novolak resin or the like is fornmed as a resi st

underl ayer filmon a substrate to be processed; a
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silicon-containing resist mddle layer filmis forned
thereon as a resist mddle layer film and a usua
organi c photoresist filmis fornmed thereon as a resist
upper layer film Since the organic resist upper |ayer
filmensures an excellent etching selectivity ratio
relative to the silicon-containing resist mddle |ayer
filmwhen dry etching is performed with fluorine-based
gas plasma, the resist upper layer filmpattern can be
transferred to the silicon-containing resist mddle
| ayer filmby dry etching with fluorine-based gas
pl asma. This nethod allows the pattern to be
transferred to the silicon-containing resist mddle
| ayer film (resist mddle layer film even by using a
resi st conposition with which it is difficult to forma
pattern having a sufficient filmthickness for directly
processing the substrate to be processed or a resist
conposition that has insufficient dry etching resistance
for processing the substrate. Then, further performng
dry etching with oxygen gas plasma or hydrogen gas
plasma all ows the pattern to be transferred to the
organic film (resist underlayer film containing a
novol ak resin or the like, which has a sufficient dry
etching resistance for processing the substrate. As to
the resist underlayer film many materials are already
known as disclosed in Patent Docunment 1, for exanple.
[ 0008]

On the other hand, in recent years, with the rapid
m ni aturizati on of DRAM nenory, there is a grow ng need
for further inprovenment in dry etching resistance, as
well as a need for a resist underlayer film having
excellent filling and planarizing properties. As a
coating-type organic underl ayer film conposition

excellent in filling and planarizing properties, for
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exanpl e, the conposition disclosed in Patent Docunment 2
has been reported. However, in view of application of
this conposition in the advanced generation, there is a
concern about dry etching resistance. The application
limt of the conventional coating-type organic

underl ayer film conpositions is thus approaching.

[ 0009]

To solve the problems, there is consideration of
t he devel opnment of the use of a material containing a
netal elenment for a resist underlayer film By baking,
| i gands coordinated to netal atonms in a conposition for
formng a netal-containing filmthermally deconpose,
hydrol ysis and condensation progress, a netal oxide is
formed, and a resist underlayer filmexcellent in dry
etching resistance can be forned. Patent Docunment 3
reports that a material containing a Ti conpound
exhi bits excellent dry etching resistance to CHFz/ CFs-
based gas and CO)J/ N.- based gas.

[ 0010]

When a conposition for form ng a netal -containing
filmis used for a resist underlayer film there is risk
of a nmetal conpound bonding to a surface of a substrate,
such as a silicon wafer, when the conposition for
formng a netal-containing filmis applied to the
substrate and a residue being generated. To renove such
a residue, there is a proposal to use a cl eaning
solution containing an organic solvent and a carboxylic
acid (Patent Document 4). |In addition, Patent Docunent
5 proposes a cl eaning solution containing a solvent, an
organic acid, and an additive that functions as a
chel at or.

[0011]

One of the treatnments performed in the process of
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formng a coating filmpattern in a sem conductor wafer
bei ng a substrate, is a peripheral coating filmrenoval
(Edge Bead Renoval: EBR) treatnent, in which, after a
conposition for formng a coating filmis applied to a
surface of a substrate by spin-coating, the unnecessary
filmon the periphery of a coating filmis renmoved in a
ring-form In this EBR treatnment, a solvent of a
coating filmis discharged froma solvent nozzle locally
onto the periphery of the wafer to be spin-coated. 1In
the EBR treatnment, on renoving the filmon the periphery
of the coating film it is required to suppress the
generation of a bulge (hunp) at the end portion of the
coating filmnear the boundary of the region of the film
to be removed in order to ensure a circuit pattern-
formation region and increase the yield of the

sem conductor device (Patent Docunent 6). In addition,
in the formation of a netal-containing filmby using a
conposition for formng a netal-containing film it is
necessary to consider not only cleaning property, such
as the removal of the metal-containing filmon the

peri phery of a substrate, but al so suppression of hunps.
[0012]

Meanwhi | e, when consi dering practical use, when a
mul til ayer resist process is performed with a single
apparatus, waste liquids fromnultiple processes are
often di scharged through the sanme piping, and therefore,
a cleaning solution is required to have waste |iquid
stability to suppress unintended phenonena such as the
precipitation of netal in the piping due to interference

with other waste |iquids.



Cl TATI ON LI ST
PATENT LI TERATURE
[ 0013]

Pat ent Docunent 1: JP2004-205685A
Pat ent Docunment 2: JP6714493B2
Pat ent Docunment 3: JP6342998B2
Pat ent Docunment 4: JP7065076B2
Pat ent Docunent 5. JP7274920B2
Pat ent Docunent 6: JP6879021B2

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0014]

The present invention has been nade in view of the
above-descri bed circunstances. An object of the present
i nvention is to provide: a cleaning solution excell ent
i n cleaning property, such as the renoval of the netal -
containing filmon the periphery of a substrate, hunp
suppression property, and waste liquid stability when a
conposition for formng a netal-containing filmis
applied to the substrate; a nethod for cleaning a
substrate, using the cleaning solution; and a nmethod for
formng a netal-containing film using the cleaning

met hod.

SOLUTI ON TO PROBLEM
[ 0015]

To achieve the object, the present invention
provi des a cleaning solution for a conposition for
formng a netal-containing film the cleaning solution
conpri si ng:

(A) a solvent; and (B) an organic acid,

wherein the solvent (A) contains at |east one kind
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of a first solvent (A-1) having a normal boiling point
of |l ower than 160°C and at | east one kind of a second
solvent (A-2) having a normal boiling point of 160°C or
hi gher and | ower than 500°C.

[ 0016]

Such a cleaning solution can provide a cl eaning
solution excellent in cleaning property, such as the
renmoval of the nmetal-containing filmon the periphery of
a substrate, hunp suppression property, and waste liquid
stability.

[0017]

The second solvent (A-2) is preferably a chain
ester, a chain ether, or a conbination thereof.
[ 0018]

When such a solvent is contained, it is possible to
enhance the cl eaning property, such as the renoval of
the netal -containing filmon the periphery of a
substrate, and hunp suppression property.

[ 0019]

In this case, the ester is preferably a carboxyl ate
ester.
[ 0020]

When such a solvent is contained, it is possible to
enhance the cl eaning property, such as the renpoval of
the netal-containing filmon the periphery of a
substrate, and hunp suppression property.

[ 0021]

Alternatively, in this case, the ether is
preferably a (poly)al kyl ene glycol dibenzyl ether or a
(pol y) phenyl ether.

[ 0022]
When such a solvent is contained, it is possible to

enhance the cl eaning property, such as the renpoval of
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the netal -containing filmon the periphery of a
substrate, and hunp suppression property.
[ 0023]

The second sol vent (A-2) preferably has a surface
tension of 29.0 m\/ m or nore.
[ 0024]

When such a solvent is contained, hunp suppression
property can be further enhanced.
[ 0025]

In the solvent (A), it is preferable that the first
solvent (A-1) is contained in an amount of 30 mass% or
nore and 98 mass% or | ess and the second sol vent (A-2)
I's contained in an anount of 2 mass% or nore and 70
mass% or | ess.

[ 0026]

When such a solvent is contained, the renovability
of metal and hunp suppression property can be further
enhanced.

[ 0027]

The organic acid (B) is preferably a carboxylic
acid.
[ 0028]

When the cleaning solution contains a carboxylic
acid as the organic acid, the renovability of netal can
be further enhanced.

[ 0029]

The organic acid (B) is preferably contained in an
amount of 1 to 70 mass% based on an entire mass of the
cl eani ng sol ution.

[ 0030]

When t he anmpunt of the organic acid contained in

the cleaning solution is in the above-descri bed range,

the renovability of nmetal, the stability of the cleaning
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solution over tinme, and waste liquid stability can be
further enhanced.
[ 0031]

The cl eaning solution preferably further conprises,
as (C) a chelator, a compound having a PR-diketone.
[ 0032]

When the cleaning solution further contains the
above-descri bed chelator (C), the renovability of netal
can be further enhanced.

[ 0033]

The chelator (C) is preferably contained in an
amount of 0.1 to 10 mass% based on an entire mass of the
cl eani ng sol ution.

[ 0034]

When t he anpunt of the chelator (C) contained in
the cleaning solution is in the above-descri bed range,
the renovability of metal, the stability of the cleaning
solution over time, and waste liquid stability can be
further enhanced.

[ 0035]

The present invention also provides a nethod for
cl eaning a substrate conprising a step of cleaning,
regarding a substrate coated directly or indirectly with
a conmposition for formng a nmetal-containing film the
conposition for formng a netal-containing filmon a
peri phery of the substrate by using the above-descri bed
cl eani ng sol ution.

[ 0036]

According to such a nmethod for cleaning a
substrate, it is possible to reduce the netal residue on
a substrate generated when a conposition for formng a
metal -containing filmis applied.

10



[ 0037]

The present invention also provides a nethod for
formng a netal-containing film conprising the steps
of :

coating a substrate directly or indirectly with a
conposition for formng a netal -containing filn and

cl eaning the conposition for formng a netal -
containing filmon a periphery of the substrate by using
t he above-descri bed cl eani ng sol ution,

wherein the conposition for form ng a netal -
containing filmcontains a nmetal conpound and a sol vent.
[ 0038]

According to such a nmethod for formng a netal -
containing film it is possible to reduce the netal
resi due on a substrate generated when a conposition for
formng a netal-containing filmis applied, and
t herefore, the nethod can be used suitably in a step of
formng a photoresist filmor a resist underlayer film
by using a conmposition for form ng a metal-containing

film

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0039]

As descri bed above, the inventive cleaning solution
contains (A) a solvent and (B) an organic acid, and the
solvent (A) contains at |east one kind of a first
solvent (A-1) having a normal boiling point of |ower
t han 160°C and at |east one kind of a second solvent (A-
2) having a normal boiling point of 160°C or higher and
| ower than 500°C. Therefore, when the conposition for
formng a netal-containing filmon the periphery of the
substrate is renoved, drying of the cleaning solution is

alleviated, and it is possible to increase the
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efficiency of the organic acid in renoving the netal.
Furthernore, since the cleaning solution has a high
surface tension, the generation of hunmps can be
suppressed. According to a nethod for cleaning a
substrate, using the cleaning solution, and a nmethod for
form ng a netal-containing film using the cleaning
solution, a desired netal-containing filmcan be forned
efficiently, since a cleaning solution excellent in

nmet al - cl eani ng property, hunp suppression property, and
waste liquid stability is used. These nethods can be
used suitably in the production and so forth of

sem conductor devices, which are expected to be further

m ni aturi zed hereafter

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0040]

FIG 1 is a flow diagramof an exanple in which a
metal -containing filmis fornmed on a substrate and the
filmon the peripheral edge is renoved with the
i nventive cleaning solution in the present invention.

FIG 2 is a flow diagram of an exanple in which a
metal -containing filmis forned on a substrate and the
metal -containing filmis removed with the inventive
cleaning solution in the present invention.

FIG 3 is a flow diagram of an exanple in which a
pattern for formng a netal -containing resist underl ayer
filmis formed in the present invention.

FIG 4 is an explanatory diagram of a method for

eval uating the height of a hunp in the Exanpl es.

DESCRI PTI ON OF EMBODI MENTS
[ 0041]

In a process of manufacturing a sem conduct or
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device or the like, treatnments performed in the process
of formng a pattern for formng a netal-containing film
i ncl ude a peripheral coating filmrenoval (Edge Bead
Renmoval : EBR) treatnment of supplying a solvent to a
substrate on a surface of which a metal-containing film
has been forned to renmove the unnecessary filmon the
coating-filmperiphery in a ring shape. 1In this EBR
process, a cleaning solution is discharged froma
solvent nozzle locally on the periphery of a rotating
substrat e.

[ 0042]

In the EBR treatnment of a netal-containing film
t here have been denmands for: a cleaning solution
excellent in netal -cleaning property, such as the
renoval of the metal-containing filmon the periphery of
a substrate when a conposition for formng a netal -
containing filmis applied to the substrate, and
excellent in stability when m xed with anot her waste
liquid; a method for cleaning a sem conductor substrate,
usi ng the cleaning solution; and a nethod for formng a
resi st underlayer film using the cleaning method.

[ 0043]

Conventionally, a cleaning solution containing an
organi ¢ solvent and a carboxylic acid has been used, but
t here has been room for inprovenent in netal -
renmovabi lity, hunp suppression property, and waste
liquid stability.

[ 0044]

The present inventors have found out that the
above-descri bed problens can be inproved by a cleaning
solution for a conposition for formng a netal -
containing film the cleaning solution containing: (A a

solvent; and (B) an organic acid, where the solvent (A)
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contains at |east one kind of a first solvent (A-1)
having a normal boiling point of |ower than 160°C and at
| east one kind of a second solvent (A-2) having a nornal
boi ling point of 160°C or higher and | ower than 500°C.
Thus, the present invention has been conpl et ed.

[ 0045]

That is, the present invention is a cleaning
solution for a conposition for formng a netal -
containing film the cleaning solution conprising:

(A) a solvent; and (B) an organic acid,

wherein the solvent (A) contains at |east one kind
of a first solvent (A-1) having a normal boiling point
of |l ower than 160°C and at | east one kind of a second
solvent (A-2) having a normal boiling point of 160°C or
hi gher and | ower than 500°C.

[ 0046]

Herei nafter, the present invention will be
described in detail, but the present invention is not
limted thereto.

[ 0047]
<Cl eani ng Sol uti on>

The inventive cleaning solution contains (A a
solvent and (B) an organic acid, and the solvent (A)
contains at |east one kind of a first solvent (A-1)
having a normal boiling point of |ower than 160°C and at
| east one kind of a second solvent (A-2) having a nornal
boi ling point of 160°C or higher and | ower than 500°C.
The inventive cleaning solution can be used for cleaning
a substrate coated with a conposition for formng a
metal -containing film
[ 0048]

(Sol vent (A))

The solvent (A) contains a first solvent (A-1)
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conponent and a second sol vent (A-2) conponent. The
solvent (A) may contain anot her solvent conponent other
than the first solvent (A-1) conponent and the second
solvent (A-2) conponent. One kind or a conbination of
two or nore kinds of each of the solvent conponents may
be used.

[ 0049]

The cl eani ng solution contains the solvent (A) in
addition to the organic acid (B) described later, and
t he solvent (A) contains a first solvent (A-1) having a
normal boiling point of |lower than 160°C and a second
solvent (A-2) having a normal boiling point of 160°C or
hi gher and | ower than 500°C. Therefore, the cleaning
solution is excellent in: netal-cleaning property, such
as the removal of the metal-containing filmon the
peri phery of a substrate when a conposition for form ng
a nmetal-containing filmis applied to the substrate;
hunp suppression property; and stability when m xed with
ot her waste |iquids.

[ 0050]

The reason why the cleaning solution can achieve
t he above-descri bed advant ageous effects by including
t he above-described features is not necessarily clear,
but can be conjectured to be as follows, for exanple.

[ 0051]

In the present invention, when a netal -containing
filmis to be renoved, a substrate coated with the
metal -containing filmis rotated and a cl eani ng sol ution
is discharged froma sol vent nozzle locally onto a
peri pheral edge of the coating film and thus, the
coating filmon the periphery is renoved. That is, it
I's considered that, when a mxture of a first sol vent

(A-1) conmponent, having a |low boiling point, and a
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second sol vent (A-2) component, having a high boiling
point, is contained as the solvent (A), drying of the
cleaning solution is alleviated, and therefore, the
organic acid acts effectively on the nmetal -containing
filmon the peripheral edge and the renovability of the
metal is enhanced. |In addition, when an EBR treat nment
Is perfornmed, the coating filmis softened and di ssol ved
by the cleaning solution in the region to which the
cl eani ng sol ution has been supplied, and a m xed | ayer
of the coating filmand the cleaning solution is forned.
When the cl eaning solution has a | ow surface tension,
the cleaning solution spreads easily on the substrate,
and therefore, easily perneates fromthe m xed | ayer to
the coating filmside. It is thought that, for this
reason, the m xed |ayer is pushed up in the vicinity of
t he boundary with the coating fil medge, generating a
hunmp- shaped bulge. It can be considered that, by
contai ning the second solvent (A-2), the inventive
cl eaning solution has a high surface tension, so that it
is difficult for the cleaning solution to perneate to
the side of the coating filmedge, and thus, the
generation of a hunp is suppressed.
[ 0052]

In the foll owing, each sol vent conponent will be
descri bed in detail.
[ 0053]
[First Solvent (A-1)]

The first solvent (A-1) conponent is a solvent
having a normal boiling point of |ower than 160°C.
[ 0054]

The upper limt of the normal boiling point of the
first solvent (A-1) conponent is preferably 158°C, nore

preferably 156°C. The lower limt of the normal boiling
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point is preferably 100°C, nore preferably 120°C. When
the first solvent (A-1) conponent has a normal boiling
point in the above ranges, it is possible to enhance the
stability over time and waste liquid stability of the

cl eani ng sol ution.

[ 0055]

Exanpl es of the first solvent (A-1) conponent
I ncl ude al cohols, esters, ethers, and ketones.

[ 0056]

Exanpl es of the al cohols include: nonoal cohol s,
such as nethanol (boiling point: 65°C), ethanol (boiling
point: 78°C), n-propanol (boiling point: 97°C), iso-
propanol (boiling point: 82°C), n-butanol (boiling
point: 117°C), iso-butanol (boiling point: 108°C), sec-
but anol (boiling point: 99°C), tert-butanol (boiling
point: 82°C), n-pentanol (boiling point: 138°C), iso-
pentanol (boiling point: 132°C), 2-nethyl butano
(boiling point: 136°C), sec-pentanol (boiling point:
118°C), tert-pentanol (boiling point: 102°C), 2-
met hyl pent anol (boiling point: 148°C), 2-ethyl butanol
(boiling point: 146°C), 3-nethoxybutanol (boiling point:
157°C), and n-hexanol (boiling point: 157°C); and
al kyl ene gl ycol nonoal kyl ethers, such as ethyl ene
gl ycol nononmet hyl ether (boiling point: 125°C), ethylene
gl ycol nonoethyl ether (boiling point: 135°C), propylene
gl ycol nononmet hyl ether (boiling point: 121°C),
propyl ene gl ycol nonoethyl ether (boiling point: 133°C),
and propyl ene glycol nonopropyl ether (boiling point:
149.8°C).

[ 0057]

Exanpl es of the esters include carboxylate esters.

Exanpl es of the carboxylate esters include: acetate

esters, such as butyl acetate (boiling point: 151°C);
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propi onate esters, such as iso-amyl propionate (boiling
point: 156°C); and | actate esters, such as ethyl lactate
(boiling point: 151°C).

[ 0058]

Exanpl es of the ethers include: al kylene glycol
nonoal kyl et her acetates, such as ethylene glycol
mononet hyl ether acetate (boiling point: 145°C) and
propyl ene gl ycol nmononet hyl ether acetate (boiling
poi nt: 146°C).

[ 0059]

Exanpl es of the ketones include 2-heptanone
(boiling point: 151°C).

[ 0060]

As the first solvent (A-1) conponent, esters and/or
et hers are preferable anong the above fromthe viewpoint
of conpatibility with the organic acid (B), chain esters
and/ or chain ethers are nore preferable, carboxylate
esters, al kyl ene glycol nonoal kyl ether, and/or al kyl ene
gl ycol nonoal kyl ether acetates are nore preferable,
| actate esters, al kylene glycol nonoal kyl ethers, and/or
al kyl ene glycol nonoal kyl ether acetates are further
preferable, and propyl ene glycol nononethyl ether
acetate (PGVEA) is particularly preferable.

[ 0061]

The lower limt of the amount of the first sol vent
(A-1) conponent to be contained in the solvent (A) is
preferably 30 mass% nore preferably 35 nmass% and
further preferably 50 mass% The upper limt of the
anmpunt to be contained is preferably 98 nass% nore
preferably 97 mass% and further preferably 96 mass%
When t he ampbunt of the first solvent (A-1) to be
contained is in the above ranges, the stability over

time and waste liquid stability of the cleaning solution
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can be enhanced.
[ 0062]
[ Second Sol vent (A-2)]

The second sol vent (A-2) conponent is a solvent
having a normal boiling point of 160°C or higher and
| ower than 500°C.

[ 0063]

The lower limt of the normal boiling point of the
second sol vent (A-2) conponent is preferably 170°C, nore
preferably 180°C, and further preferably 190°C. The
upper limt of the normal boiling point is preferably
| ower than 500°C, nore preferably 450°C, further
preferably 400°C, and particularly preferably 350°C.
When t he second sol vent (A-2) conponent has a nornmal
boiling point in the above ranges, it is possible to
enhance the netal -renovability, hunp suppression
property, stability over time, and waste |iquid
stability of the cleaning solution.

[ 0064]

Exanpl es of the second sol vent (A-2) conponent
I ncl ude esters, al cohols, ethers, carbonates, ketones,
and am des.

[ 0065]

Exanpl es of the esters include, for exanple,
carboxyl ate esters including: acetate esters, such as 2-
et hyl butyl acetate (boiling point: 160°C), 2-ethyl hexyl
acetate (boiling point: 199°C), benzyl acetate (boiling
poi nt: 212°C), cycl ohexyl acetate (boiling point:
172°C), nmethyl cycl ohexyl acetate (boiling point: 201°C),
n-nonyl acetate (boiling point: 208°C), 1, 6-

di acet oxyhexane (boiling point: 260°C); acetoacetate
esters, such as nethyl acetoacetate (boiling point:
169°C) and ethyl acetoacetate (boiling point: 181°C);
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propi onate esters, such as iso-amyl propionate (boiling
point: 161°C); oxal ate esters, such as diethyl oxal ate
(boiling point: 185°C) and di-n-butyl oxalate (boiling
point: 239°C); lactate esters, such as n-butyl lactate
(boiling point: 185°C); malonate esters, such as diethyl
mal onate (boiling point: 199°C); phthal ate esters, such
as di nmet hyl phthalate (boiling point: 283°C); and
lactones, such as PB-propiolactone (boiling point:
162°C), y-butyrolactone (boiling point: 204°C), vy-
valerolactone (boiling point: 207°C), y-undecalactone
(boiling point: 286°C).

[ 0066]

Exanpl es of the al cohols include: nonoal cohol s,
such as n-octanol (boiling point: 194°C), sec-octanol
(boiling point: 174°C), n-nonyl al cohol (boiling point:
215°C), n-decanol (boiling point: 228°C), phenol
(boiling point: 182°C), cycl ohexanol (boiling point:
161°C), and benzyl al cohol (boiling point: 205°C);
pol yhydric al cohols, such as ethylene glycol (boiling
point: 197°C), 1, 2-propylene glycol (boiling point:
188°C), 1, 3-butylene glycol (boiling point: 208°C), 2, 4-
pent anedi ol (boiling point: 201°C), 2-nethyl-2, 4-
pent anedi ol (boiling point: 196°C), 2,5-hexanedi ol
(boiling point: 216°C), triethylene glycol (boiling
poi nt: 165°C), and di propyl ene glycol (boiling point:
230°C); and pol yhydric al cohol partial ethers, such as
et hyl ene gl ycol nonobutyl ether (boiling point: 171°C),
et hyl ene gl ycol nmonophenyl ether (boiling point: 244°C),
di et hyl ene gl ycol nonomethyl ether (boiling point:
194°C), diethylene glycol nonoethyl ether (boiling
poi nt: 202°C), triethylene glycol nononethyl ether
(boiling point: 249°C), diethylene glycol nonoi sopropyl
et her (boiling point: 207°C), diethylene glycol
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nonobutyl ether (boiling point: 231°C), triethylene

gl ycol nonobutyl ether (boiling point: 271°C), ethyl ene
gl ycol nonoi sobutyl ether (boiling point: 161°C),

di et hyl ene gl ycol nonoisobutyl ether (boiling point:
220°C), ethylene glycol nonohexyl ether (boiling point:
208°C), diethylene glycol nmonohexyl ether (boiling

poi nt: 259°C), ethylene glycol nono-2-ethyl hexyl ether
(boiling point: 229°C), diethylene glycol nono-2-

et hyl hexyl ether (boiling point: 272°C), ethylene glycol
nonoal | yl ether (boiling point: 161°C), diethylene

gl ycol nonophenyl ether (boiling point: 283°C), ethylene
gl ycol nonobenzyl ether (boiling point: 256°C),

di et hyl ene gl ycol nonobenzyl ether (boiling point:
302°C), dipropylene glycol nmononethyl ether (boiling
point: 187°C), tripropylene glycol nmononethyl ether
(boiling point: 242°C), dipropylene glycol nonopropyl

et her (boiling point: 212°C), propylene glycol nonobutyl
et her (boiling point: 170°C), dipropyl ene glycol
nonobutyl ether (boiling point: 231°C), and propyl ene

gl ycol nonophenyl ether (boiling point: 243°C).

[ 0067]

Exanpl es of the ethers include: dial kylene glycol
nonoal kyl et her acetates, such as di propyl ene glycol
nonomet hyl ether acetate (normal boiling point: 213°C),
di et hyl ene gl ycol nonoethyl ether acetate (boiling
point: 217°C), and diethylene glycol nmonobutyl ether
acetate (normal boiling point: 247°C); al kylene gl ycol
nonoal kyl et her acetates, such as butyl ene glycol
nonomnet hyl ether acetate (boiling point: 172°C) and
et hyl ene gl ycol nmonobutyl ether acetate (boiling point:
188°C); dial kyl ene glycol dial kyl ethers, such as
di et hyl ene glycol dinmethyl ether (boiling point: 162°C),
di et hyl ene glycol nethyl ethyl ether (boiling point:
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176°C), diethylene glycol diethyl ether (boiling point:
189°C), diethylene glycol dibutyl ether (boiling point:
255°C), and di propyl ene glycol dinmethyl ether (boiling
point: 171°C); trial kyl ene glycol dialkyl ethers, such
as triethylene glycol dinethyl ether (boiling point:
216°C); tetraal kyl ene glycol dialkyl ethers, such as
tetraethyl ene glycol dinmethyl ether (boiling point:
275°C); 1,8-cineole (boiling point: 176°C); diisopentyl
ether (boiling point: 171°C); ethyl benzyl ether
(boiling point: 189°C); diphenyl ether (boiling point:
259°C); di benzyl ether (boiling point: 297°C); and hexyl
et her (boiling point: 226°C).

[ 0068]

Exanpl es of the carbonates include ethyl ene
carbonate (boiling point: 244°C) and propyl ene carbonate
(boiling point: 242°C).

[ 0069]

Exanpl es of the ketones include ethyl anyl ketone
(boiling point: 167°C), dibutyl ketone (boiling point:
186°C), and di anyl ketone (boiling point: 228°C).

[ 0070]

Exanpl es of the am des include N-nethyl pyrrolidone
(boiling point: 204°C), N, N-dinethylacetam de (boiling
point: 165°C), formam de (boiling point: 210°C), N
et hyl acetam de (boiling point: 206°C), and N-
nmet hyl acet am de (boiling point: 206°C).

[ 0071]

Ot her exanpl es of the second sol vent (A-2)
conponent include furfural (boiling point: 162°C),

di met hyl sul foxide (boiling point: 189°C), sulfol ane
(boiling point: 287°C), glycerin (boiling point: 290°C),
succinonitrile (boiling point: 265°C), and nitrobenzene
(boiling point: 211°C).
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[ 0072]
As the second sol vent (A-2) conmponent, esters,
al cohol s, ethers, and/or carbonates are preferable anong
t he above, and chain esters, chain ethers, and
conbi nati ons thereof are nore preferable.
[ 0073]
As the esters, carboxylate esters are preferable.
As the ethers, (poly)al kyl ene glycol dibenzyl ethers and
(pol y) phenyl ethers are preferable.
[ 0074]
Exanpl es of preferable structures include the
fol Il ow ng.
(i) (Poly)ethylene glycol dibenzoate
(ii) (Poly)ethylene glycol dibenzyl ether
(iii) (Poly)propylene glycol dibenzyl ether
(iv) (Poly)butylene glycol dibenzyl ether
(v) Linear aliphatic dibenzyl dicarboxyl ate
(vi) (Poly)phenyl ether

23



()
Gi)
{iii)

(“j”’f\’VivO ®

{v)

{vi)

In the fornulae, “n” represents a repeating unit
nunber, and for exanple, “n” is 1 to 100.

[ 0076]

The second sol vent (A-2) preferably has a surface
tension of 29.0 mN/mor nore, nore preferably 30.0 m\/ m
or nore, and further preferably 31.0 m\/m or nore.
Furthernmore, the upper Ilimt of the surface tension of
t he second solvent (A-2) is not particularly limted,
but can be, for exanple, 50.0 m\/mor less. When a
sol vent having such a surface tension is contained as
t he second sol vent, the hunp suppression property of the
cl eaning solution can be further enhanced.
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[0077]

Exanpl es of the second solvent (A-2) conponent
having a normal boiling point of 160°C or higher and
| ower than 500°C and having a surface tension value in
t he above ranges include the foll ow ng.

[ 0078]

Propyl benzoate (boiling point: 230°C, surface
tension: 34.8 mMNVm, butyl benzoate (boiling point:
250°C, surface tension: 34.2 nNm, benzyl benzoate
(boiling point: 324°C, surface tension: 43.4 nNm,

di et hyl ene gl ycol di benzoate (boiling point: 236°C,
surface tension: 45.5 m\N/m, bis(2-ethylhexyl) sebacate
(boiling point: 377°C, surface tension: 31.9 nNm, 1, 6-
di acet oxyhexane (boiling point: 260°C, surface tension:
34.8 mN/m), y-butyrolactone (boiling point: 204°C,
surface tension: 44.8 m\N/m), diethylene glycol
nonobenzyl ether (boiling point: 302°C, surface tension:
42.9 m\V/m), and tripropylene glycol nononethyl ether
(boiling point: 242°C, surface tension: 30.5 nNm. As
t he surface tension, the result obtained by neasuring
the surface tension of the solvent by using a du Noly-
type surface tension tester type D (manufactured by Ito
Sei sakusho Co., Ltd) is shown.

[ 0079]

The lower limt of the ampunt of the second sol vent
(A-2) conmponent to be contained in the solvent (A) is
preferably 2 mass% nore preferably 3 mass% further
preferably 4 mass% particularly preferably 4 mass% and
further particularly preferably 8 mass% The upper
limt of the amount to be contained is preferably 70
mass% nore preferably 65 mass% further preferably 50
mass% particularly preferably 30 mass% and further

particularly preferably 20 mass% When the amount of
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t he second solvent (A-2) to be contained is in the above
ranges, the nmetal-renovability, hunp suppression
property, stability over time, and waste |iquid
stability of the cleaning solution can be highly
enhanced.

[ 0080]

In the inventive cleaning solution, it is
particularly preferable that, in the solvent (A, the
first solvent (A-1) is contained in an amunt of 30
mass% or more and 98 mass% or | ess and the second
solvent (A-2) is contained in an amount of 2 mass% or
nore and 70 mass% or | ess.

[ 0081]
(Organic Acid (B))

The inventive cleaning solution preferably contains
(B) an organic acid. When the cleaning solution
contains the organic acid (B), renmovability of a netal -
containing filmfornmed on a substrate is inproved.

[ 0082]

Exanpl es of the organic acid (B) include carboxylic
acid, sulfonic acid, sulfinic acid, organic phosphinic
aci d, organic phosphonic acid, phenol, enol, thiol, acid
I m de, oxinme, sulfonam de, etc.

[ 0083]

The organic acid (B) is preferably a carboxylic
acid. More specific exanples include: carboxylic acids
i ncl udi ng an aliphatic saturated hydrocarbon group
and/ or aromati c hydrocarbon group and a carboxy group,
for exanple, formc acid, acetic acid, propionic acid,
but anoi ¢ acid (butyric acid), isobutanoic acid
(i sobutyric acid), pentanoic acid, hexanoic acid, 2-
et hyl hexanoi ¢ aci d, cycl ohexanecarboxylic acid,

cycl ohexyl acetic acid, 1-adamantanecarboxylic acid,
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benzoi ¢ acid, and phenyl acetic acid; fluorine atom
cont ai ni ng nonocar boxylic acids, such as difluoroacetic
acid, trifluoroacetic acid, pentafluoropropanoic acid,
hept af | uor obut anoi ¢ aci d, fluorophenyl acetic acid, and
di f 1 uor obenzoi ¢ aci d; nonocarboxylic acids containing a
group containing a heteroatom other than a fluorine atom
in a noiety other than a carboxy group, for exanple, 10-
hydr oxydecanoi ¢ aci d, 5-oxohexanoic acid, 3-

met hoxycycl ohexanecar boxylic acid, canphorcarboxylic
acid, dinitrobenzoic acid, nitrophenyl acetic acid,

| actic acid, glycolic acid, glyceric acid, salicylic
acid, anisic acid, gallic acid, and furancarboxylic
aci d; unsaturated nonocarboxylic acids, such as acrylic
acid, methacrylic acid, crotonic acid, isocrotonic acid,
3-butenoic acid, angelic acid, tiglic acid, 4-pentenoic
acid, cinnamc acid, sorbic acid, propiolic acid, and 2-
but ynoi ¢ aci d; polycarboxylic acids including a single
bond, an aliphatic saturated hydrocarbon group and/ or
aromati ¢ hydrocarbon group and nultiple carboxy groups,
for exanple, oxalic acid, malonic acid, succinic acid,
glutaric acid, adipic acid, dodecanedi carboxylic acid,
propanetri carboxylic acid, butanetetracarboxylic acid,
cycl ohexanehexacar boxylic acid, 1, 4-

napht hal enedi car boxylic acid, phthalic acid, isophthalic
acid, terephthalic acid, trimellitic acid, pyronellitic
acid, and 1, 2, 3, 4-cycl obut anet etracarboxylic acid;
partially esterified products of the polycarboxylic
acids; fluorine atom containing polycarboxylic acids,
such as difluoromal onic acid, tetrafluorophthalic acid,
and hexafl uoroglutaric acid; polycarboxylic acids

contai ning a heteroatom other than a fluorine atomin a
noi ety other than a carboxy group, for exanple, tartaric

acid, citric acid, malic acid, tartronic acid,
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di gl ycolic acid, and i m nodi acetic acid; unsaturated

pol ycar boxylic acids, such as maleic acid, fumaric acid,
and aconitic acid; etc.

[ 0084]

From t he viewpoints of cleaning property and waste
liquid stability, the organic acid (B) is further
preferably at |east one selected fromthe group
consisting of formc acid, acetic acid, citric acid,
oxal ic acid, 2-ethyl hexanoic acid, dodecanoic acid,
ascorbic acid, tartaric acid, glucuronic acid,
nmet hanesul foni ¢ acid, benzenesul fonic acid, p-

t ol uenesul fonic acid, acrylic acid, nethacrylic acid,
crotonic acid, isocrotonic acid, and 3-butenoic acid.
[ 0085]

The lower |imt of the proportion of the organic
acid (B) contained relative to all the conponents
contained in the cleaning solution is preferably 1
mass% nore preferably 1.5 mass% further preferably 2
mass% and particularly preferably 3 mass% The upper
limt of the contained proportion is preferably 70
mass% nore preferably 60 nmass% further preferably 55
mass% and particularly preferably 50 nmass% \Wen the
proportion of the organic acid contained is in the above
ranges, cleaning property and waste liquid stability can
be further enhanced.

[ 0086]

In the inventive cleaning solution, the organic
acid (B) is preferably contained in an anount of 1 to 70
mass% based on an entire mass of the cleaning solution.
[ 0087]

(Chel ator (C))
The inventive cleaning solution my also contain

(C) a chelator for further enhancing metal -renovability.

28



As the chelator, a compound having a Bf-diketone
structure is preferable fromthe viewpoint of cleaning
property. Specific exanples include 2, 4-pentadione
(acetyl acetone), 3-nethyl-2,4-pentadione, 3-ethyl-2,4-
pent adi one, acetoacetic acid ester, allyl acetoacetate,
a-alkyl-substituted acetoacetic acid esters, p-

ket opent anoi c acid esters, benzoylacetic acid esters,
and 1, 3-acetonedi carboxylic acid esters.

[ 0088]

Furthermore, in the inventive cleaning solution,
the chelator (C) is preferably contained in an anount of
0.1 to 10 mass% based on an entire mass of the cleaning
sol uti on.

[ 0089]
(Ot her Conponents)

The inventive cleaning solution my also contain
ot her conponents in addition to the above-descri bed
conponents. Exanples of the other conponents include
i norgani ¢ hydrofluoric acids, tetraal kyl ammoni um
conpounds, and surfactants.

[ 0090]

Exanpl es of inorganic hydrofluoric acids include
hexaf | uorosilicic acid, hexafl uorophosphoric acid, and
fl uoroboric acid.

[ 0091]

Exanpl es of tetraal kyl anmmoni um conpounds i ncl ude
tetranmet hyl ammoni um fl uori de, tetrabutyl ammoni um
fluoride, and tetrabutyl amoni um fluorosilicate.

[ 0092]

Exanpl es of surfactants include those disclosed in

par agraphs [0142] to [0147] of JP2009-269953A.

[ 0093]
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Regar di ng each additive, one kind nmay be used, or
two or nore kinds nmay be used in conbination. |In the
I nventive cleaning solution, the anount of the additives
to be contained is preferably O to 10 nass% based on the
entire mass of the cleaning solution
[ 0094]
<Met hod for Preparing Cleaning Sol ution>

The inventive cleaning solution can be prepared by
m xing a solvent (A), an organic acid (B), and as
necessary, a chelator (C) and optional conmponents in
predeterm ned proportions, and preferably filtering the
obtained m xture through a nmenbrane filter with a pore
size of 0.5 um or less or the like.
[ 0095]
<Met hod for Cl eaning Substrate and Met hod for Form ng
Met al - Cont ai ning Fil nme

The inventive cl eaning solution can be used for
renmoving a netal-containing filmon the periphery of a
substrate when the conposition for form ng a netal -
containing filmhas been applied to the substrate and so
forth.
[ 0096]

Accordingly, the present invention provides a
met hod for cleaning a substrate including a step of
cl eaning, regarding a substrate coated directly or
indirectly with a conposition for formng a netal -
containing film the conposition for form ng a netal -
containing filmon a periphery of the substrate by using
the inventive cl eaning sol ution.
[ 0097]

Furthernore, the present invention provides a
met hod for formng a metal -containing film including

t he steps of:
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coating a substrate directly or indirectly with a
conposition for formng a netal -containing film (coating
step); and

cl eaning the conposition for formng a netal -
containing filmon a periphery of the substrate by using
the inventive cleaning solution (cleaning step),

where the conposition for formng a netal -
containing filmcontains a nmetal conpound and a sol vent.
[ 0098]

When the conposition for form ng a netal -containing
filmis a material for a resist underlayer film after
the cleaning step, it is preferable to perform further,
as a resist patterning process, the steps of: formng a
photoresist filmdirectly or indirectly on the netal -
containing filmformed in the coating step; subjecting
t he photoresist filmto exposure; form ng a photoresist
pattern by devel opnent; and transferring the resist
pattern directly or indirectly to the netal -containing
filmby etching while using the resist pattern as a
mask. In the following, this nethod is also referred to
as a “method for manufacturing a sem conduct or
substrate”, including these steps.

[ 0099]

When the conposition for form ng a netal -containing
filmis a material for a photoresist film after the
cleaning step, it is preferable to include the steps of:
subj ecting the photoresist filmto exposure; formng a
phot oresi st pattern by devel opnent; and transferring the
resist pattern directly or indirectly to the substrate
by etching while using the resist pattern as a mask.

[ 0100]
The periphery of the substrate neans, for exanple,

t he peripheral portion of the substrate that is within a
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l ength of 3.0 cmfromthe peripheral edge of the
substrate towards the center of the substrate. The

|l ength fromthe peripheral edge of the substrate towards
the center of the substrate can be 2.0 cm 1.0 cm 0.5
cm or 0.2 cm

[0101]

When the conposition for form ng a netal -containing
filmis a material for a resist underlayer film the
met hod for manufacturing a sem conductor substrate nmay
further include, as necessary, before the resist
patterni ng process, a step of form ng an organic resist
m ddl e |layer filmdirectly or indirectly on the
substrate having the nmetal -containing filmformed in the
coating step (step of formng organic resist mddle
| ayer film.

[0102]

When the conposition for form ng a netal -containing
filmis a material for a resist underlayer film the
met hod for manufacturing a sem conductor substrate nay
further include, as necessary, before the resist
patterni ng process, a step of formng a silicon-
containing filmdirectly or indirectly on the substrate
having the nmetal -containing filmformed in the coating
step (step of formng silicon-containing film.

[0103]

In the foll ow ng, descriptions will be given
regardi ng the conposition for formng a netal -cont ai ni ng
filmand cleaning solution to be used in the method for
manuf acturing a sem conductor substrate, and each of the
steps when the step of form ng organic resist niddle
| ayer filmand step of formng silicon-containing film
bei ng optional steps, are included.

[ 0104]
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<Conposition for Form ng Metal -Containing Filnp

Conpositions for formng a metal-containing filmto
which the inventive cleaning solution is applicable are
not particularly limted as long as (M a netal conpound
and (B) a solvent are contained. The conposition my
al so contain other optional conponents. The conposition
for formng a netal-containing filmis preferably a
mat eri al usable as a photoresist filmor a resist
under |l ayer film
[ 0105]

The netal conpound (M is preferably a conpound
containing a metal atom and an oxygen atom Exanpl es of
the metal atom contained in the netal compound (M
i nclude nmetal atons of the group 3 to 16 of the periodic
table (excluding a silicon atom. As the metal conpound
(M, one kind of metal atom may be contai ned, or two or
nore ki nds may be cont ai ned.

[0106]

Exanpl es of netal atonms of the group 3 include
scandium yttrium [|anthanum and cerium
[0107]

Exanpl es of netal atons of the group 4 include
titanium zirconium and hafni um
[0108]

Exanpl es of netal atonms of the group 5 include
vanadi um ni obium and tantalum
[0109]

Exanpl es of netal atonms of the group 6 include

chrom um nol ybdenum and tungsten.

[0110]
Exanpl es of netal atons of the group 7 include

manganese and rheni um
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[0111]

Exanpl es of nmetal atons of the group 8 include
iron, ruthenium and osm um
[0112]

Exanpl es of netal atonms of the group 9 include
cobalt, rhodium and iridium
[0113]

Exanpl es of netal atons of the group 10 include
ni ckel, palladium and platinum
[0114]

Exanpl es of netal atons of the group 11 include
copper, silver, and gold.

[ 0115]

Exanpl es of netal atonms of the group 12 incl ude
zinc, cadm um and nercury.
[0116]

Exanpl es of netal atons of the group 13 include
al um num gallium and indium
[0117]

Exanpl es of netal atonms of the group 14 incl ude
germanium tin, and | ead.

[0118]

Exanpl es of netal atons of the group 15 include
anti mony and bi smut h.

[0119]

Exanpl es of netal atons of the group 16 include
tellurium
[0120]

As the nmetal atomto be contained in the netal
conpound (M, netal atons of the group 3 to the group 16
are preferable, nmetal atons of the group 4 to the group
14 are nore preferable, netal atoms of the group 4, the

group 5, and the group 14 are further preferable, and
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nmetal atonms of the group 4 are particularly preferable.
Specifically, preferable are titanium chrom um
manganese, iron, cobalt, nickel, copper, zinc,
zirconium nolybdenum indium tin, hafnium tantal um
tungsten, bismuth, and conbi nati ons thereof.

[0121]

As a conmponent contained in the netal conmpound (M
other than the nmetal atom it is preferable that the
conpound contai ns a hydrol ysabl e group or one or nore
| i gands derived fromorganic acids (hereinafter, also
referred to as “organic acid (a)”), hydroxy acid esters,
B-diketones, [(-keto esters, o,a-dicarboxylic acid
esters, amines, amides, olefins, hydrocarbons having a n
bond, and conpounds cont ai ni ng di phosphi nes. Here,
“organic acid” indicates an organic conpound t hat
exhibits acidity, and “organi c compound” indicates a
conmpound having at | east one carbon atom WAys in which
the organic acid (a) can be contained also include
organi c acid anions obtained by renmoving a hydrogen ion
fromthe organic acid (a).

[0122]

Exanpl es of the hydrol ysable group include hal ogen
at ons, al koxy groups, acyl oxy groups, etc.
[0123]

Exanpl es of the hal ogen atons include a fluorine
atom a chlorine atom a brom ne atom an iodine atom
etc.

[ 0124]

As t he al koxy groups, al koxy groups having 1 to 10
carbon atons are preferable, and exanples include a
met hoxy group, an ethoxy group, an n-propoxy group, an
I - propoxy group, a butoxy group, an octyl group, etc.

[ 0125]
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Exanpl es of the acyloxy groups include an acet oxy
group, an ethylyloxy group, a propionyloxy group, a
butyryl oxy group, a t-butyryloxy group, a t-anylyl oxy
group, an n-hexanecarbonyl oxy group, an n-
oct anecar bonyl oxy group, etc.

[0126]

As the hydrol ysabl e group, al koxy groups and
acyl oxy groups are preferable, and an n-propoxy group,
an i-propoxy group, a butoxy group, and an octyl group
are nore preferable.

[0127]

Exanpl es of the organic acid (a) include carboxylic
acid, sulfonic acid, sulfinic acid, organic phosphinic
acid, organic phosphonic acid, phenol, enol, thiol, acid
i m de, oxinme, sulfonam de, etc.

[ 0128]

Exanpl es of the carboxylic acid include:
nmonocar boxylic acids, such as formc acid, acetic acid,
propi oni ¢ acid, butanoic acid, pentanoic acid, hexanoic
acid, heptanoic acid, octanoic acid, nonanoic acid,
decanoi c acid, 2-ethyl hexanoic acid, oleic acid, acrylic
acid, nethacrylic acid, trans-2,3-dinmethylacrylic acid,
stearic acid, linoleic acid, linolenic acid, arachidonic
acid, salicylic acid, benzoic acid, p-am nobenzoic acid,
nmonochl oroacetic acid, dichloroacetic acid,
trichloroacetic acid, trifluoroacetic acid,
pent af | uoropropionic acid, gallic acid, and shikimc
aci d; dicarboxylic acids, such as oxalic acid, nmalonic
acid, maleic acid, nethylmlonic acid, fumaric acid,
adi pic acid, sebacic acid, phthalic acid, and tartaric
acid; and carboxylic acids having three or nore carboxy
groups, such as citric acid.

[0129]
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Exanpl es of the sulfonic acid include
benzenesul fonic acid and p-tol uenesul fonic acid.
[ 0130]

Exanpl es of the sulfinic acid include
benzenesul finic acid and p-tol uenesul finic acid.
[0131]

Exanpl es of the organic phosphinic acid include
di et hyl phosphi nic acid, nethyl phenyl phosphinic acid, and
di phenyl phosphi ni ¢ aci d.

[0132]

Exanpl es of the organic phosphonic acid include
met hyl phosphoni ¢ aci d, ethyl phosphonic acid, t-
but yl phosphoni ¢ acid, cycl ohexyl phosphonic acid, and
phenyl phosphoni ¢ aci d.

[0133]

Exanpl es of the phenol include: monohydric phenol s,

such as phenol, cresol, 2,6-xylenol, and naphthol;

di hydric phenols, such as catechol, resorcinol,

hydr oqui none, and 1, 2- napht hal enedi ol ; and phenol s
having a val ency of three or nore, such as pyrogallol,
2, 3, 6-napht hal enetri ol .

[ 0134]

Exanpl es of the enol include 2-hydroxy-3-nethyl-2-
but ene and 3-hydroxy-4-net hyl - 3- hexene.
[ 0135]

Exanpl es of the thiol include nmercaptoethanol and
mer capt opr opanol
[ 0136]

Exanpl es of the acid inmdes include: carboxylic
acid i mdes, such as malei mde and succini m de; and
sulfonic imdes, such as di(trifluoromethanesul fonic
acid)imde and di (pentafl uoroethanesul fonic acid)i m de.
[0137]
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Exanpl es of the oxinme include: al doxines, such as
benzal doxi me and salicyl al doxi ne; and ketoxi nes, such as
di et hyl ket oxi me, met hyl et hyl ket oxi me, and cycl ohexanone
oxi me.

[ 0138]

Exanpl es of the sul fonam de incl ude
met hyl sul f onam de, ethyl sul fonam de, benzenesul f onam de,
and tol uenesul fonam de.

[ 0139]

As the organic acid (a), carboxylic acids having 1
to 10 carbon atons are preferable.
[ 0140]

Exanpl es of the hydroxy acid esters include
glycolic acid esters, lactic acid esters, 2-
hydr oxycycl ohexane- 1-carboxylic acid esters, salicylic
acid esters, etc.

[0141]

Examples of the (f-diketones include 2,4-
pent anedi one, 3-nethyl -2, 4- pent anedi one, 3-ethyl-2, 4-
pent anedi one, etc.

[ 0142]

Examples of the pB-keto esters include acetoacetic
acid esters, o-alkyl-substituted acetoacetic acid
esters, P-ketopentanoic acid esters, benzoylacetic acid
esters, 1, 3-acetonedi carboxylic acid esters, etc.

[ 0143]

Examples of the o,oa-dicarboxylic acid esters
include malonic acid diesters, a-alkyl-substituted
malonic acid diesters, oa-cycloalkyl-substituted malonic
acid diesters, a-aryl-substituted malonic acid diesters,
etc.

[ 0144]

Exanpl es of conpounds contai ni ng am ne i ncl ude
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pyridine, trimethylam ne, piperidine, diethanolam ne,
triethanol am ne, etc.
[ 0145]

Exanpl es of conpounds contai ni ng am de i ncl ude
conpounds contai ni ng unsubstituted am de (NH),
met hyl am de (NHMe), di nethyl am de (NMe2), diethyl am de
(NEt ), dipropylam de (NPro), etc.

[ 0146]

Exanpl es of conpounds contai ning ol efin include:
chain ol efins, such as ethylene and propyl ene; cyclic
ol efins, such as cycl opentene, cycl ohexene, and
nor bornene; etc.

[ 0147]

Examples of the hydrocarbons having a nm bond
i nclude: chain dienes, such as butadiene and i soprene;
cyclic dienes, such as cycl opentadi ene,
nmet hyl cycl opent adi ene, pentanmet hyl cycl opent adi ene,
cycl ohexadi ene, and nor bornadi ene; aromati ¢ hydrocar bons,
such as benzene, toluene, xylene, hexanethyl benzene,
napht hal ene, and i ndene; etc.

[ 0148]

Exanpl es of the conmpounds contai ni ng di phosphi nes
i nclude 1, 1-bi s(di phenyl phosphi no) net hane, 1, 2-
bi s(di phenyl phosphi no) et hane, 1, 3-
bis (diphenylphosphino)propane, 2,2'-
bis (diphenylphosphino)-1,1"'-binaphthyl, 1,1'-
bi s(di phenyl phosphi no)ferrocene, etc.

[ 0149]

Exanpl es of the netal conpound (M include
conpounds represented by the following formula (M1).
By using such a netal compound (M 1), a stable netal
conmpound (M can be fornmed, and dry etching resistance

can be enhanced.
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[ 0150]

L.M(=0)p X (M-1)

In the fornmula, Mrepresents any of titanium
chrom um manganese, iron, cobalt, nickel, copper, zinc,
zirconium nolybdenum indium tin, hafnium tantal um
tungsten, and bismuth. L represents a nonodentate
l'i gand or polydentate Iigand having 1 to 30 carbon
atonms, and X represents a hydrol ysabl e group sel ected
froma hal ogen atom an al koxy group, a carboxyl ate
group, an acyl oxy group, and -NR:Re, Re and RP each
I ndependently represent a hydrogen atom or a nonoval ent
organic group having 1 to 20 carbon atons. a+c is 1 to

6, “@” represents an integer of 0 to 4, “b” represents

an integer of 0 to 2, and
to 6.
[ 0151]

Exanpl es of the hydrol ysable group X of the formula

c” represents an integer of O

(M 1) include hal ogen atoms, al koxy groups, carboxyl ate
groups, acyloxy groups, and -NReRP., Ra and Re preferably
each i ndependently represent a hydrogen atom or a
nonoval ent organic group having 1 to 20 carbon atons.

[ 0152]

Exanpl es of the hal ogen atons include a fluorine
atom a chlorine atom a brom ne atom an iodine atom
etc.

[ 0153]

Exanpl es of the al koxy groups include a nmethoxy
group, an ethoxy group, an n-propoxy group, an i-propoxy
group, an n-butoxy group, a t-butoxy group, etc.

[ 0154]
Exanpl es of the carboxyl ate groups incl ude:

nonocar boxylic acids, such as form c acid, acetic acid,
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propi oni ¢ acid, butanoic acid, pentanoic acid, hexanoic
acid, heptanoic acid, octanoic acid, nonanoic acid,
decanoi c acid, 2-ethyl hexanoic acid, oleic acid, acrylic
acid, methacrylic acid, trans-2,3-dinethylacrylic acid,
stearic acid, linoleic acid, linolenic acid, arachidonic
acid, salicylic acid, benzoic acid, p-am nobenzoic acid,
nmonochl oroacetic acid, dichloroacetic acid,
trichloroacetic acid, trifluoroacetic acid,

pent af | uoropropionic acid, gallic acid, and shikimc
acid; dicarboxylic acids, such as oxalic acid, malonic
acid, maleic acid, nethylmlonic acid, fumaric acid,

adi pic acid, sebacic acid, phthalic acid, and tartaric
acid; and ligands derived from carboxylic acids having

t hree or nore carboxy groups, such as citric acid.

[ 0155]

Exanpl es of the acyl oxy groups include an acet oxy
group, an ethylyloxy group, a propionyloxy group, a
butyryl oxy group, a t-butyryloxy group, a t-anylyl oxy
group, an n-hexanecarbonyl oxy group, an n-
oct anecar bonyl oxy group, etc.

[ 0156]

Exanpl es of the -NReRP include an unsubstituted
am no group, a nethylam no group, a dinethylam no group,
a di ethylam no group, a dipropylam no group, etc.

[ 0157]

As the hydrol ysable group X, an al koxy group is

preferable, and an i-propoxy group, an n-butoxy group,

or a t-butoxy group is nore preferable.

[ 0158]
(Monodent at e Li gand)
Exanpl es of the nonodentate |ligand L include a

hydroxo |igand, carboxy |igands, am do |igands, am ne

41



|l i gands, olefin |ligands, etc.
[ 0159]

Exanpl es of the carboxy |igands incl ude:
nonocar boxylic acids, such as form c acid, acetic acid,
propi oni ¢ acid, butanoic acid, pentanoic acid, hexanoic
acid, heptanoic acid, octanoic acid, nonanoic acid,
decanoi c acid, 2-ethyl hexanoic acid, oleic acid, acrylic
acid, nethacrylic acid, trans-2,3-dinmethylacrylic acid,
stearic acid, linoleic acid, linolenic acid, arachidonic
acid, salicylic acid, benzoic acid, p-am nobenzoic acid,
nmonochl oroacetic acid, dichloroacetic acid,
trichloroacetic acid, trifluoroacetic acid,
pent af | uoropropionic acid, gallic acid, and shikimc
acid; dicarboxylic acids, such as oxalic acid, malonic
acid, maleic acid, nethylmlonic acid, fumaric acid,
adi pic acid, sebacic acid, phthalic acid, and tartaric
acid; and ligands derived from carboxylic acids having
three or nore carboxy groups, such as citric acid.

[ 0160]

Exanpl es of the am do |igands include an
unsubstituted am do ligand (NH2), a nethylam do |igand
(NHWVe), a dinmethylam do |igand (NMez), a diethylam do
ligand (NEt2), a dipropylam do ligand (NPr2), etc.

[0161]

Exanpl es of the am ne |igands include pyridine, a
trimethylam ne |igand, a piperidine |ligand, etc.
[0162]

Exanpl es of the olefin |igands include: chain
ol efins, such as ethylene and propyl ene; cyclic ol efins,
such as cycl opentene, cycl ohexene, and norbornene; etc.
[0163]

(Pol ydent ate Li gand)
Exanpl es of the polydentate |igand L include
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| i gands derived from hydroxy acid esters, |igands
derived from R-diketones, ligands derived from B-keto
esters, ligands derived from o,oa-dicarboxylic acid
esters, hydrocarbons having a i bond, diphosphines, etc.
[ 0164]

Exanpl es of the hydroxy acid esters include
glycolic acid esters, lactic acid esters, 2-
hydr oxycycl ohexane-1-carboxylic acid esters, salicylic
acid esters, etc.

[0165]

Examples of the (f-diketones include acetoacetic
acid esters, o-alkyl-substituted acetoacetic acid
esters, P-ketopentanoic acid esters, benzoylacetic acid
esters, 1, 3-acetonedicarboxylic acid esters, etc.

[0166]

Examples of the pB-keto esters include acetoacetic
acid esters, o-alkyl-substituted acetoacetic acid
esters, P-ketopentanoic acid esters, benzoylacetic acid
esters, 1, 3-acetonedicarboxylic acid esters, etc.

[0167]

Examples of the o,oa-dicarboxylic acid esters
include malonic acid diesters, a-alkyl-substituted
malonic acid diesters, oa-cycloalkyl-substituted malonic
acid diesters, a-aryl-substituted malonic acid diesters,
etc.

[0168]

Examples of the hydrocarbons having a o bond
i nclude: chain dienes, such as butadiene and i soprene;
cyclic dienes, such as cycl opentadi ene,
met hyl cycl opent adi ene, pentanet hyl cycl opent adi ene,
cycl ohexadi ene, and nor bornadi ene; aromati ¢ hydrocar bons,
such as benzene, toluene, xylene, hexanethyl benzene,

napht hal ene, and i ndene; etc.
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[0169]

Exanpl es of the di phosphines include 1, 1-
bi s(di phenyl phosphi no) net hane, 1, 2-
bi s(di phenyl phosphi no) et hane, 1, 3-
bis (diphenylphosphino)propane, 2,2'-
bis (diphenylphosphino)-1,1"'-binaphthyl, 1,1'-
bi s(di phenyl phosphi no)ferrocene, etc.

[ 0170]

The nonodentate |igand and the pol ydentate |igand
may contain a crosslinkable group. As the crosslinkable
group, the ligand preferably contains any of a vinyl
group, an allyl group, an allyloxy group, an ethynyl
group, a propargyl group, a propargyl oxy group, an epoxy
group, and an oxetanyl group. Wen a nmetal conpound
having such a ligand is contained, it is possible to
forma netal -containing filmexcellent in thernosetting
property.

[0171]

Furthermore, the netal conmpound (M may be, for
exanpl e, a conpound contai ning an i norgani ¢c ani on, such
as an ani on of an oxoacid (phosphate ion, sulfate ion,
chromate ion, tungstate ion (W?2), nolybdate ion
(MoOs2-), etc.) or a polyacid anion, in which rmultiple
oxoaci ds are condensed, or a mxture thereof.

[0172]

The polyacid nmay be an isopolyacid anion (Mri On’)c-
or a heteropolyacid anion (X;’MrOn’ )c-. In the ionic
formul ae, Mrepresents a polyatom X represents a

heteroatom “m ” represents the conposition ratio of

pol yat ons, “n represents the conposition ratio of
oxygen atons, and “l’” represents the conposition ratio
of heteroatoms. “c” represents the valence. Exanples of

t he polyatom Minclude Mo, W Ti, and Nb. Exanples of
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the heteroatom X include Si, P, As, S, Fe, and Co. A
counter cation, such as Na* and H*, may be partly
cont ai ned.

[0173]

In particular, in view of excellent heat
resi stance, an anion of an inorganic acid containing at
| east one of tungsten (W and nol ybdenum (M) is
pr ef er abl e.

[0174]

Exanpl es of polyacids containing at |east one of
tungsten (W and nol ybdenum (Mo) i nclude: isopolyacids,
such as tungstate ion [Wo0s2] ¢ and nol ybdate ion
[ MoeO1o] 2-; het eropol yaci ds, such as phosphotungstate ion
[ PWM2Oso] 3-, [ P2WsG0s2] -, silicotungstate ion [Si W2Ouo] 4,
phosphonol ybdate ion [ PMo12Quo] 3-, siliconol ybdate ion
[ Si Mb12Q40] 4, phosphot ungst onol ybdate i on [ PM2-xMxQuo] 3-

“X” represents an integer of 1 to 11), [P2Ws-yMyGOs2] ¢
(“y” represents an integer of 1 to 17),
silicotungstonol ybdate ion [ Si W2 -xMoxOso] 4 (“Xx”
represents an integer of 1 to 11); etc. As the polyacid
containing at |east one of tungsten (W and nol ybdenum
(Mo), heteropolyacid is preferable anong the above, and
furthernore, a heteropolyacid containing phosphorus (P)
is nore preferable fromthe viewpoint of heat resistance
and fromthe viewpoint of the availability of raw

mat eri al s.

[ 0175]

Furt hermore, any of phosphot ungst onol ybdate ion
[ PMoMo2Quo] 3-, [ PW1Mo1Quo] 3-, and phosphot ungstate ion
[ PM2Oso] 3- is further preferable fromthe viewpoint of
heat resistance.

[0176]
The netal conpound (M may be a hydrol ysis product
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of a metal conpound containing a hydrol ysable group, a
hydrol ysis condensate of a metal conpound containing a
hydr ol ysabl e group, or a conbination thereof. Here, a
“hydrol ysis condensation reaction” indicates a reaction

i n which a hydrol ysable group contained in a neta
conpound hydrolyzes and is converted to -OH, and two - OH
groups obtai ned undergo dehydrati on condensation to form
-O.

[0177]

It is also possible to use a conpound obtai ned by
subj ecting the above-descri bed conmpounds to a |igand
substitution reaction with a material that nmay becone a
nonodentate |igand or a polydentate ligand, and it is
al so possible to use a conpound obtained by all owi ng a
hydrol ysis reaction product of a netal-containing
conpound having a hydrol ysable group or a hydrolysis
condensation reaction product of a netal -containing
conmpound having a hydrol ysable group to react with a
mat eri al that may beconme a nonodentate |igand or a
pol ydent ate |i gand.

[0178]

Speci fic exanples of the netal compound (M include
the follow ng, but are not limted thereto.
[0179]

Exanpl es of conpounds containing titaniuminclude
di i sopropoxybi s(2, 4- pent anedi onate)titanium V), tetra-
n- but oxytitanium( V), tetra-n-propoxytitaniumlV),
titaniumtetrai sopropoxide(lV), tri-n-
but oxynonost earatetitani um(1V), tetrakis(2-ethylhexyl)
orthotitanate, dihydroxybi s(hydrogen
lactato)titanium(lV), titaniunmlV)butoxide oligoner,
am nopropyl trimethoxytitaniumIV), triethoxynono(2, 4-

pent anedi onate)titanium V), tri-n-propoxynono(2, 4-
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pent anedi onate)titanium V), triisopropoxynono(2, 4-
pent anedi onate)titanium and di-n-butoxybis(2,4-
pent anedi onate)titanium(lV).

[ 0180]

Exanpl es of conpounds contai ning chrom um i ncl ude
chromum(ll1)tris(2-ethyl hexanoate), tris(2,4-
pent anedi onat o) chrom um(I11), bis(2,2,6,6-tetranethyl -
3, 5- hept anedi onato)chrom um(I1), tris(trifluoro-2,4-
pent anedi onat o) chrom um(I11), chromum(II1l) pyridine-2-
carboxylate, chromum(l11) chloride, chromum(Il)
chloride, and chrom um(l1) cycl ohexanecarboxyl at e.
[0181]

Exanpl es of conpounds contai ni ng ni ckel include
ni ckel (I1) acetate, nickel chloride, nickel (1) 2-
et hyl hexanoat e, bi s(2, 4-pent anedi onato) ni ckel (I1)
hydrate, bis(hexafl uoroacetyl acetonato)nickel (I1),
ni ckel (1'l) 2-am no-5-nmet hyl benzenesul fonate, nickel (I1)
trifluoronmet hanesul fonate, bis(2,2,6,6-tetranethyl-3,5-
hept anedi onat o) ni ckel (11), and nickel (11) propionate.
[0182]

Exanpl es of conpounds cont ai ni ng manganese i ncl ude
tris(2,2,6,6-tetranethyl -3, 5-
hept anedi onat o) manganese(111).

[ 0183]

Exanpl es of conpounds containing iron include
tris(2,2,6,6-tetranethyl -3, 5-heptanedi onato)iron(IlI1l),
iron(l1) oxocycl ohexanecarboxyl ate, and iron chloride.
[ 0184]

Exanpl es of conpounds contai ning cobalt include
di chl or o[ et hyl enebi s(di phenyl phosphi ne)] cobalt,
cobalt(Il) brom de, cobalt(ll) acetate, tris(1, 3-

di phenyl -1, 3- propanedi one)cobal t (I111), and cobalt(I1)

cycl opentyl acet ate.
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[ 0185]

Exanpl es of conmpounds contai ni ng copper include
copper(l1) acetate, nonobutyl phthal ate copper(Ill),
copper(11) acetyl acetonate, copper(l) heptanoate, and
copper(I11) 2-ethyl hexanoat e.

[ 0186]

Exanpl es of conmpounds containing zinc include zinc
di i sopropoxide, zinc(ll) acetate, zinc(ll) chloride, and
zinc(ll) 4-vinyl benzoate.

[0187]

Exanpl es of conpounds contai ning zirconiuminclude
di but oxybi s(et hyl acet oacetate)zirconium(lV), di-n-
but oxybi s( 2, 4- pent anedi onate)zirconium V), tetra-n-
but oxyzi rconium(1V), tetra-n-propoxyzirconiun(lV),
tetrai sopropoxyzirconi umlV)
am nopropyltriethoxyzirconiunm(lV), 2-(3,4-
epoxycyclohexyl)ethyltrimethoxyzirconium(IV), v-
gl yci doxypropyl tri methoxyzirconium V), 3-

i socyanopropyl tri met hoxyzirconium(IV),

tri et hoxynono(2, 4- pent anedi onate) zirconium V), tri-n-
propoxynono( 2, 4- pent anedi onat e) zi rconi unm(1 V),
triisopropoxynono(2, 4-pent anedi onate) zirconiunm(lV),
tri(3-nmethacryl oxypropyl)methoxyzirconium1V), tri(3-
acryl oxypropyl ) met hoxyzirconium(1V), zirconiun(lV)
acetate, diacetoxyzirconiumlV) oxide,
zirconium(Il1)bis(2-ethyl hexanoate), tetra(?2-

et hyl hexanoi ¢ acid)zirconium(IV), bis(2-ethyl hexanoic
aci d)oxozirconium(1V), zirconiumnitrate, zirconiun(lV)
chl oride, and zirconium carboxyethyl acrylate (IV).

[ 0188]

Exanpl es of conpounds cont ai ni ng nol ybdenum i ncl ude
pent aet hoxynol ybdenum( V), nol ybdenum VI) hexaet hoxi de,
nol ybdenum( V) i sopropoxi de, nolybdenum(Il) acetate
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di mer, nol ybdenum(1V) oxide bis(acetyl acetonate),

nmol ybdenum(VI) oxi de bis(2, 2,6, 6-tetranet hyl -3, 5-
hept anedi onat e), nol ybdenum 2- et hyl hexanoat e,

nol ybdenum(V) chl oride, and nol ybdenum(111) chloride.
[0189]

Exanpl es of conmpounds contai ning indiuminclude
tris(1, 3-di phenyl -1, 3- propanedi one)i ndiunm(I11),
indium(Il1) ethylbutyrate, indiumIll) acetate, and
indium(lI1)triisopropoxide.

[ 0190]

Exanpl es of conmpounds containing tin include
tin(ll) acetate, tin(lV) acetate,
tin(ll)acetylacetonate, tin(lV) tert-butoxide, tin
tetra-n-butoxide, tin tetrai sopropoxide, tin(ll) 4-
fl uorobenzeneacetate, and tin(ll) 2-ethyl hexanoate.
[0191]

Exanpl es of conpounds contai ni ng hafni umincl ude
di i sopropoxybi s(2, 4- pent anedi onat e) haf ni um(1V),

t et rabut oxyhaf nium(1V), tetrai sopropoxyhafniumlV),

t et raet hoxyhaf ni um(1V),

di chl or obi s(cycl opent adi enyl ) haf ni um(1V), hafniumlV)
chl ori de, tetrakis(dinmethylam do)hafnium(IV),

tetraki s(ethyl met hyl am do) haf ni um(1V), hafni um
carboxyet hyl acrylate, bis(cycl opentadi enyl)hafniun(lV)
di chloride, hafnium(IV) trifluoromethanesul fonate
hydrate, and hafni um carboxyethyl acrylate (1V).

[0192]

Exanpl es of conpounds containing tantal um i ncl ude
tantal um(V) net hoxide, tantalum(V) ethoxide,

t etrabut oxytantal um(1V), pentabutoxytantal umV),
pent aet hoxytantal um V), tantalum(V) chloride,

pent aki s(di met hyl am no) tantal um' V),

tris(diethylam do)(tert-butylimdo)tantalum V), and
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bi s(2-et hyl hexanoic acid) tantalum(Il).
[0193]

Exanpl es of conpounds contai ni ng tungsten include
tungsten(Vl) ethoxide, tetrabutoxy tungsten(lV),
pent abut oxy tungsten(V), pentanethoxy tungsten(V),
hexabut oxy tungsten(Vl), hexaethoxy tungsten(Vl), and
di chl or obi s(cycl opent adi enyl ) tungsten(1V).

[ 0194]

Exanpl es of conpounds containing bisnmuth include
bi smut h(l111)-n-butoxide, bisnmuth(lIl) tri-t-am | oxide,
triethoxybismuth (III), bismuth(III) tris(f-diketonate),
bi smut h(l111) neodecanoate, tris(2-naphthol)bismuth(lll),
bi sruth(l11) fluoride, bismuth(l11) brom de,
bi smuth(l111) iodide, bismuth(lIl1) oxychl oride,
bi smuth(l11) acetate, bismuth(l11) subsalicylate,
bi smuth(I11) 2-ethyl hexanoate, and bisnmuth(II1)
trifluoronmethanesul fonate.

[ 0195]
<(B) Sol vent>

The solvent (B) usable in the conposition for
formng a netal-containing filmof the present invention
is not particularly limted as long as the solvent can
di ssol ve the above-descri bed netal conmpound (M and the
ot her additives etc. contained.

[ 0196]

Specifically, for exanple, an organic sol vent
di scl osed i n paragraphs [0091] and [0092] in JP2007-
199653A may be contained. Further specifically, it is
preferable to use propyl ene glycol nmononethyl ether
acetate, propylene glycol nononethyl ether, propylene
gl ycol nonoet hyl ether, propylene glycol nonopropyl
ether, 2-heptanone, cyclopentanone, cyclohexanone, y-

butyrol actone, or a m xture containing one or nore of
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t hese solvents. Exanples of other solvents that can be
used include butanedi ol nmononethyl ether, ethylene
gl ycol nononet hyl ether, butanedi ol nonoethyl ether,
propyl ene gl ycol nonoethyl ether, ethylene glycol
nonoet hyl et her, butanedi ol nonopropyl ether, propyl ene
gl ycol nonopropyl ether, ethylene glycol nonopropyl
et her, ethylene glycol nonobutyl ether, diethylene
gl ycol nononet hyl ether, diethylene glycol nonoethyl
et her, diethylene glycol nonopropyl ether, diethylene
gl ycol nonobutyl ether, propylene glycol nonobutyl
et her, 1-butanol, 2-butanol, 2-nethyl-1-propanol, 4-
met hyl - 2- pent anol , acetone, tetrahydrofuran, toluene,
hexane, ethyl acetate, cycl ohexanone, nethyl anyl
ket one, propyl ene glycol dinmethyl ether, diethylene
gl ycol dimethyl ether, dianyl ether, isoanyl ether,
propyl ene gl ycol nonomethyl ether acetate, propylene
gl ycol nonoethyl ether acetate, ethyl pyruvate, butyl
acetate, nethyl 3-nmethoxypropionate, ethyl 3-
et hoxypr opi onate, t-butyl acetate, t-butyl propionate,
propyl ene glycol nono-t-butyl ether acetate, nethyl
i sobutyl ketone, cyclopentyl methyl ether, etc.
[0197]

The solvent (B) is preferably contained in an
ampunt of 200 to 10,000 parts, nore preferably 250 to
5,000 parts based on 100 parts by mass of the netal

conpound (M.

51



[ 0198]
<Ot her Additives>

At | east one of (C) a crosslinking agent, (D) an
acid generator, and (E) a surfactant may be contained in
accordance with the purpose of the conposition for
formng a netal-containing film
[ 0199]

In the foll owi ng, conponents that may be contai ned
in the conposition for formng a netal-containing film
ot her than the nmetal conpound (M and the organic
solvent (B) will be described.

[ 0200]
[(C) Crosslinking Agent]

When the conposition for form ng a netal -containing
filmis to be used for a resist underlayer film (C a
crosslinking agent can also be contained to increase
curability and further inhibit intermxing with a resi st
upper |ayer film
[ 0201]

The crosslinking agent is not particularly |imted,
and vari ous known crosslinking agents can be wi dely
used. Exanples include nelam ne-based crosslinking
agents, glycoluril-based crosslinking agents,
benzoguanam ne- based crosslinking agents, urea-based
crosslinking agents, PR-hydroxyalkylamide-based
crosslinking agents, isocyanurate-based crosslinking
agents, aziridine-based crosslinking agents, oxazoli ne-
based crosslinking agents, epoxy-based crosslinking
agents, and phenol -based crosslinking agents. One kind
of the crosslinking agent (C) can be used, or two or
nore kinds thereof can be used in conmbination, and when
t he crosslinking agent is contained, the contained

ampunt is preferably 5 to 50 parts, nore preferably 10
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to 40 parts based on 100 parts of the netal conpound
(M. VWhen the contained anobunt is 5 parts or nore,
sufficient curability can be exhibited, and interm xing
with a resist upper layer filmcan be suppressed.
Meanwhi | e, when the contained anount is 50 parts or

| ess, there is no risk of degradation in dry etching
resi stance due to the proportion of the netal conpound
(M in the conposition being | ow

[ 0202]

Speci fic exanpl es of the nel am ne-based
crosslinking agents include hexamet hoxynet hyl at ed
mel am ne, hexabut oxynet hyl ated nel am ne, al koxy- and/ or
hydr oxy- substituted derivatives thereof, and parti al
sel f-condensat es t hereof.

[ 0203]

Specific exanples of the glycoluril-based
crosslinking agents include tetramethoxynethyl ated
gl ycoluril, tetrabutoxymethylated glycoluril, alkoxy-
and/ or hydroxy-substituted derivatives thereof, and
partial self-condensates thereof.

[ 0204]

Speci fic exanples of the benzoguanam ne- based
crosslinking agents include tetramethoxynethyl ated
benzoguanam ne, tetrabutoxynmethyl ated benzoguanam ne,
al koxy- and/or hydroxy-substituted derivatives thereof,
and partial self-condensates thereof.

[ 0205]

Speci fic exanples of the urea-based crosslinking
agents include di met hoxynet hyl at ed
di net hoxyet hyl eneur ea, al koxy- and/ or hydroxy-
substituted derivatives thereof, and partial self-
condensates thereof.

[ 0206]
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Specific examples of the pP-hydroxyalkylamide-based
crosslinking agents include N,N,N ,N -tetra(2-
hydr oxyet hyl ) adi pi c acid am de.

[ 0207]

Specific exanples of the isocyanurate-based
crosslinking agents include triglycidyl isocyanurate and
triallyl isocyanurate.

[ 0208]

Specific exanples of the aziridine-based
crosslinking agents include 4,4 -
bi s(et hyl enei m nocar bonyl am no) di phenyl net hane and 2, 2-
bi shydr oxymet hyl but anol -tri s[ 3-(1-
aziridinyl)propionate].

[ 0209]

Speci fic exanpl es of the oxazoline-based
crosslinking agents include 2,2 -isopropylidene bis(4-
benzyl - 2- oxazoline), 2,2 -isopropylidene bis(4-phenyl-2-
oxazoline), 2,2 -methylene bis-4,5-di phenyl -2-o0xazol i ne,
2,2 -met hyl ene bi s-4-phenyl - 2-oxazol i ne, 2,2 -nethyl ene
bi s-4-tert-butyl-2-oxazoline, 2,2 -bis(2-oxazoline),

1, 3- phenyl ene bi s(2-oxazoline), 1,4-phenylene bis(2-
oxazoline), and a 2-isopropenyl oxazol i ne copol yner.
[0210]

Specific exanples of the epoxy-based crosslinking
agents include diglycidyl ether, ethylene glycol
di gl yci dyl ether, 1, 4-butanediol diglycidyl ether, 1,4-
cycl ohexane di net hanol diglycidyl ether, poly(glycidyl
nmet hacryl ate), trinethyl ol ethane triglycidyl ether,
trimethyl ol propane triglycidyl ether, and
pentaerythritol tetraglycidyl ether.

[0211]
Speci fic exanples of the phenol -based crosslinking

agents include conmpounds represented by the foll ow ng
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general formula (10).

OR16
ot/ V—on
\ QR16 1

q
(10)

In the fornula, Q represents a single bond or a q?!-
val ent hydrocarbon group having 1 to 20 carbon atons.

R16 represents a hydrogen atom or an al kyl group having 1
to 20 carbon atons. “q!” represents an integer of 1 to
5.

[0212]

Q represents a single bond or a hydrocarbon group
having a val ency of “q!” and having 1 to 20 carbon atons.
“gl” represents an integer of 1 to 5 nore preferably 2
or 3. Specific exanples of Q include groups each of
which is obtained by renmoving “q!” hydrogen atons from
nmet hane, et hane, propane, butane, isobutane, pentane,
cycl opent ane, hexane, cycl ohexane, nethyl pentane,
met hyl cycl ohexane, di met hyl cycl ohexane,
trimethyl cycl ohexane, benzene, toluene, xylene,
et hyl benzene, ethyli sopropyl benzene, diisopropyl benzene,
met hyl napht hal ene, et hyl napht hal ene, or eicosane. R6
represents a hydrogen atom or an al kyl group having 1 to
20 carbon atoms. Specific exanples of the al kyl group
having 1 to 20 carbon atoms include a nmethyl group, an
et hyl group, a propyl group, an isopropyl group, a butyl
group, an isobutyl group, a pentyl group, an isopentyl
group, a hexyl group, an octyl group, an ethyl hexyl
group, a decyl group, and an eicosanyl group. A

hydrogen atom or a nmethyl group is preferable.
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[0213]

From the viewpoints of enhancing the curability and
filmthickness uniformty, the conpound represented by
t he general fornula (10) is preferably
hexamet hoxynet hyl at ed derivatives of tri phenol net hane,
triphenol ethane, 1,1,1-tris(4-hydroxyphenyl)ethane, and
tris(4-hydroxyphenyl)-1-ethyl-4-isopropyl benzene.

[ 0214]
<(D) Acid Cenerator>

The conposition for formng a nmetal-containing film
In the present invention may contain an acid generator,
and for exanple, may contain a conmpound that generates
an acid in response to actinic light or radiation
(photo-aci d generator).

[ 0215]

The photo-acid generator can be any photo-acid
generator as long as the conpound generates an acid upon
hi gh-energy beamirradi ation. Suitable photo-acid
generators include sulfoniumsalt, iodoniumsalt,
sul fonyl di azonet hane, N-sul fonyl oxyi m de, oxinme-0O
sul fonate type acid generators, etc. Specific exanples
of the acid generator include ones disclosed in
paragraphs [0122] to [0142] of JP2008-111103A, JP2009-
080474A, and JP2015- 026064A.

[0216]

One kind of the acid generator may be used, or two
or nore kinds thereof may be used in conbi nati on. When
the acid generator is contained, the contained anount is
preferably 0.05 to 50 parts, nore preferably 0.1 to 10
parts based on 100 parts by mass of the netal conpound

(M.
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[0217]
<(E) Surfactant>

A surfactant (E) nmay be contained in the
conposition for formng a nmetal -containing filmin order
to inprove coating property in spin-coating. Exanples
of the surfactant include those disclosed in [0142] to
[0147] of JP2009-269953A. When the surfactant is
cont ai ned, the contained amount is preferably 0.01 to 10
parts, nore preferably 0.05 to 5 parts based on 100
parts by mass of the metal conpound (M.

[ 0218]
[ Coating Step]

In the coating step, a substrate is coated directly
or indirectly with the conposition for form ng a netal -
containing film Methods for applying the conposition
for formng a metal-containing filmare not particularly
limted, and for exanple, can be perfornmed by an
appropri ate nethod, such as spin coating, flow casting,
and roll coating. Thus, a coating filmis formed, and
by the volatilization of the solvent (B) and so forth
occurring, a netal-containing filmis forned.

[ 0219]

The substrate to be coated with the conposition for
formng a netal-containing filmis not particularly
limited, and include substrates made of Si, o-Si, p-Si,
Si®, SIN, SiONy W TiN, A, etc., those in which the
| ayers to be processed are fornmed on the substrate, and
the like. Exanples of the |ayers to be processed
i nclude various lowk filnms such as those made of Si,

Si », SiON, SiN, p-Si, «o-Si, W, W-Si, Al, Cu, Al-Si, and
the |ike, and stopper films therefor, which can each be
typically formed into a thickness of 50 to 10,000 nm
particularly 100 to 5 000 nm \Wen the [ayer to be
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processed is forned, the substrate and the | ayer to be
processed are made of different materi al s.
[ 0220]

The lower limt of the average thickness of the
formed nmetal -containing filmis preferably 3 nm nore
preferably 5 nm and further preferably 10 nm The
upper limt of the average thickness is preferably 500
nm nore preferably 200 nm and further preferably 60
nm Incidentally, the method for measuring the average
thickness is as described in the Exanpl es.

[ 0221]

The nmethod for manufacturing a sem conduct or
substrate preferably further includes a step of heating
the coating filmformed in the coating step
(hereinafter, also referred to as a “heating step”). By
heating the coating film the formation of the netal -
containing filmis pronoted. More specifically, the
vol atilization of the solvent (B) and so forth is
pronoted by the heating of the coating film
[ 0222]

The heating of the coating filmis usually
perforned in the atnosphere, but can also be perforned
under a nitrogen atnosphere. The lower limt of the
tenperature at the heating is preferably 150°C, nore
preferably 200°C. The upper limt of the tenperature is
preferably 600°C, nore preferably 500°C. The | ower
limt of the time at the heating is preferably 15
seconds, nore preferably 30 seconds. The upper limt of
the time is preferably 1,200 seconds, nore preferably
600 seconds.

[ 0223]
[Step of Form ng Organic Resist Mddle Layer Film

In this step, an organic resist mddle |ayer film
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can be formed directly or indirectly on the substrate
having the nmetal -containing filmformed in the coating
step before the resist patterning process.
[ 0224]

The organic mddle layer filmcan be formed by
appl ying a conposition for form ng an organic niddle
| ayer filmand so forth. Exanples of nethods for
formng an organic resist mddle layer filmby the
application of a conposition for form ng an organic
resist mddle layer filminclude a nethod including:
applying a conposition for form ng an organic resi st
m ddl e |layer filmdirectly or indirectly on the
substrate having the metal -coating film and curing and
so forth the formed coating film by perform ng heati ng,
exposure, etc.
[ 0225]

As the organic resist mddle layer filmmteri al
t hat can be used for the organic resist mddle |ayer
film it is possible to use: materials already known as
materials for an underlayer filmfor three-layer resist
met hods or two-layer resist nethods using a silicon
resi st composition; 4,4 -(9-fluorenylidene) bisphenol
novol ak resin (nol ecul ar weight: 11,000) disclosed in
JP2005- 128509A; and al so many resins includi ng novol ak
resins, known as resist underlayer (or mddle |ayer)
filmmterials for two-1layer resist methods and three-
| ayer resist nmethods. Furthernore, if it is desired for
the resin to have a hi gher heat resistance than ordinary
novol aks, a polycyclic skeleton can be introduced, as in
a 6,6 -(9-fluorenylidene)-di(2-naphthol) novol ak resin,
and furthernore, a polyim de-based resin can also be
selected (e.g. JP2004-153125A).
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[ 0226]

The organic resist mddle |ayer filmcan be forned
on the substrate to be processed by using a conposition
solution and by a spin-coating nethod or the like in the
same manner as a photoresist conposition. After formng
the organic resist mddle layer film by a spin-coating
met hod or the like, it is desirable to bake the filmin
order to evaporate the organic solvent. The baking
tenperature is preferably 80 to 400°C, and the baking
time is preferably 10 to 300 seconds.

[ 0227]

| nstead of the organic resist mddle layer film it
is al so possible to adopt an organic hard mask fornmed by
a CVD nethod or an ALD net hod.

[ 0228]
[Step of Formi ng Silicon-Containing Film

In this step, a silicon-containing filmcan be
formed directly or indirectly on the substrate having
the netal-containing filmformed in the coating step
before the resist patterning process.

[ 0229]

The silicon-containing filmcan be fornmed by the
application of a conposition for formng a silicon-
containing film chem cal vapor deposition (CVD), atomc
| ayer deposition (ALD), etc. Exanples of nethods for
formng a silicon-containing filmby the application of
a conmposition for formng a silicon-containing film
i nclude a nmethod including: applying a conmposition for
formng a silicon-containing filmdirectly or indirectly
on the netal -containing film and curing and so forth
the formed coating filmby exposure and/or heating. As
a commercially avail abl e product of the conposition for

formng a silicon-containing film “SHB-A940” (avail able
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from Shin-Etsu Chem cal Co., Ltd.) or the Iike can be
used, for exanple. A silicon oxide film a silicon
nitride film a silicon oxynitride film and an

anor phous silicon filmcan be formed by chem cal vapor
deposition (CVD) or atom c |ayer deposition (ALD).

[ 0230]

[ Cl eani ng Step]

In this step, the periphery of the substrate is
cl eaned with a cleaning solution. As the cleaning
solution, the inventive cl eaning solution described
above can be used suitably.

[ 0231]

The cleaning nmethod is not particularly limted,
and it is possible to adopt a known cl eani ng met hod f or
a sem conduct or manufacturing process, for exanple, edge
bead renoval, back rinse, etc. In the present
I nvention, the step of cleaning the substrate having the
formed netal -containing filmpreferably includes
applying the inventive cleaning solution along the
peri phery of the substrate and renoving the edge bead on
the substrate (hereinafter, referred to as “edge rinse”
in sonme cases).

[ 0232]

Typically, as shown in FIG 1, firstly, a substrate
1 having a netal-containing film2 formed is rotated at
a predetermned rate ((A) of FIG 1). Next, while
di scharging a cleaning solution 4 froma cl eani ng
solution discharge nozzle 3, the cleaning solution
di scharge nozzle 3 is noved at a predeterm ned rate from
t he peripheral edge of the rotating substrate 1 towards
the center of the substrate 1 ((B) of FIG 1). The
nmovenent i s stopped when the cleaning solution discharge

nozzle 3 has travelled a predeterm ned di stance, and the
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cleaning solution 4 is further discharged for a
predetermned time. After that, the discharging of the
cl eaning solution 4 fromthe cl eaning solution discharge
nozzle 3 is stopped, and by perform ng drying as
necessary, the cleaning of the coating filmedge 2A is
conpleted ((C) of FIG 1). The rotational rate of the
substrate, the discharge amobunt of the cleaning solution
per unit time, the novenent rate and nmoved di stance of

t he cl eaning solution discharge nozzle, the |ength of

t he discharge tinme of the cleaning solution after the
novenment of the cleaning solution discharge nozzle is
stopped, etc. can be set appropriately depending on the
substrate size, the nunber, types, and thickness of
formed filnms, the cleaned area, etc.

[ 0233]

The nunber of times the edge rinse is perfornmed is
not particularly limted, and may be 1 to 20 ti nes.
Furthernore, during edge rinsing, two or nore kinds of
cl eaning solution can be appli ed.

[ 0234]

In the edge rinse, the cleaning solution is
preferably dropped in an amount of 0.05 to 50 ml, nore
preferably 0.075 to 40 ml, and further preferably 0.1 to
30 m .

[ 0235]

After applying the conposition for formng a netal -
containing filmto the substrate, the cleaning step can
be perfornmed after perform ng or not perform ng the
heating step. After the coating step, in a case where
the cleaning step is perfornmed w thout going through the
heating step, it is preferable to performthe heating
step after the cleaning step.

[ 0236]
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The netal -containing filmformed in the above-
descri bed step is preferably either a photoresist film
or a resist underlayer film
[ 0237]

I n addition, in the present invention, as shown in
FIG 2, the cleaning solution can also be adopted for
reworking the netal -containing film2 on the substrate 1
to reuse the substrate 1. The cleaning solution
di scharge nozzle 3 is noved to the center of the
substrate 1, and the cleaning solution 4 is discharged
onto the rotating substrate 1 for a predeterm ned tine
((D) and (E) of FIG 2). After that, the discharging of
the cleaning solution 4 fromthe cleaning solution
di scharge nozzle 3 is stopped, and by perform ng drying
as necessary, the cleaning is conpleted ((F) of FIG 2).
The rotational rate of the substrate, the discharge
amount of the cleaning solution per unit tinme, the
di scharge position of the cleaning solution, etc. can be
set appropriately depending on the substrate size, the
nunmber, types, and thickness of formed films, the
cl eaned area, etc.

[ 0238]

To evaluate the nmetal -renovability by virtue of the
edge rinse, residual nmetal on the substrate can be
i nspected. A suitable approach commercially avail able
for evaluating trace metal generally includes
i nductively coupl ed plasma mass spectronetry (1 CP-MS).
To evaluate the surface of the substrate, vapor phase
deconposi tion-inductively coupl ed plasma nass
spectrometry (VPD-1CP-MS) can be enployed. Using this
technol ogy, the residual nmetal can be determ ned per
unit area of the wafer surface along the edge.

[ 0239]
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In the present invention, when the metal-containing
filmis Zr-based, the amount of residual Zr is
preferably 100x1010 atons/cn? or |ess, nore preferably
50x1010 atons/cn? or less, further preferably 10x1010
atonms/cn? or |ess, and particularly preferably 5x1020
atoms/ cn? or | ess.

[ 0240]
<Patterning Process Using Metal-Containing Resist
Under | ayer Fil np

In the resist patterning process, after the
cl eaning step, a resist pattern is formed directly or
indirectly in the netal-containing film Exanpl es of
met hods for performng this step include: a nethod of
using a resist conposition; a nmethod of using
nanoi nprinting; and a nethod of using a self-assenbling
conposition. Exanples of cases where the resist pattern
is formed in the netal-containing filmindirectly
i ncl ude case where the nethod for manufacturing a
sem conductor substrate includes the above-descri bed
step of formng silicon-containing film and the resist
pattern is formed on the silicon-containing film
[ 0241]

Exanpl es of nethods for form ng, after the cleaning
step, a resist pattern in the nmetal-containing film
directly or indirectly and transferring the resist
pattern to the substrate to be processed include the
fol Il ow ng.

[ 0242]
(Two- Layer Resist Process)

The present invention can provide, as a patterning
process according to a two-layer resist process using a
metal -containing film a patterning process including:

formng a netal-containing filmon a substrate to
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be processed by using a conposition for formng a netal -
containing film

formng a resist upper layer filmon the netal -
containing filmby using a photoresist materi al;

subj ecting the resist upper layer filmto pattern
exposure and then devel opnent with a devel oper to forma
pattern in the resist upper layer film

transferring the pattern to the nmetal - contai ning
filmby dry etching while using the resist upper |ayer
filmhaving the formed pattern as a mask; and

processing the substrate to be processed while
using the nmetal -containing filmhaving the forned
pattern as a mask to formthe pattern in the substrate
to be processed.

[ 0243]

The resist upper layer filmin the two-1layer resist
process descri bed above exhibits etching resistance with
respect to chlorine-based gas. Therefore, the dry
etching of the netal-containing filmthat is perforned
whil e using the resist upper layer filmas a mask in the
two-| ayer resist process is preferably performed using
an etching gas mainly containing a chlorine-based gas.

[ 0244]

To guarant ee adhesiveness to the resist upper |ayer
film an adhesive film my be fornmed between the resist
upper |layer filmand the netal-containing film As the
adhesive film an organic film a silicon-containing
film containing polysiloxane, etc. can be used.

[ 0245]
(Three-Layer Resist Process)

The present invention can al so provide, as a
patterni ng process according to a three-|ayer resist

process using a netal-containing film a patterning
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process incl uding:

formng a netal-containing filmon a substrate to
be processed by using a conposition for formng a netal -
containing film

form ng an organic resist mddle layer filmon the
metal -containing film

formng a resist upper layer filmon the organic
resist mddle layer film by using a photoresi st
mat eri al ;

subj ecting the resist upper layer filmto pattern
exposure and then devel opnent with a devel oper to forma
pattern in the resist upper layer film

transferring the pattern to the organic resist
m ddl e | ayer filmby dry etching while using the resist
upper layer filmhaving the formed pattern as a nmask

transferring the pattern to the nmetal - contai ning
filmby dry etching while using the organic resist
m ddl e | ayer film having the transferred pattern as a
mask; and

processing the substrate to be processed while
using the netal -containing filmhaving the forned
pattern as a mask to formthe pattern in the substrate
to be processed.

[ 0246]

The organic resist mddle layer filmin the three-
| ayer resist process described above exhibits etching
resi stance with respect to chlorine-based gas.
Therefore, the dry etching of the metal-containing film
that is performed while using the organic resist mddle
| ayer filmas a mask in the three-|ayer resist process
is preferably perfornmed using an etching gas mainly
contai ning a chlorine-based gas.

[ 0247]
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(Four-Layer Resist Process)

The present invention can al so provide, as a
patterni ng process according to a four-|layer resist
process using a netal-containing film a patterning
process incl uding:

formng a netal-containing filmon a substrate to
be processed by using a conposition for form ng a netal -
containing film

form ng an organic resist mddle layer filmon the
metal -containing film

formng a silicon-containing filmon the organic
resist mddle layer film

formng a resist upper layer filmon the silicon-
containing filmby using a photoresist materi al;

subj ecting the resist upper layer filmto pattern
exposure and then devel opnent with a devel oper to forma
pattern in the resist upper layer film

transferring the pattern to the silicon-containing
filmby dry etching while using the resist upper |ayer
filmhaving the formed pattern as a mask

transferring the pattern to the organic resist
m ddl e | ayer filmby dry etching while using the
silicon-containing filmhaving the transferred pattern
as a mask

transferring the pattern to the metal - containing
filmby dry etching while using the organic resist
m ddl e | ayer film having the transferred pattern as a
mask; and

processing the substrate to be processed while
using the nmetal -containing filmhaving the forned
pattern as a mask to formthe pattern in the substrate
to be processed.

[ 0248]
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Here, a patterning process according to a four-
| ayer resist process will be described with reference to
FIG 3. Firstly, a netal-containing film2 is formed on
a substrate 1 to be processed by using a conposition for
formng a netal-containing film((A) of FIG 3).
Subsequently, as descri bed above, a cleaning solution 4
I's discharged froma cleaning solution discharge nozzle
3 to clean the netal -containing film2 on the edge of
t he substrate ((B) of FIG 3). Thus, the cleaning of
the coating filmedge 2A is conpleted ((C) of FIG 3).
Next, an organic resist mddle layer film?7, a silicon-
containing filme6, and a resist upper layer filmb5 are
formed on the nmetal-containing film2 ((D) of FIG 3).
An exposure portion 8 of the resist upper layer filmb5
is subjected to exposure to forma resist upper |ayer
filmpattern 5a ((E) and (F) of FIG 3). Then, the
pattern is transferred to the silicon-containing film®é
by dry etching while using the resist upper layer film
pattern 5a as a mask, thus formng a silicon-containing
filmpattern 6a ((G of FIG 3), and subsequently, an
organic resist mddle layer filmpattern 7a and a netal -
containing filmpattern 2a are formed ((H) and (1) of
FIG 3).
[ 0249]

As an inorganic hard mask mddle |ayer film an
I norgani ¢ hard mask may be fornmed. |In this case, a
sem conduct or device circuit pattern can be forned on a
substrate, at |east, by:

form ng a netal-containing filmon a body to be
processed by using a conposition for form ng a netal -
containing film

form ng an organic resist mddle layer filmon the

metal -containing film
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form ng an inorganic hard nmask selected froma
silicon oxide film a silicon nitride film and a
silicon oxynitride filmon the organic resist mddle
| ayer film

form ng a resist upper layer filmon the inorganic
hard mask by using a photoresi st conposition;

formng a circuit pattern in the resist upper |ayer
film

etching the inorganic hard mask while using the
resi st upper layer filmhaving the formed pattern as a
mask;

etching the organic resist mddle layer filmwhile
using the inorganic hard mask having the formed pattern
as a mask

etching the nmetal -containing filmwhile using the
organic resist mddle layer film having the forned
pattern as a mask; and

furthernmore, etching the body to be processed while
using the nmetal -containing filmhaving the forned
pattern as a mask to formthe pattern in the body to be
processed.

[ 0250]

As descri bed above, when the inorganic hard mask is
formed on the nmetal-containing film a silicon oxide
film a silicon nitride film and a silicon oxynitride
film(SIiON film can be formed by a CVD nethod, an ALD
met hod, etc. The method for formng the silicon nitride
filmis disclosed, for exanple, in JP2002-334869A and
WO2004/ 066377A1. The filmthickness of the inorganic
hard mask is preferably 5 to 200 nm nore preferably 10
to 100 nm The SIiON film which has a high function as
an antireflective film is the nost favorably used as

t he inorganic hard mask. Since the substrate
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tenperature increases to 300 to 500°C when the SiON film
is fornmed, the netal-containing filmneeds to w thstand
a tenperature of 300 to 500°C. The conposition for
formng a netal-containing filmused in the present

i nvention has high heat resistance and can withstand a
hi gh tenperature of 300°C to 500°C. Thus, the netal -
containing filmformed by spin-coating and the inorganic
hard mask formed by the CVD nethod or the ALD net hod can
be conbi ned.

[ 0251]

A photoresist filmmy be formed on the inorganic
hard mask as the resist upper layer film as described
above. Alternatively, an organic antireflective film
(BARC) or an adhesive filmmay be formed on the
i norgani ¢ hard mask by spin-coating, and a photoresi st
filmmy be fornmed thereon. |In particular, when a Si ON
filmis used as the inorganic hard mask, the reflection
can be suppressed by the two antireflective filnms, i.e.,
the SION filmand the BARC film even in liquid
i mmer si on exposure at a high NA exceeding 1.0. Another
merit of formng BARC resides in that it has an effect
to reduce a footing profile of a photoresist pattern
i medi ately above the SiON film
[ 0252]

I n the above-described patterning process, the
resi st upper layer filmmy be either a positive type or
a negative type, and it is possible to use a film
simlar to the typically used photoresist conposition.

[ 0253]

In a case where the photoresist conposition is
formed by a spin-coating nethod, prebaking is conducted
after applying the resist. The prebaking is preferably
perforned at 60 to 180°C for 10 to 300 seconds.
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Thereafter, exposure is conducted according to a usual
manner, followed by post-exposure baking (PEB) and

devel opnent, thereby obtaining a resist pattern.

Al t hough the thickness of the resist upper layer filmis
not particularly limted, the thickness is preferably 10
to 500 nm particularly preferably 20 to 400 nm

[ 0254]

Exanpl es of |ight for exposure include high-energy
beans at wavel engths of 300 nmor |ess, specifically
exci mer |asers at 248 nm 193 nm and 157 nm soft X-
rays at 3 to 20 nm an electron beam X-rays, and the
i ke.

[ 0255]

As the method for form ng a pattern in the resist
upper layer film the pattern can be forned using a
photol it hography with a wavel ength of 5 nmor nore and
300 nmor less, a direct draw ng using an el ectron beam
nanoi nmprinting, or a conbination thereof, and in the
present invention, EUV beamis the nost preferable.

[ 0256]

The devel opnent nethod in the patterning process is
preferably al kali devel opment or devel opnent using an
organi ¢ sol vent.

[ 0257]

Next, etching is performed while using the obtained
resist pattern as a mask. The etching of a silicon-
containing resist mddle |layer filmor an inorganic hard
mask in the four-layer resist process is performed while
usi ng the upper layer resist pattern as a mask by using
a fluorocarbon-based gas. In this manner, a silicon-
containing resist mddle layer filmpattern or an
i norgani ¢ hard mask pattern is forned.

[ 0258]
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Next, the organic resist mddle layer filmis
et ched while using the obtained silicon-containing
resist mddle layer filmpattern or inorganic hard mask
pattern as a mask. The etching of the organic resist
mddle layer filmis preferably performed using an
et ching gas mainly containing an oxygen-based gas.

[ 0259]

Next, the metal-containing filmis etched while
usi ng the obtained organic resist mddle |layer film
pattern as a mask. The etching of the metal-containing
filmis preferably performed using an etching gas mainly
containing a chlorine-based gas.

[ 0260]

The subsequent etching of the body to be processed
may al so be perfornmed according to a usual manner. For
exanple, in the case of a body to be processed made of
Si G, SiNor silica-based |Iow dielectric constant
insulating film the etching is performed mainly based
on a fluorocarbon-based gas. Wen the substrate is
processed by way of etching with a fluorocarbon-based
gas, the silicon-containing resist mddle layer film
pattern in the four-layer resist process is stripped
simul taneously with the substrate processing.

[ 0261]

In the present invention, the nmetal-containing film
obt ai ned by using the conposition for form ng a netal -
containing filmis characterized by its excellent
etching resistance at the time of etching of the body to
be processed.

[ 0262]

Exanpl es of the body to be processed (substrate to
be processed) include, but are not particularly limted
to, substrates made of Si, «a-Si, p-Si, Si02, Si N, SiON,
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W TiN, A, etc., those in which the |ayers to be
processed are formed on the substrate, and the I|ike.
Exanpl es of the |ayers to be processed include various
low-k films such as those made of Si, SIiQ, SIiON, SiN, p-
Si, o-Si, W, W-Si, Al, Cu, Al-Si, and the like, and
stopper filnms therefor, which can each be typically
formed into a thickness of 50 to 10,000 nm particularly
100 to 5,000 nm Vhen the |ayer to be processed is
formed, the substrate and the layer to be processed are

made of different material s.

EXAMPLES
[ 0263]

The present invention is specifically described
below with reference to Synt hesis Exanpl es, Exanpl es,
and Conparative Exanples. However, the present
invention is not limted to these Exanpl es.

[ 0264]
<Preparation of Cleaning Sol ution>
The conmponents were m xed in the proportions shown

in Table 1 to prepare each cleaning solution
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[ 0265]

[ Tabl e 1]
_ First sol vent | Second sol vent Chel ator (C) Ogan(ié) acid
SOFE'?: gﬁ Parts Parts Struc- Parts Parts
Type by Type by ture by Type by
mass mass Mass mass
MER- 1 X-1 75 Y-1 5 - - G1 20
MER- 2 X-1 75 Y-2 5 - - G1 20
MER- 3 X-1 75 Y-3 5 - - G1 20
MER- 4 X-1 75 Y-4 5 - - G1 20
MER- 5 X-1 65 Y-1 15 - - G1 20
MER- 6 X-1 65 Y-3 15 - - G1 20
MER- 7 X-1 65 Y-4 15 - - G1 20
MER- 8 X-1 65 Y-5 15 - - G1 20
MER- 9 X-1 65 Y- 6 15 - - G1 20
MER- 10 X-1 65 Y-7 15 - - G1 20
MER- 11 X-1 65 Y-2 15 - - G2 20
MER- 12 X-1 65 Y-2 15 - - G3 20
MER- 13 X-1 65 Y-2 15 - - G4 20
MER- 14 X-1 65 Y-2 15 - - G5 20
MER- 15 X-1 65 Y-2 5 - - G2 30
MER- 16 X-1 40 Y- 2 30 - - G 2 30
MER- 17 X-1 30 Y-2 40 - - G2 30
MER- 18 X-1 45 Y-2 15 - - G2 40
MER- 19 X-1 80 Y-2 15 - - G2 5
MER- 20 X-1 80 Y-2 18 - - G2 2
MER- 21 X-1 70 Y-2 10 - - G1/G2|10/10
MER- 22 X-2 70 Y-2 15 - - G2 15
MER- 23 X-3 70 Y-2 15 - - G2 15
MER- 24 X-1 63 Y-6 15 - G1 20
MER- 25 X-1 63 Y-7 15 c-2 2 G1 20
CO”pMaErR‘_"‘tli Ve | x1 80 ; 0 ; - G1 20
Comparative | x-1 | 8o v-1 20 . . . 0
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[ 0266]
As the first sol vent,

bel ow were used.

the solvents shown in Table 2

[ 0267]
[ Tabl e 2]

First Boi l i ng
sol vent Type poi nt
Propyl ene gl ycol mononet hyl

X-1 et her acetate 146° C
( PGVEA)
X- 2 Butyl acetate 126°C
X-3 2- hept anone 151°C
[ 0268]

As t he second sol vent,

3 bel ow wer e used.

t he sol vents shown in Table

[ 0269]
[ Tabl e 3]
Second BO|!|ng Surface
sol vent Type pol nt tensi on
(° Q) (m\ m
Y-1 1, 6- di acet oxyhexane 260 34.8
Y-2 Di et hyl ene gl ycol dibenzoate 236 45.5
Y-3 Butyl benzoate 250 34.2
Y- 4 Benzyl benzoate 324 43. 4
Y-5 v-butyrolactone 204 44. 8
Y-6 Di et hyl ene gl ycol nonobenzyl 302 42 9
et her
Y- 7 Tri propyl ene glycol nononet hyl 242 30. 5
et her
[ 0270]

As the organic acid,

Tabl e 4 bel ow were used.

t he organi c acids shown in
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[0271]

[ Tabl e 4]
Organic acid Type

G1 Acetic acid
G2 Form c acid
G 3 Citric acid
G 4 Acrylic acid
G5 Propi onic acid

[0272]

As a chelator (c-1), acetylacetone (P0052 avail abl e
from Tokyo Chem cal Industry Co., Ltd.) was used, and as
a chelator (c-2), allyl acetoacetate (A1981 avail able
from Tokyo Chem cal Industry Co., Ltd.) was used.

[0273]

<Preparation of Conpositions for Form ng Metal -
Contai ning Fil np

[ Synt hesi s Exanpl e of Metal Conpound]

In the foll owi ng Synthesis Exanpl es, the netal
source M ((ML) to (M3)) and the conpound group H ((H1)
to (H3)) shown bel ow were used.

[0274]

(ML) : Ti(OBu)s: tetrabutyl orthotitanate (B0742 avail able
from Tokyo Chem cal Industry Co., Ltd.)

(M2): Hf (OBu)a4: hafnium(lV) n-butoxide (667943 avail abl e
from Si gma- Al drich Corp)

(M3): Zr(OBu)s4: zirconiumlV) tetrabutoxide (80 mass%
solution in 1-butanol) (Z0016 avail able from Tokyo

Chem cal Industry Co., Ltd.)
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(H1) (H2) (H3)

[ 0276]
[Synthesis Example 1: Synthesis of Metal Compound (m—1)
for Form ng Metal - Containing Filmn

Under a nitrogen atnosphere, into 40.5 g of a
solution of 28.4 g of tetrabutyl orthotitanate (ML) in
n- butanol, while stirring, 54.5 g of a solution of 1.6 g
of deionized water in n-butanol was added dropw se at
roomtenperature over 2 hours. To the obtained
solution, 11.2 g of the conpound group (Hl) was added,
and the m xture was agitated at room tenperature for 30
m nutes. After the solution was concentrated under
reduced pressure at 30°C, it was further heated to 60°C
and heating was continued under reduced pressure to
generate no distillate. Wen a distillate was no | onger
observed, 69.0 g of a PGVEA/ PGVE (ratio by weight:
70/ 30) solution was added thereto and heated under
reduced pressure at 40°C until no isopropanol (IPA) was
distilled. Thus, a solution of a nmetal conpound (m1)
for formng a netal-containing filmin PGVEA/ PGVE was
obt ai ned. The concentration of the conponents in the
solution other than the solvent was 17% by nmss.
[0277]
[ Synt hesis of Conpounds (m2) and (m3)]

The compounds (m2) and (m3) shown in Table 5 were
obt ai ned under the sanme reaction conditions as in
Synt hesi s Exanple 1, except that the metal source M and

t he compound group H were used at the chargi ng anounts
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shown in Table 5.

[0278]
[ Tabl e 5]
Synt hesi s thay source M Conpoynd group H |
Exanpl e Starting Starting Conpoun
mat eri al 9 mat eri al g
1 ML 28. 4 H1 11.2 m 1
2 M 54.9 H2 25.1 m 2
3 M3 57.5 H3 17. 4 m 3
[0279]

[ Preparation of Conpound (m4)]

As a netal conpound (m4), tin(ll) 2-ethyl hexanoate
(T3149 avail able from Tokyo Chem cal |ndustry Co., Ltd.)
was used.

[ 0280]
[ Preparation of Conposition (MJL-1) for Form ng Metal-
Containing Film

The compound (m1) for form ng a nmetal -containing
filmwas dissolved in a m xed sol vent of propylene
gl ycol nononet hyl ether acetate (PGVEA) and propyl ene
gl ycol nononmet hyl ether (PGVE) in the proportion shown
in Table 6, and the solution was filtered through a
0.02-um membrane filter to prepare a composition (MUL-1)
for formng a nmetal-containing film
[ 0281]

[ Preparation of Conpositions (MIJL-2 to -4) for Form ng
Met al - Cont ai ning Film

Each chem cal liquid was prepared in the same
manner as MJL-1, except that the type and the contai ned
amount of each conponent were as shown in Table 6.
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[ 0282]

[ Tabl e 6]
Met al Sol vent
Conposition for conpound
form ng netal - Parts Parts
containing film| Type by Type by
mass mass
MUL- 1 m 1 10.0 PGVEA/ PGVE | 70/ 20
MUL- 2 m 2 10.0 PGVEA/ PGVE | 70/ 20
MUL- 3 m 3 10.0 PGVEA/ PGVE | 70/ 20
MUL- 4 m 4 15.0 PGEE 65/ 20
[ 0283]

<Eval uati on of Metal-Cleaning Property>

Each of the conpositions (MJL-1 to -4) for formng
a nmetal-containing film prepared above was respectively
applied onto a silicon substrate by spin-coating. Then,
while rotating the substrate at 1500 rpm a cl eani ng
solution (MER-1 to -25 and conparative MER-1 and -2) was
di scharged at a discharge rate of 2 m/second while
nmovi ng the cl eani ng sol ution discharge nozzle fromthe
peri pheral edge of the substrate to a position shifted
by 2 mmtowards the center of the substrate, and the
cl eaning sol ution was discharged at a di scharge rate of
2 m/second for 10 seconds in the position 2 nmfromthe
peri pheral edge of the substrate towards the center of
the substrate. Then, the substrate was rotated at 1500
rpmfor 30 seconds. Subsequently, the substrate was
heat ed at 450°C for 60 seconds to obtain a substrate A
for evaluation having a formed netal -containing film
havi ng an average thickness of 30 nm Subsequently,

usi ng vapor phase deconposition-inductively coupled
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pl asma mass spectronmetry (VPD-ICP-MS), the anpunt (%1010
atoms/ cn?) of residual netal in the peripheral edge (the
front and back surface regions 0.3 mmfromthe edge) of
the obtained substrate A for evaluation was neasured.

[ 0284]

Substrates B for evaluation each respectively
havi ng each of the formed netal -containing filnms having
an average thickness of 30 nm were obtained by the sanme
procedure as when obtaining the substrate A for
eval uati on except that OK73 thinner was used instead of
the cleaning solutions (MER-1 to -25) as the cleaning
solution. OK73 thinner is a m xed sol vent of propyl ene
gl ycol nononet hyl ether and propyl ene glycol methyl
et her acetate.

[ 0285]

The netal -cl eani ng property was eval uated as “A’
when t he anmount of netal contained in the nmetal conpound
for formng a netal-containing filmdetected fromthe
substrate A for evaluation was less than 30%relative to
the substrate B for evaluation, as “B” when 30% or nore
and | ess than 50% and as “C’ when 50% or nore. The

results are shown in Table 7.
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[ 0286]

[ Tabl e 7]
oo e | [maryzeaf YR
Exanpl e met al - c eani ng et al met al
cont ai ni ng sol ution
film at ons/ cn?
Exanple 1-1 MUL- 1 MER- 1 Ti B
Exanpl e 1-2 MUL- 2 MER- 2 Hf A
Exanpl e 1-3 MUL- 3 MER- 3 Zr A
Exanpl e 1-4 MUL- 4 MVER- 4 Sn A
Exanpl e 1-5 MUL- 3 MER- 5 Zr B
Exanpl e 1-6 MUL- 3 MVER- 6 Zr A
Exanple 1-7 MUL- 3 MVER- 7 Zr A
Exanpl e 1-8 MUL- 3 MER- 8 Zr B
Exanpl e 1-9 MUL- 3 MER- 9 Zr B
Exanpl e 1-10 MUL- 3 MER- 10 Zr B
Exanple 1-11 MUL- 3 MER- 11 Zr A
Exanple 1-12 MUL- 3 MER- 12 Zr A
Exanpl e 1-13 MUL- 3 MER- 13 Zr A
Exanpl e 1-14 MUL- 3 MVER- 14 Zr A
Exanpl e 1-15 MUL- 3 MER- 15 Zr B
Exanpl e 1-16 MUL- 3 MER- 16 Zr A
Exanpl e 1-17 MUL- 3 MER- 17 Zr A
Exanpl e 1-18 MUL- 3 MER- 18 Zr A
Exanpl e 1-19 MUL- 3 MER- 19 Zr B
Exanpl e 1-20 MUL- 3 MER- 20 Zr B
Exanpl e 1-21 MUL- 3 MER- 21 Zr A
Exanpl e 1-22 MUL- 3 MER- 22 Zr A
Exanpl e 1-23 MUL- 3 MER- 23 Zr A
Exanpl e 1-24 MUL- 3 MVER- 24 Zr A
Exanpl e 1-25 MUL- 3 MER- 25 Zr A
Smee s wea  CMEETVE | c
S wes  PmEEE o |
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[ 0287]

As shown in Table 7, it was shown that the
i nventive cleaning solutions had better netal-cleaning
property than those in Conparative Exanple 1-1 and
Conpar ative Exanple 1-2, where conparative MER-1 and -2
were used. The inventive cleaning solutions each
contain a second solvent (A-2), having a normal boiling
poi nt of 160°C or higher and | ower than 500°C, and it is
conjectured that the drying of the cleaning solution was
t heref ore suppressed and the netal -cl eaning effect of
the organic acid was further enhanced. The cl eaning
solution containing, anong the second solvents, a chain
carboxyl ate ester or a chain ether containing no hydroxy
groups (Y-2 to -4) exhibited excellent netal -
renmovability. This is conjectured to be because, by
usi ng an organi c sol vent containing no hydroxy groups,
the esterification reaction of the acid in the cleaning
solution was suppressed, and degradation in the netal -
renmovability of the cleaning solution was successfully
suppressed. Meanwhile, in Exanples 1-24 and 1-25, where
cl eani ng solutions MER-24 and -25 contai ni ng conpounds
(c-1) and (c-2) containing a PB-diketone structure were
used as chel ators, better cleaning property was
exhi bited than in Exanples 1-9 and 1-10, where cl eaning
solutions MER-9 and -10 containing no chel ators was
used.
[ 0288]
<Waste Liquid Stability>

M xed solutions were prepared by m xing each of the
cleaning solutions (MER-1 to -25) prepared above with
equal anounts of one of the conpositions (MJL-1 to -4)
for formng a nmetal-containing film a conposition (SOC-

1) for formng a resist underlayer film a conposition
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(SOG- 1) for formng a silicon-containing film and a
phot oresi st conposition (PR-1), and it was visually
observed whether or not there was a precipitate or
clouding after leaving to stand at 23°C for one week.
The waste liquid stability was eval uated as “Good” when
there was no precipitation or clouding after |eaving the
prepared m xed solution to stand at 23°C for one week
and as “Poor” when there was precipitation or clouding.
The results are shown in Table 12.

[ 0289]

As the conposition (SOC-1) for form ng a resist
underl ayer film the conposition (SOG 1) for formng a
silicon-containing film and the photoresist conposition
(PR-1), the following materials were used.

[ 0290]

The conposition (SOC-1) for form ng a resist
under |l ayer filmwas prepared by dissolving a polyner
represented by the organic underlayer film pol yner
(SOP1) in an organic solvent containing 0.1 mass% of FC-
4430 (available from Sumtomo 3MLimted) in the
proportion shown in Table 8; and filtering the solution
through a filter nade of a fluororesin and having a pore

size of 0.2 um.

[ 0291]
[ Tabl e 8]
Organi c
under |l ayer film Organi ¢ sol vent
pol ymer
(parts by mass) (parts by nmass)
SOC- 1 SOP1 (7) PGVEA (93)
[ 0292]

The structural fornula of the used organic
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under |l ayer film polynmer (SOP1l) is shown in Table 9.
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[ 0293]
[ Tabl e 9]

Conpound or pol yner Mw Mn/ Mh

3,700 2.82

[ 0294]

The conposition (SOG 1) for formng a silicon-
containing filmwas prepared by dissolving a polyner
represented by the silicon-containing mddle |ayer film
polymer (SiPl) and a thermal crosslinking catalyst
(CAT1) in an organic solvent containing 0.1 mass% of FC-
4430 (available from Sumtomo 3MLimted) in the
proportion shown in Table 10; and filtering the solution
through a filter nmade of a fluororesin and having a pore

size of 0.1 um.

[ 0295]
[ Tabl e 10]
Ther mal
Pol ymer | crosslinking Organi ¢ sol vent
cat al yst
(parts
b (parts by arts by mass
masys) mass) (p y )
. Propyl ene gl ycol
SOG 1 (ikis iﬁgl nonoet hyl et her
(4000)
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[ 0296]

The structural formulae of the used silicon-
containing mddle |ayer filmpolymer (SiPl) and ther mal
crosslinking catal yst (CAT1) are shown bel ow.

[ 0297]

CHs ) ?‘ N o+ Cr
(7503/2)2—0 {—Sloygt] {—smzt ) 3
SiP1
Mw3,400 CAT1

[ 0298]

The photoresist conmposition (PR-1) was prepared by
di ssol ving the pol yner shown below, a quencher, a
sensitizer, and a surfactant in an organic sol vent
contai ning 0.25 mass% of FC-4430 (avail able from
Sumtomo 3MLimted) in the proportion shown in Table
11; and filtering the solution through a filter nmade of

a fluororesin and having a pore size of 0.1 um.

[ 0299]

Polymer 4k\ i
2
O O C )
Mw=8,900 \|’ SO;

Mw/Mn=1.89 OH o 0O CF;



[ 0300]

Quencher:

I

4
I

Sur f act ant :

O

b
Jeae

FC- 4430 avail abl e from 3M Conpany

+

Sensitizer:

Q_{—Q—OH

[ 0301]
[ Tabl e 11]
L Organi c
Conmponent |Pol ynmer | Quencher |Sensitizer |Surfactant sol vent
Conposition PGVEA (400)
(parts by | (100) (4.0) (2.1) (0.25) CyHO (2000)
mass) PGVE (100)
Organic solvents:
PGVEA (propyl ene glycol nononethyl ether acetate)

CyHO (cycl ohexanone)
PGVE (propyl ene glyco

87

nmonomnet hyl et her)




[ 0302]

[ Tabl e 12]
| Sompasition for | carmesttion for | o ng 1| photoresi
Exanpl e (s:|o|83?: gg containing film | underlayer film contss;tilr:icnogn-fi I'm conposition
Mat e- St abi | - Mat e- St abi | - Mat e- St abi | - Mat e- St abi | -
rial ity rial ity rial ity rial ity
Exanmple 2-1 MER- 1 MUL- 1 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanmpl e 2-2 MER- 2 MUL- 2 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanple 2-3 MER- 3 MUL- 3 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanple 2-4 MER- 4 MUL- 4 Good SOC- 1 Good SOG- 1 Good PR-1 Good
Exanple 2-5 MER- 5 MUL- 1 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanple 2-6 MER- 6 MUL- 2 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanple 2-7 MER- 7 MUL- 3 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanple 2-8 MER- 8 MUL- 4 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanmpl e 2-9 MER- 9 MUL- 1 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanmpl e 2-10 MER- 10 MUL- 2 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exampl e 2-11 MER- 11 MUL- 3 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exampl e 2-12 MER- 12 MUL- 4 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanmpl e 2-13 MER- 13 MUL- 1 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanmpl e 2-14 MER- 14 MUL- 2 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanpl e 2-15 MER- 15 MUL- 3 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanpl e 2-16 MER- 16 MUL- 4 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanpl e 2-17 MER- 17 MUL- 1 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanpl e 2-18 MER- 18 MUL- 2 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanpl e 2-19 MER- 19 MUL- 3 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanpl e 2-20 MER- 20 MUL- 4 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exampl e 2-21 MER- 21 MUL- 1 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanmpl e 2-22 MER- 22 MUL- 2 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanmpl e 2-23 MER- 23 MUL- 3 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanmpl e 2-24 MER- 24 MUL- 4 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
Exanmpl e 2-25 MER- 25 MUL- 1 Good SOC- 1 Good SOG- 1 Good PR- 1 Good
[ 0303]

As shown in the results of Table 12,

that the inventive cleaning solutions were excell ent

waste liquid stability.
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[ 0304]
<Eval uation of Hunp Hei ght >

As shown in FIG 4, each of the conpositions 2’
(MJL-1 to -4) for formng a netal-containing film
prepared above was respectively applied onto a silicon
substrate 1 by spin-coating ((A) of FIG 4). Then,
while rotating the substrate at 1500 rpm each of the
cl eaning solutions 4 (MER-1 to -25 and conparative MER-1
and -2) was respectively discharged at a discharge rate
of 2 m/second while noving the cleaning solution
di scharge nozzle 3 fromthe peripheral edge of the
substrate to a position shifted by 2 nmtowards the
center of the substrate ((B) of FIG 4), and the
cl eaning sol ution was discharged at a discharge rate of
2 m/second for 10 seconds in the position 2 nmfromthe
peri pheral edge of the substrate towards the center of
t he substrate ((C) of FIG 4). Then, the substrate was
rotated at 1500 rpm for 30 seconds. Subsequently, the
substrate was heated at 450°C for 60 seconds to obtain a
substrate A for evaluation having a fornmed netal -
containing filmhaving an average thickness of 30 nm
Subsequently, the height of the bulge (hunp) (Hunp 8 of
FIG 4 (D)) of the coating filmedge 2A, being near the
border of the region where the film was renoved, was
nmeasured with a stylus profiler (apparatus nane “Al pha
Step”, manufactured by KLA-Tencor).

[ 0305]

Substrates B for evaluation each respectively
havi ng each of the fornmed nmetal -containing filnms having
an average thickness of 30 nm were obtained by the same
procedure as when obtaining the substrate A for
eval uati on except that OK73 thinner was used instead of

the cleaning solutions (MER-1 to -25) as the cleaning
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sol uti on.
[ 0306]

The eval uati on
hump of the substrate A for
of that of the substrate B for

143 A”

eval uati on was | ess than 50%

eval uati on,

to 80% and when nore than 80% “C
shown in Table 13.
[ 0307]
[ Tabl e 13]
Cl eanin Hu
Exanpl e solutiog heigﬁt
Exanpl e 3-1 MER- 1 A
Exanpl e 3-2 MER- 2 A
Exanpl e 3-3 MER- 3 A
Exanpl e 3-4 MVER- 4 A
Exanpl e 3-5 MER- 5 A
Exanpl e 3-6 MER- 6 A
Exanpl e 3-7 MER- 7 A
Exanpl e 3-8 MER- 8 A
Exanpl e 3-9 MER- 9 A
Exanpl e 3-10 MER- 10 B
Exanpl e 3-11 MER- 11 A
Exanpl e 3-12 MER- 12 A
Exanpl e 3-13 MER- 13 A
Exanpl e 3-14 MVER- 14 A
Exanpl e 3-15 MER- 15 B
Exanpl e 3-16 MVER- 16 A
Exanpl e 3-17 MVER- 17 A
Exanpl e 3-18 MVER- 18 A
Exanpl e 3-19 MVER- 19 A
Exanpl e 3-20 MVER- 20 A
Exanpl e 3-21 MER- 21 A
Exanpl e 3-22 MVER- 22 A
Exanpl e 3-23 MVER- 23 A
Exanpl e 3-24 MVER- 24 A
Exanpl e 3-25 MVER- 25 B
Conpar ative | Conparative c
Exanmple 1-1 MER- 1
Conpar ative | Conparative B
Exanmpl e 1-2 MER- 2
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[ 0308]

As shown in the results of Table 13, it was shown
that the inventive cleaning solutions were capabl e of
suppressing the hunp hei ght conpared to the OK73
thinner. 1In particular, the cleaning solutions (e.g.
MER-1 to -9) containing second solvents (Y-1) to (Y-6),
having a high surface tension, exhibited excellent hunmp
suppression property. On the other hand, no inprovenent
in the hunp was observed in the case of conparative MER-
1, not containing a second solvent. Conparative MER-2,
whi ch cont ai ned a second solvent (Y-1) but contai ned no
organic acid, resulted in poor hunp suppression property
conpared to MER-5, which contained an organic acid.

That is, it can be considered that, when the organic
acid is contained, conpatibility with the netal -
containing filmincreases and the hunp suppression
property is enhanced. It can be considered that, since
the inventive cleaning solutions contained the conponent
of the second sol vent having a normal boiling point of
160°C or higher and |lower than 500°C in addition to the
organic acid, a synergistic effect took place, and
excel l ent hunp suppression property was exhibited.

[ 0309]

As descri bed above, the inventive cleaning solution
contains (A) a solvent and (B) an organic acid, and the
solvent (A) contains at |east one kind of a first
solvent (A-1) having a normal boiling point of |ower
t han 160°C and at |east one kind of a second solvent (A-
2) having a normal boiling point of 160°C or higher and
| ower than 500°C. Therefore, it is possible to provide
a cl eaning solution excellent in cleaning property, such
as renoval of a conposition for formng a netal -

containing filmon the periphery of a substrate, hunp
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suppression property, and waste liquid stability when
the conposition for formng a nmetal -containing film has
been applied to the substrate. According to a nethod
for cleaning a substrate by using the cleaning solution
and a nmethod for formng a nmetal -containing film by
usi ng the cleaning solution, a cleaning solution
excellent in cleaning property, hunp suppression
property, and waste liquid stability is used, and

t herefore, the desired resist underlayer filmcan be
formed efficiently. These can be used suitably in the
producti on of sem conductor devices and so forth, which
are expected to be further mniaturized in the future.

[ 0310]

The present description includes the follow ng
i nventions.

[ 0311]

[1]: A cleaning solution for a conposition for
formng a netal-containing film the cleaning solution
conpri si ng:

(A) a solvent; and (B) an organic acid,

wherein the solvent (A) contains at |east one kind
of a first solvent (A-1) having a normal boiling point
of |l ower than 160°C and at | east one kind of a second
solvent (A-2) having a normal boiling point of 160°C or
hi gher and | ower than 500°C.

[0312]

[2]: The cleaning solution of [1], wherein the
second solvent (A-2) is a chain ester, a chain ether, or
a conbi nation thereof.

[ 0313]

[3]: The cleaning solution of [2], wherein the

ester is a carboxylate ester.
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[ 0314]

[4]: The cleaning solution of [2] or [3], wherein
the ether is a (poly)al kyl ene glycol dibenzyl ether or a
(pol y) phenyl ether.

[ 0315]

[5]: The cleaning solution of any one of [1] to
[4], wherein the second solvent (A-2) has a surface
tension of 29.0 mi\/m or nore.

[ 0316]

[6]: The cleaning solution of any one of [1] to
[5], wherein, in the solvent (A), the first solvent (A-
1) is contained in an anount of 30 mass% or nore and 98
mass% or | ess and the second solvent (A-2) is contained
in an anount of 2 mass% or nore and 70 mass% or | ess.
[0317]

[ 7]: The cleaning solution of any one of [1] to
[6], wherein the organic acid (B) is a carboxylic acid.
[ 0318]

[8]: The cleaning solution of any one of [1] to
[7], wherein the organic acid (B) is contained in an
amount of 1 to 70 mass% based on an entire mass of the
cl eani ng sol ution.

[ 0319]

[9]: The cleaning solution of any one of [1] to
[8], further conprising, as (C) a chelator, a conmpound
having a pB-diketone.

[ 0320]

[ 10]: The cl eaning solution of [9], wherein the
chelator (C) is contained in an ampunt of 0.1 to 10
mass% based on an entire mass of the cleaning solution.
[ 0321]

[11]: A nethod for cleaning a substrate conprising

a step of cleaning, regarding a substrate coated
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directly or indirectly with a conposition for formng a
metal -containing film the conposition for formng a
metal -containing filmon a periphery of the substrate by
usi ng the cleaning solution of any one of [1] to [10].

[ 0322]

[12]: A nethod for form ng a netal-containing film
conprising the steps of:

coating a substrate directly or indirectly with a
conposition for formng a netal-containing filn and

cl eaning the conposition for formng a netal -
containing filmon a periphery of the substrate by using
t he cl eaning solution of any one of [1] to [10],

wherein the conposition for formng a netal -
containing filmcontains a nmetal conpound and a sol vent.
[ 0323]

It should be noted that the present invention is
not limted to the above-described enbodi nents. The
enbodi nrents are just exanples, and any exanples that
have substantially the same feature and denonstrate the
sanme functions and effects as those in the technica
concept disclosed in claims of the present invention are
included in the technical scope of the present

i nventi on.
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CLAI Ms

[Claim1] A cl eaning solution for a conposition for
formng a netal-containing film the cleaning solution
conpri si ng:

(A) a solvent; and (B) an organic acid,

wherein the solvent (A) contains at |east one kind
of a first solvent (A-1) having a normal boiling point
of | ower than 160°C and at | east one kind of a second
solvent (A-2) having a normal boiling point of 160°C or
hi gher and | ower than 500°C.

[ Cl ai m 2] The cl eaning solution according to claim1,
wherein the second solvent (A-2) is a chain ester, a

chain ether, or a conbination thereof.

[ Cl ai m 3] The cl eaning solution according to claim 2,
wherein the ester is a carboxylate ester.

[ Cl ai m 4] The cl eani ng solution according to claim 2,
wherein the ether is a (poly)al kylene glycol dibenzyl
et her or a (poly)phenyl ether.

[ Clai m 5] The cl eani ng solution according to claim1,
wherein the second solvent (A-2) has a surface tension
of 29.0 niN/ m or nore.

[ Clai m 6] The cl eani ng solution according to claim1,
wherein, in the solvent (A), the first solvent (A-1) is
contained in an anount of 30 mass% or nore and 98 mass%
or |l ess and the second solvent (A-2) is contained in an
amount of 2 mass% or nore and 70 mass% or | ess.
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[Claim 7] The cl eani ng solution according to claim1,

wherein the organic acid (B) is a carboxylic acid.

[ Cl ai m 8] The cl eani ng solution according to claim1,
wherein the organic acid (B) is contained in an anmount
of 1 to 70 mass% based on an entire mass of the cleaning

sol uti on.

[ Claim9] The cl eani ng solution according to claim1,
further conprising, as (C) a chelator, a conpound having

a P-diketone.

[Claim 10] The cl eaning solution according to claim?9,
wherein the chelator (C) is contained in an amunt of
0.1 to 10 mass% based on an entire nmass of the cleaning

sol uti on.

[Claim11] A nmethod for cleaning a substrate conpri sing
a step of cleaning, regarding a substrate coated
directly or indirectly with a conposition for formng a
metal -containing film the conposition for formng a
metal -containing filmon a periphery of the substrate by
using the cleaning solution according to any one of

claims 1 to 10.

[Claim12] A method for formng a netal-containing film
conprising the steps of:

coating a substrate directly or indirectly with a
conposition for formng a netal-containing filn and

cl eaning the conposition for formng a netal -
containing filmon a periphery of the substrate by using
t he cl eaning solution according to any one of clains 1
to 10,
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wherein the conposition for form ng a netal -

containing filmcontains a nmetal conpound and a sol vent.
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